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Introduction:

According to 'Solérchem Resources (1999), a subsidiary of Cargill and makers of Dust—

Off, an anticorrosive dust 'suppfessant containing magﬁesium chloride, most-dust control

agents work basically in the same way. They dampen and penetrate unpaved road

surface causing fine particles to hold together. Dust-Off is considered to perform this job - ,f,,f/l

« _—

better than most other dust suppressants because its magnesiuny chloride formula is ! (,A/{‘U )
L4 (JQV

L |
hygroscopic.” A similar product containing magnesium chloride is marketed by | ;& I

{\J

~

Envirotech Services, Inc. (1999) and is sold under the name of Dustgard®.

Magnesium cmoride is a naturally occﬁrring mineral and is extracted from salt water
solutions such as sea water, the Great Salt Lake, and the Dead Sea (Thunder Sword

| Resources. Inc.. 1999). Under MSDS listings of Cofnell University (1999), magnesium
chloride (hexahvdrate) CAS #7786-30-3 isa givena precautxon hygroscoplc v

" material. When first opened. it appears dry; it quickly absorbs moisture gﬁr}m the air and
softens. Solarchem Resources (1999) further adds that Dust—Off, containing this
material. has a low level of toxicity to huméhs, but should not be applied directly to

- plants since it can act as a defoliant. Also, a further admonition is that it not be applied
1)if a domestic drinking water source is less than 25 feet below the surface of
application or 2) where it can be washed into ponds or streams. However. Solarchem

(1999) asserts that this material has been shown to be environmentally friendly by the
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g / o 'According to Crawford (1989), the means bv which plams survive exposure to high
o .
é;l/k: u.f/' . concentrations of salt vary with the manner in which the salt enters the plant tissue. He
A _ A dtates that when the salt is dep051ted on foliage. then most plants attempt to
e
/ t)/ oo resxst the uptake of excessive amounts by means of various exclusion processes. T
/o:\' “However. when the roots are involved in saline habitats. the plants exist by coming into ST
(r‘/\ equilibrium with the salt concentrations in the soil by secretion processes that involve Cd T
27 o _ - v Rt
specialized organs that rid the plant of excess salt. ' -
/f,‘\/.‘(“ "41\,7,“
' . - L . . - % o b:z:q
Crawford (1989) divides salt-tolerant vegetation into twWo physiological groups: -
A e
_ o . P . , s
ot @f W [Plants growing in saline soils can have tissue water e
O .-)' . . . K . - ' . e qe . . (J-l'ﬁ’
_ . % Potentials in healthy, unwilted leaves 1n the range of -2 to —.ai\/ﬂzja.)\'l‘he dividing line
A 2!
Ay : : : :
Qﬂ) . berween osmoregulators and osmoconformers is designated as -2 MPa. Osmoregulation

as.the sole means of surviving in saline habitats is an adaptation of only limited value.

since prolonged exposure to high salt eventually leads to failure of the exclusion

mechanisms. In comparison to salt-tolerant vegatation, leaf water potentials of ~1.= .
IW~f/vk- ’-;, UI

~1.6 MPa in crop planté are found only in leaves of wilted plants. Wel 1 wafe‘ed leaves

| generally have water potentials of 0.2 Mpa. or more pesitive.

Alterations to solute or 0Smotic potential can occur by either accumulation of solutes
taken up from the external mediumcor by synthesis of organic solutes within the plant. A
third possibility is the reduction of cell water content by dehydration. Given that

halophytes.. plants which tolerate or thrive in saline or alkaline soils. and glvcophutes.
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plants that are able to thrive in soils of low salt concentranoh, usuallyTéss than 0. 5

NaCl do not differ at the molecular level in thexr sen51t1v1ty to salt thexr ability to
function with high tissue contents of Nuc 1, specifically the chlorine ion, must be
dependent on some degree of compar:mcntauon within the cell The bulk of which is
T cha ol gealCeee

stored in the vacuole In response to compartmentation of NaCl in the vacuole, other

. /J
compounds are synthesxzed in the plants to function as compatxble cytoplasmic solutes.
Among these are the amino acx%rolmepand the quaternary ammonium compound
glycine betaine. Other methylated fwgompounds have been shown to occur.

4

(Crawford, 1989).

Some plants, whose roots are not immersed in salt- contamlmz water or soil, still must be

resistant to salt spray. For thlsahev need some shortZerm avoxdance of salt injury.
&Kutwr/ A

Tolerance to moderate salt exposure\appears to rest on prevention of salt accumulanon in

the shoot. In,comparisons of salt-sensitive and salt-tolerant crop plants, it was found that

the salt-tolerant varieties were able to maintain lower levels of chlorine in their leaves

. than the sensitive ones. In the sensitive plants4he high level of chlorine in the leaf was

due to rapid uptake in the root wupled with rapid transport to the shoot. Control of salt

accumulation is considered by four categories: exclusion, excretion, succulence, and

zQ-'i‘ /’:SLﬁassive removal (Crawford, 1989).

r

VN . e X .
j’(ﬂ j” Exclusion involves the development of a double epidermis which retards the passage ot
{ . .

U\,\f’ salt into the xylem. Excretion involves the active removal of salt from the xylem by
! {U l - M

o Y },( specialized organs. Succulence. whlchtdevelo#/ in response to salts, is due to an increase
e

. 2~
(}:("7 J’Y % in the volume of the cells of the spongy mesophyll. It is usuaily accompanied by other

X
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morphological changes. The thickening of the leaf increases its volume and a

time reduces the suriace arca to volume ratio. Passiv 2 removal of 21lt ocours

shedding of the mature leav

of salt they absorb (Crawford. 1989).

In conclusion. the common resu
ways with some plants allowing accumulation of salt in certain organs. such as old
leaves. and even within the cell vacuo

operate. However. as salt increases in the soil water. these mechanisms eventually £

(Crawford. 1989).

~
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Purpose: A

v d

The purpose of this research is to see if there are any adverse reactions obse

flora located next to a magnesium chioride spray area located along the side of
county road 317 that passes through the Rocky Mountain Biological Laboratory.

Methods and Materials:

Flora analvzed in this experiment included the spec

ies cow parsnip (Heracieum

/—\,\ sphondyli.im ssp. montanum) and Pvrrocoma crocea. located on the w
- \

estern side Of
g e
~ ’
ol

I \
AN ~

iy g ounty road 317 in Gothic between the upper and lower roads entering Happy Vailev.

k. §
; reT ] 3 classified into threg St
g " /a/ . -
"/" :
- ﬂ‘/" groups: A) severe damage including chlorosis. necrosis. or death of leaves .7 plants:
AT
Yl (B) slight damage. including mild discoloration or wilting: (C) no damage apparent in
1. Y _
1o o : IS
A the piant. The amount of damage exhibited or not €
U s ,
/-/ AT

‘{ﬂ]t)l[ed b\ a plam was 'c'omoared TO
A2
3‘7‘ A -

"“V’ the

it. survival in saline conditions. is achieved in various

ail

rved in the

t the same

es. The death of these 'eaves may by hastened bv rhe amount

les. It is even possible for exclusion mechanisms 10

-
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Gt “magnesium chloride.

7

7/

its position to the spray line of magnesium chloride.

Using the data that were collected from measuring the distaﬁce of the stems from the

spray line and the damage that was exhxbxted at each distance (Appendxx, Tables 1& II)

an e:cpefmeﬁt»al\dlstance from the stems was determmed

—-—

M-LWM./

P

}69 30 em from the stems was chosen as an intermediate distance to apply the magnesium

chloride in Heracleum. In the Pyrrocoma,

most damage was exhibited bétween 10-30

cm. So 20 cm from the stems was chosen as an intermediate distance to apply the

magnesium chloride from Pyrrocoma.

-

Information obtained from the Gunnison County Roads Department indicated that a 28%

-32 % solution of magnesium chioride was sprayed on the county dirt roads for dust

suppression. The solutions were ordered in a 28% solution from Gemco, Inc.in Grand

Junction, Colorado. But, throughout the summer, the concertration would mcrease up to

”’% ;as water evaporated from the holding tanks. But since the spraying wasyearly June,

A

L

3]

A

(% o

the Director seemed certain the concentration of sprayed solution was 28% magnesium

chloride. The Roads Department Director gave me approximately 2 liters of the

magnesium chloride solution from their holding tanks to perform my experiment.

An experiment was designed to determine if the effects observed from the spraying of

magnesium chloride were due to salt solution concentrations of magnesium chloride

/]
i

v
causing damage by puiligwates-trem-+ plants via the rootsj or, if the effects ot

Most damage exhibited in the Heracleum ranged from 20-40 cr(rg’f-vc*'-‘—

Lecur
,vazc/

J’\J



» . '\ rs N .
magnesium chioride were a: det‘oiiaﬁ‘flf. damaging 30 the leaves by direct spray contact.
[}

Using the 28%% magnesium Unloride that was supplied by the Gunnizen County 2oads
Department. [ applied the solution to the test plants as follows: (A) Apyiication of

magnesium chloride 30 cm from the stems of Heracleum: (B) Application of

magnesium chloride to tact leaves of Heracleum: (C) Application ot magnesium

chloride 20 cm from the stems of Pyrrocoma, (D) Application of magnesium chloride to . = -~
. — N “; ‘

y v Tt
intact leaves of Pyrrocoma; (E) Control Group —no treatment. o ‘lv < ey
C . C/J : - \..‘ /.
: ! ) A ! / z.-’-ﬂ .
fr .
. ) \A(ﬂ*/' /,_(,/' ar
“Treatment plants were selected for Heracleum along the north road into Happy  ~ ol P (: -
. ' : o _ ' o e
Valley. Six test plants were chosen for the leaf applications of magnesium chloride and S
A S S
) /"

“six test plants were selected for root applications of magnesium chloride. On the plants i L
P
'I

<

' ' i
selected for leaf treatment, both an upper and a lower, intact, green leaf were selected. | ﬂw{“

The 28% magneéium chloride was applied by a squirt bottle on the selected leaves. This /3 e
uj/ . & . . . ; . < ‘dfﬂ)’
Was in an attempt to duplicate direct contact spraying from the county spray truck. since & &
" WAM i{,,/‘V P
/’éhere was evidence of direct spray comacn\b& thespray lmedrempﬁmﬁomcg/ S e

: Mwﬁo—-—’ = M"’} AR bt d oy

For root treatment. a meter stick was used to measure 30 ¢cm from the stem area and the
magnesium chloride was applied in a straight line perpendicular to the stems to duplicate

spraving along the road.

Treatment plants were selected for Pyrrocoma along the south road into Happy

Vallev. Six plants were chose for the leaf applications of magnesium chioride and six
/1/4/M-— )

plants were chosen for the root treatments of magnesium chloride. (Two leaves were
/

. . B . o
elected per piant for the leat treatmemvé@ﬁ@pmnmoﬁuon the plants selectec "or



root treatment, magnesium chloride was applied 20 cm’from each plant stem. The 28%

magnesium was applied with a squirt bottle as in the Heracleum application.

The control plants was selected at the intersection of North Happy Valley Road and

Gunnison County Road 317 between the north side of Happy»Valley Road and Swallows

Nest cabin and west of Gunnison County Road 317 to the wooden fence boundary.

Results:

The results of the application of the magnesium chloride on an upper and a lower leaf of

ﬂi : ) . .
}j/ﬁ éﬂ)Pvrrocoma indicate that there is a damaging effect (Table 1).:- Almost all of the leaves

became chlorotic with brown tips and margins or turned completely yellow. In some

than upper leaves. This may be cumulative with other metabolic factors in the plant.

'/"/My Q(J} Table1 Pvrrocoma Treatment Data

W ;
@ ’ . /_,,Luv -~
. C/(ﬁ\}m/ instances, the leaves curled and died. The lower leaves MW@(
g

e Azl wron?

Upper leaves

Lower Leaves

VA K |
{ &'i " J«r/ 1 Yellow with brown margins
- d@}/ g 2 Yellow with brown margins
3 Brown
4 ' Brown and necrotic_
S Brown and curled
6 Yellow with brown margins

_.\‘%7?% TR R

Yellow, curled, dying

x
e

Yellow with brown margins

Yellow with brown margins

G,

N

Yellow, brown margins, curled

Yeilow, brown margins, curled

ENG

Brown and curled

LG
AN N

@
~

- K
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¢

T
N \\
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R
N
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TN
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In the Herocleum test plants, the results aiso show, damaging etfects by the magnesium
) ~ M =~

chloride (jfable >y In addition to the svmptoms exhibited by Pvrrocoma, Heracleum
exhibited necrosis of the leaves. Also. the iower leaves exhit ited more se <7e SYmMptoms.
such as necrosis and dying, than did the upper leaves of the test plants. Again this may o
. : adloic ¢ L o . L _
be due to other metabiloic ractors in addition to the application cf the ma.. ‘¢sium : T

chloride to the leaves. : -

Table 2 Heracleum Treatment Data

Plant Upper Leaves Lower Leaves

1 - Yellow , brown margins. ~ Yellow, brown margins
necrotic wilting, necrotuc

2 Yellow. brown margins yellow and necrotic

curled. necrotic

3 . Yellow with brown tips Yellow with brown margins
: ‘ curled and necrotic

4 Yellow with brown margins Yellow with brown margins
necrotic
s necrotic ~ Yellow with brown margins

necrotic, dying

6 Yellow with brown margins Yellow with brown margins
necrotic - necrotic, dying

Application of the magnesium chloride to the soil at a prescribed distance from the stems.
;,W‘C(, ‘

also i damage to the plants (Table 3). In the Pyrrocoma. the upper leaves becan

turning brown at the ups. whereas the lower leaves turned vellow. Inthe Heracieum. the




and the lower leaves were dvmq This is in agreement w1th the results observed frO/n the 7‘

leaf application data.

% A

/ g

Table 3 Pvrrocoma and Heracleum Soil Treatment Data /,/ /0,1 e

. L
/ 2
Plant Pvrrocoma Leaves Heracleum Leaves / W,
e e
/ ,

» /r\j e e

Upper Lower Upper - Middle )/ Lower o

N 4

1 ' OK Yellow o OK OK ~ Yellow w&\""

2 Brown Tips Yellow ~ OK " Yellow ~Dying f{é;];/

3 Brown Tips Yellow OK Yellow Dying - °
4 Brown Tips Yellow Ok Yellow Dying
5 Brown Tips Necrotic Ok Yellow Yellow
6 Brown Tips Yellow Yellow Necrotic Dying

Mé&?&’ 1here is no indication of damage occurring within the control
‘/(/L,J\}(;l? -~

group‘ From all indications. thev are healthy, fully intact. green-leaved plants. The

Heracleum plants were also sending out new growth from the roots. One or two of the

lower leaves of Heracleum were turning yellow. Obviously, since there was no

magnesium chloride applied to any of the plant parts. the conclusion is that

this is due 1o other metabolic factors or age of the leaves.



"I:ﬁble 4 Pvrrrocbma and Heracleum Control Data

I

Plant Pvrrocoma Leavos Heracleum Leaves
Upper Lower - Upper Lower Shoots
1 OK OK OK Yellow New
2 OK OK OK oK New
3 OK OK OK OK New
4 OK OK OK OK New
) OK OK OK Ok New
6 OK Ok - Ok Yellow New
! ~ o E
. . val ff' ORI /«;/';,/-——
Discussion: / /
{_  All plants, treated and the controls./were observed daxlvbthm two days of application
L‘JJ o of magnesium chloride. effects were becoming evident. The leaves of the treatment
oo, . : :
ST jants of both Heracleum and Pvrrocoma, both soil and leaf applications, were becoming
s P Heracleum Pp
JyJ' : ) —
RS R chlorotic. This was intriguing because it rained on the plants continuously, beginning
A .U\x'o -/
il - "/ . . . - . . -~ . .
AT onlv a few hours after of application of the solution. Within four days of application. the
‘ / . N x \.
TR ; . - . . \
o " ,~ tips of the leaves Of the treatment plants were turning brown. Still there had oniy beer
J‘r / ' V ISR
,'x'{/‘) }/‘ one dav of sunshine: the other three had been rain. At the end of a week. during which It S
A S e ' | e
T AT s i _ . , 7
o Jrained five days. leaves were vellow. necrotic in the blades. brown, wilted. curled. or 7 .
u/ ‘ N . “rdw
N ~ [ . [N -
J 4 . . . - . e
in . g Aving. This was observed in both the leaf treatment plants as well as the soil treatment L=
“V ,;j”- ;/ - . ;\,M
R A DA
_;ju! LA plants (/:/ o
VAR RN A , DT
; 4/ . o - {,v - . ‘VM.(L‘,/ "
U7 5oL 1_/‘,‘{5. M e
Y L'_,J - _ - /'J o A . <
- P ”’/ ,—d""] v



It appears that there were also so evanablesm gga.rd m.ﬂ-}?qﬁ ity of dar

LRSI R S

exhibited by the plants. For example, smaller plants exhibited more severe types of

~ '
- damage tha‘t’ larger plants of the same species. The smaller plants, tended to have more \ "}76 /"/’&

- . . \

yetlow, brown, curled, or dying leaves as compared to the larger plants. Effects in the %
larger plants may have been limited to slight chlorosis or brown tips. Also direct

application of the solution to the leaves seemed to cause more severe damage than ‘ . A
the soil application to the plants of the same species. Lower, older leaves seemed

to sustain more severe damage than the upper, younger leaves in the plants that had the j‘
. ‘ \

/
soil applications of solution. : | \\, /‘//\

“In comparison to the treatment plants, the control groups showed greener, healthier

leaves. The Pyrrocoma control group had very little change. The leaves were bright
green with only a tip or two with even a blemish. In the Heracleum control group, there
was evidence of some lower, older leaves that had turned yellow, but the upper leaves

L . ' . 5
were a bright green. In addition, there were new shoots growing from the bas%of the
Heracleum control grouwhe:—ea% there were none in the treatment group.

A
It is evident that this concentration of 28% magnesium chloride acts as a defoliant in

older. lower leaves when applied to the soil area. It definitely acts as a defoliant when

applied directly to the leaves. whether the location is upper or lower on the plant. Also.

its effect on smaller susceptible plants is more damaging as compared to larger, well

established plants in the same species.



Conclusion: ., " .
/¥

“n this study of Horaralong Gunnison Count Road 317. it is apparent that the method of
. 7

salt accumulation control is the category of passive removal. As the salt is absorbed

: !
‘1to the leaves, they turn yellow. Then the tips turn brown. Eventually the leaves curl

along the margins. Holes appear ‘0 the leaves. Then the leaves become brown. wilt. die |

-nd are shed from the plant. This is in agreement with Crawley (1997, who stated that

one éf the ways salt-tolerant plants regulate altered os_motib balance is bv ion
~accumulation in tissue éway from active metabolic sites. followed by shedding of these

tissues along with their accumulated ions.
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Table L. Dam:{ge and Tistance from Spray Line for Heracleum sphondviiinm

Distance Severe Damage Mild Damage ‘No Damage
0.20-0.40 M | 15 - :
0.41-0.60 M - o 10 B ]
10.61-0.80 M > 1 ;
0.81-1.00 M 1 l ;
1.01-1.20 M ; ] N
[21-1.40 M - . 1 2
1L41-1.60 M | ] ) - 1 | ]
1.61-1.80 M . ; N L o
1.81-2.00 M | . - .
201400 M o - - 1

The Heracleum stems werc measured from the spray line that was still evident on the road. The
first stems werc contacted at 0.2M from the spray line. An interval of .2M was used to group the
data. The first interval was 0.2M-0.4M. The test distance to place the magnesium chloride from the
stems was determined to be : : group, or a distance of 0.3M.

’ Y 7 ’ . 7
’ _a" wg_,?/tl A bR A _L,z.’o/
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-~ Table IL Damage and Distance flfQﬁ! Spray j

TE A S

Distance Severe Damage Mild Damage No Damage

| @-0.30 M 9 . 3 o -
0.31-0.50 M 18 7 -
0.51-0.70 M | 15 12 - | 2
0.71-0.90 M g | 4 ' 2
0.91-1.10 M 2 | 1 -
1.11-1.30 M - 4 1
1.40-3.90 M - . 1

The Pvrrocoma stems were measured from the spray line that was still evident on the road. The first
stems were contacted at 0.1M from the spray line. An interval of 0:2M was used to group the data.
The first interval was 0.10M-0,30 M. The test distance to place the magnesium chloride from the
stems was determined to be half —wax-betweenthe firSt group date, or a distance of 0.2M.

Appendix



Spray Line Data Cuier o 77 ““eracieum sphondyiium ssprmontanum



04M | severe yellow

13M - ok - willows
02M  severe brown :
06 M severe brown necrotic
0.4M severe yellow necruic
10 M mild yeilow

0.3 M severe. yellow curling
0.2 M severe yellow curiing
07M severe yellow  necrotic dying
0.6 M severe yellow necrotic

14 M miid brown necrotic

EM mild spots curling .

0.6 M severe yellow curling dying
0.5 M severe - yellow brown dying
06 M severe yellow . brown  dying
04M  severe yellow  brown dying  spray line
0.2 M severe yellow ~ brown dying spray line
0.4 M severe yeliow brown dying spray line
0.4 M severe yellow dying spray line
0.3 M severe yellow  brown’ dying - spray line
0.5M severe yeilow dying spray line
0.5M severe  yellow brown  dying  spray line

0.4 M severe  yellow brown dying spray line
0.3 M severe yellow brown dying spray line
0.8 M mild yellow '
0.8MR severe yellow 0.5M L
1.3MR severe  yellow oM L
0.8MR severe yeliow : ' 0.3M L
0.8MR mild yellow 0.4M L willows
1.1 M ok
1.1 M ok
0.7MR severe yellow 04M L
0.4 M severe yellow brown dying
0.5M severe yellow brown dying spray line
1.7M mild yeilow
21 M ok
29 M ok
3.5M ok
0.9M severe yellow
34 M ok
1.3 M ok : . willows
27 M ok
2.1 M ok :
3.0M oK o willows
37TM ok
3gM ok
3.0M ok

Distance. Damage Leaves Leaves Leaves Spray line Spray line Cover
Stems Leaves Leaves
Heracleum sphondvium  SSpe/  montanum
. ~




Spray Line D..ca Cot r Pvrrocoma ¢£:aced



Pyrrocoma crocea
0.8M severe brown  curling

09M™ - severe o curling - dying
11 M mild : brown tips

S 1.0M mild rown tips
‘0.8M - severe - ~ dying
0.7M severe : dying
1.3 M mild brown tips - ‘
S M severe ' dying
55 M severe : “dying

S1.0M severe . dying
1.5 M ok o '
1.0M mild brown tips
1.2 mild brown tips
95M severe - brown tips curling
06 M severe brown tips curling  dying
75 M severe dying small
06 M severe . dying small
0.6 M severe _ : dying small
0.9M severe ’ brown S
ogM severe , brown
1.0M . severe brown tips curling
1.25M  mild yellow
1.85M ok S
45M ' dying small
0.7 M severe brown tips curling
1.0M mild yellow :
1.0M mild yellow brown tips
0.8 M miid yeilow brown tips
1.2M miid . curling
1.9M ok '
0.5M severe ' brown dying
0.5 M 'severe  yellow brown
05M  severe vyellow  necrotic curling
06M severe yellow necrotic
0.5M severe yellow necrotic  curling
0.4 M severe _ dying
0.7M mild yellow
11 M miid yellow
1.1M mild yellow _
0.5M  severe " curling -
0.3M- severe yellow brown tip curling
0.3 M severe yellow brown tips curling
0.3 M severe  yellow brown tips curling

~07M  mild yellow .
0.5M severe  yellow brown curling
1.1M mild - '
0.4 M severe : dying smali

Distance Damage Leaves Leaves  Leaves Leaves  Plant
Stems Size



Distance
Stems

miid yellow crown
mild yeilow spotted
severe : brown
mild yellow '

severe yeliow brown
sevefre yellow brown tips
severe  yellow

mild yellow o
mild - brown tips
miid yeillow brown tips.
severe yeliow brown tips
severe wilted

severe yellow necrotic
ok

ok
mild yellow
mild yellow
severe yellow
mild yellow
severe yellow brown -
severe yellow brown
mild brown tips
mild ~ yellow necrotic
severe yeliow brown tips
mild necrotic
ok

mild yellow
mild yellow
ok ;
mild necrotic
severe yellow brown tips
mild necrotic
mild yellpw

mild yellow

mild yellow brown tips
mild yellow

miid yellow

severe  yellow ~ browntips
miid yellow

severe yellow

severe brown tips
severe brown
severe yellow brown
severe yellow .
severe yeilow brown
severe brown
miid yellow necrotic

severe yeijlow brown

Damage Leaves Leaves

cusiing
cuning dying
cuning

smail

curling

curling

curling
smail
smail
small

curling
curling

curling

curling

curling

curling

curling
curling
| dying
curling
curling

curling

Leaves Leaves Plant
Size




0.6

0.4 M
0.8 M
1.2 M
1.4 M
15 M
1.9M
1.9 M
2.0M
3.2M
2.8 M
23 M
3.9M

Distance
Stems

severe
severe
severe
severe
ok
ok
ok
ok
ok
ok
ok
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EXPERIMENTAL AND CONTR( . GROUP DATA
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“Teracleum sphondvliuin ssp montanum and Pvrrocoma crocea
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