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Heather Burning, Glen Clova Angus.  



"One of the chief problems affecting large areas 

of the :lighlands and Islands is the gradual impoverish-

ment through overgrazing an,ft moor burning of the soils 

and' vegetation as a source of food for livestock and 

human beings. A better scientific understanding of 

the nature and extent of this procesr is therefore an 

essential part of any effort to improve the long term 

prospects of these areas " 

Annual Report of the 'arture Conservancy 1957 
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INT40pucTI01dAilp ALUS 

pallung_va?.gapis (L.) Hull. covers large areas in 

Scotland. Stamp (1948) estimated that 13 million acres 

of land in Scotland (two-thirds of the total) is moorland; 

of this, one third (or four million acres) Is true heather 

moor. This moorland is centred upon the Eastern Uplands, 

where its vegetation forms an important part of the diet 

of hill sheep, hill cattle, grouse and doer. Thus heather 

moor is a major part of the Scottish !highlands and is of 

economic value to the sheep farmer and the grouse shooting 

"industry". 

In. Britain, fire is one of the chief factors responsible 

for the maintenance of extensive tracts or aalluna-dominated 

heath (Gimingham 1960). Burning destroys tree growth, 

removes old unproductive heather and, under controlled 

conditions, increases the new growth of young heather shoots. 

In addition, fire controls the spread of heather beetle and 

diseases which attack the mature stages of heather growth 

(Lamont 1949), However, the main purpose of regular 

rotational burning is to promote new growth for the benefit 

of both sheep and grouse. 

Heather burning is generally carried out in the spring 



dip I  . A mosaic of narrow burnt stri•s on a hillside 

Glen Bucket, Aberdeenshire  
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months, March and April. Autumn burning is also carried 

out, although plants are more liable to be killed at this 

time of the year (Gimingham 1960). 	The Committee of 

inquiry on Grouse Disease (Lovat 1911) recommended that 

moors should be burnt in. strips of 50 yards width (see 

fig, 1) or of patches up to .;!I acre, on a 15 year rotation. 

Smith (1916) suggested a 10 - 12 year rotation. 	There is 

general agreement that burning should take place before 

heather reaches 15 years of age. Thus, where possible, a 

rotation is worked and the same stand of heather is burnt 

every 10 - 15 years. 	Elliot (1953) has compared the 

regular practice of burning with. that of sporadic fires. 

Lovat(1911), Smith (1916), Wallace (1917), Elliot (1053), 

Robertson (1958), Whittaker (1961) and Giminghcm (1960) 

have described various aspects of the practice of heather 

burning. 

There is some evidence to suggest that heather moors 

have undergone some lowering of nutrient status. Elliot 

(1953) has compared the diversity of the past flora of the 

Pennines with the present day relative scarcity of species 

and he suggests that this may be associated with a decline 

in plant nutrients in the soil. Wynne-Edwards et al. 

(1960) indicate that the rapid decline in grouse nunibers 



on Scottish moors over the past 20 -- 30 years can be 

correlated with the decline in feeding value of Calluna, 

which forms the staple diet of the grouse. This statement 

implies that nutrients in the soil have decreased over the 

same period. 	Dimbleby (1062) states that "The ultimate 

dominance of Calluna, whether or not the result of climatic 

deterioration, would clinch the fate of tile soil in three 

different ways: by facilitating repeated accidental (or 

deliberate) burning; by the intense competition it offers 

other species; and by its own litter which aggravates soil 

degradation still furthea?". This statement clearly 

indicates that both the presence of Callum and its control 

by burning cause a decrease in soil fertility. This idea 

is supported by the fact that Dodsolization is characteristic 

of soils under heather cover. 	Podeol:ization is accompanied 

by a decrease in soil fertility due to excessive leaching 

o± nutrients from the surface soil. pallun.2. is a very 

shallow-rooting 'plant (Giminghsm 19GO. Review) and May not 

be expected to return nutrients from the lo%.ey soil layers 

to the surfaee 	Dimbleby (1962) in c. review of literature 

shows there is evidence for the improvement of licathiunds 

due to the invasion by tree species, notably alder, hazel 

and birch 	In certain conditions the tree species return 



nutrients to the surface of the soil by the action of their 

deep penetrating roots and, by the nature of their leaf 

litter. This is manifest in a change from "mar" to "mull". 

Pearsall (1936) suggested that grazing has been the 

greatest single factor in woodland destruction in Northern 

Britain.. 	Similarly., Farrow (1925) deduced that the forest 

cover in East Anglia was replaced by heaths largely due to 

the effects of attach by pastured herds and rabbits. 

Farrow (1916), Gimingham (1949) and Spence (1960) have 

demonstrated how grazing can change vegetation patterns. 

The work of Fenton (1933) suggests that juniper has 

disappeared from areas in South Eastern Scotland largely 

owing to the effects of grazing. Both juniper and birch 

wore found by Spence (1960) on unburnt, ungrazed islands 

in Shetland lochs while being absent from surrounding 

grazed and burnt moorland. In addition to the direct 

effects upon the vegetation, the absence of grazing on 

those islands seems to be reflected in the greater fertility 

of the soils, which in some oases showed free nitrate. 

Thus, the heather moors present an ecosystem which is 

considered to be controlled by biotic factors, fire and 

grazing. 	The system is combosed of the soil and its 

accompanying vegetation. An investigation of the changes 



which occur in the totaL nutrient content of the eyotem 

will indicate not only the trends of moorland dovelooiaont 

but also the mechanismby which these trends are brought 

about. 

The pathways or nutrients in the plant-soil systaa 

are summarised in fig. 2 . In order to pampa° a balance 

sheet of nutrients for the difforont nathways in the system, 

each eac must be considered separately. They tall into 

trio groups: the losses from and the gains to the system. 

The loosen from the system are ilvertant with regard 

to the possible degradation or the system, The rewval or 

livestock froM as area will constitute a boos. 	' is 

difficult to estimate this typo Ui lose on a 13DOCiY:i0 area 

Of moor because of the mobility or cheep and grouse. 

However, tho anaual turnover or plant material by anAmals. 

(Ina be measured and will indicate to some extent the effect 

of grazing. The actual ignition of !Ilaut material evogy. 

10 •- 16 years may cause the lose ot nutrioate to the 

atmosphere in "smoke". 'gurthermors, hilt nsh deposited 

upon the soil may release eignificaat quwatitics of 

In nutrients which can then'be lost in run-off watero 

addition, the rate of release of nutrients from ash and in 

smoke may 1)0 a-ffectod by the conditions of burning, the 
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	  Nut:oient pathways in the nlant-soil system 
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of the vegetation and the climatic conditions. Ac burning 

occurs every 10 - 15 years, there are long periods between 

fires when the only slant return to the soil is plant litter, 

The release of nutrients frau fresh leaf litter may under 

certain conditions on steep elopes constitute a loss to the 

system. 

Although the nutrients from litter, ash and animal 

droppings may 'be added to the soil nutrient fund, they will 

be recirculated through the system via soil and plant. 

Thus, they are not considered to be net gains to the system 

as a whole. The weathering of rocks is known to be a slow 

process (especially in the Highland region) (Stamp 1948) and 

may be considered of minor importance. Similarly the 

movement of soil water, as for example in lateral seepage, 

may constitute a gain to the system but is disregarded as 

it is usually a local phenomenon, The remaining addition 

to the system is rainwater. Calluna, although covering a 

wide range of habitats, is essentially an oceanic or sub 

oceanic species associated with high atmospheric humidity 

Berjerinck 1C/10). 	It therefore occurs in areas in Britain 

whore there is a considerable and consistent quantity of 

rain or aqueous vapour (Smith 1913) and rain may generally 

be expected to contribute dissolved nutrients to the system. 
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Several problems can be resolved from a study of the 

system. The most important is perhaps a question of a 

decline in soil fertility. 	Elliot (1953) has expressed 

the idea that burning causes a stepwise degeneration of the 

soil at each burn due to the rapid release of Ca and K from 

ached plant material. It has been suggeated by Elliot 

(1962) that these losses although email would become 

important over periods of 130 years or more. 4, study of 

a particular cite over such a period of time has not been 

carried out so far and measureaent of the processes tRkie6 

place in one period between burns may give some indication 

of the trends to be expected over longer periods. 

Whether or not burning does in some way affect the 

nutrient content of the system, there is a second problem 

- in the absence of burning how great are the net changes 

in the nutrient content of the system? Burning occurs 

every 10 - 15 years, but between each burn the cover of 

vegetation may cause greater changes in soil fertility. 

The release of nutrients will be important in this respect. 

The process of podsolizatioa - or lowering of soil fertility 

- is characteristic of heather-dominated soils and thus any 

measure of a decrease in soil fertility may be a function 

of the vegetation rather than of the practice of burning. 
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In both a burned and non-burned system the grazing of 

the vegetation may have a direct effect upon the net nutrient 

content of "fund" of the system (ace p.5), The problem in 

this once is how great is the effect of grazing compared 

with the effect of tho other processes taking place? 

Giminglislw (1949) has demonstrated that grazing affects the 

balance between Calluna and Erica in post-fire regeneration. 

Thus if grazing aliocts the vegetation it may affect the 

soils directly and mask the effects of burning. 

It may be suggested that by various means the nutrient 

status of established heather moors bias already been degraded 

so far that the procosses taking place now cause no 

measurable charges in the system which has reached equili-

brium at a low nutrient level); i.e. that the processes of 

grazing and burning have, in the past, degraded the soil 

nutrient status and structure so much that they are now 

only maintaining a low level. Thus, if grazing and burning 

were excluded from an area of heather, an increase in soil 

fertility might be expected. There is the possibility that 

tile. soil fertility is so low that natural improvement of the 

Soil will nut take place and nutrients will have to be added 

in some form of fertiliser. Once added, they might act as 

a "priMer" for a self-improving system, 
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It has been indicated that the magnitude of the 

processes taking part in the system can be measured in 

terms of loss and gain of nutrients. The results of this 

investigation will provide a balance sheet which must be 

correlated with the total nutrient content of the system 

in order to indicate the rate of the processes taking 

place. 

The aim of the work presented in this thesis is to 

estimate the magnitude of the various looses and gains to 

the systen 1, in.  terms of particular plant nutrients end to 

apply the results to more general considerations of moorland 

development. 
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'I amigaa_Apcogin OF GLEN CLOVA 

Glen Clove is situated in the south-eastern Scottish 

Highlands, 6 miles N.W. of Kirriemuir. The valley floor 

is a flat bed at an altitude of approximately' 760 rt., the 

sides of the valley rising to over 3000 ft, in some places. 

The glen was formed by the glaciation of highland ice moving 

in a south-easterly direction (Dobson 1946). This retreating 

ice was renewed, in some places, by precipitation giving rise 

to over-deepening of glens and depositing in thew of sands, 

boulder clay and gravel. The steeper sides of the glen were 

usually free from deposits. 

Geologically, the wain body of the valley consists of 

glacial deposits derived, from the surrounding schists. 

Thus the soils on slopes up to 1000 ft. are almost entirely 

formed from the drift deposits. Elsewhere they have been 

derived from the native rocks (Dobson 1946), A fuller 

account of the geology of the area is to be found in harry 

(1960). 

The highland metamorphic and igneous rocks ere oharac-

terised by hardness and slow weathering and consequently the 

soil forms slowly, 	Where the soil is not washed away, i,e,  

on the gentler slopes, it is often acidic and shallow (fig. 3)  



Fig.3. Soil core from valley stands showing 

shallow organic layer.  



Fig. 4. Soil core from hillside stands showing increased 

depth of organic layer becoming podsolised  
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and there is a strong tendency for the soils to become 

partly podsolised (fig. 4) due to the relatively high 

rainfall. On the poor soils a cover of heather l main-

tained. by a coMbination of burning, grazing and climatic 

conditions. 

AS stated, the coils in this area are believed to be 

derived from local rock formations and a recent rock anAillysie 

by Earry (1958) is recorded in Appendix 1. There is oulte 

good correlation between the analysis of the.rook and the 

averge content of soils in the zwoximity of the rook sample. 

Both are clearly rich in iron and potassium and Very low in 

phosphorus. This data emphasises the poor nature of the 

coil and its dependence to some extent unon the ,;eology of 

the region. 	In this respect, it is interesting to note 

that Smith (1905) correlated the vegetation cover of heather 

with the occurrence of sehi-ts within the Qbova area 

Ippetation 

At the lower end of Glen 'nova the valley sides are 

Predominantly covered with heather moors 	The flora of 

those moors is given in move detail in Appendix 2, In the 

wetter hollows, :Er;!..caAetroj,ix ana ;Fungus qapelas. often 

become co.-dominant. Where there are more alkaline outcrops, 

small patche.,  of Agrorgtis:-Festuea grassland develop. At 
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several points in the glen, and especially in Glen Doll, the 

moorland has been planted with conifers. 

Land Utilisation 

In a land utilisation survey (Dobson 1946), the whole 

area of Glen Clove is described as 'rough grazing". 

Throughout the year the vegetation provides food for sheep 

and grouse, and in the winter months deer come down from 

the highland plateau to graze the heather. 'The figures 

for 1938 (Dobson 14,'"46) for rough grazing in Angus show a 

grazing intensity of approximately 1 sheep per 0 acres, 

The sheep farming is to some extent concentrated in the 

glens and the grazing intensity in the glen, from local 

information, may be expected to be or the order of 1 sheep 

to 2 acres (p. 43). 

A large pr000rtion of the glen forms part of the Airlio 

Estates end as such is managed as a grouse moor. The only 

land practice on thin ground is drainage, and burning of' 

the vegetation, 



Ng 5, An aerial view of Rottal Love Glen Clova  
asslag 	ositllp of stands lA to 8B ( Crown vow?  
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THE VEGETATIOH O TIE EXPERIMEWTAL AREA 

llgure 5 shows an aerial view of the area studied, 

Rottal Ledge, Glen Clove. For the purposes of this work 

the area can be divided into two sample areas on the basis 

of the soil developing under the vegetation (see p. 71). 

Sample areas IA to 5D have been referred to as the hillside 

stands and areas -OA to OD as the valley stands. 

In order to define the type of heath with which this 

work vas concerned, species lists were prepared for both 

valley and hillside vegetation. in addition, to indicate 

the pattern of regeneration in the valley stands, which were 

subject to a wore intense investigation, including the 

effects of grazing and fertiliser (p. 37), the vegetation 

cover was measured on two occasions, June 1932 and June 1933. 

The cover was estimated visually on a percentage basis 

by examining two metre square quadrats from each stand on 

the two sampling dates. The results have; been collected 

in Table 1 and the change in percentage cover for Calluna 

and grasses have been abstracted and presented in fig.. U. 

The vegetation of the whole area is relatively uniform, 

the cover dominant being Celluna vulgarise. The species 

lists show a strong correlation with Giwinghaw's Heath type B 
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Stand No. 	6A. 	6B. 	6C. 	7A. 

Age of Vegetation. 13 	3 	6 	11 
Species. 	 Petcentage cover June 1962 

Galluna vulgaria. 	 90 95 45 55 70 55 75 7o 
Erica cinerea. 	 / 1 5 10 5 5 20 20 

Vacoinim myrtillue. 	1 / 2 1 / / 2  / 
V.vitis-idses. 	 - - - - - / 

Carer pilulifera. 	 - - 	/ / 	/ / 

Luzula multiflora. 	 - - 	1 / / / 

Callum s%xatile 	 / / 	1 1 	/ 1 
Potentille .recta. 	 - / 	/ / 
Lyoopodiui elavetum. 	- 

TABLE 1. 

6A. 	6B. 	6C. 	7A. 7B. 8A. 8B. 7B. 81. 8B. 

1 16 1 14 	4 	7 	12 2 17 2 

Percentage cover June 1963. 

5 	15 90 95 1 1 90 90 6o 6o 	7o 6o 	8085 20 20 90 90 5 

10 10 / 2 1 I 5 	5 	I 	/ 	5 	510 10 10 10  / / 2 

5 	2  / - - / / / / 	/ / / / / / - 
_ - 	- / 	/ 	 - / / / - 

/ / - 	- 	5 	5 	2 	5 5 5 - / 5 

2 	2 - - / / _ 	- 

1 	2 - 2  2  - - 	/ / 	/ / 	- / / / 

2 	3 / / - 	- - 	- 	/ 

- 	- 	/ / / - - _ / / - - 

- 

/ - 

- 

- / / / / 

- - / 

5 / / / 20 20 10 10 5 5 r. !In - -' 
2 	- - / / 10 10 10 10 10 ln - - / 

, 2 

2  5  5 

5 5 - 

- _ / / - 

/ - - / / - / / - 

/ / / / 

/ / / / 

/ - - 

/ / 

/ 1 / 

Poa prateneis. 	 / 	 1 1 

)ardus strict.. 	 2 '1 	 - - 	/ 

Deschempeia flexuos'. 	- - 30 20 25 35 10 5 10 20 

Pestuc., rubra. 	 / - 20 10 	/ / 	10 20 / 
Hyymum cuppessiforme. 	2 2 1/ 	 /- // 5 

Hylocamium erlendene. 	2 2 	- - 3 3 

Rhytidiadelphus equ,rrosus 	- / 	 - - / 

Polgtrichtm juniperinum 	- - 1  / 	/ / - - / 3 - - 

Dicr.mum scoparium 	 1 / 

Pleuroziem schreberi 	 - - - - / 

Thuidium teme1riscinum 	 / 

Cladbnia epp. 	 / / 	- - 	/ 1 - - / 

Here Ground. 	 - - 1 1 	- 	- - 45 40 - - 90 95 	- - 5 5 	/ / 	- 

p "Lamar 
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(1900), described as "Heaths with species showing northern, 

affinities prominent". 	The species list (p. ii) does not 

include many of the species recorded by Smith (1905) for 

the same area. This type of heath is widespread in 

Scotland, Northern TlIngland and Wales. 

Aitheugh euperficially similar, the' hillside and valley 

Otands do vary a little in their associate species. The 

list for the hillside stands shows the preeenee of Leucobryum 

laucum and PleurosiUm schreberi and oceaeionally Xleeetrum 

aigrum. The Leucobryum oan be associated with the wetter, 

more acid nature of the soil. The valley stands are 

characterised by the relative abundance of grasses at least 

in the early Post fire stages. It is apparent from the 

analysis of quadrats that, in these particular stands under 

normal grazing conditions, the cover of grasses increases 

before that of Calluaa (fig, 6) but after about S - 0 years 

the heather cover increases to become dominant. 

Nicholson and Robertson (1958) state that the develop-

ment of the heath cacemunities on any soil type after burning 

is affeeted by four interrelated factors: the age of the 

community, the nature of the regeneration of Callune (from 

"stool" or from seed), the floristic composition before 

burning, end the intensity of grazing. The valley stands 



were separated by no more than 200 yards and taw might be 

expected to be exposed to the some general latensity of 

grazing. In addition, as those stando are burnt over 

regularly, the regeneration is not usually from seed. 

Thus the floristic changes as shown in fig. 6 may be taken 

as a measure of the true rate of establishment of heather 

cover after burning on this particular soil iwpc, 
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:imp FSTIMATION OF AGE IN MAT  HER STAA3)2  

Ago may be determined with reasonable accuracy by 

Wing counte although, END 'Nett (1955) has pointed out, the 

ringo are not alwaye clear and complete eo that counts may 

sometimes underestimate the age by a year or two. Under 

certain Conditions two growth ring may develop in the 

apace of one year. Fillet (1)53) found that the nature of 

regeneration after a Vire could be deduced from the distri-

bution of age groups within the mature vegetation. Thus 

a stand of mature vegetation derived iron seedlings would 

have a wide distribution of ages, whereas a stand derived 

from vegetative growth would be of a more even. age distri-

butio, 

Ten samples of heather stem were taken from each of 

sa stands, by random selection, on November 6th 

the burning in this area is predominantly in the spring, 

the age of the vegetation at the time of sampling was 6. 

months less than the ring count. The average figure for 

ten counts was taken to give the approximate age of the 

stand (Table 2). 

The reoulto indicated that the stands have on the whole 

developed by vegetative growth, because there was an even 



Table. 2. 	Estimation of stand 01;2 	x.ilz worsts  

Code no. 
of stand Number of rings Average age 

in years 

	

lA 	10 8 8 9 5 9 9 10 9 10 	9 

	

ii 	4 4 4 4 5 3 4 4 3 4 	4 

	

10 	14 14 14 12 13 15 14 14 14 14 	14 

	

. 1D 	 - 	 Freshly burnt 

	

2A 	1 1 1 2 1 1 1 1 2 1 	1**  

	

3A 	23 17 23 17 17 16 17 17 17 17 	17 

	

3B 	 - 	 Freshly burnt  

	

30 	4 5 5 7 5 5 4 4 5 5 	5 ? 

	

4A 	15 14 15 13 15 15 15 13 15 15 	15 

	

4B 	 - 	 Freshly burnt 

	

40 	 - 	 .lie 

	

5A 	12 12 12 12 12 12 12 12 12 12 	12 

	

5B 	2 2 2 2 2 2 2 3 2 1 	213E 

	

50 	1 1 1 1 1 1 1 1 1 1 	II* 

	

5D 	 - , 	 Freshly burnt*  

	

6A 	12 11 12 12 12 11 12 12 12 11 	12 

	

63 	2' 2 2 2 2 	2 1 2 2 	-,R 2- 

	

60 	4 5 4 5 4 5 5 5 5 4 	5 

	

7A 	9 10 9 9 	9 9 9 9 10 	10 	_ 

	

7B 	 - 	 Freshly burnt" 

	

8A 	15 15 15 15 15 15 13 15 15 15 	15 

	

8D 	 . - 	 Freshly bUrne.  

*age known from records 



17 - 

age distribution. lPurther evidence fo.:= the accuracy o± 

ageing can be found in the data for stand 3A. This stand 

included two plants of 23 years which on closer examination 

showed burning scars at 17 years, aad this corresponds- with 

the age grouping of the rest of the stand. This suggests 

that there was a fire on this particular stand 17 years ago 

and that as even aged stand had developed from this fire. 

Over the psriod of 13 years. seedling regeneration has only 

been acted in one case, this being along the side o2 a 

sheen track where the ground had been disturbed. As this 

moor is under reasonably good management, CallUaa is not 

likely to develop from seedlings. 

In some cases the date or burning is accurately known 

from estate records, and this appears to agree well with 

the evidence from ring OCILLAS „ 
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METHODS. or SOU, . i 	PT.,..alT AiglYSIS 

Mechanical analyaiS and organic carbon content 

The 'method used was a combination of the Schollenberger 

Method for carbon content (Jackson 1053) aad mechanical 

analysis as described by J?iper (19:50). Both methods use 

tie same principle, the wet oxidation of soil organic matter 

by digestion with a 2;1 mixture of 112004;K2Cr2Ori.e. a 

solution of chromic acid. 

5.00 grams of oven dried soil, lightly.milled.and. 

passed through a 2 mm. sieve, were placed in a beaker with 

a known velum° of potassium dichromate. Concentrated - 

sulphuric acid Vas added with continuous stirring. The. 

amount of chromic acid added depended upon the nature of 

the soil analysed. This soil acid miNture was kept just 

below boiling point on an electric hotplate for 30 minutes. 

The solution was diluted to I litre with distilled water 

sad back-titrated with standard ferrous sulphate solution 

using diphenylamine as indicator (Jackson IOW). The 

The organic carben content of the soil could then be 

calculated from the volume of standard potassium dichromate 

used, mg. of carbon being ocuivalent to I ml. of normal 

dichromate solution. 
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The solution was then used for mechanical analysis. 

The silt and clay fraction was discarded at this soint by 

the following method. Waterwas added to the soil residue 

to a depth of 10 ems• and allowed to settle for 4 minutes 

at 200  G., after which time the mother liquor containing 

the silt and clay fraction was discarded. This process 

was repeated until colourless inorganic particles remained. 

The solution was filtered .and the filtrate and filter 

paper. were dried at 1050  C. The fine and coarse sand 

particles were brushed into a 0.2 mm. sieve and. the two 

fractions separated. The fractions were weighed end 

expressed as a percentage of oven dry weight. 

Conductivity and_21 

• The measurements were made on a 10:1 wt/wt water: soil 

mixture. 10 grams of fresh soil 100 mis. of distillod 

water were shaken for 20 minutes in a mechanical shaker. 

The solution was then centrifuged at 2000 r.p.m. Tor 10 

minutes 	an attempt to minimise the 01'1`es:boor soil, 

particles 14 subsequent measurements of p11 and conductivity. 

The solutions yore first tested on a Mullard conduc-

tivity bridge with platinised electrodes, the cell constant 

being 1.49. 

pH readings were made on a ?ye pH meter using glass 
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electrodes, and the average reading of duplicate samples 

taken. The scale r' pH units was used and the buffer 

standard was 4.01. 

The cation exchange properties depend. upon the content 

of exchangeable bases and exchangeable hydrogen ionspresent. 

These can be estimated by Brown's titration method (1943). 

A titration curve for exchangeable ions was prepared by 

titrating 100 mis. of neutral normal ammonium acetate with 

0.2 N. acetic acid. The miler of me.eq. of acetic- acid 

required tp lower the pH of the solution was then multi-oiled 

by 10 to give the quantity of acid required for 1 litre. 

This otwve was used for the determination of the exchangeable 

hydrogen in the soil, carried out by extracting 2.5 grams of 

soil with 25 les. of normal neutral ammanimu acetate solution. 

The depression in pH of the solution after 1 hour was 

recorded aad the amount Of exchangeable hydrogen ion present 

calculated from the graph in me.ocal00 grams soil. 

The curve for exchangeable bases was obtained by 

titrating 100 ale of normal acetic acid With 0.2 W. ammonium 

hydroxide, following the same procedUre outlined above. In 

this case the rise in Vi after 1 hour is equivalent to the 

mille-equivalents of exchangeable bases por 100 gram soil. 
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Nitroc'en 

The method used here A both plant and soil was the 

Kjeldahl method. This method consists of the dit;estion 

of material in cvneentrated ualphario acid until all forms 

of nitrogen have been converted to ammonium sulphate. The 

digest is then made alkaline and the ammonia released 

collected in boric acid to be estimated titrametricaIly. 

The modifications of the method for the determinatiOn 

of plant and soil nitrogen are included t Appendix 3, in 

a fuller account of the method. The calculation• of the 

results is Similar for both plant and soil digestions. 

Thu the percentage of nitrogen present in any sample 

Volume of acid used in mbs. x normality x 1.6 

W(4,ght of sam.pIe used. 

ptal.analysio for Oalciwb.Magneeiwq2  Iron, Potaeoiuu and 

Phophate 

For the estimation of these ions in plant and soil it 

was necessary to urepare a solution which contained•all the 

2040 .in. a soluble form, thus giving one solution. for aalysio 

per soil camplc. Ono method for total analysis -the wet 

digestion method * consists of heating the eamae in'a 

mixture Of strong acids. This mixture usually consists'of 

hydrofluoric, perchloric, nitric and 'sulphuric acids in 
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concentrated form. -However, as the silica content of the 

plants and soils was not to be estimated, hydrofluoric acid 

was not included in the mixture. 

5 -grams of oven dry soil were placed in dry acid-washed 

conical flasks and 25 mis. of the terxt law acid mixture 

added (nitric acid 10 parts, sulphuric acid 1 party and 

perchlorie acid 4 Darts). Thie mixture was heated for ? 

hours on an electrical hotplate until the white fumes of 

Dorchloric acid ceased to be evolved. The digestion was 

carried out in a fume-Cupboard and the acid fumes were 

removed by an all glass suction apparatus. -The digest Was 

then cooled and 1 al. of concentrated H01 added. Distilled 

water was added and the solution heated on the hotplate to 

dissolve.all nen-silicate residues. This solution was 

filtered through Watman 542 filter paper and. the resulting 

solution made up to 100 rale. The solution was used :fol. 

all subsequent determinations. 

The analysis of plant material consietedof the same 

method but smaller amounts of material were used. 2 grams 

of oven dry plant material were digested with 10 ails, of 

terniary acid mixt-ore for 2-3 hours and the procedure for 

the Soil digestion repeated. 

171,ot:1:mations of individual ions wore curried out on the 



original digest or on a dilution of this solution. The 

estiMations were calculated as p.p.m.. and time the calculation 

of the results was simplified to: 

10 x estimation of. i0"2":4 mgo./100 grame of ion ,“ 	  
in sample Weight of saMple lacT.,ed 

2)atormination of  totp,24 T)otasplum la ,plant. and soileatmlee 

These determinations were carried cut on di:Lutcaoamples 

of the. Coil and plant digests, using an. Eel flame photometer. 

004770 grams of oven. ary "Analarn F.01 were neighed out. 

and dissolved in distilled water. Whenmade up to.600.mls. 

this gave a standard solution of U00 p.p.m. Prom this 

solution a range of solutions containing 0-50-p.p.m. were 

prepared by dilution. • These solutions-were then sprayed 

into the flame photometer and the.average of five scale 

readings was plotted to give the standard curve (Appendix 4). 

Diluted solution of the plant and soil digests were then 

sprayed and the results recorded. 

It has been shown by Collin and. iolkinhorno (1952) 

that .the presence of phosphate may affect the determination 

of potassium if the concentration of phosphate is more than 

40 tlMgla that of K. In these samples the concentration of 

phosphate is less than that of potassJAtu. It is also ItA0W4 

that the presence of small concentrations of .cidso  particularly 



HC1 and 112804  affect.  the measurement of potassium by this 

method 	Thus it was important to control.the concentration 

of these acids, one of which is added after the digestion, 

and also to dilute the solutions for estimation sufficiently 

to offset these effects. The concentration of acids, was 

found to fall within the specified limits. 

Atomic Absorption S-)ectroscopv 

aue a the major studies in this thesis has been the 

examinstionof a new method for the estimation Qf various 

inorganic ions present in plant and soil digests. Owing to 

a lack of time, this method has only been used.in the present 

study. for the estimation of iron, calcium and magnesium, but 

it is also sultable•for a variety of estimations .including 

chromium, cobalt, nickel, copper etc. (Menzies 1900). 

It is appropriate at this point to include a• full 

description of the method end the problems encountered in 

this work. In the analysis of plant and soils, estimations 

of such, metals as calcium, magnesium, iron etc. are often 

of groat importance. The difficulty' in analysis of a 

mixture of these and.other metallic ions is centred upon 

their mutual interferenee, in the analytical systems. 

Bxamples of this interference are'to be found:1n many typ.eA 

of analysiS9'0,a. iron vill affect the E,11.TA.. ve3impotrie 
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analysis of Oa end Mg; potassium enhances the emission 

of.calcIum in flame photometry; oven at high arc temperatures 

elements must be estimated against a baCkground effect. 

This present analysis procedures mrst include the removal 

of the interfering tons. This often involvesoIaborate 

chemical separation, introducing errors and consuming time. 

The ideal procedure would involve direct measurements umon 

a soil or ulant digest without the need for subscouent 

separation. Atomic Absorotion Spectroscopy to some extent 

removes the need for chemical separation. 

In flames, the majority of the atoms of a metallic 

element are in the ground state to which they can absorb 

energy, Some electrons absorb sufficient.energy to. meve 

them from their normal shell, and on falling back to the 

ground state energy is emitted, in the form of. light. 

Receiving energy due to the heat of a flame, with the 

consequent emission of energy as a spectral line, corresponds 

with what happens in flame photometry; taking the energy 

from another source of radiation corresponds to. atomic 

absorption. 

Walsh (1955) and his collaborators in Australia first 

realised the potentialities of a light absorbing system. 

Their apparatus consisted of a light source for a particular 
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element; a flame into which a solution could be introduced 

by means of au atomiser and a detecting instruMont. The 

light souree Was a hollow cathode lamp omitting discrete 

wavelengths of the element to be dotermined.•The detecting 

inetrumeht Was then sot at a suitable waveleugta. A spray 

Of distilled water was blown through the burner which was 

interposed between emitter and detector. The detector was 

zeroed with distilled water and a solution of the element 

surayod into the flame. The c tom of the element then 

absorbed light aad the extent of thisabsorption Was recorded 

by a spectrophotometer. Zy spraying solutions of known 

concentration, a standard graph was prepared, and from this 

vroraown concentrations could later be estimated. The same 

unLchown solutions could be sprayed using a system adjusted 

for other element . 

The lump gives the ea4ssion spectra of the element used 

as oathOde, so that light passing through the flame can only 

be absorbed by that particular clement. The detector is 

set to 'receive a specific wavelength rrom'tne omission spectra 

of the lump. It is unusual for two elements to absorb at 

the same wavelength and thus diroct interference by other 

metallic atoms is most unlikely 	any variable which effects 

the percentage or excited atoms, such as matrix, solvent or 



flame terrwerature will seriously change emission but net 

absorption measurements. This principle is explained 

more 'o:lay in Robinson (1960), 

It is clear that this method depends upon the umber. 

cif Ognis or ca varticular element which are present in the 

flarae, If the spray produces atoms in the flame there are 

nO problems. Unfortunately, calcium in the pros once of 

I;  hosphates will form stable molecules of calcium phosphate 

and thus the 41,120ibeV of atoms in the flame is reduced. The 

phosphate effect must therefore be removed, This has been 

found, possible by the addition of excess magnesium sulphate 

in dilute. sulphuric acid (Allen 1958). The use of organic 

solvents.  see:us in Oertain cases to increase the sensitivity 

of the method as much as threefold and gives a higher degree 

of accuracy. This is believed to be due to the more 

efficient production of metal atoms in the flame. 

A flame, as used in atomic absorption spectroscopy, has 

different zones (e.g. Bunsen-flame). These zones vary in 

temperature and most elements behave -in the same:  manner 

different parts of the flame. Certain elements, for example, 

caleium,• have different pOwers' of absorption in different 

parts of the flune. The work of IXivid (1959)...hge,.demonstrated 

this clearly. 	.t71.3. 7 shows malziimzm absorption of light et 
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about 676 vim. above the burner and thus to obtain maximmn 

sensitivity Light must pass through the flame at-this point 

The extent to which atoms in the flame absorb ligftb 

depends upon the length of the pathway through the flame. 

Allen (1968), in his work on the determination of magnesium 

in AustraliLn soils, found that the sensitivity Vas 

approximately proportional to the length of the flame. 

Russell, Shelton and Walsh (1961) have increased the flame 

length: by passing the light beam through the flame several 

times before measuring the absorption. These were attempts 

to attack the problem or one of the most critical parts of 

the system, the absorption of light 'by th,. flame. 

In 1958 Hilger and. '?att introduced a commercial model 

of Walsh's apparatus and the models since then have undergone 

considerable modification. The model used in•this work was 

Obtained in 1960. The apparatus basically conslets of a• 

detector, a burner with connected atomiser and a light source, 

interchangeable for different elements, It is-intended.to 

deal with some of the practical difficulties encountered in 

each part of the vstem. Modification will be discussed 

where necessary. 

The detector was a well tried Uvispeck spectrophotometer 

which Was 2itted with an additional x6 signal output (used 
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oaly for atomic absorption attachments). The current. to 

the spectrophotometer was. controlled. and modified by a. power 

pack provided by the makers, 

The burner is important as the flame seems to be the 

most variable part of the system. The conditions neeessary 

for flame stability are: constant and maximum spray; an 

adjustable gas sup-oly; and a method for adjusting the flame 

height. 

The spray was fed by an air compression pump. (Edwards 

High liacUum) and was maintained at 13 lbs,isq. inch. A ten 

gallon reservoir maintains an even pressure and mercury and 

spring .gouges were connected to detect changes in pressure. 

The air Was then filtered through a wire wool rilter bed. end 

supplied to the atomiser. The atomiser .has an uptake of 

10 mls,/Minute. There were two possible methods of adjusting 

the flame height on this model, either by adjusting the spray 

or by adjusting the gas supply. It was moot satisfactory to 

use the latter method. 

The melwrs suggested the use of town gas supply, 

Unfortunately the St. Andrews gas supply has a low D,Th.U. 

Value and even with the lower ports of the burner blocked to 

liiuit the supply of air, the Hager burner proved 	.ctors  

A flat burner top was made and with this the town gas supply 

could 



- 50 - 

be used. This typo or burner• proved satisfactory for the 

Clete rmination of iron, but quite unsatisfactory for the 

estimation of other clameats. Eveatually all estimation° 

were carried out using propane as gas and in this case the 

original nilger burner.' proved satisfactory. • The' bottled 

propane was supplied with a fine control by means of which 

the height of the flame could be controlled, this being 

particularly important in the detorminatioa of ea eium. 

Later modals have a burner the height of which can be 

manually controlled. 

;Plan  adjustment of the spray affects the supply of 

liquid and thus the accuraoy of the method. In the present 

mode2 the spray was easily adjusted by a screw mechanism, 

The response of the recorder was rapid and readin&I eeuld 

be carried out using as little ac 2 mls. in 12secOnds. 

The 1164t source consisted of a cathode lamp (74' the 

particular elpmp.nt under consideration. These lamps take 

stabilised currents and the lit ht output remaias aexIstLalt. 

The lumps provide a narrow line opeotrum for ouch element 

and, us the lump is at a low temperature, there is no DoDpler 

broadeninL; of the spectral lines caused at higher temperature 

bw the thollzial movement of atoms. 

The main part of this work wus concerned with the analysis 



of ulant and soil digests, The analysis included tho 

estimation of calcium, magnesium and iron. No report of 

the estimation of iron in soils by this method hag been -

noted in tho literature, So, in order to test the accuracy 

of the method, 12 duplicate samples of soils Were digested 

and the total ivon oontent was measuredhy two methods. A 

test of the reliability of thin method of analysis io to 

oompeavit with a method already known to be unaffected by 

high concentrations e other ions.  

A_pOMDarison of ironestimation byflUmtail, rDtiQn a4d 

oolorimetric, methods  

golorime'r 	timation for iron 

Using K0206  and K$0% a weak solution of iron gives . 	. 
rise to a wine red colour complex Which wds estimated at 

640 OA, using matched cells in the Uvispeck speetrophotometer 

& Snell 1949). 

aomie Absorotion 

The standard graph was prepared from a stook solution of 

iron containing 100 p.p.m- 1.000 grams of pure iron wire 

was dissolved in 15 mls. of concentrated HC1 and diluted to 

1 litre with glass distilled water. A range of solutions 

from 0 - 100 p.p.m, wa&Treparod from the stock solution an 

the optical density of the flame measured for each solutiOn. 



The results were plotted to give the standard graph. The 

procedure for taking readings is described belew. The 

average or five readings was taken for the preparation of 

the standard graph (Appendix 4). 

Procedure: 

1. Spray distilled water ............... Read "check". 

2. Spray unknown 	 Read "measure". 

3. Spray distilled water 	......... Read "check". 

4. Spray unknown 	 Read "measure". 

The average of two readings is then taken. After 

every four readings, a standard solution of SO p.p.m., the 

mid-point of the range9  is sprayed to make sure that the 

flame has not changed and that the system is stable. 

A blank solution made from digest reagents gives 

readings equivalent to those of distilled water. 

The results have been treated statistically in order to 

indicate any regression between the two methods. This 

Statistical treatment shows high correlation between the two 

methods (Correlation Coefficient R = 0.907). Thus atomic 

absorption spectroscopy compares well with the thiocyanate 

method as a reliable measure of iron content (fig. a). in 

this particular case the degree of accuracy is far higher 

than that in soil sampling methods. In general the results 
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from atomic absorption estimations were a little higher 

than those by the colorimetric method. 

The statistical method used in this case is briefly 

outlined in Appendix 5 

Determination of Phosphorus  

A 50 p.p.m.. standard solution of phosphate was prepared 

in the following manner. Potassium dibydrogen phosphate 

crystals were dried at 400  0, 0,2195 gm. was then dissolved 

in 400 mls, of distilled water in clean 1 litre volumetric 

flask. 25 mls. of V Na sulphuric acid were then added, and 

the Solution was made up to 1000'ols. with distilled water. 

A range of phosphate solutions were then prepared by dilution 

with distilled water, the solutions containing 1-00 p.p.m. 

phosphate P. 

The phosphorus standard curve was determined colori-

metrically on the Uvispock Spectrophotometer using the 

Vanadomolybdophosphoric yellow colour method in a nitric acid.  

system (method V Jackson). The method has several advantages 

over other methods. These include: 

(a) The absence of interference from high concentra-

tions of other metallic ions; 

(b) Colour stability. 

The yellow colour develops to a maximum after 10 minutes and 
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the absorption is measured at 4750k in matched glass cells. 

The standard curve was prepared from the results, the average 

figure for five readings being used (Appendix 4). 

Measurement of, calcium.by Atomic Absorption Spectroscopy 

It. is known that phosphorus interferes with the 

estimation of calcium (David 1969). however, this inter-

ference can largely be removed in the presence of a 

solution of sulphuric acid and a 6000 p.p.m. splutioa of 

magnesium sulphate. The solution of 6000 p,p.m. was not 

altogether. satisfactory and an experiment was carrled out to 

test the effect of concentration ox' magnesium sulphate upon 

the measurement of calcium under different phosphate concen-

trations. The phosphate concentrations correspond to 

those found in the soil samples under consideratiw“Appeadix 4) 

The results show clearly that the most suitable 

concentration of magnesium sulphate is in the region of , 

10,000 p.p.m. Having established the concentration of 

magalesium sulphate it is now necessary to prepare a standard 

graph and determine the offeet of the range of phosphate 

solutions upon this graph. Thus fig. 9 shows the effect 

of two concentrations of phosphate upon. the standard curve 

at fixed concentrations of magnesium sulphate. 

standard curve for Calcium 

A 100 p.p.m. standard calcium solution was prepared in 
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the following.manner. 0,5 grame of pure Oalcium.Oarbonate 

were dissolved ,in a little dilute 1101. 	The CO3  way boiled 

off and the solution was transferred to a 500 ml. volumetric 

flash, neutralised with ammonium hydroxide and diluted to 

the nark with distilled water. This standard solution was 

diluted farther to provide a range of solutions containing 

from 0 - 50 p.p.m. Ca plus 2% sulphuric acid and 10,000 p.p.m. 

magnesium sulphate. These solutions were then Sprayed into 

the absorption flame and the optical density observed. The 

average of. 5 readings was plotted to prepare the staadard 

curve. 

Calcium was estimated here using a glass prism, recording 

at 4004, and using a lamp current of 20 mil with a alit width 
CL 3:3 .11111. 

Using a range of 10-50 p.p.m., 50 p.p.m. phosphate 

causes a 5% depression in the absolute reading for calcium 

content. However, in this work the concentration of phosphate 

in the solutions rarely exceeds 20 p.p.M., and where the 

concentration does exceed this amount the results have been 

adjusted accordingly. 

In order to teat the recovery of calcium by this method 

Of digestion, duplicate samples of 20 p.p.m. and 50 p.p.m, 

solutions of calcium chloride were digested in 
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THE 	BMW aF _CAVA:01,p Aisip_THEAppITIpw 

pp ufTvgsm_uppis THE sYsT4m 

'4.1e1 have been various reports on the composition of 

heather. as a food for livestoc"4 which were mainly concerned 

with crude fibre wid protein content, These data have been 

reviewed 7ay Br minor Thomas (1.956) 	Some calcium and 

phosphorus. estimations were included. There have also been 

several estimations of yield of. both edible matter and total 

dry matter. and these results are summarised inTable 3. Most 

authors agree that the dry weight yield inoreases up to 

9 years. The literature does not provide-  aa account of the 

amount of heather grazed from a particular area in a given 

time. 

The effect of grazing can be very severe. Jarrow (1016, 

1917) showed that Calluna may be eliminated from the DeiGh-

boUa,'hood of rabbit burrows in the Bracklend, its place being 

takoa by less palatable species. :Vairly heavy stocking of 

sheep may in some areas cause the disappearance of Calluna 

as a dominant (Tansley 1959, Venten 1949, Ratcliffe 1959). 

Gimingham (1949) has demonstrated the effects of grazing 

intensity upon the balance of Calluna. and Erica in Post fire 

development. Spence (1957) has shown that grazing has 



Table 3. Estimations of the ,yield of heather 

  

Standing crop 	 Ago of at particular age 0ource 

	

	 heather 
Yield in grams/sq. yd. 

Mork (1946) 	 1179 	 not given 

Thomas aud 	 354 	 3 years 
Doughall (1948) 	 432 	 7 years 

Dawson (1950) 	 253 	 7 years 

Rennie (1955). 	 1033 	 not given 

Robertson and 
Davies (1962) 	 1714 	 10+ years 
Hex ham 	 1148 	 4 years 

	

464 	 2 years 

2 Oairn ot Mount 	 612 	 15+ years  

	

981 	 8 years Eincardine 

	

452 	 2 - 3 years 

Polwarth moss 	 824 u years 
(nr. Duns) 	 358 	 4 years 



modified the natural vegetation of Shetland. 

In the.Rottal area the heather is grazed under normal 

conditions by sheep;  grouse and deer. As grazing is a 

fundamental part of the system it was desirable to obtain 

some measre of thp quantitative changes associated with 

the

u  

process. • In order to measure these vhanges as they 

affect various age stands of heather, the following experiment 

was carried out. 

Four stands of heather wore chosen for this experiment, 

all on the glaciated sells of the valley, 	They were easily 

oscessible, heavily grazed and in close proximity to each 

other, The Stands were of the following ages: •freshly 

burnt;,  5 years old; 10 years old and 15 years old. In 

June 1961, seven deer-, rabbit- and sheep-proof enclosures 

were erected on the tour stands. Those•enoloeures measured 

6 ft. x 6 tt. at the base and axe shown in fig, 10. As 

the main purpose 01 this work vise to measure the nutrient 

changes associated with burning, four of the enclosures 

were placed on the froshly burnt ground. These four 

enclosures were not placed in any particular position, but 

in order to remove the effects of wind, shelter and shading 

they wore arranged at different angles. 

In addition, the early stages of growth were treated 



Fig00. View of the valloy stands showing the enclosures  



"Moment 	Compound 	Application 
	Percentage of 

element present 

Nitrogen 	(I 4)2004 165 g./eq. yd. 	21.2 
Phosphorus N4211.1'04 	115 g./Hq. yd. 	25.2 
Potassium 	12"14 	85 g./sq. yd. 	44.9 
Oalcium 	Oa(O3 
	85 G./0(1. yd. 	40.0 

Table 4. Rates of application. and constitution of  

mixed fertiliser 
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with mixed fertiliser (Tab)le 4). This We deeigned to 

indicate the possibility of improving the nutrient value 

of the vegetation. 

in order to estimate the grazing effect in a period 

of oneyeare  eamples of the vegetation were removed on 

June 6th 1962. One square yard of vegetation was etripped 

from the following areas and transported back to the 

laboratory; 

Freebay. burht; grazed, ungrezed, unerazed and fertilised. 

5 year old: 	tk 
	

If 	 if 

10 year old: 	 sr 	 PC 

15 year old: 	i? 

The fresh weight of Vegetation for one square yard was 

recorded and the vegetation quickly dried in a vacuum oven 

at 1059,  Q. and 25 ibe./eq, inch vacuum. The. oven dry upight 

was then taken and the dry vegetation' dividee,into three 

groups: heather-leaves, heather etaa, and eraeeee and herbs.. 

Theoe individual groupe were then powdered in a ball mill 

to paso through a .2 ma. sieve and samples digested as 

deeceibed (p. 22). The resulting solutions were analysed 

for h, 	Mg, Ca and Pe. The results for duplicate 

samples are recorded in Appendix G. The discussion of the 

results haa been divided into two sections; 
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14 The.effects of grazing upon the vegetation yield. 

The effects of fertiliser application upon the 

Vegetatioa, yield end nutrient content. 

"io.,,1214z4,1Z 

The results. Showed that grazing intensity depended 

upon the age of the vegetation. This was to be expected 

as the young shoots are said tO be more palatable to sheep 

and grouse. The results for dry weight yield and fresh 

weight yield are considered separately. Individual elements 

are -deait with in the section on dry weight yield. Via. 11 

shows the decreasing effect of grazing associated with 

increase in the age of the stand of heather. Young stands 

of heather Seem to receive a high grazing intensity (rSz. 

and this is in ugreemeat with the observation of larger 

.mounts of sheep droppings on the younger stands. In -

addition to being. more palatable this young growth contains 

lavger amounts of =tricots (1).44 ). 

41though the greatest percentage loss of fresh weight 

yield is on.theyoungest•stande, the greatest total lose 

to-the system due- t0 grazing occurs between about 7 - 10. 

years from burning (fig, 12). This agrees well with the 

data of Thomas &Mougall (nao) which Indicated en inevouse 

of yield up to approximately 9 years, The results in Table 6 
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Fig.13. An enclomIre showing the effect of hipt  

crazing intensity. 



Agt in 
years Grazed Ungrazed Vertilised 

0 - 1 52.0 84.0 121. 

5 - 6 530.0 314.0 1350.0 

10 - 11 618.0 790.0 

15 990.0 

Table 5. 2112aplarl2121d in...L.rams  per square ,lard  

from the valley stands 

Age 

mount of veg. 
removed by 
grazing 

:eorcentage 
grazed 

0 - 1 year 	5 - 6 years 	10 - lt years 

	

32.0 	284.0 	 172.0 

	

44.1 	34.7 	 21.7 

Table 6. The vffeet of grazing upon the fresh weight  

yield in grams per sq. yd. 
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have been derived from the determinations of fresh weight 

in Table 0.. 

Dry. weight yield shows very much the same pattern as 

the fresh weight yield. However, in this case the total 

yield has been senarated into three groups and is expressed 

in'terms of heather leaf, heather stem, and grasses and herbs. 

The results give some idea of the parts of the vegetation 

which. are grazed. 

Where the maximwa total loos by grazing occurred (0 0 

years), a large percentage of the grazed material was heather 

leaf. 70% of the. 214, grams lost 14 grazing was due to 

losses in heather leaf. The remaining 80% wee due to losses 

in grazing grasses and herbs. The total lose in dry weight 

to the standing crop was in the region eV 150:;-L and this may 

be imnortaat in a system where a large proportion of' the 

nutrients are present in the vegetation (-e69). 

After about ten years the stem to loaf ratio increases, 

and nutrients remain within the system 3.:n. the form of stem. 

The distribution of nutrients within the vegetation and 

the ehaniceof nutrient status with age  

Each Of the three groups, leaf, stem and grasses, were 

analysed separately for line nutrients i.mder consideration. 

Thus. the precise Content of any facet of the vegetation 



could•be calculated 	This in turn loads to estimations 

of the•ohange- in nutrient concentrations with change in 

age or the Vegetation under the various conditions grazed, 

uagrazed and•Tertillood. 	In addition, the yield .of any 

particular element in, for exauwie, heather leaf Gtr. be 

Calculated by multiplying together the yield in v]. arcs 

tne•natrient-  content por gram. In this way the.romoval 

from the system-by grazing of any particular element can be 

calculated. • 

L'or example, the yield of heather leaves 5 yeaia = 

32.5-gralms per sq. yd. under grazed conditions (Table 

These leavoacontain_1.01 mg./gram of phosphate, Therefore, 

the yield of phosphate/eq. yd. m 52.5 is 1..01 mg 	32.9 mg. 

Yield of heather leaVes at 5 years = 103.0 grams/eq.yd: in 

the absence of grazing, These leaves contain 1.07 mg. 

phosphate per gran1. Therefore the yield of phosphate/sq. yd. 

T 190.0 x 107 mg. = 196 mg, 

Thus the less of phosphate due to grazing 

= 196 - 32.9 = 173 mg./sq. yd./Year. 

By this method it was possible to measure the amount of 

nutrient roved fvom the vegetation by grazing in the first, 

sixth and eleventh years after 'burning (Table 0). It was 

not possible to relate this to the actual amount removed 



from the area by sheen live weight . This would have 

involved a more intensive study of the removal of vegetation 

over the entire period- of 1$ years between burns and 

anaysis of Sheep urine and droppings. 

Whe grazing Preeoure in terms or of 	Was obtained 

for the =ova area in order to estimate the removal or 

autrionts in live weight. Xi' certain assuMptionatere made 

this could be estimated. The parishes of aortae and 

()lova cover 46,802 acres of which 45,225 acres is rough 

grazing. This area supports a sheep population of 26,064 

at an intensity of just over 1 sheep/2 acres. In the 

valley areas there is en observable concentration c4 sheep.  

and it has besnassumed here that the density reaches 

1 Waeop/tiore: AL)SUMiDE also that ewes produce one 50 lb. 

iamb/2 acres and that additionalwintor rood accounts for 

only :4: of the diet or sheep, it has 'been calculated that 

1 aoro produces 20 1bEyllve weight per year. Analysis of 

wholo sheep has been made by.  Lawes and Gilbert (135:), 1883) 

and using their figures it is possible to estimate the 

removal of nitrogen, phosphorus oto. for the Pottal area 

in mg./e4. yd./year 02ablo 7). 

The results show that nitrogen, phosphorus and calcium 

are removed in quantity-  by grazing, yet only phosphorus is 



Amount ramovcd in mg. /$q. yd./15 years 

Nitrogen Phosphate Potassium Calcium Magnesium 

630 	 41.5 	12.4 	34, 

Table 7. 	Estimated losses by the removal of animal  

live weight  



Graze0 

S. 	G. L. 

TJngrazed 

S. 	G. 

Parttlised 

T), 	s. 	G. 

0-• 1 /3.5 	3.5 	11.5 17.0 1.0 15.9 36.0 3.0 	14.2 
5- 6 32.5 	36.0 130.5 183.5 35.3 195.0 271.0 81.0 139.0 

10-11 196.0 340.0 229.0 375.0 

15-16 185.0 720.0 

L. - Loaf - Stem G. - Grasses 

Table 8. 	Dry weisht yield in. ;rams der sq.  zei. 
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iMportant when.compared with the total ,Calculated input to 

the system (Table 7). The amount of nutrient removed in 

live weight is only a fraction of that ingested. by the 

grazing an 	It is thus important in future work to 

examine vantitatively the solubility of various nutrients 

in faeces and urine to determine the extent of the pathways 

or circulation or possible lose of nutrient. 

At, this point it is intended to deal only with 

individual elements and their concentration in different 

parts of the vegetation. Calluna leaves show a decrease 

in nitrogen content with increase la age of plant, as noted 

Toy Leyton(19154) 	The ungrazed leaves in the first year 

have the greatest nitrogen content (Table 9) and they also 

have the greatest percentage loss due to grazing. The 

grasses do not have us great a content of nitrogen and do 

not seem to be grazed to the same extent. If the losses 

of nitrogen in burning are highA  then it would be advisable 

to nostoona burning until after the vegetation has reached 

maturity, when both the yield of edible material and the 

nitrogen content of the leaf are low. 

The phosphate content of heather leaves (Table 10) shows 

a general decrease with increase in age similar to that of 

nitrogen. The grasses from the young stands have a higher 



Grazed 
	

Ungrazed 	Portilised 

Ago 	1). 	O. 	G. 
	L. 	b. 	G. 	S. 	G. 

0- 1 1.957 0.905 1.637 2.509 1.030 1.430 1.911 1.760 1.01 

5- 6 1.659 0.306 1.593 1.337 0.553 0.933 1.677 0.560 1.18 

10-11 1.413 0.361 1.393 0.661 

15 1.344 0.399 

L. - Leaf 	 G. - Grasses 

Pereentacp  IlitrOaen i oven dry or..2als  of 

veaptatlon  



Ago 
L. 

Grazed 

B. G. 

Dug razed 

L. 	S. 	G. 
Fertilised 

31. 	S. 	G. 

0- 1 99.2 44.0 135.0 9).0 37,0 133.0 141.0 36.2 176.5 

5-• 	C 101.0 26.0 101.0 107.0 50.0 85.0 141.0 28.7 11.1.2  

10-11 67.0 46.2 96,2 15.0 

15 58.7 22.5 

Table 10. 

L 	Leaf 	3, - Otem 	G. - Grazues 

PhosDhate content ineo. L100 raus oveu  dry  -.plant  

  



phosphate content than the leaves of heather. 

Potassium is one of the mobile elements and is .present 

in relatively Iargsamounts in the leaves of, Calluna (Table 11). 

The results show a gradual decrease with age in the potassium 

content of the leaves, most marked in the absence of grazing, 

The grasses and herbs, however, show a much higher content 

of potasSiuM especially in the young stands. 

There is no clear indication of a trend in the magnesium 

content ef the leaven of.C7alluna  (Table 1). It would seem 

that the young.ungrazed leaves have the greatest concentration 

of Magnesium under all conditions. It may 'be. significant 

that the .greatest removal of fresh leaves corresponds with 

the lowest magnesium content ta the grazed plots at about 

6 years, 

The concentration of calcium in Calluna ieaves4Table 13) 

decreases with age of stand especially under grace(loonditions. 

The leaves of the.ungraced plants have a higher calciu,a.  

content. be0a4cep as MOrk.(1946) has shown, the growing tips 

of Callune  shoots contain the highest concentration of 

calcium and these are the shoots which are graced, The 

grasses, in contrast to their ,potassium content, have a lower 

calcium_ concentration than the leaves ofCaliuna. 

The iron content of the Calluna loaves shows no definite 



Age 
Grazed 'Lgrazed Vertilised 

1. 8 • S. G. L. S. G. 

0- 1 539 173 1079 844 211 625 645 190 1195 

5- 6 668 170 622 545 256 824 676 97 754. 

10-11 555 246 459 251 

15 523 207 

- leaf 	S. - Stex 	G. - Grasses 

Table 11.. 	Potassiurit  sem-tent ings./100  zrazes plant dry weight  
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Grazed 	Ungrazed 	Fertilioed 

	

S. 	G. 	1. 	un 	t. 	L. 	S. 	a. 

	

0- 1 172 289 117 	194 63 136 	214 70 110 

	

- 6 131 46 100 	190 	63 123 	244 53. 100 

	

10-11 120 76 	184 76 

15 120 60 

	

S. - 8tem 	G. - grasses 

rVable, 	Calcium  content laja1100,zrams  ,ovou dry,.  21ant 



Grad 

G. 

Ungrazod 	Fertilised 

Z. 	S. 	C=. 	y. 	e. 	G, 

0- 1 	196 91 133 93 119 	133 	356 60 	220 

5- 6 78 60 60 30 90 	32 	73 87 	52 

10-11 46 40 60 40 

15 88 74 

- Leaf - Grasses 

TablO 14. Iron content mlv.Z100 ,grauis oven dry plant  
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trends (Table 14). However, it can be seen that the young 

plants contain more iron than older nlants 'The grasses 

generally tend to contain less iron than the leaves 

Calluna 

2. ,Lollgation of fertil-J,Zer 

work carried out by Stapiedon (1930) in Wales showed 

that increase In yield could be Obtained by the application 

of ltme and fertiliser to hill pastures. II substantial 

rice in the calcium and phosphorus content (4' green shoots 

has been found by FairbUra (1959) in response to lime and 

bhosuhate dressings. Thomas hseritt and Trinder (1945). 

have-shown that phosphate application increases the uptake 

of phosphate. when applied alone, and together with potassium .,  

Robertson and Nicholson (1931) found a stimulation of 

flowering in Callum after aerial dressings of phosphate. 

Tann (19%) nOtod the influence of phosphate applications 

upon the composition and yield of J..riolhorum  in a corrovinity 

containing Calluna: "There is an increased flowering in 

the Erlophormt plants and it becomes dominant all over the 

phosphate fertilised plots. 	The living Zrioohoruan 

vaginatIlm is higher in nitrogen., phosphorus and niagnealual 

when fertilised, while the contents of potassium, calcium 

and iron remain unchanged or nearly so," Thomas of al, 
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(1945) also reported the increase uptake of magnesium 

under both lime and phosphate treatments. 

The general stimulation of Cr lluDa growth by fertilisers 

:i.e; important in this roil--plant system because it may De 

taken as one estimate of the deficiency of the soils and 

also a.test as to whether the nutrient valve of the Calluna 

can be increased. 

The effect of  fertiliser  uponaresh weight yield 

Table 5 Sives the fresh weight yield uador different 

treatments. The increase la yield due to fertiliser 

applicotion is ix the region oi' 60% over the yield for 

ungra4ed plots for both one and six year old vegetation. 

The effect of fertiliser 13:00 the aymeight Niela 

The results in TaloAshow the increase In dry weight 

yield noted one year after the application of mixed 

fertiliser. There was no apparent increase in the yield 

of grasses with either the one year old or the six year 

old vegetation. Fertiliser application seems mainly to 

effect the yield of Callum. There was a 50% increase 

in the yield of Cal:Luna-leaf and over 100 increase in the 

stein yield. It is evident that gliuna yield can be 

increased by the application of fertiliser. 
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The .effeat of,  fertiliser upon the nutrient content of Cailuna 

Tile application of fertiliser affecta both the total 

dry weight yield and also the concentration of elements 

per' unit weight of. leaf, stem, etc. There- was no obvious 

effect upon the nitrogen content' of the Oalluna leaves at 

either ono or six years of age, but there was a decrease 

in the nitrogen content of the grasses. This maybe due 

to some competitive effect of Ce increased growth of 

There was a definite response to additions 

a pnosphatea'by both Cal:Luna and grasses. Tnereased 

incidence of flowering vivo also noted, especially in the 

ease of the grasses present. The total yield of phosphate 

from grass did not increase because `there was an aocampahylng 

decrease in dry weight yield, whereas the Calluna increased 

in both dry weight yield and phosphate content. 

There was no warke4 stimulation of potassium uptake 

in either Cabana 	zwaaaes. In some ciasos, especially 

with yours; Oalluna, a decrease in potassium content was 

recorded. This is confirmed by the work of Tama (1964) 

on ErioI)hol'am. 

The decrease in uptake of magnosium was apparent in 

both Calluna and grasses. Tamm (1954).  and Thomas et al. 

(1946) have both noted au increase in magnesium uptake 
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Undcr fertiliser treatments  and it i, difficult, On 

available data, to explain this decrease, 

Vortiliser application increased the uptake of calcium 

in CaLluna•loar  but not in tho case of graVoes. There was 

alsoz large increase in iron uptake immediately after 

burning but this was not apparent at 5 years. One effect 

of the :fertillsep application may be to release iron bound 

in the ash. 



-tie 

LOSSES OP MINERAL ELEMENTS ON IGNITION 

The range of temperatures occurring in heather burns 

is of the order of 500 - 840°  C. above ground. and 220 - 755°  C. 

at ground level, and these temperatures are maintained fox 

an unknown period, probably lees than S minutes (Whittaker 

1O01). 	In this plant soil system the losses of nutrient 

.n smoke may be inwortarit, An amount of material is blown 

away from the scene of a fire, but even so a quantity of 

nutrients may be volatised. Nitrogen is in an organic 

form in the -slant and should be volatilised especially easily. 

Within the range of temperatures found by Whittaker, potassium 

should also be lost. In addition other elements under 

consideration may be lost to a lesser extent. In order to 

test these ideas, samples of heather leaf were ignited in 

the laboratory under controlled conditions and the contents 

of the ash analysed. 

Six samples of heather leaf were igri   ted in furnace for 

5 minutes at different controlled temperatures: 500, 400, 

500, 000, 700 and 000°  C. Three of the samples were retained 

for the determination of nitrogen and the remaining three 

samples were analysed for X, P and Ye. The loss on ignition 

was also calculated from the samples. In a pilot exaeriment 
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the leaf samples were placed in erucibles and ignited at 

the sire temperatures. The resulting ash was dissimilar 

to that found under field cenditions and in order to give 

more complete combustion tine stainless steel gauze was 

introduced to sueport the lear samples while burning. 

This gave a mere comparable ash. The ached samples were 

then digested in concentrated T.A.M. (p. 22) and the 

resulting solutions analysed. The results are shown in 

Yig 14 and Appendix 0, 

From the results it is apparent that there is a large 

loss on ignition and that this loss includes as much as 8O 

of the nitrogen from the plant leaves. This Seethes also 

been noted by Allen (1962). At -temperaturep over .4,000 C. 

signifipant losses of potassiUM have been recorded. At 

higher temperatures iron was also lost in smoke. 1:n 

addition there were small losses or phosphate. 

The estimation of those loesies can now be carried one 

stage further. 6 minutes was the period considered to be 

the maximum duration or a fire at any one point and the 

losses which have been measured should represent the maximum 

losses to be expected from eny fire'. With this seeumetion 

-prow more  recent  measurements (see p. 60) it is evident 
that the time period May have been overestimated, but this 
experiment has not been repeated in the light of the now 
knowledge. 
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the maximm loss to the syStom at any temperature can be 

Measured by reference to "gig. 13. At the average 

temperature of 550°  0. the losses are represented in Table 10. 

At the commencement of this work there was no record 

of the duration of particular temperatures within a burn 

(see p. 50). An exoeriment was set 11-0 to investigate the 

effect of the duration of a fire won the loss of nutrient 

in smoke at a f4ed temperature. As nitrogen has been 

shown to constitute a major locs in amore (p. 51) .and the 

method Tor estimation is sensitive, the loss, of this nutrient 

was used to measure the effect of duration of fire at a fixed 

temserature. 

Leaf samples were ignited for periods of 1 - 10 minutes 

at the average temperature found by Whittaker (1(: 1), 550°  0., 

the resulting ash vine analysed for nitrogen and the results 

have been eummarised (Fig. 10. 

The results show that even. over short periods, e.g. 2 

minutes, the loss of nitrogen may be as much as 2TA at 0500  0. 



Fig.144  The effect of tpmperature upon the loss of  

nutrients in. smote when iplited for 5 minutes. 
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Tutu.? loss 
on ignition i;itrogon 	Iron 	xotsasiu 	Phosphate 

60% 
	

45;t. 	15;f, 	5A 	 1;.; 

Table 16, The paximu& loss of nutriont in salei.e at 550°  C. 

eApressed as a _peroontago of tho nutrients  

presQnt in fresh leaves  
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RELEA8E_ 	BTUTIll:FaT8,,,m.14101LA811 

Several workers have reported the rapid. release of 

nutrients from the ash which remits from burning vegetation. 

These.  nutrients are released into a syetem froM which the 

vegetation. has been removed and thus may be lost from the 

system by leaching and by runoff. 

Elliot {1953) carried out experiments on the leaching 

of ached heather leaves. A soil block with its acoompanying 

Vegetation was removed from the field and transported to the 

laboratory. There the vegetation was removed by burning, 

and the leaehate analysed. The results showed that 

measurable amounts of caloium and potassium pawed through 

the soil and were lost in the runoff waters. This experiment 

has been repeated by £ilea {1962) with comparable results, 

Mork {1946) also estimated the return of nutrients to the 

soil after heather burning. The release of nutrients from 

fresh litter has received less attention and is only fully 

covered Tor tree species, notably by Nykvist {1959-61), 

An experiment was designed to compare the release of 

nutrients from fresh litter and from ash derived from 

different burning conditions. A bulk. ata:vle of mature 

Calluna leaf was divided into 8 ellbsamplee of 26 grime each. 



-54- 

Duplicate sets of samples received four treatments: 

1. Unburnt. 

2. Burnt for 5 minutes at 300°  0. 

Burnt for 6 minutes at 500°  C 

4. Burnt for 5 minutes at 700°  C. 

The samples were .then placed on two layers of filter 

paper in separate Buchner funnels and the top of the funnel 

covered with an inverted Petri dish to avoid outside 

contamination. 100 mis. of fresh rainwater were then 

added to each sample after periods of 0, 5. 5 and 7 days 

and the leachate collected after periods of 0, 3, 7 and 27 

days. The leachate was extracted by fitting the apparatus 

to a filter pimp sand removing the excess liquid under 

pressure. A double layer of Whatman 542 filter paper 

allowed through only the soluble contents of the leachate, 

which were then analysed by the methods already described 

(p.22 ). The experiments were carried out at a room 

temperature of 18°  

poxesurison of  the.,leailhatetrem ash and fresh litter 

The leachate from fresh litter was acid, whereas the 

ash pvoduced an alkaline leachate. The results showed that 

this alkaline affect may not be due so mush to the content 

of calcimu, which is similar in both ash and litter leachates, 
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as to the vast difference in the content of potassium. So 

far these differences in pH have not been detected after 

burning in the field (p. 73). 

The specific conductance or the leachatos is in agree-

ment with the release of potassium and was higher in the 

ached leaves than in the fresh litter. Eosentially, high 

conductivity indicates that the leachate from ash had a 

higher content of inorganic ions than that from fresh litter. 

The results indicate the relative importance or the individual 

elements of both ash and litter. 

The release or potassium from aah during the first 

month or leaching was about 6630 	the total present in the 

leaves of Calluna, In the case of fresh litter, the release 

was somewhat lower, approximately.  3Q4. The only comparable 

figures available for Oalluna arc those of Mork (1946), who 

estimated the release of potassium from heather ash to be in 

the region of 60 - 70%. There are no comparable results 

available for release of nutrients from fresh litter. 

However, Nykviot (1959) has shown that the leaves of 

Fraxinue excelsior leSe up to 8030 of their potassium content 

when leached for one day. The percentage water soluble 

matter of birch, ash, spruce and pine were found to be 

respectively 33, 52, 9 and 16. It would appear that heather 
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lest has a relatively high proportion of it inorganic 

nutrients, especially potassium, in water soluble form. 

The effect of -the large release of potassium from ashed 

leaves is discussed (p. 92) in move detail with respect to 

the system as a whole. 

s muoh as 3Q of the total phosphate is released from 

litter. • This is in marked eohtraat with the re:Loses of 

nutrients from ashed leaves, 	10%. As there was no lose 

of phosphate in smoke (p. 52) this is perhaps a ease where 

the effect of burning was to "11410 phosphates in some wanner. 

The saitrples of Calluna leaf' contain large utasunts lei" iron 

and it is possible that the phosphorus present as phosphates 

is converted to insolable iron phosphates at the high 

temperatures. No colt Ole iron could be detectea in the 

leachates which would tend to strengthen this argument. 

The lose of large quantities of phosphate P. from fresh• 

litter may be accentuating the already low phosphorus 

content of this system. 

Nitrogen in the form of unmonla is released in only 

small quantities from both ash and litter. In the case of 

the ashed leaves it has already been demonstrated (p.58 ) 

that up to 80% of the nitrogen present can be lost in smoke 

d thus only small quantitieS will be returned in the ibitm 



of ash. The small release of nitrogen from fresh litter 

must be due to the nature of this litter and mix result in 

the build up in these soils of large quaatitieS ofunaVailable 

nitrogen in the form of acid humus 	Nykvist (1959) found 

that 15.2% of the total nitrogen in the leaves of Z-:riinus 

was released in solUbIe forms after a period of 24 hours 

leaching. This-is correlated with the fact that.praxinus 

litter does not give rise to an accumulation of acid humus, 

Elliot (1.956) reported the rapid. releaseof calcium 

from ached Calluna leaves, together with itss sabsequent 

runoff, and suggested that there. was a gradual decrease in 

soil fertility uader burning conditions. In the preeent. 

investigation the reloase of calcium from ash.mas of the 

order of lb - 18% and 22 from fresh litter,. It the release. 

of calcium from ash usually takes place just before, the 

growing season, plants should be able to take up the calcium 

supplied, and the losses would be expected to be greater 

from a gradual lose of calcium during the non-growing season. 

It may be that the low base status of these soils is due not 

to the effects of burning but to the nature- of the Vegetation 

Compared with Iraxinus, the release of calcium from fresh 

litter of Calluna is small. 

The release of magnesium aloe shows differences from 
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litter end from ash. Thus the release from fresh litter 

was 43% and that from ash between 1.5 and 2(3%. It is  

possible that magnooluu is fixed in an insoluble form in ash. 

It can be seen that, on the whole, the icachinE; of 

fresh litter gives rise to a Tar more balanced release of 

nutrients than that from ash, It is also important to 

note that the alkaline effect of ash iSpredemihantly the 

to potassium rather than to caleium, and that there is good 

evidence of Some type of fixation of phosphates in an • 

insoluble ;VOrtil as a result of burning. 

Theegfect_of temperAtnre,upon the.release of nutrients l'i=o41 

shed Callum leaves  

Whittaker (1C;01) staters that the range of temperatures 

round in heather burning is of the order pr 200 - 8400  G. 

The extremes of this temperature range msy be referred to as 

"hot" and "cold" burns. Prom the practical point of view 

it was important to know the potential losses clue; to the 

release of nntriente from ash within this range of temperatures. 

Samples were ashea at three temperatures within the range 

300 - 700°  C. (p, 54), the results being given in Appendix 7 

and eummarised in Table 15, 

The increase of temperature in a heather burn affects the 

release of phosphate and potassium 	Increasing the temperatar.  



Amount released from 
Content 	a 	Fresh Ash fresh leaves 	litter 

300°  0. 	500°  O. 	7000  0. 

MI 	1350 	 58 	33 	9 	9 4 
P 	 GO 	 50 	17 	14 	7 

I: 	345 	113 	93 	273 	292 

MG 	200 	 86 	32 	34 	39 

Oa 	120 	 26 	17 	17 	21 

Ve 	70 

Tab1ciL15. 	Release of nutrients after 1 month in 

mg v/100 Lrams dry weight  



, 

increases the release of potassium in the leachate which is 

reflected in an increase in ph and conductance, .The 

opposite effect has been noted in the case or soluble 

phosphate which is further evidence for the fixation Of 

phosphate as the temperature of the burn increases, 

The results for magnesium wore similar, solubility 

regularly increasing with increase in temperature. The 

roles e of calcium is only elirchtly affected by change in 

temperature and does not exceed that from fresh litter. 

It would appear from the results that the amount of soluble 

nitrogen decreases as the temperature increases. It has 

been shown that increased temperature increases the loss 

in smoke and it is clear that the losses in smoke are far 

greater and thus more important to the system. 

Inereased temperature thus results in the increased 

solUbility of potassium, a fixation of phosphates in some 

form, and slight effects upon the solubility of magnesium 

and calcilla. The effect upon the solubility of nitrogen 

depends upon the initial loss in smoke. 
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THE MLAWIEdENT OP. TP.41-,,EtteTURES IN VIRES  

At the outset of this work, the only records of the 

temperatures to be expected in moor burning were those of 

Whittaker k1961). This worker recorded temperatures 

occurring in fires by means of Thennocolours (heat sensitive 

paints) and in later experiments by moans of organic compounds 

with specific melting points. Her results show that the 

Maximum temperatures are of the order of 8600  C. and that 

the temperatures most fre(uently recorded are between 500°  C. 

and 5009 C. at ground level. It was au Bested that these 

temperatures are maintained for periods of lees than 2; 

minutes. 

The time-temperature complex or the time during which 

fixed temperatures arc maintained is important in controlling 

at least three processes! the regeneration of new growth 

from the base of the old otem and the germination of seedlinge, 

the release of nitrogen in smoke, and the solubility of 

nutrients in the ash derived from burns of different 

temperatures. 

Whittaker (1961) suggested the use of thermocouples as 

an accurate method for the measurement of fire temperatures. 

The major difficulty with this type of recording in the field 
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is the transport of bulky recording equip ant and some form 

OS: power. Mervyn Instruments Ltd. have recently produced 

a portable transistorised recorder with an eight day clock 

drivenm. Chart. This enables the recording of temperatures 

aver any given range using the appropriate thermocouples. 

The chart speed was adjustable over a range of 1 - 12" per 

minute. The V chart is supplied in 35 ft, lengths and a 

convenient chart speed was 3" per minute. 

The data presented here is the result,of recordings, 

using this instrument, made in April 1963 in the Rottal area 

of Glen- Olova, with a range of 0 - 1000Q  0. and eguipment 

consisting of 5 thermocouple units connected to a manual 

switch which was then connected to the recorder. Each 

thermocouple consisted of 3 ft, of Insuglass Chromel Alumel 

attached to the compensating wire by copper contacts buried 

in the ground. Tho overall length from the recorder to 

the point of tho thermocouple was 40 ft. 

16 shows the typical chart recordings for heather 

of different egos, damonstrating the general trend of 

increased temperature with increased age of the heather 

community. All the readings are for temperatures recorded 

in the leafy parts of the plant 	The maximum temperature 

recorded was 940°  C. with a wind speed of approximately 5• knots; 
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and the average maximum temperature from over b0 recordings 

was 670°  C. These temperatures are higher than thoae 

recorded by Whittaker (1961) under similar conditions, 

Moreover, the conditions of spring 19&5 were wet and it may 

be that these temperatures would be exceeded- in a drier opring. 

At temperatures over 4000  C. there are significant 

losses of nitrogen in smoke (p. 51) and thus it is important 

to have some measure of the period of time for which these 

temperatures are maintained. This is demonstrated la 11.g. 17. 

In addition, the MaXtmum temperatures recorded for any age 

group arc shown. in Fig. 18. 

A. statistical analysis of the results is summarised with 

each figure and indicates the dependence of the fire 

temperatures upon the age of vegetation. Even thou ;h the 

differenees between some of the means of the readings are 

not significant at the p = .05 level, there is a positive 

eorrelation between age of the vegetation and the temperature 

of the fire. The low significance is prebably duo to the 

effects of varying wind and micro-climate conditions. The 

readings were taken from different moisture regimes and Weke 

collected OA two days with varying wind conditions. 

It has already been sham that burning heather leaf at 

different temperatures influences both the release of 
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nutrients from the ash formed and the loss of nitrogen in 

smoke. Thus as the temperature or a fire increases so will 

the loss of nitrogen in smoke. This would clearly indicate 

that burning old heather will lead to a greater loss of 

nitrogen to the system. Similarly, older heather on 

burning will give wore soluble potassium in its ash than ash 

from younger heather, and the fixation of phosphorUs will 

increase. 

When old heather is burnt over, regeneration from stool 

is inhibited and regeneration way be expected from seed. 

Whittaker and Gimingham (1963) have shown that seeds of 

palluna are killed by exposure to temperatures of 200°  0. 

and that the lethal temperatures are determined by the period 

or exposure. Brom this it is evident that, because burning 

old heather gives greater periods of exposure to high 

temperatures, the re-estahlishment of heather on these a-reas 

will be greatly inhibited. 

As the heather becomes older the fire temperatUre 

increases and the chance of regeneration from stool decreases. 

It would also seem that the ability to regenerate from seed 

also decreases for the same reason. In addition, the 

release of nutrients is increased to both the sir, from 

smoke., and to the runoff water, from the ash. This would 
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tend to give a decrease in soil fertility. 	FLLiot (1c:453) 

has suggested that aulasmedic burning leads to a greater run 

down in. coil fertility than regular burning every 10 - 15 

years and the data and arguments presented hero go some way 

to confirming. tniS1 °thesis_ 
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SAMPLING AZD  ANALYSIS OF SOILS 

The following evidence suggests that the rooting depth 

of Calluia is restricted to the upper ems. of the soil. 

This depth will represent the main nutrient source for the 

vegetation and consequently should reflect the changes which 

take niece within the system. 

Rooting depth is determined by soil conditions 

(especially moisture regime) 	Direction is usually hori- 

aontal in-the upper 6 - a ems. and oblique or vertical at 

lower levels (GImingham 1960). Rennie (1957 calculated 

that in a podsol soil 80 of the root system of palluns is 

concentrated in the upuer 15 ems. of the soil, but he also 

showed (1950 that with olden Oulluna there may be a 

secondary rooting zone at about 26 - 60 ens., when a an is 

present. by exposing undisturbed root systems in =soil 

monoliths, Boggle (1956) &hwed that, on wet petits, Oalluna  

roots are generally confined at depths not exceedin 10 ems, 

a fWki reaching 18 rams . Boggie, Knight and Hunter (1958), 

using a radioactive tracer method for determiaing root 

activity at different levels, demonstrated that, on both 

fixed sand dune and on peat, absorptive activity is usually 

confined to the upper 10 ems. or sUbstratum, with very slight 
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activity down to a depth of 60 01(16 or possibly a little 

lower. 

The sollo from the 22 stands a palluna were sampled 

on 'three occasions, kievember 1060, November 196/ and November 

1902. On each occasion, five cores were collected from 

each stand and transported to the laboratory in labelled 

polythene bags, The corer used was 3" diameter and 9" depth, 

*edified from a type Used on golf greens. The cores were 

sampled at two depths, 0 - 3 ems. and 0 • 12 ems,0  thus.  

giving 5 samples at each depth for each stand. The five 

eamoles were then band separated to remove roots and large 

stones and placed together in a 2 mm. sieve, the sieved 

six lc being the fine earth fraction, frauvhich lias extracted 

a 40,  grant sample. The remaining soil. wee oven dried at 

10e G. to constant weight.  

The 40 gram fine earth sample was divided further into 

two samples, each of 10 grams, whion wore used in the 

estimation of p11 and conductivity, and a 20 gram neople 

which was 'air dried for two days. The air dried soil wee 

then divided into fouy subsamples, two for the estimation 

of exchangeable hydrogen ions and two for the estimation of 

exchangeable metal ions. 

The oven dried portion of the fine earth traction was 
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stored in air-tight bottles until needed. Duplicate 

subsamples obtained by coning and quartering were used 

from this fraction for the estimation of carbon content, 

mechanical analysis and total potassium, phosphorus, iron, 

mingnesium, calcium and nitrogen content of the soils. 

Estimationson the fine earth fraction were carried out 

within 43 hours of the sampling and the soils were also 

oven dried within this period. 

Ohan7es in the nutriqnt contentsff the soil woo ated with 

Impaxz 
The major consideration of this work was to estimate 

the effect of burning upon the nutrient status of the system. 

,s the nutrient reserve for the system lies in the soil, any 

c31en6es in soil nutrient content after burning should indicate 

trends within the system as a whole. It has been suggested 

that trends in soil nutrients may not be measurable over 

short .periods as the theoretical losses over 150 years may 

only be of the order of 30% of the total content of the soil 

(Elliot 1962). Barlier the same worker Ualiot 1966) 

attempted to measure these changes but ble observations were 

confined to the exchangeable bases and the results were net 

conclusive. 

There have 'been several, estimates of the ratio of plant 
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nutrient/soil nutrient under heather moor conditions. 

Rennie (1905) gives the following data: .calcivm 1 

potassium 1 : 7, phosphorus 1 7 and nitrogen 1 : 28. 

Elliot (1962) has estimated the Cai.K.Afig+Na ratio as approxi-

mately 1 : 4 for certain. areas in the South Pennines. The 

only Scottish data is that of Robertsoa and Davies (1963), 

stvmdarised in Table 17. Their results indicate that the 

ratio depends largely upon two factors, the soil type and 

Vie age of the vegetation.. Thus, in any one eystem where 

the soil nutrient content is relatively constant, the ratio 

will &mond upon the ago of the vegetation. As the vegetation 

becomes older the ratio becomes lower and this moans that 

removal of plant material, e.g. by fire, will affect the 

maximum part of the system. But as the ratio even under 

mature growth is large it might be useful to refer to a 

system where the ratio is even smaller and where, consequently, 

the losses clue to burning might be expected to be larger. 

Rennie (1905) points out that the ratio of plant soil 

nutrients in Dine-afforested moor approaches and in some 

cases exceeds 1 : 1. In this ease the effects of fire will 

be concentrated upon one half of the total nutrients of the 

system and consequently the effects of forest fires upon 

soil fertility may indicate the trends to be expected in heath 

fires. 



Sampling Age of 

Table 17 

Plant-litter : soil ratio : 
site stand Id 0a Mg X 

Site I 10+ 14.1 1.6 1.4 2.6 47.5 

4 40.8 2a9 4.5 4.4 58.5 

2 1/5.0 6.6 9.1 9.3 116.0 

Site II 15+ 21.6 '11.7 14.4 3.0 . 14.5 

3 39.5 21.2 35.8 6.6 24.5 

2-3 68.0 31.3 46.3 8.4 44.6 

Site III a 40.5 4.16 7.1 2.8 96.0 

4 126.0 8.9 15,0 5.2 296.0 

Abstracted data from Robertson and Davies (1963) 
Paper 5 2nd Muir burn meeting  jdinburgh  
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Probably because any factors influenee the- results, 

authorities differ as to ehether fire is detrimental to 

forest soil (klgrea and Algrea 1960). On some points there 

is general agreement. The ash deposited from a forest 

fire increases available P, K Ca and. Mg in the soil.(Algren 

1960, Austin Basinger 1065, Burns 1952). The alkaline 

ash depoeitea decreases soil acidity thereby stimulating 

nitrification (Aiway & Rest 1928, Baker 1950, Barnette & 

Hester 1930, Tarrant 1954, Wright e4 Tarrant 1957). ('chic 

effectie probably negligible in the very acid conditions 

under heather.) While the consumption of organic matter 

ii ;j decrease total nitrogen in the upper inch (Alway a nseec, 

3.90̀ ) Austin a Basinger 1955, Barnette & Hester 1950, :Vowells 

&Stephenson 1936), the sharp increase in the nitrification 

is reflected in more luxuriant growth of the vegetation, 

particularly of grasses and herbs. 

The effect of fire upon the physical natureof the soil 

must also be considered. Protection from fires soon changes 

the A., horizon from a dense structure to one that is more 

easily penetrable and porous (Heyward 1957). This effect 

may be ascribed to the action of soil fauna which is greatly 

redueed in frevency over buraed soils (Heyward & Tissot 1936). 

Thus the nutrients released from ash will fall on ground which 
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is easily penetrable and the nutriente should be washed 

down into the soil. However, as the vegetation has now 

been removed the porosity decreases and the lush growth 

produces litter from valich nutrients may be .out by ruuorf. 

It is possible that the presence of vegetation cover has 

more effect upon the soil than the wecese or burning. 

Elliot 0.963 has produced evidence to abggest that 

the sirtrionts are loot from soils immediately after heather 

burning, due to the rapid release from ash. He also 

measured the exchangeable baoes :.n the soils at various 

periods after burning and from his reeults put forward the 

hypothesis that "Waring mw lead to a series of downward 

steps in soil fertility. 

I- order to assess the effects of burning upon 

particular soil typeo, soil samples were collected from 22 

stands or heather; 7 stands were situated in the valley 

and the remaining stands Aveo from the hillside (fig.6). 

The stands were chosen to represent a range of vegetation 

0 - 20 years from the time or burning. The soils were 

sampled as deecribed on p. 66, annually for three years, 

1.960 - 1962. The results were intended to provide some 

data for the Pattern of soil changes associated with burning. 

Visual inspection of the soils suggested that the soils 
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could be divided into two groups on the basis o1• .the depth 

of their organic layers (figs. 3 and 	Simple estimations, 

pH conductivity, mechanical analysis and carbon content wore 

oarried out to confirm the separation ofthe two groups. 

Meobar49.4%-neltag 

In November 1980 the soils were sampled at two depths, 

0 -- S ems. and 3 - 12 cms., and analysed by the methods.  

described. A full account of the results in given in the 

Appendix and tables 10 and :L9 show a auturactry of the range 

of results. The results show that the soils fall into two 

groups seuarated upon their content of both fine,end coarse 

sand at 0 - 5 cm. At 8 - 10 ems. the soils also show 

less definite but general dissimilarities. The valley 

soils have a higher proportion of coarpe sand probably as a 

result of the gravel and sand deposita in the valley bottom 

(p.10 )- 

=pen con tent 

The results for carbon oontent confirm the mechanical 

analyslexceults and clearly separate the hillside and valley 

soils (Table 20). The same separation can be confirmed 

from the results in the Appendix, on the basis of p11 and 

Conductivity. 

Having made the initial separation, it now remains to 



Table 18 

Pine sand Coarse sand 

Valley soils 18.1 - 43.0 15.1 - 38.0% 

Hillside soils 0.5 - 17.9 03 - 10.0 

la ze o.1" Msehonieal AnalL'sis at 0 - 	ORS. 

Table, 19 

Pins sand Coarse sand 

Valloy soils 1,9 - 77.0% 1  - 35.0% 

Hillside soils 6.2 - 35.3 4.4 - 44.0 

2ara2.2f mo.P4P2124 41141PiP..aP 

:924? 20, 

Sampling depth 
0 - 3one. B - 12 ems, 

Valloy soils 10.5 - 22.0 3.6 - 	9.2/0 

Hillside soils 17.8 - 45.1% 4.6 3,5.6% 
e  cre Onrben content at two  de-otho 
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indicate the fate of individual nutrients in the two soil 

types. 	The first set of analysis for the soils, made in 

1900, includes the analysis of samples from both 0 - 3 ems. 

and B - 12 ems, However, as the primary effects of burning 

would be expected at or near the soil surface sampiihg was 

restricted on the subsequent sampling dates to the top 

3 ezas. only. 	A a complete exereise additional samples 

at 8 - :L2 cs s. should have been takoh, but it was found 

impessJ.ble to carry out these estimations A.n the time 

available. Tho results for 190 at. 10 ems. have been. 

recorded sad could be used as a comparisota for any future 

work in those areas. 

Exclenvesbqe properties 

It was considered desirable to have a.glie record of the 

exchange properties of the coils, in tbo first place as a 

comparison with those of Elliot 0.945'6) and also to supplement 

the results for the total nutrient content of the soils... 

The results for the exchangeablo metal cations present 

in the soil sample are given in Appendix 9 and are summarised 

in figs. 19 and 20. At 3 ems. there was a oil.  - correlation 

of metal ions with the ego of the vegetation, both in the 

hillside and the valley-  soils. There was a slight decrease 

in the exchangeable metal i041.8 associated with increase in the 



age of the vegetation. This trend was also apuarent at 

10 ems. This agrees with Elliot's results to some extent, 

but immediately after burning (fig. 19) there was an 

increase in exchangeable metal ions. 

The variation in exchangeable hydrogen lone of both 

the valley and the hillside soils is &,.) groat that the only  

conclusion which can be drawn concerns the separation of 

the soils into two distinct groups figs. 21 and 22). 

..OPPAPotAvi:DLona_Pri 
The resulte for the conductance of the soil solution 

at 3 ame. suggests a general lowering of soluble saltsas 

the vegetation develops after burning (fig. 23). At 10 ems. 

this trend is reversed giving a slight increase (fig 24). 

The increase at 10 ams. may be due to the accumulation of 

the soluble nutrients in the leaf litter' which have been 

leached out of the upper surface of the Boll (p. 59). 

The results in figs. 25 and 26 indicate clearly the 

separation of the trio eoil types on their degree 0:e acidity 

at both! and 10 ems. There is no significant perrelation 

of soil pH and age of vegetation. The average p11 for. 

burnt over soils from the hillside Amide was ?.29, and for 

the same polls bearing vegetation 4.22 at 3 ems., the 

gorreeponding figures at 10 ems. being 6.30 and 4.36. 
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The results referred to in the following sections 

are for the changes in•the total nutrient content of the 

soils at 3 ems. over a period of 2 years, 1960 - 1962. 

They are the average results for duplicate samples (Appendix 

Changes in the total nitrogen content of the  soils 

The results for the hillside soils have been plotted 

in order .of age from the time of burning, and to allow 

statistical treatment it has been found necessary to group 

together soils between 2 - 3, 4 - 7, 9 - 14 and 15 - 20 years 

from burning. The individual results are the means of 

duplicate analyses presented in Appendix O. In some cases, 

extra information has been included from stands not under 

permanent observation. 

The range of results from these soils is wide (0.88 -

1.960), showing a great variation of soil nitrogen content 

of the upper 3 ems, of soil. When the soils were grouped 

on the basis of the age of their accompanying vegetation, 

they fell into several groups separated by their mean content 

of nitrogen (fig. 27). The standard deviation has been 

calculated for each group and the confidence limits plotted 

for p = 0.05. 

The results demonstrate the following points: 

(a) The nitrogen content of the soil is highest 



F. Changes in total nitrogen oontent of soils 
with age of vegetation in years. 

Fair Figs 27-31. 	valley soils 
hillside soils 
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immediately after burning and is significantly 

higher than under any but 11 year old heather, 

(b) There is a significant decrease in the total 

nitrogen content of the soil after burning 

and this degrease lasts approximately 3 years. 

(c) There is au increase in the mean soil nitrogen 

content after about 5 years from the time of 

burning but this is not significant. 

The results for the valley soil (fig 27) are insufficient 

in number to warrant statistical treatment and the mean 

figures for the individual results have been plotted. The 

pattern is in general agreement with that of the hillside 

soils. In the valley ooils the nitrogen content of the 

freshly burnt over soils is not higher than that from any 

Other age, and is exceeded under 10 year old heather. The 

decrease after burning is evident from both the moan value 

and from individual plots 711 and 813. 

It has been noted that up to 80% of the nitrogen present 

in the leaves of Callum can be lost in smoke (p. 51) and 

this means that at least 2(7;4 of the nitrogen is deposited 

on the ground in the form of ash. This would lead to the 

increase in soil nitrogen noted in the top 3 cms. of the Boil. 

The amount of nitrogen added to the soil will depend upon the 
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age of the vegetation and the temperature and duration of 

the fire (p, 65) 

The loss of nitrogen in the first 3 yours after burning 

may have been due to twncauses. Within the first three 

years, under normal grazing pressure, the vegetation cover 

has not re-established itself fully and the surface soil is 

exposed to leaching or runoff and erosion. It has been 

shown (p. 57) that the release of nitrogen from ash is small 

and can be discounted as a major mechanism for the loss or 

nitrogen 	It is possible that the soil undergoes- changes 

in structure due to rapid trying and that this releasee 

soluble forms of nitrogen. In addition the young heather 

plants and grasses have a high nitrogen oentent and represent 

a drain on the soil reserver. There should be little 

nitrogen addition to the coil from this young vegetation in 

the form of litter, because it is heavily grazed by animals 

(see p. 40). 

As the vegetation cover increases after the first three 

Years nitrogen in rain may become available to the eystem 

through uptake by the vegetation. Litter deposited will 

increase with the increase in yield of dry matter, and the 

cover give protection against soil erosion and leaching. 

The increase in coil nitrogen may be due to the insolubility 



of nitrogen in.the.litter (p. 56). 

It would appeer that the nitrogen content of these 

eoiis is affected by the practice of burning, but the extent 

of the vegetational cover is also important. It has been 

shown that the yield of dry leaf isatter reaches a maximum 

at approximately 10 years from burning and the soil nitrogen 

increases over the same period- 41:a increase of soil 

nitrogen in. poet fire soils has been noted by Bprecht et al. 

(1950) over a period of 25 years in Australian dark island 

heaths. Therefore it is important that the reeestublishment 

of the vegetation should be rapid if the nitrogen content 

of the soil is to be maintained. It has been demonstrated 

(p. 40) that grazing in the early stages of regeneration has 

an effect upon the yield/unitarea of dry matter. It might 

be possible to improve heather yield and the nitrogen content 

of the soil by restricting grazing in the early post fire 

stages. 

It is not possible to decide from the data what is the 

permanent effect of burning upon the system. It is clear 

that there is a loss of nitrogen in smoke and a decrease in 

the nitrogen content of the soils, probably due to the 

removal of the vegetation, which may last up to u years after 

bUrning, 	It seems that these iosbee, of coil nitrogen can 
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be recovered over. a period of 10 years from the addition 

of nutrient in rainwater, 

The results for the phosphorus content of the Boils 

have been treated in the same mquner as those for nitrogen. 

The results. for the hillside soils (fig 28) illustrate; 

(a) The mean Value of freshly burnt soil ie 

than aay other mean value, although the 

difference between means iu statistically 

significaat in only three caeca, 2 - 5 years, 

4 - 7 years and 15 - 20 years.'' 

(b) There is a drop in phosphate content up to 

6 years after burning. 

(o) There is a slight apparent increase in 

phosphate content up to 11 years, after 

which a decrease occurs. 

It has been shown that there is.110 significant loss of 

phosphate in smoke and that the plant ash returned to the 

soil after burning does not readily release phosphates. 

Therefore the soil should receive en addition of insoluble 

phosphate content of the soil directly after burnih6- 

The decrease in phosphate after burning may be caused 

by a SILOW release of phosphate and this drain upon the soil c 

reservee may be increased by root action as the vegetation 



Fig.28. Changes in total phos horus content  of soils 

with are of vep:etation in .years 
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develops., When litter and dead material are deposited 

the concentration of phopphate at the surface should 

increase. It has also "moil demonstrated that the release 

of.phosnhate frau litter is rapid. The released phosphate 

may be talon up by the plant ox lost from the soil. Thus 

the 1=0-Q1,0;a00 in soli phosphato should het be asrapid as that 

of nitrogen Where nitrogen remains ina highly insoluble form. 

There is a little evidence in these results for a 

downward.tvend in the phosphate content of the soils. It 

has been shown that the supply of phosphate from rainwater 

is inadequato for the support of the masiaamayield.of 

heather is thiaarea. The fall in phosphate content of 

the coil Immediately after burning and in the 15 year.old 

stand indicates the possible lowerin6 of phosphate status 

in these soils. With the limited results for the valley 

soils it is impossible to aipport the results for the 

hillside soils. 

The results for the potassium content of the hillside 

soils are heterogeneous (notably 4C, 50 and 5A) and in some 

cases the concentration of potassium is far greater than in 

the other samples irom the groun. This may be due to aXt 

outcrop of rocks rich in potassium. Par thapurposes of 

the statistical treatment these readings have been ignored. 



The omissions have caused the groups of readings to be 

smsaler and in consequence extended the limits of confidence 

of the means of the grow, readings. Otherwise the .groups 

are similar to those for nitrogen. 

.The results as illustrated in fig. 2e .show` that the 

mean'potassium content of the soils decreases as the age 

the vegetation inert:lases.- The means are not.otatisticallY 

separable at p = 0.05 .except between froshly. burnt and 

9 -- 14 and .16 - 20 year. The increase in soil potassium 

ilmilediately after burning may be attributed to two factors. 

:First, the large. deposition of potassium from ash would 

cause au increase in soil potassium. As the exchange 

capacity of the toils is not very great it might be expected 

that this potassium would readily be leached from the collo,: 

A second factor noj be the removal oi' the normal surface 

layers by erosion thus•expesing the relatively potassium 

rich soil below (Appendix 9). The steady decrease in 

potassium in the soil for 15 years after burning may beLthe 

result of other factors. Ir the first stages of regeheration 

before the vegetation has established itself the potassium 

content of the soil derived from ash is in a soluble form, 

As the vegetation becomes established the demand for 

potassium is very high (the yield of potassium in the crop 



Fig. 29. Changes in total potassium content of soils 

with ape ,)f ve-etation in years  
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increases and this Will cause a drain on the soi/ potassium; 

the litter -deposited rapidly :lodges potassium (p. 56) and 

consequently there is no build,up of insoluble potassium 

similar to that of insoluble nitrogen. 	It has been 

indicated (.1) 86) that there losses, and any small losses 

due to ignition, can be replenished in the systeafrom 

rainwater, but the evidence from the soil analysis. suLgests 

that this does mot happen, The results for the valley 

soils are not at this stage sufficient to support or conflict 

with_ those of. the hillside soils. 

The results for the calcium content of the hillside 

soils have boon treated in the same manner as those for 

nitrogen.. ..Wig. '3D Indicates no stgntficant.Changee in 

calc.ium eontont of the ooll after burning, even. though there 

is an apparent addition of calcium to the soil in the form 

of ash 	Elliot (1053) maintained that largeamounts of 

calciwn and potassium were lost in ranoffwaters but in 

the cane of calcium this work has produced no such evidence 

from the changes th total soil calcium oven though only 20$ 

of the calcium in ash is in a solUble form. The supply of 

calcium in rainwater is far in emcee of the calculated 

losses from 'burning and grazing but it see= that the system 

is not able to retain the supply from rain. 



4 

fir. 30. Chan7cs in total calcirm content of soil 
with ace 	veretation in years. 
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The magnesium content of the soils is given in fig. Pt 

and the results have been statistically treated es those 

for nitrogen. From a statistical point of view these 

results may be considered invalid; the mean values show a 

similar trend to those of nitrogen. 

The high magnesium content of the soils immediately 

after burning May be attributed to the deposition of 

magnesium in plant ash. The subsequent decrease in soil 

Magnesium up to S years from burning may be due to the high 

demand for magnesium in the young plants of both grasses and 

heather. Erosion may also play a part in this process in 

the same way as suggested for nitrogen. 

The yield of leaf matter rises to approximately 10 

years after burning and is associated with a rise in 

magnesium content of the soil. 

The iron content of the soils is given in Appendix 9, 

and a scatter has been plotted in fig. fa. In this case 

the results have not been treated statistically because of 

tho variable iron content of the soils. The only fact 

whioh emerges clearly from these results is that the hillside 

soils, although heterogeneous, form a separate group from 

the valley 
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THE IiU'UT TO T 	SYSTEU FROM  RAINWATER 

• Rainwater may be a valuable source of nutrients for 

the plant soil system, ospeciallY there the soil is infertile, 

Monthly reports in "Tellus" show that atmospheric preciUitation 

may be, an important source of calcium, magnesium, Sodium. 

pOtaosium and nitrogen. There are very few estimations of 

phosphate concentration in rainwater and those that are 

available suggest that phosPhate is presentinconcentrations 

of less than 1 part in 107. 

In this work it was found imposaible to carry out a 

continuous record of the nutriont content of rainwater. 

However, rainfall- records are available for Glen Clove for 

the.  past 35 years and in addition analyses Of rainwater are 

available from various stations in Great Britain. These 

results have been combined here to give some indication of 

the input of nutrients to the system. 

Rainfall data are recorded from Aberdeen, Edinburgh, 

ESkdalemuir, Rothamstead and Leeds. They have been 

summarised in a paper to the Second Muirburn Committee, by 

Robertson. Crisp and Nicholson (1962), They comprise the 

records for the last ? years, where available, and each 

figure in Table 21 is the average of ;32 yearly averages. 
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The average -rainfall for the readings was 23.7 inches  and 

the nutrient content was expressed in lbs,/acre. Table 21 

also shows the conversion of these figures into the units 

used in this•thesis, mgsWsq. yard, for a rainfall of 46.5 

inc) es4 This was the average rainfall for Glen Clova 

(Table - 22) 	The estimation of phosphate used here was 

Obtained:from unpUblished data supplied. by Dr. 3,33. Chapman 

(1Q61). These data, from Dorset, show phosphate eoneentratio 

of 0.016 0.0004 p.p.m. with an average figure -of 0.01 p.pm. 

This• information must be considered with respect to the 

problem of burning and the growth of Calluaa in the system 

under consideration. Two important questions are to the 

nutrient supply from rain sufficient to compensate the lessee 

from the system due to burning? is the nutrient supply from 

rain sufficient to maintain the nor Mal plant yield in this 

area 

At the age of 16 years (the average ago of burning) 

Cailuna in this area produced 165 grams of dry leaf matter 

and this contained nutrients in the proportions expressed 

in Table 
	

Also given in the table are the Calculated 

losses due to ignition and leacning, from data in the 

appropriate sections of the thesis. The final column 

represents the input of nutrients from rainwater. 



units Rainfall Iiitrate 
inohon nitrogoz: Ammonia 

liga./aore 28.7 4.7 	 7.27 3.3C 2.21 - 

1-63./sq. yd. 23.7 	545.2 	843 	383 	266 

map./sq. yd. 46.5 	873.4 	1351 	613 	410 	11.3 

Table 21. 	Aumul ini4,4 of nutri,..xilts to the uxotam  

fro rainwater. 



Average rainfall 

January 	 4.49 inches 

February 	 3.92 Ino4ec 

:4nreh 	 2.79 inches 

April 	 2.67 inches 

.::ay 	 3.43 incase 

June 	 2.66 inches 

July 	 4.27 inches 

August 	 4.4C inches 

Septomber 	 3.90 inches 

October 	 4.3C inches 

November 	 4.57 inches 

December 	 4.49 inches 

2,plaia 12, 	Thn nmarckga rfttre.111 for 35 lukara_13.6— low. 
These data were supplied by the ...eteorological Office, 
.Alinburgh, and wore recorded in 	..rosun at en ft. 11. 
r comparable site to that in GleL Clova. 



Lamimum losses due to Gain from 
nutrient Leaf oontent Ignition Loaohing Rain 

Nitrogen 2486 1864 96 873 

Potassiur 976 96 800 410 

Phosphate 108 - 10 11.3 

Uagnesium 370 74 613 

Calcium 222 - 40 1351 

Table ?1. The loeses from burnina and gain fron rain  

mg./se. yd. in enc:.  year  
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As the losses from leaching and from ignition only 

occur every 15 years, it seems probable that the losses 

are not as important as originally thought. From the 

table the losses of nitrogen *could be regained within 

three years and the ].oases of potassium within two years, 

wnilo the additions of calcium, phosphate and magnesium 

are all sufficient to make good any looses in one year. 

This is only assumin6 that all the nutrients in-the rain 

are taken up by the plants, which may not be the ease. 

For example, it is not yet clear how much phosphate is fixed 

by soil and thus may be considered a loss to the system. 

If phosphate is fixed in an insoluble form in soil as, say, 

iron phosphates, then the supply of phosphorus .,in rain may 

not be sufficient to maintain available phosphatoe.in the 

soil and may increase the already low phosphate status of 

these soils under heather. 

The greatest yield of nutrients in this system occurs 

at about ten years after burning. Table 24 shows the 

nutrient content of vegetation of a 10 year old stand and 

the amount of nutrients which have been added within-ten 

years of growth. These figures may be in some ways misleading 

as a large proportion of the rainfall will occur outside the 

growing season and thus the nutrients will not be available 



Nutrient in nee./eq. yd. 

IS 	P 	 As 	Ca 	PS 

Lutrientz kreaeut 	6267 272 1952 	704 	695 305 
in vagetation 

rutrients 214 ,1lied 	6730 113 4100 6130 13,510 by rainwater 

Table 24. A ealiwarinon of the su4A,ly of nutrients over  

a :period of 10 years and the yield of nutrieute  

ill vei;etatioll aver tad eal4e .1)eriod  
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for plant growt— Even so, the obvious limiting elements 

would seem to be phosphate and nitrogen,. The supply of 

phosphate is less than half the requirements. This way be 

a coaservative estimate because some of the phosphate may 

be lost to phosphate fixation. 

Sitrogen supply le also barely sufficient to maintain 

growth 	Soils under heather have a high nitrogeh content 

butthe nitrogen must remain unavailable for plant growth. 

Both litter aad ash have little soluble nitrogen and this 

sugge.As that the wain supply of nitrogen oust come from 

relay/liter. 

It would seem frog the results that the supply of 

nutrient froa rainwater is sufficient to make good temporary 

losses on ignition for most elements within a comparatively 

short time. however, the su,i4,-.4 is deficient in phosphate 

and to some extent nitrogen when considered as a suppiy for 

plant growth. 
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DIb'CUSSI0.,3 

It was suggested in the introduction that measurable 

changee, associated with barnin and grazing, m.wi take 

place in the nutrient content of the system. It is clear 

from the experimental data that this is co. 	The following 

discussion is concerned with how these changes aiitct the 

total nutrient content of the aystem, with respect to 

individual elements 

The nitrogen content in both plants and soils is high, 

the maximuLA recorded being 2.517 for plant material and 1.96e6 

for the soils. The nigh nitrogen content of the sail may be 

attributed to the very slow release of nitrogen from plant 

litter, and its known tendency to build up in plant remains. 

It seems probable that the plant nitrogen is aimost entirely 

derived from nitrogen in rain water because there are no 

known nitrogen fixing plants ur organisms present in the 

system; leaf litter decays slowly and therefore does not 

provide large amounts of nitrogen for plant growth; and the 

acidity of the soil is not favourable for nitrification. 

Immediately after burning, in the absence of vegetation, the 

soil is the only part of the system present, and a drop in 

soil nitrogen content is equivalent to a drop in the total 



nitrogen content of the system. As the vegetation becomes 

established, soil nitrogen increases and so does plant 

nitrogen. Thus in order to increase the nitrogen content 

of the system it is necessary to establish the vegetation 

quickly. 

It has been shown (p. 51) that there is an important 

loss of nitrogen in smoke. The degree of this loss depends 

upon the temperature of the fire and therefore upon the age 

of the vegetation (p. 56). It has also been demonstrated 

that the yield of nitrogen in leaf material does not 

significantly increase after 10 years from burning. Thus 

as the yield remains constant after 10 years the loss of 

nitrogen in smoke should be proportional to the age of the 

vegetation. 

The soil data presented here show a significant loss 

in soil nitrogen for the first three years after burning. 

.There is no direct evidence to account for this loss of 

nitrogen, but it has been noted in the areas under consideratiot 

that erosion may take place in periods after burning. In 

addition to the possible loss by erosion, nitrogen may be 

lost by oxidation of the soil surface nitrogen. 

Nitrogen in the form of protein also constitutes a loss 

to the system when removed in the form of meat and wool. 
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This loss is approximately 650 mg./sq. yd. for a period of 

15 years, but the actual cropping effects of sheep grazing 

a 5 year old stand are equivalent to 500 mgs./sq. yd ./year. 

A proportion of the latter will be converted to urea, and 

nitrogen will be returned to the soil in a highly soluble 

form, which could be lost in leaching and runoff. 

It appears from the experimental data that the overall 

effect of burning every 10 - 15 years may be to reduce the 

nitrogen content of the system. The plant yield and soil 

content of nitrogen build up after 3 years from burning. 

There is no reason to suppose that these soils have under-

gone a depletion of nitrogen over a long period and are now 

being maintained at a low level. Indeed, it seems probable 

that because the potential losses of nitrogen from the system 

by burning, grazing and possibly erosion are so great, 

Calluna may act as a filter of the nitrogen present in rain 

water, the only apparent source of nitrogen. 

The total phosphorus content of the system is in the 

order of 50-100 mg./100 grams in both plant leaves and in 

the soil. The amount of phosphate present in leaves can 

be increased by the application of fertiliser (p. 44), which 

suggests that these soils are to some extent deficient in 

available phosphate. My data on the solubility of phosphates 
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in ached Cailuna leaves show that the ignition of plant 

material conserves phesphates by renderint theirs insoluble, 

the degree of solubility depending upon tho temperature of 

the fire. In spite of this effect of phosphate conservation, 

the total phosphate content of the soil shows a decrease for 

the first 2 years after burning, so that although phosphates 

are initially insolUble it is possible that they become 

solUble duo to soil action, This loss of phosphates in the 

early post fire years needs further investigation, 

It has been shown that the potential loess of phosphates 

from the system can be as great as the input from rainwater, 

Grazing particularly is a strain on the reserves. As a 

large part of the potential loss of phosphates Is from 

leaching of litter (80% of the phosphates being soluble 

within one month), - When the vegetation is present the 

phosphate content of the system should decrease, 	This does 

not happen, and suggests that the soil has some mechanism 

for the retention of phosphate. Prom the data presented 

herd it would seem that the soil does not behave in this 

manner, for iimoediately after burning the soil phosphate 

content decreases. This would imply that either the 

phosphate retention of the soil has changed due to bur wing 

or that the mechanism is associated with the rooting system 
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of the plant. 

It appears that the phosphate status of these soils 

under Calluna is a function of the nature of the plant 

litter• and the inadequate input of phosphates in rainwater. 

Burning may benefit the system temporarily by Immobilising 

plant phosphates but this effect in directly opposed by a 

decrease in soil phosphates after burning. 

Potassium is the major cation present in the plant 

material and with the exception of iron the major cation 

of the soil. Potassium and calcium have been used as an 

index of base-status or fertility- Elliot (1953) found 

that runoff waters from freshly burned plots contained 

larger amounts of calcium and potassium than from comparable 

unburned plots. Prom these results he suggested that 

burning causes a decrease in soil fertility. It has been 

shown here that, particularly with the hillside soils, there 

is a decrease in total soil potassium content with increased 

age of stand. While this evidence supports Elliot's results 

it is not supported either by my own less extensive results 

tor exchangeable cations (p. 72) nor by those of Whittaker 

(1960). The initial high level of potassium is presumably 

due to the release of soluble potassium in the soh. The 

subsequent decrease in total soil potassium may be due to a 
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variety of causes concerned with the solubility of potassium 

in litter and the physical nature of the coil after a fire. 

The supply of potassium in rainwater is sufficient to 

support the measured maximum yield of Calluna and to 

compensate for the losses occurring In smoke and the larger 

losses involved in leaching. Why then does the potassium 

content Of the soil not increase? it seems probable that 

the humus derived from Cal:Luna litter cannot retain a large 

proportion of the potassium supplied in rainwater. In this 

respect it has been shown that the more organic hillside 

soils have a mailer percentage of potassium and that Calluna 

litter can readily lose up to 30% of its potassium within 

one month 	If this is so, then the addition oi soluble 

Potassium from ash will be of nu benefit where re-estabilubment 

of Calluna takes up to 5 years. In this context burning 

Tray' bo considered to aggravate a poor potasalum-retaining 

system;  since each burn exposes a proportion of the potassium 

originally bound in the system to total loss by leaching. 

This point could be proved by an intensive study of the 

runoff waters present in the field system. 

Calcium is present in low concentrations in both plant 

and soil, the concentration in the soil being 1/16-  of the 

concentration found in the bedrock. no large amounts of 
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calcium are present in the vegetation at 10-15 years from 

the last burn, the firing of this vegetation should affect 

the soil concentration of calcium after burning. Even 

though there is a 20g release of calcium in a soldSle form 

from ash within .one month (p. 57), changes in soil calcium 

could not be detected over a period of 5 years from burning. 

After this period a rise in calcium content was recorded, 

probably associated with the increased yield of Cctlluna 

over the same period. 	my results have also shown that 

there is a greater loss of soluble calcium from leaf litter 

than from ached material. This may account for the apparent 

decrease in soil calcium after 10 years from burning. It 

has been demonstrated (p135 ) that the supply of calcium in 

rainwater is more than sufficient to support the maximum 

growth of Calluna recorded and exceed the maximum potential 

losses due to grazing and to leaching of solUole calcium from 

both ash and leaf litter.. As far as calcium is concerned, 

the system as a whole cahaot be considered an efficient rain 

filter because there is no significant change in the calcium 

content of the system. 

The total magnesium content of the plant material is 

three times as great as that in the soil. 	The concentration 

of magnesium in the soil should rise with the deposition of 
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ash after a fire. This effect has been demonstrated in 

fig. 3i 	My data indicate that burning does not at once 

effect the magnesium content of the system but the absence 

of vegetation cover, as a result of burning
I
tends to decrease 

the soil magnesium for up to 3 - 4 years after burning. 

After this period there lo a slow build up of magnesium in 

both soil and vegetutien. This increase would perhaps be 

intensified in the dbsenee of grazing since the young leaves 

are those which are grazed most heavily. The supply of 

magnesium from rain is in excess of any of the calculated 

losses and the evidenee suggests that the magnesium content 

of the system is increased by the presence of vegetation 

greater than five years old and that it is modified only 

slightly by burning and grazing, 

Iron is the predominant metal cation present in the 

valley soils where the proportion of inorganic particles is 

high. The concentration of iron approaches that found by 

Harry (1958) in rock samples from the same area. The 

concentration in the hillside soils is lower, being approxi-

mately equal to the concentration found in callpna leaf. 

Iron is noL lost from ash, from fresh litter or,  from the 

ignition of plant material. 	It therefore seems that the 

iron in the soil which is derived from plant material remains 
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near the soil surface and cycles slowly within the system. 

The results for the changes in soil iron content with time 

of burning are so heterogeneous that they furnish no 

evidence for trends within the system 

Billet (1953) suggested that sporadic fires have led 

to a greater decrease in soil exchangeable cation level 

than controlled burning every 10 - 15 years 	It has been 

shown that the temperature and duration of fire is proportional 

to the age of the vegetation, and also that the release of 

soluble potassium and calcium from the ash deposited is 

increased by the increased temperature of the fire. This 

evidence suggests that burning every 20 - 30 years might 

cause a greater release of potassium and calcium than burning 

every 10 - 15 years. However, as the age. of the vegetation 

increases its dry weight yield per unit urea is also 

increasing while the concentration of various nutrients in 

the dry weight of o:Lant material is decreasing. Therefore, 

although the percentage release of potassium and calcium 

may be highest in old 041una, the actual amounts released 

may not vary greatly with age, The extent of this modifica-

tion cannot be calculated on the cresent data because of the 

absence of dry weight yields and analysis from Cu hung of 

20 - 30 years of age. 
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The maximum losses expected from the ignition and 

leaching of plant material have been estimated (p 85 ) and 

it has been shown that the supply of nutrients in rainwater 

is sufficient in most eases, except phosphate, to replenish 

these losses and to support the maximium yield of Oalluna, 

As the supply of the nutrients)  other than phosphate, in 

rainwater is relatively large the losses to the system must 

be almost equally large because there is no evidence of a 

constant 'build up of nutrients within the system, with the 

exception of nitrogen,. 	Thus, mature Oall,um.. may be 

inefficient in trapping the supply of most nutrients in 

rainwater. 	It has talcs been demonstrated that the yield 

of dry matter can be increased by the applicw.tion of 

fertiliser. 	In consequence the grazing intensity could be 

increased in these areas if fertilisers were applied. 

It seems probable that the pc?or fertility of Oalluna 

dominated soils is due to several factors, perhaps the most 

important one being the nature of Oalluna litter, As 

Smith (1905) has indicated:  the parent material upon which 

heather becomes dominant in this area has a poor potential 

supply of plant nutrients, The evidence presented here 

strongly suggests that burning may cause directly a loss 

of nitrogen in smoke, a lads of calcium and to a greater 



— 97 — 

extent potaesium frog nub, aLl tendiha to :leare.de the 

ny9teia. 	On the otier hand burnine, VA:1;i  tek:ipors3:11;,• arrest 

the loss o1 p:loc,.hate froil the syste. Li41(1 tilW3 to so.:e 

extent be beneficial 

One result of Isirilina is u period oi siAirtic vleult 

cover which for almost every nutrient is arscoclated with e 

drop in the eoil ooneentration 	ne there It little 

vegetation prezent in the early sta_es after burning, those 

losses in soil nutrients crest represent u total loss to the 

syete.3, enpecially by leae.hli 	'o.,.e part of tnie loss 

Liay be due to crosloa and runofr a facet of the wor-z 

need1s4; further laves tigatlon. 	Gru,.zin6. is considerable 

potential loss to the zwstem directly in the case of onleitia 

and phosphorus and indirectly perhaps, in the case of 

n1troaen in the form of soluble urea 

There is a need for further study upon the problems 

4iesociatect 	irtoor rinneL-s,T.-tent 	If the syste,i it to be 

laaintained in its pre!.;ent form then the ‘34.)et effective 

1::,proveJnent 13.)uld be made lomed.iately after burnini 	It 

is essential that coml, lete around cover be estab.1;.i.sned as 

soon as possible 	The reiloval of „,rLzing in the early 

uttee or re,.;•neration should ;.r eed ti.is. 	;L'nere are 

alrcad; 	tiont that this is the 	 vienta 
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observations of the fenced c..ress (fig 13). 	This section 

of the work is expected to yield valuable results over e 

lenEer period of time. 

For long term land Improvement it is suggested that 

plants more efficient in trapping the nutrient supply in 

rain might be introduced to heather moors. 	Dirbleby (1953) 

has su4,;ested thrA birch would be suitsble for improving 

this type of soil. 	Ovington A963) quotes Russian data 

(Smirnov: and GoroCentseve 1968) which show the annual 

uptake of birch to be high colq)ared with other tree species 

especially in the case of phosphorus. 	Eriksson (1953) 

suggested that spruce or pine forest is the most effective 

device from the accretion of atmospheric salts. 	In this 

context Madgewick and Ovington 4959) and Tamn (1953) have 

shown the concentration of nutrients precipitated below 

forest canopies is greater than that over open ground. 

Perhaps the selective planting of trees in the region of 

oors would improve the general nutrient status of the moor. 

If the trees were planted on the top slopes of moorland 

areas, the forest might act .s an st.dospheric filter and 

release nutrients down the slopes to maintain the moor in 

a higher state of fertility and productivity 
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pukilmAgY 

The.EffeOts of...purniNLand Grazing_uponthe Nutyient 

§tatus ofjimther Moorland 

The work has oonsieted. of the measurement of Processes 

connected with the narmal management of grouse moors in the 

Glen Clove area of. d stus. 

The problems. associated with burning have been summarised 

together with the remits of previous work. 

The geology and topography of Glen Clove. have been 

described briefly, and the vegetation of the Rottal area of 

the glen har been described in detail with respect to. the 

particular, 	parts under consideration. 

A method of ring counts has been used to define the age 

of galluplA stands. 

The methods used for analysis of mineral nutrients have 

been described. Ono method, Atomic Absorption SpectPoscopy, 

has reauired extensive calibration and has been described in 

more detail. 

It has been shown that the temperature and duration of 

heath ax,es depends upon the age of the vegetation. 

The temperature and duration of a dire determined the 

loss of nitrogen in the form of smoke. 
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The temperature of a fire has been shown to affect the 

solubility of nutrients in ash. Increase. in temberature 

Caused a greater release of soluble potaseaxm and calcium, 

but a decreaso in soluble phosphate, The release of mineral 

nutrients from Calluna leaf litter has been compared with 

that from ash. 

Experiments were instigated to measure the effect of 

grazing upon the yield and mineral Content of Callung, the 

greatest effect being found 5 - 1.0 years after burning. 

The addition of 04:Zed fertiliser to some of the stands 

was found to increase the yield and nutrient content of the 

leaven of Calluna. 

Coil samples from 22 stands of Calluna were analysed in 

November each year, for three yearn, and the total content 

of nitrogen, phosphate, potassium, magnesium, calcinft and 

iron estimated. In the first instance. other analyses 

including pa, conductivity,' organic carbon and mechanical 

analysis 'were performed. in order to distinguish between. the 

two soil types present. Zignificant changes in the nutrient: 

content of the soils have been discussed. 

i balance sheet of the losses' and gains to the ecosyptem 

was prepared to indicate the changes in.mineral nutrients. 

it has been calculated that the potential losses of individual 
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nutrients,by leaching, ignition and grazing could be 

replaced over a period of 15 years from rainwater, with 

the exception of phosphate which is only prosent in small 

vantities in rainwater. 

The implications' Of the results have been discussed. 
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APPENDIX 1 

A comparison  of rock and  soil ana4pia from Glen Clova 

Element 5 Roole 

Sample 
% Soil (Haximum) 

Po0v  o 0.07 0.09 

N.0 1.92 0.91 

Fe° 1016 3.77 

Ye0 6.20 

Mg() 1„42 0 

Ca0 1 88 0,32 

Harry (1958) 
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Species list for the valley and hillside 

Valley 

Calluna vulgaris 

Erica cineree 

Vaceiniuu myrtillus 

Carex pilulifera 

Luzula multiflora 
Galium suxatile 

Potentilla erects 

Lycopodiurn clavatum 

Poe pratensis.  
Nardus stricta 

Deschampsie flexuosa 

Pestuca rubre 

Hypnum cupre.ssifonne 

hylocomium splendens 

Rhytidiadelphus squarrosus 

Polytrichum juniperinuic 

Dieruntua ocoparium 
Pleuroxitun echreberi 
Thuidivai taiaariscinum 
Cladonia spp. 

Hillside 

Cellune Vulgaris 

Erica cinarea 

Erica tetralix 

Vacciniummyrtillus 

V. vitis-idaea 

Empetrum nigrma 

Carex pilulifere 

Luzula multiflora 
Helium sexatile 

Potontilla erecta 

Nerdue stricta 

Deschampsia klexuosa 

Pestucs rubra 

Festuce ovinu 

Hypnum cupressiforme 

Hylocomium apiendens 

Rhytidiadelphus squarrosus 

Polytrichum-juniperiama 

Leucobryum glaucum 

DieVallt114 scopt.lriwa, 
PleurOziom aChrebori 
Thuidium tamariacinum 

Cladonia app. 
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Determination of Total Nitrogen  in Plant and Boil  

Samples 

Modified from Jackson (1958) p. 183. 

Reagents  

1. A.R. concentrated sulphuric acid. 

2. Catalyst: a mixture of 20 grams CuSO4, 3 grams Mg° 

and 1 gram Se powder 4- 480 grams potassium sulphate. 

3. 4% solution of boric acid Bromocresol green as 

indicator. 

4. 0:01 N. solution of H01. 

5, A concentrated solution of NaOIl. 

Procedure  

(a) Soil 

1. A. weighed sample of finely ground soil was transferred 

to a Kjeldahl digestion flask. The sample weight depended 

upon the organic content of the soil: 0.2 - 1 gram of 

Organic soil and 2.0 - 5.0 grams of inorganic soil. 

2. To the soil sample were added 5 mls. distilled water, 

3 grams catalyst and 5 mis. concentrated sulphuric acid. 

This was then mixed by gentle shaking and allowed to .soak 

for 30 minUtes. 
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3. The mixture was heated slowly for 30 minutes and the 

heat increased until the acid condensed one third of the 

way up the digestion tVbe. 

4. The digestion was continued. for one hour after the 

digest had cleared and the solution slowly cooled. 

5. The digestion was then cooled in an ice bath and the 

sides of the flack washed down with a little distilled 

water. 

6. Concentrated. Na011 was added to the acid digest very 

slowly (drop by drop) and the solution kept in iced 

conditions. Excess Ne01f was added to make the solution 

alkaline and the sign of the alkalinity was the formation 

of a red precipitate of ferric hydroxide or the formation 

of a blue compound of copper. 

T. The alkaline digest was shaken to mix it,. a piece of 

zinc added and the flask connected to a steam distillation 

unit 

8. The distillate was collected for le minutes in 25 mis 

of 4 boric acid containing bromocresol green indicator. 

The endpoint was a green colour, the solution was blue in 

alkali and red in acid. 

9. The ammonia distilled over was then back-titrated to 

the green endpoint with N/100 1:1C1. 



10, The process was repeated using nitrogen-free sucrose 

as a blank. 

(b) Pleat material  

The Precess• is similar and the finely.  ground plant 

material was treated as highly organic soil. The digestion 

in this case however did not leave a largo inorganic residue 

sad the steam distillation could be carried out in a Markham 

distillation unit where the time required for distillation 

is only A minutes. 

It was found that lb minutes distillation was 

necessary for the complete distillation of ammonia 

with the unit (see Table 1 ). No similar calcula-

tion could be made for the Markham unit where the 

ammonia distils over in the first 2 minutes, The 

rate of distillation was too rapid to measure in 

this ease. 



Tabl  

glixe0;. O distilj.ed fo2.15 millutoja 

Time 3.11 
Ainuteo 

Volume of Acid uoed 	mlo, 

Oumple i 	Sample 3 
1 17,0 17.7 9.0 0.0 

2 21,9 22.0 14,0 16.0 

3 27.0 20.0 18.0 10.0 

5 03.0 32,5 22.8 20,0 

10 38.8 09,1 29.0 29.1 

15 40.1 40.0 .5 32.6 

vi - 



Fig. Ao 	',:nti17ntion unit for Ortc,rmination of 

nitrorpn content of :oil eamplee  
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Si ppm. 

Table 2 . Standard curve :ror 12ota00i144 

Average Seale Reading 

1 3.0 3.0 2.7 3.0 2.7 2.9 

2 6.0 6.0 5.5 5.0 5.0 5.5 

5 14.7 15.5 16.0 14.2 14.7 14.7 

10 31.0 30.0 29.5 29.2 29.0 29.55 

20 54.0 54.0 54.0 53.0 54.0 54.0 

30 72.0 72.0 73.0 72.0 72.0 72.6 

40 89.0 90.0 39.0 90.0 89.0 09.7 

50 100.0 100.0 100.0 100.0 100.0 100.0 

Table 3. __Standard_eurve for wagnesiva 

yom mg 
	

Seale Reading 	 Average 

0.5 .003 .078 .084 .079 .084 .032 

1 .166 .153 .162 .155 .160 .163 

2 .323 .306 .303 .304 .315 .309 

3 .439 .416 .402 .422 .414 .405 

4 .552 .510 .483 .516 .498 .504 

5 .556 .553 .534 .574 .554 .554 

10 .790 .774 .769 .792 .764 .781 



Table 4 	Standar4 curve for phosphorus  

ppm P 
	

Scale Reading 	 Average 

1.0 .020 .021 .020 .020 .021 .020 

2.0 .034 .034 .033 .035 .034 .034 

5.0 .081 .078 .078 .078 .077 .0785 

10.0 .153 .153 .153 .152 .152 .152 

20.0 .306 .309 .310 .310 .310 .309 

30.0 .422 .425 .423 .452 .424 .424 

40.0 .495 .496 .497 .495 .494 .495 

ipm iron 

Table 5,. Standard curve for iron 

Average Scale Reading 

5.0 .055 .059 .058 .060 .060 .058 

10.0 .093 .093 .098 .098 .098 .098 

25.0 .255 .265 .272 .272 .272 .268 

40.0 .330 .333 .327 .330 .330 .330 

50.0 .400 .408 .402 .402 .402 .403 

75.0 4505 .504 .500 .501 .504 .503 

100.0 .600 .595 .595 .590 .595 .595 

The scale readings for each of these solutions were 
then obtained using a wavelength of 2483A, a current of 
29mA and a slit width of .25 mm. Por wavelengths below 
4000A a silica prism was used. 



Concentration 
of M6304  

Absorotion at phosphate concentrations of 

5 p.p.m. 	20 p.p.m. 	50 p.p.m. 

2,000 p.p.m. .174 .19 .164 

3,000 9.p.m. .182 .173 

4,000 p.p.M. .165 .170 .148 

5,000 p.p.m. .160 .149 

6,000 p.p.m. .146 .149 .141 

8,000 p.p.m. ,144 .144 .140 

10,000 n.p.m. .141 .141 .140 

Table 7 The effects of magnesium sulphate concentration 

upon the absorption of calcium at varying 

concentrations of phosphate. 



ppm.Ca. 

Absorption at phosphate concentrations. 

No P.added 	20.ppm.P 	50ppm.P. 

2 .006 .007 .008 

4 .014 .012 .012 

5 .021 .019 .018 

10 .042 .039 .038 

20 .072 .069 .070 

30 .103 .100 .100 

50 .140 .140 .138 

Table 7.  The effects of ached phosphate upon the 
standard curve for calcium  . 



1). i).1 	Ca 
solution 

Seale Readings Avorage 

2 .006 .006 .006 .006 .006 .006 

4 .013 .013 .016 .014 .013 .014 

5 .020 .019 .022 .023 .019 .021 

10 .040 .040 .044 .043 .039 .041 

20 .072 .072 .072 .074 .074 .073 

30 .102 .102 .1015 .098 .102 • .102 

40 .118 .113 .118 .118 .124 .119 

50 .140 .140 .140 .140 .140 .140 

Table.8. Standard curve for calcium. --,---- 
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Table 9 . A comparison of the estimation of iron bar 
on 

Atomic Absorption Spectroscopy  and coimetric methods lc 

Sample No. A.A.S. 
P.P.m. 

colorimeter 
colour 
A.A.8. 

286 	1 25.8 18.5 63.9 

ii 47.0 35.1 74.6 
7 	1 66.2 65,1 98.3 

ii 63.0 00.0 95.4 
272 	i 49.8 47.0 95.4 

ii U2.4 51.0 98.2 
392 	i 31.0 01.0 100.0 

ii 64.8 34.8 100.0 
349 	i 25.8 25.1 97.2 

ii 21.0 16.6 Mb 

308 	i 6.5 4.5 69.3 

ii 3.2 5.5 67.6 

325 	i 23.5 22.3 94.0 

ii 88.5 27.5 06.8 

354 	i 35.4 35.0 98.8 
ii 32.2 23.5 88.5 

351 	i 11.5 6.6 56.6 
ii 24.1 14.1 60.5 

17 	i 48.0 43.8 91.2 
ii 42.5 41.6 97.2 

69, 1 28.0 26.5 92.9 
ii 20.5 14.6 71.2 

394 	i 66.5 66.0 99.2 
ii 66.5 61.0 91.7 

(Duplicate samples do not contain equal weights of soil) 

'Aean readings: A-A.8. rr, 00.8 Colorimetric = 30.12 



Statistical estimation of Correlation Coefficient 

( XY)  r2 0 0 

Where 

X. deviation from the mean, ppm Ye for Atomic 

Absorption Spectroscow, 

deviation from the wean, ppm Fe for colori-

metric. 

r= correlation coefficient. 

the QUM CA' particular characters. 

For the correlation of the two metro de for the estimation 

of Iron 
(7746r  

7861 x 8276 

7746 
4-  - 7783 

r = 0.9c.)6 
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Thble '10 

Nutrient content of qrazed Stank iig /100 grams 

	

Ago in 
	 Oalluaa 

	

Yeava 	Lear 	Utew 

0 - 	1 175 172 186 189 115 117 
167 190 120 

130 131 46,0 46 100 100 
V 132 46.0 100 

f-4 10 - 11 120 120 75.0 76 
120 77.0 

13 125 120 60.5 60 
115 59.0 

0 -1 150 152 53.7 53 125 130 
135 52,3 130 

0 Li - 84.0 04 32.5 35 67.0 66 
.ri m 04 0 37.5 65.0 

(1) 

to ° 
o 

rZi 

10 -- 11 2113 
205 

210 60.0 
60.0 

GO 

15 207 200 64,0 65 
193 66 

O - 	1 190 190 93.0 91  135 133 
190 69.0 130 

5 - 	5 00.0 78 60.5 60 60,0 60 
0 75.0 59.0 CO 0 
14 10 - 11 46,0 46 4(.)(,) 40 

46.0 ,10.0 

15 59.0 08 74.5 74 
67.0 73.6 



- XV - 

Nutrient content of Grazed Stands n•  

Stem 

910 	0.905 
900 

./ 00,,gramz  

Grasses 

1644 	1637 
1030 

in 
Years 

0 - 	1 

CallumAge 

teat' 

1950 
A.900 

o5 -.6 1709 1659 680 0.886 1595 1693 
o 1609 892 1091 
P 
+2 
ri 10 - 11 2.436 1418 861 0.861 

1400 801 

15 1348 1344 406 0,399 
1040 392 

0 - 	1 98.o 99.2 44.0 44.0 135 135 
100.2 44,0 135 

0 
44 al 5 - 	6 /02,0 101.0 27.0 26.0 105 101 
A 100.0 25,0 97 
PJ 
0 
0 
A 10 - 11 07.5 07,0 47.3 46.2 
ol 06,5 46.1 

15 59.4 58.7 23.0 22.5 
58.0 22.0 

0 - 	2. 529 539 175 173 1156 1079 
549 171 1002 

g ,--) 
ta 
ri) 

6 670 
675 

668 170 
170 

178 620 
625 

622 

44
CJ  

o 
10 ''. 11 365 

345 
555 252 

240 
240 

10 520 523 214 207 
520 200 



Table 11 
Nutrient dontont of Unprazed Stands mg./100 gvalus 

Age 1n 
Years 

aalluna 
Lear 	Stem 

Grasses 

o o m (.., 

t.-7, 

0  4.3 o 
a, m 
x1 
N 
g 
TA Z m 4.,  
0 11., 

0 0 .41 
0 r-i o 
0 

0 0 
"4  
?) 

:1 

g 
;.1 0  
H 

0 

5 

10 

0 

5 

10 

0 
5 

10 

0 

5 

10 

0 

5 

10 

0 

5 

10 

- 	1 

- 	6 

- 11 

- 	1 

- 	6 

- 11 

- 	1 
- 	6 

- 11 

1 

- 	6 

11 

-. 	1 

- 	6 

11 

1 

6 

- 11 

2500 

1364 
1310 
1410 
1370 
936 
890 
109 
105 
96.8 
93.6 
830 
853 
535 
355 
468 
450 
201 
187 
193 
187 
185 
183 
347 
341 
172 
172 
191 
203 

93.0 
92.5 
00,5 
29.5 
64.5 
57.5 

4,* 

xi
164.0 

2509 

1537 

1593 

910 

107 

96.2 

844 

545 

459 

194 

190 

104 

044 

172 

190 

93 

30 

60 

2518 1510  
1015 
1045 
560 
506 
871 
091 
35.8 
38.2 
01,8 
43,2 
15,0 
15.0 
200 
222 
255 
238 

262 
61.0 
65 0 
63.0 
63.1 
72.5 
79.5 
59.0 
59.0 
58.5 
50.0 
66.0 
70.0 
120 
113 
96 
84 
40 
40 

1030 

553 

861 

57.0 

50.0 

15.0 

211 

256 

251 

63 

65 

76 

59 

57 

09 

119 

90 

40 

1400 

905 
961 

132.0 

06.4 
84.6 

625 
625 
649 
800 

138 
134 
120 
126 

194 
186 
102 
100 

113 
118 
32.7 
31.3 

1480 

950 

133.0 

05.0 

625 

844 

136 

123 

190 

101 

113 

32 



xvli 
Table 12 

,g3,44.e.p.t,sontent! 2e.rtliisediatgamip rgz,/100  atuus 

	

Ago in 
	 Calluna 

	

Years 	 Stem 	Grasses 

Nitrogen 
O - 1 1900 	/911 1820 	1760 	1030 	1015 

	

1922. 	1700 	1000 

	

5 	1667 	1677 560 	560 1183 	1185 

	

1687 	500 	1183 

Phosphate 
O - 1 	141 	141 35.1 	36.2 	176 	176 

	

141 	37.3 	 177 

	

5 	140 	141 28.0 	28,7 121 	111 

	

142 	29.2 	 101 

Potassium 
O - 1 	670 	645 	180 	190 	1180 	1195 

	

620 	200 	1210 
670 676 96.0 07 750 754 

	

662 	98.0 	 738 

Calcium 
O - 1 	140 	140 67.0 	69 	78 	75 

	

159 	71.0 	 72 
121• 119 50.5 51 58 58 

	

117 	51.5 	 58 

Magnesium 
O - 1 	206 	214 70.5 	70 	112 	110 

	

222 	69.0 	 108 
244 244 54.0 53 101 100 

	

263 
	

52.0 	 99 

Iron 
O - 1 	,170 	366 62.5 	60 	200 	220 

	

542 	57.5 	 2410 

	

S - 6 73.5 	73 67.5 	87 	56,0 	52 

	

72.5 	86.5 	49.0 



Treatment of leaf 
Time of 
Sampling Fresh 5000  0. 500°  0. 700°  0. 

R _W. 7,  ,..v. R Lv. R Av. 

10.0 10.15 4.75 4.78 6.63 7.68 2.62 2.56 
3 days 

10.3 4-80 5.63 2.50 

20.5 21.1 5.27 5.27 3.42 4.09 1.37 2.09 
5 days 

21.7 5.78 4.75 2.81 

12.0 11.5 2.30 2.30 1.51 1.50 1.10 1.30 
7 days , 

11.0 2.30 1-47 1.10 

7.50 7.83 4.90 4.90 1.00 1.00 1.00 1.05 
21 days 

3.25 4.90 1.00 1.10 

Total= 50.6  17.2 14.1  1.2 

Table  13 	Phosphate content in mg./100 g. of the leached solutions 



5.1 4.35 2.6 2.8 3.6 3.45 4.8 5.3 

3.6 
	

3.0 	 3.3 	 5.3 

26.65 	 17.5 17.3 	21.65 

    

Treatment of leaf 
Time of 	 0 Sampling 	Fresh 	300 C. 	500 C. 	700°  C. 

P 	 207. 	P 	AV. 

5.1 5.45 	5.5 	5.3 	3.0 4.40 	4.30  5.45 
3 days 

5.3 	 5.1 	 5.8 	 6.1 

10.0 10.15 

11.3 

5.8 5.6 	3.6 3.6 	6.45 5.95 

4.4 	 3.5 	 5.5 
5 days 

7 days 
5.1 6.2 	4.3 4.6 3.6 4.35 5.1 4.95 

7.3 	 4.4 	 5.1 	 4.8 

24 days 

Total = 

Table VI_ Calcium content  in mg./100 g. of the leached solution 



Time of 
Sampling 

3 days 

5- fieys 

7 days 

24 days 

Fresh 

R 

6.76 

7.10 

6.52 

5.71 

6.15 

6.50 

4.30 

5.72 

Av. 

6.93 

6.11 

6.33 

5.26 

Treatment of leaf 

300°  C. 	500°  C. 

P 	Ay. 	R 	Ay. 

	

8.00 	8.16 	8.52 	8.57 

	

8,32 	8.62 

	

7.30 	7.40 	8.42 	8,42 

	

7.50 	8.L2 

	

7.45 	7.50 	3.32 	8.39 

	

7.50 	8.47 

	

7.50 	7.52 	8.38 	8.39 

	

7.54 	8.40 

700° C. 

R 	AV. 

	

8.38 	8.48 

8.58  

	

3.34 • 	8.36 

8.38 

	

8.40 	8.39 

8.38 

	

8.50 	8.40 

8.30 

Table 15 	 pH of the leached_solutions 



Time of 
Sampling Fresh 

Treatment o ley 

300°  0. 	500°  C. 700°  G. 

ayS 

5 days 

P 	 Av. 	R 	Av. 	R 	Av. 	R 	Av. 

16.8 18.0 23.1 19.2 132 123 169 172 

19.8 	 15.8 	115 	 160 

4 .0 
5 35.0  30.7 66.5 65.2 86.5 77.0 

53.0 	26.5 	64.0 	67.5 

27.5 27.5 33.5 24.0 26.0 28.2 26.0 24.0 
7 days 

27.5 	14.5 	30.5 	23.2 

17.2 17.7 23.4 
24 days 

18.2 	 14-9 

Total =  

22.0 21.7 17.2 16.3 

19.3 	15.4 

93.1 	273.3 	292.1  

Table 16 	Potassium content  in mg./100 g. of the leached solution 



Time of 
Samplinz Fresh 

R 	Av. 

26.5 	24.1 

Treatment o leaf 	\ 

300°  0. 	50O 0. 

R 	Av. 	R 	Av. 

13.25 	12.9 	9.0 	9.2 

700°  O. 

R 	Av. 

6.2 	5.8 
3 days 

21.75 12.5 9.5 5.3 

25.0 25.0 10.0 12.0 10.3 9 5 7.5 7.25 
5 days 

14.0 9.0 7.0 

15.0 45.o 7.1 7.75 7.0 6.5 5.5 
Jam 

15.0 8.4 6.0 6.0 

24 days 

Total = 

Table 17 

	

24.0 22.0 	0.3 1.15 11.4 11.5 14.5 20.2 

20.0 	 1,5 	11.5 	26.0 

	

36.1 	 39.2 

Magnesium content of leached  solutions in mg./100 g. 

  



Treatment of leaf 
• Time of 

Sampling 	Fresh 	300°  C.% 	500°  C. 	700°  C. 

	

R. 	A. 	il s, 	Av. 	R 	Av. 	17 	Av. 

107 114 126 115 460 435 620 640 
3 days 

	

121 	 104 	 410 	 660 

5 days 

7 days 

220 	• 240 	140 	134 	230 	268 	380 	340 

260 	 128 	 255 	 300 

147 	141 	158 	128 	170 	168 	184 	172 

135 	 98 	 165 	 160 

13.3 	132 	142 	117 	152 	142 	160 	153 
24 days 

134 	 93 	 132 	 156 

Total.= 	 121... 	=2 

Table 18 	 Conductance (mhos) of the leachate solutions 



Treatment of leaf 
Time of 
Sampling 	Fresh- 	300°  0. 	33" 0. 	700°  0. 

3days 

5 days 

7 days 

R 	Av. 	P 	Av. 	P. 	Av. 	n J.,. 	Av. 

12.6 12.55 5.40 5.30 4.00 4.00 4.10 4.12 

12.5 	 5.20 	4.00 	4.14 

29.0 30.5 	2.3 2.40 

32.0 	 2.5 
iti 

25.1 25.1 26.2 26.2 4.50 5.00 5.0 5.1 

25.1 	 26,2 	5.50 	5.2 

24 days 

Total 
	

58.15 	33.8 	2,2 	9.2 

Table 19 	Ammonium content of leached solution in mg.11. 0 
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X1LV 

Nitrogen of ash or leaf 

mg./100 g. 	Av. 

951 

	

1014 
	

1011 
1070 

947 

	

940 
	

949 
958 

714 
752 
752 

56o 
570 
540 

1496 
482 
459 

245 
262 
218 

Duration of 
temperature 

Plank 

1 minute 

2 minutes 

3 minutes 

5 minutes 

10 minutes 

739 

555 

479 

242 

,11 lees 

27 

45 

53 

76 

Table 2Q The effect of duration of  temperature  upon 

the less of nitrogen in smoke at  550°  0- 



Treatment Loan on ignition Nitrogen 
mgW 

100 E,r 	loss 

Potassium 
mg./ 100 11, 	Av. loss 

965 i84 
Blank 1006 982 170 171 

975 160 
30.4 899 164 

3C00 O.  33.0 30.5 876 889 7.6 164 166 2.9 
28.0 891 170 

40.9 763 163 
400o  0 37.1 42.8 748 753 21.8  165. 164 4.1 

53.2 747 163 
66.2 639 165 

500°  C 72.9 69.2 619 634 34.1 161 164 4.1 
70.6 644 168 
81.1 345 158 

600°  C. 80.8 80.5 347 351 63.6 1514. 156 3.8 
79.6 360 157 

70e 0 . 
84.4 
84.0 84.5 

245 
255 250 .74.6 

140 
141 143 17.0 

85.0 250 147 

800° C. 
88.6 
85.7 87.5 

215 
207 213 79.9 

134 
130 137 20.5 

88.2 217 146 

Ta-o1e21  abss of nutrients on ignition for  a_minutes at different temperatures 



Treatment 
Phosphate 

mg,(100 g. Av. 	% loss 

Iron 

mg,(100 g. Av. 	% loss 

39.0 

	

40.2 	39.9 
40.6 
40.8 

	

37.2 	39.3 	a.6 
39.3 
37.6 

	

37.8 	37.9 	5.1 
33.3 
29.71 

	

34.9 	29.8 	25.4 
27.2 
34.4 

	

30.1 	30.4 	23.1 
29.7 
27.4 

	

25.0 	26.6 	33.4 
27.5 
26.6 

	

24-3 	26.5 	33.6 23.5 

Blank 

3000 

400°  0. 

5oa° G. 

600°  

7000  0. 

aoo° 0.  

41.8 
42.6 
42,4 
43.0 

42 
42.

.66 
42.1 
44.5 
42.3 
39.8 
41.0 
41.0 
39.6 
40.0 
39.2 

42.4 

42.6 

	

42-4 
	0.8 

	

40.6 	4.5 

	

39.6 	7.0 

	

38.1 	10.0 

	

39.7 	6.8 

Table 22 	
Loss of nutrient on ignition for 5 minutes at different temperatures 
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Table-2 	 Nitroi4en Contunt 01 Soilo 

Stand 	 Sampling Date 

1950 	 1961 	 1968 

%age Ave, %age Ave. %ago A70. 

	

.4. 9 1.50 	 0.94 	 1.37 
1.45 	 0.05 	 1.39 

	

1.40 	 0.96 	 1.41 

	

12 4 1.54 1.10 	 1.09 
1.56 	 1.48 	 1.09 

	

1.57 	 1.19 	 1.09 

	

10 lA 1.46 1.27 	 1,05 i.8 	 1,27 	 1,08 

	

1.60 	 1.27 	 1,10 

	

12 0 1.44 	 1.55 	 1.27 1.46 	 1.55 	 1.30 

	

1.40 	 1.55 	 1.38 

	

2A 	li- 1.00 1. 	. 101 01 	 1.01 	_ 

	

0.98 	 1.01 

	

3.4 17 1.41 	 0.96 	 1.01 
1.42 	 0.96 	 1.02 

	

1.42 	 0.99 	 108 

	

373 0 1.91 	 1.38 	 0.60 
1.96 	 1.41 	 0.57 

	

2.01 	 1.43 	 0.54 

	

50 6 0.66 	 0.97 	 0.99 

	

0.74 	 0.99 	 0.99 

	

0.00 0.98 	 0.99 

	

4A 15 1.64 	 1.54 	 1.30 

	

1.66 	 1.26 	 1.22 1.64 	 1.31 	 1.26 

	

42 0 1.49 	 1.20 	 1.46 1.47 	 1.26 	 1.51 

	

1.40 	 1.29 	 1.54 

	

40 	li 1.13 	 0.57 	 1.30 
.0 1.1 	0.65 	 10541 	 0.57 	 1.62 11.  

	

SA 12 1.26 	 0.84 	 1.q2 1.29 	 0.86 	 1,32 

	

1.34. 	 0.88 	 1.32 

	

513 	1 0.92 	 0.88 	 0.90 0.95 	 0.93 	 0.91 

	

0.98 	 0.99 	 0.92 

	

50 	14 1.36. 1.34 	 1.52 1.87 	 1.26 	 1.51 

	

1.38 	 1.29 	 1.80 

	

62 0 1.4A 	 1.24 0:91 

	

1.50 	 1.451 	1.27 0.92 	0.91 

	

ah 12 0.78 0.79 	 0.63 

	

0.91 	 0. 79 0.85 	 0. 	0.59 

	

79 	 0.61 

	

62 2 0.58 	
0.47 

	

0.54 	 0.49 0.58 	'0.454 	0.54 	 0.46 0.56  

	

60 5 0.55 0.61 	 0.65 0.48 	 62 0. 	 0.58 

	

0.41 	 0.645 	 0.55 

	

7A 10 0.56 0.60 	 0.60 
0.82 0.54 0.67 0.58 0.60 0.60 

	

713 0 0.88 0.68 	 0.58 

	

0.88 	0.86 	0.60 	0.61 0.64 	0.56 

	

SA 15 0.42 0.40 	 0.45 

	

0.A2 	 0.43 	 0.45 

	

0.42 	 0.46 	 0014 

	

813 0 0.44 0.44 	 0.40 
0.48 0.46 0.44 0.44 0.44 0.42 



1961 
	

1963 

Ave. 	 Ave. 

156 

104 

138 

131 

1227 

785 

215 

685 

410 

708 

375 

302 

224 

224 

50 

1820 

1607 

1620 

1640 

1412 

1465 

1757 

150 
164 
105 
105 
133 
145 
129 
132 
1162 
1274 
711 
079 
215 
215 
661 
708 

200 
250 
103 
104 
130 
180 
140 
140 

424 
412 
696 
722 
338 
412 
270 
629 
266 
215 
824 
224 
236 
224 

1830 
1810 
1600 
1614 
1800 
1840 
1620 
1660 
1473 
1336 
1513 
1354 
1809 
1715 

215 

103 

130 

140 

260 
676 
720 
200 
214 
920 
990 
400 
400 
500 
450 
272 
258 
196 
196 
250 
220 
1575 
1490 
1360 
1952 
1550 
1550 
1390 
1470 
1305 
1425 
1675 
1375 
1610 
1610 

780 
780 760 

260 

698 

207 

955 

400 

475 

265 

106 

295 

1532 

1902 

1550 

1430 

1375 

1375 

1610 

- 

ab1e 24. Pe Contcnt o1 Soils (mig„/100 grams) 

Stand Age 	1960 

Ave 

1L 166 165 
160 

L13 4 102 100 
'90 

10 14 142 /31 
129 

133 	0 	165 	160 

2A. 	1fr 1020 1025 
1030 

3A 17 590 676 
533 

BB 0 345 347 
4'49 

30 5 616 616 
616 

4A 15 36 310 
294 

4B 0 8800 036 
73 

40 	666 	365 366 
5A 12 568 549 

501 
513 	414 	419 425 
50 1z 187 181 

173 
53) 0 652 316 

280 
6A 18 1408 1425 

1442 
613 	2ti 1668 1942 

2246 
GC 3 1666 1515 

1373 
7A 10 1335

1491 1668 
713 0 1313 

1517 1446 
8A 15 1580 1580 

1600 
813 0 1643 1642 

1642 



`Cable: 25 Total PhosDhate  Content of  Solla (i421./100  f- rame) 

Stand Ago 	1900 	 1961 	 1963 
AVO,, 	 Ave. 	 Ave. 

40..7 
10 	.4 69.6

. 2 	75.6 8:L 
1:0 0 80.9 .82.6 

24 	95.9 98.0 90,1 
SA 17 36.9 80.0 

73.2 
513 0 96.0 90.4 

55. 4 
30 8 51..0 50.5 

30,0 
4A 15 54.2 54.9 

55.7 
0 91.7 96.6 

101.7 
40 	1i!T 2c  .).6 	48.6 
54 12 98.5 100.3 

102.5 
51-3. 	iq 82.2 	50.1 78.0 
50 	V,j 84.1 

	

7V 	80.8 
53.) 	0 131.2 141.9 

-152,6 
0P. 12 106 	106 106 
61:3 	159- 

159 
60 	6 97.4 • 95.4 93.4 
7A 10 100 102 104 
7L3 	0 136 	151 128 
84 13 65.7 31.2 

56,0 
813 0 88.5 

	

90.7 	89.6  

48.2 
49.8 
21.2, 
20.6 
65.6 
63.5 
46.7 
51.9 
72,7 
y3.5 
82.7 
79.8 
50..3 

101.5 
63.7 
52.? 
34.8 
40.3 
07.0 
94.0 

.67.8 
84.0 
97.7 

102.0 
64.6 
64,7 

116.0 
113.0 
142.1 
140.5 
109.6 
111.0 
99.5 

101.5 
114.0 
1W.0 
130 
139 
91.2 
97,2 
56.1 
49.6 

49.0 

20 

63 5 

48.0 

73.1 

31.2 

90.0 

50.2 

37.5 

90.8 

76.9 

99.6 

64.6 

116.5 

145.7 

108.3 

100.5 

117.0 

154.6 

52.3 

52.3 

55.0 
58.0 
61.0 
61,0 
37 0 
50,0 
66 
56.0 

61-0 
64.0 
74.5 
73.0 
53.5 
41.5 
60.0 
57.0 
90.0 
85.0 
02.0 
92.5 
Y7,0 
80.6 
80.5 
93.5 
65.0 
61.0 
07.5 
61.0 
95.0 

105..0 
126 • 
105 

96 .  
105 
96.0 
88.0 

122 
150 
56 
53 
107 
87 

55.5 

61 0 

53.5 

61.0 

62.9 

73.7 

AY,i5 

50.5 

87.5 

92 6 

78.5 

37.0 

63.0 

€34.5 

100 

115 

100 

90.0 

136 

54.5 

97 

14 9 60.4  61.9 63.4 
12 4 41.7 41.7 



Table 26 Total  04weelam 0oAtent•  oT 6oi/e (Jae, loo fwaws) 

'Wad Age 	1960 	 1961. 	 1903 

	

Ave. 	 Ave. 

	

9 182.6 	
107
9 10
.9 	 11
.4 	 0. 166 	 1 	102.55 08.7 	 132.5 140.7  

	

6 128.0 	 100.7 	 70.0 1 	 111.3 	 70.0 

	

140.0 	 113.0 	 70.0 

	

14 07.0 	 117.5 	 40.0 

	

69.0 	 121.0 	 0.5 

	

71 0 	 125,5 	 11.0 
O 71.0 	 78.7 	 07:5 

	

06.5 	 94.8 	 37.5 

	

61.0 	 107 	 a7.5 

	

34 46.6 	 55.5 44.2 64.0 

	

44.0 	 64.3  

	

17 100.6 	 57.0 	 42.0 

	

90,0 	 70.0 	 42.0 

	

96.6 	 06.0 	 42.0 

O 170
117 .0 
	 150.0 	 69.0 

	

145.5 125.0 125.0 	71.0 70,0 .0  

	

5 40.5 	. 	4407 	 56.0 

	

350 	 61.5 	 56.7 

	

54.4 	 30.2 	 35,5 

	

1.5 147.6 	 100.3 04.0 .01.2,6 82.0 

	

107.0 	 96.0 	..5.1 	00.0 
O 126.4 	 83.0 	 (50.5 

	

128.2 	 81.4 31.5 

	

130,0 	 79.8 	 52.5 
• 133.5 	 98.0 	 45.0 

	

38.0 	 90.2 	 44.0 

	

142.1 	 82.5 	 .1.5.0 

	

12 57.5 69."/ 	 72.2 
00.4 

	

69.4 	39.'`l" 	 77 8 59.7 	 75.0 

	

211 156.3 66.5 	 110.0 

	

02.0 	 02.7 	 105.7 

	

138 5 	 69.0 	 101,8 

	

lill 04.0 55.5 	 01.0 

	

37.0 	 01.2 	 31.7 

	

30.0 	 57.0 	 32.5 
O 120.5 

5 	
94.5 	 83.0 

	

118.0 	 89.2 07.2 115. 	 84.0 	 92.0 

	

12 74.4 	 07.0 	 70.0 

	

01.2 	 65.9 	 72.0 

	

91.2 	 60.2 	 74.0 

	

1-  a5.0 	 67.1 	 60.0 

	

43.0 	 57.5 	 05.0 

	

50.0 	 00.4 	 05.0 

	

63.0 	 76 
7
.1 	 57.5 

	

09.0 	 75.0 	 0%5 

	

55.0 	 2.9 	 57.5 

	

10 60.0 	 01.1 	 84.0 

	

550 	 010 	. . 	 80.0 

	

53.0 	 60.5 	 86.0 
O 73.5 	 0 7 .9 	 75.0 

	

74.0 	 50.4 	 70 0 

	

75.5 	 62.0 	 03.0 

	

15. 55.5 91.2 	 71.6 

	

02.2 	 94.5 	 V4.6 

	

70.0 	 96.0 	 73.6 
O 49.0 	 71.5 	 65.0 

4,6,0 4 	63.6 	 60 5 

	

7 5 	 67 0 	 60,5 

Ave. 
1./1 

10 

1D 

5A 

04 

50 

4 

4D 

40 

6A 

511 

00 

3D 

61.13 

60 

7A 

74 

aa 

833 



-- 30Z3t11 

Tb.ble' 27 	g.(.20..CP Content,  mktSo11e (ing0.091;raale 

2t4nd bge 	1960 	 1961 	 1905 

Aft. 	 Ave. 	 Ave. 

	

lA • 	9 75.2 46.2 	 69.2 74. 2 	 46.2 	 69,2 

	

73.2 	 46,2 	 69.2 
18 	4 - 	 46.0 	 30.0-  28.5 	 4.3 	 36 8 

	

29.0 	 42.6 	 37.6 
10 14 21,7 24.0 	38.4 	 23.2 41.7 

56 	
23.2  

	

ID 0 36.0 	 40.6 	 42.0 56.0 	 40.6 	 .4 

	

33.9 	 40.6 	 42.8 
.2A 	14 26.5 18.4 26.7 	 17.2 

	

27.1 	 16.0 

	

3A 17 23.2 	 4 	. 
2/1.1 	26.0 	

220 22. 	 22.0 

	

25.0 	 10.0 	 22;0 
- OB 	0 27.6 	 26. 0 	 46.8 27  vir. 	 37.3 	 44,4 

	

27.2 	 30.0 	 42;0 

	

80 6 18:5 '24.8 	 24.4 
18.3 	 23. 	 24.0 

	

18.3 	 21.6 	 24.4 

	

4A :L. 85.0 	 48.0 	 72.0 

	

85.5 	 45.2 	 72.0 

	

66.0 	 7 

	

41.6 	 2.0 

	

4B 0 30.7 28.0 	 24.4 
20. 

	

30.1 	27.0 	 , 27.5 	 44.2 

	

5 	 344 

	

40 	1* 21.2 16.6 	 19.2 

	

21.2 	 20.2 	 19.2 

	

21.2 	 24.0 	 19L2 

	

SA 12 01.0 	 50.5 	 83.2 

	

00.8 	 51.0 	 82,0 

	

40.6 	 01.5 	 81.6 

	

15-.0 	2* 46.0 	 45.0 	 59.6 

	

46.4 	 46.5 	 54 

	

46.6 	 48.0 	 7 0.0 .8 

	

50 	1.* 26.0 28.0 	 19.2 

	

28.0 	 25.4 	 2 

	

20.0 	 24.8 	 21.2 0.2 

	

51) 	0 31.0 	 38.1 	 • 42.0 

	

51.0 	 37.9 	• 	42.4 

	

31,0 	 37.7 	 42.8 

	

6A 12 25.0 	 02.0 	 14.4 

	

23.0 	 21.5 	 14.4 

	

24.0 	 31.7 	 14.4 

	

06 	21 1 	 12,3  

	

15,6 	 6 13.2 

	

12,8 	 11.0 	 13,2 

	

60 5 16.2 2/.1 	 17,2 

	

16.5 	 50.1 	 17.2 

	

1.6.8 	 19.1 	 17.2 

	

7A 10 32.2 21.8 	 18.0 

	

32.2 	 20.7 	 18.0 

	

32.2 	 19.9 	 18.0 

	

0 27.7 
26.3 	 17 16..0 

1 	 1167..0 

	

27.0 	 16.7 	 16.0 2 

	

15 20.5 28:2 	 22.0 

	

20.5 	 27.0 	 17.6 

	

20.5 	 25.9 	 22.0 

	

83 0 10.0 	 16.0 	 16.0 

	

18.0 	 17.3 17.6 

	

18.0 	 17.7 	 17.2 



1643 

133 

164 

163 

436 

289 

290 

400 

121 

272 

452 

600 

196 

108 

294 

521 

(384 

468 

493 

E.309 

513 

528 

156 
141 
164 
154 
1.74 
163 
155 
150 
288 
220 
577 
531 
106 
196 
458 
361 
138 
152 
232 
234 
43.0 
381. 
608 
516 
201 
196 
17? 
193 
307 
315 
802 
513 
405 
493 
571 
453 
024 
476 
052 
665 
674 
640 
555 
535 

159 

159 

169 

132 

220 

664 

190 

405 

140 

234 

393 

659 

193 

185 

312. 

506 

491. 

601 

000 

663 

0457 

355 

142 
163. 
127 
190 
200 
210 
146 
242 

586 
506 
256 
25,1-
425 
400 
127 
150 
285 
238 
53.8 
538 
312 
293 
162 
164 
140 
152 
107 
190 
460 
395 
390 
405 
336 
320 
352 
060 
530 
585 
336 
350 
405 
423 

151 

130 

210 

144 

586 

256  

42-1 

133 

261 

523 

305 

163 

146 

180 

427 

4379 

328 

356 

557 

346 

419 

ZY.1.1.1 

11511e. 28 Xotta,Potakietpin 0911.74f14.. Qt;  pole (movioo trams)  

	

Otand . Age 	1960 	 1961 	 1963 

Ave. 	 Jive 	 Mo. 

1A 9 168 
163 

3.1.3 	4 	144 
123 

10 14 164 
164 

1  :0 	0 	1.85  
2.62. 

a4 447 
431 

3A 17 ovo 
300 

5:13 
	

28.5 
295 

30 
	

440 
520 

44. 15 120 
122 

633 0 275 
270 

40 1 460 
444 

51: 12 475  
828  

313 2-1 185 
05 

SC 	Iv 168 
168 

5T.) 	0 	304 
204 

6A 12 525 
517 

613 21 608 
560 

00 5 462 
474 

7A 10 355 
452 

7P) 	0 	4 4 
538 

OA 16 437 
074 

613 . 	0 	629 
520 



-gorxiv - 

Table 29  . 	1960 Soils 010 	Smgd100 arms) 

Stand Ago 	Calcium 	Magneaium 	Iron 

15.0 

10.7 

21.2 

18.2 

19.2 

25.3 

50.5 

19.6 

16.0 

8.0 

9.2 

11.6 

12.4 

13.0 

9.6 

16.8 

14.6 

15.8 

16.2 

19.2 

10.2  

20.0 

lA 9 14.7 
15.3 

30 	16.8 
10.0 

10 14 21.0 
21.4 

12 0 17.8 
18.6 

2A 	11 19,2 
19.2 

3A 17 25.8 
:34.8 

33 0 29.6 
51.2 

50 5 20.0 
19.2 

4A 15 16.0 
16.0 

43 0 8.0 
8.0 

40 1Jc 9.2 
9.2 

15A 12 11.2 
12.0 

52 	2.L. 11.2 
13.G 

5G 	11 13.2 
12.8 

5D 0 9.2 
10.4 

GA 12 16.8 
16,8 

GB 	21 13.6 
15.6 

60 15 10.6 
12.0 

7A 10 15.6 
16.8 

73 0 20.0 
18.4 

8A 15 15.0 
16.8 

OB 0 20.0 
20.0  

30.6 
22.5 
62.8 
68.8 
27.01 
24.3 
09.8 
537 
72.1 
72.9 
15.5 
15.1 
22.0 
20.4 
22.0 
22.8 
19,2 
18.0 
40.0 
31.0 
55.0 
29.6 
27.0 
28,7 
120 
148 
25.0 
23.6 
10.8 
11.8 
38.0 
28.0 
47.0 
46.0 
43.2 
43.8 
46.0 
40.4 
51.0 
48.8 
32.4 
31.2 
27.8 
27.8  

100.3 
98,3 
80.7 
77.7 
60.5 
02.1 
145.0 
139,0 
460 
520 
1390 
1330 
148.0 
1430 
1920 
1985 
980 
850 
4450 
4025 
3420 
5715 
1950 
1957 
5000 
5000 
2725 
0 

4139 
4257 
3475 
3300 
3600 
5520 
2800 
3210 
5500 
350G 
3500 
3450 
3000 
3030 
2950 
2950  

99.3 

79.4 

01.2 

142.0 

490 

3.360 

1630 

1054 

930 

4537 

3567 

1963 

5000 

2052 

4153 

3337 

3560 

3036 

6450 

3475 

3000 

2960 

2(3.5 

65.•13 

25.5 

61.2  

72.6 

15.5 

21.2 

22.6 

18.6 

55.5 

32.0 

27.5 

139 

24.3 

11.3 

56.0 

40.5 

43.3 

46.2 

40.9 

31.0 

27.8 



-xxxv 

Table 3Q 	1960SoiLlo 10,evq. 

Otaild Age 	Hltrogen 	Phosnate 	Poteesium 

	

per cent 	mg./100 Egv. 	mg,/loo 

	

1A. 9 1.091 	 48.9 	 140 

	

1. 004 	 484 

	

1.037 	 47.9 	. 	128 
18 	1.190 	 46.0 	 137 

	

1,176 	 65.1 

	

1.100 	 64.3 	 103 

	

10 14 0,930 9.8 	 128 

	

0.933 	 51,4 

	

0.950 	 333.7 	 130 
ID 	0 1.660 1.547 	90.0 86,1 	131 1 	 5 	 127 
2A. 	3.4 0.221 0.219 	44.5 	 136 46.7 

	

0.221 	 4A.5 	 137 

	

3A 17 0.430 	 46.5 	 140 

	

0.409 	 68.0 0 498 	 49.5 	 110 
3.8 	0 0.066 0 	52.0 	 05,0 

	

0.069 	 54.0 867 	 5 ,0 	636 
30 	5 9.409 0.401 	29.0 	 566 29.0 

	

0.393 	 29.0 	 576 
M 16 0.454 	 52.0 	 090 

	

0.454 	 45.5 

	

0.454 	 39.0 	 636 

	

4B 0 0,202 	 111.7 	 /016 

	

0.226 	 96.5 0.2.18 	 81 4 	 1010 
40 	:LL 0.210 39.0 	 792 

	

0.200 	 30.0 

	

0,190 	 59.0 	 336 

	

5A 12 0.611 	 26.0 	 830 0.301 21.7 

	

0.291 	 24.4 	 80/ 
5B 	24.1. 0.300 05.0 	 016 

	

0.285 	 92.0 

	

0.21'0 	 99.0 	 896 
50 	0.260 	 27.0 	 810 

	

0.264 	 28.6 

	

0.260 	 50.0 	 590 
SD 0 1350 1325 	 5 62.5 02. 	210 

	

1300 	 62.6 	 10 
6A 12 0.269 	 95.0 92.0 	636 0-270 

	

0.290 	 39.0 	 616 
GB 	24 0.237 06.0 	 616 0287 	 61.5 

	

0.-...387 	. 	57.0 	 504 

	

a\,, 5 0.108 	 45.9 	 534 0.104 	 42.5 

	

0.160 	 40.0 	 016 

	

7A 10 0.266 	 554 0.261 40.0 

	

0.257 	 37.0 	 894 

	

7B 0 0.226 38.0 	 576 0.220 	 35.5 

	

9.228 	 33.0 	 636 

	

Std. 16 0.324 49.0 	 541 0.324 	 47.6 0.32 	 46.2 	 534 

	

8B 0 0.210 	 46.0 	 42$ 0,242 	 41.1 

	

0.236 	 36.2 	 506 

152 

135 

129 

129 

136 

125 

643 

571 

065 

1013-

733 

845 

600 

760 

240 

626 

605 

575 

664 

606 

53 7 

305 



AZO 

9 

17 

0 

5 

15 

0 

0 

15 

0 

Stand. 

lA 

133 

19 

13) 

24 

a(. 

ZD 

3C 

44 

AD 

40 

5A 

50 

UD 

aA 

62 

6C 

7D 

8A 

4.10 
A.20 
3.60 
0.75 
4.00 
4,00 
4.16 
4.00 
4.10 
4,12 
4.65 
4.49 
4,613 
4,63 
4.66 
4.64 
4.25 
4.20 
4.20 
4,25 
4.10 
4.15 
4.00 
A25 
4.25 
4.20 
4 50 

4,23 
4.23 
4.61 
4,70 
5.20 
5.15 
5.00 
5.00 
4.33 
4,29 
4.98 
5.00 
5.00 
4.00 
4.90 
5.00 

4.115 

5.69 

4.00 

4.09 

4 11 

4.56 

4,64  

4,64 

4.23 

4.25 

4.12 

4.12 

4.23 

4.50 

4.2x3 

4.66 

5.16 

6.00 

4.31 

4.09 

4.90 

4.95 

4.25 
e2,15 
3 65 
3.75 
8.50 
3 50 
3.90 
3.93 
5.90 
4.15 
4.55 
4.60 
4.55 
4.60 
4.95 
5.00 
4.05 
4.40 
4.43 
4.00 
4.455
4.2 
4.55 
4.35 
4.60 
4.60 
4.45 
4.40 
4.38 
4.50 
4.80 
4,95 
5.00 
5.12 
5,10 
5,13 
4.78 
4.60 
5.00 
5.00 
5.00 
5.06 
5.00 
4.92 

20 

3.70 

0.50 

5.87 

3.97 

4.56 

4.57 

4,99 

4.38 

4.47 

4.55 

4.55 

.4.60 

4.42 

4.84 

4.87 

5,06 

5.11 

4.79 

5.00 

5.04 

4.96 

iwap  pH oV Soils 

at 13 omb. 	at 10 CU 

Table 31  
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Table 32 12PASonftrue.tiv,I,Aylor sq110A0.19.0 

   

Otand 	Age 	 at 3 emc 	at 10 emo. 

lA 	9 	 96.0 	 50.2 93.1 	 50. 1.1 	 51,0 
1B 	4 	147.0 130.0 

	

147.6 	 134.0 
148,0 	 132,0 

10 	 105.0 103.0 170,0 177.0 
105 0 	 134.0 

1!) 	0 	108.0 	 69.5 

	

104.0 	 69 102,0 	 69.0 
2A 	1* 	115.0 	 132,0 

	

114,0 	 135.0 113 0 	 144.0 
3A 	17 	 66.0 	 50.5 05 5 	 50.6 

67,0 	 50.6 
3B 	0 	 60,0 	 a2.ei 61.0 	 62 . 3 

02,0 	 32,1 
30 	Jr 	 69.0 	 . 540 

89.4 	 00.6 
68.0 	 47.2 

4A 15 	 42.5 	 20.0 2 46.2 	 0,5 43.7 	 31.0 
4B 	0 	163 42.5 42 lbri 	 4 140 	 4W.4 
40 	11 	 94.0 92.6 	63.4 	54.4 90.0 	 56.A 
5A 	12 	120 50.4 110 	 04.4 110 	 52.4• 
5B 	0 	160 	 42.1 165 	 43.2 170 	 44.3 
50 	14 	205 45.5 201 	 45.2 197 	 448 
3D 	0 	 71.0 37.6 67 70.0 	 .2 68.0 	 36.0 
6A 	12 	lab 	 48.b 30 	 48.4 120 	 40.5 
GB 	WI 	80.6 	 21.6 80 20 	 20,0 79.0 	 ,0 
60 	5 	 45.1 	 3106 40.1 	 61.6 48.1 	 31,1 
7,11 	10 	117 43.0 117 	 46.0 117 
7B 	0Y6.0 	 33.0 70.2 65.1 78 6 	 33.1 
8A 	15 	 50.0 09.6 	 66.7 60.2 	 OT.0 
3D 	0 	 41.6 	 42,0 41, 40.2 41.9 	 30.4 



- 

'1V134.e 	 .&-aa2,3mAs A iU 

Staua 	 Couroa - Sand % 	Fine Sand % 

	

la 	 3.10 	5.05 	9.80 	10.A 

	

8.00 	 11.0 

	

1B 	4 	4.78 4.74 3.40 0.36 

	

el.reo 	 3.82 

	

10 	16 	 3.62 	 67 , 8 

	

8.61 	 8.09 

	

3.60 	 2,71 

	

13) 	0 	 1.35 	 1.95 

	

1.50 	 1.90 

	

1.4.) 	 1.85' 

	

2A, 	lii 	16.0 	 44.0 

	

16.8 	 44.6 

	

10.6 	 AB.2 

	

3A 	17 	17.7 	 32.7 

	

19.8 	 30.7 

	

21.9 	 27.3 

	

3B 	0 	12.6 	 60.0 

	

12. 	 33.4 

	

12.3 	 54.8 

	

30 	ti 	54.6 31.6 

	

54.9 	 83.6 

	

65.4 	 35,8 

	

4A 	/5 	 9,80 	 2'.1.3 	21. 18.0  

	

10.2 	 22.0 

	

4B 	0 	34.0 	 49.0 

	

84.6 	 49.0 

	

35.0 	 49.0 

	

40 	1ilf 	20.5 	20.4 	78.0 	77.9 

	

20,5 	 77.9 

	

5A 	12 	23.4 	 37.0 

	

25.0 	 08.0 

	

22.6 	 35.0 

	

6B 	53 	17.0 33.4 17 9 	 35.0 

	

18,0 	 5,-3.4 

	

50 	14 	21 0 	 38.2 

	

21.9 	 36.3 

	

23.3 	 0,1 ,4. 

	

5D 	0 	 9.80 	 19.0 

	

9.80 	 19.8 

	

9.30 	 19.8 

	

6A 	12 	50.0 	 26.4 

	

30.7 	 6 2 

	

81.0 	 26,0 

	

OD 	Q 	39.0 	 31.2 33.0 31  

	

37.0 	 32.7 

	

60 	 44.2 	 30.8 

	

.1 	 80.9 

	

44.0 	 31.8 

	

7.4 	10 	41.0 	 81.0 	31.1 41.2 eql.,P 	 31.2 

	

7.2 	0 	44.3 	 35.3 

	

44.0 	 35.8 

	

43.Y 	 W0 

	

8A 	15 	20.9 	 15.2 
cli 	 13 8 

	

r, 	21.3 	 15.5 

	

813 	0 	20.8 2L' 8.7 7 	 6.7 6.7 



Stand 

lA 

4 

10 • 	14 

1D 	0 

aa 

34 	17 

38 

30 

4A 	13 

0 

14 

12 

11 

0 

12 

21 

5 

10 

15 

0 

dB 

40 

bra 

5B 

50 

33) 

aa 

613 

60 

7A 

7B 

aa 

8B 

T4ble 34 	1960 Mechanical Analysis G 3 ems. 

Warm Sand % 	Fine Sand 

0.30 
0,30 
1.20 
1.00 
1.18 
1.14 
0.48 
0.52 
25.3 
24.5 
1.65 
1.75 
1.60 
1.60 
9.80 
10.2 
3.30 
5.30 
1.08 
1.12 
1.90 
2.30 
3.40 
4.20 
1.40 
1.40 
1.18 
1.22 
0.72 
0.68 
24.8 
23.6 
lb.0 
15.2 
25.9 
23.5 
17.0 
17.6 
127.0 
17.0 
38.0 
38.4 
26.5 
24.9 

0.30 

1.10 

1.16 

0.50 

24.9 

1.70 

1.60 

10.0 

5.50 

1.10 

2.10 

3.80 

1.40 

1.20 

0.70 

24.2 

16.1 

23.7 

17.3 

17.2 

38.2 

25.2 

0.63 
0.55 
0 60 
0:50 
1.85 
1.75 
1.05 
1:15 
40.9 
39.3 
4.23 
4.17 
3:96 
13 
17.0 
16.8 
9.3 
8.7 
7.70 
7:60 
4:88 
4:72 
6.02 
6.18 
3.60 
8.70 
2.44 
2.40 
4.66 
4.58 
20.9 
19-1 
18:3 
17:9 
31.8 
20.6 
40.6. 
42.4 
43.0 
42.0..  
26.8 

28.6 
20.0 

0.60 

0.60 

1.80 

1.10 

40.1 

4.20 

3.90 

17.0 

9.0 

7.65 

4.80 

6.20 

5.65 

2.42 

4.62 

20.0 

18.1 

30.2 

43.0 

42.5 

05.6 

28.3 



35.4 

34.4 

66.6 

28..6 

21.8 

25.0 

36.1 

20.9 

42.1 

27,6 

45.1 

26.0 

38.2 

17.8 

34,0 

11.1 

22.8 

11.6 

17.2 

23,6 

10.3 

12.6 

24.6 
23.5 
36.0 
34.2 
24.8 
23.2 
36.3 
36,3 
4.8 
4,2 
11.2 
11.2 
16.2 
/6.6 
4.4 

lt.1 
1.0.5 
4,9 
4.3 
4.5 
A.? 
5.8 
6.4 
5.5 
4.3 
5.6 
6.0 
22.1 
22.1 
6.6 
5.4 
6.9 
6.9 
3.9 
3.3 
4.8 
3.8 
3.6 
4.0 
4.0 
4.0 
9.6 
0.0 

24.0 

63.6 

24.0 

36,4 

4.5 

11.2 

16.4 

4,4 

16.2 

4,6 

4.6 

6.6 

4.9 

5.6 

22.1 

6.0 

6.9 

3.6 

4. 

3.8 

4.0 

9.3 

.1eL - 

gablc 	P60.....gArbr.m...conkrat .110-1,APut 

Stella 	 at 3 ems. 	aL, 10 ewe. 

14 	9 	36.0 
56.8 

	

4 	34.0 
34.8 

10 	14 	37.2 
36.0 

1D 	0 	28.2 
01.4 

2A. 	 21.2 
22.4 

3A 	17 	25.0 
24,5 

373 	0 	35.3 
37.0 

30 	5 	21.1 
20.7 

4A 	15 	42.6 
41,6 

413 	0 	27.3 
27,9 

40 	111 	45.1 
45.1 

5A 	12 	25.6 
24.4 

5B 	22 	36.4 
40.0 

tic 	i4 	17.6 
18.0 

5D 	0 	34.2 
33.8 

GA 	12 	11.1 
11.1 

6B 	2 	22.6 
23.0 

60 	5 	11,0 
12.0 

	

10 	17.4 
17.0 

7B 	0 	22.6 
24.6 

84 	15 	10 7 
10.3 

82 	0 	12.6 
12.6 



et 10 me. 

0.20 

1.6 

2.4 

4.9 

3.8 

4.0 

4.05 

0.9 

3.8 

2.5 

3.6 

3.6 

3.1 

4.0 

3.2 

0.45 

0.4 

0.9 

3.3 

2.7 

1.5 

1.6 

0.20 
0.20 
1,30 
1.30 

r 

2.5 
4.8 
6.0 
3.8 
3.8 
4.1 
3.9 
4.0 
4.1 
0.9 

3.2 
3.4 
6.45 
3.455 
3.1 
3 1 
4.1 
3.9 
5.4 
5.0 
0.5 
6.4 
0.4 
0.4 
0.0 
1.0 
3.5 
3.1 
2.7 
2.7 
1.13 
1,5 
1.6 
1.A 

!L'able 36 	12§,..._0 Erzelisagracielp 	yie  e4„/1.:0  ,stns 

Stand 

9 

1B 

10 	14 

ID 	0 

2A. 

34 	17 

3B 	0 

30 	5 

4A 	15 

4B 	0 

40 	1i 

5A 	12 

5B 

50 

3D 	0 

12 

6B 	22 

GC 	5 

74 	10 

7B 	0 

16 

at 5 ow. 

1.00 
.50 
3.2 
3.4 
4.2 
4.2 
5.45 
5.35 
3.60 
3.50 
5.8 
6.0 
7.2 
7.8 
1.9 
1.9 
4,8 
4.6 
3,0 
3.0 
A. .2 
3.8 
4.40 
4.5 
5.4 
5.4 
8,8 
6.7 
3.9 
3.6 
7.4 
7.4 
1.2 
1.0 
0.8 
1.0 
3.3 
3.5 
2.5 
2.7 
5.5 
5.3 
1.8 
2.0 

0.75 

3.3 

4.2 

5.4 

3.50 

5.9 

7.4 

1.9 

4.7 

3.0 

4.0 

4.45 

5,A 

0.75 

3.75 

7.4 

1.1 

0.95 

5.3 

2.0 

3.4 

1.9 



- :x111. 

!Table :37 1960 Msphargpo:PUL...11: 	 srauct 

Stand 	Age 	 at 5 ems . 	at 10 cum. 

A 

a_ 	9 	 5.6 
'29.6 

1.1.., 	4 	48.5 
47.5 

lc 	14 	29.0 
29.0 

1D 	0 	52.Y 
32.9 

2A 	 22.1 
28.0 

ah 	17 	14.4 
14.0 

313 	0 	22.0 
22.0 

30 	5 	1.7.9 
20.1 

4A 	15 	26.6 
28.6 

4B 	0 	29.0 
29,7 

40 	li 	36.0 
85.0 

aa 	12 	55.3 
35.7 

5B 	2i  

47.6 

46.0 

29.0 

32.8-

20.5 

14.2 

22.0 

19.0 

27.6 

29..3 

06,5 

55,5 

26.0 

25.0 

29.5 

21.9 

14.3 

11.0 

6.5 

12.8 

12.5 

13.2  

37.0 
39.1 
45.0 
65.0 
60.0 
40.0 
06.0 
81.0 
8.1 
0.0 
13.2 
13.8 
13.7 
16.9 
21.0 
21.0 
19.5 
19.0y14. 
14,3 
14.2 
16.2 
13.6 
12.9 
8.0 
9.0 
(3.3 
5.5. 
22.0 
23.0 
12.7 
11.9 
6.9 
7.0 
6.0 
6.0 
9.4 
9.2 
7.0 
7.0 
11.6 
10.5 
3.2 
7.8 

38.0 

45.0 

40.0 

35.5 

8.1 

15.5 

13.8 

21.0 

19.2 

14.2 

16.2 

13.2 

8.5 

6.0 

22.5 

12.3 

6.9 

6.0 

9.3 

7.0 

11.0 

8,0 

29.3 
50 	 25.0 

25.0 
51) 	0 	26.9 

30.1 
6A, 	12 	21.7 

22.1 
(313 	a 	14.5 

14.3 
60 	5 	10.9 

11.1 
7A 	10 	 6.6 

3.4 
713 	0 	12.0 

12.5 
13.A. 	15 	12.4 

12.3 
813 	0 	13.1 

15.0 
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Table 38 

   

Age of Vegetation 
in years 

Uaximum temperatures recorded in 

different fires.. 	°C. 
Average 

10 

15 

20 

30  

35 

510; 

670; 
510; 

760; 
700; 

890; 
630; 

940; 

460; 

390; 
390; 

760; 

380; 
750; 

70; 

450; 

530; 
560; 

730; 

930; 
830; 

560; 

690; 
790; 

530; 

790; 
860; 

550; 

790; 

840; 

750; 
610; 

680; 

660; 

790; 
580; 

5o6 

600 

719 

775 

f 53.5 

± 106 

r, o4 

= 62.7 



Table 39 

Age o? Vegetaition 
in years 

time period ?or Temperatures of 

over 400°  G. in seconds.  
Average Limits 

10 12; 0; 4; 0; 	32; 	i6; 32; 12 T- 10.8 

15 16; 0; 10; 32; 	46; 	32; 52; 20; 25 : 14.2 

20 43; 52; 70; 36; 	68; 	21; 52; 49 t 14.5 

30 28; 
30; 

52; 
76; 

40; 
96; 

76; 	64; 	74; 36; 60; 57 i 14.0 

35 106; 36; 71 

1 
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