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CHARACTERISTICS OF SOIL TEMPERATURE AND MOISTURE, 

GERMINATION OF JACK PINE SEED, AND SEEDLING ESTABLISHMENT 

ON SEEDBEDS CREATED BY A MIDDIEBUSTER PLOW 

IN SOUTHEASTERN MANITOBA 

Proj act MS-222 

Internal Report 

H. P. Sims 

INTRODUCTION 

The successful regeneration of jack pine in southeastern Manitoba 

is greatly dependent upon seedbed preparation. One method currently 

being used creates a furrow 2 to 3 inches deep and 3 to 4 feet wide 

with an overtumed-sod ridge on each side. In 1962 a study was begun 

to assess the capacities of the seedbeds created for germination, 

sum.. val, and growth. Preliminary studiesl on three sites - oligotro

phiC dr,y, mesotrophic fresh-minus and oligtrophie fresh (Muellel'

Dombois 1964) - indicated that the dry ai te was the most critical end 

in 1964 the study was intensified on such a site. However, studies on 

the original three sites have been continued in less detail and will be 

terminated by growth and mortality measurements in 1966. In the follow

ing paper the original study on these sites will be referred to as 

Study ~, while the more intensive study on the dry site will be re

ferred to as Study B. 

1F or further details the reader is referred to earlier reports pre-

pared for this project (Sims, H.P. 1963, 1964 and 1965). 
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WORK COMPLETED IN 1965 

Mjathodg 

Establishment of sample plots - Nine plots were located on a new east

west strip which had been plowed in 1964 and cut during the winter of 

1964-65 (Study B). The plots were subjectively located so that the 

north, south and middle one-third of the strip each contained three 

plots (Figure 1). 

Each plot contained the following treatments: 

(1) Three spots per seedbed condition (ridge, undisturbed, 

trough, base of south-facing slope, and base of north

faCing slope)2 seeded with 50 seeds each. Sub-plot 

size one milacre. 

(2) Five 2-year-old seedlings planted on each seedbed 

condition. Sub-plot size one milacre. 

Seeding was done April 29 and planting was done on May 4. 

Study - B area was fenced to prevent breakage of instruments by 

mammals. No new plots were located on Study - A areas. 

Seedspot and planting stock tally and measurement - study A. Seedlings 

established in 1963 and 1964 were checked for mortality in May and late 

August of 1965. Total heights and 1965 growth were measured in late 

August of 1965; root collar diameters of 1963 seedlings were also 

measured. The latter seedlings were then harvested and oven-dry weights 

obtained. 

2 
Throughout the remainder of the report, seedbeds will be defined as 

follows: Ridge = R; Undisturbed = U; Trough = T; Base of south-faCing 

slope = BSF; Base of north-facing slope = BNF. 
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Seedspot tally and measurement - study B. Daily records were maintained 

during peak periods of germination and mortality. Otherwise weekly 

records were kept. As germination occurred on the 1965 plots, each 

seedling was marked wi th a colored skewer. Each week of germination 

was depicted by a different color. Mortality was marked with red 

skewers and dead seedlings were collected for examination by a patho

logist. 

Seedspots established in 1964 were checked for mortality in May 

and late August of 1965. Total heights of 1965 seedlings, and total 

heights and 1965 growth of 1964 seedlings, were measured in late 

August of 1965. 

Planting tall:r and meamremMt - study B - At weekly intervals after 

planting, 1965 stock was checked for mortality. Dead seedlings were re

moved for examination by a pathologist. In late August of 1965, all 

seedlings were measured to obtain shoot growth in 1965. 

Forest insect SUrvey - study A and - B sites - In late August an insect 

collection was made from all planted and seeded stock. 

Temperature measurement - study B - Soil surface temperatures were 

measured by means of 45 twenty-four-guage coppel\-constantan thermocouples 

using two Electronik 15, Universal 24-point strip-chart recordem (Figures 

2 and 3). One thermocouple was anchored on each of the five seedbeds on 

each plot and covered with a layer of soil one particle in thickness. 

Leads from each plot to the recorder were encased in a flexible spiral 

sheath (Figure 4). 

The recorder was set for a 5-second print cycle so that each in

dividual seedbed temperature was recorded every two minuteG. Each re-
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corder was equipped with a time switch and recorded temperature on17 

from 1000 to 1800 hours; with the chart drive speed set at 60 inches per 

hour a chart lasted three days and records were extremely clear (Figure 

5). Records were obtained for the period J'Wle 6 to September 28. 

During this time a total of 17 recorder days were lost dUAl to equip-
t 

ment or power failure. One recorder acco'Wlted for 15 of these lost 

days. 

Air temperature was measured by two thermocouples mO'Wlted in a 

sandwich screen (Figure 6) and by a thermograph located in a bird-

house shelter. 

Soil moisture measurement - study B - Soil samples from the surface 

t inch, from It to 2 inches and from 3 to 4 inches, were taken gravi

metr.tcally at intervals of 1, 3 and 5 days after rain, and every 5 
i~ 

days thereafter when applicable. One sample from each depth was take 

on an R, U and T seedbed on each exposure. 

Samples were collected in tins, sealed immediately with masking 

tape, and weighed as soon as possible, usually 1 or 2 hours after 

collection. All samples were oven dried, at the field station, for 36 

hours at 1050 C and moisture content calculated. Field capacity and 

permanent wilting point were measured in the laboratory by gravitational 

and standard SllIlf'lower method, respectively. 

fres;ipitation measurement - studies A and B. Precipitation was obtained 

weekly for the period May 13 to September 22 by means of 3 Beal-type 

rain gauges on each area. In addition to the Beal-type gauges, a 

Cassela siphon recording rain gauge was located on the Study B area. 



Fig. 2. Recorder shelters on 
strip - Study B. 

Fig. 4. Polyethelene 5piral sheaths 
used to encase thermocouple 
leads. Each. inch diameter 
sheath contains 5 leads -
Study B. 
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Fig. 3. Recorder mounted in 
shelter - Study B. 

Fig. 5. View of recorder chart 
record - Study B. 



7 

Figure 6. Thermocouples mom ted in 
sandwich screen - Study B. 
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SOkar radiation - study B. Measurements of solar radiation were obtained 

by means of a Robitzch - Fuess bimetallic actinograph. 

Results 

Germination and survival on 1965 seedsoots - studYaB - Germination 

began during the week of May 28 - June .3 and, due to cool moist weather 

condi tions, extended into late August on all exposures. 

During the first peak of germination, between May ~ and June 17, 

87 .0 per CEIl t of total germination occurred on the south exposure.3, and 

77.1 per cent occurred on the middle exposure; on the north exposure, 

47.0 per cent of total germination occurred between June 4 and June 17. 

Overall exposures 63.2 per cent of total germination occurred between 

May 28 and June 17. The majority of germination during the peak occurred 

during the week of June 4 - 10. During this week 'YI.O per CEIl t of total 

germination occurred on S, 51.4 per cent on M and 29.2 per cent on N. 

Overall, 11. S port,COlt 'oocuredhdnring.,:this peak. 

A second peak occurred during the week of July 2 - 8 on N and M. 

During this time per cents of total germination occurring were 22.1 and 

7.3 respectively. 

Germination to October 8 is shown in Table 1. Lowest per cent 

germination occurred on t:te R seedbed of the N and M exposures and on 

the U seedbed of the S exposure. Highest per cent Germination occurred 

on the BHF seedbed of the M and S exposure and on the T seedbed of the 

N exposure. Average per cent germination for all plots was lowest on 

the R seedbed and highest on the T seedbed. Comparing exposures, average 

germination on all seedbeds was almost three times as great on the N 

exposure as on the M and S expoeures. 

3 Hereafter norther.n exposure will be referred to as N, middle exposure as 

M, and souther.n exposure as S. 
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Mortali ty to October 8 is shown in Table 2. Overall, 310 or .31.,6 

per cent of 981 seedlings died. On N, 189 or 33.6 per cent died; 71 or 

32.6 per cent died on M, and 50 or 24.9 per cent died on S. Slightly 

lower mortality occurred on R and T seedbeds than on the remaining three 

but this ranking was not consistent wi thin individual exposures. 

Considering all exposures as a group, mortality of 149 seedlings 

was attributed to. damping-off, 44 to heat in combination with drought, 

and 19 to chewing; other mortality causes accounted for 98 seedlings 

(Table 3). Heat damage was greatest on the U seedbed. However, 

variation among seedbeds was great, as heat damage was highest on the 

T seedbed of exposure N, highest on the R seedbed of exposure N, and 

highest on the U seedbed of exposure S. There was very little diff .. 

rence in amount of heat mortality among exposures. Damping-off was 

highest on the N exposure and lowest on S. Overall, per cent damping

off mortality was lowest on the U seedbed and highest on the R seedbed. 

However, there was very little difference among, R, T, BNF and BSF seed

beds. Mortali ty from chewing was highest on the M exposure and overall, 

highest on the BSF seedbed. 

Due to rather uniform, cool wet weather conditions mortality was 

fairly evenly distributed over the entire growing season (Table 4). 

A short peak in mortality occurred during the week of June 11 - 17 and 

a second, longer but with less mortality, during the period July 2 - 15. 

In both cases damping-off was the chief cause of mortality. This 

pattern was quite consistent with all exposures, accept that the second 

peak was comprised mainly of mortality occurring on N. Consistent with 

weather conditions was the fact that there was no definite period of 

high heat mortality on any exposure. 
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Mortality for each week of germination is summarized in Table 5G 

As can be seen from the table, germination period had very little in

fiuence on subsequent mortality, with one exception. Germinants of 

the period May 28 to June 3 showed better sum val than seedlings from 

any other period of substantial germination. Survival of seedlings 

from the peak period of germination did not appear to be significantly 

better than for germinants from any other period. Overall, seedlings 

from the period June 11-17 surfered slightly higher mortality than seed

lings from any other germination period. 

Morta1i ty on 1963 and 1964 seedspots - study A. A comparison of morta-I

i ty on 1963 and 1964 seedspots, for the period September 1964 to Sept.

ember 1965 and for the period September 1963 to September 1965, is 

given in Table 6. Basis for this data may be found in Appendices IV 

and V. This includes second- and third-year growing periods on 1963 

spots and second-year growing periods on 1964 ~ ots. From the table it 

appears that second-year mortality was substantially higher than third

year mortality and that winter mortality was substantially higher than 

mortality for the summer period. Mortality was highest on MR2 and 

lowest on MR!. By the end of the third year, mortality of 1963 seed

lings was highest on R and U seedbeds of MRl, BNF and U seedbeds of 

MR2, and T seedbeds of MR.3. Second-year mortality of 1964 seedlings 

occurred only on BNF seedbeds of MR.l, was highest on BSFseSdbeds)of ,.lffi2 

and on BNF and BSF seedbeds of MR3, although on the latter MR mortality 

was very low. 
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.C.'1I0y[J 
Pel" c.e." t 1'10l'taJ,. tJ {')(.('ul"'rill3 toOetDber ,1 

G~r". ·nA-l/IH. hl>}-o,(1&1 lJ M S tV /'1 S. 
W"Hlber fit,.. ceht NV""kr reI" cUrl Nv",/)er f1e" e~"t I-¥voWber fJ:.1" CVtt 

je,.,.,. jn1"I'Wit jet·"". ", .l'b.Jit ,e,."" . ""'''Wi~ jer"". i'n" rtAl,t, 

MQ.y .l.' - .ruNe ..3 11 ~.5 I/o /1.5" 'ID 1/,1 IC:l. IS: 7 

.jUNE AI - .rUNe IC I'J 51.1/ /I,L 33.3 III./- :J...1.~ jg, 33. <I 

June /1- .JUI1f ... 11 (H 31.'1 /1 10.~ I' 37.S" /3,2; 1f/.7 

J'une.. Ig- .:rune..,ttf 3E 16.1 3 ();O "- 0.0 38 15".' 

J'(}n~ 1..) - J' ul J I S~ 3'.5 If .u.o I 0.0 5"1 .3l..f 

.ru/~ .z. - Julj S 1J..'1 3.3.' " 
;1.5.0 (; 50.0 /Jl.6 .,3. , 

Jvl'y ,- JulJ I~ 3S- ~., t:t 33.3 "I- :l5.~ '-16 ,15.0 

J"ulj ". J"ulj.2:l.- U> g5'.o S !M.O ~ 33.3 .2. .JS.l 

jv'~ J3-J"u':t el1 5 Jo.c / 0.0 if S-o.o 10 .I0.() 

Ju/~ .30 ~ AU,Su.st s 9 j1.5' 3 &.".3 3 38.3 1'1 85'.1 

AVjtJ6t ,,- A "just 1.2- - - " /~·1 - - 1/ '.1 

1. £ xp,.e.ss etl 4.5 4.. pe.r c.e.llt of pet-,·odic. jerm'-"ttJicIJ. 



r"BLE 6 
A COftllPAf{l.t::,OI'l OF .s~ASoNIfLJVlDR.rAJ Ir'f OAf Iq'j AND 19 ,,# SE"E"D5f'()rS - StUDY' A 

Perioq of l"1orta.1 it v 
/VI f< 1 ~JV. .7< 2.- 111 R 3 Aver4.4e M R.1. 2- 3 . 

~pt,/f"f r'J4.JJ Jf4J r~/1" ~rlt~ ISCtt.11,'1 jMa.J/*~ !Seft/" Serf.It'J 1~·II#'1 MIII-fll"'{ r>e.fl.It"l jScpfltu IX,,· If'" I l'1",y, "If pc. /'f. r", FXtf.,,{,1 
~. t. js.,t.~"j t. t;. eo too ~1hJ 

t- to 1'4 ,.. 
1'0 tD ~o to 

4i1./~ 5ept.,,~ ~CPtJ1'f t'1a.Y,I'J'-' Se.l't.ffl$ $ Cft"Jf&j JIll.",,,,, Se,r."~ .5et'f.lM ~.ml "'4"It45" !>eft) 11&$ .I'''~ Strft·",j 

lSee~bed ~po+-'yr. f er c.e In'" /114 rt-a.,J iI-Vi 

R 19'03 0.0 D.O b·o 5'0.0 - - - - 0·0 0,0 0.0 0.0 D.D Ao O.(J I/.J 

I"" - - - - - - - - - - - -

r 11'$ 0.0 D.D 6.0 o·/) d.D 0·0 C.O 16·1 3·9 ~.o 5'.1 :l.'.~ il·,3 I.~ 5.S' ~j.1/ 

, 'I, 1/ 0.0 0.0 0.0 1().1 ,.S 11·' Jf.7 I.~ 1'.1 (,·1 '1.0 10.1/ 

~. 

U If'~ (J.D IJ. () 0.0 50.a 'DoO 0.0 '(J.D 5'1./ ~.O d.O 0.0 ~'.I 17.' 0.0 11·' 41.1 

I". D.D ().(J f).D - - - - - - IJ.~ C,O C.C 

8NF 11'3 f). 0 0.0 0·0 'f.S" I~S 0.0 1:l·5' 10.' 0.0 ().(J O.f) 11.' 1.$ d.o /.J ,11.'1 

""" 10.0 Ood 14~ 1/.0 .3.0 /J·7 tf· 1 j.o 7.' 1.'1 J. 'I {O., 

85F ,"$ 0.0 {J.o 0.0 (J.o 0.0 f).O O.() IJ.o (,·7 ".0 '·7 17.7 1:3 d·O 5.3 14.3 

11.1/ - - - ~.O t·" :U . .3 1. (, C.O 1.' IJ.g J. 7 n.t) 

~ 

All 11fAj 0.0 0.0 0·0 /0.5 1./ 0·0 1.1 ~,." :/., 0·1 3.5' ~.O .!.r., tJ., 3.$ ~.() 

$e.ed~ 1'1,1{ 5.' 0·0 5.' 13·7 ".5 1,.1{- 5·3 /. 1 1·0 /.1 J.¥ /I .• 

1 E It".. "P4IJ .see. J 1;'''Js J-t4.to.illiltj AI' loll.. /Je.jill"iflj til eulr !'e.,." •. 



17 

Mortall ty on 1964 seedspots - study B. Winter and summer mortality of 

1964 seedspots is given in Table 7. Basis for this data may be found in 

Appendix Vl. Overall, summer mortality and winter mortality were about 

equal, with summer mortality higher on N and S and the reverse true on 

M. Total second year mortality was greatest on BNF on exposure N, T in 

exposure M, and R in exposure S. Overall, total mortality was greatest 

on R. 

Survival of planted stock - study A. Survival of 1963 stock after three 

years was generally poer on :4R~1t and 2, except on the T seedbed of MR.l, 

and was geed to excellent on MR3 .. (Table 8). On both MRl and MR2 over

all survival of 1963 stock was less than one-half that of 1962 stock 

after 3 years. 

Survi val of 1964 stock during the second year was good to excellent 

on all seedbeds and moisture regimes; after two years only the R seed

bed of MR2 showed heavy mortality. 

Suryival of planted stock - study B. Survival of 1964 and 1965 planted 

stock is ~ ven in Table 9. First-year sum val of 1965 stock was higher 

than first-year survival of 1964 stock. However, firlt-year survival 

was highest on S, the exposure with lowest survival in 1964. As in 1964, 

R and U seedbeds had lowest survival~although survival was excellent on 

all seedbeds. The only mortality of 1964 stock in 1965 occurred on the 

S exposure; four seedlings died. 

Growth on seedspots - study A. A graphic illustration of height growth 

of 1962, 1963 and 1964 seedspots is given in Figure 7 and t. Basis for 

this data may be found in Appendix I of this report, Appendix I' of the:) 

1964 report (Mimeo 64-MS-17~ and in Appendix III of the 1965 report 

(Mimeo 65-MS-18.) 
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Figure 8. Average height of 1962, 196.3 and 1964 seedspot seedlings for each moisture regimei and 
seedbed - Study A. / . . . .. 
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Height on 1963 seed~ots exceeded that on 1962 seedspots atter 

three years of growth, due primarily to excellent growth in 1965. On 

1962 seedspots, height was greatest on MR3. Height of 1964 seedspot 

seedlings lags behind height of 1962 and 1963 seedspots for an equi'VEI

lent growth period (Figure 7). 

Considering each seedbed and MR individually (Figure 8), on Mil, 

1965 growth of 1963 stock was highest on U and T seedbeds and exceeded 

4 inches on all seedbeds. G~th of 1964 stock in 1965 ranged from 1.3 

to 1.8 inches. 

On. MR2, 1965 growth of 1963 stock was highest on U seedbeds 

(5.8 inches) and least on BSF seedbeds (2.3 inches). Growth on 1964 

seedspots ranged from 1.0 to 1.5 inches in 1965. 

On MR3, growth of 1963 stock was excellent in 1965, ranging from 

4.5 inches on T to 7.6 inches on'V; growth on R, BNF, and BSF was 6.9, 

7.1 and 7.1 inches respectively. Growth on 1964 seedepots ranged from 

1.2 to 1.9 inches in 1965. 

Considering all moisture regimes combined, 1965 growth on 1963 seed

spots was greatest (7.2 ~ches) on R and U seedbeds and least (4.6 inches) 

on T seedbeds. Growth on 1964 seedspots ranged from 1. 5 to 1. 8 inches 

in 1965. 

Growth on seed,spots - stud,v B. Growth of 1964 and 1965 seedspots is fh own 

in Table 10. Considering all exposures, second-year seedlings were 

tallest on U seedbeds and smallest on BSF seedbeds. Considering all 

seedbeds, seedlings were tallest on the M exposure and smallest on I. 
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Height growth of planted stock - StudT ~ Growth of planted stock is 

illustrated graphically in Figures 9, 10, 11 and 12. Basis tor the 

graphE! may be found in Appendix II of this report, Appendix II of the 

1964 report (Mimeo 64-MS-17) and in Appendix IV of the 196; report 

(Mimeo 6;..MS-18). 

Average second.-year growth of 1962, 1963 and 1964 plan ting stock 

is illustrated in Figure 9. On MR', 1, 2 and 3, second.-year growth of 

1964 stock was less than that of 1962 stock but greater than that of 

1963 stock on all seedbeds. On MRl second-year growth of 1964 stock 

was greatest on U and least on i, on MB2 greatest on U and least on 

BSF) and on MR.3 greatest on BSF and least on T. 

Average third-year growth of 1962 and 1963 stock is illustrated in 

Figure 10. Qg. Mil third-year growth ot 1962 planting exceeded that of 

1963 planting on all seedbeds except BSF. Height growth of 1962 

planting was greatest on T and of 1963 planting was greatest on BSF. 

On MB2, third-year growth of 1963 planting exceeded that of 1962 plant

ing on all seedbeds except U and BNF and was greatest on T seedbeds. 

Growth ot 1962 planting was also greatest on· T. On MR3 third-year 

growth ot 1962 planting was much greater than that of 1963 plan ting on 

all seedbeds. Height growth of 1962 planting was greatest on T; growth 

of 1963 planting was greatest on BSF. 

First-, second- and third-year growth of 1963 and 1964 planting 

stock on all seedbeds combined for each moisture regime is shown in 

Figure 11, and for all MR I S combined for each seedbed in Figure 12. 
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.fu1ight growth of planted stock - study 13. Height of 1964 and 1965 planted 

stock is illustrated in Figure 13. Basic data for the figure may be 

f01.md in Appendix III. In 1964 height growth of 1964 stock was greatest 
J 

em N exposure except for the BNF seedbed, where growth was greatest on 

the M exposure. In 1965.1 height growth of 1964 stock was greatest on the 

M exposure on all seedbeds and total height of all seedlings was great

est on seedbeds of the M exposure. For 1965 stock,. height growth on all 

seedbeds 'Was greatest on the S exposureo As in 1964, plan ting heights 

varied among exposures but height at time of planting did not seem. to 

affect height growth, tallest seedlings did not always exhibit greatest 

growth. 

,!1oot.,.;;yll&.r diameter and oven-dry seedling weights of 1962 seedlings -:. 

studY A. Weights and diameters of seedspot seedlings and planted stock 

are given in Tables 11, 12, 13 and l4. 

Considering all seedbeds, oven-dry weight of seeded stock (Table 11) 

is highest on MRI and lowest on MR2. Considering all moisture regimes, 

oven-dry weight of seeded stock is highest on R and lowest on T seedbeds. 

For planted. stock (Table 12), oven-dry weight is greatest on MR3 and 

lowest on MR2. By seedbed, weight 'Was greatest on BSF and least on R. 

Unlike the 1964 results, in 1965 there was very nearly a direct 

correlation between oven-dry seedling weillht and root-collar diameter. 

The few discrepancies were very small. 

Browsing of seedlings - study A. Browse damage to seeding and planting 

stock is shown in Table 15. Stock of 1963 and 1964 planting origin was 

severely browsed except 1964 stock on MRI. Seedspots were less severely 

affected wi th"fbeav.y damage occurring to 1963 seedspots on MR2 and light 

damage on 1963 spots on MR3 and 1964 spots on MR2. No browsing occurred 

on seeq~pots on MRI. 
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Figure 13. Height of 1964 and 1965 planting stock - Study B. 
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Most browsing occurred dur.1llg win tel' and mice and deer are prob-

able agents. 

Soil temperature. 1964 - study B. For a period of 146 days, from June (, 

to September 28 inclusive, maximum. and minimum. temperatures were recorded 

trom 1000 - 1800 hours continually on each seedbed and plot. Seasonal 

extreme temperatures and critical temperature times are presented in 

Table 16. Because temperatures were recorded by thermocouples, higher 

extremes than in 1964 were expected. However, seasonal extremes Were , 

qui te similar in 1964 and 1965 due primarily to cooler, wetter weather 

in 1965. 

Total number of temperature minutes~20~ for the M and S ex-

posures was quite similar and far exceeded the total for the N exposure. 

o 
On the N exposure temperatures did not exceed 120 FonT and BNF seed-

beds and total time was highest on BSF. On M, temperatures on BNF did 

not exceed 120<7 and total time was highest on U, though quite similar 

to BSF and R. On S, all seedbeds experienced critical temperatures, 

although ENF and T recorded a very low total. Total time was highest 

on BSF. Over all exposures, seedbeds in order of decreasing total 

critical temperature minutes were. BSF, R, U, T, ENF. 

Average maximum air temperature for the period June 6 to Sept

ember 28 was 73.30,; maxinnun air temperature was 97.70,. The period 

of above 900, temperature lasted for only 3 days. Otherwise air 

temperatures rarely exceeded 850,. 





,ttegipi tatioo. 1965 - study A, Total precipitation for each of the 3 

moisture regimes (Table 17) was higher than in 1962, 1963 and 1964 and 

was 57 (MB2) to 75 (MRl) per cent above the 21 year average for the area. 

~recipitation, 1965 - study B. Precipitation for the Study B area is 

gi van in Table 18. Total for the collection period was 68 per cent 

above normal. 

Solar radiatign - study B. Difficulties were experienced with the 

actin~r.~ and incomplete records only were obtained. They are not 

presented in this report. I believe that all minor difficulties have 

now been. rectified and a complete record should be obtained for the 

1966 study period. 
\ 

Soil moisture - study B. Field capacity and permanent wilting point', 
If-' 

of study - B soils are gi ,$ in Table 19. 

TABLE 19 
FIELD CAPACITY AND PEBMANENT WILTING POINTS - STUDY B 

:Jeedbed Depth (inches) 

. ";. :;: ~ 1/2 l~ /2 ~ ,J, 
1 ~"' ... 

I Field Permanent Field Permanent Wield Permanst, 
,apacity liilting ~apacity wilting ~pacity wilting 

, 'p«?int point I point 
(%)1 (%) (%) (%) (%) (%) 

u 51.3 ... 21.4 1.9 21.4 1.9 

J1 21.4 1.9 24.4 2.4 21.0 5.3 

t 21.4 1.9 21.4 1.9 21.4 1.9 

~~~, Per cents based on oven-dry weights A. 
;' ~. 
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Forest insect survel - The tollowing species were collected on the study 

areas. 

Study A - MRl - IetraloPha robustell~ - webworm 

Trichi0891lla triangulum - sawfly 

Study A - MR3 - TetrilopA. EQbustella - tall webworm 

Aphidae aphid sp. 

Study B - 1964 area - ArgIrotaenia tAbulana - needle miner 

Tetralopha t2Rsstella - webworm 

Pheua.caspis pinitoU§ - pine needle 
scale 

Choristoneur§ pinus - jack pine 
budworm 

Study B - 1965 area - TetralQpha ro~stell~ - vebwo~ 

Choristoneur§ p;bms-...· -- jack pine 
budwol'm 

None ot the above ~i .. ~ve done serious damage but collectionS 

will be continued on tl1e study-B areas to check the development ot 

intestations ot Tetr§loph§ robustella and Choristoneura PhnYS, which 

do not commonly intest young pine. 

Morta] 1 ty - ILcrocl1 mate Relationphips - Study B. 

Cool, wet weather reduced the incidence ot heat morta~ity. The 

heat mortality which did occur usually occurred during periods ot 

high temperature accompanied by low rainfall. Otten the effects of 

high temperature appeared to be off-set by high rainfall. 

Damping-off accounted for most mortality on each exposure. The 

tirst peak occurred June 11 - 17; over 1 inch of rain fell during the 

week preceding this period. - Most mortality occurred on N, the shaded 
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exposurell and accompanied the peak germination period (June 4 - 17) on 

this exposureo Mortality on M was also high while on S, very little 

mo rt ali ty occurred and 80 per cent of the mortality occurred on the cool, 

damp T seedbedo No damping-off mortality occurred on S after June 240 

In the second peak of damping-off mortality, July 2 - 15, most 

mortali ty occurred on N. The peak period was accompanied by 4 inches 

of ra1n and also corresponded to the second peaks of germination on 

N(22%) and M(7%). No new germination occurred on S. 

WORK PROPOSED. 1966 - STUDY A. 

Measurements 

Total height and height growth of 1964 planted and seeded stock 

will be recorded in September of 1966. 

Mortality of all planted and seeded stock will be recorded in May 

and September of 1966. 

All 1964 stock will be harvested in September of 1966 and root 

collar diameters and oven-dry weights obtained. 

PreCipitation will be recorded by means of three Beal-type rain 

gauges located on each of MRts 1, 2 and 3. 



WORK PROPOSED. 1966 - STUDY B. 

not Layout 

Nine permanent plots will be systematically located on a scari

fied and cut eas~west strip located on Sec. 26, 'l'wp. 1, Rge. 13 

(Figure 14). Plots and sub-plots will be laid out as in 1965, and the 

area will be fenced. 

S fNdmg and Planting 

(a) Seeding - Each of the five seedbed conditions (R, U, T, BSF, 00) 

will contain three 1-byl-foot seedspots. Each spot will be sown 

with 50 seeds. Seed will be treated with endrin-arasan compound 

which contains fungicidal as well as rodent-and bi~repe11ent 

properties. To prevent washing, a small barrier will be placed 

on the downslope side of each seedspot. 

(b) Uanting - Five 2-year-old seedlings will be planted on each seed

bed condition. 

Each seeding and planting sub-plot will be one milacre in size. 

Seeding and planting will be carried out in spring as soon as 

seasonal conditions are satisfactoI7. 

Seed nabi1i ty will be tested before seeding. 
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Maasur~ments 

(a) Seed:i,p.g and planting. Observations of germination and mortality on 

seedspots will be made weekly except during peak periods of germi

nation and mortality, when daily observations will be made. 

Location of germination- and mortality will be marked on the plots 

with colored plastic toothpicks~ using one color for each week of 

germination and red for mortality. Dead seedlings will be e~mined 

by the Forest Pathology Laboratory and suspected cause of mortality 

will be recorded. 

Plan ted material will be observed weekly and mortality re

corded. Mortali ty of 1964 and 1965 seeded and planted stock will 

be recorded in May and September of 1966. 

At the end of the 1966 groWing season, height growth and total 

height of seedlings and planted stock on all 1964, 1965 and 1966 

plots will be measured. All 1964 stock will be harvested in 3ept

ember of 1966 and root-collar diameters and oven-dJ:"1 weights obtained. 

(b) Temperatures. Air and soil-surface temperatures will be recorded 

by means of coppel'l-constantan thermocouples and two 24-point 

potentiometric strip-chart recorders. 

One thermocouple will be placed on each seedbed of each plot. 

The thermocouple junctions will be covered by a thin layer of SUl'l

face material. 

A thermistor probe will be used to obtain temperatures at 1-~2-

and 3-inch depths. These measurements will be taken daily wi thiI( 2 

to :3 hours after sunrise and between 4:00 and 5:00 p.m. CD'! to 

obtain readings as near as possible to the maximum and minimum re

spectively (Shaw, 1955). 
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(c) Soil moisture. Soil samples from surface, 1-l/2- and 3-inch 

depths will be collected 1, 5, and 10 days after rainfall, and 

every 5 days thereafter (when applicable). Samples will be 

analyzed for moisture con tent. 

Infiltration rates will be determined using methods employed 

by Bums (1952). Depth of penetration will als.o be measured. 

(d) trecipitation. Precipitation will be measured by means of a 

Cas~ela_ siphon recording rain gauge and supplemented by three 

Baal-type rain gauges. 

(.) Solar radiatign. Daily solar radition will be recorded by 

means of a Robitzscb-Fuess, Model 5ad bimetalliC ac~ograph. 

Co-operation With the Forest Insect and Disease Survey_ 

The Forest Insect and Disease Survey will b,e contacted for 

assistance in the assessment of insect problems. Collections will be 

made on June 25~ July 25 and August 25. 

ANALYSIS OF RESULTS 

Analysis of results will be carried out as described in the 1964 

progress report at the end of the 3-year duration of Study B. 
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APPENDIX I 

AVERAGE SEEDLING HEIGHTS 

1962, 196.3 and 1964 SEEDSPOTS 

STUDY A. 
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.A.PPBNDIX III 

SBlDLING HBIGH'lS 

1964 AID 1965 PLANTIlG 

STUDY B. 
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STUDY B. 
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