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ABSTRACT 

Suiteble erees for subirrigation and sprinkler irrigation were 

identificd in Richelieu and St-Hyacinthe counties, using a set of 

criteria established by experimental work. 

Land suitable for subirrigation includes uniform sandy textured 

profiles deeper than 1 m, with hydraulic conductivities greater than 0.5 

m/d and lying on a clay layer at approximately 2 m from the surface, and 

with slopes less than 0.5 % and little or no microrelief, 

SoUs that failed ta satisfy the subirrigation cribHia and that 

would most benefit from sprink 1er irrigation were idenl-ified. These 

soils had available water holding capacities of less than 75 cm pel' 100 

cm of sail. IAost of the solls suitable for sprinkler irris'ation were 

shallow sand (50 cm) over clay. The land was relatively flat • 

A total of 15 000 ha complied with subirrigation criteria. Of this 

aree, 10 000 ha were cleared. Subirrigation black 51-09 was the most 

promising for a regional subirrigation project. The total aree that 

would benefit the most from sprinkler irrigation covers 14 477 ha of 

c leared, flat land. 

The irrigation requirements and water available in the St-Lawrence, 

Richelieu and Yamaska Rivers were calculated. Bath the Richelieu and 

St-Lawrence Rivers could meet the flow demand for the total irrigated 

area. However, 57 ~ of the subirrigable land i5 located at more than 20 

km from the Riche 1 ieu and St-Lawrence and cou Id be more economica Il y 

supplied by the Yamaska River. The Yamaska River could supply aIl the 

subirrigated land in its vicinity (4 900 ha) and part of the land suited 

for sprinkler irrigation (1 000 ha) 4 out of 5 years. 
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RESUME 

Les zones propices à l'irrigation souterl'aine et l'irrigdtion p.11' 

aspersion des comtés de Richelieu et St-Hyacinthe furent idpnt ifi,','!" 

suivant des critères établis à partir de travaux expérlmentAux. 

Les terres propices à l'irrigation souterraine sont const l blt',I'!; do' 

sols sableux de plus de 1 m, ayants une conductivité rydroullqlll~ {>r).IlI' 

ou supérieure à 0.5 m/j, et reposants sur une argile imperml'ablt~. L.I 

topographie est plane et sans microrelief. Les terres relnlLvl'f1lt'fll 

planes et dont les sols sont des sables minces (50 CIO) ayi1l1h 1Hl!' 

réserve en eau utile inférieure à 7.5 cm/lOO cm de sa L, furellt 

sélectionnés pour l'irrigation par aspersion. 

Au total, 15 000 ha, dont 10000 ha défriché~, satisfaisaient le') 

critères d'irl'igation soutenaine. Le périmètre d'irrigation 50ub~r'rdllll' 

51-09 démontre le plus de potentiel de développement l'égional. QlJunt II 

l'irrigation par aspersion, elle pourrait être béniflque à 14 477 ho dp 

terres défrichées dans les deux comtés. 

Les besoins en irrigation, et les débits disponibles dans le 5t-

Laurent at les rivières Richelieu et Yamaska ont été calculés. 1 l appt~['t 

que le St-Laurent et le Richel ieu pourraient, sans problèmes, sot isfdlfe 

la demande en eau de toutes les terres irrigables. Cependant, 57 % d" 

cette superficie seraient desservis par la ri v ière Yamaska. Il sernb 1,. 

qu'en moyenne, 4 années sur 5, la Yamaska peut suffir aux besoins du 

tous les périmètres identifiés pour l'irrigation souterraine adjacents b 

la rivière (4900 ha), et une partie seulement des zones disponible~ 

pour l'irrigation par aspersion (1 000 ha). 
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NOMENCLATURE 
" .. 

The following abbreviations and symbols are found in the tex t. 

AWC Avai!able Water Capacity 

AI St-Aimé sail series 

AS Aston Sail Series 

BL Bellevue Sail Series 

C.E.C. Cation Exchange Capacity 

CHU Corn Heat Unit 

cm Centimeter 

Eor. Evapotranspiration 

ha Hectare 

JS Joseph Sail Series 
-rr 

• km2 Kilometer squared 

m Meter 

m2 Meter squared 

m3 t~eter cubed 

m3/s Meter Cubed pel' second 

meq/l Milliequivalent pel' liter 

mg/! Milligrams per liter 

mm Millimeter 

mmhos/cm Millimhos per centimeter' 

RAW Readily Available Water 

SOM Standard Deviation of the Mean 

SI Subirrigation suitabi!ity class 

"',. 51-07 Subirrigation Black 07 

SPI Sprinkler irrigation suitability class (AWC < 50 mm) 
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SP2 Sp~inkle~ irrigation suitability class (50 mm<AWC<75 mm) 

SPR Sail Potential Rating Index 

tonne met rie ton = l 000 kg 
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CHAPTER 1 .. 
INTRODIJCT ION 

1.1 Background. 

In the last few years, Canadians have come ta realize thnt UH'I [' 

land is a finite and limited resource. With a growing popu l il t iOIl, 

production of crops to feed humans and domestic anima l s must irll'l'l!lI:'t'. 

This must not be done at the expense of soi l degradation. Most or Lill' 

uncultivated land that could be put into production (class IV, V, Vl, 

VII land) is currently forested, wet or rocky or has climut\!' 

limitations. These soils are orten too fragile ta be cultLvoteJ 

wi thout rapidly deteriorating • An increase in crop productlOn wou ld 

optimally stem From improved management of the land already 

cultivated. 

In Québec, the maior concentration of arable land is round in the 

st-Lawrence lowlands. The counties of Richelieu and St-Hyacinthe are in 

the center of the agricultural zone with the m08t favourable cltmote, 

the greatest heat uni ts and the longest growing season in the prov ince. 

A majority of farmers in both counties have shifted from dairy ta canh 

crop farming. Currently, grain maize i8 grown on more hectares thon any 

other crop. Many farmers are now showi ng an interest in increas lng the 

area devoted ta soya beans. A soya bean micronization plant was bUllt 

in 1987 at St-Robert in Richelieu county. Unfortunately, the lowe~lt 

summer rainfall in Québec occurs in this region making the productiml of 

soya difficult. It has been determined that there are several thousands 

1 



of hectarHs of fIat, stone free, sandy sail underlain by clay in these 
1 1" two counties. This land absorbs rainfall and snowmelt readily. In Us 

natural state it is usually saturated ta the surface in April, t1ay and 

early June. The installation of subsurface drains between 1965 and 1980 

has improved conditi..ons for planting and harvesting. However, crops 

suffer from a lack of water in July and August in most years. 

Massin (1971) calculated that on the light soils in the St-Hyacinthe 

and Sorel rp.gion having a water holding capacity of 50 mm, dry 

conditions would recur 2 out of 3 years. Lake (1968) evaluated the 

irrigation requirements of the same region. He found an average need for 

2 mm/d of supplemental irrigation water from June 15 to September 10. 

« Irrigation, coupled with better cultural practices, would be a good 

solution. Unfortunately, the counties are faced with a problem of water 

availability for irrigation. Most of the sandy soils are located in the 

vicinity of the Yamaska River which has law flaws in summer, when the 

water is the most needed. WeIl water is extremely saline and cauld have 

detrimental effects on soils and plants. Sprinkler irrigation could 

easily be used on these fIat lands. However, sprinkler irrigation 

r8quires an initial investment that few farmers can afford. Also, 

sprinkler irrigation is usually done in daytime and requires higher 

f lows during a 12 hour period. This is difficult to accomplish in a 

region where water ls scarce. 

Subirrigation appears as a low cast, beneficlal solution for the 

( soils to which it ls suited. After seeding, the valves on the main 

2 



drain pipes are ciosed ta conserve the water in the soils. Adding water 

to the system raises the water table. Water then maves upwards toward 

the plant roots by capillarity. Subirrigation has been tested SLnce 1981 

in Richelieu county and is performing efficient1y, increasing ylelds of 

grain corn from 17 % to 45 %. This i5 not the on l y f ac tor thu t rnl1k()~; 

subirrigation attractive. This form of irrigation requires less input'. 

then other types of irrigation. It has been demonstrated that tl1t' 

drainage systems currently in p lace in the l ight sa ils of H ~ctle l i(,\1 

county can be used ta distribute water to the fields. Not 011 

subsurface drained land is sui tab le for subi rrigation. Speci Fil' 

conditions of sail types and topography are required. 

At the present Ume, farmers are nat advised on whether their land 

is suited for contro11ed drainage, sprinkler or subirrigation. Thu~;, 

the y are spending moneys on irrigation systems for which the land might 

nat be suited. It is important now to differentiate between land that 

will profit From subirrigation and land that can only beneFit From 

controlled drainage or will require sprinkler irri,"'Tation. This i8 an 

important step toward maxirr,izing the resources avai lab le to make the 

best use oF the land and water available. 
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1.2 Objectives 

The objectives of this thesis are to: 

1. Define c.riteria for the selection of land for irrigation and to 

differentiate between the land suitable for subirrigatian and that ta be 

irrigated with sprinklers. 

2. Identify the land suitable for subirrigation, aeeording to a set 

of criteria and plot the subirrigable zones on topographieal maps. 

3. Identify the land suitable for sprinkler irrlgation and plot the 

defined units on the same topographieal maps as l:sed for identifying 

these lands suitable for subirrigation. 

4. Assess the needs for, and availability of water in the Richelieu, 

St-Lawrence and Yamaska rivers. 
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1.3 Scope 

The field work, sail and water appraisal and mapping WOl'k wert' 

carried out for this thesis in arder ta determine the approximate exb-'nl 

and location of land suitable for subirrigation and land whicll WIllJ Id 

most likely benefit from sprinkler irrigation in Richelieu onJ St­

Hyacinthe counties. This thesis provides a general overall land tllld 

water appraisal for irrigation. No economic analysis i5 invol ven. TIll' 

maps should be used as a guice to indicate the areas which could bl'nefit 

from irrigation. Technical and economic feasibility studies should hu 

made in the detailled planning stage of irrigation for particular lond:~, 

ta find the most suitable places for pumping stations, water contra 1 

structures, and water table control chambers • 
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CHAPTER 2 

lITERATURE REYIEW 

2.1 General Infor.ation on the Area Examined 

2.1.1 location 

In Québec, land suitable for subirrigation and other forms of 

irrigation is spread in a dozen counties. However, the largest 

concentration is in the Yamaska and Richelieu river basins, which are 

the most productive regions of the province. Both Richelieu and St-

Hyacinthe countles are located in these river basins and therefore were 

selected to analyse their potentiaJ for irt'igation. 

The location and boundaries of Richelieu and St-Hyacinthe counties 

are shown in figure 2.1. However, for this study, because only partial 

soil information was available, the south boundary was set at Route 20. 

2.1.2 Climate 

The climate in St-Hyacinthe and Richelieu counties is among the best 

in Québec. It permits the growth of a wide variety of crops. This 

cl imate is cl ass ifi ed as "continenta l temperate" (Broui llette et al., 

1971) because of the contrasting seasons and the widely varying 

temperatures. 

The frost free period normal1y lasts 125 to 140 deys. In 50 ~ of the 

years it will ex tend from the 11 th of May to the 2nd of October. 
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(Env ironment Canada, 1982). The length of the growing season with 

temperatures above ,·C l'anges from 200 to 20B days. The growing se as on 

usually starts around the 10 th of April and ends between the 31st of 

October and 4 th of November. The Richelieu and St-Hyacinthe counties 

have the greatest corn heat units avai1able in Québec with 2700 CHU 

(Dubé et aL, 1982). 

In the region from St-Hyacinthe to Sorel, mean monthly 

precipitation in June, July and August varies from 90 m~ at St-Hyacinthe 

ta BD mm at Sorel. Figure 2.2 shows the spatial distribution of 

precipitation in the Yamaska basin for the month of July. Mean monthly 

rainfalls reach 110 mm in July in the hilly lands southeast of Granby. 

The potential evapotransplration is approximately 120 mm/month, in June, 

July and August. The relJion experiences drought conditions in the summer 

months at a frequency of 2 out of 3 years for soils with low readily 

avai lable water (~lassin, 1971). Massin cal cu lated the defici ts for soils 

with readily available water of 100 mm. In Richelieu and St-Hyacinthe 

counties, many of the soils have readily available water storage 

capacity of less then 100 mm. The probability of recurrence of drought 

periods found in tables 2.1 and 2.2 for the St-Hyacinthe and the Sorel 

meteor010gical stations is like1y ta increase for these soils with 

avai lable water less than 100 mm. Lake (196B) had evaluated that the 

water deficits at the St-Hyacinthe station would recul' 4 out of 5 years. 

The drought candit ions experienced in the region are due ta a defici t 

between evapotranspiration and the water readily available ta the 

plants. The very low water holding capacities of the light sandy soils 

of the region, combined with excessive drainage have accentuated the 

dryness. Corn monoculture has also reduced the organic matter content of 
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Table 2.1 frequency of Deficits at the Sorel Meteorological Station 

==:=================~=================================================== 

Readily Available Water 100 mm 138 mm 177 mm 

Month 

June 43 % 27 % 13 % 

July 73 % 57 % 43 % 

August 67 % 60 % 50 % 

June ta August 61 % 48 % 36 % 

------------------------------------------------------------------------------------------------------------------------------------------------
Note: The percentage in the body of the table is the recurrence interval 
of the water deficits for a given sail. For example, in the month of 
June, a sail with a readily available water of 100 mm is likely ta 
experlence a deficlt 43 % of the years, ie. 2 out of 5 years. 

(From Massin, 1971) 

Table 2.2 frequency of Deficits at the St-Hyacinthe Meteorologieal 
Station 

------------------------------------------------------------------------------------------------------------------------------------------------
Readily Available Water 100 mm 138 mm 177 mm 

Month 

June 43 % 23 % 7 % 

July 63 % 57 % 47 % 

August 67 % 67 % 53 % 

June ta August 58 % 49 % 35 % 

======================================================================== 
Note:See note in Table 2.1. 

(From Massin, 1971) 
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soils, and thus the soils capacity ta retain watf increasing the 

dependency of the plants on a water supply other than the soiL'9 

reserve. 

. 
2.1.3 Surface Geology of Richelieu and St-Hyaclnthe Count1es~ 

The region's sail deposi ts are essentia Il y sediments from Uw 

Ordovician period (450 million years). Both counties, at that UIIH', WI'!',' 

un der the Champlain sea. The first deposit consists of very fine IIlllrirli' 

clay over glacial till over limestone. The thickness i5 vuri,1blt'. 

Originally, the bottom of the Champlain sea was a glacial landscnpt·. 

Clay deposits up to 30 meters deep have been observed in the reuion 

(Gadd, 1960). The marine clay deposit is very flat, gently SIOPlll(J 

towards the St-Lawrence River. The clay mineraIs observed are mainly 
! 

mica-il lite and montmorillonite (Karrow, 1965). The permeabi Li ty of this 

deposit is very low. In a large part of the region, a flne sandy deposit 

of variable thickness lies over the marine clay. The sand deposits 

originated from various phenomena. The sand terraces 810ng the Riche llelJ 

and Yamaska rivers are fluvial deposits and consist mainly of COar[3fJ 

sand. A large portion of the sand caver is of deltaic orig1n. The 

texture is finer. The lhickness of the deposits can reach 5 meters ( 

Karrow, 1965). The soils that are of interest in this study weee forlllf'd 

on these sandy deposits. A profile of the St-Hyacinthe county From eust 

ta west is found in Figure 2.3. The sand layer, under natural condltinrl!l 

is saturated most of the year because of the restriction of drainage by 

the underlying clay layer. AIso, water does not ed::>i ly movf~ 

longitudinall)' because of the small slopes observed. After installatlOl1 

of subsurface drains for cultivation, the sands become drier. 

Il 
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Richelieu and Yamaska Rivers were formed by erosion of these 

deposits. The banks of both ri vers are steep as they pass through 

Richelieu and St-Hyacinthe counties. 

2.1.4 Hydrogeology 

The soil deposits of both counties do not hold large Rquifers excl'pt 

for the sandy high terraces. Water flows at the boundary of the Gand ,md 

marine clay deposits. Aquifers in the limestone are found at deptltB 

ranging from 20 to 65 meters. 

Water from the wells, in Richel ieu and St-Hyacinthe counties, is 

saline. During the Champlain sea episode, saI ty sea water was trapped. 

The concentration of dissolved solids is higher th an 500 mg/l and often 

above 1000 mg/!. Data on weIl water quality is found in Table 2.3. Two 

types of aquifers were observed by Simard and DesRosiers (1979) in 

Riche lieu and St-Hyacinthe counties. The wells located north of St-LolJis 

parish have fresh water with high ferrous iron concentrations. Wells 

from St-Louis to St-Hyacinthe have saline water. The highest degree of 

salinity is found in wells around St-Louis. The concentrations of total 

salt in the water from the aquifer on the experimental site are also 

found in Table 2.3. 
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Table 2.3 Water Quality of Sample Wells in St-Hyacinthe and Richelieu 
countics. 

------------------------------------------------------------------------------------------------------------------------------------------------
Well Il WeIl 22 WeIl 33 

pt~ 8.20 7.60 7.1 

Chlorides (mg/1) 76.00 1 020.00 7 748.00 

Total Hardness (mg/1 CaCa)) 80.00 897.00 N/A 

Alkalinlty (mg/l CaCo3 ) 328.00 423.00 457.00 

Iron (mg/l) 0.31 1.41 4.24 

Total Disolved Solids (meq/l) 21.40 189.10 12 713.00 

Conducti v ity (mmho/cm) 1.056 6.236 15.00 

------------------------------------------------------------------------------------------------------------------------------------------------
1. Around Sore 1 and a long the Riche lieu ri ver. (Simard and Des Rosiers, 

1979) 

2. Along Yamaska river up to Point du Jour. (Simard and Des Rosiers, 
1979) 

3. Located on Mr. Charbonneau's farm in St-Louis. 
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2.1.5 Hydrography and Drainage. 

Three importan t drainage basins caver Riche lieu and St-Hyac inthe 

counties: Richelieu river basin, Yamaska river basin, bath Bub-basins of 

the St-Lawrence basin. Becauae the banks along the Richel leu élnd lIw 

Yamaska rivers are steep, the risk of flooding is reduced. Part of lhl! 

land along the St-Lawrence ri ver is periodically f looded, limi tlflg i t;; 

agricultural use. 

A few small rivers meander through bath counties. They are fOlrly 

deep and carry low flows. The Laplante, Amyot and Raimbault flow intI) 

the Richelieu river. Salvail, Pot-au-Beurre and St-Pierre rivers drain 

into the Yamaska. Sorne of these river5 can be located on Figure 2.1. 

Apart From these naturally occuring rivers, a network of dralnuge 

ditches and small watercourses caver Richelieu and St-Hyacinthe 

counties. 

The internaI drainage of the land i5 imperfect ta very bad. This i9 

due ta the very fIat tapography and ta the marine clay layer lying nt 

about 1.5 meters below surface. On the cultivated land the poor drainHge 

has been corrected by the installation of artificial subsurface drainage 

pipes. Only the land on the edges of the sand terraces or on thf! 

escarpment along the Yamaska river are naturally weIl drained. 

15 
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2.1.6 Agriculturel Production. 

The region's main industry i5 agriculture. About 55% of the total 

land area is cultivated. Traditionally, the region was a dairy producer. 

With the rise in the priee of grain corn, the eounties' agriculture has 

shifted towards corn monoculture. In Richelieu, 42% of the total 

cultivated area is grain corn. In St-Hyacinthe, this proportion is 51 %. 

Table 2.4 shows how the land is distributed among the various crops. 

Second in importance are forage erops: cultivated hay, aifaifa and smali 

grains. AlI of these major erops suffer drought during summer and could 

benefit From supplemental irrigation. 

In summary, the climate and the geology are responsible for many 

of the cropping problems occuring in the region from St-Hyacinthe ta 

Sorel. The drainage problems have now largely been solved. The 

subsurface drainage systems have been beneficial, lengthening the 

growing season and improving conditions for p1anting and harvesting on 

the light soils in Richelieu and St-Hyacinthe counties. The dry 

conditions prevailing in June, July and August in the medium sand soils 

with high drainable porosity have been accentuated by the subsurface 

drainage systems. The absence of water sources in proximity of these 

areas and the Iow flows available in the watercourses have prevented the 

use of irrigation. Approximately 25 875 ha of light, fIat soi1s,in 

Richelieu county aione, could benefit from sprinkler and subirrigation, 

if the water resources were adequately managed. 

16 
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Table 2.4 Agricultural land Use in Richelieu and St-Hyacinthe counties. 

======================================================================== 

Crop 

Alfalfa 

Barley 

Buckwheat 

Cereals (mixed) 

Corn (silage) 

Corn (grain) 

Forage 

Oat 

Oat (sUage) 

Orchard 

Potatoes 

Rye 

Small Fruits 

Sugar Beats 

Tobacco 

Wheat 

Others 

Richelieu 
(ha) 

l 673.53 

2 060.37 

276.08 

308.03 

1 114.56 

10 831.18 

5 353.02 

1 827.79 

35.05 

5.18 

9.92 

0.00 

27.69 

36.24 

0.00 

591.40 

1 355.90 

St-Hyacinthe 
(ha) 

2 616.80 

3 181.39 

45.71 

1 097.36 

l 952.96 

25 324.54 

4 445.52 

1 525.05 

6.84 

165.90 

52.77 

0.00 

174.85 

1 769.66 

0.00 

3 994.57 

2 476.65 
------------------------------------------------------------------------

Total Cultivated 25 817.44 49 493.62 

======================================================================== 
(From MAPAQ, 1986) 
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2.2 Subirrigation in Québec. 

Although subirrigation has been practised for 30 years in the 

Netherlands and United States, it has just started in Québec. An 

experimental project has been going on for 5 years in Richelieu county. 

Many Farmers hàve recently bought control chambers and begun ta practise 

controlled drainage. 

Subirrigation consists of using the subsurface drain pipes in place 

ta distribute the irrigation water. In the irrigation mode, water is 

pumped into a control chamber From which it flows into the lateral pipes 

and out into the saiL From the saturated subsoil, water rises to the 

root zone by capillarity. In controlled drainage mode, the subsurface 

( drains lire obstructed ta retain water in the subsoi land to prevent 

excessive d~ainage. No water is added. 

In general, Québec has a cool, moist climate. In urder ta improve 

planting and harvest conditions and ta extend the growing season, most 

cultivated land in the St-Lawrence lowlands has been artificially 

drained. The challenge was then ta find out if it was possible ta use 

the subsurface drainage systems in place and transform them, at minimum 

cast, For subirrigation. The first research was conducted by Gallichand 

and Broughton in 1983, and looked at the water table distribution in the 

field. They were able to maintain a steady state water table. The he ad 

difference between the control chamber and the field varied From 30 ta 

50 cm. A 50% increase in yield was observed as a result of the 

( experiment. Von Hoyningen Huene (1984) continued the research. He 
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compared water table fluctuations under irrigated and non-irrigated 

conditions, by measuring water lasses in the system and the tilllf' 

required ta l'aise the water table. He found that, under irruJ8tion, tht' 

water tab le had risen by 22 cm in two weeks whi le, in the 8ame pel' iud, 

the water table had dropped by 10 cm in the non-irrigated plots. HI:' ,d';l1 

found that leakage to non-irrigated plots was negligible and WélS likaly 

to decrease in importance if the area irrigated was increo~-;t)d. Ht' 

concluded that subirrigation was feasible on the condit ion that the Lmd 

be levelled, to gi ve a more uniform water table profile. An apprpcl.lhl.-. 

change in the remaining available water after irrigation was obBerved. 

The increase was due to capillary rise from the water table. ln arder lü 

determine the height at which the water should be maintained in thn 

control chamber, Bourni va 1 et al. (1986) measured a Il head losHe~j 

through the subirrigation system. He found that, for a sandy loam in 

southern Québec, the volume of irrigation water needed for 1.06 ha W(W 

1890 m3, an average of 3.3 mm/do The water in the control chamber had tn 

be kept 55 cm above the drain pipes to maintain the desired water tahle 

throughout the field. 75% of the he ad 10ss was observed to occur in the 

first 5 cm from the drain pipe. 

In the past three years, farmers have shawn a real interest in the 

concept of subirrigation. Since 1984, improvements have been made ta 

simplify the management of the technique. 

Much research is left ta be done, with other crops then corn and 

other soils than sandy loams. Nothing indicates that subirrigation IS 

unfeasible on heavier soils with good hydraulic conductivity. 
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2.3 Criteria for the Selection of land for Subirrigation. 

For subirrigation ta be efficient, certain requirements must be met. 

Fox et al. (1955), and Criddle and Kalisvaart (1967) have reviewed the 

conditions under which subirrigation is feasible. 

Subirrigation implies a precise control of the water table. The 

water table has ta be held below the primary root zone, but close enough 

that the water can reach the plant by capillarity. This is easily 

achieved if an impervious layer, clay, bedrock or natural water table, 

exists within 2 or 3 metres from the surface. This layer will restrict 

the downward movement of water and create a perched water table 

condition. Harris et al. (1962) sald that for corn the optimum water 

table depth i5 100 cm. Memon (l98~) indicated that for the St-Samuel 

sand in Richelieu county, ta obtain an upward flux of 3 mm/d, the water 

table should not be deeper than 90 cm. A graph of the upward flux versus 

the depth of the water table from the surface is shown in figure 2.4. 

Doering et al. (1982) gave results of experiments in North Dakota, 

U.S.A. showing maximum yields of maize and sugar beets when the water 

table was between 95 and 115 cm below the surface. If the permanent 

water table is below 2 meters deep, it will be almost impossible to 

maintain an upward flux high enough to supply the plants. The upward 

flux should at least be 2 mm/do 

As for the soi l, subirrigation has shown to work best in the sandy 

type soils found in North Carolina and Floride. But Renfro (1955) 

repor ted that subirrige ti on has a Iso been succesfully implemented in 
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peat soils of the San Joaquim valley in California. The capillary 

conductivity of clay soils is usually not high enough ta meet the plant 

demand. Cl'iddle and Kalisvaart (1967) have reported that silt and clay 

soils seal after periods of drying and rewetting thus reducing the 

hydraulic conductivity of the soil. Based on tests, Skaggs (1972) 

states that, for lhe water to rise by capillarity sufficiently rapidly 

to meet the crop needs, the saturated hydraulic conductivity of the soil 

shou 1 d be grea ter than 0.5 rn/d. This hy drau lic conducti vi ty val ue Is 

also the lower limit below which subirrigation ceases ta be ecanomical 

(Evans and Skaggs, 1987). Layers of low hydraulic canductivity will 

impede the upward water flux. Thus subirrigation perfarms best when the 

sail above the drain is of uniform texture. 

It is mandatory that the topography be relatively fIat sa the water 

table is malntained between 60 and 100 cm depth throughout the field. 

When the water table is closer than 60 cm below the surface, the crop 

may suffer From lack of air in the root zone. Where the water table is 

deeper thon 110 cm, the field wi Il experience drought. This range 

a llows some storage space for the rain. The drain pipes should be in 

the permeable zone above the restricting layer. Alternately, if the 

drains must be put in a layer of low perrneability, they should be 

installed with a tren~her and backfilled with sand so that the water can 

flow up From the drain pipes into the sand in the irrigation mode. Only 

soils with an important sand layer above the clay, 80 cm at least, could 

benefit from this type of installation. 
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If a drainage system is in place, either ditches or subsurface 

pipes, the parailel drains should be close enough together 50 the wAter 

table at midspacing can be raised at sufficient height. Skaggs (1972) 

sa id that a 30m spacing did not respond fast enough whi le a 19.2 tt le 

spacing was able ta keep the water table at 90 cm for potatoes. The l'dt t' 

of rise of the water table depends also on the hydrau lic condudi v ity \JI 

the sail, and the soil-water characteristic. 

Because of a difference in head, water will leak from the 'iide of 

irrigated ta non irrigated plots. Al! authors suggest that the larlJt'r 

the area subirrigated, the smaller will the leakage be in proportiun tu 

the total water needed. Depth of adjacent ditches wi Il a 1so influf'lwt! 

the seepage volumes. Massey et a1.(1983) proposed that sublrriga t um may 

not be feasible if the ditches along irrigated fields are tao dct'p, 

unless a tight control is exerted on the water levels in the ditches. 

Adjacent fields should be leveled ta minimize leakage. 

In summary, there are three requirements for subirrigation ta be 

successful: 

1. Sail texture 

2. Topographie features 

3. Location of the subirrigation zones 
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2.4 Subirrigation vs. Sprinkler Irrigation. 

Sprinkler irrigation is a versatile means of applying water. It can 

be used under almost aIl conditions of topography, soil and climate, for 

germination, frost protection and manure spreading. By comparison, 

subirrigation requires a very specifie set of conditions found only in 

a few agricultural regions. Nevertheless, in some cases, where both 

systems can be used, subirrigation presents net advantages. 

If suitable natural conditions are available, and a drainage system 

exists or is required, the initial investmenl for subirrigation will 

clearly be lower than for sprinkler irrigation. Von Hoyningen Huene 

(1984) has shawn that it was possible ta adapt a subsurface drainage 

system to Québec's conditions. Under Québec's climate, where only 

slJpplementa l irrigation is needed, sprinkler irrigation may not be 

economically justlfied. A sprinkler irrigation system probably is 

economical for high value crops but this remains to be confirmed with 

more tests for lower value crops. Additiona1 costs linked ta an 

irrigation system are labour, maintenance and energy. The energy 

requirements of subirrigation are only about 15 % of those associated 

with sprinkler irrigation when water is available in a watercourse or a 

we Il near the fie Id to be irrigated. The pumping head for subirrigation 

is only about 15 % of that for sprinkler irrigation. 

With sprinkler irrigation, the water requirements are affected by 

evaporation and wind which reduce the application efficiency. 
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The comparison between sprinkler and subirrigation could be endlcss. 

What is important, is ta compare how both performed on soil types that 

suffer most from drought in Richelieu and St-Hyacinthe countipq. 

Subirrigation reduces the stress on the plants by maintaining wntcr 

available continually to the roots. With sprinklers, water i8 8pplll'd 

weekly, when the water table has receeded. However, subirrigation cannllL 

be used with aIl crops. Strawberries, for example, are better irrlllAh'd 

with sprinklers, which provides frost protection and the very hlqh 

demand needed over a few days during rapid growth of the berries. Alsll, 

vegetables are better irrigated by sprinkler because of their shnllow 

rooting system and the need for surface application to help with 

germination. 

The sandy soUs of Québec have a very low water holding capee i ty and 

cation exchange capacity. Water applied by the sprinkling will pereolaLe 

rapidly and leach the remaining nutrients in the sail. Maintflininy fJ 

high water table has been shawn ta reduce the loss of nitrates and other 

mineraIs (Gilian et a1.,1978, Skaggs et 81.,1972). In muck sol1s, a hirJh 

wa ter tab 1 e cou Id reduce subsidence. Subi rr iga tian, therefore SeRmfJ 

better adapted than sprinkler irrigation for these soils. 
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2.5 Irrigation Requirements In the St-Hyacinthe and Richelieu Counlies. 

The mast comman way of estimating water requirements is by doing a 

water balance of the soil-root zone. 

AWC = Rain - E.T. + Irrigation Water ( 2.1) 

AWC is the water held in the root zone and available to the plan. Lr. 

is the evapotranspiration. Lake (1968) using equation 2.1, and 30 years 

of weather data for St-Hyacinthe station calculated the irrigation water 

needed. He used Thornthwaite's method to calculate evapotranspiration, 

and found irrigation requirements, for the months of June, July and 

August ta average 2 mm/d. From experiments conducted in 1985, Bournival 

et aL (1986) calculated that the irrigation requirements were 3.3 mm/d, 

including seepage losses. 

Nol in and Lamontagne (1986) estimated the available water of sorne 

soil series found in the Montreal region, for 50 cm rooting depth. These 

values can be found in appendix B. The rooting depth which contrals the 

amount of water accessible ta plants i8 variable throughout the season. 

Many authors suggest that the corn rooting depth goes From 1 to 1.6 m. 

These depths were abserved in very deep soils under lung vegetative 

seasons. Hudson (1976) states that the effective root' .,j depth of corn 

is more likely 60 cm. In subirrigatlon, the roots will not need to go 

very deep for water. Memon (1985) measured the root density at the 

experimental subirrigated site of St-Louis, in a St-Samuel sail suitable 

for subirrigation. He found no roots belaw 50 cm in bath the 

subirrigated and non irrigated plots. Eighty percent of the roots were 

found in the top 30 cm in bath the irrigated and non-irrigated plots. 
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2.6 Water Quality in the Richelieu and St-Hyacinthe Counties. 

Water qua lit y is a factor that affects i rr iga tion. There are th l'CI' 

types of problems related to irrigation with poor water quality: 

1. Plant toxicity 

2. Soil structure deterioration 

3. System operation problem3. 

Plant toxicity is created by the presence of certain minera ls in ttlt' 

water. The most common taxie mineraIs are chloride, sodium and baron. 

Not aIl plants are equally sensitive ta these mineraIs. Corn l~ 

sensitive ta concentrations of baron greater than 2 mg/l and will <lino 

be affected by high concentrations of sodium, specially if watcr is 

sprayed on a long term basis. (Ayers and Wescot, 1985). These crileriH 

will vary under humid conditions, where no long term accumu lations of 

mineraIs are 1 ikely to occur. Other mineraIs are taxie ta plants but are 

only occasionally present in ri ver waters. 

Sorne plants are also sensitive ta high concentrations of nitrates 

and ammonia in the irrigation water. This can cause excessive lenf 

growth of the plants and reduce grain yields. Corn however consumes 

great amounts of nitrogen. If nitrates and ammonia are available in the 

irrigation water, the fertilizer requirements could be reduced. 

So11 structure deterioration occurs on clay 50115 i rrigated wi th 

saline sodic water. Sodium affects the sail structure of clay mineraIs. 

Subirrigated soils that contain less than 5 % clay cannot be muet! 

affected. No deterioration due ta salinity has been abserved in the 

sandy soUs of Richelieu county which are seasannally leached (fal1 and 

spring) • 
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The efficiency of the irrigation system can be affected by the 

qua l ity of the irrigation wa ter. Corrosion, b Iocking of the pipes by 

sediments and alga1 growth deteriorate the system's components. The 

effect of each parameter depends on the irrigation method. 

Subirrigation is very sensitive to high sediment content and 

presence of iron ochre and aIgae which can block the envelopes, pores 

and the pipes (Criddle and Ka1isvaart, 1967). Bournival et al. (1986) 

have observed partial blockage of the filter envelopes by the iron ochre 

which resulted from the activity of iron loving bacteria using the 

ferrous iron present in the irrigation water source. However, the water 

can be treated to avoid the iron ochre problem in the locations where 

the water has excessive ferrous irone 

1 
" The presence of nitrates and arrunonia cou1d enhance algal growth in 

the ditches. Pump intakes need to be prov ided with very large screen 

areas. 

Ayers and Wescot (1985) and the Canadian Ministry of Environment 

have produced guide 1ines for irrigation water quality. The latter are 

better adapted to Québec's acid soils and humid climate than Ayer's and 

Wescot's mainly developed for arid conditions. The water in the 

Yamaska, Richelieu and St-Lawrence rivers is of suitab1e qua1ity for 

subirrigation of maize, soya and most of other crops, according to the 

Ministry of Environment's criteria (McNeely et aL, 1982). Water from 

some of the wells maybe too saline, or require treatment for irone 
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i CHAPT ER , 

IDENTIfICATION Of LAND fOR IRRIGATION 

J.1 Mapping Methodology. 

The first step in mapping irrigable zones was to define soil und 

land selection criteria. The soil information maps, for St-llyacintlw 

(Cossette, 1983) and Richelieu counties (Nolin, 1983) were importnnl 

sources of background information. Both surveys were not yet compLetûd 

at the time this research project was carried out. One part of St­

Hyacinthe, south of Highway 20, is not included in the present work. 

Additional sail information (profile descriptions) was acquned frofll 

adjacent counties' soUs reports. Soil series suitabilities werc 

assessed from profile descriptions and field observations according lo 

the pre-established criteria. Then the zones, where the mojor 

concentration of the appropriate sail series are found, were v i5Heu tu 

evaluate visually the general slope, microrelief and surroundin~ 

topography. 

The information resulting from sail maps and visual observations wa~l 

organized and mapped on l in 20 000 topographical maps. The 

topographical maps were a good map base since they showed the roarl9, 

ditches and river networks and forested areas. Each of the areus 

identified was gi ven a specia l code and p lanimetered. Tt-.e zones wer'!~ 

classified ln three categories. The first class Is Il 51-" for 

subirrigation zones. The sprink 1er irdgation zones are "SP 1" and "SP2 1t
, 

depending on the available water capacity of the soils. 
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In making the blocks, property boundaries were not considered • 

AlI soil types selected for one irrigation class behave similarly within 

their class. Therefore aIl adjar.ent zones that answered the same 

criteria were grouped together, regardless of the soil type. The maps, 

Figures 3.2 to 3.9 are included and contained in the pockets at the end 

of this thesis. Figure 3.1 shows the relative position of the maps with 

respect to each other. 

AlI the information given by the maps should be considered within 

some limits. The main objective of these maps is to lacate the areas 

that can benefit from subirrigation and sprinkler irrigation. The block 

boundaries are approximate and depend on the accuracy of the soil maps. 

The same can be said about topography. Detailed surveying 

measurements were not taken. Topographie evaluation was based solely on 

visuel observations of the microrelief. This was sufficient sinee only 

qualitative appreciation was needed. Slopes were measured approximately 

on the 1 in 20 000 topographie map and in the field using a hand level. 

However, since some fields were unaccessible, classifications were based 

on slopes ealeulated from the maps. This could have introduced an 

error: topographie maps give little information about microrelief. 

Nevertheless, these approximations do not reduce the informative value 

of the irrigation maps which have been prepared. 
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3.2 Criteria of Selection of Land for Subirrigation. 

Prior ta mapping, an analysis of the land resources was conducted. 

This analysis was done within a set of criteria, established From 

pub 1 ished work on subirrigation and From the experimental set up in 

Paroisse St-Louis. Although aIl defined areas answer aIl criteria, they 

are not necessarily of equivalent quality. The criteria chosen are 

broad to permit a very structured and refined classification. Before 

designing irrigation systems for individual farms, further local 

fields investigations should be made. There are two groups of criteria: 

soils and topography. 

3.2.1 Sail Related Criteria. 

The soils mostly affected by drought during summer, in St-Hyacinthe 

and Richelieu counties, have a sandy texture in the top 60 cm. Their 

ability ta retain water ln the root zone (50 cm) is extreme1y low, 

ranging From 3 to 6 cm of water. The drought ls accentuated by 

overdrainage of the soils. These soils have saturated hydraulic 

conduct i viti es, From 0.5 to 5 m/d. In the ir natura l state, these soi Is 

abs0rb rainfall and snowmelt. Water infiltrates rapidly and the water 

table cornes to the surface through April and May, and after autumn rains 

in October and November. Thus these soils need subsurface drainage ta 

a lIa\" culti vation and planting in April and May. 

Sorne clay soils are affected by drought, mainly at seed germination 

time. Subirrigation would not be able ta satisfy this need. At this 
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time, because of the heavy traffic of machinery in the fields, the water 

table must remain law, at a depth that would not permit mu ch water tn 

reach the seeds by capillarity. Secause of their law hydl'HU L ie 

conductivities, it is probable that water would not reach the plnnts 

fast enough to supply the demande Besides, these cl ay 50 Us hllVIJ Il 

very high water holding capacity, from 9 to 18 cm of water pel' 50 cm of 

soil, and they have less need for irrigation water. 

Based on the above, the criteria selected for soUs pertained ta tht' 

texture and the hydraulic canductivities of the soils. The soUs tn Lf~ 

subirrigated, Independantly of their texture, shou Id have a hydl'au 1 le 

conductivity of at le~st 0.5 m/d. The St-Samuel sandy loam, on the 

experimental site, At St-Louis, has an average hydraulic conductlvity of 

1.5 m/d. Clay soils with high hydraulic conductivities, if thel'e were 

sufficient water resources, could also be subirrigated. It is doubtful 

if much of the clay soil in these two counties has the se high hydraulic 

conducti vi ties. 

It was also decided that the subsurface drain pipes should be in a 

sandy layer of high hydraulic conductivity. The average drain depth in 

Québec Is about 90 cm. Therefore, a sand layer should occur between 85 

ta 120 cm From the surface. Soils that drain weIL naturally are nut 

suited for subirrigation. It would be uneconomical ta install drHins tn 

subirrigate only. If these soils drain weIL, it means that no barrie!' 

exists ta restrain the water table, thus rendering a perched water table 

impossible. for subirrigation to be successfull, it is necessary that 

permanent or perched water table conditions be present. This situation 

33 



i5 common in the sandy soils of Richelieu and St-Hyacinthe counties. 

These conditions exist if the impermeable layer lies slightly below the 

drains. Otherwise, the water will drain naturally, through the bot tom of 

the profile. The maximum depth of the impervious layer should be 2 m, 

according ta Skaggs (1981). Therefore, drainage characteristics are a 

good indication of the suitability of a soil for subirrigation. 

There are four types of sotl profile descriptions, in Richelieu and 

St-Hyacinthe counties that fit the criteria selected for subirrigation. 

Thelr profiles are found in Figure 3.10. 

Profile 8a i5 layered with alternating sand and clay in the bottom 

of the profile. These soils usually have a lower hydraulic conductivity 

{ because of their clay content. If the drain pipe is in a sand layer, the 

sail might be suitable for subirrigation. However, another problem 

arises: the heavier layers could impede the rise of water. The success 

of eubirrigation depends on the rate at which capillary rise occurs. 

These layered soUs are: St-Aimé, Bellevue, Fleury and IHchaudville. The 

first two have a global texture of clay loam in the bottom of the 

profile, contrary to Fleury and Michaudville where the sand content is 

dominant. The layers of clay in the Fleury and Michaudville profile are 

50 thin that it was thought that these soils could satisfy subirrigation 

requirements. Because of the higher clay content of the St-Aimé and 

Bellevue profiles and the thickness of the layered horizon, these soils 

were discarded for subirrigation. Still, both St-Aimé and Bellevue 

series would also need supplemental water because of the 30 cm sand 

1 ayer in the root zone. These were then classified as suitable for 
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sprinkler irrigation. However, this classification iR not definitive. If 

further tests show that the St-Aimé and Bellevue soils have high rates 

of capillary rise, the y could be considered as suitable for 

subirrigation. AlI four sail series have pOOl' drainage. 

Profile 8b is a deposit of clay over a sand layer. The drain tube is 

located in the sand layer. If the sand layer is not tao thlck, about 35 

cm, the roots might not be supplied fast enough • In the counties 

studied, only a few soils are of this type. Among them ls the Chaloupe 

series, located in the northern tip of the Richelieu county. However, 

the Chaloupe sail, unlike most of the St-Lawrence Lowlands soils, does 

not lie on a shallow clay layer, but on a very deep sand layer (5m). 

Subirrigating such a sail would be inefficient because a large portion 

of the water would percolate. 50ils comparable to profile 8b were not 

selected for subirrigation. 

Only a small area of sail such as shawn in profile Bd, a muck sail 

over clay i9 found in the south of St-Hyacinthe county, near Highway 

20. Other organic soils, Tracy, Victoire and Vallières are present in 

Richelieu county. The thickness of the organie layer is variable. These 

soils lie over a deep permeable sand layer. They are loeated at the edge 

of the Richelieu river delta, and are saturated year long. Pot-au-

Beurre sail has a profile of alternating sand and arganic matter layers. 

Unlike the other layered salIs described above, the overal1 hydraulic 

conductivity of such a soil is high. Also, the rate of capillary rise in 

the organic matter is important. These soi1s are not common in Richelieu 

county, with approxlmately 200 ha of cleared land. About one half is 

cultivated. They are suitable for subirrigation. 
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The last profile, shown in figure Sc, constitutes the bulk of the 

soils suitable for subirrigation. Lasalle (1962) described these soils 

as deposits of fine to medium sand, of fl'~vial origin (ueltaie 

formation), with a maximum depth of 3 m, but usually not more thon 1.'-) 

m, and lying on a marine clay deposit of more than 3 m. Soils Aston, St-

Damase, Michaudv Ule, Prairie, Fleury, Joseph, Massuev i Ile, Ste-Sophu>, 

Achigan and St-Thomas were developed on these deposits. These soi lr:; ort! 

usually poor Iy drained, despite their high hydraulic conducb v it les. TIlt' 

Aston and St-Damase are not suitable for subirrigation because thcy ore 

shallow sand deposits (70 cm) over heavy clay. Their suitability would 

be conditional on the hydraulic conductivity of the clay deposit. 

Because they are poorly drained, it is probable that the clay layer 

below the thin sand deposit is not very permeable to water. These soils 

are also affected by drought in summer. They could benefit From 

controlled drainage or sprinkler irrigation. 

The Ste-Sophie and St-Thomas soils are located at the ange of thn 

terraces where the sand is often 3 m deep. Their drainage, on the 

average is good, and thus fail, in most cases, to meet the subirrigatlon 

criteria. They were included in the classification, but only 

condi tionally. 

The main sail series suitable for subirrigation are listed in tabl,~ 

3.1, along with their capability index. AlI the suitable soUs have 

similar agricultural characteristics. They have low clay content « 

5~), low organie matter content, low CEC, low fertility and low water 

holding capacity. Their agricultural potential depends on the clay and 
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Table 3.1. Soils Suitable for Subirrigation in Richelieu and St­
Hyacinthe Counties 

------------------------------------------------------------------------------------------------------------------------------------------------
Sail Serien 

Achigan 

Fleury 

Joseph 

St-Jude 

Massueville 

Michaudville 

P iel'l'ev ille 

Pat-au-Beul'l'e 

Pl'ai rie 

Ste-Rose 

Salvail 

St-Samuel 

Ste-Sophie3 

St-Thomas3 

Symbal 

ACl 

FYl 
fY2 

JSl 
JS2 
JS2h 

JUl 

MSl 
MS2 

MCl 
MC2 

PI2 
PU 
PIT 

P03 
P03h 

PRl 
PR2 

RS2 
RS3 

SU 
SUO 

5M2 
SMT 

SPI 

THl 

Agricultural rail 
CapabiE ty 

4Wf Cd) 

2Wf 
2W 

3Wf 
2Wf 
3W' 

3Mf 

3WF 
3WF 

3Wf 
2Wf 

2Wif 
2Wi 
4W'I 

3WI 
4W'I 

3Wf 
2Wf 

2Wf 
2W 

3Wf 
3Fwmt 

3W'f 
3W'i 

SF'M't 

4F'11' 

Water Holding 
Capacity2 

2 

2 
2 

2 
2 
2 

2 

2 
2 

2 
2 

2 
3 
2 

3 
3 

2 
2 

2 
3 

2 
2 

2 
2 

2 

2 
------------------------------------------------------------------------------------------------------------------------------------------------
1.Soil Capability Classification by Marshall et al. 1979 modified by 

Nolin (1983). See appendix A. 
2. Avel'age Available Watel' Capacity for the first 50 cm of sail 

Class 2: AWC < 50 mm 
Class 3: 50 mm < AWC < 75 mm 

3. Conditional ta the depth of the clay layer and drainage conditions. 
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organic matter content of the arable layer. A large proportion of the 

suitable soils, main1y the Ste-Sophie and St-Thomas, are forested. 

However, aIl the soi1s selected for 5ubirrigation have the samt-' 

ge010g1ca1 orlgin and very simi1ar genetie developement. A profile of " 

typical sail, suitable for subirrigation, the Joseph series, tH 

described in table 3.2. Detailed descriptions of aIl the sail profil!')!") 

sui table for 5ubirrigation are found in the 50115 reports by No lln 

(1983) for Rie h e Ile u and Dra 1 e t ( 1984) for st - H Y a ci nt h,~ • 

l 
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TobIe 3.2 Description of a Typica1 Profile of Joseph Soil Series; 
Suitable for Subirrigation 

Prc~:le of ~ typical pedon in ~ cultivated area. 

JOSEPH (Orthic Humic Gleysol to Rego Humic Gleysol) 

Horizon Depth from 
the surface 

(cm) 

Description 

Ap o - 35 

8g1 35 - 60 

8g2 60 - 75 

Cg 75 - 100 

Loamy sand, greyish brown, very dark 
(2.5Y.3/2h); granular structure, fine 
weakly developed; very friable; 
abrupt boundary, regular;medium acidity 

Veryfine sand, greyish brown (2.5Y5/2h) 
mottles, brownish yel10w (lOYR6/6h), 
common, medium, prominent; amorphous 
structure; 100se; clear boundary, wavy; 
medium acidity. 

Fine sand, greyish brown (2.5Y5/2h); 
mottles strong brown (7.5YR4/6), many, 
medium, prominent; amorphous structure; 
100se; c1ear wavy boundary; weakly 
acid. 

Fine sand dark greyish brawn (2.5Y4/2h) 
few mott1es, fine and medium, prominent, 
amorphou5 structure; 1005e; neutral. 

Trans1ated from J.Y. Drolet (1984) 

General Characteristics 

Texture of the surface layers of the various phases: 

J51: fine loamy sand ta 10amy sand. 
J52: fine sandy loam to loem 
JS2h: Orgenic matter very weIl decomposed on fine sandy loam to 

loam 
J53: loam 

Similar Soils: Massueville and Prairie series 

- Geological Origin: Fluvial deposit (deltaic formation) 

- Drainage: Poor 
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3.2.2 Topographie and Geographie Criteria • 

Only the land bearing suitable soils for subirrigation (profiles Bc 

and Bd) were visited for topographical examination. Because thp 

efficiency of subirrigation depends on a good control of the woter 

table, it is essential that the surface slope be very small. 1hb 

reduces the number of control chambers and the amount of pumping ntwded 

and ensures a sufficiently uniform watel' table distribution throuyhn,d 

the field. The maximum slope was set at 0.5%. To some people Uns nHly 

seem to be a large slope. However, iil Nicolet, Trottier et al. (1907) 

successfully conducted controlled drainage experiments on such a slope. 

Subirrigation could be practiced on steeper slopes, providing a special 

set up is built . This has yet to be tried. Slope and shape of the cloy 

layer below the sand has some effect on the distribution pattarn of the 

water table. The information about the sand and clay layers' bounddry 

was gathered in soil reports. In both counties studied, it is doublful 

that any effect due to the shape of this boundary can be seen. The 

marine clay layer is a sedimentary deposit and lies flat ovel' almost the 

whole area. The very slow lateral movement along the layers' boundary 

reinforces the idea that the clay layer is fIat and has a small slopc. 

The flatness of the impervious layer seems to be a geologica 1 

characteristic of the whole region. 

The surface microrelief was also observed and added as a criterion. 

AlI topographie features were verified by visual observations. It was 

not necessary to make precise measurements. Most of the land bearing the 

suitable soils for subirrigation, even the portion under forested caver, 
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is very fIat in both counties. Occasionally, large depressions were 

observed because of the occurence of a small river. fields near the 

Yamaska and the Salvaii rivers had pronounced microrelief and were 

rejected. On a few fields in St-Hyacinthe county, some smaii surface 

ditches were observed. These fields were very fIat. This is perhaps a 

sign that the sails did not need subsurface drainage. Surface ditches 

wou Id have ta be remaved to subi rrigate efficiently. 
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3.3 Results of the Classification of land for Subirrigation. 

After the field observation work for this thesis was carried out and 

the irrigable zones identified, it was found that a total of 15 697 ha, 

both forested and cleared, might be suitable for subil'rigation, Hl 

Richelieu and St-Hyacinthe counties. The suitable land i8 unequc111 '1 

distributed among the two counties. S3 % of the subirl'igab le land l~; 

located in Richelieu county. Of the total area, 65 1 is pr8sentLy 

cleared, but not necessarily all under cultivation in any one year. 

The subirrigable area is distributed among 43 blocks of size vuryiny 

from 14 to 4724 ha. Most of the subirrigable blocks are in clone 

proximity, in a band extending from north east to south west. 28 of the 

43 blacks are clasest ta the Richelieu river, at an average distance of 

5.4 km. 

Table 3.3 summarizes the results of the planimetry. Tables 3.4 Bnd 

3.5, give the area of each individual black, and the distancp. ta the 

clasest ri ver. 
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Table 3.3 Total Area Available for Subirrigation in Richelieu and 
St-Hyacinthe counties 

------------------------------------------------------------------------------------------------------------------------------------------------Total Area 
(ha) 

Area Available 15697 
% of total 

Area in Richelieu 8316 
l'O of total 53 l'O 

Area in St-Hyacinthe 7381 
l'O of total 47 l'O 

Ares in vicinity 8421 
of Richelieu riv. 

Area in vicinity 6250 
of Yamaska ri v. 

Area in vicinity 1025 
of the St-Lawrence 

Number of irrigable 27 
zones (Richelieu) 

Number of irrigable 16 
zones (St-Hyacinthe) 

Average distance f['om 5.4 km 
the Richelieu 

Average distance From 4.6 km 
the Yamaska 

Average distance From 3.1 km 
the St-Lawrence 

Forested Area 
(ha) 

5497 
35 ~ 

'W85 
36 l'O 

3412 
62 l'O 

4107 

1322 

68 

Cleared Area 
(ha) 

10 200 
65 ~ 

6231 
61 ~ 

3969 
39 ~ 

4314 

4928 

958 

------------------------------------------------------------------------------------------------------------------------------------------------
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Table 3 •• Areas of the Individual Subirrigation Blocks in Richelieu 

1 County 
------------------------------------------------------------------------------------------------------------------------------------------------
B10ck Total Forested C1eared Ri ver in Distance 

Area Area Area Vicinity ta Hiver 
(ha) (ha) (ha) (km) 

------------------------------------------------------------------------
SI-Dl 74.63 0.0(: 74.63 Richelieu 3.!1l 
51-02 93.39 0.00 93.39 Richelieu 2.79 
51-03 16.44 0.00 16.44 Richelieu 2. ';l~ 
51-04 18.43 0.00 18.43 Richelieu 0.76 
SI-OS 342.25 154.01 88.24 Richelieu 7.U7 
51-06 102.48 0.00 102.48 Richelieu 5.U4 
51-07 217.12 4.34 212.78 Richelieu 8.64 
51-08 65.76 65.76 0.00 Richelieu 7.11 
51-09 3929.26 667.97 3261.29 Yamaska 6.35 
SI-ID 690.67 55.25 635.42 St-Laurnt 1.02 
SI-Il 49.41 2.96 46.45 St-Laurnt l.15 
51-12 185.37 5.56 179.81 St-Laurnt 6.60 
51-13 427.40 128.22 299.18 Yamaska 0.76 
51-14 183.23 31.15 152.08 Yamaska 0.89 
51-15 787.87 401.81 386.06 Yamaska 2.41 
51-16 75.78 0.00 75.78 Yamaska 6.22 
51-17 24.05 0.00 24.05 Yamaska 3.18 

1 51-18 511.21 439.64 71.57 Richelieu 3.56 
51-19 99.83 3.99 95.84 5t-Laurnt 3.56 
51-20 17.24 0.00 17 .24 Richelieu 3.05 
51-21 128.30 112.26 16.04 Richelieu 1. 78 
51-22 60.54 0.00 60.54 Yamaska 0.51 
51-23 14.03 0.00 14.03 Richelieu 4.19 
51-24 46.11 12.45 33.66 Yamaska 4.95 
51-25 12.02 0.00 12.02 Yamaska 6.35 
51-26 69.95 0.00 69.95 Richelieu 0.76 
51-43 73.37 0.00 73.37 Yamaska 1.27 

======================================================================== 
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Table 3.5 Areas of the Individuel Subirrigadon Blocks in St-Hyacinthe 
'II County. 1 ======================================================================== 

Black Total Forested Cleared River in Distance 
Area Area Area Vicinity ta River 
(ha) (ha) (ha) (km) 

------------------------------------------------------------------------
51-27 186.82 24.29 162.53 Yamaska 5.59 
51-28 256.56 17.96 238.60 Yamaska 5.08 
51-29 4724.19 2149.51 2574.68 Richelieu 9.40 
51-30 84.20 20.21 63.99 Richelieu 6.35 
51-31 1652.29 1024.42 627.87 Richelieu 7.37 
5I-32 101.84 53.98 47.86 Richelieu 7.87 
5I-33 115.47 63.51 51.96 Richelieu 7.87 
51-34 16.03 12.02 4.01 Yamaska 7.87 
51-35 47.71 0.00 47.71 Yamaska 9.65 
51-36 19.24 0.00 19.24 Richelieu 10.92 
51-37 13.60 0.00 13.60 Richelieu 5.34 
51-38 39.29 19.25 20.04 Richelieu 5.58 
51-39 20.04 0.00 20.04 Yamaska 3.56 
51-40 39.69 7.14 32.55 Yamaska 7.62 
5I-41 40.95 9.01 31.94 Yamaska 7.62 
51-42 22.85 10.05 12.80 Yamaska 7.62 

I{ ------------------------------------------------------------------------------------------------------------------------------------------------

,f' 
, l 
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1 J.. Discussion of Criteria and Results 

AU the re::lults of section 3.3 should be used carefully, with tht~ 

limitations of the classification in mind. AlI the land identified in 

the subirrigation class is, in theory, suitable for this forln of 

irrigation, according to a strict interpretation of the criteria 

previously established. 

However, the classification has the sa me limitations as the snur~e 

from which the information was der i ved, and is subjected ta thn 

interpretation of the author. The following discussion will try tu 

analyse firstly the weaknesses of the soil and topographie criteria, 

and secondly ta see the effects on the results, of slight modiflcatlons 

on the cri teria. The criteria elaborated in section 3.2 are not 

absolute, they are based on one interpretation of the reailty. 

Additional criteria, more precise, would have refined the 

classification ta a point where a degree of suitability could have been 

given ta each black. However, many factors controlling the qualily of 0 

suitable zone compared ta another are not quanti fiable, at least wi th 

the information presently available • for example, what is the minimum 

siz~ of area that could be efficiently and economically mana(Jed? No 

exact figure exists. It is only possible ta say, qualitativeIy, that tht! 

larger the area, the more efficient and worthwhile it will be ta 

subirrigate. It is important to at least estima te the qua li ty of the 

1 
different irrigation zones with respect ta each other to maximize the 

water resources available. This will be do ne in a third step. 
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3.4.1 Discussion of the Sail Criteria 

3.4.1.1 Limitations of the Sail Classification. 

50ils information was gathered From l in 20 000 maps. The 

limitations of the soils maps should be understood. The irrigation maps 

cannot be more precise than the soil maps. Similarly, the irrigation 

maps have limitations. Soils mey be highly variable. Within one field, 

many soil series, even very different ones, are found. In a soil 

delineation aIL these series cannot be mapped. However, the soil maps 

units are usually homogeneous, grouping only similar soils. It is still 

possible that pockets of shallow sand are found in areas defined as deep 

sand suitable for subirrigation. As indieated in the salIs reports, 90 

cm deposits were tolerated for soils that usually have one meter deep 

sand deposi ts in the top portion of thei r prof i le. Under these 

conditions, the drain pipes might be installed in a clay layer. This 

oceurs only oecasionally but would Interfere with good functioning of 

subirrigation in an individual field. These zones could not be 

identified on the maps, but are probably located in the vicinity of 

identified shallow sand areas (Aston, St-Damase). This is not considered 

a serious problem : total uniformity in the water table distribution is 

nat achievable, under any circumstances. 

Another weakness of the classification arises From the soils 

suitable for subirrigation themselves. These are sands with an average 

depth of 1.5 m • However, in certain circumstances, they attain 3 m in 

( depth. In such cases, the soUs are usually weIL drained. Unfortunately, 

no information is available in the soil reports ta indicate where the 
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deep phases of a series a~e located. There are two types of geological 

formation from which the suitable soils fo~ subirrigation originated. 

The oldest one are fluvial deposits and are shallower. The second deep 

deposits are also fluvial, but of deltaic formation. They were formeJ 

after the first type depasits. The wind has often shaped them in dIHW!) 

mainly in the 50rel- Tracy area. 5ubirrigatian block 51-10 is located in 

this region and possibly could have fields bearing very deep SdJlll 

deposits. Block 51-09 is from the first formation and bears sand 

deposits of approximately 1.5 m deep. Thi s black is located in 

Richelieu county, at the center of the terrace formation. The deep 

phases of the suitable soUs are probably located at the edge of the 

terraces or close to the St-Lawrence river. Only a thorough 

investigation will indicate to which extent the solls from these lOJlen 

are irrigable. The farmers who have cultivated the fields are most 

likely to have some understanding of these variations. The farmers 

should be questioned carefully prior to making any detailed 

subirrigation plans on their farms. 

3.4.1.2 Modification of the Sail Criteria. 

The requirements for soils were the most specifie. Still, they were 

applied arbitrarily, based on soil profile descriptions that are often 

difficult to interpret because they are general and imprecise for sorne 

parameters. This also makes the selection approximate. Some soils werf' 

excluded because of the uncertainty about their behaviaur under 

subirrigation. Important physical features such as the hydraullc 

conductivity and rate of capi1lary flow are not well represented in the 

soi l reports. 
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Borderline soils which were exc1uded from the soil classification 

were: St-Aimé and Bellevue. Alternating layers of fine sand and loam or 

sil ty clay loam are found in the bottom part of the profile at the level 

of the subsurface drainage pipe. Because of the texture and nature of 

the layers of bath St-Aimé and Bellevue sail series, daubts can arise 

whether they can canduct water rapidly.( Lake found that at least 2 mm/d 

were needed ta meet the deficits .) Until sorne tests are conducted on 

the rate of capillary rise and hydraulic conductivity on these soils, 

they should remain in the SPl class. In Richelieu county, if proven 

suitable, 2000 ha of cleared land bearing these soils, and about the 

same quantity in St-Hyacinthe county could be added to the subirrigation 

class. 

Another category of sail profiles, widely found in bath counties 

suscitate the same questions. These soils consist of a shallow layer of 

sand (70 cm) over a deposit whose texture can vary from a clay Ioam to a 

heavy clay. These productive soi1s are very much affected by drought. 

The use of these solls, Aston and St-Damase mainl y, for subirrigation, 

depends on the hydraulic conductivity of the bottom layer. If it is 

higher than 0.5 rn/d, the soils could be used for subirrigation. They 

bath co v er abou t 2000 ha of Riche li eu county. l rr igation of any kind 

would be essential for irnproved productivity. If subirrigation was 

suitable and feasible, it would be even better. Based on the limited 

information available, the Aston and St-Damase soi1s have been 

classified for sprinkler irrigation. If farmers in this region serious1y 

wish ta irrigate, the same detai1ed sail investigations should be made 

on the St-Aimé, Bellevue, Aston and St-Damase. 
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3.4.2 piseussion of the Topographieal Criteria. 

3.4.2.1 Limitations of the Topographical Classification 

Visual observations of topography of aIl cleared land ia an 

approximate method. Many portions of grassland did not appear as flat an 

adjacent cultivated land. It would not be difficult to level thl~] land 

which is presently uncultivated. The cleared uncultivated lund WI\!l 

classified as suitable when it was felt sorne improvement could be OHSlly 

achieved. As an example, the fields on the west side of black 51-10 

are slightly undulating, and could easily be levelled. Now, whether 

levelling makes subirrigation economical depends on the crops grown, unu 

the prevailing costs and priees at the time the work i8 done. 

Very few observations of forested land were possible. However, i t 

was classified as suitable if it was among the irrigable so11s on the 

sail maps. The topography of the forest was approximated From 

observation of the surrounding cleared land. While touring the countles, 

the author noticed that tracts of forest had just been cleared and 

prepared for agriculture. The topogra~hy of these new fields WIlU 

amazingly fIat. It should be mentioned that although the forested land 

is suitable for subirrigation, it may not be agronomically suit~d (low 

pH). It may be desirable for environmental reasons ta leave most of the 

forests intact. 
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3.4.2.2 Modification of the Topographieal Criteria. 

The topographie features, slope and microrelief were visually 

observed. This was considered ta be sufficient in the case of Richelieu 

and St-Hyacinthe counties, where the overall topography ls 

characteristically fIat. 

It is difficult ta modify or change this criteria without affecting 

the efficiency of the system. No farmer is willing to invest in an 

inefficient irrigation system. It is true that subirrigation is 

technically feasible on steeper land than the O.5~ suggested. This would 

require more control chambers, more pumping, and hence more costs and 

incanvenience. Microrelief on the contrary is an absolute requirement. 

( Sorne microrelief was tolerated when it was possible ta level the land at 

a 101,01 cast. Otherwise, i t becomes impossible ta control the height of 

the water table and the uniformity in the distribution of the water 

throughout the field. Extensive earthmoving and excessive water 

pumping ta maintain the water table despite leakage would increase the 

cos ts beyond economic profi tabi li ty. Thus topography has ta be 

examined very carefully. 

When areas wi th sui table soils were selected for subirrigation, 

only their own topography was considered. However the topography of the 

surro~ndings wij l influence the amount of leakage that occurs From lhe 

irrigatr:d plot. Criddle et al. (1967) suggested that adjacent fields 

should be in the same plane as the irrigated field. The surrounding 

( topography was verified, after the classification had been made. It was 
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found that, in both counties, most of the land is level in the vicinity 

of the proposed subirrigation plots. A few blocks, 51-13 and 51-14 

located close to the Yamaska River for example, could be affected by the 

surroundings. At these locations, the banks of the river are very 

steep, and leakage from these plots ta the river could occur. Tht' 

elevation difference between these fields and the water levei in th.! 

river is more than 15 m. Since these areas have becn found to nel·d 

subsurface drains, leakage ta the river must be sa slow thot 

subirrigation could be practical. If it is found that tao much seeplHJf! 

will occur, they should be reclassified in the SPI category. Bath blacks 

have a total surface area of 452 ha (c1eared). 

3.4.3 Evaluation of 50me Physical Parameters .Q!J. the Resul ts .Qf the_ 
ClassificaUon 

The U.S. Bureau of Reclamation (1953) has included, in its 

classification system, features such as shape, size) location, land 

quality and land use. The aim of the US Bureau classification i8 tu 

decide which land could economically be irrigated. The quantification of 

such parameters ls supported by research and years of fie Id ope rut ions. 

No equivalent exists in Québec. With the information now avaUable, il 

is not possible ta make any statement on the economics of subirrigotJon. 

The following evaluation of the subirrigatian blacks is mere 1 y 

qualitative. This analysis is included ta show how resources could be 

better used by glving prio1'lty ta and exploitlng fi1'st those zones that 

have a hlghe1' deg1'ee of suitability. 
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3.4.3.1 Location of the Subirrigation Blocks with Respect to Each 
Other. 

The proximity of the b locks wi th respect to each other will 

influence the water distribution efficiency of the system, by affecting 

the importance of leakage, and make the constr.Jction of required control 

structures more affordable. It is mainl)' an economical and 

organizational problem. Location of the blocks is closel)' related to the 

size and shape of the irrigation zones. 

Slocks that are isolated or very small « 5 ha) are less attractive 

for subirrigation. It becomes costly to bring the water if no source is 

available on the terrain. The isolated irrigated zones represent. a 

very small proportion of the area identified for subirrigation. This 

Idnd was not discarded. Research by Bournival et. al (1986) shows that 

it is quite feasible ta successfully subirrigate an area of 1ess then 10 

ha. 

ln Richelieu and St-Hyacinthe, only a few zones are isolated or have 

an odd shape that would make irrigation less attractive. Blocks 51-6, 

51-11, 51-19, 51-20, 51-23, 51-34, 51-35, 51-36, 51-37 are isolated and 

have an irregular shape. Among these zones, 51-20, 51-23, 51-34, 51-37 

have a surface area of less than 17 ha of which it would be impossible 

ta recuperate 10 ha. 

50me sections of a black are split in parcels belonging ta different 

owners. This is a major problem. Cadastre wes not always considered in 

the de l inea t ion of b 1 ocke for subirr igation. There fore, the true 
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effective area available could be reduced. Some of the aree, for 

administrative reasons, becomes unavailable. In some fields, thp 

subirrigated area is only a fraction of a whole field, not always wei 1 

located ta be able to modify the drainage system. This is the ClISt! fur 

sorne of the blacks listed in the previous paragraphe 

Geographie location also means the position of blacks with respeLt 

ta each other. t40st af the blacks are grouped in tracts of land W1lJIII 1 ) 

larger than 300 ha. This wi Il ease the e labaration of a reg inn .. 1 

, irrigation project. 

What is character istic in both counties is that mos t of tht~ SIJl LJb 1.' 

land for irrigation is part of a narrow strip that extends from nOt'th tl) 

south. That strip comprises subirrigation and sprinkl~r i1't',IJoll l )11 

zones. Among aIL the blacks are 3 that constitute by themselve!J l!H(Jf) 

tracts of land. They are 51-09 in Richelieu and Sl-29 and SI-31 in St­

Hyacinthe. Together they caver 5 600 ha of mostly good cultivated lund. 

As for the whole strip, it has an area of 19 000 ha af which 12 oon hd 

were identified for subirrigation. 

3.4.3.2 Location of Water Sources. 

The viability of an irrigation project depends on the availabllity 

and proximi ty of the water sources. 

About 57% of the blocks are located in the vicinity of the Yama9k~ 

Ri ver which has its lowest flows in summer. The Riche lieu Ri ver on th~! 
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other hand has plenty of water which could be pumped ta the irrigation 

blocks located near the Yamaska River, in the event not enough water is 

found in this river. The largest distance between a black and a river 

other than the Yawaska is 20 km, a small distance compared with what is 

done in major irrigation projects in western Canada and other countries. 

Both counties contain a network of small rivers and drainage 

ditches. Due to their depth and capacity, they could be used as 

reservoirs and conveyance channels ,if small control structures are 

built on them. The volume of reservoir needed will be examined in 

chapter 4. 

The major subirrigable zones, 51-09 and 51-29, are weIl served by 

drainage ditches. Most of the blacks have at least one ditch that 

connects ta the major rivers. Only the forested areas are deprived of 

ditches. Blacks 5I-09 and 5I-29 are also close ta small rivers, laplante 

and Suivail. These dvers carry no fiows in summer, but could be filled 

wi th sprlng runoff and used as reservoirs. 

AlI the blocks are close ta at least one source of water. It i9 only 

the economics that will justify bringing water ta any subirrigable zone, 

isolated or note 

3.4.3.3 land Use 

The consideration of the land use pattern could make an important 

difference in the r~sults of the classification of land for 

subi rrigation. 
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Two types of land use were considered in this classification: 

forested and cleared. A large portion, perhaps one quarter, is cleared 

but uncultivated. The land was abandoned because of poor dl'ainllljt', 

drought, fertility and land tenure problems. It could easi ly be put 

into production if combined subsurface drainage and irrign t lllll !;y~ltl>m'i 

were installed. 

The forested land suitable for subirrigation is class III and l~ 

land. It is acid, infertile, and very sensitive to erosion. It meet!j ,111 

the criteria for subirrigation but, sti Il represents poor vallJ~' J"IlI' 

agI' lcu Hure. A portion of the fores t ed land is cons t it u t ed of I]Ollll 

quality sail (Ste-Rose) and could be cleared, but at hil]h cr}!.il. The 

forested land represent 35% of the subirrigable land. If it was totally 

excluded, which is probab le, more than 50% of the Subtrrigdh 11' land 111 

St-Hyacinthe would have ta be reclassified. In Riche lieu county, lt h 

estlmated that 200 ha of the 2 000 ha forested have sorne potentlal. 

The land under forest cover, suitable for subirrigat ion, are Ste­

Sophie, St-Thomas and Achigan soils. These soils have a capabLllty index 

of 4 (Nolin, 1983) with high restriction on fertility. They are atsll 

extremely sensitive to erosion. Corn crops on these soils cauld nat b~ 

sustained for many years. The exel usion of these sOlI types fOl' 

agriculture in Richel ieu county does not affect the classi ficat ion of 

the cleared land since 90~ of these soils are forested. As for the other 

soil types, they have a quality index of 2 or 3, as aIl cultivab~d 

Québec land. 
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3.4.3.4 Soils Agronomie Quality 

Most of the land suitable for subirrigation could grow oorn, soya 

beans, a l fa 1 fa and other cJ:'ops. It would be more profi table ta spend 

water resources on blacks which already have good corn and soya bean 

production potential. 

An agricultural capability index already exists in soil reports. 

However, this index only indicates the deficiency of the soils for 

agr lcu ltura l purposes in genera 1. It on 1 y gi ves a broad idea of the 

potential of a sail ta be put into production. AlI soils listed in table 

3.1 are class 2 and 3 soils. They are good agricultural soils but 

requ ire special conserva tion practices. AlI the subirrigab le land for 

example has fertility deficiencies and drainage problems. Ste-Sophie and 

St-Thomas have extreme fertility deficiencies (4F'M'). They chronically 

suffer from drought, WhlCh is an indication that the sand layer is 

probably deeper than 2m, and would be unfit for subirrigation. The Ste-

SoptHe sail, although il suffers from severe drought, should not be put 

into production even if subirrigation can reduce this problem. These 

soils are fragile and would erode fast if deforested. Despile aIl 

modern techniques ta improve soil qualities, Ste-Sophie soils lack the 

requirement ta be a good agricultural sail. St-Thomas, on the other 

hand, when located at the center of terraces has a top layer of 1.5 m of 

sand and behaves as the other subirrigable soils. 

Denholm (1987) has calculated an index, the Sail Potential Rating 

Index (SPR), for the soUs of the Richelieu county, rating the soUs 

with respect ta each other, according ta their ability ta produce corn. 
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The SPR indexes for different soils of the Richelieu county are 

listed in table 3.6. These soils were indexed without the knowledge thut 

they could be subirrigated. The SPR rating for sorne sublrr}gflblt~ soi 1:; 

would increase appreciably, although the best soUs in the couilly, for 

corn production, Fleury and Joseph, are alreudy the most suitll!llc fUI" 

subirrigation. The Massueville and Ste-Rose soils have a nJt!dllJlll 

potentia 1 that cou Id certain 1 y increase wi th subirrigation. Tht' '\'11 Of) 

soil, a shallow sail usually, with the best potential fOl' c()rll 

production, cannat be subirrigated. 

The major concentrations of these good soils are locatp.o fllJd ln III 

the large tract of irrigable land that extends from one end of Rlche Ilell 

ta Highway 20. They are: 51-9, 51-7,51-14,51-22, 5I-13, 51-15,51-29, 

SI-ID, 51-31. More than 50% of the subirrigable land is part of th.· 

above blocks. 

What is important, before starting irrigation is ta determine lht! 

long term effect on the soi 1 properties. Major prob lems associated w dtl 

surface irrigation are leaching of mineraIs, translocation of the flnl! 

particles down the profile, and salt accumulation. For subirrigahofl, 

the nature of the problems are different. The soLls used have a low 

c.E.e. and a high leaching potential. Maintaining a high water table, ri:; 

done in subirrigation can help these soils by reducing the leachlny of 

mineraI •• Hazardous accumulation is not to be feared since the wüter 

table is only maintained high temporarily. To improve the ferti Il ty of 

the subirrigated land, the fertilizer inputs should be added wherl 

leaching will not occur, ie. during and after planting, when the drulll 

valves are closed. Sorne of the salts will rise ta the topsoil durinfJ 
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Table 3.6 Soil Potential Rating for Corn and Yields, for the Soils of 
Riche lieu County. 

======================================================================== 

Sail Unit SPR 

ASal very high 
PV4 high 
fY2 high 
JS2h high 
fY2h high 
JSl high 
JS2 high 
KI2 high 
UB4 medium 
MS2 medium 
JUI medium 
BU medium 
RS3 medium 
fYal medium 
MSl medium 

Yield Drained 
(t/ha) 

7.60 
6.54 
6.08 
5.73 
6.17 
5.38 
5.54 
7.06 
7.80 
6.03 

4.15 
7.07 
6.02 
4.93 

Yield Undrained 
(t/ha) 

7.47 
4.65 
6.06 

6.69 
7.12 
5.87 

4.24 
8.42 
4.97 

------------------------------------------------------------------------------------------------------------------------------------------------
Note: PV4 : Providence sail series 

ASal: Aston sail series 
KI2: Kierkosky sail series 
UB4: St-Urbain sail series 

(From Denholm, 1987) 
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June, July and August, but they will be leached down again in fall and 

spring, causing no detrimental effects. Salt affects the structure of 

the sail by deflocculating the clay mineraIs. Fortunately, tIlt! 

subirrigable soils have very low clay content in the top 18)'er of the 

profile. The Fleury, IHchaudville and Ste-Rose soils conbun morl~ c Lly 

in their profile and could be more affected. This problem wOlJld 1l\ll 

occur if river water wes used. The use of saline weIL water FIJI' 

irrigation might cause a probleln. Tests were made in 1985, 19B6 tint! 

1987 by Macdonald College students on a St-Samuel sandy loam, lISlfllj 

saline water. Detrimental effects on the structure and hydrnllll(' 

conductivity have not yet been observed • However, the clay content nf 

the St-Samuel sail is lower than that of Fleury, Michaudvllie and Stc­

Rose soi Is. 
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3.4.4 Summary of Analysis. 

In summary, 4 000 ha of the St-Aimé, Bellevue, Aston and St-Damase 

soils in Richelieu county and about the same amount in St-Hyacinthe 

could conditionally benefit from subirrigation. About 4 000 ha of 

forested land should remain untouched. The other physical factors such 

as shape and size could affect 500 ha. The extent of the problems caused 

by cadastral disposition of the land are unknown and is beyond the scope 

of this thesis. The net total of the above is 2 000 ha of additional 

fIat cleared land that could become available for subirrigation if 

further investigation i9 carried out. 

It i9 obvious that the best zone for subirrigation is black SI-09 

( of Richelieu county. 
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l.5 [concaical Aspects of a Regional 5ubirrigation Project in Richelieu 
COlM'lty. 

In Richelieu cC1mty, 5 si tes have an area larger than 20U hUe HlI'~ 

are: 51-07, 51-09, 51-10, 51-13 and 51-15. The total orea oF the~w " 

sites is 4 795 ha, 77 % of the total cleared subirrlgable IH'I!H III 

Richelieu county. The largest site among the five 15 51-09 with S ZLd 

ha. AlI the 5 sites caver 26.6 % of the cultlvated area of thl' COll!)! y. 

An agricultural portrait of the three municipalities included in blnck 

51-09 i5 given in table 3.7 • 

Site 51-09 has definite potential for the establ ishment of ,1 

regional subirrigation project because m05t of i t i5 cul t i vated, very 

fIat and bears the soils that have the highest productivity index fur 

corn in the county. 

Ta assess, basically, the profitability of a regional subirrigntion 

project, it was assumed, for purpose of calcula ting, that 75 % of b lock 

51-09 would be subirrigated and that the increase in production of COl'fI 

from subirrigation is 2 tonnes/ha. The commercial value of corn u .. , 0/1 

the average, $125 per tonne. If $30 per hectare are a llocatt~d fUI' 

amortizing the system and $30 per hectare for maintenance, the net 

increase in revenue per hectare subirrlgated 15 $190. ThlS wou ld 

represent, for the 2500 ha of 51-09, a total Increase in revenue of $47~ 

000 per year. 

If subirrigation is shawn ta be suitable for soya, the increase in 

revenue would be more important with soya se11ing at $270 per ton. On 
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lable3.7 Agricultural Portrait of the Municipalities Included in 
Subirrigation Block 51-09. 

====================~=================================================== 

Cultivated Area of the Municipalities: 

St-i\imé: 
St-Louis: 
St-Robert: 

Distr ibution of 

Crop 

Corn 
Grains 
Forrages 
Vegetables 
Soya 
Other 

4942 ha 
3302 ha 
3938 ha 

12 182 ha 

crops: 

Area % 

5 756 ha 47 IV 
ICI 

2 145 ha 17 % 
3 235 ha 27 % 

360 ha 3 % 
250 ha 2 % 
436 ha 3.5 % 

Slte SI-09 : 3262 ha, 26.7 % of the cultivated area of the 3 
municipali ties. 

------------------------------------------------------------------------------------------------------------------------------------------------
(From Marius Bélanger, 1987) 
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sorne sandy soils of the St-Hyacinthe county the use of sprinkler 

irrigation inereased the yield by 70 %. If the priee of corn and soya 

rise again as they have in the past, the benefits of subirrigation will 

be even greater. 

A more extensive feasibility study would evaluate in deLH l tht' 

expected revenue. However, the profitability of a project is nat ollly 0 

measure of the increase in revenue but also of the social and ecololJÎGlIl 

impacts. farmers of Richelieu county have had for years ta opply 

fertilizers 2 or 3 times pel' summer, because of leaehing. Subtrrigotiofl 

would reduce the leaching by maintaining a high water table, and at the 

sa me time, reduee the pollution of the Yamaska River. 
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3.6 Field Investigations Necessary to make detailed subirrigation plans 
for farms. 

Not aIl the land identified for subirrigation has the sa me quality. 

The scale of the maps gives the extent of the survey: a general map 

lacates the mast promising areas. A more detailed survey of the 

individual farms would indicate the degree of suitability and the 

priarity of develapment. It is recammended that the land lacated in the 

suitable "SI" zones be investigated to ensure that it can be efficiently 

subirrigated. 

The hydraulic conductivity should be measured for the different soil 

layers, throughout the field to detect the troublesome areas where low 

canductivity values wauld prohibit the water From reaching the root 

zone. The microre 1 ief shauld be examined before any subirrigatian 

project is started. If the microrel ief is not too severe or extended, 

sail grading can be done. Anather way of solving such a problem wauld 

be ta loolate the problem area, by means of rearranging the drainage 

system or insta11ing a separate control chamber. Deep depressions should 

be avaided to reduce the leakage losses. The level of the surrounding 

non irrigated land should be observed. If the difference in elevation is 

great, an analysis of possible seepage lasses should be done. 

The variation of the sand thickness in the field could be measured 

a10ng the drain pipes to again determine the problem areas. 

Existing subsurface drainage systems should be checked before 

converting them to subirrigation systems. Many of the subsurface 
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drainage systems installed in the St-Hyacinthe and Richelieu countien 

are old. Sorne of the pipes were laid without any protective envelopea. 

If the pipes ore blocked with sediments, replacement pipes enrobed witt) 

fabric envelopes should be installed. 

The hydraulic conductivity of sandy layered soils such as St-Alm~ 

and Bellevue, that are presently classed SPI (sprinkler) shoulJ he 

checked. In cases where the hydraulic conductivity of a layereJ SOLI 

i5 greater than 0.5 m/d, subirrigation could be practiced, if aIl other 

criteria are met. 
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3.7 Criteria of ldentification of Land for Sprinkler Irrigation 

When supplemental irrigation i5 considered, the cast of equi~ment 

seems large. Sorne farmers are already using portable sprinklers on 

tobacco, vegetables and small fruit crops. A few farmers are using 

travelling gun sprinklers to irrigate corn, soya and pe.qs. In a deep 

fIat sandy soil, the economic solution is subirrigation. However, sorne 

soils, although not suitable for subirrigotion, do suffer From Jrought. 

Travelling ~un sprinkler irrigation could be a solution. 

To sorne extent, one can say that aIl land can benefit from 

irrigation. Sprinkler irrigation is the most versatile among aIL 

irrigation methods. It can be practiced on any sail and topography. The 

sOlls that would benefit the most From sprinkler irrigation are those 

wtth a sa;'dy to loamy surface texture. Due ta the climate of southern 

Québec, clay soils normally only need irrigation for a short period of 

tlme ~t germination. The clay soils of both counties have a sufficiently 

high water tlOlding capa Cl ty, 36 cm/m, ta supply most of the crop water 

needs. Thus the extra yield due ta irrigation of the clay soils is 

rarely enough ta pay for the equipment and labour costs. Lake (1969) 

found that soils with less than 15 cm/m of water holding capacity were 

likely ta suffer From drought 3 out of 5 years. Nolin and Lamontagne 

(1986) have classified aIl the soils of the St-Lawrence Lowlands 

according ta their water holding capacities. For the purpose of the 

classlfication in this thesis, only soils with moderate to low wnter 

holding capacities ( AW < 18 cm/ml were selected. Sorne of the land 

bearing suitable soils for subirrigation but missing one criterion were 
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classified in SP categories. The St-Aimé and Bellevue soils wilh 

layered hOl'izons, were classiFïed in this category also. In the event 

that these layered soUs are found suitable for subirrigation, the Llild 

bearing these soils should be reexamined in light of the subirrigutlŒl 

class criteria. A list of the soils satisfying sprinkler irL'1CJnt l.lIl 

criteria al'e listed in Table 3.8 • A profile description is fOllud 111 

Table 3.9. 

The water holding capacity of soils wos used as a cntertClI1 1 •• 

identify land suitable fol' sprinkler irrigation mainly ta savp t lUit' dlili 

w 0 r k t 0 b e don e. t·, 0 s t l and i n a n y 0 f the t w 0 cou n ti e sis S lJ i t ri Il l .' f Il r 

sprinkler irrigation. However, because the watel' is not abundnnt, ont)' 

the land severely suffering from drought, for many succeSSl ve ml)nlll~., 

should be irrigated. Thel'efore, the land ln SPI and SP2 cldS8,~') in not 

the only suitable for sprinkler irrigation, but, the land thot wlii 

benefit the mosl. In the classification of land for sprinkler 

irrigation, a degree was established: SPI needs irrigation mor'~ thdrl 

SP2. Sails with available water between 12 and 18 cm/m were put in th .. 

SP2 category, and soUs with available water less thsn 12 cm/In "'If'l'I~ 

classified in SPl. The remaining land that was not mapped could he plJl 

in other classes, su ch as SP3, SP4 according to their water holrJlnlJ 

capacity in the root zone. Nothing, it should be added, indicntes th,JI 

it 1s not more profitable ta irrigate with sprinklers the unmapp,>rj r)lj~ 

land than SPl or SP2 land, although the former might not need the wuter 

as much. It depends on the capacity of a sail ta produce. 

Although topographie features are not as significant as fol' 

subirrigation, only relatively fIat land was considered. It should b~ 
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Ta~)lF.: 3.8 SoUs That Will Benefit fra. Sprinkler Irrigation 

------------------------------------------------------------------------------------------------------------------------------------------------
'Jo il Series Irrigation Available i~atel Agricultur~l 

Class Capaci ty Class CapabUity 
------------------------------------------------------------------------

St-Aimé AI2 SP2 3 3DW 
AIb2 SP2 3 2Wd 
Ala3 SP2 3 3DW 

Aston AS2 SPi 2 2Wf 
AS3 SPI 2 2101 
ASal SPI 2 2Wf 
AsaZ SPI 2 2101 
ASa3 SPi 2 2W 

Bellevue BL2 SP2 3 2Wd 
Bl} SP2 3 2Wd 

Contour CT2 SPI 2 3Wdf(p) 
cn SPI 2 2Wd(p) 

St-Damase DAI SPI 2 3Wf 
DA2 SP2 2 2Wf 

DucotealJ DCI SPI 2 
De2 SP2 3 NIA 
OC) SP2 3 

Dugoût DGI SPi 2 
DG2 SPI 2 NIA 

DlJravin DR2 SPl 2 
DR3 SP2 3 NIA 

Prl~sentabon PSI SPI 2 3FW 
PS2 SPl 2 
PSal SPI 2 NIA 
PSa2 SPI 2 

==~===================================================================== 
i. By ~olin (1986). Class2 : 3 Cm < Available Water < 6cm in 50 cm 

Class3 : 6 cm < Available Water < 9cm in 50 cm 
See appendi x B. 

2. Soil Capability Classification by t1arshall et al. (1979), modified by 
Nolin (1983). See appendix A. 
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Table 3.9 Description of a Typical Profile St-Damase Sail Series 
Suitable for Sprinkler Irrigation (SPI) 

ST -DAI1ASE (Gleyed Sombric Brunisol) 

Profile of a typical pedon, loamy sand St-Damase, cultivated. 
------------------------------------------------------ ----------------~ ------------------------------------------------------------------------

Horizon 

Ap 

Bfg 

BC 

Cg 

IICg 

Depth 
(cm) 

o - 40 

40 - 50 

50- 58 

58 - 63 

63 - 100 

Description 

Loamy sand, greyish brown, very ddl!, 
(lOYR3/2h), grey (lOYR5/1h); '11'111111<11 

structure, medium, weakly dpvt'l'JI"'d; 
very friable; distinct und\! l ,d 11\'1 

boundarYi extremely acid. 

Sand, dark brown (7.)Yln/(~h), tJl'\)WI\ 

Cl 0 y R 5/3 s ); par ti cul El tes t ru ct I! ('" ; 
100sB; dist inct undu latLng bnund.It'y; 
very aCid. 

Sand, ye Il owish-brown (lOYR5/4h); 
particulate structure; In()~;"; 

distinct undulating boundury; Vl'I'Y 

acid. 

Loamy sand, brown (lOYR5/3h); 
mottles; particulate slructlJl'l'; 
100se; distinct undlJlahnfJ houndal'Yi 
medium ac llJi t y. 

Clay, greylsh-brown (2.5Y5/2h)j 
yellowlsh brown mottles (10YH~/b), 
numerous, fine, promHwnt; suhnnrJI! 1 dl 

structure, fine, weakly develolJl'd; 
friable; weakly acid. 

----------------------------------------------------------------------------------------------------------------------~-------------------------

Surface Texture of the Various Phase: 

-DAI 
-DA2 

Loamy Sand 
Sandy Loam 

Transla ted from J. Y. Drolet., 19!14 

Similar SalIs Aston and Présentation 

Drainage : imperfect to bad 

Land Use: corn, forages, grains and Forest. 
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noted that most of the sail types suitable for sprinkler irrigation are 

of good agr icu 1 tura l qua li ty, wi th Vl'lry fIat topography. V isue l 

obse rva tions permi t ted one to dise rimina t~ between land unsui ted for 

spr ink 1er irrigation (hilly, very narrow) and good land. 

No limit, exeept for the available water, has been set for soils. 

However, soils with extreme fertility deficiencies should be avoided. 
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3.8 Results of the Classification of land for Sprinkler Irrigation 

The land identified for sprinkler irrigation is distributed UtnOfaj 71 

blacks for SPI and 69 blacks for SP2. A list of the individusl bllH'k'; 

for class SPI for Richelieu and St-Hyacinthe are found in table~l S.l~' 

and 3.13 ,while SP2 blacks are listed in tables 3.14 and 3.1') • 

There are 8 709 ha sui table for sprink 1er irr igation ca tegol'Y ',t' 1 

and 7 836 ha in SP2. The repartition of suitable land among eal'h \'1)11111)' 

is round in tables 3.10 and 3.11 • The sma11est area i8 4 hl! ilnd th,· 

largest l 030 ha. The average size of an SP black i5 118 hUe 

Six percent of the tata 1 area irr igab le with sprink le rs is fOl·l'~.tt·". 

Of the remaining 94 ~, on1y a smal1 portion is not cultivotpd. 
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lable 3.10 Total Area Available for Sprinkler Irrigation in Richelieu 
and St-Hyacinthe counties SPI category. 

------------------------------------------------------------------------------------------------------------------------------------------------

I\red Avai lab1e 
IV ~f' 
,Q 0.1. total 

AreH in Richelieu 
% Jf total 

Total Area 
(ha) 

8 709 

3 469 
40 % 

ArCd in 5 t-Hyaci nthe 5 239 
% of total 60 % 

NlJmber of irrigable 39 
zones (Richelieu) 

Number of irrigable 32 
Lones (St-Hyacinthe) 

Forested Area 
(ha) 

1 598 
18 ?O 

185 

1 412 

Cleared Area 
(ha) 

7 111 
82 ?O 

3 284 

3 826 

------------------------------------------------------------------------------------------------------------------------------------------------
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1 Table 3.11 Total Area Available for Sprinkler Irrigation in Richel ieu 
and St-Hyacinthe counties SP2 category. 

-----------------------------------------------------------------------~ ------------------------------------------------------------------------

Area Available 
% of total 

Area in Richelieu 
% of total 

Total Area 
(ha) 

7 836 

3 146 
40 % 

Area in St-Hyacinthe 4 690 
% of total 60 % 

Number of irrigable 34 
zones (Richelieu) 

Number of irrigable 35 
zones (St-Hyacinthe) 

Forested Area 
(ha) 

470 
6 01 

,0 

8 

462 

C1eared Aren 
(ha) 

7 306 
94 ~ 

3 DU 

4227 

------------------------------------------------------------------------------------------------------------------------------------------------
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Table 3.12 Areas of the individual Sprinkler Irrigation Blacks in t.he 
Richelieu County Category SPI 

---------------------------------------------------------------------~--------------------------------------------------------------------------
Block Total Forested Cleared River in Distance 

Area Area Area Vicinity ta River 
(ha) (ha) (ha) (km) 

------------------------------------------------------------------------
SPI-01 42.10 0.00 42.10 St-Lawren. 1.0 
SPI-OZ 126.70 0.00 126.70 St-Lawren. 1.5 
SPI-03 125.10 7.51 117.59 St-Lawren. 3.8 
SP1-04 24.05 0.00 24.05 St-Lawren. 7.1 
SPI-OS 142.00 0.00 142.00 St-Lawren. 6.4 
SPI-06 45.71 0.00 45.71 St-Lawren. 6.1 
SPI-07 117.47 0.00 117.47 Richelieu 9.1 
SPI-OB 181. 25 10.87 170.36 Richelieu 5.3 
SPI-09 10.02 0.00 10.02 Richelieu 4.9 
SPl-I0 40B.96 122.69 286.27 Yamaska 5.6 
SP1-ll 58.14 0.00 58.14 Richelieu 8.5 
SPl-12 16.03 0.00 16.03 Rlchelieu 6.6 
SPl-13 37.29 0,1)0 37.29 Riche lieu 7.4 
SP1-14 546.49 27.32 519.17 Yamaska 5.6 
SPI-15 6.01 0.00 6.01 Richelleu 7.9 
SP1-16 16.03 0.00 16.03 Richelieu 6.4 
SPI-17 49.72 7.96 41. 76 Richelieu 4.1 
SPl-lB 6.B1 0.00 6.81 Richelieu 3.1 
SPI-19 88.21 0.00 8B.21 Richelieu 3.4 
SPI-20 12.83 0.00 12.83 Rlchelieu 2.2 
SPI-2I 26.06 0.00 26.06 Richelieu 0.8 
SPI-22 10.02 0.00 10.02 Rlchelleu 0.8 
SPI-V 4.00 0.00 4.00 Yamaska 3.1 
SPl-24 12.03 0.00 12.03 Yamaska 3.1 
SPI-25 42.90 0.00 42.90 Yamaska 0.9 
SPl-26 20.04 0.00 20.04 Yamaska 1.1 
SPI-27 24.06 0.00 24.06 Yamaska 2.7 
SPI-2B 772.22 0.00 772.22 Yamaska 5.3 
SPI-3D 46.10 0.00 46.10 Yamaska 3.6 
SP1-31 20.04 0.00 20.04 Yamaska 2.4 
SPI-33 20.04 0.00 20.04 Yamaska 0.8 
SP1-34 55.72 0.00 55.72 Yamaska 5.7 
SPI-36 100.23 0.00 100.23 Richelieu 1.3 
SPl-37 29.67 0.00 29.67 Yamaska LI 
SPl-38 49.32 0.00 49.32 Yamaska 3.4 
SPl-73 60.54 0.00 60.54 Yamaska 4.~ 

SPI-39 85.00 7.65 77 .35 Yamaska LI 
SPl-40 12.83 0.00 12.83 Yamaska 3.3 

------------------------------------------------------------------------------------------------------------------------------------------------
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Table J.13 Areas of the Indi v idua l Sprinkler Irrigation Blocks in the 

1 St-Hyacinthe County Category SPI 
==============================;========================================= 
Black Total Forested Cleared River in D i:ll HlH't' 

Area Ares Area Vicinity tù H1VPl' 

(ha) (ha) (ha) (km) 

------------------------------------------------------------------------
SPl-42 35.68 7.85 27.83 Yamaska H.D 
SPl-43 477 .13 181.31 295.82 Richelieu 4. r) 

SPl-44 570.15 85.52 484.63 Richelieu b.') 

SPl-45 209.29 77 .44 131.85 Richelieu ~). 1 
SPl-46 233.59 98.11 135.48 Richelieu 7.(, 
SPl-47 24.06 0.00 24.06 Richelieu 7.b 
SPl-48 15.64 0.00 15.64 Richelieu 3.D 
SPl-49 24.06 0.00 24.06 Yamaska L.S 
SPl-50 646.73 12.93 633.80 Yamaska 1.3 
SPI-51 25.67 0.00 25.67 Yamaska 4.B 
SPI-52 118.28 21.29 96.99 Richelleu 6.4 
SPI-53 633.10 316.55 316.55 Richelieu 6.9 
SPl-54 138.71 66.58 72.13 Richelieu 6.9 
SPl-55 4.01 0.00 4.01 Hlchelieu S.B 
SPl-56 8.82 0.00 8.82 Richelleu 4.5 
SPI-57 724.00 267.88 456.12 Richelieu 6.9 
SPl-58 137.12 13.71 123.41 Riche lieu 5.1 

f SPI-59 136.72 24.61 112.11 Rlchelieu 7. l 
! SPI-60 31.68 0.00 31.68 Riche li eu 8.9 

SPI-61 40.89 12.27 28.62 Richelieu 9.6 
SPl-62 355.64 49.79 305.85 Yamaska 7.4 
SPI-63 24.46 0.00 24.46 Yamaska 10.2 
SPl-64 18.44 18.44 0.00 Yamaska 8.9 
SPl-65 20.04 0.00 20.04 Yamaska S.I) 
SPl-66 120.68 0.00 120.68 Yamaska 4. l 
SPI-67 38.89 38.89 0.00 Yamaska 5.1 
SPl-68 101.03 8.08 92.95 Yamaska 3.8 
SPl-69 43.70 14.86 28.84 Yamaska 5.8 
SP 1-71 25.66 4.88 20.78 Yamaska 7.4 
SP1-72 34.48 0.00 34.48 Yamaska 6.6 
SPl-70 201.27 92.58 108.69 Yamaska 8.4 
SPl-75 20.00 0.00 20.00 Yamaska 1 . l 

------------------------------------------------------------------------------------------------------------------------------------------------

, 
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Jable 3.1l\ Areas of the Indiv idual Sprinkler Irrigation Blocks in the 
Richelieu County Category SP2 

l ------------------------------------------------------------------------------------------------------------------------------------------------
Block Total Forested Cleared River in Distance 

Area Area Area Vicinity to River 
(ha) (ha) (ha) (km) 

------------------------------------------------------------------------
5P2-01 34.89 0.00 34.89 St-Lawren. LI 
SP2-02 46.11 4.15 41.96 St-Lawren. 6.1 
5P2-03 673.00 0.00 673.00 St-Lawren. 7.1 
SP2-04 21.65 0.00 21.65 St-Lawren. 6.6 
5P2-05 43.70 0.00 43.70 St-Lawren. 5.2 
5P2-06 49.72 0.00 49.72 St-LawI'en. S.l 
SP2-07 36.49 0.00 36.49 Richelieu 4.9 
SP2-08 8.01 0.00 8.0 l Richelieu 7.9 
SP2-09 8.01 0.00 8.01 Richelieu 5.6 
SP2-10 69.77 0.00 69.77 Richelieu 6.4 
SP2-11 33.28 0.00 33 .28 Richelieu 7.1 
SP2-12 64.15 0.00 64.15 Richelieu 1.3 
SP2-13 24.06 0.00 24.06 Yamaska 5.3 
SP2-14 1016.01 0.00 1016.01 Yamaska 4.3 
SP2-1S 26.46 3.97 22.49 Yamaska 0.9 
SP2-16 17.24 0.00 17 .24 Yamaska 0.9 
SP2-17 36.09 0.00 36.09 Yamaska 0.8 

• SP2-18 29.27 0.00 29.27 Yamaska 0.6 
J SP2-19 51.32 0.00 51.32 Yamaska 1.3 "-

SP2-20 20.05 0.00 20.05 Yamaska 5.6 
SP2-21 154.36 0.00 154.36 Yamaska 3.0 
SP2-22 9.62 0.00 9.62 Yamaska 2.9 
SP2-23 22.85 0.00 22.85 Yamaska 3.9 
SP2-24 35.28 0.00 35.28 Yamaska 4.5 
SP2-25 13 3.52 0.00 133.52 Richelieu 5.8 
SP2-26 71.77 0.00 71.77 Yamaska 3.1 
SP2-27 31.27 0.00 31.27 Yamaska 2.5 
SP2-28 23.25 0.00 23.25 Yamaska 2.9 
SP2-29 60.14 0.00 60.14 Yamaska 3.6 
SP2-30 202.07 0.00 202.07 Yamaska 3.9 
SP2-31 35.68 0.00 35.68 Yamaska 5.7 
SP2-32 6.01 0.00 6.01 Yamaska 3.7 
SP2-33 29.67 0.00 29.67 Yamaska 2.5 
SP2-70 21.25 0.00 21.25 Richelieu 4.2 

------------------------------------------------------------------------------------------------------------------------------------------------

78 



Table 3.15 Areas of the Individual Sprinkler Irrigation Blacks in the 

! St-Hyacinthe County Category SP2 

=========================~===~==============================~=========== 

Black Total Forested Cleared River in Oislünr.e 
Area Area Area Vic inity ta HiVt!l' 
(ha) (ha) (ha) (km) 

-------------------------------------------------------------------------
SP2-34 13.63 0.00 13.63 Riche lieu B.b 
SP2-35 99.03 5.94 93.09 Richelieu B.9 
SP2-36 18.04 0.00 18.04 Richelieu 7.'} 
SP2-37 26.06 0.00 26.06 Richelieu 4.1 
SP2-38 42.09 0.00 42.09 Richelieu LB 
SP2-39 52.52 0.00 52.52 Richelieu 3.6 
SP2-40 212.50 59.50 153.00 Riche lieu 5. l 
SP2-41 56.13 0.00 56.13 Riche lieu 6.9 
SP2-42 40.09 0.00 40.09 Yamaska 2.') 
SP2-43 45.30 4.08 41.22 Yamaska 1..3 
SP2-44 16.03 0.00 16.03 Yamaska 0.13 
SP2-45 14.43 4.04 10.39 Yamaska 1.8 
SP2-46 107.05 16.06 90.99 Yamaska 2.2 
SP2-48 98.23 0.00 98.23 Yamaska ').6 
SP2-49 80.59 57.22 23.37 Yamaska 7. t 
SP2-50 106.25 9.56 96.69 Yamaska 9.1 
SP2-51 22.85 0.00 22.85 Richelieu 9.1 ., SP2-52 174.81 34.96 139.85 YamaBka 8.6 ; 

~ SP2-53 799.09 103.8B 695.21 Yamaska 7.6 
SP2-54 154.37 0.00 154.37 Yamaska 10. ) 
SP2-55 75.78 0.00 75.78 Richelieu 6.4 
SP2-56 4.00 0.00 4.00 Richelieu 5.8 
SP2-57 96.23 0.00 96.23 Richel ieu 4.6 
SP2-5B 87.80 1. 76 86.04 Richelieu 3.3 
SP2-59 94.61 S7.71 36.90 Richelieu 3.3 
SP2-60 83.39 0.00 83.39 Ihchelip.u 0.8 
SP2-61 745.76 44.75 701.01 Yamaska 4.3 
SP2-62 11.22 0.00 11.22 Yamaska 3.1 
SP2-63 40.89 0.00 40.89 Riche lieu S.l 
SP2-64 1030.00 41.20 988.80 Yamaska 6.6 
SP2-65 104.25 0.00 104.25 Yamaska 8.1 
SP2-66 28.87 11.26 17.61 Yamaska 6.1 
SP2-67 44.10 2.21 41.90 Yamaska 8. L 
SP2-68 40.01 0.00 40.01 Riche lieu 0.5 
SP2-69 24.00 7.92 16.08 Richelieu 1.5 

=====================================================================~== 
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3.9 Discussion of Results for Sprinkler Irrigation. 

An analysis of the land for sprinkler irrigation is important to 

ansess the economic feasibility of the project. However the extent of 

the data available does not permit a detailed assessment at this time. 

3.9.1 Physical Factors Affecting the Classification 

3.9.1.1 Geographie loca tion 

The sprinkler irrigation blocks are grouped. The larger irrigated 

surfaces will make a regional project more profitable. The leakage 

losses will decrease. Most of the sprinkler blacks are in close vicinity 

of the subirrigation blacks. In the event a regional irrigation project 

i9 orgHnized, the zones located near subirrigation blacks would receive 

pr ior ity. 

3.9.1.2 Size and Shape of Blacks 

Size does not affect the performance of sprinklers but will affect 

the economic viability of a water supply project. The smallest zones, 

less than 10 ha, are isolated. These should be avoided for sprinkler 

i rl'1ga t ion. 

Shape is a more pertinent factor, al though the sprinkler rotation 

permits irrigation almost of any field. Zones that cannat be 

subirrigated because of their odd shape could probably benefit under 
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1 sprinkler irrigation. Black 51-42, which is a very narrow strip could b~ 

irrigated better wi th sprinklers al though i t answers aIl subi rrigat intI 

criteria. 

3.9.1.3 Sail Quality of Sprinkler Irrigation Blocks 

The majority of SPI and SP2 blacks are constituted of Aston und ~jt­

Aimé soils. The latter is classified by Denholm (1987) as havilll) tl\l' 

highest corn production potential while the former han a med LUlU 

potential. On the other hand, as far as capacity ta retain wntt-~l' l~; 

concerned, the St-Umé sail performs better. This sail would requlrt' 

less irrigation water. The St- Aimé sail has a structural problnm thut 

makes it less appealing ta cultivate than the Aston sail. However, 

sprinkler irrigation on the Aston soil should be done carefully. Thl~ 

Aston and similar soils, such as St-Damase and Présentation havI! 

fertility deficiencies that could be accentuated by sprinkler 

irrigation. It was said prev iously tha t subirrigation cou Id reduce tlll! 

leaching of mineraIs. Sprinkler irrigation will hav8 the opposite eff'-~ct 

on soils with very low C.E.C such as the Aston sail. 

It should be added that even if sprinkler irrigation require~; an 

investment 6 times larger than subirrigation, it could be extrern,-dy 

beneficial for certain crops such as vegetables and small fruits. Fur 

corn, if subirrigation is suitable, it should be given priority. 

Also, if further investigations are made, it is possible that a ff~VI 

sail types, now listed as unsuitable for subirrigation, could b~ 

reclassified. 
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CHAPTER 4 

IRRIGATION REQUIREHENTS AND WATER AVAIlABILITY IN RICHELIEU, 
YAHASKA AND ST-LAWRENCE RIVERS. 

The main obstacle to an irrigation project in the Richelieu und ~)t-

Hyacinthe county is the availability of water. The Yamaska river, n".lr 

which mm~t irrigable land is located, has low flows during monthn or 

June, July and August. On the other hand, the f,ichel ieu and the St-

Lawrence have plentiful supplies, but are located farther from most of 

the land needing irrigation. The weIl water supply is saI ine and IIldlly 

farmers are afraid to use it al. this point in time. St.1ff and studenh 

from Macdonald College are conducting research on that subjecl. A 

comparison of the availability of water from the rivers and irrigation 

requirements was made, the results cre given below • 

•• 1 Oai1y Irrigation Water Requirements. 

To calculate irrigation requirements, one needs ta know: 

1. The water deficits in a given period for a certain recurrenc~! 

intervaJ 

2. The amount of land to be irrigated. 

3. The ove~all efficiency of the system. 

There is, at this stage, very little irrigation going on. As for 

subirrigation, it has been operated only for a few years and publiGheJ 

information about water requirements, efficiency and ~ rrigatlon 

scheduling ia not available yet. The following basic ca lcule.tions wi Il 

give a good idea of the state of the water availability. 
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4.1.1 Irrigation Reguirements in Southern ~~bec 

Ta calculate irrigation deficits in one r~gion requires records on 

weather, evapotranspiration data From crops for et least 10 years, and 

the available weter capacity of the soils. These calculations were made 

by Lake (1968) for Southwestern Québec which includes bath Richelieu and 

St-Hyacinthe counties. Using 18 years of weather data, he evaluated the 

irrigaUon requirements for soils of different available water 

capacities. Tharnthwaite's methad was used ta calculate the 

cvapotranspiratian. Lake compared the total deficit calculated from a 

frequency analysis on 18 and 30 years of data. He found only a slight 

difference between the two values. The length of record) 18 years, was 

considered to be sufficient. What could affect the present calculations 

to a great extent is that the requirements were calculated only for the 

« St-Hyacinthe weather station which is located at the extreme south of 

the regian under study. p:, anly one station had ta be used it should 

have been at the border between St-Hyacinthe and Richelieu counties. It 

was seen in section 2.1.2 that the precipitation decreased From the 

center of the studied region to Sorel. But for the present use, lake's 

data are the most readily available ta estimate the water requirements. 

Table 4.1 gives a list of weekly mean irrigation requirements From April 

ta the end of August for different sail water holding capacity. The 

standard deviation of the mean is given for each week and permits the 

calculation of the weekly deficit for probabilities other than the mean. 

For subirrigation, even if the drain valves are closed in May, 

irrigation ls only started in June and carried out till the end of 

( 
August. In May, water is still available in the sail. Using the values 

of table 4.1, total rnonthly deficits were calculated for 50, 80 and 90 ~ 
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1 Table 4.1 Mean Week1y Soil Moisture Deficits Between June lst a~d 
August 31st at the St-Hyacinthe Station. 

------------------------------------------------------------------------
--------------------s~iï-M~i;t~;~-c;~;;it;-i~-MiJïi;~t;;;3--------------

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

t1ean 

0.00 
0.00 
0.00 
0.00 
0.25 
1.52 
1.02 
2.03 
4.06 
8.38 
5.59 

1-'..68 
9.91 
9.40 
7.87 

11.68 
10.16 
10.16 
11.68 
9.14 
7.37 
6.60 
4.32 
3.30 
2.03 

25.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.76 
0.51 
0.76 
1.27 
2.03 
1.52 
2.03 
2.29 
2.03 
2.29 
1.78 
2.29 
2.03 
2.29 
2.29 
2.03 
2.03 
1.52 
1.02 
1.02 

50.00 

Mean 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.25 
3.56 
3.30 
5.59 
7.87 
6.86 
6.86 
7.62 
8.64 
8.64 

11.18 
8.89 
6.35 
5.33 
3.05 
1.02 
0.51 

SDM 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.25 
1.27 
1.02 
1. 78 
2.54 
2.03 
2.03 
1.78 
2.29 
2.03 
2.29 
2.29 
2.03 
1. 78 
1.52 
0.51 
0.51 

Mean 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.25 
2.54 
5.59 
5.0B 
5.33 
4.83 
7.37 
7.37 

la .16 
8.13 
5.33 
5.0B 
2.79 
1.02 
0.51 

75.00 

SON 

0.00 
0.00 
0.00 
o.uo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.25 
1.27 
2.29 
2.03 
2.03 
1.52 
2.29 
2.03 
2.29 
2.29 
2.03 
1. 78 
1.27 
0.51 
0.51 

------------------------------------------------------------------------

1. Week 1= lst week of apri1 
Week 10 to 13= month of June 
Week 14 to 17= month of July 
Week 18 to 22= mont~ of August 

(From Lake, 1968) 

2. SDM: Standard Deviation of the Mean or Standard Error 

J.A summary of the seil moi sture deficits for 50 %, 80 ra and 90 % 
probabi1ity of oecurence is found in Table 4.2. 
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probabi 1 ity of occurrence. These values are found in table 4.2. It 

should be noted, f!'om these resul ts that the largest irrigation 

requirement is in August, although the dryest month is July. This could 

be explained by the state of the 50il's water reserve in August which 

can not be replenished because little rainfall occuring in July. 

4.1.2 Aval ... able Water Capacity of Richelieu and St­
Hyacinthe SoUs. 

Lake calculated the irrigation requirements for different values of 

available water capacities in the root zone. It was le ft ta the user to 

evaluate the effective rooting depth and usable storage capacities of 

each sail type. The available water is the amount of water held between 

field capacity and wilting point. Only the water held in the root zone 

is cùnsidered to be available to the plant. 

The irrigable soils of Richelieu and St-Hyacinthe counties have 

been idenLified in Chapter 3 and classed among three groups: 

subirrigation (51), sprinkler irrigation 1 (SPI) and sprinkler 

irrigation 2 (SP2). The available water capacity was used as a criterion 

of differentiation between the two sprinkler irrigation categories. The 

available water storage in the effective root zone was evaluated by 

Nolin and Lamontagne (1986) for aU soUs of the St-Lawrence Lowlands. 

Nolin classified each sail series according ta its average water holding 

capacity. These values, for the soils of St-Hyacinthe and Richelieu 

counties, are found in appendix 8 • One can notice that a Il the soUs 

suitable for subirrigation and SPI have available water capacity 

between 6 and and 12 cm pel' meter of sail. SP2 soils have a moderate 

available water capacity between 12 and 18 cm pel' meter of soil. The 
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Table 4.2 Monthly Water Deficit5 for Different Probability of Occurrence 
at the St-Hyacinthe Meteorologieal Station 

====================;======:==============~============================= 

Month 

June 

July 

August 

June 

July 

August 

June 

July 

August 

Root Zone 
Available 

Water 
(mm) 

25 

25 

25 

50 

50 

50 

75 

75 

75 

SOM 

(mm) 

7.9 

8.4 

10.7 

6.6 

8.1 

10.4 

3.8 

7.9 

10.4 

50 % 

35.6 

39.1 

44.9 

20.3 

29.9 

40.3 

8.3 

22.6 

36.0 

Deficits (mm) 

Probability of Occurrence 1 

-------------------------------------------
BO % 90 ''0 

63.5 713.2 

69.0 B4.6 

83.1 102. ') 

43.9 

58.9 74.2 

77 .5 97.0 

21.8 28.9 

50.5 65.3 

73.2 92.7 

------------------------------------------------------------------------------------------------------------------------------------------------1.The deficits in mm in the table indicate the deficit which can be 
cxpected not to be exceeded for the percent of years indicated. 

Note: Since Richelieu county receives less rainfall than the city of 
St-Hyacinthe, deficits in the county cou Id be expected to be as much 83 

10 mm greater for each month. Only the irrigation requil'ements of St­
Hyacinthe were available • 
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average values of available water capacities were set at 5 cm and 7.5 cm 

per 50 cm of sail for the first and secund group respectively. AlI of 

Nolin's value were based on a root depth of 50 cm. 

4.1.3 Total. Irrigation Reguirements for R;chalieu and St-Hyacinthe 
County 

The irrigation period was set to run from June l st ta August 31st • 

For sprinkler irrigatic~ the period would be a tit longer in sorne years. 

It was assumed that a11 calculations should be done for an 80 % 

probabi lity. Therefore the water requirement cal\r.'ulated would not be 

exceeded 4 out of 5 years. The 80 % probabi 1 i ty Weil') chosen because i t 

corresponds ta the recurrence Interval of the drought period in 

Richel ieu county. It might not be economic to supply the 4 in 5 years 

requirement. Only further studies that are out of the scope of this 

thisis would be needed. Irrigation requirements were also calculated for 

a 50 % and 90 % probabl li ty. 

Data for total irrigation eff~ciencies of syste~s in Québec were not 

avai lable. Subirrigation has just started and sprinkler irrigation is 

not yet ~racticed extensively. For purpose of this analysis, an 

efficiency of 75 % was used. 

The pumping rate is different whether subirrigation, or sprinkler 

irrigation are ccnsidered. For subirrigation pumping can be continuous 

thus requiring smaller pipes and less energy. for sprinkler irrigation, 

it ls unrealistic that the same rate could be maintalned day and night. 
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Pumping was assumed to be done 84 hours pel' week, half the pumping lime 

of subirrigation. Hence the pumping rate requlrements for sprinkler 

irrigation are twice as high as for subirrigation for the same SlIt'f.ll't' 

area. 

4.1.3.1 Sample Calculation of Water Flow Requiremenls fol' 1!l1I' 

Subirrigation Zone of the Richelieu County. 

The fallowing sample calculation was done for a sllbirrl'jllt 1'11, 

black. The flow required for an identical srrinkler irriguled 1J!l/('~ 

would at least be tWlce the amount calculated for subirriqnLlllli. 

General Information: 

River in Vicinity: St-Lawrence 
Ove raIl efficiency: 75 % 
Area of Black: 46.45 ha 
Irrigation period: Ist of June ta 31st of August 
Sail Available Vlater in the root zone(50 cm): 5 cm 
Total Irrigation Requirements: 9.3 cm 
(Irrigation requirements: sum of the mean weekly irrigatloll 
requirements from week l to 22 (Table 4.1) for asoil aVAÎ lablt' 
water of 5 cm in the root zone.) 

Standard Dev. of the Mean(SDM): 0.94 cm (Lake, 1968, Table 43) 

I~ean Vlater Reguirements:::(Area Irr.)*(Irr.Req.) 

(Et ficiency) 

= 57 598 m3 

80 % Probability Vlater Reguirements: 

Deficit(80ro)=Deficit(SO%) + Z(.2)* n *(SDM) 

Probability: 80% 
Z( 2): 0.8~ (from statistical tables) 
Mean Deficit: 9.3 cm 
SDM: 0.94 cm 
n: Length af Record: 18 years 
De f ici t( 80 ~ prob.) = 9.3 + (0.84)*(.94)* ( 18 

= 12.65 cm 
Vlater Requirements ~ 78 345 m3 
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Flow Reguirements .!!t 80 ! Probabllity 

Flow = (Wat. Req.) + (Irrigation Period) 

Irrigation Period= 90 days X 24 hrs/day (Continuous) 

Flow = 0.01 m3/s 

(4.3) 

The water flow needed to meet the contlnuous irrigation requirements 4 

years out of 5 and a l'31'ge portion of the need of the 5th year is 0.01 

m3/s. If the irrigation pumping period was r~duced to 92 days X 12 

hrs/day (half of the subirrigation period), the flow rate required would 

be mu lt ip lied by 2. 

4.1.3.2 Results of Flow Requirements Calculations 

The water requirements were calculated as in the previous section. 

ALI the irrigable land was divided among the three rivers surrounding 

the counties: Richelieu, Yamaska, St-Lawrence. AlI blocks were classed 

ace a r d i n 9 t a the i r pro x i mit Y t r, .1 r i 'ver. The dis tan c e b e t w e e n 1 b l 0 c k 

and a river was measured f~om the center of the black, perpendicular to 

the river. Table 4.3 shows the partitioning of blocks among the three 

rivers. Of course, the distances measured are not the actual route3 

water will have to travel, but it i5 a good approximation. The 

distances were not used in any calculation, but were an indicator to 

determine the area that would be irrigated by a given river. The 

distances of subirrigation blocks From a river are given in Table 3.4 

and 3.5. 

Water requirements were calculated for 80 % probability for total 

and c leared areas and are found in Tab le 4.4 and 4.5. The tota l 
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Table 4.3 Aress in Vicinity 6f the Different Rivers 

======================================================================== 

River ll'rigation 
~lethod 

County Total 
(ha) 

I\rea 

Cled rl'li 
(hu) 

------------------------------------------------------------------------
Richelieu SI Richelieu l 669.28 Ill)~l • 2,~ 

St-Hyacinthe 6 750.12 3 41\) •• ~·t 
Total 8 419.40 4 H4. llli 

Richelieu SPl Riche lieu 736.10 717.2.~ 

St-Hyacinthe 2 848.14 l 956.1'J 
Total 3 584.24 2 67'). ~H 

Richelieu SP2 Richelieu 374.48 374. '~B 
St-Hyacinthe 876.26 802. (n 
Total 1 250.74 l 117.41 

Yamaska SI Richelieu 5 621.63 4 378.02 
St··Hyacinthe 630.65 550. lB 
Total 6 252.28 4 928.211 

Yamaska SPl Richelieu 2 228.00 2 068.81 
St-Hyacinthe 2 391.47 1 870.67 
Total 4 619.47 3 939.4U 

Yamaska SP2 Richelieu l 902.47 l 898.50 
St-Hyacinthe 3 813.74 3 425.0..5 
Total 5 716.21 5 323.55 

St-Lawrence SI Richelieu l 025.28 957.52 

St-Lawrence SPI Richelieu 505.66 498.15 

St-Lawrence SP2 Richelieu 869.67 865.52 

~======================================================================= 
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Table 4.4 Water Flow RequirelDp.nts for the Total Irrigable land, 
ACcoI'ding to the Proximity to a River, with an overall 
irrigation efficiency of 75 : for the once in 5 d~y years. 

==============================================~========================= 

Irrigation 
Method 

SI 
SP l 
SP2 

Off-Peak Total 
On-Peak Total 

SI 
SPI 
SP2 

Off-Peak Total 
On-Peak Total 

SI 
SPl 
SP2 

Off-Peak Total 
On-Peak Total 

River 
in Proximity 

Yamaska 
Yamaska 
Yamaska 

Richelieu 
Richelieu 
Richelieu 

St-Lawrence 
St-Lawrence 
St-Lawrence 

Water Flow Requirements 

1.41 1.88 2.41 
2.08 2.71 3.56 
1.28 2.87 4.17 

1.41 1.88 2.41 
4.78 7.42 10.14 

1.90 2.47 3.43 
1.62 2.10 2.77 
0.28 0.63 0.91 

1.90 2.47 3.43 
3.79 5.19 7.11 

0.23 0.30 0.39 
0.23 0.29 0.39 
0.19 0.44 0.63 

0.23 0.30 0.39 
0.66 1.04 1.42 

---------------------------------------------~--------------------------------------------------------------------------------------------------
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Table 4.5 Water Flow Requirements for the Cleared Irrigable Aren, 
According to the Pro'ICimity ta a River, w i th 8 tolu 1 
irrigation efficiency of 75 ~ 

----------------------------------------------------------------------_. ------------------------------------------------------------------------
Irrigation 
Method 

Ri VL'r 
in Proximi ty 

Water Flow Requu'Pl1\t l nts 

J~~y 
mIS 

------------------------------------------------------------------------
SI Yamaska 1.11 1.45 1.9U 
SPI Yamaska 1. 78 2.31 3. OL~ 
SP2 Yamaska 1.19 2.68 3.8B 

Off Peak Total 1.11 1.45 2.90 
On Peak Total 4.08 6.43 8.82 

SI Richelieu 0.97 1.27 1.67 
SPl Richelieu 1.21 1.57 2.06 
SP2 Richelieu 0.26 0.59 0.86 

Off Peak Total 0.97 1.27 1.67 
On Peak Total 2.45 3.43 4.59 

SI St-Lawrence 0.22 0.28 0.37 
SPI St-Lawrence 0.22 0.29 0.38 
SP2 St-Lawrence 0.19 0.43 0.63 

Off Peak Total 0.22 0.28 0.37 
On Peak Total 0.52 1.00 1. 38 

------------------------------------------------------------------------------------------------------------------------------------------------
Note: Cleared Area is 24 677 ha 

92 

4 

\ 



. , 
\. 

irrll]nhle land 18 32242 ha. Total water flowfl required were divided 

amang the months of June, July and August, even though the irrigation 

pPrlod for sprinklers couid extend ta September. Lake (1968) showed that 

the irrigation requirements for Septembe:- were negligible. In Table 

4.4, the Flow required for the peak and off peak periods are given 

3eparately. Peak periods la st 12 hours per day End occur when water is 

pumped for bath subirrigation and sprinkler irrigation. Reducing the 

area of land that is ta be irrigated by sprinkler would considerably 

redUCH the total flow requirements. Of course if the wAter supply was 

lnflnite, H.ere would be no concern about the rate of pumping. The 

Ynmanka, however, has limited flows ill the summer months. The Flow 

needed to irrigate aIl cleared land in vicinity of the Yamaska, at peak, 

wou Id reach 6.43 m3/s and onl y 1.44 m3/s during off peak period • 

AlI the flowrate values of Table 4.5 were calculated for 75 % 

irrigation efflciency. Experiments were not Gone to aS5ess the 

efficiency of a subirrigation system. But From data gathered at the 

e"perimental site of St-Louis, efficiencies ranging from 80 % to 95 % 

were obtained. As the water t1(ble rose, the efficiency decreased: the 

head difference between the irrigated field and adjacent non-irrigated 

fields had increased and thus leakage was more important. A value of 75 

% seems conservativ p , but realistic because it alsa includes the 

delivery efficiency. Water requirements for subirrigating would decrease 

if the global efficiency was increased. This can anly be done if good 

control of the water table is achieved and if the level of water in the 

ditches is monitored • Massey et. al. (1985) think that good 

efficiencies can be achieved with a subirrigation system if the water 
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table is allowed ta recede ta a predetermined depth, sa th~ plant can 

bene fit from the rainfa 11, as it does with sprink 1er irrigat lOn. 

Water requirements were calculated for bath talaI and clearpd iIl't',!,>. 

It is more realistic, on a short term basis, ta conside[' thnl 0111 '1-

cleared land will be irrig8ted. The clearing of land for any fOI'1ll uf 

irrigation will depend on the amounts uf water available. For t tl" 

Yamaska, the difference betw~en the water requirements for tlw tnl.ll 

area, 7.415 m3/s, and the peak needs for cleared area, 6.431 m3/s, 1:; 

not very large. This can be explained by the faet that the largesL pUI't 

of the Flow requirements come from the sprink 1er irrigated land, wIll dl 

is almost aIL c1eared. Most of what is forested nea[' the Yamaska l~; 

classified as suilable fo[' subirrigation. 

The largest requirement for water oceurs in the month of Augusl but 

fortunate1y t.he Flow in the ri ver increases enough From Ju ly ta AU!JlJ'ü. 

The large amounts of water required in July can usually be supplied by 

the surplus water from June rainfal1. During July, the Yamaskn Rive:' 

reaches its lowest flows. 

If aIL the irrigable land was ta be supplied fram a sing~e river il 

wauld require, in the dryest manth 18.6 m3/s for the total area, and 

14.82 m3/s for the total cleared area. The Richelieu and St-Lawrencf~ 

rivers have ample water. 
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4.2 Nater Availability from the Different Sources 

In the previous section, average water requirements were calculated 

for the once-in-5 dry year. Therefore, frequency analyses were performed 

on the flows of three rivers ta find the minimum and average flows for 

the once in 5 dry year peri ad. Even if the flow8 required are not very 

large compared ta large irrigation projects in western Canada, ma.,y 

people have always thought that not enough water would be available, 

despite the faet that four sources, the Yamaska, the Richelieu, the St-

Lawrence and we Il sare found in the region. The last source will not be 

examined closely in this report. The main investigation was done for the 

Yamaska Ri ver which, as reported by local farmers, has low flows in 

summer. Hore than 50 % of aIl the irrigable land and about 50 ~ of aIl 

( the cleared subirrigable land is located close to the Yamaska River. 

4.2.1 Water from Wells 

If the qua lit y of the weIl water had been good, jt would have been 

used for irrigation a long time ago. The salinity of the water has 

always restricted its use. Table 2.3 of section 2.1.4 gave an overview 

of the salt content of the weIl water in the Richelieu and St-Hyacinthe 

county. 

The county is underlain by two types of aquifer. The first one ia 

located in the south of St-Hyacinthe county and has a mean flowrate of 

3.18 m3/hr (Simard eLa!., 1979). The second aqui fer has a mean 

f lowrate of 2.51 m3/hr (Simard et. al., 1979). It covers the rest of the 
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1 st-Hyacinthe and Richelieu county. It is the water of the first aquifer 

that 15 present1y used on the experimental site of St-louis. The' 

possibility of using this water for subirrigatian would be an mwct: il 

is the ma5t accessible source. The use of the saline weIL water wou Id li" 

conditional ta the clay content of the soUs. SoUs as the 1\:3hm ,\11.1 

St-Damase should not be irrigated with the weIl water. The subil'rÎLJah Il' 

soi 15 have Law clay content in their profile. The first aquifer :3hlllll d 

be used with care because of its extremely high salinity. 

The assessment of the volumes of water available From wells i:j 

difficult. Not much information is available at this point as ta the 

volume of the aquifer. It i5 possible to think that weIL water could tH! 

used as a reservoir to meet extreme conditions, or mixed with the river 

water. This would reduce the strain on rivers such as the Yamaska, 

during the month of July. 

Vet, the use of this saline water is still experimental. It will be 

important ta evaluate the impact of such a saline water on the sail and 

watercourses before planning intensive use of the water. The weIL water 

may need treatment ta remove iron ta avoid blocking the subsurface drain 

perforations and envelopes. The saline water, if used with sprinkler 

systems could have negati ve effects on the plant leaves and corrode the 

equipment. 
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4.2.2 Water from the St-Lawrence River. 

The amount of cleared land located in v ici nit y of the St-Lawrence 

river needing irrigation is only about 2 320 ha. The Flow required to 

irrigate the cleared irrigable surface is 0.4 m'/s. Frequency analyses 

were not made for the St-Lawrence River, since on the average, the river 

flow is 9 100 m'/s. Only the land at the north end of Richelieu county, 

in the municipalities of Sorel, St-Pierre and St-Rob(~rt, could easily 

have access to the St-Lawrence river. This zone covers an area of 2 321 

ha, of which half could be subirrigated. The mean distance of the blocks 

to the river is 3.1 km. At the present Ume, most of this land is 

cleared b~t uncultivated. It is near the St-Lawrence that the soils are 

the mos t sandy. 

Pumping water from the St-Lawrence does not represent a problem. It 

should be inexpensive since the water is abundant and in proximity of 

the irrigated land. The pumping head is the smallest, less than 5 m. 

Some of the land may be occasionally flooded. 

The St-Lawrence river could supply aIl the 30 000 ha suitable for 

irrigation, but this would be costly. The distances to bring the water 

ta some of the parceis are longer then 15 km. This option would be a 

lest resort. 

97 



1 

l 

.. .' 

The Richelieu is a ri ver which has an average Flow of 380 m3/s, tht, 

lowest average over 10 years being 299 m3/s. This was measured ut. f ryl'l'~\ 

Rapids, just upstream from Chambly. The region of interest ln this 

thesis is located downstream from Chambly and Highway 20. Il i~; Ilot 

expected tha t there will be a 1 arge varia tian in Flow be tween r ryl' l' ; 

Rapids and the section downstream From Highway 20. Not much WLlll'l' L', 

l'emoved from the river except perhaps at Beloeil, St-Jean de Rletll'l Ll'il 

and Chambly, which are upstream From Highway 20. The maximlJm wah'I' 

extracted would be approximately 5 m3/s, relatively nothing complH'l'd 

with the minimum Flow in the river • The 37 year mini~um is 40 m3/s. 

A frequency anal ysis was perforrned From the da ta at F ryers Rap ids. 

Flow data gathered by Environment Canada at that location From 1972 tu 

1986 were used. Two flow duration curves, one for average flows and one 

for minimum daily flows .. é:re produced for each summeI' month. Thu 

recurrence intervals were calculated with Weibull formula and plotted on 

Gumbel papel'. For extreme value distribution, Gringorten's plotting 

position formula is normally used, and recurrence intervals were alsn 

calculated with this method. However, sinee no differenees were nobced 

for small recurrence intervals ( once-in-5 and once-in-10 years), 

Weibull formula was considered as adequate. This thesis was not 

concerned with the once-in-50 and ina 100 years events for which 

Gringorten's formula would have given more aecurate results. Curves fol' 

the average flow frequency analysis are fa und in Figure 4.1. The 

comparison between the one-in-5 years water requirements found in table 
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4.5 and the flowrates exceeded 4 out of 5 years shows that the Richelieu 

River is able ta meet the irrigation demand for the land locuted in ita 

vicinity. However, in performing the analysis, the ai..m was ta flnd out 

about the possibility of irrigating al! the 30 000 ha of irrigub le land 

in both counties. The minimum day flows, and the average flows for the 1 

in 5 and 1 in 10 years were read from the recurrence curve and arc 

listed in table 4.6. 

In August, the 1 in 5 year minimum day flow wes found ta be lO~ 

m3;s. This is the lowest minimum day flow amongst the three months, for 

that recurrence interval. For ecological reasons and to supply other 

users, From 1;2 ta 2/3 of the flow should remain in the river, the 

proportion remains ta be determined. Assuming 2/3 of the Flow remuins in 

the river, this still leaves 35 m3;s available for irrigation. The peak 

Flow needed in August ta satisfy tLe demand of the whole 26 000 ha of 

cleared land i5 14.79 m3/s. Thus, there is sU Il place for deve lopment 

since 20 m3/s could still be used ta irrigate the remaining 7000 ha 

presently forested. The 37 year minimum could almost meet the demand of 

the whole area. Some additiona] storage would be needed. It i8 obvious 

that the Richelieu River can supply aIl the land in its vicinity for at 

least the once-in-5 dry year probability , which requires a peak 

f lowrate of 3.8 m3/s. 

The pumping head would be about 15 m for any af the blacks 

identified for subirrigation. Although it is feasibl e ta irr iga te the 

whole surface with water From the Richelieu river, it might not be 

economical. At least 57 % of the land is lacated at more than 15 km from 

the Richelieu. Even if il is economical, it will nat be easy to find a 

path through the agricultural land for the pipelines and canals required 
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Table 4.6 Average of Monthly flows And Minimum Day flows for the Summer 
Months in the Richelieu River, for Different Recurrence 
Intervals. 

---------~--------------------------------------------------------------------------------------------------------------------------------------
Month Flow "greater or equa1 to" (m3/s) 

50 % 80 % 90 % 

June Average 500 340 290 

Mimmum day 348 255 215 

Ju1y Average 290 184 160 

Minimum day 198 140 120 

August Average 182 127 115 

Minimum day 141 105 90 

----------________________________________________________ u ____________ _ 

------------------------------------------------------------------------
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ta bring the water ta the farthest plots. Also, as the amaunt of wuter 

pumped increases, 50 does the size of the control structures. It ig 

important ta realize that a standard drainage ditch as found in hoth 

counties can carry 3.8 m3/s. Very lit Ue needs to be done ta accoOlLHJ,1l C' 

sorne of the ditches for water de li very. l rrigating from one source wou 1d 

ease the management, but i t probably is not economical: the increi.l·~I~ 1 ri 

the corn yields may not pay for costly irrigation structures. 

4.2.4 Water from the Yamaska River. 

About 50 % of the land to be irrigated is located in the vLcinlty of 

the Yamaska river. The best land for subirrigatian, in black 5[-09 

mainly, is claser to the Yamaska than ta any other river. The flow 

requirements from the Yamaska are listed in Table 4.5. About 70 1 of thA 

irrigable land near the Yamaska is to be irrigated with sprinklers. 

4.2.4.1 Frequency Anal>sis of Monthly Average and 11 inimum Duy 
F lows in the Yamaska Ri ver. 

Frequency analyses were performed on the minimum day and averaqe 

monthly flows, as with the Richelieu River. The flow data were measlJred 

by Environnement Québec for La Noire River, Yamaska River at Farnham Hnd 

Yamaska River at St-Hyasinthe. Twenty years of data, from 1965 ta 198), 

were used. AIl frequencies, calculated by the Weibull formula wel'e 

plotted on Gumbel paper. Frequency analyses could not be dane for a 

station located in the portion of the Yamaska River downstream of St-

Hyacinthe, which is close to the subirrigation zones: no gunain~ 

stations with a sufficiently long record existed. To approximate the 
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flow at St-Hyacinthe, the monthly average and minimum day flows pel' unit 

drainage area of two branches of the Yamaska, the la Noire river and 

Yamaska Ri ver at Farnham were plot ted on Gumbel paper. The drainage 

areas of these two sub basins are almost equal. Also the total drainf.ge 

area served by these two stations is equivalent ta the drainage area of 

the Yamaska at St-Hyacinthe. The average curve of the Flow pel' unit 

area, in between the la Noire and Yamaska River at Farnham curves, was 

assumed ta represent the flow per unit area at the St-Hyacinthe station. 

From this average curve the recurrence interval of various flows pel' 

unit area was l'ead. Each value had to be multiplied by the drainage area 

of the Yamaska at St-Hyacinthe, 3 370 km 2 • Figures 4.2 and 4.3 

illustrate the resulting frequency curves for the St-Hyacinthe station 

for bath monthly average and minimum daily flows for the summer months. 

There is usually little inaccuracy in an approximation of this sort. 

However, in this case, a dam located at St-Hyacinthe could influence the 

downstream Flow by its reservoir effect. The approximation made to 

calculate the fiows at the St-Hyacinthe station and downstream would not 

refiect the l'eality if this ls true. The dam at St-Hyacinthe is very low 

and probably has negligible effect on the flow except at very low 

leveis. The Flow downstream of St-Hyacinthe depends on the amount of 

water removed from the river at St-Hyacinthe for domestic and industrial 

use. If the pe r cap ita consumption for a 11 usage is 800 li ters per day, 

lhe Flow needed at St-Hyacinthe to be able ta supply this town of 45 000 

inhabitants will be 0.42 m3/s. This does not affect significantly the 

Flow downstream. It was therefore possible ta use the approximated flows 

at St-Hyacinthe to evaluate the flow of the rest of the Yamaska, 

downstream St-Hyacinthe. 
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The values of minimum daily and average monthly flows for different 

recurrence inter va ls were then read from the frequency graphs for June, 

July and August, and placed in Table 4.7. The recurrence inb'rvul 

selected on which a11 ftlrther calculations are based, is the onct!-in-'> 

dry year. for supplemental irrigation, it is unnecessùry tu try tll 

supply more than the needs of the once-in-5 dry year. This amOlJnt al :)11 

supplies most of the needs for the once-in-lO or once-in-50 dry yenr. 

4.2.4.2 Minimum Dally and Monthly Average flows Avallable in ltll' 
Yamaska for Subirrigation 

It ls common practice ta assess availabil ity of irrigation suppl i'~~J 

based on the minimum daily value at a given recurrence interval. Thi!; 

remains true unti 1 some st orage can be established ta supplement th" 

river. This is what occurs wi th subirrigation. For this type of 

irrigation, addi tionel storage sources of water can be round in ttlt' 

ditches and the sail. The water table, if no irrigation water is pumpp1 

will be able ta supply the plants by capillarity for a few deys. In 

sprinkler irrigation, water can be stored in some ditches, but not ill 

the sail because the water table i5 too low for water ta rise by 

capillarity. for subirrigation, i t is sufficient ta base calculation 011 

average flows. On the other hand, sprink 1er irrigation flows shOlJ ld bf~ 

based on the minimum values. The flows in the Yamaska are sa low dUrl'l!j 

some period of the year that it is difficult ta rely on the valllf"; 

measured. Therefore, in this project a greater importance being given tu 

subirrigation, the average flows were privileged. Using Yamu'lka", 

lowest f lows ta assess the potential of the river as a source WOlj l d 

result in an over estimation of the needs for new supp lies: due ta the 
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Table 4.7 Average And Minimum Day flows in the Yamaska River; for 
Different Recurrence Intervals. 

----.--------------------------------------------------------------------------------------------------------------------------------------------
Month 

June Average 

Minimum 

July Average 

Minimum 

August Average 

Minimum 

Flow "smaller or equal ta" (m3/s) 

50 % 

20.22 

8.76 

15.84 

6.74 

16.85 

7.41 

80 % 

13.48 

4.70 

7.75 

4.04 

9.09 

4.04 

90 % 

Il.79 

3.37 

5.05 

2.79 

6.74 

2.86 

------------------------------------------------------------------------------------------------------------------------------------------------
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1 cljmate of the region, it is not critical to lack water for a few 

days, at least for corn. Of course, not aIl the average flow i!l 

available for irrigation. 

The minimum Flow that has to remain in the river to mainblln tlll' 

wildlife, supply the inhabitants and ensure that enough water i8 l('fl ln 

dilute the pollutants is an unkr,own. The minimum Flow should normally tu' 

determined by sorne investigation. This was beyond the scope of th l', 

thesis. In the Yamaska, because of the low flows encounterpd, tilt' 

determination of such a minimum is critical to th8 evaluation of th!' 

potential of the river as a source of water for irrigation. In ttw 

Richelieu river, because of the large flows, the determination of thlS 

value is of litt le importance. Three possibilities, to delermine 0 

minimum flow that should remain in the Yamaska river were examined: 

1. Ta leave two thirds of the average flow in the river durine] tlll' 

dryest month (July) 1 in 5 year. This would leave a Flow of 5.16 m3/n. 

(Average flow in July exceeded 4 in 5 years: 7.75 m3/s.) 

2. To leave two thirds of the minimum day flow in the dryest month 

(July), 1 in 5 year. This would leave 2.69 m3/s in the river. (Minimum 

average flow in July exceeded 4 in 5 years: 4.04 m3/s.) 

3. To use the minimum flow in the Yamaska l in 50 years or 1 in 100 

years. This would leave 2.6 m'/s i~ the river. (From figure 4.3) 

The first proposition ls the most conservative but the safest. The 5.16 

m3/s includes the need of aIl other IJsers. AlI the FLow above tlH! 

minimum day value is available for irrigation. This implies that no 

pumping could occur if the Flow is lower than 5.16 m3/s. This wou id 

cause the quantity of storage required to increase. The average monthly 
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flow in the Yamaska is at least equal or greater ta 5.16 m3/s 49 out of 

50 years (figure 4.3). The minimum day flow will be less th an 5.16 m3js 

once in 3 years. This suggests that despite its low flows, the Yamaska 

could be a good supply, at least for the subirrigated land. 

The irr iga tian requirements that wi Il not be exceeded 4 out of 5 

years, for aIl types of irrigation are found table 4.5. The total flows 

required from the river, to irrigate aIl the areas identified were 

divided in two categories: peak and off peak. Sprinklers are assumed to 

function 12 hours per day. The period of the day when the ri ver must 

supply both the subirrigated and sprinkler irrigated land is the peak 

demand periode The 12 night hours, when only subirrigated land is 

supplied, is the off peak periode In aIl the calculations, it waB 

assumed that Flow was available for sprinkler irrigation when aIl 

subirrigable land had been satisfied. These calculations aSBumed the 

worst case, that the sprinklers were supplied directly by pipeline from 

the Yamaska River. If a regional project is undertaken, it iB possible 

that regional pumping stations would deliver water by pipe ta the 

watercourses From where the farmers could pump. If this is done, the 

main pumps can opera te at a slower rate, 24 hours per day. The ditches 

can provide the overnight storage. 

For the month of July, 6 continuou8 Flow of 1.45 m3/s i8 required to 

supply 4900 ha. The flow required in the peak time is 6.43 m3/s. For the 

same month of July, the average water flowing in the Yamaska River at 

least 4 years out of 5 is 7.75 m3/s. Assuming 5.16 m' /s must: remain in 

the ri ver, this leaves 2.59 m3/s for irrigation. If the average 

irrigation requirements over the three month period is 2 mm/d, a 
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continuous Flow of 2.59 m3/s can subirrigate 11 200 ha. For sprinkler 

irrigation, the requira."ents being double (the application period is 

half that of subirrigation), the total area irrigated with the sorne 

amount will be divided by two. There is not enough water in the Yamaska 

River ta supply the total of bath subirrigated and sprinkler irrigated 

cleared land. There is however enough Flow ta supply, on the average, 

the demand for the subirrigated land. 

Sorne deficit oceurs, in July mainly, when the river flow goea below 

the average. These deficits could be supplied by small reservoirs. Some 

of the defieit between the demand and the flow available above 5.16 m3/s 

can be found in the sail and in the ditches, at least for subirrigation. 

BecRuse the flows in the Yamaaka river are so low, an irrigation method 

that requires small flows over 0 long period of time, as subirrigation, 

will always be better than a method that requires large flowa for a 

shorter period of time, such as for sprinkler irrigation. 

4.2.4.3 Deficits in Supply, and Storage Requirements 

The deficit in supply is defined as the difFerence between the 

irrigation flaw requirements of an area and the water Flow available in 

the river for irrigation. The maximum deficit oceurs when the Flow is at 

its minimum value, for a given probability. The storage required or 

storage capacity is the volume of water ta be added ta the river flow to 

meet the irrigation needs of an area, for a given period of lime. 

Because priority was given to subirrigation, aIl its water demand must 

be met first, before any water is alloceted for sprinkler irrigation. 

This increases the importance of the deficit ln supply for this form of 

irrigation. In reallty; the allocation of water in the case of a limited 
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supply would be done based on the economics: the most productive land 

wou Id get more water. It was thought, in making the above assumption, 

that subirrigation should be privileged since it is the most economical 

and accessible for the farmer. An in depth analysis would be required, 

but i8 beyond the scope of this thesis. 

Deficits and storage supplies were ealeulated From the average and 

minimum flows available in the Yamaska river, 4 years out of 5, for twa 

values of minimal Flow, 5~6 and 2.6 m3/s. AlI the monthly deficits and 

storage capacities meeting those defici ts are found in Table: 4.8 and 

4.9. The irrigation requirements were presented previously in Table 4.5. 

It wes caleulated for bath minimal Flow that no deficits would oeeur 

for subirrigllted land demande In other words, on the average, aIl the 

demand for the 4 900 ha of subirrigated land can be supplied by the 

Yamaska River. The maximum deficit, 4 years out of 5, should not exceed 

1.91 m3/s in August. This represents a volume equal to la 000000 m3 

storage capacity, over the irrigation period of 92 days. The true 

defieit, in that recurrence interval 15 probably a value between the 

average, 0 and the maximum. It is , in any case, very low, cl05er ta the 

average than ta the maximum. In subirrigation, because water i5 

available From the ditches and the sail, no extra reserve would be 

needed in theory. From a water table at 90 cm depth up to 100 cm, the 

eapillary conductivity is 2 mm/d in a sandy soil, about equal tn the 

mean summer irrigation defici t of the St-Hyacinthe area (Lake, 1968). 
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Table 4.8 Storage Capacity Required to Supplement the Yamaska River 
flows to Supp1y theIrrigation Demand. Calculations are 
8ased on the Honthly Average f lows 4 out of 5 years. 

------------------------------------------------------------------------------------------------------------------------------------------------1 2 3 4 5 6 7 
Month Irrigation Minimum Average Available Irrigation Storage 

Method Flow Flow Flow Oemand Needed 
------------------------------------------

(m3/s) (106m3) 

June SI 5.16 13.48 8.32 1.11 0 
SP 5.16 13.48 7.20 2.97 0 

July SI 5.16 7.75 2.59 1.45 0 
SP 5.16 7.75 1.15 4.98 5 

August SI 5.16 9.09 3.93 1.90 0 
SP 5.16 9.09 2.02 6.92 7 

------------------------------------------------------------------------------------------------------------------------------------------------. Col. 3 : Minimum flow designated ta remain in the river. 
Col. 4 : From Table 4.7. 
Col. 5 = Col. 4 - Col. 3 
Col. 6 : From Table 4.5 (SP= SPI + SP2) 
Col. 7 = (Col. 6 - Col. 5)* Area * Irrigation Period 

Note: Irrigation Period for Sprinkler is 12 hrs/dayX 30 days 
per month, in drier years. 
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Table 4.9 Storage Capacity Required to Supplement Yam&ska River flows 
to Supply the Irrigation Detnand. Calculation are Based on the 
MinimUII DaUy flows 4 out of 5 years. 

------------------------------------------------------------------------------------------------------------------------------------------------
1 2 3 4 5 6 7 

Month Irrigation Minimum Average Available Irrigation Storage 
Method Flow Flow Flow Oemand 

------------------------------------------
(m3/3) (106m3) 

June SI 5.16 4.7 0.00 1.13 2.92 
SP 5.16 4.7 0.00 2.97 3.90 

July SI 5.16 4.04 0.00 1.45 3.90 
SP 5.16 4.04 0.00 4.98 6.70 

August SI 5.16 4.04 0.00 1.90 5.10 
SP 5.16 4.04 0.00 6.92 9.30 

------------------------------------------------------------------------------------------------------------------------------------------------
Col. 3 : Minimum Flow designated ta remain in the river. 
Col. 4 : From Table 4.7. 
Col. 5 = Col. 4 - Col. 3 
Col. 6 : From Table 4.5 (SP= SPI + SP2) 
Col. 7 = (Col. 6 - Col. 5)* Area * Irrigation Period (12hrs/day) 

Note: Irrigation period for sprinkler irrigation is 12 hrs/day X 30 days 
per month. 
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failing to irrigate for a few days would cause the water table ta 

recede, but, water would still be able to ri se by capillarity, until thp 

water table reaches a 100 cm. In such a case, the water source i5 the 

water table. The fluctuation of the water table is not detrimento 1 to 

corn growth. 

The sail can serve as a water reservoir as long as the woter tnb 1 Il 

does not fall below 100 cm. Past that depth, the capillary conductivity 

is almost a mm/do 

Even if no storage capacity ia needed, in theory, the fluctuations 

of the Flow below the mean and the minimum Flow, in July mainly, wOlJld 

cause a small reservoir capacity ta be desirable. The dry spell in July 

usually lasts for a few days when flows in the river may drop below the 

5.16 m3/s minimum. Plants can obtain water by capillarity without 

replenishment for 8 few deys only. The month of July is the most 

critical period in the growth season of corn. It is the time when water 

in adequate quantity can make the difference between a fair and an 

excellent crop, by reducing the stress on the plant during flower in9, 

and ear fil1ing. The volume of the reservoir would be relatively small. 

The size would depend on what the sail can supply and for how long, and 

what remains in the ditches. If subirrigation was started early in June, 

sa the water table ia approximately st 60 cm below the surface in July, 

the danger of a shortage of water would be reduced. 

The storage capacity needed for sprinkler irrigation 4 out of 5 

years is more important, Il 000 000 m3 on the average, 20 000 000 m3 

maximum, based on maintaining a minimal Flow of 5.16 rr-3/s in the Yamaska 
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River. Of course, both values would be notably smaller if 2.6 m3/s was 

used as a minimum. Then, the average storage requirements would fall to 

5 000 OO~ m3• Perhaps it is too conservative ta set the minimum Flow to 

5.16 m3/s. But, it was said previously that some flow must remain in the 

river to maintain wildlife, and to supply domestic and industrial needs. 

One could argue that most of the area downstream of St-Hyacinthe does 

not have many inhabitants or industries. Still, since weIl water is not 

suitable for consumptian, the river remains the main source of water for 

the population of the basin below St-Hyacinthe. In the 5.16 m3/s i5 a 

provision to cover future development, domestic or industriel, that 

could result in jncreased needs. 

The storage capacities previously calculated were for the whole 

irrigable area. Another approach would have constituted in evaluating 

the flow and th en decide which area should be irrigated, based on the 

land quality. This approach is more restrictive, and perhaps more 

economical since no storage has to be provided. The use of land would 

depend on its agricultural quality and on its proximity of water source. 

In a democratic society, such restrictions are not weIl received. 

Perhaps it is more beneficial to build a reservoir to store water from 

excess in March and April, for release in July, and increase the yield 

on a greater area. The large storms in July and August would refill 

part of the reservoir and meet the needs for August. Under the 

restrictive approach, in July, 4 900 ha could be subirrigated and 

another 2 400 ha irrigated wi th sprinklers. If aIl the land was to be 

subirriyated, 4 900 ha of additional land could be subirrigated (from 

another county), based on flows available, with no storage. The values 

of Tab les 4.8 and 4.9 are based on land avai lable if storage capaci ty 
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exists. The storage needed is conditionai on the daiIy variation of 

flows between the minimum and the average. Ta illustrate this concept 

hydrographs were plotted for years 1979 and 1982. 

4.2.4.4 Storage Requirements From 1979 and 1982 Hydrographs. 

Ta i11ustrate the variation of storage required from the calculutod 

mean and maximum storage eapaci ties, the hydrograph of the Yamankll 

river, in the months of June, July and August was plotted for years 197~ 

and 1982. 

Year 1979 is representative of a hydrograph which i8 equalled Dl' 

exceeded 4 years out 5, at least for the months of June and July, with 

an average of 6.6 m3/5 and a minimum of 4.95 m3/s for July. On the other 

hand, 1982 was an extremely dry year with a minimum of 1.01 m3/3 in July 

It is doubtfu1 that this reeording is accurate since the f lows at La 

Noire and Yamaska at Farnham, a few days before this minimum occured, 

had higher flows. It is expeeted that the Flow at St-Hyacinthe i8 at 

1east equal to the sum of the two branches and not much less downstreu,n. 

It ls possible, because the water 1evel was sa low, that the dam at St­

Hyacinthe acted as a reservoir. In sueh a year, it wauld be difficult 

to remave any water in the river for irrigation, without a large storoge 

supply available to meet the whole demanda But most of the yC8rs, 

sufficient f10ws are avai1able. It would be rather unrealistic ta try 

and supp1y the demand for a 1 in 100 year. Both hydrographs are found in 

Figures 4.4 and 4.5. 
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Figure 4.5 Flow Hydrograph and Storage Requirements of the Yamaska 
River in the Summer Months of 1982 
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On the hydrograph of Figures 4.4 and 4.5 were plotted the minimum 

Flow to remain in the ri ver, 5.16 m3/s, and the f lowrates required to 

meet the crop demands on lhe cleared area identified for irrigalion. On 

a hydrograph, the area under the curve represents a volume of water 

flowing in the river over a period of time. The deficit between the flow 

available and the requirements was calculated by measuring the area 

above the hydrograph line and below the rectangular limits. Values of 

the storage volume measured on both hydrographs are found in table4.l0. 

In 1979, there would have been insufficient water ta meet the 

complete subirrigation demand 25 days out of the 92 days of the 

irrigation periode Seventeen of the 25 days occured in July. The 

average flow could not have supplied these 2S days, unless sorne storage 

was found. The total volume of water ta meet the demand was 125 280 mJ , 

if the minimum flow in the river had to be kept at 5.16 m3/s. This 

volume, if distributed on the 25 days of deficit, would represent 8 flow 

of 0.06 m3/s released from a rcservoir. It is possible to think that, 

even if a deficit occured, as in 1979, that no reservoir would have ta 

be built. Such a small volume of water could easily be supplied by the 

ditches and the water table in the soil. Also, the month of July 1979 

wes drier than a once-in-5 dry year month of July, and the volume of 

water required to supply the deficit larger then it would be in 4 out of 

5 years. This is true if water lS pumped for subirrigation only. 

for sprinkler irrigation, in 1979, most of the deficit From mid June 

to mid July would have required a reservoir, as was expected from the 

calculations for the average flows. Ta meet the demand of sprinkler 
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Table 4.10 Deficit in Volume of Water Available in Yamaska River for 
years 1979 and 1982. 

_________________________________________________________________ c _____ _ 

-T;~~-~f------Mi~i~~~-fï~~ï------------------D~fi~it;2-----------------

Irrigation Re~uired 
m /s millions of m3 

Subirrigation 

Sprinklers 

Subirrigation 

Sprinklers 

5.6 

5.6 

2.6 

2.6 

1979 

0.13 

11.60 

0.00 

6.13 

1982 

14.86 

15.68 

4.10 

13.20 

Average3 
MUl( lmllll/~ 

0.00 II.n 

11.00 19.86 

0.00 2.'>0 

4.80 17.20 

----------------------------------------------------------------------------------------------------------------------------------------------
1. Minimum Flow designated ta remain in the river. 

2. Deficit: Volume of water not available from the Yamaska at a given 
time ta satisfy the irrigation requirements of 24 677 ha of 
cleared land for the three summer months. 

3. Deficits were calculated considering the average monthly flows 
occurring 4 out of 5 years in the Vamaska River at St-Hyacinthe. 
(Refer ta Table 4.8) 

4. Maximum deficits refer ta those ca1culated using the mlnlmum flow 
availablc in the Yamaska at St-Hyacinthe 4 years out af 5. 
(Refer ta Table 4.9) 
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irrigated land, Il 000 000 m3 of water wou1d have had ta be supplied in 

addition of what was available in the river. "The average storege 

required ta irrigate the SPI and SP2 land also equa11ed Il OGO 000 m3• 

It seems that the measured deficit volumes of 1979 egree with the 

average volumes calculated for a constant river flow of 7.75 m3/s. This 

would indicate that the average deficits, in Table 4.10, are sufficient 

in evaluating the 4 in 5 year additional water volume required ta meet 

the crop needs, and ta eventually size reservoir capacity. 

Year 1982 was examined by curiasity. The potential of the Yamaska 

river cannat be determined from the hydrograph of the dry once-in-lOO 

year. Deficits in 1982 were obge~ved 16 days in June, the who1e month of 

July and 12 days in August, a total of 59 days out of 92. The water 

volume deficit, just for subirrigation is 14 000 000 mJ , and the same 

for sprinkler irrigation. The reason is that aIl the flow required ta 

satisfy the demand either for subirrigation or sprinkler irrigation 

cannat be supplied by the rIver. If the design of the reservair was made 

ta maintain a Flow equal or greater then the once-in-5 dry year average, 

in a year 1ike 1982, aIl the needs for subirrigated land would be met. 

There would also be l m3/s left for sprinkler irrigation, enough ta 

supply only part of the sprinkler irrigated land which, in 1982, would 

have required an additional river flow of 3.08 m3/s ( 15 000 000 m3 over 

59 days). 

121 



1 

" 

1 

! 

4.3 Global Availability of Water for Ir~igation in the Richelieu 
and St-Hyacinthe Counties. 

Of the three sources available, the first two, Richelieu and St-

Lawrence provide adequate supplies for the land located in thell' 

vicinity but also for aIl the aree ta be irrigated in both countit!'j. 

However, a gres l proportion of the land identified is located relalivply 

far from these two sources. 

The Yamaska river is able, 4 years out of 5, to supply on ttlt~ 

average, the demand of aIl the subirrigated land in Hs vicinity, Il 

total of 4900 ha of cleared land. On the average, there is also wald!.' 

left to supply 1000 ha of sprinkler irrigated land. In the event that no 

water lS used for sprinklers, the surplus could subirrigate an 

additional 4900 ha, fram another county. If the 24 677 ha of clearprl 

land in Richelieu and St-Hyacinthe counties are irrigated from the 

Yamaska River, there will be no water left for irrigable land in other 

riparian counties. Befare a decision on required reservair capacity can 

be reached, it is desireable to evaluate the irrigation needs of sorne 

additional counties bordering the Yamaska River. 

It is obvious that a storage of water is needed for subirrigation 

ta meet the needs in the dry month of July. A large portion of thot 

storage is already available in the ditches and in the soil, enough tu 

meet the needs for e few deys. However one should make sure that 

sufficient weter is evailable in the lest half of July, when corn l'; 

flowering. At that period, the plant is very sensl ti ve ta wn ter 

deficiencies. Ta supply adequately the plant at that Ume would toke 

full edvantages of the subirrigation system potentiel. A reservoir 
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could easily be bu il t to supply the subirrigation deficits of July. 

A dam on the Yamaska River near Massueville could create a 

reservoir. Small river8 like the Salvail that are deep could also be 

used. These small rivers have no Flow in the summer and are located in 

uninhabited zones. Also the spillway required for a dam on the Salvail, 

for example, would be much smaller. rurther field and map work would be 

necessary ta properly evaluate the potential far reservoirs in this 

region. 

The storage of water in some ditches could be difficult ta realize. 

Québec's legislation is clear about control structures on ditches. If 

the ditch is the property of a sole owner, he can use it as he w!shes. 

If the ditch belangs to the municipality or is at the border between the 

properties of two farmers, care shou Id be taken not ta restrain the 

drainage of the fields and not ta cause flooding upstream. A farmer 

that builds a small dam on a ditch must leave enough water in it ta 

serve its downstream neighbour. If aIl parties cannat agree, another 

source of watel' will have ta be found. 

The most available source of water is weIl wacer. In both counties, 

aIl zones located above St-David, along the Richelieu and St-Lawrence 

rivers can use the weIl water without mu ch problem. For the subirrigated 

zones located near Ste-Victoire dawn ta St-Hyacinthe, the well water 

should be mixed with the fresh water supply. It would help meet the 

deficit in July and mainta!n the water table. This water should nevel' be 

used with sprinklers because of its high salinity. 
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AlI the land identified for subirrigation could be supplied from the 

rivers in their vicinity. Of the lands identified for sprinkler 

irrigation, only the land located near the Richelieu and the St-lawrenC'u 

rivers could be supplied totally. Still, even if enough waler in 

available, it will not be easy to bring it ta the irrigated sitPH. It 

will constitute an administrative challenge to organize a regionlJl 

irrigation project. 

: 

.1 

124 



l 
CHAPTER VI 

SUHMARY AND CONCLUSIONS 

1. Criteria were defined for the identification of land for both 

subirrigation and sprinkler irrigation. These criteria are: 

-Soils should be deep, uniform, from a sand to a loam, at least in 

the layer where the drain is located, and have a hydraulic conductivity 

of at least 0.5 rn/do An irnpervious layer should lie below the drains, 

but et less than 2 m of the surface. 

-The topography of the terrain should be fIat. The general slope 

should be 0.5 ~ or less. No significant mounds and depressions should be 

apparent. 

Only land satisfying aIl these criteria was classified as suitable for 

subirrigation. 

Criteria were also defined for sprinkler irrigation. These criteria 

are less restrictive than those of subirrigation. 

-The available water holding capacity of the soil should be equal or 

less than 75 mm. Soils with greater water holding capacities suffer less 

From drought and thus were not selected, although they could physically 

be irriga ted. 

-Topography should be as fIat as possible. 

2. Three classes of irrigable land were established: 

- SI for subirrigation 

- SPI for sprinkler irrigation on soiis with available water 

capacity of 50 mm or less. 

- SP2 for sprinkler irrigation on soils with available water 

capacity between 50 and 75 mm. 
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3. AlI zones were plotted on l in 20 000 topographical maps. It can 

be seen from the maps that the blocks are grouped in a large band that 

extends from north east to south west, through Riche lieu and 5 t­

Hyacinthe counties. This grouping of the irrigable zones maken a 

regional irrigation project attractive. 

4. 15 000 ha of land were identified as potentially available for 

subirrigation. 10 000 ha of the 15 000 are cleared. The zones were 

distributed among 49 blacks. 

5. It was difficult ta assess the quality of the individual zones 

because of the extensive amaunt of data needed. Only blocks that are 

grouped with other irrigation zones or larger than 10 ha, if isolated, 

shauld be considered. The best zones for subirrigation are black 51-09 

and 51-39. These twa blacks should be given priority in develapment. 

6. It is unrea lisUc ta think that of a Il the 5 000 ha of fores ted 

land suitable for subirrigation could be brought into cultivation. 

Except far those bearing very gaod agricultural qua lit y soils, the area 

should remain forested. The forested areas are mainly composed of 

Achigan, ste-Sophie and St-Thomas sail series, which are not considered 

ta be prime 80ils for agriculture. 

7. Further research, experirnents and detailed investigation could 

result in the modification of the black boundaries. Hence, layered 

soi ls, St-Aimé and Bellevue series, could perhaps be used for 

subirrigation, despite the presence of clay in the layer near the drain 

leve L It is necessary to rneasure the hydraulic conducti v ity of th·;! 

profile te find if it i8 greater then 0.5 rn/do 
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8. 8700 ha, of which 7100 ha is unforested, were found suitable for 

sprinkler irrigation category SPI. 7836 ha were classified in the SP2 

category. 366 ha of this land is forested. Most of the land in these 

categories is good qua1ity agricultural land. 

9. Irrigation requirements were calculated for the once-in-5 dry 

year. The maximum Flow needed for subirrigation, on a continuous base, 

was 1.909 m3/s, and occured in August. The sprink 1er irrigation period 

being only 12 hours pel' day, the irrigation Flow requirement was 

doubled. The Flow necessary from the Yamaska in August, for sprinkler 

irrigation alone was 6.92 m3/s. The peak rate in f\ugust was the sum of 

bath values, 8.82 mJ /s. 

10. Either the Richelieu or St-Lawrence rivers could easily, supply 

the whole 35 000 ha of irrigable land of both Richelieu and St-Hyacinthe 

counties. 

Il. It is possible, with 7.75 m3js, to subirrigate 10 000 ha of land 

in this region. Presently, only 4 900 ha near the Yamaska River have 

been identified for subirrigation. Or, on the average, enough water 

flows in the Yamaska River ta irrigate aIl the SI land in its vicinlty, 

but anly part of the land suitable for sprinkler irrigation (1 000 ha). 

Because of fluctuations in the flow, below the average, a small storage 

capacity would be needed far subirrigation. A large portion of the 

subirrigation water, in Umes of deficit, can be found in the sail and 

ditches, but for a few days anly. 1t wauld be important ta have an 

adequate supply available ta meet the crop needs in July; the most 

critical period fJr carn. 
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12. There appears ta be a good opportuni ty for a regiona 1 

irrigation project. There are large blacks of fIat, stone free, good 

qua lit y land, in the region with the best crop climate. There is a necd 

for irrigation for the maize, soya beans, and sorne other high \lU lue 

crops, and there is enough water in the nearby rivers. 
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CHAPTER VII 

RECOMMENDATIONS fOR fUTURE RESEARCH 

1. Investigations, as suggested in section 3.6 should be made 

anytime a piece of land is cansidered far irrigation. 

2. Research should be done on the St-Aimé and Bellevue soils ta 

asseas their potential far subirrigation. Hydraulic conductivity tests 

should be conducted. 

3. Maps af the potential af counties adjacent to the Richelieu and 

St-Hyacinthe counties namely Nicolet, Yamaska, Rouville, Verchères, 

L'Assomption and Joliette should be produced. 

4. In the event new areas near the Yamaska, in adjacent counties 

other than the Richelieu or St-Hyacinthe counties, were suited for 

irrigation, studies on the availability of water should be carried out. 

5. The amClunt of water that can passibly be stared in the ditches 

adjacent ta the subirrigatian plots shauld be measured. This information 

in important ta evaluate the reserve available for non constant pumping 

and ta estimate the bel'lefits of catching runoff From summer rains. 

6. A study should be made on the possibility of using the drainage 

ditches ta canvey the water from the rivers. This would imply the 

construction of many small control structures. If this solution is nat 

possible, a route for a new canal or pipeline will have ta be found. 
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7. Prelim~nary investigation should be carried out to de termine 

possible locations of dams, ta create reservoirs. Possible locationn 

are on the Yamaska at Massueville and on the Salvail riverand other 

tribu taries of the Yamaska River. 

8. The water quali ty of the ri ver, mainl y for the Yamaska shou l li be 

analysed, ta determine if it is proper for irrigation. 

9. An economic analysis on the use of subirrigation should bo 

performed to determine the actual costs and benefits of irrigating. 

10. It will be necessary to develop a regional water development 

plan and hava Q concerted approach with the farmers. It Is import.ant 

that cooperation of aIl parties concerned Is achieved. 

11. The effects of water withdrawal fol' irriqation on downstream 

water quantity, over the long term will have to be analysed by computer 

models. 
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APPENDIX A: Agricu1tural Soil Capability Classification 

Fra. Inventaire des Terres du c...-; 1972 

and Marshall et. al., 1979. 
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wlon la pllU avullJpuse d .. 1ltTIS, Il s'alll plll141 d'lUI 
iD"mlll" dt nOi teUOlIRft CIl Ilrra anbln ft 4'IUI 
awI' polit 1. melilellr VUI' da ICrras dll Canada. 

'oahAn 
LI dU""'lftl des 101. " rond. lur mtlln. potlu/alS 

411&1 dOIvent tu. blCII ,ompm QI ;;ry,\ qlll tomple'" 
lIuliser la c:ana da ;IOIlIbllun aVICOles dn sols. ft qUI 
,enl_l d'interprallr la donn ... Ir.aUlllqllft qua Cft 

découlent. Il. poum,,"1 do" prolill!' l'IClnemCllt dft 
tlnlllllltmlllU <Iut l'III(trlllenl m Cine 1\ ~II" d. 
ùm da c:onclllSlOlll crronas. 

1. LI c:lautmalt. qw ftl dt Mlllra InltrpmaU\/I. se 
rond. Ilir Il comblnllson dn panu:lIllnles du c:hm&t 
ft dIS solI. Jur la hm ua lion. <lIIC ln sol. Imposent 
• 1"I"cul'ure ft sur la caPICll. amml. da soli d. 
prodllll"l d. lrI"des ClIhlll"ll. On "' conSIdere pl' 
la atOIlSlft. 1 .. ,rbres ail 1 .. sou.:lln ,omm. Clanc 
da l'IIlnCUOnS a mOin. qU·11 ni 1011 rmpowble d. 
la r .. 1"1 dl.p&rIIlrC. 

1. En CI qUI conc:ernlla ps"on clft sol" on presuppow 
" /WOUri a de DOnna mclhode dt 11S"0ft l'rau' 
cabla' d&nI UftI I,"Mlun ua IIICCIIIIMf. 

1 La loi, "ml'"' dan. \l1li <:Iuse IOftl SIl:! alablll 
pour " qlll al du dqrt, mal. non pas dll ,.nrc d, 
UmllluonL Chaqlll das" cmbraue da solI dl 
dllrértnts 1'"1"11. parmi ltlqucl, pillslIU" n« .. ullr.n 
lltII lIIuo1l Il dIS tnl1lft1lftU 11I1!"l'IIIlio U sous­
cluse IndiqU' 1. pa,. dt IinulillOll, tandiS Out 1& 
classe dIfInlt linllllSlIl d. Cllt. hmlllllOft, U prt. 
_tère dauI dl ;IOIlIGtlitn III comprend aucun. 
1OIlI<f.aua, La Informluons panlClllltm a =IIaquc 
.. IOIIt _lalUft dan. la Iludct pcdololJqua ft 
... va -.en dl _.,,-~ 
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4. Ln sols donl l',meliorluon ft! IUpe rulasabl. SOlI 
plr 1. drall:I,'. "Impuon, tcnlncmenl des ~Icrres, 
la moc1diauon d. I.ur Sltuaure 01/ I"cr~lon d·ou· 
vraI" de protection contre la crues. sont cllUes 
d'apres les limltauons ou !es risques qUll compon, 
lIIlr lUII' un. (011 l'amcilorillon ~omplclCC. Le 
1It'm. .rcahsablc. Imphqu. que 1. aIIu~ll.ur :a. 
dans la conjonc:turc «onomlC~1II actUelle,les mo~ens 
d'nccultr de telles amcHantlons. VII que ca der· 
nlirn n'nlPRt pu la IftJM en (lUYre d. U1\IUll 
Importants. Dans la endroits 0\1 d. Idla Im.bo­
II110ns onl CI •• irCClIIIft, oa IfOIiPC la sols d'apra 
la hmllallons qu'Imposent la (ac:tlUn dimallqua 
Il ptdalollqua penlltants. La rqi. pncrall a 
obwf'cr polir clibllr SI la lI'I\all' sonl d'un. 
im!l('runce ma/cure. c'nt qu. la Iravlua en quallon 
tal""t l'Kllon conc,n" d.lous la c:tIluYllIUn, ou 
des c:tIlu\ llcun ft OIS ilolI\crnements. CCCI nc 
comprend pal ln ptllts barra", ou petlla dllun. 
RI la prallqun nonna.ia d. conMrvallOft. 

" Ln soli d'lIftC rellan donnn ptu\enl cltan .... d, 
daIM 10lSqu, d. l'Indi 11"1\ lU.' modllÎenl d, r~con 
peMIIln,nll Ils hmltauons Impow!:: ! l'usaI' dIS 
IIrllS polir l'i,"~ullu,,. 

6. ... ·.nl"nl pa' cn Ii,nc d. compt. dans 1'.lIbllssc· 
m.nl dIS Jl'0llptl d. ,las ... Il dlS"n" da 1'ftall:II11, 
l'Nt dIS roUla, l',mpllcemen' Cl Ils dlmenllons 
da fermes. 1. re.,m. fonCier I~. modes d. c:tIllure 
Il Ils IpllludlS ou la IISsoulCa personnella dll 
CUlll\IIIUn. 

7. LI dlIMm.nl ni s","",lbl. d. l1Iodlftalions i Il 
11111' a. nou\llla donn~ slir 1. cl)mponrment da 
soli IS IlIIn rtlClIOns allA Irall.mtnts. 

C111N. 
eralll (-LI, SolI • f. rf.m 1 III (fIIfIfJOf"";' ....,. 

1·,_II"'''IIIf. 
La soli ~. la clUII 1 sont jllats (lY & ;!Iftl' Iris dOUCI, 

profond •• bien dralllll i Implrf"llftlml dr:ll'MI Cf d011l 

d·un. bonne capaclI' d. retenllon dt l'cau, III sonl fmlll 
• IIIIlnllnlr cn CUIIUII ft III producu\ III, liant PIII 
edomlllal" par l'érMlon. LfUr rrndcllltnllSl IIIo,enn •• 
lII.nl clC\ t a 111\ c, jIOIII IIIIt \ ura pmm. dt IRnda 
cullum adaplees i 'a repOft. 

CoIIlI :-LlJ stJ1s '" 14 tIIUS,: ;"11111",/.' /;"mlll'OIIJ 
ffffNij'"J 91/1 'gQ!fU'", 14 ,_, lin CV,""" 
JllWrblll 011 t'ClfI'" rq,"t~'_ lM _ 
enI_"" J, COl/J., .. ,-. 

La soli d. c:tn, cIUII sonl l'fOfondl Il doItS d'uM 
bonne ~p&C1le d. t'ClftllIOn <le "cau, Ln 1lIlIlIa"ons .Ia 
culture sont d'Inltnllll ma"enn. Il ln soli sonl dt 
I"llon Il dl c:tIlllUt assez flClla 1.Iur l'tIIdcllllftl nt 
moyenn.menl ell\'l ell\". pour \lM usez VUII pmm. 
dt l'Inda c:tIltum adlptees a la rtII0a. 

Dlnl la sols d. mil cial'" Ils lilllllauoni a la aIIl"" 
sont Iltnbubla • l'11ft ou l'IlItrf da racllllft SUI"lnts: 
cllmalrcllonll difa\orable, dfta"anla", mlMllft mul· 
tant d. l'ClfIl c:tImulauf dt flCleun UldCSlllblcs; dom· 
ma ... ",,"eun dUJ .l'éroIlOIl; ",aU"IIM SllIICtIlle du sol 
ou d.r,ul d. pmnnbllll'; buM (rruhlf po""an& it:w 
coml" par des appllCluons rell/llem •• mod.rtIS 
d·m .... 11 et. ordln.lmRen .. d. dlallll; plnla ~O\ICIS • 
moderen; crues IlC'aIlonncjla nUlSIbla, ft.lIctS d'lIl1l111' 
dllr poy\.nl ëlre ,amI' ~r 1. dl'llna .. , :nau penlSWlt 
comm. limllauon modern. 

En pncraL les sols de CIIlIl claur '" Il prIltftl lIU à 
une IUIII IfInd, 'anrl. de c:ululm qllt CIllA dt la 
""mlell c:lalse. Ils iNII~ent ._ al .. r dt la pan dt 
l',,plolllni dllS mesures d. C:OII_1I0n plus IIIItftSI-' 
des ~bolln plus frcquftlts OY dIS IlCllnlqun pantC\lhcra 
<le ,0n""'llIon. L'u.cmblt 41 'II IICllnlqlllS ~nent 
d'un mdrou 1 l'Iutll III foncuon du cUrnaL dIS soli Il 
da m.tlIoda d • .:ull"" adop_ dan. cUqUl fCIIoa. 

Clusc .l-l.61 still • le ,1_ J,,,,,,,,,,,, "',Itlctllln 
/i",,,,lIIft /IlII: :",,,,,.: qlll ,<!fiu/J,,,' le fO"''''' 
., cui,.",s polS/bl,s 011 "IC'IU""" du ""sa.rrs 
JHI",nJ;;,u d, COIU.,.IIt101L 

Ln sols d. CIlle dull componcnc dn limllluoni pllII 
scn,:an qUI ceux d~ ta dcuxlcm. ~M et la mnullS dt 
conscrvluan C1 d'mtmlen qla"il falll leur appliquer lonl 
d'uccullon plus dd!\cies. SI Il\It .. ,pIOilluon lit bien 
orpnl .... l.ur 1'111I1cmcnl nt mQ)cnncrn.nt ail assez 
ell\'l. pour une pmm. plul6' VUII d. cranaa c:u1tUI'lS 
adaplm • la rellon. 

Dan. Cllt. dasse.lalimltaaons , la .:u/ture, lU laboUt', 
lU plln .. 1' C1 i la recoill. III dlo" da ",lIlIm, IInSi 
qu'll'PCCUIIOII Cf a la ptrpellllllOIl dIS maura d, con­
serYaaon, pro"lennenl SOli dt ia reulllon de cleu, des 
flClcurs d«nlS ~us la dllWllftc ~sc. SOli dt l'11ft des 
rlClcun SIll~lIIts: candluons c1tmallqllCS moc.te:nent 
deflva~bla., dont la lIilCr,lIIblÙII IY ctI: domma," 
laIZ IInfUlI C:IIUJIS l'J' J'm'lolI: sol du!lClI, a lta\"liller 
ou a,ant YII. trIS lell pcmsuolbll: flrUltlf meQlllCre 
IIICISIIWlt da apphallons dl forllS quanUl1S d'enl1lll 
Il. ordtnaln:mlft" de cll.lIlI; penIlS mode,m a raldll: 
(nqucnts domma", 1111 t'lColla callSCS par les c:ua; 
mauvui dfalnal' caUJan" certalnn lI\IIfIS, " mlnque 
de t'lCollII: r"ble capacite dt menuan dt l'cau ou lenleur 
i (OUCllII l'Ilu allA paanllS; sols ;llCmYlI lU point i1I 
alllre l'I,emlDl a la Cllilure ft d. nCC:lllller l'cnlcvcmenl 
da plerm: ZOD' d·CII1ICln.mcnt mlRinll; sahnlle 
moyenne. 

C1Iaque '01 dl cm. clasw peut l\oar \ID ou pllllllllfS 1111'" (acultalÛl ou Plpr dul'errnla rec:UllqUIS de 
CIIlI"", II1II. la poaSlbwm qll'ils otfrt:ll i la c:tIhurc 
IOnt _ aOlllb_ que ctIIn da soII,j. Il dl\l\llftI. 
c:IauI. 

Claut 4-"', IIÜ lM le c/iu# 4 ClfflporI"" .,I«t.", 
1iM,,_"fs t'IfS "..", .,." ""1t1f'W/f114 ~ 
., eWlW1' 011 _po,,,,r "', tIIfflI.ft!t s/l«"II" • ~ GII ~,. "_'''''.4 t.III". 
ta Hu ._'tlflJ, 

La rlC1lllft lillUtlUf. dIS soli de la cIaut " MIII"C 
le nombre dl c1Ilnua pouibla., dlmlnllfllt ,. l1I\.:cmlllt 
des dI~1I1CS c:ulCIII'IS Il, patt'OIS. alllllfti conlMlmolc:nlllt 
lU SI&«is .;ta rr.olrn. Ces limltlUOflI pcuver.c l'IIIdtI 
pll/I diftlClla CI manier çm ..... ua_ af"COla tels 
_le labour. raallmtllClllllIU Cil. rccaItc: clics ""'Ylnt 
.lIIre alllll. l'applauon Il a la perpIlliluon des lIIIS1UIS 
• conscrvahOft. Le rcndelllllli des soli de ClllC classe 
l'écllllonnc <le r .. bIt 1 moyen pour UIIt pmm. ml/'lInle 
de c:tIlturn. nws Il M peUl qu'lIM t'lCoIl'lIInICllhcmnr.:t 
""" _pI" procure 11ft t'IIIdtmenl pl." a ..... 

LIs limitations d. CIlII dlSM sont Innbuablcs SOIlIU'l 
d'tts dtfl\orabla dt la comblRlllon d'lU _ni Qewc 
des riC1l1111 "IIIr:llnt dans les dllwtnll et trolSiCme 
cIaua. IOIt i \'l1/li 011 l'iutre des allSlS SUIVanla: 
dinsac moytftn.mcnc "JOIIrtlllI: lm (albl. apaatt de 
rewnllOli de l'au. (lIblc (enlln., ddllcit ou ImposSible • 
corn..,: penla 1IIda: (orII etosJon anlfneurc; sol Ira 
dllllalt i Ira".,lIer au dr prnnubdill auèm.ment lenll: 
CI'Uft frrqulftllS. anna.ment nUlSlblll alill recolla. fan. 
unlll provoquant la pin' d. certaines recOlllS, fon. 
proponlon dl pterrcI n«alltalle da 1rI\'&1IlI conSlde· 
rabla d'tpltrrIIIIlftl polIS perm.lI:e l'oploliluon 'In­
colt 10lIl la l1li; zone d'enllClnement ua rcstrctnlC. 
mlll pllll d'lm ~c de sol repoanl sur le roc ou Sllt un 
lIonzoa Im\ltflllllble. 

La sols d. ctltf classe qUI IllroU~1 dlns dn re;lonl 
subhumldn Cl dans cm"na filiOns andes. PCU\'Cllt 
donner d. bonna t'lColla ~"II. as d. cul/lires pro.".. 
i la rellon. ail coun dn annees l. fon. ill'lCIpll.atlon: 
II1II recol.. mcdlOCl'l !lans la Innen Il. prtClpl~uon 
moyenne. et allCUllt m:olll lonqlll la jlrec::pllallon 
annu.Il.llllnienll&fl li la moyenne. Au CQurs JII annees 
dt fllbl. preclpltallOn, mêmc SI lIlICUnt recolle n'CIl 

pmue. Il rlUI acculer des lra"llill d'amenulment 
Jpectalill llin de MUIII au minimum les .arets de rëroSion 
ioUenne. dt l'IWntrnlr la prodllC'.t"''' et d. t'IICIII' 1111lrrll­
clilL Ces traYlUll ~ompmtnlftt da laboun d'IISJI!ICI ft 
le aIIturc dt plantIS servant llUtout li cn:pc::ar la sol. 
de M dtltnorcr. Ln sols dt CIlII ~Iaur "«CISIICftC dl 
lits trallcmenls. Il d'llilm encore. plus ireaucnts Il plus 
tntenllfl qllt ecu dt la trOlllèm. cIauI. 

133 



t 

,. 

l 

Casse S-UJ SOU dt III cllus, J ~po""" ., fllClftm 
li"'ltllnf, Ir., 1"'1V'C 9111 lit """If"'''' r ','C" 
(I;tJlttlllOll « III (Yi/llr, i, pitlflltl fOllrrar"" 

r/h,r',f, _,I ~""'If'''' r ','C«II/IOII .;, trllrllllJC 
~_.;'ortl"IHf, 

les sols cl. la c:lasse ! c:omporttll t cles r:lC!.Clln cl. sol, 
d. climat et aUlra. t.llem.nl hmnaufl qu'II. M sallral.nt 
se pRur a la produc:uon conunu. de recolla annuella 
d. ,nnd. <:ullure, TOlillfols. Ils pnvent ill'l am.horn 
par 1'111&11 ,IIIIICI'ua cl. l'ollulla .. al"'"'II. pour la pro­
duc:tion cI'apeclS Ind'Ima ou clomesuqllll de plantIS 
(ourrapm \lY.c:a. La trav.Q., d'am.horaaon qu'on 
peul '! .,'tIcuter c:omprenntllt norammmt 1. d.brouu.lI" 
lemen!. la QlI",,., l'm_IRcanalC, la (mlliaaoa da 
lerres Cl la re.ulanallon d. l'humid.l&. 

hmllia faclIun hmll.u(. cl. la c:lasse , on troU" une 
ou pllllllUn cilS C'ondllloni lII.v.nllS; dimal "IOUI'IlU: 
falbl. apaCl1I de retenuon d.I'au: (on, crOUOD u,," 

nlll,..: pmta ralda: IIIIIIYIII cinJna .. : c:rua ua r,... 
C(\IoIDIII: font saluull qlll III permit ,,_ 1& ~ 
da pllnlll rOIlrr:tprn tolèranta ail III: tmatn ~ 
ou sol mince IUt}IClftt au roc, au po.nt de rtIlCU'l 1& 
NtURI ImorauaclL 

Cerfllnl soli d. eett. c:lauI peuYtnt servir à la produc­
tion cl. ,randes C1Iltura. i eoncilllon de flll'll "oll,.t d' 
tn\llP al"colll plus pousses qU'1 l'orClnalll: d'autm 
peu~mt ilrl aGacta 1 da c:ulIUrtl pantc:ul-. will 
que la blfllllS. III (NIII d, verpr ou lutm cultures 
.lIIollblll q1Il nlPDt du sol da alndluons d./I'irenla 
da eella qlll lont nccllsalm IUIl QlJtll,... orallw,..., U 
où 1. ,ümat est 1. pnnapal factl1lr limluuI', Il at cmll 
polllbi • .-la r~lre d. 1& annal :1111'.1'" sur la soli de la 
classe " mill. clau la plupan de cu. QII olla.nl ;!. pi""" mllltlts. 

Oaue 6-ul solJ J, fil C{AIS. ~ SIIIII Il'''' .......... ' i 
r. nJfllr • • pl/lll", f-,,'" "",CII, SIIIII 
poulo.I". __ 4", rftiUfIP .. INNIf.1r 
~_,Ii_1I111f. 

La sol. d, Cil" c:laut C'Omponlftt une CWIIIM apu" 
nade "&llIrell. a la Ff'OductlOIl conllllill d. (ourra .. pour 
la UlmalP de (erme. II1II1 IIIIIl de IfaVII limltlllons 
clua au soL au chmac ou a d'au.,... facman. laquella 
rendCftI Imprauaole la l'IUlyuoa da ll'avau d'Imello­
rauon '1\1& l'on pI"l accum po"r la sols dt la allqlllim. 
classe, ~ SI.\leme dasse ;llU1 cgmprendre des sols dont 
la IIlIure ph~ "qu, C'O.,stnue lin IIftptc!IIIIIIIIC a l'a .. 
cuuon cl. lravu, au moyen da macluna aplCOla, da 
sol. qua n. rependent pu IIP craYlua d'amcllOfluon, ou 
da sols comportallt IIM !lm, WSOII d. pilun" et 011 
la C'Ommodltes polir 10abrellva .. du bIlaIl SCIIIt IIISUlft" 
IIUIIII. ~tm. s'Il at poslllIlI d'&IIIIhorer en soli par 
J"ensemencemenl ft la fenlliyuOll, 1011 & la /IIIIn. 1011 CIl 
ulùisant un aVIon. ca maura ne saUtalenl moddi., 1. 
~IIImIRL 

La (actt\ln Iimstlufl dan. la el&ut 6 Il rallPOnmr à 
un ou plUSlflln 411 desavantlps sUI"lfta: clllIIIl Ira 
nlQurtlP: ua (lIbl. caplClll d. mlnllon de l'au: 
penca ua raules: Ifl'ftlnl ua p'lYtmIIIt crocIes 011 
l·ouuJlap 11"l:olc n. saura" ,'"""loyer a e11111 da 
ra\lllS uoo nomorcua et U'Op prOIOnlil; IIrI'IInI (on,­
m.nl salins. IInlquemCIII "reprcs a la cultllrl de planta 
IncbpnCl comllubla et tolcrantll ua III: crua tm fre­
quenles qUI IImllml 1& wlon ratl, d' l'inara .. a mo.ns 
de dm stIIIllnes: cau a 1& lun'ace du soi durant 11l1li)1\1'" 
panic dt l'Innee: lerraan pll!TlWl ou sol mlllCf sut}ICeI:IC 
au roc. au polal de ren41'1 COUIt cultu,.. Imprall/:llllL 

~ 7-ul solI dt fil ,ltIlI • ., "'off,.,,, __ pou,. 
IHh" (ItI'" 14 nMfIIn _ POW t. ,.,.."". 
'~" 

La sols Cl III ccrraans de Cm' dust c:oml'Ol'IIIIc da 
Bmlllllollill P'I\ft 'tIl"1s n' saUralftlI Il pmer a l'al"­
NtU,.. III à r'lIbhucment à. pttllnps pcrmanents. 
TOUla III tlendua dassea là l'w:epaoa da sols orp" 
G.lqua) lIOn compnsa dalIS 1.. lia prenu_ cJusa 

devronl mlm dans la presl"" dUII, On clOII ~ (aIre 
enlrer auu. CgUles ln cI.ndllCi ~'Cilll IrOp peUln pour 
appanitre sllr !es C2rtes, 

Peu Importl SI rll lOis d. "Cte cluse olf':1\1 ail non 
d. anndes POSSIOlhles polir l, .;rol\unce da Jrllres, Jn 
fru,,, IlICIlpncs. 011 pollf t'lmCnaltfMn, \l, lemlns. 
proplclI 1 Il f'lIn, Il 1 r& rccre:auon, 1\ ft nI Jonc p;u 
qlllSuon d. !lm des ,onclllllllni Ilir la pou'''''''n que 
pmentmt en sols Cl !:llrlOnll d. terrains. a IIart lcun 
&pucudll pour l'alfll:lIhul'l. 

SoU.-c.f.IH. 
La SOIIl<lulIS SOIU des \ub(II'I\lon\ ail ~n dll 

du .... qlll componme la mann rKlcun famll.1I,f, 1:'1 

ce qUI C'oncemt l'I,ncullllre. On rcconnlll lrelze \ones 
d. faC'teun hmitlUII Il rapporta"1 1 IlIl&nl dl \gIU" 
d&ua. lesqll.lles W d.lin'III"I CI ,onl ,ndlquees lur les 
cana 4e JI i.1con IUI'&n" 
CliMo, d;fororttlll, 10: Ccu. SOIlk'WII ,ndiClII' la pre­
IIIICI à'~ climat ""tlmllli dtfavoraolt a Il J)rodu.;;lIo)n 
'1"'011, en rcprd cfala chmal -med.an., ICQIIfI ~"m­
port. par dennlllon, au coun Je 1.1 Qlson d. :rO,U.1I1c:e, 
da "m~llIm '1I1ft~mmcnl .1,,", pour :.1", "unr 
111 .,allda cullllm, IInli qll'un. pfCCIllllaUOft lnnutlle 
.ulft .. n" pour plrm.",.. aulC cllltllres de .:ollre 10ul 'es 
Iftl au mime emplxcmtlll "ni qu',l ~ &le ""'Uf 'r:I\' 
de \llflSre la recolle m pame ou en muer 

S,rw"", .".",.1, rt 101" ,,,," ~",,~ ail 1'" tOI 
CCII' IOlIMblll s',,"pIOIl cUn. 1. cal de SClIl ~lItlClln 1 

labourtf, 011 qUi ,bIorbenl l'au Ifll ICIIIIIft'"I, Il .. dan, 
laqutls 1. zan, à',nrac.n,m.nt lit famll,. en prOlond" .. r 
par d:autm r.alUn qUI l, pmen" J'IIM n, PPC ;In ru" 
uque tllY,. 011 de roc soliaL 
troSlOll (E), C.". soutoCl:aw comprend les soli 011 III 
domm .... Indl", plar l'é""'OII ,on,muent lin. hmlla" 
lion a la C'II1'1Ire, OIl .. vallII ln domma'ft Illon la pcrte 
de rend""en. des soli Il la dlr1\cIlUII cproll\", & 
cultlYer da ttmlnt nv.na. 
ADsr frrul." (f)' Cil" sous-da'lI d.IIOII des soit !MU 
(.nlla ou Irll dllllaia 1 amchom, mlli poll\,nc tire 
remIS Cft 'alevr .,~ a l'cmplol JllaIC:tll.1 d'm,r:l1I :t 
4"amendllftlllll. Cil •• "m.tal'OfI peul eue ;alln!luaal. 1 
l1l\I artIICC dt subWInc:n nlllnllva des planla. a la 
(on. Kldn. 011 alcahnll' du sol. , lin, rllbl. aoa.:I[. 
4°«h.lI", 1 IIM (art' !tII,ut en arbonlle ou 1 la prt­
SIftC'I d. compollS 10AlqUa. 
1 __ 'l0III (_n' ,. MI fOWl ,,"_ 011 tUs IIICS ((). 
Cftll so_ll_ cOIIIonnd da sol. CpowI a\ll. Inonll&­
uons. 'lIquelles causent des dcpu 3Q.l recolles ou 
imposent da lam.tillont a la ""turc. 
."tIIttfW ""-<,,11" (~l: C:II. sollKl.uIIl'C?rC1CllI. <les 
soli ou la recolta sonl .11f~m l'Ir ta sec:!Jerttll clu sol 
en l'alson des panIClllan'" Inh,renta 1 C'f d.m.er Ces 
soli sonl p!ltnllmlftl dOIll eI'lIn. (&loi, capaclt. Je 
mnuoa da l'aIL. 
s.J"",. (N): Ceue sous.claut comprend des sol, 011 1:1 
.lnlUr en 1111 solubles fi( Ililftammml dC\'rt poli r 
atrectCt' la crolssanc:c dn ,ullum 011 pour Jlmlnuer 1:1 
d1\1nI1C da recolla qua ptU\mc v pclUlllf 0. III, 
sols apparucnnenl a .. mlClllo .. 1& IrO'JlCM. ,bue. 

~/s pwrrrv~ (Pl: CCII' sou...:la". 'omClOn. dll 1<l1s 

UIIZ pIII'1'9IU pour qu Ils PII",,"' Pinet ,,""Dlemenl lu 
labo .. n. III sem.1llles ., la recolle !.cs 101. p,erreln son 1 
ordlna.remm. mo.ns productl(s qlll 011 $01, IImtllabln, 
m .. s non p!Il'fIIIL 

~«soIiM (RI' C.,,, IOUs..:I&SIl s'nllr.td :ft sol, ou 
la prellllC:C d. la roc:l!. sohdt pres d.la 'IIrf~ce cn rcll/'tln, 
l'alYI' ";)01If ta cullurw, L.e TQC sol. psanl :a pl", d. 
lroll pieds dt proiondlUr ft eu pu Jilil nYIS,bl. & 
rll"cullurL sallf dan. III !lmln. ImlUll ou yn. 1;0\11:11' 
plu proiondl dt sol sur l, roc III lOUIWulc, 
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1 

C'1'Iutrr" Jil~.o'Obl,s tin sols (S): Sil' fa c::ann des 
ponlblhln IlIIcofes 1 l'cchell. d. I.~O,OOO fa 10U" 
classe ·.S- ISI empio~" pour rcmpl:acer. Individuelle' 
ment ou a1IlCCtlvtmlnt. la sous-classes .0 M. • F ". 
',,\1 .. " .s _. Su, la c::ana , pius vand. tellelie, "S .. 
peut aussI lIre UUhM pour dnllncr ,0llCCllvemenl dell' 
ou plus d. en qualre souloCfl$StI. \ VOir dlI'CCUvnl 

JttIi,I m· CCCII soUJoCfuSi te raltach. al&.' sols ou le 
rehef ~onsulu, une IImltalion , la ClllIure. U dmlvella­
lion IInSI 'lu. f. frcoucna ou fe ",od. d. dlSpoSiuon des 
pen;cs en dl\crsa dlrtCtlOM. som dimportants facteurs 
qUI Inlralnen! f"«Tolsscmen! dn fraiS de prod"Cllan 
qncole en reprd d'un tcmIn l'laI. aba!ucnll'lInlformllC 
4& ~Issancc. rtUrCtIIl la m&!urauon da rtCol:a " 
accrOlstent f. tianpt' d'éroSion phlvWt. 

S~ • .rlft (W). Cette SOIIloClassc SI ~om9CHI clc 
1011 ou ia surabonciaaca d'cau. de jlrovenanew autre que 
la l:rIIC'I. c:onSIl!UC lII'Ie Importallte hmlllllon , la 
cul'".... Ce surplus d'au pIIIl 4ItrI allnblllblc au 
draina .. Imprapre des sols, " la prcscnca d'une nappe 
p"rCIiQu. " faible ;IfO.Ond.ur. ~ J',nrihrauon ou au 
rurUtilem.n! d'cau pro\.nan! des enVlronL 

Eff" ~II"( tk ,-/l1li"'" ".:s~ .. I1tI't1"1 m,,,",fI (Xl La 
IOIIIoCI.1SM -x. ,omprend da lOis 0"' o"'rcn! une 
mlnCllon mod.r" rtsu/lanl de r.If.1 cumulauf de 
pluslCUn dcsa\antaps qUI. P"S Incl .. ,ducilemen!. ne 
IOnl pas assez senlll& pour mol"cr un déclassem.nt. 

/t;r/rl Q 0111'"" fIOII' r "",,/01 RI 117I11Io1,s tI# SOUI­

e/flss, " des lI.",bt/lts l"tI"Offflplllqu,s 

l, TOul symbole de ,0us<l:usc n'esl ulilise 'lu, si la 
Iimllallon qU'11 rcprescRllln~u. sur la d.lerml/lauon 
cl. la clasSi. Ce:lC:ld~nl, d.ux sou~I:as5tS lU ;llus 
clOI"'.nl rilUrt!' sur la c::a"a .:IC.URCCS a la "ubhc::a. 
110ft. 

2. Sur fa c::a"n. In clusa son! IIldlGUCCS en rros 
cll1tfra arabn: la lOus<l:uSC$, au moyen de 
petites m&Ju"ula pl&c:cs ~ores le ~hl/rrc de ~l.1nc. 
D~ns les unlln CI"olrlpnlqun compo"atlt plus 
d'lin. classe, on "pnm. en .llllirme relendue rela. 
bV' d. ,haquc .:lasse. CCII. proponlon esl Indiquee 
lM' da petits chul'ra arabn placn en sureln. a 
drolle du Rum.ro repmcntant Ja çI.1ssc. 

Sol. org,niqu •• • 
Le c:Jasscm.ftl InltrJll"talir .jes sols scion leun POSSI­

IMllles ,,"cales n, "'lIl1hqllc l'U aUlI sols orpnlqun. 
VU que. en pn.raJ, linsurfisancc de donnccs ayan, !ralC 
1111 repons dolCCS de tels sols n. permll pu d. ta jU11f 
IOUS ca rapport. 

"!oiaoo 1 ....... _ ...... :!Ir .. COMe' ••• ' ...... 1 ~ claMtÏQ, 
_ .. toII. fil _ .... "" __ as wIS Q\II ,.,_t 
30" 100 ou iii .. de .... '_ or .... "'_ .. poooc: ....... _1Ie 
~ de ..... 0fIIIIIII'" 0"" Il10 ... 1: ...- .. .... ......... 
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APP[N>IX B: Available Vater Holding Capacities of Mineral Soils of 
the St-lawrence Lowlands 

by Nolin and L8IIOntagne, 1986. 
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1 Table BI Available Water in the Root Zone of Soils in the St-Lawrence 
Lowlands (Nolin and Lamontagne, 1986). 

----------------------------_ ...... _---........... 
S'tIlBOU 1 SURFACE IO-ZS cil SOUS-SOL 1 lIA TER 1 AU HO:tOGm PROFOND 1 

DE l----- ------------- ~ --------------------..... _----_ ..... --
l'UfllTE 1 HUrll D!TE PCIID. III HUltlDITE POtID. III : EAU UTILE TOTAlE (cil CLm:FIClHIOM . 
DE LA 1------ ------- t ----------- ----------
CARTE 1 IIlN. lIAI. IIIIY. m. itAl. IIOY. 1 IfIN. lIAI. IIOY. IfIN. lIAI. "DV. 
-1 ----_ ..... : ----------------
IIVICPIt '.0 9.D 1.~ 3.0 7. Il 5.0 2.25 4.00 J.1l 1 2 2 
R&II 4.0 '.0 ,.~ 3.0 1.0 5.0 1.7~ 4.00 2.as 1 2 1 • 
1lE2 9.0 14.0 Il.~ 2.0 1.0 5.0 2.75 ,.~o 4.13 1 2 2 

,- ME2EiP '.0 12.0 '.0 2.0 1.1l U 2.00 s,ol) l.50 1 2 2 
1&2 10.0 12.0 Il.0 3.0 7.0 U l.25 4.7~ 4.1l0 2 2 2 
Al2 12.0 1'.0 14.0 12.0 24.0 18.0 '.00 10.00 1.00 2 4 l 
AIA2 12.0 1'.0 14.0 12.0 24.0 11.0 6.00 10.00 1.1l0 2 4 l 
1.2 12.0 lU 14.0 Il.0 20. Il 15.5 5.75 '.00 7.lB 2 l l 
1112 12.0 16.0 14.0 12.0 16.0 14.0 6.00 I.CO 7.00 2 3 l 
'''211 12.0 1'.11 14.0 12.0 16.0 lM 6.00 1.00 7.00 2 l 3 

..JS2 - 12.0 16.0 14.0 11.0 20. Il 15.5 5.75 '.00 7.l1 2 3 l 
Ail 16.0 24.0 20.0 12.0 24.1l 18.0 7.00 12.00 ,.~o l 4 4 
IIAl 16.0 24.0 2U 12.0 24.0 Il.0 7.00 12.00 ,.~o l 4 4 
IIAlI 16.0 24.0 20.0 \2.0 24.0 Il.0 7.00 12.00 '.50 l 4 • IIAllI ---- 16.0 24.0 20.0 12.0 2'.0 11.0 7.00 12.00 '.50 l 4 4 
,Ill 1'.0 24.0 20.0 Il.0 20.0 15.5 6.15 Il.00 1.99 l 4 l 

'1 III 16.0 2'.0 20.0 tU 16.0 lU 1 7.00 10.00 I.!O 3 , 1 
IIlli 16.0 24.0 20.0 12.0 16.0 14.0 7.00 10.on 1.50 3 4 l 
IIllI .'.0 24.0 20.0 lU ".0 14.0 7.00 10.QO I.~O l • J 
CEl 16.0 24.0 20.0 11.0 20.0 IS.5 6.75 Il.00 1.98 l 4 l 
CIIl 16.0 %4.1> 20.0 11.0 20.0 15.5 '.75 Il.00 l.a8 l 4 l . " i ' ••. iil i .' .. 

1 . 1 il ï Il ï .". t ) ") 'S 1 'Il 'b 1 'lI 1 
, 

J il -, 1 
.. 1 2 1 es 

POl 16.0 2U 20.0 tl.O Il.0 14.J 6.75 IMO 1.&3 l 4 l 
RS3 1'.0 24.0 20.0 11.0 20.0 15.5 '.75 11.00 I.al l 4 l 
IS~I 1'.0 24.0 20.0 Il.0 20.0 15.5 6.75 11.00 1.91 l 4 l 
IS~II 16.0 24.1) 20.0 1 Il.0 20.0 15.S '.75 11.00 1.9B J 4 l 
1S31 16.0 24.0 20.0 l ' Il.0 20.0 15.5 '.75 Il.00 1.91 l 4 1-mr 24.0 21.0 26.0 1 12.0 Z4. a Il.0 '.00 13.00 Il.ùo l 5 4 
CIl' 24.0 21.0 26.0 1 11.0 20.0 15.5 1.75 12.00 10.18 l , 4 
III 

". il 
ï Il " ... .. .;a.; iiI ii ~Ii •• il Il iUI ln .. Iii •• 

Il'' '1 i 'II ., i "II i ·1 i 
". 1 

Il ~I li li Iii ï 
AIA1H 14. a 20.0 17.0 12.0 24.1) 11.1) ,.~o Il.00 1.75 l 4 l 
1l3M 14.0 20.~ 17.0 Il.0 20.0 15.5 '.25 10.00 1.13 l 4 l 1 

1!3Jf. 14.0 20.0 17.0 Il.0 11.0 ".5 6.25 '.!O 7.as l 4 l 
D~Al Il. 0 21.0 20.5 15.0 27.0 21.0 7.00 13.15 10.!1 l 5 • 111 Il. 0 21.0 20.S 7.0 20.0 13.5 5.00 12.00 1.:0 2 , l 
mn 13.0 21.0 20.5 7.0 20.0 Il.S 5.00 12.00 I.~O 2 4 3 
_m~ 13.0 28.0 20.5 7.0 20.~ ll.S 5.00 12.~0 I.!O 2 4 l 

IJA4 21.0 29.0 2U 15.0 27.0 21.~ '.00 IUO Il.~O 3 , • 
lit ZI.0 2'.0 25.0 7.0 20.0 13.5 7.00 12.0:' Ul l 5 • mn 21.0 ZU 25.0 7.0 20.0 Il.5 7.00 12.Z' Ul l 5 4 

... _----------------
-.,. 

..... 
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Table BI Availablp. Water in the Root Zone of Soils in the St-Lawrence 
Lowlands (Nolin and Lamontagne, 1986). (cont'd) 

SIIIBOLE 
DE 
L'UNITE 
DelA 
CARrE 

ASI 
ASAI 
DGI 
DAI 
DAIN 
PSI 
PSIW 
A52 
ASA2 

J!L 
DA2 
'52 
A53 
ASA3 
DII3 
.iez 
CBA2 
'K2 
U2N 
AIIl 
.!I_C~_ 
C83 
CBAl 
PCl 
YU 
YK311 

-A 184 
AIC4 
C84 
CBA4 
PC3lI 1 
CL2SP/1 
CT2 1 
[T2&P 1 
DR2 1 
DC2 1 
DC28 1 
CL3&P 1 
m 
CTJiP 
DRJ 
DCJ 
Dell 
DJJ 
Dm 
DJC3 

SURFACE 10-25 Cil 1 

HUll 1 D!TE POND. !tl 

nu.. liAI. l1li1. --------
8.0 14.0 
1.0 14.0 
1.0 14.0 
1.0 14.0 
1.0 14.0 
1.0 14.0 
1.0 14.0 

12.0 
lU 
12.0 
12.0 
12.0 
U.O 
lU 
16.0 
12.0 
12.0 
12.0 
12.0 
1'.0 
1'-0 
1'.0 
16.0 
16.0 
".\1 
16.0 
24.0 
lM 
24.0 
24.0 
lU 
1.0 

10.0 
'.0 

10.0 
10.0 
10.0 
10.0 
13.0 
10.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 

DJ4 
Dm 

r 21.0 

16.0 
1'.0 
1'.0 
".0 
1'.0 
18.0 
18.0 
11.0 
16.0 
.'.0 
1'.0 
1'.0 
24.0 
24.0 
24.0 
24.0 
Il.(, 
24.0 
24.0 
28.0 
28.0 
28.0 
28.0 
20.0 
14.0 
1'.0 
14.0 
16.0 
16.0 
16.0 
Il.0 
23.0 
lM 
23.0 
23.0 
23.0 
28.0 
2B.0 
2B.\) 
2CJ.O 
29.0 

Il.0 
Il.0 
11.0 
Il.0 
Il.0 
Il.0 
Il.0 
14.0 
14.0 
14.0 
14.0 
14.0 
17.0 
11.0 
17.0 
14.0 
14.D 
14.0 
14.0 
20.0 
20.0 
20.0 
20.0 
17.0 
20.0 
20.0 
26.0 
U.O 
26.0 
2'.0 
17.0 
Il.0 
13.0 
Il.0 
13.0 
IJ.O 
IJ.O 
14.0 
18.0 
14.0 
18.0 
lU 
18.0 
20.5 
20.5 
20.S 
25.0 
25.0 
25.0 DJ4P 

21.0 
21.0 2'.a 

SOUS-SOL 1 SOUS-SOL 2 1 "MtE~I,l;U ~O:nRASIAHl FROFOND ILESER,:'OURDl ._~__________________ t _____________________ ~ _____ • _______ • ___________________________ _ 

HUIIIDITE FOND. (Il HUIIlDITE FOlIO. III 1 EAU UIILE Tome (Cil C~AS5lrICATlON 

----------- -------------! ----------------- .------------
---- ----------: -----------------

4.0 8.0 
4.0 1.0 
4.0 1.0 
4.0 10.0 
4.0 10.0 
1.0 12.0 
1.0 12.0 
4.0 '.0 
4.0 1.0 
4.0 1.0 
4.0 10.0 
1.0 12.0 
4.0 1.0 
'.0 1.0 
'.: 1.0 

12.0 24.0 
Il.0 20.0 

12. ° .'.0 
12.0 16.0 
12.0 24.0 
12.0 24.0 
Il.0 20.0 
Il.0 20.0 
Il.0 20.0 
12.0 1..0 
12.0 16.0 
12.0 24.0 
12.0 24.0 
Il.0 20.0 
Il.0 20.0 
Il.0 20.0 
4.0 Il.a 
5.0 14.0 
4.0 12.0 
5.0 14.0 
5.0 16.0 
5.0 16.0 
4.0 11.0 
5.0 14.0 
4.0 12.0 
5.0 14.D 
5.0 16.0 
5.0 16.0 

22.0 2U 
12.0 lU 
22.0 28.0 
,2.0 28.0 
:!2.0 2B.0 
22.0 28.0 

'.0 
'.0 
'.0 
7.0 
7.0 

10.0 
10.0 
'.0 
'.0 
'.0 
1.0 

10.0 
'.0 
'.0 • 
'.0 

18.0 
15.5 
14.0 
lU 
Il.0 
Il.0 
15.5 
15.5 
.5.5 
14.0 
14.0 
11.0 
Il.0 
15.5 
15.5 
15.5 
7.5 
'.5 
1.0 
'.5 

10.5 
10.5 
7.5 
'.5 
1.0 
'.5 

10.5 
10.5 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 

20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
lU 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
2U 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.~ 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 

2B.0 
28.0 
28.0 
28.0 
2B.0 
2B.0 
28.0 
28.0 
21.0 
2B.0 
28.0 
2B.0 
21.0 
28.0 
28.0 
21.0 
28.0 
21.0 
28.0 
21.0 
21.0 
21.0 
2B.0 
21.0 
28.0 
28.0 
21.0 
28.0 
2:t.0 
21.0 
21.0 
28.0 
28.0 
28.0 
21.0 
28.0 
2S.u 
21.0 
28.0 
2U 
2U 
28.0 
28.0 
28.0 
2B.0 
29.0 
29.0 
29.0 
21.0 

24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 1 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 

" .0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 • 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 
24.0 

3.00 1.50 4.~S 
l.OO 8.50 4.25 
3.00 1.50 4.:!5 
3. 00 1.71) 4.50 
3.00 8.10 4.50 
4.00 1.90 5.25 
4.00 1.90 5.25 
4.00 UO 5.00 
4.00 '.00 5.00 
4.00 '.00 5.00 
4.00 '.20 5.25 
5.00 '.40 '.00 
5.00 t.50 5.75 
5.00 9.50 5.75 
5.00 '.50 5.75 
'.00 10.60 '.110 
5.75 10.20 7.3B 
'.00 UO 7.00 
'.00 UO 7.00 
7.00 12.60 '.~O 
7.00 l%.iO MO 
•• 7~ 12.20 US 
'.75 12.20 U8 
'.75 10.70 1.13 
1.00 11.90 I.~O 

7.00 11.90 •• 50 
,." Il.60 Il.00 
'.00 13.iO Il.00 
1.75 13.20 10.lB 
1.75 13.20 10.l~ 

'.25 11.20 8.13 
3.00 1.80 UJ 
3.75 9.60 5.61 
3.(10 •• 90 4.75 
l.75 9.60 ~.61 
3.15 UO ~.a8 
3.75 UO MS 
3.50 UO '.JB 
MO 1l.l5 '.BS 
3.S0 '"'0 5.S0 
4.50 11.35 6.SB 
4.50 11.55 1.13 
MO IJ.~ 7.13 
1. i~ !C.OO 11.38 
1.7~ 14.00 Il.3B 
1.15 14,00 11.38 

10.75 14.ZS 12.:0 
10.75 14.25 IMO 
10.75 14.25 12.50 

1 
1 
1 
1 
t 
2 
2 
l 
2 
2 
2 
2 
2 
2 
2 
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2 
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Table 81 Available Water in the Root Zone of SoUs in the St-Lawrence 
Lowlands (Nolin and Lamontagne, 1986) • (cont'd) 

--------- .. ---._- ----------------------------------_.---- ... _-------------_ .. -....... --
maClE SURFACE 10-25 cil SOUS-SOL 1 SOUS-SOL 2 : /lIITERIAU CONTRASTANT PROfOND IlOURO:LtolR 
DE ---------_ ... - ------------------- : -------------._----- : --_ ....... -.......... _----_ .. -....... _ .. _--- ... _---_ ........ -
L . UNITE HUll 1 DITE FOND. 111 HIJ/IIDITE POND. 111 , HUmlTE fOND. 111 : EAU limE rOTALE ICII ClASS\F \W IOM • 
DELA ----------- ----------------- 1 -------------- 1 ------.. ----- --------........... -
CARTE liN. lIAI. IIOY. liN. liAI. ' 'Y. 1 liN. liAI. 1I0Y. 1 liN. liAI. 110 Y • /1111. liAI. noy. : -------- ------------- 1 ---------- : -----------------.---... -- .. -- ............ - ~ 

HIll 16.0 24.1> 20.0 IB.O 28.0 23.0 4.0 1.0 '.0 '.40 13.00 10.75 3 5 
11113P lU 24.0 20.0 lU 2U %l.O 4.0 B.G '.0 '.40 13.1}\) 11).75 3 5 
LG~lll 16.0 2U 20.0 11.0 21.0 2l.0 7.0 20.0 Il.~ 6.95 Il. 00 10.15 3 5 
m 16.0 24.0 20.0 lU 21.u 2l.0 12.0 21.11 20.0 7.60 Il. 00 10.75 J 5 
SiAl 10.0 14.1) 10.0 11.0 lU 23.0 lU li.!) 2U 1 7.60 13.00 1(1.15 l 5 
S\Il lU 24.1) 20.0 1 11.0 21.1l 23.0 '.0 Il.\) '.5 '.70 Il. 110 10.75 l 5 
S'IAl ".0 24.1) 20.0 11.0 2B.1/ 23.0 '.0 JI.U 1.5 '.70 13.00 10.75 J 5 4 
1114 24.0 2U ~ •• O • 18.0 28.0 23.0 4.0 1.0 '.0 1.40 14.00 12.25 J 5 5 
1G/411 24.0 21.11 26.0 11.0 21.0 23.0 4.0 1.0 '.0 1.40 14.00 12.25 3 5 5 
HUA. 24.0 21.0 2..0 11.0 2U 2l.0 4.0 1.0 '.0 1.40 14.00 12.~5 J ~ 5 
LBI4 2U 21.0 2..0 Il.0 21.1l 2l.0 7.0 20.0 l~.~ 1.95 14.00 12.25 3 5 5 
LS8411 24.0 28.11 26.0 11.11 2U 23.0 7.0 29.0 Il.5 1.S5 14.00 12.25 l 5 ~ 

514 24.0 21.0 2..0 11.0 ,U 21.0 12.0 28.0 20.0 UO 14.00 12.25 4 5 5 
51411 24.0 21.11 2..0 11.0 21.0 23.0 12.0 21.0 20.0 ua 14.011 12.25 4 5 5 
5BA4 24.0 21.1l 2..0 11.0. 2B.1I 23.0 12.0 21.0 20.0 UO 14. OU 12.25 4 ~ 5 
SY~ 24.0 21.11 2..0 11.0 21.0 23.0 U tl.a 1.5 1.70 14.00 12.Z5 3 5 5 
S'J411 24.0 21.1/ 26.0 11.0 21.11 23.0 U Il.0 1.5 1.70 14.00 12.25 l ~ 5 
5YA4 2'.0 21.0 26.0 lU 21.0 23.0 '.0 Il. Il 1.5 1.70 14.011 12.25 l 5 5 
sas 22.0 21.u 25.Q lI.O 2U 13.0 12.0 21. Il 20.0 '.10 14.00 12.00 4 5 
mil 22.0 2I.ù 2~.0 18.0 28.0 23.D 12.0 21.0 20.0 '.10 14.00 12.\10 4 5 
SYS 22.1) 21.0 2M 11.0 iU 23.0 '.0 Il.0 1.5 '.20 14.00 12.uO l 5 
11113K lU 211.0 n.o 18.0 21.1) 23.0 4.0 1.0 '.0 • 5.90 12.00 IIl.UO 2 4 
mH lU 20.0 17.0 Il.0 28.1/ 23.0 12.0 ~B.Il 20.0 7.10 12.011 IU.uO 3 4 4 
S'l4HII 24.0 lU 3U IB.O 28.1> 23.0 •• 0 Il.0 I.~ 1.70 16.0u Il.15 l 5 5 
Df5 n.o 21.u 25.D 20.0 2U 24.0 ".0 30.0 23.0 '.90 14. OU 12.15 4 5 5 
DF5H 24.0 ~.ù 30.0 20.0 2a.o 24.0 ".0 3ù.0 2l.O 10.40 16.00 13.50 4 5 S 
0113 ".0 2'.0 20.0 ~O.O 2a.o 24.0 12.0 24.tl 18.0 7.80 Il.~ 11.00 l 5 
OUAl lU 24.ù 20.0 20.0 2&.0 24.0 12.0 24.1> Il.0 7.BO 1UIl Il.~O 3 5 4 
DU4 24.u 2B.u 2i.0 20.0 lM 24.0 12.0 24.0 18.0 9.B0 14.00 12.50 4 ~ 5 
DII4 24.0 28.11 2'.0 20.0 2a.o 24.0 8.0 12.0 10.0 '.20 lUI! 12.!O 4 5 5 
RH' 24.0 21.0 2..0 20.0 2B.0 24.0 4.0 1.0 '.0 B.~O 14.00 12.50 1 5 5 
RIIS 22.0 28.0 25.0 20.0 2a.o 24.0 4.0 B.II '.0 8.10 14.01/ 12.25 3 5 5 --------- . -----------------_ ... -... --_ .. 
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Table BI Available Water in the Root Zone of Soils in the St-Lawrence 
Lowlands (Nolin and Lamontagne, 1986) • (cont 1 d) 

-----_ .. _-... -_ ... --- .... _-------_ .. --------.. _-----..... -... _-_._--------------------... _-------_ ... _-------
S't"BOlE 

, 
SURFileE 10-25 c.1 SOUS-SOL 1 SOUS-SDL 2 nATERIHU CONliiASTAHI PROFOND (LESER/LOURDI ; , 

DE 1 •• ------- 1 - ••• --------- : -----.---- -------------... _------------- : 
L'UNITE 0 HUIHDI TE POND. III 0 KUIIIOllE POND. 111 0 KUrllOtTE ~OKD. 1%) EAU UTILE TOI ALE Ic.' tLASSIFltAriON • 1 , 
DE LA 1 •• -----.--- 1 ------_.---.---- : ----------- --------------- --------------- ; 
tAlITE r 11114. "AI. IIOY. 1 IIIN. "Al. !!IlY. 1 !lIN. liAI. IIOY. "IK. "Al. IIOY. 11111. "AI. 1I0Y. 0 

•• _-- t ------ : ------. : ------------ --------------------
1 

FYJ r 1.0 14.0 lI.a 4.0 1.0 U lU 24.0 IB.O 3.1l0 7. qO 4.~S 1 3 2 
FYIU 1 '.0 14.0 Il.0 4.0 1.0 '.0 12.0 24.0 la.o 3.00 1.QO 4.~5 1 3 2 
IItl 1 1.0 14.0 Il.0 •• 0 10.0 7.0 12.0 2U 18.0 • 1.QO 1.10 4.~0 1 3 2 
$lI 1 1.0 14.0 1/.0 1.0 12.0 10.0 12.0 24.0 18.0 4.00 '.30 ~.~5 2 J 2 
m r 12.0 111.0 lU 4.0 '.0 '.G 12.0 24.0 18.0 4.00 •• 41) 5.00 2 l 2 
m2 1 12.0 111.0 14.0 '.0 1.0 '.0 12.0 24.0 18.0 4.00 '.40 MO 2 3 2 
1It2 1 12.0 16.0 14.0 4.a 10.0 7.0 12.0 24.0 18.0 4.00 1.60 5.25 2 l 2 
11:21 1 12.0 16.0 14.0 '.0 10.0 7.0 12.0 2U 11.0 UO 1.60 5.25 2 l 2 
SL2 12.0 lU 14.0 '.0 12.0 10.0 Il.!) 24.0 18.0 MO 1.80 '.DO 2 '3 2 
m lU lU 17.0 4.0 1.0 '.0 lU lU la.o 5.00 '.90 5.75 2 l 2 
1It3 lU lU 17.0 4.0 10.0 7.0 12.0 24.Q 11.0 5.00 '.10 '.00 2 • 2 
cra2 10.0 16.0 13.0 M 14.0 M 12.0 24.0 11.0 3.7' t.OO 5.63 2 3 2 
CU2&P 1.0 14.0 Il.0 '.0 Il.0 7.5 12.0 24.0 la.o MO 1.20 4.63 1 3 2 

I( DJIJ lU 21.1) 20.5 22.0 28.0 25.0 12.0 2U 18.0 '.75 13.40 tI.38 3 S rr-
.. --- ----- -- ._--------

( 
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Table BI Available Water in the Root Zone of Soils in the St-Lawrence 
Lowlands eNolin and Lamontagne, 1986) • (cont'd) 

--------- ---- ~ -- . 
SllllOlE SURfAtE 10-25 cil 1 SIIUS-SOl 1 MATERIAU HOII06EIIE PROFOIIO 
Il ------1--··· .... - ----------_ .. _--------- : 
L 'UIIIlE NUIIIDJTE POHD. 1%1 1 HU"IDITE pon. 1%1 EAU UTILE TOTAlE ICII CLASSIFICAIIOII • 
lE LA ------- 1 ------._- -------- ---------- : 
tARTE IIIN. liAI. 110' • 1 IIIN. liAI. IIOY. 11111. liAI. IIOY. IIIN. lIAI. IIOY. 

t---- --------l 
• 

" ~ 

•. ls .. JII 1.0 14.0 Il.0 4.0 1.0 6.0 3.00 5.:0 1 2 2 
1101 1.0 14.0 Il.0 4.0 1.0 U 3.00 5.50 4.~5 1 2 2 
IISI 1.0 14.0 Il.0 '.0 10.0 7.0 3.00 6.00 MO 1 2 2 
'RI 1.0 14.0 Il.0 4.0 12.0 1.0 3.00 6.S0 '.75 1 3 2 
TNI 1.0 14.0 11.0 4.0 10.0 7.0 3.00 6.00 •• 50 1 2 2 
THil 1.0 14.0 Il.0 '.0 10.0 7.0 l.OO '.00 4.50 1 2 2 
SPI 1.0 14.0 11.0 4.0 10.0 7.0 l.OO 6.00 MO 1 2 2 
SPII 1.0 14.0 lI.O 4.0 10.0 7.0 3.00 6.00 MO 1 2 2 
ICI 1.0 14.0 11.0 1.0 16.0 12.0 4.00 7.:0 5.75 2 l 2 
JUI 1.0 14.0 Il.0 1.0 12.0 10.0 '.00 '.:0 5:]5. 2 3 2 
U2 12.0 16.0 14.0 4.0 '.0 6.0 4.00 6. (KI 5.00 2 2 2 
112 12.0 16.0 14.0 4.0 1.0 6.0 '.00 6.00 5.00 2 2 2 

~ 
1152 12.0 16.0 14.0 4.0 10.0 1.0 4.00 6.:0 5.25 2 l 2 

~ 
P1I2 12.0 16.0 14.0 '.0 12.0 1.0 4.00 7.00 5.50 2 3 2 
TH2 12.0 16.0 14.0 4.0 10.0 7.0 4.00 6.S0 5.~5 2 3 2 
PI2 lM 16.0 14.0 1.0 12.0 10.0 '-DO 7.00 6.00 2 3 2 
5112 12.0 16.0 14.0 4.0 '.0 6.0 4.00 '.00 5.00 2 2 2 
lU2 12.0 . 16.0 14.0 1.0 12.0 10.0 5.00 7.00 '.00 2 l 2 
n2H 14.0 Il.0 16.0 4.0 1.0 6.0 MO '.:0 5.50 2 3 2 
m 16.0 11.0 17.0 4.0 1.0 '.0 '-DO 6.:0 5.75 J .. 3 2 
PI3 16.0 Il.0 17.0 1.0 12.0 10.0 6.00 7.:0 6.75 2 l l 
PIT 14.0 18.0 16.0 1.0 12.0 10.0 S.~O 7.S0 '.50 l S 3 
SIIT 14.0 18.0 16.0 4.0 1.0 '.0 MD 6.:0 5.:0 2 l 2 

1 
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Table BI Available Water in the Root Zone of Soils in the St-Lawrence 
Lowlands (Nolin and Lamontagne, 1986) • (cont'd) 

~ 
.... ----------... -_ .... __ ..... _----_ .... _--_ ... --------_.-----------.. -----_ ... --_ ... _----... ---..... _----_ ... 
S'"10LE · SURFACE IO-2~ 'Il · SOU5-SIlL 1 . nATEflUU HOMOGENE PROFOIID . 

• · 1 1 

DE f .. _--.. ----... --------- r ------ .. ------------- ~ -----...... ---..... ------------------------- ! 
L 'UMITE 1 HIlII! 0 lIE POIID. III · HUlIlDITE PIlIID. III l EAU UTIlE lOIALE ICI) CLASSIFICATION 1 · · DE LA : --------------- : -_ .. __ .. ---------.. -- : -----_.----------- --------------- : 
CARTE 1 "lM. liAI. 1101. • m. nAI. IIO\. 1 IIIN. ftMI. IIIJ'r. ftlN. lIAI. nDY. 1 1 • 1 

--: ---- .-- : -------- : ------------------------- : 
1 1 1 
1 1 1 

m 1 12.G 16.0 14.D 20.0 29.0 24.0 1 l.uO II. 00 ,.~o 3 4 4 · 1 

ml 1 12.0 lU 14.0 20.0 29.0 2'.0 8.00 11.00 '.50 3 • • IHAl 10.0 24.u 20.0 20.0 29.u 24.0 9.00 13.00 Il.00 J 5 4 
1I3 10.0 24.0 20.0 20.0 29.0 24.0 '.00 !l.00 Il.110 l 5 4 
ml lD.O 24.Q 20.0 20.0 ZU 24.0 '.00 Il.OO 11.00 3 5 4 
'H4 24.0 2a.o 26.0 20.0 28.0 24.0 Il.00 14.00 12.50 4 5 5 
C114 24.0 lU 211.0 20.0 lB.O 24.0 Il.00 14.00 12.~0 4 5 5 
kI4 24.0 28.ù 26.0 20.0 28.0 24.0 Il.00 14.00 12.50 • 5 5 
LR4 24.0 2B.0 2'.0 20.0 2B.0 24.0 Il.QO 14.00 12.50 4 S 5 
un 24.0 21.1) 2'.0 20.0 28.0 24. a Il.1>0 14.00 IMO 4 5 5 
pt" "1 " • d j" Ëü e 'f Il LI • Li i 

, ë C JO e 
ClIS 22.0 2M 25.0 20.0 28.11 24.0 10.50 14.01> 1~.25 4 5 5 
LRS 22.0 28.0 25.0 20.0 28.0 24.0 lO.!O \4.00 12.~5 4 5 5 
IIli iiil iL $ af ) ;o..+a He J4~ III ï l' . b ri , 

i · 
ilY2 lU 1..0 14.0 20.0 lM 24.0 B.1I0 Il. ou 9.50 3 4 4 
klA2 12.0 lM 14.0 20.0 28.0 2..0 1.00 Il.00 '.:0 3 4 4 
1lA2 12.0 lU lU 20.0 28.0 24.0 1.00 Il. ou '.50 3 4 • HYl lU 24.0 20.0 20.0 28.0 24.0 9.00 Il.00 Il.00 l 5 4 
HYBl 1..0 24.0 20.0 20.0 ~8.0 24.0 '.00 13.00 Il.00 l 5 4 
XIAl U.O 24.0 20.0 20.0 28.0 24.0 '.00 Il. DO Il.00 l S 4 
H14 24.0 28.0 26.0 20.0 2B.0 24.0 Il.00 14.00 Il.SO 4 5 5 
HYl4 24.0 2a.o 2'.0 20.0 28.0 24.0 Il.00 14.00 12.50 4 5 5 
XIA4 24.0 28.0 2'.0 20.0 28.1) 24.0 Il.00 14.00 12.50 4 5 5 
KIA411 24.0 lU 26.0 20.0 2&.0 24.0 Il.00 14.00 \2.50 4 5 5 
"A4 24.0 28.0 2..0 %0.0 29.0 24.0 Il.00 \4.00 12.50 4 5 5 
lIAS 22.0 2B.0 25.0 20.0 2B.0 24.0 IO.~O 14.01) 12.25 4 5 5 
ROl 1 •• 0 24.0 20.0 20.0 26.0 2U '.00 IMO IO.i5 l S 4 
Utl 1 •• 0 24.0 20.0 20.0 U.O 23.0 '.00 12.50 IO.iS l S 4 
104 24.0 28.0 26.0 20.0 2U 23.0 Il.00 13.!0 12.:5 4 5 5 
Ul4 24.0 28.0 2 •• 0 20.0 2&.0 23.0 n.oo 13.~0 12.~5 • 5 5 

C 
UlS4 24. a 2B.0 2'.0 20.0 26.0 23.0 Il.00 13.:0 12.:5 lt S , 
ROS 22.0 2U 25.0 2U 26.0 23.0 10.'0 Il.SIl 12.~0 4 5 4 
UIS 2,.0 2B.0 25.0 20.0 20.0 21.0 10.50 Il.:O 12.uO 4 5 4 
1II5P 22.0 21.0 25.0 20.0 26.0 23.0 IO.!O Il. 50 12.uO 4 5 4 
UBSS 22.0 21.0 25.0 20.0 :z..o 23.0 \0.50 13.:0 12.uO 4 5 4 
UBSH 24.0 3..0 lo.o 20.0 U.O 23.0 Il.00 15.50 Il.l5 • 5 5 
L&J" 1 •• 0 24.0 20.0 18.0 2B.0 23.0 I.~O 13.011 IG.i5 3 5 4 
LBlP" 1 •• 0 24.0 20.0 Il.0 21.~ 23.0 1.50 13.00 IO.iS l 5 4 
PII1 16.0 2U 20.0 20.0 26.Q 2l.0 '.00 12.:Q IO.i5 l 5 4 
III 10.0 lU 20.0 20.0 20.0 2J.~ '.00 12.50 10.75 3 5 4 
CV. 24.0 28.0 ".0 20.0 2B.0 24.0 Il.OO 14.00 \2.50 4 5 5 
CYA4 2'.0 28.0 2U 20.0 28.0 24.0 Il.OO 14.00 12.~0 4 5 
LB4 24.0 28.0 U.O 20.0 2B.0 24.0 Il.00 14.00 12.:0 4 5 
LBn" 24.0 28.0 26.0 18.0 2U 23.0 IMO 14.00 12.25 4 5 
L1i4" 24.0 28.0 2'.0 18.0 28.0 23.0 10.50 1'.00 12.25 4 5 
LB4P" 24.0 28.0 2'.0 lU 29.0 23.0 10.!O 14.00 12.25 4 5 
N4 24.0 2a.o 2'.0 20.0 2&.0 23.0 u.oo 13.:0 ".25 4 5 
PV41 24.0 28.0 2'.0 20.0 26.0 2l.0 lI.ao Il. Sil 12.Z5 4 5 
pV4~ 24.0 29.0 U.O 20.0 n.o 23.0 Il.00 13.:0 12.25 4 5 
PVS4 24.0 2B.0 26.0 20.0 26.0 21.0 Il.00 13.50 12.25 4 5 
PVC4 24.0 28.0 U.O 20.0 26.0 23.0 11.00 13.:0 12.25 4 5 
RI4 24.0 28.0 26.0 20.0 26.0 23.0 11.00 !l.SO 12.25 4 5 
m 22.0 28.0 25.0 20.0 28.0 24.0 10.~0 14.00 12.25 4 5 
cm 22.0 29.0 25.0 20.0 28.~ 24.0 10.50 14.00 12.~S 4 5 
LB!!" 22.0 2U 25.0 18.0 28.0 23.0 10.00 14.00 12.00 4 5 
LSSP" 22.0 29.0 25.0 18.0 28.0 23.0 10.01l \4.00 12.uQ 4 ~ 4 
lié ë -0 "a.. ë\cèz • Uer LI èès j" -- 1 i • PV5 22.0 2U 25.0 20.0 U.O %l.0 IMO Il.5~ 12.00 4 5 4 
PYS! 22.0 28.0 25.0 20.0 26.0 23.0 10.:0 13.:0 12.00 4 5 4 
pm 22.0 2B.O 25.0 20.0 26.0 21.0 ID.SO 13.~O 12.00 4 5 4 
PVSII 22.0 28.0 25.0 20.0 26.0 23.0 ID.SO 13.:0 12.00 4 5 4 
PVS5 22.0 2U 25.0 20.0 111.0 23.0 10.50 Il.~O 12.00 4 5 • PVC 22.0 28.0 25.0 20.0 26.0 23.0 10.50 13.50 12.00 4 5 4 
III!! 22.0 21.0 25.0 20.0 2b.1l 21.0 IMO 13.:0 12.00 • 5 4 
CY3H 14.0 20.0 17.0 20.0 28.0 24.0 1.50 1%.00 10.:5 l • 4 
If: ï L ( ès J ii • ij Û 1 t Il .. ., ï , i i 
lSJH 14.0 20.0 17.0 lU 28.0 23.0 a.oo 12.00 IO.UO l 4 4 
LP4H 24.0 ~ •• 0 30.0 20.0 n.a 23.0 Il.00 15.:a U.l5 • 5 5 
LPT 16.0 30,0 2l.O 20.0 26.0 23.0 '.QO 14.00 Il.50 3 5 4 

. -----------------
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1 Table Bl Available Water in the Root Zone of Soils in the St-Lawrence 
Lowlands (Nolin and Lamontagne, 1986) • (cont'd) 

--------_.--------------------------------------.---.-.. _--.. --------.. _-----------
SVNBOLE 1 SURFACE (0-~5 cil SOUS-SOL 1 IIAfERI;.u HOIIO&EHE PROFOND 
DE 1------- ----------- -------------_.-._--------- : 
' •• UNITE HUIIIDITE fOND. III HUIIIOITE FOND. III EAU UTILE TDTAlE Ic.1 CLASSIFlCmON 
DE LA -------- --------- --.------- ------ : 
CARTE /lIN. liAI. IIOY. IIIN. liAI. IIOY. "IN. liAI. IIOY. 1111. lIAI. IIOY. 1 .----- - .. -------- ------_ .... _------_. , 
ALC2P 10.0 16.0 14.0 4.0 1.0 24.0 1 1.00 Il.00 MO 3 4 4 
'BA21! 10.0 16.0 14.0 6.0 Il.0 lU I.GO Il.00 '.50 l 4 4 
CH2 12.0 16.0 20.0 '.0 10.0 24.0 '.00 Il.00 Il.00 l :5 • AU 13.0 23.0 20.0 4.0 1.0 24.0 9.00 Il. 00 Il.UO 3 :5 4 
AL3P 13.0 23.1) 20.0 '.0 1.0 24.0 '.00 13.00 Il.00 l 5 4 
AlC3 13.0 23.0 U.O 4.0 1.0 24.0 Il.UO 14.00 12.~0 • 5 ~ 
ISl 13.0 23.0 26.0 '.0 Il.0 24.0 Il.00 14.00 12.~0 4 :5 ~ 

1'3" 13.0 23.0 2'-0 '.0 Il.0 24.0 11.00 14.00 12.~0 4 5 ~ 
1G1P 13.0 2M 26.0 6.0 Il.0 24.0 Il.00 14.00 12.~0 4 :5 5 
IS4 21.0 29.0 2'-0 6.0 Il.0 24.0 Il.00 14.00 12.50 4 ~ 5 
l'Al Il.O 2l.a 26.0 '.0 11.0 24.0 Il.UO 14.00 12.~0 4 5 5 
l'AlP 13.0 23.0 25.0 '.0 11.0 24.0 IMO 14.00 12.25 4 5 5 
llO 13.0 28.0 2~.0 12.0 28.0 24.0 IO.~O 14.00 12.2~ 4 5 5 
L1C3P Il.0 21.0 2~.0 12.0 28.0 24.0 lo.sO 14.00 12.~~ 4 5 5 
L1C4 21.0 29.1) 14.0 12.0 28.0 24.0 1.00 Il.00 MO 3 4 4 
L1SJ 13.0 2M lU 12.0 28.0 24.0 1.00 Il.GO '.~O l 4 4 
ALC3H11 14.0 2u.ù 14.0 4.0 1.0 24.0 1.00 Il.00 MO l 4 4 

, 1C1 13.0 28.0 20.0 12.0 21.0 2U '.00 Il. 00 Il.uO l 5 4 

1- IC3" lU 2a.o 20.0 12.0 28.0 24.0 '.00 ll.00 Il.00 3 5 4 
1C3P 13.0 2M 20.0 12.0 2U 24.0 '.00 Il. 00 Il.00 l :5 4 
ICA3 13.0 28.0 26.0 12.0 28.0 24.0 Il.00 14.00 12.50 4 5 5 
Lll 13.0 28.1) 2..0 12.0 28.0 24.0 Il.00 14.00 12.~O 4 5 5 
LIU 13.0 2U 2'-0 12.0 21.0 24.0 Il.00 14.00 12.~O 4 5 ~ 

IC. 21.0 29.0 2'.0 12.0 2s.o 24.0 11.00 14.00 12.~0 4 5 5 
BC411 21.0 29.0 26.0 12.0 2U 24.0 I1.QO 14.00 12.~0 4 5 5 
ac4P 21.0 29.0 25.~ 12.0 21.U 24.0 IMO 14.00 12.25 4 5 5 
Ll4 21.0 29.0 20.0 12.0 21.0 23.0 '.00 12.50 10.75 l 5 4 . 
LI 4" 21.0 29.0 20.0 12.0 21.0 23.0 '.00 12.:0 10.75 l :5 4 
LA4PII 21.0 29.0 26.0 12.0 2U 23.0 Il.00 Il.50 12.25 4 5 ~ 
IClH 14.0 20.0 2'.0 12.0 2B.il 2l.O tl.1l0 Il.50 1%.25 4 5 5 
1C3JUI 14.0 20.0 26.0 12.0 28.0 23.0 Il.00 Il. sa 12.~5 4 :5 5 
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