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CHARACTERISTICS OF SOIL TEMPERATURE AND MOISTURE,
GERMINATION OF JACK PINE SEED, AND SEEDLING ESTABLISHMENT
ON SEEDBEDS CREATED BY A MIDDLEBUSTER PLOW

IN SOUTHEASTERN MANITOBA

Project MS-222
Internal Report

by
He P. Sims

INTRODUCTICHN
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 overturned-sod ridge on each side, In 1962 a study was begun
to assess the capacities of the seedbeds created for germination,

survival, and growth, Preliminary studiesl

on three sites - oligotro=
phie dry, mesotrophic fresh-minus and oligtrophie fresh (Mueller-
Dombois 1964) - indicated that the dry site was the most criticel 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 4, while the more intensive study on the dry site will be re-

ferred to as Study B,

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

pared for this project (Sims, H.P. 1963, 196/ and 1965).,



WORK COMPLETED IN 1965

Methods
Egtablighment of gample 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),

Bach plot conteined the following treatments:

(1) Three spots per seedbed condition (ridge, undisturbed,
trough, base of south~facing slope, and base of northe
facing slope)2 seeded with 50 seeds each. Sub-plot
size one milacre,

(2) Five 2-year-o0ld seedlings plented on each seedbed
condition, Sub-plot size one milacre,

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

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

memmals, No new plots were located on Study - A areas,

Seedsgpot and plenting 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; Bage of north-facing slope = BNF,
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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 with 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-
1ogist,

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,

B - At weekly intervals after
planting, 1965 stock was checked for mortality., Dead seedlings were re-
moved for exsmination by a pathologist. In late August of 1965, all
seedlings were measured to obtain shoot growth in 1965,

Forest insect gurvey - study A and - B gites = In late August an insect
collection was made from all planted and seeded stock,

Temperature measurement — gtudy B - Soil surface temperatures were
measured by means of 45 twenty-four-guasge copper-constanten thermocouples
using two Electronik 15, Universal 24-point strip-chart recorders (Fiéures
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 minuted, Each re-
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corder was e;;uipped with a time switech and recorded temperature only
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 June 6 to September 28,
During this time a totél of 17 recorder days were lost du¢ to equip-
ment or power failure, One recorder accounted for 15 of these lost
days,

Air temperature was measured by two thermocouples mounted in a
sandwich screen (Figure 6) and by a thermograph located in a bird-
house shelter,

Soil mo agur - gtudy B = Soil samples from the surface
4 inch, from 1} to 2 inches and from 3 to 4 inches, were taken gravi-
metrj‘:cally at intervals of 1, 3 and 5 days after rain, and every 5
days thereafter when applicable, One sample from each depth was takemn
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 105°C and moisture content calculated., Field capacity and
permanent wilting point were measured in the laboratory by grav:li;étional

and standard sunflower method, respectively.

snd B, Precipitation was obtained
weekly for the period May 13 to September 22 by means of 3 Beal-type
rain geuges on each ares, In addition to the Beal-type gauges, a

Cassela siphon recording rain gauge was located on the Study B ares,



Fig. 2. Recorder shelters on Fig. 3. Recorder mounted in
strip - Study B. shel ter - Study B.
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Fig. L. Polyethelene spiral sheaths Fig. 5. View of recorder chart
used to encase thermocouple record - Study B.
leads. Each % inch diameter
sheath contains 5 leads =
Study B.



Figure 6., Thermocouples mounted in
sandwich screen - Study B,
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Solar radistion - study B, Measurements of solar radistion were obtained
by means of a Robitzch - Fuess bimetallic actinograph,
Results
Ge tion and val on ed s = dy B - Germination
began during the week of May 28 - June 3 and, due to cool moist weather
conditions, extended into late Aygust on all exposures,

During the first peak of germination, between May 8 and June 17,
87,0 per cent of total germination occurred on the south exposux_?eB, 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 pesk occurred
dux'lng the week of June 4 - 10, During this week 57,0 per cent of total
germination occurred on S, 51.4 per cent on M and 29,2 per cent on N,
Overall, 39.8 pericent oceurred/during.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 the R seedbed of the N and M exposures and on
the U seedbed of the S exposure, Highest per cent germination occurred
on the BNF geedbed 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 exposures,

BHereafter northem exposure will be referred to as N, middle exposure as

M, and southemn exposure as S,
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TABLE |

PER cent GERMmArion ON SecpSPOTS AccorpiNg To  SEEDBED AND EXPosurRE
Sruoy 8
Per 1
J Fv | see
/ 6.3 7.9 39.2 /5.4 238 /8.9
North Y 126 315 #6.2 8.1 5.2 29.8
()
1 23] 27.3 Yu 32.9 1.3 30.9
Average 13.9 22.5 426 | 253 25.1 4.1
(47
Z 35 7.0 /4 0 /2.6 1.0 /1 e
Middie 5 0.0 7.6 5.6 /4.1 7.9 9.9
(M)
' g 0.7 7.0 7.0 /1.5 /2.6 9.0
Average /4 /.0 8.1 4.1 14.3 10.9
2,58
3 35 6.3 9.9 /4.7 35 7.6
Sovth | ¢ 10 0.0 w71 | ses | ns | ra
(S)
9 /.9 0.0 9.y /4.7 /.9 7.3
Average 1.4 2.1 /0.4 /5.2 /0.8 70.0
369
_Amm ‘A’f.":“ 1.8 /2.4 2/.6 /9.2, /14 /2.4
1 Based upon seed vio.brlitj of 95¢ percent  when Sown.
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Mortality to October 8 is shown in Table 2, Overall, 310 or 3,6
per cent of 98l seedlings died, On N, 189 or 33.6 per cent died; 71 or
3.6 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 within individual exposures.

Considering all exposures as a group, mortality of 149 seedlings
was attributed to damping-off, 44 to heat in combination with drought,
end 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 M, and
highest on the U seedbed of exposure S, There was very little diffe-
rence in amount of heat mortality smong exposures, Damping-off was
highest on the N exposure and lowest on S, Overall, per cent damping-
off mortality wes 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, Mortality from chewing was highest on the M exposure and overall,
highest on the BSF seedbed.

Due to rather wniform, cool wet weather conditions mortality was
fairly evenly distributed over the entire growing season (Table 4),
A ghort 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, except 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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TRBLE 2
P ER CENT MORTALITY OF (G ERMINANTS ACCORDING To SEEDBED AND EXPOSURE
, Srupy 8
Percent mortals ty /
eed bed
|Exposure Plot R U T BNFE BSE__Vill seedpeds)
[ .l 4.3 31.5 S48 353 “o.7
N. 4 333 /156 5.1 41.5 218 21.7
1 33.3 /7.9 333 51./ 35.9 343
Average | 30.0 a3.5 3.9 49.2 330 33.¢
L4,
2 #o.0 R0.0 /8.0 2a.2 333 25.3
M- 5 - 50.0 .5 - 357 282
Vi 0.0 Jo.0 30.0 36.0 55.6 #¢. 9
Average 33.3 50.0 /8.4 20.3 “4o.3 32.¢
258
3 Gd.0 66.7 /4.3 9.5 ©0.0 L9.¢
S A 0.0 — 23.8 0.3 3.0 25.0
9 5.7 — 0.0 38/ Q9.4 20.9
Avaraac /8.8 66.7 /4.9 -7 34.0 g
3¢9
Avera.ge Ave.rade
Ams!| 71-9 26.5 342 27.0 33.4 35.3 3/.6
z | Based on nomber 0¥ 9er'm/naﬂ (s




TABLE 3
MosrAwry FiR Ehey SEEDBED AND EXPosuge AccorDiNG To CAvse = Srvoy B.
Per cent vart'a,/if-.y:l
Exposvre | N M | .S Average NMS |

Cavse of mortality Weat bWJfbmi,‘Othr Heat ’t”a%wlﬁ Otherfleat ”‘:’4’:76»“} ) Other|fleat: Dorpigchensy Other

R /-6 |50 — 133 /MI- te.q] = \ed|cala |3.1]41]r1.3]30 |3/

u 3u)7.1]rel/2a] 8.3) a5l 6.2|a29laaal = | - lwd 5e]sy|2.6]irv

T sylandar|ar| e |ss| = |a3lar|os|— Welsa|urlis |as

BNF (3N asd - [123] — (94131178176 180 |~ Vas|83|62]0.8 133

Seedbed

B8sF A.8|703 (/.8 |9.218.1 |1r4)exlé-#|R1 Wa]|— [R1é|41|/60R.¢ Vay

All seedbeds |3.640./ | 1-#]|8.5 | 6.0 |#.9 |4 6|r0.r|5.5 |50 0.8 89|44 515L|/.9 |/0.0

1Exfru.sul as a percent of Jirmimtlbh per Seedbed.




TABLE 4

SJEASONAL  MORTALITY OF GERMINATION ACURRING AT SJFPECIFIED FERIODS
Per cent /ﬂcr/d//od

/’700-/4/19 Perrod /1/ M S /rlfd]e AMES.

w' L [ | & o n"::; I P P °°'fg? I RCY PO v*‘:‘;‘ﬁ" ck“';"lb*‘( o'
/”d)' 28 — June 3 0.4 | o4 0.8 ot o o.z
June 4 ~June s0 .2 0.2 od w9 |78 3z2)os|og|loF|ra 25 os |ox|oxr| 03] ,¢
Soune 1/ ~_June 17 92| oz2los||99 32| 728 |14 | 28} s52) 70 |40 r5 g 09 | 78 | of | L2 || 03
Sune 18~June 29 o412y o2( 2774|209 |of|osl3s|s0]0F oSl zo} o7 | a5 |os |03 ] 26
Sune 25~July / 0.2 0.2 04 o5 os | rolor |ar 0.2 | ot
./u/} 2 -/aé« 8 28|~ | 28|57 o.4 09§ ~8 24 e 27 |os | a5 |38
./uér 9—/4://»/ /5 o o.7\1 5.7 2.9 re 2z} os /S lzolor )23 +/ 4o
/ajy /5 -—/«jf 2z 0.2 | o7 o70l 73| ot o4 0.8 w5l rrlozloz|ors|ar| z
Suly 23 -Suly 29 .2 120 22 0.4 AR o5l as| ag va P
Sty 30~ Hug. 5 0.7| oz 21| 20 o.#4fog} o s0 |l zo| 26 |or o9 | 24
9«} 6~ 4«]. /72 a5jl o o.f o4llos| 0s™ 25| zo | o2 as | ~r
ﬂuj’. /3 - ﬂaj'. 44 0.9 o9 o4 jof os orlog
Aug. 20 - Aug. 26 oz 0.2 o9 og)as PR I Y oqflos
4«_7’. 27 - .S'c/af 2 o5l 0.5 as | o.r
Jept 3 - Sepf9 0.2 |02y 04 o4 || ot o./ |e2]os
Jeplso ~ Seot23 122} 22 ;.4 o o5 057 o9 o7

[xpret:el as d,or cca/a/" ef,w”v(t/co} fcr ex/cos«fc
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Mortality for each week of germination is summarized in Table 5,
As can be seen from the table, germination period had very little in-
fluence on subsequent mortality, with one exception., Germinants of
the period May 28 to June 3 showed better survival 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 suffered slightly higher mortality than seed-
lings from any other germination period.

Mortality on 1963 and 1964 gseedspots - study A, A comparison of mortale-
| ity on 1963 and 196/ seedspots, for the period September 196/ to Septw

ember 1965 end for the period September 1963 to September 1965, is
given in Table 6, Basis for this data may be found in Appendices IV
end V., This includes second- and third-year growing periods on 1963
spots and second-year growing periods on 196/ spots. From the table it
appears that second-year mortality was substantially higher than thirde
year mortality and that winter mortality wes substantially higher than
mortality for the summer period, Mortality was highest on MR2 and
lowest on MRl, By the end of the third year, mortality of 1963 seed~-
lings was highest on R and U seedbeds of MR1l, BENF and U seedbeds of
MR2, and T seedbeds of MR3, Second-year mortality of 1964 seedlings
occurred only on BNF geedbeds of MRl, was highest on BSF seddbddasof MR2
end on BNF and BSF seedbeds of MR3, although on the latter MR mortality

was very low,
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TABLE §

Se ASONAL MORTALITY OF GBERMINATION OCCURRING AT BPECIFIED PERIODS -

Srvoy 8
Fer cent Morta/,'t_y oceurring to October gl
Germination peried A M S NS,
Wumber |Per cent|Nomber Per cent] Number fer centfYumber lfer cent
Jerm- Imortality germ. moﬁédn‘._! germ Imortality] germ. Imortalityg
May as- Juwe 3 17 Vass| 4 | 15| w5 {wr | 102 | s
June w - June 10 1¢3 | 3yl /il | 33.3) /14 |arz | 399 | 339
June 1t - June 11 99 3741 77 T0.6} /¢ 3751 /32 1 #17
June /8-June a¢ 33 } /] 3 ool 2 Jo.o| 33 | /58
June 25 -JUIJ / S | 38.5) # 2.0 / 0.0 |81 3.9
July 2- July 8 24 | 338 ]| 16 |50 ¢ S50.0| /46 | 33.¢
July 9-Julyis 35 |aag| 9 | 333 4 |ase| 4 |[450
July 1¢- Julx 22 20 | 350 5 | #o]| 3 33.3| 28 |35.17
July 23-Jvulyas 5 2.0 / 0.0 | # 0.0 | /0 | 30.0
July 30- Avgust s 8 | 315 3 |333| 3 |333]| 14 359
AVgust G- At{just 2z - - ] 6.7y — |— |/ $.7

1 Expre.sscd as a per cent of per/odic 3erm{hdf'om




TABLE 6
A COMPARISON OF SEASONAL MORTALITY ON [9e¢3 ANp (964 seepspors — Srupy A
Period of mortality
MR1 MR 2 - MK 3 Average MRi,.?J;
g’—F*,Hq{ -y, 19457 s‘f:,/?lflscff 53 5:# /fq Ms‘,,/u; h.m‘Sepf.m; 5?’ llﬂf Ma ﬁ&f S'cftm.y Scpf/w 1Sep?. 116y a.y, Ass ;z ¥t /9@
. aﬂl *f?"‘ &P;Hsl Sepuuf“'la.},ﬂa! .Sertm S| Septind M"Jt"*d Scpr nes &;;./m{ Ec,fm; \1:;, ned Sc,r} 1965 .Squ;i
[Seedbed Peedspotyr Aer | celnr | merralfiryt
R /1963 | 060 | 0.0 | 0.0 | 500| — — | —=1]1= |00 ]| 0.0 |00 oo |oo | 6o |00 |43
s —_] -] - - -] - — — —_ - — -
T 19¢3 0.0 00 |60 00|80 |oo|loollel]39]| K6 s4 121012372 |35 |23+
%% 00l 0.0 |0.0 0.9 19.8 |71.6 $#71 (L 5.9 .7 | 40 |ro¥
U (%3 | 60| 6.0 00 | 500600 |00 |6o.0|577]) 0.0] 4.0 0.0 (2311776 | 00 |77¢ |47
%4 | 00| 00 | 0.0 - -} - — — - 0.0 0.0 |o.0
BNF 1963 00| 00 | ool ¥51/35 | %0 /25|78 | 0.0 0.0 6o {729 /3 do |73 |R1#
(%4 | 70-06] 0.0 | /00 /.0 } 3.01/37 #4111 30 76 24 2.9 |0t
BSF 1968 | 00| 6olo0] 0oloo Yo.0)oo |00 |67 ]| 060 | 67})/77143 00 |53 |43
/964 -1 - 22-0 | 7.4|21.3 7.6 001 76 138 | 37 |10
o
All /963 | 00|00 |00} o5l 1.1 00l |40.3]|29 07 | 35 f210|F¢ | 05 |35 |2a0
seedbeds| /9¢4 | 5.6] 00 | 5.6 /137 | e.51/1.4 5.3 77 | 70 75 34 e {
1 Based upon Seedlings remaining at #he begianing of each period.
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Mortality on 196/ seedspots - study B. Winter and summer mortality of
1964 seedspots is given in Table 7, Basis for this data may be found in
Appendix V1, 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 pocr on JIR's}l and 2, except on the T seedbed of MR1,
and was geod to excellent on MR3.(Table 8), On both MRl and MR2 over—
all survival of 1963 stock was less then one-half that of 1962 stock
after 3 yeers.

Survival 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.

Survivel of planted stock — study B, Survival of 1964 and 1965 planted
stock is given in Table 9. First-year survival of 1965 stock was higher
then first-year survival of 196/ stock, However, firgt-year survival
was highest on S, the exposure with lowest survival in 1964, As in 1964,
R and U seedbeds had lowest survivalt although survival was excellent on
all seedbeds. The only mortality of 196/ stock in 1965 occurred on the
S exposure; four seedlings died.

Growth on geedspotg — study A. A graphic illustration of height growth
of 1962, 1963 and 196/ seedspots is given in Figure 7 and €. Basis for
this date 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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Averege height of 1962, 1963 and 196, seedspot seedlings for each moisture regime and

seedbed - Study A, -

Figure 8,

Average moigture regime 1,2, 3
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Height on 1963 seedspots exceeded that on 1962 seedspots after
three years of growth, due primarily to excellent growth in 1965, On
1962 seedspots, height was greatest on MR3, Height of 196/ seedspot
seedlings lags behind height of 1962 and 1963 seedspots for an equive=
lent growth period (Figure 7).

Considering each seedbed and MR individually (Figure 8), on MR,
1965 growth of 1963 stock was highest on U and T seedbeds and exceeded
4 inches on all seedbeds, Grdwth of 1964 stock in 1965 renged 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, renging from
4o5 inches on T to 7.6 inches on U growth on R, BNF, and BSF was 6,9,
7.1 and 7.1 inches respectively, Growth on 196/, seedspots 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 ihches) on R and U seedbeds and least (4.6 inches)
on T seedbeds, Growth on 196/, seedspots ranged from 1,5 to 1.8 inches

in 1965,
Growth on seedspotg = study B, Growth of 1964 and 1965 seedspots is shown

in Table 10, Considering all exposures, second=-year seedlings were
tallest on U seedbeds and smallest on BSF seedbeds, OConsidering all

seedbeds, seedlings were tallest an the M exposure and smallest on N,
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TABLE /0

AVEAAGE SEepLine HEerenrs. 196y AND 1965 SkEpsrors - Sruoy B.

| Ernvts

N /764 2 3 1az|/8 |A5|ao |2l Q¥ /6| Q5,41 |19
/9¢5 / WY | 091712 |0.6)/a5 | 0.5| 53 |os | 70 | 0.6 | 24|06

1964 2 |5 |R3| 5 |37 8 |23l /3| a8]¢ |as5|87]|2¢

/9¢s / S |15 ax|r0]3] 61|57 | 09|37 ]|09]|+6]o.9

1964 L |2 | A ~ |~ 23] A4 30|22 4|/ |57 |22

' 1968 I {as | 11| 3 |os8|#%0| 01|50 |0.7|30 |o5 |iv8]0.g
Av'erode /964 21 10 | 2.3 23 |26 | 5/ 23)¢r |21 35 76]|/8|2.
N,M,s. /965 / Tl 70| 91 0.7|/9¢) 06 |/s«]o.7 [/37 ]| 0.6 |65%] 0.7
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Height growth of planted stock - gtudy A, Growth of planted stock is
illustrated graphically in Figures 9, 10, 11 and 12, Basis for the

graphs may be found in Appendix II of this report, Appendix II of the
196/ report (Mimeo 64=MS5-17) and in Appendix IV of the 1965 report
(Mimeo 65-MS-18),

Average second-year growth of 1962, 1963 and 1964 planting stock
is illustrated in Figure 9, On MR'p 1, 2 and 3, second-year growth of
196/ 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 R, on MR2 greatest on U and least on
BSF, and on MR3 greatest on BSF and least on T,

Average third-year growth of 1962 and 1963 stock is illustrated in
Figure 10, On MRl third-year growth of 1962 planting exceeded that of
1963 planting on sll seedbeds except BSF, Height growth of 1962
planting was greatest on T and of 1963 planting was greatest on BSF,

On MR2, third-year growth of 1963 planting exceeded that of 1962 plante
ing on all seedbeds except U and BNF and was greatest on T seedbeds,
Growth of 1962 planting was also greatest on-T, On MR3 third-year
growth of 1962 planting was much greater than that of 1963 planting on
all seedbeds. Height growth of 1962 planting was greatest on T; growth
of 1963 planting was greatest on BSF,

First-, second- end third=-year growth of 1963 and 196/ plenting
stock on all seedbeds combined for each moisture regime is shown in
Figure 11, and for all MR's combined for each seedbed in Figure 12,
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Average third year growth of 1962 and 1963 planting stock for each seedbed and moisture

regime - Study A,

Figure 10.

verage moisture

-

AN NNNNNNNNN NANANNNANN

|
AANTETETIE I SNEXNNNXX]

BNF | BSF

ANNANNANINNN NN NN XX

_
INONONNOOMODION NANNANNI NN NN

~
NSNS NNNNTY )

o
o

)

R

[

DAV AR AANAAA A A AR AR AR RN R R RN

IO NN NSNS N NNN N NN NN NONSNSNNN S NSNSN SN

BNF |BSF

U

]
g |
4 P AN NN AN N I AN SN S SSSSANSSSSNENNEYENS
ol N
m S O O S T T T TS S OSS
2 [
S S S SIS SIS NSNS NS SS S SSNUTSSNSY _
[ .
| OSSNy A
| _
~ sccamrd IO =
e UrIuST ]
=4
m -
§ Yonet v ANV
m Suraustd _
61-q¥#0a 3
: Nwmaﬁ_wag r_‘//////////
m .
| _
b NAAAAANAR AN
_ [
" AAMTROEOEOEEEOEOEOESSSs
=]
' [
m NN
5 [
m AN NNNRNNANNN NN RN NS
= _
& ANANANAN
« o - 9 o © ™~ O n -~ Y o r4

R

BNF | BSF

o]

B+

feaoaTy UAroI8 nuSTton




IS

v.v’vy"’"! ‘
1te%0%0%a92% % % %0200

IOty
I,

q3m023 Reef-381Tg
1 summia{ [ weor? ted-pwoos
1 o6t e \\\\“
; .. q3n018 JseL-pITyy AN -

A

Fig. 1l. - Average height growth (all
seedbeds) of 1963 and 196/ planting
stock for each moisture regime -~

Study Ao w7

. O I I

o w0 O ~¢ ™~
(seyout) yamoad justey

12

Moisture regime



e

7L A

M@&%

BSF

NUANNNNNNNNNNNSNNNNNRaa..

i ~
Vil L S

R\\\\\\\\\\\\\\\ \\\

Ly

GEL TR R
0018 . - IB0A-SXT T [
Surus1d Y961 Umoad

V77 Qv £-puoves L7 77 7777
y Yy3mox3 ‘ _

PR
XXX 1804 -98X T

B uimox3
~rgef-puoosg

Volrr | S \\\\\\\\\\\\\\\\\\\\\\\I

Foogs .
Sutqwe1d £961

W
3 I
A 22277277 ///////l
R _,
2 T T

hefight

i

moisture regimes)
stock on each seed

C !

Average

Figure 12,

NN

1 ¥ 1 1
'{3 S & O ~3 [
(seuout) y3mod3d yITey

Seedbed



30

Height growth of planted stock = B, Height of 196/ and 1965 planted
stock is illustrated in Figure 13, Basic data for the ficure may be
found in Appendix III, In 1964 height growth of 1964 stock was greatest
on N exposure except for the BNF geedbed, where growth was greatest on

the M exposure. In 1965 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 exposure. As in 1964, planting heights
varied emong exposures but height at time of planting did not seem to

affect helght growth; tallest seedlings did not slways exhibit greatest

growth,

gtudy A, Weights and diameters of seedspot seedlings and planted stock
are given in Tables 11, 12, 13 and 14.

Considering all seedbeds, oven-dry weight of seeded stock (Table 11)
is highest on MRl and lowest on MR2, OConsidering all moisture regimes,
over-dyy 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
iowest on MR2, By seedbed, weight was greatest on BSF and least on R,

Unlike the 196/ results, in 1965 there was very nearly a direct
correlation between oven-dry seedling weight end 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 plenting origin was
severely browsed except 1964 stock on MRl, Seedspots were less severely
affected withéﬁbayy damage occurring to 1963 seedspots on MR2 and light
demage on 1963 spots on MR3 and 1964 spots on MR2, No browsing occurred

on seedspots on MR1.
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7TABLE |
VEN-D , - ~Srun
Mo/sture , Ovew-dr seedling weiqhts (§rams)
: Y 9 3 ]
reqime Secdbe._;_l ' ,
R T U BNE BSFE Ui seedbeds
1 g% 6.3 0.6 aw ¢.0 34y
2 - .6 /.5 /.6 0.8 2.
3 5.0 /.5 4.3 3.7 3¢ 30
All' moisture
regimes , ¥ 2.3 33 3.1 34 2.9
/ Seed/ing only
TABLE 12
AVEA’AGE OVEN-DRY SEEDLING WE/6HTS 1963 Pranrive ~Srupy A |
Oven-al Seed /in weigqhts {qrams)
Mm'styre & Seedbed J J
reqime R T v GNF BSF__ Y seedbeds
1 5.4 Y. 6 7.5 /1.2 2.0 /9.5
1 3.6 /0.0 7.2 3.9 51 ¢.¥
3 /4. 3 2./ 5.6 A2.0 314 3.5
All moisture "5 20.5 /9./ /5.9 23.4 /8.3
req/mes
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TABLE I3

AvegAce Reor CoAR  DIAMETER

(963 S£EDsPor SEEDLINGS -Srupy A .

Mo;‘stgre Root -collar olrameter (u»’
regime — éeedéed
| R 7 U BNF ASF W1 seedbeds |
0.35 0.5 0.2/ 0.35 0.46 6.3%
2 - 0.39 .36 0.36¢ 0.30 0.37
3 0.52 0217 0.45 0.42 044 0.38
Average 32,3. 0.50 0.33 0.40 040 0.42 6.3
T7TABLE 14
AveRAcr _Roor-CoriaR _D/AME TER . /%¢3 PLANTING - SrunY A.
/Vo/'stqre Root- collar  diameter lem)
reyime _ Seedbed
K T U BNF BSFE__ Wi seedbeds |
1 0.60 0.9¢4 0.5 0.77 0.83 0.83
2 0.64 0.69 0.15 0.58 0.62 0.¢5
3 0.93 0.3 0.98 0.94 403 0.9¢
Average 1,43 | 0.84 0.97 0.87 0. 80 d.90 0.85
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Most browsing oceurred during winter snd mice and deer are probe

able agents,
Seil temperature, 1964 - study B. For a period of 146 days, from June 6

to September 28 inclusive, maximum and minimum temperatures were recorded
from 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 196/ were expected, However, seasonal extremes Were
quite similar in 196/ and 1965 due primarily to cooler, wetter weather
in 1965, ‘

Total number of temperature minutes&:lZOQF for the M and S ex~
posurss was quite similar and far exceeded the total for the N exposure.
On the N exposure temperatures did not exceed 12001? on T and BNF seed=
beds end total time was highest on BSF, On M, temperatures on BNF 4id
not exceed 120°F and total time was highest on U, though quite similar
to BSF and R, On S, all seedbeds experienced critical temperatures,
although BNF 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, BNF,

Average maximum air temperature for the period June 6 to Sept=
ember 28 was 73.3°F; maximum air temperature was 97.7°F., The period
of above 90°F temperature lasted for only 3 days., Otherwise air

temperatures rarely exceeded 85°F,
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Precipitation, 1965 - study A, Total precipitation for each of the 3
moisture regimes (Table 17) wes higher then in 1962, 1963 and 196/ end

was 57 (MBR2) to 75 (MR1) per cent above the 21 year average for the area,

Exegi nj,l;ati@, uéi - EEQQ! E'

Precipitation for the Study B area is

given in Table 18, Total for the collection period was 68 per cent

above normal,

Difficulties were experienced with the

actinograph end 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 periocd.

Soil moisture = gtudy B, Field capacity and permanent wilting point”;
of study - B soils are giyen in Table 19.

TABLE 19
FIELD CAPACITY AND PERMANENT WILTING POINTS -~ STUDY B
Beedbed Depth(inches)
- ryie g /o 1-1/2
“ " | Field | Permanent |Field |Permenent[Field  |Permenent . .
?apacity ¥ilting [Wapacity] wilting [Qapacity | wilting
1 ‘point ' point ! point

(%) (%) (%) (%) (%) (%)
R 21.2 1.9 Rh4ed A 21.0 543
T 21.4 1.9 1.4 1.9 21,4 1.9

-i%.?fnPer cents based on oven-dry weights
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THBLE 17

PRECIPITRTION DURING 7HE PERIOCD

RY 72 TO SEPTEMBER 29 1965 Srvwy A

prec:,'ai/d bron Crrches)

Cottection 7abal mrr | mmz | ez 2_; {:a::f’ .
pereo Jd Py
Aoy 13~ /8 0.40 0.67 o.5Z
/9-25 0.62 0.65 | o.76
26 -3/ o.2/ 0.32 0.42
Ay 12 -3/ /63 /.64 /.70 7./78
Sene 1 0.03 0.06 0.08
2-8 2.20 1.74 /.68
9-r
/7 -23 0.50 o.49 /.03
2¢-30 2.25 /7-74 2.15
Sene £.98 4.03 4.94 2.99
Juj« 7=7 3./5 2.// 7.88
8-/4 0.90 084 0.39
/85-2f /. 60 0.42 0.5
22-28 0.08 0.20 0./0
29 -3/ 037 o-74 0.62
/‘Q/’ 8.70 433 3.44 2.76
l&y ust r-3 0.36 0.-76 062
4~/ o./4 0.05
/R2-78 0.37 034 0.22
19-25 032 037 o4
26 -3/ o.7¢9 099 r18
Aesgust 12.93 | 277 | 226 | 236
Je c}a/emlcf -7 2.28 2.44 24/
8-18 0.89 0.75 | o9/
/76-22 0.38 o945 0-¢3
23-29 /.02 0.79 0.82
Jep fember £.57 443 457 7.6/
My 13- Seplemberas | 1921 | 17./4 | s7e/ 70.90

/rcrd,‘ o/ morsbtura "f imes 47.92
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776LE /18
PRECIPITRTION DURING THE PERIOD

IRy RO 7o SEPTEMBER 268, 7965

Sy &

/ﬂrecz/'ar'/d//'on Crraches )

A Coasello / 2/ year orv
sk 724/ i gege | Sorpid
May 2o -27 0.76 0.73
28-31 0. 68 0.649
ey Xo - 3/ /- 44 /.37 0.78
Sune / - F 0.5% o.49
« - /0 .08 /.06
w-r7
/8-29 0.50 o.44
25 - Fo 2.70 2./9
Seens € £.2/ 4./8 2.99
ch}l /- 8 F.09 2.70
715 0.90 0.93
/8- 22 s34 1736
23 -29 0.09 0./0
Fo -3¢ 0.24 o.24
4 .66 573 2.76
Huges! s -5 2.87 0.6/
6-/2 0.2/ o.2!
/B-79 o0.30 0.35
2o -26 0.20 o./14
27 -3/ 0.55 0.55
Aeaguest. /.83 /.86 2.36
_f?,;é,.hr/-z 0.23 0.2
>-2 2./70 2./
» -5 o.79 o0.79
-3 .24 24
29 -26 0.24 o.24
.fc/o/enicr ’-26 #.60 #£.67 7.8/
Yot/ AldyRo - Seplember 26 Y 47, 74 77.8¢ 70.52
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Forest insect syrvey - The following species were collected on the study
areas,
Study A = MR1 = Tetralophs stella ~ webworm
Irichiosoma trisngulupm - sewfly
Study A - MR3 -~ TIetralopha robustellas - fall webworm
Aphidae - gphid sp,

Study B - 1964 area - Argyrotsenia itabulsna - needle miner
Tetralopha robustellas - webworm
Phenacagpis pinifolis - pine needle

scale
Choristoneurs pinug =~ jack pine
budworm

Study B - 1965 area - Tetralophs robustella - welworm:: .

Choristoneurs pimus~ = jeck pine
budworm

None of the above ape%ieg‘;@n‘ave done serious damage but collections

will be continued on the study-B areas to check the d evelopment of

infestations of Tetralophs robustells snd Choristoneurs pinus, which

do not commonly infest young pine,

Cool, wet weather reduced the incidence of heat mo.r'ba:];.ity. The
heat mortality which did occur usually occurred duriné pericds of
high temperature accompanied by low rainfall, Often “the ef.:f_‘ects of
high temperature appeared to be off-set by high rainféll. |

Damping-off accounted for most mortality on each exposure., The
first pesk 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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exposure, and &ccompanied the peak germination period (Jwne 4 - 17) on
this expcosure, Mortality on M was also high while on S, very little
mortality occurred and 80 per cent of the mortality occurred on the cool,
damp T seedbed, No damping=off mortality occurred on S after June 24,

In the second peak of damping-off mortality, July 2 - 15, most
mortelity occurred on N, The peak period was accompanied by 4 inches
of raixi and also corresponded to the second pesks of germination on
N(22%) and M(7%). No new germination occurred on S,

WORK PROPOSED - STUDY A,

Measurements

Total height and height growth of 1964 planted snd seeded stock
will be recorded in September of 1966,

Mortality of all planted and seeded stock will be recorded in May
and Septé@ber of 1966,

A1l 196/ stock will be harvested in September of 1966 and root
collar diasmeters and oven-dry weights obtained,

‘Precipitation will be recorded by tﬁeans of three Beal-type rain

gauges located on each of MR's 1, 2 and 3,
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WORK PROPOSED, 1966 - STUDY B,

ELOE MOQE

Nine permanent plots will be systematically located on a scari-

fied and cut east-west strip located on Sec, 26, Twp, 1, Rge, 13

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

area will be fenced.

Seeding and Planting
(a) Seeding - Bach of the five seedbed conditions (R, U, T, BSF, BNF)

(b)

will contein three by l-foot seedspots. Each spot will be sown
with 50 seeds, Seed will be treated with endrin-arasen compound
which conteins fungicidal as well as rodent-and bird-repellent
properties. To prevent washing, a small barrier will be placed
on the downslope side of each seedspot.

Planting - 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 gpring as soon as
seasonal conditions are satisfactory,

Seed viability will be tested before seeding,
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(a)

(b)

i

ements

Seeding and plenting, 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 examined
by the Forest Pathology Laboratory and suspected cause of mortality
will be recorded,

Planted material will be observed weekly and mortality re-
corded., Mortality 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 196/ stock will be harvested in Jept-
ember of 1966 and root-collar diameters and oven-dry weights obtained,
Temperatures, Air and soil-surface temperatures will be recorded
by means of copper-constanten thermocouples and two 24-point
potentiometriec 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 sure
face material,

A thermistor probe will be used to obtain temperatures at 1-1/2-
end 3-inch depths. These measurements will be taken daily within?2
to 3 hours after sunrise and between 4:00 and 5:00 p.m. CDT. to
obtain readings as near as possible to the maximum and minimum re-

spectively (Shaw, 1955).
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(e) Soil moisture. Soil semples from surface, 1l=1/2- and 3-inch
depths will be collected 1, 5, and 10 days after rainfall, end
every 5 days thereafter (when applicable), Samples will be
enalyzed for moisture content.

Infiltration rates will be determined using methods employed
by Burns (1952). Depth of penetration will also be measured.

(d) Precipitation., Precipitation will be measured by means of a
Casdela siphon recording rain gauge and supplemented by three
Beal-type rain gauges. |

(e) Solar radistion., Daily solar radition will be recorded by
means of a Robitzsch-Fuess, Model 584 bimetal],}q actinograph,

Co~opergtion With the Forest Insect and Disease Survey.

The Forest Insect and Disease Survey will be 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, 1963 and 196/ SEEDSPOTS
STUDY &,
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APPENDIX IIX
SEEDLING HEIGHTS

196/ AND 1965 PLANTING
STUDY B.
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AFPPENDIX IV

" MORTALITY ON 1963 SEEDSPOTS,
SEPTEMBER 1963 TO SEPTEMBER 1965
STUDY A,



APPENDIX V

MORTALITY ON 196/ SEEDSPOTS,
SEPTEMBER 196/ TO SEPTEMBER 1965
' STUDY A,
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APPENDIX VI
MORTALITY ON 196/ SEEDSPOTS,
SEPTEMBER 196/, TO SEPTEMBER 1965
STUDY B.
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