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Abstract: Since the tomato plant is frost-tender it is
essential in studying the economic productivity of an
area to take into consideration its local climate. This
paper indicates that, even in a small horticultural locality
such as Geraldton, there are wide variations in frost
incidence and severity over short distances and also from
year to year. The correlation between frost and antecedent
weather conditions is demonstrated and in particular|it is
shown that most frosts are preceded by wind from between
east and south. :

\
Frost prevention methods by furrow or spray irrigation,
local heating or overhead suction fans are virtually untried
in the distriet, and some may not be practicable. Moreover
the frost hazard is increased by certain horticultural prac-
tices; in particular a cold air trap is formed by the break-
wind dividing-fence interlaced with scrub, the tall grass
ellowed to grow along the fence line and the soil banked
around the perimeter during cultivation.

1. INTRODUCTION

The survey was undertaken as a result of a requesf raceived
for warnings to be broadcast late each evening when frost is imminent in
the Geraldton district. .

A preliminary survey of factors affecting the occurrence of
frost in the region was carried out as the initial step in the provision
of a frost warning service. Further work towards the development of an
objective method of forecasting frost is proceeding.

The frost problem was discussed with the Secretary and members
of the Geraldton Tomato Growers' Association, the Tomato Adv1ser of the
Geraldton Branch of the Department of Agriculture and 1ndiv1dua1 tomato
growers. From these discussions and during visits to many properties
a considerable amount of general information on past frosts was obtained.
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2. FROST RISK IN GARDENS

An 1nspect10n revealed that the probability of frost is increased
in nearly all gardens by the breakwinds with which they are surrounded.
These are composed of scrub and reach an average height of about 5 ft.

In dividing fences between plots, the scrub is interlaced in a vertical
position between the strands of an ordinary wire fence, but the outside
fences have also wire netting to a height of three feet or so. Along
these fences, partlcularly the outs1de ‘ones, grass grows thickly to a
height of about 18 in.

The plots are mainly one chain or a chain and a half wide, and
of varying lengths - mostly about three chains. Around the fence line
of many of them, a bank of soil one foot or so high has been pushed up by
tractors during cultivation.

The breakwinds are regarded as essential due to the strong pre-
vailing winds in the area. Without them, soil is blown away and plants
are cut to pieces by flying sand. The purpose of the netting fences is
to stop rabbits or sheep getting into the crops, as should these get in
soon after planting out, a large proportion of the crop may be lost in
one night.

The usual method of planting is in rows approximately 2 ft apart,
the plants being about the same distance apart in the rows. Between
every second row and the next is a wider space of approximately 2 ft. 9 in.
which is used for cultivation purposes. The plants from each pair of
rows are grown up stakes to a wire rumning between the rows at a height of
about 4 ft 6 in. then trained along the wire. The wires usually run in
a north-south direction.

The smaller gardens are only about 1/3rd of an acre, while the
largest is 5 acres. The larger gardens are sub-divided into smaller
plots by brushwood fences. There are normally about 6000 plants per
acre.

" There are three main crops, the first being planted out in the
second half of February, and maturing in late April and May. = The main
crop is planted out in March and April, and matures by the second half of
July. Late crops are planted towards the end of June and mature towards
the end of October.

The early crops are not troubled by frost and the main crop is
not liable to frost damage until it is well established. Late crops may
be damaged at any stage of growth.
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If the plant is dasmaged while still small; but not completely
killed, it usually shoots again and makes satisfactory growth. The most
vulnerable stage appears to be when the plant is about 3 £t high. Al-
though it may recover and produce new growth after being damaged at this
stage, it does not produce a satisfactory crop. ;

When the crop is fully grown frost damage occurs mainly at the
top of the plant; causing it to die back from the tips. The distance
that the plant dies back depends on the severity of the frost.

Towards the end of the winter or after a series of light frosts,
the plant appears to develop a certain amount of resistance to Jow temp-
eratures, but a really severe frost can destroy it at any stage of its
gI‘OWth [

Apart from demaging the plant, frosts also cause the blossoms
to drop, and fruit to be stunted and sometimes seedless. It is probable,
however, that much of the damage attributed by the growers to frost, is
due to temperatures below 50°F but above freezing point, as these are
sufficient to cause a large proportion of the flowers to become sterile.
(Knott 1955, Morris 1954). ‘

As mentioned earlier a crop can be damaged to any extent,
including 100 per cent loss. There are about 200 growers in the district,
and in 1957 350,000 cases of tomatoes were sold from the district for
approximately £350,000. Due to scarcity caused by frosts, some of them
brought as much as £8 per case.

Nearly all the gardens are within a radius of eight miles from
the town, though there are some further out than this along the Northern
Highway, and a few scattered plots up to twenty odd miles from Geraldton.
These; however, are not regarded as being in the Geraldton area. From
Fig 1 it can be seen that the Narngulu-Utakarrs region is a wide shallow
valley with higher land on the east and near the coast. It is in this
region that frosts are worst. ?

Most of the other gardens are on higher land or on country
with greater slope. The exceptions are along the Northern Highway where
some gardens are at an elevation of only about 25 £t above M.S.L. The
road here runs through a comparatively narrow valley with higher land to
the east and coastal sand dunes to the west. Topographlc conditions are
ideal for frost formation in the lower part of this area, but the region
is so close to the sea that it is seldom troubled by frosts. It is,
however, not completely free from them and was badly affected in 1951.
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In this district there is more evidence of cold air drainage
down slopes than in other regions. Many of the gardens along the
Northern Highway are on a greater slope than those in other areas and frost
damage occurs chiefly in the lower parts of the gardens on the valley
floor.

3., FROST DISTRIBUTION

In the Utakarra-Narngulu area the frost damage is more erratic
and often has no apparent link with local topography. This is partly
- due to the lack of a detailed survey of the region, the only contours
available being at an interval of 50 ft in this area. However, this is
not the only difficulty, as even on the apparently flat plots the direc-
tion of the fall, if any, can be determined from the direction of water-
ing, which is by furrow irrigation. In several instances, growers
insisted that the portions of the crop damaged were on the higher parts
of the plots. The president of the Association pointed out the position
of his garden last year, which was on the slope of the rise enclosed by
the 100 ft contour near Narngulu Station, and was positive that the
damage occurred in the top portion of the plot.

In this area it appears that air drainage to the lowest part
of the plot is of less importance than in many other districts. Air
movement is restricted by the flatness of the land, the closeness of the
brush fences, the grass around the plots, and also by the density of the
crop itself when fully grown. Under these conditions it appears that on
a night of strong radiation the top of the crop may be damaged by frost
while the bulk of it is self-protecting. 1

Another factor which may have some bearing in these cases is
that crop on the convex slope towards the crest of a rise radiates heat
to a larger area of sky than that lower down on a concave slope; and is
less self-protecting. The plot at Narngulu was on a slope of this nature.

During the early period of Geraldton aerodrome observations, i.e.
prior to 1949, the thermometer screen was situated on top of the Meteoro-
logical Office, the temperature being measured at approximately 16 £t above
ground level., At this height screen temperatures as low as 36.4°F were
recorded, and it is obvious that foliage free to radiate heat to a clear
sky and shielded from ground radiation by the rest of the crop, would be
likely to experience frost conditions even at this height.|

, This type of frost would not be dependent on local cold air
drainage, and probably accounts for the damage experlenced in the higher
parts of the gardens. 1

It is maintained at Geraldton that frosts havé become much
worse in recent years, and that areas which were formerly frost free are
now frost liable.
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The only temperature records available in the tomato growing
area are for the Geraldton Post Office which was closed as a recording
station in 1953, and for the aerodrome. Records for the latter station
are available from 1942 onward, with the exception of the years 1946 and
1947 when the Meteorological Office was not staffed.

The Post Office temperatures are not representative of the
tomato growing area, as they were taken in Marine Terrace, a short dist-
ance from the sea. The aerodrome is situated in the eastern part of
the garden area, and is representative of the region where frosts are
worst.

Table 1 shows the number of occasions on which temperatures
below certain figures have been recorded at the aerodrome since 1942.

Table 1 - Occurrence of Low Minimum Temperatures
Minimum Year

Temfgriture 1942 43 A4 45 46 4T 48 49 50 51 52 53 54 55 56
. F

P orbelow 5 3 1 2 2 1 6 7 3 5 9 4L 9
380 or below L 0 1 o© No 0O 0 3 3 0 2 2 3 17
370 or below 2 0 0O 06 Record 0 O 1 2 0 1 1 3 4

0 0 0 O 0O 0 0 2 0 1 O 1 2

369 or below

Data for the years before 1949 cannot be compared with those for
later years, as the location of the screen was radically changed during
the winter of that year. It does appear, however, that the years 1955
and 1956 were worse than the preceding five, and that 1942 was a bad year
compared with the years which followed and for which data are available,
up to 1949.

Unfortunately, the number of observations is too few, and their
scatter too great, for the existence - or rnon-existence - of a trend
towards increasing numbers of frosts to be determined statistically.

An investigation of the four most destructive frosts described
by the Manager of the Growers' Association, back to the year 1930, reveals
that they all occurred in the period from 21 to 24 July inclusive.

Records show that screen temperatures below 4O°F may be exper-
ienced any time from mid-June until early October. No evidence of frost
in October was discovered in the Geraldton district, but at Nabawa,
twenty-two miles from Geraldton, a crop of 600 plants was destroyed on
5 October.
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Table 2 shows the total monthly frequency of various screen
temperatures at the aerodrome since 1942. The tabulation represents
the total number occurring in the 13 year period on which T%ble 1 is.
based. . S - o ‘

Table 2 - Monthly Frequency of Low Temperatures

(Totals recorded over 13 years
|

Temperature (°F) June July August September  October
400 or below 4 22 - 20 9 2
389 or below 2 10 8 3 2
36° or below 1 2 2 1 0
350 or below .1 -2 0 0 0
34° or below 0 1 0 0 0

i

Many growers maintain that frosts occur.only,withyscutheast or
south-southeast winds. This is not borne out by winds at the aerodrome;
and it is thought that it is often the residual effect of the sea breeze
‘that is noticed in the evenings preceding the frost, which gives this
impression.

Table 3 shows wind direction at the aerodrome at 0300 hri and
0600 hr on the occasions of the low temperatures listed in Table 1. The
fading out of the southerly component and the development of a northerly
one is noticeable during the 0300-0600 hr period. ‘ I

Table 3 - Wind Direction with Temperatures below 40°F

Hour Calm N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW
|

0300 23 2 6 4
2 9 7

14 1 0 0 O
0600 24 2 0 2 0 0

O-O
(o Ne
(oNe}

151 0 0
1 3 4 3 0

4. SYNOPTIC SITUATION AND PARAMETERS FAVOURING FROST‘FORMATIGN
Frosts at Geraldton are unusual, but not unknown; on the day

following the passage of a cold front. They occur mainly when an anti-
cyclonic system lies across the southern part of the State with centres
southeast and/or southwest of Geraldton. The passage of a vigorous
cold front two or three days earlier increases the frost risk; but
frosts occur also when the col is situated on the southern side of the
town, and frequently just in advance of the southwesterlies of the
incoming anticyclone. .
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Surface winds at 1800 hr on the preceding day are not a reliable
guide to the formation or otherwise of frosts due to the frequency of the
afternoon sea breeze. It is thought that the 0900 hr winds, being
unaffected by the sea breeze are of more assistance. From Table 4 show-
ing wind direction at 0900 hr and 1800 hr on days preceding the occurrence
of temperatures of 4LOOF or below at the aerodrome, it is seen that frosts
are preceded by winds with an easterly component at 0900 hr on all but
4 per cent of occasions.

Further detail may be obtained from Tables 5 and 6 which show
the frequency of winds from various directions in the months June to
October, and the range of minimum temperature on the following day.

Temperatures in Tables 5-8 have been taken to the nearest degree
i.e. 400 includes 40.4° and half the number of 40.5° observations. Thus
Tables 1-/ based on observations of 40.0¢ or under contain 57 observations
whilst Tables 5-8 contain 74.

The frequency with which low minimum temperatures follow winds
from various directions throughout the frost liable months is shown in
Tables 7 and 8, which are derived from Tables 5 and 6.

Table 4 - Wind direction on days preceding
temperatures of 40CF or below

Hour Calm N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

0900 3 010 7 11 8 2 4 0110 0O0 0O
1800 . 6 0 00 04 41412015 1 2 0 01 00
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‘Table 5 - Distribution of 0900 hr Winds and Minimum
‘Temperatures on the following day |

!

Temy C NNNE NE ENE E ESE SE SSE S SSW SW WSW W wﬁw‘nw NNW

June:’ ‘ . |

31-35 1 }

36-40 1 1 4 .

41-45 101 11 9 9 7 2 5 2 ) S

46-50 153 4526 7 4 22 11 4 6 32 '11
51-55', 94 4923 8 21 25 6 8 '3 3 1
56-60 2.4 2812 2 1 2 4 51 2
61-65 6 5 1,11
July: ; .
31-35 1. 1 |

36-40 2 3 5 5 3 .3 1 -2 {

41-45 121 272 10 5. 3 1 2 2 4 31

46-50 10 4 4424, 10 8 5 1 1 2 3 5 -4 5 '1 2 1
51-55 12 4 4618 7 1 1 3 4 4 9 '2 2 4
56-60 1 17 8 1 1.71 11 4
61-65 1 21

August: : '

31-35 1 | o

36-40. 1 5 4 2 6 1 2 1 P

41-45 171 3421 715 510 21 1 2 2 2
46-50 143 4320 1010 3 5 3 2 6 9 9 2

51-55 22 2512 2 1 1 21 12 815 '2 4 6
56-60 12 12 6 1 2 2'2 3 1
61-65 2 y 1
September: '
31-35 1

36-40 2 3 3 3 1 1 ‘

41-45 12 711- 1519 1113 8 5 7 3 1 }

46-50 137 2313 710 1011 7 2 610 4 4/1°3 1
51-55 8 2410 4 6 1 3 6 2 1 2 1, 513 6 4
56-60 12 7 8 4 1 1 1 1 2 3 2/16 1
61-65 1 , 1 -
October: |

31-35 : |

36-40 | ) 1 1

4L1-45 5 23 35 99 75 2 1 ; '
46-50 101 6 4 11 9 1129 1716 6 7 5 41 1
51-55 10 4 4 4 4 817 1612 811 9 7/ 5 1
56-60 3 6 2 25 4L 4 45 79 36 4L 3 3
61-65 1 32 32 11 1 1 211 1
65-70 1 _ b




Table 6 - Distribution of 1800 hr Winds and Minimum

30

Temperatures on the following day

Min.

%gm . C NNNENE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW
F

June:

31-35 1

36=40 1 1 3 1

41-45 17 g 111 1110 1

4L6-50 36 L 6 2 8 3 8 1614 9 6 2 4 3 2

51-55 31 3 4 1 3 6 0 4 310 7 9 1114, 8 7 3

56-60 8 3 3 4 2 1 21 5 2 37 9 8 5

61-65 2 1 0 1 1 2 1 2 4

July:

31-35 11

36-40 4 1 2 7 4L 6

L1-45 26 1 2 4 410 1812 6 2 3 3

46-50 37 1 L 6 3 5 1912 6 8 10 9 7 3

51-55 34 1 5 4 4 3 2 210 6 7 712 8 6 6

56-60 4 2 6 1 1 2 5 5 3 6

61-65 1 ' 1 .2

August:

31-35 1

36-40 3 2 1 5 5 4 2

L1-45 12 2 3 3 212 3239 3 4 4 3 1

46-50 25 5 4 4 1731 1415 7 6 5 5 1

51-55 16 3 3 3 3 6 1117 15 7 2

56-60 2 1 L 5 413 -3

61-65 1 1 1

September:

31-35 ‘ 1

36-40 1 2 3 6 1

41-45 1 1 3 2947 16 3 2

46-50 8 1 8 2546 2310 2 4 2 3

51-55 10 5 1115 820 811 5 4 2

56-60 5 11 1 4 2 5 5 510 2

61-65 1 1 -

October:

31-35

36-40 11 2

L1-45 1 8 31 11

46-50 1 1 3 2062 2514 8 4

51-55 1 2 1148 2516 8 7 1 1

56-60 1 2 1 520 612 11 6 3 3

61-65 1 1 3 3 15 1 2 2

> 65 1







