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rrTP.cnucTioi: 

In many regions of the wirld where the pattern of rainfall ir.  irregular,   surface 

irrigation through furrows has been in use for  several centuries. 

It was quite natural that when protected crops were first  introitici  some fi it eon 

years ag? "the market  gardener should have applied the traditional nothoda of  irrigation 

in his greenhouses.     Today,  while furrov irrigation may have virtual.!," ceased  to he 

used  in heavy glass greenhouses,   it   is  still  ver-  widely employai vi M, r, ,cv-;l'«; i 

one: The prcv.-er often eonsidvrs such  lar? but   : it~i.i pre* .er ti' it.-rs  'iti  impr^ 

ll.T ;n 

tì1 

il   h; ef 

M If; v/arm 

ment  over the open-field fanning met ho i.    He   is arixi'i.'B te  ht 1 i  ir.veaurcni 

and frequently he  is reluctant  to  install   a ra* ner  ^r- -Ironie  irrirV, 

Surface irrigation, however, is not without its drav.-t aeko u -..u til- 

ths proper texture. In the -ase of li/rht, cnarse, sand., or ^-ívelly s^1-' 

excellent permeability,   the plants aro veil   nupr11«' ''•'--!   w-ter Veoa.se: 

(a) The entire water supply is available to the | lard. The p.ar.iiiv <••- 
easily checked by meara of ¡r.eters, rJthout-h meni terina >'f 'h i s; ¿it*., 
rarely used; 

(b) The soil's   salinity  level,  car., 1 e  easily   naintained; 

(c) There is ¿rood circulation of air  and water.    Additional I;, ,   •.".•:) 
up quickly   in the  spring,   recul tin:--   h. «ari i er -rere. 

With soil  that   is more compact  aid occasionali;'  silly  '-.nd hard-pacKid,   it  is »r« 

^difficult to ensure  that  the plants vili receive  ar:  adequate supply   -'.' water.    Such 

soils are very often  found in areas under intensive vegeta! i e ¿;ultiv aticn - valleyt;  nr 

plains where there  are abundant  sources «f water "rut  vhere  the v i 1   consists  :d very- 

fine—textured alluvial deposits. 

We are quite fac.il iar with soils of this tyre  silicei   o-crrdur   tr   the  camples 

analysed,   the soils  at  the Mas Plane Experimental  Horticultural Station at  Alönya display 

the following physical composition: 

Clay 
Pine silt 
Coarse silt 
Fine sand 
Coarse sand 
Organic matter 

6 to 9  per cunt 
IG to 17  per cent 
14 to 2C  per cent 
30 to 40  per cent 
20 to 30  per cent 
1 to 2.5 per cent 
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All  the teats described below were carried out during three consecutive years inside j 

large semi-circular greenhouses  covered with a double layer of polyethylene and measuring! 
» 

50 metres  in length by  •'i.50 metros in width. | 
1 

In the&e different  experiments the quantities of water delivered were identical ? 

for the various methods am wore calculated according to  the formula developed by the j 

tontfavet  Pioclimatological Station for  the total radiation penetrating within the j 

greenhouse! j 

Tmr            1.               /       1          r  /-a •" greenhouse      .  „ | MET greenhouse  mm/;}ou les - C.r,¡      «       .       - 0.2, j 

where I'TEJ]' id th<2 maximum évapotranspiration,   in mm; 

tí  is the total radiation,   in oal/crr, ; 

L io the latent  heat  of vaporization,   60 cal/mm/cm . 

TEST 0Î7E 

COMPARISON OF' IRRIOA'FIOK 01-' A TOMATO CROP BY SURFACE FURROWS AND BY SPRINKLING 

(Spring I972) 

(a) Experimental  layout 

The greenhouse was divided  into  two  sections'of equal  length,  that  ìB,   two compart- 

ments measuring  2? by ii,rjO metres. 

Compartment one:    conventional irrigation by surface furrows 

Comp art m ont  two:    irrigation by sprinkling by means of two perforated pipes 
located  aoove the  plents. 

(b) Cultivation data-sheet 

Variety:    Montfavot H 6V-4 

Sown on 29 December  1971 

Flanted out  on 14 January  1972 into  11-by-ll plastic pots 

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

Plant grown on a single stalk and pinched back at the fifth îjole 

Warm-air heating from 21 February to 9 May 1972;    minimum temperature»    I4 to 15°C 

Harvested from 29 April to  2 May I972 

(o)    Results 

The results achieved are summarized in the table below. 
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Date 
harvest 
begun 

Cumulative yields in kg/m' 

Methods j     begun   I    2/5 | lc/5 j 17/5 ¡ 23/3 ! 31 A» j   7 A     ¡l'A    \ 
• ii      I      1 • *   .       j        • f—»• 1        1 • • '»• 

Surface furrows J 29 April j 0.20    2.2; j 3.78 j 0.G4 j 9- 34 j 10 o?. « 10.7¿ j 

1   Average weight 
--j cf fruit 

in grams 

iM 

Sprinkling i May U.C" j 1.^ ; 3-67 j 5 9-1 ; ^.4f- j lo.6C ; Ic.U j 

(d)    Comments 

Whereas there is little difference between the total yi<--ldy produced by the two 

methods of irrigation, the average weight  of the fruit   is higher and it  ripens earlier 

in the plot irrigated by surface furrows.    Moreover,  with surface irrigation by furrows 

it  is simpler to check on the health of the plante,  and,   in particular, attacks of 

botrytis can be more  easily brought under centro!. 

Identical findings were made in the case of melone,  pimento and eggplant.    Sprinkling 

the leaves of these plants leads to the appearance of certain parasites,  so that the 

sprinklers need to be placed beneath the foliage.    Lettuce alone appears well  suited 

to this method of irrigation. 

Por silty and hard-packed soils, whether watered from furrowß or by sprinkling, 

beginning at the fourth or fifth irrigation, the following general observations can be 

made: 

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

(b) It is practically impossible to check the amounts  of water delivered.    A 
large o^iantity fails to soak into the ground and runt; off outside the 
protected area,  carrying with it the fertilizing element;;; 

(c) Unless the ground is perfectly flat,  ponding may occur for «overal day; 
at the base of the plants. 

Localized irrigation previe es a means of rr.inimi".i.v;  theee various drawbacks. 

STUDY OP SEVERAL TYPES OF LOCALIZED IRRIGATION 

As the name indicates, localized irrigation consists in watering only a limited area 

adjacent to the plants.    Water is not'delivered to the entire  soil area as is the case 

with sprinkling and very often with furrow irrigation. 
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Irrigation systems ma- be divided  into  t»c  nain gioups; 

Those which-provide an instar 
in the order oí' 10 to  %   mm/l, 

1.       Those which-provide an instantaneous  flow rate corresponding -¿o heaw rainfall 

?.       Different   'drop-by- roP-  systems.,   which deliver to the ülant  verv small 
amount3 of water ranging between .i and-6 mm/h. *  • • •"      • 

A number of tosxs conducted at the  3taHor,  in 1973 and ly?4 havo  enabled us to 

condro the different  systems.     These comparisons were nado on ba^e and  on mulchod noil. 

TEST TWO 

IRRIGATION OF PFOTO 

(a)    experimental  layout 

Three systems v-era  compared: 

]"       Traditional  irrigation by means cf furrows 

"'-•       Looal  irrigation using perforated pipes 

The water is distributed tc   the plants by scans of perforated polyethylmo 

pipes measuring £8/^,   „it.!: the initial pressare racing between O.5 and 1 bm . 

The ground is prepared  and  th* plants   are set  out in such a way that  the 

wal«r is kept n,ar  th, roots ,r.d  cannot  overfly into the pathways  between the rows. 

Heles of :? mrr  in diarnet.r can Bir,pi, b* mad,;   using heat,   every 75 cm aio- 

the pipe,   or else thev can be equipped with   1.,,-m., nobles,   which gives improve 

distribution of the water.     Iheeo holes aro   protected by grooved rings slignt]• 

larger in diaaoter than the pipe itself.     Fiow rates are fairly high and fflay rar,-e 

between 40 and ,0 mm/h.    T0  fcriaure  a mQ,.e  QVen ,listrihution of the ^^   .^ 

furrows are divided   every  ?. ?b , »* the pipe, are supported on small cross-ox^, 

to  prevent their coming into contact  with the ground and the possible obstrvc^n 

of the holes.    The small troughs thus created at  the bMe of the plants receive 

a uniform quantity of water-   which se-eyn slowly into  che ground.     With this svrten, 

the water is delivered at  tuo same rate as with the furrow irrigation system. 

3*       focalizod irrigation by meat« of canilU^ 

A flexible polyethylene pipe into whicn are inserted at  25-om  intervals r. Pei-iec 

of oapiUary  tab,.,  Ü.7 mm in diameter and  SO on. in length,   carries the water between 

t«o rows of plante.     Each capillary,   buried  2 cm deep in the soil  along the «», 

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

at  1  k* of pressure corresponding to  an hourly rainfall of 5 nan. 
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Each of the 23-m-long test areas is divided into two sections:    one with bare soil, 

the other with plastic mulching (the film used being opaque thermal polyethylene). 

This test was done twice. 

(c)    Results 

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

early yields. 

Methods 

Harvesting of fruit 
Harvesting of unripe fruit (unripe + ripe) 

Yield in      Average $ of       Yield in        # of 
k^/m2 on    weight  of    cankered   kg/m? on    cankered 
13 June      fruit,  g.      fruits      10 July        fruits 

1.    Farrows (Bare BOU 
(Mulching 

1.14 
I.09 

175 
163 

19.3 
26.8 

3.18 
2.86 

13.4 
IS. 4 

2.    Perforated pipes (Bare soil 
(Mulching 

LO? 
1.37 

160 
179.5 

16 
8 

3.Û2 
3.57 

10.4 
3.3 

3.    Capillaries (Bare soil 
(Mulching 

1.11 
1.22 

172 
167 

9 
8.4 

3.13 
3.26 

6.1 
6 

(d)    Comments 

One interesting result of thiß test that might be immediately noted is the 

reduotion in the percentage of cankered fruits achieved by switching from the traditional 

method of irrigation to the localized systems.   This result is of great importance since, 

with the soil types in question, necrosis in fruits is caused by improper watering. 

TEST THREE 

LOCALIZED IRRIGATION OP MELCAS 

(a)    Experimental layout 

The irrigation is effected by means of a perforated pipe.    The system used is the 

sane aa the one described previously under No.  2.    The melons are planted in bare and 

mulched soil. 
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(b)    Cultivation data-sheet 

Variety!    "edrantais 

Sown on 30 January  1974 

Piantoci out on 6 February 1974 into 11-by-ll plastic pots 

Planted on 26 March  1974 at 0.40-m intervals in rows 2 m apart 

Crown under a lar^e cold-frame with temporary protection by means of small 
tunnels from ?G March to 8 April  1974 

Traditional cultivation or. the flat:     dimensions 2x8x3 

(n)    agüita 

Harvesting is currently in progress and will be continued until about 

IS August  1974. 

Date 
harvest 

il'tiv.! ¡TKirkotabti yio.i.iiK  ùi k^/ji"     Average weight 
of fruit 

Ifcthods begun 17/6/74    24/6/74    1/7/74   8/7/74    15/7/74 in grams 

liar o  soil 11 June I974 0. ?S 1.17 
'!ulching with 
opaque 
thermal poly- 
ethylene 10 June  I974 0*86 1.94 

1.32 

2.26 

1.43 

2.45 

1.56 

2.52 

328 

384 

(d)    Comment s 

The results »riven above are not final  since the harvest  is still in progross. 

However,  they confirm the findings made in a large number of tests previously carried 

out with irrigation by furrows on bare 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. 

INTRODUCTION OF F2STILI3ER SOLUTIONS IK PROTECTED VEGETABLE ORWIEQ 

Por some number of years now,   the technique of fertilization through irrigation 

has been used in horticulture, particularly at establishments specializing in the 

trowing of roses and carnations.    This relatively new technique is beginning to attract 

the attention of market gardeners.    *e tested it at  the Station in combination with the 

sprinkling and local irrigation methods. 
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The Versailles Physiology Laboratory under the direction of Mr.. Cole informed 

us of the composition of a fertiliser solution for use with tomatoes.    For water with 
the following analysis: 

PH 
K 
lia 
Ca 

3 

0.02 meq/l 
1.7      " ' » 

C.8      -    <• 
0.3      "    " 

the following solution was recommended; 

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

290 mml      nitric acid 
I45 grams ammonium phosphate 
35      "      magnesium sulphate 
45      "      potassium sulphate 

395      '*     calcium and magnesiur. nitrate 
555      "      potassium nitrate 

To this solution,  add 10Ü mml of a stock solution of trace elements containing 
per litre: 

O.5 grams ammonium molybdate 
IS ,r      boric  acid 
40 t:      magnesium sulphate 
20 "      7,inc  sulphate 
25 '"      copper sulphate 

Finally, add 10 grams of iron sequestrene. 

We might note that all the water supplied to the plants was enriched. 

TEST POUR 

CTTILKIEG  IRRIGATIOH WITH TOMATOES 

(a)    Experimental layout 

The greanhouse is divided lengthwise to form two plots measuring 23 by 8.50 ra: 

Plot one:    irrigation by sprinkling of the foliage; 

Plot two;    local irrigation through capillaries. 

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

variety:     Montfavet H 63-4 

Sov.Ti on 27   "Joe ember 1972 

Planted out  on 8 January  197? in 11-b.y-ll pots 

Plantod on 20 February 197 ;. in double rows 0,90 m apart separated by 1.10-ra paths 

Interval  between plants:    0.25 m 

Plant prewn on a single stalk and pinched back at the sixth node 

V'arm-air heating from ?0 February to  27  April;    minimum temperature:     14 to I5 C 

'•'ith both methods the 1'irrl tv;o  irrigations following planting were by means cf 

a f'loxibK hosepipe  located in the planted  furrow. 

Th--: comparison of the two irrigation systems was begun on 16 March and continued 

until  the end of harvesting,   on  16 June  1973. 

Frequency of  irrigation bv sprinkling: Twice weekly 

T'Tecfuonc,"  of  irrigation by local capillaries'   Daily 

In the part  of the tost  involving sprinkling,  plants wore given a one-minute 

rinsing with well vat er to eliminate any  salt  traces. 

^he forti li-er solution was fed bv means of a ''T)osapro:' batching pump. 

(c)     H03U]ts 

Methods 

Date 
harvest 

OuffijlaJi<ive yields in kg/i ra 

begun 2/5     7/5    I4/5    21/5   30/5     8/6    16/6 

Average weight 
of fruit 
in grams 

26/4/7! 1.01     3.20    4.59   7.12    8.41    9.02 84 sprinkling 

Local 
capillaries 26/4/73     0.21      1.12    3.86    5.52   9.03 10.84 11.18 91 

(d)    Comments 

The results shown above are quite positive.    They are slightly superior to the 

results obtained with identical plants fertilised according to the traditional method. 

At the same time,  they give clear evidence of the superiority of local irrigation over 

sprinkling with respect to both early crops and yield. 
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FIFTH TEST 

LOCALIZE) FOITILIZIBG IRRIGATIOï! UITH TOMATOES 

(a)   Experimental layout 

This test was a follow-up to the one before.    The aim was to ascertain,   «uring the 

spring of 1974,   whether localized application of a fertiliser solution with  identical 

composition would confirm the results cited above. 

This solution was applied to the plants by means of two systems: 

1. The perforated pipe,  already described,  ensuring heavy flow rates of about 
50 mm/h; 

2. A true ^drop-by-drop" system of the «Betafim'1 type,  whoso flow-rate of ? l/h 
is equivalent to raiw-fall of 2.6 mm/h. 

The plants were watered on the average twice weekly with the pipe and daily with 
the f:Hetafim?   system. 

Por each of the methods the test was made on two plots:    bare soil and  soil mulched 
with opaque thermal polyethylene. 

An identical layout was installed in a greenhouse in which the traditional method 

of fertilisation based on soluble fertilizer was used.    These two greenhouses were 
placed side by side in parallel. 

00    Cultivation data-sheet 

Variety:    Lucy 

Sown on 24 December 1973 

Planted out on 4 January I974 in 11-by-ll pots 

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 

tfarra~air heating;    minimum temperature:    I4 to 15°C 

•MM—,. 
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fcl    lìosults 
L00ALIZ SD IRfíIGATIOIÍ ALOE S 

Date 
harvest 
begun 

3 May 
3 May 

Cumula tive marketable yi elds in kg/m Average weight 
of fruit 

Methods 6/5 

0.04 
0.02 

20/5 

0.64 
0.64 

31/5 

1.42 
1.60 

H/6 

4.34 
4.32 

23/6 

c>.26 
9.60 

5/7 

9.78 
10.04 

in grams 

Perforated pipes: 
bare soil 
mulching 

84 
34 

Drop-by-drop : 
bare QOü 
mulching 

3 lïay 
3 May 

0.03 
0.11 

0.63 
0.64 

1.74 
1.73 

4.74 
4.44 

9.79 
B.92 

10.11 
9.59 

85 
86 

L0CALI7.3D FUÎT I LI 7 HC-  IRRIGATION 

Date 
harvest 
begun 

Cumulative marketable yields in kg/m Average weight 
of fruit 

Methods 6/5    20/5 31/5 

1.70 
?. 36 

2.24 
2.42 

14/6   i:8/6 5/7. in grams 

Perforate! pipos* 
bare soil 
mulching 

Drop-by-drop 
bara soil 
mulching 

29 April 
29 April 

29 April 
29 April 

0.09    0.73 
0.11    1.02 

0.13    1.01 
0.17    1.10 

5.56 10.20 
6.22 10.96 

6.09 11.35 
6.66 11.92 

10.79 
11.50 

II.83 
12.29 

85 
87 

87 
88 

(d)    Comments 
• - • - 

As m the previous year,, the results of this test oleari;/  show the advantages of 

fertilizar^ irri£etion, 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 beneficial effect of 

mulching is far less obvious than with melons. 

CONCLUSIONS 

Prom 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 

immédiatoly be drawn. 
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In the caso of light;  sand;/ or gravelly soils,   which arc particularly  suitable for 

market garden crops,  traditional  surface irrigation through furrows posc3 no major 

difficulties.     Entire regions in Europe - Sicily    for example - use this method of 

wat ering Kith success.    The problems become moire intractab-'e •.vh--.n the grower is faced 

with more silty  soils,  which tend to block the T-,enotraticn of water and air. 

Mule it  is true that irrigation by sprinkli!/. .nakes poscibL? a moi o uniform 

distribution of the water,   it  is unsatisfactory for many heavily  leafed plants,   such 

as tomatoes;  melons,,  eggplant,   and others.    Early .yields are smaller and cryptogaraio 

diseases,  especially Botrytis;   are more difficult  to contre 1. 

The localised irrigation methods which have recently boon tried in water-poor 

countries appear to offer certain valuable advantages: 

áince the pathways are protected from the water,  the soil remains far looser. 

Tho flow rates provided by these different   systems art known accurately enough 
to permit monitoring of the amounts of water received by the plants. 

These Bystems are relatively  easy to operate and maintain,   resulting in a saving 
of manpower. 

Together with the use of plastics for mulching,  this technique,   when u.-ed with low- 

growing plants^   such as melons;   offers a means of achieving considerably more abundant 

oarly harvests.     As we have seen,   in the case of taller plants,,   such as tomatoes and 

pimento*   the gain in early harvests as a result  of covering tlie soil is not  so clear. 

Although the direct advantages are 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 tho relative humidity within the enclosure.     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 uso of fertiliser solutions. 

These experimental results are very encouraging.    The combination of a localized 

application of water,  the covering of the soil with plastic film,   and tho use of 

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

This new method of plant watering and fertilization will nevertheless require 

experimentation on a larger scale together with thorough economic studies before it can 

be proposed to growers. 




