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Infornation is presented showing that
the problem of assessing the relative mois-
ture efficiency of crop rotatj-ons rrnder
study on District &rperi:nent Substations
located on soils varying in texbure, caÍr
be successfully studied by the application
of statistical methods. The results of this
study sholc that the mixed-fanning crop rota-
ti-ons of four and eight years duration j-n
r,rhich grass and legume crops are included
in the cropping system, are significantþ
nore effieient in the utilization of soil
moisture; tend to produee higher average
crop yields; more effíciently consenre
plar¡t nutrientsr ar¡d are more adaptable
to a pemranent agricultural econorqy in
south-westerrr Mar¡itoba than are the tr,ro
and three-year grain rotations.
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A SEI'DY OF T{OTSN'RE I¡[ SO]1S UI{DF,R CROP BOTAÎTONS TN SOIJTH-WESTERI{ MANTTOBA

ï.

Soil noisture is ühe prime faetor in deternining crop proùrctioa

i.n the sení-arid regions of the Oreat 0entraL Plains of l[srúb Âmerica.

Agricultural practices and operati-ons are i¡fluenced þ the regional and

seasonal supply of moisture. Grain erop yields are directly related to the

amount of water that is avaiJ-able in the soil over and. above the ni¡¿tmr¡n re-

qrired for any crop at a1I.

The sojJ-s of south-western Mar¡itoba have developed under li-níted

preeÍpitation, and. are relatively rich ín planü nutrÍents. The need for

taking into accor¡nt the moistr¡re supply wtren adjusting e eroppÍng system

ühat will conserre the fertility of these soils uust be recognized. In the

design of a cropping system, oareftrl thought must be gfven to the efficienù

use of the noisture supply by crops for naxi-uun yields.

For a peruanent agricultural eeonony in a region of lÍ.nited pre-

clpitaüíon, the need for a study of the so1l moistnre regÍne i¡ relation to

eropping practfces nust be recognized. In e4gerimental- cropping rotations

on Distrlet Erperinent Substations due consid.eràtion has not been given to

soil- noisture and to íts nost effieÍ,ent use.

In this thesis a study is made of soiJ moi-sture investigations

ca¡ried out on eropping rotations of two, three, four a¡¡d eight years dura-

tion as conducted on ÐistrÍet Þrperiment Substations at Boissevai:l, Good-

lands and Hargrave 1n south-western Manitoba'

II. REWEW OF TITER,ATIIRE:

TNTROWCTTO$:

I[ater is an essenüial plant nutrient a¡rd is required ín mr¡'ch

Iarger quantities tban arSr other absorbed þ the plant. the outstanding

eharacteristie of water as a plant nutrient is its contÍnuous one way flow

-t--
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fron the soil through tbe roots, up ùhe stems into the leaf sarface where it

is transpired, It is hÍgh1y desirable that a soil should possess tbe eapa-

city not only to supply plants with readily avaiJ-able water, but also to hoLd

suffícient water in reserrye to nai¡¡tain contínuous growbh during periods of

atnospherie droutb.

A. Physical Properties a¡rd trûoistr¡re Relationship

SoíIs varîr greatly i¡ their water retaining capacity rúrich de-

pend.s largely upon the ter*ure or size of mi-neral partÍcIes, the strtrcture

or marì.ner in wt¡ieh these particles are a^rranged, and the amount of organic

natter íncorporated in the soil. 0n the basis of terture Ellis (13) in nis

study of lfian:itoba soi]s outlined a sinplified field classification of soils

on the basis of the respective separates (sand, silt, and clay) contained.

Sandy soils have ¡lunerous large pores or ai-r spaces which 1n-

sïrres free movement of gravitational water. Sands are relatively inerü in

chem:ical and physical properties; loose, non-eoheslve, and have a very low

water-holding capaeity. Ellis (13) states that r¡nder free drainege, sands

wiJ-l retain .25 to .50 incbes of water per foot. Doughty et al (11) rate

the norral storage capacity to lr feet of a sandy loan at h inehes.

GLay soils are at the other extreme in regard to size of particles,

consistin g of h5 per cent or more of clay particles ranging i^n size less than

.002 niJ-limeters. These snall particles are aggregated into granules which

$reLL and become stieþ wÏ¡en wetted. Because of the large proport5'on of

partÍcles of colloída} size fn c1ay, water and cations as well are held i¡

much greater quaatities than 1n sa¡¡d. the clay fraction in soils Ímpart to

it certain physical and cl,renical properties. clay particles possess tre-

mendous surface area and have verxr stroag cohesj.ve forees- They are nega-

tively eharged and carry cations a¡rd' nrater molecules on their surface'
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A eubical sand. grain one n:illi.meter on the edge has a totaL surface area of

slx square nlllineters, but if 1t is dirrided lnto eubes of eolloidal sÍze

0"1 nicron on the edge, the total gurfaee r¡ould be 601000 square nllli.neters

(Z). Clay parbÍcles are plate-like and. h¿ve an even greater surface than cubes

and. spheres of slailar volrrue. The exsensive surface area of cla¡rs enable

elay soils to hold rmtch more r¡ater than sandy soils¡ but since the pores are

meh snaller gravitational water d.raias off more slol'rly. elay terbured soils

r¡nder free drainage (t3) *"y retain 3.5 incines of water per foot. Doughty et

af (ff) rate the normal storage capacÍty of eerbain elay soil ín Saskatcheuan

at S.6 inches of r¡ater peî 4 feet of depth.

l,oan soils have properbies ¡¡hieh are Íntermediate betr¡een those

of clay and sand. They hold more water than sands, are better aerated,, and

easier to r¡ork than eIays. Ioams are rated. as the most favoirrable fron the

standpoint of plaat growbh. Ln general, the water retention eapacity of

sand,y loams is given (f¡) as 1.0 ineh, that of loarns as 2.0 inebes, and. that

of elay loa¡ns as 3.0 inches per foot d.epth. The avez.age water storage cap-

aeity of Saskateher¡an loa'ns to sflt loams, and of clay Loams to silty clay

loa.ms, to a d.epth of four feet, is gíven (ff ) as 6.2 inehes and. 7.2 ínches

respectívely"

ELlis (t3) reports the rangê of r,¡ater retention within a four-

foot colurun of soil as being fron 1o0 iach to 14 inches for sand,s and. clay

respeetively. Doughty et a1 (n) report the noimal storage capacity of 4.O

inehes to 8.6 inehes per 4 foot depth for soils rangang in terbure fron

sandy loara to elay respectively.

Bo The Effect of Stnreture o¡=r9o:Ll-blsture:

S.bíl struetur'e, or arrângeinent of soíl- partieles is i-nportaat

in tbe ¡sater relationship of a soil beeause lt ís direetly related to pore

sizeo Soí1 porosity (2) may be itefinecl as that percentage of the soíl whÍeh
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ís not occupied by solid. particles. Clays have higher total porosities thar¡

sandsrandhavea large nunrber of saIl capÍIlary pores whieh contribute to a

hígh water-holding capacity. Sands have a snal-l number of large or non-

eapiJ]ary pores utrieh are responsible for rapíd drainage a¡rd a l-ow moisture-

holding eapacity. Baver (2) defi¡¡es an ideal- soÍL as one that has pore space

about equally divided between Iarge, small or non-eapiIlary and capil1ary

pores. A soiL of thÍs t¡4pe woul-d. have enough small pores to give adequate

rrater-hold:ing eapaciÈy. ïn clay soils, treatments that tend to promote granu-

lation prodrree larger pores so that the soiÌ becomes more favorable for root

development. Becent laboratory studies by Hedrick and Moury (23) on the

effect of s¡mthetia polyelectrolybes on aggregati-on, aerat'j-on and water re-

lationships of clay, clay loan, silt loam and sands ind'icate these new soil

cond:itioners increased. the water held þ 20 to ?0 tínes the weight of the

polyelectroLybe added.

Soil structure is important in soiJ. productivity. Plants requÍre

both water and aír for growùh, a¡ld these in tr¡rn depend upon soil stnrcture'

Lack of moisture renders the plant incapable of utilízing the chemical

nutrients to carrXr on its normal ptryslological firnctions. Laek of suffieient

orygen dne to an exeessíve a¡noumt of water in t'he soil produces a condition

where the plant eanyrot make effieíent use of the nutrients in the soÍl'

c

Soi3- organic matter or hr¡mus (3h) represents a whole seríes of

products ranging from undecayed. plant and anlna] tissues to the blaek or

broun anorphous naterial not resenbling the origi-naI.anatomical structure

fron which it was derived. It resenbles clay in respect of its great surface

area and high water-holding eapacity. It ãIso has a high wiltíng point'

fhe addltion of organic matter to sa¡dy soils inereases the ability of the
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soiL to hold waüer for plant growbh, Baver (2) reporting on work conducted

by Feustel and þers states that the amount of avaíIab1e water held was in-

ereased from 0.83 per eent to 7.5 per eent by the addÍtion of peat moss to a

5O-5A mi:rbure of quartz sand and peat. Irn respect, of clay, a lA-5O mixtr¡re

of clay and peaü did not apprecÍabIy inerease the amount of available watert

atthough tbe water-hoIô{ng eapacity was increased. ûnder field conditions

Ít has been found dífficult to uake any appreciable ehange in the availabl-e

water content of soils. Kramer (25) reportíng on work in Ca-lifornia stated

that additions of marrure up to 2O0 tons per acre èid not greatly increase

the content of water avai1-able to plants in sand, loam or clay soils. fn

New york, manure added at the rate of B and 16 tons per acre ùid. not signi-

fÍcantly iRcrease the available water-holding capacity of Ck¡enango 1oam,

but, did significantly inerease the aveilable water-holcting capacity of Ctre-

nango fi-ne san$r loan.

lfiarti¡¡ and. Craggs (27) report that when a loa,m soil was naj'¡r-

tained at moisture eontents of 2J, lO, or 75 per cent of its water-hoIdi-ng

capacity there Trere no major dífferences in the ir¿fluence of organie resi-

dues upon the soÍl stneture. ïD a conpletely saturated soíl the beneficial

action of organic resÍdues was greatly reduced. ïn nomal soil, deconposition

of orgarrie residues is brought about by tbe action of aerobj-e bacteri à2 &c-

tÍnonyoes and fil-amentous fungi. In water-logged soil decomposition is

carrj-ed on by anaerobic bacteria that do not produee the quantity and qua-l-

ity of soiJ- aggregating substar¡ces as do the aerobic baeteria.

D. CLassiJication of Soil Moisture:

Baver (2) follosrs tbe classification of soil moisture es pro-

posed by Briggs in 189?, witb the addition of water vapor¡r as suggested by

tebedeff.



Gravitational water oecupies the larger soil pores and drains

away under the influence of gravity. Shortly following a heav¡¡ rai¡ or irni-

gatioa the soil nay be eorupJ-etely saturated with water, and the aír uay be

displaeed fron the non-capillary pore spaces between the particles. I'ns or

three days after a rain all gravitational water usually drains out of the

upper hor"Lzons of tbe soil a¡d the pore spaces become filled wíth air. the

movenent of gravitational water in the soil is affeeted chieflly by the nun-

ber, sÍze and. contÍnuity of non-capillazy pores through rvhích it, percolates.

Sandy solls offer a mini-nr¡m of resistance to the passage of soil water and

zuelr soils soon reach their field eapacíty. Pereolation throu.gh elays is

less rapid because of the pore spaces being sma1Ler, and entrapped air often

b]oeks the passages. Inpermeable layers of soil frequently hÍ-nder the move-

ment of gravitatÍonal water. Passages left in the soil by worms, burrowing

arrimals, and by decaying roots, facllitate the msvement of gravitational

çater.

2. @,:
Capillary water is held by surface forces in the forn of filns

around the soil particles, in the spaces beüween them., a¡rd ín s¡nalI capiIl-

ary pores. After the gravitational water has drained away¡ the soJ-l is at

field eapacity. this water is the main souree of molsture for most plants.

Capillarly rvater moves very slowIy and ís not used by plants unless the roots

aetually come into contact w'ith it. The dournnard movement of capillary water

takes place under the conbined ínfluences of the gravitational - potentlal

gradient a¡rd the capillary - potentia-1 gradi.ent. ff evaporation is pre-

vented, dorv¡rward movement, will continue untíI ühe soil is drained or untÍl

equflibrir¡m is reaahed with an imperneable layer or saturated water table.

1. Gravitationa]. Water:

-6-
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3. lVgr""uopt" W"t"",

Ifgroscopic waüer is hel-d on the surface of soíl particles by

forees of adhesion 1a a very Èhin filnr æd is not avalJ-ab1e to plants. The

narrinun anount of ruater, based on a wej-ght of dry soiI, adsorbed on the sur-

face of soil particles from an atnoÈphere sJ.ightly belolr 1-00 per cent rel-ative

hunidity is known as the tlygroscopic coefficient.

E. Terts üsed in Sojl Moisture Stu$rt

1. Fie1d Capacity:

The field capacity of a ueII drained soi.l is the noisture eoa-

tent tt¡at is reached two or three days after rain or lrrigation has ceased,

provided evaporatlon is prevented. Kra&er (e5) states that field capacity

is not a tne equilibrÍum value, but onJ.y a condj.tj-on of slow water movement

rrhere the noistrre content does not change appreeiably between applications

of water. Most well drained soils ieach a state of fÍeld capaciùy very

quickly, but the presenee of a water table near the surface will greatly

prolong the tine requi-red for drainage. Browni.ng (7) reports that 5-npermeable

solls require a much l-onger time to reaeh fíe1d eapacity than well-drained

soiLs.

2. Moistrrre Equivalentl

The noist¿re equivalent was introduced by Briggs and Mctane (l¡)

j¡ 190?¡ to denote the percentage of water retained by a soil when the noist-

ure content is reduced by means of a eonstar,rt cenürifhgal force until it is

brought into a state of capillary equllíbríum with the applied force. the

moistr¡re equivalent has been found to be closely related to the fíeId capacity

for fine-ùerbured soils, but not for sands wtrere the field capaci-ty is tt-igh-

er than the noistrrre equivralent. ffiperirnents by Veiåmeyer and llendrickson

(L1) show that the moisture equivalent values ean be used to indicate the
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field eapacity of deep-drained soils with no decided ehange in terbure or

structure, in cases where the moisture equivalent ranges from about 30 per

cent down to about 12 or il+ per ceaü. Below 12 or th per cent, the noisture

equívalent va}¡es appear to be less thar¡ the field oapaeity. Browring re-

porüs (?) that the ratio of field eapacity to noistr¡re equivalent is unity

i.¡a the vicinity of a moisture equívaIenù of about ã per cent¡ more than

uniüy for moisture equivalents below 21 per cent and less than unity for

moisture equiva-lents above 21 per cent. This ratio decreases slightly with

depth. The moisture equivalent is recogaized as one of the important ptrysical-

measurements of soil. Several nodifieati-ons for the det,eraination of moistr¡re

equivalent have been reported. Buoyoucos (l) proposed a suction nethod Ín

plaee of using a centrifilge machine. Pinekney and Alnay (¡f) in conparing

the reliabiJity of the suetion method w:ith tbat of the Briggs-Mclane centri-

fuge nethod, and. reportÍ-ng on 113 Minnesota soiIs, for¡rd. a relationship be-

tween the two methods, but did not fulIy support the. Brroyoucos method. Tbe

suction value of Ioa^ns and soi.ls of stitL finer texture averaged about one-

tenth higher than tbe moisture equivalent, whereas witt¡ the individrlal soits

it varied. from practically equal to one-third higher. Sr¡ction values for

t¡e sands of coarsest texbure were twice as high, or higher, and for the

inte:meôiate soi-Is, nanely the loams, it nas generally intemedÍate but

wid.ely variahle. Duplieate deterninations by the suction mett¡od nere found

to be mueh less consistent than those with the centrifuge. Browníng and

Mi1an (6) compared the Briggs-Mclane and the Goldbeck-Jackson centrifuge

methods for dete¡nining the moisture equivalent of soils. A significant

di.fference existed between the two nethods ur¡less all values obtained ín

Gooch crucibles were corrected by use of the regression equation between the

tlro methods. ïilhen a Briggs-tr[clane rnoisture equivalent centrifuge is not
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available, satisfactory resuLts can be obüained for nost purposes by using

the equipnent recomneuded by Goldbeek and Jackson.

3. TÍilting Point:

lhe ç:ilting point, permanent w-iltlng percentage, wilting ao-

efficient, or wiltlng percenüage (2), refers to the soil noíst¡rre content

at which soil cannot supply water at a suffieient rate to maintaj.¡r turgor,

and plants rilt pemanently. Kramer (25) outfj-nes tbe Bríggs and Shantz

proeedure of growing seedlings ln glass tumblers of so:l1 sealed rith a mix-

tr¡re of paraffi:o and vaseljne. flhen the leaves pertanently w:iIted and did

not reeover over night when placed in a moist ehanber, the moisture content

of the soil was determined by oven-drying a sanple at 105 degrees CentÍgrade

a¡¡d oaleuLating the noisture content as a percentage of ühe dry soil wei-gbt.

Aceorèing to Briggs ar¡d Shantz Elrre wilting point marks the moisture eontent

at which absorption becones too slow to repJ-ace the water lost by trans,pira-

tion, and. this resuLts Ín wi-Lting. Briggs and Shantz (5) report that soil

terbr¡re is tbe oaly factor materially affecting the moisture content at

pernanent wiltíng. Tlre age of plants did not affect the values, because the

sane results were obtained with seeùlings as with well grown grass pJ-ants.

p1a¡ts grorm rfith different anorrnts of soil moisture wilted at the sane

noisture content, indicating that drought resistance had not been increased

by growing the plants ín dry soil. No inportant difference betwee¡l di-fferent

speeies of plants was noted ia their ability to reduee the moisture contenf

of the soil before wilting. Differences that occuffed between various

speeies of crop plants resulted fron differences ín root distribution rather

than fron differences j.n forces bringing about water absorption'

thrr and Reeve (15) r¡ave made a¡¡ erbensive study of the range

of Eoil- moisture percentages through whích plants undergo permanent
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wilting. 'Samples of about B0 soils, representins 5O soÍ1 t¡ryes in California

nere colleeted for the study. Ftrr and Reeve introduced the tenns rlwilting

rangen and. trulti:aate wÍIting pointrr as proposed by Taylor et al rvho d.efined

the wilting coefficienü and the ultinate wiltlng point as the moisture eon-

tent at wtrieh all the leaves renain completeLy wilted in a hunid atmosphere.

The ultj-nate milting point represent,s approxi-mately the Lower linit of the

ran&e of soi-l moisture percentages 1n whÍch plants are able to maintain Iife,

though at this stage nany of the leaves and probably some of the roots are

dead. Fr¡rr and Reeve csncluded that Bnsslan Gia¡rt sunflorrers, E!!3g@
annuus L. seedling root and stem elongation is negligible at soil moisture

percentages below the first permar,lent wi-lting poJ-nt and thaü the æcbraction

of noisture in the wllting range is dependent al-most entirely on wafer move-

nent to the roots by diffusion of rater vapour. The soil moisture within

the milting range provides the pla¡tt with ar¡ energency reservoir that en-

"ft"" manJr species of plants to survive periods of drought or to mature seed

after vegetative growbh has ceased'.

l+. Available Moisture:

Moisture that is r¡readiLy evailable" (25) may be defined as that

whioh can be used by pLants above the perrranent wilting percentage. Gravita+

tiona-l water comes into this category brt it usuaJ-Ly drains away so quickly

that it i-s of littte value for plant'growbh. Readily availablê water is con-

sidered to be that included in the range fron fietd eapacity, or moisture

equ:ivalent donn to the permanent wilting point. In sanff soils this range

is quiüe narrow, whereas 5n clay soils it is quite w'ide.

5.@t
Relative moísture is the te:m applied to the ratio of per cent

molsture content, to moistnre equivalent. Ttre use of such a ratío enables
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eonparisons to be nade between soils or soil horizons which di-ffer in tex-

ture. Relative moistr¡re data were particularly useful in the lnvestígation

reported in thi-s thesis, for the pu.rpose of comparing tbe moistr¡re changes

j¡n vari-ous fields wbere the soíl-s were not eonpletely unifor:n i-n terbure.

Conrad and Veihneyer (9) report that the ¡atio of the residual moisture at

permanent mllting to the moisture equivalent averaged about l0 percent.

F. Movement of Soil Moisture:

The ¡pvement of soil nolsture is relatively conplex nainly be-

cause of the various forces aeting upon it, ar¡d because it may move in djff-
ereat states. Wadleigh and Richards (38) state thaù the moveneat of water

lnto and through soil can be ex¡rressed, in te¡ms of the foree úich tends to

prodrrce the ¡notion of the water. Gravity a¡¡d the gradient of the moisture

tension in the sojl- are the two components that must be considered. Ðown-

ward movement takes place ín response to the force of gravity wtren the soíI

is wetted by rain or irrigation. {Ipward movenent occurs wtren the surface is

being dried þ evaporation. In a soil moisture systen the noisture ahrays

streams through the soil i.:e the direction of the deerease in hydraulic ten-

sion, or head. the eompoaent of force arisinþ from the tensíon grad.ient 1n

the soil water nay act in arqr direetion. Wtten water is at rest under gravity,

that is in a statíc eond:ition, the pressure gra<tient force is equal to and

opposite to gravity. o

The Darcy Ï.arr for the movenent of water in saturated soils states

that the velocity of water movement (V) is proportional to the hydraulic

gradíent (í) as ex¡rressed by ühe equation V=Pí, where P Ís the perneability

consta¡rt. In the case of unsaturat,ed soils its applicatíbn j-s not reliable

due to the fact that sorne of the pores are fiLled with gas and are not avail-

able for tra¡rsnÍtting water. Moore (37) found very little flow of moisture
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Ín unsaturated soils at or below the moisture equlvalent. Veihneyer and.

Hendrickson (L0) plaeed a mass of soil, weùted to field capacity , in a

large cyJ-inder wíth dry soil on eaeh side of it. At the end of 139 days

water had moved into the dry soil a distance of B ínches. !?om a praetical

point of vj-ew this would. indicate that during periods of rapid trarespiratíon,

the evailable water on the particles of soil in eontaet with the roots Ís re-

moved rnrch fast,er than it ea¡r be replaced by capillary movenent.

G. ltffect of Tenperature on Soi-l Moisture:

SotL temperature (21) influences the amount of available waùer

to pJ-ants. Water has great viscosity at lower tenperature than at higher,

resulting in a decreased movenenù of water fron the soiJ- to an absorbing

surface at 1ow tenperatures. Br¡ssel1 94) s"ggests that the surface tension

of water deereases wj.tlr inereasing tenperature. Briggs and Shantz (5) re-

porting on work of other investigators, state that aJ-l data indicate that

slrade produces an increase i¡ the water requiremenü, probably due to a re-

duction in photos¡mthesis, wtrieh in tr¡rn decreases the rate of growbh and

so increases the water requirement. Moore (2p) reports ùhat under field

conditions, rapid changes in soil tenperature above a water table would be

accompanied. by rísing water tables w'ith rísing temperature, and falIíng

rater tables rrith falLing tenperature.

lI. Effect of ilunidity on Soil Moisture:

Lebedeff (2ó) eonsiders the relative hr¡midity of the soil a5.r

to be always 100 pereent if the noisture content, of the soi-l exceeds the

þgroseopic coeffieient' Ilnder norual field condi-tions, the soil atnosphere

Ís in a saturated conditi-on with the exception of the top layer which often

beeomes air-drXr. Movement of water vapour in the sojl is affected by the

relatíve temperatures and vapour pressures of the varisus soil horízoDS¡
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Ifr for sxenFl-e¡ the first 6-incn layer of soil becones eooLed below the

tenperature of the second 6-ineh layer irrmediately be1ow, the vapour pressure

of the water molecules in the top 6-inch layer will be lowered, and d.iffusion

of water molecrrles wl1l take place in an upward directj-onr aûd thereþ ln-
creasing the soil moisture eontent of the first ó-inch layer. tebedeff has

attached considerable inportanee to the movement of water yapour in soils

of southern hrssia and other semi-arid regions, when there ís no direct

connection between the water table and the capillary wat,er in the upper Iayer.

Accord.ing to tebedeff water moves fron the deeperwarmer level-s to the high-

er, cooler levels vshere åü cond.enses, arnounting to 66 niffi-meters in a winter

period.. During a cosl period in summer or autunr¡ water moves from the deep-

er layer to the surface layers where lt is evaporated during warm period.s

thereby drying out the deeper layers. Lebedeff calculated that about ?2

ni]lineters of water per year eoad.enses in the surfaee layer of soiL.

I. Tbe Effect of Evaporatlon on SoiJ- trÍoisture:

The quantlty of water lost fron soil by evaporation.depends on

the noisture and temperature of the soili the relatíve hun:idity of the air,

and tbe air movement above the soil surface. Di^fferences in evaporation are

also due to dark and light-colored soils and from north and south-faeing

slopes, but these resuJ-t'nainly from differences in tenperature. Baver (2)

reports work eondueted by Eser ín 188h Índicating that evaporation from soils

jn contact with ground. water was 2 to l+ t:¡es greater thar¡ fron drained soils.

Aecording to Baver, King measured the evaporation from black marsh, sa:ady

loam, and virgin clay Loa¡r soils i¡r relation to depth of tillage. Evapora-

tion was reduced 63 per cent by rnulching over e period of l-00 days when soil

columns were placed ia eontaet rrith a water surface. Baver reporting on more

recent work by Vei}meyer, indieates that evaporation losses are confined to
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relatively shaIlo¡r depths and that most of the water lost by evaporatioa

takes plaae before ¿ tt¡1¿]sþtr is produ.ced on the surface. Enraporation is
greater during the sr¡¡nner months wtren ùenperatures are hÍ.gher. Black soils
absorb more of the sr¡¡,lts eRerry a¡¡d also lose nore water through evaporation

than light-colored soils. The darker soÍls gai.n more by cond.ensation at

night. In ùhe aorthern henisphere, evaporation is greater on south slopes

than on north, and on the south exposures it increases w:ith slope. Baver

reporùs daþa by l{asure shorlng that evaporation at 1?.0 Lo L7.5 degrees

CentÍgrade, increased from 0.25 nÍllimeter to 0.93 nillj-neter as the air
hunidity decreased fron 91 to 75 per cent. Wind velocity speeds up evapora-

tion by displaeíng saturated air mlth drier eurrents. Woolrlyrs work as

cited þ Baver shows that a 12 nite per hour wind eaused 7.8 grams of water

to evaporate from J.00 square centimeters of a granular loam as compared wlth

0.3 grams Ín stÍll air, or a¡r inerease of J6.2 per cent.

Ït is of interest ùo study ùhe relative anounts of water removed

from the soil by evaporatÍon and transpiration. Tbere appears to be general

agreenent that tra¡rspiration losseE greatLy exceed evaporation l-osses.

I{ra.mer (25) eítes work þ Veihrneyer wt¡o inùicates that r¡nder Califor.nia con-

ditions, most of the water lost by evaporation comes fron the upper four

Íaobes, much Less fron the second four i-nches, and very litt1e below eight

inches. If evaporation removed raüer from the first eight to t¡celve inches

of soi1, then the remainder wo¡¡.1d be rurchanged. Íf j-t rrere aot for the roots

of plaats. Fïrther j¡rvestigations by Veihneyer indicate that a tank of soil

with bare surface tost 18.9 pounds of water per square foot of surface in

four years, equivalent to a depth of 3 3/8 inehes of water, or less than

one i-nch per year. A four year old prune tree gror,ring in a sinilar tank

lost 1250 pounds of water in one growing s€âsotl¡
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Staple a¡rd lehan e (3Ð working r¡nder Saskatchewan conditions

report that the approxinate average daily evaporation mea$lred by the in-
tervals in days between rair¡falIs for the months of May¡ June and August

was 0.2 inch; for Ju1y, 0.21+ iach for Septenber, O.IL ineh, and for October,

O.OT5 lnch.

Danley (10) reports that evaporation from an evaporation tank

water surfaee at the Melita BeclamatÍon $tation in Manitoba, amormt to

23.03 inehes for the period fron May lst to August 3lst, l:gí3. ConparÍng

thÍs lr:ith the work of StapJ-e and Léhane, the average evaporation at Melita

from a tank surface was .16 inch per day for May; o.I8 j-nch for June, 0.21

lnch for July, and 0.19 inch for August.

J. Water Bequirenents of Plants:

Briggs a¡rd Shantz (5) defíne the tern Hwater requirernent as the

ratio of the weight ¡of water absorbed. þ a plant daring its growbh to the

weight of dry natter produoed.' This j-s also kno¡vn as the transpiraùion

ratíot ft 1s not constant and is dependent upon variations in environnental

factors such as the temperature and br¡nidity of the air, the velocity of the

rlnd, the intensity of the solar radiation a¡rd the fertllity of the soil.

These rvorkers report the water requirement of alfalfa as 1068, sweet clover

709, oaùs 611+, Uar1ey 539, wheat $A7, corn 369r sorghr¡n 306, and nJilJ'eb 275.

the standard field crops differ as their efficiency 1n the use

of water. Àl-fal-fa uses four tines as nueh water as rnillet and the more

efficient sorghums Ín the production of a pound of dry matter. Oorn ranks

next to sorghum and niJ.let i¡ efficiency i¡ the use of water. the water

requirement of oats, barley and wheat is about twice that of niJleù, but

oaly one-half that of alfalfa. On the basÍs of grain production, the water

requirement of nilIet and the grain sorghuns is approxi-mately one-half



that of oats and two-thirds that of wheat and barley.

Hendrickson a¡rd Veihneyer (18) reported that the grovrbh of
peaches was not affected untÍl the soiJ. moisture was redueed to a point

near the wilting poi.:at. Peaches picked from plots ¡vhere the soiL moisture

was deficient, were slightly hlgher in percentage of sugar and lower in
peíeentage of water. In the ease of peaches, a defieiency of readily avail-
able soil moisture during the pit-hardening period seríous1y affects the

subsequent size of the frlít. No differences in the keeping quality of

peaches frorn wet and dry plots were observed during tTre period. between pick-

ing and canrring.

Itrr:nter and Ke1ly (19 ) studied the extension of plant roots lnto

dry soil and. reported on corn roots penetrating a udryr soil having an initial
moist¡re content of 0.lr per cent. At the end of twelve days after gennina-

tion, two plots were exåmined and tbe moisture content in the vieinity of the

roots that had penetrated the ndryil soil was 1.0h per eent in one pot and

0.80 per cent i¡ the second. After 2l¡ days, numerous roots had grovm i-nto

the ildryn soil for one to two Ínches. lbe average noisture eontent of the

dry soil about the roots was l-.12 per cent. After 30 days it was for¡nd that,

regardless of relatíve hunidlty, ma^qr roots had e:cbended into the lrdryrr soil,

ltre surfaces of the roots were moi.st with e¡nrdate and in most cases had a

thin sheaùh of adhering soil grains. In this ercperirnent, radio phosphortrs

was used in the ndrftr soil. At the end of the experlnent a Geiger counter

did not reveal the presence of rad:iophosphonrs in the aeria-l portion of the

corn pl-ant. Tl¡is indleates that phosphorus j-s not taken in by the plant

utren the soÍl moÍsture is in short supply.

Hunter and Ke1ley (2O) report that a guaynle plant, Partheniun

argentatr¡:n could absorb nutrients from moist soi1, hB inches below the

-16-
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$rrface that was aù or below the perraanent wil-ting point.

There is some evj-denee to ind:icate that water is not equa-l-ly

available over the entj.re range from field capacity down to the wilting

point. Kraner (Zl) reports work, by Adrich aad Tfork, wl'ro i.ndicate that in

the very healy soils in Oregon, the growbh rate of pears is closely related

to the moisture content of the first three feet of soil. The fruits rrere

reduced in size wt¡en the soil moisture dropped below 7O per eent of the

readÍ.ly available moisture.

Adams, Veiåmeyer and Brow¡l (1) report that wtrere the soil nois-

ture remained at the wilting poi-nt for extended periods in the upper 2 or 3

feet soil, plant heights and yíelds of eotton were redueed.. Significant

differences in quality of cotton were found betnreen t\sÍetn and ildryrr treat-

ments, but these differenees were not of sufficient nagnitude to be of

eeonomic fmportance. Cotton plarrts ln the San Joaquin Valley in Oalifornia

will use the equivalent of about 2l+ inches of water, including sr¡rfaee evap-

oration and transpiration in producing normal yields of eotton.

Seeds of plants vary considerably in tbeir requirement of water

for gerrrÍnatj-on. H¿nter and Fickson (22) studied the germination of zugar

beet seed, corï1, soybeans and riee in reLation to soil noÍsture. The qpeclfie

moisture content requíred. to gemi-nate these seeds, tras approximately 30'5

per cent. the ¡¿inimr¡n amounùs of soiL moisture required for sugar beet to

attain this noisture eontent for gemi-nation was behreen h.hl per cent and

5.b5

c1.ay

per

per cent in tbe silt loan soil, 8.Bl+ Per cent and 9.117 per cent in the

Ioam, 10.2 per cent and 12.0 per cent in the sandy elay loan and 16.8

eent and 1?.? Per cent in a elaY so1I.

ß. Effect of Fe{tÍlity l,eve1 on SoiJ- Moisture:

Briggs and Shantz (Ð report erçerinents shoøing a reduction in
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the rater requiræent when fertilizers ¿tre used. fn soiLs that are hlghly

producti.ve this reducùi.on a^nounts to only a snalL percentage. In low-fer-

fÍIity soj.ls the water requirement nay be redueed one-haIf or even two-thÍrd.s

by the addition of fertilizers. High water requirement is often due to the

defieiency of a single plant elenent. As the supply of such an elenent nears
I

exl¡austion the rate of growbh, as measured by !þs ¿ssirnilation of carbon

dioxide, is greatly redueed., buù ùhere is no corresponding change in the

transpiration. This results 1n a high water requirement. Plants grorvn in
sater culture were found to have an increased water requirement if the solu-

tion lacked a suffieienü amount of plant food. Siagh and. Mehüa (36) studied

ühe water requirenent of wheat as influ.enced by the fertitity of the soll-.

These workers induced a variability ín soil fertÍlity by the application of

dlfferent manures in the organic and inorganic forms. The results of this

work point out that increasíng the fertility of the soi1, by addlùlon of

manr¡res, reduees the quantity of water needed per nniü of dry matter pro-

duced, but enhanees ùhe total- quantity of water transpired by the cropr

Snith (37) reports that sweet clover, Meli.lotus aLba and M. offici-

nalis, produce a greater proportion of theír total weight in roots under dry

coaditÍons than unden moist eonditions¡ but the total weight of tbe roots

plus tops r¡nder the t¡vo conditioas are about the sane.

L. The Effect of CuLtura1 Practices and. Crop on Soil Moistirre¡

Glendening (16) reports work eondueted in 1938 on the Sa¡rta Rita

ftperi-nental Bange, to dete¡mi-ne the effect of various kinds of litter cover

u¡ron soil moisture and ge:mination and energence of seedlings of 10 nati.ve

grasses. The soistnre eontent of the surface soil was 5.9 per cent under the

barley straw mrrlch, and 2.? per eent for bare soil. .A.verage soil noj.sture

at tbe 6-incn level wae 'î.6 per cent under barley straw and 6.1- per cent -
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u¡¡d.er bare soil. Germ:ination and emergence of the grass seeèLings was in-
creased f¡on h to more than 20 tines by the use of rnrlches.

Brorvrring (B) stu¿ied the seasona-l distributi-on of soil moisture

under different crops at ühe 2h to 36-inch leveI. Continr¡ous b3-uegrass

caused marked seasonal redr¡ction in available water at the 2h Lo 36-incf¡

depth. .[tfalfa reduced praetically all of the soil r¡oisture i-r¡ the 2L to 36

ilch depth of soil. Bro¡rning (B) reported. that no moisture was avaiJ-able at

the 3 to 8-foot depth on Ida soils where a1:falfa had been seeded down for 3

years or morêo Moisture contenü varies with depth in the soil and j-s Ín-

fluenced by the water requÍ-rement of the plært and the type and distribution

of the root systems. Oats have a relatj,vely high moisture requirernent early

in the season and corrr has the highest requirement for soil noisture in JuIy

and August. Browningls work reveals that the avaiJ,able moisture under each

erop of a corn-oats-neadov rotation and. r:nder continuous bluegrass are about

the same. Corn, oats, clover and bluegrass have different water requíre-

ments, and the moistnre content r¡¡der these crops would be different except

that the hlgh infiltration under clover and bluegrass offsets the higher

losses that oeeur by transpirati-on under these @Tops.

lÍegibben, et aI (28) report four seasons (3;9h2-l+5 inclusive)

study on the availability of soil moisture for forage produetÍon with and

witbout ireigation, indfeate that the soil moisture Ís approaching a eritical

Low when B0 per cent of the avaiLable noisture has been renoved. Irrigation

should be started rrvt¡en the avaílable soil moisture in the üpper 12 i-nehes of

soil is reduced to about 35 per eent of the a¡nount that the soil is capable

of retai-ning at field capacity. Forage p3-ants dlffer greatly in the depth

fron wl¡ich tbey wiI1 e:rbract water from the soil. Hagan and Peterson (1?)

reported on the raoisture extraction of ladino elover, broadleaf trefoilt
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a¡rd alfalfa. They concluded that ladino clover erbracted water the most

rapídly in the top 2 feet of soi1, and that the soil u¡lder laÀíno sas first

to reach Èhe perrnanent rrilting poÍnt, for each d.epth. Broadleaf trefoil was

i¡termediate and a-lfal-fa ¡aixbures the slowest j¡l exbracting water from the

reqpective soiJ-s. Planti¡lgs containlng the deeper-rooted legunes, (i.e.

broadleaf trefoil and alfalfa), dia not reduce the moisture to the wilting

percentage for the surface two feet of soil within the sanpling period of

Julyr August and the first half of Septenber. Ifithin the ühird foot *iffer-

ences in erbraction rate becane gma1l. In the fourtlr footr extraction by

trefoil plantings rvas faster and more complete than r¡nder ladino. In the

fifth foot, extraetÍon of water by trefoil continued but had nearly ceased

r:nder ladino. In the sixth foot, erbraction by trefoiJ and alfalfa con-

tinued at about the same rate. In the seventh footr alfalfa showed aetive

extraction, but in the eighth foot exbraction was slow. l[o water exbraetion

by trefoil was recorded below six feet-

Ktesselbach, et at (2J+) reported on the planting of alfalfat

sweet clover, and red elover, seeded in soil that had. not been cropped to

alfalfa before, and that had a relatively abundant subsoil moisture. Tlaey

stated that r¡nder sweet clover and red clover there îras no significant

moisture change below the sirbh foot throughout a five-year period. In the

sixth foot there rras sone depletion by sreet cfover and s1i-ght restoration

of moisture under red clover. Â1fa1fa, by contrast, had drarcn heavily on

the subsoil water to a depth of 15 feet by the end of the fourth Year.

Kapaker ar¡d Bortner (23) reported that crops i.:e Kentueþ, grona on Maury

silt loam, obtained lrater from the top 2 lo 3 feet, because root penetration

was negligible below this depth. In pot experi.ments wj.th cornr 12 per cent

of the water in the surface soiI, and 23 to 2l+ per cent in the subsoilr was
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wrava:ilable for the corn plants.

Painter ar¡d. teaner (30) con¿ucted an erçeri-nent on Springer

fine sandy loan in Nein¡ Mexico to investigate the noisture requirements of

P1ai¡rsmen grain sorghun. The roots of sorghum removed moisture to a depth

of 57 inches on plots vrhere there was a deficit of soil moisture with the

greatest rmoval- above 45 inches. 0n plots l'¡here there lras a sufficient

supply of available moisture, the sorghum plants re,m.oved moisture to a

depth of 45 inches; the greatest removal was at about 2l inches.

Frar¡zke and Hume (t4) reported that soil moisture plays an

inrFortarrt role in deternin:ing the level of hydrocyanic acid in sorghrrm

plants. The level of hydrocyanic acid content in sorghr:m decreased as the

moisture level of the soil increased. The greatest decrease i¡r the hydro-

cyanic acid content of sorghun plarrts occurred where the increase in soi-I

moÍsture and the application of naïlure r"rere combi-ned.

Hr:nter et aI (2f) report that the highest yields of turnips

were produced in the greenhouse under conditions of J-ow moisture t,ensíon

and the Lowest yields u¡rder high nroisture tension,. The effects of moisture

tension on the ascorbic acid content of the fresh leaves, rùere opposite to

the effects on yield. The higher percentage dry wei-ght, higher ascorbic

acid and, higher carotene content, on the fresh weight basis, was for¡nd in

plants

fiI.

groÌrn under higher moisture tensions.

The soÍl moisture regi-me of cropping practiees in an area is

closely correlated with the physical features a¡rd cli-nate of the region.

During the cor¡rse of his duties as Agricr.r-ltural Research Officer in eharge

of Ðistrict Þrperiment Substations in South-tüestern Manitoba, the author

made a study of the physical features ard clinate of the Substations.
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' The three Substations selected for this study are located in

the bror,tm-black and. black earth soil zones of South-tfestern Manitoba, ar¡d

.

are shown on Map No. 4. They are situated on medium te¡cLured soil, thus

naking it possible to compare the soil moisture regime of the eropping

practices under study on each station.

1. Ðeseription of Physical Features:

The Boj-ssevain Ðistrict Ðrperiment Substation is located on the

W| of Section 14 and. S.E. + of Section 15 in Tor.rnship 3, Range 20, ïlest of

the prineipal ¡neridian as outlined on Map No. 1. ït is i-rregular in its

topographical features (3e). The altitude of the land on the farm ranges

from approximately 1?50 feet above sea level at the building site to

approxi-roately IfOO feet in the ravine or depressed area at the foot of the

slope on the north-west quarber of Lh-3-2O.

The land. on the south half of the fann has a two to four d.egree

slope to the no¡th. On the southern portion of the north-west quarber of

section 1l¡, slopes are sharper and range up to nine per cent. In the north-

easteru portion of this quarber section the area is comparatively level and

Ís marked only by slight micro-relief. In the north-west corner of the

s¿me section there is a prominent kr¡oll of boulder till capped with a

nantle of sand and gravel.

The outstandir¡g feature of the south-west quarter of Section 14

is a deep ravj-né and several tributary inlets. The ravine on the south side

of the quarter has slopes of forby per cent or greater, and is approxinateþ

fifty feet deep. A smal] internittent strearn flor,¡s through this ravine in

the spring season and during periods of high rai-nfaJ-l. In the norbhem

porbJ-on of this section there is a depressional area whi-ch serves as a

runway. Sone sheet erosion has taken place from the surrounding slopes so
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that the lorolls are light in color, and. the low-Iying field is now covered

by a fairty even distribution of si¡rface materials deposÍ.ted to a depth of

I to 30 j-nches.

The south-east quarber of section 15 is more smooth in its
topographical features thar¡ the other quarters. In Èhe south-wesü coïner

of this quarter there is a poorly drained area which is parb of the runway

that turros and nrns eastward across the northern portion of south-east

L5-3'2O. The prevailing geological surface naterial- on this station is
glacial tiIL with thin alluvial and lacustrine sediments occurring over the

till in Iow-lying areas.

The Goodlands District Þcperiment Substation is located on

Section IJ, lownship 2, Range 24, tùest of the principal meridian. (See

Map No' 2) It has a gently rotling topography r,,riüh nr¡merous small depressions

tbat have slopes up to 6 per cent (12). rt has an overarl el_evation of

approximateLy L62l feet above sea Ieve]-. The southern part of the section

contains a number of d.eep i-solated. basins, one of which is estj-mated to be

30 feet below the surrounding area. The northern part has depressional

areas that are more shallow, and in man¡r cases these are connected. In the

centre of the section there is a shallo¡¡ intermittent runway running from

west to east that partþ drains some areas during periods of excessive

moisture.

The prevailíng geological surface deposit on this station is
glacial drift. Âpproxiraately 100 acres in the eastern part of the south-

east quarter is cover¡ed r,aith a thin mantle of variable textured lacustrine ,

naterial whieh is imperfectly to poorly draÍned, ranging from clay loa¡ to
cl,ay, 15 to 40 inches thick.

The Hargrave District Experiment substation i-s rocated. on
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Section Ió, Tormrship 11, Range 21, Ilest of the principal meridJ-an. (See

Map No. J) The topography is mod.erately undrrtatJ-ng or irregular gently

sloping in the rsesterrr portion of the farr on Section 16, but becomes

smoother in the eastern portion of Section 15 which has a slightly lower

elevation (33). The station is situated approxiruaüe1y 1ó00 feet above sea

leve1 in the till plain area of the trüestern Upla¡d regi.on. The terrain is

characterized by weIL drained ridges and knolls, gentle slopes and nunerous

snal-l depressionaJ- areas which may be ei-ther åspen rimmed ponds or saline

sloughs and swanps. Ðrainage on this station is localized. and. the runoff

water from the ridges and knolls is caught in the sloughs, some of which

are connected and partialþ drain in an easterþ direction. Ïfater collect-

ing in the depressed. areas percolates into the soil very slowly and much of

the ponded water eventually evaporates leauing salt concentrations.

2. Cli-mate:

Recorded weather data fron 1911 to 1950 in the town of Boissevain

loeated about two mi-Ies norLh-east of the station indi-cate a w'j-de nonthly

range j-n rainfall. The seasonal precipitation fron April to October has

varied fron 6.J2 inches to 19.12 inches, indicatùng that perÍods of drought

occÌrr in this area of Manitoba.

Precipitation reco¡rls have been kept on the Boissevain Substation

since 1938 and are tabulated in Tab1e No. L. For the period. of 1938 to L953

i¡rclusive the peak average rainfall was in Jr¡ne w-ith an average of 3.78

inches. The mean monthly precipitation for the period of April to Septenrber

inclusive for the years L938 lo L953 Lnclusive was 2.2J inches.

emperatures have been recorded on the Boissevain Substation

since L949. The annual mean temperature for the years 1949 to 1953 inclus-

ive was J6.2 aegrees Fahrentreit and. the mean temperature for the sunmer
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months of April to October was 53.9 degrees Fahrenheit for the same period.

Temperature reeord.s have not been kept on the Goodlands and Hargrave Sub-

stations.

The record of precipitation for the Goodlands Substation is

recorded in Table No. 2. Exanination of the data for the years 1936 Lo

1953 indicates that the rainfall reaches its peak in Jule with an average

of 3.55 inches for the period. This is slightly less tha¡r the average for

the Boissevain Substation. The e:ctreme high rainfall was recorded in L937

when 6.31 inches fell in the month of July.

Precipitatj-on records for the Hargrave Subsüation are tabulated

in Table No. 3. The peak precipitation oceurs in tbe month of Jwre and the

average for ühe period. of 1940 lo L953 inclusive was 4.34 inches. An

examination of the data indicates slightly more moist conditions in thj.s

part of the province. It is interesting to note the exbrenely high rainfall
of 9.75 inches in Jr¡ne 1944 and 7.92 inehes in Jv];y ]rgt+g. The rainfall
picture for the south-western region of Manitoba is t¡rpical of a continental

cli-mate with the peak occurring in the month of June when the amount of

solar radiation is at a maxi-m:n

IV. INTTE.STIGATTOI{AT PROTEDI]RE :

The rotations outlined for the study of soil moisture in this

thesis include two eight-year rotations on the Substations at Boissevaln

and Hargrave, and a two, three, a¡rd four-year rotation on the Substation at

Goodlar¡ds. ftIhen designing a rotation for study on a farrn or plot area, the

land is divided into as nany fields or plots, as there are years in the

rotati-on. The following outline wiIL indicate the croppi-ng sequence of

the rotations on District E:rperiment SubstationÊ ïrrhere the soil moisture

1. Field Investisatisns:



Yeer

Lg38
L939
L9l+O
194r.
Lgl+2
L9h3
194t1.
L9l+5
L9t+6
L9t+7
19r{É
L9t+9
!950
L95L
Lg52
L953

Precipitatlon Record (tnetree) for Boissevain ÐiEtrict Eapertrnenb Substaülon.

Jan- Feb- Uer.

.01 .0r

.80 I.55

.35 1"30
1.00 .l+5
.50 .55

1.50 1.50
.åo .60
.73 1.oO
.95 .L3

1.00 2"8'l
L.35 .95
2.55 .55
2.O3 .35
1.05 r.r2
1.32
.65 .?r

,67 .76
.25 L.45

1,00 2.3O
1.50 2.67
2.85 L.Az
1.80 .ó8
r.80 .29
3.h2 1.91
1.03 .50
.90 .l+3
.85 2.78

L.25 2.29
.6j 1.85

l.l|o ,86
.28

2,52 1.I3

-åor.

lable No. I

Average

EITNEùE.
Ion
Ieer
Higlt
Year

1.ó0 .96
2.28 3.21+
2.96 3.7L
5.23 3.OO
1.96 1.08
2.65 3.99
2.53 8.95
L.g7 3.53
.55 2.18
.65 7.72

2.81 2.57
L.2ß 3.1'+6
4.Oh 4.6h
.hJ+ 3.Jh
.31+ h.25

3.87 9.99

Jul-v Aup. Sent. Oct,. NoY.

1.Or .85 1.38 1.31 2.L6 3.78 2.3O 2.82 L.26 0,9É O.9l+ 8.97 58.L3 L3.91+ 19.76

2.2ß z.Lg
2.52 2.31
3.51+ ,,L61.01 2.95
3.26 3.L72.73 h,63
1.gg 3.75
1.ó8 2.94
2.L5 2.60
.76 3,gl

}+.gg 2.56
2.?8 .69
zJJ+ 1.06
1,30 3.77
2,5O 2.25
1.12 1.16

.01 .00 ,25
1938 1'52 L939
2.55 2.87 3.1+2
Lghg Lgtil L9t+5

* len inches snow is equal to one i¡ch of precipitatlon.

I.0l+
.?7 .3L
.95 L.L3

5.1+7 L.59
L.67 .10
.5h .91

L.2l+
L.25 .97
1.20 2.85
,g¿t .43
.04 1.20

L.22 2"8¿l
L,97 .l+9
1.81 L.33
.23 .A5

1.01 .l{l

.00 .34 .98
L952 L952 L938
2.78 5.23 8.95
1948 19¿ù 1944

Total
È Annual

Sno¡r-
fe].I.

L.r9 r.l4
.LL .39
.66 .60

L.l+6 .33
.81 r.40
.55

1.09 .60
l.?0 .75
1.15 .AO
.82 2.5O

2.3? 3.1$
.79 L.3o
.84 r.53
.90 .35
.57 .O5
.o2 .'ll+

Dee.

Total Total
Ännual Annual
Raln- Preeip-
fall. ítation.

20.3 9,82
32.9 r2.7L
5g.a L7.L6
6L.g æ.h7
60.5 L2.3t+
63.0 r5.oq
40.00 L9.21+
52,8 L6,57
57.O 9.9984.0 Lh.39g6.0 L7,30
67.' U.25104.5 11.14
65.b 10.93
r9.o 9.91+
56.5 1r,74

.76 .69 .oo
L9t+7 L9t+9 1938
l+.99 5.L6 5.h7
1948 1940 191+1

11.85
L5.98
23.06
26.66
L8.39
2r.39
23.21+
2L.85
L5.69 | j

22.79 B
25.9A r,

2I.00
2L.59
].7.l+7
1I.8r+
t7.39

.co .o2 .00
LgM L953 L9t8
2.85 2.32 3.48
r9h.6 Lgt'+8 1948

20.3
T938

LoL.5
L950



L936
L937
1938
L939
1940
194T
Lgt&
l-9h3
lgtl}
L9U5
Lgt+6
L947
1948
L9h9
L9re
L95L
Lg52
L953

Precipitation Record (inches) for Goodla¡rd,s ÐístrÍct E:rperi.nent Substation.

Jan. Feb.

1.70 ,2O
1.10 .50
.60 L.z5
,'lO .?5
.3O L.?5
.52 .55
,35 .30

1.50 1.60
.50 .65
.93 .60
.80 .90

"80 1.40
.75 .ê5

L.95 1.1+O
1.15 .60
.70 .88

1.10
.'lQ .¿+0

Mar.

2.60 .08
.40 L.73
.79 .59
.56 r.ot
.5O 1.87

L.65 2.L3
3.'ll+ 1.06
r.85 .49
2.40 .76
2.89 L.24
.25 .O7
.5O .71+
.60 3.og1.oo .'15
.25 L.5A

1.10 .l+3
.20r.r5 .76

Apr.

Table No. 2

Average

.gl 2.03 .2?
2.7h 5.75 6.3L
1.r7 1.20 3.262.59 3,5r 3.36
2.68 3.13 5.67
2.69 3.1+5 1.30
1.46 2.1+2. 3.36
L.45 l+.28 3.082.53 8.lg 2.39
r.03 3.72 2.69
L.32 L.65 L.g5
I.03 lþ.25 3.1ù
2,39 L.66 4,89
1.15 h.77 3.71+2,r0 5.00 z.Lg
.68 2.Og 2.60
.40 2.6Q L.?b

3.85 l+.23 I.83

EI(TREMES.
Iow
ïear
High
Year

.90

Arre. Sept. Oct. Nov.

.30
1940 t952
L.g5 L.75
r9u9 1940

.81 L.zl+ I.0I 1,78 3.55 3.0O 2.3O 1.12

L,27 L.65 .l+9
.25 L,56 1.70

L.55 1.09
2.1+6 .72 .h5
h.5L .56 ,6L
4.L7 h.28 L.46
2.92 .66 .L?
2.33 .63 .83
4.91 L.7l+
2.29 1.00 .98
1.58 .ê2 L.25
z.gL .92 ,4O
1.00 - L.25
.45 .81+ I.ó0

2.1n6 2.56. .hT
4.70 1.88 l.O1
1.05 .04
.7O .3O L.56

û Ten iaches snolr ls equal to one ínch of precipítation.

.20 .ho
L952 L952 L952
3.71+ 3.A9 3.85
rgt+z Lg38 L953

Total Total Total
t .Anr¡ual Annual Aru¡ual

Snow- Bai.¡a- Precip-
Dec. fall. fall. itatíon.

.25 1.¿|0

.90 .9O
1.40 1.00
.07 .40
-95 -52r.o7 .64
.gr L.37
.65 .15
.97 .35

1.70 .3O
.90 ¿36

'40 1.10
1.00 2,50
.85 L.L5
.45 .85
.55 .80
.18
.55 .L6

1.20
L938
5.75
L937

61.0
32.O
37.5
25.2
58.4
55.7
63.3
60.3
46.0
l+8.8
l+3.O
h3.8
65.o
66.0
58.O
45.4
13.1
30.6

.27
L936
6,31
L937

6.72
20.Ol+
10.14
14.07
T?.2L
L8.26
L2.L9
L2.O2
20.78
1Jc'.l+9

7.55
L3,48
L3.l+l
t3.o5
L3.78
12.88
6.00

L3.L3

.25
L937 r 3$ r /¿8 t 4lrt J2
l+.9I h.zo 1.70
Lghh 194r L93?

12.82
23.21+
L3.tg
].:6.59
23.O5
23.t3
]Å8.52
I8.05
2J$8,:
19.37 Þ
11.85 rl

L7.86
L9.97
L9.65
L9.58
L7,IQ.

7.3L
L6.L9

.81 .76

.07
L939 L952
1.?0 2.5O
L9t+5 1948

.'lb l+7.1+ L3.29 18.03



Iear Jan. Feb. Mar. Âpr.

I9Iú
I9¿+1
L9l+2
L9l+3
L9l4]+
L9l+5
L946
t9h7
r948
L949
L950
L95T
L952
L953

Table No. 3

Precipltation Record (lnches) for Hargrave DÍstrfct kperinent Substation.

.24

.90

.&0
1.00

.22
L.20

.90

.32
r.00

.10

.10

.7O
L.3o
1.30

.go .85

.54 l.O0

.60 3.oo

.20 .I0
"60 r.ro
"45 2.L8

2.10 .90
2.00 .80
1.60 1.00
.60 r.40
.20 .50

1,20 1.70
.æ

.80 3.30

Average

r,00 L.gg 2.59
3.06 L.1h 2.65
r.0o 3.L2 2.73
.L3 3.65 3.5Ll.2g 1.96 9.751.89 .',lÙ 2.77
.3ê L.52 2.6L
.56 .90 8.29

2.A9 3.L6 3.10
- 3.80 b.95
.40 3.ha 5.79,57 r.60 1.97
,24 .25 5.r9
.76 2.36 I+.97

ffiTRE¡lES.
Iow
lear
t{igh
ïear

.69

,ro 0.00
I t+9,50 Lg52
L.30 2.r0

t 52153 L9l+6

.8r+ 1.29

L.65 3.L5
4,1+9 I.37
l.'12 h.è6L.zh .81
L.32 3.29
.51+ I.20

4,36 2.6L
.36 3.80

h..5? 2.57
7,92 1.31
5.r1 3.65.97 2.2).
1.28 5.55L.tQ .36

Aus. Sept. Oct. Nov. Dee.

t Ten inchea sno¡r is equal to one í¡ch of precipitation.

.10 .00 .7O L.g1
Lgt+3 L949 L9t+5 L95r
3.30 3.06 3.80 9.75
L953 I9lù I9t+9 Lgt&

,95 2.L5 l+.31+ 2.64 2.62 1.28

.5b
3.7h

,7?
.37
.gg

2.36
r.73
L.54

.?6
1.?0
1.87

.35
1.30

L.25
.61

.5'+

lzt
2.00

.2h

.9b

.67

.66
L.29

1.1-6

Total
û Annual

Sno¡r-
få-11.

.90 1.10
r.30
.5Q r.50
.40
.20 .33
.80 .90
.7O .80
.8o L.3A

l.?o 3.60
.40 1.50
.10 .40
.'lo .3o
.20 .3A
,30 .60

foTar---EEãI-

.51+ .36 .00
L9t+5 L953 1948
7.92 5.55 3.7+
L9t+9 L952 19¿+1

Anr¡ual " Anrrua1
Rain- Precip-

52.O
l$.5
óo.o
26.O
2k.o
46.0
79.o
56.2
97.o
45.A
58.0
57.o
22.O
69.0

f¡.'11. itation.

10.9r
L6.5L
l/+.20
9.35

I8.44
11.16
L2-7L
L5.29
L5.63
18.91
L6.L5
9.38

].2,62
LL.73

.72

16.TL
2L-36
20.20
LL.95
20.84
L5.76
20.6L
20.9L
25.33
23.l+L
2L.95
15.08
34.82
r9.63

0.00,, , .10 .00
L9h2|Tå.I95o Lgt4tt tû
2.OO "-l-.7O 3.60
I9t+6 L9tt8 1948

.6h .9CI 52.8

.lt
¡\t
I

13.78 19.06
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investigations uere conducted.

Boissevain - Eight Tear Mixed-Farzring BotatÍon.

Botation Year I Fallol'r Field
Botation Tear 2 lfheat on Fal-Ior¡ Field
Rotation Y,ear 3 Oats, Seed Alfal-fa and Brome Field
Rotatíon Year 4 l{ay, First Tear Fíetd.
Rotation Year I Pasture Field
Rotation.Tear 6 Sod-breaking I'ie1d.
Botation Year 7 Ï{heat on Breaking Fie}d
Rotation lear I trrlheat, second erop after break Field

The field plan for the Boissevain District fuperi:nent Substation

i.s outlined on Map 1.

Goodlar¡ds - fwo fear Grain Rotation

Botation ïear 1 Fallow Field
Rotati-on Year 2 Wheat on Fallow Field

- Three ïear Grain Rotation.

Rotation Year I Fallorv Field
Botation Y,ear 2 lfheaÈ on Fallou¡ Field
BotatÍon Year 3 lrlheat on Second Grop Fie1d

- Four Tear Mixed-Farning Rotation.

ffotatisn Year I Fellow Fietd
Rotation Year 2 fúÌreat on Farrow, seed crover and brome Fierd
Rotatíon Y.ear 3 Glover Hay and Break Fie1d
Roüatisn Tear 4 Barley afüer Hay and Breaking Field

The field plan for the Goodlar¡ds Ðistrict Þrperi-nent Substation
is outlined on Map 2.

Hargrave - Eight Tear Mixed-Famring Rotatíon.

3
7
I
5
4
I
¿
6

Rotation Year 1 Fallow Field
BotatÍon Year 2 lfheat on Fallow Field
Botation lear 3 Barley seed, al-falfa and brone Fie1d
Rotatj-on Year l¡ Hay, First Tear Field
Rotation ïear 5 Pasture Field
tsotation Year 6 Sod-breaking Field.
Rotation Tear 7 lfheat on Sod-breaking Field
Rotatíon Year I Oats Field

The field plan for the Hargrave District ExperÍ-urent Substatj-on

is outlined on Map 3.

20
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2
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D
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1
7
6
3
2
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5
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The sa¡trpU-ng sites for soil moisture sanples are shown on the

soil map of each Substation (see raps L, 2, 3). These sites were chosen on

the well-draÍned soj-I associate, characteristic of the Substation area.

A composiùe of five soil moisture samples were taken al O-!2,

L3-Zh, 25-36, and 37-hß inches in d.epth at each sampling site by means of

a four-inch post hole auger. Tlro sets of sanples were taken; one in the

spring before any appreciable growbh had started, and the second set early

j-n the falt after harvest. Eaeh sample of J00 to ÀO0 grans of noist soil

was placed in a rr¡bber-sealed frGemrt pint-size fruit jar to prevent loss of

noisture. ^A,fter aJ.l sanples. rùere taken in the field, percent¿ge moisture

d.eterminations on a dry-weight basis were made at the Þrperi-mental Farur at

Brandon.

In onler to calculate the amowrt of water in inches to a depth

of four feet, the voh¡me weight of the soil for each station was calculated.

Samples were taken usi-ng a square sampling tube 4 j-nehes by /a inches by 6

inches d.eep. The percentage moisture on a dry weight basi-s was calculated.

and the volume weights deterrined.

2. LaboratorÌf Investieations3

A. Total Moisture Percentage:

The ¡rsealedr soil samples were brought into the laboratory at

Brar¡don where all weights tdere recorded in grans using a ¡tToledot¡ counter-

type scale. The samptes were dried. at a temperature of 105 degrees

Centigrade to 110 degrees Centigrade for a 48-hòur period. Checks were

nade ar¡d at no instar¡ce was there found to be arqr change in weight after

drying for this period. a'i'l sanples were a]]owed to cool before recording

the final wei-ght from wtrich the percentage moisture was calculated on a

dry weighf basis.



Moisture equivalent detenni-nations were made on each sample

using the nethod by Briggs and McÏ"a¡¡e (4). The calculations were made at

the Soils Deparbnent of the University of Manitoba as no soi-I centri-fuge

was available at Brandon.

Q. tlelative Moistufe:

Relative noistr¡re calculations were d.etermined. to express ùhe

soil moisture present in a sarnple as a percentage of the moisture equivalent.

This method was used. by Conrad. (ç) to ninjmize eruor that would occur in
results due to variations in soíI texture. This method was parbicularþ

valuable in this study where there were differences ,in soil texture as

Índieated by variations in the noisture equivalent. The Tr:key metiroO (39)

was used to determj-ne significance anrong the relative moi-sture groups, and

forxrd to be a very convenient way of separating several values into groups

ï¡here there ïras no significance within any oner'but significance among the

groups,

V. R6TII,TS ^ilIIIÐ ÐT$CUSSION OF RBSUTTS:

There r¡as considerable variation in the percentage of total
moisture fron field. to field and fron ^d.epth to depth. In grain fields the

total moi-sture percenb age Ìrras greater ín the first foot in the spring than

in depths deeper in the profile. In the fal.l ühere was a reduction in

moisture througþout the four foot depth in the grain fields buü an increase

ín the case of faltow fields. The teru t¡total moísture percentagen has

little significance unless it is expressed in relation to the moisture

equival-ent which is an exipressi-on of field capacity for medir:m-textured

soils. the total moisture, moisture equivalent, relative moisture, and

calcrrlated hygroscopie coefficient results are record.ed in Tab1e Nunber 4

B. Moisture Equivalent:
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for fields sanpled on the Boissevain District E:cperi-ment Substation. The

moisture eqrrlvalent va-lues obtained for the Boissevain Substation ind.icate

that there is some variation in texbure jn the respective fields and d.epths.

Examination of the d.ata shor,¡s that the values are near the value 21 r,¡hich

is a close esti:nation of the fiel-d. capacity. Before the eight-year cropping

system uras established on the Boj-ssevain Substation moderate soil erosion by

wind and water had occuned. This would e:çlain some of the variation in
the moisture equivalent results obtained..

The relative soil moisture data for fields studied on the

Boissevai¡r Substation are recorded in Table ¡e. 5r and the relative moisture

groups as determi.¡red by the Tr:key (39) nethod are also,recorded in ùhis table.

The data i-n Table No. 5 was anaþzed statistieally and the resulting anaþsis

of variance is record.ed in Table No. 6. The resuLtsof grouping the mean

relati-ve moisture percentages by using the Tukey method are record.ed, in
Table No. 7.

The analysis of variance of the Boissevain relative soil moistrrre

results as outlihed in Table Nr¡mber 6, indicates signifi-car¡ce at the one per

eent level for the nain effects of fields, depths and sarrples. A1I second

order interactions are significant at the one per cent level. The nini-nun

significant difference of 8.48 per cent is required to separate the mean

relative moisture percentages into groups. The res¡¡-lts of groupi-ng the mearrs

as tabulated in Table Nunber f, indieate that group /a contains the greater

nr¡mber of valìi.es ranging from 56.L1+ per cent ro h3.60 per cent. Fields

having moisture values in this range were deficient in moisture to the point

where plants were unable to naintain turgidity. Relative noisture groups 1,

2 and 3 had sufficient moistr¡re to keep the crop fron wiltÍng, and each

group was signi-ficarrt from the one above in the order 1 (wet), Z (noist),



Fleld and
Ðepüh Ín

Inehee

0-12 InehEs
L3-24 tt

25-36 $

3?-l+8 n

No. 2
O-L2 Inches
L3-2h tt

25-36 tr

37-l$ I'

No.. ?
0-12 Inches
L3-24 rr

25-36 r¡

37-l+8 rr

No. lr
O-12 Inches
L3-24 rr

25-36 rr

37-h8 r

PEBCENT S0It DfOISruRE, tr{OISTIIfiE EQUMI$TT, ñELATM
MTSTT'RE AIIIÐ C.AT,CUI,ÁÍED HTGBOSCOPIC COEFFTCINüT FOB
FÏET.DS SAI{PIÐ O¡{ BOISSEiVAIN DISTRICT E¡{PERIMEITT ST'BSTATION.

lotal Msi.Etr¡re
Pereer¡t

r7.ó8
t.lil+
7.86
7.08

2I+.93
L9.20
15.3o
L6.39

23.tñ
L6.til+
Lo.3g
8.26

2L.O5
L3.43
L2.l+6
L3.2L

lable No. lr

Moisture EquÍv-
alent Percent

L2.hl+
g.3g
ê.58

E.6g

9.1+3
6.55
8.82

1J.72

L6.31+
20.O5
L2.90
LO.h2

10.48
8.sz
8.r8
7.52

19.18
L7.65
L7.93
L?.50

23.55
%.59
22.69
23.02

24.39
L9.09
L7.38
15.81

2L.36
23,67
2l+.3?
28,21+

Belative Molsturre
Percenü

Lg.g3
18.90
L6.6L
22.65

2L.22
14.80
2L.49
22.76

19.08
2r.73
l.5.l+h
9.89

2O,lrg
20.L6
20.31+
L8.57

92.Lg
l+?.82
44.08
Aþ.1+6

105.86
72.23
67.tó
71.16

'tl4.76
86.L2
59.78
52.21+

98.55
56.71+
5L.L3
l+6.?8

I{ygroscopf.e
CoeffLoient

6z,trz
l+9.63
5L.66
5L.35

U+.44
ll+.26
,+I.0r+
5L.l+9

85.6h
92.27
83.55

Lo5.36

5L.L7
I+2.5L
l+O.22
40.50

7.O9
6.53
6.60
6.rÉ

8,ru
9.83
8.39
8.52

7,rh
7.06
6.1+3

5.85

?.go
8.76
9.O2

L0.45

Fel ì

7.37
6.gg
6.w
8,38

7.85
5,1$
7.95
8.h2

7.86
8.04
5.7L
3.65

?,59
7.46
7.53
6,97

d\})
I

Continued.
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Field and
Ðepth in

O-12 Inches
L3-2h "25-36 tr

37-l+8 tr

No. 6
0-I2 Inches
L3-21+ rr

25-36 tt

37-h8 rr

No. ?
0-12 Inches
L3-24 rr

25-36 n

37-48 t'

No. I
0-12 Inches
L3-21+ rr

25-36 r
37-l+8 rr

L9.2L
w.24
9.44
9.O2

Lg.2g
9.O9g.lg
6.gL

28.06
20.22
18.rÉ
L7.t$

18.07
15.88
w.25
1r.91

TableNo.4-Conttd.

MoiEüure Equiv-
a-lenü Percent

].:0.32
10.03

ê.51+
9.18

T1.49
8.78
8,27
7.15

14.18
L3.l+8
L2.35
L3.78

L6.86
t3.r4
10.88
LO.65

24.82
2L.9O
23.96
22.92

22.62
28.92
18.10
lJ+.?0

25.39
25.05
23.L9
23.O5

L7.O3
2h.62
22.O5
22,32

Relatlve Moisture
Pereent

22.O9
2)-.28
L7.95
19.18

23.2O
22.39
æ.32
]':6.92

2L.99
26.L8
20.61
L7.30

20.13
14.29
L3.O9
L3.L9

77.1+O
55 "t
37.73
39.35

85.23
l+3.1+5
l+5.25
h7.oL

lJO.52
80.72
79.69
75.49

IOó.IL
64.50
55.56
53.36

Calculated
Hygroscopie
Coeffieient

14ß.72
l+7,L3
l+7.58
h9.l$

h9.59
39.2L
40.70
52.26

6b.t$
5L.tg
59.92
79.65

83.76
92.01
83.W
80.74

Spring

9.Iê
Ë.10
g.gó
8.¿18

8.37
7.7h
6.70
5.1+J+

9.99
9.27
8.58
8,53

6.30
9.rl
8.1ó
8.26

8.r7
7,87
6.61+
7.r0

8.59
8,28
7.52
6.26

9,14
g.69
7.69
6.40

7.45
5.28
4.84
4.88

-l
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I



Rotation Crop and
Year Field No.

Fallow (3)

trùheat on
fa.Llor^¡ (7)

Oats on
Second trop (1)

Hay First
rear (5)

Pasture (4)

Sod-breakÍng
(s)

Wheat on
greaki'1g (2)

!{heat on
Second Crop (6)

RET,ATIITE SOIL MOTSTURE:
BOISSEIIATI\Î DTSTBICT æERIMENT SUBSTATTON

Time of
Sanpling

Table No. 5

Spring
Fal}

Spring
Fa].1

Spring
Fal1

Spring
Fa]-1

SprJng
Fall

Spring
Fal1

Spring
Fal1

Spring
Fa.[l

Relative goisture j-n Per CentOn
o-I2 L3-2t+ 25-36 37-t+S

ins. i-ns. ins. -ins.

aL4,76 96.L2 59.79 52.2485.6t+ 92.77 83.55 to:- .36

l1:O.52 80.72 79 .69 Ti.t+g6t+.48 5I.49 59.92 ?9.65

92.L9 1t7.82 44.08 tþ.h66z.tuz hg.6l 5r.66 5L,35

77..hÐ 55.89 37 .73 39.35hß.fz h? .t3 t+7 .58 t+g.Le

98.55 56.7t+ 5L.I3 46.T551.17 42.5I t+0.22 tþ0.5o

106.11 64.50 55,56 53.3683.76 gz.Ot 83.L2 eø.zt+

105.86 72.33 6? .t+6 7A.16
l+l+.1+4 l+t+.26 At.O4 5L.hg

85.23 43.h5 45.25 1+7 .Or
49.52 39.2L 40.70 52.26

Total

Mean
Relative
Moisüure

3t2.9s
367.32

3l+6.142
255,5t+

221+.54
2t5.06

2L0.37
190.91

253.20
47h.40

279.53
339.63

316.81
L81,.23

22O.gh
181.ó9

Per Cent

78,22
9r.83

86.60
63.89

56.I/,+
53.76

52.59
t+7.73

63.30
l+3.60

69.88
84.91

79.20
t+5.3L

55.24
l+5.1,2

Relative
Moisture

Group

2
I
2
3

4
4

b
4

3
l+

3
2

2
l+

l+

4

I
UJ\o
I



Source of
Variation

Fields (f)
Depths (o)
Sanplings(S)

FttÐ
FXS
Ðxs
FXDXS

AXIA¡YSIS 0F VARIANCE 0F DATA IN TABT,E N0. 5.

Ðegrees of
Freedom

TOTAL

:oc - Significanü at one per cent 1evel.

Table No. 6

7
3
I

2L
7
3

2L

Sr:ms of
Squares

to57L.68
5876.89
l:OI+7.58

966.66
hr3r.58
5271.91+
6g9.gt+

63

Group I

9L.83

Mean
Square

28566.L7

GROTJPING OF MEA\I RETATTVE MOTSTURE
PBCENNAGES BT TUKEY MBTFTOD.

L5l:O.2l+
L958.96
1047.58

46.o3
59O.22

L757.3L
33.33

Group 2

96.60
84.91
79.20
78.22

Table No. 7

F-Va1ue

45,3L w
58.77 w.
3L.l+3 n
1.38

L7.7L w
52.72 w.

Group 3

69.88
63.89
63.3o

¡,i
+iol
¡l

Group 4

56.L4
55.21+
53.76
52.59
t+7.73
45.Q
45.3L
l+3.60
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arrd 3 (a"y).

The mean relative soil moisture in the fallow field (ttô. 3) was

significantþ greater in the fa]] than in the spring and was significantly
greater in moisture content than al.l other fields. The storage of moisture

in the sod-breaking field (fto. g) was signifieantly less than the amor¡nt

stored in tbe fallow field. It was of i¡tei"est to noüe that the relati-ve

soil moisture group for wheat on breaking (lüo. e) was the sane in the spring

as the relative soil moisture gr"oup of sod-breaking field. (l¡o. S) j-n the
f411. In other words, sufficient moisture was stored. in the sod-breaking

to provide for an average yieId. of wheat the foJ.lowing year. The results
indicated that grain grþwn on second erop after sod-breakÍng (ivo. 6) may be

deficit in moisture if a season has below average rainfall. l{heaü on fallow
(tuo. ?) reduced the stored moisture from the top of relative moisture group

2 to group J. Mean relati-ve moisture pereentages falling in group J were

approaching the wilting point and must reþ upon rainfall ühe following year

to produce a crop. The soil moisture i-n the pasture field (No. 4) nas

sígnificantly greater in the spring than in the fa:Ll. Al-falfa and brome

grass depleted the moisùure to a depth of more than four feet in this field.
Fie1d's under alfalfa a¡rd brome should be broken early in the season to
ensure a good storage of moisture to d.epth of more than four feet. The

relati-ve soil moisture is represented graphically in Figures Number 1 to
Nr¡mber J, inclusive.

It is significant to note that the per cent relaùive moistgre

in the soil at the time of the fa'lI sanpling ($eptember 11) was below the

wtltÍng point in field I which was second. crop oats after fallovr; in field 2,

¡rheat on

wheat on

breaking; in fietd 4, pasÈure; in fieLd 5, hay, and

second crop after breaki.ng. This would indicate
n--r l.{F U.,-TF
; the cropd'

4h
r r;:.f ..

,** 
-t 
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RELAINE SOIL MOISTURE - BOTSSEVATN

FIELD I.-SEC

F{
a

oâ
l)
H
a0
i¡l
Frt

U'
UJ
Å
C'

=z-

J.t-
o-
l¡J
ct

o-t2

FIELD 2.- WHEAT

Rot at lon'Year ,

57-¿18

I

I

I

I

I

I

I

8RE AKII{G

FIELO 5.- FALLOW

l5-e¡l

Rot at lon

25-56

37-¿r8

I

I

I

I

I

I

I

I

I

RELATIVE SOIL MOISTURE
H.C.- HYGROSCOPIC COEFFICIENT
W.P. - WILTING POINT
F.C. - FIEIO CAPACITY

ro ?o o{o
H.C.

o6070 80 90 too
F.C.

IN PERCENT

fiTffl spnnc

rfilL
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RELATIVE SOIL MOISTURE - BOISSEVAIN
Rot at i on

r3-24

FIELD 4.- PASTURE year 5

37-48

Ø
l¡¡
-.j2

oa2
oFrapF
Ëo-

l¡Jo

o-12

rL24

FIELD 5. - HAY

25-36

37-¿t8

I

I

I

I

I

I

I

I

I

Rotat ion
Year 4

o-t2

r3-24

2$36

37-¡r I

I

I

I

I

I

I

I

I

I

H.C. W.P

RELATIVE SOIL MOISTURE
H.C.- HYGROSCOPIC COE FFICIENT
W P.- WILTING POINT
FC. - FIELD CAPACITY

I

I

I

I

I

I

I

o3040 50 60 70 8090t

IN PE RCENT

ffisanrne
!mur-
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RELATIVE SOIL MOISTURE - BOISSEVAIN

o-r2

r3-24

l'c\

o
oâ
o
H
a0

r¡{
Þ{

FIELD 7.-WHEAT ON

25-36

Ø
l¡J
-(J
z

=r
Þ
o-
l¡Jô

37-{8

o-12

Rotatl on

t5-2¡r

F|ELO 8.- BREAKING

25-30

3È¡fB

to ?o 50 40
H.C.

RELATIVE SOIL
H.C.- HYGROSCOPIC COEFFICIENT
r. P. - wtLTü{G POTNT
F. C. -FIELD CAPACIlY

Rot at ion
Year 6

50 60 70
YI. P.

MOISTURE

80 90 roo
EC.

IN PERCENT

[Tlïlspnrne

I FALL
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the above field.s were able to utilize the soil moisture belorn¡ the wilting
point.

The total moisture percentage, noisture equivalent percentage,

relative moisture percentage, and. the calculated. hygroseopic coefficient

data are reeorded in Table No. I for fields sampled on the Goodla¡¡ds Ðistrict
E:<periment Substation' The total moisture percentage values are variable,

but the moisture equivalent figures are more uniforrn indícating a soil with

greater uniforuity and texture. The relative soj-l moisture percentage

figures are recorded in Table No. 9. The rel-ative moisture groups are also

recorded in this table. The data in Table No. 9 was anal¡rzed statistically
and the resulting analysis of variance j-s recorded in Table No. tO. The

grouped mear¡ relative moisture percentages are record.ed. in Table No. ll.
The analysis of variance of the relative soil moistr¡re results

at Goodlands is.forrnd in Table No. 10. the main field effect is significant
at the five per cent leve1 and the nain effects due to depths and samples

are significant at the oRe per cent IeveI. Second order interactj-ons of

fields x sanples, and depths x samples¡ ârê significant at the one per cent

level. The fie1d. x depth interaction is not significant. Tbe minimr¡m

si-gnificant difference requi-red to separate the mear¡ relati-ve soil moisüure

values in groups is 1d.20 per cent. Table No. 12 gives the results of

grouping the mean relative moisture percenÈages. The greatest nr¡mber of

means falt in group 2 having a rar¡ge of rerative moisture from 90.5g per

cent to 66.26 per cent. Group 3 eor¡bains relative moisture values ranging

from 60.p0 per cent to 5O.OZ per cent. One value is for¡nd. in each of groups

1 ar¡d 4.

Ii: tire two-year fallow, wheat rotatj-on at Goodland.s a1l mean

relative moisture values occur in groups 2 and.3. In case of the fallor^¡



Field and
Ðepth in
Inches

0-12 Inches
L3-24 tr

25-36 n

37-14ß A

t{o. 21

PEBCFÀTT SOIL MOTSTURE, MOISTURE EQUTVAT,BüT, RET,ATITE
MOISTUNE ÂS]D CALCULATED IiÍGBOSCOPIC COEFFICTENT FOR
flIEI.ÐS SA}ÍPI,EÐ ON GOODLA¡¡ÐS DTSTRICT HCPERTMENT SI]BSTATTON.

Total Moi.sture
Percent

0-12 Inehes
L3-24 It

25-36 n

37'h8 tt

No. I

18.05
LL.?1
L2.l+6
13.06

22.8I
L9.62
L9.31+
l..8.31+

30.56
L6.57
16.50
16.19

L9.24
w.50
L3.90
L5.IQ

lable No. 6

0-12 Inches
L3-21+ rt

25-36 rr

37-48 I'

No. 2
0-12 Inehes
f3-24 It

25-36 rr

37-l'8 't

Moisture Fquiv-
alent Percent

18.ó4
w.g7
]-9.l+5
L6.27

9.51+
l.]..2l+
t5.57
U.5l+

IL.l¿
U.l+6
L9.2L
]t9.29

L9.83
20.45
L7.U
L5.93

Spring I raff

2l..83
22.95
23.22
23.23

20.95
23.37
22.6t+
2L.82

2l+.57
24.25
2r.96
22.h3

2L.96
22.95
22.9O
22.78

Relative Moisture
Percent

2L.59
2L.05
20.89
2L.7+

22.32
28.80
27.hO
23.65

23.39
23.39
24.28
23,57

2L.O2
22.O2
L9.98
L8.35

92.69
5L.A2
53.56
56.22

108.88
83.95
85.tû
84.05

].2l+.38
68.33
75.L4
72.L8

88.01
50.w
60.7o
67.69

Calculated
HygroscopLc
Coefficíe,nt

86.3h
6L.62
93.IT
7h.81+

I+2.7+
39.o3
56.82
61.48

48.80
6r,g?
79.L2
81.84

9l+.31+
92.87
85.78
86.81

Spring

8.09
8.h9
8.59
8.60

7.75
8.65
8.38
8.07

9.o9
8.97
8.72
8.30

8.09
8.1+9
9.47
8.1+3

Fall

7.99r, ryo
,.J/

7.73
8.0¿l

8.26
10.66
10.I4
9.75

8.65
8.65
8.98
8.72

?.78
8.15
7.39
6.79

TI

C¡ì
tt

Conti¡lued,



. . .... ... . .Goodlands

Field and
Depth in

Inches

No. 3
0-12 r
L3-2h.
25-36
37-trß

Total Moisture
Percent

nches
ll
ll
ï

Fie1d A
0-12 Inches
L3-2A It

25-36 ''
37-l$ rr

Field B
0-12 Inches
13-24 rr

25-36 tt

37-h8 n

Fie1d C

õïFEches
L3-2h. n

25-36 n

37-lß tt

FíeId D

0-12 Inches
L3-2h rr

25-36 rr

37'l+8 ¡r

2L.95
L9.67
L7.83
r8.00

L2.l+5
u.40
L6'go
L5.59

22.TL
24.O1+
27.1+8
26.L2

L6.58
w.77
8.7'
8.84

19.86
L3.65
ro.63
10.05

TableNo.E-Contrd.

Moisture Equiv-
alent Percent

9.43
8.20

lil.06
JJ+.46

It.04
6.L5
g.3L

1r.09

LO.26
9.39

11.11
L2.h4

TL.96
Jh.85
15.00
L6.h6

T9.I7
L7.L2
1:6.29
]-7.32

25.84
23.LL
2l+.45
?2.32

23.5L
22.72
2L.32
22.33

2L.25
23.79
25.45
23.6O

20.86
N.3L
20.o2
20.38

2L.tß
20.96
20.79
L7.81+

Relative Moisture
Percenù

22.72
20.6h
18.08
20.99

2L.78
15.69
2L.25
18.25

20.t&
27.t6
L7.71+
L6,84

22.22
23.O5
20.39
20.11

22.O3
19.8r
rg.g8
2L.hß

8l+.91+
85.11
83.L2
80.64

104.00
76.58
77.67
69.82

106.8?
IO1.05
r07.gg
r10.68

79.t$
62.88
I8.TL
l+3.38

g2.tó
65.72

5L.T3
56.33

Calcu].ated
flygroseopic
0oefficient

37.LO
39.73
6L.L7
6g.gg

50,69
38.70
l+3.8L
60.77

50.27
34.57
62.63
73.87

53.82
64.1+2
73.56
81.85

87.O2
86.tû
8L.53
80.63

9.56
8.55
7.9t+
9.26

8.70
I'l+1
7.89
9.26

7.96
8.80
9.h2
8,73

7.?2
7.5L
7.11L
7.54

7.95
7.76
7.69
6.60

8.1ù
7.61+
6.69
7.77

9.06
5.88
7.96
6.75

7.55
9.A5
6.56
6.23

8.22
8,53
7.5t+
?.l+h

8.15
7.33
7.39
7.95

Jr\ì
t



Relative Moisture in Per €ent Mean Relative
Rotation Crop and Time of Depth Depth Depth Ðepth Relative Moisture

Iear Field No. Sanrpting 0-12 I3-2h 25-36 37-h8 Total Moisture Group

i-ns, rns. j-ns. j-ns. Per Cent

1 Failow (20) Sprir,rg 52.68 IL.OZ 53.66 56.pp Zh3.j8 60.90 3Fa]-1 86.3h 6L.62 93 .tL 7h.84 3L5,gL 7S.gS 2

2 lfheat on Spríng 108.88 53.95 S5.hZ S4.05 362.39 gO.5S 2
Fallow (2r) Fall t+2.7h 39.03 56,82 61.48 ZoO,o7 5o.Oz 3

Table No. 9

Rtr,ATIITE SOIE MOTSTURE:
GOODT,ANDS DISTRICT EXPffiIMH{Î SUBSTATTON

1 Fa11ow ( 2) Spring 88 . 01 50 . t+7 60 .70 67 ,69 266 .97 66 .72 2Fe]] 94.3t+ 92.97 95.79 gó.91 359 ,gO gg .95 2

2 tüheat on spring }L+.gh 85.11 s3.lz Èo.6h T3.sL s3.45 z å
Feuow (3) FatL - 37.Lo 39.73 6r.L7 6s.sg io'.eg FL.72 3 t'

3 Tífreat on Spring tz4.38 68.3j 75.U TZ.L8 3t+O.O3 S5.Of z
second. Crop (r) FaIl 4g.Bo 6t.gz Tg.Lz 81.94 z7l.5t 67.90 z

t Fatlow (D) Spring g2.t+6 65.t2 5t.L3 56.33 265.Ot+' 66.26 2Fall 87.02 86.t+2 5L.53 S0.63 335.60 83.90 2

2 lfheat on spring 106.8? r0r.o5 ro?.9s Lto.óg t+26.59 Lo6.6L 1
FâJ-row (B) Fa].I 5O.2? 34.5? 62.63 73.57 22L,3t+ 55.3t+ 3

3 Clover IIay, Sprins 79 .h8 62.88 tß.7I 43.35 zzg.hj 57 .36. 3a¡d Break (r) Fatr 53.92 6t+.ha 73.06 81.s5 273.6i ¿9.41 2

4 Barley (A) Spring 1O4.OO 76.58 ?7,67 69.e2 328.07 *Z.OZ zFalI 50.69 35.70 43.81 60.77 Lg3.g? t+8.49 t+



Souree of
Variation

Fields (r)
DepÈhs (p)
Sarnplings(S)

FND
Prs
Ðrs
FXDXS

AIIAI,YSTS OF VARTANCE OF DATA TN TABTE 9.

Degrees of
Freedom

TOTAT,

x
)oc

Table No. 10

- Significant at five per cent level.
- Significarrt at one per cent level.

I
3
I

24
I
3

2l+

Sr¡ms of
Squares

7t

zU+O.72
1901.09
24rh.20
22L8.59

l-3589.1+L
t+2L7.gg
2298.83

Group I
LO6.6h

Mean
Square

29080.83

GBOI]PING OF MEAAI RMATI]TE MOTSTURE
PER,CENTAGffi BT TUKEY METHOD.

305.o9
633,7A

zhu.20
92.44

1698.6S
140é.00

95.78

Group 2

90.58
89.95
85.0r
83.9o
83.45
82.02
78.98
6e'4:-
67.9o
66.T2
66.26

Table No. 1l

F-Value

3.r8
6.62

25.2t
'96

L?.74
14.68

x
laç,

)oc

Group 3

6o'90
57.36
55.31þ
5t.72
50.O2

lec
lo(

Group 4

48.1+9

Ir\o
I
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field (lfo' ZO) the mean relati.ve moisture was significantly greater in the

fa'll thar¡ in the spriag, and in the wheat on falrow fierd (wo. et), the

moisture was sigñificantly less in the fa't1 thar¡ in the spring.

In the fa]lowr uheaù, wheat rotation located on fields I, 2 and

3o 1.lne moisture was not used efficiently as the relative noisture percentage

feII in group 2 tot wheat on second crop and for the fallow field. In the

wheat on fa1low field (tgo. 3) the noisture regi-me is the sane as for wheat

on fallow (No. 21) in the two-year rotation.

rn the four-year nixed faruing rotatÍon having a cropping

sequence of fallow, wheat seed to clover and brome, clover hay and break, and

barley, the relative moisture groups are fairly weLL distributed. For

i-nstance, the moisture in the fallonr field. (O) increased during the s1¡m.er

and.had the sarne relative moisture group rating as the other fa1low fields
di-scussed in the two and three-year rotations. Relative soil moisture in
the wheat on fallow field (B) passed from above field capaeity in the sprÍng

dov¡n to a relative moisùure pereentage near the wilting point in the fall.
This means that there was a greater range of moisture available for crop

growbh than in the two ar¡d three-year rotation. The clover hay and brome

crop (C) used' the soil moisture, plus any rainfall in prod.ucíng a crop of
haf.r and in this r'ray the noisture was used. as it was received.. After
breaking the crover and brome fierd, moisture was stored, bringing the

noisture up to relative moj-s'bure group 2 or higher. The barley crop wtrich

follows utilizes the moisture stored afterlreaking ühe clover ar¡d. brome.

Breakir,rg after harvesti.rng a erop of sweet clover and brome, Ieaves the soil
in a receptive condition to a]Iow the rain to percolate deeper into the soil
profile. The decaying roots of the legume also facilitate this d.ownward

movement of waüer. The relat'ive soil moisture is represented graphicalþ Ín
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Figrrres Nrrmber 4 to Nu¡tber 7, j.ncl-usive.

There is filrther evidence to índ.icate that field crops utilize
sealeuLatedtr

the soil moisture from belorn¡ the/willing point on the GooùLands station.
This point is clearly defined in the case of wheat on fallo¡¡, field 2l in
the two-year fallow, wheat r.otation; for wheaù on fallow on fierd. 3 in the

three-year fe]lowr wheat, wheat rotation, and forwheat on fafiowin field 3

in the four-year rotati.on of fallow, wheat seed. to clover and. brome, hay

ar¡d breakr arÌd barley.

The total moisture percenüage, moisture equivalent percentage,

relative moj-sture percentage, and calculated hygroscopi-c coefficient data.

are recorded in Table No. 12 for fields sampled. on the Hargrave ÐÍstrict
ftcperiment Substation. There is some variation in the percentage of total
moisture and a,Iso in the moisture equi-valent data. The rolling topograplry

of the llargrave station helps to e:rplain some of the variations i-n the

moisture eqrrivalent data, but on the whole the soil car¡ be classed. as having

a medium texbure. It will be noted that the relative moisture figures for
sprÍag sampling indicate a condition above field capaci-ty on fields Ir j, 5,

6, 7 and 8- This is i¡rdicative of a greater supply of soil moisture on the

Ilargrave Substation than on either the Boi-ssevain or the Goodlands Sub-

stations. The relative soil moisture figures are set up in Table No. IJ in
a maruler convenient for statistical analysÍ-s. The analysÍs of variance of
this data is recorded in Table No. 14r and the relative rnoisture groups i.:r

Table No. 15 as deterulirted by the Tukey nrethod.

The anal¡rsis of variar¡ee Table Nrrmber 1/¡, for relative soil
moisture results at Hargrave, indicates signifícance at the one per cent

level for main effects and second order interactions, excepting ttre field.s x
d'epths interaction. The ninimr¡¡n significant difference required. to separate



Fie1d and
Depth in
Inches

No. I
0-I2 Inches
L3-zl+ n

25-36 rr

37-48 rr

PENOEI\TI SOII MOTSTURE, ¡OI$NIAE EQUIVAIENT, REtr,ATIIIE
}IOISTURE Ai{D CALCUTATED I{YGNOSCOPTC COEF'FICTEI{T FOR
ETEIÐS SA¡4PTED ON HARGRAVE DISTRTCT EiPERTMEI\IT SI]BSTATION.

Total Moistr¡re
Pereent

0-12 Inches
L3-21+ rr

25-36 rr

37't+8 rr

No. 3
O-12 Inches
L3-24 n

25-36 tl

37-l$ ',

No. lr
0-12 Inches
13-24 tr

2r-36 'r37-l$ rr

Table No.12

27.1+9
L8.23
16.Å8
L7.30

L7.92
7h.o5
L2.76
L3.l+l+

2ß.73
1S.lnO
rL.h2
Ir.98

22.O2
L7.L9
L6.gLt
L7.20

Moisture Equiv-
alent Pereent

2L.35
18.99
L3.h5
L2.96

L5.33
7.82
9.82

r0.96

lo.À2
10.98
l-L.95
L2.32

14.ó8
9.83

L3.53
L5.66

27.3L
2L.60
19.91
2]...06

2L.25
18.20
L7.L3
L7.62

25.98
2L.67
18.08
L9.82

22,82
19.83
20.5L
2]..lß

21.81
]..9.l+6
r4.08
14.T5

2L.25
L7.61+
20.73
2L.L7

20.L7
2L.53
2L.31+
2L.35

18.49
L9.53
20.O5
2L.21+

roo.65
8l+.40
83.L9
82.L5

84.33
77.20
74.h9
76.28

110.58
8¿l.91
63.t6
60.u+

96.1+9
86.69
82,59
90.07

Ca]-cu].ated
Hygroseopie
Ooefficlent

97.89
97.58
95.52
9L.59

72.L4
h4.33
l+7.37
5l..77

5L.66
51.o0
56.æ
57.70

79.39
50.33
67.t$
73.73

$prine

10.10
7.99
7.33
7.79

7.86
6.73
6.3/,+
6.52

9.61
8.02
6.69
7.33

8.U+
7.34
7.59
7.95

8.07
7.20
5.2L
5.21+

7.96
6.53
7.67
?.83

7.hÉ
7.97
7.90
7.90

6.81+
7.23
?.h2
7.86

ü
\¡ll
Or
I,

Conti-nued.



..........I{argrave

Field and
Depth in
IncheE

No. (
0-12 Inehes
L3-Zh rr

25-36 I'
37-lß lt

Tota1 Moísture
Pereent

No. 6
0-12 Inches
13-24 ¡r

25-36 rt

37-h8 rr

25,68
2O.67
LL.57
Lb.94

26.69
20.89
L6.5O
l:6.75

25,59
25.35
26.7L
27.59

2L,87
14.40
10.98
9.60

No. ?
0-12 Inches
L3-2h n

25-36 tr

37'14Ê tr

No. I
0-12 Inches
].3-21+ rr

25-36 tr

37-l,,8 tt

Teble No.12 - Contrd,

Moisüure Eqrriv-
alent Pereenù

L3.h7
11.70
13.60
u.7b

L5.97
u-.60
II.h6
u.32

L).61+
7.88

r0.58
14.19

L8.92
]t6.22
L6.e6
L5.?5

2l+.8L
2L.52
u.L7
L6.l+6

23.8h
22.25
L7,g?
rg.6S

23.L8
20.72
2L.75
20,L6

20.h3
L8.67
L7,65
L6.79

22.49
19.38
Lê.?J+
L8.92

L8,92
19.91
20.5L
Lg.t$

19.49
18.90
2r.75
20.16

Lg.7?
2t.63
2L.tó
20.25

ro3.5o
96.o5
8L.65
90.?6

lrl.70
gg.gg
92.33
85.11

110.40
L25.99
I22.80
L36.85

LO7.O5
7?.L3
62.2L
5',1.L8

Calculaüed
Hygroscopic
CoefficiEnt

60.98
6a 3?
7b.56
77.9L

84.4r
58.26
55.88
73.70

7O.O2
tù.69
l+8.6h
70.39

95.70
7h.99
78,56
77.78

Spnirìe

9.18
7,96
5.21+
6.og

8.82
8.23
6.6L
7.A!

8.58
7.hl+
8.05
7.1+6

7.56
6.9L
6.53
6.zL

8.17
7.L?
6.75
?.oo

?.00
7,37
7.59
7.L9

7.2L
6.gg
8.05
7.h6

7,3L
8.00
7.9h
7.49

.l
\¡r\tI



Rotation trop and
ïear Field No.

Fallorrr (I)

Ïtrheat on
Failow (?)

Bar1ey Seed
to Hay (6)

ttay (l)

Pasture (2)

Sod-breaking
(s)

ï{}reat sn
Breakins (5)

Oaüs on
Second Crop (4)

Tab1e No. 13

RET,ATI\IE SOTL MOISiTURE:
IIARGRATE DISTRICT ffiPERTMEIüT SIJBSTÂTION

Relative Moisture in Per Cent
Tine of O n
sanpling 0-12 L3-2h 25-36 37-t+8 Tstal Moistrrre Group

Spring
FaIl

Spring
Fâ11

Spring
Fa]1

Spring
Fel1

SprÍng
Fal-l

Spríng
Fal1

Sprd.ng
F¡] f
Spring
Fa}I

iJrs. i-ns. ins. ins. per Cenf

100.65 84.40 83.t9 82,L5
97.89 97.58 95.52 8L.59

110.40 l25.gg L22.80 L36.8;5
7O.O2 tù.69 tß.64 70.39

l-11.?O g3.Sg 92.33 85.1I
84,41 58.26 55.88 73.70

LLo. 58 84.9L Ø .rc 6g .t,&.
5L.66 51.00 56.OO 57.7O

8l+.33 77 .2Q 7l+.1+9 76.28
72.u+ t4h,33 h7.37 5L.77

107,05 77.L3 62.2L 57.t5
95.7a 74.99 78.56 77 .?S

ro3.5o 96.o5 8L.65 gO.76
60.98 60.37 ?4.56 77 .gt

96.t+9 86 .69 52.59 8o.o?
79 .39 50,33 67 .h8 73.73

Mean Relative
Relative MoÍsture

350.39
382.5s

h96.oh
234.7h

383.o3
272.25

3L9..O9
2L6.36

3L2.3Q
2t5.6L

303.57
327.o3

37L.96
273.82

345,8h
270.93

87.6A
95.6tr

M4.Or
57.68

95.76
68.06

79.77
54.O9

78.08
53.90

75.89
8t'76

g2.gg
68,1+6

86.tn6
67.73

2
2

I
3

2
2

2
3

2
3

2
2

2
2

2
2

I\rt
æ
I



Souree of
\Iariatj-on

FieIde
Ðepths
Samples

FXD
FXS
DXË
FXÐ

(F)
(Ð)
(s)

Degrees of
Freeclon

TOTAL

XS

xr - Signifleant at one per eent level.

Table Ns. L4

,I

1I
2L

,T

7
2L

Varianee

Su¡n.s sf
Squares

6l

5A71.L8
2485,95
750L.73
tBrg. ao
'l42r.tlo

goï.5"t,
zo6T . +6

Grogp I
L24.gL

Mear¡
Square

Grouping of Mean Relative Moisture
Pgreentage+ by E¡rkey Metþotil¡

Gnoup 2

2"[218 .5L

7L9.LL
828.65

7 50L..',|1
86.62

lo6o.z'6
102.86
98.45

table No, ll

F-IIaIt¡9,

I.tQ rx
B.4z s

16.2Q xx
.BB

]I.08 xn
V.78 rG

9r.'1.6
95.64
?2.99
B?.60
86. +6
8t¿'1,6
'19.'l'l
78. o8
7 

'.8968. +6
68. o6
67.'lv

Group. e

,7.68
51.0?
,1.90

G
\¡t\o

â
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the mear¡s into groups using the Tukey method, is 14. j5 p* cent. Tabre

Nr¡mber 15 gives the results of grouping the means. Group 2 contains all
values ."angirrg trom95.7ó per cent to 6f .Zl per cent. Group J eontains

values ranging from 57.68 per cent to j3.gO per cent. Only one value is
found i-n group 1.

The results of grouping the relative moisture percentages

indicate thaü the moisüure lras more abi¡ndant at this station than at either
Boissevain or Goodlands. A greater number of values were found. in the

higher moisture groups t and 2. It is significant to note that there hrere

fj-ve fields on this station that shorn¡ed the same relative moisture grouping

in the spring and fall. These are the fallslnr (trto. t); hlheat on breaking

(l¡o. ¡), oats on second crop after breaking (No. t+), Barley on second. crop

after fallow (lgo. 6), and sod-breaking (No. g). wheat on falroin¡ (mo. Z)

used a wide range of moistr¡re during the season. The ra¡ge r,rras from a

condition above field capacity dom to near the wilting point. tire soif
moisture for both the pasture field (tgo, z) and. the hay field (No. 3) was

fhe same at both spring and, fa}l samplings. The moisüure in these two

latter fields u¡as down to the wilting point. The relative soil moisture is
represented graphicall.y in Figures Nr¡mber I to Number 10, inclusive.

A careful exanination of the relative soil moisture data and. the

graphical representation of this data reveals that the soil moisture was

utiLized from below the wirting point in field 2. (see Figure No. g) This

field was used for pasture in L953. It Ì,rill be noted that the d.eeply rooted

alfalfa plants wene able to exbract soil moisture as far as three feet below

the surface. A simìIar condition exists in field. 7, w?reat on fallow (See

Figr-lre No. 10), where moisture has been depleted to below the r,rilting point

at the one to three foot level.
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RELATIVE SOIL MOISTURE - HARGRAVE
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RELATIVE SOIL MOISTURE - HARGRAVE
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RELATIVE SOIL MOISTURE- HARGRAVE
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Russell (34) süates that the amor¡nt of water that is available

to plant,s depends on the a.mount hel.d per unit volune of soil and on the depth

from which plants exbract water, Hygroscopic water is rrnavailable for plarrt

use and is considered to be approximat eW .37 ti:nes the water content of field

eapacity or the moísture equS-valent. The pereentage of total moisture less

the calcrrlated hygroscopic water uúIL give the water avail-able in per cent.

The weight of water in pounds Ís calculated by rnultiplying the percentage

rn¡ater in a given volume of soil by the volume weight per cubi-c foot. This

figure can be converbed to inches of water by dividing by 5.2 which is the

weight in pounds of one inch of water spread over one square foot of surface.

The vol-r,ue wei-ght of soÍl based on a dry weight basis is ealculated to be

71.5L por.inds per cubic foot for Boissevain; f8.86 por.rnds per cubie foot for

Goodlands, and 73.L8 pounds per cubic foot for Hargrave. The amount of water

found in soil at any gÍven tj-ne is rarely at field capacity and for this

reason, a condition of moisture deficit exists. It can be calcr.rlated by

subtracting the total mois'r,ure from the moisture eqrrivalent. Using this

meühod, the total amount of water in inches is calculated for the crops on

the rotati-ons studied.

The amount of available moisture present in a four foot profile

was less in the fall than in the spring i¡¡ fields that were in crop. The

fallow fields and sod-breaking fields, shorred a sùorage of soil moisture.

There 'blas a greater deficit in the falt tha¡ in the spring in fields r:nder

crops. In the case of fallow and sod-breaking fields, the opposite was true.

The negative figures i-ndicate a condition wbere the total moisture at the

time of sampling was greater than the moj-sture equivalent or field capacity.

The total available moisture, and moisture defieit are recorded for all fields

in Tables Number 16 to Number I8, inclusive.



Field and
Ðepth in

No. 3
0-I2 Inches
L3-24 ,t

25-36 I'

37-l+8 tt

:.

l:

't;

i.

!

û
Btn.
ïr.

TOTAT,

No; 7
o-L2
t3-?4
25-36
37-b8

Table No. 1ó

AVAIilBT.E MOTSTURE AIIID MOISTURE DEF'TCIT:
BOTSSE\IATN DTSTRTCT H(PERT},EI\TT SUBSTATION

I
Sprins

Percenù

Inches
il
It
tl

Available Moisture

]-5.86
9,38
3.96
2.ltJ.,

TOTAT

No. I
0-12 Inches
l3'2h rr

25-36 't
37-hß 'r

TOlAI,

No. 5
0-12 ïnches
L3-2h tt

25-36 rr

37-l+8 It

TCTlAT

2

Falt

9.28
12.01

7.L9
6.77

Por.mds per cu. ft.

L8.67
LO.g5
9.90
g.g7

Sprins

3

LA.34
6.7L
2.83
L.72

22.60

L3.35
7.83
7.08
6.31+

3l+.60

7.57
L.36

.90

.43

LO.26

7.L7
2'96

.L3
,39

Lo.65

6.04
3.79
4.72
7.38

Fa]-l

LQ.59
1.9r
r.26

,60

6.6h
8.59
5.Lb
h.8h

25,zf,

l+.32
2.?l
3.38
5.28

L5.69

3.62
L.7L
L,7h
2.32

9.39

L.5l+
L.5Lt
L.36
1.71

6.L5

4

Sprins
Pereent

5.O7
2.39
2.4h
3.25

Moisture Ðeficit

-3.01
2.65
6.gg
7.55

10.03
l+.lb

.r8

.5h

û Rotation lear

FaII

2.71+
1.68
2.51+

- .53

Por¡rds per cu. ft

2.L5
2.L6
1.90
2.39

-2.67
l+.83
l+.7L
5.65

Snrinp

-2.L5
1.90
5.00
5.1+O

r0.15

-1.91
3.)+5
3.37
4.OL

g.g5

1.07
6.59
7.L3
7.1+5

22.24

4.01
6.9L

to.67
9.91+

3L.53

7.81
l.2.70
9.26
3.52

Fs-tt

1.50
9.2L
9.97

LO.42

L.96
1.20
L.82

- '38
l+.60

5.58
9.08
5.9L
2.q2

23.09

5.36
6.91
5.7h
7.88

25.79

8.h2
9.04
6.73
6.93

30.L2

7.1+9
9.52
8.03

11.02

5.6L
9.66

Il+.92
L3.90

LL.77
7J.25
9.tù
g.69

Io.\rt
I

Continued.



Field and
Depth in
Inches

No. 4
0-12 Inches
L3'24 t'
25-36 rr

37-48 t'

TOTAL

No. I
0-12 Inches
L3-U tt

25-36 t¡'

37-48 r¡

TOTAÏ,

No. 2
0-I2 Inches
L3-21+ rt

25-36 rr

37-l'ß tt

TOTA¿

No. 6

Tab].e No. 16 - Conttd.

AVAII,ABIfi MOISTUAE AIüD MOI$TI]BE DEF'TC]T:
BOISSE\ÍATN DISTRICT EXPffiruMIT SUBSTAÎION

L3.L5
l+.67
3.U4
2.76

2.90
1.IL

.65
.6r

L]-.77
6.77
h.o9
3.65

0-I2 Inches
13-21+ ¡t

25-36 tr

37-48 rr

TOTAT

9.40
3.3h
2.46
L.g7

L7.L7

8.h2
h.8h
2.92
2.6L

18.79

11.ó0
6.70
l+.9h
5.62

28.86

7.80
'96

1.06
1.05

10.8?

9.t&
7.86
6.oh
5.77

L6.22
9,37
6.gL
7.86

2.O7
.79
.l+6
.l+6

3.78

6.73
5.62
4.32
l+.L3

20.80

L.L3
'76
.62

2.36

4.87

2.O8
.36
.54
.6t+

3.62

L.58
L.O7

.87
3.30

û Rotation Year

.3L
LO.2l+
lil.91
L5.o3

r0.gl
L.35
L.h9
L.h7

10.00
LL.59
t2.L6
1I.05

2.9L
'50
.75
.89

-r.04
8.71+
9.80

l0.l+I

.22
7.32
8.52

LO.75

26.8L

- ."14
6.25
7.o]-
7.14h

L9.96

- .99
5,27
5.27
h.75

r4.30

2.39
8.1+6

7.O9
5.57

23.5L

3.27
r.14
2.2L
2.5h

-1.38
7.38
7.38
6.6/,+

7.15
8.29
8.70
7.90

32.O1+

2.3h
.81

1.58
1.82

6.55

8.1+3

5.90
g.06
7.89

3L.28

8.37
9.73
8.62
6.gg

33,7L

LL.79
8.25

L2.67
11.04

3.31+
11.83
9.9L
7.79

11.71
L3,6L
12.O5
9.77

Io.o'
I



No. 20
0-12 Inches
L3-ZI+ It

25-36 rt

37-l+8 r¡

TOTAL9

No. 4
0-12 Inches
L3-2b It

25-36 t'

37-lß rr

TOTAL9

AV.AIÏ¿BI,E MOISTTJRE AND MOISTURE DEFTCIT:
E.OODLA}IDS DISTBICT ÐPERIMEÀIT SUBSTÀTION

Table No. 17

lo.ó5
5.18

LL.72
9.23

L5.06
Lo.97
LO.96
l-:o.27

7.96
2.51+
3.05
3.52

L6.9?

I1.88
8.65
8.61+
8.10

37.27

û Rotation lear

8.40
l+.08
9.21+
6.1+9

28.2I

1.01
.l+6

h,28
Lt.56

10.3r

3.78
LL.2l+
Lo-76
10.u

-r.8ó
3.75
3.30
3.t$

2.98
g.gó
8.48
8.o2

28.3h

-L.l+7
2.96
2.60
2.74

6.83

2.33
6.37
1.14
h.3l

u.l5

10,08
L3.85
9.33
7.¡8

l+O.M

Io.{
I

Continued.



. o o. .. .. . .Goodlarrds

Field ar¡d
Ðepth in
Inches

No. 2
0-12 Inches
L3-24 't
25-36 rr

37-h8 n

TOTAT,S

No. 3
0-12 Inches
L3-21+ tr

25-36 rr

37-l$ rr

TOTÂ,L5

No. 1
0-I2 Inches
L3-21+ ¡r

25-36 "
37-h8 rt

TCITATS

û
Etn.
Yr-

I

Sprins
Pereent

Available Moisture

11.15
4.0I
5.t$
6.gg

fable No. 1? - Contrd.

Fe]-]-

2

Fol¡nd.s per eu. ft.

L2.O5
L2.3O
9.75
9.Ll+

Sorins

L2,39
I1.12

9.89
9.71+

8.79
3.t6
h.28
5.5L

2r.74

9.77
8.77
7.80
7.68

34.a2

L6.93
5.99
6.6L
6.22

35.75

3

Fatl

,02
.56

l+.37
6,69

9.50
9.70
7,69
7.2L

3l+.LO

.02

.tù
3.h5
5.28

9.L9

2.L8
4,58
8.0?
8.31+

23.L7

?J.¿+l
7.60
8,38
7.89

Sorine

û Rotation ïear

Fercent
Moisture Ðeficit

2.62
10.45
9.00
7.36

2.76
5.81

LO.23
ro.57

Fa].I
Pounds per cu. fü.

1.19
L.57
2.8h
2.h2

Snrins

3.89
3.1+l+
3.62
Lv.32

2.O7
8.24
7.08
5.80

23.L9

3.o7
2.7L
2.85
3.hL

L2.Oh

-4.72
6.06
l+.3L
l+.92

Lo.57

Fa.11

L4.29
L2.l+b

7.O2
6.53

.91+
L.24
2,21+
I¡9I

6.33

LL.27
9.81
5.54
5.L5

3L.77

9.44
7.o4
4.00
3.38

23,86

-5.99
7.68
5.46
6,zu

LT.97
g.g3
5.O7
l+.28

Io.
c0
I

Continued.



.....Goodlar¡ds

Field and
Depth in
fnches

Field D
0-12 Ine
L3-21+ rr

25-36 r
37-h8 'r

TOTALS

FíeId Bõffic
L3'21+ ¡r

25-36 "
37-h8 tr

TOTALS

Field C

0-12 Inc,
L3-24 tt

25-36 't
37-h8 rt

TOTAI-9

û
Rtn.
Yr.

t

$pring
Pereent

Avai]-able Moisture

1r.91
5.89
2,91+
3.45

Tab1e No. 1? - Contrd.

Fal1

2

11.02
9.79
8.90
9.37

Pound.s per cu. ft.
Spring

14.85
L5.21+
18.06
L7.39

3

9.39
4.61+
2.32
2r'12

19.o7

rI.71
]-2.o2
L4,21+
L3.7L

5L.69

6.gg
l+.L5
1,06
L.O2

L3.22

12.42
7.o9
6.94
5,78

32.r3

FieId
0-12 In
L3-21+
25-36
37-tß
TOTÂI-S

FaII

2.7L
.31+

h.55
6.?L

^4,

8.69
7.72
7.O2
7.39

30.82

2.rh
.27

3.59
b.90

10.90

2r95
4.98
5.88
?.LL

20.92

2.35
.2r

1.14
3.h2

7.L2

8.8ó
5.26
L.3h
r.30

It

Spring

ll

l+

It

Percent
Moisture Defi

3.7h
6.32
7.1+6
9.O2

L.62
7.3L

r0.16
7.79

t Botation ïear

Fa.Ll

L5.75
g.gg
8.67
7.33

Powrds per cu. ft.

2.96
2.69
3.69
4.t6

Spring

-L.46
- .25
_2.O3

-2.52

2.98
.27

L.45
l+.3h

L.28
5.76
8.01
6.u

2r.19

-1.15
- .20
-1.ó0
-L.gg

-h.gb

3.38
5.95
8.89
9.10

27.32

- .7Lt
4.20
3.75
5.32

t2.53

Fa-ll

10.15
L7.77
6.63
4.40

b.28
7.5h

rL.27
Lr.54

2.26
2.L2
2.9L
3.28

ro.57

8.00
14.01
5;2j
3.1+7

30.7L

8.O9
6.h7
h.25
2.88

2L.69

8.h7
7.68
9.h2
),6)

3L.22

LO.26
8.20
5.39
3.65

- .91+

5.32
t+.76
6.74

LO.7h
9.71+

].L,9I+
7.L6

Io.\o
I



Field and
Depth in
ïnches

No. I
õãInches
L3-24 rr

25-36 ¡t

37-h8 t'
TOT.åI.5

No. 7
0-12 Inches
l-3-21+ rr

25-36 tt

37-148 tr

TOTALS

No. 6
0-12 Incbes
L3-24 tt

25-36 n

37-h8 rr

TOT.AL$

No. 3
0-12 Inches
L3-21+ rr

25-36 r
37-h8 tr

TOTåLs

ù
Rtn.
ïr.
I

Tab1e I8
AVATLÆT,E MOISTURÐ ANÐ MOTSTURE DEFTCIT:
HA¡GRÀVE DISTRTCT ffiPffitþENT SI]BSTATION

Spring
Percent

Avaílab1e Moisture

t7.39
LO.24
9.t5
9.5L

2

FaII

L3.29
7J.79
8.24
7.72

Por:nds oer cu. ft

I7.OT
u.91
18.ó6
20.t3

Spring

3

L2.73
7.b9
6.70
6.96

33,88

12.b5
13.1r
L3.66
t4.73

53.95

L3.O3
9,26
7.21+
6.93

36.h6

L3.99
7.60
3.1+6
3.ha

28.h5

6.t+3
.89

2.53
6.73

Fa]-1

u.8r
L2.66
9.89
9.1+7

9.72
9.63
6.a3
5.Aj

30.o3

4.70
.6j

1.85
b.92

L2.L2

6,56
3.LA
6.52
?.00

23.t9

2.L7
2.20
2.96
3.23

LA.56

l+

Spring
Percent

8.97
l+.23
8.91
9.56

t Botatíon Íear

Moísture Ðeficit

- .18
3.37
3.33
3.76

L9.L2
10.38

t+.73
4.65

Fe]-I

.hß

.47

.63
1.rg

Por¡nds per cu.

2.96
3.01
h.o5
l+.1+2

-2.tù
-5.23
-4.96
-7.t$

SprÍng

_ .r3
2.1+'l
2.41+
2.75

7.53

-L.?6
-3.83
-3.63
-5.4h

_Lb.66

-2.01+
1.00
1.00
2.7J+

2.LO

-2.Ot
2.39
l+.87
5.7b

10.99

5.81+
11.02
1r.17

5.97

Fall
ft.

-2.79
L.36
L.37
2.93

.3Lt

.3h

.14ß

.87

2.0L

l+.2?
8.0é
8.17
l+.3?

24,87

z.t6
ó.08
6.62
3.7h

18.60

7.L4
7.72
6.97
q-65

28.38

2.95
8.31
9.O5
5.r1

-2.75
3.27
6.66
7.8h

9.75
Lo.55
9.39
9.O9

I{o
I

Continued.



..........Hargrave

Field and
Depth in
Inehes

No. 2
õl'-12 Incrr
L3-24 rr

25-36 rr

37-48 tt

TOTALS

No. I
0-12 Inch
L3-U tr

25-36 tt

37'l+8 tt

TOTÁL9

No. 5
0-12 Inch
13-21+ It

25-36 ¡r

37-l$ !r

TOTALS

No. 4
0-12 Inch
L3'21+ tt

25-36 rr

37-48 rr

TOlALS

*
Rtn.
Yr.

5

Sprine

.âvailable Moisture

10.06
7.32
6.tQ
6.92

6

Tab1e No. I8 - Contrd.

Fal1
Por¡nds per cu. ft

7.1+7
.50

2.L5
3.L3

Spring

14.31
7.1+9
h.l+5
9.39

7

7.36
5.36
l+.7O
5.06

22.ht

LO.l+7
5.1ß
3.26
2.14ß

T1.61
8.22
8.92
9.26

L6.5O
w.7L
6,33
8.85

5.h7
.3"1

L.57
2.29

9.7o

8.50
6.oz
6.53
6.o4

27.O9

3.88
3.32

. 5.0r
5.66

L?.87

5.74
1.90
l+.b7
5.7L

u.82

I

Spring
Pereent

5.30
b.53
6.85
7.7h

Moisture Deficit

3.33
h.L5
h.37
4.18

ù Rotation ïear

]-3.58
9.85
9.35
9.25

?J

Fal 1

69

t2.o7
9.3'a
l+.63
6.1ß

5.92
9.82

I0.91
10.21

Por:nds oer cu. ft.

7,84
2.60
ó.11
7.80

SprÍng

-1.44
b.27
6.67
7.L9

32

2.44
3.ol+
3.20
3.06

LL.71+

-1.05
3.12
4.88
5.26

L2.2L

- .64
.o¿

1'90
1.IL
2.gg

.58
l.g3
2.6L
3.L3

8.25

48

9.94
7.27
6.84
6.77

30,76

.85
5.1+L
l+.60
b.50

Fa.L1

- .87
.85

2.6A
L.52

l+.33
7.L9
7.98
7.h7

26.97

.62
3.96
3,37
3.29

LL.24

6.3L
5.62
3.14o

".06
L8.39

2.79
7.10
l+.77
4.O8

L8.7h

8.62
7.68
h.6h
4.18

.80
2.6h
3.57
l+.28

3.8L
9.70
6.52
5.58

Id
H
I
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In Tables 1ó to 18 inelusive data are presented showing the

weight of availabl-e water i-n porrnds per cubi.c foot for each one foot depth

down to four feet. The anount of water in inches car¡ be detemined by

d.ividing each weight of water by 5.2. By following this procedure data is
presented in Tab1es L9, 20, and 21 showing a comparison by foot depths of

available moisture in the spring and fa-11. This data ís very imporbant when

assessi-ng the total moisture that was available for crop growbh in L953.

The totel available moisture used by the crop can be obtaj-ned. by subtracting

the availabl-e moistr.¡re i¡ inches in the falI from the moísture that was

available i-n the spring, and then by adding ühe total rainfáL1 that feIl duriag

the period. Iù should be pointed out ùhat onJ-y the ßreffectivett rainfall
should be consi-dered. Sometimes rai¡: ' falls so fast that nuch of it runs

off and. l-ittle is taken in by the soil to be of any use for plant growbh.

However, in thís study the total rainfaJ-l for the period is considered as

being utÍlized by the crop.

The toüal rainfall that fe1l at the Boissevain District kperiment

Substation between the spring sampling date on May 21st and the faII sampling

date on September l1th was 9.24 inches. It is interesting to note that only

.51 inches out of the 9 .2h ínches of rainfall was actua"l-ly stored in the

fal.low field (Uo. f) to a d epth of four fee-t . Due to cultivation there was

a loss of soj-l moistire in the first foot in the fallow field but a slight

gain in the remainder of the profile. Â similar set of conditions exist in

case of the sod-breaking fietd (mo. g) where o+l.y .38 inches of moj-sture was

stored out of the 9.21ç j-ndnes that feLL. The field records indicate that a

total of 5.34 inches of rain feIL between the period that this field was

broken and the fall sanpling date. An exarni-nation of the relati-ve moisture

data as expressed graphically in Figures No. 1 a.nd 2 for fields No. 1 and



Field No.

No. 3

Table No. 19

IOISTI]RE AVAIT,ABT,E FOR CROP GROI¡TTTI IN FOUR FOOT COTI'MN OF SOTL
BOISSE1IATN DISTRICT TXPffi,]MENT SUBSTATTON 1953.

Crop

F¡] lottr

No. ?

Rotation
Year

Wheat on
Fallow

Oats on 2nd
crop

Ðepth in
inches

No. 1

I 0-12
13-24
25-36
77-Lâ

Avai]-ab]-e Moisture

No. 5

2

Spríng
ins.

Tota.L

0-12
L3-2b
25-36
17-LÈ

2,18
r.29

.5h

.i3

Hay - lst
year

3

FaI1
ins.

l+.34

TotaI

1.28
L.65

.99

.97

o-L2
L3-21+
25-36
AI-Là

2.57
L.50
L.36
1.22

From soil
ins.

l+

Moisture Used Bv Groo

Tota].

l+.85

6.65

.83

.52

.65
1.0r

0-I2
L3-21+
25-36
37-Lâ

L.45
.26
.t7
.o8

Rainfal l

ins.

3.0r

TotaI

L.96

L.7l+
.98
.?L
.2L

.7o

.33

.33
^t\

L.38
.57
.02
.o7

TotaI
ins.

3.6h

1.81

2.Ol+

.75
- .o7
- .L6
- -77

.30

.3o

.26

.53

9.21+

.L5

L.3g

1.08
.27

- .zlt
- .116

12.88

9.2h

.65

I
!tJ)

I

9.39

9.21+

Continued.

9.89



Fie1d No.

Table No. 19 - Contrd.

MOISTURE AVATI,ABT,E TOR CBOP GRflt'ruH IN FOUR FOOT COLUMN OF SOIL
BOISSEVATN DISTRTGT HPERTMH{T SUBSTATION L953.

No. 4

Crop

Pasture

No. I

Rotatior
Year

Sod-Breaki-ng

Depth in
inches

5

No. 2

0-I2
13-21+
25-36
77-Là

Wheat on
Breaking

Available Moisture

6

Sprine
ins.

No. ó

Total

O-L2
L3,24
25-36
?7-tß

1.81
.64
.bt
.38

ïlt¡eat on
2nd crop

FaJ-I
ins.

7

Total

3.30

r.62
.93
'56
.50

o-L2
L3,21+
2546
7'I-LÊ

40
L5
09
o9

From soil
ins.

Moistr:re Used By trop

I

.73

3.61

TotaI

1.41
.l+9
.38
_29

L.29
r.05

.83

.79

Rainfall
ins.

2.23
L.29

.95
1.08

o-L2
L3-2h
25-36
17-L8

2.57

3.99

5.55

Tota]-

Tota].
iRs.

.2I

.L5

.L2

.b5

L.50
.18
.20
.20

9.2h

.93

2.O8

2.A2
1.14

.83

.63

.40

.a7

.10

.12

11.81

b.62

.69

l.l0
.11
.r0
.08

9.21+

l.3g

I

-¡s-
I

L3.86

9.21+ r0.63



Field No.

Table No. 20

MOISTURE AVATLABT,E FOR CROP GRO!ÙTI{ IN FOUR FOOT COLUMN OF SOIL
GOOÐLA}üÐS DIS1RICT EFERIMENTAL SUBSTÀTION 1953.

Crop

20 FalIow

tation
ïear

2L

Depth in
inches

1

Tûheat on
fel1 ov¡

o-L2
13-2h
25-36
77-L*,

v
Spring
ins.

Tota^l

2

1.51
.l+9
.59
.6t

ture
Falt
ins.

o-l-2
13-2It
25-36

"7-LÈ

3.26

From soil
ins.

1.61
.78

1.78
L.25

Tota.L

MoÍsture Used By C

2.28
L.66
L.66
L.56

5.tQ

Rainfall
ins.

7.L6

tg
og
82
88

Total
ins.

1.98

2.Og
r.57

.84

.69

5.r8 ro.76

I\ì
\rt

I

L5.91+

Continued.



Field No.

Table No. 20 - Conttd.

MOISTI]BE AVAILABT,E FOR CROP GROTTTH IN FOUR FOOT COLI]MN OF SOII
GOODLANDS DTSTRICT ÞEERTME\TTAT SUBSTATTON 1953.

Crop

2

Rotation
Year

Fa^llou¡

3

Depth in
inches

Wheat on
fallor¡

I

I

Available Moisture

0-12
L3-21+
25-36
C'I-LÈ

Spring
íns.

I¡trheat on
2nd .crop

2

Tota]-

L.69
.ó1
.82

1.06

o-L2
L3-24
25-36
?7-1,*

Fal1
ins.

3

4.18

Tota-l

Frour soil
íns.

1.83
l.gó
1.48
1.39

Moisture Used Bv Cron

o-L2
L3-24
25-36
77-LÈ

1.89
t.69
1.50
'l -1,*

6,56

6.16

Rainfa]-l
ins.

Total

.00

.08

.66
1.Or

3.25
1.15
r.27
L.20

L.75

Total
i-ns.

6.87

1.89
1.6r

.84

.LL7

.h2

.88
L.55
1.60

4.81

l+.h5

2.83
.27
.28
.lr0

LO.76

2.h2

L5.57

ro.76

I{
O.
I

13.18

Continued.



Field No.

Tab1e No. 20 - Conttd.

MOISTUBE AVAILABTiE FoR CRoP GR0hIII{ IN F9IIR FOOT C0IUMN 0F SOIL
e,ooDÊalüDs DLSTRICT ÏIPERIMETüTA]. SUBSTATIoN 1953.

Ð

Crop

f¡llovf

RotatÍoi
Year

ülheat on
faJ-low

Ðepth in
Ínches

1

c

0-I2
]-3-2h.
25-36
37-L*

Hay-Break

^Availab].e Moisture

2

Spring
i.ns.

TotaI

A

1.80
.89
.h5
.52

0-12
].3-2t+
25-36
77-LÊ

Barley

Fa]1
ins.

3

3.66

Total

L.67
1.48
t.35
L.ta

2¿25
2,3L
2,71+
2.61t

0-12
L3-21+
25-36

"7-LA

From soil
ins.

Moisture Used Bv. Cron

h

5.92

9.9t+

Total

Rainfa-l'l
lns.

.41

.o5

.69
^9L

o-L2
L3-21+
25-36
17-1,Ê

I.3Iþ
.80
.20
.20

2.A9

Total

2.5/,+

1.84
2.26
2.O5
1.70

.57

.96
r.13
r.77

Tota-l
ins.

2.39
L,36
l.3L
1.11

7.85

l+.O3

6,L7

.45

.04

.22

.66

ro.76

L.37

r.9h
1.32
r.0g

.L5

18,61

4.80

I{\ì
I

LO.76 L5.56



Field No.

Table No. 21

M0ISÎURE .AVAILABT,E IÐR CROP GROI4ilTH IN FOllR FOÛI COLUMN 0F SOIL
HARGRAVE DISTRICT trPER]MEMI SUBSTAÎTONS

I

Crop

fn] I 914

Botatiol
Year

Wheat on
fa]1 ov¡

Depth Ín
inches

1 0-12
L3-24
25-36
17-1r8

Barley Seed
to hay

Available Moisture

2

Spring
ing.

Total

3

o-L2
L3-24
25-36
77-LÊ

2.1+5
L.l4l,,
!.29
I.3lL

Hay

Fall
ins.

3

6.i2

Total

1.8?
L.66
1.16
1.09

2.39
2.52
2.63
2.87

0-12
L3-2t+
25-36
z7-L8

From soíI
ins.

l+

5.78

s'i

LO.37

TotaI

ure Used

.90

.L3

.35

.95

RainfaJ.l
i.ns.

2.50
1.78
L.39
L.3?

0-12
L3-2t+
25-36
37-L8

2.33

TotaI

7.00

L.l+9
2.39
2.28
r.88

L.26
.60

Total
ins.

2.69
L.l+6

.66

.65

1
I

25

8.04

75

l+.1+6

r.24
r.18

.14
- ,Oz

5.1+6

.42
,h2
.57
-o¿

9.62

2.54

2.O3

2.27
1.04

.09

.oi

L7,66

9.62

3.43

I
-l@
I

T2.L6

9.62

Continued.

13.o5



Field No.

Table No. 21 - Contrd.

MOTSTURE AVAITÁBTÆ FOR CROP GROWTH IN T'OUR FOOT COI,TJMN OF SOIT,
TIAfiGRAVE DISTRICT EXPffiTMENT SUBSTATTONS

2

Crop

Pastìrre

Botati
ïear

I Breakíng

Depth in
inches

5 0-12
13-21+
25-36
7'7-Lâ

!{heat on
Breaking

Av

6

Spring
ins.

Tota]-

4

0-12
13-21+
25-36
17-lÊ

!.1+2
1.03

'90
-97

Oats on
Crop

FaJ.l
ins.

7

h.32

Total

r.05
.07
3A
.LL

2.OL
f .05

.63

.À8

o-L2
t3-2h
25-36
?7-Lâ

From soil
ins.

Moi-sture Used

I

r.86

TotaI

4.L7

L,63
1.16
L,25
1.16

37
96
60
57

Rainfal-l
ins.

0-12
L3-21+
25-36
?,1-Là

2.32
r.79

.89
L.25

2.t 6

5.20

Total

6.zs

.75

.64

.96
1.09

TotaJ-
ins,

1.91
L.39
1.31
1.30

9.62

3.ht+

L.57
1.15

_ .o7
.L6

5.9L

1.10
,36
.96

1.10

12.08

2.8I

3.L2

.8r
1.03

.h.5

.20

9.62

2,hg

I\ì\o
I

L2.l+3

9.62 12.Lt
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No. 5 on the Boissevain Substation reveals that moistr¡re conditions in the

fall were close to the wilting point. A slight variation i-n the moisture of
Èhe soil talcen fron different holes would. aecount for the d.ifference in mois-

üure showing slightþ more favorable conditions in the fal1. These variat-
ions are too small to be of any consequence. The imporbant thing to note in
regard to the crop gro!,,Ìr on fields No. 1 and 5 is that it was naintai_r¡ed

almost entirely from moistr¡re that fell as rai-n, and not by soil moisture.

The moisture derived from the soil for wtreat on breaking on field No. 2 was

greater than that deríved from the soil for wheat on fa-Llo¡r on field No. ?.

The decaying alfalfa roots in the first crop after breaking greatly facilitate
the d.ownward rnovement of water and. at the same time provide organic matter

which increases the water retention properbies of the soil.
The total rainfaLl reco¡rled on the Goodlands District ExperimenÈ

Substation from the time of the sprÍng sampling to the date of the fall
sanpling r^ras 10.76 j_nches. In the falLor¡ field (Uo. eO) in the two-year

fallow, wheat rotation, the available moisture stored. for the period was

2.16 inches; i-n the three-year fallow, whçat, wheat rotation 2.JB inches vras

stored in the fallow field (mo. e¡: and in the four-year mÍ-:<ed_farrring

rotation 2.26 incines of available moisture was stored in fallow field Ð.

There ïras some loss of moisture in field D in the first foot but in the

other two fallow fields there hras a storage of moisture. ïn the two and

three year rotations the trash is left on the sr¡rface but in the four year

rotation the trash is turned r¡nder by ploughing. It is interesting to note

that the great,est amount of available moisture used for crop grorntrbh was in
field B for wheat on fallor,t in the four year nixed farrring rotation and this
anounted to 7.85 inches. This compares to 5.18 inches of available moisture

used i-n the two-year rotati-on and. 4.81 inches j¡ the three-year rotation. In
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the hay and break fietd (C) :n the four-year rulxed-farming rotation the

beneficial effect of ploughing donn sweet cl-over can be noted by the sub-

stantial increase i-n soil moi-sture amounùing I.49 ínehes to a depth of four

feet. the loose, open structure of the first foot due to ploughing doun

sweet clover can be attributed to the decrease in available noi-sture in the

first foot at the ti-ne of the fall sampling.

The total rainfall that feIL at the Hargrave District ftcperiment

Substation amounted f,o 9.62 inches for the period between the sprÍng sanpling

date on May l{th to September 9th. In the fallow field. (t) tfrere was an

apparent decrease in available moisture from spring to fa^Ll sanplings. This

field was adjacent to the pasture fieLd and the ani-rnals were allowed to trarrp

it hard. The sod-breaking field I shor"¡ed an increase of 1.03 inches of

avaÍlab1e moisture out of t1e 7.63 inches that fel1 between the time of

breaking and fa.ll sanpling. The amount of moi-sture available for wheat on

fallou field 7 amounted to 8.0{ inches and for wtreat on breaking on fietd 5

amounted to 2.81 inches. 0n the whole the supply of moisture available for
crops on the llargrave Substation was more plentiful. than on the other two

stations.

An exa¡nination of the available moisture data for the fall
sampling indicates that both the cereal crops and. the forage crops d.raw on

the available moisture supply down to a depth of about two feet, Below the

two foot level there appears to be a gradual j-ncrease in the amount of

available moisture,

W.

A crop rotation is the practice of gror,ring a series of d.j-fferenù

crops upon the same land in a definite order, and in a succession that is
recurring. Eotations vary Ín }ength dependÍ-ng upon the needs of the faro..
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A well-designed crop rotation is one that

fars enterprise, mai¡rtain soiL fertility,

of available moÍstr:re.

Crop yields have been recorded for the rotations under study on

the Boissevain, Goodlands and Hargrave Substations since they were established.

the yield data and moisture required to produce a crop in L953 are recorded

in Tab1e No. 22. It was impossible to obtain crop yields at the sites where

the soi-l moisture samples were talcen. This-would have been a good procedure

from a sound statistical standpoint, but not feasible in the operation of a

District Þcperiment Substation wtrere the operator iorj-shes to cut his grain as

soon as it is ready. For th-is reason the average yield of grai-n for the

entire field i-s given.

On the average, crop yields have been higher in the mixed fa:ming

rotations where grass and legume erops are included in the cropping program.

This point is well ilJ-ustrated, r,qith reference to the Good.lar¡ds Substati-on

where an adapt comparison is made and outlined in Table Nr:mber 22, between a

two or three-year grain gror,ring rotation ar¡d a four year nixed-farm:ing

rotation.

VII. General Srrnmarrr:

will contribute to each individual

and efÍiciently utilize the supply

The investigations conducted in this study and the statistical

analysis of the results, confirn the obserwations that there is a significant

difference in the effj-cient util-ization of soil moisture in producing crops

und.er the different eropping rotations. It is concluded that careful thought

must be given üo elimatic factors when d.esigning a cropping systen for a

region. Soil moisture and soil ferbility are two inporbarrt natural resources

from the standpoint of crop production. Proper utilization and conservation

of these two factors are of prime Ímportance in maintaining a permanent



Rotati-on
Year

Boissevain Eieht-ïear RotatÍon: -

2 Ìüheat on Fallow
3 Oats 2nd Crop
L+ Hay 1st Year
5 Pasture
7 Wheat on Break
I i¡fheat 2nd Crop

Grop and
Field

YIELÐS AlüD WAfm BEQUIREI4EI\II 0F CROPS:
DISTRICT ÐTPffiII4ENT SUBSTATIoNS 1953.

Goodlands - Two-Tear Rotation:-

2 Wheaü on Fatlow (21)

- Three-Tear Botatio4:-

(z)
(r)
$)
(4)
(2>
(6)

Table No. 22

Average ïi-eId Average
Per acre Years

Bus. Tons.

2 lüheat on Fallow (3) 23.5
3 Tüheat Znd Crop (1) L7.O

- Four-Year Rotation:-
2
l+

25.6
28.1+

2l+.O
20.o

23.8

Harerave Eisht-ïear Rotati-on: -

trtlheat on FaJ-lotr
Barley on Break

2 Ìtheat on Fallow (f)
3 Barley 2nd Crop (ó)
l+ Hay lst Tear (l)
5 Pasture (z)
7 Tüheat on Break (¡)
I 0ats 2nd Crop (4)

.95
L.29

]-953
ïieId

Bus. Tons.

(B)
(r)

I
6
I
)+

I
I

T6

27.o
h.0.3

28.6
20.o

26.O

25.o
14.0

26.1+

30.8

30.6
28.0

30.7
52.2

Inches of Moisture
üsed By Crop 1953.
From
Soil Rainfa]-l Total

27.o
36.t+

30.5
33.t+

27.6
h8.6

3.6h
.L5

,63 .65
L.27 2.57

l+'62
L.39

t6
16

L6
L6

9,21t
9.2h
9.2h
9.21+
9.21+
9.21+

Lo.76

LO,76
to.76

to.76
L0,76

9.62
9.62
9.62
9.62
9.62
9.62

L,3
1.0

L3
L3
L3
1

L2
13

5.18

4.81
2.rp

7.85
4.80

8.0/+
2.54
3.1+3
2.ue
2.81
2,1+9

12.88
9.39
9.89

11.81
L3.86
LO.63

l-5.91+

]-5.57
13.18

18.61
t5.56

L7.66
L2.16
L3.o5
12.08
l.2.¿+3
12.1I

r.6

I
@
UJ

I
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agricultural economy in a region of limited precipitation.

It is imporüant to use good. eultural practices during the

fallow and sod-breaklng years of the eight-year nixed-farrcing rotation in

order to restore the moisture supply. This can be aecompU-shed in a season

where the precipitation 1s comparable to Lg53. Reference to Table No. 22

indicates ùhat yields ïrere above the average on the Boissevain substation.

It hril-t be noted that the amorx¡t of moisture derived from the soil and used

by the crop was low. Rainfatl was not heavy on the Boissevain Substation in

Lg53, but it came at very timely inlervals during Jr¡ne and prod.uced good

star¡ds of grain.

Fron the standpoint of moisture use, the eight-year rotation

util-ized the available moisture in an efficient marurer and for this reason

it can be recorm.ended as being adaptable to clj-natic conditions of south-

western Manitoba. During periods of drought that occur in the region, this

rotation would supply more feed for livestock than the wild pasture r¡qould.

A disadvantage of the two-year fallow, wheat rotation, and the

three year fallow, wheat, wheat rotati-on, is the long peri-od of non-product-

iuity that elapses during moisture storage. It appears that some other faetor,

other than moisture, is involved as yields of grain are not as high on the

shorber grain rotations as on the mixed-faru-ing rotations. The results of

conpafing the relative soil moisture indicate that the moisture supply is not

as nearþ depleted on the grain rotati-ons as on the mixed-farnr-ing rotations, ,

and at the sane tinne, grain yields are not as high on the former as on the

latter.

0n the Hargrave Substation moisture conditions are sufficient to

maintain a high level of crop yietds under the eight-year progran. The eight-

year rotati-on would be more practical thar¡ the shorter grain rotations i-n the
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area represented by this Substation. In depressions accr¡mulations of satts

are for:nd. Âlfalfa and brome hay crops r^rill greatly assist in keeping the

soil moisture at a lorçer leve1 ar¡d will also assist in alleviating the

a1J<a]i ¡s condition.

TÆII. CON6USTONS:

1. The method of studying soil moisture from the relative moisture

standpoint and the application of st,atistieal methods, has proven to

be a successful approach to the problem of assessing Èhe relative

moisture effici-ency of cropping practices under study on Ðistrict

E:cperiment Subst ations i-n south-western Mar¡itoba.

2. Laboratory deterti-nations of the moisture equivalent confi-rm

that there is consid.erable variation in texbr¡re alnong fields and

depths, parbicularþ on the Boissevain Substation. These differences

in tercbure produce differences j-n the anount of water available for

crop growbh.

3. There was a very significant difference in the relative soil

moisture alnong fíe1ds and depths within rotations in all cases and

between sarnples talcen in the spring and faII.
l+. The moisture content of soils falling into the relative moisture

groups as outlined in this study may be classed as wet, moist, inter-

mediate, dry, and powder dry.

5. the results of this study indicate that the eight-year nrixed-

farming rotations and the shorber term for:r-year rotatÍon at Goodlands

are properly designed to coincide r,'rith the moisture conditions of the

region.

6. The average precipi-tation of south-western l{anj-toba is sufficienü

to warrant the inclusion of grass and legrlmes in the cropping rotations.



Proper nanageaent netbod,s nust be enployecl in breaking so that

acleqr.late moisture can be stored in the soil profile to compensate

for what h¿s been used by the grass and. legune Gropso

The results of this strrdy Lndieate that wheat in the rotations

stud.ied, draws moisture chiefly from the top two feet of soil. The

anount of available molstr¡re at the tj¡¡e of faII sa.npling showed. a

slight increase below two feet ån fieLds that were u¡,rder eereaL Gropsc

The nost outstanding eonclusioa as a result of this etudy is
that und.er fie1d. cond^itions crops utilize the soil moisÈr¡re from

belou the ncalculated.n wiJ.ting poínt. this is a verlr fopoztant

result and helps to e4plain the reason for relatÍvely good erops of

wheat in south-western hnitoba r¡¡&ren soil noistrrre appears to be in
a short supply.

7o
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