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FARM CROP IRRIGATION IN THE NORTH OF SCOITLAND

196) AND 1965

INTRGDUCTION

Crop fa:.lures due to drought are uncommon in the North of Scotland, an .
area associated in the popular mind with relatively high humidity. This
impression is substantiated by figures for parts of the west coast, where
the mountainous nature of the land contributes to sbove-average rainfall.
‘However, the more fertile east coast belt lies in a rain shadow, and it is
in this region that interest in farm irrigation is concentrated. Having -
experienced dlfflculty :1.n establ:.shlng crops, and faced with reduced yields
in a dry season, a number of farmers in the area served by the North of
Scotland College of Agriculture have acquired m:.gat:.on equipment, Some
practical experience has now been gained, and in certain cases, worthwhile
Crop responses are claimed. ‘ | In order to assess the pattern of irrigation
use, and in en attempt to invtestigate its profitability, a survey of farm-
scale systems \'és carried  out during 1964 and 1965,

" The rainfall map of the area covered in this survey (Fig.I) shows 'clearly

how ground configuration and distance from the Atlantic affect the annual

prec:LpltatJ.on. For edcample Fort William on the west codst has an averége
a.mmal rainfall of 78, 7 inches, while Inverness ,at the north-east end of the
Grea.t Glen, has 28, l.. 1nches. The average amounts of sunsh:.ne per year total
981 hours for Fort William and 1,239 hours for Inverness. While anmal
figures conceal a considerable amount of var:.a’clon, the areas of lowest
average ra:.nf'a.ll can be identified in the vicinit& of Inverness, on the
coastal strip towards Elgin, and around Fraserburgh. it :1.s in these
districts, where amnual rainfall averages less than 25 inches, that irrigation
is likely to be of most benefit, .. Nevertheless, the whole of the east coast f
experiences quite dry conditions, since a belt of land extending rougialy
10-20 miles inland from Montrose to t_he'Dornoch Firth receives an average of
less than 30 inches, and this distinction is shared by the northern tip of
Caithness, around John of Groats. |

The ava:.labll:.ty of water for pla.nt grow’ch is governed by the moisture-
holding capacity of the soil, and also by the effective rooting depth of the

crop. Light sandy soils are able to retain much less moisture than heavier
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clays, consequently the effects of drought are more pronounced.on light
land,. In general, the soils within the low rainfall belt along the north-
east coast can be classified as light land, =~ Raised beaches are a well-
defined feature of the Moray Firth coastline, while glacially-derived gravels
are common in lowland areas skirting the mountains. . These formations are
prone t6: drought, and are difficult to crop in a dry season.  In extreme
caaes, vhere the surface is exposed, or only partly stabilised by vegetation,
wind erosion occurs. - The classic example of this took place in the late
~17th century, when the estate of -Culbin was engulfed by drifting sand. - A
-desert six miles long and two miles in width was created, and sixteen farms,
a church and the mansion house were lost. = The Culbin.forest, some 6,000
acres in extent, now-covers most of this previously mobile area, Although
disasters of this magnitude are no longer experienced, wind erosion still
takes place, and snow—clearingl equipment is.occasionally employed to clear
blown sand from public roads in Moray. . Many farmers in this area have

found that the combination of light land and low rainfall restricts production,

in some cases precluding cultivation altogether,

For any given area, it is possible to calculate a theoretical figure
for the water use of a growing crop adequately supplied with moisture (1)
This quantlty, ‘the potentlal transpa.ratlon, does not vary much between cr0p
spec:.es, and is not 1nfluenced by so:.l type, 80 standard values for each
month can be publ:.shed for all parts of the Unlted Klngdom (2) - It 1s then
a falrly simple matter to construct a 'water balance sheet' for the Aprll-' :
September growing season, in which potentlal transplratlon broken d.own into
approximate Weekly amounts, appears on the e@endi_tureliside R while income is
represented by actual ralnfall for the Week. Usin'g ‘this method, it is
possible to estlmate the so:.l moisture content at any t:Lme durlng the season,
wuth reasonable prec1s1on. Although potent:Lal transpiration can be quoted
cn a county or sub-county bas:Ls, the 1nd1v1dual farmer is recommended to
vcheck local ra.:.nfall by means of a ra:.n-gange, e:ane w:Lde varlat:.ons can
occurA over a relat:.vely short dlstance.

Ralnfall durlng the growing season may be adequate in total but 1ts

distribution seldom matches crop requirementis for Water.

(1) (2)
For referencessee Bibliography p. 33.
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Vhere rainfall‘over the six-month period exceeds the total potential
transpiration, it is not uncommon to ‘find that a shortage of water at a
-critical stage in the growth of a crop has limited production. In one of
the driest areas, to the east of Invernesé, the average April-September
rainfall is 13,3 inches, while the corresponding potential transpiration is
1475 inches - leaving an average deficit of aboat 1.5 -inches during the
summer months,
Although potential transpiration shows little change from year to year,
the annual rainfall over a ten-year period can be éXpected to deviate'from
- the average, according to patterns established over half 'a century. It is
therefare possible to estimate the .frequency of irrigation need for-any'
- particular 1o§ality,-and the results for the Inverness area are shown in

Table I,

Table | Frequency of Irrigation Need - [nverness (Dalcross) Area

April-September

YEAR YEAR |YEAR |YEAR YEAR
Years 1 2 |.3 4 5 6 8 : - 10
(Driest) : (Wettest)

Rainfall as % »
of average - 6T% | %0% 101% 142%

Expected Rainfall _ ”

Average Potentfal S IR -
~ {ranspiration 14,75 1475 | 14,75 i 14,75

Expected Ralnfall .
eficiency 5.83 | 43T 357 215 1.31

Irrigation Need 4,83 | 3370 257 175 | 1.11] 0031

.‘(ggggég: Meteorological 0ff1ce Edinburgh) | |
The table above 1nd1cates that for any tenpyear.perlod the expected
rainfall durlng the drlest year is only 67per cent of the average six-month total.
Under Inverness condltlons therefore, a ralnfall deflClenqy (or 3011 moisture
deflclt) approach;ng 6 1nches can be exPected once each decade. At the other
end of the scale, ralnfall is llkely to exceed potentlal transplratlon on

three out of the ten years.

These figures for irrigation need are applicable to grassland, since this
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 occupies the ground for the whole of-fhe'growing season, and ié‘fhe crop
most-likely to suffer from drought. ~ When irrigating gféSs,'thé normal
recommendation is to maintain the soil close to field capacity throughout
. the season, but in practice, a deficit of about one inch is frequently
" allowed to build up. Attempts to restore the soil moisture content to
field capacity are unwise, since heavy rainfall following irrigation can
result in waterlogging and the leaching of nutrients.v Water and éﬁplication ‘
- costs can thus be saved without appreciably lowering herbagé_yields, so that
the - theoretical irrigation need can be-réduced‘By 6né inch, .Thé éonclusiqn
- to be drawn from this is that, for the April-September period, irrigation is
" likely to be required only five or six yesrs in ten for the most demanding crop
in the driest parts - of the North of Scotland, |
The most crificalfperidd for'planthrow%h‘is'April—July, and over these

four months, expected rainfall‘variatidné’abbdt the average are even more

extreme., Table 2 gives détailé of the.freQuency-of irrigation need for the .

Inverness area for this particular period.

Table 2 Frequency of Irrigation Need - Inverness (Dalcross) hrea

April-July

YEAR | YEAR| YEAR | YEAR | VEAR| YEr : ! YEAR
Years 1 2 3 4 5 6 10

(Driest)|. : ‘ (Wettest)

Rainfall as ¢
of average 62% 812 | 89%| 95% | 101%9| 108% 147%

Expected‘RainfaLL : »
(inches) 5,00 | 5 6,65 | 7,31 | 7.80 | 8,29 8,87 . 12,07

Average Potential : .
Transpitation 10.80 +80-10.80 | 10,80 | 10.80 | 10.80 | 10,80 |10. 10.80

Expected Rainfall A L R .
Beficiency 5,01 | 481 4015 | 3,49 3,00 ] 2,51 1.93

Irrigation Need L1 | 381 3.5 2.49 ] 2,00 | 151 0.93

(Source: Meteorotégica[ 0ffice, Edinburgh) |

It is clear that rainfall def1c1ts are likely to .occur with greater

frequenqy when the four—month period only is cons1dered. To ensure the

max1mum growth of a crop such as grass, supplementary 1rr1gat10n would be
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Mre_qg.:i_red,rsevep or eight yeans in teh after allowing a one dinch deficit.
Potelfltial transpiration is greatest inMay, June and Q’uly, and in

low rainfall areas, the effects of drought on crop production are frequently
observed during these months, Not only is grass production affected, but
the establishment of cash crops such‘és vegetables and potatoes becomes

- difficult, Ip these circumstances, a number of farmers have purchased
i;rigatiqp equipment,

A ﬂ95h.Machinery Census, carried out by the Department of Agriculture

:_and Fisheries for Séotland, (3)'revealed that a total of 415 irrigation sets

were in use in Scotland. Vhile the majority of these were situated in the
. southern half of the country, the following distribution was found within

the area served by the North of Scotland College of Agriculture.

Table 3 . Irrigation Sets in the North of Scotland - February, 1964

County | No. of Sets

Shetland

Orkney
-Caithness ..
Sutherland

Ross & Cromarty. .. .
Inverness

Natrn

Moray

Banff

Aberdeen

Kincardine.

ToTAL 68

(Sourcs: Dept. of Agric. & Fishastes
~ for Scotland. Machinery Census)

It is prébgbierﬁﬁéf ﬁﬁése figﬁrés inclﬁée ; high érqportion of market-
garden sets, particglarlyrin the Cpunty of’Abéfdeeﬁ, where the rumber of farm-
scale outfits is thought fo be iesé than half a dozen,

Water availability can be a problem on séme farms, particularly where

 reliance is piaced on a small streaﬁ or ditch, The quaniity of ﬁafer required

during irrigation is véry large, since the standard application of one acre-
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inch ia; equivalent to 22, 660 gallons of water per acre. In a dry season,
the total reqplrement can therefore reach several million gallons. Methods
of water conservation have been adoPted by some farmers, and grants of up to
50 per cent of the approved costs are available for the constructlon of
boreholgs, wells and reservoirs, The 1nstallat10n of pumplng machlnery and
permgnent underground piping is similarly grant-aided, but in an area where
the sixrmdnfh irrigation neea_is confined to five or six years in ten, few
farmers have so far risked capital investment in fixed.-equipment.
The majority of irrigation schemes in the United Kingdém employ ‘
portable equipment, which_reducgs the overall capital cost. Table L gives
a gens:al guide to typical costs ofineW'portaﬁle‘eqpipmeﬁx, basgd_on ‘

mamufacturers' current price lists.

Table y o Price Guide to Portsble Irfigation Equipment

tem Approximate Cost

Pumﬁs = Tractor P.T.0. driven; centrifugal - £150-250

'~ Diesel engine driven ' £250 upwards

Pipeline 2" Aluminfun lateral (fncluding sprinklers) 17/ per yard run

™o 21/~

Lo main line (including fittings) 2 /-

5 , _ o T

Sprinklers, Medium Size 30/-

Rainguns : S - £25  Each .

The problem of water supply is understandably greater in areas further
south, where irrigation has gained acceptance as a valuable farming tool, but
-concern over possible future development in the north has led to recent
- Scottish legislation, The Spray Irrigation (Scotland) Act 1964 enables
river purification boards to obtain powers to control the abstraction of water
by farmers for irrigation purposes. If irrigation in any board area causes
a serious reduction in river levels, water use may be regulated by the issue

of annual licences to each-irrigator. The board retains the right to
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restrict or suspend the operation of any licence during times of exceptional

shortage. Only two bozrds function within the College area - the Dee and

Don board, administered from Aberdeeh, and the 'Ban.{"f, Moray and Nairn board,

administered from Elgin ( Sée Appendi_;»c. I) So far these boaz"dsnhav.e not
sought cohfrol orders for ’cheir areas. In the remainﬁer of" tfxe North of
Scotland, water resmmoés are thé respohsibility.of Tocal authbriﬁies, which
'do not have statutory powers to grant or withhold licences. Under the
Rivers (Prevention of Pollutlon) (Scotland) Act, 1955, the q}lélity of the
supp]y mll be safeguarcled by the two river pur:.flcahon boards, a_nd in
other areas by river purlflcat:v_on authorltles, wh:x_ch are the county coruncils
or large Bui'gh'councils concerned, " |

VEATHER DURTNG  SUPVEY PERTCD — 196k AND 1965

The two years pro{rided contrasting conditions. During the first four
months of the 1964 "irrigation season" (Apfil - S'e‘pytember) s rainfall 1n the
North of Sco{:la.nd was below average, and a def:.clt of over five inches was
reached by the end of July in the vMoray‘ lejth grea, | Heavy rain in August
and September, however, had reduced the deficit to about two inches by the
end of Sep’cember. Overall the anmlal ra:mfall was ra’c"ler lower than average,
and at Lossiemouth, on the coast of the Moray Firth, the total rainfall was
only 19.70 inches, - | |

In 1965, owing to ‘the very dry‘wihjb:e‘r, the seasdﬁ be‘gan» with an
estimated soil moisture deficit of h;lf an inch, Rainfall in April and
June, was below average bu‘b the May fn.gu.re was sllghtly greater tha.n normal.
A maximum estiniatea soil moisture deficit of almost three inches vas
reached at the beginning of July, but rainfall during July and September was
sufficient to restore the soil to field capacity by the ena. of the season.

Estimated so:Ll mo:.s’cure deficits for the area around Elgin have been
plotted at fortm.ghtly 1ntervals using actual rainfall and po’centlal
“transpiration figures, and the results for 1964 and 1965 are illustrated in
Figures 2 and 3. |

For a- crop such as grass, it is generally corisid_ered that the greatest
yield per acre is obtained where the soil moisture deficit is maintained in
the vicinity of one inch, Had a maximum deficit of 1% inches been permitted
in 1964, 5 acre-inches of water would have been required during the months
of ‘May, June and July. Under the same conditions the 1965 grass crop would

have received two acre~inches, supplied in June.




Figure 2 = Estimated Soil Moisture Deficit — Elgin Area
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THE _SAMPLE

Twenty-one farmers in the area served by the North of Scotland
College of Agriculture agreed to provide details of their investment in
irrigation équiﬁeﬁt;n‘arﬁ a record of its use was maintained during the
summer months of 196k and 1965. - )

Of these farms, seventeen were in the low rainfall area aroun:i the. Moray
and Dorngéh Firths, while the remainder were situated in Aberdeenshire or
-Kincardineshire. The average height of the farms above sea-level was 1 20
feet, but this figure was influenced by two inland farms using imigatién on
river terraces which, because of their light gravelly nature, Were‘ paftidularly
prone to drought. Excluding these" cases , the average height of the remainder
" was about 90 feet above sea level,

Soil survey information provided by the Macé.ulay Institute fo? Soil

- Research showed that almost all the farms in the sample were situated on

freely-dra:miﬁg material, frequently éombined w:.th sand, One or two farms
were on less well drained alluvium or silty clay, related to nearby water
courses and former areas of flooding, At the other extreme, on the raised
beaches, the soil association was simply 'sand on sand' with an estimated
moisture retention of no more than % inch per foot depth.

The farms in the sample ranged from 63 acres to 500 acres, with an average
size of 260 acres, The smallest farm was run in conjunction with other
neighbouring units which could not be irrigated. Cropping details of the

farms in the survey are shown in Table 5.

Table 5 Cropping of Sample Farms

Total Sample Acreage | Percentage of Total
Acreage

Wheat = . 251 Le6
Barley = 1,492 21.2
Oats . B o282 . : - 5.2
?o’catoes/earl.y | 17 0.3
LI mainsrop - 10 0.2‘.
L . 6.5
Turnips b
Kale/Rape 0.4
Fruit and Vegetables ) 0.4
Arable Silage B - 0.9
Grass . 50.2

Total 100.0
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Table 5 reveals that grass occupied about half the totsl acreage of the
farms included in this survey. " Cereals accounted for over one-third, with
barley alone covering about a quarter of the total acreage. Seed pota’pbes
were next in importance, followed by turnips and arable silage. " The acreage
devoted to other crops was small, and it is interesting to note that no more
than 0,). per cent of the total area was under fruit and vegetsbles. The
acreage of vegetables was made up ‘mainly of ‘cabbage, with some ceuliflower
and sprouts. These crops were produced in some cases for sale to local
retailers, but in years when the market was oversupplied, they could be
utilised by livestock, Only one farm in the semple irrigated fruit, and
this was confined to a small acreage of strawberries ahd‘faspbefriés.‘ |

‘.- Table 6 0 o0 Distribution of Cropping -

Crop Nos of Farms Percentage of Farms Average A'creage'
s . Growing Crop - Growing Crop » Per{Far_m Growing Crop .

Wheat -~ " o =i 3 - 358
Barley ‘ ‘ ! S e 18G5
Gats,. .. | .9 IR S B 1)
,Po’.ta’coes,ear!.y ‘ 3 , 14 _ 5.1 .
L ~;maincrop B 9 | 2.5
"oaseed | 16 R % 221
Turnips - ‘ R 57 ST
Kale/Rape: . 3o 0w v T
Fruit and Vggetables 4 o 19 ‘ , . 5.3,
hrable Silage | 3 | 1 e
rass - 2 100 28,3

An appreciation of the importande of individual crops within the sample
can be derived from Table 6, Eaéh farm had a’ su*t;étanfial"acreagé of ‘gi'ass,and
barley was éfbvm on nineteen out of the itﬁen’cy—-ohe holdings." Seed potatoes were
produced on three-quarters of the farms , but only three grew earlies, while
four had small acreages of maincropf(WmOStly Kerxfs Pink for local consﬁmption).
Roughly half of the fa{i‘mé' in_ ‘thAej sample 4g‘ré_w; ‘t}).ri’l_ips whlle thi'eé ,,'had small

acreages of kale or rape,

Potentially high-value fruit and vegetable crops were grovm on only

four of the farms in the sample. This is surprising, in view of the yield

responses and extra cash returns which can be obtained from such crops after
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irrigation in a dry season. Although most of the experiemental work on
irrigation has been carried out in England, it may be assumed that the
pattern of crop responses to ifrigation would be similar in -the North of . .
Scotland. . A report from the Office of the Minister for Science ()
ind;i.catgs that, under suitable conditions, crops such as celery, cauliflower
and 1¢ttuce are.likely to give the gre;ftes‘t} increa_se in value per acre
following irrigation. Fruit, including blackcurrants, raspberries and
strawberries can also give a very worthwhile response, while the increased
yields from early potatoes and maincrop varieties can be highly profitable.
The irrigation of grassland can result ip yield increases varying from 20--
60 per cent, but the increase in the value of the output per acre depends on
the effic:i_.ency vith which the grass is utilised. . Sp;‘ing cereals are
considered to give the least worthwhile response to irrigation, with a likely

yield increase of only 15 per cent,

Ain order of priority has been drawn up on the basis of these figures,

indicatir.lgbthat irrigafién ca_n be apipl:'i.e.d mos't' profi‘babl‘y“tb.‘feéétavl;les 9
followed by fruit, potatoes and grass (if intensively used). >It is evident
from Tables 5 and 6 that f‘ruit and vegetables are of very minor importance
on the_. farms included in this survey, and thgt the a;vailability of irrigation
has SO far exerted little influence ;)n traditional ér0pping patterns for the
area, | Even the possibility of early or maincrop potato production has
‘received little attention, and it appears that irrigation has been used
mainly to improve grass production in dry periods. ' The };;reseht importance
in the North of Scotland of vegetable.s and small fruit crdps for human |
consumption can be gauged from Appendix II which shows the acreage distribution
of these crops within the‘Colllege area. Appendix IIT gives details of the
distribution of other agricultural crops within .this areea.

Each farm in the survey carried livestock, and Tables 7 and 8 show .
details of the distribution of stock within the sample.

~Jable 7 o ~ Stocking of Sample Farms |

Stock Total L.S.Ue. in | Percentage of Total
Sample L.S.Us. 4

Dafry Cattle {. . 517 . 2546 .
Beef Cattle 1,108 1 49,1
Sheep ST 25.3

Total 2,256 160.0
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Distribution of Summer Grazing Livestock

No. of Farms
- Carrying

Stock -
: Stock

Percentage of
Farms Carrying
Stock

Average L,SJUs.
per Farm Carrying Stock

Dairy Cathe
Beef Cattle

1
14

Sheep T

3
67
52

82.4
79.1
51.9

Although dairj cows andvtheir’followers were grazed on one-third of the -
farms, the emphasis was on beef production.- generally the fattening of store
animals. Sheep were the only graz1ng livestock on two of the holdlngs.
SURVEY Eﬂ]EﬂILﬁDS

\ﬂUPIHZ SCKHRCHJS

host of the farms in the sample were able to extfaot water frcm a nearby
water course. In a few cases, lov cost temporary or pennanent dams were
constructed across streams to prov1de an adequate volume, while one lined
vstorage reser§01r had been excavated Loohs prov1ded two farmers wzth a
very convenlent supply of water. Table 9 shows the olstrlbutlon of the
veiious sources, 'On some farme, more than ooe source of water was available.

Free water from rivers and streams represenfs the most convenient supply for

irrigation, since it is often possible to use several pumping eites, thus

reducing the requirement for main llne plplng.

Igble 9 7 Distribution of Farms by Sources of [rrigat1on Hater

Water Sources Number of Farms

River
Stream or Ditch
Stream with permanent dam

Loch

Storage Reservoir

The wide avallablllty of pure water is one of the great natural assets
of the North of Scotland and fewfarmeru have so far found it necessary to

construct storage fa0111t1es.

A oomprehens1ve survey, carried out in 1963 (ED

of *rrlgatlon in England and W les illustrates the considerable diversity of
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sources employed, details being shown in Table 10,

Table 10 Water Sources for Spray Irrigation (England and Hales) 1963

-'“Ha’cer, Sources .- Noa of Percent of
- Holdings Total

River, stream or other water course | = 2,914 36,2
Spring ‘ 11 5.6
Shallow Well sty 6o
Deep Bbrehole_ o C b36 5.k
Pond or Lake | e 8.6
"Public Supply . - ' 2,808 34,8
Other Sources . : _ 237 30

Source: Ministry of Agriculture, Fisheried and Food

Since the figures for England and Vales include all holdings from %
acre upwai*ds; market gardens w:i.ll"constitute an :importanf part of the total.
Under vei'y.in’censi\fe eondi“bions the uee of ’a | puﬁlic Wéfer (suppl& may 'be
Jus‘t:_fled and the enquiry showed that mains water was the most comon source
on hold:.ngs of‘ less than 50 acres. The J.xnportance of this source dlmn.m.shed
4 rapidly on larger holdlngs, owing to ’che cost (at perhaps 2s, 6d. per 1,000
‘gallons) and the uncertalnty of supplles in a dry season, The use of mains
Water may therefore be dlscounted for farm—-scale m:.gatlon of relat::.vely
low—-value crops.

Although water supplies ﬂvei'e described as adequate on most farms in this
survey, some interest was eﬁdeet in methods of water c'e'nservation. In one
instance, where tv}o‘ farmers reiied,onvthe same etfeam-, :s.’c was found that the
reduction in flow caused by one pump made it difficult for irrigation to be
carried out downstream. In such circumstances, the provision of some form
of reservoir may allow storage of water during "off-peak" periods. Storage
- facilities may take several forms:-

a) impounding reservoirs - where a dam is c_,onstruct:ed across the stream;
b)r off-stream‘ reservoirs - v'vhere a proportion of vthe stream flow is
| directed or pumped' into the reservoir, vihich may require to be
11ned with J.Inperkus sheeting; | | |
c) seepage reservoirs - excavations 1n‘co the water table to form a large

'a'sell.
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Costs are very variable, depending on factors such as comtour and soil '-
type, but one or more of these methods "of conservation may have to be used |
if the existing suppl:.es are :.nsu:f‘f1c1ent to. meet demand in a dry season,
It is antlclpated that, in the future, the use of’ farm s’corage reservoirs
will become more common, and the 1963 survey in England and Wales showed that
some 440 earth reservoirs had been cons‘bructed for irrigation purposes. These
-reservo:’_rs had an avei'age capacity of approximately 1% million gallons, or
roughly 55 acre-inches. |
EQUIPMENT

The capital cost of irrigation equipment is governed largely by the
layout of the farm in relation to water eourees. Where more than one source
is a.va:l.lable, or if an adequate Water course runs througn the mlddle of the
holding, it may be possn.ble to 1rr1gate W:Lth a minimum amount of plping. The
:' amounts of plpellne in use on the farms covered by the present survey are :

shown :m Table 11,

Table 11 Distribution of Farns by Total Lenath of [rrigation Pipeline

Length of Pipeline + - Number of Farms

0 - 199 yards ML
00- 399 v < | 2

© 400 - 599 10
€00 - 799 5
800 - 999

1,000 = 1,499

1,500 yards and over

These figures include permanent underground main line - cement asbestos
pipe’ varying from L inches to 8 inches dismeter on three fams, -'a"nd 6 inch
diamef,ef cast iron wafer i)ipe’ on a fourth

~ Owing to differences in the ecce'ssibilit& of water on individual farms,
a given leng*t;,h of nipeline may serve to irrigate quite different acreages.
Farmers were asked how many acres of their nolaing could be reached by their

existing equipment, and the results are shown in Table 12,
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Table 12 Distribution of Farms by Maximum PReach" of Irrigation Equipment

Maximum [rrigated Acreage Number of Farms

8~ 49 acres
50 - 99
100 - 149 °F
150 - 199 . ®
200 - 249 "

250 acres and over

‘ In plannlng a farm 1rr1gatz.on scheme R 1t is .common to work on the bas:.s
_that the uptake of water 'by a green crop such as grass is one :mch every 10
to 1l+ days. ~ An m:.gatlon sys’cem coverlng (say) one acre at a sett:.ng
‘normally recyllres about three hours to apply one :mch of water, | If four
settings can be arranged on one day, then roughly LO to 50 acres will be
covered in one " :u:'r:.gatlon cycle ( This is the effective capaclty of such
a scheme, since allowance shculd be made f'or the dr:.est years when cr0ps may
require to be properly urlgated'»over ‘a lengthy period.

As an al’cernatiye appfoach, the v.iater req\;ii'ements of the existing or
proposed cropp:.ng programme can be esfimated, and, using this information,
it is possible to specify the . amounf cf irrigation equipment necessary for
adequate coverage.

In this survey, the ma,jor:n.ty of farmers had 1rr1ga‘c10n systems capable
of covering between one and two acres at a settlng. Assumlng a 14-day
irrigation cycle, such systems would effect:.vely irrigate between 50 and 100
acres dur:.ng the season, '

' Sprlnkler equlpment was employed on 15 farms, Whlle the rema:l.na.ng 6 used.
rainguns,  VWhere sprn.nklers were used, the average number per farm vias. 26.
In the case of rainguns, the number varied from 1 to L4 per farm. Single-
stage centrlfugal pumps (usually P.T.0. ar:Lven) were by far 'the most ccmmon,
being found on 20 farms, 'but two p:.ston pumps were also used, as one farm on
undulating ground had a centrifugel and a piston pump to raise Wa’ce_r‘ 'to high
fields. The piston pump, operating by positive disPlacement , is more efficient

in reising water, although the throughput is less than that of centrifugal
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types, which move a 1'arge volume at lower pressufe; " Both farms usihg piston
pumps had addl’clonal flxed equ:\.pment for effluent disposal, although

chfflcultles caused by blockages had. curtalled this activity on one farm.
UTILISATION OF EQUIEMEINT 1961..A1\1D 1965

Dura.ng 1961_.. the estlmated s01l mo:.sture deflcn.t 1n parts of the College
area exceeded 5 inches, = There was, therefore , an evident requirement for

supplementary water - indeed, -196). could be regarded as-one of the driest

years likely to be fencouhtered. in a.riy decade, Records provided by farmers

co-operating in the survey, however, showed {;hat the use made of irrigation
was, on most farms, surprlslngly small., The distribution of farms by total

acreage . of crops :rrlgated during 1964 is shown in Table 13.

Table 13 Distribution of Farms by Total Crop Acreage Irrigated, 1964

_Acreage [rrigated | t{hmber of Farms

NiL 2
1-19 9
20 -2 , 3
40 - 59 2
€ - 19 2
0-99 - - 1

2

100 and over

Two farms equijr_)ped for ‘";i'_.i-x‘*iga;tionvmade no usAel of their sets during the
1964 season, Both were on heavier ground, in areas outwith the obvious
"irrigation belt"f. Nevertheless, a notable fee.tulje to emerge was the high
proportion of fgrfrlers irrigating less than 20 acree QI' crops in this dry
season. Only three farms irrigated more than 80 ‘acres.

Of the farms using irrigation, the majority irrigeted grass for grazing,
hay, or silage. Rather less than half irrigated pota‘l{oes, while three applied
water to vegetables and soft fru::.t cr0ps. Detaiis of the type of crops

:erlgated and of the average appllcatlon per acre are glven in Table 1k,
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Table 14 Distribution of Farms by Crops Irrigated, 1964

Average Average
S No, of Fargers Acreage Irrigation
Crop ~ | Irrigating Crop | Irrigated ‘Applied
per Farm ~per hcre
e (inches).

Grass ;'braz1hg ' ' ' 3 1.7
ot e silage s : : 17 . 1.2
"~ hay : o 10 1.0,
Potatoes « early o 6 1.0
" - maincrop L 2.0
" - seed '. S 13 1.2
Barley and Oats : SR B T 0.8
Turnip and Rape . - o - 13 19

Cabbages, Cauliflower, : 1 :
Sprouts 1.0

Soft Fruit : " 1 1 ' 2,0
£ - .

The results shown in Table 14 indicate ‘that thé use of irrigation in
the North of Scotland has largely been confined to traditional farm crops.
There is also evidence of under-watering during the year,since up to five
acre-inches of supplementary water could haye-been utilised by a crop such
as grass. The lack of diversification in the use of irrigation is further

emphasised in Table 15.
Table 15 Diversity of Irrigation Use, 1964

Irrigation Applied to | No. of Farms

Grass only
" Grass and one o{her.brop
Grass and two other crops

Grass and three or more
other crops

Crops other than grass

Not used during 1964 season

It is clear that, in common with English experience, the main use of

irrigation has been on grass.
In the following year (1965), although an estimated soil moisture deficit
of almost three inches was recorded in July, irrigation was used on only one

farm in the sample. One and a half acres of grass were irrigated before
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-heavy rain brought operations to a close, While there were periods during

1965 when. grass production may have been restricted owing to lack ‘of water,

. the spring months were relatively wet, so that most crops became fully
established and able o withstand the slight degree’ of moisturé stress to

vhich they were later subjected.. ---.-@ .=~ - -

In effect, therefore, the two.years-illustrate-the problem which faces

existing and potential irrigators in the North-Iast of Scotland. Expensive
irrigation equipment is unlikely to be in use every year, and experience
suggests that, even in years when it;c, use migh*i;z ’be 'jﬁétified; practiéal |
difficulties of labour organisation or other fg@téfs bjperate ‘against its
employment, This reduces thé number of acres overwha_ch fixed costs can be
spread, resulting in same cases, in an excessively high cost per aé:re. The
cost structure of irrigation in the College area -is examined in the following
section, . | | .

TRRIGATION COSTS AND RETURNS IN THE NCRTH OF SCOTLAND

In examining the cost structure of any irrigation scheme, two aspects
must be considered. Each year, ownership charges have to be met.- These
'fixed costs', covering depreciation and interest on capital, are: incurred

- whether or not -the équipment is actually used.: - In addition, variable costs
must be taken into consideration in years when the plant is required. - .It
. follows that irrigation cAos‘ts will vary widely according to \the ~amount of
use which can be made of- the equipment. Average costs taken over a number
of years are the best guide, but these cannot be estimated with.reliability
_from the results of two years' experience, even under widely diffnging o
. conditions. . |
- Most of the equipment encountered in the survey was of fairly recent

.origin, and the purchase dates were distributed as follows.

Table. 16 . Distribution of Farms by Purchase.Dates of lrrigati _Equip ’
‘ jon al: ment

Year of Purchase No. of Farms

1955
{959

S 1960 -
1961
1962
1963
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. - For those co-operating in this survey, the average net. capital cost of
.irrigation equipment was £942 per farm, although a very wide range in costs
was experienced, depending on proximity to water source, size of plant, etc.

Table 17 shows the extent of this variation.

Table 17 Distribution of Farms by Net Capital Investment in lrrigation Equipment

- Net Capital Investment £ No. of Farms

0= 4%
500 - 59
600 - 699
700 - 799
| 800 - 899
900 - 999
1,000 ~ 1,099
1,100 - 1,199
1,200 and_o_ver‘

'Thirteen farmers operated "medium sized" plants costing up to £900,
while eight farms were equipped with more elaborate installations, costing
over £1,000, . Some iricorporated a length of permanent underground main, which,
although costly in the first instance,can result in a considerable saving of
labour.

In ordér to determine annual fixed costs per acre, the effective -coverage
of the irrigation plant has been estimated, assuming that 20 medium-sized
sprinklers or 2 rainguns irrigate one acre at a setting, and allowing 3%
hours per acre-inch, with 4 shifts per day.  Thus, if a 10 day "irrigation
cycle" be accepted, a 20 sprinkler plant would have a coverage of 40 acres.

On this basis the units visited during the survey had capacities ranging from

20 to 92 acres, with an average -of approximately 50 acres. Since -the net

capital investxnent.avgraged-£942 per farm, the mean capital outlay per

irrigated acre was £18:16s.
For the purpose of bcalciila‘li.ing annual fixed cé'é,t's,wé. life of 10 years
has been assumed for portable irrigation plant, and 15 years for permanent

equipment, with an interest rate of 6 per cent on capital. Using these
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flgures, the snmual fixed costs per acre ranged from as little as .

17s.. up to a meximum of £4:8s.  The lowest cost was.recorded on a farm makn:.ng
extensive use of ex-Fire Service equipment, while the highest figure vas
Qf‘or, a large-scale semi-permanent installation. . The_qosts wefe distributed

as shown in Table 18.

Table 18- .. : Distribution of Farms by Annual Fixed Costs per Acre:

Annual Fixed Cosfs per Acre Nb; of Farms

Bt
20/ to 29/11
30/~ to 3911
" 40/- to b9/11
50/~ to 59/11
. 60/= to 69/11
0/~ to /11
_mkﬁwm”.

4 R ‘ .. e

" Anmusl fixed costs per acre-inch depend on the degree of ulitisation
of the ééiuifmeh‘c, 50 ‘that costs fall as the use increases (6). Since
" considerable differences in utilisation w‘ere':x"écorded,' even in the dry 196k
‘ ;eééon, “fhere was a wide range of fixed ¢osts per acre-inch, - Two farmers
‘made ho use of their egjzipmeﬁf'during 196l and 1965, but others applied
's.ev“er.al inches pei' éicre" d{jx;ing 196L.," pai'ticulax‘lyf to’:gr‘ass.; " The distribution

of farms by fixed costs per acre-inch applied is shown in Table 19.

Table 19 Distribution of Farms by Fixed Costs per Acre-lnch Applied 1964

- Fixed Costs per Acre-Inch..~} - No. of Farms

10 o 1911
" 20/~ to 29/11
L 30/- to 3911
- W0/- to B9/11
50/ 1o 59/11
60/ to 69/11
40/ o 1911
80/- to 89/11
9/~ to 99/11
Over £5




From the Table ‘above it is clear that fixed costs per acre-inch can
" become abnormally high vwhen irrigation plant is under-utilised. - 'Reasonable’
“Pixed costs of under £2 i)er acre—inch were recorded on less than half the
! farms visited, while an equivalent rumber had’costs of over £5 per acre-inch,
since only small quantities of water were applied.

On the other hand, variable:costs vper,:é.’cre'—.inch-v.épplie.d remain .
relatively constant,’ None of the farms v:Ls:L‘bed requnred to use mains water,
and all enjoyed a free supply wvhich was generally adeqm.te. The major variable

cost components were therefore 1abour, fuel and repairs.

It is not always appreciated that a substanti'é_'l.v:amount of labour may be

involved in attenaiﬁg to irrigation equipmeh’t;. The initial movement of pump
and pipeline from field to field is time-consuming and can occupy 3 or L. men
for several hours -: usually at a time of peak labour demand elsewhere. In
addition, a man is requiréd to move sprink.lér line at regﬁar intervals, and
to attend to the puinp.; _ _Such__wofk nmy‘de_vqlxlré_' upon’che farmer in the early
hours of the morning, or vlate at. night, but during the day an employee is
frequently detailed to 1p_c>lc gfffter; the equipgxen‘c. This is-'by no means a
full-time job, but many farmers find it advantageous to hav; a WOI‘iCGI‘ on the
- spot to deal with blocked jets, bursts, and other contingencies. Atvbest,
the task is carried out .ip conjunction with fence m.a.in’cenancer o::"- six.n.:i.lar
'estate work' in the vicinity, in order to reduce time wasted by traveiling.
Farmers: co-operating in this survey were asked 'bov_l;ee_p a‘recérd of the
labour hours spen’c in semc:a.ng and monng 1rr1gat10n equlpmen’c and. a note
was also made of f‘uel consumpt:l.on a.nd repa:.rs. | In the f:.nal analys:.s, however,
" detailed records of labour were a.va:.lable for only about half of the
participating farms, Vhere information was not obtained, an estimate for
hours has been used, based on a fate of 2 man hours per acre-inch applied (7,8)
In Table 20 below, man labour for irrigation has been treated as a
variable cost, and has been charged at 55. per ‘hour. E\iel has been charged
at cost, and other tractor expenses e;;clud:mg fuel (malnly deprec:.at:.on) have
been estimated a‘b 2s..6d. per hour far trac‘bor-drlven pumps. A charge has also
been made for vehicles used to transport portab_le equipment about the farm,

on a rate of 1s. per acre-inch (k).




o
' Only ohe farm used a spec:x.ally built trailer to transport :erlgatlon -

plplng. " The maaor:.ty enployed an ord.lnary two" or’ four wheeled farm trailer
or platform lorry with bales or frames to carry the pipes.' Others with a -
“more :mven‘c:we approach Had adap’ced. a varlety of transpor‘c 1nclud1ng a car

ohass:n.s R bomb trolley, m:.lk float and yaoh‘l: trailer.

Table 20 - D1stribu’c1on of Farms by Var1able Costs Per Acre»lnch

‘Total:Variable Costs per Aero=lnch =i Not of Farms

0 1
C15/-~t0 19/11
2 20[=to 2BHN
B/-to 91
Wt
-t 39/

An element of estimation is involved in the figures sumarised above,.
since relatively few co-iopef'a’cox"s maintained ‘detailed  time-sheets., Never=
theless, the results are 1n broad agreement w::.tn other 1nvest1gatn.ons R
summiarised by Laverton (9) . |

Vhen total oPerat:Lng costs per; acre-inch are exam_»_ned the distribution
shovn in Table 21 is obtained, covering the 19611. season. .

Table 21 Distrihution of Far s by Tnta[ Pperating Costs per. Arrnvlnch 1064

Total Operating Costs per hcre-lnch No. of - Farns

£ to 12195,
£2 40 2:19s.
£3 40 3%, -
S Eh to ha19s.”
E5 to 5:19ss
. £6 10 6:19s.
£7 to 7:195,. o
£8to 8:19%s.
£9 to 9:19s,"

£10 and over
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The range in total costs per acre-inch was very wide, ranging from £1: 14s.
in the case of a moderately priced plant ‘applying 82 acre-inches, te £16:2: 3d.
for a rather more expensive installation which applied only 10 acre-;ir(Lehe‘s -
during the season, -

Table 19 reveals that mu_ch of'thie'variatior_; ie explained by differe_nces
in anmual fixed costs per acre-inch Which sten largely fronl 'bhe availability
of water in relation to ‘bhe 1ayou‘h of “the farm, and the emount of use Whlch
can be made of the eq_ua.pment. Costs can only be kep‘c W:Lthln reasonable l:um.’cs
if a real requirement exists for irrigation, and the: farm,ls‘crgamsed to meet
this by meking the fullest possible use of the equipment in'a dry season.

In a year such as 1965, when almost no use was made ef‘ irrigatien in the
North 6f"Sco’c1and, annual fixed cQs‘ts of ownership must still be met. The
incidence of these costs therefore increases the OVerall average fixed costs
per acre-inch, If the results fer 1964, and 1965 are analysed on this basis,
the average fixed costs per acre-inch appliee. o&er the two year period are
distributed as in Table 22,

Table 22 Distribution of Farms by Average Fixed -Costs per Acre-lach-

Average Fixed Cost pebr‘ Acre-—lnch | Nb. of Farms

ML - £4:19:11
£5 - 9:19:11
£10 - 14:19:11
£15 - 19:19:11 -
£20 - 24:19:11
£25 ~ 29:19:11
£30 = 34:19:11

The lowest cost per acre-inch (averaged gfref {:he two seasons) was £2: 9: 34,
This was achieved using a portable system to:applyla total of 146 acre-inches,
during 1964 only, to a variety ef' crops, including grass, potatoes, and a small
area of oats. The highest cost, which averaged £31: 2: 3d. per acre-inch,
was incurred on a farm m‘.‘eh a medium-sized por’cable system, but the construction
of source works increased the anmal charge, ba,nd 10 acre~inchee only were

applied in 196k,

In view of the probable cost of irrigation in the North of Scotland -
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perhaps £5 or more per acre-inch = it is important to consider ‘the ‘likely.
response which can be obtained. - While it is relatively straight-forward

to estimate costs for-any particulsr farm, measurement of the value of yield-
increases presents difficulties, ‘especially in the:case of foérage crops”
utilised by livestock. -

Very little information is available from-controlled experimental work.
on irrigation in Scotland, although small‘plot studies on' the response of - -
gr'as‘s‘ have been carried out, notably at the Hanash Dairy Research Institute.
Studies there show that, in suitable years, a significant response to irrigation
can be obtained even in the humid south=west (10).-  Although irrigation can’
give-a worthwhile increase in herbage production, the grass must be utilised
to 'the ‘full before a positive benefit is obtained:’ Very high stocking rates
have been achieved with dairy cows in the south of England, using irrigation
in conjunction’vith heavy fertiliser dr'éssiﬁgé‘“(ﬂ). . The main justification
for grassland irrigation is to allow a greater intensity.of stocking on a :
fixed acreage; thus releasing land for arable cropping,  While farmers
possessing irrigation equipment no doubt made use of its-'insurance value' @ -
in this way, insufficient information is available to reveal whether actual: -
increasés in stocking intensity had taken place, -

- Herbage yields of irrigated-and non-irrigated grassland were available.

from one .farm (North of Scotland College of Agriculture, Aldroughty @~ /i -

Farm, Elgin) which showed anincrease of 7.l per ceni:v'in’-éliel-:‘a‘mouht—of.‘.'..’:.u.......:

herbage produced due to irrigation in the 196k season, * In. the same year, an
mcreaseof}.l..per centin potato yields following irrigation was recorded, although
the most noticeable feature was in increase in the proportion of ware . sized -
‘tubers (over 2i") on the wateéred area, Whereas 72.8 per cent of .the crop 3
was of séed size (13" - 24") on non-irrigated plots, only 59,k per:cent was -
within this'category oh irrigated treatments. A reduction in the proportion
of 'cracked' or !'split' tubers was noted on irrigated treatments, and Common
Scab was also less evident on these -plots.
One other farm was ‘able to provide (in conjunction with the Potato - -
Marketing 'Board),check weighings of an ‘irrigated potato crop. = Sections of
“the Field received no irrigation, irrigation ‘amounting to one acre-inch, and

two acre-inches.  Irrigation with one‘acre-inch increased totel yield by
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27 per cent,. although the two inch application resulted in a.total yield

9 per cent below the non-irrigated treatment.. A 90 per cent increase in .
the proportion of seed resulted from the one inch application, but the two
inch treatment increased seed-sized tubers by only .17 per cent in. comparison
with unwatered areas, = The incidence of Common Scab and. growth cracks was
again greatly reduced. : Because -of practical limitations and the lack of

replication, this result must, however, be interpreted with caution. .

.. From the point .of. view.of potato growers in the North of Scotland, who.

_.are mainly interested in the production of seed, the timing of' irrigation,
in order-to secure the maximum yield of seed-sized tubers, is most important,
Experimental work on the irrigation of seed potato crops is very limited,
but it is:probable that late-season irrigation will have- little value.since
it will tend to increase the size-of existing tubers,

- In the case when one acre-inch of irrigation .increased total crop yield
and the proportion of .seed-sized tubers, a substantial increase in reverue
resulted, amounting to over £50 per acre., Costs on this farm ca;gulz;_te‘d. for
the' two . seasons surveyed showed that the average cgst per acre-inch yas. Just
under £3,- :Dramatic:returns of this sort, it must be emphasised, camnot be -
expected for every season, and mis-timing or over-application of water can
| result in a substantial loss.of revemue. : Nevertheless, the example:serves
.to illustrate .the potential of irrigation under suitable _condiﬁqps, SR

SUMMARY _AND CONCLUSIONS ..

- _~Irrigation appears to have a place on a restpicted number .of farms :Ln
‘the North of -Scotland., - These farms are situated mainly.on the coastal strip
bordering . the Moray Fi_rth_, where soils are light and rainfall averages _only; ,
some - 25 inches per anmum, ' In other cases, if a high value crop such as fruit,
vegetables- or, seed potatoes.-can be produced on a holding Wherg water is readily
ravailable, a limited.expenditure on -irrigation eguipmgant.;rx_ay be, qugqmiqally
Justified..

On the farms visited during this survey, grass was the crop most.frequently

irrigated. .. If stocking intensity can be increased with qonfidgnce,._'gfﬁcjeeing

presence,-canincrease: the overall profitability of.the farm, It is probable,

however;: that milk production from irrigated: grassland will be more
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remunerative than ;the,prqductiqp of meat, (12). Nevertheless, the. utilisation
of irrigated grass by beef cattle and sheep was an in’cerestj.ng. fea’cure _Qf the
survey,

‘_Irrigation is an expensive tool, . parfticu]farly.so in an area \f@}ere the
frequency of April-September .need is only five or six ye#s Ain ten, | Ur.lderv_h
these conditions, it is imperative that full use is made 4of .the-_gquipme'nt during
a dry year, in order to reap the maximum possible benefits. IV__Thi's implies
that a careful check on the soi]_.‘,_mo:isture s_tatus is maintafir;éd tl_qroughout

the season, -The best means of doing this is for the farmer.himself.to

record local rainfall, and to construct a simple. fwa‘cer balance sheet' , knowing

ayerage;p“ote‘ntial._..tran_spi,ra’cion. Six fannexjg,__had rain-gépgeg on their farm

. for this purpose, while four others stated that _they mat»ig,useﬂ_o}f meteorological
information supplied by their local county -adviser.. The r.emai'ning; _ele.v_enh
applied water on subjective "rule of thumb" judgements, which no doubt
resulted frequently in under-utilisation of the equipment.

To withhold supplementary water until drought effects manifest themselves
is an unsatisfactory and costly procedure., Although having equipment at
their disposal, just over half of the farmers visited were unable to make the
fullest use of it because of lack of information on the soil moisture status.
Since the profits from irrigation afe so dependent on this knowledge, it is
not surprising that on the evidence of the two seasons covered, the equipment
on some farms was not paying its way.

There was little sign that any of the farms possessing irrigation had
re-organised their cropping or stocking programmes vith the acquisition of
this facility., In the south of England, the availability of irrigation is
frequently a .determining factor in farm planning, and high value cash crops
may be introduced into the rotation, The equipment can be used to protect
crops from frost damage, vrhile a marked improvement in the quality of fruit
and vegetables is frequently observed. Despite the existence of market
outlets for this type of produce in the North of Scotland College of Agciculture
area, few of the farmers visited had ewlofed these possibilities.

The key to successful irrigation may in fact be fourd in the attitude

vihich farmers adopt towards the practice, At the present time, most farmers
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in the College area view irrigation as a-technique which could ensble them

‘to produce more gfa'ss for grazing s’cc;c:k during thé occasional dry year. Few

have considered installing irrigation as the central pivot cf their farming

sy’s‘i:eﬁi, guaranteeing a heavier stocking rate overail, and higher yields,

perhéfs of cash 'cx‘oés ‘such as vegetables or fruit. Without this broader
vision, an ‘i‘rr:i;éat{oﬂpi”aht 'tacked on' to a ﬁraditional farm can be an

expensive luiiry,

" An intrinsically low-output farming system will not be transformed by

the s;péréa‘.ic"‘apjpiicati'on of water. - Before capital is invested in irrigation
”"'equipment' it is important to ensure that all other less costly means of = -

intensification have been examined.  For farmers in.thé North of Scotland,:

" ‘therefore, irrigation should be regarded as the ultimate step in the development

of a system of hi{gh-i'ntensi‘by' farming,




oo

River Purifigation Boards

of Scotland Col[ége of A.qriéul’cu're Mainlend Area
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River Purification Board
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Appendix_|| Acreage of Horticultural Crops at June 1964

North of Scotland. College of Agriculture Area

Vegetables for Human Cbnsumbf{on Small Fruit

Grownv‘ﬁn ;the Open;

“aiTotal : ) :
Vegetables | Peas {Turnips| Cabbage | Brussel Sprouts’ CauLifLower Beetroot { Carrots | Lettuce | Rhubarb Strawberries | Raspberries
a Swedes ; Broccol1 : :

SCOTLAND

ShetLend VR
Orkney 6
Caithness 5
Sutherland 5
Ross & Cromarty ' 42
Inverness . 56 10
Nairn 26 | 3
Moray ,  3h2. | L1 R .
Banff ol w - . 1. | % 1
Aberdeen : 295 1 ‘. 74' “: e S | i ' 39
Kincardine ©1,253 [ 1,017 T I T 3 31

TmL

2,06 ) e N o3 | 1 o 12
(College Area) 067 1 1,018) 88 163 » L R 3

(a) Includes other vegetables and named vegetables where grown in patches of Less than % acre.
(b) [ncludes other small fruits and named small fruits whore gropn ih patches &f %ﬂsf ‘then % acre

Sources Agricultural Statistics 1364, Dept. of Agric. aqd Flsher1es for Scotland, Edinburgh, H.M.S.0. 1966.
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SCOTLAND

Shetland
Orkney
Caithness
Sutherland

Ross & Cromarty
Inverness

Nairn

Moray

Banff

Aberdeen

Kincardine

TOTAL
(College Area)

Total Acreage of Agricultural Crops at June 1964

quth ¢f Scatland Collagh of'Agriculﬁure Area

Crops, Grass &
Rough Grazings

Rough
Grazing

Grass

1 for léwiug* ot fo;:uouiqg

seradls

Po{atoes

i 1st early

Maincrop

Roots

Kale,;Rapé
“ete.

Bare ;
Fat[ow"

16,691,277 -

12,386,191

722,970

2,077,205

1,046,746

21,05

131,954

210,261

53,150

14,348

354,660
192,133
399,390
1,198,027
1,893,509
2,459,760
71,269
192,259
323,085
1,003,107
173,558

334,644
80,226
305,989
1,169,687
" 1,762,469
2,336,011
52,583
100,188
166,530
381,813
55,518

5,427
16,571
12,671

6,601
22,595
25,776

3,786
16,417
21,759
92,606

16,848

96t
6hyTh3
52,561
13,800
57,908
62,546
9,190
32,688 f
69;764 5
2NAT3
44,030

2,857
26,138
21,126
4,984
33,267
20,742

1,633

31,304

49,400

193,390
39,489

53
9%
76
42

337
172
21
238
116,
1,078
676

133
5%
437
659

703
3,899
2,613
10,466

" 4,%00 .
1,954 -

6,486

515
3,33
5*&10
1,457

1,363
3,937
1,919
5,42k

11,378

47,779
8,346

e
m
12976j;
i
2,208
3,88
}15977{
1,224
1216
3,24

.j5661:

33
120
53

LhS ).

372
210
734
216
"
1,559

363
3
o

8,266,757

241,057

688,957

430,330

2,910

33,4k -

96,903

14,977

h,726

Source: Agricultural Statts{ics 196&. Dept. of Agric..énd'fisherie#’for?§cotlan(; Edidburgn, H,M.S}O. 1966, .
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Appendix IV Glossary of Terms Used

Potential Transplratlon- ‘l:he quantlty of Water, measured in 1nches, qu.ch

XY .

would be removed from the so:.l by a short green crop coverlng the grou_nd
completely, a.nd fully supplled w:.th Wa‘l:er, N S R

3

Field Canacit‘z' the ma.x:unum water holdlng capac1ty of the so:n.l 1. e. the
\ ;
s’cage at Whlch dralnage a.f'ter raa.nfall or 1rr:|.ga tion has Jus’c ceased.,

[
1

Soil Moisﬁlre Def’icit;»v-i the q;.ifanf{ity‘:of.,’_Wai_:'er,f'fmeasured ‘iniinches, required

to restore the soil"'to field_‘_‘ capaci‘by."“"‘ S 1 -

Irrigatio'n ’\Ieed- the amoun’c and frequency of :erlgatlon requ:n.red to make

good a so:.l mo:.sture deflclt

Irrigation Regn.me- the 5011 mo:Lsture deflcn.t wh:Lch :Ls perm:.tted before = ;

u‘r:.gat:.on is appl:l.ed to restore the so::.l to the chosen m01sture content

{n
s bR

Acre-Inch'_:' the quantlty of water requlred to cover an a.cre wrbh a: depth of
one »inch. Th:.s 1s equlvalent ‘l:o 22 600 gallons, or apprommately 100

tons of water. ;

D mre it mam een e et e e eei s e e dare e @ ee S evee o oo

Inch of Water~ 22 600 gallons per acre R or approx:.mately I+2 gallons per

square yard.
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