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e The root system of Canada thistle reached a dﬁe of about 1 5 m i1 -year ;

- : -

old stands and of about 2 m,in 2 and lo-xear old stands. A quarter to a thll‘d oi’.the

r

" total root length and root dry matter"and half of the total root bud production wel\e

.
.

in the top 26 cm of soil ‘Root fragments sampled at all depths were able to produce’ .

-~

new shoots, independent of the presence of root buds TFhe rate of linear: expansion

~ of the rdoﬁsystem was estimated using 15N, and approximated '1.cm per day for

J = -
- . - . .o

” plants up to: ,13 weeks old LT R U , ' . \(“
. Canada thistle’was ekposed to two nitrogen levels in nutriént solution and .
. 3 . |
in soil Under growth room conditions the eﬂ'ects of nitrogen on root bud ‘ Cy

<

dorrnant:y were inﬂuenced by light intensity and possibly by root carbohydrate - '
levels. Under ﬁeld conditions the response of Canada thistle plants grown for 7 or

13 weeks in large containers mled with soileappeared ‘to be inﬂuenced more by

temperature regimes and precipitation levéls than by nitrogen fertilization

. However in 1- and 2-year old stands and in 1 1 and 12-year, old stands mtrogen
. i
fertilization increased shoot production In 1 and 2 year old stands the mcrease in

\ shoot production was associated main&with an increase in root length antl root
biomass in the top 20 cm of soil ﬁid not with a release of root bud dormancy The

(*anadghistle problem in nitrogen—t‘ertilized stapds 22:1.1(1 be more severe than in

A
untreated stands Cultivation of nitrogen-fertilized stands c ld reSult in more ’

roots being spread throughout the field than in the case of untreated stands
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1. INTRODUCTION

Canada thistle (Cirstum arvense (L) Scop ) isa native of Europe, Western

- - ——— o

Asla, and North Africa, and probably found its way to eastern North America early 5
‘in the 17th century as a contaminant of farm seeds (Detmexs. 1927) Since its (“
introduction Canada thistle has spread throughout the United Statw and Canada :
as far north as 59°N (Moore, 1975) and is now one of the most common perennial
weeds in the Prairie pr;vinces.z ‘with at least 9 million ha of cultivated land infested
(Hunter, 1973) n Alberta. 35% of all cultivated fields have an infestation level of at

: »lleast fiveCanada thistle shoots per square meter ('I'homas. 1980) S

Why did Canada thistle become suchw?roblem? ’I‘he thistle isa deeprooted

perennial weed that spreads vegetatively by an extensive root systein and forms
‘new shoots from root buds. Its resistance to eradication can be attributed to its
capacity for vegetative reproduction from the many buds produced on the roots
(Hunter 1973) The importance of ihis weedy charactcr is increased by the ability of'
the roots to survive advexse conditions.and regenerate from small fragments as
short as 6 mm (Forsberg, 1962). Furthermore, upright subte'ranean shoots can
produce buds at any node and roots at any place, and both horizcatal and vertical o
roots can form buds and roots at any point. o | | o /
6 ‘ Cultural control of Canada thistle has been practiced and recommended for
a numbes ot‘ years on summerfallgw by ﬂ;xe use of tillage or mowing (Amy '1932
Cox. 1913; Detmers. 1927 Welton et al 1929) Cultivation practices are aimed o0
mainly at starving the thistle roots by repeatedly destroying new shoots

Variations of the depletion process have been recommended but the general

-
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) prineiple istto time cultivation to assure continuous depletion of root reserves.

Our present farming practice of continuous cropping has incre;sed the
impd'tance of herbicide use as a control measure and because of the persistence of ,
the root system it is necessary that a herbicide be capable of being translocated into |

-_ therootsystemand root buds. Whentheplantisgrowinguriisturbed root buds are
| relatively inactive ‘their growth being - arrested by the inhibiting influence of the | -
' root apex and parent shoot (Parker 1976) Releasing the lateral buds-from
inhibition would increase the sink size for translocation and therefore should
. inerease the eﬂ’icacy of foliage- applied herbicides (Hunter and McIntyre 1974 B
Hunter ‘and Smith, 1972 Mcyityre and Hsiao. 1982 Parker 1976; Regimbal and
Martin, 1985). - I
'I‘he* factors that affect the initiat(ion and growth of root buds have received
. relatively little attention The mechanism of apical dominance is still the subject
. - of considerab controversy (Phillips. 1975) Root buds may fail to grow because of
an excess of growth inhibitors such'as auxins or because of a shortage of essential s
| materials such as growth promotors (Thind, 1975), mineral nutrients (Hamdoun,
1970; Mcintyre, 1965, 1972; McIntyre and Hunter. 1975) sugars (Parker, 1976). ¢ or”
even water (Hsiao and McIntyre 1984 Hunter et al., 1985)

Investigations with quackgrass (Agropyron repens. (L )Beauv) (Mclntyre
1965), leafy spurge (Euphorbia esula L) (Mclntyre 1972 Regimbal and Martin,

1985) and Canada thistle (Mclrrtyre and Hunter 1975) have shown that buds on the -
rQots or rhizomes can be released from' inhibition and induced to develop into leafy

.\,shoots by incre‘asing the nitrogen supply In quac'kgrass dormancy of rhizome buds g

. was shown to be associated ‘with very low internal nitrogen levels (Buchholtz 1963( _
beakey 1974). S "'.;f.'.' - _ S 4-'- .

The effects of nitrogen on root systems have been demonstrated using young

-
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plants under corrtr'olled conditions most 'oftefrin nutnlent solutio‘ris, f similar\
effects could be obsewed under ﬁeld conditiom for Canada thistle plants of ‘o
diIferent ages, then it might be expected that nitrogen treatments could increase the
e[ficacy of herbicides 2 S _ .

'I‘he effects of supplementary nitrogen were studied first by growing Canada : '
thistle in nutrient solutions of one-of two nitrogen levels and later with plants in |
soil in large containers in the greenhouse o.r\i‘n the field, and with planted stands in ‘
field plots.’ To minimize the variability. the’ eﬁ'ects of nitrogen on root bud
dormancy were studied on a single clone\ ‘of Canada thistle Since Canada thistle I
spreads mainly by root fragments all the Canadd thistle plants studied were grown\/ﬁ A
from buds on root fragments i

.In Alberta. no descriptive study of the root system of an established stand of
Canada thistle h,,as been carried out. It was necessary to obtain information on the
distribution of roots and root buds of Canada thistle and on the ability of these buds |
to produce shoots, beforge designing experiments in which the response of the root:
system to nitrogen would be studied at various growth stages To obtain such -
information, an established stand of Canada thistle was excavated and the'rate of
expansion of root systems was estimated using 15N asa tracer .

,Il:us the objectives. of this project were 1) to de5cribe the root system of
Canada thistle under field conditions found in Alberta and 25) to examine the eflect

of supplementary nitrogen on root bud dormancy.



* 2.1 Canada ’I'hist_l_e l;henblogy B S o “ W
| | | A.i | - . | .
The morpholog' of Canada thistle leaves and flowers varles greatly withln
ecotype. to the extent that Detmers (1927) commented on the remarkable vanatlon
1n growth of seedhngs from one Barent In aedltlon. hlgh phenologlcal varlatlon .
has been observed (I-lodgson 1968) It has been proposed that the evolution or some .
: plant specles favored phenotyplc plastlclty rather than heterozygoslty assurlng ‘
the survival qf that species: (Schllchting 1986). Thls trade-oﬂ' deﬁnes well the J ‘
vsurvival mechamsm of Canada thlstle. slnCI its vegetaﬂvefepmducﬁon is far more '4
: prevalent than its reproductlon through seeds. The ecotype most commonly found |
1n western Canada has rpugh sptn& wrinkled leaves. whﬂe the second most
_ common ecotype has less splny and’ rather smooth leam (Alberta Agriculture.

-

'1984). ., ,{;«-.

4 - In Alberta Canada thlstle shoot.s generally emerge in mid- May and show
ost rapid grow}\ln June. Flowerlng occix:s from mld-June to September New -

hoots wlll contlnue to emerge lnto July in open ‘sites (Alberta Agrlculture. 1984) JA

ENen aﬁer frost Canada thlstle may contlnue to produce new shoots (Rogers. 1929)

T Seedlings become estabushed in ﬁr@enﬂy plowed or disturbed sotl but are

“ capable of germlnattng in uncultlvated ground ( odgson. 1968) New seedllngs

. become establlshed slowly and‘are sensi shadlng or oompeuuon (Bakker

1960 Detmers. 1927). Poorly aerated solls or solls prone to drought are unfavorable

for Canada thlstle growth (Bakker 1960 Hodgson 1968) even though Rogers (1928)

l:' ., S . ],v’v ‘4



. soil was maintained at 30 or60% of ﬁeld capaci

- observed that thist.le plants could survive in dry qreas but did not ﬂoWer when the |

Hodgson (1968) stated that

. rainfall of 460 to 750 mm per year was favorable for thistle growth Amor and

Hams (1974) thed that the heaviest infestation n Australia occurred in areas '

<

with 700 ta 1000 mm mean annual rainfall

Alter ernergence, shoots develop rosettes and if the photoperiod is longer

‘than 16 hours shoots grow rapidly within 3 wéeks after emergence. The most rapid

-

elongation reported was 3 cm/ day. and corresponded to the period when root

Hodgson (1988) stated that emergence of shoots began when the average B

reserves were lowest (Hodgson, 1968)

. weekly air temperatu\/wgs above 5°C and was greatest at a mean temperature of

8°C, but varled ‘with ecotype Growth was greater ata 25/ 15°C day/night

!
temperature regime, under controlled conditions than ata 15/5°Cora 30/ 22°C ,

day/night temperature regime (Hoe T, 1981 McAllister and Haderlie 1985b) A

root temperature of 17°C resulted in nts with greater dry wgights at the above

: noted air temperature and photoperiod regimes than when root temperature was J

' _ 'a]lowed to fluctuate with afr temperature (Hoefer 198 1) Hunter and Smith (1972)

found both root/ shoot ratio and'/ umber of root buds emerging through the root

.cortex to be inverser related to temperature (ranging from 16 to 27°C) and Iength of

B L

photoperiod rang 12 to’ 16 hours). McAllister and Haderlie (1985b) noticed
that very strong interactions between temperature’and photoperiod existed with

environmental conditions approaching fall conditions in Nebraska favoring root

* ‘bud initiation, and an environment simulating sumrher conditions favoring shoo{

growth ' ..

\ .

- A nutrient solution with a very low nitrogen level (around 5 ppm) was o

sumciem fcr growth (Hamdoun, 19.70: Wilson, 1979). Optir_num leVelsv of nit:rogen



~were between 50 and 150 ppm with vefy high levels detrimental to growth ShooL
dry we:ight shoot/ root ratio. and root bud growth were generally higher with higher

~ nitrogen levels (Hamdoun 1970:; Hoefer. 1981 Mclntyre andfﬂunter 1975) V\[}lson
o (1979) stated that Canada thistle was tolerant of high salt concentration and that -

o growthcouldoccurwithsoilsaltcontentol’upto2% ) \ T

_ _ . , : :
The importance of seeds in the establishment of new Canada thistle
infestations is uncertain Chancellor (1970) studied the establishment of Canada
” thistleJn a fleld with several plants along its fence line and recorded only 13 ‘
seedlings after 7 years The importance of seed. in survival and spread of the species
'is as doubtful in Canada thistle as in other perennial weedy speci& such as paverty i
: .‘weedv(lva axlllarts Pursh) (Bwt 1977) and quackgrass (Wemer ahd Rioux, 1977).
| ‘ Vegetative reproduction may be summarized as occurring in two ways 1) Phe
: underground shoots are able to produce buds at any node and roots at any point and
- 2) horizontal and upright roots ¢an produce shoots or roots at any place (Hunter
: 1973) N ’ |
| In the following sections’ root buds will refer to buds gtving rise to shoots
~and root primordia to buds giving rise to lateral roots. Emerged root buds will rei'er '
to root buds that have emerged thrOugh the root cortex.
| | Canada thistle is able to regenerate top growth very early in its life cycle .
.Wilson £979) found that 8% of 19-day old plants regenerated top g'owth after
clipping Emerged root buds were observed on roots as early as 3 weelis aiter shoot
A. .emergence ma nutrient solution medium (Hoefer. 1981) At 40 days two to three

= ‘shoots sometimes appeared aﬁer clipping (Wilson. 1979) ‘l‘wo months after

-



| “seedling emergence. ‘Hunter (1973) counted 39 emerged root buds. Detmers ('1927)' |
found 19 emerged root buds on mots ofa 4-month old greenhouse-grown plant

} Vegetative ‘spread through horlzorrtal extension of the mot system can be

rapid 1f compefition is low. Baldker g1960) observed extensions C:f 410 5m in one
season while Hayden (1934) obsewed extensions of Sfm A root section planted at
Ltncoln Nebraska covered 113 m2 within 2 years (Hoefer, 1981) Chancellor (1970)

| reported that in Saskatchewan an lnfestation established by a %ot fragment could

extend 4m 1n the first year and 12 min subsequent years. The spread of Canada

~ thistle is comparable to that of other perennlal wegeds, such as poverty weed .
(PavlychenkOo‘ 1:943) . o - . o

Rogers (1929) Coukell ( 1966) Haderlle and McAlllster (198 1) and McAlllster‘ ,

'and Haderlie (1985a) noted that 1n Iowa Mamtoba and Nebraska. respecttvely

Canada thistle root systems * showed some root bud activlty 1n winter. Roiexs 5

(1929), for example report;a that Toot buds grew tnto shbots as long as the growing

' season was warm. When the shoots that had emerged. from the soil were killed by
-3

~ frost in autumn. new shoots were still developing In the unfr&en ground. These .

shoots were dellcate and slender, and were kﬂled quickly by the freezing of the
ghound In early January, the latent buds on the larger roots were larger than those
observed 3 weeks earler. Sofl had been frozen s since the middle of December. and e
cxyst'als were present at the point of attachfnento of the buds. ; N &
Pavlychenko (1943) stated that; in the case of drought, Canada thistle shoots -
from a patch would qulck]y dlssoclate themselves from the mother plant and would -
‘ltve tndependently at the expense ‘of food and 'water stored previously. He explatned
) that in this manner, the plant appears to abandon old patchw where moisture is .

depleted However allelopathlc chemtcals could also play a role (Bendall 1975)

’I‘he rdot has the abmty to. regenerate from pieces as short as- 6 mm



(Forsberg 1962). Root diameter is of some importance 51\ determining its ability to
| produce shoots bui is more important in deterrhining the size of the new shoots ’
(Hamdoun., 1972). Forsberg (1962) observed that. when root sections of various |
- length were planted in vermiculite. root sections 6 mm 1ong could produce two |
:shoots and one root. When the shoots and roots were removed weekly, the root: | .-
_ fragments required 164 days to decay Similarly 10—cm root sectioqs produced 15
shoots and 24 roots and needed 226 days to decay Creeping horizontal roots
} produced shoots more readily than vertical roots (Chancellor. 1970) Asthe earliest
shoots appeared within 5 days of fragmentation the buds probabl)’ were preformed
' (Hunter 1973) The ability of lateral roots to produce shoots was greatest in spring

]

and fall and Ieast in. the summer months

Forsberg (1982) noticed an increasing number of shoots of roots pnoduced
, per centimeter of root as.root fragmentsgre shorter He sugg&ted that a reduced
armount of inhibitor or reduced competition for nutrients may have resulted in
" increasing the initiation and growth of shoots and roots. -
L v 8 r . .
2.3 Root Distribution

t

Forsberg (1962) found that 4 to 5 weeks after germination under field
A
conditions. secondary roo erged on the main vertical root. Ten to 11 weeks
N

 after emergence, new aboveground shoots were produced from the lateral roots. The gpg.'/"

average length ‘ofa lateral root,at this time was 104 cm and the main root extended

'jbranchingrootsystemato 15cmlong
P
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Occurrence of roots down to 2 to 3 m 1s common (Hunter 1985; Pavlychenko. ‘

\ 1943). These depths are comparable to the ones observed by Pavlychenko (1843) for '_ |
: overty-w.eed Hayden (1934) observéd that the depth of penetratiOn depended on the:
depth of the water table. B ' ) B IR

FibrOus roots are generally found in the  upper soil layer where the root

, ‘system is frequently cut by tillage equipment (Hunter .1973). In a study done by
Forsberg (1962, the maj ority of the dry weight of the root system was located
between 30 and 90 cmi depth. Hodgson (1968) found that 54% of the dry weight of the

- roo‘t system of a young Canada thistle infestation was in the 7.5 to.23-cm soil layer

"whﬂe 30%_was between 23 and 38 cm and 16% between 38and 54 cm. In an )

' establtshed lnfestatton. Hunter (1985) observed 41% of the root weight between 60
and 90 cm. Underground shoots generaliy did not arise from below 30 crn. (Hayden,
1934). | o -

Hayden (1934) exeavated a thistle patch ina 1_'oam soil in Iowa which was
seeded to corn. 'I‘renches were 2 m wide, 3 m long, and 3 m deep. The up‘per.fS cm was
'cultivated early in the season- but at the ttme of the m;eax;atton hafd— becorne a |
hardpan, She'- observed that some of the shoots- that broke through the erust were .
cotled and, for about 1.5 m below the crust, the soﬂ was penetrated by numerous
verttcal_ and _hortzontai roots. ‘At depths of up to 1 m, hortzontal_roots'grew out from
thi: yettical roots and bore many stems and emerged root:buds. The .honaontal rootsp
arched upward or downward and often terrnlnated in ﬁne@branehes. The horizontal
rOots bore few secondary branches. while the ve‘rttcal'roots bore many branches.
The verttcally dcscendtng roots terrnlnated in clay at the water table at 2 to 2.3m.

* Pavlychenko (1943) observed two types of roots in Canada thistle whtch

- mustrated 1 ecologtcal‘ adaptation'to the environment.y The first categpry was

produeed from unde‘rground stem u$sue or root tissue 30 cm from the' surface. The



rogté grew horizontally for short distances and then turned downward to produce

rtical roots. New' shoots-arose at the bending point. The second kind originated

' {rom stem tissue' they were located between the sofl surface and SQ cm depth. These

:roots Quickly invaded new areas. No other authors used Pavlychenko ]
| 'classiﬁcation probably because of the lack: of a distinct difference between, the two
Aroottypesintheﬁeld . ' T o ) )
» Pavlychenko (1943) classKjed Canada thistle with a group of weeds having -

deep profusely ‘branched tap roots The tap roots and their branches were thick )
- structures supplied wifth carbohydrate reserves, and capable of developing
meristernatic centres'almost at"any point over their length. He stated that poverty
weed hoary cress (Card.arla draba (L. )Desv ). field bindweed (Convoluulus arvensis

L ) Russian knapweed (Cenlnurla repens L) and leafy spurge belonged to this class

. B ;. . .
2.4 Root and Root Bud Anatomy

Canada thistle has a complex un'derground system‘of shoots and roots.
Hamdoun (1970) superi'icially classiﬁed three types of structur&s short ﬁne roots,
long and thick horizontal and vertical roots. and vertical parts of stems. _

é - The young roots are. mostly diarch or triarch rl'hiﬁd 197;;, even thOugh s
| Hamdoun (1967) observed that herbicides could bring about changes in the anatomy
~ of roots of Canada thistle All root primordia and root buds originated from the
| .pericycle Root buds originate from the- protoxylem poles and exhibit negative
geotropism The origin of root buds in Canada thistle is very similar to that of

milkweed (Asclepias syriaca L) (Polowick and Raju 1982) but it differs from: that

of common toadflax (Linaria vulgaris Mill ) which is exogenous (Charlton 1965)

ki

10
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The thjck roots were reported to.have a well developed cortex-and ph]oem
The cortex and epidermis were retained durlng secondary thickening anld the -
epidermis became impregnﬁlwith suberin (Detmers 1932a Hamdoun 1970) ’I’he

reserve food material was stored in the form of soluble polysaccharides in

sufficient amount to emable the root to survive long periods of adverse conditions

hY [ LN\

(Amny. 1932- Welton et al., 1970).

MclIntyre and Hunter (1975) observed that root buds were prod ced in close

association with lateral roots or their scars. However Thind (197

observed that °

root buds can dlﬂ'erentiate singly in the obtuse angle of lateral roots. with one

. primordium’ in the obtuse angle and one in the acute angle, at the base of an already

existing root bud or anywhere on t?le root system frrespective of the presence ofa-~

lateral root or scar. The differentiation of root buds of Canada thistle is Qsimilar to

»

~ some other perennial weeds, such as milkweed and ﬁeld bindweed but du’fers from

24
others, suéh as common toadflax (Polowick and BRaju, 1982).

2at early stages of development it is difficult to predict the fate of initials as

they can. e rise toa root bud or a root primordium In the rnajonty of cases,
) L@

initials of Canada thistle that diﬂ"erentiate into root- buds do so earlier than _
initials dlfferentiating into root primordia (Thind 1975) Root buds of Canada

thistle (Thind 1975‘) and of leafy spurge and mﬂkweed (Polowick and Raju 1982)

quicldy develop the ring of separ;ate vascular bundles around the perimeter that is

- characterist.lc of dico ledon stem tissue Thind (1975) observed that the shoot apex

of non-emerged buds of Canada thistlc was already well-defined, with its leaf/ .

~

. ’ ;- }
primordia comprising 12 to 14 leaves. The shoot apex-was seerras a large

protuberance on the surface of intact roots as compared to the relatively small

e

‘Yo

cone- shaped structure of root primordia Sometimes a cavity appeared abpve the , )

_ dcveloplng bud which ‘was probably due to the crushing of cortical cells as the bud

Ry . , .
EIWSE .v.".,' : : :



forced itsway through the cortex. | R o '- ¢

'I‘he apex of non-emerged ToOt buds produced a number of leaf primondia /
| The ﬁrst leaves, which provided protection for the apex when the shoofs penetrated
: the soil remained as simpieﬂscale leavw (Hamdoun, 1970) ‘The underground stems

2 1
arose from the root buds and could bear ﬁbrous roots that originated in the -

AU

——

interi‘asciculai' cambium. o S - Wl e

2.5Rgot-l3ud_l)ormancy R o o T

Ddrmancy is the inability of viable reproductive structures of plants to grow
'when the immediate environmental conditions are favorable for growth. “The |
o ecological advantage of the strategr is the ability to avoid t_he commitment oi'
| resources to acttve growth when the prospects are poor for completion of the life
cycle or for reple%ishment of organic reserves. Innate dormancy correlative 7

inhibition and quiwcence are often used to describe root bud dormancy Innate

o2 .

d oceur "within buds" (Nissen and Foley. (1981‘) Correlative
S o
inhibition spmetimw called induced dormancy can apply to root buds if their

growt_h is inhibited by an endogenous mechanism induced by external inﬂuences

' . (McAllister and Haderlie. 1981). Quiescence which is used inaccurately to describe ‘

- dormant:y implies that development and growth are inhibited by environmental

inﬂuences . o
: Bud dormancy is the main source of diﬂ'iculty in kiiling perennial weeds

t

Rodts fail to translocate herbicides to inactive root buds and thus the inactive buds 3

can be the source of new growth Extra sprouting during slightly bei'ore or slightlvﬁ
afterthe time of’ herbicidg{plicatmt/ would increase sink size and herbicxdc ; :

';,translocation and thus the degree of weed control (Parker 1976)

Ty
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’l‘he need to distinguish between cause and effe 3 the 'rnain diificuliy' in
a*ssing the role of internal factors in the mechani.sm.s of apical dornir. nne

2 5. 1 Growth Regulators ’

Innate ,dorrnancy waLs obsewed in Canada thistle, (Martin 1971) and in leafy

‘ spurge (Nissen and Foley 1987). Canada thisi_le root fragments sampled monthly

Tar levels of gibberellins and absasic acxd showed seasonal vari' ons. with
gibberellins high in, surnmer months and absc1sxc acid high in{winter months .

. (Thind 1975) Martin (197 1) stated that the effect of shoot removal on thistle root

bud dormancy depended on the time of removal In Ot he obsewed that shoot

removalistimulated root bud activity in March but not v May : lnnate .dormancy is

not well understood especially in Canada thistle. Root bud dormancy of Canada BN

thistle is better defined by correlative inhibition
w
Interference with apical dominance and release of root bud dormancy was

observed by IOW doses of herbicides as in the casewglyphosax (N- v . - - N

Y
A

(phosphonomethyl)glycine) on leafy spurge (Maxwell et al., 1987) and chlorsulfuron
(2 chloro-N-[[(4- methoxy-6 methyl 1 3 5- tna7in-2-
yllamino]carbonyl]benze,nesulfonamide) on Canada thistle (Donaldb 1986).

j Usually the eﬂ'ect on bud dormancy is the. result of damage to the mother shoot:

<
o —_

. Once the apex is destroyed no correlative inhibition exists

Several theories have been put forward to explain correlative inhibition A

plant growth regulator theory, which describes the interaction of auxins and
cytokinins. is favored by Phillips (1975) Auxins produced in the apical meristem

are transported basipetally The accumulation of auxins in rodts would inhibit the '

P
2

initiation and growth of new shoots (Eliasson 196 1) Cytokinins are produced in

growing root tips and transported upward They would stimulate the production of ‘ \
. . . ( © :
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tials and the release of root bud dormancy With apical meristem removal the o

concentratlon of auxins in the roots decreases while the concentration of K | ,

cyto]nnins increases and the release of root bud dormancy is. i‘acilitated Schier

(1981) suggested that in aspen (Populus spp ). auxins maintain apical dominance by
4

promoting the degradation of cytoldnins Schier (198 1) believed that cytokinins

Voo
might exert their}\lEonly if the auxin/cytokinin ratio fell below a certain level

Other hormonal factors may inﬂuence bud dormancy In Canada thistle. : B

' i:thephon (2 chloroethyl phOSphonic aeid) and auxin applied to root fragments
inhibited the. production of: root buds but had no eﬁ'ect on shoot elongation (Martin
1970) Carson (1974) who sprayed ethephon on intact Canada thistle plants grown
under controlled conditions noticed an increase in the production of shoots
compared to controls He suggested that ethylene released upon degradation of

ethephon may have activated the dormant root buds and altered the sink-source

‘ distribution of the plant Asa result increased basipetal movement of herbtcides -

occurred Carson observed that the shoots produced after ethephon treat:ment were

morphologically diﬁ'erent from the shoots produced in untreated plants having

g narrow leaves without spines instead of the normal spiny leavw

In Martins study (197 1), gibberellins applied to roots ol' Can‘ada thistle had -‘ o

no eﬁ'ect on root production or shoot elongation Thind (1975) however observed o

that root-applied gibberrellins stimulated emerged root bud pmduction and
elongation of Canada thistle shoots Schier (198 1) stated that the et'fect of
gibberellins on suckering from e:ncised roots in aspen depended on the stage of
developmem of the root buds when the ropts wére cncised and treated Ifroot buds
arose from newly initiated meristems gibberellins would reduce sucker production
because they: would inhibit nitiation and production of the first shoot prirnordia

cells ‘As primordia increased in cell number gibberellins showed progressively
. . - ' -



Ra

,less inhibition of bud formation At some stage in bud development the inhibition N ‘

. changed to a stimulation of emergence of established root primordia
Abscisic acidis a well-known growth inhibitor Thind (1975) reported that

abscisic acid applied to roots of Canada thistle inhibited both root bud production '
and growth Similarly Schier (1981) reported that root cuttings of aspen treated

', with abscisic acid did not produce any suckers \

. Some"scienﬂ§t§ (Io fiot e;:/plain apical dominance solely by using plant
growth regulators Farmer (1962), for example, stated that isolation of roots from

: parexit shoots not only might cut off the supply of bud growth inhibitors but that it
‘was. also conceivable that water and nuatrlentslmrmally translocated to parent

shoots would accumulate in isofated roo d resuilt in the stimulation of root bud

-

© activity. Later, Hall and Hillman (197

ed to detect exogenous tritiated auxins

" in buds when applied to decapitated ‘of beans (Phaseolus Spp. ) 3nd in

-_ar‘,i

anc}ther experiment, Hillma;x et al. (1977) failed to detect any endogenous levels of
auxins in buds of in€act plants of beans. Therefore, Hillman et al. (1977) eoncluded
that there must be some indirect effect resulting from the behaviour of auxins or

their products at the site of application.

~
- 2.5.2 Temperature and Photoperiod :
‘Many researchers concluded that root ‘bud activity was greatest at 15°C
- (Hamdoun 1972 ‘Hoefer, 1981 Hunter and Smith 1972; Thind 19795), irrespective
Cif\photoperiod. When root piecw’ were incubated for 2 weeks at 15°C, myre emerged
and non-emerged'root buds were detected than on cornparable roots that were leiB

> e

"room temperature” (McAllister and Haderlie, 1981). )

"15

3
<
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Interactions between alr and root temperaturos and photoperiod hgu been.
_ reported MacAlllster and Haderlie (1985b) obsexved that bud lnitlation was _
greatwt with a 25/ 15°C day/mght air temperature regjme. a constant root ‘ /
tempexature of 20°C, and a 13-hour photoperiod compared to other combinations
. of air temperature reglmw of 15/5°C, 25/ 15°C or 30/22°C, root temperatures of
10°C 20°C, and 30°C and 13-hour and 15-hour photopenod The greatest proportlon :
of dry malter translocated to root bugg occurred under 15/5°c day/nlght air
temperatdre 20°C root temperature and 13-hour photoperlod Therefore, the
number of buds produced under condmons approaching a typical fall season in’
_ Alberta would be close to maximum. Bud elongation and dry welglit accufnulatlon
-in root buds was highest at 25/ 15°C day/mght temperature a constant 00
temperature of 30°C and a 15-hour photoperlod ‘which would be mére typical of
summer temperature in Alberta o ' o

Hoefer (198 1) reported that a 15/ 5°C day/nlght regime was very favorable to
root bud production regardless of photopertod in mtabllshcd Canada thistle. A
| 25/ 15°C reglme on the other hand was greatest for bud production of seedllngs
grown in a sand-soil mlxtune under a 15—hour photoperlod but not under a 13 hour ' '
photoperlod - . ,

" carson (1974) grew Canada thistle seedlings and subjected them to 24/16°C

- gf 16/11°C daY/mght temperature regtme. at gmwth stages of @ to 60 days 60 to 105
days or 105 to 150 days. He observed no sigmﬁcant dlﬂ'erence m ngmber of emerged
root buds between the diﬂ'erent temperatuxe reglms. He ,noted. however, that l‘or_ the
Oto 66-dayold plantsmore rootbudSwexe produced at a24/16 °C day/night regime

thanatthe 16/11 °C day/nlghtreghne andthatthe 'wastruel'orthe 105 to

150—day old plants Carson (1974) suggmted’ that low temperatum at alate stage of

plant development might be conduetve not only to reserve buildup in roots but also.l '
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to the formation of root buds.

, | 253Moisture "~‘
Mclntyre t‘l?79),reported evidence of competition for water between shoots :
and root buds as a faqtor in the mechanism of root bud inhibition in leafy spurge ;

and Hsiao and Mclntyre {1984) observed similar rwults in mi]kweed Hall and
A

'Hillman (1975) showed that bud length of beans (Phaseolus vulga.ris L) increased
markedly within 30 min of decapitation of the parent shéot. tAn increase in water |
potential would be the most probable explanation of such a rapid rwponse.
| i{untemt al. (1985) studied the effects of 50%. and 100% relative humidity on
Canada thistle growth. ’I'hey provided evidence of increased shoot and root growth ~
. under high relative humidity compared to low relative humidity when the parent ,
shoot was left intact or was\removed Furthermore the number of secondary shoots
' .produced washigher under high humidity than under low humidity 4 days after the
' _ onset of the experiment. After 7 days, cthe number of shoots produced under low
. humidity was the same as the number produced under high humiditf In spite of
these effects on: shoot and root growth the growth of root buds at l’igh;J
hamidity was not} signiﬁcantiy greater than at low relative humidity Hunter et al.
(1985) suggested that the lack of eﬁ’ect was caused at least partly by the inability of
the buds to compete with the shoots for nitrogen. = .
Carbohydrate levels migbt also interact with moisture availability to
dictate root bud activity Field conditions that favor vegetative growth for example
high moisture and high soil fertility will also favor the depletion of carbohydrates
Drought conditions following the onset of vegetative neproduction may :uter th
translocation of photosynthates in the plant 1limit the replenishment of

carbohydrate reserves in roots and prevent bud initiation and growth. However,
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, drought condltions ww found to have no effect un translooation of picloram (4-

-,

amino-3, 5 6-trichloro-2- pyrldinecarboxylic acld) dlcamba (3 6 dichloro-2-

methoxybenzolc acid) or glypho§ate Canada thistle an} control of the weed was

\1
‘unaffected by the diﬂ'erent moisture conditions (Laurldson et al 1983)

254Rpot,Carbohydrates . : . & . I -

" Production of TOOt buds and release of dormancy may depend on the reserve
supplies of non—stmctural carbohydrates (Arny, 1932 McAllister and Haderlle
19854; Welton et al 1929). Compounds such as glucose. fructose dextrins, starch |
and inulin can be used to ;ixe; growth and development (Hodgson 1968 Welton et
al 1929). In experiments by' l-layden (1934) cuttjngs taken frorn stems about a year
old were densely filled wim carbohydrates and when planted, 95% of thern o

>

L
produced"shoots When cuttings were taken from underground shoots at the end of

’

the flowering seasom when carbohydrate levels ,were low, only 5 to 10% produced
<

-

_ " shoots.

r',

Aﬁxumber of atternpts have been: made to describe seasonal fluctuations in a

carbohydrat % rves of Canada thlstle (Amy 1932 Coukell 1966; McAlllster and ‘

' .Haderlie 1985b Otzen and Korldon. 1970 Rogers, 1928; Welton et al 1929) Welton

‘- et al. (1929) and McAlllster and Haderlle (1985b) studled dry matter and »
carbohydrates of root systems and found a gradual decrease of d.w matter and
carbohydrates dunng the early part of the growing season. with a mmlmum at the

| onset “of ﬂowertng Stmilar trends were observed for leafy spurge and perénmal
sowthlstle (Sonchus awensls L) (Arny. 1932) and Dalmatian toadﬂax (Ltnaria .
'daimatica (L. )Mﬂl.) (Robocker et al., 1972). Welton et al (1929) also observed that,

: when the shoots of the thlstle plants were cllpped the carbohydratc levels of thc

roots reached lhetl' lowest tevels aﬁer secondary shoots started emerglng Slmllar -

N . L. ’.

A
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rwults were reported by Amy (1932) and Hayden (-1934) Otzen and Koridon (1970)
concluded that uttle’ mbre information was obtained bv the time-consuming
: ’carbohydrate analyses than could be obtained from estimation of dry matter
contmt Similar conclusions were cited by Coukell (1966). who also stated ‘that
carbohydrate level was not correlated with thistle vigour when the later was

.

‘ estii'nated by size of sjoots and density of stands. e
: «’ - . L . - ? ‘

2.5.5 Nitrogen

‘ Apical déminance has been reported to be influenced by mineral nutri@pn

(Aspinall 1961; Mcintyre, 1965, 1972; Mclntyre and Hunter 1975). Studia on

o quackgrass (Buchholtz, 1962 Leakey 1974; McIntyre 1965) and leafy spurge

'{Mclntyre 1972; Regimbal and Martin 1985) showed a marked eﬁ'ect of nitrogen

| not only on apical dominance. but also on root bud initiation and grgwth Peterson ‘

_ (1975) stated that root bud growth in hawkweed {Hieractum _ﬂorenwwmAll ) was

. highly responsive to the external nitrogen supply Wainwright eg al. (1986) stated
that nitrate increased bud growth and rooting of shoot cuttings of blackcurrant .
(RtbesnigrumL) | : B . %\ |

' In work done on Canada phistle, perennial sowthistle and lepfy spurge by
Amy (1932) and on Canada thistle by Welton ef al. (1929) root nitrogen gradually

declined over the growing season, with a minimum at the onset of ﬂowering

®
coincident with the lowest root carbohydrate level and the lowest root dry weight: of

the growinng)jeason 'l‘hese minima corresppnded to the reduced abifity of lateral -
roots to produce new shoots. Otzen and Koridon (1970) also- obsetved that root

" nitrogen content changes were;similar to those of root dry weights and i

-

carbohydrate levels, except that the lowest level of root nitrogen occurred a few days

later than the lowest level of root carbohydrate.’

Y’ ' ‘
. L]
oA, / .
o N
. ‘a K} -

',19‘
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- Many conﬂi\:ting reports on the effect of nit.rogen on root bud Zormancy in
Canada thistle have been published In experiments done by Carson (1974) 100 ppm
nitrogen in the growth medium resulted ina higher shoot/root ratio than 10 ppm
but no signiﬂcant eﬂ'ect was obsmved on the number of emerged root buds ’ T
| Similarly Hoefer (1981) reported that nitrogen levels ranging from 8 to 84 pPPmM in.

‘ the form of mu}te or ammonia in nutrient solution or in soil did not consistently

_ stimulate the production of emerged oot buds ( <5mm long) or underground shoots

C (>5 mm long) He stated however. that in wtablished stands the low nit:rogen

. treatment produced more shoots than the high nitrogen treatment, but that the
opposite was true in the case of seedlings He then explained that nitrogen probably o
increased the competitive ability of the e:dsting shoots

Hamdoun s results (}970) were different from Carson s (1974) and Hoefer's
(1981) He recorded dataon the number of emerged root buds on seedlings and on
plants grown from root cutt.ings grown at diﬁ'erent nitrogen levels in nutrient _ .
solution. Inu'easw in number of emerged root buds ( <lcm long) in number of .
underground shoots (>1cm long)‘hnd in number oi}&al shoots were observed with
inereasing ext nitrate: concentration of up to 70 ppm, especially in plants
grown f] from root cuttings However no sigmﬂcant further increase was noted for’
nitrogen concentrations ranging from 70 ppm to 210 ppm

, Mclntyre and Hunter (1975) were the ﬁrst scientists to study the effect of . '

added nitrogen on the number of non—emerged root buds ’l'hey observed thatﬁtdhe .. '
'number of non-emerged root buds markedly decreased as the nit:rogen level
ina'eased from 5 to 420 ppm Ammonium was observed to increase root bud |
production more than nitrate No diiIerences in the number of emerged buds (:{ -
cm) or the nuniber erground shoots (>1 cm) ‘Were reeorded but the length ¢ of

underground shoots inermsed as nitrogen levels increased Mclntyre and Hunter

~
PR
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.
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the number- of emerged root_l_:o_uds tendedto decrease as the ex_ternal nitrogé ‘
increased. . ._,,f e T °*- PR

: ®
Y

Hoefer {1981) used some split applicati'ons of nitrogen ﬁ1 his ﬂhreatments., and -"‘ﬁ’:!

l i
4,

%
stated that Canada thistle responded more to initial nitrogen levels;tfban to a ¥,

‘studied the effect of split applications of nitrogen on seedlings growit?( in nutrient > "_.-, (

R
. SOIutiorL No dil'ferences in number of emerged buds or in underground shoots we.re
g. ‘ - .. !

observed between treatments but the length of underground shootsomote,asg

.0;‘

nitrogen application to 420 ppm in the second application compared to seedlings .
K¢

, ‘ grown under a constant 5 ppm nitrogen level. o
. No evidence was obtained from these investigations as to the nature of the

mechanisms involved in root bud dormancy. The degree of root bud growth and

| v underground shoot growth could be dependent ypon the ability of the root buds to

compete for nitrogen or carbohydrates. The growth of undergrou'nd shoots may

have di_verted carbohy_drates i’rorn the roots in amounts sufficient to limit root bud ,

response.
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| .. at least four soil samples with a soll auger at each of four different depths at the '

3. MATERIALS AND METHODS o
— . . Q/ ) . . ) | . ) . ‘e

~ 3.1 Plant Source and General Procedures : -

Root fragments used in all acperlments were obtained from greenhouse-

' grown Canada thistle plants which had been grown previously from root” piecw -

obtained at the University of Alberta Ellerslie Research Statiqp. Peat pots 7.5 cm

widebx7cmdeepwereﬁlledmthasandsoﬂpwtmixture(l 1:1) androotpiecess

cmlong 3to7mm1nd1amwereplantedlnthwepots Plantsweregrownfmmroot N

f.ragtnents under greenhouse conditions, at a 20/ 15°C day/ night temperature
e, 200 UE. m‘2 sec'1 ught lntensity with al6to 18:-hour photoperiad. At the 5

leaf atﬂage or5 weeks after planting, plants were collected and used for

-experimentation. Canada thistle plants used fbr outdoor expenments were

‘hardened for 2 weeks by expostng them to field conditions from. mid-May to early

, X _ S )
June. e v v ..

% N , . _ , .
Outdoor experiments were done on an orthic black chernozem, of the '

. Navarre. silty ciay loam serles. The mdoor experlment -uéing sofl was done in

Navarre clayioam(m%sand 30% sﬂt. 56%clay 15%0M pH 60)
bY
'-f Sofl nutrient levels and soil xholsture potential were determtned by taking

University of Aﬁ)erta ,Ellersue Research Statlon site and the Edmonton Rqearch

-

: 5‘5

‘ !
>

PYad

Sgatxon site throughout the grow!ng seasom of 1984 1985, and 1986 Soﬂ pH P and .

K were. determ!ned at the beglnmng of each grow!ng ?;ason. Soﬂ morgamc nitrogen

- : ot

W :22‘

. and total son mtrogen wexe determmed in spring | 84, ; repeatecﬂy in- IQB%d



1986 at both sites. Total soil N and inorganic sofl N were obtained by _ |
" analysis. Soll extractable P was extracted using NH:;F and HpSO4 | dium- - 1
' strength Bray solution) and the amount was measured by spectro etry. Soil K was
extracted with NH40Ac and ﬂhe amount present was determlned by atomic

 absorbance. Soil pH was determlned using a 1:2-soil water ratio and a pH meter. The
methodology for N, P, K and pH detetmination is descrlbed in more detail in
McKe'ague t1978). Seﬂ@\dmem;‘ water content was measured repeatedly during
the 1984, 1985, and 1986 growing seasons and with the appmonate moisture
retention curve, was used to determine the sotl moisture tension Precipitation, air
' relattve humidity and air temperature were obtalned for the Umversity of Alberta
Ellerslle Research Station from a small weather station1 situated 500 m from the
Canada "thlstle stand at the Ellerslie Research Station, and for the Edmonton
Research Station from a hygrothermograp‘h‘2 and a rain gauge. Soil bulk densities
for the Ellerslie Research Station site and the Edmonton Researd@ation site were
calculated using the paraﬂ]n clod method dwcrlbed by Blake (1965). -
Underground shoots were defined as root buds that had emerged through the
1 ~ cortex and were at least 5 mm long. Emerged root budg& were defined -as visible buds
that were less than 5 mm long. Non-emerged root buds are buds that had not
emerged through the cortex and could be detected only aﬁer the roots were cleared
using the methodology described by Melntyre and Huhter (1975). Roots were )
” unmersed in 80% lactic acid forﬁ to 6 days at 60°C, \mth thlck roots sometimes
‘needing 8 days. It was hnportant not to leave the roots in the hot lactic acid after

they had been adequately cleared since a long treatment reduced the opacity of the

S .

CR21',M1crologge;. Campbell Scientific Ihc.. Logan, Utah.

- 2 Hygrothermo'graph. Belfort Ins.tr_ument‘ Co., Baltimore, Maryland.

= O

-
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root buds and the stele A ught m!croscope at mx magmﬂcation was used to detect
the buds.

| | Shoot production was determ!,ncd by planting 10-cm long root pieces ina.
sand: soil peat m!xture (1:1: 1) and counung shoots produced from those root ﬁecw
after 28 days. Dry welghts were determined by placing plant parts in an oven at 60°C
for2to3 days Plant total nitrogen was obtained by Kjeldahl analysls. The detaﬂed
methodology is, descrlbed in Bremmer and Mulvaney (1982) Root samples used for
i the determtnation of dry welght and mtrog for'the determination of shoot
- production after plantmg root fragments ane?ﬂr the determmation of numbers of
” emerged and non-emerged root bud were all different. Root lcngth was recorded on i

?

all samples unless, otherwise stated.

. ,
3.2 Descriptive Study of The Root System

3.2. L, Root System ofan Establlshed Stand , _
_In the summer of 1984, a lo-yw.r old stand ofCaqda tlustle was studied at ;.- | )
the Ellerslle Research Statlon The thistle shoots covering four 2-m wide by 4m .
| long areas were cut down to 15 cm above the soll surface, at the ﬂowerlng stage. on |
the 5th of July, apg}rmdmately 7 weeks aﬁer shoot emergence. and the total shoot
" dry weight was determined These amswere then excavted to a depth of 2 mwith g
-a backhoe%l'he soil proﬁle on one of the 4-m long sidw of each tnench was used for -
study. Three succes3ive 10-crn thIck vertical slices were examincd in each trench
(Figure 1). For each slice, a grid of20 cm'py 20cmwas engraved in the sofl pgme
and excavation of the roots then started from the bottom of the proﬂle Excavation ‘
was done for a horizontal distance of 10 cm inside the ‘sofl profile and for a verttcal }‘

dlstanceonmfmmthesoﬂsurface Rootsmbandsofsouof20cmwere a:cavated‘d-
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systematlcally from the bottorn of the sofl proflle to the soil surface
A screwdriyer ‘was used to carefully remove roots larger than 1 mm diam
{rom the soil. Roots smaller than.l mm diam seldom had root buds Furthermore-' ~

- they were very dlfﬁcult to free from the clay.

Canada thistle: shoots

CP«(' ¢>}> S

20 cm

\

Figur‘e 1. l)escriptl.on of the soil proﬁle,fror_n whlch roots were excavated.
| &

" The lengths of all roots collected were measured for every 20 .cm down the
'soil pr'oﬁle and the number of underground shootsowas recorded Root oven-dry
welght root bud number, and shoot production were determlned on the roots
collected from the three sllces of each trench with root bud rrumber determtnatlon .
root dry weight, and shoot producg% of root fragments each measured on one of N
the thrce slices. Number of root buds@d shoot production per meter of root were
calculated. Roots froin _tl}e first s1lce of :.:ach' trench were.always excavated as fast as
possible and used for root bud determination slnc.e,'lt: had beergre'ported tlrat .oxygen

might affect root bud growth and initiation (McIntyre, 1979). -
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’I‘he length of time between root collection and the mea rrements' was l-to 2
days Processing roots for root bud detenninatlon after 2 days resulted in mor

: emerged root buds than for roots {hat were processed one day aﬁer collectlon

However no diﬂ'erenc& in total nurnber of root buds were obsewed within thls tlme i

period Therefore no distinction between emerged and non-emerged root buds was -
made. and only total number of rootcbuds are reported here
i Means an‘tl standard errors of the means were calcul_ated for all .
. - v

measurements recorded.
3.2.2 Rate of Expanslon of the Root System
Rate of expansion ol' the root sytem was deterrnlned using a non—destructlve ‘
method to evaluate roughly the size of root systems of stands of dﬂIerent ages ln h

order to do so, the rate of expanslon of the root system was studied uslng 15N asa

tracer It was hypotheslzed that if roots reached a soil volume where 15N ts hlgher -

than its natural abuhdance a htgh concentratlon of 15N would be detq;ted in the

<

shoots supported by these roots Ammon.ium joris were used as the soﬁﬁe of 15N It

was assumed that the low leachlng characteristlc of ammonlum 1ons

U

improve the accuracy of the estimatlon root expanslon (Russel 19?8)

The natural abundance of 15N is 0. 36% with varlatlons around thts value '

uSually within the range 0. 3564 O 3636% (Hauck and Bremmer 1976) A source
- other than the natural abundance has to be lnvolved tﬁa level much hlgher than

0. 36% 15y 4 15 detected. It was arbltmrﬂy decidcd that 0.40% was the minimum level
: requlred to be assured of the tnvolvement of other 15N sourcw Thts corresponded

_10'a 9.2% increase in 15N over lts natural abundance

-
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3.2.2.1 Preltrnlnary 1“'-’N ExPerlment _
, Canada thlstle plants ,that were tx‘iated were ln ‘the rosette stage with 6
- leavw and wtth no elongated stems. The sol'utton of 15N used was 15NH4CI (19
y mg/ml 99% 15n), containing 5 mg/ml 15N Slxteen plants were . washed out of the
peat pots in which they were grown and were planted in each of four 60 cm by I*cm
- by 10'cm deep containers One ml of 158 solutton was put at the surface of a root tlp
':"_; 710 cm away from the. base of the plant, before the roots were covered wlth sotl
Thistle plants were harvested 6 12, 24 and 48 hours after 15N was applied to the
: " soil. One container contalnlng four plants was harvested at each tlme The plants
were: then dlvlded into four parts -
| 1) three youngwt leaves - o ' - o

2) three oldest leaves |

3) the root in contact with 15N

g roots not in contact with 15N L «

Correspondlng parts of the four thlstlw ln one flat were drled then ground
e together in a Wiley mlll equlgbed with a 20—mesh grld One sample of 400 to 560'mg
was taken for edch plant part at each sampltng time, total nltrogen was determined o '. N
uslng Kjeldahl analysls and the 15N abundance was meaSured with amass
g spcctrometers Adetalled descrlptlon of the methodology ls provlded by Bremner '
and Mulvaney (1982) and by Hauck (1982) A Summary of the methodology is

included in Appendlx 1.

. 3 SD Isotopes, Dlviston of Merck Frosst Canadalnc Montreal ,1., v
Arthur H. Thomas Co.. Phlladelphla - {f S

9 Ug Mlcromass._ model 602 (twin’ collect.or)c‘ DR : R

’ M



3.2. 2. 2 Application of 15N in the Feld _
The prmme of lsN ina volume of soil at a given location will be referred to
as an inplant in the following descriptions o .

, l'In 1984 and 1985, three34-mrowsofthist1&2mapart withplants 15cm
apart were planted at the 5 to 6-leaf stage, with the peat pots in'which they were '
Vﬁrst grown in the greenhouse The part of each pot that was above the- soil surface |

was then tom oﬂ' since it would have served as a moisture wick. The plants were .

—_—

well watered every 2 days for the first week after planting to permit good

- ’ :

' "establishment 15N inplants were made at. 15 30, 45. or60 cm depth every 2m in
' each row. Inplants made ata given depth were contiguous ina row. ’i‘hus ina 34—m

- long row, there were four inplants at 15 cm dept.h every 2m and along a continuous -

8m.In 1984 each inplant consisted of 1 ml 15NH4CI (38 mg/ml) containing 10 mg

15N. andin 1985 of 1 mi ~15NH4C1 (19 mg/ml). containing 5 mg 15y,

- Syringe

\ Plexigia_ss tube

Teflon tubing

Flgure 2. Method for sfdding 15N belowthesoil eurface. " R R

_' SdilsUrface -

N7



3‘ . A hole 2 cm in diam was dnlled in the soil to the depth of the inplant and a
R
ple:dglass tube 0.5 cm diam and sllghtly shorter than the desired depth was

k lnserted Al-mi microsyrlnge with 1 mm. dlam Teflon TM tubing attached to its

' needle was filled wlth the 15NH4C1 solution and inserted into the plexiglass tube.

_ The tubtng was slightly longer than the plexlglass tube and shorter than the depth

29

of the inplant (Flgure 2). After the mlcrosynnge was emptied. the 'I‘eﬂonTM tubmg ’

‘was removed from the plexiglass tube. followed by removal of the tube. This

precaution was taken to prevent vertical spreading of 15NH4C1 along the hole.

-

: : _ Canada thistle slyoots .
3 - 2 1 1 - A2 o 3

e p L % &

T UYL

- O1sy inplant

Peat pot

E;ggr_e_& Numbering of thistle shoots ina row in which a 15N inplant was
made.. :

One week after plantlng 15N mplants were placed at the 15-cm and 30-cm
depths and one week later sampling started The two plants on each slde of the

" inplant and closest to it l'or the shallowest depth were sampled ﬁrst (shoots 1.

) Flgure 3) These plants were in pots 3 75 cm away from the site of the mplant The

‘ second sampllng conslsted of the plants second closest to the 15-cm lnplants

(shoots 2, Figure 3) 18 75 cm away from the site of the lnplant and of the closest

<~

E
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plants to the site of the 30-cl'n inplants At that time, 15N inplants w‘ere placed for
t.he 45 and 60 -cm depths Atyl/third sarnpling time, the plants third closest tq the |
: 15-cm inplants (shoots 3 Figure 3). 33 75. cm away., were sarnpled as well as the _
lants second closest to the 30-crn inplants and the closest thistles to the 45 cm |
inplants Six samplings were done with the sixth consisting of the plants third
closest to the 60-cm inplant In 1984 ‘but not in 1985 a seventh sample was taken,
conslsting of the. secondary shoots closest to the 15-cm inplar‘xts | g
Sampling was done weekly in 1984 but in 1985 it was- done every 4 days .
.Samples composed of two plants each were me&ured for height and their leaves
were counted ’I‘hey were then ground ina Wiley mill digested following the 'J .
Kjeldahl analysis and the 15N / '14N ratio was identified wlth- a mass ;spectrometer .
as descnbed earlier Means and standard errors of the means ‘of the percentage of
the total nitrogen in the form of 15N were calculated ' : _ S
Knowing that the thlstle shoots were. 15 crn apart and that the pots were 7 cm - . |
deep and 7.5 canide. and assuming that the roots of each- planit ﬁlled every pot the B
rate of expansion of the root system was estimated For example. shoots could
" contair’ 15N 22 cm i'rom the site of the 15-cm izaplant 21.days after thistles were;
planted. ln 2 v days the roots grew 8 cm deep (depth of inplant less depth of pot) and

18 75 cm horizontally or a diagonal distance of (18 752+$2)0 5220 cm.

‘ N P R . . . N - . - 4 - .
3.3 Effects of Nitrogen on Canada Thistle |~ 5 R -
SR R T % I l .
3 3. 1 Nutrient Solution ' DL

Two rates ol' nitrogen were chosen. 21 and 210 ppm ’l‘he 2 1 ppm nitrd’gen
concentration was similar to the nitrogen level in untreated topsolLat the f .

R

Edmonton Research Station si’te (Appendix 3) while the 2 10 ppm nitrogen

Sl o o TN
i R B w4 RANE
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concentration was reported to be close to the upper limit of' the nitrogen level to

which Canada thistle root bud d'ormancy wouid respond (Mclntyre and H-unter.-
197 S) The optimqm'--level of nitrogen for releasing Canada thistle root bud

dormancy varied between 70 and 210 ppm nltmgen. depending on the source of

L}

]
. the'o source oi' nitrogen since.it was reported to be efficient in releasing root budr

The experiment was conducted ina growth room at a 25/ 15°C day/night
tcmperature regime and a i{6-hour photoperiod{ 5ef'he e‘xnegmcnt was carried out in
two trials, the first trial ata light intensity of 150 ﬁ m'2 sec” -1 and the second
trial at a light intensity of 250 uE m2, sec‘1 Canada thistle plants were washed out

of peat pots and transplanted trito silica sand {4 to 12 mesh/cm) in- 13 -cm diam
.’ plastic pots. Nine pots were fitted in one tray which served as a replication of one
treatment Each treatment had two replications Two dtﬁ'erent nutrient solutions .
' were used as the two treiitments. The nutrient solntions were modifications of
Hoagland's solution (1950), as described in Table 1, and diﬂ'ered only in their
nitrogen concentrations. Every two days the sand of eacn pot was leache'd with
water and the Canada thistle plants were fertilized mediately with 100 ml of the

appropriate nutrient solution. e ¢

3 \

Piantswere sampled at the 17 to 21-leaf stdge, or 7 weeks after pianting for
. the high nitrogen treatment and 10 weeks aﬁer planting for the low nitrogen

' treatment Roo‘ts were divided into small roots (O 5 mm < diam < 1. 5 mm), medium

roots(l 5mm<diam<25mm)andlargeroots(diam>25mm) Thesecategortes '

L
were chosen to group the large roots with secondary thickening into one category

and to obtaln approximately the same biomass of roots In the medium and small

[ 4

‘ root diameter @cﬁategories Number height dry weight and nitrogen content of

«
Al

-

information (Hamdoun 1970: McIntyre and Hunter, 1975). NH4NO3 was chosen as
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Table 1. Chemlcal cgtpp ion of nu.'t’x‘i;nti"sblutions o_f two different - e

nitrogen concentrétions. o v o : ‘

\ " Molecular Co'ﬁé'e.nt‘ra_tion» £ ' Elemerital ‘Co'ncentl,"ation -

. Chemical = -~ Coﬂcegtratlon | - vElem‘cnt-' Concentmt}on

gs 4

e e | T ef

Macronutrients .

[ L .

Lmedmyo . wm
v A 2 . .. Cca " . 160
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aboveground shoots, height and number of underground shoots ‘and root length of -

srnall r?edlum and large roots were recorded for each Carnada thistle plant On five.
ﬂplants of each replicate, the nurmbers of non-emerged and emerged root buds were
determlned for each root diameter category ermber of non—emerged and emerged

‘ root' buds per meter of root were also calculated for each diameter éategory. ..
Weighted averages for the entire plant were determined uslng the values of °
parameters measured for the entire plant, divided by the total oot length of the
plant. Qn ‘the remaining four plants_of each_repllcate, dry weight and nitrogen
content for each root diameter category were determlned. A Student t-test,was used

to compare means. . $o : : 4

3.3.2 Sotl . _ ., -

; . The mtrogen s_ource used in e:gperirnents with soil as a growth medlum was
- urea (46-6-0)6. Treated stands received the eduivalent of 100 kg/ha nitrogen, with

~ the exception of the experiment on the effect of nltrogen on shoot production done

‘ in 1984, where 70 kg/ha nltrogen was used. The nltrogerrwas broadcast manually
and mcorporated in the top. 10 cm with a hoe. Supplementary soll nltrogen in ppm
was calculated from the rate of nltrogen in kg/ ha soil balk denslty and the volume

of soll in whleh the nltrogen was lncorporated Since soll bulk densities varled
'from one expenment to another, a given rate of nltmgen did not correspond to the

same level of supplementary nitrogen calculatedln ppm in all experiments.

3.3.2.1 Shoot Production

'I‘he experlments were done ,ln the ﬁeld in two different ways. Young stands

6 Alber_ta- Wheat Pool. Edinon_ton

oy
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received on.ly one application of nitrogen in spring, and progress. of the effect was -

J

recorded weekly thrOughout the growing, season. In old stands, nitrogen was applied

.-

. at diﬂ‘erent tirnes during the growing season to different plots

| 3 3.2. 1 1 Newly Established Stands - - 4 k .
Canada thistle plants still in their respective peat pots were planted on May
18 1984 at the University of Alberta E;dmonton R&earch Station. The part of each
&ot that vkis above the soil surface was removed The total area chosen for planting
was 12 m wlde by 30 m long, and two blocks wide by four blocks long, [separated
from each other by a 2-m walkway. Each block was 4 m by 5 m in size. 'I'hree
Canada thistle plants were planted in thc middle of each of the two blocks along
each of the shorter sides of the area, while two Canada thistle plants were planted
“ in each of the remaining four bloclts The plants were well watered evéry 2 days/for '
 the first week, to permit good establishment Four blocks, grouped together in a two
by two matrix, were tIeated with 70 kg/ha of nitrogen. which corresponded to an |
extra 38 ppm nitrogen in the top 10 cm of soil, at the time of establishrnent on May
18 1984, and with 100 kg/ha of nitrogen which corresponded to an extra 54 ppm
nitrogen in the top 10cm of soil, on May 18 1985 one week after Canada thistle
: emergence 'l‘he other four blocks ere left untreated (15 to 2'1 ppm nitrogen was
| already prescnt see Appendix 3) Shoots produced by the eight stands were counted <
weelcly during the growing : season of 1984 from June 2 to Scpternber 22 ;and for the -‘
first 6 weels of the growing season. of 1985 from May 30. to July 8. The areas covered
by each stand were calculated from the average diameters of each stand since each
one was circular Densities of Canada thistle plants for each stand were calculated

from the numbers of shoots present in each stand and the areas coVered by each

stand On July 8 1n 1985 four inl‘estations were excavated to examine the root
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systern On May 22 in 1986, about one wegk after Canada thistle emergence 100
| kg/ha of nitrogen was applied to the four remaining infestations Shoot densities of
each'stand were calculated weekly from the number'of shoots determined in fOu:/
b
0.5- m2 quadrats placed randomly in each stand, from May 12 to June 30. Means

and standard errors of the means werg calculated for both the treated and untreated

stands. . -

*3.3.2.1.2 Stand EStablished for more than 10 Years

Sixteen 1 by 4 th blocks were staked out inan 11 and 12-year old stand, in
1985 and 1986. respectively situated at the University of Alberta Eller\slie Research
Station. Each block was divided into two parts. Canada thistle shoots of the entire
block w‘ere cut to 15 cm. above the soil surface before nitrodge*n application to half of
each block The trSated falves received 100 kg/ha of nitrogen, which corresponded. -
to an extra 61- ppm nitrogen in the top 10 cm of soll; “the remaining halves were left |
untreated (¥O to 35) ppm N was already present, see Appendix 3) The sixteen blocks

.

. were divided randﬂmly into four sets of four blocks each.

In 1985 nitrogen was applied on the first set of blocky'on June 9. 4 weeks A'
after thistle emer%ence ENitrogen was applied on the second set of blocks on August
3 12 weeks after\thistle emergence on the third set on August 26 14 weeks after N
' emergence and 0§’l tl'gfourth set on September 29 18 weeks after emergence In
1986 the nitrogen applications were made on May 17, July 24, August 25 and on
September 20, co;responding to ;L. 11, 14 and 17_ weeks after emergence.
respectively. ; _J‘ o | | o © N
’ ced onleach half of the blocks were counted 4 weeks after the

Shoots
nitrogen was a ied with the exception of the shoots growing after the last

hitrogen application in September which were counted on May'17, 1:986 and May
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13, 1%87 A paired Student t—test was done on the rdtio &' tl%znu’tnber of shoots o \
A

produced 4 weeks after the parent shoots were cut to the number of parent shoots i'or

each time of nitmgen application.

3.3.2.2 Growth of the Root System
In the following experiments nitrogen was applied once at the 5 to 6—leaf
stage of the Canada thistle Roots of container-grown Canada thistle were collected
. from the soil by sieving the soll with a 16-mesh screen to recover roots larger than
0. 5 fam in diam in cor;tainer-grown Canada thistle plants This was not done fo

' .. the one and two-year old Cahada thistle stands since only roots with a diameter [
larger than'l mm were collected. Soil clods would easily break along these large
roots. o " - ‘v‘,‘ |
'3.3.2.2. l Container-grown Canada ’l‘hist_le Plants
Experiment 1, which lasted 7 weeks was done outdoors at the Edmonton * |
Research Station in 1986 from May 20 to July 16, and indoorg under the
growthroom conditions mentioned previously in section 4.2.1.The light intensity
in the growthroom was 250 uE m2.sec” 1 Bcperiment 2, which lasted 13 to 14
weeks, was done at the Edmonton ‘Research Station durl.r{g the growing seasohs of
‘\1985 and 1986 from June 2to September 4-10, and i’rom May 28 to August 29 -" '
September 6. respectively ' '
In E)cperiment 1, eight 45 cm diam by l»ezi deep containers with eight l-cm
diam holes to permit drainage were ﬁlled with Navarre clay loam One’ Canada
' thistle plant at the 5 to 6-leaf stage with its peat pot was planted in each ot' the
ontainers"me part of each pot above the soil surface was removed The containers

were divided mto four replicates of two containers each The soil of one of the .

Lt
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containers of each repllcate received' 100 lcg/ha of nitrogen. which corresponded to -
an extra 83 ppm of nitrogen in the top 10 ¢m of soil The other containers recewed -
no addltional nitrogen (10 to 12 ppm nitrogen was already present). The plants were
watered every two days during the first week after planting in the outdoor trial. In
the indoor trial, the plants received approximately 6 L water once at establishment.
and then 1 L water each week, with the total amount corresponding to the amount
recetved by the plants that were grown outdoors Seven weeks after the imtiation of
‘the experiment shoots and roots were harvested ° AR

| In Experiment 2, six large boxes were used. ‘he\)oxes were 90 cm 2vlde 90 cm

: long and 1 m deep. with frames . of welded angle’m and sxdes of plywood ’I\vo
-opposite sides functioned as sliding doors The boxes were lined with plasfic sheets :
” to facilitate the removal of the doors at harvest time. One Canada thistle plant

with its peat pot, was planted in each of the bdkes that had been ﬁlled previously
with Navarre clay loam. The part of the pot above the soil surface was removed. The
boxes were divided into_three repli:ate/s.éach consisting of mcoboxes. Ori,e box o@f}
each replicate received 100 kg/ha-6f nltrogen. which corresponded to an extra 83
.ppm nitrogen tn the top 10 cm of soil. The plants were then watered to field capacity
every 2 days for the first week after planting In the ﬁrst trial, in 1985 because of

- the low precipttatlon plants also received the equivalent of 1.85 cm of water on

Ld uly 8 No further water was added to supplement the precipitation recorded in
.Appendlx 6. ’I‘hirteen weeks after the initiation of the experiment 't'ﬁe?fhlstle plants

'
were harvested

Number dw welght height and nitrogen content of shoots and of
. underground shoots were measured The roots were then divided into small rOOts

(O 5mm < dlam <15 mm) medlum roots (1 5 mm < diam < 2.5 mm) and large roots

(diam>2.5 mm). . a

v
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i' in Section 4.3.1. A Student t-test was used to compare means

' were collected

LU

In Experiment 1, each root category was dlvlded into two equal parts on the
basis of total fresh welght One part of the root system was used for non-emerged
and emerged root bud counts, while the other part was used for dry welght and
nitrogen content determlnation Root length was measured for both parts

in l:-:xpenment 2 each root diameter category was dtvided into three 1>arts on

the basis of ﬁesh weight. One part of each category was used to measure shoot

, productlon by planting root fragments one part for Toot dry welght and nltrogen

determination, and one part for non-emerged and emerged root bud counts Root
length was measured on parts used Tor the determlnatlon of shoot productlon by

root fragments and for root bud determlnatlon . v ‘®

The results obtalned for all parameters were then adjusted for the entlre

‘root dlameter category. by dlviding the value obtained by the fresh. weight of the

part of the root system on which. the measurement was taken and multlplying the
result by the total fresh weight of the root dlameter category Numbers of non-
emerged and emerged root buds per meter of root as well’ as shoot production by roct

fragments per meter of root were calculated Welghtg averagw were determined as

,'{;;

il

3.3.2.2.2 One and 2-year old Canada Thistle Stands

The thistle stands excavated were the same as the«mes studled for shoot
e

growth 1n Section 4.2, 2 1 and the excavatlon process was slmilar to the one ’

descrlbedinSectlont. ﬁ"l Canadathlstleplantswerecutona2mwldeby4mlong .

)

areain eaoh‘of the fio treated and the two untreated stands n 1985 and 1986. '}‘hese -

- s.’a'. areas were then excavated toa depth of2 m with a baekhoe and the thlstle

*
T

Six lacmycksllcwwerecxammedmeach ofthe fourtrenches(Flgure l) >
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v h .

Root length was measured every 20 cm down the soil grofile of each slice. Two slices
in each_.trench were 'studled for root dry weight and, in 1986, also for nitrogen
determlnatlon Non-emerged and emerged ro‘dt. buds vt/ere counted l’or the rdots '
collected in another two ches of each trench and the remaining two slices were
used to examlne shoot productfon by roet fragments Roots from the ﬁrst and last
s1lces of each trench were always excavated as fast as possible @used for rootbud. -~
" determination sinc_e it had b@."d that oxygenrnight affect ront bud growth

and lnitiation (McIntyre. 1979) For the rernainin'g types ofrmeaiurement ong of the‘
other four slices of each trench was chosen at random. Numbers of non-emerged h

and emerged root buds per meter of° root as well as shoot productlon by Toot .

fragments per meter of root were also detenmned

L \ :
| 3.4. Statistical Analysis

The data wege not transformed. Stand‘ard errors of the means can lose their_
meaning if the lnterval scale propertles of the data are not- preserved Student st
test was used since a departure from a norrnal dlstrlbutlon does niot aﬁ'ect the |
outcome'of a t-test, especially near the tails of the distribution (Steel'and Torrie,
1980). ‘ | -

“® Because of the high variation 1nherent to Canada thistle plants and to root
systems, the 0.1 level of probabillty. was used to detect dlITerences in eIl_'ects of |

nitrogen treatments. . . e <



4. RESULTS

4.1 Soil P'rpgerties and I;:nvironmental Data
\. . ! - . | |
Detailed sqﬂ properties ~and environmental data were recorded for 3 years
“at both the Ellerslie Reseach Station and the Edmonton Research Station sites
 The values recorded are tabulated 1n Appendix 2 to 9, and are referred to only when '
necessaryé
- . At the Ellerslle Research Station recordlng of soil temperature at 10 cm
: ~‘dep_th begap in May :No u}form‘atibn was available for t_he Edmonton Research
sva,ticn' for:'May. At bqt:hvsltes. soil temperatures from June 1 ;to September. lin
1984, 1985, anid 1.986'.had an a'veraée maximum of 18°C; which varied between
12°C and 20°C. axid arhmge minimum of 13°C. which- varied bemeen 8°C and
18°C. In May 1986 at the Ellerslie Research Statlon. soil temperatures reached »
26°C during three co:';Secutive days. The soil remained unfrozen in October, the last
month of recording. No mforrnatlon was available for the Edmonton Research

c - -

. Station for October. - P o B

4.2 De‘sc‘ripth're Sfudy of the Root System

L
’

,.@;‘.

" dg

)
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The root system was sampled (Figure 4) to measure total root length root Sre
. dry welght and number of root buds (Figures “) to 7) In addition the potential of n
. these buds to develop into shoots was’ determined (Figure 8) '

A few underground shoots were present in the top 40 cm of soxl An average

of two was observed for each trench 1 e. for every three vertical soxl slices

L excavated in each trench

A@out one fourth of the total root mass was located in the top 20 cm-of soﬂ

"I‘he greatest part of the root system. therefore occurred below this level (Figures 5‘ .

~ and 6). The highest root density for both the total root length and root dry weight B E
'was between 20 and 40 cm depth and the density declined thh increasing depth
below this level The root system reached L. 8m irf depth |

Nearly half of the root buds were present in the top 20 cm of soil (Figure 7 a). :
'The number of root buds decllned sharply with increastng depth Very few buds
s occurred below 80 cm, and none was found below 120 cm. ‘ |

The n@mbef of root buds per meter of root was also highest in the top 20 cm. | ;
.of soil (Figure 7b) and declined with increasing depth generally by half the S

: nurnber present in the sail band immediately above the gne observed

No dlstinction was made in counting between emerged and non-emerged )

root buds since it was obsewed that the 44rm _ between sampling a{d treating the

'roots with lactic acid permitted some no emerged root buds to emerge through the .
. cortex. B e ':' e | |
‘Root buds on roots sampled in the t0p 40 cm of sotl did not always produce .

shoots when the Toot pleces were planted in the greenhouse (Flgures 7 and 8). In ;

‘o .
contrast;v roots sampled de_eper _into»the soil produced‘more.shoots t_han the actual»"
number of root buds present at sampling.

i



: THE QUALITY OF THIS HICROFICHET

-1S BEAVILY DEPENDENT UPON THE

QUALITY OF THE -THESIS SUBMITTEDfl

FOR MICROFILMING.l'

‘UNFORTUNATELY THE COLOUkED 
- ILLUSTRATIONS OF THIS  THESIS
_CAN ONLY YIELD DIFFERENT “TONES

-OF GREY."

‘LA QUALITE -DE CETTE MICROFICHE
DEPEND GRANDEMENT DE LA QUALITE.DE LA -
“THESE SOUMISE AU MICROPILMAGE. ..

MALHEGREUSEMENT, LES. DIFFBRENTES}
~ ILLUSTRATIONS EN COULEURS ~DE  CETTE

THESE NE - PEUVENT DONNER QUE DESU
TEINTES DE GRIS. o S
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- _Figure 5. Average root length down thcgoﬂpr’ome of a Camada thistle stand. #
: The data represent the means for the roots found in twelve 2 m wide.

‘by. 10 cm thick by 20 cm deep soil bands.-Horizontal lines indicate -

- .standard errors.of the means for each depth. The percentage - RS
distribution of the measurements d swn the soil profile is tabulated
inthe column.”; T, - I T :
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'Figure 6. Average root dry weight down the soil ;%;Omc ‘of a Ganada thistle . ‘
' stahd. The data represent the means for, the roots found in four 2.m- .
wide by 10 cm thick by 20 cm deep.soil bands. See Figure.5 for more L
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* . *Number of root buds -~ °
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_Eigure 7. Average numbers of root buds (a) and root buds per meter of root (b}
" down the soil profile of a Canada thistle stand. The data represent
. the means for the roots found in four 2 m wide by 10 cm thick by 20
/o deep soil bands. See Figure 5, page 43 for more details. = -
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" Figure 8. Average values for shoot: production (a) and shoot production per '
. _meter of root (b) down the soll profile of a'Canada thistle stand. The .
o data represent the means for the roots found in four 2 m wide by 10
, ... cmthickby 20 cm deep sofl bands. See:Figure 5, page 43 formore. .~
o iggdetalls oo



1 . . >

) . o .»,-; PYSYS el g ,\) o Y P . ;7‘:'. -
o W h"'ia? ""i » .'k J'r?yty ; : '%_‘ PR
e by B
. ' v e “‘@
'I‘he number of sl?o%& 'produced-*aft'er r@lanttng lo-cmﬂong ronifragments

~
sampled in each 20-cm wtde sotl bands was stmtlkr for roots@mpled between o

4!-‘

" and 100 cm depth (Figure 8a) The numbers decltned with mcreastng depth below
o 7
"thisle\)el, '< . o P I _ e

The shoot productlon per meter of replanted root was cor;,sistent for all root N
B
fragments and had a weighted mean of etght shoots per meter.(l-‘{gtgf 8b) However .

the number of root buds per meter of root decreased with 1ncreasing depth (Figure
7b) Thus the depth at whioh a root was sampled aﬁ’ected the number of shoots S

b

produced per root bud present_ at sampling. Lo o » L N

4 2.2 Rate of Root Expansion 7 v '
15N was detected throughout the plants 6 hours aftSr 5 ug of 15N was
applted to the sofl at.a root tip (Table 2). 'I\:velve hours after applying 15N the level
‘ of 15N in leaves was sllghtly lowerthan 6 hours after 15N appllcatlon but the level
. was relattvely constant thereafter 'l'hus it was concluded that 15N was detectable
in amounts larger than 0.40% in the leaves, the plant part sampled in the ﬁeld ;
and that the levels did not change stgntflcantly over tlme ' T . -
" The root system of any plant is composed of an tntrlcate network of roots of
vartOus stzes and stra}ght pathways between two potnts in the root system would
» be expected It was assumed in calculating the rate ot' expansion of the root system '
in the fteld that a relattvely stralght pathway existed between any. potnt in the’ soll 4

in contact with a root of a plant to the base of the’ shoot B

(o

{ The 15N levels detected in prtmary shoots (tllustrated in Figure 9) collected
in 1984 and 1985 were lower than the natural abundance t was concluded

therefore that Canada thlstle roots. dld not reach the tnplants and that the actual

K



Table 2. Abunidance of 15N’detected in treated plants 6 to

o o

application of 15N to a root tip 10 cm away from the shoot.

. @ )

hours after

{47 :

oy : e T "ij,Abu.ndanceoflsN'

. R . Lcaf Three . Three
Hours after Shoot ~ Number Youngest Oldest

Treatment Height? per Shoot? Leaves - Leaves

Y/

- Uhﬁated" |

- Roots

RS

Treated
‘Roots

{cm)

6 5 . 6%l 5428  51.87
12 4x1 61 4330 - 4L15 |

24 Caxl  6tl 4135 3888

e ¢

L]

a8 ail o Bl 42.35 4448

26X 100~
- 65.01

4774

4152

el N

4501

398.46

24321

94165 |

8427

' @Values  standard error of the mean.

s

N
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Row of Canada thistle 49 days aftjer transplanting: :
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rates of expansion of the root systems were lower than the values calculatecl
(Tablm 3 and 4). The rate of expansion of the ri‘)ot system- was estimated to be lower

than ) 63 cm/day the ﬁrst calcula.ted value, when primary shoots were young

«

..

'~ under the growing conditions fOund in spring and early summer in Alberta R

When the productior- of leaves or secondary shoots' increases ‘more 3
carbosydrates should be produced and available for root growth Thus the Tate of
| expansion of the root system would be expected to increase To Support this _ f v
‘ assumption secondary shoots ‘were sampled 7 weeks or 49 days. after 151\1
application in 1984 (’l‘able 3). Elevated levels 'E)f’ 15N were detected and the rate of
'eil'pansion of the root system was mtirnated as being equa to or higher than 0. 95 |
.cm/day % ‘ |
Only a rough estimate of the rate of root expansion can be made The
| average rate of acpansion was lower than 1 cm/ day between 5 ‘and 13 weeks after
p’lanting ad0cm long root piece of Canada thistle ina chernozemic soil in spring
., and early summer in- Alberta Assuming that there are 105 days in a growing
- season.in Alberta (Environment Canada \1982) w, en root growth is possible a
' newly established Canada thistle stand with its owth uninhfbited by

competitiOn or chemical dultural or mechanical control methods wOuld grow to

h at least a l-m depth ina growing season and would expand horizontally by at least

" 2 m. Since these estimates were very conservative it was decided that ‘the depth of

‘ vexcavation of the root system of the l-year old stand should be 2 m.
4.3 Effects of Nitrogen on Canada Thistle

, In the next sections. roots i'rom the three root diameter categoriee will be

- .referredasia:ge.mediumandsmall(diam>25mm. 15mm<diam<25mm.05

3
/'

.).‘ .
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Iablg 3. Abundance pf 15N found in Canada tlnstle shoots after treatment and
g estlmated rate of root growth in 1984

/-

_ {
‘ 1984
Leaf  Distance between [ . -~ Root -
. Shoot ber Imﬂam_and_s_hgp_t S Growth
‘ Daysa_Hglg_htb ﬁglhoot_b Vert.. H% ) 158b - Rate
po Tam ~em) (an) %X 100) . (cm/day)
€ 14 sl 7£1 8 4 3667:0.02 <0.63
o0 41 10,1 8 19 3679003 - <097
- Joo 23 4 3676:004 - .<Lll
28 gl 14l 8 34 3676:004 | <l2a
= - .23 1 0 37.10£0.22 T <1.06
, 38 4 % 3699011 <136
35 10t1 15+1 23 34 36.75:0.05 “<117
, - . 38 19 37.02¢0,08 . o<l2l
R O - - 53 - 36.891+0.03 - - <1.52:
, 42 16x1  15%1 38 34 .~ . 36874009 - . <121 - -
. : , .53 .19 - 36.8930.04 .- <134 .
\49» 25+1 - 18%2 53 84 36948011 <128 .
O sec 6zl T3t 8 4 4977454  >016 % 1
ST , 23 4 | 47.46£3.87 >0.42
. 38 4 41.28:165 . - >068
.t . =88 4 40.28+0.45 20.95 -
@ Days after trans )énting k/'\_,
.b Values * stz error of the mean. : - ST
¢ Results}btalncd for secondary shoots. ' S : A
. . . " . . . ‘ v t’ leff
. , e
) .
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' Iab_k-d Abundance of 158 found in Canada thistle shoots after treatment and
o -estimated rate of root gmwt@ 1985.

T

7 Leaf iDistapce b_etwe_en P R Root ® . .~
.. Shoot ‘Number _-lgplanit and Shoot ; . Growth °
% . Days® HeightP per.Shootb - Vert. . Hor. - 15Nb 0 "7 Rate::

Tem . fem) (ern)_ X 1001 - A‘('cr’.rll/day)_
4 3. 7mL 8 4 . 37.00:008. <063

18 3#1 . 71 - & 19 36904008 <113
- 4  3689t0.06 ~ <129
. Egy am s - 8 34 3686:003 <158 "
Ty T 23 . 19+ 3680t0.02 ' <135
e T8 -4 © v 36.86:008 <174

Ned 26 4x1  ea1l 23 34 35821002 <157
w28 .3 19° . 3686:0.02 - <163
T 83 . 4 3799108 <204

32 ax1 101 - 38 - 30 | 36.78:0.02 ©  <1.59 - |
L .~ 83 . 15 .. 36841003 <176 |
- 38 v 51 12+1; 53 ‘, 30 $ 36‘.;79.‘;_’0.02' ‘ <1.85 x_l q

aDaysaftertransplamting SR s l“""‘_.. .
bValues+standarderwrofthemean . - , Co

'S




4, 3 1 Nutrient Solution

In the first growth room tna] where light intensity was 150 uE m'2 sec

the number ot' aboveground shoots was not signiﬁcantly diﬁ”erent for plants that o

had recetved the low and the high nitrogen treatments but shoot height and dry

: _weight were 56% and 57% higher respectively for the plants that ‘were: grown at

the high nitrogen level P< 0 001) (Table 5). The number of underground shoots per-'

52

»plant was twofold higher for plants growing under the high nitrqgen level as under

' the low nitrogen level (P = 0. 09) (Table 5).
| Total root length and root dry weight were @wer when plants were grown at
the high nitrogen level compared to the low nitrogen level (P <0. 001). and as a
consequence the shoot/ root dry weight ratio was three times as high for plants ™
; grown at the high nitrogen 'l‘evel (P =0.001) (Tablt: 5). | |

. Emer‘ged ?md non-emerged root buds are illustrated in Figures 10 and 11,

respectively. Th_ere was no difference in t_he number of emerged root buds per'plant

‘ between treatrnents (Table 6) However, the.weighted mean Wroot buds ‘per '

-

meter of root was higher (P O 05) for plants grown under the high than Qder the

low nitrogen level (Table 6) Similarly. no diﬂ'erence in the number of non-

' iemerged root buds per“plant was observed (Table 6). but the weighted mean of ‘hon- ,

v ln this trial evidence for the release of root bud dormancy by nitrogen was

7

@e production of more underground shoots and more- emerged root buds per meter

& : ts o gg'own under a high nitrogen level compared to a low.

3 ,533 "

of root when the

‘;:.higher (P =0. 1) for plaqnts_ grown under the

nltrogcn level The neSults obtained agr‘éed swith the conclusion oi' Hamdoun (1970) |

£ 718
and Mclntyne and Hurjtcr (1975) that a higﬁbitrogen level did release root bud

. X .;...I, ’; o . . , ‘* .
dormancy T : '

o

2A P *
. - E w“ o ' *
. . . oo . . "
s ) RN . , - . *
ey ) G } . . p .
PR . o, .- . : oL -7
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Table . Response of shoots and roots of Canada thistle plants grown from

the 6-leaf stage to the 17-leaf stage in nutrient solutions of diﬂ'erent 3

mtrogen levels.

First Trial, 150 yE.m2.séc"!
Nitrogen Levels . .
21 pprh , . 210ppm © ° p?
ik " L
' Aboveground Shoots 0
' Number v ER B ,:’.0195
‘Heght (cm) F R 25 . .0.001
. *Shoot DryWeight(g) 156 245 - 0.001
. ‘ | ﬂnde;grbund Shoots : | |
‘Number - . .03 . . 07 . 009
R Root Length (cm) .
Root Diameter (mm): : IR : : o
>2.5 18 6 . - 0001
1.5-25 . 33 - ' 51 - 0.04
0.5-15 110 ' .70 . . 0001
Total = 272 . 187 - 0001
B . RootDryWeight@
Root Diameter (rnm) : T ‘
~>25 063 - . * 013 . .-001-
. 15-25 025 017 5017 .
~ 05-15 = .0.32 S 021 ... . 009 .
Total 183 - 0.87 ,0001
Shoot/Root Dry Welght ST R
- Ratio o 096 g . .~ 292° -‘ 0.001 .

“htr o

- @ Level of signifigance based on a two-tailed t-test. -

et "}
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mgm_u Non-cmerged root buds (X5 magmﬁcation)

"y

g

S
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: :Table § Response of root buds of Canada thistle pLants grown from the . :
6-leaf stage to the 17- leal stage in nutrient solutions of diﬂ‘erent
mtrogen levels ‘ . : , A

~

First '_ma'l." 1}50';‘11";.@'2_.5&'}1" -

v

Nitrogen Levels

Root Dtameter o L .‘21 ppm : 210 bpm P

: : -~ . Emerged Root Buds per Plant

2 - 059
2 - 100j_
, ‘ R ;oéé
e . ”'.

Emerged Root Buds per Meter of Root

>25.

T15-25 gy
- os-15 ¥
- Total

WO,

24 . _'095'
1 o033 L
BERE

Non-emerged Roqt Buds per. Plant

>25 S e 2
1.5-25 N
'0.5-15

Weighted Mean L

hOo00 .

-v'o :_,.‘012‘
1 027
1. 023

2_ 046' :

>25 S

-1.5-25 ‘ o
~05-15. . . -
“Total | oy

= O b s

o _ o Non-emerged Root Buds per Meter of Root ‘

e 3 A e w o
1525 . .,y 2\ o 6 0200 S

| osis L to\ 4 019

Weighted Mean S S 1_-, o A __-0-10




‘l\vo light intensities were used in the growth room experiment Canada .
'_ , fhistle plants seemed slightly etiglated after the ﬁrst trial so the intensity was

increased inthe second trial. = . /{)

”

‘In the second growth room trlal ‘where light lntensity was» i ;
' IJE 51\2 sec” @‘7 number of aboveground shoots produced when &

| growing under a high nitrogen level was lower than when plants were growing

, under a low nitrogen level (P < 0 001), but total s{root height and dry weight were 1 5

.and asmuch as doubled when plants were grown under the htgh nitrogen level

. (P<oO. 001) (Table 7. P

. The total' number of underground shoot"s produced per plant averaged two
for plants growlng under both nitrogen levels, and the number of underground
.’ shoots’ per.meter of root was not diﬂ'erent bet\yeen plants grown under both levels
(Table 7). o o |
Total root length was lower when dsing a high level of nitrogen than when
-usinga low leve‘hrof nitrogen (P <0.001), but no difference in root dry weight was-

observed (Table 7) ’I‘he shoot/ root dry weight ratio was nearly three times as high

"4 B . J

for Qhe‘plants growing under the high nitrogen level as under the low nitrogen., level

R .(P < 0”601) (Table 7.

No dilIerences in total emerged oot buds per plant or erherged root buds per

. meter of root were obsewed between treatments (T able 8) More emerged root buds )

per meter of large roots were produced by plants grow*x .xnder the high nitrogen
level than under fhe low nitrogen level (P 0 06) (Table 8). b‘
. _Total numbers of non—ernerged root buds per plant and per meter of root
 were lower (P 20.001 and P=0. 09, respectively) for the plants growmg under the i
high nitrogen level than under the low nitrbgen level. The high nitrogen level

resulted in fewer nor'l-emerged root buds on the large roots than did the low

lﬁ% ,

Mo T, .
5t .
1 v ) g . z
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Iab.ls:_Z Response of Canada thistle shoots and roots grown from the 6-leaf -
- stage to the 17-1eaf'stagc in nutnent solutions of differcnt mtrogcn levels

P . ® : .- o a o

St:coﬁd ’I‘rial '250, _uE.ﬁi'?.Sec'il -

v NitrogenLevels o LT

21 p& 210 ppm ERUEES S

Aboveground Shoots = - ‘ Sl

* Nurdbér o o | .5 v 3 0,001
Height (cm) R S 14 0001
Dry weight (@ - ' 226 - 527 o001 -t

- Underground Shoots -

. Number . - 2 2 .. u018 "
“Height (cm)’ . , o 3 2 S .0.04 S
. Dry Weight (@ - 040 017 - 0001

Numb?crperMeter, . 030 . 057. L84

O SR S Root Lengthfem) . -° =+
Root Diameter.(mm) : S R U
' >2.5 S 48 . . 18 -+ 0001 . .
1 15-25 - 58 - . 80 .. .. 0:18 %--,,;

. 0.5-1.5 590 - -'380 - ...7. 0001,
" Total - : g 691, . 476 - 000k

| o (- RootDrchight(g)
Root Diameter( S _f: S T

>2.5 ST 043 ., '..4055
15-25 038 .. * + 0 :
" 05-15 o O56~~ . ,O._SO"‘Q'.,. “ .
-Total o 262 227w

Shoot/RootDryWeight VT
'Ratio__ . o6 . . Fasi o0 MR

a Level of significance bas@ on two-tailed t-test, - R R .
. . BRI e S T L
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Table'8. Rcsponsc of root buds of Canada thistle plants grown from t_he
6-leaf stage to the:17- leaf stage in nutrient solutions of different
mtrogen levels. e _ : ,

| Second Trial, 250'uE.m2.sectl

: N}itrogén'-Levels -
- .‘Root Diametér ) - 21 pptn 210 ppm o Pa;
T wmm) . 0 € S v
'_ . oo _ ~Em§rgédeot Buds per Plant :

25 e 4 013
.1.5-25 1 - : . 0.41 -
05-15 1T, 0.82

" Total . B - 022
j " Emerged Root Buds per Meter of Root

525 ' f12 29 ' 006
1.5-2.5 . 5 4 : 066
0.5-15 -1 ) : 1 : - - 0.53

Weighted Mean.

>25 .
1.5-2.5
- 05-15
Total

Y. >2.5 ézu o t
' 1.5-25 g
05-1:5 ‘.
_ Welghted‘Mean
L C oW Pt

a chel of slgmficance based on a two- tailed t-test. -
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nitrogen level (Table 8)

- (Appendix;}). L .: h_ L .

]k' .0 .- c
Nitrogen cogent of difi‘erent plant parts was. determined in both trials :

Ny

, (’i‘able 9) Nitrogen contents of the difi’erent parts of plaﬁts grown undér the same

" mitrogen level were similar for both trials. ’i‘he nitrogen percentage was 3 to 5

tirnes higher in the high nitrogen treatment than in the‘low nitrogen treatment for
bothtrials(’i‘ableQ) 8 " R L.

“The data in the second trizl where light intensity was higher t“han n. the
ilrst trial did not unequivocaily support the release of root dormancy by

nitrogen Although the number of emerged root buds per meter oi' large root wa's

higher when the plants were grown under the high nitrog‘en level than under the

Tt low nitrogen level there was also some evidence against the release of root bud
dormancy by nitrogen The. number of aboveground shoots was lower when the

: plants were gr&%n under the high nitrogen level compared to the low nitrogen level

'A(Psoom)

No deﬁnite explanation can be given except that there might be some '

strong interaction between nitrogen levels. light intensity and root carbohydrate o

- levels From the results obtained in these two trials, no conclusions can’ be drawn .

&

about the effects of nitrogen on root bud dormancy o | R

. | “,_.‘ :
. . B o 4

Canada thistle stands were treated with 70 kg/ha mtrogen in one -

experiment and with 100 kg/ha in all other experiments which con'esponded tg a’

6

| |
range of nitrogen concentrations o£ 59 to 119 ppm in the top 10 cm of soil

-




e e0

' Iabl:_& Nitrogen content of dried shoots and roots of Canada thistle plants.
o grown from the 6-leaf stage to the 17-leaf stage in nutrient solutions -~
of different nitrogen levels. T PR S

~, -
e .

R !

Nitrogen Content S

S T Nitrogen Levéls |
‘21'pp_m : ~210ppm - - P e
7 R U7 E N R

. .First Trial | S T S UL
1501.1E.m‘2.sec'1 T ) L . .

Aboveground Shoots 09 . 28 L oooL . gk

- Root Diameter {mm): v
>25 . , 0.5
1.5-25 - .03 . R
~ 05-15 03 - L

e
(o)
&
—

A.°250}LE.m‘2.sec‘1v : - L

Aboveground Shoots 1.1 ©.83 0001
Underground Shoot @ 08 . . -29 X

EIRL ST

Root Diameter (mm): ST
: ' >25 I 04 -
‘1.5-2.5 o - 04 S R ¢ A
0.5-1.5 ' 05 - / 1. 70001

DL
L N ]
o
3
p—t

A

" a Level of significance based on a two-tailed t-test:

L@

%

: . e ugi
FERN Lo A

AASY
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43218hootProduction R {

Canada thistle stands were treated with nitrogen at the timn%f

o 'establishment on May 18 1984 and on May 18 1985 one week aﬁer Canada thistle

‘ emergence The other four stands were leit untreated After excavating four stands

o t:applied to two of the four remaining stands

in 1985 about one week ai’ter Canada thistle emergence in 1986 nitrogen was

’

Linear. polynomial logarithmic and urponential regressions were

L . calculated for the data on shoot production shoot density and area covered by the

T j,'transformed sigmoid portion of the data on shoot production and area covered by ‘

B ‘-', Canada ‘thist]e in 1984 (Figure 12) The best ﬁtted regressions were represented by' ’

) cubic equations They lacked obvious biologiw.l meaning and did not help in the

4

‘ interpretation, of the data Thus, the curves presented here are curves that pass

‘-_‘ L &-" llll . . ‘ ] ‘ . L - ] ’
‘throughallthemeans R ‘;' v o o
s It took4weeks i'rom May 18 to June 16, for secondary shoots to start

5

. appearing (Figure 12bByJuly 7 7 weeks aiter planting the plots that received 70 o

5 .
kg/ ha nitrogen had produaed twice as many shoots as the plots that received no

y nitrogen. FromAugust 11 to August 30 12 to 14 weeks aﬁg.planttng the rate of

’ B

i shoot production increased This increase was associated with the decreasing

* 1\

. :

¥|

" grhe short_er x‘shb,éop e

photoperiod oecurring at that tirne in Alberta and wtth 20 mm precipitation

re@rded between August 13 and 27 and i'olloweda period of high afr. temperature
‘~‘ ;.' v 9( R

the maxlmum air temperature averaging 32°C i'or the previous 3 weeks (Appendix

uld have increased the initiation oi' root buds

&(Mcgl]ister :and l-laderlie 1985bl lt is possible that the 2°C temperature promoted

the growth oiZ an increasing number of root qus which suri'aced after the :

s J PR R T o R I
LR A e T PRV o PR : .

- i

e , . v Ll et
: . »y N e . ‘ S
, R . ) vt e o g ¢ e
. A et el &z oo L
o . . R L r ., IO k«: v
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- . young Canada thistle stands over- tirne Linear regressions were calculated i'or the o

~
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Figure 12. Shoot number of nitrogen-treated stands (+N) and untreated .. =
stands (-N) of Canada thistle in 1984. Canada thistle was planted and - = .
treated with nitrogen at the 5.to 6-leaf stage on May 18 (see.arrow). . . -
Vertical brs indicate standard errors of the means for each time - :

' EEPES . . N, | S
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1600 ?

1400

1200

1000 A

Number of Shoots -
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Figure 13. Shoot'riumber of nitrogen-treated sténds (i—N) and untreated stands
(-N) of Canada thistle in 1985. Canada thistle was treated with nitrogen .
at the 5 to 6-leaf stage on May, 18 (see arrow). Vertical bars ihdic&t_e

. standard errors of the means for each time interval.

S
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2

begtnning of the warn} per:lod (McAlllster an\d Haderlle 1985b). By the end of the
AN

surmmer, on September 22 p . that had recetved nitrogen had produced 250:
W8 -

shoots per plot while plots.pn" ' '.  no nitrogen was applled had produced 150

;’a‘
' shoots per plot (Flgure 12).

corresponded to 700 and 500 sho '\:'f R

occurred between September 1984 and May 1985.
- In 1985 as was observed in 1984 it took 4 weeks, from May 18 to June 12

before an increase in shoot production was. observed t'or both treated and untreated

plots (thure 13) By July 8, when the shoots were in the early ﬂowertng stage 44% .

‘more 'shoots had been produced on treated plots than on unt_reated plots. Average
shoot ‘numbers per plot were 1300 shoots for txeated plots and 900 for -untreated
plots (Flgure 13). Thus one year 1 month and 3 weeks aﬁer planting two or three ’

plants in the mlddle ot' a plot area an average of 1 100 shoots was produced

b

There was no dtﬂ'erence i the area covered by each stand of Canada thtstle ,

in 1984 and 1985 e:u:eptfor4weeks at the endot'1984 (thures 14 and 15). The
lncreased rate of spread from July 28 to August 30 1984 was assoclat;ed with a’
de&reaslng photoperlod and incmsed afr texnperatures and prectpttat’ton

July 23 to August 13, as stated above (Appendix 8) Roots on the outslde of stands |

were probably the ones that supported the least tnhtbtted root buds These root .

63

buds were fai' enough from the parent shoots to be able to compete sucoessfully for o

water and nutrlents and the warm perlod promoted the growth ot' thwe buds
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. Area covered by nitrogen-treated stands (+N) and untreated stands (-N)
of Canada thistle in 1984.:Canada thistle was planted and treated with!
nitrogen at the 5 to 6-leaf stage on May 18 (see arrow). Vertical bars -
tndicate. standard errors of the means for each time interval.

9
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. Area covered by nitrogen-treated stands (+N) and untreated stands
(-N) of Canada thistle in 1985. Canada thistle was treated with-
nitrogen at the 5 to 6-leaf stage on May 18 {see arrow). Vertical
bars indicate standard errors of the means for each time interval.



(McAllister and therlie 1985b)

Shoot density of treated and untreated stands was as high as 400 and 200

, shoots/m2 in 1984 respectively (Figure 16) ’l‘he increase in shoot density between : '. }

J une 2 and 24, or between- 2 and 5 weeks aﬁer.planting implied that. shoot
production was continuing but that the area colonized by Canada thistle was not '
expanding On June 24, shoots were at the early bud stage the stag t which root

: :4 carbohydrates and nitrogen are reported to be at their lowest (Am 1932' Welton i

et al 1929). Thus in theory, a given length of root at the early bud stage would

-have a lower shoot production than at any other time, and this could explain this

reduction in shoot density ' -

No obvious relationship between: the increase in shoot density and
environmental data was observed In 1984, nitmgen—treated stands produced a
'higher shoot density than untreated stands ohly between June 16 and July 15 or .
. between 4 and 8 weéﬁs after planting (Figure ,16) , V ' ‘ |

In 1985 from May 30, to Jul’B frorn 2 to 7 weeks after emergence the

: density of the stands that had received nitrogen was slightly higher than the stands
that had received no nitrogen (Figure 17) A reduction in density for both treatcd
, and untreated stands was first observed when secondary shoots were colonising

 areas away from the parent shoots starting on May 29 (l-‘igure 15). On June 12,4

weeks after nitrogen application shoot density had sta'bﬂiﬂ&i to 24 shoots/m2 in

' treated stands and 18 shoots/m2 in untreated stands and did not change for the
| restofthegrowingseason‘ | - ERE B ’

By May 28 in 1986 one week aﬁer nitrogen application. densitiw of. shoots
' averaged 15 shootsfin? for treated stands and 14 shoots/'m2 £or untreated stands

T'hey remairied at this level up to June 18,4 weeks aﬁer nitrogen application. the

65
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Shoot -density of nitrogen-treated stands (+N) and untreated standg (-N)
of Canada thistle in 1984. Canada thistle was planted and treated v
, stage on May 18 (see arrow). Vertical bars
~ indicate standard errors pf the means for each time interval.

i{h

.ﬁ' | hd 1 B "J .l‘ v ¥ ¥ ] r 1
15 22 29 5 12 19 26 3 8
K May - June July

Figure 17. Shoot density of nitrogen-treated stands (+N) and untreated stands (-N) 3
_ of Canada thistle in 1985. Canada thistle was treated with pitrogen at
the 5 to 6-leaf stage on May 18 (see arrggy). Vertical bars indicate

standard errors of the means for eachiitzime interval. . -
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o last day ot’ recording (Figure 18) The small diﬁ'erence between densities of treated

b.land untreated stands probably was related to the saturation of the Iand's carrying

capacity ' . '
_ A A , :

The densities of sﬁ/oots decreased from 21 shgots[rn2 to 15 shoots/m?2 in

1985 and 1986 Although nutrient levels \*ere not monitored over tirne they

possibly were getting low in the area that had been colonized i'rom 1 84 to 1986 and

thus were restricting vigorous shoot growt_h in 1986. One could al ini'er that

allelopathic chernicals had been produced (Bendall, 1975)

67 .-

fnan11 and l2-y&r old stand blocks of Canada thistle shoots Were staked o

out, shoots were, pruned and half o; each b‘lock received a nitrogen 'application'
) "(Table 10) The P values refer to-a paired t—test done on the ratios of shoot densities
4 weeks after treatment over the shoot dQsities at the time of treatment
- Nitrogen applied to plots on the second and fourth cutting dates resulted in
25% more shoots on treated plots than on untreated plots (P 0 09; P 0 01

‘ respectively) Nitrogen applied on August 26 in 1985 r&sulted ina lower density

than no nitrogen/ treatment (P 0.1). Th <7y gen might be associated
with a decreasing photope,riod and with hg humidity 'l‘he relative
&

' 'humidity during the 4 weéks following thoji ' - lication on August 26 was
* higher than at a.ny other recorded time.in_ 1985 and 1986 (Appendix 8) However it

@vould be dimcult to speculate why a decreasing photoperiod coupled with’ htgh air

relative humidity and with nitrogen treaiments would result in a reduction in o

shoot density compared to no nitrogen treatment In 1986 only the nitrogen
application at the second cutting date resulted in a higher shoot density compared
tono nitrogen application ®=0. 08). This cmpo?ded to 66% more shoots being

.produced in treated plots than in untrwted plots rl‘able 10)

e
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anada thistle shoot production n response to two soil nitrogen

levels after cutting
stand

E

the parent shoots in an 1l ‘and lz—year old
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‘N &efers to plots on which no nitrogen 'was applied
%N refers to plots on which 100 kg/ha of nitrogen was applied

b Level of, signiﬂcance based ena paired two-tailed t-test done on the

. ratios of shoot: densities 4 wee
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c Shoots counted on May 17 1986

d Shoots counted on May 13. 1987
s b J<‘ - ;-, PR

'r‘"l

Y
.

[ TIRNE

ks aﬁer cuiting over th&densities at

R

e

v

5 @

. G ) . ""‘ :

3
I

Tw



 Ori August 25 and 26, in 1985 ari'd'igss' respectively low shoot densities

were observed ’I‘his could be associated with a decreasing photoperiod (McAllister

-
.

and‘i-laderlie 1985b) o '. ST S
. . . - N . (

The high nitrogen tneatment resulted in most cases. in a higher shoot -
o density compared to the low nitrogen treatment. However the origin of this

' incvxf;ease is not obvious The results obtained from- the plants grown under twd' a
EEE ‘S o
nitrogen leve ‘:,in nutrient'isolution were not conclusive and cannot beﬁsed for

\&,_‘ ©

' ‘ extrapolation The. higher <;hoot density obtained in treated plots might be the

'result ofa higher shoot’ production per meter of root than inuntreated plots ie. the

70

.

o result of releasing root bud dormancy On the other hand it could be tne reSultvof a 5

higher root production in treated plots t»han in untreated plots. ,with no dilTerence
in the number of shoots p(-r meter of root. :;‘o exami.ne this in more detail oot - :

_ __‘systems of Canada thistle grown in soil ‘were excavated ai'ter various time of
o expps\ire tonitrogen X " | ‘” N 4*-;' |
4322r Growth of the Root System : . -

. ‘»;.‘ v
)

143221 Container-Grown Canada Thistle Plants RN S

H .
.. . voe

\ in Ex-periment 1 plants were 'exposed to two nitrogen leve'ls between the 5th

and 13th week ai'ter a root fragment had been planted Sarnpling oc<:urred at the

s
_“Q

early ﬂowering stage of the plant In Experirnent 2 plants were exposed tj two

:’»_ ..-done in two trhals one outdoors an;l one indoors Experiment 2 was also done in

v ;
\_‘t'§

- wo ti;ials, both oi‘ them outdoors one in 1985 and th"e otherin-lQBG S

h . . o
‘ A e .‘. 7

In the outdoor trial of Experiment 1 no. diil'erences in aboveground and

I .underground sh t characterist.ics root dry welght and shoot/root dry weight

P .- - PR ST

_.nitrogen levels between the 5th and 17th week after planting Experiment l was



o 4

L}

=0, 05) (Table 12)

'iv'

. L ﬂ
- . ;{ LS
a2

ratios were observed (Table 11) floot length of t.reated plants although about half -
‘the value of the untreated plants was not statlstically dlﬂ'erent l'rom it.. due to hlgh
standardemor(P o;.ekmmun | - R
- No dlﬁ"erence in the total number of emerged root buds per plant or per meter ‘
of root was. obsexved but the number of emerged root buds per meter in la.rge roots
was five times higher in treated plants than in untreated plants with 35 and 7 root

buds betng produced per ‘meter root in treated and untreated plants respectivcly ( P

There was no dlﬂ'erence in the number of non~emerged root buds per plant

However there were more non-emerged root buds produced per meter ol' large and

‘ rnedium root. m treated plants than ln untreated plants (P 0 09 P 0. 08

‘ nltrogerl norw
len%th or root dry

' nurnber of emerged or:

respectvely). T T L e

“

In the lndoor trial of. Experlment I aboveground shoots were not affected by

: hoots (Table 13) No dlt{erences ln total root

A sexved (l‘able 13) nor any dlfferences ln the

, rged root buds per plant or per meter of root (Table PR

s 14) Nltrogen levels in tlt& dlfferent plant parts were very slmllar for both treated

) and untreated plants. and l'or both outdoor and tndoor frlals (’l.‘able 1.5) wlth the

. ._,,. . s

exceptiomof the nltrogen contentqof large roots bf plants ln thé lndoor trlal whlch

N C '
w,as hlgpermmtrogen trea,ted plantsthanmuntreatcdplants(P 009) No obkus LN

: relattonship between mtrogen content ol' plants and effeots of nltrogen levels of gp‘,?e

growth mediurm o on Canada thlstle plants was observed. / S K }’;‘ dyp

'I‘he dlll'erencc ln results between the tvo trlalsof Experlment 1 whs

I AR "..ﬁ.‘
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Iahls:_l_l Rcsponse of shoots and roots of Canadarthlstle plants grcrvm from
~Toot pieces exposed to two soil nltrogen levels from the 5th:to the
13th week aﬁer planting in 1986

. S

! ) . . K]

) "

Nitrogen Applied

Okg)h’a .

- - 100 kg/ha P
. Aboveground Shoots
: - - ; . ) v

Number
Height (cm)
Dry Weight 8

g

Number - _
Height'(cm) = .
Dry Weight (g

P Number per Meter

Root Diameter (mm):
>25 L

o ., 15-258 ‘

- . . X . . 0.5._ 1.5 . .

" Total. .

»

rRoot Diarneter (mm):
. : >25

. R X 25’.’.
PR o i 28 0- N
o Total( o

N ] " R Z~

-

. . t B o L
- Shoot/Reot Dry Weight Ratio ~.. .

’

©0.41

»Undergmupd Shoots -
8.4

‘3¢ . 24 044

9 . 9 1 0.80:

‘224 7 161 . 037 . -
is. t . 18 o047

034
- 0,99

“< Root Dry Welght @

S22 . Cosg o 039
-1:49° '1.94. - 060

. 7 , »
15 - 092
20 - - 037

72

088 »'055'.‘ <033

R

653 - 526 . o -0.37_*.

. 7.l aLevel df_Slgﬁhc_éncé,bd'se,d on Mg:taﬂed t-test. I
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' igure 20: Canada thistle plant'at harvest 1o Experiment 2. -
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mm_m ReSponse of root buds of Canada thistle plants gmwrt from root ‘

_‘pteces exposed to'two soil nitrogen, Ievels from the Sth to
the 13thrwee‘k after plantlng in r986. et

: . s ; - S .. :
t S e - . . R S, .s~- M : - . .
Pt PR BRI L -
. : . . o = P N

R . RO LT TR

. : R DRI o S LI
e . L . S PO

- 7. .

e
PR Nu:rqgen App'lied

" RootDiameter- - - . Okg/ha ! 1oo’kg/ha

L4

S {mm] T . F ‘.',‘. I

[ oL ' : .
S M - 19
R 1.5- 25 . 27 . 40
) 05 15 R : 19 24
Total NSRS L - 54 ‘_83_,'

35
10,
i3

8

>25 .,:..-Q“..
- 1.5- =25 7y I

: 0.5-15. ": ,
WeightedMean g ‘

_mw{q

2

; 34
L 22

: >25 S
_5 B

1.5-25
- 05-15 S,
-Welghted Mean

(2

S 4 * " Emerged Ro_ot Buds per Plant R

i

. ) Non-emerged Root Buds per Plant

I;‘._M' o

0.35
0.52

077‘..-:
‘049

Emerged Root buds per Meter of Root

005_'
 0.18
071
- 0.18

. 0.60°
0.49
0.97
. 060

d M Budg.per Meter of Root

gy
. 0.08
0.22




'~/ Height (cm)
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Table 13. Respohse of shooté and i'oots of Canada thistle plants grown from

;7% root pieces exposed to two soil nitrogen levels from the 5th to the
i 13th week after planting ynder controlled conditions. = - °
B T ‘ ) SR . |

~
.

N
s

= Nitrogen Applied .

¥ = : e E Abovégfound Shoots

0.68
- 0.79
031

5. | > Number : S

Dry Weight (@)

" Number - .
‘Height (cm)

- Dry Weight (g)
Number per Meter .

e

- RPN , Root Length (cm)
. Root Diameter (mm): : . S
p ~se9® .. - o217 122
- - 15-25 436 ;487
05-15 1760 ¢ 1908 -
Total : ‘ 2413 ' 2516
R L " Root Dry Weight (g)-
Root.Diameter (mm): = o B
. >25 ‘ . 6.04 - 356
. 15-25 - C..411 - 481 083
« .. 05-15 - .23 .23 .- - 094
Total . ' 1.7.v12.43 -+ 1045 © 046

* Shoot/Root Dry Weight Ratio’ ~ 1.80 .~ 294 014

- . .t

- a Level of significance based on a 'mo-taﬂed test.
L

| A
;
.

o
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Table 14. 'R‘espons'e of root bulls of ’Cénada thistle plants. gfown {rom root
pieces exposed to two soil nitrogen levels from the Sthtothe =~
13th week alter planting under controlled conditions. :

. Nitrogen Applied

'Root Diameter . Okg/ha, . - 100kg/ha. ~ P®

. .- Emerged Root Buds per Plant .
e . - . ‘ o & __'__. S .
>25 o 92 &8 o7
1.5-2:5 , . : 12 COM3 T 093
05-15 - : _ 2 T ran A 040
.Total .. B 31 ' 3% fr 050 -

-

. Emerged Root buds per Meter of Root: |

20 ' 038
3. . 065
1 - 0,78 .

>2.5 . R R ¢
- 1.5-25 ' SR
05-15

~ Weighted Mean

— - N
. : &

o8
.

Non-emerged Root ‘Bud.s‘ per Plant o
e o v

s25 i ea 13, 046

- 15-25 .20 864 024
. 05-15 ,° .12 9, 088
“Total - . . 88 .- 52 . - 065

R

>25 coo100 0o ,
525 - .o .A& 7029

L 05-15° . 1w 0. Y
 Weighted Mean 20 2 . 065

Lo, v

A A . . e - P 4 - . e .
R . o N A S . A
(2 NI i e o R >y : o

2 S0039

L7

i :
.

Ndn_éemgrged Rothi;ds ﬁef'Mq‘ier of Root ~'.’? o g
S0 om
020

" T Level of significance based on a two-tailed t-test. .

: .



Table 15. Nitrogen content of shoots and roots of Canada thistle ‘plants‘

grown from root pieces expgsed to two soil nitrogen levels , '”;5'
- from the 5th to the 13th week aﬁer_ planting. : _ . .u%

Nitrogen Content

~ Nitrogen Applied

. Okg/ha . 100kg/ha; PR -
- N T ) N
- .~ Outdoors, 1986 : : R R .
" Aboveground Shoots ‘ 26. 29 . 037 .
Underground Shoots- S 3.6 : 44 S 022
Roots IA
Root Diameter (mm): :
>25. 1.8 2.1 0.53
15-2.5 2.0 - 1.6 - 030
. 05-15 2.6- 2.7 0.87
Indoors _ ‘
Aboveground Shoots. . .~ 3.7 3.6 0.93
Underground Shoots ) 3.6 4.0 0.56
Roots ‘ ‘
Root Diameter (mm): = S - | :
525 1.0 L1 009 .
15-25 10" 1.2 . 014 '
. 05-15" 19 1.7 0.51

" @Level of significance based on a paired two-tailed t-test.’

¢ .
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a .
indoor trial (Appendix 6). It is possible that the cold and wet conditlons of the

: r‘atio was much higher in th outdoor trial (5 9) than in the indoor trial (2 4).

Many other plant charactenstics diﬂ'ered between the indoor and the

outdoor trials, and these dlll'erences could -also Qe related to the differences in

' temperature regimes or soil moisture levels betw the two trials An average of

17 underground shoots were counted per meter of root in the outdoor trial,

T underground shoot number root length or root dry weight (’l‘al%; 16) B

compared toan average of 0.6 in the indoor trial (’l‘ables 11 and 13) Similarly.

ﬂ

the outdo?ﬁ trial, four emerged root buds and nine non—emerged root buds were

kel

' produced per meter of root oorﬁpared to one emerged root bud and two non-emerged

root buds per meter of root produced in the indoor trial ('l‘ables 12 and 14)
. Data obtain ' in Experiment 2-were very similar for both treated and

untreated plants bu;‘ diﬂ'ered between trials In the first trlal of Bcperlment 2,

carried out in 1985 no diﬂ"erences in number height or dry weight of aboveground

shoots were observed 'betwe)en treated and untreated plants nor any diﬂ'erences in

4

‘No diﬂ'erenqes in emerged or non- emerged root buds per plant or per meter of

root were observed (Tablé 17) However shoot prqd?fldttbrl per ‘plant and pet m::ter ol'
o

root after planting 10-cm long root fragments of each blant was hlg.her for the large

{»number of shoots produced per meter ot' replanted root was simﬂar to the added

" numbers of emerged and non-emerged root buds produced per meter of root

. However the total number of root buds produced on large roots dld not correspond

| _ as well to the number of shoots prodgu:ed by replanted root fragments as dld the

1-"','number ofrootbutls producedonmedlum andsmallroots M L

ln the second trial of Pbcperlment 2, carried out in 1986 no dlﬂ'erences tn

b ‘ ,
outdoor trial resulted in redtxced root growth As a result, the shoot/ root dry weight .

; roots of treated plants than for those of untreated plants (P O 03) (Table 17) The S
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: Iahl:___lﬁ Rmpo f shoots and roots of Canada thistle plants grown

from root pleces exposed to two soil nitrogen levels from the:
5th to the 18th week aﬁer plant.ing in 1985.

* . Nitrogen Applied -
Okg/ha 100 kg/ha; - _P'é
_ Aboveground Shoots
Number o o 2a 26 . 084
Height (cm) .25, 82 0.34
Dry Weight {g) ' o 151 180 017
T \\\x‘ . ‘ ) ‘ B .
\. .

_ ““Underground Shoots .

- Numbesg : 143 177 . 031
Height (cn) .~ "0 6 16 | 0.70
DryWeight(@ . .. & . 305 435 023" -
Number per Meter . - 1.1, 15 0.24 -

: \‘ ' Root Length (cm)

’ Root Dlameter (mm): ' , C

>25 - 919 1159 - 0.54
1.5-2.5 ‘5105 - 4819 062
0515 -, 8027 - - 5929 _ 0.22
Total . * . '14051 11907 . 0.31
~ ' " - RootDry Weight (g}
) Rgot D).axheter (mm): . S ' S
>25 - 274 . 464 0.22
15-25 - . 603 - 683 . 069
05-15 .  : 192 46.7 ¢ 036
, Total . - ' 1069 - 1349 041
. Shoot/Root Dry Welght Ratio = 15 Co1a ol

a Level of sigmﬂcance based on a two-tailed t test
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Iablc_lz Response of Toot buds of Canada thistle plants grown from
root pleces exposed to two soll nitrogen levels from the 5th -

' to the 18th weeklafter pla.ntlng in 1985 ;

‘ [§
, T ‘ Nitrogen Applied o
@ Root Diometer O_kg/ha . _100 kg/ha ‘ p?
(rmm) .
o Emerged Root. Buds per Plant
>25 : - 59 e 124 0.18
1.5-25 219 3“ 240 - - 073
:05-1.5 98 64 051
Total . 376 428 . 063
- h Emerged Root buds per Meter of Root ,
>25 - , Ty o 12 038
15-25 | 4‘” s - 056
05-15 .. 2. .. .1 .. . .037 -
Welghted.Mean- . -3 . 4 o ,-0.21= S
Coo et Non-emerged Root ‘Buds per Plant
S>25 . . © Bl - 67 0.11
. 15- 25 .84 .. 267 -~ 0.28
)y 05-15 56 - 4l. . ' 063
-7 Total . 191 1365 035
. Non—Emerged Root Buds per Meter of Root
>25 t & 6 067 -
15-25 ' 2 5 0.27 .
: 0.5- 1.5; 1. o1 100
Welghted Mean }5 ' Sl .3 - 0.31
- Shoot Production per Plant o
88 . +145 M_Q,OS
420 516 . - 0.16
. N 235 - 175 . . 034
. 742 ' 732 - 0.96
_Shoot Prbductlon per Meter of Root :
12 s 003 -
‘gl 11018
3 3 . - 034

5 \ 7.[ . ‘os -



~ : ’ v . T T

82

aboveground shoot.characteristics were 'observed (’Feble 18). The underground

shoots were 25% less numerous on treated plants than on untreated plants (P 0.1).°
- &

RETEIN

No differences in total root length or root dxy weight were observ;d between treated ,
e % -

: and untreated plants (TabIe 18) However large roots were 34% shorter in treated ;
plants than in untreated plants (P = 0 07). - . o ' ' q’
The total number of emerged Toot buds per plant was not different between

. treated and untreated plants (Table 19) although there were 70% fewer emerged root

- buds per plant on the medium roots of treated plants than on untreated plants P=
. v
.O 06) On the other hand, there were twice as many emerged root buds per. meter of
large root in treated plants than in untreated plants P=0. 09) No difl'erences in the
: number of non-emerged roptbuds per plant or per meter of root wére observed
betwgeen treated and untreated plants. As for shoot. production by replanted root
- pieces there was more differen;: in shoot product_ton by pieces of large roots than
by Ppieces of medium or srnall roots wlth 45% fewer shoots produced on the large :
- roots of treated plants than on untreated\plants (P— 0,09) (’I‘able 19)
The number of shoots produced per meter of replanted root aﬂer planting
' root fragments was similar to the added numbers of emerged and non-emerged root
buds produced per meter of root with the number of root buds produced on large
1

roots not cdrrespondlng as well to the niumber of shoots produced per meter of root

as the number of root buds produced on medium and small roots

L.

| The nitrogen levels of\éghe different plant parts were similar for, treated and
] untreated plants, in' 1985 except fox;the abcveground shQSots whtchgaad a much

higher nitrogen level in treated plants thah in untreated plants (Table

~ there was no difference between the mtrogen levels of most parts of treated and

untreated plants (Table 20) with the e:nception of the nitrogen eontent of medium

roots of treated plants which was higher than for untreatea plants (P 0 01) ’I"hese

e . e . };\u_'

). In 1986,
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5th to the 18th week after planting in 1986.

: R B . . \ . » x - Q’ ‘ B
—H—%L& Response of shoots and roots of Canada:thistle plants grown .
o from root pieces exposed to two soil nitrogen levels from the . -

Nitrogen Applied -
T e g
: Okg/ha . 100kg/ha - P
® -y oo :
A Aboveground Sr}oéts
Number . 26 28 055
~Height (cm) . 38 34 0.17 -
— " Dry Weight (g) 279 265 0.40
T e » A , ,
5 -Underground Shgots -
Nurniber 169 . 127 010
. Height (cm) o 11 13- .-0.56
" Dry Weight (g) 22.7. 25.0 0.82
Number per Meter * 1.8 15 o ‘0.33
_ S P Root Length {(cm)
, Root Diameter (mm): . . ,
R >25 - . 1744 1153 - 0.07
. 15-25 - . 4728 4025 0.19-
‘%’C ‘ 05-15 3177 3540 ‘0.23
2N Total - ’ 9649., - 8719 0.24
o B 3 ) . ) : _. =y T
S U " Root Dry Weight (g) ,
® Root Diameter (mm): TR S
S >25° . . 537 39.8 - 039
1.5-2.5 = - 62.6 564 021
¢ © 05-15 127 11,3 071
L - Total -129.0 ¢ 102.5 0.29
'Shoot/Root Dry Weight Ratio 2.2 28 029 .

a level of 'slgniflcanée based on a two-tailed t-test.
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: ' 4 : ’ e :
,’l‘gb ¢ 19. Response of root buds of Canada thistle plants grown from
root pieces exposed to two soil nitrogen levels from the
5th to the 18th week after planting in 1986 '

\_ o .
N - » _ Nitrogen Applled .
Root Diameter S Okg/tla 100, kg/ha p?
‘ . Ernerged Root Buds per Plant /
>25 . 58 .. 175 58 L
“15-25 - . . 199 nz - o0o0a . -7
- 05-15 - 81 .52 i 037 S
Total I 338 - 245 012
L ' Emerged Root Buds per Meter of Root" g
, >2.5 ‘¢ 3 6 - 0.09
: 15-25 < 4 3 0.22
05-15 3 \ 2 0.29"
‘Weighted Mean 4 A 3 0.25
4 / . -~
A "7 "Non-emerged Root Buds per Plant )
>25 o - 183 157 071 - y
1.5-2.5 , - 531 . 331 014 '
. 05-15 130 - 133 0.95 ‘
yTotal -~ - - 844 622 ‘%. 013 :
[ . . - ! B ~
T ‘ ' 'Non-emerged Root Buds per Meter of Root
525 . 10 13 0.44
1.5-25 11, 8 - 0.34
- .05-15 4 4. © 082
Weighted Mean //" DR 9. 7 039 =
- , ~ Shoot Production per Plant : *
>25 " - 298 1656 0.09
1.5-2.5 o 560 - - 567 0.96
05-15 - - 262 287 . 074
Total _ -~ ° 1120 1019 0.51
' g - Shoot Production per Meter of Root
>25 - 17 . - 14 0.29
‘1.5-25 _ 12 14 0.55 -
. 05-15° 8 - 8 . 097
‘Weighted Mean . . 12 - 12 0:94

3 Level bf sigmﬂe.ance based on a two-tailed t-test.
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Table 20. Nitrogen content of shoots and roots of Cahada thistle plants
3\ grown from root pieces exposed to two soil nitrogen levels *
~ from the 5th to‘the 18th week after planting in 1985 and 1986.
e Nitrogeh Contéﬁt ‘
Nitrogen Applied
- 0kg/ha '100kg/ha P
B ™ %)
1985 © v L
Aboveground Shoots 2.6 4.2 0.001 ' A
Underground §hoots . 26 34 7 016 .
Roots . ‘ | _ T
" Root Diameter (mm): . " S R S -
>25 &% 0.8 1.0 026
1.5- 2.5.}1 , 08 1.1. 0.28
05-15 " 09 - 1.0 - 0.21
1986 -
Aboveground Shoots 3.4 3.6 0.58
Underground Shoots =~ .} . 3.3 3.4 0.70
B : )
Roots ,, :
oo . »
Root Diameter {mm): . o . o o
- >25 . 1.2 12 0;9(15/_,/._—-‘\,__
1.5-25 1.2 1.7 0.0 IR
0.5-15 1.4 1.4 1.00 :

a Level of significance based on a two-ta{.ﬂed-t-tes’_‘t. L

B

A
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, 'emerged root buds per plant than untreated plahts cast some doubt upon the theory -

R : ".Q

,o‘bservations coupled with the observatlon that treated plants had 70% fewer

N

: that nitrogen could release root bud dormancy B S

ﬁ 1 .( »
'I'he results obtalned in the two trlals of Experiment 2 are very dllTerent In

L 1986 there were 160% more non-emerged Toot buds per plant than in 1985 This .

s

corresponded to an average of 278 non-ernerged root bud per plant produced in 1985

compared t%733 In 1986 ‘and an average of two- non-emerged root buds per meter of -

Fy

- root in 1985 compared to elght in 1986. Shoot production aﬁer planttng root

3

L 3

( fra.gments tras also much lower 1n 1985 with 737 and 1070 shoots belng produced

per plant in 1985 and‘ 1986 reSpectivel¥ xrm]arly. six shoots per meter of

— . —

-
replanted root Were phoduced from root pteces in 1985 compared to 12 shoots per
\‘ RS

;f rial (1986) Lﬁppendlx 8). The mtrogen content oi“roots or the growth stage of the -
5 v

-

{ L root bud productlon ‘ . . _ T .'a |

o The outdoortrlal of Experiment 1, which was done 1n 1986 and the 1986
tria1~ of Experlment 2°did not give similar result‘s In Experlment 1,4 and 1.4 time!
‘s many ernerged and non-emerged root buds per meter of large root were observed

r treated plants. respectlvely. compared to untreated plants ('I'able 12) wh,tle tn ’

v
In Experlments 1 and\’i’ the entire Toot system was studied wlthout paying

T any Atmn to the d!stnbutlon of the roots in the soll proﬁle The roots ln the top

10 cm of soil mwhlch the nltrogen had been incorporated might have been more

B o

drastlcally affected by nltrogen than the entlre root system

-

meter 1n 1986@;1:3 major reason for obtainlng such dlfferent results bétween trials

"-.could be the lower precipttatlon during the first trlal (1985) than during the second .

'

, 86"
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o 432220neand’l\vo—yearoldCanadaThistleStands )

N\,
' o / . \\. .
\_ J u,st prior to excavation of the l-year old stand, the nitrogen-treated plots . -
~ had produced an average of 718 g/m2 of shoot dry maﬁer and the untreated plots
had W%iuced an average of 611 g/m2 of shoot dry matter. This production

corresponded to 22 and 18 pleints/m2 for treated and untreated plots respectively \

The methodology used for root excavation was the same as for the ‘ -

descriptive study of an estabhshed stand in Section 5.1.1 (Figure 4). The root system
was sampled to measure roof length root dry weight, and number of root buds. In
subsequent trials; the poter‘itxal of these buds to develop into shoots was

l €
dctermined Roots present in each 20-cm soil band studied were not divided into\

e

root diameter categories since th‘eir diameters were very similar within each band
\except the top 20-cm band, in which both vdry fine and very lignified roorts
coexisted In general root diameter tended to decrease with depth

No underground shoots were observed. This was ex'pected since the stands
were@cavated at the early flowering stage at a time when shoot initiation and
growth 1 slow (Alberta Agriculturd: 1984; Hodgson 1968; Hunter 1973). Root
length in treated stands was nearly twice as high as in the untreated stands in the
top 20 cm of soil (Figure. 21) No diﬂ'erence was observed between treated and
untreated stands below 20 cm depth For both treated and untreated stamds, about a.
third to a fourth of the root length was in the top‘20 cm of sofl, resp_ectively. The
‘majority o_f the root system was, therefore. below the top 20 cm of soil. The highest»
concentration of root length was$ in the top. 20 cm for the treated stands andbetween
O and 40 cm for the untreated stands Root length decreased with increasing depth
below 20 cm for treated stands and below 40 cm for untreated stands The depth of

| penetration of the one-year old stand was 1.4 m (Figuros 21 and 22)

.
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£ Jerigth down the sofl profile of nitrogen-treated
rdated (-N) Canada thistle stands in 1985. The data
treans.fpr the roots found in twelve 2 m wide by
/.20 cm deep soil bands. Horizontal lines indicate
 fop e ‘means for each depth. The percentage
a;“’paiyamct\gr, down the soll profile is tabulated

0

2R )
‘[« Root dry weight (g) o S v
A%y 5 07 15 %
——— ' ' N 4N
331 415
. 443 235
150 136
,'\"7’.'9 et
b 40 o 74

04 28

0 09

- : . ¢

 Figure'22. Average root dry weight down the soil profile of nitrogeg;treated
2 o (+N) and untreatedf{=N) Canada thistle stands in 1985. THE data
S _represent the meatis forhe roots found in'four 2 m wide by 10tm *
~+" thick by 20 cm deep sojf¥nds. See Figure 21 for more detalls.
Y



Root dry weight in the top 20 ¢ cm of sofl was nearly three times as hlgh in
treated stands as in untreated stands (Figure 22) No diﬂ'erence between treated and
untreated stands waaobserved below thﬂlevel About a third of the root dry weight
was in the top 20 crn' of sofl for both treated and untreated stands As for root length,

; the rnajority of the root dry weight was below thg-top 20 cm of soil (Figure ':j) ’i.'l\

highest concentration of the root dry weight was in the top 20 cm for the treated

stands and between 20 and 40 cm for the untreated stands. Root dry weight

decreased with increasing depth below 20 cm and 40 cm for treated and untreated

‘nds" respectively

\
Close to twice as many emerged root buds were present in the top 20 (‘L of

) soii tn nitrogen—treated. stands asin untreated stands {Figure 23a) I\o difference

betwe°n . ated and untreated stands was observed below the top 20 cm of soii The
majority of the emerged oot buds were in the top 20 cm of soil for treated stands
and in the top 40 crn for untreated stands Their number declined sharpiy with
N "depth Emerged root buds were observed down to 80 cm (Figure 23).
'f R 'i. : The number of ernerged root buds per meter of root was 40% higher in the top
- 20em for treated stands than for untreated stands (Figure 230, but was 60% lower
y
— for treated stands than for untreated stands between 20and 40 cm depth. 'I‘he
highest number of emerged root bu& per meter of root was produced in the top 20 |
E cm of soil for treated stands and in the top 40 cm for the untreated stands. Their
| number declined more sharply for treated stands than for unt(reated stands with
., increasing depth (Figure 23b) | . R
The number of non-emerged root buds in the top 40 cm of soll was twice as )
high for treated stands as for untreated stands (Figure 24a) The rnajority of the
non-emerged root buds were in the top 20 cm of soil for both treated and untreated

stands. and the nurnber of buds declined sharply with increasing depth Non- -
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. Figure 23. Average numbers of emerged rgot buds (a) and emérged root 6_uds v

’ per meter of root down the soil profile of nitrogen-treated (+N) and °
untreated (-N) Canada thistle stands in 1985. The data represent:
the means for the roots found in four 2 m-wide by 10 cm thick by

20 cm deep soilbands. See Figure 21, page 88 for more detalls.
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" Figure 24. Average numbers of non-emerged root buds (a) and non-emerged

root buds per meter of root (b} down the soll profile of nitrogen-
. treated (+N) and untreated (-N) Cantada thistle-stands in 1985. The
data represent the means for the roots found in four 2 m wide by"
10 cm thick by 20 cm deep soil banas. See Figure 21, page 88 for
more’ details. - N ‘ \ ,
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emerged root buds could be detected down into the soll proﬁle toa depth of 120 cm .
/lbr nitrogen treated stands and to 80 cm for untreated stands LFlgune 24) s
‘The number of non-e¢merged root buds per meter of root in the top 20 0 :
Zn

soil was twice as hlgh in the treated stang as in unt:reated stands (Flgure 24 £

highest production of non-emerg ot buds per meter of root was in the top 20 cm
for both treated and untreated stan and declined sharply with (kpth o K
| < The shoot production by replanted root ptecos from the top 20 cm of sotl was

higher for treated stands than for. untreated stands, and"for nearly every 20-cm sotl_

band studied below 40 cm depth (Figure 25a) The hlghest shoot produ%ton wasin
the top 20 cm for treated stands and in the top 40°cm for untreated stands. The N
" number of shoots produced declineé wlth increastng depth below 20 cm l'or treated —

~ stands and above 40 cm for untreated stands. Shoots were produced from replanted

8

v roots sampled at all depths - < o _;_gy "
The number of shoots produced P meter of replanted root mth%p”‘to cm

- of soil dld not differ between treated treated stands but, below the top 40 cm,
». t
S treated stands produced more shoots per mete; ot' root than untreated stands (Flgure

25b) The htghest number of shoots produced per meter of replanteti root was 1n the
\

top 100 cm ol' soﬂ for treated stands and tn the top 40 cm of soll for’untreated
’
stands Their number decltned more sharply for untreated stands than for treated—:

* . stands with mcreastng depth Welghted averagw of shoot counts tn treated and

untreated stands were 5- and 4 shoots per meter of root‘ respecttvely. ,

- : result of an 1ncrease in root length and thus the reSult of an increase in total root
buds and in shoot productlon rather than of an lncmse in root buds or shoot

¢

Sy kn&"
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_Jggr_c_Zi Average values for shoot production (a) and’ shoot production per
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meter of root (b} down the soil profile of nitrogen-treated (+N) and

20 cm deep soil bands See Figure 21, page 88 for more details.
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treated stands, and be\t\%; 0. and'//- m depth for untreatéd stands. Root length
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production per meter of. root (Figum 21 to 25)..

Similar measurements to those for the l-year old stand‘s were taken in 2--

L4

* year old stands Just prior to excavation o_f these stands ’treated Canada thistle had

"‘produced 158 g/m2 of shoot dry matter, corresponding to 15 ghoots/ m?2, and the

L
untreated stands had- produced 149 g/mé or 13 shoots/m ¢

The root length in the top 2p cm of soil wﬁ's 75% higher in treated stands’

than in untreated stands (Figure 26). No diﬁerenha was observ\d"b'étween tregted

and untreated stands below the top 20 cm of soil. Far both.t:eated .andJuntreated

I f-

e

stands, about a Silth of the root length was in the top 20 ¢ cm of sail @nd th,grefore Ny -
ST—— -

S H o \4-

‘the majorlty of | the root length was below the top 204:rn of Soil. 'I‘he highest

concentration of root length per unit soil volume was fn the top 20 cm of solil for e

declined with increasing depth below 20 cm for‘treated stands and below 40 cm for

untreated stands The root system of the two-year old stands reached 220 cm in

depth (Figures 26 and 27).

’I‘reated stands had 2 5 times as much root dry matter in the top 20 cm of sofl

as the untreated stands (Flgure 27) No difference between treated | and untreated

stands was obscrved below the op 20 cm of soil, for every 20 -cm soil band with the

d 100 cm, in which twice as much dry wetght

, was prodtmed in u'eated'stands as in untreated standi About a sixth and -a fourth of

the root dry weight was in the top- 20 cm of sofl, for both treated and untreated
stands, respectively and therefore the majority of t_hﬁroot dry weight eccurred
below the top 20 cm of soll. The highest concentration of the root dry v"'ight per soil
volume was in the top 20 cm ofsoll lntreated stands and between 20 and 100 cm

depﬂ;,in untreated stands The concfntration of root dry wcight dccreased With i
o - ‘ - :
tncreastng de%h ' f,,a : -

® : K/
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. ®  Figure 27. Average dry weight down the soil profile of nitrogen-treated
~ ~ {+N) and untreated (-N) Canada thistle stands in 1986. The.data
RS . represent the means for the roots found in four 2 m wide by 10 cm
’ thick by 20 cm deep soil bands. See Figure 21, page 88 for more
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From visual observation. roots appeared to be much finer in'the top 20 cm of
soll in the two—year old stands than in the 1-year old stands Evidence to support
this observation lies in'the fact that the root length measured for the top 20—cm soil - ”
band in the 2- year old stands was about twice as high as the root length measured in
-the 1-year old stands (Figures 21 and 26) while the root dry weights of the stands
were srrnilar (Figures 22 and 27). . - .

: No di[ference in the number of underground shoots was observed between
treated and dntreated stands (Figure 28a) The number of undergrOund shoots was
highest in the top 20 cm of soil and declined with' increasing d;th They were

\present down to a depth of 60 cm (Figure 28a) ' e
‘No: diﬂ'erence in number of : underground shoots per meter of root wai
observed (Figure 28b) Their number was highest in the top 20 cm of soil, and

declined increasing depth

-

Many more underground shoots were observed in the 2-year old stands than "
in the 1-year old stands or'the established stand excavated in 1984. The high . |

precipitation early in the growing season may have promoted the release of root

~ bud dormancy independent of the plant s growth stage (Appendix 8). Furtherrnore.
.the excavation date in 1986 was earlier than in 1984 or 1985, and even thoug-hthe_,.

_ excavations of the three years were done at the same growth stage of aboveground
shoots, it is possible that the growth. stage of the plant parts be_low the.soil surface
would not have been the same., |

’I'here were twice as many erriérged root buds in the top 20 cm of soil in
treated stands as in untreated stands, but no difference between treated and .

£

' untreated stands was observed at greater soil depths (Figure 29a)\ The majority of |

o

the emerged root buds were in the top 20 cm of soil in both treated and untreated

stands and their number declined with increasing depth Emerged root buds were



(a) _ v
. © Number of underground shoots o
' '} o 6. 10 -.20 . 30 40 50 60 %
: o S -4 _N.
: 69.2
g%
8 246
£ 40 :
- 8 ‘ 6.0
60 \
) ™ 04
80 1 [N
100 -

(b) » ‘ ’ .-
‘ Number of underground shoots ber meater of raot i
0 1 2 3 4 5 ¢ 6
.0 e —— " P |
'~ 20
g :
<
£ 40
a .
@
Q.

60 T

"80

100
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‘shoots per meter of root (b) down the soll profile of nitrogen- ’
treated (+N) and untreated (-N) Canada thistle stands in 1986. The

" 10 cm thick by 20 cm deep soil bands. See Figure 21, page 88{[

data represent the means for the roots found in four 2 m wlde%?' o
3

more detaﬂs. .
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Figure 29. Average numbers of emerged root buds (a) and emerged root buds
per meter of root (b) down the soil proille of nitrogen-treated (+N)
and untreated (-N) Canada thistle stands in 1986. The data '
represent the means for the roots found in four 2 m wide by 10 cm

thick by 20 cm deep soil bands. See Figure 21. page 88 for more
details. Iy ’
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observed down to 120 cm (Figure 29)
’s No difference was observed between the number of emerged root buds per "
meter of root in treated and untreated stands (Figure 29b) The hlghest number of

emerged root buds produced per meter of root was in the top 20 cm of soil The

v number of root buds per meter of root declined with increasing depth

. The total numbers of emerged root buds. counted for each 2(}cm soil band in

the 2-year old stands were'very' similar to those counted in the 1-year old stands

(Figures 23a and 29a) However, the numb&r of emerged root buds per meter of root

- was about half that in the one-year old stand (Figures 23b and 29b) It can be

_ speculated that the finer roots present in the top 20 cm of soil of the 2-year old
.stands compared to the 1-year old stands were incapable of supporting the
'v p'roduction of buds. ' - .
| About twice as many nor;—emerged Toot buds were present in the treated
stands as in the untreated stands in the top 40 cm of soil (Figure 30a), but no -
difference between stands was observed’ below that depth The majority of the non-
‘ ‘emerged root buds were l,n the top 20 cm of solil for both treated and untreated

| stands, and the numbers declined with- increasing depth Non-emerged root buds
‘were present. down to 120 cm F igure 30). |

There were more than twice as many non-emerged root buds per meter of

root in treated stands as in untreated stands for roots sampled at depths between 20

b

™and 40 cm and depths between 60 and 80 cm (Figure 30b) but there was no difference. o

. \
in number of non-emerged x&t buds per meter of root between treated and

untreated stands at any other depths The highest number of non-emerged root buds

per meter of root was in the top 40 cm of soil for treated stands and in the top 20cm

of soil for untreated stands 'I'heir number per meter of root declined with

, increa_sing‘ depth. L
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Figure 30. Average numbers of non-emerged root ,bﬁds {a) and non-emerged

root buds per meter-of root (b) down the soil profile of nitrogen-
treated (+N) and untreated (-N) Canada thistle stands in 1986.
The data represent the means for the roots found in four 2 m
wide by 10.cm thick by 20 cm deep soil bands. See Figure 21,

‘page 88 for more details. 0
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More non-emerged root buds were present in thc Z-ﬁar old stand than in the |
| -year old stand for every 20‘cm sotl band examined down to 120 cm (Flgures 24a
and 30a). Furthermore a higher proportlon of the total number of non-emerged ‘—
root buds was. present below the top 20 cm.of soll ln the 2-year old stand than in the
: -year old stand On a\/rerage 38% and 49% of the non—emerged root buds were )

located below the top 20 ¢m in the one and two-year old stands respectively ]

-~

1

: _(Figures 24a and 303) _ _ v
“The number of shoots produced by planting root: fragments collected in the
. nitrogen—treated stands was much higher than for roots from the untreated stand_s.
- in the top;20 cm of soll, and below 100 cm (Flgure 31a). The majorlty ’;Jr the sh_oots
" were produced by roots sampled in the top 60 cm of soil for treated stands and by | ' ( .
Toots sampled between O and 80 cm for untreated stands The number of shoots : N
.. produced declined with increasing depth, the rate of decline being greater in
: \/un\treated_stands. Shoots were produced from replanted'roots sampled at all depths
'  (Figure 31). ,' o o
The number of shoots produced per meter of replanted root was stmtlar for
_ treated and untreated stands and was h!ghest between 20 and 100 cm depth (Figure
31b). The number of shoots'produced per rneter decltned on roots sarnpled above and -
' .-b'elow these depths'.‘The weighted average nurnber of shoots produced per meter ovf..
replanted root was six for both treated and untreated stands. ~-
é There was no dlﬂ'erencym the nttrogen Jevel of the shoots or roots between e
treated and uritreated stands (Table 21). No relatlonshtp between nltrogen levels

4

" andrelease of root bud dormancy was obsewed o
- The hlgher shoot denstty observed (Figure. 16) in treated stands compared to.
| untreated stands seemed to be a&octated with the htgher. proportion of roots close

to the soll surface. There was no strong evidence of -‘gxy release of root bud



(a)

Depth (cm)

vTo,taI;;number Qf shoots produced

~ 20 40 - 80

20

40

60 °

80
100
120
140

160
180

200

. 220

»

’

’ b/o
-N

- 163

80

17.14

11.0
6.9

0.5
0

“

3.7
3.6 -

“y

21.2
19.7

%

+N

173
15.1
15.9

"12.9
10.4

9.4
8.6
55
5.2

04
*» 07

Figure 31a. Average values for shoot production down the soil profile of
nitrogen-treated (+N) and untreated (-N) Canada thistle stands
tn 1986. The data represent the means for the roots found in

Figure 21, page 88 for more details.

~ four 2 m wide by 10 c¢m thick by 20 ar dccp soil bands. Sq,c
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* Figure 31b. Average values for shoot production per meter of root down - Y
the soil profile of nitrogen-treated (+N) anid untreated (-N) ;
Canada thistle stands in 1986. The data represent the means for
\

the roots found in four 2 m wide by 10 cm thick by 20 cm deep - 0,4"
soil bands. See Figure 21, page 88 for more detalls. g'
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Table 21. Nitrogeri content of shoots and roots of Canada thistle plants
grown under two soil nitrogen levels excavated at Michener

€

., Parkin 1986. - : ,
. h
- Nitrogen Content
. | ‘Nitrogen Applied
Depth ‘ Okg/ha -~ 100kg/ha. P2
(cm) . . (%) (%)
| .Abovggro_un'd’Shooi;s <
4.1 37 0.29
Underground shoots
0-20 o 0.6 05 065
20-40 - o S 0.4 0.7 0.33
40-60 _ 0.4 02 0.42
60-80 , J .02 0.0 .. 0.35
Roots
0-20 2.2 1.8 007 o
20-40 ‘ 2.0 1.9 -0.38
40-60 : 2.1 > 2.0 . 0.51
60-80 2.0 ’ 2.1 0.83
80-100 1.9 ~2.1 0.07
100-120 1.9 2.3 0.21
120-140 2.1 2.5 0.34
140-160- - 2.5 2.7 0.80
160-180 2.2 . 2.8 '0.36 -
180-200 2.9 29 0.99
200-220 2.1 1.6 ,0.71

. : &
a Level of significance based on a two-tailed t-test.
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dormancy. -

L

4.4 General Discussion

In the experiment in which nutrient solution was used as a growth medlurn.
nitrogen in trial§ 1 and 2 affected root bud dormancy differently. In tral 1 (Tables
5 and 6). the high nitrogen level resulted_ in an increase in.emerged and non-

emerged root buds per meter of root compared to the low nitrogen leveI; These

results Support Mcintyre and Hunter's (1975) conclusion that nitrogen does release

root bud dormaney. However, the results reportéd here show that the producuon of
non-emerged root buds was inereased in response to 210?;}11 nitrogen let'rel
compared to 21 ppm mtrogen level, while McIntyre and Hunter (1975) reported an.
increase in the production of non—emerged root buds in response to nitrogen
At the 17 to 21-leaf stage. the‘plants were still vegetattve with no shoot bud
“formation, under, the above notedgrowth room conditions. At that time, |
. carbohydrate partitioning would be in 'favor of .shoot growth rather than of root
growth (Arny, 1932 Hodgson, 1968; Welton et al., 1929) The observations obtained
for Canada thistle plants growing under 150 pe-1, ’2 sec” 1 can be explained in
ttvo waye. Firstly, a low root ‘carbohydrate level, coupled with 210 ppmvm(rogen in

* the growth medium would have resulted in a 'htgher-root bud growth than with 21

ppm nitrogen. Thls is in support of observatlgns made by Buchholtz ,(‘1 962), where

» _new shoots occurred on rhizomes of quackgrasss only with a low *

carbohydrate nitrogen ratlo Secondly plants growing under 21 ppm mtrogen had
1nadequate levels of assimilates resultlng in redueed root growth and root bud
lnlttatlon and growth cornpared to plants growtng undcr 210 ppm

. Im the second trial (Tables. 7 and 8) in which Canada thistle was grown

— —_—
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under 250 uE.m'2.sec'1%igher number of abOVegrouhd shoots was produced at a
low nitrogen level than at a high nitrogen level. This result does not support
Hamdoun's ( 1970) ﬁndings where root fragment's and seeds were used to generate

plants or Mcintyre and Hunter‘s (1975) findings, where seedlings were used.

' However the results reported here do support some of Hoefers (1981) {indings
where root fragments were used to generate new plants, but 6t when he used
seedlings.‘ l.lnfortunately. the l‘ight intensity used was not mentioned in

» Hamdoun's paper, and it was defined in lux in Hoefer's or Mcfntyre and Hunter's

. papers. However ene could estin{ate an intensity of about 350 pE. m \Esec 1, i

The cbservitions obtained for Canada thistle plants growing under 250
pE” l,m'z.sec'1 could also be explained in two ways.) Firstly. sl}oot‘s grbwi_ng under

210 ppm nitrogen could have been able to translocate more carbohydrates to the

b Stem than shoots growingr‘under 21 ppm. The resulting
* carbohy te:nitrogen ratio might have been too high to promote root bud growth.
Shoots growing under 210 ppm could also have been able to translocate more
growth inhibitors, as auxins, than shoots growing under 21 ppm Secondly shoots
valready.present in the 210 ppm growth medium could have competed with 1 new
_ shoots for nutnents better thdn shoots growing undeLZI pPPmM nitrogen
The ability of Canada tlii§f]—io alter its morphologdy in response to
environmental’ conditions is remarkable. The use of a sing,le clone for all |
experiments minimized the amount of variation, but still did not produce
consistent results.
Various studies have su%ested a trade-off between plasticity and genetic
variation (Schlichting 1986), implying that species which produce large numbBers

of seed,,gonerally pmduce individuals that do not adjust well to variations n

3\1 .

p Aw‘ ) v
: Sﬂ%"% PR e _ :
W Vg

B /L]

tal conditions Canada thistle w0uld be a good example in support of ,
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these suggestions considepng that genetic variation is not a major characteristip

o of the survival strategi& of the species In fact seeds have been reported by Bakker
(

{1960) and Detmers (1927) to be inefficient in getting new stands established whi1e° , 0

any root piece would produce sh?ots and roots in nearly any environment .

v

Sho& production of Canada thistle under ﬁeld conditions in Alberta was

,density than untreated plots n most éases (Figures 12 to 18; Table 10) The

3

exception occurred on plots in ,l 1 and 12-year old stands, where some nitrogen- ‘

treated plots had a lower shoot density than untreated plots (Table 10). This
exception could be related to the decreasing photoperiod and prevailing ‘high

relative humidity at the time of treatment [Appendix 8), although any inference on

”

- how this interaction occrirred would be difficult.

From the fact that nitrogen had significant effects on shoot production
C K

v

under er%di&m while no conclusive eﬂects were observed under growth

room condit it became obvious that it is very difficult to extrapolate from
' ) N e : )
growth room conditions to field conditions : e - ," :

In acperiments 1 and 2 (Tables 1l to 20) in which Canada thistle plants

Coe

were exposed to two nitrogen levels between the 5th and 13th week after planting a-
root fragment or up to the/ early ﬂowering stage and between the-5th and 17th week

after planting. there were. few -diﬂ'erences between nitrogen-treated plants and

untreated plants. . _ , o o

— - «

- One characteristic of the data of Experiments 1 and 2 was that the

n

- probabilities of finding differences In root length root dry weight number of root .
: buds and shoot production -oflarge roots between treat‘ed and untreated plants were
always higher for large roots than for the same typw‘of mcasurements taken on

medium or small roots ’l'he large roots with secondary thickening being the oldest
@ . E \ ’

.

a

affected by nitrogen treatments With nitrogen -treated plots having a higher shoot _ .

.

¥
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7d therefore the ones that were expos%:d the longest to the different ritrogen
levels between treated and untreated plants it was not surprising to find that these
large roots were more responsive to the nitrogen treatment than un]igniﬁed roots
B For both &periments 1 and 2, other environmental conditions had a
greater efrect on Canada thistle plants than nitrogen fertilization alone In
experirnent 1 (Tables 11 to 15) ~the major diﬁerences in environmental conditions |

between the two tnals might have\been temperature and soil water content ‘with the -

-‘plants in the outdoor trial being exposed to. much lower temperatures and wetter

'_ ‘conditions than those in ‘the indoor tnal The out ._trial _could 'have resulted ina

much- higher production of underground shoots and e e.d and nonJemerged root |
‘: buds per meter of root than the indoor trial Hoefer (198 1) reported that established
Canada thistle standsgrown in a sand-soil mixture under a 15-hour photoperiod at |
) . . J 15/ 5°C day/ night temperature p%duced signiﬁcantly more root buds than at
25/15°C . He éxplained that the transport of assimilates to roots could occur readily | o
“if respiration and transpiration were low. The‘-w.etter conditions'of the outdoor - \
trial compared to the indoor trial could also have aﬁ'ected the root bud productiou
e t—iigh relative humidity has been reported to release root bud dormancy of Canada
thistle (Hunter etal, 1985) and evidence for water asa factor involved in root bud ‘
inftiation and growth has been provided for leafy spurge (McIntyre 1 979) and
milkweed (Hsiao and McIntyre 1984)

in Experiment 2 the major diﬂ’erence in. environmental conditions was the

PRI

low precipitatton in the 1985 trial compared-to the 1986 trial (A.ppendi:t 8)_. In 1985. 2
there was a higher number of gnerged root buds per meter of r,pot. a lower numbelj -
of non-emerged root. buds per meter of root and alower productlon of shoots on r.c:i'ott' E

‘ _ pieces per meter of root than in 1986. As mentioned earlier, high relative humidity o

or water has been reported to release root bud dormancy of some weed species
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These results might suggest that there should have been a lower number of emerged
: root buds per meter of root in 1985 instead of in 1986. It was therefore very diﬂ‘icull <
to explain how the level of precipitation alone could have had the eﬁ‘ects reported
here. fPrecipitation probably_interacted with vario_us other unidentified i’a‘ctors‘ E
that varied betwee,; the two years of study v | |
« - In Experiment 2 (Tables 16 to 20) the number of root buds. from the large
root diameter category did not correspond as well to the shoot productlon by the
| sarne-dizmeter category as did root bud ‘nurnbers from the rnedium and small .
diameter categories. Since the llgnii’ied, oldest roots were'gen'erally closer to the -
shoots than medium or small roots, the shoots probably had a more direct  %*

inﬂu}.ence on their root bud initiation and growth. and thus. ‘'shoot _production.
"'Cutting shoots from roots probably had more _inﬂuence on the regeneratiye

capacity of roots ‘for shoot production, than did removal of shoots frorn_ medi\;m

and small roots o | _

The outdoor trial of Experiment 1, done in 1986, and the 1986 trial of

Expenment 2 gave dilIerent results In trial 1 of Experiment 1, more emerged and
B non- emerged root buds per meter of large roots. were counted on nitrogen-fertilized
plants than on untreated plants while in trial 2 of Experiment 2, more emerged ‘ L
, | root buds per meter of large root were counted on treated plants than on untreated
| plants No diﬂ'erence was observed for non-emerged buds between treated and .
untreated plants It is possible that a certain time aﬁer the application of nitrogen
the soll nitrogen was decreased by leaching or by uptake by Canada thistle or

\
' various soil microorganisms and thaf the reduced amount of nitrogen did not

affect root bud production. ' \
The "intensity' of root bud dormancy at different growth stages of Canada

' ‘thistle aﬂ'ected the proportion of underground shoots emerged and non emcrged
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. root buds. Low numbers of underground shoots and emerged root buds would be

| : expected at growth stages occurring alter the early bud stage considering that the

N

inhibition of shbot production was reported to be greatest after the bud stage, under N

| summer conditions similar to the ones found in Alberta (Alberta- Agriculture 1984
Hodgson. 1968; Hunter. 1973). N
. The effects of nitrogen on Canada thistle stands excavated 1 and 2 years_ _
after' establishment weré clear cut'..(Figures' 2 1to 31). The young stands‘ studied were.
‘the same as the ones used in the experiment examining the effects of nitrogen on
the shoot production of Canad thistle From tffe excavation of the stands the
increase in shoot production al density ﬁ'om nitrogen treatment compared to no
'treatment was associated with an incﬁ in'root growth in the top 20 cm of soil.
In the l-year old stand the number of emerged root buds per meter of root
" was highest near the soil surface in the treated stands rather than being more { '
¢
evenly distnbuted in the top 80 cm of soil of untreated stands (Figure 23). However
- in the 1-year old stands nitrogen treatment promoted a higher shoot production

on root fragments sampled deep into the soil. In the 2-year old stands nitrogen

treatment resulted in a more even distnbution of underground shoots per meter of ; '

root in the top 60 cm of sofl. In addition to supporting the fact that there was no
relationshtp between the number of root buds observed in the soil profile and the
regenerative capacity of the root system these observations support the conclusion

that nitrogen treatment had the potential of increasing the severity of a Canada

5.

thistle problem.

Cultivation of the top 20 cm of soil would aﬁ'ect a higher perce%ge ofthe , '

root system growing in nitrogen-treated plots compared to untreated plots.

N

~ However, the same mass and length of roots would be left below the cultivated zone

in both treated and untreated stands, with__the shoot growth potential of roots of

.

i

[
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, nitrogen-treated stands sometimes being higher than for roots of untreated stands,\ -

as was observed for the l-year old Canada thistle Furthermore the number of
underground shoots per meter of root b:ﬂd»y the top 20 cmof soll was htgher in
treated stands than in untreated stands as in the 2-year old Canada thtstle’stands .
It would take .approximately the same time for mechanlcal control methods to
starve_ the root system ofa treate,d ar_ﬂuntreated stand, but the .potential for |
irrfestation of the roots below the top 20 cm of sofl would be greater for treatcd_than
for untreated stands. Cultivation, if not well- tlmed could even mcrease the
seventy of the Canada thistle problem in treated stands stnce more roots would be
dispersed throughout'the fteld in treated stands than in untreated stands.
" In all experirnents in which the nitrogen content of diIIerent p.lant parts of

Canada thtstle was determined, the rﬂtrogen content of plants subjected to |
: ditTerent mtrogen levels in their growth medium was not correlated to any
. observed eﬂects of nitrogen on root bud dormancy One reason might be that

vnttrogen-treated plants were aﬂ’ected by nltrogen only to the extent thelr biomass
| was tncreased in adjustment to anew nltrogen level,

From the study on the effects of nttrogen on Canada thistle under ﬁeld
condit{ons nitrogen could have an effect on root bud dormancy. _but there could be
n‘tany tnteractlons with ablotic factors whlch rnade any predtctabtltty o_t' the
.nttrogen eﬁ'ects very diﬂ'lcult Because of all the posstble Interacttons it is unltkely
. that nitrogen could affect herblctde efﬂcacy in any consistent way by releasing root

‘buddormancy ‘ . et

- The descnpttve aspect of Canada thistle grow&h m th@ study shows that
shoot productton over ttme in 1984 (Figure 12) was reprwented by a sigmotd curve.
One cou]d argue that the curves represented a typtcal loglstic gmwth curve

—, Population growth curves are normally stgmotd and 1t ts common to find that the
v
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good fit of a logistic curve is more apparent than real To draw the conclusion that
the growth of a particular population Is logistic abiotie environmental factors
should be sufficiently constant not to aﬁ'ecf the birth and death rate and crowding
should aﬂ"ect all mégybers of the population equally (Pielou 1977) These
condltions were not met and no conclusion can be drawn about the type of growth ¢
of the population ‘
The rate of expansion was as much as 0.95 cm/ day between 5and 13 weeks
after planting a root i’ragment (Tables 3 and 4). The low rate observed in the. early
stage of growth of Canada thistle was consistent with the fact that the plants did
not produce secondary shoots before 4 weeks after planting an_d after the initial
sprouting in 1984 and 1985, respectively (Figures 12 and 13). Rate of expansion
woul‘d increase with time. though, when theincreasing amount of aboveground
"biomass woul@ increase the production of photosynthate translocated to the root
‘system From these data the root system of the established stand studied at the
Ellerslie Resez rct Station in 1984 w’ould.have ta_kep_ only 2 yeéars to reach a depth
‘of 2 m. o | |
A notable feature of the plants in Experiments 1and 2 (’l‘ables 11 to 20) was
the lower produeilon of emerged and non-emerged root buds per meter of roots in
Experiment 2 than in Experiment 1. The more numerous shoots harvve.stedl‘ls -
| weeks after planting a.roo_t fragment (Experiment 2) could have been able to '
compete for nutrients more eiIiciently than the fewer -shoots produced by the plants
~ harvested 13 weeks after planting which resulted in less nutrlents for root bud
lnitiation and growth (Experiment 1). Furthermore the shoots harvested 18 weeks
ai’ter,planting could have had the ability to produce and translocate growth

inhibitors better than t_he younger shoots. Of course, one cannot ignore the

~ prevalling environmental conditions to which these plants were exposed. Under
. ) . 3 . - ‘ .
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.dlﬂ’erent conditions, lt would be possible that dlll’erent trends might occur. - -

The data ofthetrlals ol'Expertments 1and 2, done 1n 1986 (’l‘ables 11 12 18‘
_and 19), 'in which plants were harthed 13 and 18 weeks after root fragments were
planted. could be used to calculate growth rates of Canada thistle. Durtng 6 wecks,
- from July 16 to August 26, 6 g of aboveground shoot dry matter was produced per
day at least 3 gof root dry matter per day; and ;\1t least 2 cm of roots with a diameter ’
larger than 0 .5 mm per day. The root system of a plant harvested 18 weeks aﬁer a

10-cm long root fragment was planted had the potential of producing 903 shoots
when cut into 10-cm long pleces . _
From the data "obtatned on shoot denstty and the root system of Canada
thistle stands, it becarne dbvious that one cannot make predlctlons about root
" ‘systems just by looldng at the ab0veground shoots, (Figures 5 to 8, and 21 to 31) For
example the 10—year old stand studled at the Ellerslle Research Station in 1984
| that ha%been cultlvated repeatedly throughout the years. had a shoot denslty t40-
shoots/m } which was more than twice the shoot density ofa 2-year old
undlsturbed Canada thistle stand (15 shoots/ m2) However the root system of the
- 10-year old site was only about half as extensive in terms of root length and root
' cﬁ,welght as the root system of 2-year old stands | -
'I‘he majortty of the root blomass was below the top 20 cm of soll (Flgures 5,
6, 21 22 26, 27) In the l-year old stands an average of 37% of the root dry wetght '
would be aﬂ'ected by cultivating the top 20 cm of soil, compared to 20% for the 2
year old stands and 29% for the 10-year old stand.lWell-timed cultlvation would |
 starve the foot system, but the starvation pr_ocess would be rather slow, espectally "
. for the undlsturbcd 2-year old stands. - | |
. The depth mached by the root system of thc 1\. vear old stand and thc 2-year

old stand was about 2 m. This depth was reported to be common for Canada thlstle

fil .
Y
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(Huntér, 1985; Pavlychenko. 1943), as well as for other perennial weeds. such as

poverty weed (Pavlychenko 1943)

I3 / ..

~The number of root buds produced per meter of root for the 10-year old stand-

was twice as high as the number produced m the one and 2-ryear old stands {Figures -

7 22, 23 28, 29). There were also about twice as many non-emerged root buds per

meter of root in the 2-year old stands as in the l-year old stands. This suggests that

) | there is an tncre::se in number of _root buds produced per ‘meter of root::as a sta_nglvu :
ages. | o . ‘ k .,.
o The depths from which roots were sampled‘had' htﬂe effect orf their
regenerative capacity for the production of - shoots By comparing the ‘data for shoot
productlon of root pieces of the 10-year old stands (Figure ZTS) to the corresponding
data of the 1 or the 2-year old stands (Figure 31), it was apparent that there was a
tendency for more consistent shoot production with increasing depth In the 10-
. year old stand, a welghted average of eight shoots per meter of root was obtained.
One could speculate that this value would be attalned with time by the newly
established stands. . | o,

j There was no correlation between root bud production and shoot
production of root fragments. There were more root buds closer to the soll surface
ti*in the values obtained for shoot growth potential and there were fewer root buds

. produced deeper into the soil than there were shoots belng produced ‘by root
fragments. The inhibition of root bud growth'close to the soil: surface could have
been caused by the competltlon for nutrients by the growing shoots or by-growth
lnhlbltors produced by the growing shoots and t:ranslocated to the root buds, or by
growth inhibitors produced by the buds or the root system. Environmental

| condltlons close to the soil surface such as higher temperatures or light intensity

or lower soil mofsture compared to deeper into the sofl could also have inhibited

1
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- root bud growth but no evidence supporting theﬁ' involvement was available _ L
_ In contrast, the roots sampled deeper into the soil produced more sﬁoots
than the actual number of root buds present at’ sampling time: Three explanations :
can be given: ﬁrstly environmental factors prevailing close to the soil Surface but
not deep into the soil were conducive to root bud formation Two factors that came |
to mind were light and oxygen In general though light has little effect on root bud
‘ initiatioﬁ but marked eﬂ'ects on bud development (Peterson. 1975). As for the effect
of oxygen, very little is known. It appears that, at least in quackgrass, oxygen' {s not
involved in prblonged inactivity of vegetative buds, sinceits eﬂ"ects only occur
when its concentration is reduced to 15%, a level found in waterlogged soil
(Buchholtz 1962). Secondly, some factors inhiblting rootdl;ud iriitiation and ’
growth could be present deep into the soil but not close to the soil surface. One could . ¢
think of a high carbon dioxide concentration' asa factor | However, it appears that
10% carbon dioxide or higher is required to reducg r,@'t bud acttvity in- quackgrass
which 1s the &treme limit encountered in soilg tbhat’ - waterlogged
” (Buchholtz 1962) No inl'ormation is available for Canada thistle Thirdly one
could speculate that competition and inhibitfon caused by the rest of the plant
above the part of the root system ccamined could also occur. No evidence
supporting the later explanation was available | | ‘ ;5’ :
The methodologies used in studying Canada thistle were laborious and
time-consuming with the methodologr used in the experiment on the rate of
’ expansion of the root system of Canada thistle also being expensive,‘However'the
results obtained usl‘ these methodologies represent as accuratgly as possiblerthe
root system of Canada thistie The major disadvantage of these methodologies was

-"that they were s0 time-copsuming that few replieatw could be included.

e . . e




’ solution and in soil, and under growth TOOH condltions and in th&eld Under

R
growth room conditions, the effects of nitrogen ata concentration oﬁngppm«

e~‘

questionable. o . : o - SR
| Under field conditions, nitrogen in the form of urea was applied at a rate of
70 kg/ha or 100 kg/ha and incorporated to 10-cm depth. Nitrogen increased shoot
production of 1- and 2-year old stands and of most plotsonan 11- to 12-);ear old
stand. However, in the 1- and 2-year old stands, the i*ncrease.invshoot production
was assoclated mam]y with an increase in root iength and root mass.in the top 26
om. and not with a release of root bud doxmancy.l The »Canada thistle problem in
_stands that had been t_reated hy nitrogen could then be more severe than in
. untreated stands. Cultivation of awmtrogen-fertﬂlzed stand could result in more
- roots belng spread throughout the ﬁeld than in the case of an untreated stand
Nitrogen applied on plots in an established stand did not always result in
an increase in shoot production. Furthexmore; the response of Canada thistle
plants grown in large containers fllled with soil in the field 'or under growth room
| conditions appeared to have been mﬂuenced by other environmental conditions

than. mtrogen fertmzatlon

Nitrogen, in the form and at the rates used ln this study. did not -

117
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4 consistently affect root bud dormancy under field condltlons found in Alberta. The
fact that root bud dormancy was not unequivocally released lmplied that the sink
size for herbtctde translocation would remain relattvely unchanged .
Consequently the efﬁcacy of follage-appned herbictdes would not be affected by
nitrogen treatment by releasing root bud dormancy

: The average expansion of the root system was esttmated as betng as high as
0.95 cm/day between 5 and 13 weeks after planttng root fragments of Canada
thistle under fleld condlt.lons in Alberta Seven weeks after planttng a root
fragment the rate of expansion was lower than 0. 63 cm/day. while 13 weeks after

' planting the rate was higher than 0.95 cm/ day It was assumed that ‘when the

a
system mtght be expected to increase with time.

v Between 13 and 18 weeks after root fragments of Canada thistle were .
planted ln 1986 the Canada thistle plants produced 6g of aboveground shoots per
day. and 2 cm of root with a diameter larger than O 5 mm per day. corresponding to

| 3 g of root drymatter per day. In 1985 and 1986 the root system of a p.ant

N - harvested 18 weeks after a root fragment was planted had the potentlal of

.aproductng an average of 903 shoots. if the root system, cut 1nto 10.-cm long root

pleces, was replanted o - R ,' &

. From the obsexved relationshtp between shoot density and root system ' ‘1_‘," »

parameters. 1t is clear that one.cannot make inferences about the root system
_stmply by lookmg at aboveground shoots. For example a lo-year old slte wtth a
density of 40 shoots/m2 had about half of the root length and root dry welg%( a
’ -year old stand that had a shoot denstty of. 15 shoo'g‘/m2 However the number of
- root buds per meter of root in the lo-year old stand was abOut twice: that in the 2-

P
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year old stand. By comparing the number of root buds from the 1, 2 and 10-year old

sta_nds, it was obvious that root buds became more numerous deeper in the soil over

time. .
Only 20 to 37% of the root dry weight was in the top 20-¢m of soil, and

therefore. only a small portion of ‘-the root system would be vulnerable to -

119

culuvation. Cultivation could still starve the root system, but starvation should be

expected to be slow. _

“The depth reached by the root system of a 1-year old Canada thistle stand
- was 1.4 m, ofa2yearoldstand22mandofa 10—yearoldstand 1.8 m. The greatest
depth at which root buds were found was 1.2 m. Nevertheless, roots sampled at any
depth cut and replanted had the potential of producing shoots. No correlation
between the number of root buds observed at a given depth and t@regenerative
capacity of the roots obsewed at the same depth was observed.

From' a practical point of view. in studying the eiTects of various
compounds on root bud dormancy. little attention s*puld be paid to the effects of
compounds on the number of root buds present, but rather, attention should be
given to the number of shoots produced after planting root fragments. One should
be aware of all the possible interactions that a compound could have with various

abiotic and biotic i'actors influencing the root bud d&mancy of the species
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e | APPENDIXl e o

Nitrogen deterrnination procedure for plants 'using the ‘Kjeldahl analysls

L,,‘

" Digestion of Plants _ oo - L e '

1. Add ,’5,5/ gof KZSO4/CuSO4 mixture to'the digestion tube in which Q. 04g to 0. OSg

ofplanttissm:ispresent . v o R

2. Add one selenized boiling chip. .~ 5 . A

3. Add 10 ml of concentrated H2SO4 o S o
4. Heat for 1.5 hour at 220°C. ' : L S e
5. Put condensers on digestion tubes, ‘and heat at 360°C for 1 hour '
6. The nitrogen should now be in the form of NH4

.Steam Distillation Procedure o T

1. Digestion tube should be tlghtly connected to ;team disti]latlon head to allow
steam into the tube.

. Condensers are attached to the steam dlstﬂlat'ion head and the digestlon 1ube. .
. 5 ml of 2% H3BOy is placed underneath the condenser - s S
. 30 ml of 50% (M/M) NaOH is slowly added to the digestion tube, =~ . " ‘
. After the addition of an excess NaOH, collect 40 ml of distillate with HsBO4
. Clean the condenser using a digestion tube containing alcohol and

place on the digestion head.,
. Determine njfrogen contcnt by backtltratlng with H2SO4

~ O ok W

A
8. Vo]ume H2804 . Normallty of HQSO4 * Moleculdr Weight . 100 o
: L O - of Nitrogen ' ‘ '
Total N% = ., - . ' i , :
o BRI , 'Weight of sample - - - . !

4
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| Digestion Tube

Sample -

.‘ 1
-

B fondenser..

Steam Head',

Figure 20. Setting of the steam distillation aparatus.
o —- o

1}

Preparation for thc Mass Spe_ctrorheter. :

1. Add an excess of HpSOq4 to the sample of mtrogen.

2. Dry down the sample.

3. Form Ng by adding NaOBr in the absence of atr.

4. Put the gaseous nitrogen in the mass spectromctcr
A
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A ‘o 7 - APPENDIX2 . : ’
Soil acidity, potassiuriz,fand"e)ctractable phosphat'e at the University of Alberta.
Ellerslie Research Station and the Edmonton Research Station sites in springs
1984.1985 and 1986, and for the Navarre clay loam used in experiments 1 and 2.

2.1 Ellersli¢ Research Station B
N ﬁ . June 3, 1984 ,
pH . T+ POg : K
{(ppm) - ~{ppm) \

5.7 16.8 -3

59 8.2 K 23 )

6.1 o 7L \ . 273

- 6.8 7.1 289
- _ , June9, 1985
"~ Depth ~ pH PO4
) . ) N
{cm)
5-10 ° 5.7 . :
25-30 5.9 ‘ ‘
45-50 6:1 '
65-70 ‘6.8
' - May 17,1986 _ i
Depth pH . POy o . K B
(cm) o (ppm) '~ (ppm)
<510 57 199 144 -

25-30- 5.9 o 13.9 ; , 146
45-50 66 - 9.0 192

65-70 69 83 - - 194




2.2 Edmonton Research Station

129

65-70 . 6.5 . 5.8

_ June 3, 1984
Depth . pH PO4 K
(cm) (ppm) (ppm)
5-10 - - 59 } 18.9 1401
25-30 62 15 378
45-50 6.2 - 62 417 -
65-70 . 75 6.9 425 -
I - . Juneo, 1985 ,

. .\ s -
Depth ~ pH O4 K
(cm) _ o .(ppm) % (ppm)
5-10 5.7 172 870
25-30 6.0 5.9 710
45-50 6.1 3.0 820.

. 65-70 : 6.5 3.0 840

o May 10, 1986

Depth - pH ' PO4 K
{cm) - . _(ppm) (ppm)

5-10 5.8 30.8 434

125-30 6.3 | 14.7 321

45-50. 6.3 : 6.9 339

439




2.3 Experiment 1

: Establishment o
, pH o PO4 , K
Depth Outdoors Indoors Outdoors Indoors Outdoors Indoors
(cm) (ppm)  (ppm) (ppm) (ppm)
510 6.0 5.9 401  55.8 ‘370 1437
25-30 6.0 5.9 40.1 55.8 . 370 437
/  3 |
2.4 Expe‘rimex{{ 2 / "
| June 9, 1985 .
Depth ' pH  PO4 K
(cm) _ (ppm) . (ppm)
510 6.0 25.1 a 860
25-30 © 7+ 8.0 25.1 _ .860
45-50 .. 6.0 25.1 : - 860
| May 10, 1986 '
,_Depth o pH PO4 : , K .
(cm) (ppm) (ppm)
5-10 6.0 40.0 | 370
25-30 . .- 6.0 400 v 370
40.0 . 370

45-50 6.0

130
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APPENDIX 3
Total soil nitrogen content at the University- of Alberta Ellerslie Research Station

and the Edmonton Research Station sites in 1985 and 1986 and for the Navarre
- clay loam used in experiments 1 and 2, at the beginning of experimentation.

3..1 Ellerslie Research , Stéﬂon

1985

T Total Soil Nitrogen -
_ June 9 Aug3 - Septl Sept 28
Depth . N +N N +N _ N
(cm) - (%) (%) (%) (%) (%) = (%) (%)

- 5-10 03 05 06 05 04 04 04
25-30 02 . 04 03 04 04 03 03¢
45-50 0.1 02 02 01 01 01 01
65-70 0.1 01 01 01 01 -~ 01 01

, 1986
' . Total Soil Nitrogen
_ May 17 = June 14 . July 25 Aug?25 °
Depth -N - .+N -N +N -N +N -N +N
(cm) G T %) G ) 6 6 (%)
5-10 o5 Yos 04 05 05 05 0405 .
25-30 04 ,04 03 01 03 03 01 03 _
45-50 o2 Y01 02 03 01 02 01 0.l
65-70 02 ‘01 01 02  01. 02 0.1 0.1
/ . ) s Lo 3
ﬁ; T . 1987
_ ", Total Soil Nitrogen
o R May 13
Depth ST ®& N +N : \
(cm) ; B %)

5-10 | | ) 15 15
25-30 . : 1.0 ‘ 1.0
45-50 S 0.6 0.3
65-70 Lo 02 0.2

2 -N refers to plots/ n which no nitrogen vw;as applied. » ‘ :
"+N refers to plogs on which 100 kg/ha nitrogen was applied.-




' 3.2 Edmonton Research Station

¥

A 32

[

1985 _
Total Soil Nitrogen -
. . June 9
Depth -N : +N
(cm) {96) (%)
5:10 0.4 05
25-30 0.3 0.3
45-50 0.1 0.1
65-70 0.1 0.1
, 1986 ‘-
Total Soil Nitrogen
May 10
Depth -N +N
(cm) (%) (%)
5-10 0.7 07
25-30 0.4 0.5
45-50 0.2 0.1
65-70 0.2 0.1

a _N refers to plots on which no nitrogen was applied.

+N refers to plots on which 100 kg/ha mtrogen was appli%
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- 3.3 Experiment 1

Establishment

, _ , Total soil Nitrogen - s

Depth . : "Qutdoors . . . Indoors

{cm) ' (%) (%)

5-10 0.5 05 | | ,
25-30 - ° 05 _ 0.5 ‘ 5 «
a N refers to plots on which no nitrogen was applied. N

+N refers to plots on which 100 kg/ha nitrogen was applied.

3.4 Experiment 2

Establishment

Total Soil Nitrogen
Depth 1985, 1986
(cm) - : (%) (%)

' : o)

5-10 0.6 0.5
25-30 0.6 0.5 : o ol
45-50 ' 0.6 - 0.5 '

2 .N refers.to plots on which no nitrogeri was applied. .
+N refers to plots on which 100 kg/ha nitrogen was applied.

o



. APPENDIX 4 o
Soil inorganivl(trogen content at the Umversit.y of Alberta E)lerslie Research -
Station and the Edmonton Research Station sites in 1984, 1985 and 1986 and for

the Navarre clay loam used in experiments 1 and 2, at the beginmng of the
experimentation .

-

4.1 Ellerslie Résearch- Station = ' B - o

1984 ‘

~ Soil Inorganic Nitrogen v
Depth . - Junel —_
fcm) N o
5-10 S - 106 - o
25-30 . 5.6 S :
45-50 , o .43 .
65-70 ' '» - 43 . " . B
. 1085 — ' i
Soil Inorganic Nttrogen ,
June 9 Aug 3 - WSeptl . Sept 28
Depth = . -N +N -N  +N.~ g'.-N _+N -N +Na
(cm) (ppm) (ppm) (ppm) (ppm),f (ppm) (ppm) - (ppm) (pgm)
5-10-  * 7.4 687 236 . 849 359 97.1
25-30 7.3 7.3 23.7 237" %3 . 93 : 7 0 7.0
45-50 . 58 5.8 C17.0 17. O_r ' .1 . 6.1 80 . 80
6570 . 55 : 55 “5.0 "‘;,;.5.0 5.1. 5.1 50 50
. ~ R ) ) ) '
1986 S i
S ‘Soll Ino ¢ Nitrogen o ..

. May 17 July Z . Aug 25 - Sept 18
Depth - -N "+N -N .+N - =N~ +N’ -N +N
(cm) (opm) (ppm) opm) (pprl (ppm). (ppm) ~(ppm) - (ppm)
5-10 58 - 671 "’ 53 _66.5 6.37 67.5 5.5 66.8 -
25-30 6.9 69 - 42 . 4.2 4.1 4.1 42 . 4.2
45-50 61 _ 61 ' 40 40 38 38 33 33
65-70 ‘ 92 - 9.2 9.0 .90 -, 47" 47 - 37 - 37 -

a -N refers to plb(:S'on which no nitrogen was applied; = _- ‘
., +N réfers to plots on which 100kg/ha nitrogen was applied. The data
", were calculated by adding the soil inordlnic nitrogen concentration of
" ‘the untreated plots to the nitrogen concentration calculated from the
e ratg of nitrogen applied in the top 10 cm and the soi} bulk density
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4.2 Edmonton Research Statiori

, 1984 :
o ’ _ ~ Soil Inorganic Nitrogen
' ' P Junel “ o

_ Depth - -N  +N@ @

(em). T S (ppm) (ppm)

5-10 . , 20.8 58.9

25-30 | . 102 102 | ' {

45-50 o ' 79 7.9 . .

65-70 - , , 75 75 o

1985 _—
Soil Inorganic Nitrogen ' S
o - June 9

Depth - . ) ‘ -N ~ +N _
$lem -~ (ppm) _(ppm)

5-10° ' : 152 - 695

- 25-30 Co " , 112 128

45-50 . R 9.0 10.5

- 65-70 - _ 8.6 9.7

’ 1986 =~
Soil Inorganic Nitrogen
Depth : May 10
s -N +N- . ’

(cm) © (ppm) (ppm}

5-10: . o ) 84 627 _

25-30 : 11.6 7.7 )

45-50 ' .. 10.0 108

66-70 , '9.0 93 '

a o\ fefers to plots on which no nitrogen was applied. ' .
+N refers to plots on which 100 kg/ha nitrogen was applied. The data .
- were calculated by-adding the soil inorganic nitrogen concentration of
the untreated plots to the nitrogen concentration calculated from the

rate of nitrogen applied in the top 10 cm and the sofl bulk density.
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4.3 Experiment 1 S e
, Establishment

_ - . Soil Inorgamc Nitrogen

Depth I Outdoors - -Indoors
: -N  +N N +N@

(cm) N (ppm) (ppm) (ppm) (ppm)
5-10 o . 118 952 9.7 930
25-30 R \: -°118 . 11.8 - 9.7 97

a N refers to plots on which rio nitrogen was applied. -
+N refers to plots on which 100 kg/ha nitrogen was applied. The data

were calculated by adding the soil inorganic nitrogen concentration of '

the untreated plots to the nitrogen concentration calculated from the
- rate of nitrogen applied in the top 10 cm and the soﬂ bulk density.

.4

4.4 Experiment 2 \ ‘ . o
Establishment
' g i . " Soil Inorganic Nitrogen
Depth 1985 1986
T N - 4N -N . +Na
(cm) . .~ (ppm) ~(ppm) (ppm) (ppm)
510 - % 354 1187 143 976
25-30 Y - 354 354 143, 143

,4550 -:j< L ‘354 . 354 14%J 143

a -N réfers to plots on which no. mtrogen was applled

+N refers to: plots on ?ch 100 kg/ha nitrogen was applied. The data
were calculated by ad Lng the soll inorganic nitrogen concentration of
the untreated plots to t

‘nitrogen concentration calculated from the
rate of mtroge‘,t% '

jithe top 10 cm and the soil bulk density.

136
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_ ~ 'APPENDIX 5 - |

- Solil inorganic hitrogeri contéht at the Ungvérslty of Alberta Ellerslie Research
Station and thé Edmonton Research Station sites in 1985 and 1986 and for the

. Navarre clay loam useg in experiments 1 and 2, at the end of the experimentation.

1

_ 5.1 Ellerslie Research Station : .

© 1985

o . ' . 'Soil Inorganic ‘Nitrogen e
R ) Aug3 - . Septl . Sept 28
" Depth ©  ~N N LN aN -N" +N?
(cm) ~ (ppm) (ppm). -  (ppm) (ppm). (ppm)} -_'{(p'pm)
5-10 236 99 - 359 13.5 .83 11.8
25-30 237 101 - 93 -10.7 70 72
45-50 170 63 - .-61 - 53  80. 51
65-70 50 . 5.1 81 .35 50 - 46
\ 1986
. . Soil Inorganic Nitrogen ‘ .
~ 'May 1l0°? July 25 - . Aug 25 Sept 18
Depth = - -N +N -N = N ~ ~N 4N -N = 4N
cm) (opm  (ppm) (ppm) (ppm) _(ppm) _(ppm) (ppml  (ppm)
510 .. 58 11.6 53 68 63 . 237 55 278
25-30 69 . 78 42 @ 47 41 62 42 87
45-50 6.1 70 40 . 48 338 55 3.3 43
3.7

65-70 9.2 101 90 67 47 5.6 47

a _N fefers to plots on which no nitrogen was applied. o
- +N refers to plots on which 100,_kg/ ha nitrogen was applied.. . -
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5.2 Edmonton Reséarch Station S e

i

.. 1985 -

Soil Inorganic Nitrogen
o . Auga -
' Depth . - :N. N2

9

em) ‘__(p_prn)ﬂ (ppm)

5-10 - . ‘ o ANT 9.6
25-30 S o 117 85
65-;70' o oo . 9.0 - . 778 .

. 1986 :
. .. Sofl Inorganic Nitrogen
co . S Julyl
Depth = PR N 4N

@ ~ppm) _ (ppm).
“5-10 . . 10.6. 8.1
25-30 . 5.4 6.5

45-50 ¢ 10.1 6.4
. 6670 o . - 74 85

- a.N refers to plots on which no nitrogen was applied.

v . +Nrefers to plots on which 100 kg/ha nitrogen was ap’pue;d.. ’

L
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; 5.3 E;cpcrirrient 1

I R Sdil‘ Inorgamc Nitrogen
RSP R ‘Outdoors -~ Indoors - -
-~ Depth " 7 T -.N . +N - -N¥ - #N

F

' .'(cm) D — (ppm) * tppm) - (ppm)  (ppm) °

Csa00 91 ‘419 . 61 254 .
2530 L1755 171 67 - 57

a4-N refers to plots on which no nitrogen.was applied.
+N refers to plots on which iOO kg/ ha nitrogen was applied

5.4 Experiment2 7‘ KRR

S

K Ty “Soil Inorganic Nitrogen e “ B
, AR " 1985 - ) 1986 4 - &
Depth. - ' TT'I‘I'N e : +N , N "'Na '

£

v(cm)v ) -. .. (ppm) . (ppm) T :(bpm) (ppm)

S51000 0 Taad 4.4’-9; 122 254
25800 258 357° 160 229
4550 : : 273_ 130 14.8 231 7

L ’ . ’

a.N refers to plots on which no nitrogen was applied.
- +N refers to plots on which 100 kg/ ha nitrogen was appiied

.d" o

s PR
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0 APPENDIXG I

Average soil moisture tenslon at the Umversity of Alberta Ellersle' Research .

Station and the‘Edmonton Research Station sites in-1984, 1985 and 1986 and for o

- the Navarre clay loam used in experinients 1 and 2 (see Appendix 7) } -

6.1 Ellerslie Research Statlon o S s j = : o iJ
o .«'; o : 1984 o

T ] Soﬂ Moisture tension | ‘

June3 - N oL June30

¢ IR

N A

5-10 S o018 S 013 T
26-30 . 0325 " 4,943 L
4550 S o ¥ C 3 S 4;“0 o . e
65-70 S 065 Shoo%oe0 x0T T
e sT 0 1985 Y
. ©. - . . . Sofl:Moisture Tension ' : '
Depth - June9 . A3 .. Aug23 " " Septi28 -

&7
b

(cm) —MPa) - MPa) - (MPa) T ™Pa), 7\ -

5-10 <1.50 Y006 7. 048" Toas

25-30 . <150 090 - 0,50 i 7 0.21 .
45-50 - - <1.50 <150 . ' ‘075 067 s
65-70 <1500 . ‘<150 | '_ 400 . - ° 080

qe86 . 7~
S o B Soll Moisture Tension . ' T o« oo 07
Depth - May 17 * Juneld = July 25 - - -Aug25’, | Sept20-

@ MEa pMPa oM@ (WPa) | MPal

'5-10 ) --0.10 - . 0.68 015, - - 'O 80 .. 0.15
..25-30 016 - 032 Co D.46 ‘ 046 - 077 C
45-50 . 0.67 . 0.75 0 150 >090- . 150 ..~
65-70 0. 18 - . L1580 . O 84 0. 50 - 150

3. {Q.,

1967 ;'7.'

o o Soil Moisture Tension . Eop o T
“Depth . . _ - .May13 - s o SR 5

B R Mra)

. 5:10 | ' o1
- 2530 Y Y. - B
4550 - 031 0o
6570 - 051 .
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R § .
- 6.2 Edmonton Research Station
i L _ 1984
a0 ‘ - Soil Moisture Tension
"Depth June 3 i - Sept8
(cm (MPa) — (vPa)
510 % 013" | . . 008
25-30" 0.16 . 150
45-50 - -0.52 - ' : 0.72
65.70 * 047, - 0.70
. ‘i. N . N .
% 1985
= : " Soil Moisture Tension
ﬁ" D‘e‘pth May‘ 15 o June 30
- lem) (MPa) o (MPa)
, 5-10. 0.15 013"
25-30 0.20 0.24
45-50 0.42 T - 0.27
' 6570 0.46° : , - 0.35 -\
C 1986
R g Soil Moisture Tension .
' Depth May 12 : . ~ o July 1
fcm) . (MPa) - (MPa])
5-10 013 .. 023
25-30 0.10 ! . 027
45-50 >1.50 : , . 1.50 -
. 65-70 >1.50 .. 0.45

141



6.3 Expe}rinient 1

Establishment
o T ~ Sofl Moisture Tension =
Depth o Outdoors/, ) , Indoors

™ MPa) —(Mpa)

'>5-10' U “‘O 1&

25-30 og;s*

5
5

o

o est
: ' o " Soil Mois re Tension:
Depth. . o Outdoors R ‘ Indoors :

e wra ~(MPa)

< 5-108. s 005 . 020
25-30 . o1 020

[
1

6.4 Experiment 2

Establishment
o N R Soil Moisture Tension ' * S
1D'epthf o 1985 o - 1986 : B

PR

. Pa T (MPa),
5-10 0.15 IR 0.13
25-30 . 0.15 013
45-50. .~ 015 : © 013

Harvest
o : Soil Moisture- Tension _
-Depth . 1985 Lo 1986
'AZ; L g : ° “4 kA :

cm) - (MPa’h@d,, . Pa)

518 - . 0.03 . s150,
25.30 . - 003 S0
4550 o 0.06 T sis0
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Moisture retention curves used in calculaﬁng soﬂ water‘pd?ntiél in Appe'i{hbc 6. (a)

Edmom'on Research Station site, 5to 10 cm. depth (b) Edmortan Research Station -

site, 25 to 70 cm depth:; (c) Ellerslie Research Station site, 5 to 10 cm depth; (d)
Ellerslie Research Station site, 25 to 30 cm depth: (€) Ellerslie Research Station
“site, 45 to 70 cm depth. The soil moisture potential for Experiments 1 and 2 were

calculated using (a).

[ a

(a)A . '_bso_, oo . Ié‘ g‘ , »

L e yu

Soil Moisture Content (%) -

00.% 05 10 . 15 20
* Moisture tension (MPa)

. Yy . - .
~ - oo .
’ : ’ \“"?}
. B B

’

Soil Moisture Content (%)

20 e e e —————
00 - 05 1.0 1.5 2.0

' Md_isture Tensioh (MPa)




. ©

Soil Moisture Content (%)

Soil Moisture Content (%) -

- Soil Moisture .Cqmen.t _(%) '

20

S'Oq-b

0.0

T X l. v 1

05 1.0 15

‘Moisture Tension (MPa) *

-

2.0

we -

0.0

40

A
)

L I T ¥ ;
.05 - 100 1.5

- Moisture Jension- (MPa)

T

2.0

T v | Y ‘l‘
0.5 1.0 15 |
Moisture tension (MPa) -

2.0
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APPENDIX 8 A ]
. Average weekly mlnimum and maximum temperature and relative. humidity and

~ total weekly preclplt,atlon for the University of Alberta Ellerslie Research Statlon ,
#hd the Edmontdh carch Station for 1984, 1985 and 1986. .

8.1 Ellerslie Research- Stai;ip_n s R
v e ~1984:5§°
Week .  Peécipitation T Ié#xperat&e
Starting - : T &mx - Min
, 5 i )
(mm) (°C) 1 (°C)
. ] . - :
" May .28 . 17 . 20 6
Jupe 4 - 26 f .18 8-
June 11 v 10 24 "8
June 25 , 70 24 8
Jaly 2 ' 18 - 23 8 . ,
July 9 , . 13 - 26 8 96 ., 46
“July 167 7 24 7 96 .. 46
~July 23 0 : ‘30 11 93 * 36
July 30 - L4 30 13 94 41
Aug 6 6 .29 12 93 . ¥
Aug 13 8 26 8 - 96 44
CAug 20 5 25 8 * v94 37
Aug 27 3 19 4 - 86 31
Sept 3 71 16 - 5 91 . 63
 Sept 10 5 15. 4 ©~ 95 57
- ‘Sept 17 32 12 3 95 63
‘Sept 24 20 11 -3 93 - 46
t 1 . 0 21 4 89 35
Oct -8 6 18 6 85 - 43
Oct = 15 6 1. v 6 ‘96 - 79




, 1985
Weeks Precipitation Temperature: Relative Humidity
Starting ' o Max  Min Max Min
(mm) . (°C) 0 . (%) (%)
May .27 6 18 T4 89 38
Jundl 24 1 22 a 84 39
July 1 -0 - 30. 10 .86 23°
July = 8 -9 29.. 9 . 89 38 -
July " 15 3 .28 10 . B8 .37
July 22 4 .26 1 89 30
July 29 4 31 11 . 89 - 28
Aug. .. 3 15 2¢ X7 89 40
~Aug 12 - 3 2~2\ 7w g o .88 49
MAug 19 7 22\ . 8 87 51
Aug - 26 3 21 5 ’ 89 41
Sepr 2 . 4 B, 14 2 89 55
.Sept - .9 | 2 18 6 88 57
Sept 16 10 12 2 89 59
Sept * 23 7 11 3 88 51
 Sept | 3 1 15 % 1 . 88 32
Oct 7 2 10 - -3 82 44 .
Oct 14 ) BN 10 -2 83 53
21 0 11 -3 79
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1986

- Week Pretipitation | Temperature Relative Humidity

Starting = - B .+ Max .. Min Max - ‘Mird
(mm) . = (°C) (°C) (%) (%)

May 26 : 0 31 - 13 52 11
Fune 2 .6 24 6 66 16

. June 9 26 . 21 6 75 23
June 16 - 19 123 .8 75 31
June 23 .19 . 23 9 80 . 37
June 30 | 19 22, 9 8 82 39.»
July 6 . .24 20 11 80 .+ . 56
July 13 4 21 10 80 T .49
July. 20 - - 16 23 9 80 2

S July 27 19 24 8 .80 32
Aug 3 .13 24 9 75 21
Aug 10 ° - 0 : 26 7 70 13
Aug 17 : o . .25 5 ‘69 13
Aug 24 : 5 - 26 .6 . 61 43
Aug 31 0 - 20 3 50 14
Sept . 7 46 16 1 .50 22
Sept 14 o 16 1 57 18
Sept 21 37 14 4 54- . 28
Sept 1 57 32
Oct 0 51 22
Oct -1 517 15
Oct - -2 52 15
Oct 50 29
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. — . Relative Humidity

Week - . Precipitation = Terhperature
. - Max - Min © Max - -Min -

"7 Starting

~(mm) B D

. <May.28 . 20 16 .7 94 . a3’
"VJUF‘G 4 - 30 .18 .8 e v 98 64 ; $
< fJune 11 Co11 "2 .- 9% 9 a5« 7
07 June 18 ' 3 E .23 - B, .96 45 T
oo @une’ 25 - . YA Sot27 0 11 o 99 44 -
! ‘ﬁly: 2 . 18 o093 L8 98 4T T
DR B ' 6 o027 0 11 .98 - 43 RPN
uly 16 0 26 . 9 97 56 .
N 23 . 6 v 12 91 49
July - 30 o 7 ~33 - 14 98 56. - P
6 8 13 ., 9 - 584 - v
0 24 14 LI PR 40 T
5 20 . 14 B 70 .- 35 . P,
5 21 a. . 89 30 x

“Aug 13 1

Aug 27 0 -




© .Aug

‘ Sept :

16 .

1985 -
Week. Precipitation .“Temperature Relative Humidity
- Starting ' : Max =~ - Min_ . Max - Min
{mm) °cy (°(?3 (%) {%) .
May 27 5 20 6 99 70
June 3 3 19 5 93 49
June = 10- 5 17 5 95 54
“June 17 9 ' 19 6 . 87 52
‘June - 24 10 16 6 91 56
dJuly 1 5 ‘26 11 91. 56
-July 8 - 26 I 94 55,
July 15 2 22 '@ 98 58
July 22 0 23, .9 98 58 .
July 29 13 26 - 9 99 56
5. 12 22 - 8 99 60
Aug 12- 0 22 7 ‘98 69
Aug 26 ,- O 23 w6 95 50
 Sept 2 8 18 5 91 63
Sept 9 3w 11 3 89 - 60
9. - - 88- 57
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1986
 Week Precipitation = Temperature Relative Humidity
.Starting R - Max Min ~  Max i Min -
(mm) - RS I S N S )
May 26 o 0 oo 32 13 . él 44", ",
June: 2 -3 25 .7 88 . 47
~June -9 21 . 7 22 - 6 . 89 .7 46
gune’ 16 ' 20 .25 7 ' .89 . 49 -
~June 23 . ‘10 o 24+ . a9 L0 92 . 49
June 30 18 ' 23 8. - 93 : 54
- July 6 S 82 - 20 -, 9 93 "+ 65
‘July 13 § 86 . 24 - 10 97 -~ 67
July 20 9 26 0 10, e - 99 57
July 27 - 17 26 9 99 53
“Aug 3 . 0 26 9 96 51
Aug 10 ' o 27 8 94 . . 45.
Aug 17 . 1 27 7 95 - 45
‘Aug 24 0 29 7 98 - 49
hy
. |
ot \:\



APPENDIX 9 o

Sotf bulk déri‘sitires.-at the Uni\}erslty:‘of,}\lbcrta Ellerslie Research Station site: and

. Edmontdn Research Station site as well as the bulk-density of the the Navarre clay
" loam used in experiments 1 and 2. Thé paraffin clod method used is described by

Blake (1961).

P A R

>

Ky

Ellersie . .~ Edmonton

v Déﬁth S : Research Station : ' Research Station

- e @)

510 . 183 R - Y
25.30 - . 188 182
4550 - 200 . 2.05 -

65-70 2086 2.05

Ly - - ) 2

‘Navarre Clay Loam

Coar

»l ‘., ’ "v g

1.20 g/crn3
. :
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