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clouds, so that when the brilliantly blue clouds were 
observed on July 10-11, 1949, parallactic photography 
was immediately begrm and continued until the 
clouds slowly vanished in the growing light before 
dawn. Measurements showed that the whole mass of 
cloud was situated at heights between 84 and 89 km. 
and was confined within the twilight circle. (The 
greatest height at which ordinary clouds appear is 
about 12 km.) 

It is most surprising that the first records of these 
remarkably lovely blue clouds appeared as late as 
1885. Their spectrum is similar to that of the day 
sky and shows Fraunhofer lines ; the particles 
constituting the cloud then are so high that those 
within the twilight circle are in srmlight, revealing 
their presence by the sunlight they scatter. Their blue 
colour indicates that the diameter of their particles 
is small compared with the wave-length of light. 

The conditions necessary for observation of the 
clouds are as follows : the sun must be at least 10° 
below the horizon in order that the sky background 
may be sufficiently dark ; it must not be more 
than 18° below the horizon, for an appreciable part 
of the atmosphere above 80 km. must be in sunlight ; 
normal clouds must be sparse or absent and visibility 
excellent. Thus they can be seen only in the summer 
months and only within latitudes 45°-62°. 

The first accurate measurements were made in 
Germany by Jesse about 1890. He found their 
height to be about 79-90 km., and on one occasion 
recorded the remarkable velocity of 177 m. per sec. 
or 400 m.p.h. He observed that they travelled from 
the north-east before midnight and from east-north
east after midnight. They occurred frequent!~ and 
in brilliant forms during 1885-88. Omond saw them 
from Ben Nevis Observatory on every clear night 
from June 4 to July 2, 1888. From then until 1932 
they were seen only occasionally. During 1932-34 the 
clouds again appeared in brilliant forms to give Prof. 
Stormer the opportunity of applying the technique 
that he had used so successfully in studying auroras. 
He confirmed Jesse's measurements, finding the mean 
value of their height to be 82 km. and their velocities 
to lie in the range 48-83 m. per sec. The clouds were 
rarely seen between 1934 and 1949, but during and 
since 1949 several fine displays have been photo
graphed and measured both in Norway and Scotland. 
On July 24---25, 1950, the rare coincidence occurred 
of luminous night clouds in association with an 
aurora. On this occasion the clouds soon became so 
brilliant that they extinguished the aurora. By 
0100 hr. they extended along the horizon between 
azimuths 345° and 85° and reached an elevation of 
25° ; at this time, so brilliant were they, that it was 
possible to make notes and observe the stop watch 
by cloud light. 

The nature and origin of the clouds is still uncertain. 
,T esse thought them to consist of the products of 
condensation of matter projected into the high 
atmosphere at volcanic eruptions ; the magnificent 
displays of 1885-86 were ascribed to residual dust 
from the Krakatoa eruption of 1883. But Vestine 
has pointed out that just at this time there occurred 
a remarkable number of meteor appearances, showers 
and great comets. Moreover, no marked increase in 
the frequency of the clouds succeeded the eruption in 
1912 of Katmai, Alaska, whereas the great Siberian 
meteor of 1908 was followed immediately by a 
brilliant display. So he concludes, and Prof. Stormer 
agrees, that the clouds consist of material of cosmic 
origin. 

On the other hand, V egard believes that the clouds 
may be formed by the condensation of water vapour 
on sodium oxide nuclei formed by the combination of 
sodium and atmospheric oxygen. He suggests that 
the presence at this great height of water vapour, in 
the concentration necessary to account for such 
extensive clouds, may result from the combination of 
atmospheric oxygen, perhaps in the form of ozone, 
and hydrogen, projected into the atmosphere from 
the sun. There is evidence that a temperature 
minimum of the order of 200° K. exists at a height of 
80 km., and, as the pressure there is of the same order 
of magnitude as the vapour pressure of water, 
conditions may be favourable for condensation. 
During the display of July 24---25, 1950, portions of 
the clouds were observed to change colour from vivid 
blue to white, suggesting growth of the particles. 

Now that Whipple's meteor observations and the 
theoretical work of others on atmospheric tides 
indicate that temperature falls rapidly from a 
maximum at 60 km. to a minimum at 80 km., the 
problem of explaining the occurrence of the clouds 
always at about 80 km. is resolved. Meteoric dust, 
for example, would tend to drift to and remain 
below the base of the inversion at 80 km., and if these 
are water clouds, then condensation is most likely at 
the temperature minimum at 80 km. Indeed, the 
presence of the clouds always at this fixed level is 
itself evidence of the existence there of a temperature 
minimum. 

Wave formation is a characteristic of the clouds, 
and measurements show that the distance between 
the wave crests is about 9 km. Recalling the great 
speeds with which these clouds may travel, the wave 
formation is no doubt generated in the wind shear at 
the inversion, as in ordinary billow clouds. 

These clouds are naturally of great interest to the 
meteorologist for, with meteor trains and now the 
new radio methods, they provide a direct means of 
measuring air movement at these high levels. 

STORAGE OF FARM PRODUCTS 

IT is often not realized that an increase in the yield 
of a farm crop which has taken many years of 

selection and improved culture to achieve may be 
much less than the losses during storage of the crop. 
For example, it has been estimated that a fifth of the 
total production of potatoes in France is lost during 
storage because of respiration, water-loss,.disease and 
sprouting. There seems no reason for believing that 
the overall loss in Great Britain is much less, in which 
case the weight lost during storage would be sufficient 
to supply the whole human population of the United 
Kingdom for nearly four months. Admittedly 
potatoes are one of the more impermanent farm 
crops ; but for most products the development of 
more efficient means of storage is a matter of great 
importance, and clearly merited the discussion devoted 
to it at Edinburgh by Section M (Agriculture) of the 
British Association during the morning of August 10 
under the chairmanship of Dr. E. M. Crowther, 
president of the Section. 

Prof. S. J. Watson, of the Department of Agricul
ture and Rural Economy, University of Edinburgh, 
speaking first, discussed the storage of grass. The 
traditional method-by making hay-is extremely 
wasteful of the feeding potential of the grass. In a 
wet year as much as half the feeding value may be 
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lost by various means - as by respiration during the 
comparatively slow drying process and by leaching. 
Even in an exceptionally fine year about a quarter 
of the nutrients originally present is lost. The 
average loss is about a third. The use of appliances, 
such as stakes, wires, and tripods, on which the grass 
is placed after cutting reduces these losses but only 
by about 5 per cent. On the average, ensiling with
out any addition is as wasteful as haymaking in 
an average year, though it must be remembered that 
silage and hay are not comparable, the former being 
made from younger and more leafy material. The 
various forms of fermentative losses during ensiling 
may be reduced if the pH is low, preferably below 
pH 4, and it has been claimed that the losses are very 
slight if silage is made with the addition of acid. 
The beneficial effect of the acid tends, however, to 
be local. Possibly the best practical method is to 
use a roofed and lined pit silo and achieve a certain 
degree of acidity-say pH 4-4·5 --by the addition of 
molasses and the consequent lactic acid fermentation. 
This acidity is sufficient to suppress butyric acid 
fermentation. 

By far the most efficient means of conserving the 
feeding value of grass, Prof. Watson said, is to dry it 
artificially. The net feeding value may be of the 
order of 7 per cent less than that of grass, due 
mainly to the greater loss of energy in the mastication 
of dried, as compared with fresh, grass. The dis
advantages of grass drying are economic ; but Prof. 
Watson agreed in the course of subsequent discussion 
that such disadvantages might not be important if 
the drying were undertaken on a large scale by a 
competent factory manager. Broadly speaking, he 
recommended drying for the large-scale preservation 
of grass and, on the small scale, ensiling in either pit 
silos or good tower silos. Hay would still be made, 
and every care should be taken to keep the losses to 
a minimum. 

Following Prof. Watson, Mr. ,J. H. Leycester, of 
Wheatfield, Hilton, Huntingdon, described the method 
which he has developed for storing grain, explaining 
that it had been planned to meet his own requirements 
for the storage of about four hundred tons of wheat 
and barley. The system followed is not to harvest 
the grain moist and then dry it, but to wait for dry 
weather and harvest twenty tons a day using com
bines with a total cutter-bar length of twenty feet. 
The grain is delivered in bulk by pneumatic tipping 
lorries to the store, which consists of"a receiving bin 
(with a floor sloping to the outlet and feeding by 
gravity into a pneumatic conveyor), a cleaning unit 
and eight 40-ton storage bins. No dryer is installed
this being a useful selling-point when disposing of the 
barley for malting. In years when the grain has 
necessarily been harvested wetter than advisable, 
drying down to 16·5 per cent moisture has been 
achieved by repeatedly passing the grain from one 
bin to another through the pneumatic conveyor. 
Passage once through the conveyor has been found 
to remove 0·25-0·5 per cent of moisture at a cost of 
2·2d. per ton. (In answer to questions, Mr. Leycester 
stated that this is the cost of electricity only.) He 
agreed that a moisture content of 16·5 per cent is 
higher than normally regarded as advisable, and 
only exceptionally does he store grain at a moisture 
content as high as this. The stored grain is shifted 
from one bin to another during storage at intervals of 
6-7 weeks, one bin being kept empty to enable this. 
Asked whether, in the light of experience, he could 
suggest improvements to his store, Mr. Leycester 

replied that it would be better if it were excavated to 
a depth sufficient to avoid the necessity for a loading 
ramp from which the receiving bin is now filled. 
Higher storage bins and a conveyor of greater 
capacity would be preferable. 

The further proceedings of the meeting were 
devoted to the storage of potatoes. Mr. W. G. Burton, 
of the Ditton Laboratory, East Malling, of the Depart 
ment of Scientific and Industrial Research, outlined 
the ideal conditions for the storage of potatoes but 
stated that these were attainable only in heavily 
insulated cool stores with continuous air circulation. 
These are not at present thought economically 
justifiable. Potatoes stored at normal temperatures 
generate sufficient metabolic heat to raise their 
t,emperature 0·6-0·8 deg. F. per day. In a stored 
mass of potatoes a state of dynamic equilibrium is 
set up in which heat removed by convective air 
circulation and conduction, both of which result from 
the difference in temperature between the potatoes 
and the surrounding atmosphere, just balances the 
heat produced by respiration. At normal storage 
temperatures of 40--50° F. and for unsprouted 
tubers it is approximately true to say that, if the 
width and length of an unventilated potato stack 
exceed twice the height, increasing them has little 
effect upon the average and maximum temperatures ; 
that the average temperature of the potatoes will 
exceed that of the store air by i deg. F. for every foot 
of height ; and that the maximum temperature 
among the potatoes will exceed the average tempera
ture of the store air by 1 deg. F. for every foot of 
height. The provision of ventilating ducts beneath 
the potatoes lowers both the average and maximum 
temperatures, and further cooling is possible if forced 
ventilation with a power-driven fan is employed. 
Continuous forced ventilation at a rate of 2,300 cu. 
ft. /ton hour will remove about 110 B.Th.U./hr. deg. F. 
difference in average temperature between the pota
toes and the ventilating air, and with air at a steady 
temperature will maintain stored potatoes at an 
average temperature exceeding the inlet temperature 
of the ventilating air by about 1 deg. F. and with a 
maximum temperature less than 1 deg. F. higher than 
the average temperature. Continuous ventilatioa 
causes excessive wilting. In addition, the temperature 
of the outside air fluctuates widely, and is often such 
that ventilation serves only to warm the potatoes. 
By forced ventilation with cold night air it has 
proved possible to maintain a stack of potatoes at an 
average temperature fluctuating within approximately 
±2 deg. F. about an average rather below the average 
weekly air temperature. In answer to a question, 
Mr. Burton stated that potatoes harvested immature 
will at first produce more heat than mature ones ; but 
after storage for some weeks the heat production of 
immature and mature potatoes is approximately the 
same. 

Dr. A. R. Wilson, of the Agricultural Research 
Council Potato Storage Unit at Sutton Bonington, 
described the practical advantages to be derived from 
the indoor storage of potatoes. He stated that a 
single-story building in which the potatoes are stored 
to a depth not exceeding twelve feet is most useful 
under British conditions. The potatoes should be 
stored in one large mass, not sub-divided into bins. 
Sub-division by straw bales can be used if necessary 
to avoid mixing varieties. Storage to a depth of 
about six feet in existing farm buildings is satisfac
torily practised in many parts of the country, and 
although this method is wasteful of floor space, this 
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need not be a disadvantage if the space is required 
for other purposes, such as machinery storage during 
the summer. Excluding such alternative uses, there 
is no doubt that storage to a depth of twelve feet is 
cheaper per ton than is shallow storage. The store 
should not be less than twenty-four feet wide if 
machinery is to be manceuvred without difficulty, nor 
more than thirty feet wide because of difficulties in 
air distribution if deep storage with bottom ventilation 
is practised. For storage until March sufficient 
insulation is provided if the walls have a transmittance 
value of0·2 B.Th.U./sq. ft. hr. deg. F. difference, and, 
if with such walls the roof is insulated to give a 
transmittance value of O · 15, condensation and drip 
are prevented. The most efficient means of ventila
tion is by a thermostatically controlled power-driven 
fan delivering to ducts under the potatoes. Manual 
control usually results in less cooling and more 
ventilation, which latter is to be avoided because of 
the wilting caused. Bulk harvesting has proved 
more efficient than other methods, and an elevator
loader has been designed to handle potatoes in bulk. 
It has a hopper to receive bulk loads from standard 
tipping trailers and has an outreach of twelve feet 
when loading to a height of twelve feet. A loading
rate of twelve tons per hour has been reached over 
short periods, and the tum-round of vehicles with 
two-ton loads has been achieved in less than seven 
minutes. Preliminary studies on the comparative 
costs of clamping and indoor storage indicate that a 
capital expenditure of £5 per ton on storage accom
modation is justifiable, even leaving out of considera
tion such important advantages of indoor storage as 
independence of weather conditions during grading. 
In reply to a question Dr. Wilson stated that the 
ventilating unit of a grain dryer can probably be 
used to ventilate a potato store, and, in fact, some 
farmers are experimenting with such dual-purpose 
installations using the platform-type sack dryer. 

If food is produced far in excess of the need for it, 
its storage or wastage is a matter of indifference. At 
the other extreme we may have conditions such that 
the conservation of farm products to, the greatest 
possible extent is an overriding necessity. For each 
product mentioned during the discussion, methods of 
storage are known which will preserve a very high 
proportion of the value for much longer than is 
normally necessary ; but such methods are regarded 
as uneconomic under present conditions. It was clear 
from the discussion that the methods adopted and 
being sought in practice are therefore compromise 
attempts to preserve as much as possible within the 
framework of the present relative values of farm pro
ducts and the apparatus necessary to preserve them. 

LIMITS TO INTENSIVE 
PRODUCTION IN ANIMALS 

ON August 14 at the Edinburgh meeting of the 
British Association, Section M (Agriculture) held 

a symposium on "Limits to Intensive Production in 
Animals". Prof. R. A. Fisher, Balfour professor of 
genetics, University of Cambridge, read the first 
paper, taking for his subject "Genetical Limits to 
Intensive Production in Animals". He referred to 
farm animals as part of a farmer 's machinery for 
turning material from a less valuable into more 
valuable form, and said that in the designing of such 
material the geneticist can make an important 

contribution. He commented on the separation of 
genetics and biometry as university subjects dealt 
with in different departments and taught to different 
sets of students, thus creating a difference of outlook 
and preventing progress : he felt that because of this 
unnatural separation it would be difficult in the future 
to find personnel with the necessary outlook, although 
they may be well trained in one or other of the sub
jects. Prof. Fisher's view is that the work on the 
breeding of farm animals is so technical and the 
precision of the biometrical determinations involved 
are so important that it is necessary to set up bio
metrical laboratories for the purpose. The genetics 
of farm livestock have been neglected in the develop
ment of the general subject of genetics. This Prof. 
Fisher attributed to several causes : the two World 
Wars have shaken the national economy of Great 
Britain, and there is also to be considered the economic 
revolution, which has interfered to some extent with 
the prospects of the older methods employed for 
livestock improvement. Livestock breeding is slow 
and expensive, ar;td therefore has not been given its 
rightful place in research work ; in fact, the whole 
subject of genetics has been left to amateurs and 
teachers and, therefore, it is but natural that such 
workers should prefer mice or birds for their work, 
rather than farm animals. He remarked on the work 
during the past forty years on Drosophil,a and claimed 
that these studies have done more towards an under
standing of genetic improvement in livestock than 
have all the efforts made up to date with livestock 
themselves. He agreed that some beginnings have 
now been made on serious research work ; but he 
wondered if public officials really think or imagine 
that a centre for the study of pure genetics of each of 
the larger species of animals could be of any import
ance for livestock improvement. Prof. Fisher's final 
remarks were : "As a last optimistic consideration, 
let me point out that land long fallowed is sometimes 
very productive ; that unworked gold mines are the 
best gold mines. Because nothing effectual has been 
done, we may at least feel sure that the law of 
diminishing returns has not yet set in, as seems to be 
the case in some fields of plant improvement, and the 
ceiling of genetic potentiality is still a long way off." 

In the discussion on Prof. Fisher's paper, Dr. H.P. 
Donald, of the Animal Breeding and Genetics 
Research Organization of the Agricultural Research 
Council, directed attention to the recent establishment 
of the Organization, the object of which is to study 
the genetics of livestock. The work is long-term, and 
results will not be available for some time to come. 
Dr. Donald pointed out that little publicity has been 
given to the setting up of this Organization, and it 
may be that this is the best procedure because it will 
be a long time before any results will be produced for 
application to the industry. · 

Further discussion centred around the efforts of 
practical farmers for livestock improvement, and it 
was claimed that, by the use of sires selected for 
specific qualities, improvements have been obtained 
in some breeds of cattle. 

Dr. John Hammond, University of Cambridge, 
who spoke on "Physiological Limits to Intensive 
Production in Animals", referred to the British 
Friesian cow which recently attained a new world 
record in milk production, yielding in its lifetime 
nearly 120 tons of milk. He also referred to other 
high milk-yielding cows as illustrating that the limits 
of production have not yet been reached ; in fact, he 
considered that there are no physiological limits to 


	STORAGE OF FARM PRODUCTS



