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ABSTRACT

With the increasing unpopularity of uncontrolled straw and stubble 

burning, two field experiments were carried out to investigate the 

effects of burning stubble using the Calor Gas flame cultivator.

Winter barley was sown in the 1986/87 and 1987/88 seasons using a range 

of seed bed preparation technigues at three nitrogen levels in a sandy 

loam to sandy clay loam soil in a 2 x 3 x 3 factorial experiment.

Trials looked at stubble removal, crop growth and development, soil 

physical and chemical properties and soil and fertilizer nitrogen 

uptake using labelling techniques.

The flame cultivator significantly reduced height and weight of 

stubble. It significantly increased grain yields in 1987/88 but just 

failed to do so in 1986/87. Stubble burning had no effect on ploughed 

ground but increased yields from minimal cultivation and direct 

drilling by up to one tonne per hectare. Grain yields were similar to 

those on ploughed ground where stubble was burned prior to minimal 

cultivation and direct drilling in 1986/87 and minimal cultivation in 

1987/88. Yield increases were attributed to a significantly greater 

plant stand in 1986/87 and significantly more ears per square metre in 

both experimental years. Straw yields were not affected by stubble 

burning.

Soil pH, phosphorous, potassium and magnesium and weed and disease 

levels within the crop were unaffected by stubble burning. Inorganic 

nitrogen within the cultivation layer of the soil and plant nitrogen 

uptake were not significantly influenced by stubble burning but 

inorganic nitrogen levels tended to be lower in direct drilled ground 

than ploughed or minimally cultivated. While stubble burning
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significantly reduced soil organic matter, it tended to increase the 

total nitrogen within the crop and soil where seed was direct drilled. 

It appeared to increase the uptake of nitrogen from the soil and reduce 

fertilizer nitrogen uptake by the minimally cultivated and direct 

drilled crop.

Stubble burning in these trials was believed to reduce nitrogen 

immobilization in the presence of decomposing stubble. This was 

important where soil was direct drilled and mineralization was lower 

than in ploughed or minimally cultivated soil, due to the lack of soil 

disturbance. Poor grain yields from the minimally cultivated crop in 

the presence of stubble were attributed chiefly to toxic organic acid 

production from the decomposing residues which were mixed into the 

surface soil by minimal cultivations, bringing them into close contact 

with sown seed.

The flame cultivator used was a prototype and was still subject to 

modification before it could be promoted commercially. The removal of 

stubble before minimal cultivation and direct drilling was considered 

essential for obtaining adequate grain yields but economics of using 

the flame cultivator would need to be considered. However, if 

uncontrolled straw and stubble burning are banned, use of such a 

machine may remain the only viable alternative if minimal cultivation

and direct drilling are to be used.
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INTRODUCTION

During the past decade the total area of cereals in Britain has 

increased markedly and, more significantly, so has the proportion of 

autumn sown cereals. In 1970 there were less than 1.1 million 

hectares of winter cereals compared with 2.75 million in 1988. The 

area of winter cereals has increased due to their potential to produce 

higher grain and straw yields.

However during autumn, when workload on the farm is at a peak, cereal 

growers have often experienced difficulties in sowing their planned 

area of winter cereals. Consequently some of the more progressive 

growers have been taking advantage of such techniques as minimal 

tillage and direct drilling. These seed bed preparation techniques 

have been shown to lead to a five fold reduction in both time and 

energy required to sow the crop (Paterson, 1981). This allows a

larger area of the potentially more profitable winter cereal to be 

established at a time of the year when time and labour may be very 

limited. Also sowing can be completed earlier by avoiding the need 

for natural weathering that is often essential to form a seed bed after 

ploughing, especially on soils with a high clay content, typical of the 

main areas where winter cereals are sown in Britain (Patterson, Chamen 

and Richardson, 1980). In Britain, more than 40% of the main cereal 

growing areas are on clay soils with more than 3% organic matter 

content. These soils are most suited to the more profitable winter 

cropping and also to direct drilling. The potential to take advantage 

of this technique is therefore very great.

Success of reduced tillage and direct drilling techniques have been

shown to depend on the thorough removal of straw and stubble residues
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with yield reductions of up to 71% having been reported following 

direct drilling of winter wheat in the presence of straw residues in a 

wet autumn (Oliphant, 1982). Straw and even stubble on the soil 

surface can cause mechanical problems at drilling (Oliphant, 1982) as 

well as encouraging pests and diseases (Christian and Miller, 1984). 

Subsequent decomposition may result in the production of phytotoxins 

principally organic fatty acids (Lynch, 1978), and in the 

immobilization of nitrogen (Ellis, Barnes and Christian, 1981).

However where straw and stubble residues were removed equally good 

yields have been obtained from reduced tillage and direct drilling 

techniques as from ploughing (Oliphant, 1982)

Removal of crop residues by burning has long been advocated as an 

essential prerequisite to direct drilling. As well as being a quick 

and simple method of disposal that gives practical and economic 

benefits/ it has also been shown to increase the stability of surface 

aggregates (Ellis, Douglas and Christian, 1977). Indeed the benefits 

of straw and stubble burning were acknowledged by Virgil, as far back 

as 37 B.C.

"Often again it profits to burn the barren fields, firing their 

light stubble with crackling flame. It is whether the earth 

conceives a mysterious strength and sustenance thereby, or 

whether the fire burns out her bad humours and sweats away the 

unwanted moisture or whether the heat opens more of the ducts and 

hidden pores by which her juices are conveyed to the fresh 

vegetation - or rather hardens and binds her gaping veins against 

fine rain and the consuming sun's fierce potency and the piercing 

cold of the North wind"

Book 1 lines 84-93.
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The burning of residues before planting the next crop is therefore not 

a recent concept. Although burning fits well into modern arable 

systems it has not been without its critics- early as 1973 the

National Farmers Union was sufficiently concerned to undertake a 

review of straw burning. This resulted in a voluntary code of 

practice for straw burning. Unfortunately this Code of Practice was 

not fully implemented by all farmers and so the protests from a more 

environmentally aware community continued to grow/ reaching a peak in 

the summer of 1983. The government responded to public outcry by 

enforcing a more stringent code of practice on burning/with the 

suggestion that it may be banned in five years. While such a ban has 

not as yet been imposed the threat that it may be implemented remains 

very real.

The likelihood of a ban on burning led to the intensive investigation 

of alternative methods of straw and stubble disposal such as chopping 

and incorporation. Results however have been disappointing, with even 

incorporation leading to an 11% reduction in cereal yield compared to 

burning (Graham, Ellis, Christian and Cannell, 1986). The main 

problems were impedance of the drill at sowing in the presence of loose 

straw, adverse effects on germination and establishment especially 

under anaerobic conditions, slug damage and competition with volunteer 

cereal (Graham, et al, 1986).

A survey of over 2400 farms in England and Wales in 1984 showed that on 

56% of the total cereal area straw was baled and removed, compared with 

37% burned and 7% incorporated (MAFF, 1983). In Northern Ireland, due 

to the high value of straw for feeding and bedding,virtually all straw 

produced is used, with winter barley straw worth about £25 per tonne

and wheat straw about £18 per tonne. The largest proportion of cereal
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straw in Britain is therefore baled and removed leaving stubble which 

is subsequently ploughed under. However, as has been outlined even 

the presence of stubble may hinder the success of the direct drilled 

and minimally cultivated crop and if such techniques are to be 

profitably implemented stubble therefore needs to be removed. In 

addition to the pollution problems of burning and the potential threat 

of a ban on uncontrolled burning, burning of stubbles has often had 

only limited success particularly in wet seasons. The desired black 

burn often not being achieved, with islands of unburned stubble 

remaining on the soil surface.

With this in mind Calor Gas developed the propane fuelled, tractor 

mounted, flame cultivator aimed at producing a clean burn while keeping 

the flame under control of the tractor operator. It also allows 

burning to take place on occasions when a normal stubble fire could not 

be started, such as after rainfall or in windy weather. Throughout 

the trials the Calor Gas flame cultivator was used to burn off stubbles 

before seed was sown and its ability to remove stubble residues and 

improve crop yields was investigated.

Many authors have put forward numerous explanations of why straw and 

stubble burning improves grain yields. Despite this/little work in 

the United Kingdom has investigated directly the effects of fire either 

naturally or by a flame cultivator on soil properties. In Canada, the 

U.S.A. and Australia^where burning of residues is often not 

recommended due to fears of soil erosion and loss of organic matter, 

some research has investigated the effects of straw and stubble 

burning. While often not entirely relevant to the British situation

they have often offered the only source of information.
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The aim of this work has been to investigate the use of the Calor Gas 

flame cultivator in the Northern Ireland cereal growing situation and 

to determine its benefits to the next crop in terms of crop residue 

removal. Emphasis has been placed on examination of soil nitrogen and 

plant nitrogen uptake following use of the flame cultivator prior to 

minimal cultivation and direct drilling technigues.
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SECTION 1, LITERATURE REVIEW

1.1 DEVELOPMENT OF DIRECT DRILLING

Until about 1930, the tradition of ploughing and cultivation to produce 

a seed bed continued unquestioned. It was taken for granted that 

ploughing relieved soil compaction, aerated soil, improved drainage and 

buried weeds. With orthodox rotational farming, which was a common 

feature of U.K. agriculture in the relatively recent past, the 

deleterious effects of ploughing in unsuitable conditions and excessive 

and untimely cultivation, which did not become apparent until the more 

intensive farming of the 1950's and 1960's, were unapparent. 

Reassessment of cultivation systems by farmers came much later and only 

as a result of such factors as a steadily diminishing labour force, a 

steady rise in machinery costs, and the development of herbicides, 

first to control broad leaved weeds and later to suppress grass weeds.

Between 1930 and 1939, Keen and Russell (1937) carried out a series of 

experiments at Rothamstead Experimental Station. The results 

indicated that provided weed competition was removed yields of wheat, 

barley and mangolds were the same on land which was only cultivated as 

on land which was ploughed and cultivated. Yields on 'no-plough' 

plots however were depressed if the particular cultivation treatment 

left a weedy seed bed.

Little progress was made with 'no-plough' techniques until the late 

1950's when bipyridyl herbicides were discovered by ICI. The first 

significant experiments with chemically assisted tillage in the UK were 

carried out at ICI's Jealotts Hill Research Station in 1961 (Hood,

Jameson and Cotterill, 1963) and the Grassland Research Institute,
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Hurley (Arnott and Clement, 1966). Work aimed at exploring, in a 

general way, the possibilities of the techniques for planting cereals 

into sprayed vegetation without cultivation. The method was labelled 

"direct-drilling".

Encouraging results from the first experiment led to the continuation 

of experiments at Jealotts Hill and elsewhere with winter wheat and 

spring barley. By 1968 considerable progress had been made and NAAS 

(now ADAS) experimental husbandry farms, with participation from the 

Weed Research Organisation, had become involved (Whybrew, 1968).

In a comprehensive review article (Davies and Cannell, 1975) it was 

pointed out that in experiments conducted before 1970, average yields 

of winter wheat and spring barley after direct drilling were less than 

after ploughing, but in later experiments there was little yield 

difference compared with ploughing. Failures in earlier years were 

due to such factors as weed competition, especially from scutch 

(Agropyron repens), slugs, 'ponding' of the soil surface, smeared slits 

and failure of drills to penetrate in dry conditions. Suitability of 

soil types for direct drilling was also a problem/but by the mid 1970's 

sufficient knowledge was available to enable classifications of soil 

suitability to be made (Wilkinson, 1975). With the ever increasing 

labour and fuel costs and also the growth in area of winter cereals 

sown, the drive to find out more about direct drilling and reduced 

cultivation techniques intensified.

During the 1970's and early 1980's many other experiments were 

undertaken in order to investigate a wide range of soil/plant 

relationships under direct drilling. From work carried out during

this period chiefly at the ADAS Experimental Husbandry Farms (Oliphant,
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1982) and at Letcombe Laboratory (Cannell, Ellis, Christian and Barnes, 

1982) it became apparent that removal of previous crop residues prior 

to direct drilling was essential otherwise severe yield penalties could 

be incurred (Goss, Howse and Harris, 1978 Cannell, Ellis, Christian, 

Graham and Douglas, 1980; Lynch, Ellis, Harper and Christian, 1980; 

Cannell, et al, 1982; Douglas and Goss, 1982).

Burning of straw and stubble was found to be more efficient than any 

other crop residue disposal method, leading to large yield increases 

over baling or chopping particularly where direct drilling was employed 

(Oliphant, 1982). Burning offered a fast, cheap way of getting rid of 

residues. It also reduced disease carryover, slugs, weeds and 

mechanical problems.

Plant residues were found to adversely <2.ffect the establishment of 

succeeding cereal crops, the magnitude of the effect being greatest in 

wet autumns (Ellis and Lynch, 1979; Cannell, et al, 1982; Oliphant, 

1982). Extensive work undertaken by the Agriculture and Food Research 

Council mainly at Letcombe Laboratory, investigated this finding and 

linked the decomposition of straw residues with production of certain 

organic acids which were toxic to young seedlings, and also to the 

greater development of microbial pathogens, harmful to seeds (Lynch, 

1977; Tang and Waiss, 1978; Wallace and Elliott, 1979; Elliott, Cochran 

and Papendick, 1980). This finding provided an additional incentive, 

fuelling the argument for burning straw and stubble prior to direct 

drilling.

While reduced culitvation techniques, which involve only the minimum of 

soil cultivation, have often been investigated as an intermediary 

between conventional ploughing and direct drilling, they have not
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received the same attention as direct drilling. Where possible 

reduced cultivation or minimal tillage will be compared with ploughing 

and direct drilling.



21

1.2. CROP GROWTH AND YIELDS FOLLOWING DIRECT DRILLING AND REDUCED 
CULTIVATIONS

In Britain, as has been outlined, experimental research investigating 

the effect of reduced cultivations and direct drilling on crop growth 

and yields has been considerable. Yields obtained have been found to 

depend to a large extent on crop residue management. Oliphant (1982) 

reported the results of experiments carried out at five of the ADAS 

Experimental Husbandry Farms, which looked at the effects of crop 

residue management and cultivation technique on cereal yields. Mean 

yields are shown in Table 1.1. In most cases direct drilling resulted 

in a yield reduction compared to ploughing and minimal cultivation 

particularly where straw and even stubble remained on the soil surface. 

The presence of straw and stubble also reduced yields under ploughing 

and minimal cultivation. The decline in yield was attributed to a 

reduced plant population and also a reduced number of ears per square 

metre. Plant losses in the presence of residues tended to be least 

after ploughing and greatest following direct drilling. As a result 

of the reduced plant population, in some of the treatments plants were 

found to compensate by increasing tiller production resulting in higher 

numbers of ears per plant. Despite this, the reduced plant population 

could not always be overcome and yield losses were still incurred.

Numerous other authors have reported reduced yields following direct 

drilling as opposed to conventional ploughing, particularly in the 

presence of previous crop residues, often the reduction in yield being 

proportional to the amount of straw present (Bartholomew and Chestnutt, 

1977; Holmes, 1977; Ball, Lang, O'Sullivan and Holmes, 1980; Lynch, et 

al, 1980; O'Sullivan, Ball and Hunter, 1980; Ellis, Barnes and 

Christian, 1981; Cannell, et al, 1982; Patterson and Potts, 1985).

Slow and irregular establishment has often been reported following

direct drilling into crop residues (Bartholomew and Chestnutt, 1977;
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Soane and Rodger, 1974; Ellis, et al, 1981). At Letcombe Laboratory 

Ellis, et al, (1981), reported poor establishment where seed was direct 

drilled into crop residue. Significantly fewer roots were produced 

and the number of shoots per unit area was only about half that where 

straw was burned or chopped and incorporated into the soil.

Reduced tillering as a result of drilling into straw residues has also 

been found in a number of cases where yield reductions have been 

encountered (Lynch, et al, 1980; Cannell, et al, 1982; Graham, et al, 

1986). Graham, et al, (1986) found that the reduction in tillering 

caused a 15% depression in the number of fertile ears per square metre 

and a subsequent 18% reduction in yield. The number of grains per ear 

and thousand grain weight however, were found to be unaffected. On a 

predominantly sandy-clay loam soil, Patterson and Potts (1985) reported 

a 6 to 9% reduction in yield of direct drilled spring barley even where 

straw and stubble were burned. Lower values for grain quality, 

specific weight, thousand grain weight and grain size were also 

recorded from direct drilled treatments.

Slaking of aggregates on the surface of the direct drilled soil 

resulting in surface capping has been found to be a problem (Chaney, 

Hodgson and Braim, 1985). Where this was observed to occur, even 

following straw and stubble burning, grain yields were marginally lower 

after direct drilling than shallow cultivation or ploughing.

Inhibition of root growth following direct drilling, due to the 

mechanical impedance of compact soil/has been linked to reduced yields 

of spring barley (Finney and Knight, 1973; Holmes, 1977). Holmes 

(1977) found this to be particularly true at low nitrogen fertilizer 

rates, while at higher nitrogen levels differences between direct
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drilling and ploughing were only marginal. The inhibited root system 

resulted in a slower uptake of nitrogen and other nutrients which 

resulted in slower shoot growth. Once the root system reached a 

critical size uptake of nutrients and shoot growth rate became the same 

as under ploughing(but by anthesis, the crop dry weight and the number 

of grains set was less with direct drilling than ploughing and hence 

final yield was also less. Application of extra nitrogen increased 

the rate of nutrient uptake in the early weeks and thus increased root 

and shoot growth so that by anthesis, the crop dry weight and the 

number of grains set in the direct drilled crop was the same as the 

crop on ploughed soil with 50 kg of nitrogen less.

Numerous other factors have been connected with the reduction in yield 

sometimes encountered following direct drilling including reduced 

mineralization in zero tilled soil (Dowdell, Crees and Cannell, 1983), 

waterlogging and surface ponding (Soane and Rodger, 1974) leading to 

reduced aeration (Soane, Butson and Pidgeon, 1975, and poorer weed 

control (Ball and O'Sullivan, 1985). Factors such as the physical 

impediment to drilling (Oliphant, 1982), encouragement of pests such as 

slugs (Christian and Miller, 1984), reduced availability of nitrogen 

(Ellis, Christian and Barnes, 1982) and the production of certain toxic 

substances within the soil (Lynch, 1977; Lynch, 1978; Tang and Waiss, 

1978), can be related directly to the presence of crop residues on the 

soil surface. The extent to which these factors impair crop growth 

and yields will be discussed in more detail later.

The importance of good crop residue management prior to reduced tillage 

practices and direct drilling can be clearly seen from the number of 

references which have quoted equal and even better cereal yields

following straw and stubble burning and direct drilling, compared to
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conventional ploughing. On clay soils, Cannell, et al, (1982), found 

that over seven years, direct drilling and shallow tillage gave similar 

or slightly heavier yields of winter cereals than after ploughing. On 

a silt loam soil, in the early years, direct drilling yielded 

significantly less than after shallow tillage or ploughing, but in the 

final four years of the experiment, direct drilled plots yielded 3% 

more grain than after ploughing due mainly to the build up of organic 

matter. Similarly, other authors have reported equally good yields 

from direct drilling following straw and stubble burning (Elliott,

Ellis and Pollard, 1977; Hodgson, Proud and Browne, 1977; Cannell, et 

al, 1980; Pollard, Elliott, Ellis and Barnes, 1981; Ball and 

O'Sullivan, 1985; Ayling, Bacon, Christian and Goss, 1987) even where 

the population density and winter mortality were greater on direct 

drilled plots (Pollard, et al, 1981).

In an exceedingly dry season, yields of winter wheat after direct 

drilling have been found to exceed those after ploughing (Cannell, et 

al, 1980). This was attributed to the greater availability of water 

and deeper rooting in the spring. Ball and O'Sullivan (1985) also 

reported higher yields of grain following direct drilling. In the

first year of a trial, on a gleysol in Scotland, yields were reduced on 

direct drilled plots due to inadequate weed control. In the remaining 

three seasons however, direct drilling yielded on average 6% more grain

than conventional ploughing.
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1.3 THE EFFECTS OF STRAW AND STUBBLE ON YIELDS OF DIRECT DRILLED 
CROPS

Large reductions in yield have been shown to be encountered following 

direct drilling into straw residues. These have been found to be due 

to numerous factors which will be discussed individually.

1.3.1 Physical impediment to drilling

The impediment of the action of the drill by straw residues has been a 

particular problem with direct drilling and to a lesser extent with 

minimal tillage. Incompletely decomposed straw has been found to 

impair drill performance by building up in front of the drill and 

blocking the coulters resulting in uneven stands of plants (Pollard, 

1977; Oliphant, 1982; Graham, et al, 1986). Straw residues may 

prevent the coulters making good contact with the soil surface and the 

seed may be broadcast into the straw (Graham, et al, 1986). More 

commonly, where discs do penetrate into the soil a wedge of straw may 

be pushed into the slit leaving the seed surrounded on all sides by a 

straw 'cradle' (Pollard, 1977). In an experiment by the Weed Research 

Organisation, the number of seedlings of winter wheat emerging from the 

straw cradle 28 days after sowing was only 49.7% of the number 

following burning. This number however was found to increase to 74.7% 

by 84 days after sowing. When the slits were excavated it was 

discovered that many seeds had failed to germinate, although some had 

died after producing a few short roots of about one centimetre in 

length. There was no visible reason why seeds should have died and 

there was no zoning between healthy seeds and dead seeds. Dead seeds, 

however, were not found where straw had been burned.

The presence of straw residues on the surface of the soil conserves

moisture within the soil (Duly, 1960). In America, in areas of low
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rainfall or in dry years presence of residues has consequently been 

found to be an advantage, with the technique of conservation tillage or 

stubble mulching, as it is known, leading to improved yields of maize 

(Duly, 1960; Parker and Larson, 1962; and Miller and Shrader, 1976).

In Britain also the presence of straw residues has been found to 

maintain moisture, with soil below the straw failing to dry out. In 

our climate however this has been a problem. The moist soil may 

result in smearing of the sides of the drill slits and drainage of 

water from the vicinity of the seed may be impaired (Graham, et al, 

1986). In addition^, waterlogging of the seed during germination even 

for a few days, has been shown to have a very marked effect on the 

number of wheat plants established (Cannell and Bedford, 1982). In 

these circumstances straw which is pushed into the drill slits may 

decompose anaerobically in the presence of excess soil moisture and 

produce phytotoxic compounds which are then in direct contact with 

germinating seeds.

In an experiment carried out by Graham et al, (1986) straw was left on 

the soil surface but chopped before sowing. This however failed to 

overcome the mechanical problems and fewer plants established when this 

treatment was used with direct drilling, compared to where straw and 

stubble were burned.

Considerable efforts have been made in order to overcome this problem 

by improving drill design. This has been achieved to an extent in 

moving from the cultivator drill to the development of the triple disc 

drill, which can work in trashy conditions. Nevertheless in the 

presence of straw residues subsequent growth has still been found to be

unsatisfactory (Pollard, 1977).
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1.3.2 Encouragement of slugs

In some cases the uneven plant stands seen following drilling of seed 

into straw and stubble have been attributed to damage by slugs.

Higher numbers of slugs have been reported in the presence of residues 

which harbour the pests providing them with an ideal environment for 

survival (Whybrew, 1968; Christian and Miller, 1984; Graham et al, 

1986). In early experiments carried out at the Experimental Husbandry 

Farms looking at direct drilling, Whybrew (1968) found slugs to be the 

main pest problem, gathering in the drill slits particularly where 

straw was present. Christian and Miller (1984) at Letcombe found that 

in the presence of straw, plant populations were reduced as a result of 

slug damage. Measurements made on direct drilled land in late October 

showed that approximately 8, 29 and 37% of seed on the burned stubble, 

and chopped and spread treatments respectively had been hollowed by 

slugs. These results were upheld by the findings of Graham et al, 

(1986) where again slug damage was more extensive where surface straw 

was present. During autumn and winter up to 13% of established plants 

were lost when the straw was chopped and spread.

Despite these findings slug damage has not been accepted as the main 

cause of poor plant establishment in the presence of residues.

Oliphant (1982) summarizing extensive trials at the Experimental 

Husbandry Farms, could find no correlation between slug numbers and 

damage to the crop and concluded that slug damage was not responsible 

for the difference in plant populations and grain yields found between 

different straw disposal treatments.

1.3.3 Availability of nitrogen

Some authors have at least partially attributed reduced tillering and

hence yields in the presence of straw residues to the immobilization of



29

nitrogen by micro-organisms during the decomposition process (Short, 

1973; Lynch, Gunn and Harper, 1978; Harper and Lynch, 1980 and Ellis, 

et al, 1981). Short (1973) reported the need for additional nitrogen 

in the seed bed where straw was present. During decomposition a 

proportion of soil nitrogen is immobilized by the micro-organisms 

responsible for straw breakdown. The addition of seed bed nitrogen 

has been suggested to compensate for this. Lower concentrations of 

nitrate in the soil solution have been reported (Lynch, et al, 1978) in 

the presence of straw, from the time of sowing until early February. 

Thereafter no difference was found. Conversely the concentration of 

nitrite ions was found to be greater where straw had not been burned. 

Lynch, et al, (1978) attributed this to the fact that straw provides a 

substrate for the nitrate reducing microflora in the soil.

Ellis, et al, (1982) reported the nitrate content of the soil under 

winter oats, down to 35 cm deep, to be 50% less in the presence of 

straw residues compared to where straw was burned. Plant nitrogen was 

also decreased by about 15% in the presence of residues. Nitrogen 

immobilization in decomposing straw has been found to reach its peak 

only three weeks after straw was buried in the soil. Breakdown was 

much slower when residues remained on the soil surface. However after 

the initial three weeks, nitrogen was then found to be lost from the 

straw with nitrogen equivalent to that immobilized being totally 

released from the buried straw after nine months (Harper and Lynch, 

1980).

Oliphant (1982) did not hold nitrogen deficiency responsible for the 

loss of plants following drilling into crop residues/ since at the time 

of brairding, residual nitrogen and mineralization should have been 

adequate to supply the needs of the young seedling. The organic
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matter of the soil was considered to be relatively high and hence 

mineralization should have been ongoing. Also the plots at no time 

showed any symptoms of acute nitrogen deficiency.

Crop and soil analyses made during a wet season suggested that the 

nitrogen supply became limiting to crop growth only during late winter 

and early spring and sooner on plots where straw residues were present 

than on those where they had been burned or removed. These 

observations were found to be consistent with the poorer survival of 

tillers in the presence of straw resulting in fewer ears at harvest, as 

was found in field experiments (Graham, et al, 1986). It has been 

estimated that when a 7.5 t/ha crop of straw decomposes, about 60 kg of 

nitrogen may be immobilized. The rate at which this may subseguently 

become available to plants is variable and uncertain (Ellis, 1978).

1.3.4 Fungal colonisation

In the presence of straw residues it has been observed that some seeds 

die before germination takes place (Pollard, 1977). This could be 

attributed to the increased fungal colonisation found on seeds in 

contact with straw (Lynch and Pryn, 1977; Harper and Lynch, 1981b; 

Ellis, 1979). Saprophytic fungi such as Mucor hiemialis and 

Glicocladium roseum have been isolated from straw present in the soil 

(Ellis, 1979). Harper and Lynch (1981b) reported finding a greater 

biomass of these fungi under the husk of seeds at germination which had 

been in contact with straw than did seeds which had been in contact 

with soil only. Likewise Lynch, et al, (1978) found greater amounts 

of fungal mycelium on winter oats which had not germinated than on

seeds which germinated normally.
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Under anaerobic conditions these fungi have been found to obtain their 

energy from soluble carbohydrates which are released from seed through 

a pore which is the entry point of oxygen. The fungi therefore act as 

an obstruction to the entry of oxygen to the seed and the seed dies 

(Ellis, 1979). Again, however, no direct evidence exists relating 

fungal colonization of seed in the presence of straw to poor seedling 

establishment.

1.3.5 Phytotoxin, production

Poor establishment and yellowing of young seedlings in the presence of 

straw residues, particularly with direct drilled crops, have been 

observed to occur in the early stages of crop establishment (Barber, 

Gunn and Haynes, 1976; Lynch, 1978; Harper and Lynch, 1981a; Oliphant, 

1982). Plant numbers have been found to be diminished either as a 

consequence of poor germination (Oliphant, 1982) or more frequently 

death of the seedling at about the time of emergence from the soil 

(Barber, et al, 1976). Subsequently in the presence of residues 

poorer tillering has also been reported (Lynch, et al, 1978; Ellis, et 

al, 1981).

In 1974, poor establishment of direct drilled winter oats, in the 

presence of unburned straw from the previous crop prompted the set up 

of several experiments at Letcombe Laboratory. Initially these trials 

showed that where seeds were grown under laboratory conditions, in the 

presence of aqueous extracts of straw taken from drill slits, growth of 

the young seedling was greatly impaired. Roots of treated seedlings 

were found to be much shorter, had swollen apices and a marked 

proliferation of root hairs. Coleoptiles were also much shorter and 

thicker. The older leaves of plants grown in the presence of straw
Co

were found to be chlorotic and^contain less nitrogen (Barber et al,



TABLE 1.2 Effect of decaying straw on the development of barley seedlings 
(Ellis, et al, 1975)

Control Straw residue 
present

No. seminal roots/plant 5.8 6.0

Total length of seminal roots 
(mm/plant)

76.9 11.6

Total dry weight (g/plant) 0.115 0.062

Ratio : root dry wt 
shoot dry wt

1.16 0.72
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1976). Similar findings were reported by Ellis, Barber and Graham 

(1975). Marked reductions in root growth and to a lesser extent shoot 

development were found where barley seedlings were grown in suspensions 

containing extracts of decomposing straw (Table 1.2). Less tillering, 

shortened internodes, spindly stems and leaves corkscrewing, leaf 

yellowing, shrunken grains and small heads and over winter stand loss 

have also been reported in the presence of residues (Elliott, McCalla 

and Waiss, 1978) as well as the problem of high crown set (Elliott, et 

al, 1980). Many of these symptoms could be said to resemble nitrogen 

deficiency, however several research workers have failed to overcome 

the problem by application of nitrogen (Duly, 1960; Davidson and 

Santlemann, 1973; Kimber, 1973).

The problem has been attributed to the production of water soluble 

phytotoxic compounds which have since been identified as mainly acetic, 

butyric and propionic acids found following decomposition of straw 

(Barber, et al, 1976; Lynch, 1977; Wallace and Elliott, 1979). The

growth of barley leaves was found to be affected within 10 days of the 

incorporation of dry, unrotted straw indicating that straw contains a 

considerable quantity of substrates which become readily available to 

micro-organisms. Experimental work also indicated that the toxicity 

resulting from incorporation of straw was greatest at soil temperatures 

of around 8°C with toxicity increasing with increasing water content 

(Barber et al, 1976). Wallace and Elliott (1979) however, found toxin 

production from aqueous extracts of wheat straw to be greater at 20°C 

than at 10°C.

In North West America, Cochran, Elliott and Papendick (1977) studied 

phytotoxin production from pea, lentil, winter wheat and barley and 

bluegrass straw in the field during a cool wet autumn. Rate of
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phytotoxin production was found to follow the ease of substrate 

decomposition. Phytotoxin production occurred only during periods of 

cool wet weather which would explain the greater yield reductions 

observed in wetter seasons (Patrick and Toussoun, 1965; Kimber, 1967, 

Kimber, 1973, McCalla and Norstadt, 1974; Lynch, 1977, Lynch, 1978 and 

Wallace and Elliott, 1979; Ellis and Lynch, 1979; Elliott et al, 1980; 

Oliphant, 1982).

Under dry conditions yields of winter wheat direct drilled into surface 

residues have on occasion been found to equal those from plots tilled 

and seeded conventionally. During a three year study on winter wheat 

in America, no phytotoxic substances originating from crop residues 

could be found. This however was attributed to the particularly dry 

conditions, with yields being improved due to the water storage 

properties of the overlying straw residues (Cochran, Elliott and 

Papendick, 1982).

Production of phytotoxic substances from crop residues has been 

reported by many authors. Laboratory incubation studies using wheat 

straw slurries showed that acetic, butyric and propionic acids were 

produced from the decomposition of the cellulose component of straw 

(Barber, et al, 1976; Lynch, 1977; Tang and Waiss, 1978; Wallace and 

Elliott, 1979). The only chemical found to restrict the growth of 

barley seedlings was acetic acid. Neither propionic or butyric acids 

were found in high enough concentrations to be toxic (Lynch, Harper and 

Marshall, 1975). In the absence of plant residues only very low 

quantities of acetic acid have been detected. Accumulation of acid 

has been found to vary with soil type and length of incubation. 

Generally, however, the highest concentrations of acid have been found 

after 9 days, with levels starting to decline again after 21 days



(Lynch and Harper, 1977) since the necessary substrates are no longer 

available for microbial activity. Seedlings from direct drilled crops 

would therefore be at their most vulnerable state when acid production 

is at a maximum, having used up nearly all their seed reserves but not 

yet being photosynthetically independent.

The uptake of -^C labelled acetic acid by germinating seed was found to 

be four times greater at pH 3.2 than at pH 7.0. There was also a

concommitant increase in toxicity at low pH. In the soil, the seed 

would usually be exposed to such a low pH only when in close 

juxtaposition to the straw. Toxicity therefore becomes a particular 

problem when direct drilling seed into straw residues. Further away 

from the straw the pH would remain higher owing to the buffering 

capacity of the soil (Lynch and Harper, 1977). Coating the seed with 

a mixture of calcium peroxide and lime has been shown to effectively 

protect the seed from the low pH of the acid (Lynch, Harper and 

Panting, 1979; Lynch, 1978). The concentration of acid in the soil 

following decomposition of wheat and barley straw has in fact been 

shown to be halved over a distance of 15 mm in a non calcareous silty 

loam soil (Lynch, 1979).

As was mentioned earlier, phytotoxin production has been found to be a 

particular problem in wet soil. Waterlogging of soils tends to lead 

to anaerobic conditions which are the main cause of the problem.

Lynch (1977) showed that anaerobic fermentation of straw led to the 

production of acetic, butyric and propionic acids and also some 

unidentified phytotoxins which are slow to breakdown in flooded soil

(Wallace and Elliott, 1979).
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Under aerobic conditions the products of straw decomposition were found 

to actually stimulate root growth. On the other hand under almost 

anaerobic conditions, atmospheres containing between 3 and 21% oxygen, 

growth of seedlings was inhibited (Lynch, 1977). In anaerobic 

conditions the acid produced has been shown to act as a substrate for 

formation of methane. Thus the extent to which it accumulates in the 

soil is a function of the soil redox potential (Takai and Kamura, 1966; 

Ponnamperuma, 1972; Lynch and Gunn, 1978).

Microbial studies have also been conducted to determine colonisers of 

winter wheat straw during periods of phytotoxin production. Winter 

wheat straw collected from the field during cool, wet periods in autumn 

was plated on to a cellulose medium and incubated at 10°C. The straw 

was heavily colonised by high numbers of bacteria, 107 to 108 per gram 

of dry straw. Representative isolates were picked and over 95% 

produced a wheat root inhibitory toxin when they were incubated at 10°C 

on the cellulose medium. Toxins produced appeared to be similar to 

those found in the field (Elliott, et al, 1980). Under wet seed bed 

conditions Harper and Lynch (1981b) concluded that these toxic 

microbial products may actually be more important than toxic plant 

components.

As has been show^ plant residues have considerably greater significance 

with direct drilling and minimum tillage than in conventional systems 

for two reasons. Firstly the short interval between successive crops 

gives little opportunity for the toxic substances to be lost by 

leaching or by further microbial degradation. Secondly with shallow 

cultivation, and even more so with direct drilling, using present 

machinery, the decomposing straw is likely to be in much closer contact 

with the germinating seed which is therefore exposed to higher

concentrations of toxic substances.
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1.4 THE EFFECT OF DIRECT DRILLING AND REDUCED CULTIVATIONS ON SOIL 
PHYSICAL PROPERTIES

1.4.1 Soil appearance and structure

The most obvious difference between direct drilling and conventional 

cultivation can be seen on the soil surface. Ploughing turns over any 

vegetation and leaves the soil exposed in ridges and furrows across the 

field. Direct drilling however causes minimum disturbance to the soil 

surface and hence plant residue may remain. Compared to the rugged 

surface of a recently ploughed field, the zero tilled surface is 

relatively smooth. Height variation may occur due to wheel tracks; 

however an increase in density is generally observed just below the 

soil surface with direct drilling compared to ploughing, as indicated 

by changes in bulk density and penetrometer readings (Baeumer and 

Bakermans, 1973).

In 1970, Van Ouwerkerk and Boone visually estimated the total porosity 

and workability (ease of crumbling by hand) of a dug up block of silt 

soil to get an indication of the gross soil structure. Visual 

inspection of the soil revealed considerable differences in soil 

structure between direct drilled and ploughed plots. Soil on zero 

tilled plots appeared denser and fine pores were seen to predominate in 

zero tilled plots. Pore size distribution was found to be more 

homogeneous in direct drilled than in ploughed plots. Ease of 

crumbling by hand was poor on the zero tilled plots particularly in the 

upper 10 cm. Below this depth differences in ease of crumbling 

between direct drilled and ploughed plots were less pronounced. The 

authors also observed that the silt soil under zero tillage was layered 

possibly due to the shear stresses transmitted to the soil by tractor 

tyres. Baeumer and Bakemans (1973) also recorded differently 

structured layers under direct drilling, with the top soil layer found
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to be no more than 5 to 15 mm thick. Structure of this layer may be 

crumbly and friable depending on the amount of residue present, 

activity of soil organisms and the prevailing weather conditions.

The structure of deeper soil layers depends mainly on their soil 

texture and on texture dependant reaction to changes in soil moisture 

and temperature. In silt soils, zero tillage has been found to induce 

a platy structure (Bulfin, 1967) which has been seen to remain visible 

throughout the year. A polyhedric structure has been found to be 

typical of soils under direct drilling with a high clay content, low 

water conductivity and distinct shrinking and swelling properties.

Since swelling of the clay again after remoistening will close every 

cleavage, if the soil has not been previously mechanically loosened, 

tilth induced by frost or drought is believed to be only a transient 

phenomenon of zero tilled clay soils (Czeratzki, 1971).

In a survey by Cowman, Coutts and Riley (1977) covering fields which 

had been direct drilled with cereals for up to nine years, a marked 

variation in soil colour down the profile became obvious. Cowman, et 

al, (1977) found the darkest soil to be at the surface. This can be 

correlated with the accumulation of organic matter at or near the soil 

surface. Cowman, et al, (1977) however, found that the colour 

difference was not evident for the first three years. Earthworm 

channels were also found to be a striking feature of direct drilled 

soils in this survey.

According to the survey by Cowman, et al, (1977) soil structure 

appeared to improve, particularly on heavier soils where direct 

drilling led to a modification of soil structure resulting in greater 

porosity and improved drainage. On light limestone brash and chalk
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downland soils, direct drilling did not appear to have any noticeable 

effect on soil structure. Several authors have reported an impovement 

in soil tilth following direct drilling (Elliott, Pollard, Cannell, 

Ellis, Barnes and Howse, 1973; Elliott and Pollard, 1974; Ellis, 

Elliott, Barnes and Howse, 1977; Clutterbuck and Hodgson, 1984). 

Clutterbuck and Hodgson (1984) found that on a clay soil the tilth on 

direct drilled plots tended to improve with each successive year and 

cracking occurred to 40-50 cm in direct drilled ground during dry 

summers.

On a sandy loam soil however, Soane, et al, (1975) found no surface 

tilth in the absence of cultivation even after 8 years. This was 

related to the lower content of expanding clay materials and hence the 

lower soil water deficits prior to and at drilling. However on sandy 

loam soils on the East coast of Scotland satisfactory tilths were 

obtained by stubble burning before and harrowing after direct drilling. 

In the absence of burning the authors found the development of surface 

tilth to be retarded and problems of weed control aggravated.

1.4.2 Aggregate stability and soil organic matter

There has been considerable evidence to suggest that aggregates in the 

surface layer (2-3 cm) of the topsoil have been more stable after a few 

years of direct drilling than in the corresponding layer of ploughed 

soil for a range of soil types (Tomlinson, 1974; Boone, Slager, Miedema 

and Elevald, 1976; Douglas and Goss, 1982). Tomlinson (1974) 

illustrated this clearly on a sandy loam soil after two years direct 

drilling (Table 1.3). Shallow tillage treatments have been found to 

be similar to direct drilling or intermediate between direct drilling

and ploughing (Douglas and Goss, 1982).
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Table 1.3 The effect of Ploughing and Direct Drilling on aggregate
Stability of a sandy loam soil (Tomlinson, 1974)

Depth
(cm)

% of high 
Plough

stability aggregates 
Direct Drill

0 - 2.5 7 36

2.5 - 5.0 2 6

5-10 10 17

10 - 15 20 11



Increased organic matter status has been shown to increase the

stability of soil aggregates (Russell, 1974; Douglas, 1977) and also 

improve the tilth of surface soil layers (Elliott and Pollard, 1974; 

Ellis, et al, 1977b). Where grass reference areas have been retained 

from old grassland proceeding the experiment, stability and organic 

matter of the topsoil have been found to be greater in the grassland 

than in the direct drilled or tilled land. More organic matter 

however, has been found to be retained near the soil surface of direct 

drilled land compared to ploughed (Tomlinson, 1974; Douglas and Goss, 

1982). Even where this occurred, the stability of the natural soil 

aggregates from that zone declined, though at a much slower rate than 

after ploughing (Free, 1970; Tomlinson, 1973).

Quite a lot of work has shown more organic matter to be present close 

to the surface of direct drilled land (Bakermans and De Wit, 1970; 

Free, 1970; Fleige and Baeumer, 1974; Ellis, et al, 1977b; Ellis and 

Howse, 1980; Douglas and Goss, 1982). In Britain after five years 

direct drilling, Douglas and Goss (1982) noted a 70% increase in the 

organic matter content in the upper 2.5 cm of the soil. They 

associated this change with improved aggregate stability.

This however has not always been found to be the case. On a sandy 

loam soil, Chaney, et al (1985) found that although the 0.5 cm horizon 

of direct drilled soil had a higher content of organic matter than the 

ploughed, this did not increase the stability of the aggregates. 

Slaking tests showed the soil to be inherently unstable and likely to 

suffer from structural problems. Douglas (1977) reported similar 

findings for a silt loam soil where preliminary tests indicated that 

stability was impaired after two years of direct drilling despite a 

slightly greater organic matter content. Greater aggregate stability
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and organic matter content however were observed where direct drilling 

was practiced on a clay soil. The increase in organic matter content 

often observed under direct drilling may be expected for two reasons

1. Plant debris is not mixed through the soil as after ploughing

2. The rate at which organic matter breaks down on the soil surface

is slower (Brown and Dickey, 1970; Fleige and Baeumer, 1974).

Bakermans and De Wit (1970) and Buhtz (1970) looked at the distribution 

of organic matter in the soil. In undisturbed soil the concentration

of organic matter was found to be greatest near the soil surface,

declining steadily to the subsoil, where values of organic matter were 

below those on conventionally tilled plots. There appeared to be no 

such concentration gradient in ploughed soils with the organic matter 

evenly distributed in the ploughed layers. Work by Ellis, et al, 

(1977b) revealed similar findings.

1.4.3 Bulk density

One of the first and most obvious changes in the soil when direct 

drilling is introduced is its greater consolidation or compaction. 

Following direct drilling higher bulk density and mechanical resistance 

has been observed in the upper zones of the soil profile varying from 

loamy sand to silt clay loam, in Europe, the U.S.A. and Australia 

(Free, Fertig and Bay, 1963; Bulfin and Gleeson, 1967; Herzog and 

Bosse, 1969; Van Ouwerkerk and Boone, 1970; Ehlers, 1973; Soane, et al, 

1975; Soane and Rodger, 1974; Ellis, et al, 1977; Deibert, 1980; 

Douglas, Goss and Hill, 1980; Harder, 1980; Rasmussen, 1981; Pollard, 

et al, 1981; Hamblin, Tennant and Cochrane, 1982; Clutterbuck and

Hodgson, 1984; Chaney, et al, 1985).
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This was clearly illustrated in a study by Soane, et al, (1975) who 

looked at soil physical properties over eight years in a long term 

continuous barley experiment. Within the seed environment (0 to 5 cm) 

zero tillage was characterized by a higher bulk density (typically 1.4 

g/cm^ compared to 1.2 g/cm3), an approximate 5 fold increase in 

mechanical resistance to the cone penetrometer and soil shear strength 

generally about double the values for normal ploughing. Below this 

layer at 5 to 21 cm depth again cone resistance was higher under direct 

drilling, the difference being most marked at shallower depths. The 

increase in soil strength was particularly marked under direct drilling 

in wet conditions. There was an increase in bulk density from about 

1.2 g/cm3 to 1.35 g/cm3 as a result of zero tillage. Differences in 

bulk density occurred to 15 cm at one site and 22 cm at another.

From 21 to 33 cm depth no differences were observed in bulk density 

between direct drilled and ploughed treatments. However cone 

resistance was significantly greater in this horizon under direct 

drilling, particularly under wet conditions. On most occasions of 

measurement, the cone resistance of the zero and ploughed plots showed 

no sign of converging down to 33 cm. The increased strength on 

uncultivated soils appeared to persist to greater depths.

After the first season of zero tillage there appeared to be only a 

slight further increase in bulk density with time, even after 7 years 

(Soane, et al, 1975). This suggests that during planting and 

harvesting of the cereal crop preceeding direct drilling, the soil is 

compacted to an "equilibrium" bulk density which is unaffected by 

subsequent compaction during continuous cereal growing under a good 

standard of management. This is supported by the finding that bulk
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density measured in wheel tracks on cultivated plots was almost 

identical to that of the zero tillage treatment. Some experiments 

generally carried out on lighter soils or soils with high organic 

matter have failed to show any increase in bulk density with direct 

drilling (McCalla, Army and Weise, 1962; Jones, Moody and Lillard,

1969; Kahnt, 1969; Van Ouwerkerk and Boone, 1970; Tomlinson, 1974).

On heavier soils, these changes in bulk density properties of the soil 

would all appear deleterious, or at least not beneficial since they 

tend to reduce movement of water through the soil, decrease aeration 

and to restrict root penetration (Soane, et al, 1975). The greater 

strength of direct drilled soils compared to cultivated land may be 

better for wheeled traffic but wheel ruts caused by heavy vehicles such 

as combine harvesters and grain trailers in wet conditions may preclude 

the satisfactory operation of direct drilling. In such cases some 

remedial tillage may be necessary (Cannell, 1979a).

1.4.4 Soil porosity

The changes observed in soil strength and bulk density when direct 

drilling is introduced have in many cases been shown to result in 

reduced soil porosity and a change in pore size distribution. The 

average decrease in total porosity with zero tillage has been found to 

vary between 0 and 6% (Herzog and Bosse, 1969; Czeratzki and Ruhm,

1971; Vez and Vuilloid, 1971). A few exceptions have been noted 

however, on a heavy river clay rich in organic matter (Van Ouwerkerk 

and Boone, 1970), on a silt loam (Buhtz, Bosse, Herzog, and 

Waldschmidt, 1970) and on a silty clay (Bachthaler, 1971) where values 

of total porsity were lower on tilled than untilled plots probably as a 

result of compaction caused by tillage operations. Chaney, et al.

(1985) failed to find any differences in total soil porosity on a sandy
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clay loam soil. Where differences in total porosity were apparent, 

these were generally found to be greatest in the soil layer which is 

loosened by ploughing but not compacted by seed bed preparation (10 to 

18 cm depth). In deeper soil layers differences between treatments 

were found to diminish.

In a number of experiments covering a wide range of soil types the 

proportion of large pores has been found to be less after direct 

drilling than after conventional cultivation (Schuurman, 1965; Baeumer, 

1970; Free, 1970; van Ouwerkerk and Boone, 1970; Finney and Knight,

1973; Tomlinson, 1974; Hamblin and Tennant, 1979). Goss, Ehlers, 

Boone, White and Howse (1984) found a decrease in the number of 

macropores rather than pores less than 50 pm in diameter. No 

significant differences however, were found in the number of smaller 

pores within the untilled soil layer. Schuurman (1965) while working 

on a sandy soil found not only a decrease in the number of larger pores 

under the more compact direct drilled soil but also an increase in the 

number of pores of smaller diameter. Consequently, Schuurman noted 

that total porosity was not greatly affected.

More rapid infiltration of water has frequently been observed on direct 

drilled plots compared to ploughed plots (Baeumer, 1970; Baeumer and 

Bakermans, 1973; Finney and Knight, 1973; Ehlers, 1975; Goss et al, 

1978). This has been attributed to the more continuous pore systems 

often found in untilled land. Several explanations have been 

connected with this including the presence of old root channels in 

undisturbed soil, cracks along planes of weakness, particularly in clay
I

soils and most importantly the presence of more earthworm channels 

(Ehlers, 1975; Scott-Russell, Cannell and Goss, 1975; Barnes and Ellis
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1979; Douglas, 1979; Ellis, Elliott, Pollard, Cannell and Barnes, 1979; 

Douglas, et al, 1980).

Ehlers (1973) found that the number and percentage volume of earthworm 

channels in the upper soil horizons approximately doubled during four 

years of no-till compared to ploughing, due mainly to the lack of 

destruction of earthworm channels when soils are direct drilled each 

year. Earthworm channels in the untilled plots were found to be 

capable of taking in irrigation water whereas those on tilled plots 

were not. Almost all of the channels reaching the untilled soil 

surface were capable of transmitting water deeply into the soil 

profile. On the tilled plots it was observed that many of the upper 

channels were almost horizontal over short distances and most of them 

became blocked with loose soil aggregates. Barnes and Ellis (1979) 

noted similar findings and also reported how the greater continuity 

provided by earthworm channels helped to improve drainage and aeration 

on zero tilled plots. Gerard and Hay (1974) reported an almost three 

fold increase in earthworm population in the absence of tillage which 

together with the stabilization of most channels, lead to a 

predominantly vertical orientation of larger pores compensating for 

their reduced numbers.

Greater homogeneity of pore size has also been observed as a feature of 

no-till soils. Ehlers (1973) found that on undisturbed soil the 

relative space occupied by each pore size fraction varied less than on 

ploughed soil. Thus, without repeated deep cultivations, shrinking of 

clay particles and activity of soil organisms will eventually rebuild a 

system of continuous pores (Baeumer, 1970). It is thought that direct 

drilling finally results in a sod like structure, as frequently found

under a permanent cover of grass.



1.4.5 Soil aeration and air filled porosity

Experimental work on the effects of reduced cultivation and direct 

drilling on soil aeration is fairly limited. However, it is known 

that the extent of soil aeration depends largely on porosity and water 

content. It is generally accepted that an air filled porosity of 10% 

is sufficient for adequate aeration of the soil and allows unrestricted

plant growth (Baeumer and Bakemans, 1973). Soane, et al (1975) looked
fa

at soil aeration in their work on zero tillage for cereals in Scotland 

over a range of soils. At a depth of 0 to 5 cm they found that the 

combined effects of increased bulk density, reduced porosity and 

increased moisture content under direct drilling caused a marked 

reduction in air filled porosity. Values under direct drilling were 

usually only about half that for ploughed plots and frequently below 

10%. The reduction in air filled porosity was obvious on zero tilled 

plots down to 22 cm depth. This was supported by findings reported by 

Van Ouwerkerk and Boone (1970).

Smith, Dowdell, Hall and Crees (1974) also found direct drilled plots 

to be less well aerated on a clay loam soil (8-10% C>2 at 60 cm depth) 

than ploughed plots (13-14% C>2 at 60 cm depth). A large reduction in 

air filled porosity was found at 3 to 15 cm depth under direct drilling 

compared to mouldboard ploughing with chisel ploughing intermediate.

The reduction at this depth was found to be large because of the 

combined influence of the reduction in total porosity under zero 

tillage and also because of an independant increase in soil moisture 

content. Soane and Rodger (1974) reported similar findings on a 

poorly drained silty clay loam soil, with air filled porosity found to 

vary inversely with soil moisture content.
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In a later report (Dowell, Crees, Burford and Cannell, 1979), 

conflicting findings were reported for a clay soil. As the soil 

became wetter, in the direct drilled plots the mean concentration of 

oxygen was found to be significantly higher at 15 cm than in ploughed 

plots, but the results obtained at 30 and 60 cm depths were not found 

to be significantly different. The only occasion when direct drilling 

resulted in significantly lower concentrations of oxygen at 15 cm depth 

occurred during a period of about four weeks in the late Autumn. This 

was associated with low rainfall before ploughing and thus on this 

occasion cultivation would have allowed free gas movement with the 

atmosphere.

Dowdell et al (1979) concluded that poor concentrations of oxygen are 

only a problem in direct drilled soils at 60 cm depth. Above this 

depth the likelihood of soil containing less than 10% oxygen is lower 

in direct drilled than ploughed soil. Several other authors have 

reported enhanced aeration, in some cases, on untilled soils due to the 

better continuity of pores observed in untilled soil (Ehlers, 1975; 

Barnes and Ellis, 1979; Ellis, et al, 1979).

In wet conditions in direct drilled clay soils, large concentrations of 

nitrous oxide have been measured (Burford, Dowdell and Crees, 1978) 

indicating the presence of anaerobic zones within the soil peds of zero 

tilled soils. This has been found to be particularly important during 

wet periods in winter (Ellis, et al, 1979). Where root growth was 

observed to be impaired this was attributed to the build up of ethylene 

under anaerobic conditions which has been shown to restrict root 

elongation (Smith and Scott-Russell, 1969). This apparent increased

possibility for anaerobic conditions to build up under zero tillage
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warrants further experimental research in order to determine the set of 

conditions under which it is most likely to occur.

1.4.6 Soil water

Many authors have looked at the effects of direct drilling on soil 

moisture content and from this work some trends are clearly evident.

On soils ranging from sandy loam to heavy marine silt many workers have 

recorded an increase in moisture content, particularly near the soil 

surface (Barnes, Bohmont and Rauzi, 1955; Herzog and Bosse, 1969; 

Triplett and Van Doren, 1969; Van Ouwerkerk and Boone, 1970; Blevins, 

Cook, Phillips and Phillips, 1971; Finney and Knight, 1973; Ellis, et 

al, 1977b). Often water content has been shown to be greater under 

direct drilling down to a depth of about 10 cm, but below this level 

soil moisture was found to be greater in ploughed soil (Van Ouwerkerk 

and Boone, 1970; Elliott, et al, 1973; Finney and Knight, 1973; Ellis, 

et al, 1977; Goss, et al, 1978).

More rapid infiltration of water has also been reported following 

direct drilling (Triplett, Van Doren and Schmidt, 1968; Jones, et al, 

1969; Baeumer, 1970; Ehlers, 1975; Lai, 1976; Goss, et al, 1978;

Douglas et al, 1980). This difference has been identified with 

smaller hydraulic conductivity values at the interface of the topsoil 

and subsoil of ploughed land (Ehlers, 1975; Douglas, et al, 1980), 

sometimes associated with greater soil strength in ploughed than direct 

drilled land at the depth of ploughing.

The increase in rate of infiltration in untilled soil has been 

attributed in most cases to the more continuous pore system often 

observed following direct drilling as a result of old root channels, 

more earthworm channels, and in clay soils, cracks between peds
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(Ehlers, 1975; Barnes and Ellis, 1979; Ellis, et al, 1979; Douglas, et 

al, 1980). The accumulation of surface residues has also been related 

to increased infiltration of water (Triplett, et al, 1968; Jones, et 

al, 1969; Blevins, et al, 1971), as has reduced evaporation (Bond and 

Willis, 1969) and reduced run off from the zero tilled soil surface 

(Jones, et al, 1969).

Under drier than normal conditions and in areas of moisture shortage, 

zero tillage has been shown to hold more water. Goss, et al (1978) 

found the water content below 50 cm to be greater under direct drilling 

than in ploughed soils in a very dry year. In years of normal 

rainfall however, little difference in water content at this depth was 

apparent. This tends to suggest that direct drilled soil holds more 

water under drier conditions. Other authors have found that the 

additional water held in the direct drilled soil has carried the crop 

through periods of drought leading to higher yields (Blevins, et al, 

1971; Stranak, 1976; Rule, 1978).

In some clay soils where compaction may restrict infiltration however, 

there have been reports of problems from surface ponding of water on 

the surface of direct drilled soils (Hood, et al, 1963; Kahnt, 1969; 

Goss, et al, 1980). Smearing of drill slits has also been found to be 

a problem under direct drilling particularly on less well drained silt 

or clay soils (Patterson and Potts, 1986). This smearing effect has 

long been considered a cause of poor initial growth, due principally to 

root inhibition and slower uptake of nitrogen and other nutrients

(Holmes, 1977).
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1.5 THE EFFECT OF DIRECT DRILLING AND REDUCED CULTIVATIONS ON SOIL 
CHEMICAL PROPERTIES

Since fertilizer, lime and organic matter are applied to the soil 

surface, the concentration of nutrients in the top layer of the soil 

would be expected to be higher in zero tilled than conventionally 

tilled soils. This has been shown to be true for nutrients which are 

slowly mobile such as phosphorous and potassium. Numerous authors 

have reported an increase in the concentration of available phosphorous 

and potassium, often by a factor of two or more within the upper 2.5 cm 

of direct drilled soil (Moschler, Shear, Martens, Jones and Wilmouth, 

1972; Shear and Moschler, 1969; Triplett and Van Doren, 1969; Lai,

1976; Ellis, et al, 1977; Hodgson, et al, 1977, Drew and Saker, 1980; 

Clutterbuck and Hodgson, 1984; Ball and O'Sullivan, 1987). At deeper 

soil layers, due to the mixing effect of conventional ploughing, much 

of this work has also reported higher levels of P and K under 

ploughing, below a depth of about 10 cm. Conseguently, when the 

differing bulk densities of the soil under direct drilling and 

ploughing are considered little difference has been found in the total 

quantities of P and K (Clutterbuck and Hodgson, 1984). This was 

substantiated by comparing the nutrient composition of direct drilled 

crops and crops grown following conventional cultivation where no 

evidence of reduced uptake of P and K has been found even under dry 

conditions in soils of inherently low fertility (Shear and Moschler, 

1969; Triplett and Van Doren, 1969; Cannell and Graham, 1979; Ellis and 

Howse, 1980; Clutterbuck and Hodgson, 1984).

Under zero tillage, the more mobile nutrients, magnesium and calcium 

have been particularly subject to leaching losses and so have been 

shown to be lower in the topsoil layer and higher in lower layers

compared to conventionally ploughed soil. This situation is reflected
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in the generally lower pH within the surface 2-3 cm of untilled soil 

(Buhtz, et al, 1970; Blevins, Thomas and Cornelius, 1977; Hodgson, et 

al, 1977; Allen, 1981). Where conditions are drier such as in 

Nigeria, Lai (1976) recorded an accumulation of both magnesium and 

calcium ions in the surface horizons and hence soil pH is unlikely to 

decline. Clutterbuck and Hodgson (1984) under drier than average 

conditions in North England failed to find any effect of cultivation on 

soil pH as did Ball and O'Sullivan (1987).

Inorganic nitrogen levels under direct drilling have often been found 

to be considerably lower than those in tilled or ploughed soil (Thomas, 

Blevins, Phillips and McMahon, 1973; Dowdell and Cannell, 1975;

Burford, Dowdell and Crees, 1977; Blevins, et al, 1977; Harder, 1980; 

Dowdell, et al, 1983). While mineral nitrogen levels in soil tend to 

be inherently variable as a result of the different processes occuring 

in the soil such as mineralization, leaching, denitrification and also 

differential nitrogen uptake by plants, this has been a consistent 

effect. In most cases/ the reduced levels of mineralized nitrogen 

measured under direct drilling, have been attributed to the slower 

mineralization often observed in the absence of tillage (Dowdell and 

Cannell, 1975; Dowdell, et al, 1983).

Also, chiefly as a result of the lower mineralization in direct drilled 

soils, the quantity of potentially mineralizable nitrogen in the soil 

has often been found to be greater. Doran and Power (1983) found that 

the potentially mineralizable nitrogen in the surface 7.5 cm of no-till 

soils was 19 to 90 ppm greater than in ploughed soils. Below this

depth the quantity of potentially mineralizable nitrogen with ploughing

was the same or larger than that with no-till. This proved similar to



53
other findings in America (Bandel, Dzienia, Stanford and Legg, 1975; 

Blevins, et al, 1977).

Fleige and Baeumer (1974), on an old arable site, found that zero 

tillage increased the content of both organic nitrogen and organic 

carbon within the 0 to 30 cm layer by mean annual rates of 53.8 - 72.4 

kg/ha and 0.59 - 1.3 t/ha respectively. Likewise, Doran and Power 

(1983) found the total carbon and nitrogen contents in the 0 to 7.5 cm 

depth of nonfilled surface soils to be 13 to 42% and 9 to 34% greater 

respectively, than those of ploughed soil. Below 7.5 cm depth, carbon 

and nitrogen contents of the non-tilled soils were the same or less 

than those of ploughed soil. Other authors have reported similar 

accumulations in the top soil layer of direct drilled soil (Moschler, 

et al, 1972; Lai, 1976; Blevins, et al, 1977).

Total carbon and nitrogen levels within direct drilled soil depend 

mainly on the accumulation of organic matter on the soil surface.

Where crop residues have been removed the total nitrogen and carbon 

content and distribution in the soil have been found to differ little 

from that in ploughed soil (Hodgson, et al, 1977; Powlson and

Jenkinson, 1981).
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1.6 THE EFFECT OF DIRECT DRILLING AND REDUCED CULTIVATIONS ON THE 
NITROGEN CYCLE AND PLANT NITROGEN UPTAKE

Nutrient concentration and distribution in the soil have been shown to be 

different under direct drilling to that found under conventional

cultivation. In order to understand better why this should occur it 

becomes necessary to look at the effects of reduced and zero tillage on 

the components of the nitrogen cycle within the soil and also plant 

uptake.

1.6.1 Mineralization

It has been well established that mineralization of organic matter in 

the soil is enhanced by cultivation (McCalla, et al, 1962; Arnott and 

Clement, 1966; Dev, Sinha and Narayan, 1970; Powlson, 1980)^ therefore 

in the absence of tillage rate of net nitrogen mineralization would be 

expected to be less. Several authors have attempted to determine what 

actually happens in the no-till situation, mainly by measuring the 

amounts of mineral nitrogen present in the soil.

A lot of the work in this field has been carried out in Britain at 

Letcombe Laboratory (Dowdell and Cannell, 1975; Burford, et al, 1977; 

Dowdell, et al, 1983). Results from these experiments, in most cases, 

have reported a reduced concentration of mineral nitrogen in the soil 

solution sampled from direct drilled plots compared to ploughed plots. 

This was particularly evident in late autumn and winter and when 

nitrate losses through leaching and denitrification would be small due 

to low rainfall. Dowdell and Cannell (1975) measured an increase of 

32 kg N/ha due to cultivation in a clay soil in March after winter 

rainfall was below average.
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Dowdell, et al, (1983) attributed the high level of inorganic nitrogen 

in ploughed soil to soil disturbance by microbes. These findings have 

been supported by work reported by other authors (Bandel, et al, 1975; 

Bennett, Stanford, Mathias and Lundberg, 1975; Doran, 1980; Doran and 

Power, 1983; El-Harris, Cochran, Elliott and Bezdicek, 1983; Rice,

Grove and Smith, 1986).

The effect of cultivation on the mineralization of soil nitrogen could 

be expected to vary considerably depending mainly on the soil organic 

matter content. Consequently some research has failed to find any 

effect of tillage on soil mineralization (Tomlinson, 1973; Powlson and 

Jenkinson, 1981; Stein, Sageman, Fischer and Angus, 1987). Despite 

this, there seems to be little doubt that conventional ploughing as 

opposed to direct drilling encourages mineralization of soil organic 

nitrogen due to the breakup of soil aggregates exposing substrates 

otherwise less accessible to microbial metabolism (Dowdell, et al,

1983).

1.6.2 Immobilization

The extent of immobilization of soil inorganic nitrogen under differing 

cultivation techniques will depend largely on the amount of crop 

residue remaining on the soil surface prior to zero tillage and also 

the amount of straw ploughed into the soil which then becomes subject 

to subsequent decomposition and hence nitrogen immobilization (Allison, 

1966). Although immobilization does not represent loss of nitrogen 

from the soil, it does compete with plant uptake and is therefore of 

interest.

Stanford, Bennett and Power (1973) reviewed initial studies of nitrogen

movement in zero tillage and found organic nitrogen levels higher under
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direct drilling than under conventional tillage. They indicated from 

the work of Beale, Nutt and Peele (1955) that both organic matter and 

nitogen accumulated faster in zero till than under conventional till,
A

indicating greater immobilization of applied nitrogen.

Doran and Power (1983) recorded greater populations of microorganisms 

in the surface soil under no-till. The higher moisture levels created 

by the no-till surface mulch provided a less oxidative biochemical 

environment and a greater concentration of plant roots in the soil 

surface layer. These factors together provided a greater potential 

for soil immobilization of nitrogen under humid conditions. Also, in 

America, Free (1970), during a seven-year corn experiment on a silt 

loam soil, found that no tillage increased immobilization up to 122 kg 

N/ha/year as compared to conventional tillage. Other authors, over a 

various range of soil types and cropping sequences have reported 

increased immobilization under direct drilling (Moschler, et al, 1972; 

Bandel, et al, 1975; Lai, 1976; Stinner, Hoyt and Todd, 1983; Aulakh 

and Rennie, 1984; Ferrer, Gallaher and Volk, 1984; Ortiz and Gallaher, 

1984).

Blevins, et al, (1977) measured significantly more organic nitrogen in 

the 0 to 5 cm layer of soil under no-till compared to conventional 

ploughing. In the 5 to 15 cm zone however, conventionally tilled soil 

had significantly more organic nitrogen, probably due to incorporation 

of surface residues following ploughing. In the 15 to 30 cm zone 

there were no significant differences.

Fredrickson, Koehler and Cheng (1982) measured highest uptake of 

fertilizer nitrogen under no-till winter wheat. The net soil 

immobilization of fertilizer nitrogen by the end of the first cropping
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season was 60 to 70% of that added to the tilled soil and 35 to 40% of 

that added to the no-till soil, indicating less immoblization under no

till. In view of the results presented mineralization and 

immobilization largely need to be considered together since under both 

conventional and no tillage, data suggests that a steady state level of 

soil nitrogen is reached. Once this level is reached, there will be 

fluctuations in nitrogen present in the soil but no net changes until 

the management system is changed (Gilliam and Hoyt, 1987). Numerous 

experiments have compared the relative organic nitrogen transformed by 

mineralization (loss -) or immobilization (gain +) (Table 1.4).

1.6.3 Nitrification

It is known that seed bed preparation technique affects the timing, 

rates and distribution of nitrification in the soil. However, from 

what little work has been done, conflicting results have emerged 

(Gilliam and Hoyt, 1987). Some research has suggested that no-tillage 

systems have lower rates of nitrification than conventional systems. 

Doran (1980) reported finding lower numbers of nitrifying bacteria 

under zero tillage compared to conventional tillage systems, 

particularly below 7.5 cm deep. This indicates a higher potential 

rate of nitrification with conventional tillage. Findings reported by 

Gamble, Edmunster and Orcutt (1952); Thomas, et al (1973); Dowdell and 

Cannell (1975); Dowdell, et al (1983) and Rice and Smith (1983) have 

supported this work.

In a study by Rice, Smith and Grove (1981) under increased soil 

moisture conditions, nitrate ions were found to accumulate more rapidly 

in no-till soils than in conventionally tilled soils. This was 

attributed to the increased moisture content which appears to be a



Table 1.4 The effect of tillage on gain or loss of soil organic
nilrogen (Gilliam and Hoyt, 1987)

Tillage Years Soil type Depth
(cm)

Nitrogen 
(Gain + or 

loss -) 
kg N/ha/yr

Reference

NT ef CT 1 silt loam 0-15 + 15 Bandel et al (1975)

NT cf CT 1 silt loam 0-15 - 42 Bandel et al (1975)

NT cf CT 1 silt loam 0-15 + 110 Bandel et al (1975)

NT cf CT 1 tifton 0-10 + 21 Hoyt (unpublished)

NT cf CT 2 loam 0-10 + 41 Stinner et al (1983)

NT cf CT 5 loam 0-21 + 111 Groffman (1985)

NT cf CT 5 clay loam 0-15 + 54 Moschler et al (1972)

NT cf CT 5 silt loam 0-5 + 75 Blevins et al (1977)

Grass
cf NT 5 silt loam 0-5 - 36 Blevins et al (1977)

Grass
cf NT 5 silt loam 0-5 -112 Blevins et al (1977)

NT cf CT 7 silt loam 0-7.6 + 122 Free (1970)

NT of CT 10 silt loam 0-5 + 60 Blevins et al (1983)

Grass
cf CT 10 silt loam 0-5 - 31 Blevins et al (1983)

Change in tillage

CT cf NT 5 Grey brown 
podzolic 0-30 + 72

Fleige and Bremner 
(1974)

CT cf NT 5 Grey brown 
podzolic 0-30 + 66

Fleige and Bremner 
(1974)

CT to NT 6 Grey brown 
podzolic 0-30 + 54

Fleige and Bremner 
(1974)

Grass
to NT 9 loam 0-15 - 11 Doran and Power (1983)

Grass
to CT 9 Haplustoll 0-15 -45 Doran and Power (1983)

NT = No Till CT = Conventional. Tillage
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critical factor in determining biological and chemical activity in the 

soil.

Groffman (1985) found nitrification activity to be significantly higher 

in the surface layer of no-till soil (0 to 5 cm) than conventionally 

tilled soil. This trend was reversed at lower depths. The high 

nitrification activity in this experiment was related to several 

factors namely, greater ammonium nitrogen availability due to residue 

decomposition and mineralization, higher soil pH and higher soil 

moisture with no tillage at this depth.

1.6.4 Denitrification

Denitrification under zero-tillage compared to conventional tillage has 

been studied under various crop rotations and climatic regimes in the 

U.S.A., Canada and G.B. (Gilliam and Hoyt, 1987). Several authors 

have studied numbers of denitrifying bacteria under zero tilled and 

conventionally tilled soils, with most work reporting higher numbers of 

denitrifying bacteria in no-till soils than under conventional tillage 

(Doran, 1980; Linn and Doran, 1984a; Broder, Doran, Peterson and 

Fenster, 1984). Doran (1980) in a survey of various locations 

throughout the U.S.A. for different denitrifier populations, concluded 

that zero tilled soils down to 7.5 cm depth contained up to seven times 

the microbial populations of conventionally tilled soil. Below this 

depth, differences were not so great. As a result of the greater 

population of denitrifiers, the potential rate of denitrification was 

found to be higher under no-till. Doran attributed this to the less 

oxidative nature of no-till soils relative to ploughed soils. Further 

work (Rice and Smith, 1983; Linn and Doran, 1984a and Groffman 1985) 

substantiated these findings. Nitrous oxide and nitrogen gas 

production have also been used as a measure of denitrification. In
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1981, Burford, et al, found that over two years the emission of nitrous 

oxide from direct drilled plots exceeded that from ploughed plots by 

factors up to 15 fold. Linn and Doran (1984b) and Aulakh, Rennie and 

Paul (1984) also reported higher gaseous losses of nitrogen from direct 

drilled plots mainly as a result of the higher soil moisture content in 

the zero tilled soils.

Several authors have failed to detect any change in denitrifying 

activity under zero tillage compared to ploughing (Staley and 

Fairchild, 1978; Kitur, Smith, Blevins and Frye, 1984). This led 

Wells (1984) to conclude that denitrification was of minor importance 

in no-till soils.

1.6.5 Volatilization

Direct measurements of quantities of nitrogen lost via volatilization 

have been limited since losses of ammonia have proved extremely 

difficult to predict with reasonable certainty under field conditions 

(Bandel, Dzienia and Stanford, 1980). It is unlikely however that any 

substantial losses of nitrogen occur via volatilization from cropping 

systems irrespective of seed bed preparation technique.

1.6.6 Leaching

Very little work has been carried out on leaching losses from no-till 

systems (Gilliam and Hoyt, 1987) and from what work has been done 

definitive conclusions cannot, as yet, be drawn. The bulk of the work 

which has been carried out on leaching under zero tillage has been 

undertaken by Thomas and his associates in Kentucky, U.S.A. (Thomas, et 

al, 1973; Tyler and Thomas, 1979; Thomas, Wells and Murdoch, 1981). 

These workers observed considerably more leaching of nitrogen below 90 

cm in the no-till system than under conventional cultivation as did
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the additional soil water found to be present under zero tillage, 

particularly in the upper 15 cm (Jones, Moody, Shear, Moschler and 

Lillard, 1968; Blevins, et al, 1971). Tyler and Thomas (1979) 

concluded that surface applied nitrate ions could be washed into 

natural soil cracks and channels and thus flow much deeper into the 

soil under zero tillage.

Other authors have reported conflicting results. Kanwar, Baker and 

Laflen (1985) in Iowa found that plots under no-till maintained 

significantly higher nitrate-nitrogen contents in the 0-30 cm layer 

with 40% of the nitrate nitrogen initially present still there after an 

additional 6.35 cm of rain. Corresponding figures for mouldboard 

ploughing were 19% and 9% respectively. Due to the ambiguity of these 

findings, more conclusive information would need to be found before any 

definitive statements would be made regarding the long term effect of 

zero tillage on leaching.

1.6.7 Surface runoff

In 1985, Baker reviewed available literature on losses of nitrogen in 

surface runoff and concluded that in general, direct drilling reduced 

runoff and losses of nitrogen via this route. The amount of the 

reduction in the volume of runoff water was found to be variable, both 

between location and between years at the same location (Siemens and 

Oschwald 1978; McDowell and McGregor, 1980; Laflen and Colvin, 1981). 

Despite the reduction in surface runoff there has been found to be 

generally a higher concentration of both dissolved nitrogen and total 

nitrogen under zero tillage compared to conventional systems (McDowell 

and McGregor, 1980; Alberts, Neibing and Moldenhauer, 1981; Baker and

Laflen, 1982; Angle, McClung, McIntosh, Thomas and Wolf, 1984; Laflen
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and Tabatabai, 1984; Baldwin, Frye and Blevins, 1985). Despite this 

the absolute increase in losses of solution nitrogen via surface 

runoff, have been found to be small, probably limited to 2 to 4 kg N/ha 

(Gilliam and Hoyt, 1987).

1.6.8 Plant nitrogen uptake

Quite a lot of research has been carried out to determine crop nitrogen 

uptake under differing cultivation systems in Britain, Europe, the 

U.S.A. and Australia. The bulk of this work has revealed a reduction 

in nitrogen uptake into the direct drilled crop and many references 

have mentioned the need for additional application of fertilizer 

nitrogen into direct drilled crops. However, some authors have failed 

to detect any difference between conventionally tilled and direct 

drilled crops in their uptake of nitrogen. Also in some cases, 

increased nitrogen uptake under no-till has been reported.

In one of the most detailed studies of nitrogen uptake in cultivated 

and direct drilled soil in England (Leitch and Vaidyanathan, 1983), it 

was found that during the first season direct drilled winter wheat took 

up, on average, more fertilizer nitrogen but less soil nitrogen than 

wheat in cultivated soil, mainly as a result of differences in organic 

matter mineralization. At all rates of fertilizer nitrogen applied, 

the different cultivation systems produced similar grain yields. 

However, when no fertilizer was applied, dry matter production and soil 

nitrogen uptake by the crop in the undisturbed soil were substantially 

less than by the crop in the cultivated soil. After harvest slightly 

larger quantities of fertilizer nitrogen residues were found in the 

cultivated soil than in the direct drilled soil. The residues in the

direct drilled soil were, however, more concentrated in the 0 to 20 cm
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layer, whereas the fertilizer residues in the cultivated soil were more 

evenly distributed to 60 cm depth.

On the direct drilled plots poorer initial growth and greater response 

to fertilizer nitrogen suggested that prior to fertilizer application 

insufficient soil nitrogen was available to support crop growth in the 

undisturbed soil. Where no additional fertilizer nitrogen was given 

this early set back was maintained through to harvest. The 

consistently greater recovery of fertilizer nitrogen by the direct 

drilled crop, compared to the crop grown in the cultivated soil, while 

soil nitrogen uptake remained similar, was believed to have been due to 

reduced biological activity. Slow incorporation of the mineral 

fertilizer nitrogen into the organic fraction may have prolonged its 

availability, so promoting crop uptake by effectively reducing the 

competition for mineral nitrogen.

The smaller uptake of soil nitrogen by the direct drilled crops when no 

fertilizer nitrogen was given^ was almost totally accounted for by fewer 

ears. This suggested that the reduced uptake was a function of less 

demand for nitrogen by a less well developed crop rather than less 

nitrogen being made available by the soil during the course of the 

whole season. Thus the smaller dry weight and nitrogen content of the 

crop were a result of the crop not attaining the necessary potential to 

extract nitrogen from the soil, possibly through reduced growth and 

development which occurred early in the growing season.

On the basis of these results, Leitch and VaTdyanathan (1983) suggested 

that direct drilled plants, not having sufficient soil nitrogen, failed 

to produce adequate vegetative structures so reducing growth potential. 

Later in the season when differences in soil nitrogen supply were not
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so apparent as in early spring, the plants did not have the capability 

to utilize this nitrogen, as demonstrated by the poor growth of direct 

drilled plants which received no fertilizer at all. An early 

fertilizer nitrogen application partially or completely satisfied the 

demand and made up the inadequacy enabling the direct drilled crops to 

yield equally as well as in the cultivated soil. This work 

substantiated early findings which investigated uptake of nitrogen by 

direct drilled crops (Vaidyanathan, 1979).

Also, in England Clutterbuck and Hodgson (1984) looked at nitrogen 

uptake by shoots of barley under direct drilling and conventional 

ploughing. For the first two years of the experiment the mean uptake 

of nitrogen by shoots at anthesis was 25 kg N/ha less after direct 

drilling than ploughing. In the final experimental year, however, no 

difference in nitrogen uptake could be detected. The smaller uptake 

following direct drilling was attributed to the less available nitrogen 

in the direct drilled soil. Similar findings were reported by Holmes 

(1977) who concluded that uptake of nitrogen was less in untilled than 

tilled soils because of initially slower root growth, as did Hamblin 

and Tennent (1979) and Hodgson, Proud and Browne (1977) along with 

other authors, (Greenwood, Boyd, Whitehead and Titmanis, 1970; Harder, 

1980; Smith, Elmes, Howard and Franklin, 1984; and Blevins, Grove and 

Kitur, 1986) reported consistently lower shoot nitrogen with direct 

drilled crops.

Several authors have advocated the use of additional fertilizer 

nitrogen in order to overcome the problem of reduced nitrogen uptake 

under direct drilling (Bakermans and de Wit, 1970; Kuipers and Ellen, 

1970; Bandel, et al, 1975; Phillips, Blevins, Thomas, Frye and

Phillips, 1980).
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Despite the extreme contrast in the amount of soil disturbance caused 

by moving from conventional cultivation to zero tillage some research 

work has failed to show any differences in nitrogen uptake and 

fertilizer usage. Using labelling techniques, Dowdell and Crees

(1980) could not detect any significant differences in fertilizer 

uptake by winter wheat with seed bed preparation technique. Similar 

findings were reported for maize (Triplett and van Doren, 1969) winter 

barley (Ball, O'Sullivan and Lang, 1985; Ball and O'Sullivan, 1987), 

spring barley (Ellis and Bowse, 1980) and winter wheat (Stein, et al, 

1987).

Other authors have reported higher nitrogen contents in no-till corn as 

compared to samples from ploughed ground (Moody, Jones and Lillard, 

1963; Shear, 1968; Moscher, et al, 1972). Similarly this has also 

been observed for cereals (Arnott and Clement, 1966; Kahnt, 1969; 

Fredrickson, et al, 1982). This nitrogen increase tends to contradict 

observations on the distribution and concentration of soluble nitrogen 

in undisturbed soil.
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1.7 THE EFFECT OF DIRECT DRILLING AND REDUCED CULTIVATION ON WEED 

GROWTH AND PLANT DISEASE

1.7.1 Weed growth

Successful direct drilling has been shown to depend on good weed 

control and hence is dependant on use of herbicides for boih killing 

any existing plant material which may be present before direct drilling 

and also for control of weeds which may emerge following sowing 

(Cannell, 1979). The development of Atrazine in 1959 and Paraquat in 

1961 opened up the way for direct drilling. Production of glyphosate 

herbicide and post sowing, soil acting residual herbicides has also 

aided use of direct drilling in that they can be used to control weeds 

in the long term particularly in cereals. Post emergence herbicides 

for selective weed control may now also be used to control weeds which 

may pose particular problems under direct drilling.

Since ploughing results in inversion and thorough mixing of the top 

soil the seeds of annual weeds tend to be distributed throughout the 

topsoil by ploughing whereas they are left very near the surface by 

direct drilling. Experiments by Pollard and Cussans (1976) indicated 

that under continuous direct drilling the number of broad leaved weeds 

was markedly higher than on ploughed land. However the ratio of weeds 

on ploughed to that on direct drilled ground did not alter 

significantly during a five year period. This suggested that there 

must have been a considerable reserve of weed seeds in the soil, so 

that although in each year under direct drilling less seeds germinated, 

the total effect on the soil weed population was inconsequential.

Elliott, et al, (1977) found that on direct drilled plots 

weed numbers were less than 10/m2 whereas following ploughing weed 

numbers were over 50/m2.
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The most numerous individual species following direct drilling were 

found to be the Polygonum species, particularly redshank, bindweed and 

knotgrass, runch was also common. Soane and Rodger (1974) however, 

found winter wheat and spring barley to carry twice the number of 

dicotyledenous weeds following direct drilling compared to ploughing. 

The main species were found to be knotgrass, fat hen, creeping thistle 

and docks.

After direct drilling, especially where straw was burned before sowing, 

the natural mortality of wild oats was greater than where the land was 

cultivated (Wilson and Cussans, 1975). Reduced cultivation, on the 

other hand, was observed to be particularly favourable to the growth of 

wild oats since it effectively buried freshly shed seed (Wilson and 

Cussans, 1975).

Grass weeds have been found to be a particular problem with direct 

drilling. Holmes (1977) had problems with scutch after direct 

drilling whilst deep ploughing was found to control it. Control was 

particularly difficult on zero and low nitrogen treated plots due to a 

lack of crop competition. Cussans (1975) measured the growth of new 

scutch rhizomes on direct drilled plots to be over 600 times that on 

ploughed plots. Rhizome survival from season to season was also found 

to be greater on direct drilled plots thus compounding the treatment 

differences.

Volunteer cereal may be more prevalent following reduced cultivations 

and direct drilling than under conventional cultivation. Ploughing 

effectively buries the volunteer cereal seed and thus reduces the 

numbers which actually germinate. High numbers of volunteers may be

expected particularly after reduced cultivations since the scratching
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of the soil surface will often cover the seeds with sufficient soil to 

allow successful germination (Cussans, 1975).

1.7.2 Plant disease

From 1970 onwards, studies of the effects of cultivation treatments on 

disease incidence in cereals have been conducted by ADAS, Rothamsted 

Experimental Station in conjunction with NIAE and by Edinburgh and East 

of Scotland College of Agriculture. Yarham (1975) interpreted the 

results of these experiments and also examined the way in which changes 

from ploughing to direct drilling may influence the major pathogens of 

intensive cereal production.

Yarham (1975) cited three factors governing the severity of disease in 

the crop:

1. the amount of inoculum of the pathogen available to initiate the 

epidemic,

2. the susceptibility of the host plants,

3. the suitability of the environment for spread of the pathogen and 

infection of the host.

In the no-till situation, inoculum may be carried from one crop to the 

next on green plant material or on dead plant debris. Following 

direct drilling, volunteer cereal may escape herbicide application when 

climatic conditions in autumn lead to delayed germination of some 

plants. Live volunteers may harbour rusts, mildew or virus diseases 

and act like a 'bridge' between one crop and the next. Similarly 

scutch grass may carry over take-all•Blackgrass too, which has been 

found to be a problem in English cereal growing areas (Allen, 1981)
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could increase the risk of infection by ergot (Claviceps pupurea) in 

wheat.

Dead plant debris may carry viable inoculum of pathogens such as 

eyespot (Pseudocercosporella herpotrichoides), leaf blotch (Septoria 

tritici) and glume blotch of wheat (Septoria nodorum), leaf blotch 

(Rhynchosporium secalis) and net blotch of barley (Pyrenophora teres). 

Yarham (1975) noted that while early in the season, disease levels may 

be higher in the no-till situation, this difference between treatments 

tended to diminish as the season progressed. Also, no instances were 

encountered in which the increase in such diseases, consequent upon 

non-ploughing, was responsible for a serious reduction in yield.

The tendency towards slower establishment of autumn sown direct drilled 

cereals compared to those in ploughed seed beds, was said by Yarham 

(1975) to result in a lower incidence of foliar diseases such as 

mildew. Brooks and Dawson (1968) reported this from their study which 

showed higher levels of eyespot on ploughed plots.

In the ADAS Eastern Region experimental series with winter wheat, the 

following conclusions were drawn for the period 1971-75.

1. In 24 experiment and field observation studies completed during 

that period, whilst there were high levels of Septoria in the 

direct drilled winter wheat, the disease did not develop.

2. There were no consistent differences in the development of take- 

all or eyespot.

3. That no case was encountered where poor yields in non-ploughed

areas was attributed to the effects of disease levels.
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Yarham (1975) concluded that although certain diseases may be increased 

by moving away from ploughing this was not accompanied by depressed 

crop yields. It did not appear likely that interaction between 

cultivation treatment and disease levels would have a significant 

influence on success or failure of non-plough systems.
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1.8 THE EFFECT OF STRAW AND STUBBLE BURNING ON SOIL PROPERTIES

1.8.1 Soil Temperatures

Most literature on burning deals mainly with forest, bushland or 

grassland fires. In such fires temperatures often up to 1000°C in 

forests have been recorded (Ahlgren, 1974). However of the heat 

energy produced only 5% of this has been found to be partitioned to the 

soil. Conseguently the soil surface is only briefly exposed to high 

temperatures and because mineral soil is a poor conductor of heat a 

steep but transient temperature gradient occurs with depth. In 

general the more plant material combusted the greater the rise in soil 

temperature (Packham, 1969).

The transfer of heat in soils has been found to be mainly by thermal 

conduction (Rose, 1966) with conductivity increasing with moisture 

content (DeBell and Ralston, 1970). Heating a dry soil will therefore 

cause a greater rise in surface temperature but there will be less 

penetration of heat compared with moist soil. Temperatures 

immediately below the soil surface cannot exceed 100°C until all the 

water has evaporated (Ashton and Gill, 1976).

Work in Germany (Debruck, 1974) reported small increases in soil 

temperature as a result of straw burning. When a straw crop of 6 t/ha 

was burned in the swath the temperature of the soil immediately below 

the swath at a depth of 2 cm increased by 12°C and at 4 cm by 7°C. 

Beyond this depth the effect of the burn rapidly fell away. When the 

same amount of straw was spread evenly over the field and burned the 

temperature rise was smaller and less deeply felt. A temperature rise 

of 4°C was recorded at 3 cm deep whilst at 6 cm the increase was

negligible.
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In Canada, when 6.3 to 7.6 t/ha of straw and stubble were burned 

(Biederbeck, Campbell, Bowren, Schnitzer and Mclver, 1980) heat from 

the burning straw was found to barely penetrate the soil below 1 cm. 

Maximum temperatures of between 388°C and 422°C were reached on the 

straw mulch itself. The temperature was much higher on the top of the 

straw than on the straw-soil interface. The intensity of the heat was 

found to be dependant on the amount of straw present and the windspeed. 

At or above the soil surface the maximum temperature was reached inside 

two minutes. The soil surface cooled off exponentially taking 5 to 15 

minutes depending on weather conditions. Similar findings have also 

been reported by Moss (1980a) and Wilson and Cussans (1975) when 

studying the effects of straw burning on subsequent weed growth.

More recently Rasmussen, Rickman and Douglas (1986) measured air and 

soil temperature changes during burning over three wheat stubble 

residue levels (5.0, 6.3 and 6.9 t/ha). Standing stubble was 35 mm 

high and contained 9% moisture while soil moisture was near field 

capacity. Air temperatures directly above the burn reached a maximum 

30 seconds after ignition and returned to near ambient level within 180 

seconds. Maximum temperatures were 301, 416 and 315°C at 25, 75 and 

250 mm above the burn. Burning had no effect on soil temperature 

below 25 mm. Temperatures at the soil surface however were found to 

be highly variable reaching 330°C where the crop residue was completely 

burned. In this case increasing the amount of straw from 5.0 t/ha to 

6.9 t/ha did not significantly increase the maximum temperature of the 

burn. Any increases in soil temperature as a result of burning 

therefore appear to be transient. Their effects are also limited to

the uppermost soil layer only.
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The presence of straw residues has been found to have an insulating 

effect on the upper layers of the soil (Hay, 1977; Gauer, Shaykeweik 

and Stobbe, 1980). In Canada (Gauer, et al, 1980) maximum soil 

temperatures were found to be lower when straw was left on the soil 

surface compared to incorporation by ploughing or burning. However 

minimum temperatures have been reported to be higher where straw 

remained and the soil tended to be less subject to fluctuations (Hay, 

1977; Gauer, et al, 1980). On the whole, zero tilled soils with straw 

residues present have tended to be cooler than where soil is ploughed 

(Parker and Larson, 1962; Gauer, et al, 1980).

Where straw is removed from the soil surface, the reverse may be true. 

Since untilled soils have been shown to have a higher bulk density 

(Clutterbuck and Hodgson, 1984) there is better heat flow into the soil 

than in the case of tilled soil. The greater particle to particle 

contact in zero tilled soil means higher temperatures will result at 

least until the tilled soil has been compacted by successive wetting 

and drying as the season progresses (Gauer, et al, 1980). This 

finding was in agreement with those of Van Duin (1956) who noted that 

the ploughed soil layer acts like an insulating layer. During phases 

of rising soil temperature, a tilled soil should be warmer near the 

surface but cooler in the subsoil than undisturbed soil. The reverse 

was found to be true during periods of falling temperature.

1.8.2 Soil Physical and Chemical Properties

Work relating to the effects of straw and stubble burning on soil 

properties within the U.K. and Europe has been limited despite the 

large area of straw burned annually. Some work has been carried out 

in Canada where there has been concern regarding soil erosion and 

moisture loss following straw burning. The effects of straw burning
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on both chemical and physical properties have been found to be variable 

depending largely on the amount of straw burned, burn intensity and on 

soil type.

There has been some concern about the decline in soil organic matter 

particularly following burning of cereal residues. This was disproved 

by a series of experiments carried out over 18 years at four British 

Experimental Husbandry farms (Short, 1973). Short reported that while 

there may be a small fall in organic matter in the first few years 

following straw burning, addition of fresh straw caused a negligible 

increase in the organic matter content of soil even when carried out 

for 18 consecutive years (Short, 1973). Harvey (1959) and Cooke 

(1967) showed that returning straw to the land regularly for long 

periods of time only produced a rise of about 0.1% in the soil organic 

carbon content. In trials in Italy (Finassi, 1976), stubble burning 

was only found to lead to a reduced organic matter content in the soil 

where insufficient nitrogen was applied to the crop. The experiment 

showed that with vigorous crops, the removal of straw had little effect 

on soil organic matter content.

The stability of soil aggregates was found to increase following straw 

burning in autumn within the surface 2.5 cm layer of a clay soil, 

compared to where straw was left unburned (Ellis, Douglas and 

Christian, 1977a). Conversely, in Canada, on chernozemic soils, 

Dormaar, Pittman and Spratt (1979) found that at one site the water 

stable aggregate percentage was significantly lower following straw 

burning (P<0.05) while at another site the water stable aggregate 

percentage was only found to be significantly lower where no fertilizer 

was applied. At both sites a significant decrease in organic carbon 

was measured. Burning straw in the spring, however, caused a
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significant increase in the water stable aggregate percentage, mainly 

in the 0.5 mm to 0.25 mm size fraction. Again the effects of straw 

burning were found to be limited to the top 2.5 cm of the soil.

In a further experiment carried out in Canada, straw burning was found 

to have no effect on the surface tension of soil pastes at three sites 

over several years (Biederbeck, et al, 1980). Biederbeck, et al, 

(1980) also measured soil bulk density. On a silty clay site no 

differences were observed between treatments while on a heavy clay site 

the bulk density was significantly greater where straw was burned 

(PC0.05) at 1.17 g/cm3 compared to 1.05 g/cm3 where straw was chopped.

Within the top 0 to 5 cm layer of soil, straw burning was found to lead 

to a significantly lower soil water content compared to where straw 

residues remained on the soil surface (Ellis, et al, 1977). Despite 

the significantly lower water content the pore space on burned and 

unburned plots was similar. The following year, the effects of 

irrigating areas where straw had been burned or where chopped straw 

remained on the soil surface were examined (Goss, Douglas, Howse, 

Vaughan-Williams and Ward, 1977). The presence of straw was found to 

cause more water to be held in the surface 30 cm of the soil, the water 

content decreasing with depth. The difference became progressively 

less as the period of irrigation was extended. On plots exposed to 

natural rainfall a similar pattern emerged. The mechanism responsible 

for this effect was not examined. The authors suggested however that 

burning of straw and stubble residues may increase infiltration of rain 

water or evaporation from the soil surface or both. Pollard (1977) 

suggested that removal of straw and stubble allowed free movement of 

air over the soil surface enabling the land to dry more quickly, hence

resulting in a better soil tilth.
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In 1979, the effects of straw burning on certain soil chemical 

properties were examined at two sites (Dormaar, et al, 1979). At both 

Lethbridge, Alberta and Indian Head, Saskatchewan, the polysaccharide 

contents of the soil were found to decrease following straw burning in 

autumn. At Lethbridge the NH4+-N and P contents of the soil were 

found to be significantly higher (P<0.05) following burning while at 

Indian Head no such effects were observed. At Indian Head, following 

straw burning in autumn organic carbon and NC>3~-N were found to 

decrease. Burning in spring lead to a decrease in organic carbon, 

polysaccharide, NH^+-N and available-P contents whilst a significant 

increase in NC>3--N content was found.

A further study at Indian Head (heavy clay), Melfort (silty clay) and 

Swift Curent (loam) in Western Canada was carried out in 1980 

(Biederbeck, et al, 1980). At both Melfort and Indian Head, long term 

burning was found to reduce total nitrogen within the soil. At 

Melfort, this was found to be true down to 15 cm depth. Large losses 

of carbon as a result of straw burning were also reported within the 

upper 15 cm of the soil. The difference was found to be greatest in 

the uppermost 2.5 cm of soil where total carbon was 2.7% following 

straw chopping compared to 2.2% following burning. Long term burning 

significantly reduced the potentially mineralizable nitrogen in the top 

15 cm of the soil (P<0.05). No effect on level of humic and fulvic 

acids or soil pH was observed however.

At Swift Current where straw was burned for one year only, an immediate 

and highly significant increase (PCO.Ol) was found in both the 

exchangeable NH4+-N and bicarbonate extractable-P in the top centimetre 

of the soil. This increase in exchangeable NH^+-N was also observed
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by DeBano, Eberlein and Dunn (1979) following burning of litter on 

chaparral soils. Biederbeck, et al, (1980) attributed this increase 

to the chemical reactions which occur when organic nitrogenous 

compounds in soil are heated. The increase in bicarbonate 

extractable-P was attributed to the release of phosphorous as ash 

during burning. The increase in nutrients was found to last for at 

least two weeks following burning. The change in nutrient level was 

confined to the top one centimetre of the soil. Below this no change 

was observed due to the very shallow penetration of heat.

Rasmussen, Allmaras, Rohde and Roager (1980) looked at the influence of 

crop residues on semi arid soils on the American Great Plains. Here 

burning straw was found to cause a steady decline in total soil 

nitrogen over a 50 year period, 0.095% in 1930 falling to 0.07% by 

1980, within the top 0-30 cm of the soil. No loss of carbon however 

could be detected over the 50 years. Burning the straw in Spring just 

before tillage was shown to have no effect on either soil nitrogen or 

soil carbon (Rasmussen, et al, 1980).

Under English climatic conditions. Lynch, et al (1980) reported higher 

concentrations of nitrate in the soil solution following burning, from

just before sowing until February. After this time no difference
im .sou- Nii-ntfcTfc i-evtus.

could be detected^ The concentration of nitrite was found to be 

greater where straw was present.
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1.9 THE EFFECT OF STRAW AND STUBBLE BURNING ON WEED GROWTH AND PLANT 
DISEASE

1.9.1 Weed growth

Several authors have looked at the effects of straw and stubble burning 

on certain weed infestations in arable crops. Wilson and Cussans 

(1975) showed that straw burning reduced the number of viable wild oat 

(Avena fatua) seeds in a spring barley crop by 50%. Burning was also 

found to stimulate the germination of wild oat seeds in autumn. Where 

stubble was cultivated, burning increased the number of seedlings by 

250% and where it was not by 330%. Cultivation encouraged seedling 

emergence and the interaction of burning and cultivation produced the 

highest numbers of seedlings.

The two effects of burning straw, killing seeds and reducing dormancy 

of the survivors were found to be additive, increasing the total drain 

on viable seed reserves. Nearly 12% of the viable seeds emerged as 

seedlings following burning and cultivation, compared to less than 1% 

where the unburned stubble remained uncultivated. The stimulation to 

germinate of otherwise dormant seeds allows control of wild oat using 

herbicides whilst helping to drain viable seed reserves in the soil.

From 1975-1978, Moss studied the survival and growth of blackgrass 

(Moss, 1979), the problem of seed shedding (Moss, 1980a) and seed 

viability and establishment (Moss, 1980b) following straw burning.

Where straw was burned on direct drilled plots, the number of 

blackgrass seedlings was more than halved. In the absence of 

herbicides, the best control of blackgrass was achieved by straw 

burning followed by ploughing, whereas the highest infestation occurred 

where straw was baled followed by direct drilling. Although burning 

was shown to give a useful reduction in blackgrass compared with baling
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straw it was not recommended, on its own, as a method of blackgrass 

control.

In a further study Moss (1980b) found that straw burning destroyed many 

of the blackgrass seeds lying on the soil surface and compared to straw 

baling, this resulted in a smaller weed infestation in a subsequent 

direct drilled winter wheat crop. However seeds lying near the soil 

surface with only a shallow covering of soil remained undamaged by 

burning. The germination of those surviving seeds buried at 2 mm or 

lying on the soil surface during burning was more rapid than those 

buried deeper in the soil. Seeds that were fully imbibed were less 

susceptible to destruction by heat than were dry seeds. The degree of 

weed control achieved was found to depend on the amount of straw 

present, burn intensity, straw moisture content and its distribution in 

the field (Moss, 1980b).

Straw burning has also been found to destroy 97% of ungerminated 

sterile brome (Bromus sterilis) seeds on the soil surface and to reduce 

seedling numbers by 94% (Froud-Williams, 1983). However, those 

seedlings which did survive burning especially on direct drilled plots 

grew better, produced more tillers and also more seeds per plant. 

Consequently the reproductive capacity of plants surviving straw 

burning was greater than that on unburned plots. When combined with 

minimal tillage straw burning was found to provide a useful control; 

however this alone was insufficient for the eradication of B. Sterilis.

Volunteer cereals may also be considered weeds. Lynch, et al (1980) 

found volunteers to be much more numerous where straw was not burned 

particularly where straw was dry. The areas where straw was burned 

had no noticeable volunteers (probably less than 0.5% of the total).
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Burning of straw has been found to pose a problem in terms of efficient 

weed control. The performance of herbicides has been shown to be 

inhibited particularly following straw burning on direct drilled land 

(Moss, 1979; Moss and Cotterill, 1985). This has been attributed to 

the presence of free carbon from ash which can absorb soil applied 

herbicide impairing the efficiency of the herbicide to act on weeds 

present (Nyffler and Blair, 1978).

Although research into the effects of straw burning on weed populations 

is limited to a few species it does appear that field burning of straw 

can have a considerable effect on weed seeds lying on or just below the 

soil surface. It also stimulates germination in many cases, allowing 

chemical control of the seedlings thus reducing the reservoir of seeds 

within the soil. It appears that straw and stubble burning must not 

be relied on solely as a means of weed control however, but 

particularly in the case of minimal tillage, used as an aid together 

with pre-emergent herbicides.

1.9.2 Plant disease

It may be thought that thorough burning of straw would have a 

beneficial effect in destroying the inoculum and host material of 

certain diseases that can be carried over from one cereal crop to 

another (Staniforth, 1979). However little experimental work has been 

done on the sanitary value of burning straw and stubble. What work 

has been done has not proved encouraging.

Slope, Etheridge and Callwood (1970) looked at the effect of flame 

cultivation on diseases of winter wheat for one year. Flaming was 

carried out using a kerosene burning flame cultivator which caused the
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very dry stubble to burn fiercely. Despite this however untreated 

islands of stubble remained protected by weeds particularly by scutch 

(Agropyron repens). Burning was not found to affect the proportion of 

plants with take-all qraminis [sacc]) or the proportion of

straws with sharp eyespot (Rhizoctonia solari kuhn). Shipton (1972) 

recorded similar results. Commercial scale field trials were carried 

out over four years to examine the influence of stubble treatment on 

take-all and eyespot in wheat and barley. Again burning-off stubbles 

did not significantly reduce the incidence of either disease.

In trials at Rothamstead experimental Station, eyespot 

(Pseudoceroosporella herpotrichoides) most affected the crop after 

straw was burned where 11.9% of straws were infected compared with 5.7% 

and 3.2% on the stubble and chopped and spread treatments respectively. 

Sharp eyespot (Rhizoctonia cerealis) was unaffected by the presence of 

straw. At Letcombe, leaf stripe (Cephalospor\urn qramineum) was 

identified in the crop in May (Christian and Miller, 1984). The 

disease was found to be least prevalent on plots where straw had been 

burned compared to incorporation and chopping and spreading of straw 

and stubbles.

The influence of straw burning on disease carryover would be variable 

depending on the intensity of the burn and level of disease present 

initially. With the limited amount of work carried out in this field

it is difficult to draw any definite conclusions.
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1.10 USE OF LABELLED NITROGEN (15N)

The measurement of efficiency of utilization of added fertilizer is 

confronted with many difficulties as a result of the vast quantity of 

nitrogen in the soil. The majority of nitrogen in the soil reserves 

is in the form of organic nitrogen, although a small amount generally 

exists as inorganic nitrogen and it is only in this form that plants 

can take up nitrogen. Inorganic fertilizer nitrogen is 

indistinguishable from indigenous soil nitrogen and these dynamic 

processes taking place in the soil ensure that fertilizer nitrogen 

rapidly mixes with both organic and inorganic soil nitrogen fractions. 

Once added to the soil fertilizer nitrogen cannot be separated from 

soil nitrogen and the relatively small quantity added will have a 

negligible effect upon the bulk quantity of nitrogen in the soil.

Many experiments have attempted to measure the efficiency of fertilizer 

utilization using unlabelled nitrogen. In most of these experiments 

the efficiency of nitrogen utilization has been estimated by comparing 

the nitrogen contents of crops with and without fertilizer nitrogen and 

expressing the difference as a proportion of the total fertilizer 

nitrogen applied ('the apparent recovery'). This method of assessing 

fertilizer nitrogen use however, cannot provide unequivocal values 

because it is based on the assumption that soil nitrogen uptake remains 

the same, both with and without addition of fertilizer nitrogen.

Whether or not this is the situation has been the subject of much 

controversy in the past.

Unambiguous information on the contribution made by fertilizer to the 

nutrition of the crop plants can be obtained by use of labelled

fertilizer (Hauck and Bremner, 1976). Results from experiments at
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Letcombe Laboratory (Dowdell, 1982) have shown that the efficiency of 

nitrogen fertilizer use expressed as the percentage recovery of applied 

■*-% in the above ground parts of the plants averaged around 45-50% with 

a range of 39-68%. The apparent recovery of the nitrogen by the 

plants in the same experiments as those receiving -^N always exceeded 

the recovery estimated using -^N being in the range of 51-111%. These 

estimates differ because in the 'apparent' recovery calculation the 

nitrogen used by the crop is taken to have come only from the 

fertilizer applied. Where fertilizer nitrogen is applied, the plant 

depends less on soil nitrogen utilizing more of the fertilizer applied. 

Without the use of labelled nitrogen to trace the path of the 

fertilizer, detailed interpretation of fertilizer nitrogen utilization 

would be impossible.

Tracer techniques make use of the fact that atmospheric nitrogen 

contains a small quantity of the stable isotope (0.3663%) which has

a greater atomic mass than the more plentiful -^N. These two isotopes 

can be quantitatively separated by virtue of their different atomic 

masses using a mass spectrometer. Labelled nitrogen fertilizer 

contains a disproportionate quantity of compared to atmospheric

nitrogen and when applied to the soil mixes with endogenous soil 

nitrogen. Consequently both loose their isotopic identities and the 

mixture will have a -*-^N percentage which is intermediate between those 

of its components and which reflects the relative quantities of each. 

The 14N/-*-^N ratio of nitrogen taken up by crops from soil which had 

received labelled nitrogen fertilizer enables the exact quantities of 

the constituent soil and fertilizer nitrogen to be determined.

The major drawback in use of labelled nitrogen is its cost and almost 

all studies carried out using have been in pots or micro plots.
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Nevertheless the accuracy of results obtained using this method 

warrants its use.
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SECTION 2, MATERIALS AND METHODS

2.1 GENERAL EXPERIMENTAL DETAILS

The replicated field plot experiments were carried out at the 

Agricultural Research Institute of Northern Ireland over the 1986/87 

(Experiment 1) and 1987/88 (Experiment 2) growing seasons. Winter 

barley was established by various seed bed preparation techniques with 

and without stubble burning at three different levels of nitrogen.

2.1.1 Experimental design

In both years the 2x3x3 factorial experiment was laid out with the 

following treatments.

Flame cultivation Burn (SB) versus No burn (NB)

Cultivation technique Plough (PL), Minimal cultivation (MC)
and Direct drill (DD)

Nitrogen levels (kg N/ha) Zero, 80 and 160 kg N/ha

A randomised block design with four replicates was used.

2.1.2 Details of site

The experiments were carried out on a free draining, sandy loam to 

sandy clay loam soil. Routine soil analysis in September 1986 

revealed phosphorous and potassium indices of 4 and 1 respectively with 

a soil pH of 6.6. In October 1987 soil had a pH of 6.0 and P and K 

indices of 4 and 3. Previous cropping history of the field was one

year of potatoes followed by one year spring barley.
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2.1.3 Plot layout

In both years, experiments were carried out within the same field but on 

neighbouring areas. The experimental area was moved in 1987 due to 

the development of some compacted areas as a result of combining the 

previous crop. The new area was also more level. Both areas of the 

field were otherwise considered uniform. The experimental area was 

positioned so as to avoid variations in soil type and drainage. Care 

was taken to discard areas which had become compacted by wheel tracks 

or which showed any sign of waterlogging. Only areas which had been 

fertilized uniformly in the previous season were selected, to overcome 

fertility gradients which may have been present. In order to 

determine the efficiency of the stubble burner the site was also 

selected for the uniformity of stubble cover. Loose straw was removed 

from the surface of plots so as not to impair the performance of the 

burner.

2.1.4 Plot dimensions

In order to facilitate the seed bed preparation treatments, plots were 

initially 6 m wide with a 2 m wide discard between each treatment.

Plots were 15 m long in 1986/87 and 20 m long in 1987/88. Prior to 

fertilizer application the main treatments were divided into three, 2 m 

wide plots. This allowed measurements to be made at three fertilizer 

levels and facilitated use of the combine. Plot layouts are shown in 

Tables 2.1 and 2.2.

2.1.5 Weather data

The weather data for the two experimental years is presented in Table 

2.3. The principal meteorological features during this period were 

the very dry spell during September 1986 and the exceptionally high

rainfall during August and October 1987.



Table 2.1

PLOT LAYOUT - 1986/87

Plot Block A Plot Block C

1 N160 37 N160
2 NO FC/DD 38 NO MC
3 N80 39 N80
4 N80 40 N160
5 N160 FC/P 41 NO FC/DD
6 NO 42 N80
7 N160 43 N80
8 N80 P 44 N160 FC/MC
9 NO 45 NO

10 N160 46 N160
11 N80 FC/MC 47 N80 P
12 NO 48 MO
13 N160 49 NO
14 N80 FC/MC 50 N80 DD
15 NO 51 Ml 60
16 N80 52 NO
17 N160 MC 53 N80 FC/P
18 NO 54 N160

Block B Block D
19 NO 55 N160
20 N80 FC/MC 56 NO P
21 N160 57 NOO
22 N80 58 N160
23 NO DD 59 N80 FC/P
24 N160 60 NO
25 N80 61 N160
26 N160 P 62 N80 DD
27 NO 63 NO
28 N160 64 N160
29 NO FC/DD 65 NO FC/DD
30 N80 66 N80
31 N160 67 NO
32 N80 MC 68 N160 MC
33 NO 69 N80
34 N80 70 N160
35 N160 FC/P 71 NO DD
36 NO 72 N80

FC = FLAME CULTIVATION 
P = PLOUGH
MC = MINIMAL CULTIVATION 
DD = DIRECT DRILL 

N = NITROGEN kg/ha
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Table 2.2-

PLOT LAYOUT 1987/88

Block A

N80
NO
N160

DD

NO
N80 FC/DD
N160
NO
N80 MC
N160
N80
NO FC/MC
N160
NO
N80 FC/P
N160
NO
N160 P
N80

Block B
N80
NO FC/P
N160
NO
N160 P
N80
N160
N80 DD
NO
NO
N160 FC/MC
N80
N80
N160 MC
NO
NO
N160 FC/DD
N80

Plot Block C

37 N160
38 N80 FC/MC
39 NO
40 N80
41 N160 FC/DD
42 NO
43 N80
44 NO MC
45 N160
46 N160
47 N80 FC/P
48 NO
49 N160
50 NO DD
51 N80
52 NO
53 N160 P
54 N80

Block D
55 N160
56 NO FC/DD
57 N80
58 N80
59 NO MC
60 N160
61 NO
62 N160 DD
63 NOO
64 NO
65 N80 P
66 N160
67 N160
68 N80 FC/P
69 NO
70 NO
71 N80 FC/MC
72 N160
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2.1.6 Ground preparation and sowing

Where required, stubble from the previous crop was burned by one pass 

of the Calor Gas flame cultivator. Prior to any cultivations 60 kg/ha 

of phosphorous and 60 kg/ha of potassium were broadcast on the entire 

experimental area using a tractor mounted spinner. Winter barley seed 

was sown to a depth of approximately two centimetres using the Moore 

Unidrill (Appendix 1) into ploughed (PL) or minimally cultivated (MC) 

seed beds or drilled directly (DD) into uncultivated soil.

Plots were ploughed using a two furrow plough, to a depth of 15 cm 

followed by one pass with a "Roterra" power harrow to break down clods. 

Minimal cultivation involved two passes with a rigid tined harrow to 

"scratch" the soil surface.

In both experimental years, seed was sown to achieve 450 seeds per 

square metre. The seed sown was tested and found to have a 

germination of 99%. All seed used was treated with a mercurial seed 

dressing. During the sowing operation, flow of seed into the seed 

tubes was checked regularly.

2.1.7 Post sowing operations

Herbicide, fungicide and growth regulator were applied using an Oxford 

Precision plot sprayer to ensure an even distribution of spray to all 

plots. Spraying was carried out with the help of field staff during 

calm weather conditions to avoid spray drift. All sprays were made up 

in the field laboratory and taken to the field in plastic containers. 

Autumn herbicide was applied in 1986 only. A pre-emergent herbicide 

(Stomp 330, Cyanamid, isoproturon and pendimethalin) was applied to
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plots which had been ploughed, while a contact herbicide (Gramoxone,

ICI) - was used on MC and DD plots. TwinT~ak herbicide (May

and Baker, isoproturon, ioxynil and bromoxynil mix) was used for weed 

control in spring. Terpal (BASF) growth regulator was applied at the 

second node stage together with Tilt fungicide (Ciba-Geigy)

2.1.8 Nitrogen fertilizer application

Nitrogen fertilizer (Richardson's, 27:0:0) was broadcast by hand, the 

total application being split, with one third applied in late March and 

the remaining two thirds in mid to late April. The fertilizer to be 

applied to each plot was weighed to one decimal place and put into 

sealed plastic bags. In order to ensure an even application of 

fertilizer over each plot, the dressing to be applied was accurately 

divided into two. Each plot was divided from its neighbour using 

twine to identify the boundary with the next plot. Plots were divided 

across the middle and fertilizer applied to each half.

2.1.9 Harvesting

Plots were harvested using a Claas Compact 25 combine with a two metre 

wide cutter bar which facilitated combining of individual plots without 

damage to neighbouring plots. All plots were cut in the same 

direction and it was found that the time taken to return to the start 

of the next plot was sufficient to allow the combine to clear out all 

the grain from the last plot.

2.1.10 Field operation of the Flame Cultivator

Prior to use, the flame cultivator was serviced by a Calor Gas mechanic 

who outlined safe operation of the machine in the field. All safety 

precautions emphasised in the operating manual were adhered to and the

N.F.U. fire code for burning straw and stubble observed. Two passes
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with a two furrow plough were made around the perimeter of the field to 

avoid any spread of flames to hedges. Two furrows were ploughed 

between plots and around the experimental site in order to reduce the 

risk of scorching on neighbouring plots.

Before plots were burned the operator gained some experience, using the 

flame cultivator on spare field area. One operator used the machine 

throughout the trials as its efficient operation required some skill. 

The machine was operated across the wind or working upwind as 

recommended. The tractor and flame cultivator were operated at a 

forward speed of 1.4 km/hour. All plots for the experiment were 

burned on one day.

For details regarding design of the Calor Gas Flame cultivator and 

practical problems during use see Appendices 2 and 3.

Calendar dates of main cultural operations are summarized in Table 2.4.
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Table 2.4Calendar dates of main cultural operations

1986/87 1987/88

Stubble burned 12/9/86 18/9/87

Cultivation carried out 19/9/86 28/9/87

Seedbed fertiliser applied
60 kg/ha P2O5
60 kg/ha K2O

23/9/86 28/9/87

Plots sown 23/9/86 28/9/87

Autumn herbicide applied
Stomp (pre-emergence) - ploughed plots 
Paraquat - all other plots

30/9/86
only

—

Spring herbicide applied* 11/3/87 7/4/88

N. fertillier applied - 1/3 1/4/87 29/3/88

- 2/3 22/4/87 21/4/88

Growth Regulator applied - 2nd node
Terpal 1| 1/ha - 1987

2 1/ha - 1988

24/4/87 4/5/88

1st fungicide applied
Tilt (propiconazole) - 5 1/ha

24/4/87 4/5/88

2nd fungicide applied
Tilt - 1 1/ha

- 2/6/88

Crop harvested 6/8/87 2/8/88

* Spring herbicide - Twin Tak

3.5 kg/ha applied
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2.2 MEASUREMENT OF THE EXTENT OF BURN ACHIIVED

2.2.1 Stubble dry matter

On the day of burning a sample of stubble (nude up from stubble from 

different areas of the field) was taken and he percentage dry matter 

estimated. Two subsamples were dried at 10i°C for 18 hours and then 

reweighed.

2.2.2 Stubble height

The length of stubble before and after one pess with the stubble burner 

was estimated by measuring ten stubble heighls at random in each plot.

2.2.3 Weight of plant residue

The weight of plant residue before and after burning was estimated from 

stubble clippings taken using sheep clippers, clipping as close to the 

soil surface as possible without contaminatirg the samples. In 1986, 

six 0.25 m2 quadrats were cut from burned aras and six from unburned 

areas while in 1987, three 0.25 m2 quadrats vere cut from each of the 

24 plots. All plant residue remaining on tie soil surface, including 

loose grains, chaff and weeds were removed.

2.2.4 Area of bare ground

The area of bare ground was measured using Weldmesh, 5 squares wide and 

9 squares long, which acted like a grid. Ea:h square measured 25 cm2. 

The Weldmesh was thrown at random five times vithin each plot and where 

it landed the number of squares of bare grouni were counted. Any 

square for which more than half of the ground was free of plant residue 

was counted. From the results obtained a meisure of the percentage 

bare ground achieved by the burn was made. ireas of the soil surface 

covered by ash were taken as bare ground. Aiy pieces of stubble.
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plant remains such as awns or chaff from tcombine and weeds which 

did not undergo complete combustion, were nincluded as bare ground.

2.2.5 Temperature of burn

Changes in soil temperature associated witurning when using the 

flame cultivator were determined using thecouples. The 

thermocouple was arranged as shown in Figug.1 Soil temperatures 

were measured at the soil surface and 1 cm.5 cm and 15 cm below the 

surface. A shallow channel was dug and tlthermocouple wire placed 

along it and covered with soil to protect wire from damage when the 

slides of the burner passed over it. Theximum temperature reached 

was read from a hand held digital thermorne attached to the 

thermocouple wires.
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2.3 MEASUREMENT OF CROP GROWTH AND YIELD

2.3.1 Plant counts, tiller counts and eacounts

Plant, tiller and ear counts were made at k randomly selected half 

metre row lengths in each plot. Plant nurers were estimated 

following emergence and tiller counts at sti extension. Number of 

ears was estimated at full ear emergence.

2.3.2 Crop height

The average height of the standing crop was!stimated from 30 

measurements made in each plot. The distae from the ground to the 

node at the base of the ear was measured usig a metre stick.

2.3.3 Grains per ear

A sample of four guarter metre row lengths s cut at random from each 

plot and stored in a freezer at -18°C untilater in the year.

Samples were taken from the field while sti green to avoid loss of 

grain from the ears. At a suitable time, spies were defrosted and 

the number of fertile and infertile tillersounted and used to give 

another estimate of ears per square metre. The number of fertile and 

infertile grains per ear within the sample 're counted.

2.3.4 Ear weight

The average ear weight was determined from .sample of 60 heads cut 

from the straw at the node at the base of t] ear just prior to 

harvest. The ears were dried in a forced aught oven at 85°C for 18 

hours and the dry weight of the ears measurt. This sample was also 

used to measure the ear length. Ear lengtkas measured from the node 

at the base of the ear to the tip of the topjrain.
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2.3.5 Grain and straw yields

The harvested grain from each plot was continuously sampled as it was 

combined and total grain and sample weighed using a 50 kg spring 

balance accurate to 100 grammes. The grain sample taken was used to 

measure moisture content, thousand grain weight, hectolitre weight and 

percentage dirt in the sample. The straw from each plot was baled 

separately and weighed, a sample was retained from each plot for 

moisture determination.

During combining every attempt was made to avoid any losses which could 

have occurred from the combine. Fresh weights of grain and straw 

obtained in the field were corrected for moisture content of the grain 

and straw and the percentage dirt in the sample. The moisture content 

of the grain and straw at harvest was determined by drying a subsample 

at 100°C for 18 hours in a forced draught oven and weighing again when 

cool. Yields of grain and straw obtained in the field were corrected 

for any plant samples removed throughout the year. Grain yield was 

adjusted to 85% dry matter and harvest indices calculated.

2.3.6 Percentage dirt

A dried sample of the grain taken at harvest was weighed and passed 

over a Clipper grain cleaner to remove any impurities from the sample. 

The clean sample was then reweighed. The percentage dirt was

estimated, on duplicate samples, from the weight of the dirty sample 

and the weight of the clean grain sample.

2.3.7 Thousand Grain Weight

A clean subsample of grain was taken from the dried grain sample 

obtained at harvest. The number of grains in the sample was counted 

using a grain counter. The known number of grains was weighed and
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from this weight the thousand grain weight Wc'ulated. Three 

subsamples of grain were taken and averaged tulate the thousand 

grain weight of grain from each plot.

2.3.8 Hectolitre weight

The hectolitre weights of the dried, cleaned samples taken at 

harvest,were measured using a Digi-sampler here test weight 

machine. The procedure for use was followecding to the 

operating manual. Hectolitre weight was detd on duplicate 

samples.

2.3.9 Disease

The only disease observed in the crop was Rhyorium (Leaf Blotch). 

The severity of the disease within the crop wsured on a scale of 

one to ten, with one being the least severe, wss than 10% of the 

leaf area showing signs of disease, and ten bee most severe with 

100% of the leaf area covered with leaf blotc The estimations 

were carried out on the third leaf of 20 planhin each plot, prior 

to the first fungicide application.

2.3.10 Weeds

The number of weeds and species present were ined by counting the 

number of weeds of each species within a guartre square quadrat. 

The quadrat was positioned randomly six timesi each plot.

2.3.11 Volunteers

A quarter metre square quadrat was thrown ransix times within 

each plot. Wherever the quadrat landed the iof plants between 

the rows sown by the seed drill were counted anteers and added to 

those volunteer plants which could be distingi within the rows.
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Volunteer cereal stood taller than the sown ssince it had a longer 

time in the ground to develop.



102

2.4 MEASUREMENT OF SOIL PHYSICAL AND CHEMICAL PRCERTIES

2.4.1 Routine soil analysis

Soil samples were taken from each plot in October, arch and July using 

the auger described in Appendix 4, at depths of 0-5cm, 5-10 cm and 10- 

15 cm. Samples were put in labelled plastic bags,sealed and frozen 

at -18°C until analysis was possible. The sampleswere later air 

dried at 25°C overnight in a forced draught oven. Subsamples were 

retained for organic matter analysis while the remander of the sample 

was used for analysis for pH, phosphorous, potassiu and magnesium. 

Standard analysis was carried out at the DANI Soil cience Laboratory 

using methods outlined in Standard Procedures of Agicultural Analysis.

2.4.2 Organic matter

Samples of air dry soil from the same seed bed prepration technique 

were bulked irrespective of fertilizer nitrogen tretment. This was 

done by taking 10 grammes of soil from each sample nd then mixing 

thoroughly. The bulked sample was then ground to ass through a 0.5 

mm sieve. Measurement of the amount of organic mater in the soil was 

carried out by the method detailed in Standard Procdures of 

Agricultural Analysis. Samples for organic matterietermination were 

analysed in triplicate and the results averaged. f there was greater 

than 3% error in the analysis/ the test was repeated

2.4.3 Soil Bulk Density

A quarter metre square template was laid on the soi;surface and all 

plant residue within the template removed. A holejas dug 5 cm deep 

within the template and soil and stones removed were placed in a 

plastic bucket and weighed on a spring balance. Scl and stones were 

sieved and stones were removed. The weight of botl soil and stones
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was recorded and a subsample of each retained for dry matter 

determinations. The hole was filled with plastic spheres, the 

diameter of which was carefully predetermined. The number of balls 

required to fill the hole to the level of the soil surface was 

recorded. The balls were removed and the procedure repeated at depths 

of 0-10 cm and 0-15 cm. Each time the hole was filled level with the 

soil surface with balls. The subsamplesof soil and stones were 

weighed and placed in a forced draught oven at 100°C for 18 hours.

The samples were allowed to cool and then reweighed and the dry matter 

determined.

From the number of balls required to fill the hole, the exact volume of 

the hole was calculated. The mass of the soil required to fill the 

hole was calculated on a dry weight basis and corrected for the stone 

content. The bulk density was calculated from the mass of the soil 

divided by the volume of the hole.

2.4.4 Soil sampling for inorganic nitrogen analyses

Soil samples were taken for the purposes of inorganic nitrogen analyses 

from the experimental site on five occasions throughout the year.

1. Late March, just before the first fertilizer application

2. 3rd week of April, just before the second fertilizer application

3. May }

4. June } at monthly intervals

5. July }

Samples were taken using the auger, described in Appendix 4, from 10 to 

12 positions across the plot. The cores were taken from between the 

crop rows, and divided into three, from 0-5 cm, 5-10 cm and 10-15 cm 

deep. The soil from each depth was scraped out of the auger into
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separate self-seal plastic bags. Bags were labelled with date, plot 

and depth. Any soil adhering to the auger was scraped off to avoid 

contamination between samples. Once the samples were taken the bags 

were sealed to prevent moisture loss. Soil samples were stored in a 

fridge at 4°C until they could be extracted. All soils were extracted 

for inorganic nitrogen within 24 hours.

2.4.5 Extraction of inorganic nitrogen

Fresh soil samples which had been stored in the fridge were mixed 

thoroughly in the bag and sieved through a 4.75 mm sieve to remove 

stones and produce a fine sample. From this, 30 grammes of the fresh, 

moist soil were weighed, put into a 350 ml screw top powder bottle and 

150 ml of 2 molar potassium chloride (KCl) solution added. Potassium 

chloride was used to replace the ammonia ions which are tightly bound 

up to the clay particles thus releasing ammonia into solution. The 

remainder of the sieved soil sample was retained for dry matter 

determination.

The powder bottle was labelled and capped tightly and shaken on a MKV 

orbital shaker table for two hours. The suspension was then filtered 

through a Whatman number 32 filter paper and the filtrate retained at 

4°C in a fridge for determination of ammonium, nitrate and nitrite 

nitrogen at a later date. Care was taken to ensure that the final 

sample for analysis on the Technicon Autoanalyzer AA1 was colourless, 

as the determination was carried out colorimetrically.

2.4.6 Soil dry matter

The remainder of the sieved fresh soil sample taken for the purposes of 

inorganic nitrogen analysis was returned to self seal plastic bags and 

stored at -18°C in a blast freezer. At a later date samples were
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removed from the freezer and thawed to allow dry matter determinations 

to be carried out.

Soil samples were spread on steel trays, weighed and placed in a forced 

draught oven at 100°C for 18 hours. Following drying, the trays and 

dry soils were reweighed and the percentage dry matter of the soil 

calculated.

2.4.7 Inorganic nitrogen analysis

Samples for ammonium, nitrate and nitrite nitrogen determination were 

analysed in triplicate and results were averaged. If there was 

greater than 3% error in the analysis,the sample was repeated.

Samples were analysed using the Technicon Autoanalyzer AA1. The 

manifold was set up to analyse for ammonium, nitrate and nitrite 

nitrogen from the one sample. The manifold was arranged to achieve 

maximum sensitivity and reproductibility. In doing so the following 

criteria were considered important:

1. The relative concentration of reagents to each other,

2. The temperature for colour development,

3. The pH,

4. The order of addition of reagents,

5. The timing to allow colour development.

2.4.8 Ammonium-nitrogen analysis

The ability to analyse for ammonium nitrogen colorimetrically is based 

on the fact that sodium phenate and sodium hypochlorite form a blue 

complex with ammonia in an alkaline medium (Bertheldt reaction). The 

intensity of the blue colour is directly proportional to the amount of 

ammonium nitrogen present in the sample.
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Reagents used were sodium phenate (375 g, sodium hypochlorite (350 

mis of 12%/1), deionised water as the dint and a potassium chloride 

wash (150 g/1). Standards were made upom the stock solution (500

ppm) in the range of 0-10 ppm. This wane fifth of the expected

value due to the dilution factor imposed the extracting solution.

A set of standards were run in duplicateth each carousel on the 

autoanalyzer. Two double mixing coils e added to the manifold 

(Fig. 2.2) to allow time for colour devement.

A standard graph was plotted from the peheight of the standards 

against the concentration of ammonium nigen times five (dilution 

factor). From the standard curve the centration of ammonium 

nitrogen in the samples was read off in xg of soil using a chart 

reader.

2.4.9 Nitrate nitrogen analysis

The determination of nitrate and nitrite tended on the reduction of 

nitrate to nitrite by an alkaline solutiof hydrazine sulphate 

containing a copper catalyst. The anal^al stream was then treated 

with N-l-Naphthylethylenediamine dihyroctide in the presence of 

nitrite, to form a coloured dye which covbe measured 

colorimetrically. Reagents used were aor determination of nitrite

nitrogen with a copper reagent (7.8 x 10'j/l) and sodium hydroxide 

(12 g/1). Nitrite in the sample plus tlreduced from nitrate was 

measured. To calculate the nitrate pres in the sample, the nitrite 

value was subtracted from the nitrate pluitrite.

Samples were analysed using a nitrate manld (Fig. 2.3). Standards 

were made up in the range of 0.2 ppm whioas one fifth of the
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Fig 2.2 Manifold for Ammonium Nitrogen (NH^ N)'sis

To
Waste
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Fig 2.3 Manifold for Nitrate Nitrogen (NO /N) 'an
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expected range due to the dilution tctor. A standard graph was 

produced and nitrate plus nitrite cacentrations read off in mg/kg of 

soil using a chart reader.

2.4.10 Nitrite nitrogen analysis

The concentration of nitrite nitroge was determined colorimetrically 

under acidic conditions by reaction ith sulphanilic acid and N-l- 

Naphthylethylenediamine dihydrochlorde which produced a red dye. The 

intensity of the red colour was diretly proportional to the amount of 

nitrite in the sample.

Reagents used were sulphonilic acid 10 g/1), N-l-naphthylethylene- 

diamine dihydroxychloride (1 g/1) an hydrazine sulphate (0.68 g/1).

The colour reagent was made up of suphanilamide (10 g/1), concentrated 

phosphoric acid (100 g/1) and N-l-nahthylethlenediamine dihydroxy 

chloride (0.5 g/1). A potassium choride (0.68 g/1) wash was used 

with deionised water as the diluent.

The analysis was carried out on the ato-analyzer using a nitrite 

manifold (Fig 2.4). Standards werenade up in the range 0-2 ppm which 

was one fifth of the expected range ue to the dilution factor.

A graph was plotted from the peaks pnduced by the standards. From 

the standard curve the concentration if nitrite in the samples was read 

off in mg/kg of soil using a chart rader.
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Fig 2.4 Manifold for Nitrite Nitrogen (NO^ /N) analysis
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The quantities of the inorganic nitrogen components were corrected for 

dry matter of the soil and for bulk density. The following formula 

was used:

x (mg/kg) of soil x 100 x Bulk density (kg/ha) = Y (kg N/ha)
% Dry matter

x = amount of NH4+-N, NC^-N or NC^'-N in the sample from the 

autoanalyzer

y = quantity of NH4+-N, N03~-N or NC^'-N in the soil at depths of 0-5 

cm, 5-10 cm and 10-15 cm.
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2.5 MEASUREMENT OF NITROGEN IN PLANT MATERIAL

2.5.1 Crop sampling

Crop samples were taken at approximately monthly intervals to coincide 

with soil samples, from just before fertilizer application in spring 

until just prior to harvest. In 1986/87 a grab sample of plants was 

taken from within a two metre square destructive sampling area at the 

end of each plot. Roots were removed by cutting at soil level. Care 

was taken to avoid any contamination of the above ground sample with 

soil

Samples were placed in plastic bags and sealed to retain moisture. 

Samples were frozen at -18°C. At a later date, samples were removed 

from the deep freeze, thawed and plant analysis carried out. Two 

samples, each of ten plants, were taken from this sample and dried at 

85°C for 18 hours in a forced draught oven. The dry weight of the 

plants was calculated and from this and the number of plants per square 

metre, the total weight of plant material could be estimated.

Due to the large standard errors obtained in 1987, in 1988, four half 

metre row lengths were cut at random from each of the plots. The 

samples were cut with scissors at ground level, care was taken to avoid 

any soil contamination. Plant material was dried at 85°C for 18 hours 

in a forced draught oven and total weight of the above ground parts of 

the plant material was estimated.

Following drying plant samples were milled using a Christy and Norris

Laboratory mill and a 0.8 mm sieve and stored.
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2.5.2 Plant Nitrogen analysis

Stored plant samples were analysed in triplicate for their percentage 

nitrogen content using a Kjeltec 100 Autoanalyzer. An error of 3% was 

accepted.
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2.6 USE OF LABELLED NITROGEN

2.6.1 Preparation of solutions

Labelled nitrogen in the form of ammonium nihte (^-^NH^ ^NO^) was 

applied to 48 microplots in both experimentalears. In 1986/87,

99.8% atom percent excess was used while in 37/88, 11.8% atom percent 

excess was used due to the lower cost. Labted nitrogen was applied 

to microplots as 2% of the total nitrogen appcation and the total 

nitrogen requirement made up using unlabelleommonium nitrate for 

which an explosives licence was obtained.

The and ammonium nitrate solutions were me up on the day of use.

The solutions to be applied to each microplotere measured out in the 

laboratory, into labelled screw top glass botes. Concentrations of 

solutions used were recorded and a small quanty of the ^N solution 

retained for analysis and calibration of the ss spectrometer.

2.6.2 Position of Microplots

Labelled nitrogen was applied to two one metrsquare plots within each 

mainplot which was to receive an application 160 kg N/ha. The 

microplot was positioned so as to give a unifm stand of plants within 

the quadrat. Initially a one metre square qdrat was placed on the 

ground (Fig. 2.5). Within this a quarter mee square quadrat was 

centralised to mark the area of the microploto be removed at harvest. 

To allow for lateral spread of -^N into the si, only the plant 

material within the quarter metre square quadt was harvested.

Plants around the edges of the metal quadrat re adjusted so that the 

whole plant was inside the quadrat. All wee< were removed from

within the quarter metre square quadrat.
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Figure 2.5 POSITIONING OF 15N MICROPLOT WITHIN MAIN PLOT

Crop rows
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2.6.3 Application of solution

Nitrogen fertilizer applied was split dressed, one third in late March 

and the remainder in the third week of April. One of the microplots 

within the mainplots received labelled nitrogen with the first 

application while the other microplots received ^N with the second 

application.

Nitrogen solutions were made up to two litres with water and evenly 

applied to the total one metre square area using a plastic watering can 

with a rose sprinkler on the end of the spout. The nitrogen solution 

was washed off the plants with two litres of water again using a 

plastic watering can. The remainder of the plot was fertilized using 

commercial granular fertilizer. To avoid spread of fertilizer onto 

the microplots, they were covered with a one metre square wooden lid. 

The lid was approximately 20 cm deep to avoid damaging the plants 

beneath.

Following fertilization, the one metre square quadrat and lid were 

lifted and the quarter metre square quadrat left. These quadrats were 

marked by placing a white cane in two of the corners so as to avoid any 

movement of the quadrats and to allow easy identification at harvest.

2.6.4 Harvesting Microplots

Just prior to harvesting of the whole experimental area the microplots 

were cut out using battery operated grass clippers, cutting as close to 

the soil surface as possible but avoiding any contamination. All 

plant material within the quadrats was removed. Harvested material 

was placed into labelled plastic bags, sealed and stored at -18°C in a 

blast freezer until further analysis could be carried out.
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2.6.5 Preparation and analysis of samples

Later in the year samples were removed from th( freezer, thawed and 

ears and straw separated. The ears were cut Irom the straw at the 

node at the base of the ear. The ears and stiaw were weighed and 

dried in a forced draught oven at 85°C for 18 lours, cooled and the dry 

weight of ears and straw recorded. The number of fertile and 

infertile tillers was also noted.

The ears from each microplot were thrashed usirg a Wintersteiger ID 180 

ST4 thrasher. The grain produced was weighed rnd a sample of both 

grain and chaff retained for ^•-’N analysis. Thr weight of chaff was 

determined from the weight of ears less the weight of grain since it 

was difficult to avoid losses of chaff through ;he fans of the 

thrasher.

In order to get fine enough samples for analysi:, grain straw and chaff 

samples were milled first using a Christy and N>rris Laboratory Mill 

and a 0.8 mm sieve and then twice on a portable Tecator Laboratory Mill 

and a 0.3 mm sieve. Subsequent analysis of gnin, straw and chaff 

samples for percentage nitrogen and atom percen. excess of was

carried out using a mass spectometer.

The dry matter of the samples was determined by drying duplicate 

subsamples at 100°C for 18 hours in a forced drmght oven. Values 

obtained for percentage nitrogen within the samjle were corrected for

sample dry matter.
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The percentage utilisation of added fertilizer was calculated for 

grain, straw and chaff using the following equations:

(atom % excess of sample 
atom % excess of fertilizei

added fertilizer

X Nitrogen offtake
x 100

Fertilizer rate

Nitrogen offtake = dry matter yield x % N in sample
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SECTION 3, RESULTS

3.1 EXTENT OF BURN ACHIEVED

The extent of the burn achieved by the flame cultivator in both 

experimental years is summarized in Table 3.1 .

3.1.1 Stubble dry matter

In the 1986/87 experiment the dry matter of stubble burned was 52% 

while in the 1987/88 experiment stubble dry matter was 61%.

3.1.2 Stubble height

In the 1986/87 experiment a 25.5% reduction in stubble height was 

achieved, after only the top of the stubble was scorched (P<0.001).

In the 1987/88 experiment, the higher stubble dry matter and hence more 

successful burn, resulted in an 81.8% reduction in stubble height 

(P<0.001). Drier stubble ignited easier and there wasaWier spread of 

flames.

3.1.3 Weight of plant residue

Flame cultivation significantly reduced the weight of plant residue 

present on the soil surface by 48% in the 1986/87 experiment (P=0.03) 

and 75.5% in the 1987/88 experiment (P<0.001).

3.1.4 Area of bare ground

Particularly in 1987/88, a lot of ash and charred plant remains were 

left on the soil surface. The area of bare ground was therefore 

slightly lower in the 1987/88 than in 1986/87 experiment when a lot 

more stubble was left standing in the field apparently unaffected by

the burner rather than reduced to ash. Blackened ash which remained
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on the soil surface was very light and easily dissipated by wind. It 

posed no problem to penetration of the soil surface by the drill.

The area of bare ground produced by one pass of the flame cultivator 

was particularly relevant when seed was to be direct drilled. Stubble 

lying on the soil surface tended to be carried into the drill slits by 

the seed drill with seed often being deposited close to straw or on the 

surface of straw. Stubble burning significantly increased the area of 

bare ground in both experimental years (P<0.001).

3.1.5 Temperature of Burn

Temperatures of the burn recorded at the soil surface were found to 

vary widely depending on where the end of the thermocouple was 

positioned relative to the position of the burners on the plate. 

Temperatures of up to 400°C were measured directly within the flame 

from the burners. The results are presented in Table 3.2. When the 

thermocouple wire was laid on the soil surface, temperatures of around 

115°C were recorded, when the thermocouple was positioned directly 

below a burner. However when the thermocouple was below an unlit 

burner with neighbouring burners lit, no change in soil temperature 

could be detected even on the soil surface. It proved difficult to 

obtain an accurate indication of soil temperature changes at the soil 

surface because any change which occurred took place very rapidly, 

rising to a maximum and quickly falling off to normal again.

Accurately positioning the thermocouple below the required portion of 

the stubble burner also proved awkward.

When the thermocouple wire was buried 1 cm below the soil surface 

temperature changes recorded tended to be more uniform, irrespective of 

its position below the plates of the stubble burner. Temperatures
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Table 3.2 The effect of flame cultivation on soil temperature (°C)

Temperature of burn (°C)

Soil surface

Before burning 11.6 12.0 11.7

During burn 54 115(i) ll.?*11)

1 cm deep

Before burning 10.2 9.8 10.2

During burn 42 52 43

2.5 cm deep

Before burning 8.6 9.6 9.1

During burn 8.9 9.6 10.7

15 cm deep

Before burning 8.6 8.9 8.9

During burn 8.9 8.7 8.9

temperature measured directly below burner

(ii) temperature measured under an unlit burner with neighbouring burners 
lit
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recorded ranged from 40 to 55°C. Again the temperature increased very 

rapidly but quickly fell off. At 2.5 cm and 15 cm below the soil 

surface no change in temperature could be detected.

Any temperature changes occurring were therefore confined to within the 

top 2.5 cm from the soil surface and any heat transmitted to the soil 

was rapidly dissipated. However as a result of the very high 

temperatures recorded within the flame, the stubble tended to emerge 

from the burner charred or as ash. The stubble was ignited very 

rapidly as the burner passed over it due to the intense heat maintained 

below the plates. Any flames on stubble emerging from the burner 

tended to be rapidly extinguished as the stubble burned out.
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3.2 CROP YIELDS

Yields of grain and straw are summarized in T 3.3 and 3.4.

Under conventional cultivation techniques, on moderately fertile 

site, grain yields reached 7068 kg/ha in the 37 experiment. In 

1987/88 however, yields were on average abouttonne lower as a 

result of insufficient sunshine and poor graii.

3.2.1. Grain yields

Grain yields were highest where soil was plouoefore sowing, 

irrespective of whether or not stubble was buj While interactions 

between SB and cultivation technique were notlficant in both 

experimental years, MC yields tended to be sir to those on PL 

ground provided stubble was burned. This waarent at all 

fertilizer nitrogen treatments except at 80 kg in 1986/87 when 

grain yields following MC were slightly lower expected. In 

1986/87 where stubble was burned, DD produced Is equal to or 

slightly greater than those on PL ground excepre no fertilizer was 

applied. In the following year DD yields prdisappointing 

achieving only 85% of the yield on PL ground ehen stubble was 

burned and a similar plant stand was achieved • the three 

cultivation treatments. The presence of stubn MC and DD plots in 

1986/87 resulted in production of 88% of the yon burned ground 

while in 1987/88 stubble on MC and DD plots lethe production of 

89% and 82% of the burned yield respectively, bble burning had 

little effect on PL ground. DD appeared to bt little from 

stubble burning in either year where no fertilwas applied.
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While no significant interactions were obtained between stubble 

burning, cultivation technique and fertilizer nitrogen level, SB when 

meaned over the cultivation and nitrogen treatments significantly 

increased grain yields in 1987/88 (P=0.029) and just failed to 

significantly increase yields in 1986/87 (P=0.081). Application of 

fertilizer nitrogen significantly increased grain yield irrespective of 

seed bed preparation technique (P<0.001). The application of the 

first 80 kg N/ha had the greatest effect on yield.

3.2.2 Straw yields

Stubble burning prior to PL, MC or DD did not appear to have any major 

effect on yield of straw produced at combining in either year. There 

were no significant interactions between SB and cultivation technique 

nor were any trends evident at any of the three fertilizer nitrogen 

levels applied. Fertilizer application significantly increased straw 

yield following all seed bed preparation techniques (PCO.OOl).

Ploughing produced significantly more straw than DD when meaned over 

the stubble burning treatments in 1987/88 (P=0.010)with yield on MC 

plots intermediate. This was also apparent in 1986/87 although 

differences were not significant.

3.2.3 Harvest index

When meaned over the three cultivation treatments, SB significantly 

increased the harvest index in 1987/88 (P=0.002). While the 

interaction with cultivation technique in 1986/87 was non-significant, 

the harvest index tended to be greater where stubble was burned prior 

to PL, MC and DD particularly with DD at zero fertilizer. This 

increase in harvest index as a result of SB indicated an increase in 

grain yield while straw yield remained similar to where stubble was
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left on the soil surface.

Cultivation technique alone had no significant influence on harvest 

index in either experimental year. Application of 160 kg N/ha of 

nitrogen fertilizer significantly reduced the harvest index compared to 

where no fertilizer was applied in both 1986/87 (P=0.015) and 1987/88 

(P=0.04). There were no significant interactions between stubble 

burning, cultivation technique or fertilizer nitrogen level.
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3.3 CROP GROWTH AND DEVELOPMENT

3.3.1 Plant establishment

Crop growth and development data are summarized in tables as follows: 

i Effect of stubble burning - Table 3.5

ii Effect of cultivation technigue - Table 3.6

iii Interaction of stubble burning and cultivation technique - 

Table 3.7

iv Interaction of stubble burning, cultivation technique and 

fertilizer nitrogen - Tables 3.8 and 3.9.

In the 1986/87 crop, germination percentage was poor at only 47% on 

conventionally cultivated ground compared to 90% in 1987/88. The poor 

plant establishment in 1986/87 was attributed to very low rainfall in 

September 1986. All plants had emerged by 13 days after sowing.

In the first experimental year, although the interaction was not 

significant, SB tended to increase the stand of plants under MC and DD. 

It had no effect on the number of plants on ploughed ground. MC 

benefited from an additional 35 plants/m2 increasing plant numbers to 

well above those following PL and 26 plants/m2 on DD ground bringing 

the plant count into line with that on PL ground. When meaned over 

the three cultivation treatments, SB significantly increased the number 

of plants established in 1986/87 (P=0.05). The overall stand of 

plants following DD, particularly where stubble remained was very 

uneven. Plants failed to emerge in areas which had been compacted by 

wheel tracks or where a lot of loose straw or chaff was lying. This 

was aggravated by the particularly dry conditions which led to very

hard soil surface conditions.
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Table 3.5 The effects of stubble burning on crop development

1986/87
Burn No Burn Sig. S.E

Plants/m2 216 196 * 6.4
Tillers/m2 774 694 * * 15.4
Tillers/plant 3.84 3.81 NS 0.22
Ears/m2 742 650 * * 3.2
Ears/plant 3.68 3.60 NS 0.21
Fertile grains/ear 15.9 17.4 *** 0.26
Average ear weight (g) 0.580 0.585 NS 0.013
1000 grain weight (g) 38.08 39.03 * 0.35
Ear length (cm) 6.38 6.74 * * 0.08
Hectolitre weight (kg/hl) 61.99 62.06 NS 0.20

198-7/88
Burn No Burn Sig. S.E

Plants/m2 395 390 NS 17.9
Tillers/m2 1068 977 * 23.5
Tillers/plant 2.80 2.49 * 0.13
Ears/m2 938 849 •k k 21.4
Ears/plant 2.46 2.16 k 0.10
Fertile grains/ear 12.5 12.7 NS 0.18
Average ear weight (g) 0.731 0.744 NS 0.02
1000 grain weight (g) 37.9 36.5 * 0.30
Ear length (cm) - - - -
Hectolitre weight (kg/hl) 63.48 62.31 * 0.27
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In 1987/88, again the interaction between SB and cultivation technique 

was not significant. Plant count tended to be lower where SB preceded 

MC rather than where stubble remained, while DD gained an additional 59 

plants from SB to exceed plant numbers on PL plots. Again little 

difference was observed where stubble was burned prior to PL. When 

meaned over the three cultivation treatments SB alone had no 

significant influence on plant establishment.

3.3.2 Development of yield

Although more tillers per plant were produced in 1986/87, in an effort 

to compensate for reduced plant stand, tiller production was greater in 

1987/88 at an average of 1022/m2 compared to 730/m2 in 1986/87.

However in 1986/87, 96% of tillers on SB ground and 94% on NB ground 

were fertile and produced ears, while in 1987/88 these figures were 88% 

and 87% respectively. While stubble burning was not found to have any 

effect on tiller production where ground was ploughed^ following MC and 

DD, SB appeared to bring the number of tillers/m2 into line with 

numbers on PL ground although the interaction was significant in 

1987/88 only (P=0.044). This significant difference resulted from 

both the increase in plant numbers and the slightly higher number of 

tillers per plant where SB preceded MC and DD. In 1986/87 the 

apparent increase in tiller production with SB and MC and DD resulted 

solely from the increase in plant numbers. The number of 

tillers/plant was higher following PL than MC or DDy irrespective of 

whether stubble was burned or not. This just failed to reach 

significance (P=0.067). When meaned over the three cultivation 

treatments SB significantly increased tiller production in 1986/87 

(P=0.001) and 1987/88 (P=0.015).
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Stubble burning just failed to significantly increase ear production 

following MC and DD in both 1986/87 (P=0.062) and in 1987/88 (P=0.061). 

It had no effect on production of ears on PL ground. This trend was 

apparent at all fertilizer nitrogen levels.

In 1986/87, the number of ears/m2, where stubble was burned prior to 

MC, was similar to that on PL ground. However even when stubble was 

burned, DD produced only 87% of the ears on PL plots. While SB had no 

influence on the number of ears per plant following any of the 

cultivation treatments in 1986/87, the number of ears per plant was 

significantly greater on PL ground than following MC or DD (P=0.012) 

irrespective of whether or not stubble was burned. In an effort to 

compensate for the lower number of ears per square metre where stubble 

remained following MC and DD, significantly more grains per ear 

(P=0.031) of apparently higher thousand grain weight (P=0.058) were 

produced on significantly longer ears (P=0.043). Stubble burning 

prior to PL had no influence on fertile grains per ear, thousand grain 

weight or ear length.

Where stubble was burned prior to MC and DD in 1987/88/ production of 

ears was greater than where ground had been ploughed, by about 100 

ears/m2 but where stubble remained, the number of ears/m2 was similar 

to that following PL on MC plots, but markedly lower on DD plots.

Stubble burning appeared to increase the number of ears per plant 

following MC and DD in 1987/88 but this was only significant when 

meaned over the three cultivation treatments (P=0.044). In 1987/88, 

in cases where ear production was low, the crop did not compensate as 

in 1986/87. SB had no significant effect on the number of grains per 

ear but the thousand grain weight was significantly greater following 

SB when meaned over the three cultivation treatments (P=0.006).
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Significantly fewer grains per ear (P=0.012) of significantly lower 

thousand grain weight (P=0.036) were produced in 1987/88 on MC and DD 

ground compared to PL ground, irrespective of stubble treatment, 

average ear weight appeared slightly higher following PL due to the 

higher thousand grain weight and number of grains per ear. These 

trends were apparent at all fertilizer nitrogen levels.

Treatment differences in hectolitre weight were apparent only in 

1987/88 when SB prior to DD resulted in a significantly greater 

hectolitre weight compared to where stubble remained (P=0.048). The 

hectolitre weight following PL and MC were similar irrespective of 

whether or not stubble was burned.
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3.4 WEEDS AND VOLUNTEER CEREAL GROWTH

Stubble burning alone did not have any significant influence on number 

of weeds or species present (Table 3.10) although the total number of 

weeds/m2 tended to be slightly higher where stubble was burned prior to 

PL and MC (Table 3.11). No particular species was affected.

The method of cultivation adopted had a major influence on weed growth 

and also species present except for numbers of grass weeds which were 

similar irrespective of cultivation technique (Table 3.12). The 

number of weeds/m2 was significantly greater on PL ground compared to 

that on either MC or DD ground (P<0.001). Significantly more weeds 

wez-e present on MC plots compared to DD plots (P<0.001). Chickweed 

and grassweeds were the main problem with significantly more chickweed 

on PL and MC plots compared to DD plots (P<0.001). Arable weeds such 

as groundsel (PCO.OOl), spurrey, mayweed, field pansy and fumitory 

(P=0.006) were more common following PL than under DD while numbers 

following MC were intermediate.

Volunteer cereal was only a problem in 1986/87 when self sown winter 

barley germinated and became established. In 1987/88 some spring 

barley volunteers came up through the winter barley in autumn but a 

high percentage of these died off during u/inter and therefore were of 

less concern.

Stubble burning appeared to double the number of volunteers on MC and 

DD plots in 1986/87 but differences were not significant (Table 3.13).

In 1987/88, SB had no effect on volunteer cereal but spring barley 

volunteers were significantly higher where plots were direct drilled as
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Table 3.10 The effect of stubble burning on weed numbers

1987/88

Weeds/m2 Burn No Burn Sig. S.E.

Chickweed 19.8 17.7 NS 2.09

Grass 25.6 26.0 NS 4.02

Groundsel 4.0 5.2 NS 0.70

Spurrey 5.9 2.3 NS 1.77

Mayweed 5.5 2.4 NS 1.77

Field Pansy 4.5 4.0 NS 2.74

Fumitory 1.3 1.3 NS 0.48

Total 71.5 60.1 NS 4.68
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Table 3.11 The interaction of stubble burning and cultivation on 
total number of weeds

1987/88

PL MC DD

Burn 102 79 34 Sig NS

No Burn — 88 57 35 S.E. 5.73
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Table 3.12 The effect of cultivation technique on weed numbers

1987/88

Weeds/m2 PL MC DD Sig. S.E.

Chickweed 27.8 19.2 9.2 * * * 2.55

Grass 23.3 29.6 24.5 NS 4.92

Groundsel 8.60 3.30 2.00 * * * 0.86

Spurrey 7.6 4.6 0.1 NS 2.32

Mayweed 7.2 4.6 0.1 NS 2.17

Field Pansy 10.8 1.3 0.6 NS 3.36

Fumitory 3.1 0.2 0.5 * 0.58

Total 94.8 68.0 34.6 rt * * 5.73
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Table 3.13 The effect of stubble burning and cultivation 
technique on volunteer cereal

1986/87

Volunteers/m2

1987/88

PL SB 1.2 0
NB 0 0

MC SB 62.8 0.2
NB 32.0 2.8

DD SB 20.8 24.9
NB 10.5 17.8

Sig. NS NS
S.E. 8.8 6.3

SB V s NB Sig NS NS
S.E. 5.06 3.64

PL V S MC Vs DD Sig NS * *
S.E. 8.80 4.46
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opposed to PL or MC (P=0.005). No volunteers were found on PL plots 

in 1987/88 and few in 1986/87.
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3.5 DISEASE

SECfl»—IS
Leaf blotch (Rhynchosporium) was the only disease apparent within the 

crop. Leaf blotch, a fungal disease which is carried over on stubble 

or volunteer cereal, was present in 1986/87 and to a lesser extent in 

1987/88. The levels of disease present did not pose any serious 

threat to the crop. Over the two experimental years, results were 

conflicting. In 1986/87, SB had little effect on disease levels where 

ground was ploughed. However when SB preceded MC and DD disease 

levels appeared slightly higher than where stubble was not burned 

although this was not significant. More disease appeared to be 

present following MC than DD or PL (Table 3.14).

Significantly less disease was present following PL in 1987/88 compared 

to MC or DD whether stubble was burned or not (PCO.OOl). Where 

stubble was burned rather than left on the soil surface, the level of 

disease was significantly less following PL and MC (P=0.014). The 

area of leaf covered with disease was slightly greater where stubble 

was burned before DD but not significantly so.

The incidence of disease following fertilizer application declined in 

1986/87 (P<0.001) while in 1987/88, the reverse was observed to be true

(PCO.OOl) (Table 3.15).



145

Table 3.14 The interaction of stubble burning and cultivation
technique on level of leaf blotch

Disease index

1986/87 1987/88
Burn No Burn Burn No Burn

PL 3.2 3.1 1.2 1.6

MC 3.9 2.9 2.1 2.5

DD 3.1 2.5 2.2 1.9

Sig. NS *

S.E. 0.38 0.12

SB Vs NB Sig NS NS

S.E. 0.22 0.07

PL Vs MC Vs DD Sig NS * * *

S.E. 0.27 0.08
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Table 3.15 The effect of fertilizer nitrogen on level of leaf blotch

Kg N/ha 1986/87
Disease index

1987/88

0 3.6 1.0

80 3.1 2.3

160 2.7 2.1

Sig * * * * * *

S.E. 0.15 0.13
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3.6 FLAME CULTIVATION AND SOIL CHEMICAL AND PHYSICAL PROPERTIES

3.6.1 Soil pH

Within the upper 15 cm of the soil, in the 1986/87 trials, soil pH 

averaged 6.44, in the 1987/88 trials this figure was slightly lower at 

6.04. Soil pH was unaffected by depth down to 15 cm and varied little 

over the growing season.

Stubble burning had no effect on soil pH following PL, MC or DD at any 

of the three sampling depths throughout the trials. Soil pH was 

significantly lower following PL than DD down to a depth of 10 cm in 

March, July and October 1987 and July 1988 (Table 3.16). In March and 

July 1987, soil pH following MC was only slightly lower than following 

DD while during October 1987, March 1988 and July 1988, soil pH on MC 

plots was found to be intermediate between that on PL and DD plots.

Application of fertilizer nitrogen significantly reduced pH within the 

0-5 cm layer of soil in both experiments (Table 3.17). Below this 

depth no significant differences were detected. There were no 

significant interactions between fertilizer application and stubble 

burning or cultivation technique.

3.6.2 Soil phosphorous

Throughout the experiments soil phosphorous (P) remained at an index of 

3 or 4. On no occasion did soil P fall below sufficient levels to 

maintain plant growth (Table 3.18). Although differences were not 

significant, in March and July 1987, P levels within the cultivation 

layer of PL and DD soil tended to be higher where stubble was burned 

compared to where it had been left (Table 3.19). Following MC 

however, stubble burning led to lower levels of P during March
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Table 3.16 The effect of cultivation technique on soil pH

March
1987

July
1987

October
1987

March
1988

July
1988

Depth 0-5 cm

PL 6.19 6.17 5.85 6.09 5.99

MC 6.66 6.60 6.00 6.04 6.13

DD 6.72 6.80 6.09 6.21 6.25

Sig. ** * * * * * NS *

S.E. 0.054 0.05 0.06 0.08 0.06

Depth 5-10 cm

PL 6.22 6.29 5.73 5.95 6.01

MC 6.60 6.45 5.95 6.10 6.16

DD 6.61 6.60 6.13 6.22 6.27

Sig. * * * * * NS *

S.E. 0.04 0.06 0.07 0.09 0.06

Depth 10-15 cm

PL 6.35 6.40 5.89 5.92 6.00

MC 6.36 6.26 5.95 5.72 6.11

DD 6.29 6.29 6.12 6.10 6.22

Sig. NS NS NS NS NS

S.E. 0.05 0.04 0.08 0.24 0.07
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Table 3.17 The effect of fertilizer nitrogen on soil pH

Depth (cm) 0

Fertilizer

80

applied

160

(kg N/ha)

Sig S.E.

July 1987

0-5 6.50 6.60 6.47 * 0.04

5-10 6.40 6.47 6.48 NS 0.04

10 - 15 6.29 6.30 6.36 NS 0.05

July 1988

0-5 6.21 6.13 6.02 * ★ A 0.02

5-10 6.17 6.15 6.12 NS 0.02

10 - 15 6.12 6.12 6.11 NS 0.02
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(P=0.079) and July (P=0.028) 1987. These trends were not apparent 

during October 1987 or in 1988.

Irrespective of whether or not stubble was burned, significantly 

greater amounts of P were present within the cultivation layer of PL, 

soil compared to MC or DD during October, 1987 (P=0.033), March 1988 

(P=0.015) and July 1988 (P=0.019) (Table 3.20). In March and July 

1987, no differences were apparent as a result of cultivation technique 

used.

Application of fertilizer nitrogen resulted in significantly less soil 

P where 160 kg N/ha were applied compared to where no fertilizer was 

applied during July 1987 (P=0.033) (Table 3.21). This was not

observed in July 1988. No interactions were apparent between 

fertilizer application rate, stubble burning or cultivation technique.

3.6.3 Soil potassium

The potassium (K) indices for the experiments ranged from 1 in 1986/87 

to 3 in 1987/88. K levels tended to be lower during the first year of 

the experiment but it is unlikely that soil K became limiting to plant 

growth. Stubble burning had no effect on soil K under any of the 

cultivation treatments throughout the trials (Table 3.19). Soil K 

levels were markedly higher within the 0-5 cm soil layer following MC 

and DD compared to PL during March 1987 (P<0.001) and July 1987 

(P=0.019) (Table 3.22). In October 1987 (PCO.OOl), March 1988 

(P=0.002) and July 1988 (P=0.009) soil K was highest within the 0-5 cm 

layer under DD, intermediate following MC and lowest where soil was PL. 

At 5-10 cm deep, soil K tended to be highest under MC, intermediate 

following DD and lowest under PL. This was significant during March 

(P=0.016) and July 1987 (P=0.011). Below this depth the difference
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Table 3.21 The effect of fertilizer nitrogen application on 
soil P, K and Mg within the cultivation layer

Fertilizer rate (kg N/ha)

0 80 160 Siq. S.E.
1987

Phosphorous (P ir.g/1) 150.4 155.2 146.0 * 2.4

Potassium (K mg/1) 308.0 269.5 239.0 ** 8.2

Magnesium (Mg mg/1) 115.7 119.5 117.8 NS 2.9

1988

Phosphorous (P mg/1) 164.7 164.0 167.9 NS 2.9

Potassium (K mg/1) 720.3 651.5 631.7 * * * 10.0

Magnesium (Mg mg/1) 137.1 138.0 145.3 * * 1.6
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between treatments declined although there was a tendency for soil K 

levels to be slightly higher following PL compared to MC and DD.

The effect of cultivation on soil K depended very much on the amount of 

soil disturbance. When the amount of K within the 0-15 cm layer was 

considered, levels of K were found to differ significantly on only one 

occasion. In March 1987, less K was measured within the cultivation 

layer where soil was PL compared to where it was MC (P=0.016) while 

soil K levels following DD were intermediate. This was also apparent 

during July 1987, although differences were not significant.

Ploughing soil, appeared to mix the applied K within the cultivation 

layer while following MC and DD, K was more concentrated within the 

uppermost layer of soil. This was particularly apparent following DD. 

No interactions between stubble burning and cultivation technique were 

apparent in either year of the trial.

Application of fertilizer nitrogen significantly reduced the amount of 

K within the cultivation layer of soil in both years of the trial.

The highest levels of K were found where no fertilizer was applied, 

soil K declining as fertilizer rate increased (Table 3.21). This was 

attributed to the greater demand for K from the crop at higher 

fertilizer nitrogen levels. There were no interactions between 

fertilizer nitrogen application and seed bed preparation technique.

3.6.4 Soil Magnesium

The magnesium index of the experimental site remained at of about 1 

throughout the trials. They did not decline over the growing season 

and no signs of magnesium deficiency were apparent. Burning stubble 

appeared to have no effect on level of Mg within the cultivation layer



157

of the soil except during March 1988 when a significantly higher amount 

of Mg was found to be present where stubble was burned (P=0.046) as a 

result of more Mg following SB prior to PL, MC and DD. (Table 3.19). 

This however had no effect on Mg index of the soil.

Cultivation technique alone had little effect on soil Mg (Table 3.23). 

At a depth of 5-10 cm during March 1987, significantly less Mg was 

present where soil was DD compared to MC (P=0.046). Also in March 

1988, soil Mg was significantly higher following MC and DD compared to 

PL (P=0.002). Although these differences were significant, they were 

too small to have any effect on the soil Mg index. There were no 

significant interactions between stubble burning and cultivation.

In 1987, application of fertilizer nitrogen had no effect on soil Mg 

levels (Table 3.21). In 1988 however, significantly more Mg was 

present within the cultivation layer of soil which had received 160 kg 

N/ha compared to where no fertilizer or 80 kg N/ha were applied 

(P=0.002).

3.6.5 Soil bulk density

Bulk density of the soil was found to be high; however in the 0-5 cm 

layer it was significantly lower than further down the profile 

(P=0.003) at 1.36 kg/m2 at 0-5 cm; 1.58 kg/m2 at 5-10 cm and 1.64 kg/m2 

at 10-15 cm. Neither stubble burning or cultivation technique (Table 

3.24) had any significant influence on soil bulk density at the time of

sampling.
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3.6.6 Soil organic matter

Stubble burning reduced organic matter in PL, MC and DD soils compared 

to where stubble remained (Table 3.24). This was significant during 

March 1987 (P<0.001) and October 1987 (PCO.OOl) but remained apparent 

on other occasions. Irrespective of stubble treatment, significantly 

more organic matter was present on PL plots compared to MC or DD plots 

during October 1987(P<0.001). Organic matter content was lowest 

following DD in March and July 1988, this was significant in July 

(P=0.012but just failed to reach significance in March (P=0.089).

3.6.7 Soil dry matter

Soil dry matter percentage varied little throughout the growing seasons 

of either experimental year. Stubble burning had no effect on soil 

dry matter in either year of the trial under any cultivation treatment. 

Cultivation technique had no influence on soil dry matter in 1986/87 

(Table 3.25), but in 1987/88 (Table 3.26), soil dry matter tended to be 

lowest where soil was MC rather than PL or DD at a depth of 0-5 cm.

This reached significance during March (P=0.045), May (P=0.003) and 

June P=0.029). A similar trend was apparent at 5-10 cm depth, with 

differences diminishing at a depth of 10-15 cm. There was a tendency 

for soil dry matter to be slightly lower on plots where no fertilizer

was applied.
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Table 3.25 The effect of cultivation on soil dry matter

1986/87

March April
%

May
Dry matter of

June
soil

July

Depth 0-5 cm

PL 89.7 88.5 90.1 90.6 91.0
MC 90.4 88.2 90.8 92.0 91.7
DD 90.4 88.0 90.6 90.8 91.4

Sig. NS NS NS NS NS
S.E. 0.51 0.38 0.45 0.56 0.50

Depth 5-10 cm

PL 90.2 88.9 90.3 91.7 91.6
MC 90.0 88.8 91.2 92.6 92.1
DD 91.1 88.7 90.3 91.6 92.2

Sig. NS NS NS NS NS
S.E. 0.51 0.38 0.48 0.46 0.47

Depth 10-15 cm

PL 90.3 88.2 90.5 91.9 91.8
MC 90.4 88.8 91.1 93.1 92.9
DD 91.4 88.8 90.3 88.2 92.2

Sig. NS NS NS NS NS
S.E. 0.51 0.46 0.44 2.15 0.45
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Table 3.26 The effect of cultivation on soil dry matter

1987/88

March April
%

May
Dry matter

June
of soil

July

Depth 0-5 cm

PL 87.6 89.6 86.9 93.6 91.3
MC 85.9 88.9 85.8 92.8 91.0
DD 87.2 88.8 86.8 93.0 90.8

Sig. * NS * * * NS
S.E. 0.43 0.40 0.22 0.20 0.26

Depth 5-10 cm

PL 87.3 88.2 87.0 91.8 91.3
MC 87.2 87.4 86.2 90.0 90.9
DD 88.1 87.9 87.2 90.8 90.6

Sig. NS NS * * * NS
S.E. 0.40 0.43 0.16 0.33 0.24

Depth 10-15 cm

PL 87.2 87.4 87.8 92.6 93.0
MC 87.9 87.0 86.7 91.8 92.5
DD 88.7 87.8 87.8 91.6 92.7

Sig. * NS * * NS NS
S.E. 0.38 0.56 0.19 0.30 0.25
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3.7 FLAME CULTIVATION;INORGANIC NITROGEN WITHIN THE CULTIVATION LAYER

3.7.1 General trends in inorganic soil nitrogen within the 
cultivation layer

During the 1987/88 experiment levels of inorganic N within the 

cultivation layer of the soil were lower than in the previous year.

This resulted from a reduction in the amounts of NH<j+-N, N03--N and 

N02--N. The amount of inorganic N in the soil varied over the growing 

season depending on the demand by the crop. In 1986/87, inorganic N 

within the cultivation layer, declined from 72 kg N/ha in March to 63 

kg N/ha in April, as demand for nitrogen by the growing crop increased. 

Following fertilizer application inorganic N levels rose to peak during 

May at 80 kg N/ha, only to decline again by June to 65 kg N/ha as grain 

filling progressed. Due to the high degree of senescence in 1986/87, 

the level of inorganic N rose to approximately 95 kg N/ha approaching 

harvest in July. During 1987/88 inorganic N within the cultivation 

layer of the soil increased steadily from 4 kg N/ha in March to 24 kg 

N/ha in May, decreasing again by June to 5 kg N/ha. Little senescence 

was observed in the 1987/88 crop, inorganic N levels rising to about 7 

kg N/ha by harvest.

Inorganic N in the cultivation layer of the soil was found to be mainly 

in the form of NH^+-N with a smaller fraction of NC^'-N together with a 

continuously low level of N02_-N which changed little throughout the 

season. In the 1986/87 experiment, levels of NH4+-N ranged from 37 kg 

N/ha to 52 kg N/ha. From 7 kg N/ha to 21 kg N/ha of NC^'-N were also 

present, the remainder of the inorganic N being made up of between 1 

and 3 kg N/ha in the form of NC^'-N ions. In the 1987/88 experiment, 

NH4+-N levels reached a maximum of only 11 kg N/ha during May, with 

about 3 kg NC^'-N/ha and 1 kg N02_-N/ha. The level of these 

components was found to be similar at each of the three depths sampled
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within the cultivation layer. Data from the three sampling depths 

will therefore be combined and inorganic soil nitrogen values quoted 

for the cultivation layer (0-15 cm).

Application of fertilizer nitrogen significantly increased the amount 

of inorganic N in the soil in both years of the trial (Figures 3.1 and 

3.2). This was particularly apparent during April, May and June but 

by July differences between fertilizer nitrogen treatments declined as 

the additional nitrogen applied was taken into plant material. The 

increase in total inorganic nitrogen within the cultivation layer from 

fertilizer application in both 1986/87 and 1987/88, resulted from more 

NH^+-N and consequently more NC>3~-N. Nitrite-N levels appeared 

unaffected by fertilizer application.

Where 160 kg N/ha were applied in 1988 and to a lesser extent in 1987, 

there tended to be a concentration of inorganic N within the upper 

layers of the soil under all cultivation treatments (Tables 3.27 and 

3.28). This was particularly apparent at a depth of 0-5 cm and less 

so at 5-10 cm. At 10-15 cm little difference was detected in 

inorganic N levels as a result of application of nitrogen fertilizer.

3.7.2 The effect of seed bed preparation technique on inorganic 
nitrogen within the cultivation layer

While cultivation technique alone had no significant influence on total

soil inorganic N levels within the cultivation layer, there was a

tendency for less inorganic N to be present following DD as opposed to

PL and MC in both 1986/87 (Table 3.29) and 1987/88 (Table 3.30). As a

result of lower levels of NH^+-N. This reached significance in June

1988 (P=0.034) when lower levels of NH4+-N were found at each of the

three sampling depths. A similar trend emerged in July 1988 but this

was not significant. Cultivation treatment had little effect on NO3--
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THE EFFECT OF FERTILIZER NITROGEN APPLICATION ON INORGANIC 
NITROGEN WITHIN THE CULTIVATION LAYER

1986/87

1

Zero N •—^0

80 kg N/ha T A
160 k g N/ha ■—■

t

March April May June July
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3.2 THE EFFECT OF FERTILIZER NITROGEN APPLIQTION ON INORGANIC 
NITROGEN WITHIN THE CULTIVATION LAYER

1987/88

Zero N
80 kg
160 kg

March April May rune July
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Table 3.27 Effect of nitrogen fertilizer on ttal inorganic 
nitrogen within the cultivation laer

1986/87

Inorganic nitogen (kg N/ha)
Fertilizer rate March April lay June July
(kg N/ha)

0-5 cm
0 15.8
80 16.0
160 16.4
Sig. NS
S.E. 0.45

5-10 cm
0 19.5

80 19.0
160 19.0
Sig. NS
S.E. 0.59

10-15 cm
0 21.2
80 19.0
160 19.5
Sig. *
S.E. 0.56

0-15 cm
0 56.4
80 54.0
160 55.2
Sig. NS
S.E. 0.92

12.8 5.8 14.9 19.9
16.9 0.3 14.2 20.4
19.8 15.1 17.1 23.3
* * * *** NS *

1.10 .24 1.18 0.96

13.6 7.7 15.2 24.5
16.0 9.1 15.7 25.5
16.9 !2.4 19.8 24.5

* * * NS
0.73 .28 1.05 1.42

13.9 9.7 16.3 27.1
15.8 ’2.4 13.1 25.4
14.5 >0.6 19.5 27.9

NS NS * NS
1.05 .11 1.52 1.66

40.5 .3.6 46.5 74.1
49.0 .2.2 43.0 71.2
53.3 .8.6 57.4 75.8
* * * *** ** NS
1.82 L. 74 2.62 2.33



168

Table 3.28 Effect on nitrogen fertilizer on total inorganic 
nitrogen within the cultivation layer

1987/88

Inorganic Nitrogen (kg N/ha)
Fertilizer rate 
(kg N/ha)

March April May June July

0-5 cm

0 1.40 2.75 3.73 0.86 1.73
80 1.40 5.65 9.71 1.22 1.71
160 1.40 16.41 25.66 3.30 3.04
Sig. NS * * * * * * * * * *
S.E. 0 1.25 1.48 0.38 0.37

5-10 cm
0 1.15 3.28 5.18 0.88 1.41
80 1.15 5.80 4.97 0.92 1.57
160 1.15 3.54 8.80 2.26 5.56
Sig. NS NS * * * NS
S.E. 0 1.01 1.05 0.30 1.51

10-15 cm
0 1.6 6.31 5.35 1.44 2.76
80 1.6 3.25 4.17 1.39 1.87
160 1.6 6.24 6.94 1.47 3.15
Sig. NS NS NS NS NS
S.E. 0 1.62 0.90 0.29 0.37

0-15 cm
0 4.24 12.8 14.3 3.22 5.6
80 4.24 13.5 18.5 3.53 5.2
160 4.24 26.0 42.0 7.03 11.8
Sig. NS * * * * * •k -k * rt
S.E. 0 2.68 2.20 0.60 1.97
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Table 3.29 Effect of cultivation technique on inorganic nitrogen
levels within the cultivation layer (0-15 cm)

1986/87

March

Inorganic

April

Nitrogen

May

(kg N/ha)

June July

PL

nh4/n 41.7 36.3 49.5 42.7 53.6
N03/N 9.02 7.25 9.34 8.20 20.0
no2/n 3.39 2.93 1.89 2.23 0.74
Total 53.7 46.5 60.8 53.2 75.2

MC
nh4/n 43.7 44.6 51.5 39.8 51.8
NO3/N 8.47 8.95 13.78 6.20 21.3
no2/n 2.53 1.79 1.54 2.52 1.07
Total 54.9 57.0 66.9 49.8 74.2

DD
nh4/n 44.1 30.2 42.1 34.6 49.5
NO3/N 10.5 6.22 11.83 5.88 21.3
no2/n 2.46 2.72 1.78 3.18 0.82
Total 57.0 39.3 55.7 43.7 71.6

NH4/N Sig. NS NS NS NS NS
S.E. 1.27 4.54 3.08 3.67 2.44

NO3/N Sig. NS NS NS NS NS
S.E. 1.39 1.68 1.30 1.18 1.70

no2/n Sig. NS NS NS NS NS
S.E. 0.59 0.64 0.34 0.61 0.17

Total Sig. NS NS NS NS NS
S.E. 1.96 5.62 3.40 4.03 2.41
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Table 3.30 Effect of cultivation technique an inorganic nitrogen 
levels within the cultivation layer (0-15 cm)

1987/88

Inorganic

March April

Ni togen

May

(kg N/ha)

June July

PL

nh4/n 3.17 14.8 23.8 3.39 7.2
no3/n 0.88 2.55 3.40 1.58 2.93
no2/n 0.11 0.95 0.76 0.33 0
Total 4.2 18.3 27.4 5.32 10.2

MC
nh4/n 3.45 13.7 21.1 2.97 4.2
NO3/N 0.90 1.41 1.90 1.67 2.88
no2/n 0.17 0.94 0.72 0.52 0
Total 4.50 16.0 23.8 4.94 6.9

DD
nh4/n 2.94 14.9 18.7 1.11 3.1
NO3/N 0.96 2.05 4.06 1.90 2.43
no2/n 0.16 1.06 0.82 0.30 0
Total 4.10 18.0 23.6 3.52 5.50

nh4/n Sig. NS NS NS * NS
S.E. 0.29 2.99 2.42 0.59 1.83

NO3/N Sig. NS NS NS NS NS
S.E. 0.34 0.45 0.70 0.26 0.25

no2/n Sig. NS NS NS NS NS
S.E. 0.06 0.15 0.09 0.19 0.005

Total N Sig NS NS NS NS NS
S.E. 0.48 3.27 2.80 0.67 1.82
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N or NO2 -N down to a depth of 15 cm.

Although interactions between cultivation treatment and fertilizer rate 

were not always significant, in 1986/87, at zero and 80 kg N/ha 

inorganic N levels tended to be highest following MC, while at 160 kg 

N/ha little difference was apparent in levels of inorganic N within the 

cultivation layer following PL and MC (Table 3.31). Inorganic N 

levels tended to be lowest under DD at all fertilizer levels. In 

1987/88, as a result of the lower levels of inorganic N present within 

the soil, differences between cultivation treatments were smaller than 

in 1986/87 and did not reach significance (Table 3.32). At 160 kg 

N/ha however, inorganic N levels were inclined to be higher following 

PL, intermediate under MC and lowest following DD. These differences 

could be attributed to differences chiefly in NH^-N levels.

Stubble burning prior to PL had no significant effect on inorganic N 

levels within the cultivated soil layer throughout the growing season 

(Table 3.33). Where stubble was burned prior to DD in 1986/87, 

inorganic N levels, down to a depth of 15 cm, were similar to those 

following PL and MC. However, although no significance was reached, 

where stubble was not burned inorganic N levels, particularly NH^+-N, 

were lower following DD compared to where soil had been PL or MC.

This finding was apparent at zero, 80 and 160 kg N/ha (Table 3.34). 

Stubble burning prior to MC appeared to have little effect on inorganic 

N levels except during March 1987 when significantly more inorganic N 

was present where stubble was not burned (P=0.036) (Table 3.33).

In 1987/88, due mainly to the lower level of inorganic N present within 

the soil, differences between treatments were not apparent and

significance was not reached (Table 3.35).
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Table 3.31 The interaction of cultivation technique and fertilizer 
nitrogen on inorganic nitrogen within the cultivation
layer

1986/87

March

Inorganic

April

Nitrogen

May

(kg N/ha)

June July

Zero N

PL 55.4 38.2 52.2 50.5 67.6

MC 54.8 49.6 61.5 48.6 80.9

DD 59.0 33.7 44.1 40.3 73.7

80 kg N/ha

PL 52.4 42.8 59.8 50.4 75.1

MC 53.4 60.2 68.6 42.3 71.2

DD 56.1 44.0 58.1 36.2 67.3

160 kg N/ha

PL 53.3 58.5 70.3 58.6 83.1

MC 56.6 61.3 70.5 58.4 70.4

DD 55.8 40.2 64.9 55.2 74.0

Sig. NS * NS NS *

S.E. 2.4 6.2 4.2 5.5 4.1
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Table 3.32 The interaction of cultivation technique and fertilizer nitroqei 
on inorganic nitrogen within the cultivation layer

1987/88

March

Inorganic

April

Nitrogen

May

(kg N/ha)

June July

Zero N

PL 4.2 10.1 14.3 2.6 4.9

MC 4.5 11.7 12.6 3.9 5.8

DD 4.0 16.6 15.9 3.2 6.0

80 kq N/ha

PL 4.2 14.1 20.0 3.8 4.1

MC 4.5 11.4 17.6 4.2 7.3

DD 4.0 14.9 17.9 2.5 4.2

160 kq N/ha

PL 4.2 30.8 47.9 9.6 21.6

MC 4.5 24.9 41.2 6.7 7.5

DD 4.0 22.5 37.0 4.8 6.3

Sig. NS NS NS NS NS

S.E. 0.5 5.0 4.2 1.1
(0.063)

3.3
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Table 3.33 The interaction of stubble burning and cultivation technique 
on inorganic nitrogen levels within the cultivation layer

1986/87

March

Inorganic

April

Nitrogen

May

(kg N/ha)

June July

PL SB 53.5 38.9 59.1 52.0 74.3
NB 53.9 54.2 62.4 54.3 76.2

MC SB 48.1 55.2 70.1 49.3 69.9
NB 61.8 58.8 63.6 50.2 78.4

DD SB 57.3 45.9 57.8 47.7 78.3
NB 56.7 32.6 53.6 40.0 65.0

Sig. * NS NS NS *
S.E. 2.80 8.00 4.80 5.70 3.41

March

1987/88

Inorganic Nitrogen

April May

(kg N/ha)

June July

PL SB 4.6 16.3 29.1 5.29 11.2
NB 3.7 20.4 25.7 5.35 9.1

MC SB 5.5 15.4 22.1 5.09 6.1
NB 3.5 16.6 25.4 4.80 7.6

DD SB 3.8 19.1 22.9 2.56 4.1
NB 4.4 16.9 24.3 4.48 6.9

Sig. NS NS NS NS NS
S.E. 0.67 2.68 3.96 0.95 2.60
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Table 3.34 The interaction of stubble burning,cultivation technique 
and fertilizer nitrogen on inorganic nitrogen within the
cultivation layer

1986/87

March

Inorganic

April

Nitrogen

May

(kg N/ha)

June July

Zero N

PL SB 53.4 33.9 51.1 46.2 71.8
NB 57.4 42.6 53.3 54.7 63.4

MC SB 46.6 49.1 66.9 47.1 80.1
NB 63.1 50.2 56.1 50.1 81.7

DD SB 59.5 37.9 40.7 45.7 84.3
NB 58.5 29.5 47.4 35.0 63.0

80 kq N/ha

PL SB 53.4 38.5 54.2 53.3 65.1
NB 57.4 47.1 65.4 47.6 85.1

MC SB 46.6 60.2 72.5 48.6 64.3
NB 63.1 60.1 64.8 36.1 78.2

DD SB 59.5 54.4 65.1 41.6 73.2
NB 58.5 33.5 51.1 30.7 61.4

160 kq N/ha

PL SB 53.4 44.3 72.0 56.7 86.0
NB 57.4 72.7 68.6 60.4 80.2

MC SB 46.6 56.4 71.1 52.3 65.4
NB 63.1 66.2 69.9 64.4 75.4

DD SB 59.5 45.5 67.6 55.9 77.4
NB 58.5 34.9 62.2 54.4 70.5

Sig. NS NS NS NS NS
S.E. 3.3 8.8 5.9 7.7 5.8
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Table 3.35 The interaction of stubble burning, cultivation technique
and fertilizer nitroqen on inorqanic nitroqen within the
cultivation layer

1987/88

March

Inorganic

April

Nitrogen

May

(kg N/ha)

June July

Zero N

PL SB 4.6 8.8 17.1 3.1 2.0
NB 3.7 11.5 11.4 2.0 7.7

MC SB 5.5 6.2 12.3 2.6 4.5
NB 3.6 17.2 12.8 5.2 7.1

DD SB 3.8 14.0 19.8 3.1 5.1
NB 4.3 19.2 12.1 3.4 6.9

80 kq N/ha

PL SB 4.6 13.0 20.2 3.9 3.4
NB 3.7 15.2 19.8 3.8 4.8

MC SB 5.5 9.7 17.7 4.0 4.0
NB 3.6 13.1 17.5 4.5 10.7

DD SB 3.8 23.4 22.8 1.7 3.6
NB 4.3 6.4 13.0 3.3 4.9

160 kq N/ha

PL SB 4.6 27.1 49.9 8.9 28.1
NB 3.7 34.5 45.9 10.2 15.0

MC SB 5.5 30.2 36.4 8.6 10.0
NB 3.6 19.6 46.0 4.7 5.0

DD SB 3.8 19.7 26.1 2.9 3.6
NB 4.3 25.2 47.9 6.8 9.0

Sig. NS NS NS NS NS
S.E. 0.7 7.1 5.9 1.5 4.7
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3.8 FLAME CULTIVATION AND PLANT GROWTH AND NITROGEN UPTAKE

3.8.1 General trends in plant growth and nitrogen uptake 

Plant growth was most rapid during May and June and any treatment 

differences were most apparent during May, June and July. In the 

1986/87 experiment, the weight of plant material produced by the winter 

barley crop, at all fertilizer nitrogen levels reached a peak in June

and declined due to senescence during July. In the 1987/88 experiment
rn the. Wei3ht oP plant mate.rial

reduofcronA was only observed where no fertilizer was applied. As a 

result of the lower levels of inorganic nitrogen in the soil in 1988 

compared to 1987, crop growth was very poor at zero fertilizer.

Winter barley growth increased significantly following fertilizer 

nitrogen application in both experimental years (PCO.OOl) (Tables 3.36 

and 3.37). In 1987/88, the weight of plant material produced differed 

little where 160 kg N/ha was applied compared to only 80 kg N/ha. 

Fertilizer application also significantly increased the weight of both 

ears and straw produced (P<0.001) (Table 3.38). As the weight of 

plant material increased with increasing fertilizer application, so too 

did nitrogen uptake (P<0.001) and hence percentage nitrogen in plant 

material (PCO.OOl) (Tables 3.36 and 3.37).

In 1986/87, as a result of the high degree of senescence within the 

crop during June and July, the weight of nitrogen in the above ground 

parts of the plant declined and inorganic nitrogen in the cultivation 

layer of the soil increased. This was most apparent following 

application of 160 kg N/ha. In 1987/88, the amount of nitrogen within 

the crop continued to increase until harvest^ where 160 kg N/ha were 

added to the crop. A small degree of senescence and loss of nitrogen
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Table 3.36 The effect of fertilizer nitrogen on weight,percent N and 
nitrogen uptake by winter barley

1986/87

March April May June July

Zero
Weight of plant material 689 867 5130 7500 5850
(kg/ha)
% N in plant material 3.3 3.1 1.1 0.76 0.85
(% N)
N in plant material 23.8 26.9 55.6 56.2 49.4
(kg N/ha)

80 kq N/ha
Weight of plant material 689 904 6360 9620 7150
(kg/ha)
% N in plant material 3.3 3.6 1.7 0.80 0.87
(% N)
N in plant material 23.8 31.9 105.5 77.5 61.9
(kg N/ha)

160 kg N/ha
Weight of plant material 689 986 6280 9950 7610
(kg/ha)
% N in plant material 3.3 3.6 2.1 0.94 0.94
(% N)
N in plant material 23.8 34.9 131.6 89.3 71.3
(kg N/ha)

Significance and standard
Weight of plant material

errors
Sig. NS NS * * * * ***
S.E. 0 35.8 296 389 250

% N in plant material Sig. NS ** * * * ** * * * *
S.E. 0 0.11 0.06 0.02 0.02

N in plant material Sig. NS * *** * * * it -k -k

S.E. 0 1.7 6.7 2.8 2.4
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Table 3.37 The effect of fertilizer nitrogen on weight percent N and 
nitrogen uptake by winter barley

1987.88

March April May June July

Zero
Weight of plant material 367 626 1553 4280 3490
(kg/ha)
% N in plant material 2.6 2.4 1.5 0.77 0.92
(% N)
N in plant material 8.6 14.8 23.6 33.1 31.5
(kg N/ha)

80 kg N/ha
Weight of plant material 367 709 2476 9750 9690
(kg/ha)
% N in plant material 2.6 3.6 2.5 0.94 0.93
(% N)
N in plant material 8.6 24.7 60.6 91.3 89.2
(kg N/ha) 

160 kg N/ha
Weight of plant material 
(kg/ha)
% N in plant material 
(% N)
N in plant material 
(kg N/ha)

Significance and standard errors
Weight of plant material Sig.

S.E.
% N in plant material Sig.

S.E. 
Sig. 
S.E.

367 668 3082 10970 13410

2.6 4.2 3.2 1.36 1.26

8.6 27.4 95.7 149.1 170.4

NS * * * * * * * rt * *
0 19.0 106 226 293

NS * * * * * ★ * * * * rt *
0 0.07 0.09 0.03 0.02

NS * * * *** * * * * * *
0 0.72 2.82 4.12 4.24

N in plant material
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Table 3.38 The effect of fertilizer nitrogen on weight of ears 
and straw in 1987/88

Fertilizer rate (kg N/ha)

0 80 160 Sig. S.E.

Weight of ears (kg/ha) 1980 5570 7800 *** 192

Weight of straw (kg/ha) 1509 4120 5615 *** 111
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from the plant material was observed where no fertilizer was added.

3.8.2 The effect of seed bed preparation technique on plant growth 
and nitrogen uptake

Irrespective of stubble treatment, in both experimental years, PL 

produced the greatest amount of plant material and DD the lowest.

This proved significant during April 1987 (P=0.004), June 1987 

(P=0.012) and May 1988 (P=0.003) (Tables 3.39 and 3.40). Following 

MC, the weight of plant material produced, in most cases, was only 

slightly less than on PL plots. In the 1986/87 experiment however, the 

percentage nitrogen in plant material was significantly lower following 

PL compared to MC and DD during March (P=0.009) and April (P=0.027). 

This just failed to reach significance during May (P=0.088). By June, 

any differendes between treatments, in the percentage nitrogen within 

the winter barley crop had disappeared. In the 1987/88 experiment 

cultivation technique did not influence the percentage nitrogen within 

the crop. These findings were true at zero, 80 and 160 kg N/ha.

While cultivation technique had a significant influence on the amount 

of nitrogen within the plant material during May 1988 only (P=0.001), 

nitrogen uptake into DD crops generally tended to be lower than 

following PL or MC particularly during the growing season of 1987 

(Table 3.39). This was apparent at zero and 80 kg N/ha in the 1986/87 

experiment and at 80 and 160 kg N/ha in the 1987/88 experiment (Tables 

3.41 and 3.42). At 160 kg N/ha in 1986/87 nitrogen uptake following 

PL and DD appeared lower than nitrogen uptake following MC.

Although differences were not significant, PL produced 613 kg N/ha more 

ears than DD, while straw production was greatest following MC and 

lowest following DD (Tables 3.43 and 3.44) in 1987/88. Percentage 

nitrogen in the ears and straw tended to be lowest following PL,
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Table 3.39 The effect of cultivation technique on weight, percent N
and N uptake by winter barley

1986/87

March April May June July

PL

Weight of plant material 818 1127 6290 9920 6720
(kg/ha)
% N in plant material 2.99 3.22 1.54 0.82 0.89
(% N)
N in plant material 
(kg N/ha)

24.4 36.3 99.8 78.0 60.4

MC

Weight of plant material 682 861 5850 9470 7250
(kg/ha)
% N in plant material 3.52 3.58 1.74 0.83 0.90
(% N)
N in plant material 
(kg N/ha)

23.9 30.3 103.7 78.1 64.4

DD

Weight of plant material 667 769 5620 7680 6630
(kg/ha)
% N in plant material 3.52 3.48 1.60 0.86 0.87
(% N)
N in plant material 
(kg N/ha)

23.2 27.1 89.2 67.0 57.8

Significance and standard errors

Weight of plant material Sig. NS * * NS * NS
S.E. 54.3 64.7 508 480 438

% N in plant material Sig. rt * NS NS NS
S.E. 0.12 0.09 0.06 0.02 0.21

N in plant material Sig. NS NS NS NS NS
S.E. 2.10 2.50 9.42 3.93 3.81
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Table 3.40 The effect of cultivation technique on weight, percent N 
and N uptake by winter barley

1987/88

March April May June July

PL

Weight of plant material 
(kg/ha)

399

% N in plant material 
(% N)

2.65

N in plant material 
(kg N/ha)

MC

9.50

Weight of plant material 
(kg/ha)

328

% N in plant material 
(% N)

2.53

N in plant material 
(kg N/ha)

DD

7.70

Weight of plant material 
(kg/ha)

373

% N in plant material 
(% N)

2.52

N in plant material 8.70
(kg N/ha)

Significance and standard errors

Weight of plant material Sig. NS
S.E. 37.5

% N in plant material Sig. NS
S.E. 0.08 
Sig. NS 
S.E. 0.79

701 2765 8790 9100

3.26 2.40 1.02 1.02

22.8 70.1 95.7 99.7

634 2245 8270 9050

3.36 2.49 1.00 1.06

22.7 58.8 88.7 98.2

618 2100 7970 8450

3.52 2.30 1.05 1.03

21.4 51.0 89.1 93.2

NS * * NS NS
39.7 118 351 290

NS NS NS NS
0.08 0.09 0.04 0.02

NS ** NS NS
1.33 2.91 5.08 4.26

N in plant material
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Table 3.41 The interaction of cultivation technique and fertilizer 
nitrogen on nitrogen in plant material

1986/87

Nitrogen in Plant Material (kg N/ha)

March April May June June

Zero N

PL 23.2 33.2 53.3 60.3 46.7

MC 22.2 23.7 57.0 56.8 49.6

DD 18.9 23.8 56.4 51.6 52.0

80 kg N/ha

PL 26.5 33.7 97.1 84.8 66.5

MC 24.5 35.3 122.9 78.4 65.0

DD 25.4 26.8 96.6 69.4 54.2

160 kg N/ha

PL 23.4 42.0 149.0 88.8 68.0

MC 25.1 32.1 131.1 99.2 78.7

DD 25.2 30.7 114.7 80.0 67.2

Sig. NS NS NS NS NS

S.E. 2.68 3.45 13.4 5.53 5.10
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Table 3.42 The interaction of cultivation technique and fertilizer 
nitrogen on nitrogen in plant material

1987/88

Nitrogen in plant material (kg N/ha)

March April May June June

Zero N

PL 9.5 15.0 29.8 36.9 32.5

MC 7.7 14.7 24.9 31.8 35.2

DD 8.7 14.6 16.1 30.7 26.8

80 kg N/ha

PL 9.5 25.3 69.5 92.4 88.2

MC 7.7 25.8 59.9 91.6 93.5

DD 8.7 22.8 52.3 90.0 85.9

160 kg N/ha

PL 9.5 27.9 111.1 157.8 178.4

MC 7.7 27.5 91.5 142.9 166.0

DD 8.7 26.9 84.6 146.6 166.8

Sig. NS NS NS NS NS

S.E. 0.79 1.66 4.94 7.72 7.35
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Table 3.43 The effect of cultivation on weight. percent N and
N uptake by ears

1986/8-7

Fertilizer rate (kg N/ha)

0 80 160 Mean

PL

Weight of ears (kg/ha) 2330 5770 8010 5370
% N in ears (% N) 1.15 1.32 1.86 1.44
Nitrogen uptake (kg N/ha) 26.8 76.2 149.0 84.1

MC

Weight of ears (kg/ha) 2050 5760 7860 52230
% N in ear (% N) 1.33 1.34 1.73 1.47
Nitrogen uptake (kg N/ha) 27.3 77.2 136.0 80.1

DD

Weight of ears (kg/ha) 1570 5180 7520 4757
% N in ears (% N) 1.35 1.38 1.77 1.50
Nitrogen uptake (kg N/ha) 21.2 71.5 133.1 75.4

Significance and standard errors

Cultivation + nitrogen Cultivation

Weight of ears Sig. NS NS
S.E. 341 207

% N in ears (% N) Sig. * * * NS
S.E. 0.03 0.02

Nitrogen uptake Sig. NS NS
(kg N/ha) S.E. 6.49 3.94
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Table 3.44 The effect of cultivation on weight, percent N and 
N uptake by ears

1987/88

Fertilizer rate (kg N/ha)

0 80 160 Mean

PL

Weight of straw (kg/ha) 1628 4140 5410 3726
% N in straw (% N) 0.35 0.36 0.56 0.42
Nitrogen uptake (kg N/ha) 5.7 14.9 30.3 15.6

MC

Weight of straw(kg/ha) 1548 4290 5640 3826
% N in straw (% N) 0.44 0.39 0.53 0.45
Nitrogen uptake (kg N/ha) 6.8 16.7 29.9 17.2

DD

Weight of straw (kg/ha) 1353 3940 5790 3694
% N in straw (% N) 0.46 0.38 0.55 0.46
Nitrogen uptake (kg N.ha) 6.2 15.0 31.8 17.4

Siqnificance and standard errors

Cultivation + nitrogen Cultivation

Weight of straw (kg/ha) Sig. NS NS
S.E. 184 98

% N in straw (% N) Sig. * *

S.E. 0.02 0.01

Nitrogen uptake Sig. NS NS
(kg N/ha) S.E. 1.34 0.82
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intermediate following MC and greatest following DD. A similar trend 

emerged for the percentage nitrogen in straw (P=0.004). While 

cultivation technique had no significant effect on the amount of 

nitrogen within the ears, nitrogen uptake, at all fertilizer nitrogen 

levels, tended to be lowest following DD. The amount of nitrogen in 

the straw at harvest was lowest following PL.

There were no significant interactions between SB and cultivation 

technique in terms of weight of plant material, percentage nitrogen in 

plant material or nitrogen uptake in 1986/87 or 1987/88 except during 

March 1988 when the percentage N in the plant material was 

significantly greater under DD where stubble was not burned as opposed 

to being removed by flame cultivation (Tables 3.45 and 3.46).

Stubble burning was found to benefit the crop yields by production of 

additional ears as reflected in the increased number of ears and the 

greater weight of ears/m2 (Table 3-47). In the 1987/88 experiment SB 

led to the production of an additional 470 kg of ears/ha, irrespective 

of cultivation technique or nitrogen fertilizer level, as well as a 

significant increase in straw production (P=0.022) (Table 3.48). SB 

increased the weight of ears produced in 1988 following PL, MC and DD 

at all N levels except for MC at 160 kg N/ha (Table 3.49). DD 

benefited most from SB in terms of ear production particularly at zero 

and 80 kg N/ha. Weight of ears/m2 also appeared to be markedly higher 

following MC where stubble was burned compared to where it was left on 

the soil surface.

SB also increased the weight of straw produced following DD at zero and 

80 kg N/ha in the 1987/88 experiment while a slight reduction was 

observed at 160 kg N/ha (Table 3.50). SB prior to MC appeared to
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Table 3.47 The effect of stubble burning and fertilizer nitrogen 
on weight, percent N and nitrogen uptake by ears

1987/88

Fertilizer rate (kg N/ha)

0 80 160 Mean

Burn

Weight of ears (kg/ha) 2210 5920 7920 5350
% N in ears (% N) 1.26 1.34 1.79 1.46
Nitrogen uptake (kg N/ha) 27.7 78.7 141.8 81.9

No Burn

Weight of ears (kg/ha) 1750 5220 7670 4880
% N in ears (% N) 1.29 1.35 1.77 1.47
Nitrogen uptake (kg N/ha) 22.0 71.4 135.8 77.8

Significance and standard errors

Weight of ears Sig. NS NS (0.067)
S.E. 279 16.9

% N in ears Sig. NS NS
S.E. 0.02 0.02

Nitrogen uptake Sig. NS NS
S.E. 5.30 3.22
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Table 3*48 The effect of stubble burning and fertilizer nitrogen 
on weight, percent N and nitrogen uptake by straw

1987/88

Fertilizer rate (kg N/ha)

0 80 160 Mean

Burn

Weight of straw (kg/ha) 1660 4420 5600 3890
% N in straw (% N) 0.41 0.36 0.56 0.44
Nitrogen uptake (kg N/ha) 6.8 15.9 31.4 18.0

No Burn

Weight of straw (kg/ha) 1360 3820 5630 3604
% N in straw (% N) 0.43 0.39 0.53 0.45
Nitrogen uptake (kg N/ha) 5.8 14.9 29.8 16.8

Significance and standard errors

Weight of straw Sig. NS *
S.E. 151 79.7

% N in straw Sig. NS NS
S.E. 0.016 0.009

Nitrogen uptake Sig. NS NS
S.E. 1.10 0.67
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increase straw yields particularly at 80 kg N/ha. Although SB prior 

to MC and DD led to a slightly lower non significant percentage 

nitrogen within the ears and straw, nitrogen uptake into the ears and 

straw tended to be greater at zero and 80 kg N/ha.
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3.9 THE EFFECT OF SEED BED PREPARATION TECHNIQUE ON TOTAL NITROGEN IN 
THE CROP AND SOIL (0-15 cm)

In the 1986/87 and 1987/88 experiments, while differences were not 

always significant there was a tendency for the amount of inorganic 

nitrogen within the soil and nitrogen within the plant to be lower 

following DD from April through to harvest compared to where soil was 

PL (Table 3.51). This reached significance in June 1987 (P=0.05) and 

May 1988 (P<0.001) and just failed to reach significance in April 

(P=0.09). The lower levels of total nitrogen in the crop and soil 

resulted from both less nitrogen within the plant and lower soil 

inorganic nitrogen in DD soils. The amount of total nitrogen in MC 

soil in the 1986/87 experiment was similar to that following PL while 

in 1987/88, total nitrogen following MC tended to be intermediate 

between levels in PL and DD soils.

In both experimental years, by harvest, SB had apparently increased the 

amounts of total nitrogen measured within the crop and soil (Table 

3.52). In 1986/87, SB prior to DD appeared to increase total nitrogen 

measured at harvest to levels similar to those found where soil had 

been PL. In the 1987/88 experiment, while SB apparently increased 

total nitrogen levels, they remained lower than where ground had been 

PL or MC. This was found at zero and 80 kg N/ha in both experimental 

years (Tables 3.53 and 3.54). Total nitrogen levels in plant and soil 

also tended to be higher where stubble was burned prior to MC at zero N 

in the 1986/87 experiment and at 80 kg N/ha in the 1987/88 experiment.
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Table 3.51 The effect of cultivation technique on total n itroqen
in the crop and soil

March

Total

April

nitrogen I

May

(kg N/ha)

June July

1986/87

PL 77.1 82.0 160.6 131.1 136.0

MC 78.3 88.4 170.5 126.6 132.7

DD 80.6 66.8 148.8 111.1 128.8

Sig. NS NS NS * NS

S.E. 3.02 6.7 10.6 5.6 4.3

1987/88

PL 13.7 41.1 101.3 101.0 109.0

MC 12.1 38.3 82.5 93.7 104.7

DD 12.8 38.7 73.7 96.3 93.7

Sig. NS NS *** NS NS

S.E. 0.9 3.6 3.7 5.3 4.8
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Table 3.52 The interaction of stubble burning and cultivation 
technique on total nitrogen in the crop and soil

Total nitrogen (kg N/ha)

March April May June July

1986/87

PL SB 76.8 76.5 162.7 135.7 135.9
NB 77.4 87.5 158.4 126.5 136.1

MC SB 71.4 85.2 165.4 126.5 136.7
NB 85.2 91.6 175.7 126.8 142.2

DD SB 79.1 72.1 147.0 111.9 134.2
NB 82.1 61.5 150.7 110.2 123.4

Sig. NS NS NS NS NS
S.E. 4.3 9.5 15.0 7.9 6.0

1987/88

PL SB 14.4 39.0 105.1 103.5 117.0
NB 13.0 43.1 97.4 98.5 101.0

MC SB 13.5 35.4 79.1 93.4 106.0
NB 10.7 41.1 85.9 93.9 103.3

DD SB 12.1 40.6 78.4 95.0 96.1
NB 13.4 36.8 69.0 97.7 91.4

Sig. NS NS NS NS NS
S.E. 1.28 5.10 5.2 7.4 6.8
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Table 3.53 The interaction of stubble burning, cultivation chnique
and fertilizer nitrogen on total nitrogen in pla and soil

1986/87

Total nitrogen (kg N/ha)

March April May June July

Zero• N

PL SB 76.2 67.3 107.9 113.3 122.3
NB 80.3 75.6 103.1 108.3 106.2

MC SB 67.2 72.6 115.1 106.0 135.5
NB 85.6 74.7 121.8 102.4 130.2

DD SB 77.3 65.7 87.8 93.5 136.5
NB 81.0 52.6 115.0 90.3 114.8

80 kg N/ha

PL SB 78.5 73.5 167.4 146.8 136.9
NB 79.4 79.5 146.4 123.7 146.3

MC SB 68.6 88.9 174.3 129.8 129.3
NB 82.5 106.3 208.8 111.6 143.2

DD SB 82.8 81.7 163.7 101.2 126.2
NB 80.2 59.5 149.1 109.0 114.4

160 kg N/ha

PL SB 75.8 88.7 212.8 147.1 148.5
NB 72.5 107.4 225.9 147.5 155.8

MC SB 78.3 94.0 206.7 143.6 145.2
NB 87.4 93.7 196.5 166.3 153.0

DD SB 77.2 69.1 189.6 141.1 139.7
NB 85.0 72.6 187.8 131.3 140.9

Sig. NS NS NS NS NS
S.E. 5.3 10.6 20.9 10.6 9.0
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Table 3.54 The interaction of stubble burning, cuivation technique
and fertilizer nitrogen on total nitron in the crop and soil

1987/88

Total nitrogen (j N/ha)

March April May June July

Zero N

PL SB 14.4 24.9 53.8 44.5 38.8
NB 13.0 25.2 34.4 34.1 37.9

MC SB 13.4 21.2 34.1 35.0 38.9
NB 10.7 31.3 40.8 36.3 33.6

DD SB 12.1 28.6 35.5 34.5 37.1
NB 13.4 33.7 28.6 34.8 28.4

80 kq N/ha

PL SB 14.4 37.2 105.0 106.3 91.8
NB 13.0 41.5 96.5 86.2 85.4

MC SB 13.4 31.2 76.9 99.6 103.7
NB 10.7 40.6 78.0 92.0 98.0

DD SB 12.1 47.3 82.3 87.8 95.8
NB 13.4 24.7 58.1 97.2 84.5

160 kq N/ha

PL SB 14.4 55.0 156.5 159.7 220.2
NB 13.0 62.4 161.3 175.0 179.7

MC SB 13.4 53.9 126.4 145.7 175.4
NB 10.7 51.5 138.9 153.4 178.3

DD SB 12.1 45.8 117.4 162.7 155.4
NB 13.4 51.9 120.2 161.0 161.2

Sig. NS NS NS NS NS
S.E. 1.30 7.6 7.3 11.8 12.1
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3.10 MINERALIZATION OF SOIL NITROGEN

The total nitrogen present within the plant and the cultivation layer 

of the soil( where no fertilizer was applied< gave an indication of the 

amount of nitrogen mineralized within the soil. The amount of 

nitrogen in the plant material and soil from zero N plots was higher in 

1986/87 than in 1987/88 indicating more mineralization of soil 

nitrogen. This was attributed to the lower fertility of the site in 

1987/88 and also possibly to the high rainfall during January, February 

and March 1988 since about 25.5 kg N/ha were present within the 

cultivation layer in October 1987 compared to only 8.6 kg N/ha in March 

1988. Application of fertilizer nitrogen significantly increased the 

total amount of nitrogen both in the crop and in the soil (PCO.OOl) 

(Table 3.55).

During April, May and June in the 1986/87 experiment, there tended to 

be less total nitrogen where soil was DD (Table 3.56). However by 

harvest, total nitrogen was inclined to be greatest in MC plots, 

intermediate on DD plots and lowest on PL plots. In the 1987/88 

experiment although differences were not significant (Table 3.56) total 

nitrogen was highest following PL, intermediate following MC and lowest 

following DD. This resulted mainly from differences in plant nitrogen 

uptake in 1987/88 whereas in the previous year differences could be 

attributed to both lower plant nitrogen uptake and lower levels of 

inorganic nitrogen within the cultivation layer of DD plots. The high 

degree of senescence on DD plots which had received no fertilizer, led 

to the high level of inorganic nitrogen in the cultivation layer of the

DD soil at harvest 1987.
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Table 3.55 The effect of fertilizer nitrogen on total nitrogen
in the crop and soil

Total nitrogen (kg N/ha)

Fertilizer rate (kg N/ha) March April May June July

1986/87

0 78.0 68.1 108.5 102.3 124.3

80 78.7 81.6 168.3 120.4 132.7

160 79.4 87.6 203.2 146.2 147.2

Sig. NS ** * * * * * * * * * *

S.E. 1.5 2.4 7.3 3.5 3.3

1987/88

0 8.6 14.8 23.6 33.1 30.8

80 8.6 24.7 60.6 91.3 89.2

160 8.6 27.7 95.7 152.5 170.4

Sig. NS ★ * * * * * * * * •k It -k

S.E. 0 0.7 2.8 4.3 4.2



203

Table 3.56 The effect of cultivation technique on nitrogen 
mineralization

Nitrogen mineralized (kg N/ha)

March April May June July

1986/87

PL 78.3 71.4 105.5 110.8 114.3

MC 76.4 73.6 118.5 104.2 132.9

DD 79.2 59.1 101.4 91.9 125.7

Sig. NS NS NS NS NS

S.E. 3.0 7.5 14.8 7.5 6.4

1987/88

PL 13.7 25.2 44.1 39.3 38.3

MC 12.1 26.2 37.4 35.6 36.3

DD 12.7 31.2 32.1 34.7 32.8

Sig. NS NS NS NS NS

S.E. 0.9 5.4 4.2 8.3 7.0
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Stubble burning before PL, MC or DD had no sigiificant effect on 

nitrogen mineralization in either year (Table i.57). However just 

prior to harvest the total nitrogen in the cro> and soil tended to be 

higher where stubble was burned.
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Table 3.57 The interaction of stubble burning and cultivation technique
on total nitrogen in the crop and soil where no fertilizer
was applied

Total nitrogen (kg N/ha)

March April May June July

1986/87

PL SB 76.2 67.3 107.9 113.3 122.3
NB 80.3 75.6 103.1 108.3 106.2

MC SB 67.2 72.6 115.1 106.0 135.5
NB 85.6 74.7 121.8 102.4 130.2

DD SB 77.3 65.7 87.8 93.5 136.5
NB 81.0 52.6 115.0 90.3 114.8

Sig. NS NS NS NS NS

S.E. 5.3 10.6 20.9 10.6 9.0

1987/88

PL SB 14.4 24.9 53.8 44.5 38.8
NB 13.0 25.2 34.4 34.1 37.9

MC SB 13.4 21.2 34.1 35.0 38.9
NB 10.7 31.3 40.8 36.3 33.6

DD SB 12.1 28.6 35.5 34.5 37.1
NB 13.4 33.7 28.6 34.8 28.4

Sig. NS NS NS NS NS

S.E. 1.3 7.6 7.3 11.8 12.1
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3.11 FLAME CULTIVATION AND SOIL AND FERTILIZER NITROGEN UPTAKE

3.11.1 General trends apparent from -^N labelling

Of the 128 kg of nitrogen fertilizer applied in the 1986/87 experiment, 

over all treatments, 75.3% was found in the above ground parts of the 

winter barley crop (96.3 kg N/ha). In the 1987/88 experiment 

following application of 151 kg N/ha, 63.9% was present within the crop 

(96.5 kg N/ha). While the percentage utilization of fertilizer was 

lower in 1987/88, the amount of fertilizer nitrogen actually used by 

the crop remained the same in both experimental years. In 1986/87, 

the crop took up 69.2 kg N/ha from the soil compared to only 42.2 kg of 

soil N in 1987/88. The lower uptake of nitrogen into the above ground 

parts of the crop in 1987/88 could be attributed to the lower 

contribution from soil inorganic nitrogen reflected in the lower levels 

of inorganic N present in the soil in the 1987/88 season.

Fertilizer nitrogen applied during mid to late April was found to be 

utilized more efficiently under all treatments than that applied during 

mid to late March.

3.11.2 The interaction of stubble burning and cultivation technigue 
on uptake of soil and fertilizer nitrogen

In both experimental years, grain yields from microplots on ploughed

ground were similar whether stubble was burned or not (Table 3.58).

In the 1986/87 experiment, SB prior to MC and DD appeared to increase

grain yields by just over one tonne per hectare, resulting in greater

yields than were obtained on PL microplots. The following year, these

yield increases were not apparent but, in both trials grain yields

tended to be highest on MC microplots where stubble had been burned.
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Table 3.58 The interaction of stubble burning and cultivation
technique on uptake of soil and fertilizer nitrogen by
winter barley <£s calculated fay /ofaelii^

1986/87
Burn No burn

1987/88 
Burn No burn

PL

Weight of grain (kg/ha) 7122 7320 6660 6620
Weight of straw (kg/ha) 7416 8384 5840 5880
Weight of chaff (kg/ha) 1857 1988 1343 1424
Total N offtake (kg N/ha) 164 170 145 138
% wt of added fertilizer 79.3 78.4 63.0 66.0
Uptake of fertilizer N (kg N/ha) 98.1 99.9 90.2 99.4
Uptake of NFN (kg N/ha) 65.9 70.1 49.5 38.0
N uptake at zero fertilizer (kg N/ha) 50.5 42.8 34.8 30.2

MC

Weight of grain (kg/ha) 8070 6980 7490 7110
Weight of straw (kg/ha) 7455 7890 6610 6140
Weight of chaff (kg/ha) 1805 1967 1366 1537
Total N offtake (kg N/ha) 170 161 138 141
% wt of added fertilizer 79.0 75.0 60.0 66.5
Uptake of fertilizer N (kg N/ha) 87.5 100.9 90.9 100.7
Uptake of NFN (kg N/ha) 82.5 60.1 47.1 40.3
N uptake at zero fertilizer (kg N/ha) 50.7 48.5 34.5 36.0

DD

Weight of grain (kg/ha) 7660 6640 6380 6410
Weight of straw (kg/ha) 8141 8666 6350 5471
Weight of chaff (kg/ha) 1740 2013 1049 1464
Total N offtake (kg N/ha) 170 154 118 137
% wt of added fertilizer 71.5 68.4 50.6 70.7
Uptake of fertilizer N (kg N/ha) 91.4 96.0 76.4 100.3
Uptake of NFN (kg N/ha) 78.6 58.0 41.6 36.7
N uptake at zero fertilizer (kg N/ha) 52.2 51.8 32.0 21.5

Sig. S.E. Sig. S.E.
NS 393 NS 422
NS 546 NS 407
NS 111 NS 115
NS 11.3 NS 11.3
NS 6.5 NS 6.5
NS 6.7 NS 10.6
NS 9.5 NS 4.6
NS 7.2 NS 10.4
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Straw yields from the 1986/87 experiment appeared to be slightly 

reduced by SB while in the 1987/88 experiment, following MC and DD 

straw yields tended to be higher where stubble was burned. More chaff 

was produced following each of the cultivation treatments where stubble 

remained.

Stubble burning in 1986/87, apparently increased the percentage 

utilization of the added fertilizer on MC and DD ground while remaining 

unaffected on PL ground. The percentage utilization of added 

fertilizer was lowest on DD plots even following SB. When stubble was 

burned prior to MC, the percentage utilization was similar to that on 

PL ground.

In 1987/88 following each of the cultivation treatments, the percentage 

utilization of the added fertilizer tended to be reduced where stubble 

was burned. This was most apparent on DD microplots indicating that 

in 1987/88, the DD crop depended less on fertilizer N provided stubble 

was removed. In the 1986/87 experiment, the apparent increase in 

percentage utilization of fertilizer N seems to have been due to 

increased demand for nitrogen by the crop where stubble was burned 

prior to MC and DD.

In both experimental years, SB prior to MC and DD led to an apparently 

lower uptake of fertilizer nitrogen and consequently an increase in 

uptake of soil nitrogen. This was also apparent on PL plots in the 

1987/88 trial. These findings would indicate a greater release of 

soil nitrogen in plant available forms where stubble was burned.

Nitrogen uptake into the crop was lower on plots which did not receive 

nitrogen than where soil N uptake was measured using ^“’N methods.
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This was attributed to poorer development of root systems and hence a 

lower potential for soil N uptake where the crop was deprived of 

fertilizer nitrogen.
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DISCUSSION

4.1 INTRODUCTION

Straw burning still remains a controversial issue particularly in the 

cereal growing areas of England. However, due to the lack of suitable 

alternatives it is still widely practiced. A complete ban on straw 

and stubble burning would prove devastating to cereal growers who take 

advantage of reduced tillage techniques since a clean burn has been 

considered essential to the success of these methods. If a ban is 

imposed on uncontrolled burning, and alternative uses for straw can be 

found, as in Northern Ireland, controlled stubble burning with a 

machine, such as the Calor Gas flame cultivator, may be the only option 

for farmers who wish to continue with minimal cultivation or direct 

drilling. The experiments described here, utilizing the flame 

cultivator have provided some interesting results. Conclusions can be 

drawn as to the success of using such a machine, in terms of increased 

grain production and its commercial application.

In this discussion three major areas are considered:

1. Flame cultivation and agronomic characteristics

2. Flame cultivation and soil physical and chemical properties

3. Flame cultivation and soil and plant nitrogen uptake

Conclusions from these three areas are combined so that the general 

application and commercial viability of the flame cultivator can be

discussed.
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4.2 FLAME CULTIVATION AND AGRONOMIC CHARACTERISTICS

4.2.1 Burning of Stubble

The effectiveness of the flame cultivator clearly depended on the 

weather. Due to the drier conditions on the day of burning in 1987, 

the higher dry matter of the stubble resulted in three quarters of the 

stubble being removed with one pass of the burner compared to only half 

in 1986. Part of this improvement however, may have been due to more 

efficient operation of the machine since we had gained experience using 

the machine in the first year of the trials.

Drier stubble requires less energy to combust hence the more successful 

burn in 1987/88. A further pass with the burner could have removed 

additional residues in 1986 but this would have been unnecessary since 

similar yields were obtained from minimally cultivated and direct 

drilled crops, provided stubble had been burned, as where the crop was 

sown into a ploughed seedbed. Likewise, drill penetration or seedling 

emergence was not hindered by any residues or ash remaining. Smoke 

production from the burner was not a problem. By the time herbicides 

were applied to the crop all ash produced had disappeared so it was 

unlikely that herbicide action was impaired by absorption as described 

by Nyffler and Blair (1978) and Moss (1979) and Moss and Cotterill 

(1985).

The steep but transient temperature rise within the top 2.5 cm of the 

soil during stubble burning was in accordance with findings reported 

for straw burning (Rasmussen, et al, 1986). Increases in soil 

temperature were found to be lower than those quoted by other authors 

(Wilson and Cussans, 1975; Biederbeck, et al, 1980; Moss, 1980a, 

Rasmussen, et al, 1986). This was to be expected however due to the
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smaller amount of residue combusted and its even distribution over the 

soil surface.

Temperatures obtained may have been high enough to affect numbers of 

surface dwelling organisms. Due to the limitations of this experiment 

however, this aspect was not examined.

4.2.2 Crop yields and yield development

Despite the failure to detect statistically significant interactions 

between stubble burning and cultivation technique, stubble burning 

prior to MC and DD consistently resulted in an increase in grain yields 

compared to where stubble remained. The increase in yield was 

associated with an increase in the number of ears per square metre.

The interaction between stubble burning and cultivation technique in 

terms of ears per square metre just failed to reach significance in 

both 1986/87 (P=0.062) and 1987/88 (P=0.061). When averaged over the 

three cultivation treatments, PL, MC and DD, stubble burning however, 

significantly increased grain yields in 1987/88 (P=0.029) and ears per 

square metre in 1986/87 (P=0.005) and 1987/88 (P=0.01) Table 3.5.

From these findings there appeared to be a strong case to suggest that 

results were in fact valid and warranted discussion despite the 

variability obtained within treatment means. While every effort was 

made to keep each aspect of plots and treatments exactly the same, the 

variability of soil factors could not always be overcome.

Stubble burning had no effect on grain yields where the winter barley 

was sown into a PL seed bed. While yield reductions have been 

reported when both straw and stubble were ploughed in (Oliphant, 1982), 

the small amounts of stubble incorporated in this experiment were
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insufficient to have any significant effect on grain yields. However, 

at all fertilizer nitrogen levels, yields appeared to be lower 

following MC and DD where stubble remained. This finding was in 

accordance with observations made by numerous other authors 

(Bartholomew and Chestnut!, 1977; Holmes, 1977; Ball, et al, 1980; 

Lynch, et al, 1980; O'Sullivan, et al, 1980; Ellis, et al, 1981; 

Cannell, et al, 1982; Oliphant, 1982).

In both experimental years and at all fertilizer nitrogen levels, 

stubble burning prior to MC resulted in yields of within 100 kg/ha of 

those on PL ground compared to being up to one tonne lower where 

stubble remained. Stubble burning prior to DD in 1986/87 at 

fertilizer levels of 80 and 160 kg N/ha gave yields equal to those on 

PL plots. Although significantly fewer ears were produced where the 

crop was DD compared to PL in 1986/87 (P<0.001) even where stubble was 

burned, the crop compensated for this by producing a significantly 

higher number of grains per ear (P<0.001) of significantly greater 

thousand grain weight (P=0.004) (Tables 3.8 and 3.9).

Burning stubble before DD increased yield by up to one tonne per 

hectare at 80 and 160 kg N/ha. However in 1987/88, DD yields still 

remained about one tonne lower than on PL or MC plots (P=0.001).

Where no fertilizer was applied, the DD crop showed only a small 

positive response to stubble burning. Grain yields were increased by 

179 kg/ha in 1986/87 and 113 kg/ha in 1987/88 at zero fertilizer.

While grain yield appeared to increase where stubble was burned before 

MC and DD straw yields remained similar to those on unburned plots. 

This suggests that the presence of stubble residues influenced the 

reproductive potential of the crop rather than the structural
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components. This argument is fuelled by the significant increase in 

the number of ears per square metre where stubble was burned (P=0.005 

in 1986/87, P=0.001 in 1987/88).

When the germination percentage was particularly low as in the first 

experimental year, stubble burning alone significantly increased plant 

establishment while the interaction between cultivation technique and 

stubble burning failed to reach significance there tended to be an 

improved plant stand on MC and DD plots only. In the following year 

when conditions for plant establishment were better, stubble burning 

had no significant effect on plant stand. In 1986/87, weather 

conditions were very dry from just after stubble was burned until late 

September. This led to particularly hard conditions in the upper 

layers of the soil. As a result, where seed was MC or DD, the drill 

slit was often very shallow with only a thin layer of soil covering the 

seed. Consequently, plant stand tended to be irregular. Ponding 

became a problem when rain did occur since the soil surface was so 

hard, infiltration was slow particularly where wheel ruts remained 

following combining. Where stubble was present at drilling it often 

gathered in front of the coulter and was, on occasions, carried into 

the drill slit with seed.

Stubble burning significantly increased tiller production in both 

1986/87 (P=0.001) and 1987/88 (P=0.015). The increase in the number 

of tillers per square metre was observed only where stubble was burned 

prior to MC and DD but the interaction of stubble burning and 

cultivation technique was significant in 1987/88 only (P=0.044). This 

led to the increase in ears per square metre already reported.
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The presence of stubble in the drill slits, surface ponding and poor 

plant stand in 1986/87 as well as a lower number of tillers in 1987/88 

and a lower number of ears per square metre in both years in the 

presence of stubble, tended to suggest phytotoxin production from 

stubble decomposition. These observations have been reported by other 

authors who have attributed poor grain yields in the presence of 

residues to organic acid production (Barber, et al, 1976; Lynch, 1978; 

Lynch, et al, 1978; Ellis, et al, 1981). However similar findings 

have often been attributed to reduced availability of nitrogen in the 

presence of straw and stubble residues (Short, 1973; Lynch, et al,

1978; Harper and Lynch, 1980; Ellis, et al, 1981). In these 

experiments nitrogen status was also involved as will be discussed 

later. This was apparent from the low positive yield response to 

stubble burning where the DD crop was not fertilized/and also to the 

poor yields obtained from DD in 1987/88 when the soil nitrogen status 

was low.

It would appear that on DD plots where no fertilizer was applied, 

insufficient nitrogen was present within the soil to facilitate the 

potential for additional yield where stubble was burned. Also in 

1987/88, the low levels of inorganic nitrogen measured within the soil, 

particularly early in the season, may have limited root growth of the 

DD crop. Hence, later in the season the crop was unable to fully 

utilize the applied nitrogen and so lower yields were produced than on 

PL or MC plots.

4.2.3 Weed growth

Contrary to findings explained in reports from earlier trials involving 

use of the Calor Gas flame cultivator (Calor Gas, 1982) weed numbers 

differed little whether stubble was burned or not. Experiments
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carried out during the 1970's found that the heat produced from burning 

the stubble encouraged weed seeds to germinate and these could 

subsequently be killed by a further pass with the stubble burner or by 

herbicide application. Similarly other independent experimental work 

has reported this finding following uncontrolled burning (Wilson and 

Cussans, 1975; Moss, 1980a; 1980b). Since stubble burning in this 

experiment involved burning only a small quantity of residue it is 

likely that the heat generated by this operation was insufficient to 

penetrate deep enough into the soil to influence germination of buried 

weed seeds.

Similar numbers of grassweeds were found on PL and DD plots while 

numbers of dicotyledenous weeds, particularly chickweed and groundsel 

were significantly greater on PL ground. Holmes (1977) reported a 

problem with grassweeds following DD, as did Davies and Cannell (1975) 

who attributed poor cereal yields from DD to infestation by Aqropyron 

repens. Weed growth in this experiment appeared to be encouraged by 

soil disturbance. Ploughing brought weed seeds to the surface where 

they could germinate in the loose, open soil while the more compact DD 

soil surface retarded germination. This finding was in accordance 

with that of Elliott, et al, (1977). Where weeds were present 

following DD they tended to be more mature, some having survived the 

stubble burning treatment.

Distribution of volunteer cereal within the crop was very uneven, 

volunteers tending to grow in clumps often where seed had been lost 

from the combine, hence the large standard error. Volunteers did not 

emerge where the ground was PL,which resulted in shed seeds being 

buried. They appeared on MC and DD plots in both years with 

significantly more volunteers on DD plots in 1987/88. The volunteer
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cereal seed germinated more successfully in the undisturbed DD seedbed. 

Stubble burning had no significant effect on volunteer growth although 

there were twice as many present on MC and DD plots where stubble had 

been burned in 1986/87.

4.2.4 Disease

Stubble removal significantly reduced the amount of disease present 

within the PL and MC crop in 1987/88 by removing a possible source of 

the infection (P=0.014). However in 1986/87, higher levels of disease 

appeared to be present where stubble was burned prior to MC. This was 

related to the apparently higher numbers of volunteers observed 

following this seed bed preparation technique. Volunteer cereals, 

like stubble, can act as a bridge between one crop and the next 

carrying diseases such as mildew, rusts and rhynchosporium. While 

rhynchosporium was present within the crop in both years it never 

reached levels which would severely limit yield even in the 1986/87

season.
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4.3 FLAME CULTIVATION AND SOIL PHYSICAL AND CHEMICAL PROPERTIES

4.3.1 Soil pH, Phosphorous, Potassium and Magnesium

Ploughing led to a significantly lower soil pH within the top 10 cm of 

the soil compared to DD. Contrary to this finding numerous early 1 

reports have found a lower pH within the surface 2-3 cm of unfilled 

soil compared to PL soil (Buhtz, et al, 1970; Blevins, et al, 1977; 

Hodgson, et al, 1977; Allen, 1981). However these results were from 

experiments carried out on soils overlying chalk hence conventional 

ploughing would bring calcium ions back to the soil surface and 

therefore increase pH.

Stubble burning had no effect on soil pH, or on phosphorous, potassium 

or magnesium levels within the cultivation layer of the soil. In 

March 1988, significantly more magnesium (P=0.046) was present where 

stubble was burned but this was not found to be significant on any 

other sampling occasion. As with findings from earlier trials carried 

out by Calor Gas (Calor Gas (1982), any non-significant variations 

observed in phosphorous, potassium or magnesium levels were likely to 

be due to their variability within the soil.

There was found to be a concentration gradient of phosphorous, 

potassium and magnesium within the upper 5 cm of DD soil, also 

significantly more phosphorous was found within the cultivation layer 

of the PL soil. Both these observations were attributed to the mixing 

action of ploughing, distributing applied nutrients within the 

cultivation layer and bringing phosphorous to the surface from deeper 

within the profile. Direct drilling allows nutrients to become

concentrated near the surface.
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Numerous authors have reported an increase in the concentration of 

available phosphorous and potassium in the upper layers of DD soil 

(Shear and Moschler, 1969; Moschler, et al, 1972, Lai, 1976; Ellis, et 

al, 1977, Clutterbuck and Hodgson, 1984; Ball and O'Sullivan, 1987). 

However the more mobile magnesium ion has been reported to be subject 

to leaching losses following DD and hence lower magnesium levels in the 

topsoil of DD ground have been reported (Blevins, et al, 1977; Hodgson, 

1977; Allen, 1981). In dry conditions magnesium has been found to 

accumulate in the upper soil horizons of DD soil (Lai, 1976;

Clutterbuck and Hodgson, 1984). In this experiment however, there was 

a slight concentration gradient in the DD soil which remained apparent 

throughout the experiment irrespective of the heavy rainfall often 

experienced.

Application of fertilizer nitrogen increased demand by the crop for 

phosphorous and potassium and hence in 1986/87 and 1987/88 potassium 

levels, and in 1986/87, phosphorous and potassium levels were 

significantly lower where 160 kg/ha of nitrogen fertilizer were applied 

as opposed to zero nitrogen plots. Again however differences were 

insufficient to alter the indices of these elements within the 

cultivation layer of the soil.

Differences between treatments observed in soil pH, P, K and Mg were 

generally not significant and none of these factors were considered 

influential in the improvement in yields observed where stubble was 

burned prior to MC and DD.

4.3.2 Bulk density and soil organic matter

Bulk density was measured only at the end of the experiment and hence 

any significant differences as a result of stubble burning and
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cultivation technique are likely to have been larjely eliminated by 

this stage. As a result of residual plant mater-al and the 

proliferation of cereal roots however^ the bulk deisity was 

significantly lower within the uppermost 5 cm of :he soil profile under 

all treatments (P=0.003).

Stubble burning significantly reduced the organic matter content, since 

crop residues are the chief source of organic mater to the soil.

This finding remained apparent until harvest despite senescence within 

the crop. Whether or not stubble burning would Lead to a depletion in 

soil organic matter would need to be studied over a number of years on 

the same site. Short (1973) found that while burning of straw 

resulted in a small depletion of soil organic mater in the first few 

years, addition of fresh straw caused a negligible increase in soil 

organic matter even when carried out over 18 consecutive years.

In the 1987/88 experiment, soil organic matter w$ significantly lower 

in DD plots than PL plots during October (PCO.OOl) and July (P=0.012). 

This finding was contrary to the build up of orgaiic matter following 

DD within the upper layer of the soil reported b^ numerous authors 

(Fleige and Baeumer, 1974; Ellis, et al, 1977; Ellis and Howse, 1980; 

Douglas and Goss, 1982). The reasons for the decline in organic 

matter in this experiment remain unclear.

Soil dry matter was measured for the purposes of determining soil 

nitrogen status on a dry matter basis. Soil dr} matter tended to be

lower where no fertilizer was applied. This was probably due to less

demand for water from the poorly developed crop.
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4.4 FLAME CULTIVATION AND SOIL AND PLANT NITROGEN

4.4.1 Soil inorganic nitrogen

The experiments carried out were designed to investigate the effects of 

burning stubble before MC and DD and comparing the findings to where 

soil had been PL. Due to poor penetration of heat from the stubble 

burner and the limited disturbance of the soil surface as a result of 

MC and DD, any changes within the soil as a result of seed bed 

preparation technigues were considered to be confined to within the top 

15 cm of the soil.

In the determination of soil inorganic nitrogen status it may be argued 

that if changes within the top metre had been investigated the overall 

picture would have become clearer. In this experiment however, this 

was not believed to be the case for several reasons

i. While ammonium ions are held by clay particles within the soil, 

the nitrate ions are more mobile and known to be subject to 

leaching. However during the sampling period the crop was 

actively taking up nitrate ions and so movement through the 

profile and losses via leaching were considered negligible.

ii. Of the total inorganic nitrogen present only one quarter to one 

third was in the form of nitrate ions, the remainder being 

predominantly ammonium ions. Therefore any additional nitrate 

ions found lower down the soil profile are unlikely to have had a 

major effect on total inorganic nitrogen levels.
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iii. It has been reported that 90% of cereal plant roots are within the 

upper 22.5 cm of the soil (Ellis, et al, 1977) and hence the bulk 

of nitrate ions would be taken up at this depth.

The more detailed examination of the upper 15 cm of the soil was 

therefore considered more beneficial in revealing the effects of 

stubble burning on soil chemical properties than would have a more 

general investigation deeper in the soil profile.

Inorganic nitrogen levels within the soil tended to be very variable 

and hence significant differences between treatments were often hard to 

detect, particularly in the second year of the trial when inorganic 

soil nitrogen status was very low. However, levels of inorganic 

nitrogen in the soil are continuously changing due to the turnover of 

nitrogen into different forms as a result of the numerous pathways of 

the nitrogen cycle which occur in the soil. This was held responsible 

for the difficulty in detecting significant differences in soil 

inorganic nitrogen levels.

Throughout the growing season in both experimental years, inorganic 

nitrogen present within the cultivation layer of the soil was mainly in 

the form of ammonium ions. However, Dowdell and Cannell (1975), while 

investigating the soil nitrate content of DD ground, failed to detect 

ammonium ions in late March and only a very low quantity in May. As 

with the experiments described in this thesis, fertilizer nitrogen in 

the form of ammonium nitrate was applied. Dowdell and Cannell (1975) 

also measured two to five times more nitrate nitrogen at a depth of 30 

cm during March where soil had been PL as opposed to DD. This 

difference however had been largely eliminated by May.
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In this experiment, while total inorganic nitrogen within the 

cultivation layer of the DD soil tended to be lower than under PL or MC 

from early May until harvest, this resulted chiefly from differences in 

ammonium nitrogen rather that nitrate nitrogen which remained similar 

under each of the cultivation treatments. Dowdell and Cannell (1975) 

attributed the lower levels of nitrate nitrogen under DD to reduced 

mineralization compared to where soil was ploughed. Mineralization of 

nitrogen in this experiment will be discussed in more detail later.

Despite the findings by Dowdell and Cannell (1975) inorganic nitrogen 

levels alone would be insufficient to determine the nitrogen status of 

the soil under each of the seed bed preparation techniques due to the 

possibility of differential uptake of nitrogen by plants under each 

treatment. The total nitrogen within the crop was measured and added 

to the total inorganic nitrogen in the soil so that total quantities of 

nitrogen within each system could be determined.

4.4.2 Plant growth and nitrogen uptake

From the significantly greater weight of plant material measured on PL 

plots during April (P=0.004) and June (P=0.012) 1987 and May 1988 

(P=0.003) it was concluded that winter barley growth was better where 

soil was PL as opposed to being DD. The greater amount of plant 

material remained apparent on all other sampling dates and was 

reflected in the weight of ears per square metre, but differences 

between treatments did not reach significance. A heavier weight of 

ears per square metre on PL plots was to be expected due to the higher 

number of ears per square metre measured earlier in the season and also

the better yields from PL ground.
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Nitrogen uptake into the crop, or the ears and straw in 1987/88, was 

not significantly affected by cultivation technique or stubble burning. 

However, throughout the growing season of both experimental seasons, 

the nitrogen content of the DD crop was consistently lower than where 

the crop had been PL. From this it would appear that either plant 

growth on DD plots was retarded by insufficient nitrogen or poor plant 

growth resulted in a lower uptake of nitrogen. Similar findings were 

reported by Leitch and Vaidyanathan (1983). They suggested that 

reduced uptake of nitrogen by the DD crop was a a result of less demand 

for nitrogen by a less well developed crop. Thus the smaller dry 

weight and nitrogen content of the crop, as also found in this 

experiment, could have been as a result of the crop not attaining the 

necessary potential to extract nitrogen from the soil.

Despite the yield increases observed where stubble was burned prior to 

MC and DD, this was not manifested in an increase in the weight of 

plant material. Likewise stubble burning did not significantly 

increase the uptake of nitrogen into the crop although at harvest in 

1987/88 there tended to be a greater amount of nitrogen in the crop 

where stubble was burned before PL, MC and DD.

The weight of ears per square metre and nitrogen uptake into the ears 

in 1987/88 also tended to increase where stubble was burned before PL, 

MC and DD. While these differences were not significant they did 

consistently show a trend.

4.4.3 Total nitrogen in the crop and soil

The total nitrogen measured within the crop and soil throughout the 

growing season gave a better indication of nitrogen present within each 

cultivation system than examining both soil and crop nitrogen
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individually. Although differences between treatments were sometimes 

non-significant, the trends observed remain important in attempting to 

explain the improvement in grain yields where stubble was burned prior 

to MC and DD.

Differences in total nitrogen as a result of cultivation technique were 

apparent from April until harvest, with less total nitrogen in DD 

systems than PL or MC. This was significant in June 1987 (P=0.05) and 

May 1988 (P<0.001) but also tended to be the case on other sampling 

occasions. The lower total nitrogen where the crop was DD was due to 

less inorganic soil nitrogen and lower plant nitrogen uptake. The 

lower total nitrogen content of the DD system from April until June 

1987 and May until July 1988, on plots which had received no 

fertilizer, indicated less mineralization following DD.

Enhanced mineralization has often been reported where soil was 

cultivated (Arnott and Clement, 1966; Dev, et al, 1970; Dowdell and 

Cannell, 1975hence lower levels of total nitrogen under DD as, in 

this experiment, were in accordance with these findings. While the 

interaction of stubble burning and cultivation technique did not reach 

significance, by harvest, where stubble had been removed by burning in 

1986/87, the total nitrogen in the crop and soil in the DD system was 

the same as that in PL and MC systems, at fertilizer levels of zero and 

80 kg N/ha. In 1987/88, total nitrogen in the plant and soil remained 

lower on DD plots than PL or MC plots, even where stubble had been 

burned, although, again at harvest, where stubble was burned there 

tended to be more total nitrogen present in the crop and soil at zero 

and 80 kg N/ha. This low nitrogen status was reflected in the 

particularly low yields obtained following DD in that year. While 

stubble burning appeared to increase total nitrogen following DD in
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1987/88, it was insufficient to bring levels into line with those in PL 

ground.

From the -^N data, in both experimental years, stubble burning seemed 

to enhance the uptake of non fertilizer nitrogen from the soil. Where 

stubble remained the crop was more dependent on applied fertilizer to 

meet its nitrogen requirements than the crop grown where stubble had 

been burned before MC and DD.

From the lack of significant differences it is difficult to state 

conclusively that stubble burning improved nitrogen availability where 

the winter barley crop was DD. We can however speculate that stubble 

burning prior to DD did one of two things or played a part in both:

i. It enhanced mineralization in the no-till system

ii. It reduced immobilization by removal of stubble.

In this experiment it did appear that mineralization was lower where 

the crop was DD as opposed to PL as a result of the poor yields at zero 

fertilizer. While there was a tendency for stubble burning to improve 

the soil nitrogen status of the DD crop, in these experiments it is 

believed to be involved more with reduction of immobilization rather 

than enhancement of mineralization. Stubble burning using the flame 

cultivator effectively removed plant residues which, during 

decomposition would have immobilized substantial quantities of nitrogen 

from the soil. According to Ellis and Lynch (1977), 8 kg of nitrogen 

are immobilized per tonne of straw incorporated. At this rate the 

presence of stubble in the 1986/87 experiment would have locked up 21.8 

kg of nitrogen per hectare, while in the 1987/88 experiment this figure
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would have been 17.8 kg/ha. This nitrogen would subsequently be 

released but often this takes place only very slowly over the growing 

season. Consequently, when demand for nitrogen by the crop is high, 

insufficient nitrogen may be present to facilitate production of 

maximum yields.

Numerous observations made throughout the experiments suggest nitrogen 

immobilization in the presence of stubble and hence a shortage of 

nitrogen to the crop which lead to a reduction in yields.

i. The poorer tillering, ear production and hence lower yields 

implied that the amount of nitrogen present may have been 

insufficient to sustain reproductive growth and ear production.

ii. The improvement in grain yields but not straw yields where stubble 

was burned again implied an improvement in the reproductive 

components rather than structural components.

iii. There appeared to be more total nitrogen within the DD system 

where stubble was burned.

iv. Data obtained from -*-~’N analysis revealed an increase in uptake of 

soil nitrogen as opposed to fertilizer nitrogen where stubble was 

burned before MC and DD.

The problem of immobilization was not believed to be solely responsible 

for the yield reductions observed where stubble remained following MC. 

Minimal tillage afforded the soil a degree of soil disturbance although 

not so great as where the ground was ploughed. Total nitrogen in MC 

systems appeared to be similar to that with PL whether or not stubble
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was burned before MC. In 1987/88, while yields from DD were low 

whether stubble was burned or not as a result of poor soil nitrogen 

status, the MC crop yielded as well as the PL crop provided stubble was 

burned. The poor yields from MC in the presence of stubble were 

thought to have been due to phytotoxin production particularly in the 

first year of the experiment. Although no attempt was made to detect 

organic acid production in the vicinity of the decomposing stubble, its 

presence cannot be ruled out for several reasons

i. Where present, stubble was often carried into the drill slit at 

sowing.

ii. The wet conditions in early autumn led to some ponding and poor 

water infiltration. Such conditions would be conducive to 

anaerobic conditions in the soil and hence the risk of phytotoxin 

production would be greater.

iii. The improvement in plant stand where stubble was burned in 

1986/87, was in accordance with the findings of Lynch (1977 and 

1978) who reported failure of seeds to germinate in the presence 

of organic acids.

iv. Poorer tillering and ear production in the presence of stubble, as 

found in both experimental years has been connected with organic 

acid production subsequently leading to reduced grain yields 

(Lynch, et al, 1978; Ellis, et al, 1981).

Organic acid production was believed to have been more of a problem 

with MC since the action of the tine cultivator to an extent mixed the

stubble into the top few centimetres of soil where it is likely to have
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been in close contact with germinating seeds. This would put sown 

seeds at a greater threat from organic acid production than if stubble 

was left on the soil surface as with DD.
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4.5 FLAME CULTIVATION AND REDUCED TILLAGE - PRACTICAL APPLICATIONS

In Northern Ireland research into direct drilling and minimal 

cultivation has been very limited with only one experimental report 

dealing with direct drilling published (Bartholomew and Chestnut!, 

1977). Results from this work proved disappointing, particularly in 

wet seasons, with direct drilled yields 16% lower than from 

conventional ploughing. However in this set of trials, seed was 

drilled in the presence of Paraquat sprayed stubble. It is possible 

that if stubble had been removed by burning on this occasion, results 

would have been more encouraging.

In our damp climate, the removal of crop residues becomes particularly 

important since anaerobic conditions are more likely to develop in the 

soil. This would create an ideal environment for production of toxic 

organic acids where decomposing straw or stubble remain. The factors 

conducive to organic acid production have been described by numerous 

authors who have carried out detailed experimental research in England 

and America (Barber, et al, 1976; Lynch, 1977; Wallace and Elliott, 

1979), and would apply in the Northern Ireland situation. Burning of 

straw and stubble is now considered an essential prerequisite to 

successful reduced tillage and direct drilling techniques.

In the main cereal growing areas of England, straw is of little value 

due to the large quantities produced and the failure to find enough 

alternative uses. Consequently large areas of straw are burned in 

situ every year. In Northern Ireland, straw is a valuable commodity 

for bedding and feeding making up to £25 per tonne. Virtually all 

straw produced is baled and removed with only a small amount of wheat 

and oil seed rape straw actually burned.
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As a result of the high rainfall in Northern Ireland, stubble may prove 

difficult to burn successfully by conventional means. It is in such a 

situation that the Calor Gas flame cultivator may prove useful. In 

the trials detailed in this thesis, the flame cultivator successfully 

removed stubble in one pass. As a direct result, substantial yield 

increases were observed from direct drilled and minimally tilled crops.

However, commercial application of the flame cultivator would depend on 

whether or not it proved economically feasible. The higher the 

percentage moisture of the stubble, the more gas needed to ignite it, 

hence in wetter seasons, substantially more gas would be required and 

fuel costs would rocket. Taking the cost of gas at 16p per litre 

while burning stubble of 61% dry matter, we estimated gas costs of 

stubble removal at approximately £26.70 per hectare. These costs 

would need to be weighed against the costs of ploughing and harrowing. 

However in particularly wet seasons conventional methods may not always 

be relied upon to produce a suitable seedbed.

In England, uncontrolled straw and stubble burning over the past decade 

has become an emotive issue due to the fire risk and problems of smoke 

pollution it presents. While the threatened ban on straw burning has 

not yet been imposed, with the public's ever increasing awareness of 

the environment and the growing support for "Green" parties, the straw 

burning issue still remains a volatile one. If a straw and stubble 

burning ban is imposed whether or not stubble burning using the flame 

cultivator would remain applicable would depend on the wording of the 

ban. This issue would need to be considered carefully and the 

situation continually assessed if further development of the flame

cultivator is to be carried out.
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Before the flame cultivator could be recommended for commercial use it 

would require considerable mechanical modification to improve safety 

and ease of handling in the field over a range of conditions. 

Mechanical problems are outlined in Appendix 3. More detailed and 

extensive trials would also need to be undertaken to determine the 

economic feasibility of reduced tillage techniques and flame 

cultivation over a range of soil types and in different seasons. In 

the light of additional findings only then could more definite 

conclusions be drawn as to the viability of controlled burning of 

stubble.
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CONCLUSIONS

Stubble burning proved effective in crop residue removal. It 

significantly reduced stubble height and weight and resulted in a 

significant increase in bare ground in both experimental years.

Stubble burning significantly increased grain yields in the 1987/88 

experiment (P=0.029)but just failed to do so in the 1986/87 experiment 

(P=0.081). While the interaction between stubble burning and 

cultivation technique failed to reach significance, where stubble was 

burned before MC or DD, yield increases of up to one tonne per hectare 

were obtained. The yield increases observed were attributed to a 

significantly greater plant stand in 1986/87 (P=0.05) and significantly 

more ears per square metre in both experimental years (P=0.005 in 

1986/87 and P=0.01 in 1987/88). Stubble burning had no influence 

where the crop was sown into a ploughed seed bed and it did not affect 

straw yields.

Neither weed numbers or disease levels were affected by stubble burning 

using the flame cultivator. Also this crop residue removal technique 

showed no signs of limiting soil phosphorous, potassium or magnesium 

levels or affecting soil acidity. Soil organic matter within the top 

15 cm of the soil profile were found to be significantly lower on 

several sampling occasions where stubble had been burned.

Stubble burning had no significant influence on either soil inorganic 

nitrogen levels or plant nitrogen uptake. However, when total soil 

inorganic nitrogen and plant nitrogen uptake were considered together, 

it significantly increased nitrogen status of the DD crop by harvest 

time in 1986/87. Soil nitrogen status tended to be lower where the
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crop was DD as opposed to being sown into a PL seed bed. In 1986/87, 

stubble burning prior to DD brought soil inorganic nitrogen levels into 

line with those in PL plots.

From results obtained using -*-% analyses, where stubble was burned, the 

DD crop appeared to depend less on applied nitrogen fertilizer to 

support crop growth. Instead more nitrogen was taken up into the crop 

from the soil. This implied an improvement in the nitrogen status of 

the DD soil and in the light of findings from these experiments this 

has been attributed to reduced immobilization. Where stubble is 

present nitrogen is "locked up" or immobilized in the decomposition 

process. This was particularly disadvantageous to the DD crop which 

already appeared to suffer from reduced mineralization compared to 

where the soil was PL. Stubble burning in these trials was believed 

to have overcome the problem of immobilization therefore preventing the 

incorporation of substantial quantities of nitrogen which would 

otherwise be made available to the growing crop.

In the case of MC, soil nitrogen status was thought to play only a 

minor role since the action of tining, afforded some degree of 

disturbance to the soil and consequently aided in nitrogen mineral

ization. Phytotoxicity problems, encountered early in the development 

of the crop were aligned with the poor grain yields obtained where the 

crop was MC in the presence of residues. The action of MC using the 

tine cultivator effectively mixed stubble residues into the surface few 

centimetres of soil and hence drilled seed was put in closer contact 

with the decomposing residues than would have even been displayed under 

DD. The high rainfall after drilling particularly in 1986/87, poor 

plant stand and reduced ear production were in accordance with acetic 

acid production as reported by other authors.
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From this we can conclude that the yield increases obtained from 

stubble burning cannot be attributed solely to one factor but to a 

combination which act together to result in significant yield 

improvements.

The flame cultivator used was a prototype and still needed operational 

and safety modifications if the machine is to be sold commercially. 

While it effectively removed stubble residues, keeping the burn under 

reasonable control, economics of using such a technique need to be 

carefully considered especially if using it in a wet year when fuel 

required would rocket. However if cereal growers are faced with a ban 

on uncontrolled burning it may be the only viable alternative if 

minimal cultivation and direct drilling are to be used, since from 

these experiments, residue removal prior to MC and DD has been shown to

be essential.
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APPENDIX 1

USE OF SEED DRILL

The Moore All-till Uni-drill, which was used in both experiments, was 

designed to sow into a variety of seed beds from direct drilling through 

"scratch" cultivations or minimal tillage to conventional seed beds. It 

was therefore well suited to sow the range of treatments in the 

experiments. The All-till Uni-drill has nine independent drag arm seeding 

units which are spring-mounted to the main frame at a spacing of 16.6 cm. 

Each unit comprises two discs and two press wheel rollers, the discs being 

mounted to each side of the drag arm disc, in a position which enables the 

seed to be placed in a slit cut by the disc. The press wheel rollers are 

mounted to the rear of the drag arms behind the discs, rolling directly 

over the slits in order to consolidate the soil and ensure good seed/soil 

contact and moisture retention (Figure 5.1).

The penetration of the discs and hence seed depth is controlled by the 

depth adjusting screw. This alters the relationship between the discs and 

the roller press wheels, weight being transferred from the rollers to the 

discs or vice-versa. In order to maintain a constant sowing depth of 2.5 

cm the depth adjusting screw was reset between each cultivation treatment.

Penetration of the discs into the PL and MC ground posed little problem. 

Difficulties were encountered however on the DD plots due not only to 

greater compaction at the soil surface but also to the undulating surface 

of unfilled ground caused by tractor and combine wheelings. In order to 

allow the drill to penetrate deep enough on the DD ground the drawbar 

height had to be lowered and the depth adjusting screw, screwed down to its 

full extent. In order to avoid altering the drill once set all PL plots
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Figure 5.1 THE MOORE ALKTILL UNI-DRILL

SEEDTUBE
DEPTH ADJUSTING 

SPRING BEHIND COULTER
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were sown together as were the MC plots and finally DD pDts. The depth 

of sowing was checked regularly behind the drill.
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APPENDIX 2

THE CALOR GAS FLAME CULTIVATOR

The flame cultivator was built purely as an experimental tool under the 

jurisdiction of the Technical Services Department of Calor Gas. Calor Gas 

aimed to build a machine which would be capable of producing a bare ground 

situation, probably 70% of cleared stubbles whilst maintaining control of 

the burning process. The machine consisted of a folding harrow frame, 6 m 

wide. Heat shields of 5 mm steel plate were folded and braced to the main 

frame to present an inverted 'U' section measuring 180 cm x 150 cm x 30 cm.

To maintain a constant burner to ground height the shields were mounted on 

full length adjustable runners and attached to the frame via floating 

linkages. The frame was fitted with a hydraulic folding ram (Photograph 5.1).

The burners were arranged in three groups of six and mounted onto a welded 

stainless steel gas manifold below the heat shields. The flat flame, 

liquid burners were down-rated to give a full rate consumption of 100 

kg/hour. The control assembly consisted of three vapour phase and three 

liquid phase solenoid manifolds in pairs for the three burner sections.

Gas was supplied from a 380 litre tank fitted with internal PRV and valved 

for liquid and vapour offtake. The tank was mounted on a modified Lely 

sprayer frame by means of four bolts through the tank legs and two metal 

straps over the circumference of the tank. The control switches for the 

solenoid valves were mounted on a control panel in the tractor cab.
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Photograph 5.1 The Calor Gas flame cultivate;
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APPENDIX 3

PRACTICAL PROBLEMS OF USING THE FLAME CULTIVATOR

Although the Calor Gas flame cultivator removed crop residues efficiently, 

operation of the machine was not without problems. Whilst it is realised 

that the stubble burner used was a prototype, if it is to be made 

commercially viable several aspects of its design, from our experience, 

would warrant consideration, particularly with regard to safety.

i. On several occasions gas leakages occurred at the joints of pipes, the 

gas and flames had to be put out using a fire extinguisher. Burn 

out of gas in pipes following cut off to the burners also constituted 

a potential fire hazard.

ii. Operation of the machines in the field was found to require a certain 

degree of skill coupled with a lot of care and attention to safety. 

Practice was needed with regard to getting the wind direction right 

before burning and also igniting the burners. In addition the 

ferocity of flames from the burner warranted a very responsible 

attitude to use. Every precaution was taken before starting to 

burn, two furrows were ploughed around the outside of the field to 

prevent spread of flames to hedges and a supply of fire extinguishers 

were on hand. The Fire Authority were also notified should anything 

unforseen occur. Although removal of stubble using the stubble 

burner in the main, remained under better control than would be 

achieved with normal straw burning, heed was still taken of the NFU

safety code.
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iii. Heat in the tractor cab tended to build up to intolDle levels 

because windows could not be opened since smoke thejcame a 

problem. Carefully monitoring wind direction reguly was found to 

be essential since failure to do so could easily leto flames 

lapping around the back of the tractor.

iv. Under particularly dry conditions, as in the autumr 1987, or when 

there was a breeze, more lateral spread of flames erred to the 

sides of the burner. Although spread of flames ccitutes a saving 

of both operator time and gas, the burn could rapieget out of 

control as it did in 1987 while burning off an aree wheat stubble. 

This somewhat defeats the purpose of the machine i.to maintain a 

controlled burn. Loose straw posed a particular 1 hazard in that 

it could be ignited and carried by the wind to hedcand even 

buildings.

While the burn remained under control behind the tior with little
i

lateral spread, smoke production from the burning sble was minimal 

and could pose no forseeable problem. However whche burn spread, 

more smoke was produced since a larger area of stui was on fire at 

once, this should be a major consideration before ling close to 

buildings or roads. Ash and hence smut productions also less 

than with normal straw burning since less combusta material was 

present due to removal of straw.

v. Transporting the flame cultivator posed no probleirwever as 

specified in the operation manual gas tanks had to empty before 

travelling on the roads. While it is advisable lie interests of 

safety this could constitute a loss of time since required the gas
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tanker to be on site in order to fill the supply tank to the stubble 

burner. This would involve good co-ordination of the requirement 

for gas in the field with the source of supply.
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APPENDIX 4

DESCRIPTION OF SOIL AUGER USED

In order to facilitate the large number of soil samplesiken, particularly 

in dry weather, a larger auger than is used as standards made.

Initially a standard auger was used but when topsoil walry it tended to 

fall away from the sampler and a good core could not beken due to the 

narrow bore of the auger.

The auger used in the experiments was made from a 3.5 cdiameter piece of 

galvanised piping. A section was cut out of the bottclS cm of piping to 

allow soil samples to be removed. The edges were shamed and nicked at 

5 cm and 10 cm from the bottom of the auger. A handlos added across 

the top and footrests so that the auger could be pushecnto the soil at 

the correct depth (Figure 5.2).

The auger was checked regularly for signs of wear and (es were sharpened 

to allow easier movement through the soil. The posit, of the nicks in 

the edges of the sampler, denoting the depth were alsoecked as the edges

were sharpened.



Figure 5.2 SOIL AUGER
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APPENDIX 5

CALCULATION OF ATOM PERCENT EXCESS IN FERTILIZER FOR 1987 APPLICATION

Ammonium nitrate. natural abundance, atom % -*-^N 0.367

Exact Molar Mass = 52.03008 + 28.0134

= 80.04348 g mol-1

*Ammonium *nitrate, enrichment 99% atom %

.. Atom % excess = 98.633

Exact Molar Mass - Mr + 2 am

Mr = (4 x 1.00797) + 3 (15.9994) = 52.03008 

Am = 99/100 (15.010109) + 1/10o (14.003074) 

= 15.000029

M-l Molar Mass = 82.030138 g mol--'-

For first application

4.5071 g N as natural NH4NO3 = 4.5071 mol
28.0134

= 0.160891 mol

0.25148 g *NH4 *N03 Plot-1 = 0.25148 = 0.003066 mol
82.030138

Use equation: a4 = ni = mo1 enriched compound
a4 = excess abundance in enriched compound 

n^ + n2 n2 = mo1 natural abundance
■S^ = excess abundance of mix
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ai = 0.003066 x 98.633 = 1.844258 
0.003066 + 0.160891

Atom % excess in first application of -^N = 1.844258.

For second application

8.0256 g N as natural NH4NO3 = 8.0256 mol
28.0134

= 0.286491 mol

0.437 g * NH4 *N03 = 0.437 mol
82.030138

= 0.005327 mol

ai = 0.005327 x 98.633
0.005327 + 0.286491

0.525449
0.291818

1.800605

Atom % excess in second application = 1.800605

Calculation of atom percent excess in fertilizer for 1988 ipplication

carried out as for 1987.
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APPENDIX 6

STATISTICAL ANALYSIS

The design of the trial was such that in all cases the statistical 

treatment was in the form of analysis of variance. Tabulated data is 

presented with the effective standard errors (E.S.E.) of the mean and the 

levels of significance as determined by the complete analysis of variance.

Effective standard error of a mean = whole sample S.E.

Vn
where n is the number of variants on which the mean is based.

Where a series of means is presented and each has been calculated from a 

similar number of variants, the single E.S.E. given represents the value 

attached to each mean. Here the standard error between any two means is 

equal to V 2 x E.S.E.

Where the E.S.E. of means in a series are not similar i.e. the means are 

based on an unequal number of variants, the E.S.E. of each individual mean 

is given. The standard error of the difference between two means of 

unequal number of variants can be calculated as:

V E.S.E.x2 + E.S.E.22

where E.S.E.2 and E.S.E.2 are the effective standard errors of the two

different means.


