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ABSTRACT

The effect of soi I moisture stress on six rapeseed Brassica napus L.)

cuìtivars \^/as investigated in a field study conducted at the University

of I'tanitoba in ll8! and ì986. lrrigated, nonirrigated, and ìate sowings

were established at the University of iïanitoba point f ield station. A

second locat ion was s i tuated at the Un ivers i ty of l'lan i toba por tage ì a

Prairie field station to determine the effects of a different soi I type

on moi sture stress i n rapeseed. Effects of mo i sture stress were

measured by monitoring growth stages, stomataì resistance, yield and

yield components, and quality components.

lncreased soi I moisture through irrigation had I ittle effect on yield
or quality in comparison to the nonirrigated treatment. Stomataì

resistance measurements did not differ between the irrigated and

non i rr i gated treatments, or between cu I t i vars. The use of measurements

such as stomataì res i stance are I imi ted to years i n wh i ch the

evaporative demand is high, and when water stress can be imposed.

Delayed seedings reduced the time required to reach maturity in 1g85

and ì986, and resulted in decreased oi I content. Delayed seedings had

no effect on yield whi ìe yield components of each cul tivar differed in

their response. Later flowering cuìtivars had a lower rate of pod

abortion and a higher number of seeds per plant. Number of seed per pod

and .l000 
seed weight were ìower in these cultivars. Cultivars of earìy

maturity were high yielding over al ì treatments.

- lv -
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Chapter I

I NTRODUCT I ON

0iìseed rape is an important crop in canada, Europe, the ussR, china,

Japan, lndia, south America, and south Africa. The exact origin of

rapeseed is not known, but it is thought to have originated in the

Eurasia region. The earl iest references to rape cultivation are from

lndia, china, and Japan dating back to 2000 BC (weiss, l9g3).

The production of oilseed rape (Brassica napus and B. campestris) is

of major economic importance in Canada. Canada is both a leader in
production of canola oi I and the worldrs largest exporter of seed. lf
Canada is to maintain her position on the international canola market,

product i on must be ma i nta i ned or i ncreased. To accompl i sh th i s,

environmental factors which ìimit production must be overcome. One such

factor is avai lable soi I moisture.

The effect of drought on determining yieìd has important impl ications

for stabiìity of returns on the Canadian Prairies. l'laximum yield cannot

be achieved unless the soil moisture is maintained in the upper half of

the available range until pod ripening. Drought during the latter
portion of the growing season is a common occurrence on the Canadian

Prairies. Rapeseed cultivars are most sensitive to drought stress at

flowering. Yieìd, and the yieìd components of pods per p'lant, pods per

main branch and seeds per pod have been shown to be significantly
reduced by drought (Richards and Thurì ing, l97gb).

-t
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between water stress and yield of rape must be minimized by establ ishing

cultivars abre to avoid drought through ear'ly maturity, or by

establ ishing drought tolerant cultivars. Early flowering cultivars
could potentially avoid some degree of drought stress by flowering prior
to the drier portion of the summer. The length of the floweríng period

is also affected by moisture conditions. Al leviating water stress

through irrigation extends the flowering period, al lowing the production

of more fìowers, pods, and seeds (Krogman and Hobbs, lg7Ð.

Delayed seedings wi I ì reduce the time required to reach maturity. A

shorter maturation period will decrease the pìantrs nutritionaì status,
which in turn will ìead to reductions in yieìd. Delays in seeding also

have the potential to expose the crop to drought during or prior to
flowering. Avai lable soi ì moisture wi I I also be depleted since ìate
sowings cannot take maximum advantage of the high soi ì moisture

foì lowing spring thaw. Soi I moisture reserves are therefore less than

optimal. Drought stress combined with I imited moisture reserves and a

decrease in the pìantrs nutritionaì status wiìl drastically reduce

yields.

The objective of th i s study was to determi ne the effects of soi I

moisture avai labi I ity on stomatal resistance, days to maturity, yield
and yieìd components, and oi ì and protein content of six canola

cultivars with distinct genetic backgrounds.



Chapter I I

L I TERATURE REV I EW

2.1 i-4O ISTURE STRESS

Stress can be defined as an environmental condition or combination of

conditions that restrict a pìant from real izing its geneticaì ly

determined potentiaì for growth, deveìopment, and reproduction (Jones

and Qualset, ì984). Pìant growth and development is timited by either
too ìittle or too much water. lnsufficient or excess quantities of

water at any particular growth stage wi I I reduce pìant photosynthesis,

resuìting in decreased yieìd potential (Koz lowsk i , 1968).

0verirrígation wi I I cause water logging of the soi ì, resulting in

reduced plant growth brought about by reductions in oxygen levels (Jones

and Qua I set, I 984) . Water stress i s one of the maj or causes of

reduct ion i n leaf area. Th is reduct ion can be dr.le to inh ib i t ion of cel I

division, of cel ì enlargement, or both (Hccree and Davis, lg7Ð.
Limited water availability is one of the most widespread environmental

restrictions that a pìant must overcome in order to real ize its yield
potential (Ceccareì I i, .l984).

Drought stress arises in situatíons where less than ideal soil
moisture conditions prevai l, or where there is insufficient water for
crop production. 0n the Canadían Prairies lack of adequate moisture is
a common occurrence. Deviations from ideaì condi tions occur annual ìy

-3-



for short periods of time. During summers

def i c i t, the stress i mposed on the p I ants

yieìd reductìons (phi I I ips and poyser, igBl).

l+

prolonged soi I moisture

lì result in significant

ln pìants, the internal water deficit is controlled by the rate of
water uptake through root absorption, and the rate of water loss by

transpiration. A diurnal cycle exists in the plant. During the day

transpiration exceeds absorption, leading to internal water deficits.
These deficits are reduced or el iminated during the night when

absorption and transpiration are both low, but the rate of absorption

exceeds the rate of transp i rat i on (Koz I owsk i , ì 96g) .

water moves from sites of high to those of low potential. A plant
must extract water from the soi I against gravity and the resistance to
ì iquid flow through the vascular system. ln order for the uptake of
soil water by plant roots, the water in contact with the root must be at
a higher potential than that in the root. The water potential of the

soi I decreases as the water content decreases. The water potential in
the plant required to remove water from the soil must therefore decrease

as the water content of the soil decreases. lf the soil water uptake

continues' the soi I water potential wi I I decrease unti I the water

potential is equal to the root water potential. At this point, uptake

wiìl cease unless water from the surrounding soiì moves towards the root
in response to the reduction in water potential of the soil adjacent to
the root (Gardner, 1960). Reduction of the water potentiaì of the root
medlum has been shown to immediately decrease the growth rate of maize

(Acevedo, Hsiao, and Henderson, 1971) and barìey Ieaves (tlatsuda and

Riazi, t98t).

of
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The potential energy of the water ín the plant must also be lower

than that of the soil. The water potential gradient increases as the

evaporation demand of the pìant increases. Water deficits will occur in
the tissues of alì transpiring plants as a result of the water flow

along this pathway. As the stomata open, the ìower water potential of

the environment forces the movement of water out of adjacent tissue such

as the cortex and the phloem. This provides the driving force for the

movement of water from the soil, through the plant, to the environment.

As a result of this water loss, water deficits develop ìn the leaf,
stem, and root tissue (Turner and Begg, jgBl).

2.1.1 Stomatal Resistance

Drought resistance of crop plants can be measured using physiological

characters. One method used is the reguìation of water ìoss by stomata.

D i ffus i on porometers have been deveì oped wh i ch measure the conductance

of water vapor by both the cuticle and stomata. The conductance of the

cuticle is very low compared with the conductance of the stomata, and is

unaffected by the env i ronmenta I var i ab I es. ïhe diffusion porometer is

therefore considered to measure only stomatal conductance (Ceccarel I i,
1984). The inverse of stomatal conductance is stomatal resistance.

A high stomatal resistance can increase the pìantrs abiìity to

withstand drought conditions. An increase of stomatal resistance sìows

the use of limited water supplies resulting in a greater avaiìability of

b/ater for I ater growth stages, prevents water stresses dur i ng the

diurnal cycle, and maximizes total photosynthate assimi ìation with a

given amount of avai ìable water (Ceccarel I i, l98l+) I n most drought
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resistant plants' stomata close more rapidly than in less resistant
plants. Stomatal closure maintains a favourable water balance in the

p ì ant and retards transp i rat i on (parker , I 968) .

One of the many methods used to measure the stomatal behaviour of an

actively photosynthesizing and respiring leaf is to enclose the leaf in

a leaf chamber. The humidity of the air in the chamber wi I ì increase,

and the carbon dioxide ìeveìs wi I I decrease. The rate of humidity and

carbon dioxide exchange depends di rectìy upon the stomatal conductance.

Field measurements on wheat and barley have indicated that the optimum

temperature for carbon dioxide uptake was 24oC. Above this temperature,

carbon dioxide uptake decreased due to increases in stomatal resistance
(Leach, 197Ð. l./ith broad bean (vicia faba) stomatal opening increases

from 50c with an optimal opening in the i5-4ooc range. cooler soybean

canopies result from increased transpirational cooì ing, with greater

rates of stomatal opening at higher air temperatures (Harris, schapaugh

and Kanemasu, 1984). These authors found lower canopy temperatures

under irrigated conditions as opposed to dryìand conditions. Lea f
temperatures under water stress before an i rr igation are 2oC above ai r

temperature due primari ly to partiaì stomatal cìosure, resulting in a

lower amount of evaporative cooì íng caused by a soi I water deficit
(Ehrler et al , 1978) ,

Har r i s, Schapaugh and Kanemasu

canopy temperatures between cul ti
reflected differences in transpirati

canop i es transp i red at a h i gher rate

h i gh photosynthet i c rates . The cu I t

(1984) also found differences in

vars. They suggested that th i s

on rate. The cul t ivars wi th cooì er

and were therefore ab I e to ma i nta i n

ivars with warm canopies had some or



al I stomates closed, reducing carbon dioxide exchange,

photosynthesis, uìtimateìy I imiting seed yield.

7

and therefore

Ehrler and van Bavel (lg6l) found leaf temperatures of sorghum to be

strongly related to soi I water avai labi ì ity. Leaf temperatures of

plants grown in dry soi I were greater than the air temperature. These

high leaf temperatures were attributed to a reduction in transpiration
due to stomataì cìosure.

Evidence indicates that photosynthesis is inhibited by water deficits
occurring under natural conditions. Water deficits resuìt in stomataì

closure and losses of chìoroplast activity. Water deficits also ìead to
a decreased deveìopment of ìeaf area, and earìy Ieaf senescence. The

loss of leaf area substantially reduces photosynthetic activity. Grain

production is limited more by loss of photosynthate than by

translocation losses. I^later def iciencies therefore decrease grain yield

by decreas i ng the photosynthate accumu ì ated over the grow i ng season

(Boyer, 1976). However, cihu and Brun (lg7Ð stated that a change in

stomataì resistance has a greater effect on transpíration than on

photosynthesis because it constitutes a ìarger proportîon of the total
resistance of water vapor diffusion than it does for carbon dioxide

diffusion.



2.2 SO I L AND PLANT WATER RE LAT I ONS

The ability of the pìant to take up water is dependent on the abiìity
of the roots to absorb water from the soiì, and on the abiìity of the

soil to move water towards the root in sufficient quantities to fulfiìl
the transp i rat i on requ i rements. These regu i rements i n turn depend on

the properties of the soil, the properties of the plant, as welì as the

meteorological conditions (Hi I lel, l98O).

The processes of transp i rat i on and absorpt i on are control I ed by a

number of factors. Transpiration, the movement of moisture from the

plant to the atmosphere, is control ìed by solar radiation, temperature,

humidity, wind (the aerial environment), and ìeaf structure and stomatal

opening. Absorption, or the rate of water absorption from the soi I by

the pìant roots, is controlled in part by transpiration, as weìl as soil
factors including soi I temperature, moisture tension, aeration, and

concentration of the soiì soìution. The size and distribution of the

root system is also important (KozIowski, .I968).

2.2 .1 Phys i ca I Propert i es

Van Baveì (.|953) states that the pr imary factor i n soi ì -pì ant water

relations are the forces with which water is held by the soil. Early

work relating soiì water to plant response introduced the concepts of

fieìd capacity and wi lting coefficient. F¡eld capacity is the amount of

water heìd in the soil after excess water has drained away and the rate
of downward movement has decreased. The rate of downward movement

decreases two to three days foìlowing rain or irrigation (Veihmeyer and
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Hendrickson' 1949). However, fieìd capacity is not an equilibrium

condition. Sìow drainage occurs for weeks followíng a period of wetting
(Sa I ter and wi ì I iams, ì 96Ð . To account f or th is, l,li lcox (1962)

expanded the definition of field capacity as the upper I imit of soi I

moisture that is avaiìable for plant use. This includes water use from

the moment of water additions but excludes al ì loss of water through

drainage below root leveì. ln generaì, onìy half of the total water

that a soil can hold at fieìd capacity is available soiì moisture

(Thomas, t984).

The h i ghest y i el ds of rapeseed are

ma i nta i ned above jO1ó of the ava i I ab ì e

reduced when available soil moisture

generaì ly not significantly Iower than

mo i sture (Thomas, I 984) .

Permanent wiìting percentage is

denoting the lower I imit of readí

growth (Hendr i ckson and Ve i hmeyer,

point the soi I is no ìonger abìe to

maintain turgor. Leaves will not

env i ronment wi thout add i t i on of

Hendr i ckson , 19\9) .

obta i ned when so i I mo i sture i s

soil mcisture. Yields will be

faìls below 752 but they are

yields obtained at 5OZ avai table

the critical soil moisture content

ìy avaiìabìe moisture to plants for

I 945) . At the permanent wi ì t i ng

suppìy water at a sufficient rate to
recover turgor in a water saturated

water to the so i I (Ve i hmeyer and

I moi sture suppl y

The range of

the max imum f i el d

between the f i el d

Veihmeyer and Hendrickson (lgZ7) found that the soi

of a loam soi I fluctuated between wide ì imi ts.
fIuctuations in the soi l moisture was determined to be

capacity and the wílting coefficient. The difference
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capac i ty and permanent wi ì t i ng percentage i s the amount of water

available to pìants in the soil. Available water is the total amount of

extractable water from the soil profile to be used by the pìant in the

growth and maturing processes (Jamison, 1956) .

A soil factor affecting avaiìabiìity of water is soil texture.

Coarse textured soils are very low in available moisture, while there is
I ittle difference in amount of avai lable moisture between medium and

fine textured soils. This reìationship arises from the interaction of

field capacity and permanent wi lting point. As soi ls become finer in

texture, there is an initial increase in fieìd capacity. This increase

is much slower in coarser soi ls. As soi I texture becomes finer, fieìd
capacity increases at a decreasing rate, and the wiìting coefficient
increases at an increasing rate. As the soi l gets heavier, the vri ìting
coefficient increases as rapidìy as the field capacity. There is
therefore I ittle difference in avai lable water between soi ls of medium

to fine texture (Wi lcox and Spi ìsbury, t94l) .

Silt content is the most important factor determining available

water. As siìt content increases, so does available water. l'ledium

textured soiìs allow a good degree of moisture infiltration. These

soi ls provide good drainage, and have a high water holding capaci ty.
Si lty soi ls generaì ly have better granular structure than other soi ls

enabì ing firm packing for a seed bed without baking or crusting. This

promotes rapid germination and uniform stands. For these reasons medium

textured soils are most suitable for rapeseed production (Thomas, .¡984).



Another soi I factor affect i ng pl ant devel opment

when the amount of water in the soi I exceeds the soi

capacity, water logging or flooding may occur. A

slows down or stops gas exchange between the soi I and

resulting oxygen deficiency will reduce root respi

(Thomas, .l984) . Rapeseed, I ike other crops, can wi

per i ods of oxygen def i c i ency.

il

is soil aeration.

I's water hoìding

water logged soi I

atmosphere. The

rat i on and growth

ths tand on I y br i ef

2.2.2 Plant Factors

Pìant factors that affect the avai lable moisture suppìy are the

growth stage, âÍìd degree of turgor of the plant, the plant's rooting
habit, and the prant's abi I ity to resist drought (Jamison, j956). The

soi I zone penetrated by roots wi I I have less avai lable water than soi I

at deeper depth where roots do not penetrate. Plants extract water from

soiì depths where the root density is greatest (l,tiller, 1967). lnjury
to plant roots by flooding may reduce the absorption of water through

plugging of conductive tissue or the reduction of absorptive surfaces
(Jamison, 1956). The root zone of the seedling rapeseed is 5-6 cm which

extends to approximately l-2 metres by the flowering and ripening stage

(Thomas, 'l984). Root penetration aìso depends upon soil texture.
llaximum root penetration occurs sooner after pìanting in heavier clay

soils than sandy soiìs. Root penetration was aìso six times greater in

sandy and sanciy loam soi ìs compared to cìay soi ls (Tennant, 1976).
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2.2.3 Cì imatic Factors

Heteoroìogical conditions have a great influence on the transpiration
rate provided water avai ìabi I ity is high (Hi I leì, lggO). Transpiration

rates i ncrease wi th i ncreases of a i r temperature and decreases of

reìative humidity. wagoner (lg6g as cited in Hagen and skidmore, lgl\)
found that increasing windspeed from 1.225 cm/sec lo 22 cm/sec decreased

photosynthesis by 2z but increased transpiration by l5z. soi I

evaporation ìosses may be increased by soi l-air diurnal temperature

differences. During cool nights, soi I moisture moves from subsoi I

layers to condense on the surface. This moisture is then ìost through

evaporation during the high day temperatures (Jamison, l956). High

temperatures br i ng about vapor i zat i on of water and i ts transfer from

soi I and plant surfaces to the surrounding air (Naniken, Weigand and

Wi I ì is, 197Ð .

2.3 RAPESEEp

The genus Brassíca belongs to the Cruciferae famí ìy, containing j60

i nterrel ated spec i es many of wh i ch are of agr i cul turaì importance. The

two most important as commercial oiìseed producers are Brassica napus L.

known as Argent i ne or swede rape, and Brass i ca campestr i s L. , commonì y

cal led Pol ish or turnip rape. 0ther closely related Brassica species

include Brassica iuncea also cal led lndian or Brown mustard, Brassica

carinata, or Abyssian mustard, Brassica niqra, or black mustard, and

Brassica oleracea which incrudes kale, cabbage, and brocol ì i crops. The

botanical relatìonships among these Brassica species was confirmed by

the Japanese scientist u by interspecific hybridization (Fis. l, Hougen
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and Stefansson' 1982). The triangìe of U was designed to iìlustrate the

reìationship between the three dipìoid species, g. niqra (n=g), g.

oìeracea (n=9) and g. campestris (n=.l0), and the amphidiploid or

aìlotetraploid species B. carinata (n=.l7), B. juncea (n=lg) and B. napus

(n=ll). The al lotetrapìoid species originated from crosses between the

diploid species with subsequent chromosome doubling.

The major components of rapeseed are oi I , protei n, and

carbohydrates. The quaì ity of rapeseed depends on both the qual ity of

the oil and the quaìity of the protein. Rapeseed was initially grown in

Canada for production of oiì for industry and domestic ìighting during

war time shortages. Erucic acid, a ìong chain fatty acid, constituted

2\-5oZ of the total fatty acîds in the rapeseed oil (Hougen and

Stefansson, I 982) . S i nce the Second Wor I d War, the pr i mary use of

rapeseed has been as an edibìe oi l. However, nutritional studies

indicated that there were possible detrimentaì effects from ingestion of

ìarge amounts of rapeseed oi ì with high levels of erucic acid. Diets

containing high proportions of erucic acid caused abnormalities of fat
uti 1 isation in the heart and skeletal muscles of many animal species

(Hougen and Stefansson, .l982) 
. Plant breeders in Canada identified a

source of low erucic acid gene in the European cultivar Liho. By 1970 a

changeover was made in canada to low erucic cuìtivars. By l9g0 the

average erucic acid level was less than 22. The gene sources for the

absence of erucic acid have since been widely used to develop cultivars
with seed oiì low in erucic acid.

The residue after oil extraction from the

The meal contains protein, crude fibre, ash,

seed is the rapeseed meal.

carbohydrates, and smaì I
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9. nlqra

Elack mustard

n=8

B. carlnata

n " l/

B. Juncea

Le¿f mustard

n ' lB

B, olerace¿

K¡leo c¡bbage

n"9

9. nopus

Rape

n' 19

Figure l. Triangle
al lotetrapìoid
and Stefansson,

of U. Diploid species
spec i es on the s i des

I 982) .

form the corners
of the triangle

wi th the
(Hougen
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Rapeseed meaì is somewhat lower

in protein than soybean meal, the standard for the feed market, and

higher in crude fibre. The meal is used extensively as a protein

suppìement in animaì rations since the protein content is reìatively
high and the amino acid composition is relatively well balanced.

However, physioìogicaì problems occurred when rapeseed meal was fed

extensiveìy to I ivestock. The problem arose from the presence of
glucusinolates in the meal. Glucosinolates are nontoxic, but some of

the products of hydroìysis have goitrogenic and other antinutritional
properties. Their breakdown products aìso produce a pungent taste that
decreases the palatabi ì i ty of the meal (Hougen and stefansson, l9g2) .

Plant breeders found reduced levels of glucosinoìates in the rape

cultivar Bronowski. This characteristic was then incorporated into
commercial cultivars (Stefansson, ì983) .

ln 197 l+ the rapeseed cultivar Tower was released. This cultivar
produced oil very low in erucic acid content as well as seed that was

low in glucosinate content. The term canoìa was developed to
distinguish between the new improved commodities from the oìd less

desirable product, applied to the seed and derived products of B. napus

and B. campestris that have less than 2Z erucic acid in the oil, and

less than J0 micromoìes glucosinolate per gram in the oil free meal.
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2 .\ RAPESE ED AGRONOI'IY

The winter form of !. napus has become the dominant form of rapeseed

grown in Europe, surviving the mi ld winters and producing high seed

yieìds (Hougen and Stefansson, lgBZ). The average yieìd in the European

rapeseed growing countries is 2 tonnes per hectare. tJinter rapeseed is

sown in september and harvested in July, requiring a J2o day growth

per i od. Wi nter forms of rapeseed and turn i p rape have not suff i c i ent

hardiness to withstand the severe Prairie winters. The earìy maturing

spr i ng forms of the two rapeseed spec i es therefore predom i nate i n

Western Canada. Spring rapeseed is relatively wel I adapted to cool

climates' requiring a growing season of ìlO days. ln Western Canada a

growth period of ìì0 days is required for E. napus. Average yieìd of B.

napus i s I .2 tonnes/ha (Thomas, I 984) .

2.4.1 Components of yieìd

The components of seed yield in oi lseed rape include seed weight,

number of seeds per pod, the number of pods per plant and 1000 seed

weight. These components are affected by plant density (Degenhardt and

Kondra, l98l), by irrigation (Krogman and Hobbs, jgl5, Clarke and

simpson, .|978b) , by seeding date (Hendham and scott, 1g7s, Degenhardt

and Kondra, l98l) , and by fert i r izer treatments (Krogman and Hobbs,

1975, Singh and Yusef, jglÐ .

The number of pods is an important ìimitation on seed yield.
attributabìe to the indeterminant flowering habit of rapeseed,

fact that the number of flower initials is usually limited.

Th is is

and the

Under
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normal environmental conditions only l,/loth to ì/50th of the f lower

initials deveìop into flowerr (olsson, l960) and thus into pods.

Al though the plant is capable of developing a much larger number of

flowers and pods' environmental restrictions prevent the reaì ization of

the plantrs genetic potential. This results in a high frequency of pod

abortion, which can be defined as the fai lure of pods to elongate,

increase in girth and become seed bearing (l4cGregor, ì9gl).

complex interrelationships exist between yield components of

rapeseed. Thurl ing (1974b) found that decreases in the number of pods

per plant w¡th later sowing dates were compensated by increases ln the

number of seeds per pod in B. napus, and seed weight and number of seeds

per pod in B. campestris. 0lsson (.l960) found a negative correlation
between seed size and number of seeds per pod. cìarke and simpson

(1978b) found high compensation in 1000 seed weight relationships to pod

and seed number in rapeseed.

Negative correlations among morphological components of yield is a

widespread phenomenon that occurs in many plant specíes (Adams, jg67) .

This compensation is inevitable when sequential ìy developing yield

components share common mineraìs and metabol ic materials that have

limited avaiìabiìity.

Seed yield and maximum leaf area index were shown to be positively
correlated (Clarke and Simpson, 1978a). Leaves are the most important

source of phosphates for seeds (ttajor, 1977). However, E. napus does

not i ncrease I eaf area beyond the commencement of f I ower i ng. Leaves

senesce at the beginning of pod growth (clarke and simpson, l97ga).



tg

Total dry weight after flowering continues to increase in spite of the

decIining leaf area. The two to three week period after fìowering is
critical in determining the plant's yielding capacity (Tayo and l,lorgan,

197Ð . Allen, /'lorgan and Ridgman (197'l) suggest that, in Britain, seed

yieìd is not onìy influenced by ìeaf area index but activeìy
photosynthesizing pod tissue is also responsible to a large degree for
the plantrs increased dry weight. Brar and rhies (jg77) also found that
pods were a source of photosynthate for seed development. Canadian

stud i es i nd i cated that photosynthates were trans I ocated from the I eaves

to the i nf I oroscence and the seed. These photosynthates move

selectively to the pods in which seeds were fi I I ing, avoiding barren
pods (Freyman, Charnetsk i , and Crookston, 197Ð .

2.1+.2 Effect of Seedinq Date on yield

Date of pìanting affects the agronomic characteristics of rape. ln

western canada' early seeding of B. napus will usualìy produce a higher

seed yield, and will reduce the risk of autumn frost. Optimum pìanting
date f or rapeseed in Western Canada was ind icated to be the Bth of l,lay

(Gross' ì964). ln western canada (Gross, l964) and in |.Jestern Austral ia
(thurìing, ,l974b), seed yields have been shown to decrease significantìy
with deìays of seeding in spring cu.ltivars of both B. napus and g

campestris. Delayed sowing also significantìy affects al I yield
components. Delayed seeding potentiaìly exposes the plants to moisture

stress at a more vulnerable growth phase. The result is decìining seed

yields due to a reduction in the number of pods per pìant which is under

strong environmental control. The immature pods towards the canopy top
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are the I ikely organs to be adversely affected by periods of drought

(Daniels, Scarisbrick, and smith, r984). Delays in seeding result in a

shorter time to maturity, brought about by a reduction in the time

requ i red for vegetat i ve and reproduct i ve growth phases (Gross and

Stefansson, 1966), Days to first flower was shown to be ì2 days less

f or plants seeded three weeks later than an ear ly seed ing (l,lcGregor,

l98l). Kondra (lglO studied effects of four pìanting dates on yield.
The last planting date froze prior to maturation, whi le the first
seeding date had highest yieìds, and highest oi I and protein content.

The yields of intermediate plantings were sl ightly depressed.

Sowing delays with rapeseed aìso reduce the contribution of the

lowermost primary branches, thereby increasing the importance of the

main stem. The number of pods and the number seeds per pod on the main

stem however, increases with deìays in sowing, although overalì yieìd is

reduced (scarisbríck, Danieìs, and Alcock, lgBl). To obtain higher

yields on a late sowing, vegetative growth needs to be followed by the

production of fewer pods than an earìy seeding. Each pod would then be

able to maintain the potential number of seeds to give a high yieìd.

llendham, Shípway and scott (198'l) found that leaf area index was

reduced by late sowing of rapeseed. Delayed sowings of winter rapeseed

ì imits pìant size prior to inflorescence initiation. This in turn

limits productivity in spring since there appears to be a critical size

for plants to have reached by initiation. Below this size, yield is

diminished (içlendham and scott, 197Ð. Declines in seed yield were shown

to be associated with a reduction of the total dry weight of the plant.

This was closely correlated with the duration of the vegetative growth
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durat i on of
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at the end of the vegetative

th i s phase (Thur I i ng, 1914a) .

ng date was associated with a

p I ant at matur i ty (Degenhardt

2.1+.3 Effects of Hoistrll.e Stress on

ln B. napus the yierd components of pods per prant, pods per main

branch' branches per pìant and seeds per pod have been shown to be

significantìy reduced by drought (Richards and rhurr ing, r97ga).

lrrigation can slow the senescence of leaves which effectively increases

the total leaf area of the plant, resuìting in a higher yield. yield
increases from a continued high volume of available moisture was due to
the greater comb i ned amounts of photosynthet i c I eaf and pod t i ssue

(Krogman and Hobbs, lg7Ð .

Andersonrs (r980) comparison of water use responses of barìey, rupin,
and rapeseed suggested that rapeseed failed to allocate significant
portions of its dry matter to seed productíon under conditions of soil
r{ater stress. Barley had a greater drought toierance, and higher water

use efficiency of grain production. rn sunfrower (Anderson, 1g7g)

highest water use efficiencies were associated with higher yields.
Water stress on corn yieìd significantly reduces kernel number, kernel

weights, and percentage deveroped kerners (c'laassen and shaw, lgTo).

I ncreases i n seed dry we i ght under i rr i gat i on

retranslocation of carbohydrates to the seed from

cou I d be due to the

pl ant parts such as

Yield



I eaves, stems, and roots (Ha¡or , 1g7Ð. I f the

adequate, the continued expansion of green tissue

wi I ì suppìy nutrients for the developing seed. The

pod is determíned late in the ripening phase,

determined by the ability of the individual pod to

l,/ater stress then decreases seed number through the

assimi ìates from a reduced pod surface area.

2l

moisture supply is

i n the form of pods

number of seeds per

which is in turn

suppìy assimi Iates.

effects of I imi ted

The number of branches per plant increases with irrigation. This

increase is due to a ìengthening of the fìowering period (clarke and

Simpson' .l978b). 
Secondary branches also influence seed yield. The

number of secondary branches, as well as the number of podsr âDd number

of seeds are strongly I inked with moisture suppl ies (campbel I and

Kondra, .|978). oil content has also been shown to increase with
irrigation (Krogman and Hobbs, 1975, Singh and yusef, 1g7Ð.

Clarke and Simpson (1978a) found that under rain fed conditions there

r^/as a rapid production of dry matter during the bolting, f Iowering and

earìy ripening stages. lrrigation during the fìowering period was

particularly important in order to real ize the ful I yieìd potential of
rapeseed (Clarke and Simpson, 1978b). Under irrigation dry matter

production continued at a higher rate into the ripening phase and leaf
area was maintained at a higher level after fìowering. When moisture is
nonìimiting, dry matter production continued at a high rate until
matur i ty.
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2.5 cRot/TH ANALYS tS

Growth analysis has been wide'ly used to study crop and

response to environmental conditions. Growth studies are useful

identification of developmental phases and their interaction

environment which together influence yield (clarke et â.I,

studies invoìving g. napus have indicated that earl iness of

growth stages contr i butes to ear I i ness of subsequent growth

(campbeì ì and Kondra, 1978) . Time to first fìower can therefore

to determine time to maturity since time to first flower is
factor in determining the time of later growth stages.

cultivar

for the

wi th the

I 984) .

initial

s tages

be used

a major

2.5.1 lnteraction of Growth Staqes and Drouqht

Growth analysis has been used directìy to study the adaptation of 23

wheat genotypes to drought conditions over a five year period (Clarke et

â.I, .|984). Differences in preanthesis growth rate occurred in only one

of the five years, and this difference was not related to drought

resistance or yield. The conclusion from this study was that growth

analysis is a labor intensive procedure that is unl ikely to identify
traits that are strongly reìated to drought resistance.

Robins and Domingo (.l953) found that soi I moisture depletion to the

permanent wi ì ting percent in corn at certain growth stages decreased

grain yieìds. Water deficits for a period of one or tvro days at s¡lking
decreased yield by 22?6 and moisture deficits of six to eight weeks

resulted in a 5OZ y ield reduction. They show that water stress after
maturity had no effect on yield. A grain yield reduction of ì2-l!Z has



23

been observed in corn when stress occurred at the vegetative period, and

a 302 reduction when stress occurred in the three week period after
silking (Cìaassen and Shaw, lgTO). peak water demand by sunflowers

occurs immediately after anthesis (Anderson, l97Ð .

A growth s tage kçy was deve ì oped for rapeseed by Harper and

Berkenkamp (197Ð. This key divides the I ifecycle of rapeseed into six
growth stages based on the deveìopment of the pr imary stem and

inflorescence. Each of the six stages are divided into a number of
substages. This key, and others I ike it define the growth of the crop,

enabl ing an accurate study of rapeseed as it matures.

Studies involved with B. napus have indicated that soi ì moisture

stress after fìowering is the major environmentaì factor affecting
development and yield (Richards and Thurl ing, ì979b). yields are also

significantìy reduced when drought is appl ied prior to flowering
(Richards and Thurling, 1978a). 0n the Canadian prairies, drought

during the ìatter portion of the growing season is a common occurrence.

It is conceivabìe that early fìowering cultivars couìd potentially avoid

some degree of drought stress by fìowering prior to the drier portion of
the summer. To obta in h i.gher y ieìds in environrnents where a late
drought i s a common feature, those character i st i cs determi ned after
flowering wi I I have a greater influence on yield than those measured

before flowering (Richards and Thurl ing, l97gb).

I'toisture stress occurring between

envi ronmental factor that affects

Decl ines in yieìd are associated with

f I ower i ng and matur i ty i s another

growth, development and yield.

a reduction of pre-anthesis growth
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anthes i sand a reduct i on of the dry matter

(R i chards and Thur I ì ng, I 978b) .

accumu ì ated pr i or to

llcCree and Davis (191\)

stages of sorghum could be

area wi th stomates stay i ng

the grain is being fiììed.

suggest that water stress i n ear I y growth

advantageous if it results in a ìower leaf

open under stress I ater i n the season when

Alìeviating bJater stress through irrigation increases leaf area

index, which is correlated with seed yieìd. Pod surface area and IOOO

seed weight are also. increased (Cìarke and Simpson, l97ga and b).
lrrigation lengthens the flowering period, enabì ing the production of

more flowers, and ul timately more pods and more seeds.

2.6 BREED I NG FOR DROUGHT RES I STANCE

Drought resistance can be divided into three categories: drought

escape' drought avoidance, and drought tolerance. Drought escape is the

ability of plants to compìete their life cycle before soil and plant

b/ater deficits develop (Ceccarel I i, .|984). Seìection for early
flowering and early maturity is a breeding strategy that has been used

to avoid moisture stress in rapeseed. campbel I and Kondra (1977) bred

for early maturity as a method to improve yield and fací I itate the

growing of rapeseed to increase the production area of rapeseed in
western Canada. I n Western Austral ia rapeseed cul tivation is dependent

on rainfall characteristics. A suggested breeding strategy designed to

utilize dry weight accumulation patterns is to modify the developmental

pattern by lengthening the bol ting stage relatíve to the vegetative
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stages (Trrurl ing, 1978). This wourd decrease the amount of time

required to reach maturity, thereby avoiding a late drought. Thurl ing

and Das (1979a E b) identîfied one major gene in the Japanese cultivar
lsuzu that was responsibìe for differences in flowering time. New

genotypes derived from crosses involving the cuìtivar lsuzu flowered

earlier than cultivars presently grown in l./estern Australia. These

cultivars could be useful in developing B. napus cultivars adapted to
drier areas than those that are now considered suitabìe for rapeseed

production.

Heritabilities for the characteristic of days to first flower were

f ound that ranged f rom 212 to 612. I'1atur ity her itab i I i t ies were f ound

that ranged from 162 to 36"¿ in a canadian study (campbel l, Degenhardt,

and Kondra, 1978). These statistics indicate that selection for first
flower could result in genetic gains. ln the same study, yieìd was

shown to be negatively correlated with maturity in the earliest maturing

I ine, indicating earr iness is associated with higher yierd, and that it
is possible to aìter growth characteristics to produce a yield increase.

clarke et al (.l984) suggest that drought escape through a rapid early
growth rate and earìy flowering is a breeding strategy that couìd prove

successful in wheat breeding in Saskatchewan. Dedio (1g15) found

associations between high water retention abiìity and late heading in

wheat' He suggests that the genes controì ì ing these characters are

I inked, or that there is a pleiotrophic effect. Screening and selection
for drought escape by altering maturity or developmentaì patterns is a

simple method of achieving drought resistance (clarke and Townley-Smith,

1984) ' However, the effectiveness of seìecting for these characters may
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decìine after a few generations since days to first flower in rapeseed

is highly heritable (Richards and Thurling, l9l9a). As wel,l , seìecting
for earl iness may be advantageous in years of severe drought, but the

response of the crop couìd be ì imited during seasons of better than

average cl imatic conditions (Richards and Thurl ing, 1979a).

Drought avo i dance i s the ab i I

potential above a critical value

ceìls. Avoidance mechanisms wi

rootrs absorpt i on of water, the

or by the ab i I i ty to reduce water

ity of the plant to keep tissue water

that would cause SOZ ki ì I ing of the

ll keep a high water potential by the

conduction of this water to the shoot,

ìosses (Ceccarel I i, .l984).

An extensive root system has been shown to be associated with drought

resistance in wheat, whi le selection for high yieìd under moisture

stress conditions wi I I select for larger root systems (Hurd, lg7\). ln

rapeseed, however, th i s rel at i onsh i p was not found. I ncreased root
weight has been associated with increased yield, but, in rapeseed, this
has been shown to be primari ly due to a common association with plant
size (Richards and Thurì ing, t978a). This work does suggest that the

association between a smaller root weight and seed yieìd could be the

result of a greater mobílization of reserves from the root to the above

ground portion of the plants during the period of moisture stress. High

yieìding genotypes under drought conditions had a ìarge pìant weight

and/or a large number of seeds per pod. Richards and rhurl ing (lg7ga)

suggest that because of these attr ¡ butes, the pl ants were abl e to

maintain photosynthesis under stressed conditions.
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0ther avo i dance mechan i sms that breeders are attempt i ng to take

advantage of incìude stomatal control of transpiration, the shape,

morphoìogy and orientation of leaves in relation to water loss (Clarke

and Townley-Smith, ì984), the ability to maintain a high ìeaf water

potential when soi ì water potential is low, and a low resistance to
water flow between root and leaves. Another method of reducing water

loss is by leaf movement, increased leaf waxiness and increased leaf
pubescence (Ceccarel I i , I 984) Dense pubescence has been shown to
increase l^/ater use ef f iciency in some soybean cultivars (Clawson et aì,
I 986) .

Position of leaves, and degree of reaf ro]ìing has been shown to
affect water retention in wheat (Oeaio, 197Ð. 0ther drought resistant
wheat cultivars avoid water stress by maintaining high osmotic potential
(tteim and Kronstadt, ì981). Sorghum genotypes avoid water stress by

maintaining low leaf diffusion resistance, by developing a high soi I to

leaf water potentiaì gradient, al lowing uti I isation of stored moisture,

and through low initial water use relative to the total used at maturity
(glum, 197q.

Barley genotypes with low stomatal frequency were found to have ìower

transpiration, and higher stomataì resistance. However, there was no

ef fect on photosynthesis (l'liskin, Rasmusson, and Hoss, I g72) . ln

soybeans' water stressed plants also had a greater stomatal frequency

and a smal ler leaf area than non-water stressed plants (Cinu and Brun,

197Ð .
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Drought tolerance involves the plantrs abi I ity to maintain growth,

production, and development at low water potentials, and for the

protoplasm to survive and recover from severe water defici ts. The

maintenance of positive or constant turgor as water potentiaì decreases

is an important adaptation to water deficits (ceccarel I i, l9g4). winter
wheat cultivars have been identified that produce a high number of
spikes per square meter, while under a high degree of internal water

stress (Xeim and Kronstadt, l98l).

one approach used to increase yieìd under drought conditions has been

the selection of high yieìds under condi ticns of adequate water supply.

A high increase in yieìd potential has in the past ìed to increased

yield under drought (Turner and Begg, lgBl). However, most research is
directed to the alternative of selecting for high and stable yieìds
under conditions of water stress. Rapeseed breeders have reported that
yield advances in a droughted environment were greater if selection
occurred in a droughted environment rather than an environment where

water was nonlimiting (Richards and Thurling, l97ga, .|979a). 
Since

non-drought and drought yierds are not di rect.ly correìated, the

a I ternat i ve breed i ng approaches are to e i ther se I ect under stress
environments only, or to consider yield and stabi I ity by testing for
yieìd under a range of environments.

The phys i oì og i ca I responses and genet i

involved in confiring drought resistance

resistance is the result of morphologicaì and

that are many and often act independently.

genes involved in drought resistance,

c character i nteract i ons

are compì ex. Drought

phys iologicaì characters

There are generally many

and there is likely a
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genotype/environment interaction (Richards, 1978) . physiological and

biochemical characters that have been identified that could influence

the performance of B. napus and B. campestris include ìeaf prolene

accumulation, ìeaf chlorophyl I stabí I ity, and germination percentage

(Richards and Thurl ing, jgTgb). Each of these characters has a

significant genetic component, although correlations with yield are low.

2.6.1 Summary

Selection strategíes that have been empìoyed to increase yieìd under

drought conditions in rapeseed include simultaneous selection for
earl iness and high yieìd (Richards and rhurl ing, 1979a) and by modifying

devel opmenta I patterns to i ncrease the proport i on of dry matter

accumuìated prior to anthesis (Richards and rhurl ing, l97ga). selecting
for a high harvest index has proven useful in rapeseed (Thurling, lJJba,
Degenhardt and Kondra, l98l) and other crops such as wheat (Nass lggO).

clarke and simpson (ì978b) suggest that a possibre avenue for yield
improvement under drought would be to improve the supply of metabcl ic
inputs during the development of each of the yield components by

increasing leaf area and ìeaf duration. Selection for limited branching

and increased pod numbers on the main raceme (clarke and simpson,

1978b), or for large plant weight and/or a ìarge number of seeds per pod

with increased branches (Richards and rhurl ing, l97ga) have also been

suggested. Another approach to increase yieìd is to increase the

photosynthetic capacity or to reduce pod number with a concomitant

increase in the mean number of seeds per pod (Daniels, scarisbrick, and

Sm i th, .l 
984) .
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i s i nf I uenced by a number of morphol og i ca I and

physiological characters that interact in compl icated ways. The actions
and interactions of these characters result in varying numbers of pods

per plant, seeds per pod, and seed size. Selecting for high number of
pods as suggested by Richards and rhurì ing (l97ga) to achîeve advances

in yield could be I imiting since this character has been shown to be

under environmental control. 0ìsson (.I960) found no correlation between

seed yield of the mother plant and of the progeny.

Plant breeders, in their attempts to improve yield under conditions
of moisture stress must aìso incìude desirable qual ity characteristics
and hybrid vigor. Breeders need to expìoit drought avoidance and

toìerance mechanisms in order to achieve drought resistance.

Seed yieìd
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¡4ATER I ALS AND HTTHODS

An experiment with six cultivars of Brassica napus was conducted over

the summers of .|985 and 1986 to determine the effects of drought on

yieìd, yi eld components, and quaì i ty. Growth analysis and stomatal

resistance were also recorded. The six cultivars used included the

three canadian cuìtivars westar, Regent, and pivot, as well as the three

Swedish cultivars Karat, Gìobal, and Topas. These cultivars were chosen

to give a wide range of maturities. Westar was considered to be an

earìy maturing cultivar, Regent, pivot, and ropas were of intermediate

maturity' whi ìe Global and Karat were reìatively late maturing cultivars
under Canadian condi tions.

3. I EXPER I ¡lENTAL DTS I GN AND PROCEDURE

A randomized complete bìock design experiment consisting of six
repì icates of the six cultivars was used. Treatment pìots consisted of

four rows six m ìong. The replicates were separated by a ì.5 m pathway.

seeding was accompìished using a doubìe disc belt cone seeder. The

granular insectide Furidan was appì ied with the seed, and ferti I izer
(16-20-0) r^/as incorporated at a rate of 112.3 kg/na at the tíme of

seeding. ln l!86 seed was also treated with the fungicide Rovral.

Fol ìowing emergence, stand counts were made to determine correìations

between stand and yieìd.

- 3r
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Two experimental locations were used for this study. The first
location was situated on a Riverdale floodplain clay at the university
of flanitoba. At this location there were three treatment sites. Two of
these treatment sites were sown on flay J in 1995, and on r,iay r3 in '|9g6.

lrrigation was available at one treatment, which shall be referred to as

the irrigated treatment. The treatment without irrigation shalì be

referred to as the nonirrigated or the early treatment. A third
treatment, referred to as the late site was seeded on flay 21 in 'l9g5,

and on June 4 in ì986. The later sowing in ì!86 was necessary because

of dry seed bed conditions in the three weeks after the earìy sowing.

The ìate sowíng was made after a rainfall had made soil moisture

sui table for pìanting. The second experimental location was si tuated at
the Portage la Prairie research station on a Newhorst soiì. The portage

treatment was seeded on Hay 16 in 1985, and on nay 2J in 19g6.

ln .l985 the irrigated treatment received 56 mm of irrigated
precipitat.ion 6l days after sowing. when the soi I moisture was

approximately 7oZ of fieìd capacity, which was assigned to be the leveì

at which moisture stress began. rn r9g6 the irrigated site received 33

mm water l! days after sowing. At this time the plants were visibly
wiìting due to high temperatures and the lack of rainfall since seeding.

3.2 S0tL t4EASUR¡4ENTS

The soil moisture profiles were monitored weekly for each treatment.

The measurements for the first week were taken by measuring gravimetric

water content' which was converted to volumetric water content. Aì I

measurements fol ìowing the first sampì ing were taken using the Troxler
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neutron probe wh i ch measures vo'l umetr i c water content d i rect I y.

Precipitation and water appl ied by irrigation were measured throughout

the summer. Bulk density, permanent wi lting point, and field capacity

were also determined. Using these measurements, the weekly moisture

avai ìable to the plants over the season was calculated. The total
amount of water used by the plants was also calculated.

3.2.1 Soil l'loisture

SoiI samples were taken at six Iocations within each of the four

treatments. one measurement was taken in each repl icate. 0n the day of

seeding, soil samples were taken using an auger with a ll cm diameter at

depths of 0-l! cm, ì!-10 cm, 30-45 cm, 60-90 cm, and !0-120 cm. soi I

moisture content was measured on these samples using gravimetric water

content. Gravimetric water content was measured by weighing a sample of

field soiì, oven drying the soil for 48 hr at l0ooc, and reweighing the

soi I sample. The difference between the soi I weights provided a measure

of the weight of water in the soil sampìe. Dividing the weight of water

by the weight of oven dry soil gave a measure of the gravimetric water

content. To convert gravimetr ic water content to volumetr ic r^/ater

content' the gravimetric water content was multipl ied by bulk density.

Weekly soil moisture measurements were taken at these sites and at these

depths unti ì harvest. The 0-ì! cm soi I moisture content was sampled by

tak i ng the grav i metr i c water content .

The l5-30 cm, 30-45 cm, 45-60 cm, 60-90 cm, and the 90-l20 cm depths

were sampl ed us i ng the Troxl er Neutron probe. Th i s probe measures

volumetric water content directly. The probe emits fast neutrons from a
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Am-Be source. These neutrons col ì ide with the H atoms in the water

moìecuìes, causing the neutrons to slow down. The ,thermaì' neutrons

are then detected and measured by a sensor. The proportion of fast
neutrons that are sìowed down depends upon the concentration of the H

atoms (or water molecules) in the soi I medium into which the fast
neutrons are reìeased. The Troxler probe then records the number of
slow neutrons detected per minute, âñd calculates voìumetric \^,ater

content.

3.2.2 Bulk Density

Buìk density was measured in the field by colìecting a soir sample

with an ll cm auger. The depth and diameter of the soi l core taken was

measured to provide a measure of the soi I voìume. The soi I was then

oven dried for i+8 h. Bulk density was calculated by dividing the weight

of oven dry soil by the vorume of soir taken in the fie.ld.

3.2.3 Field Capacitv

Field capacity was measured by thoroughìy saturating J sq m of soil
for each soil type. The square was covered with pìastic and the water

\^/as aìlowed to f ilter through the soil prof iìe for 4g h. Fo¡owing this
period, Volumetric water content was measured using the Troxler Neutron

probe.
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3.2.4 Permanent Wi ltino point

A surface soi I sampìe was analysed in the lab

wi lting point, to analyze particìe size, and

density. Permanent wilting point was determined b

to determine permanent

to determine particle

y growing three tomato

pìants in a small sealed container of field soil. When the plants were

J0 cm in height the plants were watered to fieìd capacity. The plants

were then deprived of further inputs of water. Daily measurements of the

length and maximum width of leaves on the top three branches were made

on each pìant. When dimensions of the leaves of al I branches were the

same as the previous duy, the plants were removed from the soi l. The

soil in the container was then removed, weighed, oven dried at ll0oC for
48 n, cooled in a dessicator, and reweighed to provide a measurement of

the water content as a percentage by weight of the dry soiì. This method

assumes that loss of turgor in lower leaves occurs at the same soi I

water content as the cessat i on of growth. Permanent wi I t i ng po i nt i s

defined as the lower limit of soiì water availabìe for pìant growth.

3.2.5 Particle Size Analysis

The particle size analysis was performed using the pipette method.

Two l0 g soil samples were reacted with H202 until no further reaction

occurred. Peroxide was used to digest organic matter. Excess peroxide

was removed by evaporation, and 200 ml of water was added. This mixture

was stirred for l! min. sand was removed from the sampìe by pouring the

susPension through a 300 mesh seive. A number of washes were made to

ensure that all silt and clay passed through the seive. The sand was

then dr i ed and we i ghed. The rema i n i ng suspens i on was brought up to a
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volume of .1000 ml. After the suspension was completeìy stirred, a 2j nl

aliqout of silt and cìay at a l0 cm depth was removed. This sample was

then dried and weighed. After 6 h 20 min, the settìing time required for
2 micron particles to fall ì0 cm, a IO mì aliquot of the suspension from

a l0 cm depth was removed. This sample was then dried and weighed. This

constituted the cìay fraction. The percent sand, siìt, and clay was then

calculated on the basis of the total mineraì weight of the soil.

3.2.6 Particìe Density

Particle density, or mass of soì ids per unit volume was measured by

determining the difference between the weight of oven dry soil, and the

volume of water displaced by the same mass of soil. particle density was

used to caIculate soiI moisture when water stood in the access tubes

because of soil flooding. Under these conditions it was not possible to

use the neutron probe. The pore space of the soil was caìculated as I -
(Oul¡< densi ty/particle densi ty) .

3.2.7 Avai lable l,loisture

Avai labìe moisture to the pìants was. caìculated as the summation of
(volumetric water content - (permanent wilting point x bulk density) x

depth.

for each depth measured. Depth in the carcuration refers

the soi I ì ayer sampl ed. Total water used by the pì ants

as the summation of weekly water used:

avai lable water (planting) - avai labìe water (harvest) +

to the depth of

I^/as ca I cu I ated

precipitation.
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3.3 PLANT ¡lE AS UREI'1E NTS

Growth stages were mon i tored for each cu I t i var on each pl ot from

seeding to harvest. The revïsed growth stage key of Harper and

Berkenkamv 0975¡ was used. Stand counts were determined when the

plants were establ ished. Stomatal resistance was measured on the

non i rr i gated and i rr i gated treatments for an ear I y (l.lestar) ,

intermediate (eivot) and ìate maturing (clo¡al) cultivar. Flower and

pod development were measured on five randomly selected pìants per plot
per cultivar in three of the six replicates per site. From this
analysis, a measuÌ'e of z pod abortion, the number of pods per plant, and

the number of seeds per pod was obtained. Seed yield was determíned by

harvesting 4.! m of the inner two rows of a four row plot. Quality
analysis was also performed for z oi ì and protein content.

3.3.1 Growth Analvsis

Growth analysis was used to monitor the plant's response to drought

stress. The revised growth stage key for B. napus and B. campestris by

Harper and Berkenkamp (197Ð was used for the analysis. The key divides
the ìifecycle of rapeseed into six growth stages, based on the

development of the primary stem and inflorescence. Each of the stages

are divided into a number of substages (FiS. Z) .

Stages 0-2 correspond to the vegetative s

J-j correspond to the reproductive stages of

preemergence. Stage I folìows the plantrs

the cotyledons to the development of the fi

tages of growth, and stages

growth. Stage 0 indicates

growth from the emergence of

rst and second true leaves.
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Figure 2. Harper and Berkenkamp (197Ð growth stage key.
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These Ieaves quickIy senesce. The rosette stage is described by stage

2, adding a substage for each expanded true ìeaf. Stage 3 monitors the

development of the bud and inflorescence as the plant bolts. stage t
describes the flowering stage, whi le the ripening process is described

by stage !.

Growth stages were monitored on the Winnipeg treatments three times

per week, and once per week on the portage site. The plants were

measured from emergence unt i I harvest. An anal ys i s of var i ance was

performed to determ i ne treatment d i fferences w i th respect to day to
f i rst f lower.

3 .3 .2 S toma ta I Res i s tance

Stomata I res i stance b/as

photosynthesis system. An act

was encìosed in a ìeaf chamber.

then measured in the Iaboratory

measured us i ng the L i cor por tab I e

ive photosyntheslzing and respiring ìeaf

The leaf was then excised. Leaf area was

us i ng a Decagon ì eaf area meter.

stomatal resistance was measured for westar, pivot, and Globar. These

cul tivars were chosen because they represented early, fiìiddìe, and late
matur i ty groups. Stomata ì res i stance was measured on the i rr i gated and

on the nonirrigated treatments, whi ìe the plants were at the fìowering
to early ripening stage. ln 1985 measurements were taken from 62 days

after sowing to 83 aays after sowing. iïeasurements \^/ere taken in l986

from j2 days to 73 days after sowing. Three prants per pìot were

measured at random in three of the six replicates. Ten readings \^/ere

taken per plant over a J0 second interval. This technique is limited



because measurements can onìy be

cloud cover. ln ì186 measurements

a period of three weeks. lt was

40

taken during extended periods free of

could only be taken on four days over

also necessary that measurements were

to ensure that the stomata werei n ordercomp I eted before noon

phys iologÌcal ly active.

3.3.3 Yield Components

Flower and pod development was determined by randomly selecting five
plants per plot per cul tivar in three of the six repl icates at each

location. Each individual inflorescence was tagged and numbered. During

fìowering, the number of buds on each inflorescence was counted. The day

prior to harvest, the totaì number of mature pods was counted. The

percent pod abortion was then determined for each plant by dividing the

number of mature pods by the number of buds. Buds that failed to open

were included in the count of aborted pods. This technique also gave an

anaìysis of the number of inflorescences per pìant. The tagged pìants

were i ndividual I y harvested and hand threshed to provide a measure of
the number of seeds per pod.

3.3.t+ Seed Yíeld

At maturity, the center 4.5 m of the middle two rows of a four row

plot were hand harvested when approximately jo?4 of the seeds ín that
pìot had begun to turn brown or black in color. This corresponded to
growth stage !,J in the Harper and Berkenkamp (jgiÐ scaìe. The entire
above-ground plant material of the harvested plot was pìaced in burlap

sacks and air dried for several weeks before thrashing. ln l!86 harvest
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index was determined. The plants were dried for 48 hours, and were then

recl imatized by removing the plants in their sacks from the drying

chamber and placing them in an unheated shed for 24 hours. This was done

to prevent excess shattering. The totaì dry matter was measured. Total

seed weight was then divided by the total dry matter to provide a

measurement of harvest i ndex. Thousand seed we i ght was determ i ned i n

ì 986.

3.3.5 Qual itv Analvsis

Seed sampìes from each pìot were

content. 0i I percentage r^/as determi

Resonance techn i que (Rober tson and l,lor r

seed sampì es. Prote i n percentage was

using the Kjeldahì procedure. Titanium

in the digestion (t/iil iams, 197Ð .

anaìyzed for oil and protein

ned us i ng the Nuc I ear Hagnet i c

ison, 197Ð using 2! g oven dried

determ i ned on the o i I f ree mea ì

d i ox i de was used as the cata ì yst

3.)+ STAT I ST I CAL ANALYS I S

Data sets were ana I ysed as random i zed comp ì ete b I ock des i gn

exper iments us i ng ana I ys i s of var i ance. l,ieans were compared us i ng

Duncanrs lluìtiple Range test. Pearson product-moment correlation was

used for al ì correlation anaìyses. Statistical analysis were performed

on the un ivers i ty of l'lan i toba AI,IDAHL 5g5g ma i nf rame computer . Data

analysis for availabìe soil moisture r^/as performed on a l,laclntosh

mi crocomputer us i ng the database program Excel .
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RESULTS

4.I SOIL ¡4EASUREHENTS

4.ì..l Soil Phvsicaì properties

The totaì moisture of the soiì at field capacity on the nonirrigated
treatment \^/as 4/6 mm, the irr igated treatment was 559 nn, and the

Portage location was 572 nn. The permanent wilting percentage of the o

- 15 cm surface soi I for al I soi ls was determined to be 20. lgz by

weight. The permanent wi lting percentage for soi l depths greater than

15 cm was estimated al 21 .JZ. This estimation was based on a l,lanitoba

so i I survey under taken by Zwar i ch i n 1963.

Particle size anaìysis of the soi I sample from the irrigated
treatments was composed of 39?ó silt, 602 clay, and lZ sand. The soil on

the nonirrigated and late treatment was composed of 3?6 silt, 7\g6 clay,
and 2J?6 sand. The higher sand content on these treatments was the

result of an oìd creek bed that was once situated on this plot. The

Point soils were determined to be high clay soiìs, and are classified as

a Riverdale f loodplain soil. The portage treatment was go? silt, 6.4

clay, and l4Z sand. The Portage soil was classified as a Newhorst soil,
and from particle size anaìysis was determined to be a silty loam.

-l+2-
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4.1.2 Availabìe Soil l'loisture

l+. i .2. I I rr i gated vs. Non i rr i gated Treatments

The available moisture over the growing season in the irrigated and

nonirrigated treatments in l!8! and i!86 are i I lustrated in Fig. l. The

irrigated treatment received !6 mm of irrigation 63 days after sowing in

1985. At this time the irrigated treatment was considered to be

moisture stressed because the soi ì water was 692 of field capacity.

Rainfall in the week folìowing this period of irrigation contributed a

further 6l mm. ln the following four weeks a total of lJ4 mm of rain
f el I . These inputs of \^/ater lead to f lood ing on the irr igated

treatment. Seasonaì (fa¡le l) and weekìy (Appendix Table l) differences

in soi I moisture between the nonirrigated and irrigated treatment were

s i gn i f i cant. However, d i fferences between these two treatments for the

total water used were not significant.

ln ì986 33 mm of irrigation was applied to the irrigated treatment l5

days after sowing. The available soiì moisture was not below 702 fieìd
capacity, but irrigation was necessary as the soiì surface was very dry

and the young plants had begun to wi lt visibly after l! days of high

temperatures without precipitation. The treatment remained at or near

7oZ fieìd capacity for the remainder the summer. No further irrigation
was appl ied. There were signifìcant differences between the irrigated
and the nonirrigated treatments when comparisons were made between the

weekly avai lable moisture over the two treatments (Appendix Table l).
The irrigated treatment had a greater voìume of available water than the

non i rr i gated treatment. However, there was no d i fference i n the tota I

volume of water used between these treatments (Table l).
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l+.1 .2.2 Ear ly vs. Late Treatments

A comparison of avaiìable moisture between the early and late sowings

in 1985 (F¡s. 4) indicated that the differences in available water

between these treatments were significant from day /g to day ì0! after

there was a
sowing (Appendix Tabìe Z). During this period,

significantly greater volume of avai lable moisture in the late
treatment. There were no significant differences between the early and

late sowing wîth regard to total avai ìable moisture throughout the

summer, or for the total voìume of water used (taOle l).

A comparison of avai lable moisture between sowing dates in l986 is
illustrated in Fig. \. The voìume of available moisture was greater on

the ì ate treatment (ta¡ I e l) . The tota I water used was not

s ígni f i cant I y d i fferent. From day J6 through to day 63 after sowing

there was a greater amount of avai lable moisture on the late treatment
(Appendix Table 2). There was a significantry greater vo'lume of
available moisture on the early treatment during the period from day /ì
until day 84.

\.1.2.3 Portage Treatment

ln 1985 available moisture at the Portage location decreased as the

summer progresseo (rig. Ð. This trend continued until the last four
weeks of the summer. There was an increased volume of avai labìe
moisture during this time as a resuìt of the heavy rainfal I during the

ìater portion of the 1985 summer (Appendix Table 3). The portage

location had a greater volume of avai lable moisture than the earìy and
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late Point treatments, but Iess avai lable moisture than the irrigated
Point treatment (ta¡le l). The total volume of water used was

significantly higher than the late treatment. ln 1986 avaiìable

moisture was high throughout the summer. The driest period occurred

during thethree week periodprior to harvest (AppenaixTable 3).
Ava i I abl e moi sture on the Portage treatment was s imi I ar to the three

Point treatments, aìthough the total volume of b/ater used on the portage

location was significantìy greater than the point treatments.

L+.2 HETE0R0L0c I CAL DATA

llean dai ly temperatures and precipitation in l!g! and l9g6 for the

three Point locations are i I lustrated in Appendix Fig. ì. The portage

ìocation is i I lustrated in Appendix Fig. z. A comparison with the J0

year means is presented in Table 2. ln August, i!g! precipitation was

three times greater than normal and temperatures were relatively low.

ln 1986 the month of July had unusuaìly high precipitation. ìJJ mm were

recorded, which was aìmost double the l0 year average of 76 mm.
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\.3 PLANT,'IEASUREHENTs

4.3.'l Stomatal Resistance

Stomatal resistance was measured for the cultivars Westar, pivot, and

Globaì to determine if there were differences between these cultivars
representing the different maturity classes. Results for stomatal

resistance are summarized on Tabìe J and Figure 6. ln l9g5 and l9g6

there were significant differences for stomatal resistance between

cultivars on different treatments, and between the different cultivars
on the same treatments. However, it was not possible to expìain these

relationships with respect to I imited moisture avai labì ity. Day 66 in
.|985, the day pr¡or to irrigation, was the only period that moisture

streass was known to occur on the nonirrigated treatment and not on the

irrigated treatment. At this time, pivot had a significantìy lower

stomatal res i stance on the i rr i gated treatment.

D i fferences between the days on wh i ch stomata I res i stance was

measured on were significant between the treatments in l9g5 (Appendix

Table 4). ln .l985 stomatal resistance was higher on the nonirrigated

treatment on day 76. Th í s per i od corresponded to the per i od fol I owi ng

i rr i gat i on on the i rr i gated treatment. Stomatal resistance was higher

on the irrigated treatment on day 62, the day prior to irrigatíon when

the irrigated treatment was determined to be water stressed. periods of

high stomatal resistance correspond to the periods when avai lable water

was ìowest.
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\.3.2 Growth Staqes

The vegetative growth stages (stages 0 to 2) and reproductive growth

stages (3 to 5¡ were scored for the six cultivars using the Harper and

Berkenkamn (t975¡ scale. There were Iarge differences in days to first
flower over the four treatments (taOle 4). ln l9g5 the cultivars on the

I ate treatment f I owered i n the I east number of days, fol I owed by

Portage, the irrígated, and the nonirrigated treatment. ln ì!g6 the

same rank i ngs occurred for the I ate and portage treatment. The

nonirrigated treatment reached flowering before the irrigated treatment.

Growth stages of the six cultivars for the Point treatments are

i I lustrated for the l!8! summer in Fig. 7 and g, and for the l9g6

summer in Fig. 9 and .l0. The growth stages of the cultivars on the

Portage location in lg8! and ì986 are i ì lustrated in Fig. I ì. l.lestar

was the first cultivar to reach each growth stage, while the cultivars
Global and Karat required a greater length of time to reach each stage.

Regent, Pivot, and Topas reached each stage at an intermediate rate.
These observations apply to aìl treatments and for both l9g5 and ì9g6.

ln .l985 l'/estar, Gìobal, and Karat f lowered sígnif icantìy earl ier on

the irrigated treatment (ra¡le 5). ln ì9g6 there were no significant
differences between flowering dates for cultivars except for Topas,

which flowered earlier on the nonirrigated treatment (Table Ð. All
cultivars flowered in significantly fewer days on the late seeded

treatment compared to the early seeded treatment in ì!8! and l986 (Table

6). At the Portage location Global required significantìy more days to

flower than the earlier cuttivars in ì!8! and l9g6 (Table 7).
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ln .l985 Westar was the first cultivar to fìower on aì I treatments.

Karat was the Iast to fIower on the irrigated and the nonirrigated

treatment. Global flowered last on the late and Portage treatments. ln
1986 westar was observed to flower first on the nonirrigated, the

irrigated, anci on the late treatments. Regent f lowered f irst on the

Portage treatment. ln 1986 Globaì flowered last on aì l treatments.

l+.3.3 Yietd and Yield Components

\.5.3.t Yield

I n ì985, yield for the four treatments were simi lar. The pcrtage

treatment yielded higher than the the three Point treatments. ln l986

(la¡le 9) differences of yield between the irrigated and the

noni rrigated treatments were simi lar. Differences between the early and

late treatments were substantial. The earìy treatment had a higher

yield than the late treatment. Yield of the Portage treatment was lower

than the i rr i gated treatment.

Seed yields were significantìy higher for the cultívars Westar and

Pivot in the nonirrigated treatment compared to the irrigated treatment

in i985 (ta¡le io) and .l986 (table tt). comparisons berween the early
and late treatmenrs in t985 (Tabìe 1Z) and l9g6 (Tabìe l3) indicated

that average seed yield was higher for al I cultivars for the r early
treatment but these differences were not significant. Seed yieìds of

the Portage location in .l985 and .l986 are presented in Table 14. I n

both years l.lestar and pivot were the high yieìding cul tivars on the

ear,ly and late treatments. Regent and Karat had the lowest yields on
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7l

the nonirrigated and portage treatments in lg}5, and on the early,
irrigated, and late treatments in .l986. under irrigation Global and

Topas outyielded other cultivars in both years.

Correlation coefficients between days to first flower and yield
(taOte lÐ revealed negative correlations between these variables for
westar and Pivot on the nonirrigated treatment in .l995. ln ì!g! and

l186 a negative correlation were found for Regent on the late treatment.

0n the Portage location in .l986, a negative correìation was found

between these variabìes for the cultivar Pivot. Negative correlations
were also found for days to first flower with yield over all varieties
on the 1985 late treatment, and the .l985 and l!g6 portage treatment. A

positive correlation was found on the 1986 irrigated treatment. Stand

counts were measured in order to determine if yield/stand correlations
existed. However, significant yield/stand correlations were not found

for any treatments in either year. ln ì995 the ìate treatment had a

significantly higher stand count than other treatments. There were no

significant stand differences between the irrigated and nonirrigated

treatments in 1985 and 1986. ln all but the 1986 irrigated treatment

in 'l986, Karat and Topas had the highest stand counts. p¡vot and Global

had significantìy lower stand counts for al ì but the earìy treatments in

1985 and t986.

tr .3.3.2 Pod Abor t i on

The ? pod abortion was Iower in al l cultivars on the irrigated
compared to the nonirrigated treatment in l9B5 (Table g). 0n alì point

treatments Westar and Global had the highest Z pod abortion, whiìe Topas
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and Karat had general ly the lowest z pod abortion. At the portage

location Westar had the lowest Z pod abortion and Karat had the greatest
(Tabre r4).

ln ì986 ar r treatments had simi rar zpod abortion (tabre 9). pod

abortion was significantly higher for the cuìtivar \^/estar on the

irrígated compared to the nonirrígated treatment (ta¡re r r), and

significantìy lower for the cultivars Topas, Gìobal, and Karat on the

early compared to the ìate treatment (ta¡le l3). 0n al l treatments pod

abortion was highest for the cultivar Westar, and general ly lowest for
Topas.

4.3.3.3 Harvest I ndex

Harvest i ndex was measured i n I 986. The ear I y treatment had a

greater harvest index than the portage and late treatments (Tabìe 9).
There was little difference between the portage and irrigated
treatments. These two treatments both had a higher harvest index than

the ìate treatment.

0n the nonirrigated treatment (ta¡le I l) Westar had a higher harvest

index than Karat. 0ther than this there were no significant differences
among cul t ivars on the i rr î gated treatment, oF among the same cul t ivars
on the non i rr i gated and i rr i gated treatments. 0n the I ate treatment
(raole l3) Pivct had a higher harvest index than Regent and Global.
ldhile cultivars had a higher harvest index on the early treatment

compared to the late treatment, Gìobal was the onìy cul tivar to be

significantìy higher. 0n the portage treatment (Ta¡le l4) Regent had a

significantìy higher harvest index than Gìobal and Karat.
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l+ .3.3 .l+ Y i e ld Components

ln 1985 the Portage location had a higher number of pods per pìant

than the irrigated and late treatment, but the Portage and the irrigated
treatment had fewer seeds per pod than the early and ìate treatments.

ln 1986 the Portage location had a higher number of pods per pìant and

seeds per pod than the Point treatments (la¡le 9). Yield components. for

each cultivar - seeds per pod, pods per plant, and lo00 seed weight are

summarized in Tables l0 to .l4.
I n general pods per plant were

significantìy higher and seeds per pod significantly lower in the later
maturing cultivars Global and Karat compared to Westar.

The yield component ]000 seed weighi was not measured in i995. of

the four treatments in 1986, the Portage location had a lower lOO0 seed

weight than the three Point treatments. Westar had the greatest seed

weight on the irrigated and late treatments. There were no significant
differences between Westar and cultivars of greater seed weight on the

Portage and late treatments (Tables ll, ìJ and ì4). ln aìl treatments

the cultivars Karat and Topas had significantìy lower l0OO seed weights

than other cuìtivars.

\.3.3.5 Yield Component Correlation

Pearsonrs correlation anaìysis was performed to compare al I yieìd

components. Few significant correìations were found. Significant
negative correlations were found between the variables pods,/pìant and

seeds/pod for the cul tivar Karat on the noni rr igated treatment i n 1985

and for Regent on the irrigated treatment in .l986 (TaUle l6). positive



correlations were found between for

Regent on the nonirrigated treatment i

I ocat i on i n I 985 and I 986. There

between the yieìd components seeds/pod

pods/plant and l0O0 seed weight (Table

76

these var i ab I es for the cu I t i vars

n 1985, for Karat at the portage

were no significant correlation

and 1000 seed weight, or between

t6).

\.t+ 0l L AND PROTE tN

4.4.0.6 0it

In .|985 there were no dífferences in Z oi I content on the three

treatments at the point (Table l7). The portage treatment had a ìower

mean oi I content than the point treatments. ln l9g6 the irrigated
treatment had a higher mean oil content than the nonirrigated treatment,
which in turn had a higher mean oi I content than the late treatment.

The Portage treatment did not greatly differ from the nonirrigated
treatment.

ln .l985 
þJestar had a significantl¡' higher oi ì content than the other

five cultivars, h/hi re Karat generaì 'ly had the ìowest oi I content. rn

1986 Karat had the lowest oil content of the six cuìtivars while Topas

had generally the highest mean oiì content.
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gì

ln 1985 there were no significant cultivar differences between the

i rr i gated and non i rr i gated treatments, or between the ear I y and I ate

treatments (Tables l8-20). ln l!86 Regent, pivot, Global, and Karat had

significantìy lower oi I contents on the nonirrigated compared to the

irrigated treatment. westar, Topas, Karat, and Global had significantly
higher oil contents on the early treatment compared to the late
treatment in 1986. Westar had the highest oiì content at the portage

location in .|985, whire Grobar had the highest in r9g6 (taote zo).

Pearson's correìation was used to analyze days to first fìower and Z

oî I content to determine if a correlation between these two variables
existed. ln 'l985 there was a significant rìegative correlation between

these two variables on the nonirrigated treatment (pr>R o.oo5), the

i rr igated treatment (Pr>R o.0006) , and the portage treatment (pr>n

0.00.l). There were no significant corre'lations in r9g6.

\.4.0.7 ' Prote in

Protein content was highest in the Portage treatment and lowest on

the irrigated treatment in .|985. ln 'l986, the late treatement had a

significantìy higher protein content than the nonirrigated/early
treatment wh i ch was h i gher than the i rr i gated treatment for protei n

content. Protein content had the same ranking for the four treatments

in t986 (ra¡le ì8).

For al I treatments in both years Global had the lowest

content. ln both ll8! and 1986 all cultivars had a lower

content on the i rr i gated compared to the non i rr i gated ireaiment

prote i n

prote i n

(Tab I e
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8S

l8). ln 1985 al ì cultivars had a higher mean protein content on the

early compared to the late treatment. There were no significant
cultivar differences between these two treatments (table lg). ln lgg6

Regent was the onìy cultivar to have a significantly higher protein
content on the early compared to the late treatment.

Correlation analysis

negative correlations on

1986 i rr i gated treatment,

Portage I ocat i on (tab I e

protein were found for aì

between oiì and protein content revealed

the .l986 nonirrigated treatment, the l985 and

the ì18! and ì986 ìate treatment, and the ì996

21) . Negative correlations between oi I and

'I cultivars over the four treatments.
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Chapter V

DISCUSSION

5.1 COHPARISON BETWEEN TREAT¡4ENTS

5. I . ì I rr iqated arlsl Non irr iqated Exper iment

ln 1985 the amount of available water was greater on the irrigated
treatment compared to the nonirrigated treatment for the entire growing

season. The irrigated treatment also flowered earl ier than the

nonirrigated treatment and the time required to reach final maturity was

shortened. A reductíon in time to reach maturity on the irrigated
treatment' impl ies the Presence of an envi ronment stress s i nce stress

reduces the duration of vegetative development. The stress was imposed

by high soi I moisture as there was a three week period of rainfal ì

during ripening (growth stage !). For over one week, water covered this
treatment. Flooding of soi I results in anaerobic stress which brings

about a reduced rate of transpiration and water absorption. This occurs

because soiì water is displaced with air causing a deficiency of oxygen

and an accumulation of carbon dioxide. Either of these conditions can

seriously damage the root system (Kramer and Jackson, lg5Ð . Decreased

water absorption results in chìorotic leaves. Flooding stops downward

trans I ocat i on of carbohydrates and aux i ns, wh i ch accumu I ate at the water

I ine. lnjury and death of the leaves also occurs by toxic substances

mov i ng up f rom the dead roots (Kramer , I 95 i ) .

substantiaì ly reduced (Jones and Qualset, i9B4).

Yieìds can also be

Yield, pod abortion,
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the irrigated

. There were

compared to the

ln 1986, aìthough there were some differences between the irrigated
and nonirrígated treatment for the amount of avairabre water, it is
ì ikely that there were no sustained periods of moisture stress on the
nonirrigated treatment. This was due to the high rainfall throughout
the I 186 summer. Absence of stress was evidenced by the lack of
significant differences between the two treatments for total water used

and the absence of treatment differences for stomatal resistance.
significant differences between the treatments with respect to avai ìable
moisture were reflected in the time required to reach first flower.
Plants flowered in a shorter period

treatment.

of time on the nonirrigated

Lack of moisture stress resuìted in simi lar overal I yields between

treatments' Although available moisture was not different between these
treatments, the yierd components pod per p.lant, seeds per pod, r000 seed

weîght and yield were higher on the irrigated treatment. The percent
pod abortion was ìower. Differences were also noted between these two

treatments for percent oi I and protein. The irrigated treatment had a

higher oi ì content and a lower protein content.

I rr i gat i on has been shown to i ncrease

(Krogman and Hobbs, l97S, Richards and

Simpson, 1918b, Singh and yusef, 1g7Ð.

seed yield and yieìd components

Thurl ing, 1978b, CÌarke and

0i I content has also been shown



8g

to increase by irrigation (Krogman and Hobbs, jg75, Singh and yusef,

197Ð. ln this study, the yield of each cultivar was increased under

irrigation, but this increase was not significant. ln the ì!g6 growing

season there was more ava i I ab I e water on the i rr i gated treatment.

However, the amount of available water used was quite similar for these

treatments. lt appears that there is an optimum amount of water used by

rapeseed over the growing season. Any increases above this amount are

not reflected in increases of yield or yield components. ln particular
the major yield component pod abortion was not significantìy reduced on

the i rr i gated treatment.

5.1 .2 Ear I y and Late Exper iment

ln 'l985 there were no differences between the early and late
treatments wi th respect to ava i I ab I e mo i sture or tota I water used over

the growing season. Days to first flower and maturity were considerabìy

ear I ier on the I ate treatment. I n lçlan i toba (Gross and Stef ansson , 1966)

and in Aìberta (Kondra, 1976), ìate plantings of B. napus result in a

decrease in days to maturity, decreased yieìdr âñd decreased oi I

content. The optimum planting date for rapeseed in ltlanitoba was

indicated by Gross (1964) to be approximately f4ay g. ln this experiment

late planting had ì¡ttle effect on yield. There were no yield or yíeld
component differences. However, yield, pod abortion and the yield
components pods per plant and seeds per pod were higher on the early
treatment. 0i ì content was not different on the two treatments, but

protein content was higher on the early treatment. The primary

motivation for ear.ly pranting is to avoid the normaì ìy <iry portion of
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the Prairie summer occuring from the time of flowering to harvest, as

wel I as to avoid an earìy frost at the end of the growi ng season.

However, the high rainfal I of July and August el iminated the detrimental
effects that wouìd normaìry occur by a two week deray in prantíng.

ln .l986 tne late treatment was sown three weeks later than the early
treatment' but due to the unusually high rainfall of July the available
moisture on the ìater treatment was significantìy greater than the early
treatment. This difference was not reflected in the total water used

over the two treatments' which was not significantly different. Days to
first flower was reduced as a result of higher temperatures during
ripening' Pod abortion was higher on the late treatment despite the
higher avai lable moisture. Harvest index, yield, and time to maturity
were reduced' 0il content was also Iower. This indicates a stress
imposed on the late sowing likely due to the higher temperatures during
f I ower i ng on the I ate treatment.

5.1 .3 Portaqe Locat i on

ln 1985 the Portage location had a greater amount of availabìe water

than the non i rr i gated ear ì y and I ate treatments, but there was I ess

avaí ìable water than on the irrigated treatment. The differences
between the Portage treatment and the nonirrigated point soi ìs were due

to the Portage soi I having a higher si lt content, which is the most

împortant factor influencing avai ìable moisture for rapeseed (Thomas,
.l984) 

' ln addition there was higher of precipitation at the portage

location compared to al I point treatments.
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Day to first flower at the Portage location was earl ier than the

irrigated and nonirrigated treatments, and later than the ìate treatment

in .l985 and .l986. Yield was higher on the portage locatíon than on any

of the Point treatments. The number of pods per pìant was higher than

the irrigated and late treatments, seeds per pod was lower than on the

early and late treatments, while there were few differences between

I ocat i ons for pod abort i on. 0 ¡ I content was I ower on the portage
'I ocation, and protein content was hígher. An íncrease in yield and

yield components over the Point location was associated wi th ample

avai labìe moisture coupled wi th rapid soi I drainage. The portage

I ocat i on was seeded one week ì ater than the i rr i gated and non i rr i gated

treatments' and one week earl ier than the late treatment. The time to
matur i ty ref I ected these pì ant i ng dates. Ear I i er seeded treatments took

longer to reach maturity due to cooler temperatures earìy in the growing

season.

ln .l986 the Portage locatîon did not have different availabìe
moisture comparec to the three Point treatments, although the ranking

between the four treatments showed that the Portage location had less

available water than the irrigated and late treatment and more available
water than the nonirrigated treatment. The Portage treatment did
however use significantly more water than the point treatments. This

can be attributed to the greater moisture inputs and the high silt
content of the soi l.

The Portage location had a rower yie'ld compared to the

treatment, ã higher number of pods per pìant than the poínt

and fewer seeds per pod and loo0 seed weight than the point

i rr i gated

treatments,

treatments.



92

Pod abortion was lower compared to the late treatment, but not different
from the i rr i gated and non i rr i gated treatments. Harvest i ndex was I ower

than the non i rr i gated treatment, âñd h i gher compared to the I ate
treatment. From these results, the higher precipitation and greater

volume of water used at the portage ìocation had few, if any, positive
effects on yield and the components of yield. 0i I and protein content

a ì so rema i ned unaffected by the greater vo ì ume of water used . Both

quaì ity components were intermediate compared to the point treatments.

It appears that other environmental conditions such as different soil
ferti ì ity ìevels were Înfluencing these characters. The high volume of
water used and the higher precipitation at the Portage ìocation were not
reflected in a prolonged maturation period or increased yields. I t is
also Iikely that the later planting dates had a detrimentaI effect on

the t i me requ i red to reach maturat i on.

5 .2 C0¡,1pAR I S0N BETWE EN CULT I VARS

5.2.1 lrriqated and Nonirrigated Experiment

ln 1985, weekly comparisons between the irrigated and nonirrigated
treatments indicated that there was a greater volume of avai lable
moisture on the irrigated treatment for every week measurements were

taken. ln 'l986 there was significantìy more avai lable moisture on the
i rr i gated treatment from the f ¡ fth through the s i xth week after sowi ng.

There was also an overal I higher volume of avai lable moisture on the

i rr i gated treatment.
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The greater voìume of avai lable water on the irrigated treatment was

not reflected in differences in stomatal resistance. Cultivars Westar,

Pivot, and Gìobal were not significantly different from one another

within or between treatments in 'l985 and in ì9g6. These resurts were

cons i stent wi th other works attempt i ng to d i fferent i ate between drought

resistant and drought susceptibìe cultivars. Dedio, Stewart and Green

(1976) were unab I e to screen for drought res i stance i n wheat when

measur i ng actuaì photosynthes i s. Kaul (1969) also faited to find
cultivar differences with regards to drought tolerance by measuring

water potentia.l of wheat. Harris, schapaugh and Kanemasu (ì9g4)

attempted to screen soybean cul t ivars for drought res i stance us i ng ì eaf

canopy temperatures. They were unab ì e to do so. The i r conc I us i ons were

that the use of such a technique in a breeding program was limited to
years in which the evaporative demands are high and when water stress
treatments can be imposed. This work also attempted to correlate canopy

temperature devíations with yield, but no correlation were significant.
It is therefore possible that the low overaìl temperatures of l9g5 and

j986 combined with the unusuaìly high rainfall resulted in low

evaporation demands. Since there was littìe drought stress, even on the

nonirrigated treatment' stomatal resistance measurements did not provide

any indications of drought conditions in rapeseed cultivars brought

about by ei ther drought avoidance or drought tolerance. Stomatal

resistance measurements dia ,"tlect drought or heat stress. The days of
greatest stomataì resistance corresponded to periods when avai ìable
water was ìow and temperatures were high.
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ln .l985 and .l986 
Westar matured earl ier than the other cultivars.

Regent, Pivot, and ropas had intermediate maturity, whi le Global and

Karat were late matur i ng. I n .l985 
i rr igation did not affect the order

of maturity of these cultivars. Early flowering cuìtivars flowered

earìy regardìess of larger quantities of avai lable moîsture. ln l9g6

however, irrigation lengthened the time required to reach maturíty.
This is consistent with previous work (Clart and Simpson, l97gb). Days

to first flower did reflect the time required to reach ful I maturity, as

suggested by Campbeì ì and Kondra (1979).

ln 1985 the earìy cuìtivars westar and pivot were high yielding,
whi le the late cuìtivar Karat was the low yielding cultivar. There

appears to be a yield disadvantage for those ìater maturing cultivars.
Topas' Globaì and Karat are Swedish cultivars, but because Topas had

quite high yields, the difference in yieìd is ì ikely due to late
matur i ty rather than ped i gree.

0n the nonirrigated treatment ín l9g5 there was a negative
correlation between days to fi rst fìower and yieìd for the cultívar
Westar, and a positive correìation for Pivot. There were no significant
cultivar correìations for days to first fìower and yieìd on the

irrigated treatment. Campbel I and Kondra (1glg) found negative

correlations between ear'l iness of growth stages and vegetative yierd,
i nd i cat i ng that growth characters assoc i ated wi th ear I y matur i ty were

associated with higher yield. correlations in this study varied with
cultivars. under stressed conditions westar was high yieìding and

matured rapidìy. This suggests that the high yieìds of t{estar are due

in part to drought avoidance. Pivot showed drought tolerance through



It was not possible to determine the positive effects of irrigation
from this study. ln ì985 the plant injury on the irrigated treatment

due to flooding resulted jn a yield decrease for each cultivar. ln l9g6

high rainfaì l maintained a high leveì of avai lable moisture throughout

the summer, el iminating the need to irrigate. Previous studies have

indicated that yieìd increased with irrigation as did number of pods per

pìant, number of seeds per pod, looo seed weight (Krogman and Hobbs,

1975, Clarke and Simpson, 1978b).

yield increases when the time to

cuì tivars Karat and Global di spìayed

non i rr i gated treatment.

The earl ier cuìtivars Westar and pivot had

1985 while Global ancl Karat had the lowest.

Globaì had the highest oi I content, whi le

I owest. There were no d i fferences between

cultivar.
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reach matur i ty i ncreased. The

yield component compensation on the

the highest oiì content in

ln .l986 Westar, Topas and

Karat and Regent had the

the treatments for each

ln 1985 Regent and Pivot had higher oi I conrents on the irrigated
treatment' although these differences were not significant. In l9g6 oil
content was significantìy nigher on the irrigated treatment for the

cultivars Regent, pivot, Global, and ropas. There were no significant
differences for oil content between the two treatments for l.Jestar and

Topas, âlthough oiì content for both cultivars was marginalìy higher on

the irrigated treatment. These results agree with the studies by

Krogman and Hobbs (197Ð and Singh and yusef (1g7Ð in which oil conrenr

was shown to i ncrease under i rr i gat i on.
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Negative correlations between days to first flower and percent oi I

content in 1985 indicated that oil content increased when the vegetative
growth per i od I engthened.

Negative correlations were found between oî I and protein content for
the cultivars Regent, pivot, Topas and Grobal on the nonirrigated
treatment, and for Topas on the irrigated treatment in r9g5. Topas

therefore seems to be the cultivar most sensitive to environmental

stress wi th respect to quaì i ty. Soi ì moisture on the nonirrigated
treatment was below 70% of available moisture at field capacity during
fìower initiation, whi le soi I moisture on the irrigated treatment was

subopt imaì dur i ng r i pen i ng. Stress on the non i rr i gated treatment was

more severe and occured at a more vitaì time in the plantrs deveìopment.

ln ì!86 there was no moisture stress

cultivar to show a negative correìation

and protein, was Global on the irrigated

on e i ther treatment. The on I y

between the two components oi I

treatment.

5.2.2 Ear I y and Late Exper iment

ln .l985 there was no difference in avai lable moisture between the

ear I y and I ate sowi ngs. A seed i ng del ay of two weeks on the I ate
treatment meant that much of the soiì moisture had evaporated. The high

volume of availabìe moisture on the late treatment was the result of the

high precipitation throughout August. The earìy treatment had been

harvested prior to the period of heavy precipitation in August. At this
period, the late treatment was ripening. ln ì9g6 during the two weeks

prior to harvest there was more avai lable moisture on the early



treatment. There were no d i fferences between

treatment for the total voìume of water used in 1gg5
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early and late

1986.

ln 1985 and ì986 Westar flowered significanily earìier than other
cultivars on the earìy treatment. 0n the late treatment in l!8! Westar,

Regent, Pivot and Topas flowered significantly earl ier than Global and

Karat' ln .l986, only Global flowered significantly ìater than the five
cultivars.

Delayed seeding significantìy reduced the time reguired to fìower and

reach maturity for all cultivars in both seasons. This is consistent
with the findings of earl ier research (Gross and stefansson, 'l966).

Yield was not significantly different between the early and late
treatments for each cultivar. An increase in growth rate brought about

by delayed seeding did not significantly reduce the yield. yieìd was

highest in the earl ier cultivars Pivot and Westar, and lowest in the

late cul tivar Karat. Harvest index was general ly lower on the late
treatment wi th the exception of Regent. I n contrast, Globaì had a

significantly lower harvest index on the late treatment indicating a

higher yieìd in relation to total dry matter.

Deìayed sowings increase the main stem contribution to seed

production, the percent of damaged pods (Scarisbrick, Daniel5, and

Alcock' l98l) and the vegetative yield, but decrease harvest index and

racemes per plant (Degenhardt and Kondra, ì9gl). Delayed seedings have

been shown to reduce seed yieìd (Richards and rhurl ing, ì97gb) which is
attr ibuted to the dry we ight accumu lat ion pattern in B. napus. l,lost of
the dry weight accumulation occurs prior to flowering. A reduction in

the

or
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time to reach flowering effectively reduces the reserves accumulated by

flowering that are used during pod fiìling. ln this study the overaìl
ìow temperatures and high precipitation throughout the growing season

meant that the plants did not need to fal I back on reserves in short
supp I y. Had there been drought stress for 'lowing f'lowering, the

accumulated reserve would have been rapidìy depìeted.

Regent was the only cuìtivar to display

between days to first flower and yield. The

late treatment due to increased temperatures

f or the cu I t ivar Regen-u i n both i !8! and l9g6 .

a negative correlation

ear I y maturat i on of the

resulted in a yield loss

westar had the highest pod abortion on both treatments in ì!g! and
.|986, as welì as the highest number of seeds per pod and highest ìoo0

seed weight. This distribution resulted in high seed yields on both

treatments in both years. Karat had the lowest yields in both years on

both treatments. This was the resuìt of lowest number of seeds per pod,

a low i000 seed weight, and a low harvest index.

Lower ì000 seed weights and rower pods per prant with deìayed sowings

agree with the results obtained by Scarisbrick, Daniels, and Alcock
(.|981), but disagrees with the results obtained by Degenhardt and Kondra

(198'l). ln this study late seeding decreased pod abortion, decreased

the number of pods per plant and l0oo seed weight for two of the six
cultivars in 'l986, but not 'ì985. The effects of de'layed sowings appear

to influence each cultivar differently, for example cultivars Westar and

Topas were not affected. Care must therefore be taken when stating
effects of delayed sowings since al I cuìtivars are not affected in the

same manner.



There were no negative correìations between number of

and number of pods per prant found on the rate treatment

quite unusual. Earrier maturity reads to a reduction

growth, whích decreases the pìant's photosynthetic area.

therefore be a lower assimi late avai labi I ity, leading

compensation.

99

seeds per pod

. This was

i n vegetat ive

There wi I ì

to component

Protein content was general ìy highest in the cultivar pivot. There

appeared to be no gain in protein content at the loss of oil content for
this cultivar. Grobar had the rowest protein content for both

treatments in both seasons. 0i I content significantly decreased with
delayed seeding for cuìtivars westar, Topas, Global and Karat in r9g6.

Protein content s¡gnificantly încreased with delayed seeding for westar,
Topas, and Global in .l986. 

These results are consistent with those of
Gross and Stefansson (.l966) . They too found that oi I content was

negatively associated with date of planting, and that protein content
varied, increasing or decreasing with delayed sowing, depending on the
year.

There were significant negative interaction between these variables
for the cuìtivars Westar, Topas, and Karat on the late treatment in both
years' 0f these cultivars' onìy Topas had a negativq correlation on the

early treatment in 'l985. Karat and ropas seem to be particularìy
susceptible to quality component compensation when seedings are delayed.
Negative correìations were also found in Westar, pivot, and Global on

the late treatment in 1985.
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5.2.3 Portaqe Locat i on

I n I 985 the portage I ocat i on had a greater volume of avai lable
moisture, than the nonirrigated and late point treatments. Total water

used reflected available moisture. Days to first flower \^ras

i ntermed i ate, as was y i el d. Component compensat i on occurred between

pods/plant and seeds/pod for the cuìtivar Karat. ln ì!g6 there were no

significant differences between the Portage location and the three point

treatments with respect to avaiìable moisture, aìthough the portage

location used significantly more water. The yieìd was lower and

component compensation was more common for both yieìd and quality
components.

Differences beth,een .l985 and 1986 compared to the point treatments

are I ikely due to precipitation. ln ì985 the portage ìocation received

a minimum of !0 mm more precipitation than the Point treatments, but in
1986 the Portage location received only 6 mm more precipitation than the

irrigated treatment. This suggests that increased precipitation
increases yieìd and decreases the degree with which component

compensat i on occurs.

ln six of eight treatments over r9g5 and r9g6 the high yieìding
cultivars westar and pivot were characterized by a relatively high

percent pod abortion while the yieìd components pods per plant and seeds

per pod were high. Karat had a lower percent pod abortion and lower

seeds per pod. ln the two treatments (irrigated ì!g6 and portage.l!g6)

where Karat surpassed Westar in yield, the ìower percent pod abortion
contributed higher pods per p.lant and the other yie.ld components.



F I ood i ng of the i rr i gated

determine the effects of mois

components of rapeseed. I n

early in the growing season,

conclusions on the effects of

Chapter V I

CONCLUS I ONS

treatment in ì!8! made it difficult to

ture stress on maturity, yieìd, and yield

1986 i rrigation was necessary only once

making it d¡fficuìt once again to draw

moisture stress on six B. napus cultivars.

Although there was a greater volume of water on the irrigated
treatment in both ll8! and 1986, stomatal resistance measurements did
not indicate behavioral differences for cultivars with respect to
drought stress or drought tolerance. The use of measurements such as

stomatal resistance is limitedr âs are other measurements attempting to
measure drought res i stance through phys i oì og i ca ì parameters. These

techniques are limited to years in which the evaporative demand is high,

and when water stress can be imposed.

ln this study there was a significant difference between the

irrigated and nonirrigated treatment for the time to first flower. ln

1986 irrigation caused a lengthening of the vegetative growth phases,

whích was refìected in a longer time required to reach maturíty. A

longer maturation period should increase the plantrs abi I ity to acquire
photosynthates, which increases the plantts nutritional status, ìeading

to yield increases. This however was not the case. There were no yieìd
or yield component increases on the irrigated treatment. The plentiful

- ì0t



water suppìy on

nutrient availabil

Yield component

pod and number of

and Global.

the non i rr i gated

ity.

treatment did not
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result in lower

compensation was found between number of seeds per

pods per plant for the late maturing cuìtivars Karat

ln ì986 the higher available moisture on the irrigation treatment
increased the oi I content of the six cultivarsr whi ìe protein content
decreased. Negative correlations between oi I and protein on both
treatments indicates that compensation occurs between quaì i ty
components.

High precipitation throughout the summer of .l985 resulted in no

differences in avai lable moisture or total water used between the ear'ly
and late treatment. unusuar 'ly high precipitation during August r9g6 red

to a higher volume of avaiìable moisture on the late treatment, aìthough

there was no difference in the totaì vo,lume of water used.

Deìayed seedings reduced the time required to reach maturity in both
'I l8! and I 986. A shor ter maturat i on per i od shou I d have decreased the
pìantrs nutritiona'I status reading to yierd decreases. This did not
occur' There were no cultivar differences between the early and late
treatments in either year. rn i9g6 the overar r yierd on the rate
treatment was reduced. Decreased yield occurred through an overal I

increase in pod abortion and a decrease in harvest index. There were no

negative correlations between number of seeds per pod and number of pods

per plant' The shorter maturation period did not substantial ly reduce

the plant's nutritionar status. yie.ld reductions did not occur, and

there was no evidence of yield component compensation.
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Delayed sowings did not affect yield components of each cultivar in

the same manner. Previous studies invoìving three B. napus cultivars
(Scarisbrick, Daniels, and Alcock, lgBl) and five B. napus cultivars
(Degenhardt and Kondra, l98l) reached opposing conclusions regarding the

way in which deìayed sowing influenced yield components. The six
cultivars used in this study differed in their responsesr âñd there was

evidence to support both views.

De I ayed sow i ngs resu I ted i n

content increased or decreased,

Negative correlations between oi
'I ate sowing in both years for

compensation occurred much more

cause u/as a limited nutrient supp

decreased oil content, while protein

depending on the year and the cultivar.
ì and protein content occurred on the

most cultivars. Qual i ty component

frequently with delayed sowings. The

ìy brought about by deìayed sowing.

I n .l985 the Portage location had less avai lable moi sture and used

less water than the irrigated treatment, but there was a greater volume

of availabìe water and a greater volume of water used than on the early
and late treatments. However this treatment had the highest yield and

protein content, but lowest oil content. Days to reach first flower was

relatively short, eXplaining the low oi I content.

ln 'l986 the Portage location used a greater voìume of water than the

Point treatments. This was a resuìt of the greater precipitation and

the higher siìt content of the Newhorst soil type. The yield, as well

as oil and protein content, did not reflect the greater volume of water

used. Differences in soi I type contribute to differences in ferti I ity,
and cì imatic differences between the locaiions wi ì I affect the

performance of the cu I t i vars .
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The results indicate that the later flowering cultîvars tended to
have a lower rate of pod abortion and a rower number of pods per plant.
Seeds per pod and ro0o seed weight were, however, rower. Higher yie'Ids

were found in cultivars westar and Pivot. component compensation among

yield components occurred for al I cul tivars but no cul tivar performed

consistently with regard to which components showed compensation in
response to d¡fferent treatments.
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