
On average, Bromus e rec tus  accounted f o r  79% of the  above ground 

biomass, Helianthemum (3.0%). Carex flacca ( 2 . 5 % ) ,  Poterium s a n w i s o r b a  

(1,9%), Festuca ovina ( l . 5 % ) ,  Cirsium acaulon (1.2%) and Thymus 

pulea io ides  (1%) being the  only o the r  spec ie s  t o  con t r ibu te  1% or  more 

t o  the  t o t a l  above ground biomass. The above mentioned 7 spec ies  

accounted for  91% of the  above ground biomass, 15 o the r  spec ie s  (see 

Table 3 .14)cant r ibu t ing  t o  another 82, with 24 spec ie s  being present  i n  

very small amounts and con t r ibu t ing  less than 1% t o  the  t o t a l  biomass. 

Nevertheless ,  46 spec ies  were recorded from the  8 p l o t s  which were c u t  

once a year, and i t  i s  c l e a r  t h a t  even though the  cont r ibu t ion  of 

ind iv idua l  spec ies  may be small under t h i s  c u t t i n g  regime, spec ies  

d i v e r s i t y  is  maintained. 

The following spec ies  were noted i n  flower i n  a t  least some of the 

p l o t s  a t  t he  end of May, 1987: Br i za  media, Bromus erectus, Carex 

f l a c c a ,  Festuca ovisa,  F i l ipendula  vu lga r i s .  Helianthemum chamaecistus, 

Hippocrepis comosa, Hieracium p i l o s e l l a ,  Linum cathar t icum, Kaeleria 

R r a c i l i s ,  Plantago l anceo la t a ,  Polyaala vu lga r i s .  Poterium sanguisorba,  

Primula v e r i s  and Ranunculus bulbosus. 

3.2.6 Composition and structure in May 1987 of p l o t s  cut twice a year for 23 

years (Table 3.15 ) .  

Vegetation 10 t o  15 cm t a l l  with inf lorescences  of Bromus reaching 50 

t o  75 cm. S t r u c t u r a l l y  much more open than p lo t s  c u t  once a yea r ,  with 

patches of fa rb- r ich  grassland forming a mosaic with o the r  grasses such 

as Festuca ovina and Koeleria gracilis. 

Compared with p l o t s  c u t  once a year, much less Bromus and consequently 
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greater cont r ibu t ions  made by o the r  grasses and forbs. Bromus 

accounted f o r  71% of the  t o t a l  above ground biomass. Subs tan t i a l  

con t r ibu t ions  were made by the  following 10 species: Festuca ovina 

( 4 % )  , Cirsium acaulon (3.6%) , Helianthemum chamaecistus (3%) ,  

H e l i c t i t r i c h o n  pra tense  (1.9%) , Thymus puleaioides (1.8%) * Asperula 

cynanchica lll_.__. (1.6%) , Carex , f l acca  (1 a 6%) , Poterium sanmiso rba  (1.3%) * 

Pimpinella saxifram (1.1%) and Koeleria araci l is  (1.1). With Bromus 

these 11 species accounted for 92% of the  t o t a l  above ground biomass. 

Twenty-nine a t h e r  species contr ibuted to  the  remaining 8% of above 

ground biomass, none cont r ibu t ing  mare than 1%. (see Table 3.15). Tn 

some p l o t s ,  spec ies  such as Thymus farmed large patches ,  whereas i n  

o t h e r s  they were only present  as occasional  t u f t s .  

Nat ional ly  rare o r  uncommon spec ies  such as Hypochoeris maculata and 

P u l s a t i l l a  vu lga r i s  occurred i n  some p l o t s  and both survived and 

flowered under t h i s  management regime. 

The following spec ies  were noted as flowering a t  t he  end of May 1987 in 

a t  least some p l o t s :  Asperula cynanchica, Briza media, Carex 

caryophyl lea ,  F i l ipendula  vu lga r i s ,  Helimthemum, chamaecistus, 

H e l i c t i t r i c h o n  pra tense ,  Hippocrepis comma, Hypochaeris maculata, 

Koeleria cristata,  Linum catharticum, Palygala vu lga r i s ,  Poterium 

sanmiso rba ,  Primula v e r i s  and Ranunculus bulbosus,  

3.2.7 Composition and structure in June 1987 of plots cut three times a yeas 

for 23 years( Table 3.16). 

Short  ( 2  t o  6 c m )  , spec ies  r i c h  t u r f ,  wi th  s c a t t e r e d  tufts of Bromus 

e r e c t u s  i n  a matrix of Festuca ovina and a great variety of forbs .  
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Inf lorescences  of grasses were sca rce ,  compared with t h e i r  abundance i n  

o t h e r  t reatments .  Mosses not  conspicuous. My notes  fo r  p l o t  17 record 

" s t r u c t u r e  similar t o  sheep-grazed downland". The most s t r i k i n g  

f e a t u r e  of the  p l o t s  c u t  t h ree  times a year  was t he  f ine-grained 

t e x t u r e  of t h e  t u r f  and the  in t imate  mosaic of grasses and f a r b s  formed 

as a r e s u l t  of t h i s  c u t t i n g  regime. Bromus e rec tus  s t i l l  accounted fo r  

the highes t  proport ion of the  above ground biomass (60 .8%) ,  but  was 

presen t  as i s o l a t e d  t i l lers and d i d  not  form the  t u f t s  or tussocks seen 

i n  t he  o the r  t reatments .  The proport ion of o t h e r  species increased 

w i t h  the following spec ies  making s u b s t a n t i a l  cont r ibu t ions :  Cirsium 

acaulon (5  -7%) , Festuca ovina (7.6%) , Helianthemum chamaecistus (3.6%) , 

Carex f l a c c a  (3.2%) , Helictotr ichon pra tense  (3.1%) Asperula 

Enanch ica  ( 2 . 8 % ) .  Thymus pulegioides  (l.9%), Poterium sanmisorba 

(1.6%), Gentaurea n ig ra  (1 .4%) ,  Koeler ia  graci l is  (l.l), Pirnpinella 

s a x i f r s g a  (l.l%), Scabiosa columbaria (1%) and Carex caryophyllea (1%). 

These 1 4  spec ie s  accounted f o r  94% of the  t o t a l  above ground biomass, 

26 o t h e r  spec ies  con t r ibu t ing  t o  the  remainling 6% of biomass (see Table 

3.16). 

The following spec ie s  were recorded i n  flower: Asperula csnanchica,  

B r i z a  media, Festuca ovina,  Helianthemum chamaecistus, Hieracium 

p i l o s c l l a ,  Hippocrepis comosa, Hypochoeris maculata, Koeler ia  aracil is ,  

Leucanthemum vulgare ,  Linum catharticum, Plantago , lanceola ta ,  P o l y m l a  

v u l p a r i s ,  Poteriurn sanmiso rba ,  Ranunculus bulbosus and Senecio 

i n t e g r i f o l i u s .  

3.3 EFFECTS OF NO MANAGEMENT A R E R  7,16 AND 23 YEARS 

Three "control"  p l o t s  were included i n  each replicate of the  experiment 
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with the ob jec t ive  of providing a means of es t imat ing  the  changes i n  

s t r u c t u r e  and composition of p l o t s  which were not  s u b j e c t  to  a 

management treatment ( c u t t i n g )  . One of these  "control"  plots from each 

r e p l i c a t e  was harvested rin 1971 t o  provide d a t a  on what had occurred 

during the  7 years  which had elapsed s ince  the  experiment began. These 

same p l o t s  were allowed t o  regrow after being harvested i n  1971, and 

provided, i n  1987, an estimate of the e f f e c t  of no management for  a 

period of 16 years. One set  of "control"  p l o t s ,  which had not  been c u t  

s i n c e  the  experiment w a s  se t -up,  were harvested to  provide an estimate 

of the  e f f e c t  of no management for  a period of 23 years .  The remaining 

set of "control"  p l o t s  were l e f t  for  harves t ing  a t  some time i n  the  

f u t u r e  . 

3.3.1 Composition of plots not cut  for 7 years 

A t  t he  end of May 1971, the  above ground vegeta t ion  of t h e  con t ro l  

plots had the  following composition: 

dead p l a n t  material ,mostly grasses 74 - 4% 

l i v e  grasses, mostly Bromus e rec tus  18.8% 

l i v e  sedges,  mostly Carex f l a c c a  0.5% 

forbs (24 spec ie s )  6.1% 

shrubs(3  spec ie s )  0.3% 

mosses 0.2% 

Hawthorn (Crataems monogyna) was t he  most f requent  shrub being present  

i n  a l l  con t ro l  p l o t s ,  e i t h e r  as seedl ings  or as small ( C  50 cm) p lan t s .  

Rosa canina was present  i n  both sub-plots  of p l o t  1 and i n  one sub-plot 
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of p lo t  19, bu t  w a s  no t  recorded i n  o t h e r  p l o t s .  Quercus robur was 

only recorded i n  one sub-plot ( l 3 E ) .  

O f  t he  forbs present  i n  the  p l o t s ,  Helianthemum chamaecistus was most 

abundant (17.71 g m 2 ) ,  followed by Poterium s w i s o r b a  (9.19 g m 2 ) ,  

Fi l ipendula  vu lga r i s  (2.98 g m2), Cirsium acaulon (2.48 g m") , Plantaao 

l anceo la t a  (2.29 g m2) and Pimpinella saxifraga (1.42 g m 2 ) .  Other 

spec ie s  were only present  as "traces". 

3.3 .2  Composition of plots not  cut for 16 years (Table 3.17). 

Indiv idua l  p l o t s  no t  c u t  for 16 years differed considerable  i n  

appearance and composition. F ie ld  notes  provide a p i c t u r e  of how they 

appeared i n  May 1987: 

P l o t  1. "Dense tussocky Bramus grassland, w i t h  7 small hawthorns, t he  

large hawthorn, some 1.5 m t a l l  having been acc iden ta l ly  chopped down 

earlier i n  the  year .  Bromus tussocks 20-50 cm diameter ,  lower leaves 

reaching 50 c m ,  in f lorescences  120 c m .  Other species include:  Carex 

f lacca,  Centaurea n ig ra ,  C.scabiosa,  C i r s i u m  acaulon, F i l ipendula  

v u l g a r i s ,  Helianthemum chamaecistus, Hypochoeris maculata, Pimpinella 

saxifraga,  Polyaala  vu lga r i s ,  Poterium sanguisorba and P u l s a t i l l a  

vu lga r i s .  

P l o t  9. "Coarse tussocky grass land ,  with dense scrub.  Hawthorns 100, 

50, 30 cm high;  Rhamnus ca tha r t i cus  60 cm; Rosa canina 10 cm. Large 

r a b b i t  burrow i n  NW corner, much bare s o i l .  Viola h i r t a  abundant. 

Other species: Centaurea n i a sa ,  F i l ipendula  vulgaris, Helianthemum, 

Lotus corn icu la tus  and Poterium. 
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P l o t  13. Dense Bromus grass land ,  with occasional  t u f t s  of Brachypodium 

sylvaticum. I n  the  western ha l f  of t he  p l o t  t he re  are 5 hawthorn 

bushes,  reaching 170 cm i n  he ight .  I n  t h e  eas t e rn  ha l f  t he re  are 2 

small. bushes reaching 70 cm. Thick l a y e r  of grass l i t t e r ,  with a dense 

ca rpe t  of mosses, mostly Pseudoscleropodium purum. Grass in f lorescences  

60-70 c m ,  Poterium sanmisorba frequent  . Other spec ie s  : Carex f l a c c a ,  

Centaurea n i g r a ,  C .  scabiosa,  Cirsium acaulon, Galium verum, 

Helianthemum chamaecistus, Hypochoeris maculata ( i n  bud) ,  Leontodon 

h isp idus ,  Lotus corn icu la tus ,  Polygala vulgaris and Primula v e r i s .  

P l o t  19. Coarse grass land ,  with hawthorn scrub reaching 85 cm and a 

s i n g l e  Rosa, to 96 cm. The following spec ie s  were present: 

Brachypodium sylvaticum, Carex f l a c c a ,  Campanula glomerata, 

C. r o t u n d i f o l i a ,  Centaurea n i g r a ,  Cirsium acaulon, F i l ipendula  

v u l g a r i s ,  Helianthemum chamaecistus, Leontodon h isp idus ,  Lotus 

corn icua l tus ,  Pimpinella saxifraga, P l a n t a ~ o  l anceo la t a ,  Polygala 

v u l g a r i s ,  Poterium sanguisorba, Primula v e r i s ,  Ranunculus bulbosus,  

Senecio $ n t e p r i f o l i u s  and Viola h i r t a .  

The above ground biomass i n  these  p l o t s  which had not been c u t  fo r  16 

Dead p l an t  materia1,mostly grasses, 

Live grasses, mostly Bromus e rec tus  

Forbs 

Sedges 

Shrubs, mostly Crateaems and Rosa 

Mosses 

34.6% 

23.5% 

7.5% 

2.3% 

30.7% 

1.5% 



The main change i n  composition s ince  1971 had been an inc rease  i n  the  

proport ion o f  shrubs and a decrease i n  the  amount of dead material, 

Of the  l i v i n g  material, Crataems and Bromus accounted for  82% of the  

above ground biomass, with s u b s t a n t i a l  con t r ibu t ions  being made by 

Poterium sanmiso rba  (3.89%), Carex f l a c c a  (3.59%). F i l ipendula  

v u l g a r i s  (3 .02%) ,  Helianthemum chamnecistus (2.22%) and Rosa canina 

(1 .73%).  Of the o the r  29 spec ies  recorded i n  these  p l o t s ,  none 

cont r ibu ted  1% t o  the  t o t a l  biomass and most were only present  i n  very 

small q u a n t i t i e s  (Table 3.17).  

3.3.3 Composition of plots  not cut for 23 years (Table 3.18). 

The above ground composition of the  vege ta t ion  i n  p l o t s  which had not  

been c u t  o r  managed for  23 years  was highly  va r i ab le ,  r e f l e c t i n g  the  

time i n  the succession i n  which scrub had become es t ab l i shed  and 

p a s s i b l e  the  i n i t i a l  f l o r i s t i c  composition. Taken aver a l l  p lo ts  , t h e  

above ground vegeta t ion  cons is ted  of: 

dead p l a n t  materia1,mostly grasses 12.8% 

l i v e  grasses 7.8% 

f orbs  2.1% 

sedges 0.7% 

shrubs 76.2% 

mosses 0.4% 

Crataems monogyna w a s  the  dominant i n  most p lo t s  and accounted f a r  

75.1% of the  above ground vegetat ion:  Rosa canina w a s  also prominent, 
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accounting f o r  12.3% of the  t o t a l  abave ground vegeta t ion .  Bromus 

e rec tus  formed large tussocks between the  shrubs and was the  t h i r d  most 

abundant spec ie s  accounting for 9.0% of the  total  biomass. These th ree  

spec ie s  accounted fo r  96.45 of t o t a l  biomass. Nevertheless ,  28 other 

species were recorded i n  the  p l o t s  (Table 3.18)~ although most were 

present  i n  only small q u a n t i t i e s .  The most successfu l  forbs  t o  surv ive  

i n  t h i s  coarse ,  shrubby, grassland were Potarium sanmisorba(9.9 g m2), 

Carex flacca(8.97 g m2), Fi l ipendula  vulgar i s (7 .57  g m2), Helianthemum 

chamaecistus (4.47 g m’) , and Viola h i r t a (  1.69 g m2) a 

3.4 EFFECTS OF RETURNING OR REMOVING NUTRIENTS ON SOIL PROPERTIES AND ON 

THE VEGETATION. 

3.4.1 The proportion( %) of N, P, K, Ca and Mg in the vegetation. 

Small sub-samples of vegetat ion were taken f o r  chemical analysis from 

c u t  and f i n e l y  ground material p r i o r  t o  i t  being returned t o  the  p l a t s .  

Samples were taken f o r  16 years (1969 and for t he  per iod 1972 to  1988, 

excluding 1974 and 1988), and used t o  estimate the  amount of n u t r i e n t s  

which were removed or re turned t o  the p l o t s .  

The proport ions of the  d i f f e r e n t  elements var ied  considerable  from year 

t o  year ,  even when samples were taken a t  the  same t i m e  of t he  year.This 

probable r e f l e c t s  d i f f e r e n t  growth stages of the spec ies  making up the 

vegeta t ion  and the  e f f e c t s  of climate on the  proport ion of dead or 

moribund t i s s u e  i n  samples. 

I n  an attempt t o  sepa ra t e  the  effects of c u t t i n g  d a t e  (May, June o r  

J u l y ) ,  c u t t i n g  frequency ( c u t  once, twice o r  th ree  times a year) and 



changes assoc ia ted  with time, d a t a  were analysed with time as a 

cova r i a t e .  O f  the  

5 chemical elements,  only N showed a s i g n i f i c a n t  (PCO.001) change with 

t i m e  w i t h  a mean value of 1.93% inc reas ing  by 0.016% pe r  year. This  

r ep resen t s  a 17% increase  i n  the  mean value over 20 years .  

The r e s u l t s  of' ANCOVA are summarised i n  Table 3.19. 

The proport ion of K ,  Mg and N i n  the  vege ta t ion  was significantly 

d i f f e r e n t  between c u t t f n g  t reatments  and all elements except f o r  K were 

s i g n i f i c a n t l y  d i f f e r e n t  i n  the  vegetat ion from the  d i f f e r e n t  c u t t i n g  

dates. To examine these  e f f e c t s  i n  greater detai l . ,  d i f f e rences  between 

c u t t i n g  da te s  and c u t t i n g  frequencies  were analysed sepa ra t e ly .  

Nitragen w a s  the only element t o  show a significant trend with time, 

the  proport ion of o the r  elements not  changing s i g n i f i c a n t l y  i n  t he  

vege ta t ion  over t he  24 years  f o r  which t h i s  experiment ran. However, 

t he re  were s i g n i f i c a n t  d i f fe rences  i n  t he  proport ion of Ca, Mg, P and 

N i n  t he  vegetat ion from p l o t s  which were c u t  twice a year compared t o  

those c u t  t h ree  times a year  (Table 3 . 2 O ) ,  p l o t s  cu t  more f requent ly  

gene ra l ly  having a higher  value than those cu t  less f requent ly .  

3.4.2 The quantities of nutrients removed or returned to the plots. 

The q u a n t i t i e s  of' elements ( n u t r i e n t s )  removed or  returned to each p lo t  

for  the  per iod 1969 t o  1988 were ca lcu la ted  by mult iplying the  p l o t  dry 

weight by the  proport ion of each element i n  the  vege ta t ion  as 

determined by chemical ana lys i s .  (Appendices 1 to 5 ) .  

There were no s i g n i f i c a n t  d i f fe rences  between t reatments  i n  the t o t a l  



amount of n u t r i e n t s  removed annually (Table 3 . 2 l ) ,  Although p l o t s  cut  

once a year  had a s i g n i f i c a n t l y  higher  t o t a l  annual dry weight y i e l d  

than p l o t s  c u t  twice o r  th ree  times, the  concentrat ion of  elements i n  

t h e  o lde r  vege ta t ion  from the  cut  once p l o t s  is  less than t h a t  of the  

more f requent ly  c u t  p l o t s  and the  lower dry  weight y i e l d  is compensated 

by the  higher  concentrat ion of elements i n  the  more f requent ly  c u t  

p l o t s .  Thus i n  p l o t s  c u t  once a yea r ,  a l l  of t h e  annual. n u t r i e n t  

removal is  completed i n  May, whereas f o r  plots cut  twice a year, about 

75% is removed i n  May, the  remainder i n  June. For p l o t s  c u t  t h ree  

times a year .  About 64% of n u t r i e n t s  are removed i n  May, 20% i n  June 

and the  remainder i n  Ju ly .  

Since the  amount of n u t r i e n t s  removed o r  replaced is  c lose ly  r e l a t e d  t o  

the  product iv i ty  of the  vegetat ion i n  any p a r t i c u l a r  year the re  were 

s i g n i f i c a n t  d i f f e rences  i n  the  q u a n t i t i e s  af elements removed between 

d i f f e r e n t  years. Thus the  year  i n  which t h e  least amount of n u t r i e n t s  

were removed from the  p l o t s  w a s  1976, when production reached m all 

t i m e  low following the  drought and conversely were h ighes t  i n  1972 when 

y i e l d s  were h ighes t .  

3.4.3 Effects on soil nutrients of removing or returning plant material. 

S o i l  samples were taken from a l l  p l o t s  i n  1973 and 1987 to  estimate the  

long t e r m  e f f e c t s  of cu t t i ng .  with and without the r e t u r n  of c u t  

material, on the  chemical s ta tus  of t he  s o i l .  The 1973 ana lys i s  was 

made by the  Pedology Sec t ion ,  Bangor and t h e  1987 samples were analysed 

by t h e  Chemical Sec t ion ,  Merlewood. Although the  same methods of 

a n a l y s i s  were employed by both l a b o r a t o r i e s ,  between year  comparisons 

for  e x t r a c t a b l e  sodium should be t r e a t e d  with caut ion ,  as t h e  values  



obtained for  the  two years  d i f f e r  widely and are probably a t t r i b u t a b l e  

t o  the  method of ana lys i s  r a t h e r  than being a "real" d i f f e rence  i n  the  

amount of sodium present .  

3 . 4 . 3 . 1  Effect of cutt ing  treatments on soil nutrients .  

1973 Analysis. 

There was no s i g n i f i c a n t  d i f f e rence  i n  pH, organic  matter content(LO1) 

and e x t r a c t a b l e  potassium i n  s o i l  from any treatrnent(Tab1e 3.22 ) 

e i g h t  years a f t e r  t he  experiment began. 

The s o i l  %N i n  con t ro l  p l o t s  (no t  cu t  for 8 years )  was s i g n i f i c a n t l y  

less (p<O.OOl) than i n  cu t  p l o t s  (0.70 as campared with 0.74 and 

0.73%). 

The sodium and magnesium content  of s o i l s  i n  the  con t ro l  p lo ts  was also 

s i g n i f i c a n t l y  higher  i n  the  con t ro l  p l o t s  (Table 3.22) than i n  c u t  

p l o t s .  

The phosporus and manganese content  of s o i l s  i n  t h e  con t ro l  plots did  

not  d i f f e r  s i g n i f i c a n t l y  from t h a t  i n  p l o t s  cu t  twice and t h r e e  times 

a yea r ,  although p l o t s  c u t  once a year  d i d  contain s i g n i f i c a n t l y  more 

P and Mn than p l o t s  rece iv ing  o the r  t reatments .  

1987 Analysis (Table 3.23 ) . 
This  ana lys i s  enables  comparisons t o  be made between plots  which have 

(a)  not  been c u t  f o r  23 years--"control" plots, ( b )  P l o t s  which were 

las t  c u t  i n  1971 and hence i t  is  16 years  s ince  they were last c u t ,  

( c )  p l o t s  which have been cu t  annually i n  May f o r  23 years ,  (d )  plots 
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which have been c u t  annually i n  May and June f o r  23 years  and (e) p l o t s  

which have been c u t  annually i n  May, June and Ju ly  f o r  23 years .  

P l o t s  which had been cu t  annually had s i g n i f i c a n t l y  (p<O.OOl) higher  

organic matter content  than either con t ro l  p l o t s  o r  p l o t s  last  c u t  i n  

1971. It seems l i k e l y  t h a t  re turn ing  the  c u t  vege ta t ion  i n  a finely 

divided form enables  the  organic  matter t o  be incorporated i n t o  the  

s o i l  mare quickly than i n  cont ro l  p lo t s  where dead plant material has 

t o  be broken down i n t o  smaller p a r t s  by inve r t eb ra t e s  and 

microorganisms before  i t  is  incorporated i n t o  the  s o i l ,  

P l o t s  which were cu t  annually a l s o  had s i g n i f i c a n t l y  more K ,  Mn and Na 

than e i t h e r  con t ro l  p l o t s  o r  p l a t s  l as t  c u t  i n  1971. 

Although the re  were a l s o  s i g n i f i c a n t  d i f f e rences  between p l o t s  i n  pH, 

Mg, P and N ,  t he  b io log ica l  i n t e r p r e t a t i o n  of some of these  d i f f e rences  

i s  not  clear. 

pH values  var ied  from 7.77 i n  p l o t s  which had not  been c u t  for  16 years  

t o  7.82 i n  p l o t s  c u t  once and th ree  times a year .  P l o t s  which had not  

been c u t  for 23 years  had a pR of 7.89. Such small d i f f e rences  are not  

l i k e l y  t o  be of any b io log ica l  s ign i f i cance  i n  a system which is 

sa tu ra t ed  with C a  ions .  

Magnesium was s i g n i f i c a n t l y  (pc0.01) more abundant i n  the  control, 

p l o t s  not  c u t  for  16 years  and p l o t s  c u t  once a year  annually than i n  

p l o t s  c u t  twice and th ree  times a year. 
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N o  reasonable explanat ion can be made t o  account for  why t h e  phosphorms 

values  are h ighes t  i n  p l o t s  c u t  twice a year  and rin p l o t s  no t  c u t  f o r  

16 yea r s ,  whereas they are lowest i n  p l o t s  c u t  once and three times a 

year .  

There were no s i g n i f i c a n t  d i f f e rences  between the  N content  of the 

s o i l s  i n  the  c u t  or con t ro l  p l o t s  (0 .72 t o  0.74%) ; s u r p r i s i n g l y ,  t he  N 

value i n  the  p l o t s  l a s t  c u t  16 years  previously was s i g n i f i c a n t l y  lower 

than i n  o the r  p l o t s .  

3.4.3.2 Effect of removing or returning cut material on soil pH, organic 

matter content and selected chemical elements. 

I n  1973* 9 years  after the  experiment began, t he re  was no s i g n i f i c a n t  

d i f f e rences  i n  the  organic  matter conten t ,  K and Mg s t a t u s  of s o i l s  t o  

which cut  material had been returned compared t o  those from which it 

had been removed. I n  c o n t r a s t ,  the  Mn, P and N s o i l  values  were 

s i g n i f i c a n t l y  higher  i n  p l o t s  t o  which c u t  material had been returned 

(Table 3.24) .  pR was s i g n i f i c a n t l y  higher  i n  p l o t s  from which p l an t  

material had been removed. 

I n  1987, 23 years a f t e r  the  experiment began, t h e  s i t u a t i o n  was as 

follows (Table 3 .24) :  no s i g n i f i c a n t  d i f f e rence  i n  pH (7.81 i n  r e t u r n  

p l o t s  * 7.82 rin remove p l o t s ) ,  organic  matter content  (15.48, as aga ins t  

l5.1l), phosphorus (1.68 and 1.62) or  n i t rogen  (0.73 and 0 .72 ) .  

S i g n i f i c a n t l y  more sodium, manganese and magnesium was recorded i n  

p l o t s  from which vegetat ion removed than returned ( N a ,  8.93 and 8.49, 

Mn 24.85 and 23.18, Mg 24 -85 and 23.18 r e spec t ive ly ) .  Levels of 

34 



potassium were s i g n i f i c a n t l y  ( ~ ( 0 . 0 5 )  higher  i n  p l o t s  t o  which c u t  

material w a s  re turned than i n  those from which i t  w a s  removed. 

3.5 EFFECTS OF CUTTING TREATMENTS AND NO MANAGEMENT ON FLOWERING 

An assessment of the  long-term e f f e c t s  of t he  var ious c u t t i n g  

t reatments  on flowering was made i n  May ( p r i o r  t o  the  f i r s t  c u t t i n g )  

and la te r  i n  August 1988, immediately before  the  t h i r d  c u t t i n g  took 

p lace .  Inf lorescences of a l l  spec ies  i n  flower were counted i n  a l l  

p l o t s ,  except f o r  Asperula cynanchica, Linum catharticum and Thymus 

puleg io ides ,  for  which i t  was n a t  p r a c t i c a l  to  count ind iv idua l  

in f lorescences ;  i n s t ead ,  f lowering was scored an a four  po in t  scale 

(rare, occasional ,  f requent  o r  abundant).  Spec ia l  a t t e n t i o n  was given 

to Bromus e rec tus  i n  1987 and 1988. Inf lorescences  were both counted 

and weighed a f t e r  c l ipp ing ,  with the  a b j e c t i v e  of f ind ing  out  i f  

c l i pp ing  had any e f f e c t  on ind iv idua l  t i l ler  dry weight, A l l  r e s u l t s  

were subjec ted  to  ANOVA a f t e r  transformation (square root(x+l)), 

3.5.1 Results f r o m  May 1988 

The counts made i n  May provide an estimate of the  e f f e c t  of t he  

previous years t reatments  on flowering. O f  t he  18 spec ie s  recorded, 

t h ree  (Carex f l a c c a ,  F i l ipendula  vu lga r i s  and Smguisorba minor) had 

s i g n i f i c a n t l y  (p<o.OOl) more inf lorescences  i n  p l o t s  no t  c u t  f o r  24 o r  

17 years  than i n  p l o t s  c u t  annually.  Seven species (Carex 

caryophyl lea ,  Hieracium p i l o s e l l a ,  Hippocrepis comosa, Leucanthemum 

vulgare, Polygala vu lga r i s ,  Ranunculus bulbosus and Senecio 

i n t e g r i f o l i u s  had s i g n i f i c a n t l y  more f lowers  i n  p l o t s  c u t  annually 

(Table 3.25).  E i g h t  spec ie s ,  mostly with l o w  f requencies ,  d id  not  show 

a preference fa r  any p a r t i c u l a r  treatment. 
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Asgerula, Linum and Thymus flowered much more profuse ly  i n  p l o t s  t h a t  

were c u t  t h ree  times or twice a year  than i n  o the r  p la t s ,  although a l l  

t h r e e  spec ies  were recorded i n  flower i n  t h e  o the r  p l o t s .  

There was no evidence t h a t  f lowering w a s  inf luenced by the  r e t u r n  ar 

removal of cu t t i ngs .  

3.5.2 Results f r o m  August 1988 

The counts made i n  August i d e n t i f i e s  those  spec ies  which are ab le  t o  

flower later i n  the  year desp i t e  having been cut  earlier i n  the  year  o r  

those which escaped having inf lorescences  c u t  because they are produced 

later i n  the  year .  Of the  23 spec ies  recorded (Table 3.26). 10 showed 

a s i g n i f i c a n t  e f f e c t  of treatment.  Inf lorescences of Centaurea n ig ra  

and Wianthemum chamaecistus were more frequent  i n  con t ro l  p l o t s  (not  

c u t  f o r  17 o r  23 yea r s )  than i n  p l o t s  c u t  annually.  Eight species 

(Campanula glomerata,  C .  r o tund i fo l i a ,  Leontodon h isp idus ,  Lotus 

corn icu la tus .  P i c r i s  h ie rac iofdes ,  Plantago lanceolata, Scabiosa 

columbaria and Sonchus asper) had more flowers i n  p l o t s  c u t  annually 

than i n  con t ro l  p l o t s .  

Asperula. Linum and Thymus were again mare f l o r i f e r a u s  i n  p l o t s  c u t  

annual ly  than rin o the r  p l o t s .  

3.5.3 Effect of treatments on Bromus inflorescences. (Table 3.27) 

Cut t ing  three t i m e s  a year  s i g n i f i c a n t l y  ( ~ ~ 0 . 0 0 1 )  reduced the  number 

of imflorescences of Bromus erectus cornpared with o t h e r  c u t t i n g  

frequencies .  However, p l o t s  c u t  once and twice a year did no t  d i f f e r  

s i g n i f i c a n t l ~ y  i n  the  number of tillers compared with uncut con t ro l s .  



Inf lorescences  i n  p l o t s  no t  cut  f o r  17 and 23 years  were s i g n i f i c a n t l y  

larger and had a greater mean weight per t i l l e r  than i n  p l o t s  c u t  

annual ly .  

I n  1988, p l o t s  cu t  t h ree  times a year  again had significantly fewer 

t i l lers ( p  = tO.O5) than p l o t s  cu t  once o r  twice a year .  Ind iv idua l  

tillers were a l s o  smaller and weighed less, 

The r e s u l t s  from these  two years  also show t h a t  t he  number of tillers 

v a r i e s  considerable  from year t o  year ,  probably i n  response to  

d i f f e rences  i n  weather condi t ions i n  the previous year, 

Cut t ing  only once a year  prevents the  formation of l a r g e ,  competit ive 

tussocks of Bromus erectus which are such a prominent f e a t u r e  of 

unmanagsd grasslands.  Cut t ing more t h a n  once a year  f u r t h e r  reduces 

t i l l e r  numbers, t he  t h i r d  c u t  i n  Ju ly  having a major e f f e c t  on t i l l e r  

numbers t he  following year, reducing s i g n i f i c a n t l y  the  competit ive 

powers of Bromus. 
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4. DISCUSSION 

Without management, chalk grassland is invaded by scrub ,  coarse grasses 

i nc rease  and the  succession t o  woodland t akes  p lace .  I n  B r i t a i n ,  chalk 

grass lands  have t r a d i t i o n a l l y  been grazed by e i t h e r  sheep, ca t t le  or a 

combination of the  two, depending on the  system of agriculture 

opera t ing  a t  a p a r t i c u l a r  po in t  i n  t i m e .  Management probably var ied  

considerable  from year  t o  year  i n  response t o  market condi t ions  , the 

growth of the  sward and the  a v a i l a b i l i t y  of l i ves tock .  The d ive r se  and 

spec ies - r ich  grass land ,  now much pr ized by na tu re  conse rva t ion i s t s ,  w a s  

c rea ted  by, and maintained as p a r t  of an a g r i c u l t u r a l  system using 

graz ing  animals. 

Using grazing animals for  managing na tuse  reserves  r equ i r e s  s k i l l e d  

labour  fo r  looking a f t e r  the  animals, fencing,  water po in t s  and a 

farming system which can provide housing and supplementary feed when 

animals are not  on the  reserve.These faci l i t ies  are expensive and 

a l t e r n a t i v e  methods of managing chalk grassland were sought.Mowing was 

an obvious a l t e r n a t i v e  t o  grazing and experiments were l a i d  down on t he  

Barton H i l l s  and a t  Knocking Hoe i n  Bedfordshire i n  1963 and 1965 

r e spec t ive ly  t o  i n v e s t i g a t e  the  e f f e c t s  of c u t t i n g  on t h e  f l o r i s t i c  

composition on chalk grassland.  

I n  the  6 year  s tudy an the  Barton Hills(see Wells 1971 f o r  d e t a i l s )  i n  

which c u t  material was removed from t h e  p l o t s ,  c u t t i n g  once i n  

Spring(Apri1) was e f f e c t i v e  i n  reducing the  competit ive a b i l i t y  of 

Bromus e rec tus  the  dominant grass on all. t h ree  s o i l  depths  while 
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c u t t i n g  three times a year ,  i n  Spring Summer and Autumn was also 

e f f e c t i v e .  Other spec ie s ,  both grasses and forbs  were ab le  t o  u t i l i z e  

t h e  per iod when competition from Bromus was seduced, Briza media and 

Hippocrepis camosa, i n  p a r t i c u l a r ,  i nc reas ing  considerably.  

Twenty-four forbs  were recorded from t h e  Barton H i l l s  p l o t s  and 

although the  t o t a l  cover of these  spec ies  f luc tua ted  from year  t o  year 

no s i g n i f i c a n t  changes in ind iv idua l  spec ie s  were noted i n  the  per iod 

1963-8 except for  the  following.Hippocrepis comosa, which was only 

common on the  medium-depth s a i l s ,  increased considerably i n  plots c u t  

once i n  Spring and a l s o  i n  p l o t s  w i t h  combinations of c u t t i n g  i n  Spring 

with o t h e r  seasons of the  y e a r . I t  was no t i ceab le  t h a t  i n  these  p l o t s ,  

where competit ion from Bromus was reduced, Hippocrepis assumed a more 

p r o s t r a t e  h a b i t  of growth and e f f e c t i v e l y  competed with o t h e r  forbs. 

Asperula cynmchica behaved s imi l a r ly .  Both spec ie s  also d i d  b e s t  i n  

p l o t s  c u t  t h ree  times a year  a t  Knocking Hoe. 

Poterium sanmiso rba ,  t he  most abundant fo rb  i n  t he  p l o t s ,  was c l e a r l y  

seduced by c u t t i n g  i n  summer and i n  combinations of o the r  t reatments  

which included a summer c u t ,  but  was unaffected by c u t t i n g  i n  Apri l  

probably because it produced few, i f  any, leaves  by t h a t  time of t h e  

year .  The behaviour of Helianthemum varied considerable:  on shallow and 

medium s o i l  depths ,  i t  decreased i n  p l o t s  c u t  i n  Spring while on deeper 

soils i t  increased.  Cut t ing i n  autumn produced a decrease an a l l  s o i l  

depths  while i n  p l o t s  c u t  i n  summer the re  were no significant changes 

i n  cover from 1963 t o  1968, 
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The general  conclusions reached from t h e  Barton H i l l s  experiment were 

t h a t  c u t t i n g  was an e f f e c t i v e  s u b s t i t u t e  for  graz ing  and, apparent ly ,  

caused no loss  of spec ies  from the  vege ta t ion ,  a t  least i n  the  s h o r t  

term. 

The experiment a t  Knocking Hoe, which l a s t e d  for  23 yea r s ,  provides a 

means of t e s t i n g  the  v a l i d i t y  of the  canclusions reached from the  

Barton Hills experiment. It a l so  enables  an assessment t o  be made o f  

t he  long-term e f f e c t s  of re turn ing  or removing n u t r i e n t s  on the  

f l o r i s t i c  composition of chalk grassland and on some aspects of s o i l  

chemistry.  

Total annual y i e l d  of above ground dry matter var ied  from 71.1 g m2 i n  

t he  "drought year" of 1976 t o  302.9 g m2 i n  1972, values  which are 

broadly i n  agreement with production d a t a  for  chalk grassland i n  the  

Netherlands ( W i l l e m s ,  1983).Average y i e l d s  f o r  p l o t s  c u t  once a year  

were 194 g m2, f o r  p l o t s  cu t  twice a year  176 g m2 and f o r  p l o t s  c u t  

t h r e e  times a yea r ,  152 g m2. All of these  values  are within the  main 

p a r t  of G r i m e ' s  humped back model(Grime 1979 ) and as would be expected 

from the  mode1,are assoc ia ted  with high f l o r i s t i c  d i v e r s i t y .  Although 

t h e  y i e l d  of p l o t s  cu t  once a year  was greater than t h a t  i n  p l o t s  c u t  

twice or t h ree  times, there were no s i g n i f i c a n t  d i f f e rences  i n  the  

number of spec ies  present  i n  the  c u t  p l o t s  af ter  23 years  of the  same 

t reatments .  

P l o t s  to which c l ipp ings  were returned as f i n e l y  ground up material had 

a greater dry  weight production than p lo t s  from which c l ipp ings  were 

removed i n  14 o u t  a€ 24 years  but  t he re  was no evidence t h a t  y i e l d s  i n  
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p l o t s  from which c l ipp ings  were removed were decreasing with time. 

Var ia t ion  i n  y i e l d  from year  t o  year  was more cor re l a t ed  with weather 

condi t ions ,  p a r t i c u l a r l y  r a i n f a l l ,  than with  t reatments .  

The number of spec ies  i n  the  experiment remained remarkably constant  

throughout t he  23 years .  O f  t he  53 spec ies  of phanerogams recorded i n  

t he  dry weight samples, 45 were present  i n  both 1971 and 1987, the  

species which changed a l l  being of low frequency or  were annuals whose 

populat ions f l u c t u a t e  widely from year t o  year. The bare  areas crea ted  

by the  var ious c u t t i n g  t reatments  were hard ly  ever colonised by "weed" 

spec ie s ,  only Sonchus oleraceus occas iona l ly  e s t a b l i s h i n g ,  d e s p i t e  the  

proximity of a rab le  craps containing a v a r i e t y  of chalk weeds. The bare  

areas i n  the c u t  p lo ts  provided niches f o r  annuals such as Linum 

catharticum a n d G e n t i m e l l a  amarella and sites i n  which seedl ings  of 

perennia ls  such as Poterium sanmisorba and Helianthemum chamaecistus 

regenerated.  

The main e f f e c t  of c u t t i n g  was t o  restrict the  growth and competit ive 

a b i l i t y  of the  dominant grass Bromus e rec tus .  I n  p l o t s  c u t  once a yeas  

fo r  23 years  i t  accounted f o r  79.7% of above ground dry weight, i n  

p l o t s  cu t  twice a year f o r  71.1% and i n  p l o t s  c u t  thrice for 60.8%. As 

t he  proport ion of Bromus dec l ined ,  so t h e  amount of o t h e r  spec ies  

increased.  For example, Festuca ovina increased from 1.48% i n  p l o t s  c u t  

Once t o  4.01% i n  p l o t s  c u t  twice t o  5.65% i n  p l o t s  c u t  t h r i c e .  

I n t e r e s t i n g l y ,  although the re  were minor changes i n  the  h i e r a r c h i c a l  

pos i t i on  of spec ies  under the  various c u t t i n g  t reatments ,  o v e r a l l ,  t he  

most f requent  spec ies  remained much t h e  same. For example, the  



following species were always in the top 10 positions: Bromus 

erectus,Festuca ovina, Nelianthemum chamaecistus, Cirsium 

acaulon,Poterium sanmisorba,Thymus pulegioides, Helictotrichon 

pratense,and Carex flacca. This suggests that these species are adapted 

to a variety of management treatments and that their relative "SUCC~SS'~ 

is determined by their competitive abilities which in some cases will 

be related to their morphology and growth habit. 

Some species were significantly more abundant in same treatments than 

others. Species which appeared to benefit most from cutting three times 

a year were: B r i m  media,Festuca ovina,Helictotrichon pratense,Koeleria 

gracilis.Asperula cynanchica,Leucanthemum vulgare, Cirsium 

acaulon,Hieracium pilosella,Hippocrepis comosa,Leontodon hispidus, 

Linum catharticum, Plantago media, Polygala vulgaris,Ranunculus 

bulbosus,Succisa Dratensis and Thymus pule,qioides. Many of these 

species are low growing, mat-forming species or are species with a 

prostrate habit of growth, which benefit from the removal of taller 

vegetation. 

In the short term, only one species(Ga1ium verum)showed a response to 

the return of nutrients but after 23 years, 16 species were either more 

abundant in plots to which cuttings were returned( 9 species)or were 

more frequent in plots t o  which nutrients were removed(7 species). How 

these data should be interpreted is not clear, particularly as chalk 

grassland i s  renowned for  the limited amounts of N and P available t o  

plants and it is hard to think of a mechanism which would result i n  

species responding t o  the removal of nutrients which were already in 

short supply. 
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There is  no evidence t h a t  re turn ing  material i n  a f i n e l y  ground form 

has any e f f e c t  on spec ies  richness.Some workers (Green 1972) have 

argued t h a t  r e tu rn ing  c u t  material r e s u l t s  i n  eu t rophica t ion  and a 

decrease i n  spec ies  r ichness ,  bu t  t h a t  content ion was based on c u t t i n g  

down a 2 m high s tand of Ulex europaeus and leaving  i t  shredded on the  

ground. I n  o the r  words, a large, but  no t  quan t i f i ed  amount of n u t r i e n t s  

were added t o  the  system i n  one dose. N o t  su rp r i s ing ly ,  n i t r a p h i l e s ,  

such as Rubus idaeus and Chamaenerion m m s t i f o l i a  invaded the  si te.  

The amount of n u t r i e n t s  re turned o r  removed from the  p l o t s  a t  Knocking 

Hoe each year  i n  c u t  vegetat ion amounted t o  2.66g m2 N ,  0.17 g m2 P, 

1.84 g m2 K ,  1.66 g m2 Ca and 0.26 g m2 Mg. These q u a n t i t i e s  are very 

small compared t o  the  total n u t r i e n t s  he ld  i n  the  s o i l .  The top 5cm of 

s o i l  a t  Knocking Hoe i s  ca lcu la ted  t o  contain:  366g m2 N ,  58 g m2 P ,  11 

g m2 K,and 110 g m2 of Mg.As the  s o i l  conta ins  about 75% chalk,  reserves  

of  C a  ions  are huge. Nitrogen is a l s o  being replaced annually by N 

f i x i n g  legumes such as Hippocrepis and Lotus corn icu la tus .  There are 

a l s o  add i t ions  of n u t r i e n t s  i n  r a in fa l l .Da ta  gathered during 1966 from 

r a i n f a l l  c o l l e c t i o n s  made on the  Barton H i l l s  es t imated t h a t  rain 

cont r ibu ted  0.6 g m2 N, 0.014 g m2 P ,  0.572 g m2 K, 2.47 g m2 Ca and 0.20 

g m2 Mg. From these d a t a  i t  can be seen t h a t  the  only element l i k e l y  t o  

be i n  s h o r t  supply i n  the  next decade o r  more if c u t  material continues 

t o  be removed might be potassium. 

Analysis of the  s o i l  taken from the  0-5cm horizon i n  1987, 23 years 

a f t e r  the  experiment began could not  d e t e c t  any s i g n i f i c a n t  e f f e c t  of 

removing or r e tu rn ing  n u t r i e n t s  on pH (7.82 and 7 , 8 l ) , o r g a n i c  

matter(l5.11 and 15.481, t o t a l  P(1 .62  and 1.68) and total  N(O.72 and 

0.73). Detectable d i f fe rences  i n  mineral izable  N and so rp t ion  P were 
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recorded by Rizand e t  al(1989) i n  a s tudy of the  Same p l o t s  i n  May 

1987. Nitrogen minera l iza t ion  was higher  i n  the  unt rea ted  p l o t s  than i n  

some t r e a t e d  p l o t s ,  although the  i n t e r p r e t a t i o n  of t h i s  data was far 

Prom clear as n i t r i f i c a t i o n  rates while greater i n  p l o t s  c u t  once a 

year  compared t o  the unt rea ted  p l o t s  bu t  Lower i n  p l o t s  c u t  twice a 

year  w i t h  c l ipp ings  returned.  The same workers showed a reduct ion i n  P 

sorp t ion ,and  hence a greater a v a i l a b i l i t y  of added P i n  p l o t s  where 

c l ipp ings  were re turned ,  implying a p o t e n t i a l  improvement i n  phosphorus 

a v a i l a b i l i t y .  They concluded tha t  c u t t i n g  is  more e f f e c t i v e  i n  

maintaining a low P s t a t u s  i f  t he  c l ipp ings  are removed. 

Cut t ing  d i f f e r s  from grazing,  t he  t r a d i t i o n a l  means of managing chalk 

grass land ,  i n  th ree  important r e s p e c t s . F i r s t ,  un l ike  graz ing ,  i t  is  

non-select ive and a l l  p l an t  material above the  l e v e l  of t he  c u t t i n g  ba r  

i s  harvested;second, n u t r i e n t s  are not  re turned i n  u r i n e  and dung, 

although they may be returned as c l ipp ings  and genera l ly  are made 

ava i l ab le  t o  t he  plant; more slowly; t h i r d ,  the  d i f f e r e n t i a l  p ressure  

appl ied  t o  the  tu r f  by the  feet of the  graz ing  animal, which may be 

important fo r  c r e a t i n g  niches for germinating seeds are not  c rea ted  by 

the  c u t t i n g  machine. Mowing does not  create the  mosaic of h a b i t a t  

condi t ions  which the  grazing animal does which w e  perceive(on very 

l i t t l e  evidence) t o  be bene f i c i a l  f a r  maintaining p l a n t  d i v e r s i t y  and 

spec ie s  r ichness .  

The r e s u l t s  of t h i s  long-term experiment have demonstrated t h a t  c u t t i n g  

once a year  i n  May w t l l  maintain the  species-r ichness  of pI33?iQUSly 

grazed chalk grassland and prevent o r  control the  ing res s  of scrub and 

trees. Cut t ing  more than once a year  is  likely t o  be b e n e f i c i a l  i n  
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maintaining the  f ine-grained tex ture(and  maximum species d i v e r s i t y )  of 

the  grassland. There i s  a l s o  same evidence t h a t  r o s e t t e  

hemicryptophytes and o the r  law growing spec ie s  are l i k e l y  to bene f i t  

and flower more profusely. 

The r e t u r n  of c l ipp ings  i n  a finely divided form does not seem t o  have 

an adverse effect on species composition, although t h i s  may not be the  

case if the  product iv i ty  of the  grassland is h igh (g rea t e r  than 350 g m2 

year) and t he  c l ipp ings  have a smothering effect. On the  basis of the  

r e s u l t s  from t he  Knocking Hoe and Barton H r i l l s  expesiments mowing can 

be recommended as an a l t e r n a t i v e  management t o o l  fo r  c e r t a i n  types of 

chalk grassland where grazing i s  not  poss ib le .  
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