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ABSTRACT

Kerry Ward, M.Sc., The Univers'ity of Manitoba.
"T'h.-ç.''...'e"t.f-"ç-q.t...."-9f.'''.-.g9.|'1'-9"t*YP"9..'-.....''-en..Y..i'..r-9n.m"eJ]"t.jn."q.......-q"9.!:.9'n.-qm

.9.n......"l:h"ç......ç.h."|'..q.n.qp.h.y-."l..."]........].'"e.Y"ç".l....j."nh.e

9P' )
Major Professor, Dr. R. Scarth.

High levels of ch'lorophy'l I in harvested canola seed

cause an increase in processing costs, lower returns for
producers and poorer qual'ity end products. The effects of

genotype, environment and agronomic practices on seed

chlorophy'l I leve'ls were 'investigated in thìs study.

When canola seed was frozen for up to one month, either

ìn the pods or after removaJ, ho sìgnificant reduction in

chlorophyl j was observed

Resu'lts f rom a swath'ing study indicate that seeds f rom

the side branches contained 1.5 to 2 times as much

ch'lorophyì'l as seeds f rom the main stems. Seed that, was

dried rapidly contained 1.5 to 6 times as much chlorophyll

as seed al'lowed to mature in swaths in the f ield.

When seeds from each treatment in the swathing study

were sudivided accordìng to size, the sma'l lest seeds were

found to contain the most ch'lorophyll. Seed f rom the

treatments with the highest chlorophyl I 'levels a]so

contained the greatest amount of sma'l 'l seed.

Chlorophyl I degradat'ion rates were i nvesti gated ì n four

cultivars of Pj:.g9"g-1._q.n n"?"pjl.-ç- as the seed ripened. No

signif icant differences in the rate of chlorophy'l I breakdown
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were found between the different cultivars tested

Cult'ivars that requ'i re 'longer growing seasons to reach

maturity were found to injtiate seed chlorophyìl degradatìon

l atelin the growi ng season, ì ncreasi ng the chances that
high 'levels wil'l remain when the seed is harvested. The

env i ronment d i d af f ect the rate of ch'l orophy'l 'l deg radat i on ,

as slower breakdown rates did occur in later sown p1ots.

Th'is was assumed to be due to the lower daiìy mean

temperatures which occured later in the growing season.

A number of cuìtivars of both B. n3lp.V"g and B. 
-"em_p"ç"ç.þ..f"i..9

grown at sites throughout Manìtoba were measured for seed

chlorophy'l ì 'levels at harvest. No signif icant differences

were found among djfferent cultjvars of q. _c_"em.p_e"-s-"ç.fj.."-s_ but

the f inal chlorophyl I 'levels of _q. n"e.p_q_g seed were extremely

variable, both among triazine tolerant cultivars and those

without trìazine resistance. The environment also affected

the seed chlorophyll level and there was a signìficant
genotype by env'i ronment i nteractì on.

Seed samples of a number of cultivars taken from high

chlorophyl'l s'ites were subdivided according to si ze and the

sma'l 'lest seeds were found to conta'in the most chlorophyl1.

The relationship between the percentage of sma'l I seed jn any

sample and t,he ch'lorophyll level was less defined in the

"Agroman" material than in the swath'ing study.
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1 . O INTRODUCTION

Canola is the major oìlseed crop grown'in Canada today.

Canola oi I accounts for 57% of all deodorized vegetab'le oil
produced in the country and makes up 80% of the salad oil,
50% of the shortening and 40% of the margarine jn Canada.

Canola production js second only to wheat f rom a Canad'ian

economi c standpo'int, and Canada i s the wor'ld's I argest

canola exporter.

H'igh 1evels of chlorophyl'l in the seed 'leads to 1ower

grades and a considerab'le loss of revenue for producers

every year. The chlorophyll pigments are extracted into the

oi I resulting in a green colored product. Th'is green o'i I is

more prone to oxidat'ion, hydrogenat'ion react'ions are

'impaì red and processing problems occur when hieh levels of

chlorophy'l 1 are present. Limited quantities of chlorophyl'l

can be removed f rom Èhe oi'l during ref in'ing and processing,

but the procedure 'is costly.

Little is known about what factors contribute to an

excess chlorophyl I 'level in the seed. Factors may inc]ude

the genotype of the plant, agronomic practices such as

seeding date, seeding rate and swathing practìces and

envi ronmenta'l factors including f rost, drought and

temperature regime.



An investigat'ion of these factors may lead to a clearer

understandìng of the conditions that contribute to high

ch'lorophyl'l 'leve'ls ìn cano'la seed at harvest.



LITERATURE REVIEI,J

2.1 THE CANOLA CROP

2.1.1 History

O'i lseed rape has been grown throughout the world for

thousands of years. It was cujt'ivated in India as early as

2000 8.C., introduced to Japan from China in 35 B.C. and

p'lantings were undertaken on a 'large scale 'in Europe during

the 13th century (Canola Counci'l of Canada,1980). Ancient

civi I jzations used rapeseed o'i I jn 1amps, soaps, paint and

as a cooking oi'l . During the Second World War rapeseed oi'ì

was found to be an idea] lubricant for steam engines since

it adheres we'l 'l to water washed metal . Shortages of oi 1 in

Europe as the war progressed ied to the init'iation of

rapeseed production in Canada.

In 1936, BIeSS_i*c-e _c^_e$p_e"_g-tl.i"g rapeseed was introduced at

Shel'lbrook, Saskatchewan (McLeod,1975). fn 1954, the first
Canadi an Brasgi çê n_A"p"V.-ç rapeseed cul ti var, Gol den, was

'l icensed for production. This was fo] 'lowed in 1964 by Echo,

the ear'l iest ticensed cultivar of -8. "ç-"?-q¡.P"ç..g.ç.f""i-"ç. The firsÈ

edible oj'l extracts f rom rapeseed were produced in Canada in

1956-57 and by 1965 over 400,000 hectares of the Canadian

Prai ri es had been sown to rapeseed ( Mi 1 I er, 1 988 ) .
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2.1.2 Descript'ion'

The Brassica fam'i ìy includes the turnìp, rutabaga,

mustards, cabbage, brusse'l sprouts and rapeseed or canola.

Two species of spring canola are grown in Canada-.9fe.9.9.-i.9.3

g-+m-p-ç--s--ç..f.-i..-s-, a'lso known as Polish rapeseed or turnip rape,

and Bra-s-ç..j'-ç...3 n.A.p.L.l"ç or Argentine rapeseed. H. n"e.p!,{"g requrres

95 to 110 days to reach maturìty and the seeds are dark

brown to black. -P. _c_"emp"q-ç.9.f_"|-ç matures 2 to 3 weeks ear'l ier

and has seeds wh'ich range from yel'low to brown to black

(Kramer et al ,1983). 9. .n"e.p.g.-ç tends to produce slightly

h'igher yìelds and contain higher ]evels of oi'l and protein

while B. ç.flm.9"ç.9.t..Ì:."i..9 tends to be shorter, more shatter

res'istant, more to]erant of spring f rosts and produces seed

wi th 'lower ch j orophy'l I and f i bre contents ( Kramer et

a] ,1983).

Canola is a coo] season crop best adapted to the

Park'land and Transition zones of the Canadian Prairies on

bl ack to grey soi I types ( Mi 'l ]er, 1988 ) .

2 . 1 .3 Deve'l opment and Breed i ng

Early rapeseed cultivars contained high levels of

eicosanojc and eruc'ic acids in the oil and high levels of

glucosino'lates in the meal . As rapeseed began to be

marketed for human consumption these factors gave cause for



concern. High concentrations of erucic acid were found to

be associated with fatty deposìts in the heart, skejetal

musc'les and adrena'ls of rats. The growth of the animals was

ìmpaired (Kramer et a1 ,1983). G'lucosinolates were a prob'lem

in mea'l fed to pouìtry and non-ruminant anìmals.

Gl ucosi nol ates are hydrolyzed to 'isoth'iocyanates and other

compounds which 'interfere with the uptake of iodine by the

thyro'id g1and, contribute to 1iver disease in pou'ltry, and

have a genera'l adverse effect on the growth of the anjma'l

(Daun,1987). Lower 'levels of glucosinolates may a]so lower

the su'lfur content of the oil and ìmprove hydrogenation.

fn 1968, the fjrst iow erucic acid cu'ltivar of "B.n.e.p-.!J-ç,

Oro, was released, fo] 'lowed jn 1971 by Span, the first 'low

erucic acid cultivar of B. -ç__e_¡¡"p""9.ç.1.f,j..9. In 1974, the fjrst

canola cu'ltivar was I icensed. Canola 'is a regìstered

trademark of the Cano'la Council of Canada reserved for seed

of .H..n"ep.!¡"ç or -8."ç-em.p-e"ç"þ_.1-i.-ç with oi'l containing less than

2% eruc'ic acid and meal conta'ining less than 30 m'icromo'les

of glucosinolates,'inc'luding 3-butenyl glucosinolate, 4-

pentenyl glucosinolate, 2-hydroxy-3-butenyì g'lucos'inolate

and 2-hydroxy-4-pentenyl g'lucos'inol ate, ÞêF gram of ai r dry

o'i j free meal (Canola Council of Canada,1987). The first

canol a cu'lti var, Tower, was deve'loped by Dr. Stef ansson at

the Unìversit,y of Manìtoba. This was fo] lowed in 1977 by

the f i rst, B. "ç_em"p"e"ç.f.¡.-i..-s- canola cultivar-Candle. The sw'itch

from rapeseed to canola cult,ivars in Canada was rapid,
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risìng f rom onìy 2% of tota'l production in 1974 to 99X by

1984 (Canola Counc'i 'l of Canada,1987 ).
In 1984, the first triazine to'lerant cano'la cultivar-OAC

Triton-was released, fol lowed shortly by Tribute. Recent'ly

a cu'ltivar of canola containing low levels of I ino'len'ic acid

folimproved o'i 1 stabi'l ity (Stellar) was registered from the

Un'iversity of Man'itoba, and a high erucic acid rapeseed

cultivar conta'ining more than 50% erucic acid w'ith low

levels of g'lucosinolates (Hero) was developed to suppiy

i ndustri a] oi I to the Ameri can market ( Daun, 1987 ) . These

cultivars with unusual fatty acid composìt'ions cannot be

vìsua1'ly d'istìngu'ished f rom standard canola I ines so must be

handled and marketed separately.

2.1.4 Product'ion

Canoja production in Canada is second only to wheat in

terms of economic importance. Canola ìs now grown on 15f of

al I cultivated land in Canada with the cultivars Westar (P.

n_eg1{S) and Tobin (_8. *q3np*es-!f ig) predominating throughout

the 1980's. Canola oil accounts for 57ã of a]'l deodorized

vegetable oi'ìs produced in Canada including 80ß of the salad

oì1, 50% of Canadìan shortening and 40X of the margarine

(Mi 1]er,1988). In addition, the meal is used for anima'l

feed and occasional'ly fertilizer, and high erucic acid

rapeseed oi I has industrial uses.
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The major world producers of rapeseed/cano'la are China,

Canada, EEC and India (Canola Council of Canada,1987).

Canada 'is the wor'ld's I eadi ng exporter of canol a w'ith canol a

exports generat'ing approxi mate'ly $e00 mi 'l I i on annua'l ì y

(Cano'la Counci I of Canada,1990). Markets inc'lude Japan,

wh'ich purchases half our canola exports, EEC, Mex'ico, Ind'ia

and recently the USA. In 1985, LEAR o'i 'l was given GRAS

status'in the United States wh'ich opened up the market for
cano'la oì 'l in the US. Current'ly 50% of Canada's canola crop

'is used domestical'ly and the other half exported (Canola

Counc'i I of Canada, 1 987 ) .

2.1.5 Qual ity

Canola seed contains approximately 40s oi'l on a dry

weight bas'is and the mea'l contains 38-40X h'igh qua'l ity
protein (Downey and Robbelen,1989). Canola yields a high

quality o'i 1 which is 'l ight, stab'le, colorless, odorless,

does not smoke upon heating and drains we] I from food. It

conta'ins no cholestero'l , low 'levels of saturated fatty

acids, a h'igh leve'l of o'leic acid and intermediate levels of

I inoleic and l inolenic acìd. From a health standpo'int, this

composìtion is desirable due to the evidence that
monounsaturates may 'lower serum cholestero'l and reduce the

risk of coronary heart disease (Mì 1'ler,1ge8). Lino'leic acid

has aìso been imp] icated in the reduction of serum
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chol estero'l I evel s. It 'is an essenti al f atty aci d wh i ch

shou'ld make up 1 to 2% of total caìorie intake (Mead et

al ,1986). Lino'lenic ac'id ìs also an essential fatty ac'id

whìch cannot be synthesized jn the body. It should be taken

in as 0.5 to 1s of total calories.

Linolenic ac1d does, however, tend to decrease the

stab'i I j ty of the oi I si nce po'lyunsaturates are suscepti b'le

to peroxidation. High 'levels of l'inolenic acid were found

t,o ì ncrease the hydrogenati on ti me ( Daun , 1 987 ) . Both

l'inoleic and l'inolenic acids in canola oi'l tend to be found

primarily at the sn-2 posit,ions of the triglycerides which

'improves their resistance to oxidation (Mag,1983).

When fed to rats as the primary source of dietary fat,

canola oil showed a hypocholesterolemic effect (Rapeseed

Association of Canada,1980). Canola oil has been found to

be 96.5 % digestible and contains high'levels of both alpha-

tocopherol and vitamin E (Cano'la Counci I of Canada,'1987 ).

The fatty acid composition of the o'i 1 is monitored each year

at the processing p'lants. The qual'ity and fatty acid

composition of the seed are known to depend upon the

spec'ies, variêty, growing area and environmental conditions

(Campbel I,1984).
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2,1.6 Grading

Canola seed must meet rigid qua'l ity standards since

there are few markets for lower grade seed. Grading

standards are set down by the Canadìan Grain Commission and

are ìmplemented at the grain elevators. Grades are based on

the i ncl usi on of f orei gn materi al , heated seeds, green

seeds, maÈurì ty, soundness and overaì I color (Rapeseed

Association of Canada,1980). There are three grades for
cano1a seed-Canada No. 1, Canada No. 2, Canada No. 3, as

we'l I as a Sample category for jower quaiity seed. Top grade

canola must contajn less than 3% damaged seeds includ1ng

less than 2% d'istinctìy green seeds and 'less than 0.1%

heated. No. 2 seed'is allowed 10X damaged seeds wìth 6%

dist'inctly green and 0.5x heated, whìle No. 3 grade a] lows

for 20% damaged seeds 'including 2S heated (Mi 1'ler,1988).

Prjces are set by the Winnipeg Commod'ity Exchange and are

app'l ied to the amount of clean seed of each grade.

The primary degrading factor of canola ìs green seed.

Oi'l and protein content are not presently 'incìuded as

grading factors. The top quality seed tends to conta'in the

highest, ]eve] of o'i l, the lowest amount of chlorophy'l ls and

pheophytins, low levels of free fatty acids and low levels

of non-hydratabje phospho'l 'ipids. The No. 2 seed, however,

yie'lds the meal with the highest proteìn content

(Campbell,1984). When seed is marketed, 9. n"e.p-t{"ç and B.
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_ç"e0,p_ç"S-"!;-'i..-s- seed of varying qual ity is blended to achieve the

opti mal qual i ti es i n the o'i I .

The loss of income from lower qual'ity seed can be

sign'ificant. In 1987 discounts þ/ere 915,/tonne or

$0.34lbushel for No. 2 seed (Dean,1987). The prìce of No. 3

seed was reduced by $70-$95/tonne which was often

insufficient to meet product'ion costs. In 1987 in Manitoba,

43S of the canola crop was downgraded to No. 2 and 101; to

No. 3 (Dean,1987). It was est'imated that 76% of the 1988

crop in Western Canada would grade as No. 1, 20% as No. 2

and 4% as No. 3 or be'low (T'ipp1es,1988).

2.1.7 Processing

Most processing pìants in Western Canada now process

only canola since different extract'ion and processing

techniques are required with different oilseeds. During

process'ing, the seed is f irst fanned and sieved to remove

foreign material. The seeds are then flaked or rolled to

rupture the seed coat and oil storing cel'ls and cooked to

rupture any remaining intact cel ls and to 'inactivate

myrosinase which hydro'lyzes glucosinolates to ant'i-

nutrit j onal compounds. The o'i I i s extracted usì ng a

prepress extraction technìque fo'l lowed by soivent

extraction. This is fol lowed by ref in'ing, degumming and
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bleachi ng to remove color compounds, ma'in'ly chlorophyl l

(Mag,1983).

2.1 .8 Bl each i ng

Bleaching can remove chlorophy'l 'l 'levels up to 20 ppm.

Levels of 20-30 ppm requì re add'itiona'l ref ining whi le leve'ls

above 50 ppm are unacceptable for edib'le products (Canola

Counc i 'l of Canada, 1 987 ) . B'leach i ng i nvol ves the adsorpti on

of the pigments onto acid activated cjay. 0.05 to 2% clay

is general ly used, depending on the initial chlorophyl'l

content of the o'i l. The process is carried out in a vacuum

at 1OOoto 125oC for 15 to 3o m'inutes. The higher the

init'iai chlorophyll level the more c'lay is required and the

greater the cost (Cano'la Counci'l of Canada, 1987 ) . A smal'l

amount of chlorophyl'l is a]so removed during alkal j-ref in'ing

and the refinìng step increases the efficiency of the

bleaching treatment (Mag,1983). Acid activated clays are

ab'le to remove chlorophy'l I by destabi'l izing the p'igments so

they are adsorbed to the clay. After bleaching, the

processed oil shou'ld contain not more than 0.1 ppm

chlorophy'l I (Mag,1983 ).

Deodorization or hydrogenation fo'l 'lows the bleach'ing

process, both of which are more dìfficult if chìorophyll

leveìs are high. If the bleach'ing ìs inadequate, the

remain'ing derivatives of ch'lorophy'l ì form green compounds
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upon hydrogenation, producing a product with unacceptab'le

color. Ch'lorophyl'l derivat'ives are much more diff icult to

remove f o'l 'lowì ng hydrogenati on (Mag, 1983 ) . f.ri th top qual i ty
seed, less than 8% of the oil shou'ld be lost during refining
but up to 21% may be lost'if seed is frozen, cracked, damp

or green (Rapeseed Association of Canada,1980).

2.2 THE CHLOROPHYLL PROBLEM IN CANOLA

2,2.1 Processìng

High 'levels of ch]orophyl'l in cano'la oi I make ref ìning,

b'leaching and deodorizìng more difficult and cost]y, shorten

the she'lf 'l i fe by promoti ng rancìdi ty and gi ve an

unacceptab'le green color to the oil and its products (Clear

and Daun,1987). Exposure to light in the presence of

chlorophyl I or pheophytin results in oxidat'ion of the o'i 1

(Usuk'i et a1 ,1984). Pheophytin is derived f rom chlorophyl l

during the refining process and is known to be a more

powerful prooxidant than the original chlorophyl'l .

Chlorophy'l I has been shown to reduce the rate of

hydrogenation of canola oi'l under both selective and non-

se'lective conditions. Under non-select'ive conditions, the

so] id fat and trans isomer contents were also reduced. The

higher the leve] of chlorophy'l 'l in the oil the slower the

rate of hydrogenation since the chlorophyll acts as a
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cata]yst poison. ,The ch'lorophy'l I 'is bel ieved to physical'ly

b'lock the active site of the nicke'l catalyst, preventing the

saturat'ion react'ion from proceeding (Abraham and

deMan,1986).

2.2.2 Chlorophyl I Assessment

The present method used to measure chlorophyl l leve'ls in

Canadian canola seed involves the visual judgement of at

least five strips each containing 100 seeds. These are

crushed and the number of dist'inctly green seeds determined

(Canadian Grain Commission,1987 ). Two prob]ems arise f rom

this method. The f irst 'is that the test ìs subjective in
terms of what const'itutes "distinct'ly green". The second is

the poor correlat'ion that exists between % green seed and

seed ch'lorophyl'l , having a corre'lation coeff icient of 'less

than 0.5 ( Daun, 1 982 ) .

There are concerns that the current grading system is

unfa'ir to growers who may or may not be paìd for the correct

grade of seed. It has been shown that a 'larger proportion

of the Canadian crop is exported as No. 1 than is graded as

No. 1 at the elevators. This is in part due to the blending

which occurs but cannot fully account for the disparity

which exists. In 1985, for exampìe, 57S of the Canadian

crop was graded as No. 1 at the elevators whi]e 90% was

exported as top quality seed (Harris,1988).
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Accurate chlonophyll levels are determined by instrument

grad'ing. The Canadian General Standards Board recommends up

to 25 ppm chlorophyl'l 'in top grade crude canola oìl or 30

ppm in years when chlorophyll levels are partìcularly high

(Harris,1988). Tests carried out at the Canadian Grain

Commiss'ion have establ ished t,hat a chlorophy'ì 'l level of 25

ppm in the oiì is equ'iva'lent to 22 ppm in the seed, whìle 30

ppm 'in the oi'l adjusts to 24 ppm seed basis (Harris,1988).

Thus the cutoff for top grade canola seed is presently

considered to be 24 ppm (Clear and Daun,1987).

In 1986, a study was carried out which showed that of a

'f arge number of .9. .n"ep.H."ç sampl es graded No. 1 vi sual 1y, 21f

actual'ly had ch'lorophy'l 'l levels above 24 Þpfi, whi le 5O% of

the samples graded as No. 2 contained levels below 24 ppm

(Daun,1987). 99Í of the B. -ç..J¡mp_ç"F_-t_¡-_i._g_ samples assessed as

No. 2 actually had chlorophyl I levels be]ow 24 ppßì, wh j le 8x

of those graded No. 1 contai ned hi gher 1eve'ls ( Daun, 1 987 ) .

The disparìty between the two species can be exp'la'ined

by background chlorophyl l leve'ls. Background chlorophy'l I ìs

the pigment that contributes to the overall seed color

without producing seeds that are distinctly green. H.

_ç.-em.p_ç-9.!.!:'j*ç cultivars tend to have lower background

chlorophy'l 'l levels than B. n-qp.ç¿ç. Therefore a ]arger number

of dist'inctly green seeds can be tolerated to y'ield an oil

of the same quality (Harris,1988).
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A 1986 Canadian Grain Commission study showed that some

samples containing no distinct'ly green seeds had ch'lorophy'l I

levels over 24 ppm (Dean, 1987 ). One study 'involving the

cult'ivar Tobin did find a c]ose correìation between

percentage green seed and ch'lorophy'l I content, but this

appears to be the exceptìon rather than the rule (Cenkowski

et a] ).

In Sweden, ch'lorophy'l 1 content has been inc'luded as a
grading factor of canola since 1966 (Dahlen,1973). The

price 'is reduced when ch'lorophyl I levels exceed 30 ppm

(Larsson and Gottfridsson,1974). Chlorophyl I extracted 'into

the oi 1 correlates wel I w'ith chlorophy'l I 'leve'ls in the seed,

having a correlation coefficient of 0.95 (Daun,1982).

Therefore the Swedish determine ch'lorophyl'l content by

extraction and spectrophotometric measurements. This method

ìs based on the fact that chlorophy'l 'l has characteristic

absorption bands in the red portìon of the spectrum.

Measurements are made according to the proposed ISO

Method (Daun,1989) which involves measuring the absorbance

at 670 nm with corrections on either side of t,he peak. This

tends to favour the measurement of chlorophyll a but th'is is

not a prob]em since chlorophyll b is present at much'lower

I evel s. Another concern i s the conversi on of ch'lorophyl 'l to

pheophytin in the oi'l which foì'lows a different, but

similar, absorption pattern. Heptane/ethanol extracts,

however, are known to contai n majnl y chlorophyl ls wi th low
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levels of pheophytins (Tkachuk et a'l ,1988). A1so, the green

color of the oi'l is Èhe primary concern and this is caused

so]e]y by the chlorophy'l ls (Yuen and Kelly,1980).

The spectrophotometric technìque provides an accurate

measure of chlorophyll content but is too time consum'ing to

be used in the Canadian grain hand'l 'ing system at the

e'levators. Beginning ìn 1990, the NIR wi l1 be 'introduced to

measure chlorophyl I . These mach'ines give accurate read'ings

of chlorophy'l 'l , protein, oj 1 and moisture contents within

mi nutes ( Campbel 'l , 1984 ) . Present'ly the machi ne costs

approximately $12,000 but the price would 'l ikely drop with

widespread use. NIR measurements have not yet been used for

official gradìng but have been compared to the

spectrophotometric method and found to be rapid and accurate

( Harri s, 1 988 ) .

The NIR jnstrument scans ground canola seed at 674 and

696 nm. In performance tests, a number of Dickey-john

Instalab 600s were modif ied to ana'lyze chlorophy'l 'l by

repl aci ng two standard NIR f i 'lters wi th f i l ters whose

central wavelengths were 674 and 696 nm. Extract'ions were

a'lso made and scanned at the same wavelengths usìng a Cary

17 spectrophotometer. The NIR was calibrated against the

spectrophotometer measurements and test samples were run.

The NIR readings agreed with those from the

spectrophotometer with a correlation coeffjcient of 0.98 and

a standard error of estimate (SSE) of 3.1 ppm
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( Tkachuk, 1 988 ) .

With the'introduct'ion of instrument grading, there has

been considerab'le debate over what the cutoff leve'l should

be for top quality canola seed. Growers favour an upper

limit of 28 ppm to allow them to receive some of the

benef its thaÈ occur when seed 'is b'lended for export. Top

grade canola that ìs exported contains 14 to 28 ppm

chlorophyl l for an average of 20 ppm. Crushers wou]d 'l ike

to see a much lower 'l 'im'it, around 18 Þpnì, since other

countries to whom our canola is exported do not have the

ref ining and b'leach'ing faci l ities to remove ch'lorophyl'l f rom

the oì l. American ref inerìes, for example, are designed to

handle soybean o'i I which requì res no chlorophyl I removai

(Harris,1988). A cutoff of 24 ppm has been suggested and is

present'ly being used for experimental purposes at the

Canadian Grain Commission.

2.2.3 Occurrence

The chlorophyll problem is unique to canola oil
(Mag,1983). -8. n_ep_q."g- cultivars general ly contain hìgher

leve'ls of chlorophyll than B. -c.smpj"g*tl-1.*q cult'ivars. This

may be caused e'ither by phys'iological mechanisms within each

species or it may be due Èo the earlier maturity of -H.

"ç-emp-ç_s-"!*.n.-i."ç. Westar, TFiton and Global have been singled out

recently for hav'ing higher levels of green seed than other
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cultivars (Daun,1987) but no evidence exists to support

this.
Seed f rom a wìde range of cuìtivars was analyzed at

Saskatoon over a five year period. Seeds from newer

cultìvars were not found to differ s'ignif jcantly 'in the'ir

chlorophyll content from seeds of older cultivars
(Harris,1988). Some concern exists that new cultivars have

greater green seed prob'lems but th'is does not appear to be

the case. Chlorophyll levels tend to be higher in the

Eastern Prairies due to the greater re'l 'iance on g. n_ep.jl_F_

cultivars (C'lear and Daun,1987). Somewhat higher

chìorophyì ì leve'ls could be expected overal l since the

percentage of canoìa seeded to .9. n_Ap_qt.g cultivars 'in Canada

has increased from 40% in the 1970s Èo 60%'in the 1980's

(Daun et a1,1983).

The average chlorophyl'l contents for each species 'in

Canada from 1980-1986 were as follows: (Dean,1987)
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Table 1: Chlorophyl I 'levels in canola f rom 1980-1986

.Y-ç-e-r -q.nepu-q R."ç"el!p-ç-s.Ë..r-is

1980 26 ppm 12 ppm

1 981 23 ppm 7 ppm

1 982 25 ppm 1 1 ppm

1983 16 ppm 9 ppm

1984 18 ppm 6 ppm

1985 18 ppm I ppm

1986 12 ppm 7 ppm

Average chlorophyl l levels of different cultivars w'ithin

each species dìd not vary greatiy from one another

(Daun,1 987 ).

In Western Canada, the canola crop averaged 20 ppm from

1976-1984 (Clear and Daun,1987). In 1988, the ch'lorophyl'l

leve'l for top grade canola averaged 12 ppnì, up from 10 ppm

in 1987 but identicaj to the 1980-1987 average

(T'ipples,1988). In 1987, exported canola averaged 18 ppm

and in 1988, 20 ppm. Chlorophyl l leve'ls f luctuate f rom year

to year but there is no apparent long .term increase.

2.3 FACTORS AFFECTING CHLOROPI{YLL LEVELS

Environmental factors have a 'large effect on the

chlorophyll content of canola seed. Traits such as uniform

seed size, larger seeds, early maturity, improved shatter



20

resistance, determinant flowering and hìgher levels of

ch'lorophyl'lase al t have potential for reducing the problem

(Daun,1987). Species, cultivars, weather conditions, soi ì

type and agronomic practices are all believed to contribute

to the green seed problem.

2.3.1 Agronomic Practices

A positive correlat'ion was found between lower

chlorophy'l I leve]s in the seed and early p]anting (Daun et

a],1983). It is recommended that canola be seeded during

the first two weeks of May to al'low the crop to mature

before a f rost. If it is necessary to seed 'later, 
B.

"ç--êm"p"ç"ç-ç_fj,_g shouìd be planted. High seed'ing rates also

reduce chlorophyll significantly by preventìng branching

which leads to uneven maturity. A seedìng rate of 5.6 to

7.9 ke/ha is recommended (Clear and Daun,1987).

Swathing is recommended to reduce shattering losses,

prevent frost damage and speed the ripening process. B.

n"ep.H"g requires a growìng period of approximate'ly 95 days

prior to swathing, _q. .9_-e4.p_e"*g-ç_f.j_ç 7 to 14 days less. The

field should be swathed when it appears brownish green,

seeds are at 35 to 40f moisture, firm, and 25 to 35S of the

seeds on the main stem have turned from green to brown

(Canola Counc'i 'l of Canada,1980). At this stage, the swath

shou'ld mature within 10 to 15 days (Daun et a] ,1983).
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Swathing at zeîo co]or change under cool, mo'ist

conditions did not increase the levels of green seed

(Dean,1987 ). This is because under cool , moist condit'ions

rìpenìng proceeds in the swath. However, early swathing

increases the chances of rapid dry down in the swath which

does lead to elevated chlorophy'l I levels. Rain on the swath

has been found beneficial in this regard. A1so, if swath'ing

is carried out too early yìeld is reduced and smaller seeds

are produced, wh'ich conta'in 'lower levels of oi I and protein

and h'igher leveìs of free fatty ac'ids. In add'ition, more

non-viable and shrivelled seed is formed (Canola Council of

Canada,1980). Oiì produced from immature seeds also

received lower f'lavor scores (Saskatchewan Canoìa

Growers,1987).

Beginnìng at 40Í moìsture, seeds are known to lose water

at a rate of 2 to 3Ë per day so the dry down process

proceeds rapidly (Dean,1987). A standing crop of Tobin was

swathed and sampled at four day interva'ls between 52 and 10X

moisture. Drying rates were rapid initial'ly and during

periods of low relative humidìty (Cenkowski et a] ). The dry

weight of the seed and the oil content increased quickly

between 52 and 30f mo'isture. P'lots which had been swathed

rìpened two days earlier than those left standing (Cenkowski

et, al ).
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To opt'im'ize both crop qua'l ity and yield, swathing during

the 'last two weeks of August is recommended. Ro'l 'led swaths

have a greater tendency to fix chìorophy'l I so swaths should

be roiled only when severe wjnd losses are fikely to occur.

Desiccants are sometimes applied to heavy crops which

have a tendency to lodge. The use of desiccants, however,

tends to increase shatterìng 'losses by promoting rapid dry

down. Reglone is presently registered for use on cano'la.

It results in complete desiccation within three days giving

the seed I itt]e time t,o mature and increasing shattering. A

newer desiccant, Ignite (Hoe-39866), is slower act'ing so

shou'ld result in less shattering and give the crop a better

chance to mature. Ignite is presently being tested and is

not yet registered for use on cano'la (Harris,1988). The

best quality oil comes from crops which have been swathed;

at present chemical drying is less satisfactory
( Saskat,chewan Canol a Growers, 1987 ) .

In the spring, a well prepared seedbed 'is recommended.

Seeding should be done into moisture and the seedbed packed

to conserve water. Adequate weed control must also be

caîried out. Other conditions including uneven germinat,ion,

amount and type of ferti 'l ì zer appl i ed, growi ng peri od, row

spacing and yield a'lso had minor effects on seed chlorophyl l

levels. Higher levels of nitrogen ferti'l i zer were

associated wìth sfight increases in chlorophylI. Higher

yi e'lds are i nversel y correl ated w'ith seed chl orophyl I I eve'ls
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(C'lear and Daun,1987 ). Unevenness in seed maturìty when the

crop is swathed contributes to the green seed problem.

Uneven maturity is affected by sporadic germination, usualìy

caused by insufficient moìsture at the time of seeding, and

by secondary growth ( Dean, 1 987 ) . Proper management

throughout the year a'l lows both optimaì yieìd and crop

quaf i ty.

2.3.2 Storage

It 'is recommended that canola seed be stored below 10.5x

moisture (Canola Counc'i I of Canada,1987). No significant
reduction of chlorophy'l I has been observed in storage in

Canada since stored seed is too dry for physiological

activity.
The degree to which seed chlorophy'l I decreases after

harvest depends upon the moisture content of the seeds. A

minjmum of 25Í moisture is required for chlorophy'l l

breakdown after harvest with higher levels correlated wit'h

greaÈer ch'lorophyl I degradation. In seeds containìng over

305 moisture, only half the chlorophy'l I remained after three

days under ventilated storage conditions. Seeds with only

15X moisture, however, contained 80 to 90s of their original

chlorophyll after three days in storage (Larsson and

Gottfridsson ,1974) .
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No close re'lationship between moisture and ch'lorophyl l

content has been detect,ed, although the chlorophyll content

of the seed is known to be a superìor measure of maturity

than the moisture content (Saskatchewan Canola

Growers,1987). Moist stored seeds exhibited greater

ch'lorophyl I breakdown at storage temperatures above 10"C.

The h'igher the moist,ure content the greater the temperature

effect. Raising the temperature had no effect on the rate

of chlorophy'l 'l degradation at 'low moisture 'levels ( Larsson

and Gottfridsson,l9T4) .

Storìng cano'la seed at high temperature and moisture

content is, however, not practical since these conditions

decrease germinability, increase the free fatty acid content

of the seed and aìlow fungi to accumulate and b'in heat'ing to

occur (Larsson and Gottfridsson,l9T4). t{hen stored below

10Í mo'isture there is 'l ittìe or no chìorophyl I breakdown

occurring 'in the seed. Canola seed was observed for four

months under normal storage conditions and no s'ignif icant

changes occurred in either moisture, chlorophy'l I content or

percentage green seed (Dean, 1987).

2,3.3 Frost

The occurrence of frost is known to raise chlorophyl l

levels since freezing stops the maturation procêss and fixes

the chlorophyll in the seed. The effect of frost on the
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qual i ty of canol a was i nvest,i gated fol I owi ng the ear'l y

frosts of 1982. Top quality seed averaged 9 ppm chlorophyl'l

whi le frost damaged seed averaged 75 ppm (Saskatchewan

Canola Growers,1987). As a resu'lt of this, 38f of the 1982

canoìa crop graded No. 3 or lower, in comparison to an

average of 4% (Daun et al ,1985). The downgrading resu'lted

from general visual damage and a severe green seed problem.

Half the crop had not reached full maturity at the time of

the frost. This resulted in a crop w'ith low oìl and prote'in

contents and high Jeve js of chlorophy'l I and f ree fatty acids

(Daun et al , 1 985 ).

Frost damaged seeds are 'immature. Metabolism stops

prior to the deposit'ion of oi'l and proteìn and the

degradation of chlorophyll. No significant correlation was

found between oi'l and green seed or protein and green seed

(Daun et al ,1985). Th'is is explained by the fact that oil
and protein are taid down prior t,o chlorophyl I degradatìon.

A correjation was found between chlorophyll and the ]evel of

free fatty ac'ids. Frost damaged seeds were also found to

conta'in more saturated fatty acids, particularly palmit'ic

acid. A decrease in germination was also observed as green

seed leve'ls rose ( Daun et a] , 1985 ) ,

A recent study examined the effect of freezìng on the

degreenìng of Westar canola embryos (Johnson-Flanagan, 1988).

Both the temperature and the moisture content of the seed

were 'important. At high moisture ]evels and a temperature
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of -7.SoC, freezing resulted in a disruption of the

chloroplasts. At -5oC, the enzymes involved in pigment

catabo'l ism were inhibited. Chlorophyllase, the enzyme which

degrades chlorophyl I to chlorophyl l ide and phyto'l , was not

inhibited but ch'lorophyl I degradation was. Decreas'ing seed

moisture was associated with improved frost tolerance.

Freez'ing above 70% moisture a'lso resulted in reduced seed

set ( Johnson-F'lanagan, 1988 ) .

2.3,4 Drought

H'igher chlorophyl I levels can also result f rom moisture

stress which prevents maturation, fixing the chlorophyll

level in the seed. Drought conditions may facilitate rapid

maturity of a standing crop but hot, dry weather in the

swath tends to raise chlorophyl I 'levels (Harris,1988). The

chlorophyl'l content decl ines rapidly as the moisture content

of the seed falls from 60 to 40% (Daun et a],1985). If the

seed desiccates too quickly, water required for respiration

is unavailable so metabolic processes within the seed stop.

Rai n f aì 'l i ng on a swath reactì vates the seed' s phys ì ol ogy

a'l I owi ng chl orophyl I degradat'ion to proceed (Harri s, 1 988 ) .

Therefore if the weather is hot and dry and there is no risk

of frost, the crop is best left standing. However, if
conditions are coo'l and moist it is best to swath to

faci I itate dry down.
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2 .3 .5 V j sua'l Damage

F'lea beetle damage has been found to increase the green

seed prob'lem, 'l ikely by cutting off the water supp'ly to the

seed. Mouldy seeds near the damaged areas contain above

average leve'ls of chlorophy'l 'l (Dean,1987),

Visual ly damaged seed contains h'igher ch'lorophy'l l

ìeveìs. In a 1982 study, visua'l ly sound seed was found to

contajn 38 ppm chlorophyll compared to 57 ppm for v'isually

damaged seed (Daun et a1,1985). Cracked seed and large seed

fragments a]so contained more chlorophyjl than intact seeds.

Seeds that had germinated contained higher pigment leve'ls

and weed seeds, which may be present as contaminants, a'lso

tend to be high in ch'lorophyl I (Saskatchewan Cano'la

Growers,1987).

2.4 SUMMARY

The most common reason for canola seed to be downgraded

is an unacceptably high leve'l of chlorophyl t. Chlorophyl'l

pigments cause numerous problems at al'l stages of

processing, resuìting is reduced product quality and lost

revenue. The present method used to estimate chlorophyl'l

levels for grading purposes is often inaccurate. The

introduction of instrument grading is expected to e'l imìnat,e
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this and ensure that farmers are pa'id for the correct grade

of seed.

A number of factors are suspected to contri bute to the

chlorophyl'l leve'l in the seed including genotype, agronomic

practices and environmental effects. A better understanding

of the factors wh'ich contribute to the green seed probìemis

necessary if the chlorophy'l I problem is to be el'iminaÈed.
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MATERIALS AND METHODS

3. 1 FREEZING STUDY

Pl ants of f our cultivars Westar, Regent, Tri bute and

Global were Þrown jn the field in a RCB design w'ith six

rep'l icates of each cu'ltivar. Three seeding dates ,beginning

May 1Oth, were used, approximately two weeks apart. The

recommended seedìilg rate of 6 kglha was used for Regent with

adjustments made for equivalent densities of the other

cul ti vars wh'ich had di f ferent seed weì ghts. Each p'lot

contained six rows 5m 'long with 0.3 meter row spac'ing.

The plants were monitored accord'ing to the Harper and

Berkenkamp growth scale (Harper and Berkenkarlp,1974). At

growth stage 5.4 when seeds were partiaìly ripe, p'lants from

each of three replicates were sampled in each seeding date.

The cu'ltivar Regent was sampled for the f irst seeding date

while Westar was sampled for the second and third.
Approximately th'irty plants urere sampled from each plot.

The pods were removed from the main stems and mixed together

to give a uniform sample. This was then div'ided in half.
One haif was further subdivided into four treatments - fresh

podded, frozen two days podded, frozen one week podded and

frozen one month (30-34 days) podded. The pods were then

f rozen for the appropriate 'length of time. Seeds were

removed from the pods'immediately in the other half of the
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treatments. The seeds were then frozen for the same time

intervals as those in the pods fresh, two days, one week

and one month ( 30-34 days ) .

Fo'l 'low'ing the f reez i ng treatment, each samp'le was

freeze-dried for approximately 48 hours to remove the

moìsture. Seeds were then removed f rom the podded material .

Al'f samples were then ana'l yzed for chlorophyl I content.

Chlorophyl'l measurements were carried out by extract'ion

and measuring the absorbance on a Spectronic 1001

spectrophotometer according to the proposed ISO Method

ISO/TC 34/SC 2 N385E (Daun,1989). One gram sampìes of the

f reeze-dried seed were we'ighed out and p]aced in stainìess

steel test tubes with ba1 'l bearings and 30 mL of 3:1

isooctane/ethanol. Samples were shaken for one hour,

f i I tered and absorbance read'ings were measured. Three

wavelengths were used 625.5, 665.5 and 705.5 nm to measure

the absorption peak for ch'lorophyl'l w'ith corrections on

either side. Three extract'ions and measurements were made

on each samp'le and the results averaged.

An anaìysis of variance was performed on the data in

order to determine whether the chlorophylì content of the

seed was altered by freezing and whether freezìng seeds in

the pods altered the chlorophy'l 'l leve'ls relative to seeds

frozen after removal.
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3.2 SWATHING STUDY

There were three objectives of the swath'ing study:

1) to determine whether rap'id drying of the seed contributes

to the chlorophyl I problem;

2) to determine whether the branches contain signifìcantly
higher ch'lorophy'l I 'leve'ls than the main stems; and

3) to determ'ine the effect of late seeding on the

chlorophy'l 'l content of the seed at harvest.

The swath'ing study was conducted over two years us'ing

four cu'ltivars of Brassiqa ng"p-"ç¿"ç - Westar, Regent, Tribute

and Global. Plots were laid out in a RCB design at the

University of Manitoba (The Po'int) location.

fn the first year of the study, two sowings were

planted, May 17th and June 7th, with three replìcates of

each cultivar each time. E'ight row pìots, three meters long

were seeded with 0.3 meter row spacing between rows. The

seeding rate was the recommended 6 kg/ha.

Growth stages of the plants were monitored throughout

the grow'ing season according to the Harper and Berkenkamp

scale (Harper and Berkenkaffip,1974). The growth stage key is
presented in Table A1 of the Appendix and growth stage data

for each cultivar is in Tab'le A2.

Swaths were cut when at'least 50% of the plants in the

plot had reached growth stage 5.3. Two one meter swaths

r{ere cut from each pìot and the ma'in stems were separated
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from the branches: One swath þ/as tied toget,her and 'left in

the fie'ld to mature while the second was placed in a burlap

bag in a drying room maìnta'ined at a minimum temperature of

250C.

When the swaths were complete'ly dry, the seeds were

removed from the pods and ana'ì yzed for ch'lorophy'ì I content

by extraction and absorbance on a Spectronic 1001

spectrophotometer, according to the proposed ISO Method

ISO/TC 34/SC 2 N385E (Daun,1989). Two gram samples of the

seed were weighed out and placed in sta'in jess stee'l t,est

tubes with 30 mL of 3:1 heptane,/ethanol . Samp'les were

shaken for one hour, fi'ltered and the absorption of the

extracts measured. Two extractions and measurements were

made on each samp'ìe and the results averaged.

In the second year of the study, the two seed'ing dates

were May 10th and June gth. There were six rep'l icates of

each cultivar and the p'lot design was four rows 5 meters

'long and 0.3 meters apart. The seed'ing rate was 6 kg/ha

Regent with adjustments made for equ'iva'lent densities of

other cul ti vars whi ch had di ff erent seed we'ights.

The sampling procedure was ident'ica] to the first Year,

except the entire inner two rows of each p'lot were swathed.

Ch]orophyl I analys'is was carried out in the same manner

except isooctane,/ethanol was substituted for

hepEane/ethanol .

for
the
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In the second year of the study, to further ìnvest'igate

the differences in maturìty between seeds harvested at the

same t'ime under the same conditions, the seed sampìes

col'lected for each treatment of each plot 'in the swathing

study were separated accordìng to size.

Two seedìng dates were ìncluded jn the study. Each

'involved s'ix repl icates of four cu]tivars and each p'lot was

subdivided into main stems and branches wh'ich were e'ither

swathed jn the fie]d or dried quickly in the dry'ing room.

S'ieves were used to separate the seed into small, medium

and large size classes as follows:

I arge 5.0-5.5

medium 4.5-5.0 (0.4th mm)

sma'l I 4.0-4. 5

Seeds 'larger and smal'ler than the specif jed s'ize range were

discarded along with any foreign material.

Ch'lorophyl I contents were determi ned f or each si ze cl ass

'in order to assess the contributìon of each size class to

seed ch'lorophy'l I levels.

Ch'lorophy'l 'l was measured by extract'ion and absorbance

according to the proposed ISO Method (Daun,1989). One

measurement was made on each sample w'ith checks of known

ch'l orophy'l 'l content j nc I uded per i od i cal I y .

The proportion of seed in each size class was also

determi ned.
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Stat'istica'l ana'lys'is was carried out on the U of M

mainframe computer using the SAS program (Helwig and

Counci 1 , 1979 ) . Appropriate ANOVAs and means separat'ion

tests were run on the data. A1ì graphìng was done using

S i gmap'l ot .

3.3 CHLOROPHYLL DEGRADATION RATES IN FOUR CULTIVARS OF

BRASSICA NAPUS

There were three objectives of the study:

1) to determine whether there is a d'ifference in the rate of

chlorophyl I breakdown between cu'lt j vars;

2) to determ'ine whether there is a difference in the time of

chlorophyll degradation between cultivars; and

3) to determine whether there is a difference in either the

rate or time of chlorophy'l 'l degradation between earl y

and I ate p]anti ng dates.

This study was carried out over two years with early and

late seeding dates each year. Plantìng dates were May 17th

and June 7th the first year and May l0th and May 24t-h the

second year. Plot design was 'identjcal to that used ìn the

swathing study.

The four cultivars that were included were f{estar, which

ìs an early maturing cu]tivar, Gjobal , which is a late

maturi ng cu I ti var, Regent, whi ch has been wi de1y grown on

the Canad'ian pra'i ries and Tribute, which is a triazine
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tol erant cul t'ivar:

Emergence dates (SOx) for each p'lot were recorded and

the growth stages of the plants were monitored throughout

the grow'ing season. Sampling began when 50% of the p'lot

reached growth stage 5.3. Each samp'le cons'isted of takìng 5

to 10 plants, removing the main stems and p'lacing them ln a

pìastìc bag in a coo'ler. In the lab, the seeds were removed

f rom the pods, weighed and f rozen unti I analysis. Samp'les

were taken at approximate'ly week'ly interva'ls depending on

how quick1y plants were ripening. Sampling continued until
the plants were complete'ly senescent.

In the second year of the study, each piant was g'iven a

color coded tag when jt began to flower so the exact date of

flowering was known. When sampl'ing was conducted, plants

with the same f'lowering date $/ere chosen, within each

cu'ltivar.
Pri or to ana'lysi s, each sampl e was f reeze-dri ed f or 24

to 48 hours and the moisture content of the harvested seed

was dete rm i ned . Ch'l o rophy'l 1 measu rement was car r i ed out by

extraction and absorption accordìng to the ISO Method as

outlined in the swathing study. Two measurements were made

on each sample and the results averaged.

The major jty of the stat'ist'ica1 ana'lysis was carried out

on t,he U of M mainframe computer using t,he SAS program

(Helwig and Counci 1,1979). Graphs of chlorophyl'l leve'ls

versus days after samplìng were generated for each seeding
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date of each year, The data was then transformed to a

'logarithmic sca'le to 'l inearize 'it for eas'ier ana'lysis and

'i nte rp retat i on . Reg ress ì on ana'l ys i s was pe rf o rmed to

determine the siope of each I jne. Pairw'ise t-tests were

then carried out to determ'ine homogeneity of regress'ion

coefficients.

A second set of graphs was generated which plotted the

logalithm of the chiorophy'l 'l jeve'l aga'inst growìng degree

days. Growìng degree days are a measure of accumulated heat

units. They were ca'lcu'lated by taking the daj ly mean

temperature minus soc (f ive degrees 'is assumed to be the

minimum temperature requi red for chlorophy'l I degradation to

occur) and summing over the entire sampf ing period (Morrison

et al ,1989). Regressìon ana'lysis was performed and

homogeneity of regression coefficients was tested.

3.4 ..AGROMAN.' TRIALS

Cano'la seed of both B. .ngp.l,l"ç and H. _c_"enp"ç.S.1,.f-j..S cu'ltivars
'was obtained from the "Agroman" Tria]s in which al'l

registered cultivars are grown at a number of 'locatìons

throughout the province over seven zones based on the

average number of frost free days and soi I types. These are

out'l ined in Figure A9 in the Appendix.
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In the f irst year of the study, the fol 'lowìng ten
'locat'ions and fourteen cultivars were avai lable:

t="qç"eþ-i "sn,s
Mel'ita (zone 1)
Waskada (zone 1)
Shoal Lake ( zone 2)
Mariapo'l ìs (zone 2A)
Dauphìn (zone 3)
Bagot (zone 3A)
Beausejour (zone 4)
Teu'lon (zone 4)
Rob'l in (zone 5)
Swan River (zone 5)

"Ç-v."! È"i"-v-"er-s-

H-= nâpg"ç H,..ç-"q.npe"ç!ris
Regent
Westar
Gl obal
Topas
Stellar
A'lto
Legend
Delta
OAC Trjton (triazine tolerant)
OAC Triumph (triaz'ine to'lerant)
Tribute (triazine tolerant)

Tobi n
Co'l t
Hori zon
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In the second'year, the fol lowing eleven 'locations and

twenty-two cultivars were avai'ìable:

-l="o"-ç.e.L..i."ç.n

Mel ita ( zone 1 )
Shoal Lake ( zone 2)
Mariapolis (zone 2A)
Dauphin (zone 3)
Winnipeg (zone 3)
Bagot ( zone 3A )
Beausejour (zone 4)
Teu'lon ( zone 4)
Rob'l 'in ( zone 5 )
Swan River (zone 5)
The Pas ( zone 6 )

.Çu-1..þ-"1-"v"ens

F-' til"?P.H."ç H..'.. çem,p"ç"çÈ.r"i.s
Regent Tobì n
Westar Col t
Global Horizon
Topas ACS Parkland
Stel 'lar
Al to
Legend
Ce I ebra
Vanguard
Delta
Prof i t
Hero
Hyol a 40
OAC Triton (Eriaz'ine tolerant)
OAC Tri umph ( triaz i ne to'lerant )
Tribute (triazine tolerant)
ACS-N4-TT (triazine tolerant)
SV 8525953 (triazine tolerant)

Four replicates of each cu]tivar were sown at each

location each year. In the first year of the study, the

data was reduced to three replicates due to numerous missing

pl ots.
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After harvest, the plants were hung 'in jute bags to dry

prìor to threshing. The seeds were passed through s'ieves to

remove forei gn material and ch'lorophy'l I measurements were

made on each sample us'ing the NIR. Nealinf rared

ref'lectance spectrophotometers can be mod'ifjed to ana'lyze

chl orophy j I by repl aci ng the standard 'inf rared f i I ters wi th

filters whose central wave'lengths are 674,696 and 2100 nm

(Tkachuk,1988). Dickey-John Instalab 600 machines were

used. The canola seeds were ground in a coffee grìnder for

thirty seconds, 'loaded into sample cups, leveled and the

reflectance of the sample measured. This reading is then

conve rted i nto a ch I orophy I I concentrat i on us'i ng a

cal i bration equation.

The six locations showing the highest chlorophyll levels

were selected for further study of five cultivars Westar,

Regent, G'lobal , Tribute and Triton. The locatìons chosen in

the f irst year were Bagot, Mariapo'l is, Me1ìta, Robl in, Shoal

Lake and Waskada. In the second year, The Pas, Melita,

Marìapo'l is, Teulon, Shoal Lake and Beauseiour were selected.

The bu]k seed was separated into s.ma'l 'l , medium and large

s'ize classes as fo] 'lows:

Iarge >5.0

medi um 4.5-5.0

smal I <4.5

(0.4th mm)

The proport'ion of seed in each size class was determined and

ch'lorophyll was measured by extraction and absorbance with
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one measurement made on each sample.

Thousand seed weights were a]so determined for each size

class of each cu'ltivar at each'location in the first year of

the study.

Stati sti ca1 anal ysi s was carri ed out on the ma'inf rame

computer at the Un jversity of Man'itoba usìng the SAS program

(He]wig and Council,1979). Appropriate GLMs and means

separation tests were performed. GLM results were modified

accord'ing to Cochran and Cox (1957) in order to combine

experiments with heterogeneous error variances. Duncan's

mean separation tests were carried out by hand as outlìned

in Gomez and Gomez (1984) usìng the appropriate degrees of

freedom from the modified GLM ana'lysìs. Sigmap'lot was used

to generate graphs.
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RESULTS AND DISCUSSION

4.1 FREEZING STUDY

An ana'lysis of variance was run on the data on each

'ind'ividua'l sowjng date. At the 5% level of signìfìcance,

there were no differences between seeds frozen in the pods

and those frozen after remova'l . There were also no

differences'in chlorophyl'l content between fresh seeds and

those frozen for two days, one week or one month (Tab'le 2).

The average ch]orophylì values for seeds f rozen in the

pods compared to those separated from the pods prior to

freezing are presented in Figure 1 and the average

chlorophy'l 'l va'lues for each f reezing treatment are presented

i n Fì gure 2.

No attempt was made to combine the data over sowìng

dates since d'ifferent cultivars were sampled each time and

each sowing date was not harvested at precisely the same

phys'io'logical growth stage.



250

c
L.
o-
o-

-go-
o
l-I
-c()

200

Plont Port
IPod
E8 Seed

150

100

SOWING DATE

Fig. 1: Effect of freezing canola seeds in the pods or after removal

econ Third

à
tu



225

200

175

150

125

100

75

50

25

0

SOWING DATE

E
o-
o-

-co-
ol-I
-c
c)

-A-.-¡

f-I First
fl-[] Second
A-AThird

l-¡

Fig. 2¿ Effect of

10 15 20
Doys of Frozen Storoge

frozen storage on the chlorophyl_I eontent of canola seed
u,



t+4

Tab'le 2: Anova Results for Frozen Cano'la Seed

SOWING : F'i rst
Cultjvar: Regent
9"q"Hrç-e "qA An-ç"va.., M-9 E":-.Ye-"Iy.ç PF".ìH
Pod vs Seed 1 785.47 3.90 0.0629
Freezìng Trts 3 131.28 0.65 0.591 1

SOWING: Second
Cu'lti var: Westar
Source DF Anova MS F-Value PR>F
Pod vs Seed 1 2332,48 1.15 0.2971
Freezing Trts 3 150.16 0.07 0.9732

SOWING: Thi rd
Cultivar: Westar
Sou rce DF Anova MS F-Value PR>F

Pod vs Seed 1 3672.90 0.32 0.5776
Freezing Trts 3 1 12.95 0.01 0.9983

The results of this study ind'icate that seed for

ch'lorophy'l I analysis can be frozen and stored'in the freezer

for one month prior to analysis without a significant change

in chlorophy'l 'l levels.

There was no si gni f i cant di f ference i n ch]orophyl l

content when the seeds were removed from the pods prior to

freezing compared to being frozen in the pods. The abi'l ity

to freeze the seed whi]e still in the pods saves

considerab'le time during the sampl ing period. The seeds can

also be removed much more rapidly after the pods have been

freeze-dri ed.
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The abif ity to freeze canola seed prior to measuring the

ch'lorophyl I content would save considerable time when

sampl ing f rom the f ie'ld and al'lows chlorophy'l I measurement

to be delayed unti I f ield work 'is complete. Seed samp'les

may be stored for considerable periods of t'ime without

concern for chlorophyl'l degradatìon.

4.2.1 SWATHING STUDY

ANOVAs were run on each sowing date of each year and the

resu'lts are presented 'in Table 3.

Table 3: ANOVA Results f rom Each Sow'ing of the Swath'ing
Study (MS=main stems)

-s-"e"-e-d "i n"g. . P-e"T.e i .. E"a !: j:
$-çs,n"ç--e ,D-E

Swath vs Dry 1

MS vs Branches 'l

Repf icates 2

9*ç-e*4"rn "g..- P"e Í"e; !="a--t-ç

Source
Swath vs Dry 1

MS vs Branches 1

Repl icates 2

-s*_eS_d_in.g..*P_aþ"_e":;.....Ç-qJ.l.y

"9-q-u.!:"çe
Swath vs Dry
MS vs Branches
Repl i cates

"S-ep-d : .n.s "".P"e üs,;"" ..-l,-e*te

9"ç.st".n-cs

Swath vs Dry
MS vs Branches
Repl i cates

DF

1.9..9_8

Mean S

99 1 48. 94
1 2060.75

986. 38

H"e"en..-.9
6754.67

1 3032.09
161 . 70

.19_9_9.

l[_%"n_ 9
57433.06

9961 .34
344. 1 I

M"ç-e"n.-9
3555s8. 73

54321.14
1087.72

F-Va'lue PßI E
0.0001
0.0490
0. 71 59

PBìH
0.01 80
0.0016
0.8609

PR> F

0. o001
0.0005
0.8134

PilH
0.0001
0. 000 1

0.8441

33.88
4.12
0. 34

E:.Y.-e"!...9-ç

6.29
12.13
0. 15

"aE
1

1

5

"aE
1

1

5

H"--"Y.e.l,r¡"ç

74.81
12 .97
0.45

[:"V-n"ls"e
132 .7 4
20 .28
0.40
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In both sow'ings of both years, there was a signif icant

d'ifference between both the two drying treatments and

between the main stems and branches at the 5% level of

sign'ificance.

The 1989 data was then combined over sowing dates and an

ANOVA was performed on the combined data (Table 4).

Tab'l e 4: ANOVA Resu I ts f or 1 989 Swath i ng Study Comb i ned
Over Sowing. Dates (MS=main stems)

9-el,¿rçe D"-E M"ç-qn .9 F-.:-Y"e-'l t{"e Pß)f
Swath vs Dry 1 349397.35 124.14 0.0001
MS vs Branches 1 55403.03 19.68 0.0001
Sowing Dates 1 129755.60 181.62 0.0001

Both dry'ing treatments and p'lant parts indicated

sìgnificant differences at the 1% level. Results from the

early and 'late seedi ng dates were al so si gni f i cant'ly

different at the 1% level of s'ignificance.

The 1988 data was not combined over sow'ings s'ince the
'late maturing cultivar Global was lost to insect damage in

the I ate sowi ng. Th j s resul ted i n an unbal anced des'ign and

statistics performed on the combined data would be biased

si nce G]oba] tends to have the hi ghest seed chìorophyl'l

]eve]s of the four cultivars included in the study.
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The comparison of the two drying treatments - field
dryìng of the swath compared to a rap'id dry down in the

dry'ing room - clear'ly ind'icated that rapid drying resu'lts in
e'levated seed chlorophyl I level s ( Fi gure 3 ) . Chlorophyl I

levels from the drying treatment ranged from 1.5 to 6 times

h'igher than those from the swaths dried down out'in the

fie'ld.

Rap'id dry down of the seed resulted in unacceptably h'igh

seed ch'lorophyl'l contents (above 24 ppm) 'in al 'l sow'ing

dates. Because of the rap'id desiccation, mo'isture is

unavai'lable for respirat'ion, so metabo'l ism wìthin the seed

stops. The seed remains physio]ogica] ly immature and the

deg radat ì on of ch'l o rophy I 'l p'i gments ceases .
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Rapi d dry'ing of the swath wi 'l 1 occulif swathì ng i s
performed during hot dry weather olif chemical desiccants

are app'l jed to the crop. Both of these situat'ions have the

potential to cause elevated seed ch'lorophyl l leve'ls and

should be avoided.

Even under the hot dry weather conditions of 1988 and

1989 (temperature data in Appendix Tables A3 and A4) the

swaths whjch dried down in the fie]d yìe'lded seed w'ith

acceptab'le chlorophyl l leve'ls wh'i le those dried down more

rapidly in the drying room did not. Rapid artjficia] dry'ing

shou'ld therefore be avoided if poss'ible.

The second objectjve of th'is study was to compare

chlorophy'l 'l levels of seed harvested from the branches and

the main stems to assess the degree to which the side

branches contribute to the green seed problem. In al'l

cases, the average ch'lorophyl I content of seeds f rom the

branches of each seed'ing date of each year contaìned

ch'lorophy'l I leveis 1.5 to 2 times as high as seed from the

main stems (Figure 4).
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This result can be expla'ined by the'indeterm'inate nature

of growth in canola. The term'inal bud gives rise to the

main stem and axi'l lary buds produce branches, which in turn

produce neþr axi'l ìary buds. The oldest pods are located at

the base of the main stem and new pods form towards the tips

of the branches (Scarisbrick and Daniels,1986). Axi 1'lary

buds on the branches f 'lower later, set seed later and

consequently the seeds rìpen 'later than those on the main

stems. Seeds formed on Èhe branches are 'less mature than

seeds on the main stem and can therefore contribute

s ì gn'if i cant'ly to the green seed prob'lem. The greater the

degree of branchi ng, the h'igher the probab'i 1 i ty that the

seed w'i 'l 1 not have time to mature prior to harvest,

resu jt,'ing 'in immature seeds with h jgh chlorophy'l I contents.

Therefore in order to reduce seed chlorophyl'l content, it js

important to min'imìze branching. This can be achieved by

using a sufficient'ly h'igh seeding rate, which resu'lts'in
greater competi ti on for space by each pl ant. Th i s mod'if j es

the form of the p'lant with fewer branches being produced.

Ear'ly and 'late seeding dates were included in each year

of the study. In the first year of the study, the seeding

dates were May 17th and June 7th, a d'ifference of twenty

days. In the second year, t,he seeding dates were twenty-

nine days apart - May 10th and June 9th. The 1988 data

cannot be validly compared between plantìng dates s'ince the

late maturìng cultivar Global was 'lost to insect damage in
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the 'late seeding.' From the 1989 data however, the trend

towards higher chlorophy'l I leve'ls wiÈh later plant'ing ìs

read'i 1y apparent ( Tabl e 5 ) . In al 'l cases, the ch]orophyl

]eve]s from the late seeding date þrere approximately 2.5

times higher than those from the early seeding date.

Tab'le 5: Average Ch'lorophyl'l Levels (ppm)
Dates in the Swathing

1 988

for Two Sowing
Study

l._9"-8_-s-

F"er.-l y l=-e"ç-ç-

Main Stems

Branches

Swath
Dry
Swath
Dry

H"a;"1.v-
19 .9
81.3
22.1

142 .5

Late
49.0
47 .3
57.9

114.5

7.5
41 .',|
12 .6
76.8

17.1
108.4
34.2

186 .4

Th'is i I I ustrates the i mportance of earl y p'lantì ng so the

crop has adequate time to mature before harvest or a frost.

The late seed'ing date contains higher seed chlorophy'l I

levels because it contains a greater percentage of immature

seed'in which the chlorophyl'l did not have a chance to

degrade. In addit'ion to creating a chlorophy'l 'l problem,

'immature seeds are also known to contain'lower leve'ls of oìl

and protein and h'igher]eve]s of free fatty ac'ids (Daun et

al,1985).
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In summary, the resu'lts of this study jndicate that seed

from the branches contains sìgnificantly h'igher leve'ls of

chlorophy'l I at harvest than seed from the main stems. Rapid

dryìng results in higher seed chlorophyll levels at harvest,

as does late seed'ing. This emphasizes the'importance of

p'lanting early enough to gìve the crop adequate time to

mature.

4.2.2 STZED SEED

The average chlorophy'l 'l content of the seed in each size

class is presented 'in Tables 6 and 7 and depjcted

graph'ica1 1y 'in F'igures 5-12.
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Tab'le 6: Average Ch'lorophyl1 (CHL) Contents (ppm) for Each
Size Class 'in the Early Sowìng

( MS=ma'in stems, BR=branches )
(STE=standard error of estimate)

Cu I t: Westar
MS SWATH
MS DRY
BR SWATH
BR DRY

Cu'l t : Regent
MS SWATH
MS DRY
BR SWATH
BR DRY

Cult:Tribute
MS SWATH
MS DRY
BR SI{ATH
BR DRY

Cult:Globa'l
MS SWATH
MS DRY
BR SWATH
BR DRY

_s-MA.!=!=

ç-HL SÏF

12.4 1.6
26.9 3.0
8.0 0.9

42.O 5.0

M"EPIUM

çH"L "çïH

5.2 1 .0
15.2 1 .9
4.2 0.4

27 .O 3.4

I=ARç"H
c-ll.l= "9"T8-

3.7 0.4
11.7 1.4
4.0 0. 5

23.7 3. 1

4.3 0.6
14.3 1.4
8.3 1.1

28.5 1.6

8.2 1 .6
16.5 3.0
10.4 1 .0
62.6 3.0

14.7 1.8
70.8 8.2
17.4 1.7

134.5 10.9

7.9
41 .3
14. 6
57 .7

18.0
62.6
23.6

122,6

25.0
1 10.6

25 .4
176.1

1.2
4.3
2.4
4.3

3.0
9.8
3.7

24.6

1.9
8.9
2.3

18. 7

6.1
21 .4
10.9
48.1

9.4
34.3
1 3.3
84.9

19.8
79.7
18.3

153. 1

0.8
2.4
1.5
2.9

0.9
5.3
1.2

16.2

1.6
8.8
1.7

12.O



55

Tab'le 7: Average Chlorophy'l 'l (CHL) Contents (ppm) for Each
Size C'lass in the Late Sowing

(MS=maìn stems, BR=branches)
(SÏE=standard error of estimate)

Cult:f{estar
MS SWATH
MS DRY
BR SWATH
BR DRY

Cult:Regent
MS SWATH
MS DRY
BR SWATH
BR DRY

Cul t: Tri bute
MS SWATH
MS DRY
BR SWATH
BR DRY

Cu'l t : G'l oba l
MS SWATH
MS DRY
BR SWATH
BR DRY

--s-HA_L_L

"çrlL

31.5
27 4.O
39.8

359.2

32.O
1 12.5
47 .4

142 .5

33.0
109.4

57 .3
159. 1

44 .2
182 .4
60.8

213,O

-çH*L

16 .9
184 .4
24.1

289.2

'17.7
68.3
28.3
89. O

14.0
59.6
25.8

100.4

19. 1

145 .7
29.2

150.6

_qTE

1.5
24.O
2.4

10. 5

2.7
9.4
3.5

11.2

4.8
10.5
6.3

12.0

2.8
11.2
1.9

19.3

MEDIUM !-_4"R"çE

.ÇH_!= ç_ï.F

11.4 0.4
120.1 17.5
18.4 2.O

186.5 18. 1

11 .7
46 ,4
16.8
51.6

9.1
31.0
11.7
48.7

0.5
2.4
1.5
7.9

1.5
7.5
0.9
5.7

-S"LE

1.8
24.4
2.3

19 .8

0.7
3.9
1.9
8.3

1.5
6.8
3.9

10. 7

1.4
9.4
2.2

10.3

10.2 0.3
98.3 11.2
18. 5 2.4

101 .2 10.3
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It is clear that for al'l treatments the chlorophy] l

content is higher in the smaller size class. This can be

explained in terms of seed maturity, âs the largest seeds

are those that form first and have the'longest t'ime period

over wh'ich Èo mature and ripen, while the smaller seed forms

later and is therefore more immature.

This f inding highl'ights the prob'lem of uneven maturity

in a crop with an indeterminate f'lowering habìt. To

achieve the 'lowest chlorophyl'l levels possible, the

percentage of small seed should be minjmized. Thìs can be

ach'ieved by minim'izing branching, us'ing a high seeding rate

and thorough clean'ing of the seed.

The higher levels of chlorophy'l I in the seeds from the

branches compared to those from the main stems and the

higher levels from the rapid dry down compared to field

swath'ing are also readi'ly apparent. These resuìts, which

have a]ready been discussed for the bu]k seed samples, also

app'ly to each si ze c'lass. The trend toward hi gher

chlorophy'l I levels in the later sowing is also apparent.

The percenÈage of seed fa] ling into each size c'lass was

also determined for each treatment (Tab'les I and 9).
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Table 8: Percentage of Seed Falìing fnto Each Size Class
in Each Treatment of the Swath'ing Study

in the Early Sowing

(MS=main stems, BR=branches)
(STE=standard error of est'imate)

SMALL MEDIUM LARGE

Cu'lt: l,lestar
MS SWATH
MS DRY
BR SWATH
BR DRY

Cu I t: Regent
MS SWATH
MS DRY
BR SWATH
BR DRY

Cu'lt:Tribute
MS SWATH
MS DRY
BR SWATH
BR DRY

Cult:G'lobal
MS SWATH
MS DRY
BR SWATH
BR DRY

%.

6.67
9.25

13.43
13.98

16. 95
20.07
27 .OO
30.65

13.87
17.70
21 .73
25.30

21 .02
19.23
29.52
28.37

-S"ÏE

o.64
1 .23
1 .09
0.96

o.67
1 .42
1 .07
1.13

1 .66
1.51
1 .80
1 .76

1 .40
1 .54
2.43
1 .O2

%.

44.98
47.68
52.7 5
52.33

52.98
54.88
55. 13
56. 02

50.88
56. 53
54.35
58.22

47 .93
47 .20
49.90
52.57

SÏH

1 .97
1 .47
1 .06
0.88

0. 79
o.72
o.64
0.66

1 .67
1 .21
2 .53
o.93

1 .37
o.74
1.12
0. 78

30.07
25.O7
17 .87
13.33

35.25
25.75
20.75
16.48

31.03
33.57
20. 55
19.07

1 .30
't .42
o.71
1.14

3.11
2 .14
0. 91
2.10

2.68
1.74
1 .85
0.73

r" s"rF

48.35 2.61
43.47 2.45
33.82 1 .80
33.70 1 .53
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Table 9: Percentage of Seed Faì ling Into Each Size Class
in Each Treatment of the Swathìng Study

in the Late Sowing

(MS=main stems, BR=branches)
(STE=standard error of estimate)

-s"MA!=l=

ã

20.00
24.05
29. 56
34. 18

21.52
23.18
31 .07
32.35

x

52.77
54.17
53.47
53.67

53. 17
54. 10
57 .55
57.42

44.08
47 .93
48.67
49.68

48 .32
50.22
53.20
54 .37

9-T-F

MEDIUM LARGE

?( -s--r_E

27.27 2.21
21 .78 2.O2
16.98 2.22
'12.17 1.71

25.33 1 .06
22.72 1.62
1 1 .40 0.56
'to.22 1.12

40.32 2.1 1

33.70 1 .34
28.63 1 .85
26.48 1.32

35.47 1 .81
33.87 1 .61
20.87 1 .41
17 .82 0.87

.S"LE

1 .34
0.69
1.13
1.12

o.74
0.86
1 .42
0.96

1 .34
1 .06
0.80
0.80

1 .34
1 .12
1 .06
1.12

Cu I t: Westar
MS SWATH
MS DRY
BR SWATH
BR DRY

Cult:Regent
MS SWATH
MS DRY
BR SWATH
BR DRY

Cu 1 t: Tr i bute
MS SWATH
MS DRY
BR SWATH
BR DRY

Cul t: Gl obal
MS SWATH
MS DRY
BR SWATH
BR DRY

.11

.42

.73

.88

.48

.07

.16

.66

15.57
18.38
22.70
23.85

16.22
15.90
25.95
27 .82

0.84
0. 76
1 .27
0.67

o .52
0. 50
0.67
o.92
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There was a greater percentage of large seed in

treatments wjth 'lower chìorophyll contents and there was a

h'igher proporÈion of sma'l 'l seed in the treatments with high

chlorophyl I contents (Figures 13 and 14). Specifical ly, the

proportjon of large seed was greatest in the early seed'ing

date, seed from the main stems and seed dried in swaths in

the f ie'ld. Conversely, the largest proport,ion of smal'l seed

was present in the 'late seeding date, seed f rom the branches

and seed dried down rapidly in the dry'ing room.

In summary, the conc'lusions reached for each objective

are:

1) rapid drying of the seed does result in elevated seed

ch]orophyl I 'leve'ls and should be avoided;

2) extens'ive branchìng results in the formation of increased

quantities of smal I seeds containing h'igh chlorophyl'l

l eve'ls; and

3) late seeding prevents the seed from reaching maturity

prior to harvest, therefore hìgh seed chlorophyll levels

remai n.
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4.3 CHLOROPHYLL DEGRADATION RATES IN FOUR CULTIVARS

OF BRASSICA NAPUS

Each samp'le was analyzed folits chlorophyll content

and moisture leve] . The corre'lation between moisture and

ch'lorophyl I levels has been described as poor in the

literature (Loof,1972). In the first year of the study, the

corre'lation coeff icient between moisture and chlorophyl I

'levels was 0.83 while in the second year of the study'it was

0.76. lVhile this correlation is fairly good it 'is not high

enough to use the mojsture content to pred'ict ch]orophy'l I

I evel s.

The ch'lorophyl'l levels for each sample were plotted

aga'inst the numþer of days after the start of samp] 'ing

(Fjgures A1-44 in the Appendix).

fn order to linearize the date and s'impljfy the analysis

it was converted to the logarithm'ic form to generate graphs

of ]og chlorophytl versus days after sampling for each

seeding date of each year. These graphs are presented in

the Appendix in Figures A5-A8. A regression analys'is was

then performed (Tab'les 10 and 11) and the best straight line

fitted to each cultivar (Figures 15-18).
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Table 10: Regression Analysis
Degradation Rates in

g. .na.gg-g i n

EARLY SOWING

rt = 0.94
ms error=O.0931
slope= -0.0879

È = 0.93
ms error=O.1O56
slope= -0.0941

r1= 0.81
ms error=O.2578
slope= -0,0916

rr =0. 98
ms €rror=0.0368
slope= -O.1217

EARLY SOWING

rx= 0.98
ms error=O.0176
slope= -0.0892

Fr = 0.97
ms error=O.0157
slope= -0.1 166

rr= 0.93
ms error=O.0851
slope= -0.1621

Fa= 0.94
ms error=O.0707
slope= -0.1510

Results for Chlorophyl I
Four Cultivars of

1 988

LAÏE-g9T.LN9

re= 1.0
ms error=O.0002
slope= -O.O24O

Fa = 0.86
ms error=O.03O4
slope= -O.0244

re= 0.96
ms error=O.0156
elope= -0.0340

11 = O.92
ms error=O.0376
slope= -0.0389

LATE SOWING

rl= 0.94
ma error=O.0382
elope= -O.O7OO

ra = 0.93
ms error=O.0384
slope= -O.0582

Fa= 0.99
ms error=O.0066
slope= -O.0749

rr= 0.89
ms error=O.0794
slope= -0.0839

CULTIVAR

Global

Regent

Tri bute

Westar

9ULTIVAR

Gl obal

Regent

Tri bute

Westar

Table 1 1: Regression Analysis Results for Chlorophyll
Degradation Rates in Four Cultivars of

B.napus in 1989
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The slope of each 'l ìne represents the rate of

chlorophyll breakdown in that cu'ltivar. A number of

conclusjons can be made. The first is that the slopes of

the different 'l 'ines on the same graph are very simi lar.

Thi s means that the four cu]t'ivars tested al t had s'im'i I ar

rates of seed chlorophyl I degradatìon when grown in the same

environment. There 'is therefore 'l ittle scope for selection

to improve the green seed problem us'ing any of the cultivars

tested as parental materia'l .

Paired t-test,s were performed to test for homogenejty of

the regression coefficients to determine whether or not t,he

slopes were statistical'ly different f rom one anothelin each

seedìng date and year (Tab'le 12). In most cases there were

no sign'ifìcant differences between s'lopes, with one

exception in each year's data. In 1988, Regent and l,lestar

from the later seeding date had slopes that were

sìgnif icant'ly different at the 5% leve'l . In 1989, the

slopes of Global and Tribute f rom the early seed'ing were

signif ìcantly different at the 5% leveì. Ne'ither of these

was significant at the 1% level.
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Table 'l2z Paired T-Test Results Comparing Slopes
in Four Cultivars of "8. n"e.P_U_ç

1 988

ç_-u*1"ïI"y_aß"

Gl oba'l x
G'lobal x
Gl oba'l x
Regent x
Regent x
Tribute x
Global x
Global x
G'loba'l x
Regent x
Regent x
Tri bute x

COMPARISON

Regent
Tri bute
Westar
Trì bute
f,üestar
Westar

Regent
Tri bute
Westar
Tri bute
Westar
Westar

.8..*PAI_E

Earl y
Earl y
Earl y
Ear'ly
Ear'ly
Earl y
Late
Late
Late
Late
Late
Late

DF I"T I

0.31
o.12
1 .09
0.08
0.83
0. 59
0.04
1 .38
1 .32
2.02
2.46
0. 98

**

6
5
4
5
4
3
7
I
I

13
13
14

.1999"

"ç-v-Lr-r"YAB "C"_9-_M_PAßI"9-o-N .ç .. "QA-TE pE

G'lobal x Regent EarlY 6
Global x Tribute Early 6
G'lobal x Vúestar Early 6
Regent x Tri bute Ear'ly 6
Regent x Westar Ear'ly 6
Tribute x Westar Early 6
Globa'l x Regent Late 5
G'lobal x Tribute Late 4
Global x Westar Late 4
Regent x Tribute Late 5
Regent x Westar Late 5
Tri bute x V{estar Late 4

Pa'ired t-tests
slopes from the

dìfferent from

iT_i-

1 .08
3. 19
1.74
1 .87
1 .53
0.33
o.77
0. 35
0.60
1 .20
1 .26
o .42

_Þ._ã-..çLq,. "1_.ã "çLç.,

*x

The second finding is that the slopes are different

between the early and ]ate seeding dates in each year.

were performed to test whether or not the

early seeding dates were signifìcantly
those from the later seedìng date (Table 13).
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YFAR

988
988
988
988
989
989
989

1 989

Gl obai
Regent
Tri bute
Westar
Gl obal
Regent
Tri bute
Westar

Tabl e 1 3: Paì red T-Test Resul ts
Pl ant'ing Dates

EARLY VS LATE PF ;]-J

from Different

Þ_ã 9-IçNIHIcAN_cE

**
**
**
**

**

::

4
9
I
I
5
6
5
5

3. 30
5. 75
7 .35
4.13
1 .47
4.33
3.3s
2 .20

In most cases the slopes were sign'ifjcantly different.

The rate of ch'lorophy'l 'l breakdown becomes slower when the

crop is planted later as indicated by the steeper slopes'in

the ear'l ier planting dates. This appears to be an

environmentaj effect, likeìy due Èo warmer temperatures

during the period when the ear'ly seeded crop was ripening.

other environmental variables such as moisture may also be

involved. In order to benefit from the more rapid

breakdown, the crop shouid be seeded as ear'ly as possiþ]e.

To further exam'ine the effect of the environment on the

rate of chlorophyl'l degradation, the two years were compared

to see whether ch]orophy j I breakdown rates differed. Pai red

t-tests were conducted to compare the same treatment from

the two years. For example, early Westar 1988 was compared

to ear'ly f,lestar 1989 (Table 14).
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Tabie 14:

9.' ..PA"T-E

Ear'ly
Early
Earìy
Ear'l y
Late
Late
Late
Late

Gl obal
Regent
Tri bute
Westar
Gl obal
Regenf
Tri bute
Westar

1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989
1 98e vs 1 989
1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989

Paired T-Test Results
Degradation Rates

CULTIVAR COMPARISON

Compari ng Chlorophyl'l
in 1988 and 1989

DF l "r.l þ"ã g-r-cN--rFIcANcE

6
6
5
4
3
I
I
9

0.08
1.13
2.66
0. 89
3.39
3.51
4.75
2.7 3

**

**
**
**
**

Some compalisons ind'icated differences between years

while others d'id not. For the most part, the early seeding

dates showed simi lar chlorophyl l degradat'ion rates whi le the
'late sowings differed between years. D'ifferences between

years can be attr i buted to env i ronmental 'i nf I uences .
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In order to discover whether the slower chlorophyl'l

breakdown rates observed with late seeding cou'ld be

explained by temperature differences, the logarithm of the

chìorophyl ì 'level was plotted against growing degree days

(GDD). GDD are a measure of the heat un'its accumu'ìated

durìng the ripening perìod. They were ca'lculated by taking

the average dai 1y temperature mi nus 5oC, whi ch 'is assumed to

be the minimum temperature needed for chlorophyll

degradation, and summing th'is over the period of seed

ripenìng from growth stage 5.3 to growth stage 5.5 (Morrison

et a1,1989). By using GDD rather than days afÈer

phys'iological maturity, compar'ìsons can be made between

seeding dates with the same number of accumulated heat

unìts.

A regression analysis was performed and the best

straìghÈ iine f itted to each cu]tivar (Fjgures 19-22). A

summary of the regression ana'lysis is presented in Tables 15

and 1 6.
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LUILIJAB

Global

Regent

Tri bute

Westar

cuLïrvall

Gl obal

Regent

Tri bute

Westar

Table 15: Regression Analysis Results for 1988:
Log Chlorophyl I versus Growing Degree Days

EARLY SOWING LATE SIIJING

rì= 0.98
ms error = 0.003820
slope= -0.002038

11 = 0.91
ms error=O,O1928
sìope= -O.002839

r'1= O.96
ms error=0.01619
slope= -0.003852

Fr = 0.95
ms error=O.02390
slope= -0.004475

l1= 0.91
ms error=O.1287
slope= -0.005614

Fr = 0.95
ms error=O.07965
slope= -0.005914

Fl = 0.85
ms error=O.2089
sìope= -0.005415

râ= 0.97
ms error=O.O4727
slope= -0.006594

EAETI-S9UTTS

rr = 0.97
ms error=0.0263
slope= -O.006075

Fl= 0.99
ms error=O.007167
slope= -0.007848

t1= 0.95
ms error=O.05864
slope= -0.009594

ra = 0.95
ms error=0.051 1

slope= -0.009261

"Låf Ë._qu,INg

Fe = 0.97
ms orror=O.02242
slope= -0.O05192

rx = 0.94
ms error=O.03102
slope= -O.OO4228

rl = 0.98
ms error=0.008894
slope= -0.005.|36

ra= 0.88
m6 error=O.08667
slope= -0.005730

Table l6: Regression Analysis Results for 1989:
Log Chlorophyll versus Growing Degree DayE
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To test whether these slopes were significantly
different from one another, pâired t-tests were carried out

on the dìfferent cultivars wit,hin each seeding date of each

year (Table 17).

Table 17:. Paired T-Test Results Comparing Slopes of
Log Chlorophyll Versus Growing Degree Days

CULTIVAR COMPARISON
Gìobal x
Global x
Global x
Regent x
Regent x
Tribute x
Global x
G'lobaì x
Globai x
Regent x
Regent x
Tribute x

J se9

s._D.ÂlE
Earl y
Earl y
Earl y
Earl y
Earl y
Earl y
Late
Late
Late
Late
Late
Late

_lsgs

-s**eaï-E
Earl y
Earl y
Earl y
Earl y
Earl y
Earl y
Late
Late
Late
Late
Late
Late

îjrs- _lr_e-Le*

** **

5Í SIG. lX SIG.

Regent
Tri bute
Westar
Tri buÈe
Westar

Westar
Regent
Tri bute
hlestar
Tri bute
Westar
f{estar

.l_T_i-

0.23
0.11
0.48
0.30
0.41
0.46
o.22
1 .44
1 .80
2.11
3.06
1 .27

,LT.i-
2.37
2.69
2.55
1" 41
1.21
0. 19
1 .03
0.07
0.34
1 .01
1 .07
0.38

p_E

6
5
4
5
4
3
7
8
I

13
13
14

PF
6
6
6
6
6
6
5
4
4
5
5
4

CULTIVAR COMPARISON
Global x
Global x
Global x
Regent x
Regent x
Tri bute
Global x
Global x
Global x
Regent x
Regent x
Tri bute

Regent
Tri bute
Westar
Tri bute
Westar

x Westar
Regent
Tri bute
Westar
Tri bute
l{estar

x Westar

**
*t<
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Th'is analysis supports the conc'lusions drawn from the

p'lot of ]og chlorophyl I versus days af ter samp] i ng. A few

differences between cult'ivars appear at the 5% level of

s'ignif icance but none at the 1% 'level. It can be concluded

that the four cultivars all have the same rate of

chlorophy'ì 'l degradation when grown i n the same envi ronment.

The conversion to GDD becomes usefu'l when comparìng

chlorophyll degradation rates between seeding dates. Pa'i red

t-tests were performed to compare the slopes of log

chlorophyll versus growìng degree days between the early and

I ate seed ì ng dates of each year ( Tab'le 18 ) .

Table 18: Paired T-Test Results Between Earlv and
Late Seedìng Dates

YEAR
1 988
1 988
1 988
1 988
1 989
1 989
1 989
1 989

EARLY VS LATE DF

Gl obal
Regent
Tri bute
Westar
Gl oba'l
Regent
Tri bute
Westar

4
I
9

iil
1 .34
3. 98
1 .49
2.15
0.97
4. 65
3. 14
1 .92

5% SIGNIFICANCE

**

**
**

I
5
6
5
5

When these results are compared to those in Tab'le 13, ìt

is apparent that many of the differences between slopes have

been eliminated by converting to GDD, confirming the

inf luence of temperature on the rate of ch]orophyl'l

breakdown. However, some differences between seeding dates

sti 1 I exist, indicating that temperature, although
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important, is not,the on'ly factor ìnfluencing the rate of

ch'lorophyl'l degradation.

Chlorophyl I breakdown rates were a'lso compared between

years using GDD. Homogeneìty of regressìon coefficients was

tested us'ing pair-wìse t-tests and the results are presented

in Table 19.

Table 19: Pa'i red T-Test Results Comparìng Chlorophyl I

9 PA-T.F
Earl y
Early
Early
Earl y
Late
Late
Late
Late

G'lobal
Regent
Tri bute
l.Jestar
G'loba'l
Regent
Tri bute
Westar

1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989
1 988 vs 1 989

Between Years

DF l"T- i
6 0.36
6 1 .75
5 1.93
4 1.58
3 2.53
9 2.10
9 1.91
I 1.16

þ_ã__9I"ç_,"

Degradation Rates

CULTIVAR COMPARISON

When these results are compared to those in Table 14, ìt
is evident that the conversion from days after sampling to

GDD eliminated all of the differences between the two years

at the 5X level of s'ignificance. Different rates of

chlorophyil breakdown in d'ifferent years are, therefore, in
'large part caused by d'ifferent temperatures during seed

ripenìng.
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Using GDD, the djfferent cu'ltivars tested within the

same seedìng date aì I had the same rate of chlorophyll

breakdown i n both years of the study. The rate of

ch'lorophy'l I degradation w'ithin these four cultivars is

therefore ìnfluenced strongly by temperature.

A'lthough ch'lorophy'l I degradatìon occurs at the same rate

in each cu'ltivalit does not begin at the same time.

Cu'lti vars whi ch requi re longer growi ng seasons to mature

a'lso 'ini ti ate ch'lorophyl'l breakdown I ater, i ncreasi ng the

probabi'l jty that unacceptab'le seed chlorophy'l 'l levels wi l'l

remain at harvest. Westar and Tribute'initiated seed

chl orophyl 1 degradati on at approxi mately the same t'ime wi th

Regent fol'lowing 4-7 days'later and G'lobal a week or more

'later. Therefore, g'iven that chlorophy'l I degradation rates

are the same, a cultivar which requ'i res a longer growing

season to mature, has a greater 'l 'ikel'ihood of unacceptab'ly

h'igh seed chlorophy'l I 'levels remaining at harvest, in

compari son to an earl i er maturì ng cu'lti var.
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To summarize this section, the conclus'ions reached for
each objective are :

1) the four cultivars of -8. .n.flp.!L.H tested Westar,

Tribute, Regent and Global had essentia'l 1y the same

rate of seed chlorophy'l 'l breakdown in the same

env i ronment;

2) the time at which chlorophy'l 'l degradation is init'iated in

any given cultjvar is related to the relative maturity

of the cultivar; and

3) differences in chlorophyll degradatìon rates between

ear'ly and 'late seeding dates and between different
years are reduced by converting to GDD.
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4 .4 ..AGROMAN '' TRIALS

4.4.1 Genotypìc and Environmental Effects on Seed

Chlorophy j I Leve'ls at Harvest

Chlorophyl'l levels in the seed were measured for all

registered cano'la cultivars of both B. n"q.p"V."ç" and B.

,ç"e.np"ç"ç.ç.r.-i'-s_ grown at a number of sites'in Manitoba over a two

year period. C'l imatic zones are based on the average number

of f rost-f ree days and on soi'l types (see Append'ix F'igure

As).

The four objectives of th'is study were to determine the

fol I owì ng:

1) whether variation in seed ch'lorophyl l levels can be

attribut,ed to genotype i.e. cu'ltivar djfferences;

2) whether the location of the trial has an effect on the

chlorophy'l I content of the harvested seed;

3) whether chlorophy'l I ]eve]s are affected by year to year

variaÈion; and

4) wheÈher there is an 'interaction between genotype and

envi ronment.

The "Agroman" data was divided according to spec'ies into

two groups of data, one for H. n"e_p"\¿q and one for -8.

,ç_.Am_p-e"--s"_ç*f1".-ç_. The GLM procedure was f irst carried out on each

year's data at each ind'ividua'l 'location.
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Among the .8. "-c-"4.q¡p"ç.9.Ë.n."j...F- cultivars tested, none showed

significant differences ìn f ina'l seed chlorophyll levels in

1988 at any location in the trials. In 1989 when an

add'itional cu'ltivar (Parkland) was added to the study, t,here

were differences among cultivars at two'locations.

The B. n_ep.!{"-s- cultivars tested, however, showed

signif icant differences between cultivars at a'l I locations

in both years. A1 1 locations indicated cujtivar differences

at the 5% level of sign'if ìcance and most at the 1% ]evel .

The GLM analysjs by location also indicated that the

error variances Ì4ere high'ly heterogeneous among locations.

Homogeneity of experimental error variances 'is a

prerequisite for the GLM analysis of experiments combined

over locat'ions. A GLM analysis was run for each species ln

each year comb'ined over all locations and the results were

then mod'if ied accord'ing to Cochran and Cox (Cochran and

Cox,1957).

Some components of the'location by cu'ltivar interaction

may be heterogeneous due to env'ironmental variability

between locations. If the jnteraction mean square is

heterogeneous the F-test for iocations must be modified.

Accordìng to Cochran and Cox, the tabular F-value ìs

distributed approximately with 1 and p-l degrees of freedom

where p 'is the number of locations. This is a more

conservative test of locations wh'ich takes into account t'he

maximum distortion in F wh'ich could occur.
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Heterogene'ity among the experìmental error variances

inva'l idates the F-test of the interaction mean square

against the pooled error mean square. The F-value of the

locat'ion by cultivar interaction is djstributed
approx'imate'ly as the tabular F-value but the number of

degrees of freedom is reduced to t-1 and n'where t'is the

number of cultivars being tested and rì' is the number of

error degrees of f reedom assoc'iated wjth the locatìon with

the greatest error variance (Cochran and Cox,1957).

Fina1ly, heterogeneity of the experimental error

variances also affects the F-test for cu'ltivars. Cultivars

are tested agaìnst the interaction mean square instead of

against the pooled error term s'ince th js F-value w'i I I be

less disturbed by the error variance heterogene'ity (Cochran

and Cox, 1 957 ) .

Mod'ifjed GLM results for each species in each year

combined over locations are presented in Tables 20 and 21.

The data was ana'lyzed as a spl it-plot design with locations

as a main effect.
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Tabl e

.1_s_"g-q

Sou rce
Locati ons
Cu'l t i vars
Loc*Cu I t
Error a

( RePxLoc )
Error b

I9_"ç-e_

"Ç"qH!:-ç-ç
Locati ons
Cu I t'i vars
LocxCu I t
Error a

( RePx¡eç ¡
Error b

Table 21 z

1-e_"qg

-s""9-9.r"ç*e
Locat'ions
Cultivars
Loc*Cu I t
Error a

( RePx¡e6 ¡
Error b

"É19

9"q.s-r"çe
Locati ons
Cultivars
LocxCu I t
Error a

( RePxLoc )
Error b

20: Mod'if i ed

af
I
2

18
30

40

593. 78
15.11
32.38
46.98

27.26

M9
800.20

37.67
12.05
8.87

1 04. 65

8.43
0. 55
1.19

F-:-Ynl--v.-ç

90.22
9.96
3. 19

GLM Resu I ts f or .p. _q"e¡1.p-ç_ç_!_n._i'.ç Cu'lt'ivars
Combined Over Locations

MS F-Va'lue Mod, F ¡1"ç"W.......P.8 
"9."i..9..,.

8.43
o .47
1.19

(1.e)
(2,40)
(2 ,4)

DF

84

Mod. F lL-e"iY.. . PF "Ç "i.g.,.,-

9
3

27
30

90.22
3.12
3. 19

1,9) **
3,94 ) x
3,9 )

Mod'ified GLM Results
Combined Over

for E. n"e,p-1J'-s- Cul tìvars
Locati ons

.Dl:
I

10
90
20

Mg
3080. 77
1 958.98
341 .65
1 24 .82

1 14 .37

F-Va'lue
24.68
17.13
2.99

60.80
30. 71
2.77

f,----V"e.-L-q-e lLe-d.,........[

M"e-d.".,...H New DF 9-"i 9..
24.68 (1,9) xx
5.73 (10'200) xx
2.99 (10,20) x

New DF 9.1-9...'.

200

DF

10
17

170
33

545

M"q

10021.00
1277.99

1 15 .27
164.82

41.61

60.80
11.09
2.77

(1,10) xx
(17,545) xx
(17,46) --
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Within the P.'-c--qmp"e9l.¡..i"S cultivars, modif ied cLM resu'lts

indicated sign'ificant differences between locations in both

years of the study at the 5% level of sìgnìficance. In 1988

when three cultivars were tested, ño sìgnificant differences

between the cultivars were found. In 1989 when a fourth

cul ti var ( Parkl and ) was added, d'iff erences were found

between cult'ivars at the 5%'leve'l of s'ignificance. This

should be ìnterpreted wìth caution however, sìnce only two

of the ten i nd'iv i dua'l I ocati ons i nd'icated cu I ti var

d'i fferences and at most'l ocati ons a1 I .H. "ç_"emp-ç"ç.þ.f."i."s--

cu'ìtivars contaìned acceptab'ly low levels of chlorophyl'l

(<24 ppm). No interactions between location and cu'ltivar

were ind'icated in either year.

Among the B..n..3"p.ll"ç cu'lt'ivars tested, 'locations were

found to be significantly different in both years of the

study at the 1% level of sìgnificance. Cult'ivars were also

signif icantly different at the 1% 'level. A s'ignif icant

interaction between location and cu'ltivar was ì ndicated at

the 5% ]eve] in 1988 but not in 1989.

A new data set was then created which included on'ly

cu'lt'ivars and 'locations that were tested in both years of

the study. W'it,hin the Ê.-c_"?_¡¡.p*-e_-ç.1.f.j..S species, this included

three cultivars Tobin, Colt and Horizon and nine

locations. Wit,hin the B. n"ep_H.-ç. species, eleven cultìvars

and nine locations were included.
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and

and

A GLM was run'on this set of

it was modified accordìng to

Cox, 1 957 ) as before (Tables

data combined over years

Cochran and Cox (Cochran

22 and 23).

Tab'l e 22:

Sou rce
Year
Locati on
LocxYear
Error a

( LocxRep ( Year
Cu'lti var
Cu'l t*Year
Cu I txLoc
Cu I txLocxYear
Error b

Tabl e

Source

23: Modified

Year
Locat i on
LocxYear
Error a

( LocxRep(year

Modified cLM Resu'lts for S. .ç"emp_-e*"9.t.f-i..ç Combined
Over Years

DF MS F:-"Ya-!9"ç
6 .06

27.46
8.08

0.09
3.85
1 .66
1 .88

M"çd 
' 

.. 8
6.06

27,46
8.08

0.05
2.05
1 .66
1 .88

107 . 19
38.42
21 .29

9.01
2. 18
3.64
3.04

N-e"w. P[ -s-"ig,
1

I
7

42

225 .55
1021 .32
300.35
37. 19

1 .33
57.16
24 .66
27 .94
14.85

GLM Results
Over

MS-

1 1 299.31
4050.51
2244.03

105.41

2180.68
440 .84
241 .70
202.61
66.54

(1,9
(1,9
(1,9

*
**
x

))
2
2

16
14
81

))
10
10
80
80

442

1,9)
1,9)
1,9)

**
**
**

2 ,81
2 ,81
2 ,4)
2,4)

) --
):_

ti var
t*Year
txLoc

f or -8.
Years

F-"--Ye"l se
107 . 19

38 .42
21.29

32.77
6 .63
3.64
3.04

1O,442 ) x*
10,442) x
1 0,20 ) *x
10,2A ) x

DF

n"?_p!¿._s- Combi ned

Mod. F New DE -,S_.-i.g.''

1

I
8

45

Cu
Cu
Cu
Cu I t*LocxYear
Error b

Within the B._c"g!lp_"gg-t..f-i..9 cultivars, there were no

significant differences indicated at the 5%'level and

consequent'ly there were no significant'interactions
ìnvo'lv'ing cu'ltivars. Locations were sign'if icantjy different
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at the 1% level and years at the 5% ]evel. There were also

significant differences between locatìons by years at the 5x

I evel . Thi s 'ind'icates that I ocati ons perf ormed d'if f erentl y

in each of the two years so location effects should be

interpreted within each year separateìy.

The B.n"?p.H"g_ cu'ltivars showed sìgn'ificant differences at

the 1% level. Cultivars also showed significant
interact'ions with years at the 5% level and with locations

at the 1% 'ìevel. The inÈeraction of locat'ion by cultivar by

year was also signif icant at the 5% level . This 'indicates

that cultivars performed differently in comparisons between

years and between locations. The rankìng of each cu'ltìvar,
with respect to seed ch'lorophy'l 'l content, changes f rom one

'locatì on to the next so i deal 1y each cu]ti var's performance

shou'ld be assessed at each location of interest, rather than

assessing average performance over'locations and specific

recommendat'ions made for each 'location.

Years, locations and the interact'ion between the two

were also sjgnificant at the 1%]eve] ìndicat'ing that the

effect of 'location should be examined individua'l ly 'in each

yeaî of the study. Results 'interpreted 'in th'is manner are,

however, of very I i m'ited use.

These significant effects can be categorized as either
genotyp'i c , env i ronmental or genotype by env'i ronment ( GxE )

effects. Variation among cu'ltivars'is a genotypic effect

whi'le locations, years and the interaction of locat'ion by
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yea? are environmenta'l effects. There was a'lso a

sìgnificant GxE interaction as'indicated by the signìficance

of cultivar by locatìon, cultivar by year and cultivar by

'locat j on by year.

The f inal chlorophyl I 'levels reached in harvested cano'la

seed are therefore dependent on both the genotype of the

p I ant and env i ronmenta'l cond i t i ons .

4.4.1 .1 Genotypjc Effect

B. n-+"p.!:4"ç cu'ltivars had consìderab'ly higher seed

ch I orophy'l I 'leve'l s at harvest than Q . .g.emp_e"ç.[.f.]._ç cu'l ti vars .

At al'l locations ìn both years of the study, the 9.

"ç"-e,1¡.p-ç_g-ç..f."i..9 cultìvars ranked below al'l or most of the B.

n_qp.g"^s- cultivars on the basis of seed ch'lorophyl'l leve'l .

The B. -q.A.np_e.9.È_f..i..ç cultivars were combined over 'locations

and Duncan's means separation tests were carried out to

determ'ine cu]tivar differences in each year of the study

(Table 24).
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Table 24: Duncan's Means Separation Test Results for
the B . "c__em.p"ç"ç_T,..f."i..9 Cu I ti vars

1 988
Cu I t'i var
Hori zon
Colt
Tobi n

19"9_s_

-Çg"l L."i--v"er
Tobi n
Col t
Park i and
Hori zon

M-çân çhl -(ppil
11.3
10.4
10.0

Mean chl þ-pmi
9.0
8.2
7.9
7.1

r"qHp
A
A
A

A
AB
AB

B

Gr-qçl.p

There was no indication of any major differences in
chlorophyll content in harvested seeds of different

cu'ltivars of B. "ç-"en.p""e"gþr_i_g and all cultivars achieved

acceptab'ly 'low chl orophy'l ì 'level s ( < t O ppm) on average.

B. n"ep_ç1"ç cultivars, however, showed sìgnifìcant

differences in f inal seed chlorophy'l I levels. The 1989 cLM

indicated no significant location by cu'ltivar interaction
occurred so cultivar performance could be assessed over

locations. In 1988, there was a sìgnificant'locat'ion by

cultivar interaction at the 5% leve] but not at the 1%'level

i ndi cat'ing that the ranki ng of some cul t'ivars d'id change

between 'locati ons. For the sake of si mpl i ci ty however ,

Duncan's means separat'ion tests were performed, at the 5%

level of significance, orl the cu]tivars combined over

ìocations in each year of the study (Tab'les 25 and 26).
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Table 25: Duncan's Means Separatìon Test Results for the
R. n"e-¡¿.gg- Cul ti vars ì n 1 988

"Ç-q,L !i--v-e.!:
Ste'l 'l ar
Triumph (TT)x
Triton (TT)
Topas
Legend
G'lobal
A'l to
Westar
Regent
Trìbute (TT)
Delta
* (TT) 'indicates

ll.-e en. ""-c-h. "1. "(- 
p pm)

44.9
42 .2
37. 1

36.2
33. 1

32.1
30. 1

29.8
29.7
23 .1
16.4

9r"q-ç{.p
A
A
A
A

B
BC
BC
BCD
BCD

CD
CD
CD

DE
E

Table 26:.

Ç""v.."1 !,"i"v"e.n
Stel 'lar
Gl oba'l
Regent
Topas
Cel ebra
Prof i t
Triumph (TT)x
Westar
ACSN4TT (TT)
sv8525953 (TT)
Legend
Triton (TT)
Vanguard
Al to
Tribute (TT)
Hero
Hyol a 40
Del ta

a triaz'ine tolerant cu'ltivar

Duncan's Means Separations Test Results for
B. .n-?p1l.S Cu'ltivars in 1989

llcen "Çh""!-" -("ppÐ. 9r-q"vp

the

35.7
31 .2
29.5
26.0
24.7
24 .6
24.O
24.O
23.7
23.4
23.2
22.9
21 .8
20.6
9.3
6.5
6.3
3.9

A
AB

BCD
CDE

DE
DE
DE
DE
DE
DE
DE
DE
DE
DEF

EF
FG
FG

G

* (TT) indicates a triazine to]erant cultivar

Comparisons between the 8. -q-e0.P-e*9-!-f-i-s and 8. nep--U-g

cult'ivar means show that the g. _c3"1¡,P"ç"ç!.fj_ç. cultivars all had

signìf icantly lower seed ch]orophy'l I levels than any of the

-8. n-?.p-ç.Lg cultivars. This may be due to a more rapid rate of
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chlorophyl I degradation in "P. .ç"?ÍÌpe"ç.þ.f..i.S cultivars or to the

ear'l ìer maturity of the specìes, which a'l lows seed ripen'ing

to occur under conditions favorab'le to chlorophy'l l

breakdown.

Secondly, there has been some concern that triazine
tol erant cu I ti vars mi ght have ì nherentl y h'igher seed

ch'lorophyl I levels than other cultivars. The results of

this analysis showed triaz'ine toierant cult'ivars to have the

same range of seed ch'l orophy'l I contents as non-tr i az i ne

toìerant cul ti vars. Tri umph was ranked the h'ighest of the

f ive cultivars tested for seed chlorophyl I content over al I

tests and Tribute the 'lowest. The two newer cultivars whìch

were registered in 1990 ACSN4TT (AC Tristar) and SV8525953

had 'intermediate levels of seed chlorophyl'l .

The non trjazine tolerant cultivars of .P. n"e.pl,L.g also

showed a wide range of ch'lorophyl I levels. Stel lar was

ranked consistent'ly high for seed ch'lorophyl I 'leve'ls at

harvest. G'lobal al so tended to be rel ati ve'ly hi gh. Three

of the newer cultivars to be deve'loped - Hero, Hyola 40 and

in particular Delta - ranked consistently low in terms of

ch I orophy I 'l content .

In order Èo determine whether 'low chlorophyl l levels

were associated with early maturity, the correlation between

average chlorophyll content at harvest and days to maturity

was determined for each cuitivar. The maturat'ion time for

each cu'ltivar is given 'in the Appendix (Table A5).
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Maturation time was taken f rom the 1990 Fieìd Crop Variety

Recommendations for Manitoba with information on additiona'l

cu'lt'ivars provided from Co-op triaìs. In 1988, the

correlation coeffjc'ient was 0.79, in 1989 it was 0.76 and

combined over both years the correlation between chlorophyll

and maturati on ti me was 0 . 80. These va'lues are qu'ite h i gh

and support prevjous results which indicated that cultìvars

whi ch mature earl i er a]so undergo seed chl orophyl l

degradatìon earlier in the growing season so less remains at

harvest.

The two most noÈab'le exceptions to this are Stellar and

Delta. Stel]ar requ'i res onìy 94 days to reach maturity 'in

Manitoba. This is in comparison to 92 days for Westar and

100 days for G'lobal . However the seed ch'lorophy'l 'l content

of Stellar is consistently higher than Global at harvest.

Delta, oñ the other hand, requires 93 days to reach

maturity, mìdway between Westar and Regent. However the

seed chlorophyl I content of De]ta at harvest 'is considerably

lower than either Westar or Regent. The number of days that

a cultivar requires to reach maturity is therefore not the

only factor contributing to the final seed chlorophyll

level .

Previous research has indicated that there are no

sìgnificant differences in chlorophyll content between

different cu'ltivars of the same species either Q. n-Ap-!J"ç or

R. -çe.$p"ç*qg..C"j._g (Daun,1987). Th'is study supports t'his
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conc'lusìon for B.-ç_e.¡¡.p*q.9.1..f._i.'ç, although it should be noted

that on'ly f our cul tì vars were tested. The I ack of variati on

in ch'lorophy'l I content may be due to the relative1y ear'ly

maturity of these cultìvars aì lowing them al I to achieve

acceptabl e ch I orophy'l 'l I eve I s by harvest ti me.

However, there were sìgnificant differences in seed

ch'lorophy'l 'l contents at harvest among d jfferent cultivars of

R. .¡.3p,!.1.9 'in the "Agroman" trìals. Thìs does not necessari ìy

contradict ear'l ier research.since in most cases the

cu'ltivars whìch had the extremes in chlorophy'l I levels are

newly reg'istered cultivars, for example Ste1lar, havìng very

high ch]orophy'l 'l ìeve'ls, and Delta, Hero and Hyol a 40 hav'ing

low chlorophyl I contents. There were also sìgn'if icant

differences between the ch'lorophyl I contents of the o'lder

cultivars, although the differences were not so extreme.

fn conclusion, genotype does have a sign'ificant effect

on the final chìorophyll content of canola seed at harvest,

as .H. ¡.epg'g cultjvars have consistently higher seed

chl orophy'l'l'l evel s than E. .gg.q¡.p""çS.9.!:.-i.-ç cul ti vars. Seed

chlorophyl'l contents vary signif icantly among different

cu'ltivars of B. n_ep"H*q, both the normal and the triazine

tolerant cu'lt'ivars.
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4 .4 . 1 .2 Env'i ronmehtal Ef f ects

The inf luence of envi ronment in the "Agroman" tria]s

consisted of three variab1es locations, years and the

interaction between location and year.

Within the B. -c_,e.r-r.'"p"ç-9.!..f..i..9 
cu'ltivars, locations were

sign'if icantly different at the 1% level , years at the 5x

level and the interaction of iocation by year was

s ì gnì f i cant at the 5% I eve'l .

Duncan's means separation tests were performed to

compare the different locatjons 'in each year of the study

(Tables 27 and 28).

Table 27: Duncan's Means Separation Test Resu'lts Comparing
Locat'i ons Wi th i n the B. "ç-_emp_q"ç"!:-i.,"ç Spec'i es i n

1 988

Me"an" "Çh."'1.-...(.pp-il. .Ç.r.s-!=tpL"e"c.a-Çi"-o-n

Mel i ta
Bagot
Beausejour
Swan River
Shoa'l Lake
Teu I on
Mari apol ì s
Waskada
Robl i n
Dauph i n

23.1
17 .1
16.6
14.8
14.0
12.8
4.9
2.2
0.8
0.0

A
AB
AB
AB
ABC

BC
CD

D

D

D
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Tab'l e 28: Duncan ' S Means Separat i on Test Resu I ts Compar i ng
Locati ons Wi th i n the Q. .-c""em"p-ç.9-_l:.r.-ì..s Spec i es i n

1 989

_1"_g_ç--e_t 
j."-o*n

Teu I on
Shoal Lake
Beausejour
Me'l i ta
Wi nn j peg
The Pas
Mari apol i s
Swan River
Robl i n
Dauph i n

Tab'le 29:

!--qsati.qn
Shoal Lake
Waskada
Bagot
Mel i t,a
Teu I on
Mariapolis
Robl i n
Beausejour
Swan River
Dauphi n

Ueen "Çhl (ppmi
z',t.9
16.3
13.7
12 .2
7.5
EF9.9

1 .7
o.7
0.7
0.6

Duncan's Means Separation Test
Locat'ions W'ithin the þ. .nap_-\¿g

U-ean-"-ç!rl --f p"pm)

49 .2
44.6
41 .8
32 .5
29.0
28. 0
27 .e
26.0
23.2
20 .4

Results Comparing
Specì es 'in 1 988

"Qn-qj*{p-
A
AB

B

"Ç"r"q*!,tp
A
B
c
c
D
D
E

E
E

E

With'in the 8.. n"ep"V.F- cu'ltivars, years, 'locations and the

interact'ion of the two were a]'l signif icant at the 1% 'level.

Duncan's means separation tests were done to compare the

different 'locations based on ch'lorophy'l I leve'ls w'ithin the

P. n"eplt*q cu1tivars (Tab'les 29 and 30).

c
CD
CD
CD
CDE

E
E
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Table 30:

*L-_q-c-_e-t.-j.._-o"_n

The Pas
Teu'l on
Me'l 'ita
Beausejour
Mari apol i s
Shoa'l Lake
Bagot
Wi nni peg
Swan River
Robl i n
Dauph'in

Duncan's
Locati ons

Means Separatjon Test Results
W'i th i n the _B . .n"?p.g-q Spec i es

lfçen --çh-1 "(ppil 9r-q-vp
50. 7
32.4
28.9
27 .9
27 .5
23 .5
9.2
7.2
1.9
1.8
8.8

Compar i ng
in 1989

A
B
c
c
c
D

E

F
G

G

H

The ranki ng of chl orophyl 'l I evel s at most I ocat'ions

changed from 1988 to 1989. Dauphin had s'ignificantly lower

seed chlorophyl I 'levels than a'l I other locations tested in

both years of the study. Dauphin was fo] lowed by Swan River

and Robl'in, both of which are also in the central western

region of the province. From the data ava'i lab'le 'it is

impossib]e to te] I exactly whìch aspects of the environment

are affecting seed ch]orophy'l I 'leve'ls but a few observations

can be made.

The seed harvested from Dauphin, Swan River and Roblin

had 'lower ch'lorophyl j levels than seed from areas such as

Waskada and Melita located in the drier southwest corner of

the province. The drought that affected th'is area may have

been a contributing factor to the high ch]orophy'l 'l 'levels.
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The Pas, located north of al I other s'ites, not

surprisingly produced seed with the highest chìorophyll

levels in the trials averaged over al I .H. n.ep.çl-ç cultivars.

Lower temperatures in this area durìng the ripening perjod

may exp'lain th'is. It can a'lso be noted that seed from The

Pas does not have the highest chlorophyl ì leve'ls when

averaged over the B. .çgnp"e-ç.È_f."i..9 cultivars. This suggesÈs

that the shorter growìng season may be the primary problem

contri buting to the high seed chlorophyì'l 'leve'ls in the B.

n"ep.H.-s- cultivars grown at northern 'locations.

Location differences must be interpreted with caution

since each s'ite in the "Agroman" tria'ls was seeded and

harvested on d'ifferent dates and management was not

necessari 1y un'iform. Each site dìffers in a w jde range of

variables including temperature, length of grow'ing season,

precipitation and soi I type. Therefore it, is impossib'le to

determine which envi ronmenta'l variables are affect'ing seed

ch]orophy'l 'l breakdown. The microcl imate of the plots may be

more important than weather conditions in the genera'l area.

There was aìso a significant difference in the average

chl orophy'l 'l I eve'l of the seed harvested i n 1988 and 1 989.

Drier cond'itìons in 1988 may have contributed to the higher

ch'lorophyl'l levels. A'lso it shou'ld be noted that there was

a si gni f i cant 'locati on by year i nteracti on conf i rmi ng that
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the envi ronment inf luences chlorophy'l I 'leve'ls jn harvested

canola seed.

4 .4 . 1 . 3 Genotype By Env i ronment I nte ract'i on

When the data was comb i ned over years , ño s i gn'i f i cant

interactions between genotype and env'ironment occurred among

the B. "ç-A.¡;¡1p""p-ç.L..f."i."ç cu'ltivars, ref lecting the sma'l I amount of

variation between the ind'ividua'l cu'ltivars. Among the B.

n"qp.H..g cu'ltivars, however, sìgnificant genotype by

envì ronment i nteracti ons were f ound. The cu'lti var by

'location interaction was sìgnif icant at the 1% 'level, whi'le

the cu]t'ivar by yearinteraction was signìficant at the 5%

level. The three way interaction of location by culÈivar by

year also was s'ignìf icant at the 5X 1evel . Thus none of the

varjables examined inf'luence seed chlorophyll content

i ndependentl y.

For example, the locat'ion by cult'ivalinteraction,

indicates that not onìy did the absolute value of the

chlorophyll content of each cultivar change from one

location to t,he next but a'lso the re'lative ranking of the

cultivars changed. This can be seen by comparing seed from

The Pas, wh'ich had high chlorophyll levels for a] 1 cu'lt'ivars

to seed grown at Dauphjn which had much lower levels. The

relative ranking of each cultivar also changed at each

location. A few of the cu'ltivars were quite stable - for
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examp'le, Ste'l 'lar consistently had the highest seed

chlorophyll levels and Delta the 'lowest among t,he B. n_e_p.g.._s-

cu'ltivars tested. However other cultìvars such as f{estar

and Regent changed in rank.

Similarly, interactions of cultivar by year and cultivar

by location by year indicated that cultivars performed

d'ifferently at different s'ites and in different years.

These ìnteractjons between genotype and envjronment

i nf 'l uence seed ch I orophy'l I I eve I s at harvest .

4.4.1.4 Summary

Both the genotype of the plant and the environment in

which it is grown contributed signif icanÈly to chlorophy'l l

'ìevels in _H. .n.e.p.ll.g seed at harvest. Under a range of

envi ronments, B. .n_ep.Ll-ç cu'ltivars had sign'if icant'ly higher

chlorophyl I contents than B. "çAm.p.ç.9-!;.-i._g cu'lt'ivars. There

was f ittle variabi I ity among the different cult'ivars of B.

_c."flmp_ç-ç_ç¡-i.g tested but sjgnif icant d'ifferences did exist

among the B. .negg"ç cultivars, both the normal canola and the

triazine toleranÈ cultivars.
Locat'ion and year al so af f ected chl orophy'l I I evel s and

each variable interacts with the genotype of the plant.

Although certain cultivars and ìocations that produce seed

with hish and ìow chìorophyll levels can be identifjed, ìt
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is clear that each cultivar must be tested at each location

over a number of years to adequate'ly assess ìts performance.

When se'lectìng a cultivar to grow at a particular site
'it is important to choose not only a cultivar which performs

wel'l in general , but also one that is adapted to the growing

area. Cultivars must therefore be tested over a wìde range

of sites over a number of years and their performance'in any

given area determined,
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4.4.2 THE EFFECT OF DIFFERENT SEED SIZES FROM THE "AGROMAN"

TRIALS

In each year of the study, the six 'locations showìng the

highest seed chlorophyl I 'leve'ls were chosen for further

study. The bulk seed samples from each plot were subdivided
'into sma'l l, medium and large seed samples usìng s'ieves as

described prev'ious'ly for the swathing study. Five cultivars

of P. .n-q.p.H..g þrere inc'luded in th'is study Westar, G'loba'l ,

Regent, TFi bute and Tri ton and four repl'icates of each

were ava'i 'labl e at each I ocati on.

The purpose of the study was to determine whether the

smal'l seeds contain the most chlorophyll and whether the

cu'ltivars w jth high seed chlorophyl I contents at certa'in
'locat jons contain greater quantit'ies of sma'l 'l seed.

The average seed chlorophyl I content of each subsample

showed clearly that as seed size decreases, the ch]orophy'l l

I eve'l 'in the seed i ncreases. These resul ts were consi stent

ac ross a'l I cu'l t i vars and I ocat i ons tested .

Graphs compar i ng the ch I orophy'l 'l I eve'l s of each s i ze

class of seed for each cu'ltìvar are presented'in Figures 23-

34 for each location tested.
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Fig. 23¿ Conparison of chlorophyll 1eve1s in snall, medium
and large seed from the 19BB "Agroman" trials
Bagot.

Globol Regent Tribute Triton Westor

Conparison of chlorophyll levels in small, mediun
and large seed from the 1988 "Agromart" trials
Mariapolis.
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Fig. 25¿

Globol Regent Tríbute Triton Westor

Comparison of chlorophyll levels in snall' medium
and large seed from the 1988 "Agroman" trials
Melita.
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Fíg. 26¿ Conparison of chlorophyll levels in snaLl' medium
and large seed from the 1988 "Agroman' trials
Robli.n.



105

175

150
trõ 125
o-

; 1oo
-co-e75o
õs0

25

0 Globol Regent Tribute Triton Westor

Fig. 27¿ Comparison of chJ-orophyl1 levels in snall, medium
and large seed fron the 19BB "Agroman" trials -Shoal L,ake.

Globol Regent Tribute Triton Westor

Comparison of chlorophyll levels in snall, medium
and large seed fron the 1988 'Agronan" trials -
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Fig. 29t Conparison of chlorophyll ]evels in small, medium
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Beausejour.
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Fig. 30: Conparison of chlorophyll leve]s in small, medium
and- large seed from the 1989 "Agroman" trials -
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Fig. 31: Conparison of ehlorophyll levels in small, medium
a¡rd large seed from the 1989 "Agroman" trials
Melita.
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These resu'lts are consistent with results obtained from

the swath'ing study. The small seeds are those which form

later during the growing season and therefore have had less

time for ch'lorophyl l degradation to occur before harvest.

The percentage of seed fa] ling into each size class was

measured for each cu]tivar at each location. It was

hypothesi zed that t,he cultivars and 'locations containing the

highest levels of seed chlorophy'l I wou'ld also contajn the

largest percentage of smal I seed. However, no significant

corre'lati on between the chl orophy'l I content and the

percentage of sma'l I seed present was found in either year of

Èhe study.

The results of the swathing study presented earlier

indicated that the high ch'lorophyl l treatments contained the

most smalI seed. In the "Agroman" trials, however, there

was not a great deal of variabi] ity ìn the percentage of

seed falling into each size c'lass between different

cu'ltivars or locations. In fact, the greatest difference

was between the two years of the study. In 1989, a much

greater percentage of sma'l 'l seed was produced by a] 1

cu]t'ivars at al'l locations. The percentage of medium s'ized

seed did not vary as great'ly and the percentage of large

seed decreased in 1989. This was 'l ikely an environmental

effect. Average chlorophy'l I levels did not change as

drast'ically from one year to the next however. The
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percentage of seed fal'l ing into each size class in each year

i s p resented 'i n Tab'l es A6 and A7 'i n the Append ì x .

In the first year of the study, thousand seed weìghts

were a'lso determined for each size class in each group.

These are summarized 'in Table A8 in the Appendix and

i ndi cate, not surpri si ngl y, that the 'larger seed i s a]so

heav'ier. Therefore seeds could be separated into different

c]asses based either on size or weight.

In summary, the smallest seeds in any given samp'le do

contain the highest chlorophyì'l 'levels. A correlation

between the seed ch]orophyll content and the percentage of

smal'l seed present is not supported by this study however.

Seed s'i ze was found to vary from year to year to a much

greater degree than seed ch'lorophyl I content. Either seed

s'ize or seed we'ight could be used to separate seeds'into

d'ifferent si ze cl asses.
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5.0 SUMMARY AND CONCLUSIONS

These studies have investigated a number of factors

affecting the level of chìorophyll in canola seed at

harvest, 'in order to determine how best to reduce the

chlorophyl I problem.

It was found that cano'la seed can be frozen and stored

for up to one month in the freezer, eithelin the pods or

after removal, without a significant change in chlorophyll

content. Samples can therefore be stored for later analysis

without concern for chlorophyll degradation.

The swathing study investigated the contribution of seed

f rom the side branches to Èhe ch'lorophyll problem and t'he

effect of rapid drying conditions on the final chlorophy'l I

content of the seed. Seeds from side branches contained 1.5

to 2 times as much ch'lorophyll as seeds from the main stems.

The indeterminate flowering habit of canola results in Èhe

formation of immature seed on the branches which can

contribute significantly to the chlorophyll probìem.

Plants which were dried rapidly in a drying room

contained seed chlorophyll levels 1.5 to 6 times higher than

plants which þúere swathed and allowed to mature in the

f ield. Rapid drying apparently ha]ts chlorophyl I

degradation due to the unavai labi 1 ity of moisture.
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Factors such as branch'ing and rapid drying contribut,e to

the format'ion of large amounts of smal'l seed. These seeds

are the most immature on the p'lant. As a result, when

harvest and dry down halt seed chlorophyll degradation,

these seeds tend to f ix chlorophy'l 'l at a higher level.

The rate of chlorophyll degradation was invest'igated in

four cultivars of E. .ng¿qg - Westar, Regent, Tribute and

Gìobal. The rates were not significantly different under

the same env i ronmenta'l cond i t i ons . Th'i s suggests the same

metabolic pathway is active in all cult'ivars tested. Late

seeding resu'lted in slower rates of chlorophyl I degradation,

caused aÈ least in part by the lower temperatures during the

ripening period late in the growing season.

The time at which chlorophyll degradatìon is initiated
is dependent upon the t'ime that the cultivar requires to

mature. Cultivars which begin chlorophylì breakdown later
are morê 'likely to be exposed to adverse environmental

conditions, such as low temperatures, during seed ripening.

As a result, these cultivars tend to be harvested

premature'ly and contain high seed chlorophyl I levels.

Seed collected from all cult'ivars in the "Agroman"

trials was analyzed to investigate the contribution of

genotype and environment to the level of chlorophyll in

canola seed at harvest. Both the genotype of the plant and

environmental variabìes affect the chlorophyll content of

canola seed. g. nspgs cuìtivars contained significantly
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higher seed chlorophyl I levels than B. -ç.UæSgLi._q cultivars.

Among the B. gêflp_gg!_fj5 cultivars tested, there were no

signif icant differences in the f inal chlorophyl l leve'ls, and

all cultivars achieved acceptably low (<Z¿ ppm) chlorophyll

levels. There was considerable variation among the.þ. nep".Lrg

cultivars wit,h and without trìazine tolerance. Stel lar
tended to contain particularly high seed chlorophyll levels

whi]e Delta, Hero and Hyol a 40 contained quite low levels.

A positive correlation was established between the

number of days to maturit,y and the final seed chlorophyll

content of the cultivars in the study. Premature harvest of

late maturing cultivars results in the fixation of seed

chlorophyll at high levels. However, exceptions to this
also occur, indicating that the length of growing season

required is not the only factor contributing to final seed

chlorophyl 1 levels.

The seed chtorophy'l t level at harvest for each cultivar
varied considerably by location indicating that the

environment has a significant effect on seed chlorophyll

degradation. Environmentaì variables that may be involved

include temperature, available moisture and length of

growing season. Management practices may also contribute to

the cu'lti var by 'locati on i nteracti on.

A significant interaction also exists between the

genotype of the plant and the environment. while some

cultivars ranked consistently high or low in terms of seed
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chlorophyl I content at a'l 1 locations, ot,her cultivars
changed rank considerably at different sites. Therefore

both the genotype of the plant and the environment in which

it is grown contribute significantly to seed chlorophylì

levels at harvest. Certain cultivars which consistentìy

contain h'igh or low levels of chlorophyl I can be ident,if ied.

Simi 1arly, locat'ions which regu]arly yield seed w'ith high or

low chlorophyl 1 contents can be identìfied. However, in

order to adequately assess the performance of any given

cultivar it must be tested at, each location of interest over

a number of years.

The f inal ch'lorophyl l 'level reached in harvested canola

seed is therefore dependent on a number of factors. The

genotype of the plant is one such factor, both the species

and the cultivar within the species. Agronomic practices

including late seeding, low seeding rates and swathing

during periods of high temperature all contribute to the

formation of small immature seed which may contain high

levels of ch'lorophyll. The environment also plays a

significant role in the seed chlorophyll level reached at

harvest and there is a significant interaction between the

environmental conditions and the genotype of the plant. A

better understanding of the factors that affect the level of

chìorophyll in canola seed is the first step in reducing the

chlorophyl I problem.
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6.0 APPENDIX

Table A1: Growth Stage Key for Brassica Crops

-S_IAçF 9E-s__çR-LP-ïI9ll. oF P!=AN"T

0 Preemergence

1 Seedl i ng

2 Rosette

2 . 1 F i rst true 'l eaf expanded
2.2 Second true 'leaf expanded

(add 0.1 for each additìonal leaf)

3 Bud

3.1 Inf'lorescence visib]e at centre of rosette
3.2 Inf lorescence raised above ]eve] of rosette
3 . 3 Lower buds yel 'lowi ng

4 Flowering

4.1 First flower open
4.2 Many f'lowers open, lower pods e]ongat'ing
4.3 Lower pods starti ng to f i 1 

'l

4.4 Flowering complete, seeds enlarging

5 Ri penj ng

5.1 Seeds in 'lower pods fu11 size, translucent
5.2 Seeds in lower pods green

. 5.3 Seeds in 'lower pgds green-brown mottled
5.4 Seeds in jower pods brown
5.5 Seeds in all pods brown, plant senescent

( Harper and BerkenkaÍìÞ , 1 975 )
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Table A2: Growth Stage Data for Fie'ld Material

"1._s_"89

EARLY SOWING - MAY 1 7th

l.lestar
Tri bute
Regent
Gl obal

f,lestar
Tri bute
Regent
Gl obal

Westar
Tri bute
Regent
Gl obal

"çm"e.r99
May 27
May 27
May 30
May 27

9m"çî-9_ç
June 17
June 20
June 20
June 1 I

em_çr"g_e
May 19
May 19
May 19
May 19

3--'...-1..

June 21
June 20
June 22
June 29

"9_,..."1

July 11
July 13
Ju'ly 13
Jul y 20

"-a-..'.-"!..

June 27
June 27
June 29
Ju'ly 4

"4 
'-1July 20

July 20
Jul y 20
July 29

Þ-..'...-3-

Aug
Aug
Aug
Aug

Þ-.'.9-

Aug 17
Aug 19
Aug 19
Aug 29

P-..'..--5-

Aug 15
Aug 15
Aug 22
Aug 24

5
I
10
15

2
2
5
10

-5"..r."4

Aug
Aug
Aug
Aug

LATE SOWING - JUNE 7Th

E '."4 -5- '.Þ-Aug 26 Oct
Aug 26 Oct
Aug 26 Oct
Sept 1 3 NA

3
?

3

l._s_"9_s_

FIRST SOWTNG - MAY 1 0th

"9,.'!
June 1 I
June 1 9
June 1 I
June 21

4...r...1..

June 25
June 25
June 27
July 1

-Þ".....-3-

Ju'ly
July
Aug
Aug

þ-..'..-4

Jul y 31
July 31
Aug I
Aug 14

9..',*,
Aug 14
Aug 14
Aug 14
Aug 21

5.4x

-5-..'...Þ-

Aug 14
Aug 14
Aug 21
Aug 24

5"-'.þ"

Aug 24
Aug 28
Sept 5
Sept 5

5.5

28
28

3
I

SECOND SOWING - MAY 24t,h

_qng-.rge
Westar June 5
Tribute June 5
Regent June 5
G'lobal June 5

"9-"1. -4..,-1.

June 29 Ju1 y
June 29 July
June 29 Ju'ly
July 3 Juiy

þ- 
'-34 Augg

4 Augg
5 Aug 11
10 Aug 14

THIRD SOWING - JUNE gIh
-e,m*e.ng_q 3-.'_-1.. "+"._._"L ,-5",-_3_

Westar June 23 July 13 July 19 Aug 17
Tribute June 23 Jul y 10 Ju'ly 17 Aug 17
Regent June 23 Ju'ly 13 July 19 Aug 24
Global June 23 July 17 July 24 Aug 28

* plants were swathed after 5.3
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Tab'le A3:

PA]E

05/17
05/18
05/19
05/20
05/21
o5/22
05/23
05/24
05/25
o5/ 26
05/27
05/28
05/29
05/30
05/31
06/o1
06/02
06/03
06 /04
06/05
06/06
06/07
06/08
06/09
06/10
06/11
06/12
06/13
06/14
06/ 15
06/1 6
06/17
06/18
06/19
06/20
06/21
06/22
06/23
06/24
06/25
06/ 26
06/27
06/28
06/29

Daily Weather Condjtions Recorded During
1988 Field Study

TEMPERATURE

the

u I"çH( c)
25 .4
30. o
1 8.0
14.0
19.7
25.9
21 .3
24 .5
30.9
25.9
31 .1
30.0
32.9
31 .7
34.5
33.9
31 .0
32.2
36.5
36. 1

35.6
37 .3
26.O
27 .3
32.9
36 .6
26 .0
25 .5
17.0
17.9
23.9
32.0
30.6
30.0
33.4
32.7
26.O
28 .3
34.5
25.6
28.2
33.8
25 .1
26.O

l-91{( c)
6.0

13.7
11.1
11.2
9.9
7.3

11.0
5.4

11 .4
7.7

12 .4
14.0
15. 7
18.3
z',t .1
21 .4
18. 9
17 .2
14 .2
21 .9
20. I
19. 3
14. 3
8.7

13.7
17.5
18. 1

15.9
13.8
11.4
7.3

12.8
17.5
17.8
14.3
22 .5
15. 9
13.7
17.3
15.5
13. 1

't6.2
16.4
11.0

MEAN RAIN S-9I.AR
( cal /cm
641.0
440.O
239 .0
205.0
429.O
690.0
686 .0
676.0
550.0
548.0
619.0
465.0
619.0
547 .0
633.0
569.0
664.0
666 .0
683. 0
694.0
706.0
679.0
670.0
717.O
659.0
642.O
364. 0
704.0
107 .0
429.O
709.0
588.0
457.0
712.O
634. 0
609.0
668.0
446.0
527 .O
567.0
638.0
623.0
485.0
741 .O

GDD
( c)
16.9
19. 1

14.0
12.9
13. 9
17.6
16.9
15.7
20 .5
18.3
22 .2
21 .9
24.6
25.7
27 .9
26 .6
25 .2
25.5
26 .8
29 .3
28.9
28 .8
20.5
19.1
23.8
26.8
22.6
20.8
14. 9
14 .7
16. 7
22.4
24.4
24.9
24 .4
26.9
20.9
20 .5
24.2
20 .3
21 .3
25 .3
20 .3
19. O

(mm)
0.0
8.9
RA
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
5.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
o.0
0.o
0.0
0.0
7.9
0.0
0.0
8.4
1.3
0.0
3.3

12 .2
0.0
0.3
0.0
0.0
6.1
0.0
0.0
0.0
2.3
2.5
0.0
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Tab'le

PA"TF
06/30
07 /o1
07 /02
07 /03
07 /o+
07 /05
07 /06
07 /07
07 /08
07 /09
07 / 1O
07/11
07/12
07/13
07/14
07/15
07/16
07 / 17
07/18
07/19
07 /20
07 /21
07 /22
07/23
07 /z+
07 /25
07 /26
07 /27
07/28
07 /29
07 /30
07 /31
08/o1
oe/02
08/03
08/04
08/05
08/06
08/07
08/08
08/09
08/ 10
08/11
08/12
oe/13
o8/14
08/15
08/16

28 .7
28 .4
29 .8
32. 3
31.0
31.5
29 .3
27 .O
31 .0
23.0
20 .1
24.4
29 .5
27 .5
22 .2
26 .5
26.8
27 .3
27 .4
27 .5
28.0
29 .6
34.7
28. 1

27 .1
31 .7
32.3
35 .3
36.4
29 .4
29.6
26.7
26.9
25.0
25 .4
25 .8
34.2
38.9
28.5
25 .4
31 .8
37 .3
29 .3
28.8
26 .2
31 .2
35. 6
29 .',|

9.2
14. 6
14. 3
17.9
17 .1
1 9.4
21 .1
19.1
15.6
16.5
11.8
10 .2
10. 7
1Ã A

13.1
16.3
12.9
12 .8
15.5
12 .8
13.4
5.0
4.8
6.2
3.5
5.8
8.7
9.3

21 .8
17 .4
14. 6
16.5
14.0
15.8
17.9
14.0
12 .5
16 .4
14 .8
9.5

16.2
17.6
16. 7
16.8
17 .8
17 .2
16.9
20 .1

MFAII
20 .3
20.8
22 .6
25 .4
25 .4
23 .7
24 .4
22.9
23 .8
20 .3
16.0
18.0
19. 5
?1 .O
18.4
21 .0
19. I
20. 6
21 .3
1 9.8
20 .7
22.8
25 .4
23.0
20.9
23 .5
25.O
27 .7
27 .5
23 .1
22.5
21 .7
20. 3
20 .8
21 ,4
20 .5
23 .8
28.2
22.9
18.4
23.7
27 .1
23.7
21 .1
21 .e
23 .9
26.5
24 .3

BAIN
0.0
0.0
0.0
0.0
0.0

22 .6
1.3
1R
0.0
0.0
0.0
0.0

12 .2
0.0
1.0
0.0
0.0
0.0
0.0
1.3
0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.3

12 .7
0.0

15.5
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
4.3
0.0
0.0
0.0
0.0

736.0
480.0
701.0
533.0
606.0
325.0
316.0
616.0
619.0
642.O
434.O
591.0
564.0
678.0
315.0
682.0
374.O
638.0
597.0
484 .0
627 .O
579.0
659.0
413.0
593.0
440.0
602.0
642.O
439.0
550.0
629.0
582.0
356.0
236 .0
553.0
446.0
605.0
540.0
427 .O
569.0
544.0
500.0
512.0
363.0
242.O
546.0
557.0
358. 0

*
15.8
32 .2
47 .7
66. 5
89. 7

107.6
1z',t . O

139. 7
161.8
180. 5
196. 6
213.4
232.3
253. I
27 3.1

A3 ( conti nued )

H"l"çH l,.Qt.r SOLAR GDD
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Tabl e

PA"ÏH
08/ 17
08/1e
08/19
oe/20
08/zt
oe/ 22
08/23
08/ 24
08/ 25
oe/26
08/ 27
08/ 2e
o8/ 2s
08/30
oe/ 31
09/01
oe/02
0el03
09/04
os/o5
09/06
os/07
os /08
09/09
os/10
09/11
os/12
09/13
09/14
09/15
oe/16
09/ 17
os/18
09/19
os/20
09/21
os/22
os/23
09/24
os/25
09/26
09/27
09/2e
09/29
09/30
10/01
10/02
10 /03

26. ô
27 .4
28 .3
28 .5
28.4
27 .4
20 .2
27 .2
21 .5
23 .7
14. 6
17.6
21 .5
26 .2
26.0
27 .1
22 .8
26 .4
21 .9
18. 9
26 .7
27 .1
18. I
18.7
17.0
{4 1I t.l

15.7
20 .2
22 .6
23.1
15. 1

22 .6
12 .4
10.3
10.2
10.8
17.6
17 .4
19.3
't 2.5
17.4
10. 3
12.9
17.4
24.O
14 .4
14.',|

7 .7

L-gvr

18. 5
16.7
12 .3
14.8
18. 5
15.1
15.3
10. 9
13.8
10 .2
10.0
10. 9
12.3
8.5

1? t)

10. 5
13.4
1 3.9
11.3
6.9
2.9

13 .2
11.6
8.6
2.6
9.1
7.2
8.9
3.9

10.2
12 .9
9.2
7.4
4.O
3.2
6.4
7.O
4.2
4.6
2.7
7.6
4.7
6.4
4.3
8.6
2.2

-0. 1

-3.8

ME.AIi
22.1
21 .1
20 .3
21 .2
22.1
20 .5
17.8
19.2
17 .5
1 5.6
12.1
13.8
16 .0
17 .4
19.0
18.8
17.9
19 .7
16. 5
13. 3
15 .2
1 9.4
15.6
14.2
10. 3
10.4
11.5
14. 6
1 3.3
16.7
14.0
1 5.9
9.9
7.2
6.7
8.6

12.3
10.8
12.O
7.6

12 .5
7.5
9.7

10. I
16.3
8.3
7.O
2.O

RA--rN.

0.0
0.0
0.0
1.3
7.9
0.0
0.0
1.5
0.0
1.0
0.3
0.0
0.0
nn
0.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
9.4

28.O
0.0
0.0
0.0
0.0
0.9
0.0

13.0
1.8
0.6
o.2
o.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.2
0.0

528.0
370.0
410.0
409.0
210.0
494.0
200.0
503. 0
354.0
242 .0
166.0
232.O
464.O
507 .0
376.0
439.0
324.O
47 8.0
476.0
497 .O
485 .0
265.0
374.0
448.O
169.0

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

290 .2
306.3
321.6
??7 a

354. I
370.4
383. 2
397 .4
409.9
420 .5
427.6
436 .4
447.4
459 .8
473.8
487 .6
500. 5
515.2
526.7
535 .0
545.2
559.6
570.2
579.4
584.7
590. 1

596.6
606 .2
614. 5
626.2
635.2
641 .1
651 .0
653. 2
654.9
658. 5
665.8
671.6
678.6
681.2
688. 7
691.2
695.9
701.8
713.1
716.4
718.4
718.4

A3 (continued)

HIGH SOLAR GDD
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Tab'le

DATE

10/04
10/05
1o/oo
10/07

8.5
11.8
1 9.8
20. s

-6. 5
-2.6
-.t n

4.5

1.0
4.6
9.4

12.5

0.0
0.0
0.0
0.0

A3 (continued)

HTGH LOW MEAN RAIN SOLAR GDD

NA
NA
NA
NA

718.4
718.4
722.8
730.3

* GDD cal cu'lated from August 2nd
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Table A4: Daì ly Wêather Condit'ions Recorded During the
1989 Field Study

IEMPFßA-IUßE
HIGH LOWDA"TF

05/10
05/11
o5/12
05/13
o5/14
05/15
05/16
05/17
05/1e
05/19
05/20
05/21
05/22
05/23
05/24
o5/25
05/26
o5/27
o5/28
05/2s
05/30
o5/31
06/01
06/02
06/03
06/04
06/05
06/06
06/07
06/08
06/09
06/ 10
06/11
06/12
06/13
06/14
06/15
06/ 16
16/17
06/ 18
06/19
06/20
06/21
06/22
06/23

( c)
27 .3
27 .0
27 .8
29. 5
30 .2
30.4
30. I
24 .5
27 .2
18.0
20 .1
26 .3
22 .7
22 .3
12 .8
9.7

15 .2
23.O
13.6
16 .8
21 .1
23 .8
26.3
19. 3
23 .3
16.9
21 .6
16.5
1 5.0
19. 1

23.1
24 .5
22.7
16.5
19.2
22 .5
25 .4
26.7
23.7
28.O
30.8
29.7
24.7
24.7
22.4

( c)
16. 6
13.1
12 .9
8.1

10. 1

12 .8
17.4
14.5
13.3
8.8
7.5
7.6
8.1
9.6
9.6
4.2
3.4
3.2
7.O
6.0
9.4

10.3
10.2
9.2
5.0
1.6

10.9
8.3
8.6
5.2
5.4
8.0

12.2
10.5
8.6
7.3
9.1

13.8
14. 6
13.3
13.4
20.9
16.9
15.8
14.1

( c)
23 .8
20 .4
20 .6
20 .3
21 .O
22.O
24.4
19. 3
19.6
14 .7
14.0
17.6
16.0
15 .8
11.5
7.6
8.8

14.8
10.5
11.1
15. 0
17 .4
18. 1

14.3
1 3.8
11.1
16.2
13.2
11.6
12.9
15.6
17 .9
17 .2
13 .7
13.4
15. I
18. 1

20 .5
19. 1

20.7
23.0
24 .2
20 .3
20 .3
17.3

R.A.-rl!
(mm)
0.0
0.0
0.0
0.0
0.0
0.0
0.0

15. 5
0.0

12 .7
0.0
0.0
0.0
0.0
1.0
5.3
0.0
2.5
0.0
0.0
0.0
0.0
1.5
0.0
0.0
0.0
3.6

15.0
23.9
0.0
0.0
0.0
8.6

35. 3
7.9
0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
3.8

9O_l=A.R
( cal /cm
329 .4
575.9
651.5
663.2
519.0
362 .2
475.6
256.5
650.8
104. 9
491.4
499. 1

341 .9
615.4

92 .4
204.7
686.0
426.9
621.4
581 .8
498. 1

658.9
510.3
652.5
648. 3
418.9
647.7
171.5
290. 1

728.O
724.O
513.7
228.2

59 .3
446.5
724.O
67 2.4
725.O
410.3
686.0
722.O
429.6
410.5
668. 1

361.2

G"D-Q

)
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Tabl e

DATF
06/24
06/25
06/26
06/27
06/28
06/29
06/30
07 /o1
07 /o2
a7 /os
07 /o4
07 /05
07 /oa
a7 /ot
07 /oe
07 /os
07/10
07/11
07/12
07/13
07/14
07/15
07/16
07 /17
07/18
07 / 1s
07 /20
07/21
07 /22
07/23
07/z+
07 /25
07 /26
07 /27
07 /2e
07 /29
07/30
07/31
08/o1
08/o2
08/03
08/o4
08/05
08/06
08/07
oe/08
o8/os
oe/10

26 .6
24 .5
19.3
22 .8
25 .3
22 .9
30. 6
31.ô
27 .5
26 .8
32.6
27 .9
25.0
27 .9
24 .8
27 .8
24.O
28.9
24 .5
27 .6
28 .5
28. 9
30.6
30.4
29 .1
31 .7
33.0
34. 1

32 .6
31.5
30.5
35.6
27 .7
22.6
22.6
25 .2
28.7
26 .4
37.5
35. 1

32 .7
28.O
18.2
23.5
26 .2
28. I
32.O
33. 7

L.QI-.J

10. I
14.0
13.3
12.O
12.5
16 .4
16.7
1 8.0
19. 6
14. 5
14. 6
21 .1
16.4
13.7
17.9
16.9
16. 3
16.5
17 .4
tÃ q

14. 9
14.4
15.1
18. 0
16.5
19. 1

17 .1
17.2
16. 6
18.0
2A .5
20.8
1 7.5
14.5
15.0
17.5
18. 5
1 5.8
20.9
23.O
19.4
16. 3
13.0
9.9

11.0
14. 3
12.O
13. 9

17.O
18. I
16.3
1'7 1

18.8
19 .2
23 .9
25. 3
24.4
21 .3
24 .5
24 .2
20.7
21 .4
21 .O
21 .6
20 .1
22.1
20.9
21 .8
21 .5
22.4
23 .6
24.1
23 ,2
25.4
25 .7
26 .2
25 .6
25 .1
25 .4
27 .2
23. 3
18. 3
19 .2
20. I
23.O
21 .9
28 .8
28.2
24.O
22.O
15.0
17.4
1 9.8
21 .4
22.4
24.O

Ãe a

1.3
2.O
0.8
0.0

14. 5
0.0
nrì
nñ
0.0

1 3.0
0.0
0.0
2.3
0.0
0.0
0.0

13.5
0.0

10. 9
0.0
0.0
1.3
0.0
U.U
0.0
0.0
0.0
0.0
0.0
0.0
1.5
0.0
0.0
0.0
0.0
0.0
0.0
2.O

17.8
0.0
1.0
0.0
0.0
0.0
0.0
0.0

99!=Aß
427.2
609. 1

379.3
565.5
570.9
185.8
ô99. 1

701.0
521.9
715.0
679.9
361.8
641 .B
627.2
247.8
545.9
552. 1

577.8
439 .3
617.1
526.2
672.3
660. 3
582.3
597.6
588.2
628. 0
634.9
593.6
588. 't

420.6
608.2
636 .0
512.6
366.9
253.2
498.0
293.7
572.4
509.2
405.8
574.5
119.9
527 .6
582.9
550.9
585.5
573. 1

GDD

**
16. I
40.7
63.9
82.9
99.9

109.9
122 .3
137. 1

153. 5
1 70.9
189.9

A4 (continued)

HIGH MEAN RAIN
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Tab'l e A4 ( cont i nued )

DATE HTGH LOW MEAN RAIN
0e/11
08/12
o8/13
o8/14
08/ 15
08/16
oe/ 17
0e/18
08/19
o8/ 20
08/21
oe/22
08/23
0e/24
08/ 25
08/26
08/ 27
08/ 28
08/ 29
08/ 30
oe/ 31
os/01
09/02
0sl03
oe/04
os/os

33.4
?.t q

21 .9
21 .9
25 .4
28 .3
29.5
24 .3
19.9
15.9
22.9
28. 3
30. 5
30. 9
25 .1
24.7
23 .8
22 .3
15.9
19.5
20 .6
22.8
26.9
23.1
23 .5
29 .2

1 5.8
18. 3
14.7
12 .3
8.1
9.8

1 3.0
18. 1

12 .2
9.9
8.2

13.5
15.2
17 .7
18 .2
14. I
10. 1

1 5.8
10.0
6.0

11 .7
10. 1

6.8
12.8
14.0
11.4

24 .5
24.4
17.9
16 .6
17.4
19 .6
21 .5
20 .4
17.6
13.0
16.4
20.7
23.0
24.1
21 .8
20.7
17 .7
18.3
14.0
12.9
16.0
16. 5
17 .3
17 .7
18 .2
19 .6

0.0
1Ã Ã

0.3
0.0
0.0
0.0
0.0

26 .2
4.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.8
5.6
0.0
0.0
0.0
0.0
0.3
0.0
0.0

9""o'.-LAB

541 .1
523.4
119.1
339.4
585.7
575.7
422 .0
207.6
173. 1

260.2
365. 3
476.0
518. 0
517.1
267.4
446 .8
394. I
261.2
154.3
323.5
399. 3
518.4
483.7
224.5
467 .2
488 .4

"çD_p
209 .4
228 .8
241 .7
253.3
265 .7
280.3
296.8
312 .2
324 .8
332.8
344 .2
359.9
377.9
397.0
413.8
429 .5
442 .2
455.5
464. 5
472.4
483 .4
494 .9
507.2
519.9
533. 1

547.7

xx GDD calculated from Ju]y 31st
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Tab'le A5 :

CU LT I VAR

Days

R. n"eP!,.ts
Alto
Ce'l ebra
Delta
G 1 obal
Hero
Hyola 40
Legend
Profi t
Regent
Ste I 'l ar
Topas
Vanguard
Westar

Triazine
ASC-N4-TT
OAC Trìton
OAC Triumph
sv8525953
Tri bute

R . -ç"e!nn"çg!:.r.-i-ç
Co'lt
Hori zon
Park'l and
Tobì n

to Matur j ty f or Cu'lti vars 'in the "Agroman "
Tri al s

* YEARS TESTED DAYS TO MATURITY

aÃ
93
93

100
89
91
93
91
94
94

102
91
92

2
5
2
3
4

82
82
78
82

2
a

2
3
3
3
2
3
4
3
2
3
5

84
94
96
90
93

2
2
?

5
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Table A6: Percentage of Seed Falling Into Each Size Class
In the 1988 "Agroman" Tria'ìs

SMALL LARGE

l=-q"ç,,l-Res-q!,
Gl obal
Regent
ïr'ì bute
Trì ton
Westar

l=-q"ç,; |l-el:"i.np"q"L "i s
G'lobal
Regent
Tr i bute
Tri ton
lllestar

!=-q"ç-; HP-l..i H"e
G'lobal
Regent
Tri bute
Triton
Westar

!=-q"c i..ß"q.þ- :l ."i n
Gl oba'l
Regent
Tri bute
Tri ton
Westar

Loc: Shoal Lake

%

3.40
5.98
5. 13
5.75
2 .83

3.05
2 .53
0.80
1.73
0.73

3.83
2.50
1 .53
2.OO
1.18

0.85
1.73
2.43
't .47
1.10

10. 70
8.95

10.25
13.50
4.88

10.08
4. 98

.93

.70

.40

-S"T-H

o.44
1 .20
o .52
1 .71
0.38

0.66
1 .06
0. 19
0.50
0.08

0. 38
0. 66
0. 10
0. 38
o .27

0.09
0.38
0.41
o.12
o.25

1.91
1.18
1 .42
1 .84
0.83

0.54
0.38
o.23
5.82
o.24

MHPT"UH

fr. s-r-"E

44.7 5 3.34
76. 75 1 .88
77.7 5 1.54
71 .38 4.45
76.88 1 .98

56. 1 3 4.90
56.70 3.72
36. 1 5 6.00
38.05 8.40
22.7 3 2.53

61.90 1.81
58.40 4.05
44.88 3.48
51.45 4.41
37.38 4.51

44.38 4.08
70.13 1.99
76.05 1 .50
65.20 0.75
60.60 2.O4

72.20
80. 78
80. 63
78.80
78. 05

71.50
81.05
57.25
68. 73
50.55

0. 51
2.06
1 .23
1 .05
2.61

1 .40
0. 70
1 .99
6.22
2 .47

?Í "çI_E

51.85 3.53
1 7.30 3.05
17.13 2.02
22.90 6 . 06
20.28 2.35

40.80 5.58
40.73 4.76
63.05 6. 1 3
60. 20 8.88
76.55 2.60

34.25 1 .89
39.08 4.38
53.65 3.40
46.53 4.61
61 .45 4.53

54.80 4.17
28.18 2.38
21 .50 1 .78
33.33 0. 78
38.28 2.16

17.05 1.57
10.30 2.O8
9.13 1.22
7.70 2.56

17.08 3.14

18.43 1.56
13.95 0.74
40.83 2.14
1 9.55 1 .01
48.08 2.68

. G'lobal
Regent
Tri bute
Tri ton
Westar

l=-q-ç.Lt1e"çK-ed"e
G'loba'l
Regent
Tri bute
Tri ton
Westar
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Table A7: Percentage of Seed Falling Into
In the 1989 "Agroman"

Each Size Class
Tri al s

SMALL MEDIUM LARGE

36.40 5.53
27.15 6.07
12.13 4.25
22.80 1 .38
29.03 2.33

2.23 0.35
4.75 0.66
1,20 0.18
4.40 1.37
6.98 1 .63

28.O7 9.68
16.17 3.24
1 5.53 1 .29
9.43 3. 79

34.97 7 .47

14.88 1 .62
11.53 0.61
12 .43 2.24
13.40 1.42
29.98 1 .46

4.65 0.88
4.45 0.41
1 .95 0.56

1 4.38 0.85
14.40 3.45

26.28 4.56
13.08 3.29
1 2.60 2.54
18.80 4.76
36.33 5.44

fr

18.30
24.13
40. 98
24 .33
15.80

70.80
55.28
77.88
55.68
35 .28

32.13
40 .47
36. 25
50.40
21 .23

38. 73
44 .57
38.00
40.73
21 .28

66.58
64.08
72.05
32. 15
32.25

26.10
41.90
40.05
32.17
23.30

"ç"ï-"8

2.68
5.06
5.54
0.50
1 .50

2.e6
3.48
2.',t7
5.79
6.73

I .42
5.03
2 .54
7 .65
4. 90

3.89
2 .34
5.36
1 .84
0.64

4.05
1 .24
6 .28
0.94
8.39

2.02
7.91
3.60
4.48
2 .54

ã

45 .28
48.73
46.85
52. 90
55. 23

27.00
39. 98
20.93
39. 93
57.78

39 .80
43 .37
48 .25
40 .17
43.80

46 .40
43. 93
49.57
45.80
48.75

28.83
31.43
25.95
53.45
53. 38

47 .63
45.03
47.40
49.03
50.35

-s-ï_E

3.14
2.01
3. 16
1 .09
1 .28

2.70
2.83
1 .99
4.72
5.77

1 .56
1 .99
1 .33
3.89
2.77

2.52
1 .89
3.34
0.40
0.88

3.22
0.90
5. 70
0.31
5.06

2.72
4.62
1 .27
0.28
3.12

STE%

l="q.ç i H"ç"eg-ç"çJ "q H !:
Gl obal
Regent
Tri bute
Tri ton
Westar

!="q"ç- ; He r-i.ep"e-l i p
G'lobal
Regent
Tri bute
Tri ton
Westar

"L"q-q iH"ç."I "i.þ.e
Gl obal
Regent
Tri bute
Tri ton
þ/estar

.t-*"ç"-c..;,"T h"ç, "P e"ç
Gl obal
Regent
Tri bute
Tri ton
Westar

!=-eç-l-9- ¡-ee I *L.e"Ke
G1 obal
Regent
Tri bute
Tri ton
Westar

l=-gç-.LT"ç-!¿."J--qn

Gl oba'l
Regent
Tri bute
Tri ton
Westar



131

Table A8: Thousand Seed We'ights for Seeds of Varying Size
From the 1988 "Agroman" Trials

_s_HAl=t=

!V"T( e ) 9"TH

MEDIUM I-Aß"çH
I'{I(s)

4. 68
3. 98
4.11
3.90
4.01

4 .48
4.35
4.77
4 .57
4.7 4

4. 60
4.14
4 .49
4 .21
4 .57

l.-q-c; -Fas"qþ
G'l obal
Regent
Tri bute
Tri ton
Westar

!=-o- ç ; l! e n -i. ep"q.-]. "i ç
Gl obal
Regent
Tr i bute
Tri ton
Westar

!=-qç..iH"ç 
-1. 

.-i. "l"e
G I oba'l
Regent
Tri bute
Trì ton
Westar

!="q-c;-ß"çþ.]."-in
Gl obal
Regent
Tri bute
Tri ton
Westar

!="o"-ç-;.9.1p-gJ--.."1=e.h.e

G'lobal
Regent
Tri bute
Tri ton
Westar

!*9"çi !!.e"çß-e-d-e
Gl obal
Regent
Tri bute
Tri ton
Westar

1 .32
1 .49
1.51
1 .49
1 .53

1 .63
1 .54
1 .56
1 .46
1 .37

1 .54
1.51
1 .57
't .42
1 .59

1.62
1 .75
1 .80
1.74
1.72

1 .71
1.72
1.72
1 .67
1 .81

1 .65
1 .66
1 .63
1 .87
1 .67

0.036
0.040
0.046
o.121
0.069

o.o27
0.034
0.087
0.054
o.o22

0.043
0.040
0.029
0.060
o.147

0.032
0.039
0.025
0.015
0.085

0.050
0. o51
0.043
0.065
0.036

0.038
0.066
0.029
0. 186
0.023

wI(s)

3.02
2.71
2 .84
2 .51
2.89

2. 99
3.06
3 .23
2.91
3.04

2.93
2.96
3.09
2.99
3. 10

3. 37
3. 10
3.00
3.06
3 .23

2.97
2.69
2 .85
2.69
2 .88

3.06
3.02
3.31
3 .01
3.28

9"ï-E

0.085
0.071
0.033
0.219
0.086

0.045
0.062
0.052
0. 061
0.064

o. 061
0.064
0.032
0.036
0. 061

0 .021
0.043
0.040
0.012
0.023

o.o24
0.046
0.043
0.079
0.073

0.110
0.051
0.093
0. 135
0.029

_s-"T-E-

0.054
0.119
0.071
0. 206
0.046

o.074
o.o47
0. 133
0.063
0.056

0.034
0.036
0.078
0.073
0.055

4.55
4 .20
4.02
4.25
4 .32

4.03
3.89
4.08
3. 78
4.03

4.46
4. 16
4.66
4. 16
4. 53

0.039
0.041
0.035
0.034
0.057

0.090
0. 164
0.117
o. 160
0.023

0. 094
0.025
0.072
0.055
o.072
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Fig. A4 : Chlorophyll degradation rates in four cultivars
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Fig. A7 : Chlorophyll
of B. napus.

=
-co-
o
o
(J
c'l
oJ

2.500

2.000

1.500

1.000

0.500

CULÏIVAR
O-O Globol
O-O ReoentE- tr Tri6utel-I Westor

20 23 30 35
Doys After Sompling

degradation rates in four eultivars
l,ate sowing 1989. Logchl vs Tine.

1510

Fig. A8 : Chlorophyll
of B. [eÆ..

CULTMAR
O-O Globol
O-OEqgenttr-tr Triõute\ Lr-u ¡f rlJutg

\ l-I wesror\ -o

\. \o 
_o

\.



].36

FlClåtrvC
Av¿fag8 Watêr Lrñl¿trons

Ftost FrÊC' Drtrcrt"' 1ô Crop Proóucuon
Oays 6n Mato. SecoñáeryZonc

I

2A

3A
a

100.1 10

rl0

150 Drougñt E¡cæs water
75.125 Frost E¡c6s warcr

50 Excrss warsr dail
75 E¡cess Wat6r Droughl
125 E¡ces watcr Drougñl
100 Ercess werer orougñt

5 95.105 75.125 Frost E¡c¿ss water
weter

g

-l-&-.i_ -

O ou'm

'
I

EDæ
i.

¿a tsrosl Exces
' Number ol deys dur¡ng whrch the temp. is above O.

'- " Accumutared over lhe period Mey 1 - Aug. 1 S.

3

rfiue

æ
æ

O CROP VARIEïY AOAPTATION iFIALS.

Fig. A9: Crop zones for the 'Agroman" field trials.


