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TTRODUCTION

In many regions of the world where the pattern of rainfall is irvepular, surface

irrigation through furrows has beer in use for seve.,al centuries.

It was quite natural that when protected crops were first irtroduced some f{ivteen
vears ag~ the maret gardener should have applied the traditional methods of irriration
in his greenhouses. Today, while furrow irvigation may have virtuall:r ceased to be

used in heavy glass greerhouses, it is still verv widely empleved vith plustic-cevered
ones. The grower ofter considers such lurge dut lighu protective el eiters G Lmpretse-
ment over the cpen-field farming mebthods ie s andicue te Lol drvestrent te o ni13mun,
and frequently he ls relustant te install = ratner ners slalopate irrileat oy SUiiel.

t

Surface irrigatior., however, is not witnout itg Jdrwbacks o 266 the auil ot of
£ 1 $
the proper texture, Irn the wase of light, <oarse, sard. or cravelly meils, whieh of'te
3 ] 1] (3
excellent permeability, the plarts are well oupplled wiln water becaise:
(a) The entire water aupply is available to the plant,  The poantity oould be

easily checked by meant of weters. althouah sordterins of this <ine is very
rarely used;
(b) The so0il's salinity level ~an te sasily arintainedy

1

(c) There is gocd cireulation of alr and wnter. Mditional Ly, moch eoile warm
up quickly in the spring, resultine in wal lier cropc,

7ith scil that ig more compact and cccasionall silt, nd hard-packed, it iy more
moifficult to ensure that the plarts +ill receive ar adequate supely ~t wader.s  Suck
scils are very often found in areas -rder ipternsive vegstal ie caltivation = vailevs or
plair.s where there are aburdant scurces ~f water tut where the eril consiutg o0 very

fine-textured alluvial deposits.
We are quite familiar with soils of this type siuce, socerdirng te the cemples
analysed, the soils at the Mas Planc Experimental Horticeltural Station at Alémya display

the following physical composition:

Clay £ to G per ceni
Fipe silt 16 to 17 per cent
Coarsge sil* 14 to 2C  per cent
Fine sand 30 e 40 per cent
Coarse sand 20 to 3G per cent

Crganic matter 1 te 2.5 per vent
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All the tests described Telow were carried out during three consecutive years inside i
large semi-circular greenhouses ~overed with a double layer of polyethylene and measuring

50 metres in length bty 3,80 nmetres in vidth,.

Ir. these different expariments the quantities of water delivered were identical

i i

for the variocus methods and were caleuwlated according to the formula developed by the
FVontfavet Pioclimatological Station for the total radiation penetrating within the
grecnhoused

n
/. - _greenhouse
MET groenhouse mm/joules = Cl.67 T - 042,

where iEI' 15 the maximum evapotranspiration, in mm;
. - Cs : 2
G is the total radiation, in cal/em;

L is the latent heat of vaporization, 60 cal/mm/cmz.

TEST ONE
COMPARTSON OF TRRIGATION OI" A TOMATO CROP BY SURFACE FURROWS AND BY SPRINKLING
{Spring 1972)

(a) Experimental layout

The greenhouse was divided intn twy sections of equal length, that is, two compart-

ments measuring 21 by §,950 metres,

Compartment cne: ronventional irrigatinsn bty surface furrows

vompartment iwo: irrigation by sprinkling Ly means of two perforated pipes
located =nbove the plents,

(b) Cultivation data-sheet

Variety: Montfavel H 634
Sown on 29 December 1971
Flanted sut on 14 Jamary 1972 into 1ll-ty-1l plagtic pots

Plantea on 21 February 1972 in double rows with intervals of 0.25 m between
plants and with a spacing of 1,10 and 0,80 m between rows

Plant grown on a single stalk and pinched back at the fifth wole
Warm—air heatirg from 21 February to 9 May 1972; minimum temperatures 14 to 1500
Harvested from 29 April to 2 May 1972

(¢) Results

The results achieved are summarized in the table below.
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Date Curulative yielde in kg/m“ '; Average weight
haI'Ve S’t ] " - T " = i < {‘ f mn Lt
Methods vegun | 2/5110/5117/5 {23/5 a1/8 1 1/C 1/ in grams
" i H i . ‘4 -
Surface furrows ! 29 April { 0.20 i 2425 ! L8 i 5.0k ;) RV j 1G5 10T 3 34
Sprinkling | 2May |u.” {1204 £ 3,67 15 94 19240 £ 10400 (20,01 n0

(d) Comments

Whercas there is little difference between the total yislds produced by the two
methods of irrigation, the average weignt of the fruit is higher and it ripens carlier
in the plot irrigated by surface furrows. Moreover, with surface ir gation by furrows
it is simpler to check on the heslth of the plante, and, in particular, attacks of

votrytis can be more easily brought under contrel.

Identical findings were made in the case of melons, pimento and eggplant. Sprinkling
the leaves of these plants leads to the appearance of certain parasites, so thet the
sprinklers need to be placed beneath the toliage. Lettuce alone appears well suited
to this method of irrigation.

For silty and hard-packed soile, uhether wetered frem furrows or by sprinkling,
beginning at the fourth or fifth irrigation, the following general observations can be
mades

(a) The soil tends to became quite badly compacted;

(b) It is practically impossible to check the amounts of water delivered. A
large quantity fails to scak imto the ground and runs off outside the
protected area, carrying with it the fertilizing elements;

-

(c) Unless the ground is pertfectly flat, ponding may occur for several day:
at the base of the plants.

Localized irrigation provices a means of minumizing there various drawhacke,

STUDY OF SEVERAL TYFES OF 1OCALIZED IRRIGAT1ON

As the rame indicates, locelized irrigation consiets in watering only a limited area
adjacent to the plants. Water is not celivered to the entire soil area as is the case
with sprinkling and very ofter with forrow irrigation.
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Irrigation sysiems ma- be divided into twe main groups:

1. Those which - -provid: ap instantanoous low rate corregvonding Vo heavy rainfall
7

in the order of 40 to mn/ i

? Different “drop-by- rop” srstems, which deliver to the plant very small
amounts of water ranging Lotween & and-6 ma/h. o : ’

A runber ot tests corduct.ad ab the 3tation in 1973 ard 1971 have enabled ug ‘o

compare tho different systaoms, Thesr compariscens were nad: on bare and on mulched noil.

TEST TWO
IRRITATION CF PITENTO

(a) Ixperimental layout

Three systems wers compared:

1. Traditional irrigation bty means cf furrows

o

. Local irrigation using perforated p_ip;es

The water is distrituted tc the plants by means »f perforated polyethylea.

rives measuring ;Iff-/%?, with the initial presscre ronging between 0.5 and 1 beos,

The greurd is propared and the plauts are set out in such a wav “hat the
waler is kept near the roots -rd cannot overflow into the pathways between the rows,

Heles of 2w ir diarotsr can slmpl- bie madzs, using wat, every 75 cm alowg
the pipe, ¢r zlse thev can he equipped with 1,u-mp norrles, which gives improved
distribution of the water, ihese holes arc orotected by grooved Tirgs sligntl:.
larger in diamster than the pire itself, Flow rates are fairly high end azy ranse
between 40 ard % mm/h, "¢ ensure a more even disteibution of the water, ihe
furrcus are divided SVerY Z.UH noand the pipes are suppcrtied on small cross-piscs.
to prevent their coming into contact with the fground and the possitle ohatriciiun
of the holes. The emall troughs thus created at the base of the plants receive
a unifort quantity of water. which 8¢c)s slowly irto the ground. With this gyrtenm,

the water ie delivered at the same rate a8 with the furrow irrigation systen,

i, Localized irrigation by means of capillaries

A flexible polvathylene pipe inte whica are insected at 25=cm intervals o reiies
of capillary tub2s, O.7 mm in diameter and 5C =m in length, carries the water hetween

two rows of plante, Tach capillary, buried 2 em deep in the soil along the rovu,

provides the daily supply for two plants. Fach capillary has a flow rate of 4 litres

at 1 kg of pressure corresponding to an hourly rainfall of 5 mm.

i
b
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Each of the 23-m~long test arcas is divided into two sections: one with bare soil,
the other with plastic muiching (the film used being opaque thermal polyethylene).

This test was done twice.

(c) Results

2ince harvesting has not yet been completed, the results given below refer to

early yields.

Harvesting of fruit

Harvesting of unripe fruit (unripe + ripe)
Methods
Yield in  Average % of  vield in % of
kg,/m2 on weight of cankered }q._t/m2 on carkered
13 Jupe fruit, g. fruits 10 July fruits
1. Furro Bare soil 1.14 175 19,3 3.18 13.4
v gMulchine 1.09 163 20,8 2.86 18,4
2. Perf (Bare soil 1,07 160 16 1,02 10,4
‘ orated PIP®®  (imilching 1.37 179.5 8 3.57 3.3
: Bare soil 1.11 172 9 3.13 6.1
« Capill (
3 Ospiilaries (Mulching 1.22 167 8.4 3.26 6

(d) Comments

One interesting result of this test that might be immediately noted ia the
reduction in the percentage of cankered fruits achieved by switching from the traditional
method of irrigation to the localized systems. Thiamresult is of great importance since,

with the 80il types in question, necrosis in fruite is caused by improper watering. |

TEST THREE

LOCALIZED IRRIGATION OF MELONS

(a) Experimental layout

The irrigation is offected by means of a perforated pipe. The system used is the
same as the one desoribed previously under No, 2. The melons are planted in bare and
mulohed soil.
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(b) Cultivation data-sheect

Variety: Vedrantais

Sown on 0 January 1974

Planted out on 6 February 1974 into 1l-bv-11 rlastic pots
Planted on 26 March 1974 at 0.40-m intervals in rows 2 m apart

Grown under 2 large cold-frame with tcmporary protection by means of small
tunnels from 20 March to 8 April 1974

Traditional cultivation on the flat: dimensions 2 x 8 x 3
() TResults

Harvesting is currently in progress and will be contimued until about
1% August 1974.

) e
Date Cronltive marketable yiclis in k@/m Average weight
harvest of fruit

Methods begun 7/6/10 0 24/6/14 1/1/14 8/7/14 15/1/74 in grams
lare soil 11 June 1974 0.78 1.17 1.22 1.43 1.56 328
"wlching with
opaque
thermal poly-
ethylene 10 June 1974 0.86 1.94 2,26 2.45 2.52 384

(d) commeris

The results given above are not final gince the harvest is still in progress.
However, they confirm the findings made in a large number of tests previously carried
out with irrigation bv furrows on barc and mulched soil: in the case of melons, mulching

has a very marked effect in terms of earlier yields and heavier average weight of the
fruit.

INTRODUCTTON OF FIRTILIZER SOLUTIONS IK PROTECTED VEIETABLE GROWING

For gome number of years now, the technique of fertilization through irrigation

has becn used in horticulture, particularly at esstablishments specializing in the

growing cf roses and carnations, This relatively new technique is beginning to attract

the attention of market gardeners. “e tested it at the Station in comhination with the
sprinkling and local irrigation methods,
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The Versailles Physiology Laboratory under the direction of Ifr..

Cole informed
us of the compositicn of a fertilizer solution for use with tomatoes. Yor water with
the following analysis:

PH 8

K 0.02 meq/1
Na 1.7 Coow
Ca 2

Mg C.8

S 0.3 it 0

the following solution was recommended:

To 1,000 1litres of water, add an enriched scluticn containing for every ten litres:

290 mml  nitric acid
145 grams ammonium phosphate

85 " magnesium sulphate
45 " potassium sulphate
395 " calcium and magnesium nitrate
555 " potassium nitrate

To this solution,

add 100 mml of a stock solution of trace e¢lements containing
per litre:

0.5 grams ammonium molvbdate

15 ¥ boric acid

40 " magnesium sulphate
20 " zinc sulphate

25 " copper sulphate

Finally, add 10 grams of iron sequestrene.

We might mote that all the water supplied to the plants was enriched,

-

TEST FOUR

FIRTILI?ING IRRIGATION WITH TOMATOES

(a) Exporimental layout

The grewnhouse is divided lengthwise to form two plots measuring 23 by 8,50 m:

Plot one: irrigation by sprinkling of the foliage;
Plot two: 1local irrigation through capillaries.

The aystem is in every sense identical to the one previously described in test
two with pimento. '
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(r) Cultivation data-sheet

Yariety: Montfavet H £i-4

Sovn oon 27 Tecomber 1972

Planted out on & January 197 in 11-t: =11 pots

Planted on 20 February 197% in double rows 0.90 m apart separated by 1.10-m paths
Intorval between plents: 0.25 m

Plant rrown on o sirngle stall and pinched back at the sixth node

Yarm-alir heating from 20 February to 27 April: minimum temperature: 14 to ISOC

Yith both methods the tirmth two irrigations following planting were by means of

2]

©
-
.

:2ible hesepipe located irn the planted furrow.

Th~ comparison of the two irrigation svstems was begun on 16 March and continued

until the ord of harvestirg. on 16 June 1973,
Fremuency of irrigation hv sprinkling: Twice weekly
N ' . . . | .
Frequency of irrigation b local capillaries: Daily

In the part of the test involving sprinkling, plants were given a one-minute

rinsing with well water to eliminate any salt traces.
The fertili~er selution was fed bv means of a "Mosaprot batching pump.

{r) Resulis
RAELEN

Date fumalative vields in kg/m2 Average weight
harvest . of fruit
Methods begun 2/5 1/5 14/5 21/5 w/5 8/6 16/6 in grams
Sprinkling 25/4/75  0.17  1.01 3.2 4.5 T7.12 8,41 9,02 84
Local
capillaries 26/4/73  0.21 1,12 3,86 5.52 9.03 10.84 11.18 91

{d) romments

The results shown above are quite positive, Ther are slightly superier to the
results obtained with identical plants fertilized according to the traditional method.

At the same time, they give clear cvidence of the superiority of local irrigation over
sprinkling with respect to both early crops and vield.
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FIFTH TEST ‘
LOCALIZID FIRTILIZING IRRIGATION ITH TOMATOES

(a) Hxperimental layout

This test was a follow-up to the one before, The aim was to ascertain, @Quring the
spring of 1574, whether localized application of a fertilizer solution with identiecal

composition would confirm the results cited above.
This solution was applied to the plants by means of two svatems:

l¢  The perforated pipe, already described, ensuring heavy flow rates of ahout
50 mm/h;
2 A true "drop-by-drop” svstem of the "Netalim" type, whose flow-rate of 2 1/h
is equivalent to rain-fall of 2.6 mm/h,
The plants were watered on the average twice weekly with the pipe and daily with
the "Netafim" system,
For each of the methods the test was made on two plots: bare soil and goil mulched

with opaque thermal polyethylene,

An identical layout was installed in a greenhouse in which the traditional method
of fertilization based on soluble fertilizer was used. These two greenhouses were
placed side by side in parallel.

(v) cCultivation data-sheet

Variety: Lucy
’ Sown on 24 December 1973
Planted out on 4 Jamuary 1974 in 11-by-11 pota
Planted on 13 February at 0,33-m intervals, with 1 m between rows
Grown on a single stalk pinched back at the eighth node
Varm~air heating: minimum temperature: 14 to 15°C
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(c) Results
LOCALIZED IRRIGATIOH ALOYE

Date Cumulative marketable yields in kg/m2 Average weight
harvest of fruit
Methods begun 6/5 20/5 31/5 14/c 23/6 5/ in grams
Perforated pipes:
bare soil 3 May 0.04 0.64 1.42 4.34 9.26 9.78 84
mulching 3 May 0,02 0.64 1.60 4,32 9,60 10.04 34
Nrop-by-drop: '
bare soil 3 May 7,03 0.63 174 4.74 9.79 10.11 85
mulching 3 May C.11 0.64 1.73 4.44 %.92 9459 86
LOCALIZZED FERTILIZING IRRIGATION
Date Cumulative marketable yiclds in kg/m2 Average weight |
harvest of fruit |
Methods begun 6/5 /5 /5 14/6 B/6  5/1. in grams
Perforated pipes:
bare soil 29 April 0.0 0.78 1.70 5.50 10.20 10.79 85
mulching 2% lpril 0.12 1,02 2,36 6,22 10,35 11,50 87
Drop-by-drop
bare soil 29 fpril 0.13 1.01 2,24 6,09 11,35 11.83 87
milching 29 April 0,17 1.1 2.42 6.66 11,92 12.29 88

(d) Comments

As in the previous year, the results of this test clearl; show the advantages of
fertilizing irrigmtion which results in earlier ripening, higher end-of-harvest yields

and a heavier average weight for the fruit.

On the other hand, the differences are less evident between the two irrigation
systems, and although apparent in three cases out of four. the benefisial effect of

mulching is far less obvious than with malons.

CONCLUSIONS

From this series of tests, the purpose of which was to improve the water supply
of plants grown under protected conditions, the following general conclusions can
imediately be drawn.
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In the case of light, sandy or zravellr soils which arc partisularly suitable for
market garden crops, traditional surface irrigation through furrows poses no major
difficulties. Intire regions in Zurope - 3icil;- for example — use this method of
watering with success. The problams become more intractable shon the grower is faced

with more silty soils, which tend to Llock the nenotraticn of water and air.

Yhile it is true that irrigatior by gorinkliing zakes poscible 2 more uniform
distribution of the water it is unsatisfactorv for many heavily leafed plants, such
as tomatoes. melons, eggplant, and others. Darly vields are smaller and crrptogamic

disersesn, especially Botrvtis, are more diffieult to control,

The localired irrigation methods which have recently bheen tried in watcr-poor

countries appear to offer certain valuable advantages:

Since the pathways are protected from the water, the soil remains far locser.

The flow rates provided by these different srstems are known accurately enough
to permit monitorine of the amountc of water received by the plants,

These systems are relativel easv to operate and maintain, resulting in a saving
of manpowcr.

i Wi

Together with the use of plastics for mulching, this techniquc when ured with low-
growing plants, such as melons. offers a mcans of achieving ccensiderably more abuandant
carly harvests. As we have seen, in the case of taller plants,; such as tomatnes and
pimento; the gain in early harvests as a result of covering the soil is not su clear,
Although the direct advantages arec less“‘ obvious, the resultant saving of water should
be taken into account: the plastic film limits the soil's water losses through evapora-
tion and thus helps to lower the relative humidit within the onclosure. In addition,

excellent weed control is ensured by using opaque material,

The tests conducted, as briefly described in this article, demonstrate that

additional progress can be achieved through the use of fertilizer solutions.

These experimental results are very encouraging. The combination of a localized
application of water, thc covering of the soil with plastic film, and the use of

fertilizer solutions will lead to higher gross returns from protected vegetable farming.

This new method of plant watering and fertilization will neverthcless require

experimentation on a larger scale together with thorough economic studies before it can
be proposed to growers.






