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e ABSTRACT

e were s{\:1ed because of the1r potent1al 1mpact on wh1te
(P

’gu,spruce

Two env1ronmental factors common after iiish burning. .

icea glauca (Moench) Voss) seed germ1nat1on

?¢sThese factors were seedbed temperatures and .the physical

' 'iand chem1cal effects of burned re51dues fromwboreal

t’m1xedwood forest l1tter In a f1eld study on an upland

burned s1te 1n north central Alberta. so1l and air.

- temperatures were documented on shaded and exposed s1tes of”

a

Tow and. high albedos..and on exposed scar1f1ed 51tes of

med i um albedo' A sensor was also establ1shed-1n a standard :‘,‘

weather shelter (Stevenson screen) ' A1r temperatures as .
‘h1gh as 65 °C were’ recorded on exposed s1tes. and- as h1gh as
~43° C on shaded s1tes Weekly max1mum.temperatures were

'cons1stently ranked from hlgh to Tow as follows high

[:talbedo open. low albedo 'open medlum albedo, open,_low

albedo shaded hlgh albedo, shaded and Stevenson screen.

There were few stat1st1cal d1fferences among average,

max imum- and m1n1mum temperatures recorded on m1cros1tes of

‘»_d1fferent albedo types.

A factor1al exper1ment under controlled laboratory ‘

B cond1t1ons tested the germ1nat1on respon e of two white

.

*spruce seed sources to four seedbed. cond1t1ons (d1stilled

‘i}water, fresh ash leached ash and leachate from ash)

'subJected to five temperature reg1mes where temperatures

were elevated for two. hours by 10 C 15 C 20°C, 25 C

7_28,C; from a constant base temperature of 20 C percent

v
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1 ‘germinatton decreased as temperature 1nCreased

‘p0551b1y organ1c compounds

Germ1nat1on was con51stent1y Towest on fresh ash
D1st111ed water (control substrate) y1e1ded highest ~

germ1nat1on percentages for air temperature treatments
9.

. The number of days requ1red\for f1fty-percent germ\nat1onr' .

1ncreased as temperature 1ncreased Chem1cal analyses of
the substrates used in th1s experiment showed that pod% -
ge?mtnat1on on ash substrates was not due only to salinity,

\’

a]though h1gh pH may have been partxal]y respons1b]e The

e‘markedly Tow germ1nat1on on the leached ash suggested that

there may have been some other chem1ca1 1nh1b1tors,

i
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Table’3;6. Méan RSO values for-each'tempé?ature regime at-

" each substrate, for seediots A and B combined, by Scheffe's
X. | - : S ,
multiple comparisons [10].

I ~
s . Temperature.Regime (C)
P N : . [
Substrate
| 30 . 3 40 45
“Eresh Ash  12.9a  13.5a . 11.0a  14.3ax
leached Ash - 12.0a  12.8a . -15.6a  16.1ab
Leachate 13.0a  13.%a  13.9a 18.7ab
D. H20 . 13.1a  12.1a  14.8a 16.9b
R - | : LW
[10] Comparisons were made on each column independently. ¢"'

o

Values folloWed by similiar lettérS»were not significahtly

different at p<0.05.

Lo

¥

*Note: only 4 seeds germinated in'thg{fresh'ash at 45°C.

,v"r.‘ -

—v\.
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Table 3 7. Chem1ca1fana1ys1s of soluble d' 4
total chemical ana]y51s of leached and fresh aqﬁh (*

)G’-’

Analyses of Water Solu?;e Nutrlents Analysxs oFéﬁgﬁil D\gests

Exper1menta1 Treatments

»
P

Leached Leachate Fresh N Leached Fresh .
Ash x .. Ash ... Ash Ash ,‘l'
o S e} o (xx) (%) (%xx) (wxw)

N Total 5.38 4.14,, 6.13 - 1854 . 1672
NH4, 1.43 1.06 - . 2.58 N e
NOJ - 0.29 .32 . 1.70 ‘ - -

P - oo - o ' 6818 6216

KT . 52.96° '358.98 194.62 . - 4946 8455
Na 65.82 - 4,33 '8.62 . 1227 827
Mg oo 25.27 . 2.05 12.77 - 7066 6764
Ca 16.95 16.75 ©19.92. - - . - 149000 139000
S 8.42 "121.06 152.05 " - . - 9.

“Ad ' 0.2269 0.2400 ¢ 0.0872 s -'~‘.-
Fe ; 0.0017(+) 0.0017(+Y 0.0017(+) " 11000. - 9019
Mn: , - 0.0088 “0.0005 0.005%6 - - 2101 2067
In. . 0.0026(+) 0.0026(+) 0.0028 - -

C , - - o - 68800 61700

Sp.Cond. .25 .73 1.12 - 0.8 . 8.8

(mS/cm : ‘ -, ' o

at 25 c) , »

7 pH: . 9.2 ©10:2 9.9 10.3 . 11.5

(*) ALY concentratlons are in ppm. ‘

(**) Concentrations of total dissolved ions in three ash solutions
(1leached ash, leachate, and fresh ash), experienced by seeds.

(#wx) Analys1s of total digest of ashes (Leached Ash, Fresh Ash) .

() DetectIOn limit of instrument. Actual read1ng 1s between zero and’
de{ectwon limit.. (

Ly . R ) .
. V,.- LN . . !

PEE

4\3epts o? ash extr@ﬁﬁs _anda

re
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v Total elemental concentrattonsmtor each substrate were
not cons1stent1y ranked in order of magn1tude The leachate‘
had the highest: amounts of K and S, s1nce these elements |
are among the most solub]e jons (B1ack 1965) and~cou1d‘be
leached cons1derab1y in the 10 wash1ngs The Al ion was
"also abundant in the leachate The leached ‘ash solution
‘had the h1ghest concentrat1ons of Mg, ang Mn, and had NH4
concentrat1ons h1gher than the 1eachate The fresk ash-

solution had the h1ghest concentrat1ons of . Ca, S,.Na, Zn;

total-N;. NH4 and NO3

ET

Analys1s of . the total const1tuents of the 1eached and

" fresh ash 1nd1cated that K was: the ma1n element removed in

the 1each1ng process (Table 3.7). The total concentratlons
of the other e]ements remained v1rtua11y the same. Thef
spec1f1c conductance oﬁrthe saturated paste extract |
1nd1cated ;hat the d1ssolved jon. concentrat1on of the .

Yeached ash was lower than that of- the fresh ash

-



3.4. DISCUSSION

In genera] thts experiment established that seed -
'germ1nat1on was inhibited on ash seedbed med1a especially
at h1gh temperatures, even when the spec1f1c conductivity
'\of the medta was Yow. . The concentrat1ons of ash used 1n
‘th1s expeﬁ%ment were. probab1y 1ower than might be found on
'a p11ed and burned slash site. .
| Germ1nat1on is norma]ly dependent on temperature, and
;proceeds more rap1d1y at higher temperatures (Mayer and

PolJaKoff-Mayber 1982) but temperatures above 35°C were

’detr1menta1 to seed germ1nat1on on al] seedbeds . The

marked decrease in germ1nat1on percent on a]l med1a from 35

C cond1t1ons to 40 C agreed with work by Fraser (1971) who
‘found that whxte spruce germ1nat1on decreases at |
temperatures h1gher than 38°C. f\

A - '
It has been reported that germ1nat1on fa11ure on’ burned

areas has been due to hlgher pH and h1gher concentration of
the nutr1ent solut1on resulttng from so]uble ash (Sims
1968) Stud1es from othen d1sc1p11nes bes1des forestry.
have shown that as the so]ute concentrat1ons 1ncrease seed
1mb1b1t1on decreaseé 1arge1y due to osmotﬂc effects. Under
sa11ne cond1t1oﬁs these tox1c effects may be espec1a11y "
i,pronounced (Mayer and Polgakoff Mayber 1982). However,yin
this exper1ment 1t should be noted that the spec1f1c -
onductance and the pH were lower in the leached ash

solut1on than 1n the. 1eachate medium. Thls did not support

®
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the osmot1c and pH 1nh1b1t1on theories cited above, ‘
suggest1ng that it was not a s1mp1e salinity prob]em even

.t though pH may have been part1ally respons1b1e Lﬁl | |

" The marked]y Tow germ1nat1on response on the leached

ash suggests that the comb1nat1on of chem1ca1 elements or
””“””'”'””§Sﬁé"d646éﬁ£{¥ied agent in the ash was respons1ble for the
.d?fects of,substrate,on germ1nat1on., Germ1nat1on,response
was.1owest«in'thetfresh ash medium; this sotution‘had the‘

highest‘amounts'of Na,‘S\'Ca. total Nr NH, and NO3  The

';;Vu%}qphest germ1nat1on ofcurred on the 1eachate medium, with

e 1owest amounts of Na, Ca, total N NH4. Mg, and Mn).

EThe reason for re]at1ve1y poor germ1nat1on on the 1eached

. gsh compared to the ]eachate mlght be exp1a1ned by the

'~re1at1ve1y higher concentrat1ons of. total N, NH4 Na and
Mg - The organic component of thé§k1re res1dues remains
unknown but ‘there is ev1dence that organ1cs re]eased from
fire res1dues do affect germ1nat1on (Kee]ey and P1zzorno
-1986) . 0rgan1c components may not,pass the f11ters and

| thus'are reta1ned in the‘mashed ash. Th1s may also exp1a1n

ﬁrthe higher germ1nat1on 1n the: 1ea¢hate med1um Overall,

"1ng&eVer, the results of this exper1ment contradicted

. - ',"

L@reports for other tree spec1es wh1ch reported that ashbeds '

and their chemical const1tuents had either no effect or a
pos1t1ve effect on tree seed germ1nat1on (e. g Hermann and
.Ch1lcote 1965 DeKeijzer and Hermann 1966 Stms 1968,
WOodard 1983, and WOodard and Cummins 1987).

The results of th1s exper1ment ‘have several management

hd .
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implications First, high soi] surface temperatUre |
env1ronments are detr1menta1 to wh1te spruce germinatton
Therefore steps shou]d be ‘taken to reduce the probability
of hot microsites. Second, if - seed1ng fo]lows burning,
better germthat1on results would be expected with fall
burn1ng and spr1ng seeding, rather than spring burning
.;followed 1mmed1ate1y by seed1ng The reason 1s that ash
‘ wou ld be g1ven time: to leach or erode over the winter after
fall burn1ng F;hs may promote h\gher germ1nation,
'prov1ded that spr1ng temperatures are not high. Third,
based on only two’ provenances,‘we found that ash was
oedUa]ly'detrimentat; therefore postburh ash'ehould beb‘

- reduced.

[
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4.  SUMMARY

4.1, FI&%D STUDY SUMMARY RESULTS'

Air (measured at 1.5 cm above mean ground level) and.

'soil (at 0.5'cm below mean ground Jevelf&ﬁemperafure

) ."-"j. »:i "
significantly different among m1cros1tes over the season

studied, but,minimum‘temperatures’were not.

'2. Weekly maximpmvtemperafures.cou1d be consiStent]y 
ranked from high to low as follows: high albedo open, (HO) ;
low albedo, open, (LO); med1um albedo open (M0OSc); 10&
albedo, shadedj(LS) h1gh a]bedo shaded (HS): and
Stevenson Screen (ST). |

f3._ Temperatures of exposed microsites were
significantly higher than»those of shaded mictosites for‘at
least half of the season A1l maximum temperafures on
exposed sites were h1gher than those on shaded s1tes

4.4 Only exposed sites had maximum temperatures greater
,than'50°C. Shaded sites had all temperatureS-below 45°C
whereas temperaturesvin the Stevenson screen were all less.
than 33°C. L

5. There were few stat1st1ca1 d1fferences among
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microsites of similiar sunlight exposure with different
albedo types.' | |

6. Generally, there were relatively few changes in the
probab111ty of s1gn1f1cant differences .among m1cros1tes V%%
when the analys1s selected days that were not total]y c1oud
covered. '

7. ‘%1near‘regre551on of m1cros1te max imum temperatures
'aga1nst Stevenson screen max1mum temperatures showed
stronger corre]at1on5'w1th,m1cros1te air temperatures #
compared to soil measurements B predicted temperatures
for s1tes near the ground surfa! were h_igher tnan those
taken at the Stevenson screen level, especially tOr exposed

sites.

4.2. LABORATORY EXPERIMENTATION SUMMARY RESULTS
The 1aboratory experiment tested the germination
response of two white spruce (P1cea glauca (Moench) Voss)

O
seedlots,'to four substrate cond1t1ons. in five d1fferent

temperature regimes.

1. 'Overall the seedlots responded in a similiar
pattern but the,germnnat1on percent for seedlot B was
consistently higher than seedlot A, with the exception on
fresh ash at the 45°C temperature regime. ‘Also,.response‘

differences between seedlot A and B were greatest on



o distiJ]ed water and least on fresh ash.

'2,v Asftemperature inereased}'germinatién‘pereent
decreased, especially above 35°C. No seedsxgermimated fh
the 48°C temperature’regime} regard1ess of therSeedbedr'i

1-3. Both 1eacped and uMleached ash‘decreased'seeqr'

~germination compared 'to the control. fhe mpst marked
" decreases in germ1nat1on percentage: over that of .the
'control were in ash substrates in temperatures above 35 C
The germinption response for each temperature regime can be
ranked (highest to lowest): distilled water'(contrel);
teaehate; leached ash and fresh ash.

| 4 As temperature}increased, the number of days to .
fifty'percent germinatipn (RSO%Value) increased, but onl&l
signitﬁcant]y when compared to the 45°C temperature regime.

:5.1 Germination didﬂnot appeareto,be.related'to |
treatment-induced'pH changes or altered speCific

conductance of ‘'substrates.

6. Solubility of elements examined in fresh ash can be
ranked in decreasing order ‘as follows: K, S; Mg, Na, ZIn,
‘ ’ .

Mn, A}, P and Fe.
4.3. CONCLUSIONS o ERM

The necessarily limited scope of the study requires
that several factors'be considered before firm management
recommendat1ons can- be made about the use of fire as a site

preparat1on tool. F1rst fire in the boreal mixedwood
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’forest is common. and following flre, success1on to
merchantable stands of white spruce is natural Second,
the microsite temperatures of burned s1tes were only
marg1na]1y higher than burned and scar1f1ed sites.. Third,
rthe env1r0nment in this study was limited to an upland
h prescribed burn in the boreal mixedwood forest over only
4one‘season And fourth, the 1aboratory study was limited
to one-conifer spec1es, and one ash compos1t1on

Results from the present f1e1d investigation and -
“Jaboratory exper1mentat1on suggest that we ‘should be
cauttous about-sweeping appljcations of prescribed
v'burning.v,Seedbed temperatures after fire can become so hat
~that conifer germination is'unliKely,_and‘ash from burned -

forest litter reduces'conifer seed germination.
4.4, FUTURE FIELD AND LABQRATORY INVESTIGATIONS
. L S

The resu1ts of the m1croc11mate study suggest ‘that
there is a need to determine the m1croc11mateJof various
mwcros1te types based upon aspect and topography The
diurnal patterns of temperatures and- the durat1on of
'max1mum temperatures and so11 mo1sture content also need to
 be quant1f1ed. ‘We must‘SImultaneously‘examtne white .spruce
~germination response'to yarious fire severities. This
1nformat1on would improve Ihe evaluat1on of the indirect
effects of - f1re Future 1nvest1gat1ons should also test

conlfer response to the effect of art1f1c1ally~and

\
4 .
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naturally occurrlng sur face mater1als that may be useful

\
decr as1ng soil surface max imum temperatures on susceptible

s1tes,
F ture laboratory studies need to isoﬂate the
and to

indiv dual const1tuents in burned residue
-The

deter ine the1r effects on con1fer seed g¢ rm1nat1on

!

organ1c residues demand attention since bcth the leached

and unleached ash.were so harmful In add?t1on. it wou1d be
usefu] to identify the mechan1sm controll1ng seed:
and to test directily the effect of

n

permeability,
temperature with the 1nteract1on of ash, on so11 water

Mon1tor1ng of seed resp1rat1on rates, -and seed

?

_movement .
moisture re]at1onsh1ps on d1fferent seedbeds at var1ous
e

temperature reg1mes, will incregse ouraunderstand1ng oﬁ

environmental constraints: én seed germ1nat1on. _

% .
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'Y, INTRODUCTION TO THESIS
4.1. OVERVIEW

Fire has been used 1n~£anada as a forest site..
preparat1on treatment because 1t has ecolog1cal and .
economic advantages such as: slash abatement expos1ngil'
| m1nera4/so1l decreas1ng the need for mechan1cal
scar1f1cat1on or contrqll1ng 1nsects and d1sease (Pyne
1984). However, reseaPch in several prov1nces has
demonstrated confllct1ng results w1th respect to,
regenerat1on of des1rable spec1es in postf1re env1ronmental'
cond1t1ons (Feller 1982) » Hence, forest managers in the -
- boreal forest of Alberté have been hesitant to use f1re as

a site: preparat1on tool, not only because of the fear of

"flre escapes. but also because of unknown postburn growth

- responses pecul1ar to their regxon *Since the quant1tat1ve
and qual1tat1ve~effects of fire are l1Kely to vary with thef
nature of the fire and the part1cular ecolog1cal s1tuat1on ’,
'(Ra1son 1879), future Just1f1cat1on of the use of !
prescr1bed burn1ng in Alberta w1ll requ1re Knowledge of the‘
'd1rect and ‘indirect 1nfluences of fire on plant growth for'
each b1ophys1cal\2eg1on »

One 1nd1rect effect of f1re on plant growth risults
Jfrom the change in m1crocl1mate Ground layer cl1mat1c
\cond1t1ons mod1f1ed by fire. show character1st1cs d1st1nct
vfrom other s1te preparat1on treatments because of the

1



Hungerford and Babb1tt 1987)

i

presence of ash and charred part\CTes StudieS“from'other

reg1ons have reported that soil and air temperatures are -
'h1gher on burned sites compared to s1mjjlarfad3acent

unburned sites especjally,during the first few yearsb

following burning (Scotter 1963, Sims 1976, Ahlgren 1981,

The 1mportance of aTtered gnound surface temperature

has been related to its 1mpact on,seed germination (Mayer o

r hd

and'PoTjaKoff-Mayber 1982). Quantification of

:m1croc11matqc reg1mes mod1f1ed by the use of reforestat1on

pract1ces has been l1m1ted (Childs and Flint 1987) .

M1crosxte albedo character1st1cs have been general]y

’_1gnored in forestry, and the benefits of shad1ng by

non - con1fer vegetat1on dur1ng the f1rst year foTTow1ng f1re

have not been thorough]y 1nvest1gated (Thomas and Wein

1985) .

The phys1ca1 and chem1ca1 effects of ash on tree seed'-.

germ1nat1on are other factors thCh must ‘be cons1dered
~n

foTTow1ng a f1re,' The l1terature perta1n1ng to th1s area

of study is notably T1m1ted 'and is confounded by

quest1onab]e methodology and results (Woodard and Cumm1ns

1987). SeveraT Taboratory exper1ments have suggested that

the effect of. ash on germ1nat1on may be just as 1mportant

‘to tree re- estab11shment as changes 1n the m1croc11mate

2



"subseoUent'to‘burning (Fabricius’1929 Baldwin 1934. Baker

1950 ‘Woodard 1983 WOodard and Cummms 1987)

The purpose of. th1s study was to better understand the
| phys1cal and chem1cal mechan1sms that 1nfluence wh1te

"spruce (Picea glaucg (Moench) Voss)[1] seed germinat1on ‘on

L burned sites in; the boreal m1xedwood forest of Alberta

Spec1£1cally. “the two obJect1ves of 1nterest were (1) to

determ1ne the temperature reg1mes of d1fferent m1cros1tes

on a burned field 51te and (2) to assess. the phys1cal and,’v

chem1cal effects of ash and elevated temperatures on wh1te;
spruce seed germ1nat1on under. controlled laboratory
cond1t1ons t_' ‘

Th1s thes1s was wr1tten 1n a paper format and cons1sts l
of four chapters Chapter one prov1des a general
1ntroduct1on Chapter two describes the 1987 summer f1eld.-'
\_Study wh1ch documented a1r and so1l surface temperature‘,,_
vvar1at1ons of five m1cros1te types w1th1n an upland : | _
'fprescr1bed burned s1te Informat1on from th1s phase of thel_.i

'study was used to- Just1fy procedures used in the laboratory
exper1mentat1on phase Chapter. three descr1bes a
‘.laboratory study wh1ch tested the effects of. burned forest
‘l1tter and f1ve temperature reglmes on wh1te spruce seed
' germ1nat1on " The conclus1ons for chapters two and three
'.are summar1zed in chapter four Future research.needs:are
als§*1dent1f1ed in th1s chapter | L : |

- e e

[1] Names of vascular flora as in. Moss (1983)
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2. so1L AND AIR SURFACE TEM?EBAAURES FOR VARIOUS
| PRESCRIBED BURNED MICROSITES IN THE
| BOREAL‘ML&EDWODD FOREST

~2.1. INTRODUCTION

The degree of sugggssﬁﬁn regenerating conifers may be
‘-pr1mar1ly related to the sur face energy balance (Hungerford
and Babbitt 1987 Dl1ver et al 1987 Brand and danas o

1988) . The amb1ent alr and so1l temperatures of a

‘._.m1cros1te are espec1ally cr1t1cal for seed germ1nat1on and

f _surv1val,‘even though other factors such as moisture may’ be
1mportant (Mayer and PolJaKoff Mayber 1982) In the boreal.y
’maxedWOod forest of western Canada seedbeds are commonly
altered us1ng fire. Thts treatment reduces the so1l o
organwc content and shade debrls (slash). oF changes the:
- 5011 surface colour (Rowe 1955, Scotter 1963 Endean 1972
Dobbs and McMinn. 1973, Fowler 1974 Sims 1976 Feller" X:
‘1982).' Since m1crocl1mate changes following reforestat1on
~are generally. not understood (Ch1lds and Flint "1987),
quant1f1cat1on of amb1ent air and subsurface so1l

%

N temperatures on s1tes affected By fire may contrlbute to

7

'greater con1fer regenerat1on success Soils of the boreal

ﬂforest are often considered too cold for optimum con1fer

growth (levers1des et al 1986) Certatn mechanical site o

‘ f‘ preparat1on treatments in the boreal forest are routlnely

selected because of the1r potent1al for 1ncreas1ng so1l

6



‘rjii"

"'mechan1ca11y prepared areas subJected to comparable

temperature )
JLow albedo surfaces such as dark: m1nera1 so1l have

been used on agr1cu1tura1 lands to hasten snowmelt or-to

. increase the ate of nutrient release. Dark coloured so1ls

often maintgin higher'temperatures;than high albedo
surfaces (Oke 1978). | _ |

Data from stud1es in Man1toba (Sims 1976) and F1n1and
(V1ro 1974) “have shown that burned surfaces in the boreal
forest can become hotter than ﬁ% C. Temperatures are

normally htgher on burned sites than on adJacent unburned,

I

3

' cond1t1ons (Lesko 1871, Va]ent1ne 1975 S1ms 1976 Ah]gren ( ed
”1981* Fowfer"and’Helvey 1981 Hungerford and Babbitt | |
1987) However. many m1croc11mate stud1es of burned
surfaces have h1stor1ca11y used equ1pment of 11m1ted : 'g

accuracy such as maximum-minimum thermometers (Place 1953,

"Lavender 1958) . Aiso, the va]ue of most previous studies

is l1m1ted by per1od1c samp11ng over short 1ntervals (Place.'
1955, Lavender~1958, Waldron 1966,_Endean and dohnstone
1974 and Sims 1976. Only a few of these forestry-related'
.st%fnes have attempted to rep11cate samp11ng sites
(Valent1ne 1975 Sims 1976, Ah]gren 1981). .

The seasonal pattern of temperatures across m1cros1tes

of d1fferent,a1bedos;atJthe_so11/a1r 1nterface have not



- been documented within a burned site. No known studies
have dealt with' the effect of shade on the surface
temperature of a prescr1bed burned s1te dur1ng ‘the first .
"year after burn1ng : Also qdant1f1cat1on of microsite |
temperature d1fferences on burned s1tes has been restricted
~ to differences between\so11 surface mater1ats such as humusd
(Sims 1976)'or“s1ash chtps (Hunger ford and‘BabbitP\1,87)'
‘ Rep11cated temperature data for the per1od of. natural white
'spruce seed, wh1ch germ1nates from June to August N
'throughout most of the boreal (RoLe 1953 Waldron 1966,
,Zasada and Gregory 1969) will be of va]ue to
s11v1cu1tura11sts » |

| The obJect1ve of th1s study was to document over: one
SUmmeruf1e1d'season. the a1r and so1l sur face temperatures
oftfive,micrOsite types representat1ve of;the var1at1on.
. tWithin’anuupiand prescribed burnedfstte. southeast of

Calling Lake, Alberta.



2.2, .STUDY AREA
©2.2.1. Location and Vegetation
| ¢ atiol

The 1nstrumented study s1te was approx1mate1y 500 m2

“'1n size, and located 1n a much 1arger burned area in the

Moist M1xedwood Subreg1on of the Boreal Mixedwood Region
;(Strong and Leggatt 1981) of A]berta It was Situafed 4
"approx1mate1y 15 km southeast of Ca111ng Lake (113 06" 30"

W, 55 05 30" N) (F1g. 2.1). This subreg1on is a component/
h_of the Inter1or P1a1ns b1ophys1ograph1c zone (Rowe 1972)

- Und1sturbed forests in this area are pr1mar11y aspen

KPopu1us tremu]o1des M1chx ) [2] or balsam pop]ar “(Populus

zbalsam1fera L. ); with 1esser amounts of paper birgf

papyrifera Marsq ). Wh1terpruce (P1cea qlauca (Mcﬂﬂhh)'

Vdss) and ‘black spruce (P1cea mar1ana (M111 1B.S. P.) are

~ the. dom1nant con1fers dacK pine (P1nus banks1ana Lamb )

is not common but domlnates dr1er s1tes Shrub
associations in the region 1nc1ude a var1ety of w1llows

KSa11x spp . L. ), dogwood (Cornus stolon1fera M1chx ), apd

mountaxn alder (A]nus tenu1fo11a Nutt ) (Strong and Leguatt

1981) D1sturbed s1tes are dom1nated by wild geran1um AN

' }(Geran1um b1ckne111 Britt.), fireweed (Eg1lob1um

v_angustifol1um L ), coltsfoot (Paetas1tes palmatus (A1) A

‘Gray) and marsh reed grass (Ca1amagrost1s canaden51s'

M1Cth)

B T N )

| ;[2] Names of vascular flora as in Moss (19831).
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2 2.2, So11s ‘ | v o
?-Th1s reg1on was covered by the Laurentide ice sheet dur1ng
uthe W1scons1n glac1at1on (St Onge 1972) ' As. part of the» ;
Alberta P1a1ns, the reg1on is ma1nly an: undu]at1ng p1a1n =
| w1th several 1solated areas of roll1ng to h111y topography y b
| (KJearsgaard\0972) ' Reg1ona1 dra1nage flows by way of the
'bAthabasca R1ver to the Arct1c Ocean Peatlands occupy o
.bpoorly dra1ned sites throughout the area ' So1ls of the’
reg1on are Luv1sol1c (46%) Organ1c (25%), Chernozemfc‘
(12%). Brun1sol1c (107) and G]eyso]1c (10%) (KJearsgaard
~1972) The study site has been descr1bed under -the so11 ‘
reubgroup class1f1cat1on of Orth1c Gray Luv1so] (Canada Sow]”i
Survey Comm1ttee, ubcomm1ttee on So1l Class1f1cation
1978). A complete so11 profile descr1pt1on is prov1ded in

'Append1x I.

.2 2. 3 Climate - |
The reg1ona1 cl1mate is cont1nenta1,_character1zed by

cold w1nters, warm summers and general]y low prec1p1tat1on '
.'(KJearsgaard 1972) The mean month1y temperature of the
Calling LaKe reg1on ranges from -19 8°C in danuary to 15 9'
€ in July (F1g 2 2) (Env1ronment Canada 1980) he’
'extreme max1mum temperature dur1ng the per1od May to
September_has been-recorded as 32.2,C. and the extreme e
" minimum - is —'105c (EnyirOnmentCanada 1980). The -
_frost free per1od ranges from 65 days to 112 days.

Prec1pwtat1ontoccurs pr1mar11yvdur1ng the;summek months, -

Ve
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Fig; 2.2. Ecological climate’ d1agram for the Calling Lake -

'Ranger Station (data from Env1ronment Canada 1980) Ihe::;"'"

1etters aHd numbers on. the ftgure 1nd1cate the follow1ng
A stat1on, b he1ght above sea 1eve1 e number‘of years of
observat1on (temperature - prec1p1tat1on) dtmean‘annual
temperature e mean annual pre01p1tat1on,_f absolute
fmax1mum temperature (h1ghest recorded) g mean maximum .
temperature of the warmest month h mean minimum |
-_temperature of . the coldest month i: abso]ute min1mumﬁ£
_temperature (1owest recorded) jicurve of mean monthly
'prec1p1tatxon (1 d1v1ston = 20 mm) k curve of mean monthly
temperature (1 d1v1s1on 5‘10°C) 1: months w1th mean daily
temperature minimum < 0°C; ms months w1th absolute min1mum":'

n temperature < 0°C. o v
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varying from a low of 41.8 cm in May to a high of 91.3 ¢m = -

in July.

é 2.4. HISTORY OF CALLING LAKE BURN
In June of 1984 an area surround1ng and 1nclud1ng the.

study site was d1sturbed byqp tornado [3] Extens1ve

' 'blowdown and tree injury resulted from winds exceeding 200

- km/h. . The Alberta Forest Service superv1sed>salvage
logg1ng operat1ons dur1ng the summer of 1985

Aoprox1mately 236, 000 m3 [4] of tlmber was removed from~

about 1350 ha. | Dn August 22, 1986 the s1te was prescr1bed d_]

'burned in- an attempt to reduce mach1ne treatment ‘costs

(Fig. 2.3). The, burn obJect1ves were to reduce (1) 0-50%

vof the organic layer, (2) 50-100% of the f1ne fuels, (3)

O 30% of ‘the volume of downed large fuels, and (4) 50-100%
of the‘l1ve crowns of standing forest cover. The Canadian
'Forest F1re Weather Index Codes (Canadian Forestry Serv1ce
1984) at ignition time (14:30) were: FFMC 85; DMC 51; DC
;v293{ 1sI 3; BUI 69; and FWI 10. FOrganiC'depths and fuel

"_load1ngs were not measured pr1or to -or 1mmed1ately after.

burn1ng, therefore we have no Knowledge of the fire P
severtty At the time of this study (1987) however,

o rema1n1ng ash and organ1c layer var1ed from zero- to five cm

__-——----—--.._—

[3]The history of the Call1ng Lake - Burn has bee developed :

~ from personal communication with Mr. Bill-Bereska, Forest
protection Office, Alberta Forest Service,. Lac La B1che
.Provincial Forest, Lac La Biche, AB.

[4] Thi§é value was converted from 50 m1ll1on FBM: to m3

us1ng equat1ons descr1bed by Weneger (1984)

b
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Fig. 2.3. Site conditions following the effects of the

tornado and ’bUrm'ng at the Calling Lake kFesearCh.site..



'2.3. METHODS

“15

2.3.1. General

The temperature variations for three replicates of five’
micrositebtypes were monitored from dune'11 (dulian Day .
162) to September 12 (du11an Day 255) dur1ng 1987 (F1g

2.4). The five m1cros1te types studied were descr1bed as

.(f) low. albedo, open (LO) (F1g 2.5), (2) low’ albedo, '
shaded (LS) (Fig. 2.6), (3) high albedo, open (HD) (4)
_high albedo, shaded,(HS). and (5) med1um albedo, open

'scarified (MOSc) (Fig. 2.7). A microsite was selected on

the basis of a level, uniform co}oured~surface'that was at
least 1 m. in diameter The three.replicates'of the.
scarified type only, were created by spading the top 1ayerl '
of so11 surface and exposing mineral so11 " The albedo
types were c1assqf1ed as h1gh medium or low accord1ng to

the soil surface cclour. A Munse]l soil colour chart was

used to describe the soil colour: 7.5YR5/1 for high albedo

~ sites: 10YR7/2 for medium albedo sites, and 10YR1.7/1 for

low albedo microsites. Shaded microsites were covered with

'a white painted 30x30 cm open-sided, wooden shelter,

‘supported 15 cm in height (Fig. 2.4). Vegetation within

each microsite was remoyed throughout the season.

Temperatures for all m1cros1tes were recorded 1.5 om

_above and .5 cm below the soil surface by means of

thermocouples and therm1stors; - Recording sensors were
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Figure 2.4. General setup of meteorological instruments at
Calling Lake burn, 1987. . o }

Figure 2.5. 'Thefhocoup]évat low, albedo, 6pen (LO)
microsite. e C :



Figure 2.6.
‘ microsite.

'Thermocéupde at low a]bedd;'shaded.(LS)

' Figuré 2.7. :Thermocoupléhat“medium‘albedo, open,’SCarified
-(MOSc) microsite. ~ : : . , :



pos1t1oned so that temperature measurements were :
.yrepresentat1ve of the phys1cal env1ronment experlenced by .
‘the white spruce.seed most 11Ke1y to germ1nate “(Moore andl
Wein 1977). | ,. | .

A 1.2 m high Stevenson screen’ (ST) was estabtished
within the study stte_and used'to correjate-standard
weather‘data with microsite atr and soil temperatufe data.
It was oriented north in Keeping with standard weaﬁ:er

collect1on procedures RN
D S ~

T mperature was recorded every minute, and summar1zed
‘as daziy average maximum and minimum values us1ng
programabTe data 1oggers (three model CR21's and .one model
21X"of Campbel] Sc1ent1f1c Inc. Logan, ut). A1l sensors
were ca11brated pr1or to p]acement in the field. .The data
'were transferred by magnet1c tape to the Untvers1ty of
Alberta computer system for storage SPSSx (re]ease 2.2,
Nie 1983) was used for processing, and Lotus 1-2- 3 (release
2.10, Lotus Deve]opmenthorporation, Cambridge, MA) was
used to sort the data. | _ ' | | |
Two soil profnles were descr1bed w1th1n the study area
to confirm the soil descr1pt10n by the Canad1an So11 Survey
Commi ttee, Subcomm1ttee on So11 C]ass1f1cat1on (1978)

Ra1nfa11 w1th1n the study area was colliected from two

standard gauges on approx1mate1y a weekly basis.
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2,3.2. Statistical Analyses |

A model of analys1s of variance (ANOVA) for repeated a

' measures was,used to analyze the data (M1111Ken and Johnson

1984) ' The ana1yses were based upon three- rep11cat1ons of

two xypes of temperature measurement (air and so11) for

. five microsite types {HO, HS, LD LS, and MOSc) Samp11ng

_date by week and by day were. the lndependent var1ab1es.
‘wh1]e average, max1mum and minimum temperatures were the'

'dependent variables. Groups were tested for homogene1ty of

var1ance pr1or to attempt1ng the ANOVA Greenhouse-Geisser

R}

:_adJustments were used to test spher1c1ty of the var1ance

- and covariance matr1x (M1111Ken_and dohnson41984)..zANDVA_

tests for datly and weekly periods were completed on the

.. dependent variables. Duncan’'s multiple rangevtest on a

cweek ly bas1s at a 5% probab111ty level was then appl1ed

ANOVA on a week]y basis was. also used to compare

,temperature d1fferences among m1cros1tes on days not

totally cloud covered. ‘These days were setected from noon
fire Weather observations taken by the Alberta Forest
Serv1ce at the Calling Lake Ranger . Stat1on | |
Correlat1on and linear regression analyses (Steel and
Torrie 1980) were used to relate ma x imum temperatures of
three rep11cat1ons of air and soil m1cros1te types to ’

max i mum. temperatures recorded by 1nstruments in the -

Stevenson screen.. '



2.4, RESULTS
é.4 1. Comparison to C]ﬁnate Normals
The maximum amb1ent air temperatures for’ the 1887

Call1ng Lake area were s11ght1y higher than normal for June
(+1.3°C) and July (#.5°C), and Jower than normal for August‘
- (-2.3°C}. Precipitatton'for the region was lower than
norma]1for Juné (-53.7 mm) and July (-61.5 mm), but higher
‘than'normal fOr‘August'(+49 3 mm) (Atmospheric Environment

Servioe 1988). The total amount of ra1nfa11 averaged from
: two_rainfgauges on the study site,” from June ﬁ to’ September
12 was 218.2 mm,»which was approximately 30 mm less than

normal for that period.

2.4.2.'1Average, Maximum and Minimum'TemperatUres‘of
mtcrOSites | |

Overa11 week]y ma X imum temperatures and weekly average
temperatures were s1gn1f1cantly d1fferent among the f1ve
-m1cros1a§ types (p=0. 00002 and p= 0.00385, respect1vely)
- but minimum: temperatures were not (p=0. 27319) " These
“levels of sign1f1cance=changed only marginally when days
that were not totally cloud oovered were-anatyied-(Appendix
1. o

Mult1p1e comparwson analyses among the different
m1cros1te types for the entire data set showed that there B
were v1rtua11y no d1fferences among minimum temperatures

(..

recorded Wh11e average temperatures were somet1mes
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sighificahtty different among microsites The greatest
d1fferences among m1cros1tes were shown by the Duncan’ s
multiple compar1sons of maximum weeK]y temperatures
(Append1x III) _ | |

- The max1mum temperatures of the exposed 51tes were
s1gn1f1cantly greater (p<0.05) than shaded m1crosttes for
all weeks such that: LO>HS; HOYLS; “HO>HS and MOSc>HS; and
for 12 out of 13 weeks' for LO>LS, and MOSc>LS. Cin
addition, temperatures higher than 30°C occurred mereb
frequent]y on‘ppen‘(unshaded) microsites than on shaded

microsites (Fig. 2.8). For example, temperatures of the

high a]bedo,-shaded;tsoilx(HSSY microsite type, exceeded 30°

C on 16 out of 93 days, but weFe never greater. than 40°C.
The maximum temperatures for the high albedo, open, soil
(HOS) microsite'type,‘howeyert were greater thanYBOfC for
78 days_of the season recorded‘and~of3those; temperaturesf
were'greater than 40°C for 42‘days} etght of those days”
which exceeded 50° C Oh]y open (unshaded) microsite types
produced temperatures greater thaﬂ 50°C. Shaded site types
3 did not reg1ster max1mum temperatures greater “than 45 C.
There were few s1gn1f1cant d1fferences in temperature

”among m1cr051tes of d1fferent albedo types, w1th s1m111ar

- sun11ght exposure. D1fferent albedo microsite types had -

‘max imum temperatures that were stat1st1ca11y dtfferent from
_each other for only a few weeks: HS>LS for two weeks. HO>LO

for‘one ‘week; and. HO>MDSc for three weeks g D1fferences

,among average temperatures were even 10Wer ﬁ-These results.



» Fig 2.8.' Daily average(*), max i mum (m), and minimum.(DY
.ﬁempenatuhés for theiaveragéé,ofthree replicates of the !
following_microsite'types:'hjgh‘a]bedé; open, sdii (HOS)::
high albedo; open, air (HDA) ;. Tow a]bédo, open, soil (LOS);
16w élbedo.;open, air (LOA);”medium.aIbedo, open, '
scarified, soil (MOScS); medium albedé, open, scarified,
air (MOSCA): low albedo, shadéd, éoil (LSS); lowlaibedb,
shaded, air (LSA): high albedo, shaded, soil (HSS): and
high élbedo,‘shaded..air‘(HSA);' A R ' a
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vh weeks analyzed w1th and wnthout selection of su
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did not change s1gn1f1cantly when only days' not totally
cloud covered were analyzed Also m1n1mum air and’ so1l
.temperatures were ‘not d1fferent among m1cros1tes of
- d1fferent albedo types |

' Weekly max1mum a1r and soil" temperatures Were
cons1stently ranked from high to low as follows "HO; LO;
- MOSc; LS' and HS. (The except1ons to thls cons1stent'
| rank1ng were minimal: O>HO tor"week 8 but not
‘significantly; and HS>LS for three weeks,‘but not

\

s1gn1fueantly) - When days wh1ch~were not totally cloud
‘covered were selected ‘maximum air and soil temperatures
" were ranked. as HO; LO; MOSc; LS; AND HS, but the average
.weeKly max1mum temperatures were h1gher ‘ » B ‘
Air temperatures were s1gn1f1cantly d1fferent from spoil
temperatures for average and m1n1mum recordwngs but not
max i mum record1ngs M1n1mum soil temperatures were.
s1gn1f1cantly h1gher than minimum air temperatujes for all
ny days
The h1ghest recorded da1ly max1mum temperature.
: averaged_from three‘repl1cate5»of the HO soil m1cros1te.
tybe. was 63.7?C on July 29._'The lowest recorded_da1ly.;'
minimum temperature; ’averaged’from'three replications of
'the Ho air m1cros1te typé was -2. 4°C on September 8 (Fig.
8) Lo



2.4.3.' Temperature Compar1son of M1cros1tes to Standard

Weather Shelter (Stevenson Screen) h .f7

Max1mum dally temperatures recorded at the Stevenson
‘screen were a]l 1ess than 33 C (Appendtx V). ‘1In addttton."
they were a]ways Wess than the max1mum ‘daily temperatures
of the five m1cros1te types (HO, LO, HS, LS and MOSc) .

fL1near regress1on of the max1mum temperatures for each
fm1cros1te type, aga1nst Stevenson screen max1mum _
temperatures, 1nd1cated that Stevenson screen measurements
were better pred1ctors of surface a:?'temperatures than
_so11 temperatures (Append1x V). Correlat1on coeff1c1ents
for all relat1onsh1ps ranged between 0.69 and 0. 87
"Predicted microsite temperatures_were,all h1gher.than‘

the Stevenson screen (Appendix V) The predicted

‘temperatures of unshaded s1tes were espec1a11y hlgher than

Stevenson screen temperatures,. For example, theAequat1on‘
predicting temperaturegikor the open, scarified tMOSc).
°Sm1cros1te type. showed that the a1r d1rectly above the soiTu
surface would 11ke1y reach temperatures in excess of 43 C
when -30°C was recorded at Stevenson screen he1ght.'10n a
shaded s1te, such ‘as the h1gh albedo, shaded (HS)- ‘
microsite, regress1on equations pred1cted that -the air‘,
temperature would reach on]y 34°C. Refer to Append1x V for

equat1ons.



2.5, DISCUSSION

.. The extremely high maximUM'air and soil‘femperatureS'of; f

- the open m1cros1tes can be expected to have a large 1mpact

upon b1olog1cal processes at the so1l surface Wh1le 1t
gmay be that some boreal s1tes are too -cold for opt1mum
'forest growth (Viereck and Schandelme1er 1980),

temperatures recorded on . the upland burned site 1nd1cated
that open m1cros1te tempenatures were frequently greater {
:than the ayerage optimum temperature of 24° C’ for
"germ1nat1on of boreal con1fers (Arnott. 1973). These h1gh
V.temperatures were due pr1mar1ly to the lacK of shad1ng,'and o
therefore h1gher rad1at10n : Temperatures greater than -50° C;"
”such as Pecorded on “the open 51tes, will have a negat1ve

effect upon wh1te spruce germ1nat1on (see Chapter 3) .Note

that the magn1tude of these temperature dtfferences 1s-

T often not detected by standard weather observat1ons

)
N

Temperature d]fferences between shaded and open s1tes S
'fwere much greater than between albedo types The B
s1m1l1ar1ty among "the open m1cros1te types of d1st1nctly

d1fferent surface colours was not expected because studies

in agr1culture and m1crocl1matology have reported marked

-q

“'d1fferences in soil temperagmgp depend1ng upon surface

colour (Waggoner et als 1960 Hillel 1977, Haynes 1987)

,.4/

. Results of the ANQ@& 1nd1cated that there was an }7

“interaction petween m1cros1te (LO, LS, HO, HS ~and . MOSc)

<
- K R Do ——

- iR A



and type ‘(air and soilf for maximum temperatures.‘ Thus,
the oyerall_effect of the albedo was different for air and
.soiT temperature53 'Daity‘maiimum'a;rktemperatures of theﬁf
open, h1gh albedo site types were eXpected to be higher
than the daily maximum so11 temperatures. and daily maximum |
so11 temperatures of the open, low albedo site. type were
expected to bdlh1gher than the air temperatures due to
'i phys1ca1 property d1fferences Actual temperatures
recorded 1n this study did not reflect this.

- The: temperature s1m111ar1ty among open m1cros1tes -may
. be part1a11y exp1a1ned by the var1aﬁ1]1ty in organ1c matter'
4‘th1cKness both among and w:th1n m1cr051te tYPe.- Among the

high . albedo open rep11cates. the organ1c depth var1ed from
;:0.0 cm to 2.0 cm, and 1.5 cm to 4 cm in the low a]bedo'
type The seasonal variation in mo1sture content of these
-1ayers and the resu1t1ng variation in heat capac1ty and -
| conduct1v1ty may have been suff1c1ent to confound ‘the
resu]ts, and overr1de the effects of a]bedo type ‘
| S1gn1f1cant d1fferences between a1r and so11 average

- and m1n1mum temperatures seemed reallst1c gtven the

'd1fferences in heat capac1ty and thermal conductiv1ty

',‘propert1es of these env1ronments. The fact that the sensor-

n‘1n the Stevensén screen recorded the lowest max1mum air
temperatures compared to the read1ngs at each of the
m1cros1te types was due pr1mar1]y to local advection and’
vert1ca1 var1at1on in the air. 2 Temperatures recorded in

the Stevenson screen clearly represented 1arger hor1zonta1-



areas and therefore axeraged»out the effect of

"m1crostructure var1attons of the surface and are subjected
to greater vent11at1on effects (McHattie and McCormacK
1961).. | | |
The max imum temperatures on the scarified (MDSc)
~um1cros1te type were 1og1ca11y h1gher than’ those of the
shaded sites due to H1fferences 1n the rad1at1on However,
the'ma;nmum temperatures of air and so1l comb1ned on th1s
| site type were: expected to have 1ncreased surface
“temperatures dur1ng the n1ght and reduced temperatures‘x
_dur1ng the day compared to the 1ow albedo m1cros1te type,
‘due to several facts d1fferences 1n a]bedo types,
1ncreases 1n soil poros1ty,'and decreases 1n the therma]
conduct1v1ty and heat capac1ty by scar1f1cat1on (Gh11dya1
- and Tr1path1 1987) S1nce max1mum temperatures recorded on |
‘the MOSc m1cros1te type were not stat1st1ca11y d1fferent
than ‘the LO microsite type other .factors such,as mo1sture
‘may have affected these resu]ts | |
" Shade appears to be the best agent to ame11orate

{§reme temperatures en burned s1tes & Hence, shelters
(A]exander 1984, Thomas and Wein 1985 Ch11ds and Flint -
198 and vegetative covers (Lavender 1958 Fowler and
Helvey 18978, Thomas and We1n 1985, Ch11ds and Fl1nt 1987
Hungerdord and Babbitt 1987) mlght reduce so1l a1r |
;1nterface temperatures However, econom1c feas1b1l1ty and
hcompet1t1on with seed11ngs, are factors that also must be.

considered. - ,
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3. WHITE SPRUCE SEED GERMINATION RESPONSE TO HIGH
~ TEMPERATURE REGIMES ON,ASHEDVFORESI.LITTER

3.1, INTRODUCTION

Natural and‘artificia] seeding are important methodS'of‘

regenerating white sbruce in Alberta. Until recently, it
has‘aCCOunted for as much as 52% of the white spruce
re- estab11shment in th1s prov1nce (Kuhnke and Brace 1986)
.Common seedbeds for wh1te spruce regenerat1on in Alberta
" are w11df1re s1tes and increas1ngty slash- -burned areas.
Prev1ous stud1es (V1ro 1974 - Sims 1976) and observatlon
' from the present study (Chapter 2) have 1nd1cated that
:‘surface layers of burned sites 1n the boreal forest can
H_becomerqu1te~hot,-summer temperatures greater than 60 C on.
"eXpdsed sites uere recorded. 'Despvtg this 1nformat1on._
'resuTtS'frcm‘unburned mechanica11y scarified sites have B
shoWn'that the average'optimal temperature for‘germtnation
of coniferous spec1es in the borea] forest ‘may be 24°C
d(Arnott 1973). In a 1aboratory study. Fraser (1971)
determined that 'on standard seedbed media (filter_paper),
temperatures above 38°C werefdetrimenta1 to wh?te spruce

germination. - : B : -

Recent 1nformat1on suggests that ash charred mater1a]

-and charcoal may also have an 1mportant 1mpact on seed
germ1nat1on but there is much confllct1ng evidence about
the effect of ash residues (as‘rev1ewed by Woodard
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and Cummins 1987). Overall the studies above provided
Jimited documentxtion of thettype-and concentrations of
fire.residues. In all;ggses..reSUIts seemed to be ;.
‘influenced‘by methods, statistical-designs; tree spec%Ls :
tested and even popu]at1ons of seeds within spec1es The
effect of the ash and its 1nterac(1on with h\gh
temperatures on conifer seed germ1nat1on had not prev1ously\
been d1rect1y:addressed Wh1te spruce was one spec1es that
had yet to be tested .in contro]]ed conditions. Therefore.

the obJect1ve of tn1s‘exper1ment was to-test the sucoess on

white spruce'(Picea-qlauca (Moench) Voss)[5] seed

germ1nat1on on seedbeds derived from ashed forest 11tter

over a range of ‘high temperature environments

[5] Names - of vascular f]ora as in Moss (1983)



..3“2; MATERIALS‘AND METHODS
3.2.1. General

Pilot‘studles were conducted to”standardize the ‘
’procedures used in ‘the exper1ment descr1bed here Refer.to
"Append1x VI for further deta1ls This exper1ment was
carried out in five separate growth rooms of the phytotron.
Department. of Botany, Un1vers1ty of Alberta, Edmonton. Air
temperatures were held constant at 20°C for 22 hours in all
growth'rooms. Each of the f1ve growth rooms was randomly
Iassigned constant max1mum temperatures for two . hours Thesev
ma x imums were -30°C; 35 C; 40 C; 45° c and 48°C. These
temperature reg1mes were. selected to art1f1c1ally recreate~
temperature reg1mes of burned f1eld s1tes w1th peak daytime
>‘heat1ng. The photoper1od was based on a 16 hour day and
8-hour night, to represent summer field cond1t1ons \\

Burned residues used in this exper1ment ‘were created
by combust1ng 90% by we1ght of surface organ1c mater1al
collected from the Boreal M1xedwood reg1on (Strong and |
' Leggatt 1981) The unburnedrorgan1c materlalﬂ cons1sted of.
forest floor organ1c materlal (46 1%), balsam poplar‘
ibranches less than 10 cm in d1ameter -and rott1ng aspen barK
_(32 6%) live (5.3%) and dead (15.9%) white spruce branches

‘ less’ than 3 cm in d1ameter

‘A1l tests were performed in clear 9 cm drameter petri

AN
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dishes on Kimpak[6]. Four seedbed media were used. The
contro1 medium'was 30 m] of distilled water The second
~ medium cons1sted of 30 ml d1st111ed water plus 1. 5 g fresh
'ash. e amount of fresh ash per- petri d1sh sur face area
' wasfequ1ya1ent to 2.36_t/ha of residue left after 90% fue)
consumptton of 23.6 t/ha. ThisriS-reasoﬁable for upland .
'burns in‘thevboreal mixedwood forest (Wearn'et al. 1987i
Supplement ). The quant1ty per petr1 d1sh was 1ess than the'
amount of ash that normally. remains on a cutover where the
»s]ash is p11ed and burned A third seedbed med1um o
.cons1sted of 30 ml of d1st111ed water plus 1, 4662 g 1eached'
.ash. Th1s amount of leached ash per petri. d1sh was‘f' |
L,equ1va1ent to 1.5 g of fresh ash m1nus the wewght of ash
| lost dUr1ng leach1ng - The 1eached ash seedbed was des1gned'
to m1m1c prescr1bed burned res1due follow1ng spr1nq
"runoff - This treatment was, 1ncorporated 1nto the
‘experimental des1gn to dist1ngu1sh between the chemica1 and
- physicaT effects of ash. The léached ash substrate was
Lobta1ned by wash1ng 10 g of fresh ash, ten ‘times with 25 m!
of distilled water over several hours, through Whatman #2
filter paper .. - The fourth med ium was 30 ml of leachate_that ,.
was collected durlng the prev1ous leach1ng process Th1s |
. was used to exam1ne the effect of the soluble chem1ca1 .\>
component of the ash. 5 | ' oo
Two sets of chemfcal analyses'Weng completed. They
were designed to test the chem1ca1 constituents of the

[6] Kimpak is a mu1t1layered absorbent material, produced

by. Seedburo Equ1pment Company, (K1mberly Clark) Chicago,
I[11inois. . : ' S

<
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seedbed ash, and to determ1ne the elements released into

' solution during. the course oF the exper1ment Spec1f1c -
: conductance was used to compare the total concentrat1on of
soluble components 1n the seedbed med1a | - v»' i‘

F1rst fresh ash and leached ash were analyzed after '
totdl digest by perox1dat1on (Park1nson and Alleﬁ/]975 Van
L1erop 1976, Thomas et al. 19671 ). by the Department of Soi |
Sc1ence, Unlvers1ty of Alberta 'The following elements
were analyzed N, P (by Techn1con Auto Analyzer Il
Industrial Method #334-744/Bt), K, Na, Mg, Ca, Nn, Fe, and
C (Analyt1cal ‘Methods for AAS 0993-8039 1982) The pH and
; spec1f1c conductance at 25 C were done on a. separate samplebﬂ

\

" extracted from a saturated paste (Black %965

!

The. second analys1s was on tne soluble components of

.the three seedbed media: 1) the leachate.,2) the 1 5 g of

fresh ash in 30 ml of d1st1lled water; and 3) the 1.4662 g -

of washed ash in- 30 ml of d1st1lled water The latter two
were allowed to equ1l1brate for 24 hours at 20°C, and were
then filtered through Whatman #2 f1lter paper pr1or to -
analy51s .This was completed~by the so1l;sc1ence
laboratory at the Northern Forestry Centre Canad1an

, Forestry Serv1ce in Edmonton The analys1s measured total
"N by KeldJal (dackson 1958) P, K, Ca, Na, Mg, Mn,'Al, Fe.,
S Zn, by 1nduct1vely coupled argon plasma (ICP; Applied (
Research Laboratory, 34000 Vacuum) rand pH and spec1f1c"
conductanc: _(Black 1965} |

Two d1fferent wh1te spruce seedlots from approx1mately
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the same latitude (55°N) were‘provided by Ptne'Rgdge |
Nurseby;.SmoKey L ake, Atberta : Seedlots were cleaned of
' debr1s and 11ght seeds us1ng a North Dakota blower and

':counted 1nto each dish uswng an e]ectron1c seed countind*

dev1ce Append1x VII: presents a comp]ete descript1on of

the. seed]ot spec1f1cat1ons , _ -

S1x repticates of 40 seeds per seedlot were randoml
" sown on the petri dishes, conta1n1ng one of the foun’r\
seedbed types for each temperature regime. .Seeds were
strat1f1ed on these seedbeds . for 21 days é?*E's C,
following with the Internat1ona1 Seed Test1ng Assoc1at1on H'
(1985) regu]at1ons The: procedure did not d1sturb seeds‘;
,.fol1ow1ng strat1f1cat10n, and imitated e1ther a fall burn
‘and ear]y spr1ng seed1ng, ofF a spring burn and early
;seedlng The petri d1shes were thén randomly placed in the
growth rooms for 21 days, the duration of the germ1nat1on v
test pex'iod prescr1bed by the Internationat Seed Test1ng
Assoc1at1on'(1985) regulations. Positions of the petri
;.dishes in the~ghthh rcoms were changed every second_day. ’
dM01sture cond1t1ons were checKed on a dally basis. |
']D1st1lled water was added to petr1 dishes as required to
| ma1nta1n a. mo1st seedbed,and h1gh relative humtdity

Start1ng after day seven each petr1 d1sh was exam1ned
for seed;germ1nat1on The exam1nat1on t1me was constant
' between days. Seeds were cons1dered germ1nated when the -

"\r‘-"

rad1c1e extended four t1mes the lend%h of the seed Dnce |

_igerm1nated, seeds were removed from the petri’ ‘dish. At;theﬂ.':

[}
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-end of the durat1on of - the exper1ment al] ungerminated

seeds on the d1st1lled water were cut to ensure. that low
germination responses on partlcular substrates ‘were’ not,

only due to empty seeds Few seeds were empty

‘ Stat1st1ca1 analyses were based on the responses of all 40

vseeds'perypetr1 dish.

"

3.2.2. Statistical Analyses

A three way factor1a1 exper1ment was conducted based

upon two seedlots, four substrates. four temperature

reg1mes, and six petrﬁ d1shes per treatment In order to

'”,complete the factorial analys1s it was assumed that

1nd1vidua1 growth rooms were not exert1ng an influence on-
genm1nat1on response,.extraneous to the designated

temperature reg1mes S1nce no seeds germ1nated in the 48°C.

»temperature reg1me. th1s treatment was e11m1nated from the

'w-“f1nal analys1s
§o

yl

A

The 1ndependent var1ables were substrate type,
temperature agd seedlot. The dependent var1ables were:
percent gepmtnat1on per petri: d1sh and the number of days
to 50% germtnat1on (Rgo Value). The arcsin ) B
(p= genm1nat1on percent/100) transformat1on of germ1natwonﬁ“
peﬁcent was used ‘to sat1sfy the a§“umpt1on of norma]

dastr1but10n (Stee1 and Torrie 1980) Ana]ys1s of variance

LR
é“ u51ng the SPSSx package (release 2.2, N1e 1983) was

‘,{_;.

conducted on transformed ‘and untransformed data tO’teSt’fOP



oy

.e',,: o - o o 43
s*gn1f1cant differences: among the ma1n effects, the two way

and the three way 1nteract1ons ‘among, the levels of seedlot

‘substrate and temperature Scheffe s mu1t1ple comparkggn

;test at 5% probab1]1ty test was, then app11ed

LA

. donly
-, "' o »

. B v
A . ®
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3.3. RESULTS

3.3t1; Percent Germ1nat1on

A1l ma1n effects and’ the two-way 1nteract1ons of
"~ seedlot by substrate. and temperature by substrate were
31gn1f1cant at alpha<.05 for transformed germ1nat1on o
~percent data (Table 3.1). Three uay 1nteract1ons of seedlot
by temperature by substrate were’ not s1gn1f1c nt

3.3t1.1. Seedlot . »

OVeraT1 the percentage of seeds which_germinateda
d1ffered 51gn1f1cant1y between seedlots (p=0;00004) | In
'add1t1on the two seed]ots responded in a s1m1]1ar pattern
yto the different substrates and temperature For example,
as temperature 1ncreased’germ1nat10n percent response
decreased. But there was a stgn*@tcant 1nteract1on between’
seed]ot and substrate (p=0.04425, Table 3.1). Differences
betWeen seedlots were greatest on d1st111ed water and least‘
on - fresh ash (Fig.. 3 1). Germtnatton percent for seed]ot B
.was always h1gher than seedlot A w1th the . exceptton of
'fresh ash-at the 45 °C temperature regime.

,//”f\,
3.3. t~2 //Temperalure and Substrate
As temperature 1ncreased germ1nat1on percent decreased,

(Fig. 3.1). A\] germ1nat1on percent responses for

temperature treatments (exclud1ng the 48 c treatment) were
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Table 3.1. Summary of ANOV A for transformed (arcsin/p)

germination data.

Part of Mpde]

O O W W W w
:o_o o O o o oo

o o o o o o o

Prob.

- 0ghoooo
00004
.00000"
;00000
25435
.04425
00034
62134

Note: The 48°C treatment was not included in this analysis.

F-Ratio

,£? ’ ////22
“w  Grand Mean %785

segglot e

 Tem§erature ///4 469.89

Substrate / ..213.52

Seéd]ot*Tempe'atﬁre : 1.37

‘USéed16t*Subs rétev |  2.76

Téhp;SUbstrate 3.67 .

Seedlot*Temp*Substrate 0.80

X
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Fig. 3.1. Germination response for seedlots A and B, for
fourvsubstrates (1=dlst111ed-water
ash, and 4=fresh aSDJ. subJected to f1ve temperature

regimes (30°C, 35°C, 40°C, 45°C, 48° c).

2= 1eachate. 3= leached,
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s1gn1f1cant1y d1fferent except between 30 C and 35°C, and
,.between 40°C and 45°C, ‘for each substrate (Table 3. 2).

W1th1n each of these temperature group1ngs (30 and 35°C,

and 40 and 45 C). there was a second obv1ous trend among

substrates. . G u o ///

/

The germ1nat1on success on the four med1a can generally‘

be ranked {highest to 1owest) distilled water. leachate._‘

t]eached ash and fresh ash (F1g 3.1 and Table 3 3).

Response on 1eachate was s11ght1y lower thmw the response

on d1st111ed water but on]y s1gn1f1cantly in the 40° c

regime. The results demonstrated that ash whether leached .

or unleached, reduced whmte spruc erm1nat1on compared to

the control. For examp]e, average germ1nat10n response of

- seedlot ‘B on fresh ash was only 37% compared to 85% in

~distilled water .in the’]owest temperature environment (Fig.

3.1).

Lowest germination percent responses were recorded  on

fresh {unleached) ash. The germination_percent response on

fresh ash was significantly different from all other

substrates in the lower temperatures. but not in the 40 C.

“and 45°C reg1mes (Table. 3 3) At these hlgher

temperatures, germ1nat1on percent response was s1m111ar to

1eached>ash' For SOqC and 35»C the germination on the

- leached ash was s1gn1f1cant1y 1ower than on the. distilled

water,_but notllower>than on the leachate. At h1gher

temperatures (40°C and 45°C), the germinat1on on !eached

_ ash_was?sidnificantly'Tower‘tmanfon,distilied water'and the

A



Table 3.2. Scheffe’ s multiple compar1sons of the average

48

perGent germ1nat10n for each sub&trate, at each temperature

reg1me, for seedlots A and B comb1ned_[7]._

TempenatUre | o 'Sdbstrate

ﬂjl; ' | Ash

‘451&5 | Sl ii&?a:
s  35.2 ’ 3.8a
35 . - ., .85.4b 52 :9b
2 Mg

Values fol]Owed by s1m111ar 1etters were not s1gn1f1cant1y

different at p<0 05.

/ D1st11]ed L achate " Leached

Fresh

Ash |

" 0.8a.

- 2.9a

28:5b
35.8c

' [7] Comparisons were made on eaeh column independently.

W
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Table 3.3. Scheffe’s.multiple compar isons oﬁ;fLe average -
percent germjnation‘fdr each temperafure regime, at eachj
substrate, for seedlots A and B combined [8].

.

“Substrate‘_ o Temperature Regime (C) |

30 - 35 40 ~~ - 45
Fresh Ash 35.8a 28.5a 2.9e 0.8ag
' . v . o B
Leached Ash 57.7b 52.%b 3.8a 2.7ab
Leachate . %  72.1bc  67.3bc  15.6b . 14.4bc
Dist, Water ° 78.3c 84.4c 35.2c¢ . 30.0c .

'[8]'Compahisons were made on each column indepeﬁdént]y. |

Values followed by similiar 1etters”were'not significaht]y
different at p<0.05. | o o

- @

@
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leachate but not on fresh ash (Table 3.3). .

3. .o : . .

3.3.2. Germ1nat1on Rate (R50 Values)

Overall, the main effects of temperatUre and substrate . p

acceﬁgted for the results for ‘the number of days to 50 |
percent germ1nat1on (R50 Value) at p=0.00000 "and’ p= .0.00075
respect1ve1y (Table 3.4). The effect of these main factors.
was 1arge1y due to .the germ1nat1on response on fresh and
‘leached ash in the 45°C reg1me There was a s1gn1f1cant
1nteract1on effect of temperature and substrate (p=0. 00011

Table 3. 4) Generally as‘temperature 1ncreased the n mher

of days to f1fty percent germ1nat1on (RSO Value) 1ncrea§€d,§3 .

but on1y s1gn1f1cant1y when compared to the 45 C

o

'temperatUre reg1me (Fig. 3.2). The R50 Value decreased
(but not s1gn1f1cantly) for the control medium (distilled
water) between the 30 C and 35 C temperature reg1mes Al :
other comparisons were not significant (Tab]es_3.5 and‘ |

23.6).

3. 3.3. Chemical Anatyses of Burhed Litter Residues
Chem1ca1 ana1yses of the so}uble component of the
'seedbed med1a are summar1zed in Table 3.7 (leached ash
solutwon. leachate; and ‘fresh ash -solution). The pH and
the spec1f1c conductance of the leached .ash were lower than
those of the leachate and fresh ash solut1ons The pH of

'the ]eachate was the h1ghest and the Spec1f1c COnductance

.
P

of the fresh ash solut1on was’ the h1ghest

. i’
LT}
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r}aple 3.4, Summary ANOVA for R50 values for germination

data.
A I
. # ‘ . o
Part of Model : ‘ .F-Ratio - DF ~ Prob.-
Grand Mean D 7 SO0 7 S Y ~0.00000
- Seedlot - v o0.82 10 '0.36691
- Temperature ° .  22.85 3.0 0.00000
* Substrate 592 3.0 0.00075
Séed]ot*Tembérgfuré : _ 0.10 3.0 0.95822
"vSeédlot*Substrate/ .08 3.0 0.36113
TemprSubstratg 4.08, . 9.0 0.00011
Seedlot*TempSubstrate 0.67 3.0 0.73266

¥

B 2N

Note: The 48°C treatment was not included in the analysis. .
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AL SUBSTRﬂTE/SEEDLOT :
. [ X

1

x\zﬁg 3.2. Rso‘vaﬂueé’for seedlots A and B, for four.
. substrates (1= d1st111ed water 2-1eachate, 3=leached ash,
and 4=fresh ash), subJected to five temperature regimes (30°

Y . c, 35°C, 40°C, 45°C, 48°C).
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_ Table 3.5. Mean Rgy values for each substrate at each
temperature regime for seedlots A and-B combined, by -

Scheffe 5 mu1t1p1e comparlsons [9].

Temperature | . <Sub§trate _
(c) D1st111ed Leacbafé Leached  Fresh
| .‘ Water o ./f - Ashf ~ Ash
5 16.9a _" 18.7a  16.1a ' 14.3a»
% 1482 -  13.9a 15.6a  11.0b
35 . 1212 13.4a ° 12.8a ~ 13.5b.
30 "13.1a . 13.0a  12.0a./ 12.9b

:[9] Compar1sons were made on each co lumn independently{

" Values fol]owed by s1m111ar letters were not sighificant]y
different at p<@.0S. |

.S
*Note: only 4 seedegermfnated in the fresh ash at 45°C.

. A K] ' " ,
B '



APPENDIX 1

! Soil Profile Descriptions

Subgroup Classification: Orthic Gray Luvisol

Soil Pro%ile No{'1:(East Side).
Y AR ) ; :

. -&of?zqn

5

<
’e

.. hel

A32

© Soil Profile No." 2: (West Side) - \}

-_ Depth Descriptioh

.Burned OM

(cm) L L s

0-5 BlaCKn(10YR2/1d);,bqrned'brganic‘
matter, ash; abundant, fine and medium
roots gradual wavy boundary;. 2-7 cm
thick. - '

~ 5-8 Dull yellowish brown (10YR5/6m) , si]t};

e

'8120 Dull yellowish brown (10YR5/4m):‘$i1t;

structureless; loose; plentiful; fine
and medium exped roots; gfadual, wavy
boundary; 0-4cm thick. % = . A

common, medium, faint, dull yellowish
‘brown {10YR5/3) mottles: structureless;
+loose; few fine, vertical, exped roots;
- gradual wavy boundary; 10-14cm thick.
20+ Yellowish brown (10YR 5/6m); silty .
clay; few, fine, distinct, bright
 yellowish brown (10YR 6/8) mottles;
strong, fine, granular; loose, -few
fine, random, exped roots; some -
. stones. _ ' ‘

-3

)

s k% LN
gl

vAe

~“Burned OM 0-8 Black [10YR2/1d); burned organic matter

3 L7

~and silt; structureless; loose; o
- plentiful, fine, random, exped roots;
gradual wavy boundary; 5-10cm thiqgﬁ :
sility;

 8-19 Dull.yellowish brown (10YR5/3m);

‘structureless; loose; plentiful, fine,
. random, gxped,rpots:_diffuse, wavy © . .
boundary; 8-12cm thick. cL
19+ Brown (10YR4/6m); silty clay, strong, '
""fine granular; friable; very few, -fine,
random eXped roots; some stones. ‘

[ : A : N - o
. . '.-" . » - 2
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APPENDIX II

LA

~Summary ANOVA .Tables of Microclimate Analyses

Analysis of Variance of Maximum Temperatures For All Weeks,

With A1l Ddys Included

Part of Model

M1Cr0‘
 Error Term:, Rep(M1cro)@§
Type o .
'MTcro*Type

 Error Term: Type*Rep(M1cro)v

Week ;
Greenhousa-Geisser Adj.
Mioro¥WeeK

_ Greenhouse Ge1sser AdJ
Error Term: WeeK*Rep(M1cro)
Type*WeeK .
Greenhouse Gelsser AdJ
‘M1cro*Type*WeeK

. Greenhouse Ge1sser Ad j h

F-Ratio

29.91

131,
131,

.13
13
.22

22

ErrorTTerm. Type*WeeK*Rep(Mioro)lr’e

¢ o

e

Note Type A1r and so1}
'MDSc :

-

- e ., o

>

o,

‘ Microsites:

Dr- Prob. Eosj1on' .
# o
4.0 ©0.00002 .
. €
1.0.-0.11936
4.0°0.02541
12.0- 0.00000" ° |
3.7 0.00000- -0.31
48.0 0.00108
14.8 0.04140 0.81
- ¢ L
12,0 0.00003
3.7 0.00957 0.3
48.0° 0.20205 | |
14.7 0.30938 0.31
R v )
0,

U's? HOY' HS, 'a'.‘a.



B *;‘ _ . o
Analysis of Variance of‘MaximUm Temperatures, On Days Not-

 Completely Covered With Clouds

Part offmcdél | o F-RatiQ: DF - Prob _ Epsilon
~ Micro 4 32.88 4.0 '0.0000
'Errqr'TeEm: Rep(Micr;). "!‘..' |
Type . 3.8t 1.0 0.07986
- Micro*Type .~ - . 4.87 4.0 0.01932
Error Term: Type*Rep(Micrq) ' |
Week®. o 158.93 12.0 0.00000
Greenhouse Gelsser‘AdJ - | 558;93_e 3f9, O.OQOOOI 9.33
| MicroWeek o 2.25 48.0 0.00020 ;
Greenhouse-Geisser Adj . 2.25 5.7 0.02028 - 0.33
Error Tenm:.weeK*Rep(M1cro)“ | ) V, : '.v : .
Typerhesk . e 5.58. 12.0 0.00000 B
Greenhouse Gewsser AdJ : f‘)f‘5.582 4.3 0.0009% 0.361 ;
M1cro*Type*WeeK gf - ‘ j.i? '48:6“‘0;31373_" :
Greenhouse-Geisser Adj 112 1704 0.37326 . 0.36
 eError Term Type*Week*Rep(M1cro) , f” - ."" ‘-“ “ 
; . _'1.
:Note Type Awr and so1Y g . Microsites: LO, LS,:Hd;-Hs;fahd}
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Analysis of Variance of Average Temperatures For All Weeks,

~With A11 Days Included

. a
Part of”médél | "F-Ratio DF . Prob ' Epsilon
Micro . .‘\f -~ 7.90 4.0 ’0.00385_
Error Term: Rep(Micro) o
Type. S | 6.43 1.0 0.02957
Micro*Type - ‘%ov53i 4.0 -0.71879
Error Term Type*Rep(M1cro) _ )
Week | 776.30 12.0 0.00000
GreenhOusg-Geﬁsser Adj. v  776530' 4.0 Q.OOOCO . 0.34 .
MicroxWeek - : _ . 2.28 48.0 0.00016
fépéenhousegzgisser Ay : 5:28 16,2 '0.01701' 0.34
Error.Tefm:'WeéK¥Rep(Miéfd) | - _ ‘_ | .
| TypesWeek : 7.81 12.0 0.00000 |
Greenhéusé-Geissen_Adj 7.8t 3.8 0.00018 0.32
L M1cro*Type*WeeK : ;f;' “"'  _' 1.80 48.0° 0.00647 ‘ |
= -f%’.~ Greenhouse Ge1sser Adi“ S j1;é§ 15, 2 10:077716 0332"‘

j»(Erpor Term Type*WeeK*Rep(M1cro)

\ .
A | ’ ‘
et : - R N
~ Note: Type: A1r and 5011 Migrbsites:‘LO, LS, HO, HS; and
MOSc ' _ . .
- - . 4
3 ~ ¢
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Analys1s of Varlance of Average Temperatures, On Days Not

Completely Covered With Clouds

A} o
" Part of Model" . F-Ratio DF  Prob  Epsilon’.
Micro s 1’1' 2.0 0.001'350""
Error Term: Rep(Micro) B | | >
Type o 5.65 1.0 003876 |
Micro*Type. ' 0n§8. v4.0"b:681t§ ‘ .
Error Term: Type*Rep(Mierey . g “_ :
CWeex | 777.28 12.00.00000 * U
Greenhouee-Geisser_Adj.r% 777.28 '4(3 0.00000  0.38
MicroxWeek - | t2.58f 48.0 0.00000 _ \547
”GreeﬁhqqserGejsser'Adj' 2.68 17,2 0.00843  0.36
Error'Terﬁ‘ W;eRQRep(M§cro) L _ |
'Type*Week | 'A | 'i Q;gsﬂ'12;0' 0.00000 2
_ Greenhouse Geisser AdJ | 8.95 4.9 OJOOOOO‘,O.41;u
“chro*Type*week A - 1.69 - 48.0 0.01337
| Greenhouse- Geisser AdJ -} TlBé‘ 19,8i;0,07446' 0;4f:
Error Term Type*Week*Rep(M1cro) | o _o"{‘ R eib
| Note: Ty3; Air and’ 5011 Microsites: LO, LS, HO, HS, and -
';"1»‘MOSC - 4%“;_( v{ “_e ) e e 4 : Cab ) o
n _ s
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Analys1s of Var1ance of M1n1mum Temperatures For All Weeks.

~With AlT Days Inc]uded

Part of Model F-Ratio DF . Prob - Epsilon
Micro | | & © 1.50 4.0 0.27319
Error Term: Rep(Micho)\b/;_’ | | ' ;
Type . o . ©'51.88 1.0 0.00903
Mi‘eronype'» '  : ' . A. ' _'_1'; 17 4.0 'o,_.;38073
| Erfer Termi.typeﬁﬁep(ﬁferody_' N .,
| Week. L B © 398.25 12.0 0.00000 |
§3 Greenhouse Ge1sser AdJ ‘A_ 398.25 4.0 0.00000 0?%?1
_ Microxeek | S 1,42 48.0 -"c_).'06533' "
- .5 vGre,ehhovu'seA; i . 1] "+ 442 15.9 0.18261 0.33 -
‘_ErroFYTerm-'wsw ﬁep(Micre) | | .
- Ty%e*WeeK . : . 5.83  12;0»__0‘100000' o
G enhouse Ge1sser AdJ L 5.83 3.8 0.00125 0.32
M1cr‘o*Type*WeeK o 190 4}3.‘0_ 0.00325 - ‘
'f“Greenhouse Geisser AdJ ' % .'f~‘f§902115,3 0.05890; 0.32.

Error Term Type%WeeK*Rep(M1cro)

Ll

Note: Type:flirfand soil;- Microsites: LO) LS, HO, “HS, and |

.~ MOSc.
: S . S
N X -, . -
T - " —= .
.» W . -‘. . ‘ .
i . . N
. o, ~ ’ - s
'\5\x' — o
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‘
o | :@
a Analys1s of Variance of M1n1mum Temperatures, On Days Not
Completely Covered With C]ouds : |
fert.of Modei; _— F-gatiOev DF 1,_Preb's-Epsj]Qn ’
Miero o . 1.61 4.0 0.24567
_-Error Term: Rep(M1cro) | ' | _
TYPe ‘u,?" T " 50.63 1.0 0.00003
_vM1cro*Type bt R ' 1}25 4.0 0.35041
Error Term: Type*Rep(Mlcro) | ‘v o
Week . . . 455.19 12.0 0.00000
Greenhouse-Geisser Adj. ,  455.19 4.0 0.00000 0.28
Micro+Wesk IR 1.56 48.0 0.02663
Greenhouse-Geisser Adj 1.56 15.8 0.12659% 0.28

N Error Term: Week*Rep(Micro)

‘f Type*WeeK _ ;»J‘. - T 4,80 12.

0 -0.00000
| Greenhouse Gexsser AdJ Ny ‘ :f 4.80. S,S 6,00086-*,0f46
) M1cro*Type*Week *"~;‘. i f1;58‘ 48.0'-0,02739f"."
" Greenhousevﬁe1sser Adj. | “i‘; ’1!58_ 22.1,_0;69302 f0i46 s

x .

Error Term Type*WeeK*Rep(Mlcro)

” e
: e

S T S : -
: Note:;Type: Air and soil; Microsites: t0, LS, HO, HS, and

Fpooon -

y
' - ; o Cen . “C‘ N
L& S ' e
- '-ﬁ:," B ) .
> - . T "
! 4 ) .. N
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‘- APPENDIX III
'L;Duncan s Mu1t1p1e Compar1scn Of M1cros1te Types For

'..hI'Weekly Max1mum’Temperatures. A1r And Soil Combined.

[ R
Vo B
£

S LT NIGROSITE TYPE .-
0 WEEKLO o .Ls- WO . . WS MOsC
ATTTS HS [0 HO MOSC LS.HS MOSC .~ LO HO MOSC LS HO AS
2 |LS.HS . LO HO.MOSC LS HS MOSC -~ -LQ HO MOSC LS HO.HS
3 "|LS'HS ~ LD HO MOSC LS HS MOSC - .LO HO MOSC LS HO HS
4 |LS HS LO HO MOSC LS HS MOSC ‘L0 HO.MOSC LS HO HS
5 |LS HS LO HO MOSC LS HS MOSC - LD HO MOSC - LS HO HS
6 |LS HS LO HO MOSC LS HS =~ LO HO MOSC' LS  HS
7 | LS HS LO HO MOSC LS HS MOSC - LO HO MOSC LS HO HS
8. |LS HS = LO HO MOSC LS HS . .. LO HO MOSC ‘LS  HS
g |LSHS ~ LD HO MOSC LS HS - -LO HO MOSC LS  HS
10 |LS HS . © LO HO MOSC LS HS L0 HO'MOSC LS  +"HS
11 |LS HS  LO HO MOSC LS HS LO HO MOSC " LS  HS
12 |LS HS LO HO MOSC LS HS MOSC LO HO MOSC LS HO HS
13 HS HO HO LS HS MOSC LO LO HO. MOSC.  °HO HS
1
- . “‘p\ :
R A S EE - | S

Note M1cros1te types listed for each weeK s1gn1f1cant1y
d1fferent from each other at the P < 0 05 1eve1 For'
m1cros1te compar1sons not 11sted these were not

s1gn1f1cant1y d1fferent at p < 0 05 level.
i R . "N‘«.f.- °
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}APPENDIX v

S
P

Line egressi in Analyses. of Mi‘crosi'te'Types
-Summary Table S
. ,')"’.

Compar_ison of Microsite Maximum Temperatures to Stevenson Sc}‘een Max imum
Temperatures (in Descending Order of R-Level of Significance).

Microtype r S.t,,“r.‘ﬁt“'r..f Equiation ’: . Predicted Temp.~
A ' “Est. e 3} o . for STMAX=30°C
1. MOScA .87 2.97. . NBScA = 4.08349 + 1.31304(STMAX) 43.85
2. HSA. .87 2.44 w °HSA = 2.01386 + 1.07165(STMAX)  34.16
3. LSA .87 2.55° LSA = 4.01385 + 1.10495(STMAX)  37.09
4. HOA - .86 3.43 HOA '= 2.71639 + 1.41781(STMAX). 45.25
5. LOA _ .85 3.52 = LOA = 5,30370 + 1.38132(STMAX)  46.74
6.Lss "¥.78 2.81 £S5 = 4.51232 + 0.86657(STMAX)  30.51
7. MOScS .77 4.22  MOScS £ 2.911 + 1.2B051(STMAX)  41.33
8. LOS ' .76 4.85 LOS =. 1.88466 + 1.35932(STMAX)  42.66
9. HSS .73 3.82 HSS =,2.34172 + 1.00684(STMAX) ~ 32.55
{0, HOS .69 6.87  HOS 7 3.10374 + . 1.60137(STMAX}]  51.14

Note: A after.the microsit_e?type'denotes air temperature reading. S
denotes soil temperature s'e_ading. ' ‘ '

(A




,5?3;‘

Y
78
. "‘;'\.»';,
a
! i
Regression of High Albedo. Open, Soil (HOS) MaXimim Temperatures on
' ’ Stevenson Screen (ST) Maximum Temperatures _
Dependent variable: HOS, : ‘ H
Independent variable: ST D o e
Parameter Estimate Standard 1 - Prob. . Tt
C : ~ Error . . Value ~Level S " S .
TrTercept  3.10374 2.45334 —— 5§57 0.20706 PR
Slope 1.60137  0.10921 14.6636 0.00000 - -
Ana\yéis of Variance }
. . . \ ) B
Source Som of Squares  Df Mean Square F-Ratio Prob. Level
Mode 10140.039 1 10140.038 215.021 0.00000
Error ' 11318.005 240 47,158 '
=TT TCorr T 71456044 241 V ‘
Correlation Coefficient = 0.687424 f
R-squared = 47.26 percent -
Stnd{ Error of Est. = 6.86719 .
P T 1::.x‘1v1|1"i'111'\11“_"‘-




Regressidn of High Albedo, Open, Air (HOA) Maximum Tempergtdres on

Stevenson Screen (ST) Maximum Temperatures

. Dependent.variable: HOA

Independent variaple: ST

Standard

T
I'~<“
e

cebarea ik

. I~ .. —
< _
O 3 — :
el - —
20 b= ) —:
o e .
LY :
r ~_‘
10— . ]
= .
I v d v e by by e by g 7
RERE ¢ 15 T 19 23 7 31 35

ST .

Parameter ° Estimate T Prob.
‘ Error Value Level
Intercept 2.71639 1.18250 2.2972 ©0.02243
Slope 1.41781. -0.05274 26.8821 0.00000
Analysis of Variance
- Source 'Sum of Squares‘ Df Mean Square F-Ratio Prob. Level
" Model 8514.5212° 1 8514.5212 -722.6481 0.00000
Error 2980.9444 253 11.7824
Jotal (Corr.) 11495. 466 254
Corrélation Coefficient = O¥86063Y
R-squared = 74.07 percent :
Stnd. Error of Est. = ‘3.43255
60 .
(L B L A [ A B O A O
50 [— i IS
— Elyr
N %3 .

79
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Regression of Low Albedo Open, So0i ) (LOS) Maximum Temperatures on

Stevenson Screen. (ST) Max1mum

Dependent variable: LOS
Independent variable: ST

Standard T

Temperatures

s

Error of Est. =

4.85105

Parameter Estimate Prob.
K : Error Value . Level v,
Triercept T 88466 T.77935 1.00674  0.27416 &Y
Slope 1.35932  0.07669  17.72380  0.00000
Ana1ysis of Variance )

Source Sum of Squares . Df Mean Square F-Ratio Prdb, Level
Mode 1" 7392.4331. - 1 7392.4331 314,134 0.00000
Error 5436.0493 231 ©23.5327 ) :
- Total (Corr ) 72628 482 232

Correlat1on Coeff1c1ent = 0.75911

R-squared = 57.63 percent i

Stnd,

a

LOS

114

g&fpw

80
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Regression of Low ‘Albedo, Open, Air (LOA)|Maximum Temperatures on’
Stevenson ScreeQ\:ST)vMaximum emperatures

Dependeht‘variéble: LoA

lndependent'variable: ST ‘

: . C ‘ i
Parameter Estimate Standard T IProb.
: e Error Value Level

‘Tntercept — 5.30370 7.26642 4.78794 |0.00000
Slope 1738132 0.05613 24.58360  |0.00000

"

»

Analysis of Variance

81

Source . . Sum of Squares Df Mean Sgqugre F-Ratio Prob. Level’
Mode ) 7493.7852 1 7483.7B52 604.3524 0.00000
Error - ' 2839.5302 - 229 iQ.ﬂ 97,
- Total {Corr.]+ ~ 10333.315 230 [

Correlation Coefficient = 0.85159 A

R-squared = 72.52 percent

Stnd. Error of £st. =.3.52132

N . ‘ ”

4

. .-g}'} ‘:‘;

A B :
B -
A - -]
- ]
— ]
— —
— —
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o 30— —
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" Regression Bf' Medium Albedo, Open, Soil (M0OScS) Maximum ﬂ: o
\'Tg‘mje{atureslon Stevenson Screen (STT Maximum Teﬂverclurés" , .
- Dependent varf.i'aple: MOScS - - .
Independent variable: ST ) .
Parameter  Bstimate Standard T Prob. B
-7 : ' Ak . Erfror Value - Level
. O ) . e G _ ‘ '~) N
Intercept 2.911 ~1.5268E + 1.9065 ©0.05778 P )
Slope 1.281 0.06815 18.788B3 ‘ 0.00000 : :
 Analysis of Variance .
Sourcé ‘T,Sum of Squares . Df-~Mean Squafe F-Ratio  Prob.’ Lev>e1
. Model ’ 6297.2446 1. 6297.2446 353.0014 0.00000
Error 4245.7172 238 -17.8391 : : h -
Total (Corr T 10542.962 239 . — T |
Correlation Coefficient '= 0.772848 . ' -
R-squared = 59.73 percent : :
Stnd. frror of Est. = 4.22364 ? a
- k
&) N \
rrry rrr T SRR
" ok : [} “;
P ‘@ : o=
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e o
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. 'Regression

o

L3

- 83

of Medium'AIbedo.-Open.'ﬁiﬂ (MOSEA) Maximum‘feqperafhres
on Steyenson Screen (ST) Maximum Temperatures -

Dependent variable: MOSCA 4
.. Independent variable: ST . N ra
Parameter ﬂéstimate‘ Standard T “Prob.
’ ‘ : : Error Value “Leve)
Tntercept ~ 4.08349°  1.00748. 3.9976  ~ 0.00000°
Slope 1.31904°  0.04556 %8.95'18 .0:00000.
Analysis Of Variance
“Source . Sum of Squares  Df Mean Square F'ﬁafio ' Prob. Level.
Mode 7369.5874 1 7369.5874 .838.2059  0.00000
Error 2224.4004 253 8.7821 . , '
Total [Corr.J . 9593.9877 254 5
. - » ’
Correlation Coefficient = 0.B7644
R-squared” = 76.81 percent - -
Stnd. Error of Est. = 2.96515 !
» N
i .
6V A ‘e v o
. T 17 IR S B B B e A T T .
- : e 3
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Regression of Low Albedo. Shaded, Soil (LSS) Maximum Temperatures-
o ! .on Stevenson Screen. (ST} Maximum Temperatures

Dependent variable: 1SS
Independg’?t ‘variable: ST

2

’
-

Parameter Estimate Standard T ‘Prob. .
' _ Error Value Level )
Intercept.  4.51232 17.16382, 3.8772 - 0.00007
“Slope = @™ 0.86657 0.05208 16.6393 - 0.00000
. B S ] . ~ -7
_ Analysis of Variance ° ‘ -

Source © Sum of.'thares Df Mean Square FI;Rat,io .’Prob. Level.
“. Model . 2181.9207 1 2181.8207 - 276.8666 -'0.00000
Error. 13?9.-1341 175~ - 7.8808 S L

‘Total TCorr.J .. 3561.0548 176 :

" Correlation Coefficient = 0.782783 - , - ‘
R-squared = 61.27 percent o - '
Stnd. Error of Est. = 2.8972J : ‘ ‘ .

.y
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" Regression of Low Albedo, Shaded, Air (LSA) Max1mum Temperatures on
. : Stevenson Screen (ST) Maxwmum Temperatures

c o Dependent variable: LSA

Independent varlable ST

Parameter . _Estimate Standard T

Level |

.Correlat\on Coeff1c1ent = 0.871592
R-sqwared =75.97 percent - -
Stnd. .frror ‘of Est. = 2. 54898 :

Prob.
‘Error © Value '~ tLevel
l,‘ v“' . . . - ..
nalqéercept 4.01385 0.88036 4.5593 0.00000
STope 1.10495 - . 0.03923 28.1675 . 0.00000
. =
L T Ana]ys1s of Varxance
Sourcem />§um of Squares Df Mean Square F-Ratio - Prob.
Mode d 5155,0227 - 1. 5155.0227 _ 793,4099  0.00000
Error 1630.8224 251 6.4973" : :
. Total Corr ] 57858450 753

T
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Regresswon of High Albedo, Shaded, Soil (HSS) Max1mum Tenperatures

on Stevensoh- Screen (ST) Max imum Temperatures

Dependent var1ab1e HSS

-

Independent variable: ST r‘, ) }ﬁﬁ-
 Parameter Estimate Standard -Prob.
i ‘ L Error "Value Level .
Tntercept  2.34172 1.34159  1.7455 5.08215
Slope .. ©1.00684 0.05979 . 16.8372 '0.00000
‘Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratio - Prob. Level
© . Model 4139.5233 1 4139,5233  283.4926 0.00000
& Error - 3577.4586 245 - 14.6019 ’
. Tgtat (Corr.T.  7716.9813 246 ‘

C rrelat1on Coefficient ¥w0.732405

-squared = 53.64. percent
Stnd o Error of Est. = 3.82124

-
[xN]

HSS




Regression of High Albedo Shaded Air (HSA) Max1mum Temperatures
on Stevenson Screen (ST) Maximum Temperatures

Dependent variable HSA
Independent varjable: ST

- Parameter Estimate Standard - T. = . Prob.
: o ' ' Error ' Value: Level
Tntercept — 2.01386  ~0.852838 2. 3674 . 0.01897
Slope ~1.07165 0.037982. 28.2147 ‘0.00900

Analys1s.of Var1ance

" Source Sum of Squares Df Mean Square F-Ratio Prob.aLeyel
. Model 4729.2798 .. 1 4729.2798 796.0679 0.00000

Error o 1487, 0815 252 .5.9408 . .
.Total (Corr.J  6228. 3613 253

- Correlation Coefficient = 0. 871526
R-squared = 75.96 percent

- . Stnd: Error of Est. = 2.43738 .
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APPENblx VI o
- &

Summary f Results From P\lot Laboratory Studies

The following changes were made to the exper1mental
| des1gn due to results from a series of p1lot studies

1. Strat1f1ed seed only was used rather than.bgth - .

" unstratified and stratified seed. This was done because -
stratified seed response was more representative of field .

- conditions. - Unstratified seed responses in pilot tests

. did not 1llum1nate new quest1ons. or’ answen old ones.

2. Constant max1mums were maintained for. 2 hours, 1nstead
- of for 4 hours, for all growth rooms. Pilot germination
experiments were conducted with maximum temperatures
established for 4 hours. Results were poor in these pllot
studies, and therefore duration of the extremes was
réduced.  Due to instrumentation limitat4ons, more daily
 fluctuation was not possible despite better
rationalization. The growth rooms were limited to only 2
temperature var1at1ons. and were unable to carry out a
regime such as: 8 hours at 20 C in darkness; RHz95%; 4
‘hours at 20 C in light, RH=95%; 3 hours at 30 C with llght.“

",RH =95%; 1 hours at 35 C with l1ght RH=85%; 4 hours at

C, with light, Rh=95%; and 4 hours at 20 C in light

RH= 95%. . Ava1lab1l1ty of computer1zed growth rooms would
eliminate th1s problem . .

3. Photoper1od ‘was ma1nta1ned for 16 hours rather than the
8 hours specified by International Seed Testing Association
(1985) (ISTA) rules. Pilot studies closely adhered to - '
- standard ISTA cond1t1ons, however a closer approximation to -
. the average summer ‘day length: for the final experiment was
- .more appropriate, given the overall obJect1ve of the study :
" and local cl1mat1c cond1t1ons ‘

4., Two seed sources were ‘used, from approx1mately the same
latitude.  This was- done to increase confidence -in—observed
seed responses to treatment levels. Results from some of
the pilot- studies were so low even in standard ISTA (1985)
- conditions on filter _paper, that the or1g1nal seedlot was

‘»-suspected of hav1ng lowAv1abil1ty

5. The amount of leached ash that was’ used was equivalent

to the weight of .unleached (fresh) ash, minus the weight -

- lost during teaching. Original pilot exper&ments used -
“equivalent amounts of  leached ash (1.5g) as unleached "
‘(fresh) ash (1.5g). By doing this, ‘the pilot:studies. -

- failed to discern. any d}fference between the chemical and

'f‘phys1cal effects of the ash

| ”5’7 o
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unjustified.

/. seeds was unjustified. Pilot study attempts to increase

o

) | - -
6. ’KiwﬁaK, a multilayered-absérbent materiél.’wéS'USed

rather than two filter papers (Whatman no. 2) with all

“substrates tested. The purpose 'was to eliminate moisture

stress. Pilot studies using filter. paper ‘in petri dishes
were unexpectfed failures, even at standard ISTA

‘temperatures with distilled water.. [The fast rate of

evaporation on filtér paper was enough to. inhibitm

."germination without the effect of either temperature or

substrate. - When filter papers were used with ash, a -

. carbonate-1ike”stone formed, and remained for .the duration

of the-experiment despite the addition bf moisture. :
Evaporation tests revealed that rewetting of the filter -
paper resulted in faster initial rates of evap

time (more than 24 hours, even at extreme temperatures) .

'Since moisture stress was not intended to be the variable
tested in this study, moisture deficits were eliminated
with the use of Kimpak. L o o '

7. Prior to the final experiment, seeds were not x-rayed

to determine viability. -All seeds used in the pilot

studies were x-rayed. ‘Germination percent based on .live
seed for the final experiment (germination value), was
considered of .impractical value since 1) germination p
percentages were already given by Pine \idge Nursery, -2)
germination’ percentages from pilot studies upder control

conditions’on Kimpak were similiar -to Nursery résults, and

3) forest;mﬁnagers conducting direct seeding projects are
more. concerned’ with actual germination response based on -

~ the seedlot used in field conditions .than with germination
“value.  Future laboratory provenance tests may be required
to determine germination percentagé based on” live seed, -
- established from factors of environmental conditioming from

different site preparation treatments; however-.until the

influence of environmental conditioning by site preparation
types on seed germination is established, the cost of time

and money to determine germination based on live seed is
o , ‘ ‘

8./ Six rep]icaies of fobtyisegdé»detebmined the

. experimental unit. Strict adherence to standard ISTA

conditions for pilot studies using four replicates of 100

sample size to five replicates with 100 seeds each,

appropriate statistically to increase the number. of

 replicates for each treatment type rather,than.ihéinumbeer
'of seeds per petri-dish. = = S S

S

) QQQTLééChed'aSh}ih'théﬂfihéiféibériment;-waé'cfeafed”byfﬁ?”: S
~ washing fresh ash with 25 ml of distilled water ten times. .-

AN

&

) ration. < The
"advantage 6f Kimpak was that it was able to maintain a o
_comparatively ‘larger volume of water for & longer period of

‘f-resulted in unnecessary wastage .of seed. “Since_the~number,"
. of petri dishes, (not the number of iseeds per petri dish),
" established .the number of experimentadl units, it was more . -



f. " »I “ ' . T -» ( . A. . . : 90

E/// In the pilot studIes wash1ng was completed fourteen
times. Washing (1each1ng)afourteen tfmes was unnecessary .
because the extra four washings did not reduce the.

- ~electrical %nduct1v1ty by an apprec1able amount, and. only
e diluted the leachate concentrate. Also, a pilot study was
' c$pducted to test the influenée of" d1fferent concentrations

leachate on seed germ1nat1on response. ~Hiig study
demonstrated that germ1nat1on decreased as leachate.
. concentration increased, and further conf1rmed results _
demonstrated by Woodard (1983 and 1987) R Ca

: -_'10 The experimental- unit was petri d1shes Spencer‘:t
- Lemaire plastic boxes were not used to contain the petri
- dishes, ‘because statistically this would .confuse the
' " experimental design. .In addition, although the advantage
of these boxes for standard germ1nat1on experiments has
been described by Wang and Ackerman .(1983} for their -
-ability to retain moisture, results from pilot studies
" .indicated that the: mo1sture hold1ng propert1es of K1mpak
were- superlor ' e

L1tErature C1ted
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APPENDIX VII

: Seedlot Spec1f1cat1ons

]
.

Source A

’

Whi te Spruce Seedlot DL 72-21- 4- 83 |

Lat1tude 55° 17' ' s
Longititude: 113°05’
Elevation: 640 m

Collection date: August to September 1883

Purity: 98.2% v
1000 Seel We1ght 1.89 g .
Germ1nat1on Untreated 77 5% B
Stratified 84.2%
(germ1nat1on 21 days at constant 25° C
~ - . 12 hour nights, 12 hour days)
Moisture Content: 6.0%

t'Storage Temperature - -18° C
AL ‘ ' :

Source B
Wh1te Spruee Seedlot DL 68- 12 4- 83 Sw
Latitude: 54° 55’

- Llongitude: 112°

Collection date: August to September 1983
Purity: 98.5% .
1000 Seed Weight: 12,171 g

-Germ1natlon Untreated 81.9% (dune, 1986)

Stratified 89.3% (June, 1986)
(germ1nat1on 21 days at constant 25°C,’
: 12 hour nights, 12 hour days)
Moisture Content: 6. 4%
Storage Temperature: -18°C



