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INTRODUCTION. 



"The chemical elements of which p l a n t s are composed 

are each involved i n intermeshing and mutually dependant 

c y c l e s of a s s i m i l a t i o n and r e t u r n to the enviroment. 

Knowledge of these c y c l e s i s the key not only to the 

s c i e n t i f i c understanding of the f a c t o r s which determine 

the c h a r a c t e r of vegetation hut a l s o to the e f f e c t i v e 

use of f o r ^ e s t , pasture and wil d e r n e s s which i s "becoming 

an i n c r e a s i n g p r a c t i c a l n e c e s s i t y under present c o n d i t i o n s . " 

G.P. Fogg, E d i t o r s Forward to Production and 

Mineral C y c l i n g of T e r r e s t r i a l Vegetation. (1967) . 

T h i s work was undertaken to gain b a s i c knowledge 

r e l a t i n g to the n u t r i e n t budgets of four d i s t i n c t n a t u r a l 

v e g e t a t i o n types which, s u b j e c t to management, c o n s t i t u t e 

a t y p i c a l marginal farm system i n the Northen Pennines. 

The l i t e r a t u r e on the p r o d u c t i v i t y and n u t r i e n t 

c y c l i n g of a r a b l e crops and pasture (good farm land) i s 

l e g i o n . S i m i l a r work on f o r ^ e s t ecosystems i s now qu i t e 

e x t e n s i v e , Robin & B a z i l e v i c h (1967) , while there are 

some d e t a i l e d s t u d i e s which have been made into s p e c i f i c 

v e g e t a t i o n types, Heather Moor, A l l e n (196J4), Robertson 

and Davies (1965) , Wet Heaths, Loach ( 1966 ) , Molinia 

G r a s s l a n d s , Loach (1968) , and Mire Ecosystems, Tamm (195U) 

and Maimer (1958) . I n comparison l i t t l e or no work has 

been c a r r i e d out on marginal farmland of the type to be 

di s c u s s e d i n t h i s work. 



The aim of t h i s i n v e s t i g a t i o n was to d e s c r i b e and 

d e l i m i t the major s o i l types of the area, to gather 

data which, w i t h i n the l i m i t s of the time a v a i l a b l e , 

could form the "basis of n u t r i e n t c y d l e s s f o r each farm 

subsystem, i n an attempt to e x p l a i n the p a t t e r n of 

vegetation and the ' l i m i t s ' imposed on the farmer. 

The r e s e a r c h programme c o n s i s t e d of nine p a r t s : 

1) D e s c r i p t i o n of the major s o i l types, t h e i r drainage 

and a e r a t i o n c h a r a c t e r i s t i c s . 

2) Chemical a n a l y s e s throughout the s o i l p r o f i l e f o r 

calcium, sodium, potassium, magnesium, n i t r a t e , 

phosphorus, t o t a l a l k a l i n i t y and pH. 

3) A n a l y s i s of n u t r i e n t input i n r a i n f a l l and output 

i n drainage water. 

k) E s t i m a t i o n of n u t r i e n t i n f e r t i l i z e r . 

5) E s t i m a t e s of the change i n "biomass (crude estimate 

of net production). 

6) C o n s t r u c t i o n of s t y l i s e d n u t r i e n t c y c l e s f o r each of 

the s i t e s . 

7) A n a l y s i s of the standing crop f o r the above m i n e r a l s , 

and hence the mineral f l u x i n t o and w i t h i n the 

vegetation. 

8) Phytornetric study of the p o t e n t i a l of each s o i l type 

u s i n g three crop p l a n t s i n greenhouse c o n d i t i o n s . 

9) P l o r i s t i c a n a l y s i s of the o n - s i t e vegetation. 

The methods used f o r these a n a l y s e s are presented i n 

Appendix 1 . 



THE EXPERIMENTAL AREA 



P i g . 1 

MAP OP EXPERIMENTAL AREA 
(PROM O.S. SHEET NY 82 NE.) 
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® 
THE EXPERIMENTAL AREA. 

The experimental area i s shown on the map P i g . 1 . 

and i s l o c a t e d "below Cronkley Scar i n North West York

s h i r e , i t c o n s i s t s of the meadow, in-by-land and out-by-

land (Cronkley pasture) of Cronkley farm (G.R. 863289), 

which i s part of the Upper Teesda-le National Nature 

Reserve. 

The farm i s t y p i c a l of those i n the area, and indeed 

of those i n most upland areas of the North Pennines. 

Sheep are the main farm animals with some c a t t l e and a 

few ponies. The management system of t h i s farm i n v o l v e s 

the use of the in-by-land as rough, but enclosed grazing. 

The grazing pressure however, i s not constant as although 

there are animals i n the area f o r most of the year, 

during the summer months the bulk of the stock i s turned 
on to the E ' e l l s , to be returned to the in-by-land and 

meadow i n the autumn. The f l o c k s are over-wintered i n 

these a r e a s with supplimentary feeds of hay which i s 

grown on the f l a t t e r p a r t s of the meadow during the 
j 

summer months when the area i s completly c l e a r e d of 

sheep. To maintain t h i s hay crop the meadow i s 

f e r t i l i z e d and limed r e g u i a r y . 

The meadow, which i s the only l e v e l part of the area 

see P i g . 2 , proved to be of d i f f e r e n t geology to the 

surrounding area i n that the s o i l here i s a l l u v i a l i n 

nature, being deposited by, and marking the previous 
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p o s i t i o n of the R i v e r , which has now receded to i t s 

present course. 

The s o i l depth v a r i e s between about 30 and 1+0 cms. 

and o v e r l i e s the rounded rocks which a t one time formed 

the R i v e r bed. Towards the southern end of the meadow 

the ground r i s e s s t e e p l y , see P l a t e 1., and i t i s on 

t h i s r a i s e d ground that the farm house i s s i t u a t e d . 

To the West of the f l a t part of the meadow the ground 

begins to r i s e , see P i g . 2. T h i s break of slope, w e l l 

w i t h i n the meadow, s i g n i f i e s a change i n geology which 

occurs a t t h i s point. The boulder c l a y which i s found 

f u r t h e r up the h i l l s i d e s t a r t s to become apparent. 

Although, i n t h i s a r e a , i t s true extent i s masked due 

to the presence of numerous s p r i n g s . These have eroded 

the c l a y , and i n the hollows thus formed, peat deposits 

up to 1 m. i n depth have developed, and these a r e a s 

support mixed f l u s h communities. 

Drainage of t h i s very wet area has been attempted 

and a d i t c h takes o f f much of the water from t h i s area 

d i r e c t l y to the r i v e r . Previous to the c o n s t r u c t i o n 

of t h i s d i t c h the water probably drained through the 

sandy s o i l and flowed to the r i v e r i n the rocks below 

the l e v e l of the meadow s o i l . 

Above the w a l l mar-king the edge of the meadow the 

ground of the in-by-land r i s e s f a i r l y s t e e p l y . The 

s o i l c o n s i s t s of weathered boulder c l a y o v e r l a i d by 



PLATE 1 . 

The Meadow Looking Towards The South. 
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® 
a l a y e r of humus r i c h m a t e r i a l , with many small rocks 

standing out above the s u r f a c e . The out-by-land beyond 

i s separated from t h i s part of the farm by a wire fence 

and a drainage d i t c h , P l a t e Ua. The s o i l i s s i m i l a r to 

that of the in-by-land, peat covered boulder c l a y , with 

many h a l f b u r i e d rocks which are more obvious being of 

a l a r g e r s i z e than those of the in-by-land. 



SITE SELECTION 

and 

SOIL SAMPLING 



SITE SELECTION. 

The s e l e c t i o n of s o i l sampling s i t e s took place 
i n l a t e November 1968, and the p o s i t i o n of the s i x 
o r i g i n a l sampling s i t e s A,B,C,D,E & P i s shown on the 
map Pig. 1 and the p r o f i l e Pig. 2. The choice of 
these s i t e s was taken a f t e r c o n s i d e r a t i o n of several 
s u p e r f i c i a l f a c t o r s such as f l o r i s t i c character, land 
usage, and a wish to work at s i t e s r e p r e s e n t i t i v e of 
the f u l l range of major s o i l types i n the experimental 
area. The tra n s e c t l i n e shown on the map Pig. 1 was 
chosen on the "bases of the above c r i t e r i a as i t 
appeared t o cross a l l the major vegetation types and 
lan d use "boundaries of the area. 

SITE A i s shown i n Plate 2a and was s i t u a t e d a t the 
extreme North East of the tran s e c t l i n e and consisted 
of an area of the meadow i n the immediate v i c i n i t y 
( w i t h i n 2 metres) of the present course of the River Tees. 

The other s i t e s B,C,D,E, & P were s i t u a t e d 
p r o g r e s s i v l y more South Westerly along the tr a n s e c t l i n e . 

SITE B i s shown i n P l a t e 2"b and was i n the centre of 
the f l a t meadow "between the r i v e r , and the t r a c k of 
the Pennine Way which crosses the meadow. 

SITE C was again i n the meadow "but was on the other side 
of the t r a c k , "between i t , and the d i t c h marking the 



PLATE 2a 

The Riverbank. 
( S i t e A) 

PLATE 2b 

The Meadow, Just A f t e r Mowing. 

( S i t e B) 
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"beginning of the h i l l s i d e . 

SITE D i s shown i n Plate 3a and was on the south of 
the d i t c h about 10 metres i n t o the area of "boulder 
clay and peat, and although i t was i n t h i s r e g i o n 
where the ground begins to r i s e , the s i t e was on a l 
most l e v e l ground. 

SITE E shown i n Plate 3b and was i n the centre o f the 
in-by-land, and as can be seen i n P i g . 2 the ground 
here i s s l o p i n g f a i r l y s t e e p l y , at an estimated 25°. 

SITE F was the most South Westerly s i t e , and i s shown 
i n P l a t e Ub, i t was s i t u a t e d about 100 yards i n t o the 
out-by-land, the l a n d here, as a t s i t e E s i s s l o p i n g up 
t o the base of Cronkley Scar, at a s i m i l a r angle. 

S o i l cores were taken from around each of these 
s i t e s t o check t h a t the depth, and appearance of the 
s o i l at the a c t u a l sampling s i t e s was i n f a c t 
r e p r e s e n t a t i v e of the area as a whole. This was found 
to be the case at a l l s i t e s , except s i t e D where there 
was considerable v a r i a t i o n i n s o i l type over a distance 
of a few metres. The reasons f o r the v a r i a t i o n s at 
t h i s s i t e are given i n the d e s c r i p t i o n of the e x p e r i 
mental area and w i l l be discussed at greater l e n g t h 
l a t e r . I n s p i t e of t h i s v a r i a t i o n s i t e D was l e f t a t 
the p o s i t i o n shown on the map Pig. 1 as i n my oppinion 
the s o i l here showed the o r i g i n a l s t a t e of the s o i l s i n 



PLATE 3a. 

The Seepage Area. 
( S i t e D) 

PLATE 5b. 

The In-By-Land. 
( S i t e E) 
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the area. 
The s o i l s from these s i x s i t e s were used f o r the 

determinations of s o i l water, and organic matter, Pigs 
3 & k and Table 1, and f o r the c o n s t r u c t i o n of the s o i l 
p r o f i l e diagrams Pigs 5a,b,c,d,e & f , but sampling at 
s i t e s C & E was then discontinued. 



PLATE ha. 

The D i t c h Between The In-By and Out-By-Land. 

PLATE ttb. 

The Out-By-Land. 
( S i t e P) 
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SOIL SAMPLING. 

The s o i l samples were taken from the s i t e s using, 
at f i r s t , a c i r c u l a r , 12 cms. diameter po:st hole auger, 
and i t i s from these samples t h a t the water and organic 
matter determinations and the s o i l p r o f i l e s were 
constructed. However t h i s method of sampling was found 
to "be u n s u i t a b l e due t o : -

1) The s o i l from s i t e A tended t o s l i p from the auger 
"before the core could "be removed p r o p e r l y . 

2) The s o i l cores from s i t e s E & F tended t o "be 
d i f f i c u l t t o "break from the s o i l below. 

3) The s o i l from s i t e s E & P tended t o be compacted "by 
removal from the auger g i v i n g u n r e l i a b l e depth 
measurements. 
Because of t h i s , samples f o r the other determinations 

were taken from the side of a spade-dug p i t , and i t was 
found t h a t a t s i t e s A & B one more sample could "be taken 
from between the rocks at a l e v e l lower than could "be 
reached w i t h the auger, and a t s i t e P two more samples 
could "be taken from the deeper "boulder c l a y . 

At each s i t e samples were taken from each 3 i n c h 
(8cm.) zone down the s o i l p r o f i l e and the term DEPTH 
GLASS s u f f i x e d by a small l e t t e r a,b,c, e t c . i s used 
throughout t h i s work t o denote these sample u n i t s . 



Depth Class a "being the s o i l t a 
Depth Class "b 
Depth Class c 
Depth Class d 
Depth Class e 
Depth Class f 
Depth Class g 
Depth Class h 
Depth Class i 

ken from "between 0 and 8 cms. 
" " " 8 and 16 cms. 
" M " 16 and 2i+ cms. 
" " " 2h and 32 cms. 
" " " 32 and UO cms. 
" " M UO and i+8 cms. 
" " " U8 and 56 cms. 
" " " 56 and 6k cms. 
" M " Gk and 72 cms. 

The s o i l samples were t r a n s p o r t e d to the l a b o r a t o r y 
i n s i x t e e n ounce screw-top, glass j a r s , a separate j a r 
being used f o r samples from each s i t e and depth class. 



DISCUSSION OP RESULTS. 

I 



® 
THE SOIL TYPES. THEIR AERATION AND DRAINAGE. 

Prom the s o i l p r o f i l e shown i n Pigs. 5a,b,c,d,e & f , 
the contents of water and organic matter, Pigs. 3~& h and 
Table 1, i t i s clear t h a t there are f o u r d i s t i n c t s o i l 
types; A, B & C , D, E & P . The ground water f l o w 
c h a r a c t e r i s t i c s of each being shown i n Pig. 6. 

Types B & C are shallow s o i l s , composed of a l l u v i a l 
m a t e r i a l o v e r l y i n g rounded stones t y p i c a l of the 
contemporary r i v e r bed. They are f r e e l y d r a i n i n g w i t h 
some crumb s t r u c t u r e , a graded d i s t r i b u t i o n of organic 
matter, and associated water h o l d i n g capacity. Throughout 
the p r o f i l e there are no i n d i c a t i o n s of anaerobic 
c o n d i t i o n s , P i g . 7. 

The upper p a r t of the p r o f i l e of types E & P i s 
very r i c h i n organic matter, but merges r a p i d l y i n t o the 
parent m a t e r i a l which i s boulder clay. The top s t r a t a of 
the boulder clay have a pale colour, the t y p i c a l "sad" 
P e a r s a l l (1950) appearance of gleyed s o i l and i t i s 
l a r g e l y w i t h o u t oxygen. I n the lower depth classes the 
clay i s s t a i n e d w i t h humic m a t e r i a l and f e r r o u s s a l t s . 
These horizons are c h a r a c t e r i s t i c of the podsol type of 
s o i l which i s t y p i c a l l y formed i n w e l l drained s t r a t a e 
by l e a c h i n g from above i n regions where the r a i n f a l l i s 
r e l a t i v l l y low 30 t o 1+0 inches per annum. The s o i l on 
Cronkley i s formed over impermeable cl a y , under high 
r a i n f a l l , w e l l i n excess of hO inches a year, i t has a 



Figure 3-
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Figure 1+. 
% Water Content of S o i l Samples Prom Six Si t e s 

i n Cronkley Pasture. 
Dei>th Classes as i n Pig.3 
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d i s t i n c t i v e down slope drainage, Pig. 6. Observations 
of water f l o w i n t o s o i l p i t s i n d i c a t e d t h a t the f l o w 
was along the clay; organic matter r i c h i n t e r f a c e . I t 
i s t h e r e f o r e suggested t h a t the podsol c h a r a c t e r i s t i c s 
are due t o l a t e r a l movement of water through the s o i l , 
so t h a t the term podsol should not be used and these 
s o i l s should "be described as gleys. 

Type D has a complex p r o f i l e , w i t h an horizon r i c h 
i n organic matter which o v e r l i e s a deposit r i c h i n cl a y , 
the l a t t e r shows signs of g l e y i n g , and i s marked by 
anaerobic c o n d i t i o n s . Below t h i s a l a y e r of sand over
l i e s a " f o s s i l i z e d meadow s o i l " developed on rounded 
stones t y p i c a l of the r i v e r bed. ( I t i s suggested t h a t 
t h i s represents the a l l u v i a l s o i l developed p r i o r t o 
d e f o r e s t a t i o n of the slopes of Cronkley P e l l , which was 
sealed and " f o s s i l i z e d by downwash of clay from the 
deforested slopes). Drainage of the s o i l i s very poor 
as would be expected from the abundance of peat i n t h i s , 
s p r i n g and seepage f e d area of the meadow. 

Type A s o i l , has a deep p r o f i l e , and i s poor i n 
organic matter. There are no signs of anaerobic c o n d i t i o n s , 
and the s o i l i s f r e e l y d r a i n i n g , the drainage p a t t e r n 
being o r i e n t a t e d towards the r i v e r . The p r o f i l e i s r i c h 
i n course a l l u v i a l m a t e r i a l and grades i n t o the t y p i c a l 
rounded stones of the r i v e r bed. I t i s tempting t o 
suggest t h a t there i s re g u l a r d e p o s i t i o n of allochthonous 
m a t e r i a l by the s p r i n g f l o o d s , (which r a i s e the water 



F i g u r e 6. 

AREA OP VEGETATION KILLED BY HERBICIDE. 
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F i g u r e 7. 
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l e v e l of the r i v e r to many times i t s normal height 

Ramsden ( 1 9 6 1 ) . ) . Since i t i s suggested that these 

floods deposit m a t e r i a l , i t i s reasonable to assume 

th a t s o i l e r o s i o n "by f l o o d might a l s o take place. 

T h i s does not seem to occur to a great extent as the 

roots and the remains of the above ground vegetation 

would tend to "bind the s o i l and prevent t h i s e r o s i o n . 

I t i s however suggested that l i t t e r may be l o s t i n 

t h i s way thus accounting for. the low organic matter 

content. 



F i g u r e 5a . 
SOIL PROFILE OF SITE A. 
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F i g u r e 5t>. 

SOIL PROFILE OF SITS B. 
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SOIL PROFILE OF SITE C. 
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SOIL PROFILE OF SITS D. 
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F i g u r e 5e. 

SOIL PROFILE OF SITE E. 
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F i g u r e 5 f . 

SOIL PROFILE OF SITE F. 
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@ 
THE CHEPJICAL ANALYSES OF THE SOIL. 

The r e s u l t s of the s o i l chemical analyses are 

shown i n Tables 2 & 3 (Appendix 2) and are presented 

i n t e x t f i g u r e s . These r e s u l t s a re, (except pH) 

expressed as per u n i t area f o r reasons given i n the 

method appendix. 

The mineral s t a t u s of a s o i l i s determined by 

f i v e f a c t o r s ; l ) The content of the parent m a t e r i a l , 

2) l e a c h i n g due to through flow a f t e r r a i n , 3) supply 

by r a i n f a l l , k) supply by the a d d i t i o n of f e r t i l i z e r s , 

and 5) h i o t i c c y c l i n g . T h i s i n t e r p l a y i s i n par t 

r e f l e c t e d "by the "base s t a t u s of the s o i l and i t s pH. 

The s o i l pH values are remarkahly s i m i l a r , and t h i s 

may i n par t he due to the high r a i n f a l l (50-55 inches 

per annum) Piggot (1956) l e a c h i n g away the a c i d s i n the 

s o i l , P e a r s a l l ( 1 9 5 0 ) , and to the reduct i o n of the a c i d 

forming o x i d a t i o n processes caused by the water logging 

of the s o i l , reducing the a c i d i t y of s i t e D & F. The 

pH v a l u e s given f o r a l l of the s i t e s p a r a l l e l the 

an a l y s e s f o r t o t a l a l k a l i n i t y F i g . 8 and calcium F i g . 11. 

I t would appear that when the /m? value f o r calcium 

drops "below 50 gms. the t o t a l a l k a l i n i t y drops below 

300 gms. then the s o i l pH f a l l s "below 6 . 0 . The upper 

horizons of s i t e F where these low l e v e l s are very 

n o t i c e a b l e are h e a v i l y leached by ground water, while 

the d e p l e t i o n throughout the p r o f i l e of s i t e D may 



s i m i l a r l y be due to l e a c h i n g i n t h i s seepage fed a r e a . 

The high pH of the s u r f a c e horizons of the meadow s o i l 

( S i t e B) may be due to the l i m e i n g of t h i s a r e a , 

although t h i s has not taken place f o r about f i v e y e a r s . 

The n a t u r a l pH of t h i s s i t e may be s i m i l a r i n value to 

the r e s u l t s obtained a t s i t e A which i s not limed. 

The p l a n t n u t r i e n t s i n the s o i l a t s i t e P a r e , i n 

comparison, present i n only small q u a n t i t i e s and t h e i r 

d i s t r i b u t i o n i n the s o i l p r o f i l e shows three b a s i c trends; 

Carbonate P i g . 8, and the c a t i o n s to which i t i s u s u a l l y 

compounded, calcium, P i g . 11 and magnesium F i g . 12, are 

at very low l e v e l s i n the organic matter r i c h s urface 

s t r a t a and become abundant only i n the lower, c l a y r i c h , 

region. Sodium P i g . 9. potassium, F i g . 10, and phosphorus, 

F i g . 13, show two peaks of abundance, one i n the organic 

matter r i c h upper horizons and another i n the deep c l a y . 

Between these peaks there i s a sharp trough r e l a t e d to 

the drainage zone of the organic matter r i c h ; c l a y i n t e r 

f a c e . N i t r a t e , F i g . Ik, shows a c o n s i s t e n t l y low l e v e l 

throughout the depth of the s o i l . 

At s i t e D these three trends loose d e f i n i t i o n , and 

although the p i c t u r e f o r calcium and carbonate remains 

the same, magnesium mir r o r s potassium i n t h a t i t s l e v e l 

f a l l s i n the lower regions of the p r o f i l e and does not 

r i s e again. Phosphorus again has two peaks., and 

sodium which does not drop s h a r p l y a t s i t e P remains 



® 
i n equal abundance throughout a l l depths of the s o i l , 

t h i s too i s the s i t u a t i o n f o r n i t r a t e which, as a t 

s i t e F, remains a t i t s c o n s i s t a n t low l e v e l . 

At s i t e B there are tv/o e a s i l y e x p l i c a b l e trends: 

For the n u t r i e n t s which are added as f e r t i l i z e r s there 

are l a r g e s u r f a c e concentrations which drop r e g u a r l y 

through the depth of the s o i l p r o f i l e . T h i s i s not so 

n o t i c e a b l e i n the case of potassium but i t w i l l be seen 

l a t e r t h a t t h i s element i s taken up by the v e g e t a t i o n 

i n l a r g e q u a n t i t i e s . The only two elements a n a l y s e d 

f o r that are not a p p l i e d as f e r t i l i z e r s are sodium and 

magnesium and the trend shown above i s r e v e r s e d , the 

content of these elements i n c r e a s e s down the p r o f i l e . 

At s i t e A i t i s more d i f f i c u l t to e x p l a i n the 

d i s t r i b u t i o n of the s o i l chemicals, there are however 

two tempting hypothises. 

1) That s i n c e the l e v e l s of magnesium,,calcium and 

carbonate are low i n the s u r f a c e depth c l a s s e s at 

s i t e F where there i s a flow of l e a c h i n g water, 

these substances are not as s t r o n g l y bound to 

organic m a t e r i a l as sodium, potassium, phospate 

and n i t r a t e , t h e r e f o r e , when s p r i n g f l o o d i n g occurs 

they are leached p r e f e r e n t i a l l y from the s o i l by 

the water which would p r e d i c t a b l e flow f a s t e r 

through the upper l a y e r s of the s o i l . 

2) That calcium, magnesium, and carbonate are r e t a i n e d 



® 
by the l i t t e r , while other n u t r i e n t s a r e r e c y c l e d 

i n t o the underground p a r t s , R i e l e y (1967) , and 

thus tend to "be washed away i n the l i t t e r m a t e r i a l 

by the f l o o d water. 

The drop i n the l e v e l s of calcium, magnesium and 

carbonate i n depth c l a s s e s g & h of t h i s s i t e , and to 

a l e s s e r extent sodium i n depth c l a s s h, r e f l e c t a 

s l i g h t r i s e i n the water content of the s o i l a t t h i s 

depth, which may be due to the drainage waters of the 

meadow pass i n g through the s o i l at t h i s depth and 

l e a c h i n g these n u t r i e n t s from the s o i l . For n i t r a t e , 

phosphorus and potassium, there i s a r i s e i n t h e i r 

abundance i n depth c l a s s h of t h i s s i t e , and si n c e 

these n u t r i e n t s are r e g u l a r l y added to the meadow as 

f e r t i l i z e r i t i s l i k e l y that t h i s r i s e i n l e v e l i s due 

to s o l u t i o n s of these which have been washed from the 

s o i l i n the f e r t i l i z e d area e n r i c h i n g the s o i l a t t h i s 

depth. 

Although complete p r o f i l e s of the s o i l have been 

analysed, at a l l s i t e s the ro o t i n g zone of the 

ve g e t a t i o n extends down only as f a r as the beginning of 

depth c l a s s e, and so i t i s the content of n u t r i e n t s i n 

the top four depth c l a s s e s which i s immediatly a v a i l a b l e 

to the vegetation. 



Figure 8. 

TOTAL ALKALINITY OF SITES A,B,D & F. 
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F i g u r e 9. 

POTASSIUM LEVELS OF THE SOIL AT SITES A,B,D & F. 
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F i g u r e 10 . 

SODIUM LEVELS OF THIS SOIL AT SITES A,B,D & F. 
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Figure 11. 
CALCIUM LEVELS OP THE SOIL AT SITES A,B,D & P. 
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Figure 12. 
MAGNESIUM LEVELS OP THE SOIL AT SITES A,B,D & F. 
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Figure 13. 

PHOSPHORUS LEVELS OF TH3 SOIL AT SITE S A,B,D & P. 
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Figure lk. 
NITRATE NITROGEN LEVELS IN THE SOIL. 
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® 
FLOW OF NUTRIENTS IN RAIN AND GROUND WATER. 

The r e s u l t s obtained from the analyses of r a i n 
water were found t o be higher than those obtained "by 
Gorham (1961), and Gore (1968) and, since i t i s l i k e l y 
t h a t c o n c e n t r a t i o n of the samples may have occured "by 
evaporation, or t h a t contamination by b i r d droppings 
may have taken place, Gore (1968), the r e s u l t s obtained 
by Gorham (1961) f o r samples from Moor House Na t i o n a l 
Nature Reserve have been adopted. These are given i n 
Table k, and have an added advantage i n t h a t the 
sampling p e r i o d was more extensive. 

The q u a n t i t i e s of the n u t r i e n t s e n t e r i n g the s o i l 
i n one square metre per year were c a l c u l a t e d , assuming 
t h a t the annual r a i n f a l l of 50 inches Piggot (1956) was 
constant a t a t each of the s i t e s , and are given below. 

N i t r a t e Nitrogen 

Magnesium 

Sodium 
Calcium 

Potassium 

0.127 gins.. / m? 
2.U13 gms. / m? 
0.381 gms. / m? 
0.25U gms. / m? 
0.25^- gms. / rn? 

Phosphorus 0.003 gms. / mi 

The q u a n t i t i e s of n u t r i e n t s l e a v i n g the s o i l i n 
r u n o f f waters are d i f f i c u l t t o determine, as measure
ments of the annual water f l o w i n the d i t c h were b.eyond 



the scope of t h i s study, while an accurate determination 
of water f l o w i n t o the r i v e r i s imposeible. Therefore 
the r e s u l t s of the analyses of these water samples are 
given only as p a r t s per m i l l i o n i n Table 2+. 

Prom them i t can be seen t h a t i n the d i t c h water, 
only the concentrations of calcium and magnesium are 
much increased, probably r e f l e c t i n g the leaching of 

these elements from the s o i l s of the h i l l s i d e . 
Although the chemical concentrations of the r i v e r 

water must be r e l a t e d t o the s o i l chemicals of the up
stream catchment area, i t can be seen tha t the l e v e l s 
of calcium, magnesium and sodium are less than the l e v e l s 
i n the d i t c h water, while there i s enrichment w i t h 
n i t r a t e n i t r o g e n , potassium and phosphorus. Therefore, 
since i t has been pointed out above t h a t drainage water 
i n the lower depth classes of s i t e A tends t o increase 
the q u a n t i t i e s of these n u t r i e n t s found i n the s o i l , i t 
i s suggested t h a t these enhanced l e v e l s are due t o the 
lea c h i n g of f e r t i l i z e r a p p l i e d t o meadows upstream, and 
t h a t considerable q u a n t i t i e s of the n u t r i e n t s a p p l i e d as 
f e r t i l i z e r may be l o s t by leaching. 



NUTRIENTS ADDED AS FERTILIZER. 

The a d d i t i o n of f e r t i l i z e r takes place only t o 
the c e n t r a l p o r t i o n of the meadow, away from the r i v e r 
hank and s i t e A (due t o the dangers of t a k i n g spreading 
machinery t h i s close t o the "bank), and extends t o the 
drainage d i t c h marking the break of slope to the South 
West. Therefore only s i t e B receives d i r e c t a p p l i c a t i o n 
of f e r t i l i z e r , although a l i t t l e may be c a r r i e d i n the 
wind t o s i t e s A and D. 

This f e r t i l i z a t i o n i s an annual proceedure t a k i n g 
place at the beginning of the growing season ( e a r l y May) 
a f t e r the sheep have been taken from the meadow. The 
s o i l samples taken from t h i s s i t e f o r chemical analyses 
were removed before t h i s f e r t i l i z a t i o n took place, as 
was the May ve g e t a t i o n sample. 

The f e r t i l i z e r a p p l i e d i s I . C . I . 12.12.18 f e r t i l i z e r 
c o n t a i n i n g ; 12$ Nitrogen 

llf/S Soluable Phosphoric a c i d 
1% Insoluable Phosphoric acid 

18J6 Potash. 

The a p p l i c a t i o n r a t e was 2.5 cwt. per acre (approx. 
27 grams / square metre) and t h e r e f o r e : 

3.2k gms. of Nitrogen 
1.U3 gms. of Phosphorus 

(1.31 gms. Soluble 
0.12 gms. I n s o l u b l e ) 



2.67 gms. of Potassium, 
are added annually t o one square metre of the s o i l a t 
S i t e B. 

Lime i s added t o the same r e g i o n of the meadow as 
the f e r t i l i z e r , and the l a s t a p p l i c a t i o n of an unknown 
amount, occured at>out f i v e years ago. 



THE ABOVE GROUND STANDING CROP AND NET PRODUCTION. 

The r e s u l t s of the croppings of the above ground 
v e g e t a t i o n and l i t t e r m a t e r i a l , at the "beginning ( l s t 
May 1969), and towards the end of the growth p e r i o d 
(9th J u l y 1969) are shown as grams dry weight per square 
metre i n Table 5. 

Prom the r e s u l t s i t can be seen t h a t the l e v e l s of 
net p r o d u c t i v i t y f o r each s i t e range from between Ihl 
grams dry weight per square metre a t s i t e A, t o 190 grams 
dryweight per square metre at s i t e B, and although the 
method used t o c o l l e c t t h i s data was crude, and the 
measurements d i d not extend over the e n t i r e growing 
season, i t would appear t h a t the net p r o d u c t i v i t y a t 
each of the s i t e s i s s i m i l a r . 

The d i f f e r e n c e s between the s i t e s are more c l e a r l y 
shown by the d i f f e r e n c e i n the weights of the standing 
crop both l i v e and dead. The lov/est weight i s a t s i t e A 
corresponding w i t h the low organic matter content of the 
s o i l which may be due to the removal of l i t t e r m a t e r i a l 
by the s p r i n g floods.,i see above. The standing crop a t 
the other s i t e s increases along the t r a n s e c t w i t h s i t e P 
having more than three times as much as s i t e A. 

When the summer production of the s i t e s i s expressed 
as a percentage o f the over-winter standing crop i t can 
be seen t h a t a t s i t e A t h i s percentage (57$) i s the 
highest. S i t e B has the highest net production of any 



site,"but i t s maintained w i n t e r storage crop i s higher 
than t h a t of s i t e A and t h e r e f o r e the percentage increase 
i s reduced t o 52$. S i t e s D and P both have very high 
over-winter storage crops and the percentage increases 
due to summer production are 32$ and 22$ r e s p e c t i v l y . 



NUTRIEHT CYCLII^G. 

With the a i d of the data whichnas "been presented so 
f a r i t i s possible t o construct s t y l i s e d diagrams f o r 
c y c l i n g of n u t r i e n t s at each of the f o u r s i t e s . 

The 'cycle' diagrams P i g . 16 show f o u r main pathways 
i n f l o w of n u t r i e n t s ; t h e i r uptake i n t o the ve g e t a t i o n , 
and passage on decay, of t h i s v e g e t a t i o n , hack t o the s o i l ; 
t h e i r c y c l i n g through a herbivore (sheep); and t h e i r e x i t 
from the system. These f o u r pathways are s i m i l a r f o r a l l 
of the s i t e s , the only d i f f e r e n c e being the r e l a t i v e 
importance of one or more of the pathways, or p a r t s o f 
these pathways. The most important p a r t s of the cycle 
a t each s i t e have been emphasized by t h i c k l i n e s i n the 
diagrams, although the importance of each part of the 
cycle may vary w i t h time. This i s i l l u s t r a t e d a t s i t e s 
D and P where, although l e a c h i n g of the surface s t r a t a 
may not as a r u l e have a great e f f e c t upon the c y c l e , i t 
would tend t o wash from the s o i l any n u t r i e n t s released 
by the decay of ve g e t a t i o n i n the autumn. 

The r i v e r edge, s i t e A. This part of the meadow i s 
not f e r t i l i z e d , and because o f the low l e v e l s of n u t r i e n t s 
e n t e r i n g the cyc l e , the s p r i n g f l o o d i n g , which w i l l wash 
away the surface l i t t e r and i t s contained n u t r i e n t s , the 
e f f i c i e n c y of c y c l i n g through the sheep-faeces-soil, and 
summer crop-winter v e g e t a t i o n - a v a i l a b l e (by v i r t u r e o f 
being e i t h e r f o u r depth classes comprizing the r o o t i n g 



FIGURE 16. 
NUTRIENT CYCLES OF EACH OF THE SITES. 
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zone) s o i l n u t r i e n t s , i s c r i t i c a l . The sheep c y c l i n g 
i s probably q u i t e e f f i c i e n t . For, when the sheep are 
returned to the meadow i n the autumn the v e g e t a t i o n 
i n t h i s area, which i s not cut f o r hay, would be h i g h l y 
p a l a t a b l e t o them e s p e c i a l l y as they have been feeding 
on the poor v e g e t a t i o n of the F e l l s . Assuming the sheep 
tend t o defaecate i n areas where they are grazing, t h i s 
v e g e t a t i o n would be consumed and the mineral matter 
returned t o the s o i l very soon a f t e r the r e t u r n o f the 
sheep, and the faeces would have a l l autumn and w i n t e r 
to decompose i n t o the s o i l before the s p r i n g f l o o d s . 

The f a c t t h a t n u t r i e n t s and the surface l i t t e r w i l l 
be l o s t i n the sp r i n g f l o o d s has undoubtedly e f f e c t e d the 
veg e t a t i o n of t h i s area, and adaptions t o these conditions 
would be expected i n the f l o r a . 

S i t e B i s , due t o i t s management, a h i g h l y a r t i f i c i a l 
system w i t h an annual input of the most important n u t r i e n t s 
i n the form of f e r t i l i z e r . I t i s the most productive of 
the s i t e , the ve g e t a t i o n i s grazed by sheep, and cut f o r 
hay. Although some of the n u t r i e n t s w i l l be exported i n 
these forms, some of them w i l l be re t u r n e d to the s o i l i n 
faeces, as the hay i s used as over-winter fodder f o r the 
sheep which are kept on the meadow. The f r e e d r a i n i n g 
nature of the s o i l , and i t s shallow depth would i n d i c a t e 
t h a t leaching i s the major form of l o s s from the system 
and the low l e v e l s of potassium found i n the s o i l a t t h i s 
s i t e , before f e r t i l i z a t i o n , i n d i c a t e a l a r g e l o s s by t h i s 



by t h i s pathway. Because of t h i s r a p i d l e a c h i n g of 
n u t r i e n t s the t i m i n g of the f e r t i l i z e r a p p l i c a t i o n 
would appear c r i t i c a l . 

S i t e s D and P, can be considered together f o r 
these areas are not f e r t i l i z e d , nor are they cut f o r 
hay, they are subject t o low grazing pressures, and 
hence c y c l i n g and export are c o m p a r i t i v l y low. The 
low l e v e l of many of the n u t r i e n t s i n the upper s t r a t a 
have been explained by v e r t i c a l and l a t e r a l leaching. 
I t would appear t h e r e f o r e , t h a t e f f i c i e n t r e c y c l i n g of 
the n u t r i e n t s i n the standing crop i s required. 



THE PLANT TISSUE ANALYSES. 

When the r e s u l t s of the analyses f o r sodium, calcium, 
magnesium, potassium and phosphorus ( u n f o r t u n a t l y no time 
was a v a i l a b l e f o r a n i t r o g e n determination) are expressed 
as grams per square metre, Table 6, the q u a n t i t i e s o f 
n u t r i e n t s i n the p l a n t t i s s u e a t the beginning, and a t the 
end of the growing season can be seen, and the d i f f e r e n c e 
( f l u x ) between the two c a l c u l a t e d . 

T h i s f l u x can then be expressed as a percentage o f 
the n u t r i e n t s present i n the p l a n t t i s s u e of one square 
metre a t the end of the growing season Table 7. This 
gives an i n d i c a t i o n of the pr o p o r t i o n s of n u t r i e n t s taken 
up from the s o i l by the summer production a t each of the 
s i t e s . 

Thus, where t h i s percentage i s low i t can be assumed 
t h a t most of the n u t r i e n t s f o r summer production come 
from n u t r i e n t s stored i n the over-winter crop, and i t can 
be seen t h a t there i s twice as much phosphorus taken up 
from the s o i l by the summer production a t s i t e B, as 
there i s from s i t e s A,D & F. When these percentages are 
compared w i t h the r e s u l t s of the s o i l analyses, Table 3, 
i t can be seen t h a t they echo the l e v e l s of n u t r i e n t s i n 
the s o i l s of each s i t e . 

Por calcium, magnesium and potassium the f i g u r e s 
show a s i m i l a r t r e n d , w i t h the l e v e l s taken up from the 
s o i l echoing the q u a n t i t i e s of these elements found i n 
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the r o o t i n g zone. For sodium the p o s i t i o n i s l e s s c l e a r 

but the supply of t h i s element i n r a i n f a l l i s high 

(2.U gms. / m?) and i t s r o l e i n metabolism i s as yet 

d o u b t f u l l , and so i t s uptake may not "be of great s i g n i f i 

cance. 

Thus, i t appears that when an element i s i n short 

supply i n the s o i l the vegetation tends to he independant 

of the s o i l f o r the supply of t h i s element, as i s c l e a r l y 

seen i n the case of calcium. 

At s i t e F a l l of the n u t r i e n t s i n the s o i l are a t 

very low l e v e l s , and from Table 7 i t can be seen that i n 

no case does the amount of a n u t r i e n t taken up by the 

v e g e t a t i o n from the s o i l exceed 50$ of that required, 

and that i n s e v e r a l case t h i s p o r t i o n i s considerably l e s s . 

At s i t e D phosphorus i s the element which i s i n the lowest 

q u a n t i t i e s i n the s o i l and the v e g e t a t i o n obtains only 30% 

of i t s requirements from t h i s source. For calcium and 

magnesium the low s o i l q u a n t i t i e s are again r e f l e c t e d i n 

the uptake by the vegetation although, sodium i s taken 

up i n d i s p r o p o r t i o n a t e amounts. S i t e B takes 80$ of i t s 

phosphorus from the s o i l and only i n the case of magnesium, 

which i s not a p p l i e d as f e r t i l i z e r , and i s i n only low 

q u a n t i t i e s i n the r a i n f a l l , does the v e g e t a t i o n r e l y on 

i t s own resources more than the s o i l as a source of supply. 

S i t e A i n most cases takes from the s o i l about h a l f of i t s 

n u t r i e n t requirements, while phosphorus which again i s a t 

low concentrations i n the s o i l has a reduced uptake from 



t h i s source. 

These data r e f e r only to the a"bove ground vegetation 

and s i n c e many p l a n t s have t h e i r perenating organs "below 

s o i l l e v e l i t i s probable that much of the n u t r i e n t uptake, 

which has "been c l a s s e d as 'from the s o i l 1 , w i l l i n f a c t be 

from these under ground p a r t s which were not analysed. 

T h i s may he of s p e c i a l importance a t s i t e A where the 

sp r i n g f l o o d i n g w i l l make the storage of n u t r i e n t s above 

ground p r e c a r i o u s . 
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THE PHYTOMETRIC LABORATORY STUDY. 

I n the growth experiments (Appendix 1, S e c t i o n D) 

three crop p l a n t s were grown i n s o i l s from each of the 

s i t e s , and a c u l t u r e medium of known composition. The 

r e s u l t s given i n Table 8 show t h a t , under conditions 

of s i m i l a r microclimate and a more even s o i l a e r a t i o n , 

the crops i n s o i l from s i t e B have s i g n i f i c a n t l y b e t t e r 

performance when compared to those grown i n any of the 

other s o i l s . 

These p l a n t s however, do not f a r e as w e l l as those 

grown i n the c u l t u r e medium, and i t i s p o s s i b l e that a 

n i t r a t e d e f i c i e n c y occurs i n t h i s s o i l . T h i s v/as 

i n d i c a t e d by a l a c k of colour formation when the 

diphenylamine s o l u t i o n , Lunt et a l . (1950), used i n the 

s o i l a n a l y s i s , was placed on f r e s h l y cut portions of 

stems of "barley which had "been grown i n t h i s s o i l . 

The growth of the crops i n the s o i l s from the other 

s i t e s was s i g n i f i c a n t l y l e s s . At s i t e A t h i s r e t a r d a t i o n 

i s , i n the case of "barley and c a r r o t s , enough to reduce 

growth to one h a l f and one quarter of that of s i t e B, 

while the tomatoes were retarded to one tenth of t h e i r 

growth i n s o i l s from s i t e B. I t i s i n d i c a t e d that the 

r e t a r d a t i o n i s due to l a c k of phosphorus, and a t e s t f o r 

phosphorus i n the tomato p l a n t s grown i n t h i s s o i l gave 

a negative r e s u l t . N i t r a t e does not appear to "be the 

l i m i t i n g n u t r i e n t a t t h i s s i t e as both the c a r r o t s and 



tomatoes grown i n t h i s s o i l had a dark green l e a f colour 
i n d i c a t i v e of an adequate n i t r a t e supply. 

The s o i l s of s i t e D and P gave, f o r a l l crops, 
severely and s i g n i f i c a n t l y , lower growth than was found 
a t any of the other s i t e s , and i t can be seen from the 
r e s u l t s of the s o i l phosphorus and n i t r a t e analyses t h a t 
"both of these s o i l s are exceedingly low i n "both of these 
n u t r i e n t s . Each of the crops grown i n s o i l from s i t e D 
have developed less w e l l than those i n s o i l from s i t e F 
"but these d i f f e r e n c e s cannot he proved s t a t i s t i c a l l y 
s i g n i f i c a n t . 

The r e s u l t s of these experiments show t h a t the 
p r o d u c t i v i t y of the crop p l a n t s vary g r e a t l y , and t h a t 
these d i f f e r e n c e s are s t a t i s t i c a l l y s i g n i f i c a n t , according 
t o the s o i l i n which they were grown. These d i f f e r e n c e s 
can "be explained mainly on the "basis of the v a r y i n g 
content of phosphorus and/or n i t r a t e i n the s o i l . 

However, these d i f f e r e n c e s i n the p r o d u c t i v i t y of 
the p l a n t s i n the l a b o r a t o r y experiment contrast markedly 
w i t h the s i t u a t i o n i n the n a t u r a l p l a n t communities, f o r , 
as can he seen i n Table 5» the net production o f the f o u r 
s i t e s A,B,D & P i s very s i m i l a r . I t i s t h e r e f o r e i n d i c a t e d 
t h a t the p l a n t species of the n u t r i e n t poor s i t e s are 
adapted t o these low concentrations, and evidence has been 
presented which suggests t h a t one of the major adaptions 
i s the development of e f f i c i e n t n u t r i e n t c y c l i n g and 
r e c y c l i n g systems. 
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THE ON-SITE VEGETATION. 

When the f l o r i s t i c composition of the ve g e t a t i o n 

of each of the s i t e s i s expressed on a presence or 

absence, "basis, Table 9, i t i s c l e a r t h a t the ve g e t a t i o n 

of the three s i t e s where n u t r i e n t s would tend to be 

removed without replacement (A,D & F.) d i f f e r s markedly 

from the f e r t i l i z e d s i t e B. S i t e s A and D & P which 

have d i f f e r e n t over-winter standing crops, s o i l parent 

m a t e r i a l , and n u t r i e n t export pathways, are a l s o c l e a r l y 

separated. The d i f f e r e n c e s i n v e g e t a t i o n between s i t e 

D and F are a l s o d i s t i n c t , and here the d i f f e r e n t types 

of s o i l m a t e r i a l , the d i f f e r e n c e s i n slope, times of 

graz i n g p r e s s u r e , and d i f f e r e n c e s i n s o i l chemistry are 

c l e a r enough to account f o r the d i f f e r e n c e i n the vegetation. 

These fundemental d i f f e r e n c e s between the s i t e s are 

r e f l e c t e d i n the s p e c i e s composition of each s i t e , f o r 

out of the 85 s p e c i e s found i n the experimental area only 

four are common to a l l s i t e s . 

S i t e A, on the r i v e r bank, supports a f l o r a r i c h i n 

s p e c i e s and t h i s area can be regarded as unst a b l e , with 

the f l o o d s washing away v e g e t a t i o n and l i t t e r m a t e r i a l 

preventing the s o i l from s t a b i l i z i n g . Thus, the plant 

community i s kept open a l l o w i n g c o l o n i s a t i o n by adventive 

s p e c i e s . The net p r o d u c t i v i t y i s the lowest of any s i t e , 

and i s noteable that t h i s s i t e containes f i v e of the 

'Teesdale R a r i t i e s ' whose presence may, i n pa r t , be 

a t t r i b u t e d to t h i s i n s t a b l i t y . 



S i t e B, i n the centre of the meadow contains a 
r e s t r i c t e d range of the species found at s i t e A, and 
the increased s t a b l i t y of t h i s s i t e i s also r e f l e c t e d 
i n i t s high p r o d u c t i v i t y , which may have caused the 
l o s s of many of the r i v e r hank species due t o t h e i r 
l a c k of competitive vigour i n a productive community. 
I t i s noteahle t h a t the 'Teesdale R a r i t i e s ' do not 
occur a t t h i s s i t e , and Bellamy et a l . (1969) suggest 
t h a t these species are r e s t r i c t e d t o areas w i t h product
i v i t i e s of l e s s than 150 gms. dry weight / square metre / 
annum. 

S i t e D contains few species unique t o i t s e l f , i t 
has several of the species found i n the dry areas of 
the adjacent meadow, and others more t y p i c a l of the 
n u t r i e n t poor, and waterlogged h i l l s i d e . 

S i t e P has a noteably r e s t i c t e d Angiosperm f l o r a , 
and i s r i c h i n species of the rushes and sedges which are 
also found at s i t e D. I n t h i s area there i s a large 
increase i n the importance of Bryophytes i n the vegetation. 



CONCLUSIONS. 

Prom the data presented above f o u r e c o l o g i c a l y 
d i f f e r e n t areas of Cronkley Farm have been determined: 
s i t e A, s i t u a t e d on the r i v e r bank, i s subject t o 
f l o o d i n g which keeps the s o i l , and hence the f l o r i s t i c a l l y 
r i c h p l a n t community i t s supports, unstable. There are 
i n d i c a t i o n s of a s o i l phosphorus d e f i c i e n c y , although 
the f l o r a appears t o overcome t h i s by a system of r e 
c y c l i n g w i t h i n the p l a n t t i s s u e , and hence a moderatly 
high p r o d u c t i v i t y i s maintained. 

S i t e B i s the meadow of the farm, and l i k e s i t e A 
the s o i l here i s a l l u v i a l . The p l a n t communities here 
are poor i n species, and have a high p r o d u c t i v i t y which 
i s maintained by regul a r f e r t i l i z a t i o n , and cut f o r 
w i n t e r fodder. 

S i t e D i s s i t u a t e d a t the area where the h i l l s i d e 
begins t o break from the l e v e l ground of the meadow. The 
area forms a catchment f o r the ground waters of the h i l l 
side and i s c o n t i n u a l l y waterlogged. The s o i l i s clay 
o v e r l y i n g a l l u v i a l m a t e r i a l s i m i l a r t o t h a t found beneath 
the meadow s o i l . Above t h i s clay there i s a l a y e r r i c h 
i n organic matter, while i n the v i c i n i t y there are peat 
deposits. The s o i l here i s poor i n n u t r i e n t s although 
the o v e r w i n t e r i n g standing crop i s high , i n d i c a t i n g t h a t 
r e c y c l i n g of n u t r i e n t s may account f o r the p r o d u c t i v i t y 
which i s a t a s i m i l a r l e v e l as the other s i t e s . 
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S i t e P i s s i t u a t e d i n the out-by-land and i s 

t y p i c a l of the area which forms the h u l k of the farm. 
The s o i l consists of "boulder clay above which i s a 
l a y e r of m a t e r i a l r i c h i n organic matter, through which 
most of the downslope fl o w of drainage water takes place. 
This upper l a y e r i s poor i n n u t r i e n t s , while there are 
considerable q u a n t i t i e s deep i n the boulder c l a y out of 
reach of the p l a n t s . The v e g e t a t i o n of t h i s area has 
the highest over-winter standing crop, and i t s production, 
despite the low n u t r i e n t l e v e l s , i s on a par w i t h t h a t of 
the other s i t e s . I t i s from t h i s s i t e t h a t evidence o f 
mineral r e c y c l i n g w i t h i n the standing crop i s strongest, 
c f . Goodman and Perkins (1959). 

The l i m i t s imposed upon the farmer by s i t e A are few, 
the n a t u r a l v e g e t a t i o n i s productive and p a l a t a b l e to 
sheep, and since i t i s so close t o the r i v e r i t i s 
unsui t a b l e f o r mechanised farming. 

S i t e B i s the area which i s e x p l o i t e d to the maximum 
to produce over—winter fodder, the s o i l i s 'good', and 
the l e v e l s of n u t r i e n t s i n i t have only t o be maintained 
by the r e g u l a r a d d i t i o n of f e r t i l i z e r t o keep the product
i v i t y of the v e g e t a t i o n constant. However, the problem 
of v e r t i c a l l e a c h i n g i s great and the t i m i n g of the 
f e r t i l i z e r a p p l i c a t i o n must coincide w i t h the beginning 
of the growing season, t o prevent the n u t r i e n t s i n the 
f e r t i l i z e r being too r a p i d l y washed from the s o i l . 
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S i t e D i s an area which i s of very l i t t l e economic 

value, i t i s waterlogp;ed throughout the year, and the 
t e r r a i n i s uneven and marshy t o an extent which would 
prevent the use of farm machinary. The v e g e t a t i o n i s 
unpalatable to sheep, and shows l i t t l e evidence of 
grazing damage. I t s p r o d u c t i v i t y i s high hut i s main
t a i n e d only by the r e c y c l i n g of n u t r i e n t s w i t h i n the 
p l a n t t i s s u e , as was shown by the poor growth of the 
crop p l a n t s grown i n t h i s s o i l . 

S i t e P i s again waterlogged throughout the year, 
and while the p r o d u c t i v i t y of the n a t u r a l v e g e t a t i o n i s 
high i t i s s u i t a b l e only as rough pasture. Since the 
l e v e l s of n u t r i e n t s i n the s o i l are low, r e c y c l i n g w i t h i n 
the v e g e t a t i o n i s considered the major f a c t o r maintaining 
p r o d u c t i v i t y . 

Because of t h i s , most of the s o i l n u t r i e n t s are 
w i t h i n the v e g e t a t i o n and r e s i s t a n t t o l e a c h i n g , thus, i f 
an attempt was made to destroy t h i s v e g e t a t i o n and improve 
the pasture by reseeding, these n u t r i e n t s would be r a p i d l y 
l o s t from the s o i l and poor p r o d u c t i v i t y , s i m i l a r t o t h a t 
i n the l a b o r a t o r y experiment would be found. 

The only methods which could forseeably be used t o 
improve t h i s pasture would have to be spread over a 
considerable p e r i o d of time, to allow the r e q u i r e d p l a n t 
community t o develop slowly. A s u i t a b l e p l a n o f manage
ment would be as f o l l o w s . Drainage ditches should be dug 



a c r o s s the slope to reduce the e f f e c t of n u t r i e n t 

l e a c h i n g "by the down-slope drainage, a f t e r s e v e r a l 

y e a r s f e r t i l i z e r should he appli e d a t the beginning 

of the growing season and continued annually. 

T h i s should slowly allow the development of the 

more economically u s e f u l vegetation, without causing 

a complete l o s s of n u t r i e n t s which would occur i f 

d e s t r u c t i o n of the e x i s t i n g plant communities were 

to take p l a c e . 

Since t h i s study has been more extensive than 

i n t e n s i v e , there has been a need to g e n e r a l i z e and 

hypothesise on what i s o f t e n c i r c u m s t a n t i a l evidence, 

and, as many of the suggestions put forward have f a r 

reaching i m p l i c a t i o n s i n e c o l o g i a l theory, much more 

work i s r e q u i r e d on s e v e r a l of the points which have 

been r a i s e d . 

T h i s work might be undertaken as o u t l i n e d below: 

A more thorough study of the plant communities where 

r e c y c l i n g of n u t r i e n t s w i t h i n the vegetation i s suggested. 

T h i s would have to extend over a t l e a s t one year. 

Regular cropping, weighing and a n a l y s i s of; s o i l , 

s u r f a c e v e g e t a t i o n (which should be separated into dead, 

previous seasons l i v e growth, and current production), 

and below ground plan t t i s s u e , should be attempted. 

The e f f e c t s of the a d d i t i o n of f e r t i l i z e r s to t h e 
n a t u r a l p l a n t communities ( e s p e c i a l l y those of the 



n u t r i e n t poor areas) should he determined, again w i t h 
the use of croppings and plant t i s s u e a n a l y s i s . 

Further phytometric studies of the s o i l s should he 
undertaken w i t h the use of n u t r i e n t a d d i t i v e s . At f i r s t 
crop p l a n t s might he used, and then perhaps members o f 
n a t u r a l p l a n t communities. 

Since i t has been suggested t h a t substrate i n s t a b i l i t y 
due t o removal of surface l i t t e r by f l o o d s i s responsible 
f o r the presence of some of the 'Teesdale R a r i t i e s ' a t 
s i t e A i t i s possible t h a t s i m i l a r substrate i n s t a b i l i t y , 
caused by wind, r a i n , f r o s t or ground water erosion, may 
account f o r the low p r o d u c t i v i t y , Bellamy et a l . (1969)» 
o f other p l a n t communities where the 'Teesdale R a r i t i e s 1 

are found. And the hypothesis t h a t n a t u r a l erosion has 
caused s t a b l i z a t i o n of e a r l y s e r a i stages should be 
i n v e s t i g a t e d a t other s i t e s c o n t a i n i n g species of 'Teesdale 
R a r i t y ' . 

P i g o t t i n h i s c l a s s i c paper on Upper Teesdale 
suggested t h a t the ve g e t a t i o n of the meadows must have 
been d i r e c t l y derived from the f o r e s t communities which 
e x i s t e d i n the area i n Boreal times. P a l y n o l o g i c a l 
evidence now being gathered,Turner ( i n press),shows t h a t 
the lower slopes and r i v e r areas were dominated by herb 
r i c h Oak/Alder f o r e s t w i t h B i r c h and Juniper on the d r i e r 
outcrops. These f o r e s t communities must t h e r e f o r e , have 
been s e l f s u f f i c i e n t i n as f a r as t h e i r n u t r i e n t s . 



The f r e e l y d r a i n i n g a l l u v i a l s o i l s of the r i v e r s i d e 

have probably supported r i c h meadow communities s i n c e 

the advent of man to the catchment. While the poorly 

d r a i n i n g s o i l s of the h i l l s i d e s have, since the d e s t r u c t 

i o n of the f o r e s t v e g etation and i t s st o r e of n u t r i e n t s ^ 

developed a herb community which i s again dependant on 

e f f i c i e n t n u t r i e n t r e c y c l i n g . Thus, the f o r e s t c l e a r a n c e 

and i t s disturbance of the ecosystem may mark the f i r s t 

step i n the degradation to the blanket mire ecosystems 

which are now the dominant f e a t u r e of the Pennines. 



SUMMARY. 

1) The s o i l types of Cronkley Farm, Upper Teesdale, 
are described. 

2) These s o i l s , t h e i r v e g e t a t i o n , and water samples 
from the r a i n , drainage, and r i v e r water were 
analysed t o determine t h e i r chemical content. 

3) The q u a n t i t i e s of p l a n t n u t r i e n t s a pplied as 
f e r t i l i z e r were determined. 

h) N u t r i e n t cycles f o r the f o u r s i t e s were constructed. 
5) The p r o d u c t i v i t y of the n a t u r a l v e g e t a t i o n of the 

f o u r s i t e s was determined. 
6) The p r o d u c t i v i t y of three crop p l a n t s when grown 

i n s o i l from each of the s i t e s was determined i n 
a l a b o r a t o r y experiment. 

7) The p l a n t species found a t each of the s i t e s were 
recorded. 

8) I t i s suggested t h a t n u t r i e n t r e c y c l i n g w i t h i n the 
standing crop enables a high p r o d u c t i v i t y t o be 
maintained i n n u t r i e n t poor areas. 

9) Suggestions as t o the l i m i t s of the farming p o t e n t i a l 
of the area are put forward. 

10) An hypothesis f o r the existance of some of t h e 
'Teesdale R a r i t i e s ' i n the r i v e r bank community i s 
put forward. 
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APPENDIX 1 



METHODS. 

S e c t i o n A) SOIL ANALYSIS. 



Before commencing the d e s c r i p t i o n of the methods used 

i n t h e s o i l chemical a n a l y s e s some c o n s i d e r a t i o n w i l l 

"be given to the form i n which these r e s u l t s are presented. 

I n the l i t e r a t u r e r e s u l t s of s o i l chemical a n a l y s e s 

are presented i n very many d i f f e r e n t forms, the r e s u l t 

u n i t being: ugrams, mgrarns, grams, kilograms, mequivilents, 

e q u i v i l e n t s , p a r t , pounds, per cent. While the sample 

u n i t being: grams, 100 grams, square metres, h e c t a r e s , 

a c r e s , m i l l i o n s of: s o i l , f r e s h s o i l , dry s o i l , a i r d r i e d 

s o i l , oven d r i e d s o i l , from each: horizon, depth or root 

zone. The exact combination of these u n i t s apparently 

being l e f t to the whim of the experimenter. 

I n t h i s work I have chosen to express the r e s u l t s 

of the chemical a n a l y s e s as grams per square metre of 

each depth c l a s s . The weight of s o i l i n a square metre 

of each of these depth c l a s s e s was measured by weighing 

s o i l cores of known volume and converting the r e s u l t s to 

the weight of s o i l i n a square metre a t t h a t depth. T h i s 

enables the c o n s t r u c t i o n of n u t r i e n t budgets s i n c e the 

r e s u l t s d escribe the chemical content of a volume of s o i l 

(100 cms. x 100 cms. x 8cms.), and not only a weight 

(100 grams, dry weight). 

The expression of r e s u l t s i n the l a t t e r form i s 

unfortunate, as equal volumes of the s o i l from d i f f e r e n t 

s i t e s may have v a s t l y d i f f e r e n t water contents, but 

almost the same f r e s h weight. So that the weight of a 



waterlogged s o i l , with a 70 per cent water content 

(eg. s i t e s D,E and P ) , which would have to he d r i e d 

to produce a u n i t of dry weight would "be twice that 

needed to produce the same dry weight as a s o i l 

c o ntaining only 35 per cent water (eg. s i t e A ) . 

Because of t h i s r e s u l t s expressed as per grams 

of a given dry weight of s o i l cannot ( u n l e s s data on 

the water content of the s o i l and the weight of f r e s h 

s o i l i n a given volume are presented) he converted 

a c c u r a t l y to data i n the form shown i n n u t r i e n t c y c l e s 

and i n many i n s t a n c e s the opportunity of comparing my 

r e s u l t s to those of other workers has "been l o s t . 

\ 



SOIL WATEB CONTENT. 

T h i s was determined from f i e l d moist s o i l taken 

from the area on 28th November 1968. Samples from each 

s i t e and depth c l a s s were weighed, and then d r i e d to 

constant weight i n an oven a t 110°C. The percentage of 

water i n the sample was c a l c u l a t e d . T h i s data i s 

presented i n P i g . 3 and Table 1. 

SOIL ORGANIC MATTER CONTENT. 

The s o i l organic matter content was determined by 

the low temperature i g n i t i o n method of Jackson (1958) 

( a f t e r M i t c h e l l 1932)-. The dr i e d s o i l from the water 

content determination was heated f o r seven hours i n a 

muffle furnace at l4-00°C. The m a t e r i a l l e f t a t the end 

of t h i s time was weighed and the percentage of organic 

matter was c a l c u l a t e d . T h i s data i s presented i n F i g . h 

and Table 1. -\ 

SOIL pH VALUE. 

For the determination of the s o i l pH 10 gms. of 

f r e s h s o i l from each depth c l a s s of s i t e s A,B,D & F, 

were placed i n 50 ml. beakers and to i t added 25 mis. 

of d i s t i l l e d water, g i v i n g a s o i l : water r a t i o of 1: 2.5 

( S o i l Reaction Committee 1930). These s o i l suspensions 

were l e f t f o r 30 minutes with r e g u l a r s t i r r i n g . The pH 



value was then determined "by the use of an E l e c t r o n i c 

Instruments L t d . , Model 23A D i r e c t Reading pH metre. 

The s o i l suspension being s t i r r e d immediately before 

the immersion of the e l e c t r o d e . The r e s u l t s are 

presented i n Table 2. 

SOIL WATER FLOW. 

To determine the d i r e c t i o n and speed of movement 

of the run-off water i n the s o i l 250 ml. of a 

concentrated s o l u t i o n of sodium c h l o r a t e weed k i l l e r 

(75 gms. made up to 250 mis. with d i s t i l l e d water) were 

a p p l i e d v i a a two inch diameter hole to the s o i l a t 

each of the four s i t e s . A f t e r s i x days the area of dead 

and dying vegetation was mapped and the r e s u l t s are 

shown i n P i g . 6. 

OXYGEN STATUS. 

The oxygen s t a t u s of the s o i l was estimated by a 

f i e l d t e s t which determine the ' s t a t e ' of the i r o n s a l t s 

i n the s o i l . The method used f o r t h i s determination was 

taken from Jackson (1958) a f t e r Hoffer (1945). 

A 9 cms. diameter f i l t e r paper was folded a c r o s s 

i t s diameter and two pinches of s o i l placed a t opposite 

ends of the f o l d . ( T h i s s o i l was taken from the ground 

immediately before the t e s t took p l a c e so th a t i t was 

not too long i n contact with the a i r ) . Two drops of 



1 N.HC1 were added to each of the s o i l samples, the 

paper f o l d e d over, and moisture squeezed through the 

f i l t e r paper. To the wet area on the l e f t one drop 

of potassium thiocyanate s o l u t i o n was added while to 

the area on the r i g h t one drop of potassium f e r r i c y a n i d e 

s o l u t i o n was added. The appearance of a red colour 

at the KGNS t r e a t e d area i n d i c a t e s the presence of 

f e r r i c i r o n (good oxygen su p p l y ) , while the appearance 

of a "blue colour a t the l<3Fe(CN)g t r e a t e d area i n d i c a t e s 

f e r r o u s i r o n (poor oxygen s u p p l y ) . When both r e d and 

"blue colours appear the presence of both f e r r i c and 

fe r r o u s i r o n i s i n d i c a t e d , and the oxygen d e f i c i e n c y 

i s classed, as not severe. The r e s u l t s of t h i s 

i n v e s t i g a t i o n a r e presented i n P i g . 7. 

TOTAL ALKALINITY. 

The main forms of p o t e n t i a l a l k a l i n i t y i n the s o i l 

are the compounds calcium, and magnesium carbonate. I n 

t h i s method they are re a c t e d with d i l u t e hydrochroric 

a c i d which i s then t i t r a t e d a g a i n s t sodium hydroxide of 

known normality. 

10 gms. of oven d r i e d s o i l from each depth c l a s s 

of s i t e s A,B,D & P, were added to 25 mis. of e x a c t l y 

N/10 HC1, l e f t f o r one hour with p e r i o d i c s t i r r i n g . 

Then two 10 ml. a l i q u o t s of the s o l u t i o n were p i p e t t e d 

o f f and t i t r a t e d a g a i n s t N/10 NaOH with a methyl-orange 
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i n d i c a t o r . The mean of the two t i t r e s was found and ' 

the r e s u l t s are shown i n P i g . 8 and given i n Table 3 

expressed as gms. of carbonate per square metre. 

SOIL POTASSIUM. SODIUM, JBALCIUM AND MAGNESIUM. 

The exchangable and s o l u b l e forms of these c a t i o n s 

can be e x t r a c t e d from the s o i l using many d i f f e r e n t 

e x t r a c t a n t concentrations of e x t r a c t a n t s , and s o i l to 

ex t r a c t a n t r a t i o s : -

N Ammonium n i t r a t e (E.E.L. method f o r magnesium). 

N Ammonium c h l o r i d e (E.E.L. method f o r c a l c i u m ) . 

N Ammonium ac e t a t e ( P r i a n i s h n i k o v 1913). 

2N Ammonium ac e t a t e ( J e f f r i e s and W i l l i s 196I4) . 

N A c e t i c a c i d (Jackson 1958). 

2N A c e t i c a c i d (Macphee and B a l l 1 9 6 7 ) . 

The method of e x t r a c t i o n i n t h i s work used IN 

Ammonium a c e t a t e , 100 mis. e x t r a c t i n g 10 gms. of a i r 

d r i e d s o i l . S o i l samples from each depth c l a s s of 

s i t e s A,B,D & F, were weighed, a i r d r i e d f o r seven days 

and reweighed to determine the water content. 10 ml. 

portions of t h i s s o i l was stood over night i n 25 mis. 

of IN Ammonium ac e t a t e s o l u t i o n . They were.then washed 

i n t o Whatman e x t r a c t i o n thimbles i n l e a c h i n g funnels 

and leached through with a f u r t h e r 75 mis. of the 

ace t a t e s o l u t i o n . The e x t r a c t a n t was run through three 

times and the s o l u t i o n obtained was analysed by the 



® 
f o l l o w i n g methods. 

POTASSIUM AND SODIUM. 

The concentrations of these c a t i o n s i n the s o i l 

e x t r a c t s were determined u s i n g an E.E.L. Mark 2 Flame 

photometer, and the galvanometer reading was converted 

to p a r t s per m i l l i o n from c a l i b r a t i o n curves constructed 

from readings obtained from samples of known sodium and 

potassium concentrations. The r e s u l t s of these determin

a t i o n s are shown i n P i g s . 9 & 10 and Table 3 expressed 

as gms. of potassium and sodium per square metre. 

CALCIUM AND MAGNESIUM. 

The concentrations of these c a t i o n s i n the s o i l 

e x t r a c t s were determined u s i n g an E.E.L. Model 11+0 

Atomic Absorption Spectrophotometer. The technique 

followed t h a t of David (1960) although i n place of the 

3,000 p.p.m. strontium c h l o r i d e s o l u t i o n t h a t he used 

to s u r p r e s s i n t e r f e r e n c e by aluminium, phospate, and 

sulphate, 13»000 p.p.m. lanthanum c h l o r i d e was used as 

t h i s has s i n c e been recommended i n E.E.L. methods f o r 

both calcium and magnesium determinations, 

A c a l i b r a t i o n curve f o r each c a t i o n was constructed 

from readings given by 1 ml. samples of known 

con c e n t r a t i o n a f t e r the a d d i t i o n of an equal volumn of 

13,000 p.p.m. lanthanum c h l o r i d e s o l u t i o n , g i v i n g a 
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f i n a l lanthanum concentration of 6,500 p.p.m. The 

s o i l e x t r a c t samples were s i m i l a r l y t r e a t e d with 

lanthanum c h l o r i d e and the reading given converted 

to p a r t p.p.m. by reference;, to the c a l i b r a t i o n curve. 

These r e s u l t s were f i n a l l y converted to gms. of 

calcium and magnesium per square metre, and these 

r e s u l t s are presented i n F i g s . 11 & 12 and Table 3. 

PHOSPHORUS. 

The phosphorus content of the s o i l samples was 

determined by a form of Deniges (1921) adaption of 

the molybdophosphoric blue method of Osmond (1887), 

and modified by methods used i n the Purdue (Ohirogge 

1952) r a p i d t e s t f o r s o i l phospate. T h i s method 

i n v o l v e s , as does the Purdue t e s t , the use of ammonium 

molybdate i n a h y d r o c h l o r i c a c i d s o l u t i o n to e x t r a c t 

the s o l u b l e and a c i d s o l u b l e phospate from the s o i l . 

The development of the molybdophosphoric blue colour 

by the use of chlorostannous a c i d reductant s o l u t i o n , 

and the measurement of the d e n s i t y of colour so formed. 

1 gm. samples of a i r d r i e d s o i l s from each depth 

c l a s s of the s i t e s A,B,D & F, were placed i n g l a s s 

specimen tubes, and 10 mis. of the a c i d molybdate 

reagent which was prepared by the d i s s o l u t i o n of 8 gms. 

of ammonium molybdate i n 200 mis. of d i s t i l l e d water, 

and the a d d i t i o n to t h i s s o l u t i o n of 126 mis. of 



concentrated Analar h y d r o c h l o r i c a c i d i n 7U mis. of 

d i s t i l l e d water. The mixture was shaken and l e f t f o r 

1 hour, then the l i q u i d p o r t i o n was poured i n t o 

c e n t r i f u g e tubes and c e n t r i f u g e d f o r 2 minutes to 

c l e a r the suspension. 2 mis. of the supernatent l i q u i d 

were p i p e t t e d i n t o colourimeter tubes and a f u r t h e r 

10 mis. of molybdate s o l u t i o n added. To t h i s 2 drops 

of the chlorostannous a c i d reductant prepared by the 

d i s s o l u t i o n of 12.5 gms. of Analar SnCl 2.2H 20 i n 25 mis. 

of concentrated HC1. T h i s s o l u t i o n was made up to 

500 mis. with f r e s h l y d i s t i l l e d water. The mixture i n 

the colourimeter tubes was stoppered, shaken, and the 

developed colour measured immediatly i n a E.E.L. colour

imeter f i t t e d with a red f i l t e r . 

A c a l i b r a t i o n curve was prepared by the a d d i t i o n of 

2 mis. of s o l u t i o n c o n t a i n i n g knov/n phosphorus 

concentrations and 2 mis. of d i s t i l l e d water as a reagent 

blank to 10 mis. of the molybdate reagent, adding the 

chlorostannous a c i d reductant, stoppering, shakeing, 

and measuring the d e n s i t y i n the colourimeter. The 

colourimeter readings f o r the samples were, with the 

a i d of t h i s c a l i b r a t i o n curve, converted to p a r t s per 

m i l l i o n phosphorus, and then to gm. of phosphorus per 

square metre, and are d i s p l a y e d i n t h i s form i n P i g . 13 

and Table 3. 



SOIL NITRATE. 

The s o i l n i t r a t e c o n c e n t r a t i o n was determined "by 

the Morgan system r a p i d n i t r a t e t e s t , Lunt et a l . (1950). 

I n t h i s t e s t 1 gm. of the a i r d r i e d s o i l from each depth 

c l a s s of s i t e s A,B,D & F, was e x t r a c t e d with 2 mis. of 

10$ sodium a c e t a t e i n a 3% s o l u t i o n of a c e t i c a c i d , f o r 

h a l f an hour. One drop of t h i s e x t r a c t i s placed on a 

spot p l a t e and to i t added four drops of 0.05 gms. of 

diphenylamine i n 25 mis. of concentrated s u l p h u r i c a c i d , 

a f t e r two minutes the mixture i s s t i r r e d and the r e s u l t 

ant ( b l u e ) colour compared to that formed when the 

reagent i s added to s o l u t i o n s of known n i t r a t e 

c oncentrations. The n i t r a t e concentrations f o r each 

s i t e and depth c l a s s are given i n P i g . Ik and Table 3. 

expressed as grams of n i t r a t e n i trogen per square metre. 



METHODS. 

S e c t i o n B) WATER ANALYSIS. 
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WATER ANALYSIS. 

Samples of water were c o l l e c t e d i n a c i d washed 

g l a s s "bottles from the R i v e r Tees, the d i t c h "between 

s i t e s C and D, and the r a i n . 

These samples were analysed f o r sodium, potassium, 

calcium, magnesium, phosphorus and n i t r a t e by the 

methods given i n the previous s e c t i o n f o r the a n a l y s i s 

of the s o i l e x t r a c t s . 

The r e s u l t s of the aunalyses are given i n Table U. 



METHODS. 

Se c t i o n G) ANALYSIS OF PLANT MATERIAL. 



SAMPLING Off PLANT MATERIAL. 

Samples of the vegetation from s i t e s A,B,D & P, 

were taken a t the beginning of the growing season 

(1st May 1969), and towards i t s end (9th J u l y 1969). 

The sampling was done i n three 10 cm. by 10 cm. 

quadrats a t each s i t e . A l l of the above ground stand

i n g crop and l i t t e r was harvested. T h i s m a t e r i a l was 

then d r i e d i n an oven a t 110°C and the weight of dry 

plant m a t e r i a l i n 1 square metre c a l c u l a t e d . These 

data are presented i n Table. 5. 

DIGESTION OP PLANT MATERIAL. 

The dry p l a n t m a t e r i a l from each sample was ground, 

and 1 gm. samples digested using the wet o x i d a t i o n 

method described by J e f f r i e s and W i l l i s (196U), but with 

a change i n the proportions of the a c i d s used, as Nye 

(P e r s . Comm.) has i n d i c a t e d that a more thorough and 

r a p i d d i g e s t i o n i s obtained. Volumns of a c i d s used to 

di g e s t 1 gm. of pl a n t t i s s u e . 

J e f f r i e s and W i l l i s (196U) Benham 

20 mis. concentrated HNO3. 20 mis. 

5 mis. concentrated HC1. 20 mis. 

5 mis. 6o£ HCIO^. 10 mis. 

These a c i d s were added to the p l a n t m a t e r i a l i n 



250 ml. c o n i c a l f l a s k s , and the mixture heated on a 

sand hath i n a fume cupboard f o r s i x hours, with the 

a d d i t i o n of d i s t i l l e d water when req u i r e d to prevent 

evaporation to dryness. At the end of the s i x hours 

the s o l u t i o n was cooled and d i l u t e d with d i s t i l l e d 

water to about 200 mis. I t was then f i l t e r e d , to 

remove undigested s i l i c a , i n t o 250 ml. volumetric 

f l a s k s , and made up to 250 mis. with d i s t i l l e d water. 

ANALYSIS OF THE PLANT TISSUE DIGESTS. 

The samples were then analysed f o r calcium, 

magnesium (atomic absorption spectrophotometer), 

sodium, potassium (flame photometer), and phosphorus 

(molybdophosphoric b l u e ) , u s i n g the techniques 

de s c r i b e d i n the s e c t i o n on s o i l a n a l y s i s . 

The r e s u l t s of these determinations were, by 

m u l t i p l i c a t i o n by the dry weight of plant m a t e r i a l i n 

one square metre at each sampling, converted to grams 

of n u t r i e n t per square metre and are given i n Table 6. 



METHODS. 

Se c t i o n D) PLANT CULTURE EXPERIMENTS. 



CULTURE METHODS. 

To determine, under c o n t r o l e d c o n d i t i o n s , the value 

of the s o i l s from s i t e s A,B,D & F, as a medium f o r plant 

growth, q u a n t i t i e s of s o i l from the depth c l a s s e s a and b 

of each s i t e were brought hack to the l a b o r a t o r y . There 

the s o i l was put into f i v e inch, d i s t i l l e d water washed, 

p l a s t i c flower pots. A lower l a y e r of depth c l a s s "b, 

s o i l was covered by a three inch l a y e r of depth c l a s s a, 

s o i l . C o ntrol pots were f i l l e d with d i s t i l l e d water 

washed v e r m i c u l i t e . 

The pots v/ere sown with seeds of c a r r o t , v a r i e t y 

E a r l y Nantes, the tomato v a r i e t y A i l s a C r a i g , and b a r l e y 

grown on the mixed s e c t i o n of the Haughley Experimental 

Farm. Pour pots of s o i l from each s i t e were sown with 

each crop, p l u s four c o n t r o l pots of each crop. The 

tomato seeds were sown s i x per pot, while the seeds of 

b a r l e y , and c a r r o t i n what was judged to be an even 

manner. The seeds were then covered with a l a y e r of 

d i s t i l l e d water washed v e r m i c u l i t e , and l a b e l l e d as to 

s i t e or c o n t r o l . 

The pots were then placed i n a greenhouse, randomized 

as to s i t e . The pots containing s o i l v/ere watered 

r e g u l a r l y with d i s t i l l e d water and the control pots with 

a complete c u l t u r e s o l u t i o n formulated from R i e l e y (1967) 

a f t e r that of Hewitt (1952). T h i s c u l t u r e s o l u t i o n 

contained:-



Calcium 100 p.p.m. 

Potassium 78 p.p.m. 

Sulphur kQ p.p.m. 

Nitrogen UO p.p.m. 

Phosphorus UO p.p.m. 

Magnesium 38 p.p.m. 

Sodium 30 p.p.m. 

I r o n 5.6 p.p.m. 

Manganese 1.1 p.p.m. 

Copper 0.13 p.p.m. 

Molybdenum 0.02 p.p.m. 

HARVESTING. 

A f t e r four weeks the s i x t a l l e s t t i l l e r s of b a r l e y 

from each pot were harvested a t s o i l l e v e l , oven dr i e d , 

and weighed. A f t e r a f u r t h e r two weeks the four l a r g e s t 

tomato p l a n t s from each pot, and a l l of the c a r r o t p l a n t s 

from each pot were s i m i l a r l y cropped, d r i e d , and weighed. 

The r e s u l t s of these experiments are given i n Ta"ble 0. 
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TABLE 1 . 
VARIATION IN WATER AND ORGANIC MATTER CONTENT WITH DEPTH 

IN SOIL SAMPLES PROM SIX SITES IN CRONKLEY PASTURE. 
SITE A 

Sample Presh wt. 
depth (gms.) 

Dry wt. Water 
gms.) c o n t e n t 

{% f r e s h ) 

Ash wt. Organic 
(rnns.j m a t t e r 

(*3 d r y ) 
w u. ) 

0- 8^ms. 28.0 18.? 35 L6.5 9.3 

8-l6cms. 29.0 21.3 30 19.9 6.6 

l6-2l+cms. 28.5 21.2 26 20.1 6.1 

2l+-32cms. 3U.5 25.5 26 2U.0 5.9 
32-1+Ocms. 20.9 15.6 25 111.8 5.1 

1+0-1+8 cms. 30.7 23.6 23 22.6 U.2 

i+8-56cms. 28. h 21.0 26 19.9 5.2 

56-61+cms. 30.0 21.6 28 20. h 5.5 

SITE B 

Sample Presh wt. 
d e p t h gms.; 

Dry wt. Water 
(gms.) c o n t e n t 

(% f r e s h ) 
( w t . ) 

Ash wt. Organic 
(gms.) m a t t e r 

(<* d r y ) 
( w t . J 

0- 8cms. 16. h 8.2 50 

8-l6cms. 16. h 11.8 28 

l6-2i+cms. 17.0 13.1 23 

2U-32cms. 18.6 lJLi. 2 2U 

7.0 

11.1 

12.5 

13.6 

17.0 

6.3 

5.0 

SITE C 

Sample 
d e p t h 

0- 8cms. 

8-l6cns. 

16-21+cms. 
2l+-32cms. 

32-1+Ocms. 

SITE D 

Presh wt 
(gms.) 

36.1 

19.0 

21. 9 

Ik.k 

23.0 

Sample Presh wt. 
depth (gas.) 

Dry wt 
(gms.) 

18.0 
13. U 
15.8 
10.2 
16.7 

Dry wt 
(gms.) 

0-• 8cms. 20.6 7.8 
8-•l6cms. 17.0 7.7 

16- •21+cms. 21+.2 12.2 
2k-•32 cms. 23.3 13. k 
32-•i+0 cms. 21.1 12.5 
1+0-1+8 c us. 28.5 17.9 

SITE E 

Water Ash wt. Organic 
c o n t e n t (gms.) m a t t e r 
( ! f r e s h ) f t> d r y ) 

( w t . ) ( w t . ) 

50 15.5 lh.0 

35 12.5 6.7 
32 1U.8 ..6.-3 

29 9.6 5.9 

27 15.7 6.0 

Water Ash wt. Organic 
c o n t e n t (gms.) m a t t e r 

{% f r e s h ) ( , d r y ) 
( w t . ) ( w t . ; 

62 6.0 23.1 
55 6.3 18.2 

50 10.5 13.9 
h2 12. 1+ 7.5 

Ul 11. U 8.8 
37 16.8 6.1 

Sample Presh wt. Dry wt. 
de n t h (gms. ) (gms. ) 

0- 8cms. 18.2 6.0 

8-l6cms. 19.5 9.3 

l6-2Ucms. 18 . 9 9.0 
2i+--32cms. 19.0 10.1 
32-1+Ocms. 23.0 15.5 
i+0-l+8cms. 21+. 9 18.5 
l+8-56cms. 32.0 23.5 

SITE P 

Sample Presh wt. Dry wt. 
depth (gms.) (gms.J 

0- 8cms. 13.5 3.9 

8-l6cms. 16.3 6.2 
l6-2l+cms. 15. It 6.U 

2U-32cms. 15.9 8.8 

32-ljOcms. 15.2 11.2 
l+0-l+8cms. I n . 2 10.5 

Water Ash wt. Organic 
c o n t e n t (gms.) m a t t e r 

{% f r e s h ) {% d r y ) 
( w t . ) ( w t . ) 

67 l+.l 31 

52 7.8 16 

52 7.7 l i t 
hi 8.9 12 

33 11+. h 7 

26 17.7 h 

27 22.5 1+ 

Water Ash wt. Organic 
c o n t e n t (gms.) m a t t e r 

{% f r e s h ) ( ' d r y ) 
( w t . ) ( w t . ) 

71 2.5 36 

62 5.0 19 

58 5.2 19 

1+5 8.0 9 

26 10.9 3 

26 10.2 3 



TABLE 2 RESULTS OP pH MEASUREMENTS. 

Depth 

c l a s s 

a 

"b 

c 

d 

e 

f 

g 

h 

i 

pH value 

S i t e A 

6.6 

6.6 

6.6 

6.5 

6.5 

6.k 

6.3 

6.3 

6.6 

pH value 

S i t e B 

6.8 

6.8 

6.5 

6.U 

6.U 

pH value 

S i t e D 

5.0 

5.3 

5.3 

5.3 

5.3 

5.k 

pH value 

S i t e P 

5.6 

5.6 

5.9 

5.9 

e.u 

6.6 

6.9 

6.9 



TABLE 3 RESULTS OP SOIL ANALYSES 

SITE A 

Depth Class Carbonate 
gms./m2. 

Potassium 
gms./m2. 

Sodium 
gms./m2. 

Calcium 
gms./m2. 

Magnesium 
gms./m2. 

Phosphorous 
gms./m2. 

N i t r a t e N i t r o g e n 
gms./m2. 

a 321+.77 ...19 3.97 82.27 15.16 0.6;3 0.51 

b 326.1+5 2.1+9 1+.66 83.9U 16.71 0.66 0 .39 

c 39k.U9 2.1+6 U . l l 119-96 19.72 0 .38 0.33 

d 391+.1+9 1.81 3.70 88.7U 11+.79 0.1+lt 0 .25 

e k7h.67 1.66 3.5U 105.76 19.57 0 .35 0 .25 

f 512.97 1.97 3.85 137.65 21+.79 0.26 0 .17 

g U68.3U 1.97 3.90 130.6U 22.18 0 .23 0 .16 

h 311 .78 2.1+0 3.60 106.33 19.59 0.1+0 0 .32 

1 65.95 0.32 0.60 13.00 2.50 0.22 0 .12 

SITS B 

Depth Class Carbonate 
gms./m2. 

Potassium 
gms./m2. 

Sodium 
gms./m2. Calcium 

gms./m2. 
Magnesium 
gms./m2. 

Phosphorous 
gms./m2. 

N i t r a t e N i t r o g e n 
gms./m2. 

a U29.95 2.71 3.03 95.72 7.68 11.32 1.51+ 

b 375.89 2.80 3.1+6 91.1+0 8.11 0 .99 0.7U 

c 35^.71 2.1+1+ 1+.53 70,9k 12, 6 l 0, 37 

d 280.08 2.18 1+.08 51.35 ll+.OO 0 .27 0.U7 

e 1+6.68 0.52 1 .35 9.80 2.10 0 .17 0 .10 



SITE D 

Dep"ch u i a s s 

a 

To 

c 
d 
ft 

f 

uarDonate rms./m2. 
162.11 
167.62 
221.85 
237.55 
231.56 
279.53 

r o t a s s i u m 
g.Tis./m2. 

3.80 
2.51 
1.59 

l.i+5 

1.U8 

1.58 

Sodium 
gms./m2, 

3.U6 
3.20 
2 . 8 U 

3.13 
3.02 
3.76 

SITE P 

Depth C l a s s 

a 

ID 

c 

(i 

e 
f 

2 
h 

Carbonate 
grns. /m2. 

213.63 

27U.21 

277.82 

26U.59 

367.12 

389.37 

U33.86 

U56.ll 

Potassium 
gms./m2. 

U.07 

2.36 

0.97 

1.32 

2.22 

2.U5 

2.67 

2.67 

Sodium 
gms./m2, 

3.63 
k.66 

2. U2 
3. U4 
U.26 
k.k5 

U.82 

k.k5 

Calcium Magnesium Phosphorous N i t r a t e N i t r o g e n gms./m2. gms./m2. gms./m2. gms . /m2 # 

27.2k 9.29 0.07 0.17 
32.25 7.17 0.06 0.20 
36.140 3 . 98 0.03 0.17 
U2.23 3.30 0.02 0.20 
51.01 3.36 0.08 0.20 
U7.30 5.02 0.88 0.1U 

Calcium Magnesium Phosphorous N i t r a t e N i t r o g e n 
gms./m2. grns./m2. gms./m2. gms./m2. 

18 .02 6.68 0.12 0 .20 

20.18 7.2U 0.10 0.23 

20.63 5.05 0.02 0.21 

31 .97 6.06 0.01 0.22 

6U.52 11.12 0.12 0.23 
65.26 11.87 0.57 0.21+ 

78.62 11+.09 0.62 0.22 

92.71 17.80 0.85 0.22 

http://U56.ll


TABLE h. RESULTS OP THE WATER ANALYSES. 

Rain D i t c h 
Water Water Water 

N i t r a t e 
Nitrogen: 0.10 0.5 1.0 
p.p.m. 

Sodium: 1.9 5-0 2.8 
p.p.m. 

Calcium: 0.3 16.5 15.5 
p.p.m. 

Magnesium: 0.2 5.25 2.5 
p.p.m. 

Potassium: 0.2 0.15 0.3 
p.p.m. 

Phosphorus: 0.002 Trace 0.125 
p.p.m. 



TABLE 5. 

DRY WEIGHT (grams) OP VEGETATION PER SQUARE METRE. 

S i t e S i t e S i t e S i t e 
A B D P 

May 260 350 k&O 790 

J u l y U07 5hO 633 965 

Produced 11+7 190 153 175 



TABLE 6. 

RESULTS OP PLANT TISSUE ANALYSIS 
(G-rarns / square metre). 

Sodium 

Potassium 

Magnesium 

Calcium 

Pho ST?horu s 

S i t e 
A 

S i t e 
B 

S i t e 
D 

S i t e 
F 

May- 0.18 0.26 0.21+ 0.69 

J u l y 0.36 2.23 1.11 1.08 

F l u x 0.18 1.97 0.87 0.39 

May 1.81+ 3.06 2.61 3.16 

J u l y k.68> 6.51 5.70 6.03 

F l u x 2.81+ 3.U5 3.09 2.87 

May 0.1+9 0.7k 0.60 1.0U 

J u l y 1.07 1.62 1.11+ 1.51 

F l u x 0.58 0.58 0.5k 0.1+7 

May 1.62 2.10 1.56 3.35 

J u l y 3.56 5.33 2.69 3.62 

F l u x 1.9k 3.23 1.13 0.27 

May 0.23 0.1+7 o.i+o 0.1+1 

J u l y 0.38 1.70 0.57 O.bl-i. 

F l u x 0.15 1.23 0.17 0.23 



TABLE 7. 

NUTRIENT FLUX AS A PERCENTAGE OP 

NUTRIENT IN SUMMER STANDING CROP. 

S i t e S i t e S i t e S i t e 
A B D P 

Phosphorus k2% 80$ 30% 35% 

Calcium 52% 6336 U2% 1% 

Magnesium 5W° 30% h&% 31% 

Potassium 61% 53% 55% hl% 

Sodium 50% 88$ 80% 36% 



Dry Weight (mgrams) Of S i x B a r l e y T i l l e r s . 

Pot 1 

Pot 2 

Pot 3 

Pot 1+ 

Mean dry 
weight of 
6 p l a n t s 

Standard 
D e v i a t i o n 

Pot 1 

Pot 2 

Pot 3 

Pot 1+ 

Mean dry 
weight of 
10 p l a n t s 

Standard 
D e v i a t i o n 

S i t e 
A 

S o i l 

S i t e 
B 

S o i l 

S i t e 
D 

S o i l 

S i t e 
F 

S o i l 

190 1+60 200 ISO 

200 530 190 190 

300 680 210 200 

210 

225 

50 

51+5 

±1+1+ ±81 

190 230 

197 200 

1̂6 ±19 

Control 

61+0 

830 

770 

780 

755 

±70 

Dry Weight (mgrams) of Ten Carrot P l a n t s . 

S i t e 

S o i l 

59 

55 

61 

56 

58 

S i t e 
B 

S o i l 

266 

195 

218 

175 

213 

±J> ±37 

S i t e 
D 

S o i l 

30 

26 

31 

32 

30 

-ft 

S i t e 
P 

S o i l 

1+5 

32 

31 

35 

36 

±h 

Control 

2Uh 

151+ 

286 

220 

226 

±1+8 



TABLE 6. 

RESULTS OP THE GROWTH EXPERIMENTS. 

Dry Weight (mgrarns) Of Pour Tomato P l a n t s . 

S i t e S i t e S i t e S i t e 
A B D P Control 

S o i l S o i l S o i l S o i l 

Pot 1 k5 hlS 22 31 767 

Pot 2 61 503 21 22 858 

Pot 3 U2 316 32 33 811 

Pot k 23 U77 21 3k 822+ 

Mean dry 
weight of k3 U28 21+ 30 815 
k p l a n t s 

Standard . , 
D e v i a t i o n ± 1 3 ±75 - U -5 -33 



Taraxacum p a l u s t r e 

T r i f o l i u m repens 

T r i f o l i u m pratense 

Trisetum f l a v e s c e n s 

T r o l l i u s europaeus 

V a l e r i a n a d i c i c a 

Veronica chamaedrys 

V i c i a c r a c c a 

V i c i a sepium 

V i o l a p a l u s t r i s 

V i o l a t r i c o l o r 



Holcus l a n a t u s X X X X 

Hypochaeris r a d i c a t a X 

Juncus a c u t i f l o r u s X X 

Juncus a s t i c u l a t u s X X 

Juncus conglomeratus X 

Juncus squarrosus X X 

L a t h y r u s p r a t e n s i s X X 

Leontodon h i s p i d u s X 

Lotus c o r n i c u l a t u s X 

Luzula raultiflora X X X X 

Molinia c a e r u l i a X X 

Nardus s t r i c t a X 

P e d i c u l a r i s . p a i u s t r i s X 

Plantago l a n c e o l a t a X X X 

Poa annua X 

P o l y g a l a v u l g a r i s X 

Polygonum viviparum X 

P o t e n t i l l a e r e c t a X X 

P o t e n t i l l a f r u t i c o s a X 

P r u n e l l a v u l g a r i s X 

Primula f a r i n o s a X 

Ranunculus a r v e n s i s X X 

Ranunculus sardous X X 

Rhinanthus minor X X X 

Rumex acetosa X X X 

S a l i x p h y l i c i f o l i a X 

Sanguisorba o f f i c i a n a l i s X X X 

S u c c i s a p r a t e n s i s X 



TABLE 9. 

THE VEGETATION OP THE SITES. 
Nomenclature o f Br y o p h y t e s a f t e r Watson (1955), 
of Angiosperrns a f t e r Clapharn, T u t i n and Warburg (196k). 

B r y o p h y t e s 

A c r o c l a d i u m cuspidatum 

P l e u r o z i u m s c h r e h e r i 

P o l y t r l c h u m commune 

Pseudoscleropodium pururn 

R h y t l d i a d e l p h u s squarrosus 

Sphagnum r u b e l l u m 

T h u i d i u m ta m a r i s c i n u r n 

Angiosperms 

A c h i l l e a m i l l e f o l i u m 

A c h i l l e a p t a r m i c a 

A g r o s t i s canina 

A g r o s t i s t e n u i s 

Ajuga r e p t a n s 

A l c h e m i l l a g l a h r a 

Alopecui'us p r a t e n s i s 

Anthoxanthum odoratum 

Avena f a t u a 

B e l l i s p e r e n n i s 

B r i z a media 

S i t e S i t e S i t e S i t e 
A B D P 

X X 

X 

X 

X 

X 

X 

X 

X X 

X X X 

X 

X 

X 

X 

X 

X X X 

X 

X X 

X X 



Campanula r o t u n d i f o l i a 
Carex echlnata 
Carex n i g r a 
Carex panicea 
Cerastium vulgatum 
Centaurea n i g r a 
Cirsium heterophyllurn 
Cirsium p a l u s t r e 
Conopodiura majus 
Crepis paludosa 
Cynosurus c r i s t a t u s 
D a ctyl i s glomerata 
D a c t y l o r c h i s p u r p u r e l l a 
Deschampsia flexuosa 
Festuca ovina 
Festuca ru"bra 
P i l i p e n d u l a ulrnaria 
Galium "boreale 
Galium c r u c i a t a 
Galium s a x a t i l e 
Galium uliginosum 
Galium verurn 
Geranium sylvaticum 
Geurn r i v a l e 
Gymnadenia conopea 
H e l i c t o t r i c h o n pratense 
Heracleum sphondyl iurn 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 

X 
X 
X 

X 
X 
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