
CONSUMPTTTE IISE OF }TATET, BT PLAI\ITS AI\ID NTTRATE CONTE{T

ÏN SOE, AS INFT,UENCED BT CROPPTNG SEQUMTCE

A¡TD }EA,TT TZER TBEATÌ{EhITS

i. ThesÍs

Submitted to

The Faculty of Graduate Stud.ies and Research

The University of Manitoba

ïn Fartial Ï\¡lfiJtnent

of the Reqrirerenbs for the Degree of

Master of Saience

by

ï¡üalter Michalyna

Febntal IgSg



ACßNOüEæM"IENT

TÌæ I,rÍter ¡rishes to e4press hÍ-s i¡debtedness to

Dro Ro A" HeùLin, ChaÍrmaa of the Soi1s Deparbnent, The

University of Manítobao who sr:ggested the project a¡d r¡nder

r,rhose supervS-sion the Írrvestigation was cmdu-cted,

Acknowledge¡¡ænt is also nade to Sherrit Gordon

VÉ¡es Ljmited and }Íarnisons and cbosfielcl (canada) T,Í¡cited

for the FeJJ-owship granted to The university of Manitoba ¡rhich

encouraged thi"s project to be r¡ndertaken.



ASSTRACT

krvestigations conducted at the University of lvlanitoba have
:. :

,r,'' shor.¡n tlrat fertilizer a¡ld nanure treatrents i¡r a croppÍng sequ.ence

j-ncrease ¡rieId of ¡uheat and. efficiency of water use, but have little
effect on the consurrytive use of ¡uater under the ¡¡eather conditions

',,, t¡hích oecurrred in L956 and L957 "

,,,.. St¡ffÍcÍent moisture is stored in the fa1l and ¡¿inter of a

crop Jæar to prouide for the establishrnent of a succeeiLing crop.

Sufficíent rai¡ fal-ls drring the growång season to insure a crop, but

may not necessarlly provide optÍrnrm condÍtions for crop grolrth"

0¡r the plots which were faIlow in 1:956 arñ t957 c a loss of

moisture occurred during the period l4ay to August erren though the pre-

sipÍtation for this same period i,¡as 8.17 j¡rches anC 10"18 inches,

respectively.

Accurmrlation of nitrates occurred in sr¡unerfaLl-ovr plots.

,,', Nitrate accumulation was greater on nanured plots than on plots which

had not recei¡¡ed rurnure. There appeared to be an inverse relationship
::: 

between fallos frequency and the accunnrlation of nitrates in the fa-llotr

yearê leachirg of nitrates occurr€d on the fallor¡ plots i-n the period

August to October, High accurmrlation of nítrates hias found belon tbe

',,, root zone on plot,s whÍch ïÀiere saüq)Ied to a six foot de,pth.
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Ï. TNTRODUCTTON

Swunerfallorrirrg was introduced into hlestern Canâda by Angus

FicKay of the fndian Head Þcperi.rnental Farrr in 1889. IIe believed that

fallolring r¡as the best niethod to Ínsure a crop and that this could be

att'ributed to the moisture conserr¡ed during the fallor.¡ year. Since 1BB9

the acreage suruTerfallo¡¡ed. has íncreased steadily untiI, even in relatively

hiüúd areas such as Manitoba, aboub 30 percent of the crop acreage Iíes

fallow each J¡ear. It is probable that this large acreage lies fallow

because farmers recognize that hlgher yields usual.ly are obtained on

fallowed land" Also, fallorring distributes work throughout the sunmrer

perrnitting rnore efficient use of labour and nachinery.

The Íncrease in ¡nie1d on fal-low lands has been attributed t'o

rel-ease of plant nutríents, to storage of moisture ar¡d to rnieed control"

Therefore, if the moisture is adequate and roeeds are not, a serious problem,

it should be possible to rna:j-ntafn high yields on non-fal-l-or'¡ fields by

æpl¡ring plant' nutrients in ths form of fertiliøer and Ítanlre.

This study was undertaken to observe the effect of ferbility and

croppíng seqtrence on the ¡nield of wheat; to deternine the consunptive use

of water and to evaluate the efficiency of r,rater use under various rot,a-

tional sequences and varying Ievels of fertÍIity; to evaluate the efficiency

of sunsnerfallow j-n Íts ability to store moisture; and to deternine the

amount and dåstråbution of available nitrogen i¡ the nitrate foru present

in the soiJ- r:nder different cultural practices.

?o evaluate the efficiency of water use mder the various rota-

tional sequences and vary5.ng Ievels of fertility, the consunptive use of

water and the ¡rield of wheat per acre were used, The consumptive use of

r^¡ater in i:rches nas converÈed to ponnds of water consuned ut¡iIe the yield
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of utreat nas converted to pourds of grain produced.. By this ræthod, it was

possible to obtain tlre efficiency of r¡ater use i¡ te:ms of the pounds of
water consuned per pound of grain produced or evapotranspÍration-grain

ratÍo"
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ÏT. REVT¡,]Iú OF TITÐRATI]RE

A. Consrarptíve tÏse of lilater

Consunptive use of water or evapotranspiration refers to tt¡e total
vol¡¡re of water per r:nit of cropped lard utilized. in tissr¡e grol,rbh and,

transpirati-on, plus that evaporated from the soil in either one year or

one grorrth period. Consunptive use of water depends on such factors as

cIlmate, t¡pe of soil, fertility of soÍl and prarrt specfes.

1. Cli¡rate and Ïts Rsil-¿rtion to _Gonq_un¡ptive UsS:.

Climate determir:es 'what Thonrthr"¡aite (l11) refers to as potential

evqrotranspiration whj-ch is defined as the transfer of water that wor:l-C be

posslble under conditions of fill]. vegetative cover and ideal moÍsture

supply" Thorrrthlralte presented fonrnrlae by l¡hich potentÍa] eva¡rotranspira-

tion rnay be determi¡red and sho¡Eed that the average annual water need i¡ t¡e
United Sbates ranges from less than 18 lnches j¡ the mountal¡rs of the Ïþst
to rnore thån ó0 inches i¡ areas of Á,rizona and Californiao It is l-ess than

21 inehes along the Canadian border. Briggs and Shantz (Z\) showed that at
di-fferent l-ocations in the Uníted States, the ¡sater requÍrenenb of the

second crop of Grinrn aafalfa rarged from 5IB to l0O5 grams¡ of ¡¡ater per gran

dry'weight of alfalfa.

Penrrlan (30) deteflrlixed the evapotranspLration from snp,l1 areas of
closeþ sliFped grassr ferbilÍzed and u¡rfertilized., and for¡nd that the

ferbilÍzed grass yielded more tlu¡l tw'ice as much as the u¡rfertilized grass,

but the evapotransplration was the sarûe. He suggested that as long as soils
re¡nain ¡noist and ¡+eIL covered lrith groicing vegetatÍon, the evqpotranspÍration
j-s controlled by envl-ronræntal conditions and is Índependent of t¡e nature

and yield of vegetation.
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S:bap1e and Lehane (39), Brown (11+), Cole and Mather¡s (ó) have

shor,m that in serni-arid reg'Íons, yield of dry rnatter is dependent on

water we and that 5.0 to 7.1+ Ínches of water !{ere required before any

wheat could be produced. Staple and Lehane (hO) t¡ave sho¡nr that once there

is sufficient moisture to produce a r¿treat cropr each additional inch of

water increases the yield by 3.5 bushels per acreô lühen moísture used is
above 10 inches, each additional Ínch of ¡vater increases t¡heat yield by

about 6 bushels per acre. Cole and Mathews found that wheat yåelds were

jncreased by 2n0 bushels per acre for each addítional i.:rch of water used.

2, Effects_gl Egltilíty c4 C_onsi¡Ipt_ive Uq-e.

Ifanks and Tanner (fB) conparred the effects of irrÍgation levels

and degree of fertilíty on effi-cj-ent use of water by plants and for¡nd that,

rnrhere lrater is not límitlng, high fertÍlity results Ín a more efficient use

of ¡rater and is essential í-f the highest yield per rrnit of lrater applied is
to be obtai¡ed" The effect of i.:rcreased fertÍIity level in increasing

effici-ency of water use has been confirred for corn by Montgomery and

Kiesselbach (21+), for zuda¡r grass by'trÞaver and Pearson (l+5), and for wheat

by SÍagh and Mehta (35) an¿ Zubriski and Norum (hZ).

Vandecaveye (l+2) rrecently stated that in areas in Tfashington

State r,qhich receive more than 1l+ inches of precípitation anrrually, available

nitrogen and not soil noÍstr:re is the ljmiting factor in crop production.

Resu.Its obtained dr:rÍng 31 years of a¡rnual croppÍng to ¡rheat showed a¡

average increase of 10 bushels of r¡heat per acre when nitrogen r,üas appJ-ied

either alone or as a supplenænt to the dreat straw residue of the previous

cfopo

3, ïn.fllugnce of Plarrt Factors on Consurætirre Use.

The plant factors i'¡hlch lnfluence the consr.uptive use are rooting
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depth and rani-fication, plant vigor and growth stage, and the abílity of

a plant to survive at 1o¡¡ soiJ- noisture content. Kel1y (eh) nas shornrn

that on ary orÞ kind of soil, most plants wilt or stop groming at about

the sane moisturæ content, but their drought resistance or ability to
restilÞ grorrbh after wilting varies.

Boren (7) an¿ lfousten (2f) nave shoror that r¡nder an ad.equate

moisture supply, BO to p0 percent of the total water used was obtained

frorn the upper 2 to 3 feet for crops such as wheat, barley and rye, while

for alfalfa, 70 to 75 percent of the total water used r,¡as obtai¡ed j¡¡

the upper 3 feet. Knroch et al (25) inAicate that relatively dry conditions

Í¡duee plants to devel-op a more extensive root system than do moist soil
conditions" A more effi-cient utllization of subsoil r¡cisture occurred

with application of nitrogen fertiLizer rdrich increased root weight at aLL

moistu¡re J.evels and nearly all soiL depths.

The quantity of water that different crqrs wil'ì extract f¡rn the

soil varies with the stage of growbh and kind of plant, Although the

root extraction pattern at rnturity depends largely on the ki¡d of plant,

it can be nodified by such variables as thickness of stand, soiJ aeration,

soíI fertilíLy, dense soil 1ryers and height of roater table (23),

B. Storage of Moisture

Soils vary greatly in thej-r ability to hold moisture. It has

been shornc by a nrrrber of r¡orkers (2L, 38, L7, l+61 28), that textur¡e is
the nain factor affectÍng water retention, F5Jre torüured soils cen retai¡r

a higher percentage of water than coarse textur.ed soils, Jamison (ee) a¡¡A

Feustel and þers (h) shor'¡ed. thÂ.t, except for sand.y and. redium toctured

soí1s, organic matter does not increase the capacity of a soil to store

watero Aggregatíon and structure developmenù in soil i¡crease the volu¡e
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of pores that store moisture.

Srumerfallcrrring results in storage of apprecia,ble qrrantities of

¡¡ater although tle percentage of precÍ.pitation stored ls s¡¡a'lll " Staple

and Ï,efur¡e (37) hane showr tbat r¡nder conùitions which prevail f¡ Southern

Saskatchewan, the moisture storred in soil durtng a sunsnerfallow period is
uzua11y only f5 to 30 percent of the precÍpÍtation receivred. As rnrch as

ó2 percent of the total stored moistr¡re lùas conserved during the fírst fall
a¡ed r,sinter. The arerage moístrrre conserved ín fields at seeding tfre was

2"2 inches in stubble land and l+.0 lnches i¡r faIlo¡r Iand" At North Platte,

Nebraska, Zook and hleakly (ó) found that on the average onJ¡r' 2J percent

of the precípitation received during a L2"5 rrurnth period was present l¡r

the soÍJ- at the tfue the nerb crql was planted.

Staple and Lehane (37) state that shor¿ers rm¡st be greater than

O"h to OoB Ínches or occur at frequent Í¡tervals in order ùo saturate the

drXr surface soil a¡d cause ¡rater to move down¡ya¡rl belo¡s the evaporation

zone ¡ùrich they consider to be to a l+ to 5 inch dqpth frsn the surfacen

HopkÍns (20) fnfers from derived equations that, r¡nder aîìerage condÍtions,

a one dry raS¡l to the amount of 0"3ó inches in ì,ray and June and o"L6

fnches 5n July and August t¡orld be required to offset the subsequent

evaporation durÍrg a ten dayperlodo 0r the average, 66 percent of a one

day rain of one ineh in May or Ji¡ne would be conserved at the end of I0
days whi3.e onþ 30 percenù wor¡ld be retained if the sare anannt of rain

¡ças receirred in five daily sho¡,¡ers of 0,20 i-nehes.

C" FoyrnatÍon a¡d .A.ccumu1atíon of Nitrates in the SoÍ1

The forrnation of nitrates from organic matter i¡volves two pro-
cesses - r¡:i¡reralization and nítrificatíon (hh). .Armnonia is forrred frm
the organlc matter in the ¡ninerallzatíon process and nitrate is produeed

from a¡nnonia a¡rd nitrate i¡ the nitrfficatLon process" These proeesees
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are the æsu].t of rn-iero-orgarric activlties and hence are influenced by

environnpr¡tal condiùions,

Russel eù al (li¡) have shor¡n that at !"C. nítrate production fs

very slcrri. Above thls terperature, the rate of nitrate producÈion i¡r-

creases rapidþ and reaches a mæci-mum at, 35"C. A further increase in
terçerature results i¡n a decrease in nÍtrate production, no nitra*,"es being

produced at 55"C.

Not all workers agree as to optimum moisture content for nitrate

produetion in soils" carder (p) and Rr¡ssel (¡h) in¿icabe that nÍtrate

produetlon occurs betr.¡een 15 percent moisture and waterloggí:rg but that

there is no opti:irun noisture content, Other workers, such as Fitts et al
(f5) an¿ GaÍney (9), indicate that the optirrum moisbwe content Ís 22 to

30 per"cent depending on the texture of the soiJ.o Greaves and Carter (9)

showed that for a lcì-de variety of soiIs, nÍtrate production reached a

¡p:cimum value r'¡hen the moisture content r¡as at 5o to 6o percent of field
capacity,

GaÍney (16), Fitts et a1 (15), AIJ-ison (2) and S,tanforrl et qt

(36) inAicate that a relatÍonship exists between the nítrogen content of

soils and their ability to accurmrlate nitrates. Larson a¡rd llitche11 (27)

have shorør an increase in the rate of nitrífication as a result of manuring.

they found a higher nitrate cqrtent in a fa -lor.¡ field which had been mamrred

than in one to rohich no nanure had been applied. The qplícation of ti^¡o and

one-half tons of strar'¡ slÍghtly decreased nitrate accumulation during the

surrunerfa]-lor,r periodo .4lbrecht (1) in*lcates that a strar¡ rn¡Ich reduees tte
accurnrl¿tion of nitrates of clay soiIs. He attributes thj-s decrease to

the higher rncisbi¡re content of mr¡lched soils and shows that as tte rnoisture

con-benü decreased, nitrate accur¡¿lation j¡creased. It is prrobable that
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in the field a higher moisture content tends to reduce soil terperature.

Krantz et al (2ó) found that nitrates accrfiulated at the surface

after a prolonged dry period, but any moderate rain moved the n:itrates

do¡m¡rard into the main root ?,onea Russel and Richard (32) and Bate and

Tisdale (3) state that a relationship exÍsts betrøeen rainfall ar¡d the

arnount of nitrate i¡r the drai:rage water of unc:ropped land. Doughty et

al (11) sho¡red that hågh concentration of nltrates were fornd to a

depth of sever¡ feet on sumrerfallow fields following earþ falL rains

rrhile on rrirgin soils no nitrates Îrere found"
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ÏTI. ÏNI¡IESTTGATIONåÍ, PROCEDURE A¡iD RESUITS

A" Eleld and laboratory Metl¡ods

1o Plot treyout ard qgplÍng Pfocedur"e

This study r,¡as conducted on the Fertility Eield at The University

of Manitoba on plots '"¡hich r,¡er"e laid out j¡ various eropping sequenees in
l9L9 on soiJ t¡npes which are c]-ay in texture and are mernbers of the Bed

RÍver a¡rd Fort Garry associations. These soj-Ls are described. by Ehrlich

et, aI (12). The experinental area i¡sluded Ranges 2ó and 27 anð" one plot

Í:r Range 28 in Elock 2. Eaeh range consi-sts of eleven maj-n pIots, each of

which is 1/+O aere in si.ze" A field. plan o.f the eçeriment is presented in
Figo 1.

Ïn Plots I to L0 the cropping sequence ls the same on Ranges 26

and 27 and is as follorqrs;

Plots 1 and 2 - a fa1Iow-wheat rotatíon

PLots 3r I+ ar¡d 5 - a falloru-¡.¡heat-wheat rotation

Plots 6, 7, B and 9 - a fallow-wheat--vrheat-wheat rotation

Plot 1O - continuous r^¡heat

Ttre croppÍng sequence on the other plots sanpled was:

Plot ll- - Range 26 - corrþi.nuous corn

Range 2'l - conti¡ruous oats

Fange 28 - continuous barley
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cL957

2L956

âL957 ãrd ¡æ.wheate
2L956 1si; ¡rr.wheata

zLg57 '.L957

FalLonr ?

Falf.o¡ 3ô

c

t
ø

c I

-ðEÞÞ¡õe1956

lst ¡rr.wheat;
trb]-lo¡r z 2 ..L956

âod yr"wheat a

eL957 ând Jrnwheat I
,1ÇÊ8--- ËãlËËäi-'

lst ¡rr"wheat ¡
Fbllou a

aó

ïfheaÈ :æ
sL967 FaLLon z

-GÈ-Þ 'L25-7-- --Eclls--;
¡L956 Let trr"ffhêata I 2L956 lst Jrr.wheaù :

NûIE: Ttre four rotations presented are F-lÙi F-W-frI; F-!ü-Ïü:'!ü; and

continuous wheat.

NütE: Plot 1I, Rarrge 2B was l¡reluded ln the orperiment as a continuous

barley treatnÊnt,

Sig, 1, tr5-eLd pLan of the elçerdnrent on Ranges 26 and 27 ¡n Block 2 of

the Fertillty S[eLd, Unlrrersiþ of l{anitoba¡ fn L956 and ]-957"

!Ð-z
Le56

2].:956

!üÌpaü 3

Hheat : l3
a

?!2á7- -- Is!åussstse!: L?I-T
L956*956 Sbllot¡ s 9

,!25J--- FaLLor,r !
¿L956 3rd,Jar.wheat: I zLgí6 3f,d.trE. wheatl

3t957 lst yt"wheate 2L957 lst ¡nr" çheat;
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The plots on Range 2l receíved msture at the rate of l+ tons

per acre prior to gro'rlng a crop. Î?e rnanure was applled in the faLL

of a fallont Jpar and in tþ fall of a crop JÞarr providlng the ploù was

not to be fallo¡¡ed the follo'ring y€âF.

TJt L932, the plots 1n Banges 26, 27 and 28 r¡ere divÍded into

tt¡o 1,/BO acre plots to accor¡rpdate the use of corrnercÍ¿L fertilizers"

Frrgra 1,932 to 1955a j.nclusive, tþ north half of each plot in both Ranges

26 and 2f received anrnonium phosphate (JJ.-I+8-O) fertÍLizer dnilled in

!{tt}¡ the seed at t}æ rate of h5 pounds per aere. Dudng these years, ühe

stubble crops qpear.ed to lack nitrogen. Tn Ig56 and t957 o aruronÍum

nitrate-phosphate (ZZ-il+-o) fertilizer !,ras app]ied at the rate of 16o

ponnds per acr€ on stubble crops in both Ranges 26 and 27 þo overcøe the

nltrogen deficlency" The north half of all plots j-n first year erops

st{Il recei'¡ed arrnonÍum phosphate (Lt-l+B{) fertilizer at the rate of

l+5 po¡nds per acree

The plots rrere sarrqpled for moi-sÈrre and nitrates at four

loeatlons in each half p].ot at seedíng time (May 1), at harvest (eW" 15)

and at freeze-up (Oat" 15). Tte soil from eactr respectÍræ depth was

combl¡ed to make five corryosíte sanrples representing the depths 04, 7-L2,

I3-ZI+, 25-36e ar¡d 37-l+8 inches. Stince data obtatned in October of L996

indicated a high nitrate eontent at the four foot depùh, several pJ.ots were

sanpled to a depth of six feet in 1957.

2, Ðeterrninatfon of Consunptive Use and Moistr¡re Ëtorage.

?he sanpJ.es '!üere oven-dried at aLO"C. and the rnoisture content

based on oven-drXr rueight of soll røas calculated. The sanples rüere grcnrnd

to pass a 2 mr" sievra. the moistrrre eçivalent ¡'ras determi¡ed as outlined

by Briggs an¿ ¡Ictår¡e (B) " The procedure is as follocs:
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Grind each soil to pass a 2 mno sieve and add, in duplicale, a

npasllred a¡nount of each soil Hith the rÞasuning can to each moisture

eqglvaJsnt box. Pl¿ce the moisture eçivalent boxes in a pan containíng

water to a depth of one centfneter and allow the sarples to stand Pro-

tected from evaporation for 2l+ hours or overnight, Place in a centrifuge

and operate at a speed of 2LlrO r,p.m. for þ minutes. Trar¡sfer the soiL

to weighir¡g ca¡Ìs after rhich tlre noísüure deternrinations are rnade in the

usual way.

The i¡il-ting percentage rüas calculated by diniding the moisture

eçiiralent by l,Bl+ as proposed by Briggs and Shant,z (h), It has been

shor¡n by other workers sueh as VeÍ-hmeyer and tbndriekson (l+¡), Staple and

Lehane (38), and lrlork and Iewj-s (Le¡, that the relationship of the moisture

eErivalent to the wilting percentage of fine textured soils ranges from

1.BO to r"gg.

The avaiJ-ab}e moÍsture was calculated by subtract'ing the uilting

percentage from the moisture pereentage of the sarçle" The percent'

avaiLable noisture r¡ras converted to inches of r'sater by uslng an apparent

density of 1.1? r,¡hieh was determined by the method outli¡ed by R¿sse1 and

Balcerek (33)"

The consunptive use values for the grorlng period were calcu-

lated by the following ræthod:

available rnoisture i¡ soil j:¡ the spring

plus- rai¡falI between spring and harvest

minus avaj-l-abIe molsbure ín soil at harqest.

Storage of noisbur€ was calculated as the di-fference in the

available moisbure at any sarçlÍ-ng dates which i¡ere being conpared"
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3. Dete¡?Énetio_n_ ql Nj.t{aÞe-nitroeen ¡fr Þ-or:f .

Nitrate-nitrogen was determi.ned by the colori¡retrÍ-c phenoldi-

sulphonic ¡ethod described by l{arper (19) with modifications as srrggested

by Ro11er and l{cKaig (31) o The procedure is as follolrs:

T,Ieigh out 25 gm. of oven-dr¡r æiI in a LOO rnl. beaker. Add 100

mI" of 0.O2 N. GrSO¡ solutj-on to the beaker and stir to wet sanple thorough-

Iy" .Add a teaspoon of charcoal (nitrate-free) and stir agai-n" .Allovi to

stand for 10 to 15 nri¡utes and add o,l+ gm. of Ca(ou) Z þl:fuate-free) and

stir the samplen Filter a¡rd transfer a 25 Tû]-. aliquot to a 5O ml. beaker

and evaporate to dr'5mess" ådd 2 r¡1" of phenold:isulphonic acid and aIlow

to stand for 10 rninutes or longer. Add about 30 ml. of disti]-led water

and allow to stand for a time tiII resiúre dissolves or stir unti-L resídue

goes i:nto solution. Transfer the solutíon and the rj.¡ase to a 100 mI.

volumetric fIask. Add NH¡+OH until color develops and filJ- to mark Ìüith

disbi[ed water. Read the percent bansrnission agaÍlst a blank on the

spectrophotometer at a wavelength of ,115 ry.
lhe calcíum h¡rdroxid-e used contaì-ned an appreclable amount of

nitrates" these ¡rere destroyed by heatÍng i¡l a ruffle f\rrnace at 75O"C.

for two to thæe hours.

B" Results and Discussions

1n lrecíp-itati_oqrla'Þ"

The precipitation data for the ¡rrears 1956 and 1957 are presented

i-n Table 1. The precipitati-on d¿ta for the lvinnipeg area were obtained

fro¡r the Dorai-nion ûfeteorologÍ-caI Reports, while the data of Tlæ University

of tlanitoba lrere obtalned from the Plant ScÍence Department of The

Ilniversity of }fanitobao The data recorded at the Unirærsity, presented

for the perÍod Apnil to 0ctober in both 1;956 arrd l-:957 t r¡ere used in
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Table l"

I,lont,h.l,v Drecipj-tation jn inches at the University of Þlanitobau

Fort Garzy and Stevenson Airport, tdinnipeg, in 1956 and Ig57s and the

næan montlrly precipitation for Winnipeg for the ¡'s¿¡5 lB?L, fo A957

inclusir¡e"

i2 tg56 ]957 83 year mean
".luionth .lÏrlpg. : U of Ivi zì ÏÍpg. : U of 1{ 23 Tü-nnipeg

. a aè.ó
January zz !o7 : l+ ; å 0"7 3 ¿t 22 O"?2

:â t 21 '" 22

February ;; 1"1 oo :* zì 1o0 3 ;-c i2 O"Bh
â. a t 60

March : ¡ 1*ó i * z'" 1o0 3 +t t". 1*11

April zz A"2 : {.- '"" tnó å t- 2i 1"29
ôaè' t o

luiarr :; 2oO : 2"00 zi 1"7 z L,zO ?i 2rI7
o 6a. Qáõ o aô o

Jtrne zz 2o2 ¿ 2.53 zz 5"o s 5.06 ".s 3'20

July zt 3,3 z 3)+3 Êz ln7 z 2"ol ""2 2"90
aa

Aug" (r-f5) ::' 5olix : Oo91 z2 3"5n z l"9f :3 2"5l¡+-f¡/aq\(?X.nLR
IJO-J¿i 2. . ./@¿r ' v@+u .'.

aô

Septernber ;¡ 0oB : O"hB ,t 2"h z 2"59 Bz 2"I9
a. tv

octo (1-15) zi 2"0x c o.l+o ;: luZL z l-"13 i". I"\2
(1ó-31) zâ z 2"N zz i ooo .?

ca

November ¿; 1'9 â t+ 3â 0o7 3 +$ z? 1.10
aa o c

December iz 1.5 å -F iz 0o3 3 r( i? O"92

i'îay 1 - ,i:rg. 15 c B*8? az ¿ 10"tr8 '.e

-&ug, 1$-oc+,.L5 z 6,21 ss : h"zo ;3
? 31 2 3i

Total 23"7 : 15.08 z3 Ð,8 : 1Ir..38 ii 2a.lJ9

-;r PrecipÍtation r+as not, recorded forbhese
months.

x Precipitation figur"e is for the uhole month.
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calculating the consurptive use of r¡ater and storage efficÍency.

The rainfall during the growÍng season ¡by 1 to Argust 15 rras

8"8? j:rches and 10.18 inehes ir1 1956 and 1g57, respectiveþ" fi Lg56

the rairrfall in l4a¡r, June and July was almost equal to the 83 ¡¡ear rean

for each month, respectÍvely. In lg57 t the rai¡fall ix May and Jr:ly

r'ras belor^¡ the mean r.¡l'ri1e in June it was 1"8 inches higher thæ the 83

J¡ear mean of 3.2 incheso

Afber harvest in 1956 an aborre average rainfall of 5"33 i¡ches

was recorded bet¡¡een .August 1ó a¡rd 31 but the September rainfall'¡'yas

below normal. The fírst part of 0ctober received ].ittle precipitation,

but, ín the latter half of the month 2"2 inches of rain fel]., The r¡et

r'reat,her in the latter para of October prevented corryletion of samplilg

before freeze-r4r"

Ðurine the period Augusb 15 Lo October i.5 the precipitation was

6u21 i¡ches j:e 195ó and )+uZO incbes in 1957. Ðuring the winter months,

October L5, 1956 to A,pri1 30, a957, pr"ecipitation of 9"9 i¡rches r,¡'as recorded.

Table 1 shows that drl¡ing the ¡rear 1956, the total precipitation

of 23"7 inchres was 3"2 inches greater than the 83 year rean, r.¡híIe for the

year L957 the total precipitation was 0.3 inches greater tha¡r the rleano

2o Consunptive Use gJ lfater bJr tüheal

Tab1e 2 shor¡s the eonsunptive use of water in inches as affected

by rnøru.r'e a¡¡d ferbilízet treatment v¡hen rryheat is gromr contÍnuously and

as fÍrst, second, and third crop after fa1low. The consun4ptive use of

¡,¡ater on fertilizer and Íianure treatnents is usually greater than the

consurrytive use of water on the check Í¡ any parbicular crop year after

falIow. EVen though a variability in consumptive use of r'rater is noted,

the two-Íear nean values of the check plots, r¡hich range from l-1"7ó to
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Table Z.

ConsurqotÈve use of r,rai;er in inches as affected by manure and

ferbilizer treatnænt when wheat is groun con-i;inuously and as first,

second, and third crop after fal-lo¡r.

Rotation .UfOp" Ual-enû.af 3 Treatments

" Iear. Iear.a : Cheek sFertílizer: Ifanure :ltfanure +
2 i, ifertilizer ;Ilean

contÍnuous i i tgso i. ,r"aai tzugL i. ¡¡3.ag , rl+"¡g irs.5,
z î tg57 e !Z'+h 1L"5h z 13,32 : 13.8I ".13,52
,,
aaèa

F-Ìf-t[-lf :3rd: f956 2 9,1+52 l'2"51+ 313"03 c 13"3? ;12,10
z oo Lg57 e ]-z"frz 13"18 z Jh"3z : th,r2 ¿!3"63
tt

aô

F-'lrI-TL1i-r/ü ¡ ùtdz f956 e r].uã2z 11"08 : thnB2 z r2"2! 212.33
s z L957 z 7.2"5Q: il+,29 ; 11"18 ; 13.98 212,98
::

F-;!,i-Id-tr^,I

F-I^j-i.l

-E -!T-W

F-i^I

: Ist: ]-:956

a.ca

a lL.5l+; 12,78 z 13.96 ; T5.I5 213.35
11
L3,56 zl2,9b

3t
: 12,81 ¿L3.95
¡ 16.03 zl3"'l+3

oo¡ ¡ 11,01¿
"" 22 yr.:nean z AL"27z 12.h1+ : thoOl

ea.a

t Znd". Lg56 z LI+,592 tz"\T ¿ ]-:g"gL+
? ì 1957 z f,2"3l,+z ï1"05 : fl+.30
z ?2 ;rromean z ]-3"L6z 11"26 ., ]-:S'L?
a

; lst: ]956 s LSoLZz 13"\9 l.3"r2

! il+,h2 ¿L3.6h

z ]..2åA :13.h3
z ? 1957 z I!"97: l.,2"6 "62z 22 yronean s 13"0h: 12"89 z Il+"37 ; th"2h
ziîìi'.3
¡ lst: fg56 : 1ó,01: 1Z.Bl+ : 13.21 z I.Z,LT :LL.goz 2__-A5L , z -JJ"ST-. 13.79 : 15"83 z rZ"Z5 :13.1+6
::
Siiz;32



i.-::,1:r;::i' li.- : ll::'l :., :

17-

15.81 inches, 13,00 to I5.I2 ilches, a¡rd. 12.21 to 1l+.1+2 j¡¡ches on the

fertilizer, manure, æd fertilÍzer plus rTÞnure treatments, respectively.

The crop yrear after fallow has an i-nfluence on the consuqltive

use of ¡uater among the r^espectíve rotations. The average data suggest

that the consurptlve use of water is less on first crop after fallow in

a F-W-Ìt-hl rotation than in a F-irI-W or a F-W rotation. Sirni].arly, the

conswptive use of r.rater is l-ess on second crop after fal-low in a F-Vf¡W-tr{

rotation than in a F-tÈlü rotation"

It may also be obse¡:ved that no conclusive differ.ence i-n con-

sun¡ptíve use of water bet¡¡een the respectÍve years is evj-dent even though

8"8? j¡rches and 10"18 i¡rches of rain feI1 during the gror,'ring season ín lg56

and 195?, respectivelyu Since the crop received more rain rn L957 than in

1956, less moisture ¡¡as taken from the soil during the 1957 growing season

as coÍpared to the 1956 growixg season.

Table J shows the available moistr¡re to a depth of 3 feet in May

and fugust on cropped plots in L956 and 1957. The available rroisture in

May of 1956 ís considerabJy lower th¿n the ava-ilabIe moisture in 1957 o The

mean available moistur"e values in May of 1956 on Ranges 26 and 2l are b"gb,

and. 5,b3 i.:aches, respectíveþ, while in 1957 on Rarges 26 arÈ 2J, the nean

avaj-l-abIe moisture vafues are 5"72 and 6"óL i:rches, respectiveþ.

The avaiLable moisture in åugust 1956 ls below one inch :¡ 13 of

28 pIots, whÍch j¡rdicates that at harræst most of these plots were quite

dry in the top three feet, fuesumably moÍ-sture content was suffíciently

1ow that grorrbh rate of the crop was redueed" Itrolrever, si¡ce the plots were

only saqpled i-n May and August, it was not possíb1e to detezmine how long

there hras a 1o¡¡ soil moisture eontent or whether the field of wheat was

affected, The precÍpítation (Table 1) i¡r Jtl¡¡e l:956 of 2.53 j¡ches ¡ras 0"67
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Table 3.

Availab1e moisture in inches to a depth of 3 feet in l'{ay and

August on cropped plots in lg56 arñ 1957"

r956 r.957

Plot : Ida¡¡ _: August_: : _Flot : 14ay _ :- August
Ran+e 26 _

1-S
-N

3-s
-N

lñ
¿!qù

-N
6-s

-N
l-ù
-N

B-S
.N

10-S
-N

ï'fean

6"6b ?

6"93
6.26
5 "79L l,rqr û ¿!J.

3.61( r(
J ê¿/

6"t5
3"85
3,50
2"1+7
l+.1+3
Lo(+ø /)
2 ot)

h.9b

O,76
4.65
0.20
2"oo

-O"BB
0,70
¿o22
¿ø27
I,BO
LE12
Jo)l
1"13
1u01
1"h7

1n10

-N
)-Þ

-N
6-s

-N
r(f

-N
9-s
-N

10-s
-N

5q29 z

3.?J+ 2

h"2o ?

7"o9 z

6,01 z

oó¿LL 3

aa{ ( z

6^zT z

7"35 3

5"Te z

3.o5
1"92
??(¿eJ.¿

3"81
3"65
h,2h
2"1+B

3"hh
3.o5

3"26

2-S
-N

3-s

5.oo ; 3"ho

6,Bl+ c l+,18
6.32 z 3"65
3.96 z 3"5h
L.BB t 1"95

Range 2J

1-S
-li

J"ì)
-N

l+-s
_II

O-Þ

-N
7-s

-N
B-S
-N

10-S
-N

Iriear¡

6,29
7000
6,25
6*01
5"96
5"t7
h"gj
5"tg
5.38
5.o5
l+,23
5 "o2
h.g3
l+"72

5"1+3

2"32 z ?

2"51 i ?

2"29 '.2
2"36 z 2

0"70 2i
2"75 3 3
n 1ìv oJ*

0 "91 ".2

0.87 22

2"15 2 t
noÁvø./v

o*89 zi
0.60 ." 

z

0,o5 3 !

1'39 '"2

B"l+B z 2"1+6

h.óB z 2"95
- ¿/ ^ //{ aÞo 2, J"ÞO
8.31 z 2.86
7,08 z 2"06
B^55 2 2"71+
1J.23 : 3"02
5"83 : 3.06
6*9h : 3"06
7,37 z 3"92
7 "57 z 3,76
3"99 z 2"o9
6"11 ; 3.1+1
6.28 z 2"55

6.6h z 2,96

2-S
-N

3-S
-N

Þ-')
-N

O-Ð
-N

7-S
-N

9-s
-N

10-S
-N
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inches belon the næan, but in July the precipítation ¡ras 0.53 i¡rches

greater than the ¡ean of 2.Ð.- It is probable that the crop utilized

most of ttre soil moisture i:r Jr¡ner but ín July the precipitation of 3"h3

inches nay have been sufficient for crop growbh.

3. Effect of Ferbility on Yield of tllreat.

The ¡rieId of wheat in bushels per acre grolün as conti¡uous and

as first, second, and third crop after falIow under fertÍi-izer and rnannre

treatments is shonn in Tab1e l+. The crop ¡rear has a definite i¡fluence

on the ¡rield of ruheat. llris is i¡dicated by a comparison of the two-year

nrean check yields on first year crop of lro"9 (f-w-W-w), h1,3 (F-trrI-W),, and

Lf"6 (f-lu) tnrshels, on second year crop of 26"6 (F-tt-tËW) a¡rd 35,3 (n-w-w)

bushels. S,irrilar trends are noted on the fertilizer, ÌTtanru€, and ferbi-Lizer

plus nunure treatments.

Fertility Ís an inporbant factor i¡r i.:aereasing wheat ¡nields "

On continuous crop, the yield was increased from a tlro-year rnean yield of

21.6 bushels on the check to tr,o-year Írean yields of 38.0, 3g"3, and. h0"0

buslæls on the fertilizer, manure, feztilizer plus nanure treatments,

respectiveþ" Or third ¡¡ear crop, the ¡nield ¡'ras j¡creased from a tvro-¡zrear

næan yield of 19.6 bushels on the check to 3h"6, 3l+,6u and 38"9 bushels

on the fertilizer, manure, fertilizer plus rTnnure treatnents, respectively.

Si-milar results are noted for second year crops and fi¡st year crops, but

the increase in ¡rield due to fertilizer and nanure treatrnents are not

as great as the i¡crease in yield r¡hich occurred on third year crop and

contj¡¡uous cropo

Fertil-izer and ÍErnure tr"eatrnents have not only i¡c¡reased the

yield of lñeat with respect to the r¡ean check yield, but also have de-

creased the yield difference betr,reen first yæ-ar, second- Xearr third ¡rear
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Table h.

field of wheat in bushels per acre as affected by fertÍIizer

and mar¡ure tr.eatrnents when r,üreat is gro'rn continuously and as flrstt

second., and third crop afber falloru.

Rotation ¡Crop: Calendar
:Year: fear
a.

Treatrents

: Cheek : Ferbilizer: lulanure: Manure* 3

z z ! sfertilizer: Mean
i2a2222

Continuous t ? 1956 2 23"3 : 3B.O '. b2"6 : hl+.O z 36"9
. ? r95T ¡ 2ooo: 38oo : 36"02 36"0 z 32,5

:
lzziz2?

F-'uìI-lü-'ud ; 3rd¡ ]1956 : l8oo z 36"0 z 32.6 ; l¡1u3 z 3!"9

2lr"O*: l+1,3: 36"0*

z rg57 e 2!o3 z 33"3 z 36"6 z 36.6 z 31"9
:2 yr:nnmean: ]-.9.6 z 3l+.6 z 3h"6 : 38,9 z 3!"9

F-'urI-îü-'uìI ¡ 2nd: ]-?56

F-l¡Í-tü--uü

F-lc-w
:1

z 33"3 z

z 2O.O z

:2 Jrr,:neanz 35.3 z

z 32"6 z

37 "333"6

1

o6 : l+0.9. b5"3 : hO"5
aa

I l+9.I

: lst: rg56 e 37"3 ; L1"3 3 53"3 z 5l+"o s I+6"h
¡ '; 195? i__!]+gé: _ hh"é e_À2é_j_.,,1+9.6 : h7¿
tz
3ai223:.

z2 yr"meanz "92

z ?:tdt 1956 : lù"3 ¡ hl"3 z ttg "3 z l+B"c l+h"9
¿ 32.6 z

El T.l T.l

F-riJ : 1st¡ t956 ¡ l+1u3 z 51"3 z I+6"6 t 57.3
¿36 6z 8"6

I Ist: t956 z I+2"6 r b7.3 t h6"O z 5b.5 z \7"6
z ¿ t957 t -L$"o¡_ l r2___:_Ws1,z ,l+7.3 z_l+3.L
zz

2 yr.mean: A. n9 3 h1.6 :

x flLots rære not fertilized jrrL ]-956 a¡rd are not
included in the nean,.
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and. continuous wheat cropso .4, conqparison of the trvo-year mean check yieldst

consistÍ¡g of 19o6 a¡rd. 21.6 bushels on the third year and contirruous cropst

26.6 and 35"3 UuSreIs on second )Þar crops and llÐ"9, Lfu3, and h1'6 bushels

on first year crops, indicates that third ¡rear and contínuous crops yielded

10,3 bushels less than second year.cropsr r¿hi1e second year crops yielded

10.h bushels less than firs'i; year crops. A conparison of the two-}æar íPa¡l

yields on the fertilizer treatr¡ents, consisting of 3\.6 and 38"0 bushels on

tbird year and contj¡ruous crops, 3BuO and h0.6 bushels on second J¡ear cropse

l+Z,gs lù.3, and h6.9 bushels on first )¡ear crops, indicates that third ¡æar

and contj:ruoirs crops yielded 3,L bushels less than second year crops, while

second year crops yielded 5"0 bushels less than first year crops. Similar

trends nay be noted. in corrparison of the two-¡æar mean yields of the Inanure

treatrpnt and manure plus fertilizer treatment"

S,j:ece the effects of r,æed popr:-lation on the yield of wheat wer"e not

taken into consideration i¡r this i.ravestigation, it is not possible to deter-

nine the e¡rbent of corpetition that occurred' F':çerinents conducted on the

effects of loeed populatÍons on the yteld of grain at fhe ilniversíty of

Manitoba* provide evidenee that weeds cer reduce grain yields considerably

if they are not spra¡red before the çheat reaches t'he 5-6 leaf stage. .ALt

plots j¡. this experimetrt were sprayed j¡ both f956 ar,d. l)ll apptoxírnately

three weeks after enÞrgence, In i956u the plots in the experÍrent were

qprayed T,Iith l+ ounces of 2rhrÐ (a¡nfue) per acre on June 9. The date of

emergenee was May 20" In L957, the plots lâIere sprayed with B ounces of

zr[,rD (arnine) per acre on June ?, The date of emergenee Ìrås May 17.

x Mineograpùied data, Ðeparbneirb of P1ant Science, The Unirærsity
of l{anitoba.
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The eirbent of weed growbh on the plots afber spraying was not

noted with exception to Plot 10 in Ranges 26 and 27 which had a eonsiderable

gror'rbh of Loliumperene. Presurnably, the yield of wbeat was reduced to

sone extent due to coryetition from the Lolium grass o

h. Effect _ojl_Fegb:i]jty on E{f_igtejac]' of T'lâtea Use.

T:: order to evaluate the efficiency of water use under di-fferent

levels ef fs¡tility and for èifferent crop J¡ears, the evapotranspiration-

graira ratios were calcr¡lated, lable I shoros tbe evapotranspiration-grain

ratios Ír pormds of water consumed per pound of grairr produced as affected

by ferbil-izer and nunure treatnent on wheat groÌfn contínuously and as

first, second, a¡d third crop after falJ-or+"

The highest mean evapotranspiration-graln ratios occurred on the

cheek plots of third year (2J-31) and continuous (2212) r.rheat. 0n these

plots the efficiency of water use T¡ras i¡rereased considerably by the use

of fertílizer and Inanure. The two-]¡ear nean evapotranspiration-grain

ratÍos for the fertilizer, Íranutre, and fertilízer plus ntanrre treatment on

the conti:ruous t"¡heat treatrent rrere 13ó3 , 13L2, and 13.l+1, respectively,

¡rhi-le the two-;æar ÍFan errapotranspiration-grain ratios for the fertilizer,
manure, fertilizer plus manure treatment on third year crop after faIlow

were il+ol+, 1l+91, and 1338, respectively.

The second hÍghest nean evapotranspiration-graín ratios occurred

on the check plots of second year wheat of the F-tI=If-W (1315) and F-Ìt-IrI

(il+6f) rotation. ibre agaín, there is an j¡rcrease i¡r water use efficiency

due to an j:rcrease in the Ier¡e1 of fertÍlity" The two-year nean evapo-

transpiration-grain ratios on fertilíz,et, nanure, fertilj-zer plus marìure

treatnrents are il+19r 132\, and 1238, respectively, on the F-tl-trrl-W roùation.

the two-year mean evapotransplration-grain ratios on the fert,ì]izer, nanllre,
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Table 5"

EVapotranspiration-graÍn ratios in pounds of water consumed per

pound of grain produced as affected by fertilizer a¡rd nånure treatnents

on wheat groÌ¡n conti-nuously and as first, second, and third crop afber

fal lor'r.

Rotatlon ic*opi cafenaar i Treatmer¡ts
¡ Ferailizer: Ùfanure:Manure + 

2. ? ¡fertilizêr: Mean
3Year; ïear ;Check
3gì

ContÍnuous ¡ L956

2 ¡rr"ræan z 2212
a

F-tr{-IdèT¡I
øa

z àtdz tg56 2 LZTO z

FJ["J-ï.4i

; 20Bo LzB2 z 1229 z I23l+ ? !+56
3 .LJ90 ". ulltó t

1363 z 73].'z 3

oa

.a

l?hzrs ? I35j 3

z t55T
o

2

1280* 3 13LL

F-ïI-hI-f,I : 3rd; 1956 ¿ 1981 z t3t5 z ]t5o6 2 L22L s ]t5o5
z I t?57 t :2?86 _ J_W)+___:.-]WI ? LL+56, '" ]-.678

z z2 yr"rean '. 2]-33 3 1l+0h ¡ 1l+91 3 1338 z l59L

: 1957 z 2749 z

i i2 J¡r"r,rean : 1
aa

;13

F-Tf;I,û;W : 1st3 Lg56 '" ll:66 z rt67 : 9BB z Lo59 z Lo952 | _J,gll__j_932 | +Lo9 jl-olg___:____9Jf- '" LooS
I 22 yrr,nean ; 101+9 ; At3B z IO29 . 985 : 1050
iziZ2iS
: 2nd¡ tg56 ? ]--332 | 1J3g t ],2]-9 : 1007 : il?h
? t t957 z W_2 L655 ? ]'l+2o I ]-,I+27_

::
ac

F-w-w : Isb: lg56 : 1338 z ]-:O52 z LA76 : Bl+9 : 10?B

F-r'ú

z z 1957 z-:J29 e tL52 z].So]- z 1291_:_!2Iþ
i 22 yr.:nean z 1233 : IL02 a 11BB : 1070 : rlh8
aaac.aaaaa

¡ lst: lg56 2 th62 z t3L2 ; 1068 e Bot : 1160
a 2 t957 ,1076 | t222 3L633 2 lJgB Bt2B2
ze

x HLoüs did not receir¡e fertilízer in L956 and r,,rere
not i¡cluded in the mean.
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fertilizer plus manur€ tr.eatrænts are 1091¡ 1.l+37 t and 1213, respectively

ín the F-'r¡Í-I^I rotatÍonu

I¡r the first year wheat trreatment there appears to be no difference

in water use efficiency between tbe cheek, fertÍ1izer, and manu.re treat-

ments, but on the ferti'ltzer plus nanure tæatrnent the water use is the

Ior,¡est and most efficíent as inùicated by the Iow values of gB5 (f+,i;W-W¡t

1o?O (F-Í,¡I-I4I), and 999 (F-tü)"

T.n general, there is a greater r'rater use efficiency on firsi

year crops of the check tr¡eatnents r^¡hich are fallor¡ed less frequently thart

on first J¡ear crops rnrhich are fallowed every second Jæaro Fertji-izer and

npnure t¡reatments increase the water use efficiency i¡ the continuous

wheat, second, and thirri year wheat, wher^eas tlre treatrents have little

influence on lrater use effieiency j¡ the first wheat crop afber fallor¡"

In 1957 g the entire ctþp Íncluding graia and strars was harvested

and weighed. the evapotranqpiration ratj-os i:n por:nds of water per pound

of dr-¡.rnatter produced were calculated and are presented in Appendix ii"

5" Tields" Consurmtive. Use-and T¡Iât-er Use Effieíenc;L-fgq Corn. Oats and

.@"
The yields, consunptíve use, and evapotranspiration-grain (or

sÍJage) ratios for continuous corn, oats, and barlelr for tg56 ar.d L957

are presented in Table ó" An increase in Éeld and a decrease in the

evapotranspiration-grain (or silage) ratio on corn, oats, and barley rnay

be noted on the fertilizer treatment Írr comparison to the check. The

j.:ncrease in pield of silage on continuous corn rnias 1,1+B tons in 1-956 and

5.6 tons ir-lg57" The decrease jn evapotranspiration-silage ratio is l+1

pounds in 1957. The consumptive use on ttre fertllizer treatment was O"óB

inches higher ln 1956 ar¡d 1.óó i¡ches lorver ín 1957 than tle check'
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Table 6.

Tields, consumptive use, and enapotranspiration graia (or silage)

ratios of ccnünuous corï., oats and barley in l-956 end 1957,

. tol,l, i2 ð ì^'Jð. ty2o " Lyr(_ - ,- ¿/)" ___ _ _

z z liãter ; ET's 33 3 I'Iater s ET-+r

Treatnent : lield. 3 Use ; Ratio :: Tield 3 Use I Ratio

Continuous corn

tons inches tons inches

Check z 5"97 a 13.68 z ?59 22 6,3 å trb*26 z 256
$o ð

27-!+q ø s 7^bS s th.3l+ s 218 zi L1o9 z L2"6 c 119-.^ -. /
JCL) IOlaCo3 i ." z3 ? 3

Continuous oats

Ao/^p - - ínches bu/ac inches
aaao . c ao a o

Check z hl+"T : B"l+i+ z ]-,25B zz 5O,6 : 12.68 z l.:669
oat,aaca

27-lÀ4 @ c l+l+"7 z 7,h3 ¡ 110? 33 70"6 a 13.03 z ].229
q/^ qt I
fflll fl'ì/9f¡ ô .o .

Continucus barley

bu/ac inches bu/ac Ínches

Check z Lú-,6 3 8,80 ¿ 9gB ".2 2].,o7 : 13.6h e 2g6T
at

27-1l++ o : Ló"6 s B"5o : 861 îz l+5.8 z !3,7! : 11112
q/^ 

^- 
/

J-OU l-þlac 2 2 2 ?3 ì z

x Eirapotranspiration - grain (or silage) ratio.
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In 1956, the yield of oats on the check was equal to the yield

on the ferti.l-izer treatme¡et. The yield ín L957 r^ras 20 bushels higher on

the fertilizer treatmgrt in corçarison to the check yield" The yield of

barley on the check treatrænt rnras 5.0 br¡shels lo'n¡er than the fertilized

treatment ín 1956 and 2L.1 bushels lower Ln lg57 "

A cor,parison of the consur¡ptive use of r,¡'ai;er on check and ferti-

lized treatrrents on oats sho¡¡s that 1"01 inches more water lras utilized

on the eheck in Ig56, whiJ.e ín lg57 the fertilized oat crop úilized 0.35

i¡rches more than the cheek" The consumptiTre use of ¡¡ater on check

treatment of conti¡ruous barley hras 0"30 i¡ches higher and 0.07 i¡ches

lornrer than the fertjl-ized treatment, in 1956 and 1957 t respectivelyo

The evapotrairspiratrioy¡:graÍx ratio was lower on the ferbjLizer

treatrrent for oats and barley in L956 and lg57 o The evapotranspiration-

graÍn ratio on the fertilizer treatment of oats tnras 151 pounds lotær in

1956 and hl+O poi:nds lor.¡er in 1957 than the check. The evapot,ranspiration-

grai-n ratio on tbe fertilízer treat¡nent for barley was 137 poirnds lower

ín 1956 and ].'555 poi:nds lorver in L957 than tiæ check"

In L957, it was noted th¿t r¡eed i¡festation on the check barley

treatment was quite high uiril-e on the ferbilizer treatment less weeds were

noted (Fig. 2) " The lorn¡ barley yietd of 2!"7 bushels was probabþ cansed

by the weed i¡festation l¡hich occurred. Fresuaabþ, the fertilizer

application provided available nutrients in sufficient quantities to enable

the vigorous plants to overcome the corçetition of the weeds and eventua-lIy

reduce the r¡eed population.

6. Storage of Mois_Þg{g

The suynnerfall oru period begins in the fa11, after the crop has been

removed and continues until a year frorn the foIlowÍng spring and hence lasts
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JUN . 5a

Fig. 2.

Barley plot sho^ring the poor stand of bari-ey and high

weed infestation on the south ha1-f of the plot (on right),
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about 21 nonths" Si¡ce the project was begr¡n in May 1956 and tern¡-i¡ated

ín Ocùcbev 1957, data was not obtai¡abIe for one conplete sumnerfaflow

period. Moisti:re dat'a was obtained for the plots fallo¡,¡ed in t956 from

\fay Ig56 to May Ig5T. For plots fal-Lowed jn I95T, moisture d.ata r,t¡as

obtained from .{ugust, ]-.956 until 0ctober I7ST "

ïn Table 7 e t.he availabre moisture in inches to a four foot

depth on fallow plots is presented for May, August and october of 1956

and1957. The mean available moisture for plots 21 5 and.9 was 5"26 i¡ches

in May at L956 arld 7 "65 i¡rches in May of t957 
"

A loss of moistr¡re during the period May 1956 to AWust 1956

occumed on a]-L plots except 2-$,in Range 26 and 2-N in Range 2T ',¡hich

showed a gaÍn jr¡ moisture of 2"g3 and 5.02 inches, respectively. This

loss is indicated by the decrease in the avaiJ-abl-e moisture from a mean

of 5"76 in May to a mean of h,l+B in August. Thus, a loss of 1.28 j¡ches

of r¡ater occurred even though B.B? i¡ches of rajn fel1 during this period."

This loss betr,¡een May and August was probably due to downrqard. movement in
the soj-I profile and to loss by erraporation. It may be obserr¡ed that

the airailable rnoísture in l{ay of b,oþ}. 1956 and 1957 was quite high and near

to the fiei-d capacjty. over a period of several months some of thi-s

moisbure nay have moved dotmt¡ard in the profile" Even though a soj-1 may

be at or near its field capacity shortly after a raín, its moisture

content is not constant but slorrùy decreases wtth tjJne, æd moves d.own*

lrard in the profÍIe" In additÍon to dounward movement, evaporation nay

renove a large portion of the moistr¡re frsm the evaporation zone.

Ivlean gains i¡t ¡rater content of 1"92 and L,25 inches occurred

from a:gust to october and October to May, respectiveþ, maintaining a

mean available moisture 1evel of 6.hO inches 1n October and 2"65 j¡ches
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TabLe 7.

Availabl.e moisture in inches to a four foot depth j:r fallow plots

in l.fay, .August, and October of 1!56 and L957 "

z . t956 1957 z z L956 1:957
Ploti r lfot :

Range 2ó

2-S : 9.162

-N ; 7,502
22

5-s : 5,r2t
,c

-N ; 7 "16¿2i
9-s : 5"952

oeoo

-tü ; 5"C3:

3"8? z

3"27 z

l,?ÂoèFetv .

z

5"89 r

l+.06 :

3,5T z

- a o.l'-ã I6,LU E

e 0"00 !

z O,29 z

z I"37 i

: 2.1+B z

aaóo

"t olo &ê/& t

6*78 z 6"?8; 1-"5

7'?1 z 7"23-z -tü
22

h"77 z 7"1+2! l+-s

5"10 : T.68: -N
cô

5"o5 z $,6:: B-s
oa

6.81 : 6"222 -i!-

6"h3 z gu9gz 6"86

7o29 s B*05: 6,51

6"37 ? 6*T3z B*22
.c

2"87 z 8"03: T"3Bê.cô

2.50 r 6"hge 7"56

2"70 z 7*952 7n32

'7 al,
I a /J

B*26

B"?lr.

B,6g

B"5o

8.70

Range 27

2-S c 3"222

-1T . É, ço.
'. . /o1jo

5ó ; 5 "5t¡
' -N ; 5,5o2êòoo

9*S : l+"77 z

t,øe

-t\T " l, o?.
-r . L+ø,/Ie

ôooø

øôoô

Mean 5"762

B.2h :
2ô^^Qø¿¿ Z

J.2! t

2'OT ¿

2.93 z

3,o9 z

Ir."l+B s

7,h3 z 9"992

Bo3B ; 7 n!22

Á ol, . R Rr"va./+ o vóv¿e

z2
5"51+ ;f:a,f:9z

x- ; 9ul+B:
,e-F e 5 

"l+Oz
o0

Z | ^ e /éoo¿lu å [ ø422

1-S

-N

L-S

-Ii

Õ-Þ

-l{

3"75

l+"11+

ou76

3"c1

1"Ll

1.38

1"78

'h"95 z B"9l+: 6"89
32

5"79 zlo.ll-z ?.1+h
ca

6,57 z B.h3r T"W

'1o22 ¿ 9"ol+t 7"23

r+ e 9.Q72 7"96

r.-"o(("RzR
./oJ¿e volv

oÒ

.a6a

5.27 z 8.552 7"5o

8o12.

B*92

8.70

5,76

9"19

B*25

B*31

x Plots løere not sampled jn L956"
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Í:a luIay, DrrÍng the period August to October and October to l4ay, the pre-

cipitation was 6.21 and 9"9 j.nches, respeetively, The data sho¡,r that in

the sursnerfallow period, between \Iay 1956 and May 1957, tlære ïÊs a nean

gain of ¡q'ater i.n the soil of 1uB9 i¡ches. This was ?.05 percerrt of the

2b"98 Ínches of precipitation that fetl during this period (Tab1e B).

For plots fallo¡.red irl L957 there was, at the begirur:i-ng of the

falo¡¿ period August 1956, an available rnoisüure content rangilg from 0.0

to l+.ili inches with a nean of 1.78 i¡ches. The rnean avallable moisture

increased to 5"27 inches by October, showÌng that the soiJ- stored. a npar

of 3"L9 inches from a rainfall of 6"21 incheso In tlæ period October to

May, the rean available moisture increased fxom 5"27 i¡ches to 8"55 ínches,

indicating a gai.:r of 3,28 inches from a precipÍtatÍon of p,p ínches, In

the period August to October, the percent siorage ís 56"2 pereent of the

precÍpÍtation, while in the period October 1956 to wy rgST the storage ïras

33,1 percent of the precipitation"

Sirnilar results r^¡ene obtai-ned during the surmner of I95T as in the

srlrnmer of 1956" Ttæ nean available moisture in lviay lr957 was B"l! inches

and in August the rnean was J"lg inches, indicating that a mean loss of l.O5

i¡tches of water occurued, DurÍng this period the precipÍtation was 10.18

inches" The rnean available moísture in @tober i¡ras Bo31 lnehes, which

shor¡s that fmrn August to October a mean gain of 0,81 inches of rEater occur-

red from a precipitation of l+.20 inches" The storage T^ras 19.3 percent of

the precipÍtatÍon" The storage from August lg56 to october l95T was 6,53 j:n-

ches or 21.0 percent of the precipitation of 30"h9 inches, The mean

avail-able noisture value at October IgST of B"3I inches indicates that the

soil r^¡as near its field capacity"
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The data for the fallow periods in J-956 and lg57 sho¡v that

the main portion of the total ¡roisture storred during a fallor¿ period

occuvs in the first fall- and r'¡inter and the remaining porbi-on is stored

in the following falJ. and r'rinter. Dring the sumner months a decrease

of moistr:re can be expected if the uroisture in the spring of a fallor¡

year is quite high.

Table p shows the available rnoisture in inches to a four foot

depth on stubble plots Í¡r Mafr August and October of 1956 and rgST 
"

The gains in moisture from August to October and October to May are

similar to the gains shown for plots 1, l+ and B during the same period

(ta¡le 7)" The nean available moistr:res in August lg56 and october of

2"32 and 1.66 índnes, reE)ectÍvely, i-ndicate a gain of moi-sture of 3.3h

inches during this period. The mean ar¡ailable moisture ln ylay lgST

indicates a further mean gain of 2"23 inches bet¡ueen October and May,

resulting jn a final n:ean avaíIable moístr¡re csrtent of T"B9 inches.

The rnea¡r available moísture of 7 "89 and 1t,.72 inches in May and

August ]-957 t respectiveþ, sholrs rb¿.t 3uU inches were remov-ed frrom the

sofl for crop use. Between August and. October the màan gain rn¡as O,8B

inches.

7, Nitrat¡r Ac_cgnaulgtion and Leachilg j¡ So-Íls.

În Ig57 g the conditions i¡ere not very favourable for n-j-trate

accumulatj-on" The relatively high rnoisture eontent Ín spring and the above

normal rainfall durÍ.r:g the gror'ring season, especially in June, l¡ras con-

ducive to lor.r soil tenperatures,

Table 10 shows the nitrate-nitrogen in pounds per acre to a depth

of three feet on sunraerfallow as Ínfluenced by fertilizer and manure

treatnents and cropping seqì¡ence in I95T " The data indicate that frequent
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Tab1e 9,

.Availab1e moísture in inches to a four foot depth on stubble

plots in i'Íay, August, and Ociober i¡ L956 arl- 1957.

r956

P].ot : IÍay : Auzust : October :: yW : Aueiust : October
Hange 26

õô
3-s z 7o96 : 1o?1 e 5"98 .ot 5or3,z 2.97 z 6"W

oaaoÔo

-N z 7"27 z 2"95 z 6o20 ".2 5"5o2 1t"63 z 5.31
oo¡ooo

6*s r 6"T0 : hoo3 z 5,5o z3 8"22 z 5"go z 6.32
o9co

-N z T"5T ." 3"66 z 5.1+T 23 B"L5s h"ol+ z h"1I
aøo Ûc ô

?-s s 5"c3 z 2,68 z 5"63 zz B*3? ¿ 5"65 ; 5.1+B
6aø6
oêoÒc

-i{ z L"72 z 2u5r z S.OL 3z Bo21 : 5"21 ? 5.52
toõaecaa

lo-s 3 5,89 : 1o90 z h,\5 zi 7"3r z 5¿oT r 5"16
aaôt
ooo,

-TlI e 6.13 z 2,og c l+,60 ãs g,arz h,65 s b.zT

R.ange 27

aaoo

3-s z 7.87 z 3,62 ¿ V"27 ?? 9,532 5"1+t s -h
a a a ra t

-lü â 6.95 ¿ 3"52 z 6"53 r: 10.5? z l+"72 r ã E

aa

6.s : 6"18 ; 1uo9 z 't 23 5"52 z l+"52 z 6o22
ôo

-i\T z T"2T z o99 3 .t+ zz T"g5 z h"I5 z 5"ILl

7-€ ? 7"36 : 1"1+3 s ¿c ?z 8"35 e l+"21 e 6,9I
coo.

-N z 6"5I t 3^ZT z x- ".2 )"Zl z 5"zT z T "oT
a þ0 è

ôooac r c ê o o c

-N z 5r9l+ z ol+Z 3 -,-r ,.i ToSg z i"g6 3 5.1+1

Mean_-: 6,61 "" 2o32 t 5"66 i2 TuBg z Lt"7Z z 5"6

1957

x Not sa"upled due to wet weather.
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Table 10"

Nitrate-nitrogen in pounds per acre to a depth of three feet on

surrmrerfallo!Í as i¡fluenced by fertiLizer and. inanure treatrænt and croppÍng

sequenee in 1957.

¿ìzzÏ:acrease
Treatrnent 3 May ; August : Oct,ober ; May to

""t;3October
F-!rI Rotati-on

3".22
Check z 3"6 z ]-,2oT z 3h"5 -. 3D*9

zz!3
FerLiJ-izertho3s10.6z26"9s22o6

""23:
Manure , 9u8 t 2].,.6 c J+9,1 z 39"3

""zc?
Fertilizer z 5,7 e 26,5 z bí,.l+ t 39 "7p¡þs qnan¡qe z ? ." 

2

F-i¡-'Ì^f Rotation
3333

Checlc å 19.1+ 2 25 "6 ? 15.5 z -3ug
å332

Ferbll-izer:12.Be26.2zl+3,2:30*h
â322

M¿rrure z lSoZ c l+B.g z 72"3 z 5T,I
zSEz

FerþÍIízert9"bs66,Tt58,3:h8.9
plusmanure i z z ".

F-h¡-W-W Robation
33:'z

Check ; o"0 z Zg u8 z hg,S ? hg "532:3
Fertilizer ¡ h.3 z 2g "2 3 l+h.l+ : h0.1

zz?".
Irranurer6u3zT6og:83"0276,7

Szgg
Ferbilizer t ]'5.3 ¡ Bl+.5 z 66.,1+ s 5I"Lplusnnnnre ì 2 z z
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fallowing results in a decrease in nitrate formation i¡r the fallow year.

less nitrates were produced in the F-I,I rotation than in the F-I\i-Irr rotation.

Tfie highest nltrate contents occurred ix the F-lìJ:-T,/rf*råI rotation.

The largest i¡erease i¡ nitrate-nitrogen occurred on the manure

treatnent in the F-I,ìI:W and F-trrl-T.,rI-W rotations r,rith gains of 5T"l porinds and

J6./ por:nds of n-itrogen, respectively"

Sjnee frequent falIow'ing results in lower nitrate foriration in the

fallow year, it may be assurned that ferbilíty is decreasing on the F-I.tr

rotaiion more rapidly than on the F-I4Í-I{ or F-1jl-ld-trli rotatÍons, Such a

decrease in ferti-Lity, if it occurs, should be conducive to lor.ler yields"

A conparison of the mean yields for the ten year perÍod l-gl.+B fo IgST

(fabJe 11) indicates that frequency of fallou¡ has litt].e or no effect on

¡rie1d of wheat on fallow where the land is not manured., whereas on the

marnred plots, less fr"equent fallor"ing results in higler yields.

Table 1I.

Mean yields of wheat for the ten year period 19hB to 1957 or!

first year erop after fal-lor,¡ as infruenced by frequency of fallow at

di-fferent fertility 1eveIs.

Non-rnanured Manure @ l+ tons

Rotation

F-Ï'T

F-W-1,ü

F-ï'I-TnI-hI

Check : l+5 fO ac. 2 i Check ac"

32"9

32,3

3r"6

3

t 38.9

aali JIo4
".

z 37"9

3l+"3

38.2

l+1"2

38,5

l+L'9

Ll-l'6

Table 12 sho¡¡s the aitrate-nitrogen

which has probabþ aecumulated over a period

contenù below the root zone

of years. The concentration
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Table 12.

Nltrate-nitrogen content ín the 37-72 inch depth in May, Augusto

and October i¡ J-957 
"

NÍtrate-nit'rogen in ppm.

3-S
-N

l¿-S

-N
5-s

-N
g-s
*N

10-S
-N

Mean

22"5
23"3
2]¡4*2

tt12oJ
A¡

10.0
]-B"lr
5'o
2"5
2,3

flog

32"6
2000
11uI

7.5
7oB
8,6

15"t
h.B
5"9
h,B

11,8

28"B
hh,1
f.]-,?
7"9

L0"3
]-,2.6
il+*o
1B'1

9.3
)o1

16"1

Range 2J

j'-ù

-N
4"r)
-N
)'e)

_iù

g-s
-i\Ï

10*S
-ì{

llean

22,5
]-;9,7
17"6

6"O
lø1

20 00
1ó.8
33.9ro Á

1J."2

l?n0

28.0
17 '9]-9"2
6"2
6'1

L8"g
2h.5
38.5
19no
8.3

u"6

32,9
23"!+
16"h
6"6
6"3

L6"6
32.2
37.7
33"5
LJ6,

2I19



a-..: a-nt.-:r1.,

-37 -

irr the 37 to ?2 i¡ch depth i¡ }{ay ranged from 2.3 þo 33"9 ppm. cf nitrate-

nltrogen vrith a nean of 17o0 ppm" thís is equivalent to a mean of about

1ó0 pounds of n:itrogen per acre for the three foot depth of soil.

Sj-nce l-ittle or no nitrate is produced below the root zone, the

aceurm¡lation r¡nrst be due to leaching of n:itrates from the soj-l surface.

Beti,¡een fhe dates illay and August, there has been slight losses on sone

plots and slight gairrs on other plots but the mean nitrate-nitrogen

coneentration is 1?,6 ppm. indi-catÍng a slight gain" Bet¡.¡een August and

October, a gai-n in nitrogen occurred Í¡ 13 of 20 plots wh:ile a slight

loss occumed in four plots" The mean gaÍn of h.3 ppm" of nitrate-

nitrogen from August to October shor¡ed that nítrates have leached doyrn

and have accu¡mrlated belor^l the root zoneo The increase of nitrate content

has occurred on plots which Ìùere cropped in 1957. Plot h r.¡as fa].low but

shor,¡s no gain j¡ nitrate eontent below the three foot depth.

Lateral movement of nitrate i¡r the soil rnay have occurued on

sone plots as indicated in Table 12, A high nitrate content was present

i¡ the soil- Ín plot 9-N in Range 2l ín lrtay, Augusb and October. These

rære 33"9, 38"5, 37,7 ppm", respectively. Since the concentration was

19.0 ppm. at August and increased to 33.5 pp¡r. i-n plot 10-S, it is

probable that this j¡rc¡ease of rrltrates occurred due t'o lateral movement

in the soil' The concentration in plot 10-N is 1ow in comcarison to

plot 10-S"

Fig. 3 shows the nitrate-aitrogen distribution on four sum¡nerfalLow

plots in -August and Oct&er1957" AJ-L graphs indicate that the nitrates

accurnrlated in the first foot of soil during the summerfallow period have

leached into the root zone in the period between August and October" During

this period, August to October, J+,20 inches of precipitation uere recorded
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(Table 1).

The graphs show that substantial nitrate losses may occur on

sur,rærfallor^¡ fields if sufficient rain falls to saturate the surface

soil, Under fallow conditions, the soil contains a higher moisture

content in conparison to cropped plots and therefore, becomes saturated

more quickly if rai¡s fall" Since nitrates are reaùi.ly soluble, they

wiJ-l be carried down¡rard i¡to the root zone by percolati-ng water. It has

been prevÍously sho¡,rn (Table 12) that high nitrate contents hai¡e âccrlmtr-

lated below the root zone"
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ÏV. 5tiV]MARY AI{D CONCLUSTONS

1n The crop ¡rear after fallor'¡ has no appreciable effect on the

consurptive use of water by wheat on the check treatments. The con-

surçtive use on the check treatments 'bras 11"911 J.2,66 and 12"93 inches

on third ¡æar and conti¡ruous crop, second year crop and first J¡ear crop,

respectively,

2u Fertilizer and rnanrr.re treatment appeared to slightþ j-nerease

consurptive use of water as coqpared to the check treatmernts"

3" The consumptive use of ¡¡ater in rg56 rras similar to the con-

sunptive use of r'¡ater in 1957 " The mean consunptive use vaLues at The

University of Manltoba indicaüe that !2.22 to 1l+.30 inches of water are

required to produce a crop urder r¡eather cond.itj-ons nhich occu-rred j¡

t956 and t957.

l+' The crop Jæar after fallow has a definite influence on the ¡rieId

of wheat on the check treatments. A decrease in yieJ.d of 10"1+ bushels

occurred on second year wheat crops in comparison to the first year

l¡heat crope A decrease in yield of 10.3 bushels occurred on third. year

and continuous crops in comparison to the secono. year cropo

5" FertíU-zer and nãnure treatnents have almost doubled. the yield

of wheat on third year and eonti-nuous crops in corçarison to the check

treatments and have substantially increased yield in the second year and

first year cropso

6, Fertilizer and tnanure treatments d,ecreased the ¡cle1d difference

bet¡seen first year, second year, third year and contínuous r^ùreat"

7 " .Although the yield of third year and conti¡uous r,rheat r^ras almost

doubled þ the fertilizer and. ilranure treatments, the yield nas not as

high as the yield on the eheck treatment of fi-rst Jrear crop. SimiJ-arly,
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on the fertil-izer treatment and manure treatment on the seeond year crop,

the yield r+as lor¡er than on the cheek treatment of fj-rst year uheat.

B' Fertilizer and nÞnure treatments incr.eased the r,rater use efficiency

on second. year, third. year and continuous crops, rnrhereas they had little
effect on the water use efficiency of first year crops afLer fallornr"

9" Ferbilizer treatments increased the yield and r¡at,er use efficiency

on continuous corn, oats and barley.

10. During a sunrnerfallor^¡ period, most of the moisture storage oecurred

in the firsÌ; fa1l and wi¡ter and the remainder in the foI1owÍng faII and

winter" Durirrg the su¡nier months a decrease ín soil moisture occulred"

Results indicate that avaÍlabIe moisture is sufficient jn May to provide

for the establishrnent of a cropo Sufficient rain falls during the growing

season to insure a crop, but may not necessariþ prorride optinnrm condl-

tions for erop growbh,

ll. Nitrate accumulation durlng a fal].ow ¡near is less on plots which

are fallowed every two years than plots fallowed once er¡ery three of four

yearso

12' Plois whÍch received applications of manure accumulated more

nitrates i:t the surrnerfallow period than unmamred plots"

13" lägh nitrate contents l¡ere found be].or,r the root zoneo

ilr' Lateral movement of nitrate below the root zone may occuro

L5" leachir:g of nitra'r,es n€ty be considerable on fallow plots during

a summerfallow period if the soil is quite moist and sufficient rain fal1s

to saturate tlæ soil surfaee.
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ÁPPENÐffi 1

lieJ-d, consnupÈive use, and evapotranspfration ratio of wheatas l¡3fluenced by croppÍng

sequeüree and fe¡"bil1zer and manure trrEatænüs tn 1956.

¡lo lbnure loïanure Applled - Range 27

RcÈatíon 0heck FerÉlLized Chsck Fertilized
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.æPmüDne i1

lie1d, consurptive use, and evapotrans¡rf.ratlon ratlo of r¡heat as inflIuenced by croppíng

seqÌ.r€nce and fe¡t1lÍzer and nanure tneatænts Ín 1957 
"

No BIanr¡re Applied - Range 26. .. FÍanure Ápplíed * Rar¡ge 2?
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