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MATERIALS AND METHODS

Methods of irrigation were studied
in plot experiments on a fine sandy
loam ofalluvial-lacustrine origin under
lain by glacial till. The available water-
holding capacity averages 1Vi to 2 in
ches per foot depth and infiltration
rates exceed 3A inch per hour.

The plots were 15 feet square and
separated sufficiently to avoid drifting
of water from the sprinkler plots onto
the surface-irrigated plots. Good crop
and soil management practices were
used but no fertilizers were applied.

In 1961, 1962, and 1963 the follow
ing treatments were applied in 2 x 3
factorial experiments: 1) sprinkler ir
rigation—entire plant wetted; 2) basin
irrigation—lower portions of the plant
wetted; and3) furrow irrigation—plant
not wetted. Irrigation was applied in
the daytime and at night. The sprink
lers applied water at about 3A inch per
hour. The basin method was omitted
in 1964 and 1965 and the number of
replications increased from four to six.

All plots were irrigated on the same
day with 1Vi inches of water when soil
moisture tension, measured by tensio-
meter, reached 300 millibars at the 9-
inch depth. As a result, irrigations were

applied about once a week. This gave
a frequent irrigation schedule, consi
dered desirable in order to intensify
any differential effect.

Tomatoes were grown in 1961 to
1965. Ripe fruit was picked twice-
weekly in the first two years and week
ly in the other years. The picking sea
sons were terminated by frost in early
September. At the end of the picking
season the yield of the remaining green
and ripe fruit was obtained. The fruits
were examined for blemishes and dis
ease, and in two of the years total
soluble solids and titratable acids were
determined.

Potatoes grown in 1962 to 1965
were weighed in the field to obtain total
yield of tubers and graded at the root
cellar soon after harvest.

Peas in 1961 to 1963 were harvested
and shelled when tenderometer read
ings (6) ranged from 70 to 100. Yield
of total green material was recorded as
well as yield of shelled peas.

RESULTS

INTRODUCTION

The factors involved in the choice of
method of irrigation usually include
topography, soil, water supply, cost of
equipment and its operation, purpose
for irrigating, and operator's personal
preference. Economy of operation is
usually the most important considera
tion (5). However, the direct influence
of method on yield and quality of the
crop is not well known. In the labora
tory it has been shown that carbohy
drates may be leached from leaves by
washing with water. This leaching oc
curs more readily in light than in dark
ness (7). Thus sprinkling could ad
versely affect the crop, particularly in
the daytime. The effects of various
methods ofirrigation on yield and qual
ity have been studied to some extent
elsewhere (2, 3, 4) but little or no
experimental work has been reported
for southern Alberta although various
sprinkler and surface methods are in
common use and irrigation is applied
by day and by night.

Observations at Taber, Alberta, in
dicated that sprinkling adversely af
fected tomatoes by delaying maturity
and apparently disrupting fruit set. On
the other hand, in evapotranspiration
studies designed to compare yields and
water use under sprinkler and surface
methods, the yields of sugar beets, soft
wheat, barley, alfalfa, and potatoes
were similar for both methods (1). In
Utah, Haddock (3) reported that
sprinkling adversely affected seed crops
but was superior to surface methods for
sugar beets and shallow-rooted crops.
Haddock (4) concluded that method
of application of irrigation water did
not affect the yield and quality ofpota
toes. Finkel and Dov Nir (2) reported
sprinkling to be superior to gravity
methods for irrigating alfalfa.

The purpose of the present study
was to compare the yield and quality of
some vegetable crops grown under
sprinkler and surface methods of irri-
*«ion applied by day and by night in

Tomatoes

In 1961 the total yield of vine-
ripened fruit was significantly (P =
0.05) higher for the furrow method
than for the sprinkler method (table
I). There were no significant differen-

u

TABLE I. YIELD* (CWT/AC) OF RIPENED TOMATOES PRODUCED UNDER
VARIOUS METHODS AND TIMES OF IRRIGATION

Year

1961

1962

1963

1964

1965

Average

Sprinkler

128.4

68.4

363.0

60.5

508^
134.2

Method

Basin

148.6

75.3

350.9

♦within methods and times for each year viekh
significantly at P - 0.05

Furrow

174.7

79.1

324.3

70.2

53.2
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ces for any of the remaining years,
although the furrow method tended to
produce higher yields than the sprinkler
method in all years except 1963. Aver
age yields for the five years were only
slightly larger for the furrow method
than for the sprinkler method. Average
yields for the daytime and the night-
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Figure 1. Cumulative yield of ripe tomatoes as a
percentage of total fruit produced.

time irrigation were essentially the
same.

In 1961 the cumulative yield of ripe
fruit as the picking season progressed
was significantly greater for the furrow
method than for the sprinkler method
in the first half of the season (figure
1). During the last half of the season
the rate of accumulation was about the
same for both methods. Although in
other years, such as 1964, the rate of
accumulation was usually greater for
the furrow method, the differences were
not significant.

Total soluble solids averaged over
the 1963 season for the ripe tomatoes
were essentially the same for the
sprinkler and the furrow methods but
the day treatment was significantly
lower than the night treatment in this
respect (table II). There were no sig
nificant differences in total soluble
solids in 1964 but the titrable acids
were significantly higher for the day
than for the night treatment.

There were no significant differences
in total fruit produced (green plus
ripe) in any one year (table III) but

TABLE II. TOTAL SOLUBLE SOLIDS AND ACID CONTENTS* OF RIPENED
TOMATOES PRODUCED UNDER VARIOUS METHODS AND TIMES OF

IRRIGATION

Year

1963

1964

1964

Sprinkler

4.81

3.78

1.42

Method

Basin Furrow

% Total soluble solids

4.69 4.88

4.04

Titrable acids (as % citric)

- 1.38

Time

Day Night

4.58 5.00

3.90 3.92

1.45 1.36

*Within methods and times for each year data underscored by the same line do not differ
significantly at P = 0.05

TABLE III. POTENTIAL YIELD* (TONS/AC) OF TOMATOES PRODUCED UNDER
VARIOUS METHODS AND TIMES OF IRRIGATION

Method Time

Year Sprinkler Basin Furrow Day Night

1961 13.6 13.9 16.0 14.5 14.4

1962 10.8 10.9 12.0 11.1 11.4

1963 21.2 18.8 19.1 19.2 20.2

1964 16.0 16.2 16.1 16.0

1965 7.8 9.0 8.0 8.8

Average 13.9
•

14.5 13.8 14.2

*A11 differences within years were non-significant.
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there was great variation from year to
year.

Yields and percentages of fruit ri
pened were greatest in the years in
which August weather was hot and
sunny (table IV). The years 1961 and
1963 were most favorable, with high
temperatures, low rainfall, and abun
dant sunshine, while 1965 was least
favorable. Yearly variations in weather
during the picking season affected yield
and ripening of fruit much more than
did method of irrgation.

Potatoes

Method of irrigation or time of
application within the day did not sig
nificantly influence the yield of market
able tubers in any year (table V) al
though the basin method tended to pro
duce a higher percentage of unmarket
able potatoes. As with tomatoes, there
was more variation due to yearly
differences than to irrigation methods.

In 1962 some assessment of quality
of potatoes was attempted. Dry matter
determinations were made and ratings
were given for chipping quality, cooked
appearance, color, mealiness, and fla
vor. Significant differences were ob
tained only for cooked color and meal
iness, the daytime treatment being bet
ter than the night treatment. There
were no significant differences in any of
the other quality criteria. In 1963 per
centage dry matter content was signi
ficantly lower for the basin method of
irrigation than for the sprinkler or the
furrow method (basin 21.9, sprinkler
22.5, and furrow 22.5).

Peas

Yields of peas were erratic, and no
significant differences between methods
of water application were obtained in
yield of shelled green peas (table VI).
As was shown for the tomato and po
tato data, there was much more varia
tion between years than between treat
ments within any one year.

In 1962 the percentage of peas as
related to total green weight was larger
for the day irrigation than for the night
irrigation (table VII). In 1961 and
1962 the percentage for sprinkler irri
gation was larger than that for surface
irrigation. From these results it was sus
pected that irrigation time and method
influenced maturity. Thus in 1963 the
peas were harvested on two dates, one
considered to be at optimum develop-
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TABLE IV. TOTAL YIELD OF TOMATOES AS RELATED TO AUGUST WEATHER

Weather

Mean temperature (°F)
Rainfall (in.)

Sunshine (% of possible)

Yield (tons/ac)

Sprinkler method
% ripened

Furrow method

% ripened

1961 1962 1963 1964 1965

68.7 64.2 65.0 62.3 65.1

1.09 1.10 1.35 0.30 2.50

73 60 76 66 64

13.6 10.8 21.2 16.0 7.8

47 31 86 19 32

16.0 12.0 19.1 16.2 9.0

55 35 85 22 30

TABLE V. YIELD* (CWT/AC) OF MARKEABLE POTATOES PRODUCED UNDER
VARIOUS METHODS AND TIMES OF IRRIGATION

Method Time

Year Sprinkler Basin Furrow Day Night

1962 354.0 332.0 351.9 342.2 349.9

1963 281.7 286.5 263.3 269.6 285.1

1964 234.7 228.9 229.9 232.8

1965 219.6 236.5 236.3 220.0

Average 272.6 270.2 269.5 272.0

*A11 differences within years were non-significant.

TABLE VI. YIELD* (CWT/AC) OF SHELLED PEAS PRODUCED UNDER VARIOUS
METHODS AND TIMES OF IRRIGATION

Method Time

Year Sprinkler Basin Furrow Day Night

1961 17.4 14.5 13.1 14.5 16.0

1962 21.7 18.1 17.8 20.9 17.5

1963 25.1 22.8 22.3 23.8 21.4

Average 21.4 18.5 17.7 19.7 18.3

*AI1 differences within years were non-significant.

TABLE VII. YIELD OF PEAS AS PERCENTAGE* OF TOTAL GREEN MATERIAL

PRODUCED UNDER VARIOUS METHODS AND TIMES OF IRRIGATION

Method Time

Year Sprinkler Basin Furrow Day Night

1961 11.5 9.9 9.0 10.2 10.1

1962 18.8 17.7 16.9 18.8 16.8

1963 14.1 14.5 15.0 14.3 14.8

Average 14.8 14.0 13.6 14.4 13.9

*Within methods and times for each year percentages underscored by the same line do not
differ significantly at P = 0.05.

ment and one two days later. There
were no significant differences between
treatments within the various size

grades for either date.

DISCUSSION

The main areas of possible differen
tial effect on plant growth of methods
of applying irrigation water are: 1) the

aerial environment, and 2) the soil
environment. Concerning the aerial en
vironment, differences would result
from wetting or not wetting the plant
and from altering the water vapor con
tent of the air. Whether or not the plant
is wetted should have no effect on the
gaseous constituents of air that are
important for plant growth. The supply
of carbon dioxide should not be affec
ted. Wetting of the plant during sprink-
lin has a cooling effect because of
evaporation. Heat will also be lost by
the plant to the water if the tempera
ture of the water is lower than that of
the plant. However, the duration of
such cooling in practical irrigation
would be short. In the present study
water was applied by sprinkler at
about % inch per hour. Thus the
plants were cooled for only about 2
hours per week, or less than 2Vi per
cent of the daytime (or nighttime)
hours. Because duration of these cool
ing and leaching conditions is short,
their detrimental effects under sprink
ler irrigation would be only slight al
though tomatoes, a heat-loving crop,
were affected to some extent. However,
the method of irrigating tomatoes did
not affect the set or size of fruit, in
dicating that sprinkling did not inter
fere with their blossoming or pollina
tion.

Increased humidity associated with
sprinkling may encourage diseases, and
contact of water with the fruit may
cause blemishes or cracking of fruit
but in the present experiments no asso
ciation was found between method of
irrigation and these manifestations.
Sprinkler irrigation may promote such
disorders in a climate more humid than
that of southern Alberta.

Certain methods of irrigation may
adversely affect the soil environment
by causing soil erosion, thus destroying
anchorage for the plant and removing
plant nutrients. In the present tests
these effects were carefully avoided.
Soil temperature should not be differ
entially affected by different methods
of irrigation. Soil aeration may be af
fected by method of irrigation if the
method destroys soil structure at the
soil surface and the soil becomes pud
dled or if free water stands on the
surface for extended periods. In the
present experiments the water was ap
plied at rates not exceding the infil
tration rate of the soil. Care was taken
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to avoid puddling and compaction.
Where these precautions are taken ,the
only difference between sprinkler and
furrow methods of irrigation would be
in how the water enters the soil. With
furrow irrigation, water entry would be
laterally toward the plants as well as
downward. With sprinkling the move
ment would be downward in the rows
as well as between them (potatoes were
hilled for both sprinkler and furrow
methods). Such differences in water
movement could cause differences in
movement of plant nutrients in the root
zone and so cause differences in plant
nutrition. This would be particularly
so where fertilizers are used. No ferti
lizers were applied in the present study,
and apparently such differences as
may have existed regarding transloca
tion of naturally occurring plant nut
rients were not large enough to cause
significant differences in crop growth.

The basin method, wherein furrows
were not used, caused puddling over
the entire plot and tended to promote
more unmarketable potatoes than the
other methods.

. . . OPERATION OF PIGGERIES

continued from page 45

is predicted, the prospect of this being
accepted as part of general design pro
cedure will depend upon the accep
tability of the general concept. For the
validity of the solutions given by the
computer will depend entirely upon
the accuracy of the time data and the
network diagram, as well as on the
appropriateness of the variable factors
used by the project designer.

REFERENCES

1. Battersby, A., "Network Analy
sis", MacMillan, 1964.

2. Fulkerson, D. R., and Ford, L. R.,
"Flows in Networks", Princeton
University Press, 1962.

3. Isaacs, G. W., Peart, R. M, and
French, C. E., Paper No. 60-804
ASAE Transactions, 1963, page
26.
_atta, J. K., National Research
Council of Canada, Bibliography
No. 27, March, 1964.
Lund, W., "Standard Time Data
for Feeding, Cleaning, and Re
lated Piggery Operations", De
partment of Agricultural Engi
neering, University of Alberta,
1963.

6. Mauchley, John W., Industrial
Engineering Handbook, McGraw-
Hill, 2nd Edition, 1964.

CONCLUSIONS

The experiments showed that me
thod of irrigation does not appreciably
affect yields or quality of tomatoes,
potatoes, and peas provided that the
soil is supplied with sufficient water at
the right time. If the picking season for
tomatoes is unusually hot, sunny and
dry, sprinkling may delay maturity.
There appears to be no choice between
sprinkling and furrow methods for
irrigating potatoes. Sprinkling may be
preferable to surface methods for irri
gating peas but the evidence was not
conclusive. Time of irrigation with re
spect to daylight was of very minor
importance. The main conclusion is
that choice of irrigation method for
these crops depends almost entirely on
topography, soil, and convenience and
that plant physiological factors are of
little concern in this regard.
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TABLE I. SELECTED EXAMPLES OF A

Example Variables

V, = Average Quantity of Feed per occasion:

V3 = No. of Gallons of H20 needed for V, to
V7 = No. of Feed Troughs.
V,0 — No. of Feeds per day.
V,, = $ Value of Labour per minute.
V,5 = Paces from feedsiore to first pen.
V,4 = Current cost 0 per ton per 20 ft. auger.
EV = Element value for auger.

Example Calculation of Activity Lengths

NETWORK'S MATRIX CONTENTS

a)-

b>-

c>_

-lb;

gallons;

20 lb shovelsful

mix it into a wet feed.

0

Z

S "°cfl O

W5Z

Z

u

w z

ACTIVITY

DESCRIPTION

ELEMENT

No. Mins.

Value

FORMULA To be calculated

ACTIVITY _ by computer
FOR ,

LENGTH sub-routine

From Figure 4 From Figure 3

10 11
Auger to meter

boxes

Machine time

calculating fron
engineering data

-(V14xVlxV10)(VuxV7)EV

37 38 Cut paper sacks 18 .032
Vin-(Y^x.032^-^x^,0)

28 32 Mix wet feed

111

41 .052

111

-(Vn X.052, x(Y]B+V2)V10)

NOTE THIS IS ZERO IF NO FEED

IS TO BE FED WET

39 46 Dummy .000 Always ZERO.
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