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EARLY SURVIVAL AND GROWTH OF PLANTED AND SEEDED WHITE SPRUCE AS AFFECTED
BY SEEDBED TYPES OCCURRING ON SCALPED STRIPS PREPARED IN ASPEN STANDS,

MANITOBA

Project MS-227

by

GeRe Henn.esseyl

INTRODUCTION

In 1962 a project was begun to study the effect of three seedbed
types-~-mineral soil, mixed mineral soil and humus, and humus-~--occurring
on scalped strips prepared in aspen stands, on early survival and growth
of seeded and planted white spruce (Picea glauca (Moench) Voss). In
1962 and 1963, plots were established on bulldozed strips in a dense
young aspen stand in the Interlake Area and in a moderately dense, mature
aspen stand in the Whiteshell Provincial Park. A description of these
areas and early results are contained in an establishment report (Waldron,
1964). In 1964 and 1965 plots were established on bulldozed strips in a
dense, lé-year-old aspen stand in the Interlake Area and in a dense
mature aspen stand in the Whiteshell Provincial Park, PFor the Interlake
Areas a jack pine (Pinus banksiana Lamb.) study was carried out in
conjunction with the white spruce study.

Mineral soil and humus seedbeds were generally readily available
following the mechanical preparation of the scalped strips using a
bulldozer and blade. However, the mixed mineral soil and humus seedbeds
had to be prepared using either, shovels and grub hoes, or a garden-type
power tiller, and were usually 1/4000-acre in size.

METHODS AND RESULTS
White Spruce
(A) Interlake Area - Mantago Lake
(i) Seeding 1964

In March, 1964 scalped strips were prepared in a dense young aspen
stand near Mantago Lake in Section 20, Township 26, Range 3, W.P.M.

1 Forest Research Technician, Canada Department of Forestry and Rural
Development, Forestry Branch, Manitoba-Saskatchewan Region, Winnipeg,
Manitoba.
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On May 12, 1964, thirty l/BOOO-acre circular regeneration quadrats were
established on dry to moderately moist (M.R. 2-4) sites, thirty on fresh

to moderately moist (M.R. 3-4) sites, and thirty on moist to very moist
(M.R. 5-6) sites., The quadrats were set out in equal numbers on selectively
chosen mineral soil, mixed mineral soil and humus, and humus seedbeds.

Grub hoes and shovels were used to mix the mixed seedbeds, Three hundred
white spruce seed treated with Arasan, Endrin, and aluminum flgkes were sown
on each quadrat., Seed viability before treatment was 57.6 per cent. Soil
moisture conditions would appear to have been good with over an inch and a
half of rain reported in the first 10 days of May at the nearest weather
station (Gimli), Although the rest of the month had almost no rain (0.02
inches at Gimli), rainfall in June was higher than normal and at 4 inches
would appear to be sufficient for germination on good sites.

All quadrats were examined in late July and late August of 1964 for
seedlings. In the spring of 1965 all seedlings were characterized as to
conditions, whether it was healthy, sick, missing, or dead, and evident
agent of damage such as frost heaving, burying under hardwood leaves, and
trampling.

On the dry to moderately moist site, a sandy soil, 1964 observed
germination was highest for the mineral soil seedbed and almost the same
for the humus and mixed seedbeds (Table 1), However, more than a third of
the mineral soil seedbed germination took place on the one quadrat considered
to have a moisture regime of 4, and half of the germination on the humus
seedbed did not occur until the summer of 1965 while most of the germination
on mineral soil seedbeds occurred the first summer, Survival of the first
year observed germination was about 90 per cent for mineral and mixed seedbeds
at the end of the summer while the humus seedbed was a little less than 80
per cent (Table 2). Seedling mortality during the first winter was severest
on the mineral soil seedbeds (42 per cent) followed closely by its mixed
seedbeds (41 per cent). Mortality of seedlings, in the same period, on the
humus seedbeds was only 23 per cent. Survival at the end of the third
summer was almost the same for the humus and mixed seedbeds (25 per cent).
Survival after the third summer on the mineral soil seedbeds was much
better (48 per cent) than on the other seedbeds. Almost all the seedlings
on all three seedbeds on the dry (M.R. 2) site had perished by the end of
the third summer, The condition of the seedlings after the first winter
is shown in Table 3. On the dry to moderately moist site (M.R. 2, 3, 4)
most of the frost heaving occurred on the mixed seedbed where almost 20 per
cent were frost heaved, There was little difference in mortality of the
seedlings on the three seedbeds, however the seedlings on the mixed seedbed
were in the poorest condition with the largest percentage frost heaved, sick,
and missing, and with the smallest percentage healthy (26 per cent). About
a third of the seedlings or the mineral soil and humus seedbeds were under
leaves while only 15 per cent of the seedlings on the mixed seedbed were in
the same situation.

On the fresh to moderately moist (M.R. 3-4) site, a clay, soil, 1964
germination was almost the same for mineral soil and mixed seedbeds while
germination on humus seedbeds trailed. However germination in 1965 on
humus seedbeds was almost equal to first year germination probably indicating
a moist deficiency on the humus seedbeds, On this site survival was equally



TABLE I

PER CENT STOCKING AND GERMINATION PER QUADRAT

Seedbed Moisburel Basist | Poer cent | Average Total I96L | Average Total I965
Type Regime | No, of | Stocking | Germination per Cermination per
I/BOOO Autumn %igau:m Qa:\?l;‘n:m
Qu:c;ﬁta I96h I96L 1965
Mineral Soil 2;3,)4* 10 90,0 10,1 0.3
. Hums 2,3, | 10 70,0 2,8 2.8
H:lxed 2,3,k Io 80.0 2,9 I.h
A 2,3,k 30 80,0 5.3 1.5
Mineral Soil | 3,4 I0 | 00,0 9.8 3.0
Hurms 3,k 10 | 100.,0 6.0 5,2
Mixed 3,k /o] I00,0 9.7 3.5
A1 3,b | 10 | 100,0 8.5 3.9
Mineral Soil | 5,6 Io | 100,0 27.5 L8
Humus 5,6 T0 90,0 I2,I Lk
Mixed 5,6 10 | 100,0 35,4 2.l
Al 5,6 30 9647 25,0 L9

# One third of the mineral soil germination was concentrated on the one Moisture
Regime L quadrat,




TABLE 2
PER CENT SURVIVAL OF FIRST YEAR GERMINATION

Seedbed Moisture|Basis: Total Per cent Survival
Type Regime |No, of [First Year |Autum | Spring | Auturm | Autumn
I/8000 [Germination] I98L | I965 | I965 | I966
Acre |
Quadrats
Humus 2,3”-’* I0 28 7806 60.7 3903 2500
Mixed 2,3, | TO 29 93,I | 55.2 | 31,0 | 24I
A1l 2,3, | 30 158 8846 | Shels | Lhe9 | 3942
Mineral Soil| 3,4 Io 98 86e7 | 5I.0 | 32,6 | 2Lk.S
Humus 3’11 Io 60 7107 3607 h303 3803
Mixed 3,ll Io 97 8706 hh.3 ,4102 . 2708
A1l 3,k 30 255 83.5 bS.I 38.L 29,0
Mineral Soil| 5,6 10 275 96k | 80,7 | 76t | 53.I
Humus 56 | Io T2I 78e5 | 64sS | 62,8 | 57.8
Mixed 5,6 I0 35" 9305 7003 6708 5003
A 5,6 30 750 92,1 7342 T0.I 52,5
m 2,3,4,5,6] 90 TI63 89.8 | 6heS | 59.8 | LS.6

# Survival is largely confined to the fresh and moderately moist sites,




TABLE 3

CONDITION OF SEEDLINGS AFTER FIRST WINTER

Seedbed Moisture| No, of Per cent Condition
Type Regime Iiving Healthy Sick | Missing Degd
| Seedlingsy B UL FH 0| S FE O| M UL| D UL FH
Autumn
I96h |
Mineral Soil 2,3,k 9I 37.3 18,7 2,2 5.5 I7.6| I7.6 I.I
Humus 2,3,h | 22 59,1 18,2 _ LkeS I3.6| heb |
Mixed 2,3,L 27 26,0 II.I 18,5 1,7 II.T 14,8 ITI 3.7
AT 2,3, | Iho 38,6 15,0 2,2 5.0 0.7 6. I6,hs| Th,3 Ik
Mineral Soil 3,k 85 LT.2 k.7 12,9 - 7.0 II.8| 22,4
Humus 3,b | U3 51,2 2,3 39.5| 7.0
Mixed 3,k 85 37.7 L.7 8.2 L7 30,6 IkI
A 3,h 213 418 3.8 8.k 5.I 24,9 16,0
Mineral Soil 5,6 270 The8 63 3.0 2,2 I3,0| 0.7
Humus 5,6 | 96 | 78I 2.1 L0 1.0 b2 7.3] 6.3
| Mixed 5,6 | 332 65.s 7.8 I.5 0.6 I,5 21.I| I.8 0.3
A 5,6 698 70.8 6.4 2,0 0.k 2,I 16,0( 2.0 0.I
am 2,3,4,5,4 T05I 60,6 7.0 3.3 1.0 0.I 3.3 I7.9| 6.5 0.3

# UL - Under leaves, FH - Frost heaved, O - Others,
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low for mineral soil and mixed seedbeds after three summers (about 25 per
cent), while 38 per cent of the first year germinants on the humus seedbeds
were still living. Again humus seedbeds showed a much larger rate of
mortality (28 per cent) during the first summer than the other seedbeds

(13 per cent). The highest percentage (51 per cent) of healthy seedlings
were found on the humus seedbeds in the spring of 1965 while mortality was
severest (22 per cent) on the mineral soil seedbed. Frost heaving of
seedlings was found on only the mineral soil and mixed seedbeds, Leaf cover
affected more than twics as many (37 per cent) seedlings on the humus and
mixed seedbeds as on the mineral soil seedbeds,

On the moist to very moist (M.R. 5-6) site, a clay soil, germination
in the first summer was much greater than on the drier sites, with an
average of 25 germinants per quadrat for all seedbeds as against 5 and 8
germinants on the dry and fresh sites. Less than 10 per cent of the
germination cccurred in the second summer on this site. Best germination
was found on the mixed seedbed (35 germinants per quadrat) followed by the
mineral soil and then humus seedbed.

An average of 173 viable seeds were sown and 8l germinants were found
on the best mixed seedbed, As in the drier sites mortality was severest
on humus seedbeds during the first summer, Survival after three summers
was over 50 per scent for gll seedbeds with the humus seedbed being the best
(58 per cent). Seedling condition in the spring of 1965 was better on the
moist to very moist site than en the drier sites, The humus seedbed had
the highest percentage healthy (78 per cent) and mixed seedbed the lowest
(65 per cent). Average mortality on this site was only 2 per cent during
the first winter. Fewer seedlings on the humus seedbed were covered by
leaves; probably because of the existence of heavy grass cover on this
seedbed, as well as the very open nature of the hardwood stand on this site,

(ii) Planting 1964

In the spring of 1964 a tctal of 60 white spruce transplants were set
out on a moderately fresh to fresh (M.R. 2-3) site, 60 on a moderately moist
(M.R. 4) site, and 60 on a moist to very moist (M.R. 5-6) site, In addition,
40 transplants were set out on a moist to very moist (M.R. 5-6) site which
had been furrowed with a Middlebuster fireline plough, transplants being
paired, one in the furrow and one on the ridge created by the upturned furrow
slice., On the dry to fresh site, moderately moist site; and moist tc very
moist site, equal numbers of transplants were set cut on selectively chosen
mineral soil, humus, and mixed mineral soil and humus seedbeds, the mixed
seedbed being prepared using grub hoes and shovels, On the furrowed site
twenty transplants were set out, both, in the furrow and on the ridge. A
description of the planting stock is shown in Table 4,

Planting was carried out on May 12, a ccol day (high at Gimli was
52°F), and soil moisture was excellent due to heavy rains during early May.

Heights of all transplants were recorded on May 14 and condition and
damage were noted on November 17, 1964, May 14, 1965, and August 25, 1966
when heights were again measured,



Survival has been generally excellent on all sites, Only the mixed
seedbed on the moist to very mcist site and the furrows on the very moist
site have had severe mortality. Mortality on the furrowed very moist site
can probably be attributed to flooding (Table 5).

Most of the mortality on the mixed seedbed on the moist to very moist
site occurred soon after planting, Possibly, on this site the looser soil
was not compacted around the roots sufficiently at planting. Average
height growth after three summers was best on humus seedbeds for all sites,
Poorest growth took place in the furrows on the wet site, Bxcessive moisture
would appear to be effecting the performance of the transplants on the
disturbed seedbeds on wet sites,

TABIE 4

PLANTING STOCK MEASUREMENTS

Average Average |Average Root/shoot
# of T00%t Average |roct . |top ratio
transplants length height weight weight (vy
Species| sampled (in.) (in.) (em,) (gm,) weight)
wS 25 11,0 5.1 1.56 3429 0.47

5

Oven dried at 105°C for 48 hours.

(iii) Seeding 1965

In the spring of 1965, scalped strips were prepared in a dense young
aspen stand near Mantago Lake in Sec. 20, Twp. 26, Rge. 3, W.P.M. On May 2
and 3, thirty 1/8000~acre circular regeneration quadrats were established
on a fresh (M.R. 3) site and thirty on a wet (M.R. ) site. The quadrats
were set out in equal numbers on selectively chosen mineral soil, humus,
and mixed mineral soil-humus seedbeds. A garden-type power tiller was used
to prepare the mixed seedbeds., One hundred and twentyefive white spruce
seeds pelleted with Arasan, Endrin, and aluminum flakes, and testing 57.6
per cent viable, were sown on each quadrat on May 5.

Moisture conditions at the time of seeding were excellent however
rainfall during late May and June was light and insufficient for good
germination on fresh sites.



TABLE 5

SURVIVAL AND HEIGHT GROWTH OF TRANSPLANTS

Seedbed Moisture Transplant
Type Regime | #| Average Height (in,) Per cent Survival
at Avtum [Inerement | Spring | Autumn | Spring [Autumn
Planting | 1966 I96L I964 1965 1966
 Mineral Soil 3 20| 6.9 Ih,3 7.4 100,0 | I00,0 | I00,0 | I00,0
Hurms 2 5 6.0 J0.8 h.8 I00,0| I00,0 | 100,0 | 1I00,0
Humus 3 Is| 6.9 16,2 9.3 T00,0 93.3 93.3 933
Mixed 3 20 6.9 15,0 8.1 I00,0| I00,0 | 100.,0 | ¥00,0
A1) 3 60 6,8 L7 T¢9 100,0 98.3 98.3 9843
Mineral Soil L 20 6.3 15.8 9,5 I00,0| T00,0 | I00.0 | T00.0
Humus h 20 608 Ih-? 709 IO0.0 IO0.0 IO0.0 IO0.0
Mixed N 20| 6.7 16,1 9.7 100,0 | I00,0| I00.0 | I00,0
A1l L 60 6.6 15,6 9,0 I00,0| I00,0| 100,0 | I00,0
Mineral Soil 5 IS 6.9 Ih.3 Tk 100,0| 86,7 93.3 93.3
Humus g T0 6,I 15.9 9.8 100,0| I00,0 | I00.0 | I00,0
Mixed S I5| 6,8 13.8 7.0 I00,0| 80,0 73.3 | 7363
A1l 5 ho| 6.6 L6 8,0 I00.0| 87.5| 87.5 | 87.5
Mineral Soil 6 5| 8.I L3 6,2 I00,0| 80,0 80,0 | 80,0
Humus 6 Io| 6.8 15.9 9.1 T00.,0| 100.0 | 100.,0 | I00.0
‘Mixed 6 51 6,2 IT.6 S.h 100,0| L40.0| LO,0 | LO.O
Al [ 20| 7.0 15,0 8.0 I00,0| 80.,0| 80,0 | 80,0
Furrow 1 5| 6.8 12,0 5.2 100,0| I00,0| T00.,0 | I00,0
Ridge 5 S| Te7 I3.5 5.8 100,0| I00,0 | I00,0 | I00,0
Murrow 6 IS 601 7.0 0.9 I00,0 86.7 8607 8607
Ridge 6 IS 603 I1.0 ho? 100,0 93.3 933 93.3
A1 12,3,k4,5,6{2200 6,7 I Te7 I00,0| 904 D | 90.3




A1l quadrats were examined on August 20, 1965, June 14 and August 23,
1966,

First year observed germination on the fresh site was best on the
mineral soil and poorest on the humus seedbeds (Table 6). Germination in
the second year was lowest on the mineral soil seedbed and highest on the
mixed seedbed., Survival, on this site, was very poor. For all seedbeds
together, a fifth of the observed first year germination died before the
first autumn examination, and by spring three-quarters of the seedlings
were dead or missing (Table 7), At the end of the second summer only 17
per cent of the first year observed germination was found to be living.

At this time, the mineral soil seedbed had the best survival (22 per cent)
and the mixed seedbed the worst (10 per cent). Seedling condition in the
spring of 1966 (Table 8) shows a large percentage (51 per cent) of the
seedlings were dead or missing on the fresh site when compared to the very
moist site (27 per cent) or the previcus year's seeding (10 per cent)

(Table 3). It would appear that the heavy mortality was confined largely

to drought-prone seedbeds and thus was caused by drought conditions.
Considerable mortality on the fresh site had already occurred by the first
examination in the third week of August, Almost no rain fell in the last
week of July and first 10 days of August (Ashern and Hodgson). Followin
this were several days with high daily high temperatures (upper eig-hties§°
Perhaps compounding this condition was a possible increase in solar radiation
reaching the ground due to a defoliating effect of an aerial spraying on
August 5, carried out to reduce vegetative competition on plantations of
other experimental projectis surrounding these plots (quadrats were protected
with newspapers during spraying). The next spring the mineral soil seedbed
had the highest percentage of healthy seedlings (35 per cent--Table 8) but
had the most seedlings effected by leaves (18 per cent) and along with the
mixed seedbed had the most frost heaving (27 per cent). The mixed seedbed
had no seedlings under leaves and the humus seedbed had 9 per cent of its
seedlings under leaves, Subsequent survival in the autumn of seedlings on
the fresh site, considered sick in the spring was nil. All the missing
seedlings were either dead or still missing in the autumn. Fourteen per
cent of the seedlings missing under leaves were found living in the autumn
while none of the heaglthy seedlings under leaves died. Eighty-five per cent
of the healthy seedlings survived the summer, however only 55 per cent of
the healthy frost-heaved seedlings were found alive in the autumn.

On the very moist site (M.R. §) first year observed germination (Table 6)
was best on the humus seedbed (44 seedlings per quadrat). The best quadrat
had 66 established germinants the first year as opposed to a laboratory
germination average of 72 germinants. Very little germination occurred the
second year on the minersl soil and humus seedbeds. The mixed seedbed had
the poorest germination the first year (8.9 seedlings per quadrat) and the
mest second year germination (1.9 seedlings per quadrat). Survival of the
first year germinants (Table 7) was poorest on the mixed seedbed after two
summers (40 per cent), best on the humus seedbed (68 per cent), and intermediate
on the mineral soil seedbed (62 per cent). It would appear that the mixed
seedbed on this open site was, along with the humus seedbed, not as subject
toe flooding as the mineral soil, but, on the other hand, not as shaded, with
its own vegetation, as the humus, as well as probably being better drained



TABLE 6

PER CENT STOCKING AND GERMINATION PER QUADRAT

10

Seedbed Moisture| Basis: Per cent | Average Total I965 | Average Total I966
Type Regime | No, of Stocking Germination per Germination per
I/8000 | Autumn Quadrat Quadrat
Acre 1965 Autumn Autumn
Quadrats 1965 1966
Mineral Soil 3 Io I00,0 10.7 2,0
Humus 3 Io 100,0 9.0 3.2
Mixed 3 Io 100,0 9.8 3.6
m 3 30 100,0 9.8 2,9
Mineral Soil 6 Io 100,0 I8.3 0.6
Humus 6 10 100,0 lilsols 0.6
Mixed 6 Io I00,0 8.9 L9
a1 6 30 | 0.0 23,9 1,0
A1l 3,6 60 100,0 16.8 2,0




TABLE 7

PER CENT SURVIVAL OF FIRST YEAR GERMINATION

11

Seedbed | Moisture|Basis:| Total Per cent Survival
Type Regime |No, of |[First Year Autumn Spring Autumn
I/8000 |Germination 1965 I966 I966
Acre
Quadrats
Minersl Seil| 3 10 T07 82,2 30,6 22}
Humus 3 10 90 85.6 23,3 17.8
Mixed 3 Io - 98 73.5 25,0 10,2
All 3 30 295 80.3 25,8 16,9
Minersl Seil| 6 10 183 9743 82,5 62.3
Humus 6 10 Ly 99,1 TTe7 68,5
Mixed 6 | 10 89 93.2 57.3 13.8
A1l 6 716 97.9 76,14 63.8
m 3,6 | 60 TOTT 92,8 61,6 %0.I




CONDITION OF SEEDLINGS AFTER FIRST WINTER

TABLE 8

h{oisture

Seedbed No, of Per. cent, Condition
Type Regime Living Healthy Sick Missing Dead
Seedlingss H Uk FH O S UL FH M UL | D UL FH 0
. FHUL ~ FHUL
Autumn
1965 _

Mineral So 2 88 20,5 3.h4 9.I 2,3 | 3.k 3.4 26, I  9,I| 9, I 2,3 I0,2 TI.I
“Humus 3 78 I7.9 I.3 2,6 I.3 2,6 1.3 32,0 2,626,9 2,6 8.9
Mixed 3 T2 9.7 IT.I b2 50.0 II.I I3.9
A 3 238 [I6.h I.7 7.6 0.8 |I.7 0.9 2.9 35.3 L.2|I5,5 I,7 10,9 0.k
Mineral Soil 6 85 | L3.3 0.5 27.6 2,7  I0.8 7.0 6.5 0,5 TeI
Hume 6 Mk (633 2074 |3.6 05 L8 S |13 0.2 T
Mixed 6 86 |I9.8 3k.9 I.2 I.I 3.5 16,3 2,3| 7.0 I3.9
A 6 T7I5 | 5249 Tk I6,0 0,I |2,9 Ok Le3 666  043|I2,0 0.3 2.8
ALl 3,6 953 U3.8 I.5 I3.9 043|266 0.5 L0 I3,7 1I.3[I2,9 0.6 L8 0,I

# UL = Under leaves, FH = Frost heaved, 0 - FHUL - Frost heaved under leaves,

et



TABLE 9

SUBSEQUENT SURVIVAL OF SPRING CONDITION CLASSES

Seedbed Moisture No., of Seedlings and Per cent Survival
Type Regime Healthy | Sick Missing
| H UL FH 0 s UL FH M UL
FHUL
Mineral Soi} 3 # | I8 3 8 2 3 3 23 8
% | 77.8 100,0 62,5 50,0 0.0 0.0 4.3
Humus 3 # 14 I 2 I 2 I 25 2
- % | 92,8 1000 50,0 - 0.0 0.0 0.0 0,0 0.0
" Mixed 3 #|7 8 3 36
% | 85.7 50.0 100.0 0.0
A1 3 #1139 k I8 2 I 2 7 84 I0
% | 8Le6 100,0 55.6 50,0 0,0 0.0 0.0 0.0 10,0
Mineral Soi] 6 # | 80 I 51 5 20 13
% | 8848 100.0 7645 ko.o 15,0 0.0
Humus 6 # |28I 9 33 16 2 8 20
%] 93.2 87.5 8L.8 31,2 50,0 25,0 15.0
Mixed 6 # | I 30 I I 3 Iy 2
% | 88.2 70,0 00,0 0.0 0.0 0.0 0.0
A 6 # |378 10 I} I 21 3 3I u7 2
% | 92.I 90,0 77.2 I00,0 33.3 33.3 16,I 6.1 0,0
n 3,6 F LT o 132 3 23 5 38 131 12
‘ % | 9L.L 92,8 Th.2 66,7 28.0 20,0 13.2 2.3 9.1

# UL = Under leaves, FH ~ Frost heaved,

FHUL « Frost heaved under leaves,

€1



because of the looseness of the soil. About 70 per cent of the first
year germinants on the humus and mineral soil seedbeds were in healthy
conditicn the next spring whereas 56 per cent of the seedlings on the
mixed seedbed were in the same condition., Forty per cent of the mineral
soil seedlings had been frost-heaved the first winter as had 53

per cent of the mixed seedbed's seedlings. ILeaf-cover was not an important
factor on this site (2 per cent of the seedlings covered by leaves), while
mortality of frost-heaved seedlings was only serious on the mixed seedbed
(14 per cent), Subsequent survival in the autumn (Table 9) indicates that
less than a quarter of healthy frost-heaved seedlings in the spring, died
or were missing on the very moist site. OSubsequent survival was generally
poorer on the fresh site when compared to the very moist site,

(iv) Planting 1965

In the spring of 1965 a toctal of 60 white spruce transplants were set
out on a fresh (M.R. 3) site and 60 on a very moist (M.R. 6) site. On both
sites equal numbers of transplants were set out on selectively chosen
mineral soil, humus, and mixed mineral soil and humus seedbeds, the mixed
seedbed being prepared using a garden-type power tiller, A description of
the planting stock is shown in Table 10,

Planting was carried cut on May 5, a warm day (high at Hodgson was
66°F). Soil moisture condition was probably less than ideal with about

1/3 inch of rain from April 22 to May 5, however about 1/3 inch of rain
fell the evening of May % and morning of May 6.

TABIE 10

PLANTING STOCK MEASUREMENTS

Average Average | Average |Root/shoot
# of root Average root ., | top ratio
transplants length height weight™ | weight™ |(by
Species | sampled (in,) (in.) (gm, ) (em, ) weight)
WS 25 llo’q’ 690 0082 2935 0035
1

Oven dried at 105°C for 48 hours.

All plantations were examined May 13, when planting height was recorded,
October 18, 1965, May 9 and August 25, 1966,
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Survival on the fresh site was excellent on all seedbeds (Table 11).
Transplants on the humus seedbeds had no mortality and best average height
growth (5.4 inches) at the end of two summers, Survival has been only
fair on the very moist site with most of the mortality occurring in the
first summer, Best survival was on mineral soil (65 per cent) while best
height growth was on the humus seedbed (3.9 inches). The mixed seedbed
transplants had the poorest performance in both categories,

(B) Whiteshell Provincial Park - West Hawk Lake
(i) Seeding 1964

In the autumn of 1963 scalped strips were prepared in a dense mature
aspen stand on fresh to very moist (M.R. 3-6), clay loam textured soils
in Section 14, Twp. 10, Rge. 16, E.P«M. near West Hawk Lake., On May 20,
1964, thirty 1/8000~acre circular regeneration quadrats were established
on a fresh site gand thirty on a very moist site. Since mineral soil
exposure was complete on the strips, humus seedbeds were prepared on
undisturbed ground between the strips while the mixed seedbeds were prepared
by returning humus material, to the strip, to be mixed, Grub hoes and
shovels were used to mix the seedbed., The quadrats were set out in equal
rumbers on selectively chosen mineral soil, mixed mineral soil and humus,
and humus seedbeds., Three hundred white spruce seed treated with Arasan,
Endrin, and aluminum flakes were sown on each quadrat. Seed viability
before treatment was 57.6 per cent.

Considerable rain fell in the first three weeks of May (2.1 inches at
Rennie) and soil moisture conditions at the time of sowing was good. No
rain fell the last week of May and first week of June, however rainfall
was about normal for June and July (6.9 inches at Renmnie).

All guadrats were examined on Sept. 22, 1964, July 14 and Sept. 22,
1965, and Sept. 9, 1966,

First year observed germination on the fresh site was highest on the
mineral soil seedbed (25 per quadrat--Table 12) followed closely by the
mixed seedbed, Germination was comparatively poor on the humus seedbed
the first summer however more seed germinated during the second summer than
during the first summer, probably indicating inadequate moisture conditions
for germination on this seedbed, Best survival (66 per cent) on this site
after three summers (Table 13) has been on the humus seedbed while poorest
survival was on the mixed seedbed., Frost-heaving the first winter (Table 14)
effected about a third of the seedlings on the mineral soil seedbed while
legves covered about a third of the seedlings on the humus and mixed seedbeds.
Very few seedlings were frost-heaved on the humus (6 per cent). The mixed
seedbed had the fewest healthy seedlings (61 per cent) and considerable
frost-heaving (19 per cent).

On the very moist site first year observed germination was excellent
on the humus seedbeds (69 seedlings per quadrat--Table 12)., The best
quadrat had 95 germinants from an average of 173 viable seeds,



TABLE II

SURVIVAL AND HEIGHT GROWTH OF TRANSPLANTS
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Seedbed hoisture Transplant
Type Regime | # Average Height (in,) Per cent Survival

at Spring |Autumn |Increment| Spring [Autummn |Spring|Autum

Planting| 1966 | 1966 1965 | I965 | 1966 | 1966

Mineral Soil 3 20 | 7.1 8,7 | II,7 | Le6 | TI00,0 | 95,0 | 95.0 | 95.0
Hurms 3 20 | 7.7 9,7 | I3.I s5.h | 100,0 |I00,0 |I00,0 |I00,0
Mixed 3 20 9.4 IT,7 13,9 he5 100,0 90,0 90,0 90,0
A1l 3 60| 8,0 | T0.,0 | 12,7 L7 | T00.0 | 95.0 | 95,0 | 95.0
Mineral Soil 6 20| 7.6 9.y | 10,0 2.4 | I00.,0 | 65,0 | 65,0 | 65,0
Hums 6 20| 8.0 | I0.,6 | IL9 3.9 | T00,0 | 55,0 | 55.0 | 55.0
Mixed 6 |20| 8,9 | T0o.I | III | 2,2 |I00,0 | 60,0 | 50,0 | L45.0
Al 6 60| 8,2 | 10,0 | 10,9 2,7 | I00.0 | 60,0 | 56,7 | 53.3
All 3,6 [20| 8,0 | 10,0 | I2,I hoI | I00,0 | 775 | 7568 | The2




PER CENT STOCKING AND GERMINATION PER QUADRAT

TABLE I2

17

Seedbed Hoistm'el Basist |Per cent | Average Total I96l | Average Total 1965
Type Regime |No, of |Stocking | Germination per Germination per
1/8000 | Autumn Quadrat Quadrat
Acre I96l Autumn Autumn
Quadratel T96l 1965
Mineral Soil 3 Io 100,0 25,2 5.6
Hums 3 10 80,0 5¢3 9.I
Mixed 3 Io T00,0 21,8 5.6
Al 3 30 93.3 I7.k4 6.8
Mineral Soil 6 Io 90,0 I6.§ 0.I
Humus 6 10 100,0 69414 Sk
Mixed 6 Io 1I00,0 33.8 0.5
A1l 6 96,7 0.0 2,0
a1 3,6 | 60 95,0 28,7 bk




TABLE I3

PER CENT SURVIVAL OF FIRST YEAR GERMINATION
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Seedbed Moisture|Basis: Total Per cent Survival
Type Regime [No, of |First Year Auvtumn Spring Autunn | Autumn
1/8000 [Germination| I96lL 1965 1965 1966
Acre
Quadrats
Mineral Soil 3 Io 252 Io0,0 78,6 Tk 4946
Humus 3 Io 53 98,1 773 7346 66,0
Mixed 3 Io _218 98.6 66,5 63,3 h3.I
All 3 30 523 99.2 3.4 68.3 18,6
Mineral Soil 6 10 169 9543 30,2 1h.2 T2
Hurms 6 Io 694 9h.7 72,2 70,7 52,0
Mixed 6 Io 338 97.9 5942 57.1 33.1
Ay 6 30 T201 9547 6246 5960 | 3946
a1 3,6 60 1724 9648 6549 61,8 42,3
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Comparatively pcor germination took place on the mineral soil and
mixed seedbeds which were located on a scarified strip unlike the humus
seedbed., In this locality the terrain is hilly and bedrock is close to
the surface. Most of the bulldozed strips ran downhill and acted as
riniature watersheds for surface water., At the bottom of the hills the
bulldozer generally dug deep through, a heavy humus layer and into a rich
silty clay loam, then pushed this material into a high mound at the end
of the strip. This procedure caused considerable flooding of the strips

on the moist sites. In addition the crown cover of the mature stand reduced
evaporation on this site, Thus almost all its seedlings on the mineral soil

seedted that managed to germinate had died by the end of the third summer
(TabLe l)) The mixed seedbed, being higher off the floor of the strip due
to the addition of humus, was not as badly flooded., Germination was good
while survival was poor (33 per cent). Survival of the seedlings on the
humas, aithough better than on the other seedbeds, is misleading in this
case, Seedlings on the humus seedbed generally have very thin and weak
stems, poor coloured needles (yellowishwgreen), and were under intense
competition from grasses, Condition of the mineral soil seedlings in the
seccnd spring was pcor, 50 per cent was frost-heaved and 46 per cent were
missing. Seedlings on the mixed seedbed were in much better condition
with over 50 per cent still healthy, however about 25 per cent of them
were frost-heaved, 20 per cent were under leaves, and 21 per cent were
missirg. Observations at the time of examination indicated considerable
washing of the plots by water perhaps removing the seedlings or burying
them under the loose soil, Seedlings on the humus seedbed were healthiest
(75 per cent) although mcre seedlings were under leaves (20 per cent) than
on the cther seedbeds,

Future survival and growth may be affected by the herbicide spraying
of the bulldezed strips carried out in late August of 1965,

(ii) Planting 1964

Q&L total of sixty white spruce transplants were
) ite, twenty on a moderately moist site
Ul

in the sﬁr‘ng 1

get out or a fresh (IM.R. si

(M.Re &), and sixty on ry moist (M.R. 6) site. On the fresh and very
moist sites equal nlr‘cze f transplants were set out on selectively
chesen mineral soil, humus, and mixed mineral soil and humus seedbeds,
while the twenty tranqplants on the moderately mcist site were gll on
mineral =cll seedbeds, Mixed seedbeds were prepared using grub-hoe and
shovels while the humus seedbeds were prepared in the undisturbed portion
cf the stard between sirips. A description of the planting stock 13 shown
in Table 15,

£y

Planting was carried out on May 20 and 21 in hot, wet weather (Rennie
had 78°F and 93°F daily highs and C.7 inches of rain). Soil moisture
condition was good with over an inch of rain in the first three weeks of
May.

All plantaticns were examined on May 21 and Sept. 22, 1964, May 25,
1965, May 16 and Sept. 9, 1966,



TABLE I);
CONDITION OF SEEDLINGS AFTER FIRST WINTER

Seedbed  Moisture| No, of Per cent Condition
Type Regime Living Healthy Sick Missing Dead

Seedlings| H UL+ FH o0 | S U FH O| M UL |D UL FH O

FHUL
Autumm
Iobl

Mineral Soil 3. 252 (42,5 6,3 26,5 0,k |0.8 2. bl 7.I| 3.6 60
‘Fumus 3 Sk 519 3.7 I8 I.8 3.7 13.0| 5.6 I.8 stepped
Mixed 3 215 (37,2 7.5 163  |h.2 2.8 S.I19.5| 23 b 2.8 0.9
Al 3 52T (LT3 7.9 19.9 0,2 2.3 I3 I.2 be6 12,8 3,3 0.6 L2 Ok
Minersl Soil 6 T61 2.5 0.6 7.5 0.6 20,5 LS. 0.6] 0.6 21,7
Hums 6 653 65,7 843 1,2 IhL 0.2 10,0 II,6] 0,9 0,7
Mixed 6 33T [30.5.3.9 16,0 2,h 3.0 ko6 20,6 13,9| 0,6 0.6 3.9
Al 6 IILS (46,6 5.9 6,4 0,7 |TI.7 0.I L2 18,0 10,8| 0,8 0,6 k.2
A 3,6 I666  [45.,0 6.5 10,6 0,5|I.9 0,5 3,2 13,8 IT 4| I,6 0,7 L,2 0,1

* UL = Under leaves, FH ~ Frost heaved, 0 - FHUL « Frost heaved under leaves,

0¢
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TABIE 15

PLANTING STOCK MEASUREMENTS

Average - Average Average Root/shoot
# of root Average root top 1 ratio
transplants | length height weightl weight (by
sampled (in.) (in,) (gms.) (ems.) weight)
25 5.0 565 0.22 1.29 0.17
1

Oven dried at 105°C for 48 hours.

Survival on the fresh site was good on all seedbeds with almost all
the mortality confined to the first summer (Table 16). The mixed seedbed
had the best survival (95 per cent) and the greatest height growth in the
first three summers (7.9 inches). Smallest height growth took place on
transplants on the mineral soil seedbeds (4.8 inches). Some effect may
be expected from g hand-spraying, with herbicide, of the competing
vegetation on the strips in late August of 1965. Survival was poor (45 per
cent) on the moderately moist site which was located on a slope. Much of
the mortality is due to a combination of frost-heaving and transplant root
exposure caused by rapid run-off as explained in the section on seeding
(1/3 uprooted in spring of 1966). Very poor survival of the transplants on
the disturbed seedbed on the very moist site would appear to be the result
of severe flooding on the bulldozed strips. Survival has been excellent on
the humus seedbed, however height growth has been much less than on the
fresh site (3,7 versus 7,6 inches). This result seems to be due to severe
grass competition on the very moist site.

Future survival and growth may be affected by the herbicide spraying
of the bulldozed strips carried out in late August of 1965.

(1ii) Seeding 1965

In the autumn of 1963 scalped strips were prepared in a dense mature
aspen stand on fresh to very moist (M.R. 3-6) clay loam textured soils in
Section 14, Twp. 10, Rge, 16, E.P.M. near West Hawk lake, On May 25, 1965
thirty 1/8000-acre circular regeneration quadrats were established on a
fresh site and thirty on a very moist site. Since mineral soil exposure
was complete on the strips, humus seedbeds were prepared on undisturbed
ground between the strips while mixed seedbeds were prepared by returning
humus material to the strip to be mixed using a garden-type power tiller,
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TABLE 16
SURVIVAL AND HEIGHT GROWTH OF TRANSPLANTS
Seodbed  Molsturd Transplant |

Type Regime | # | Average Height (in,) Per cent Survival
at Autumn |Increment | Autumn | Spring | Spring | Autumn
Planting | 1966 196k I965 | I966 | I966
Mineral Soil] 3 20 | 6.3 II.I L.8 85,0 85,0 85,0 85,0
Humus 3 20 | 5.8 I3.k4 7.6 80,0 | 80,0| 80,0 80,0
Mixed 3 20 | 6,I Ih.0 749 I00,0 | 95,0 95.0| 95,0
A1l 3 60 | 6,0 I2.8 6.8 88,3| B86,7| 86,7| 86,7
Mineral Sot] 4 |20 | 5.8 | 7.8 | 2.0 80,0| 75.0| 70.0| 15,0
Mineral Sofly 6 |20 | 5,5 | I0.0 | k.5 25,0 | 10,0 I0,0[ 5.0
Hums 6 20 | 6,0 9.7 3.7 I00,0 | 00,0 | I00,0| I00,0
Mixed 6 |20| 6.0 | 10.3| W3 55.0 | 30,0 I0.0| 5.0
a1 6 |60 | 58 | 97| 39 | 60.0| M| L0.0| 367
A 3,l,6 [OLO | 5.9 IS | 56 T5.0 | 67,9 6L3| 59.3
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The quadrats were set out in equal numbers on selectively chosen
mineral goil, mixed mineral soil and humus, and humus seedbeds., One
hundred and twenty-five white spruce seeds treated with Arasan, Endrin,
and aluminum flakes were sown on each quadrat. Seed viability was 57.6
per cent,

S0il moisture conditions at the time of sowing were good. Rainfall
was adequate and well distributed throughout May, June and July (11 inches
at Rennie),

All quadrats were examined on September 20, 1965, May 17 and
September 7, 1966.

First year observed éérmination on the fresh (M.R. 3) sites was
highest on the humus seedbed (25 germinants per quadrat (Table 17)). The
best quadrat had 32 germinants from an average of 72 viable seeds,

Germination was poorest on the mineral soil seedbed and intermediate
on the mixed seedbed (6 and 10 germinants per quadrat), Second year
observed germination agveraged 2 germinants per quadrat with little difference
between seedbeds., Germination results in 1965 reversed the results in 1964
where germination was much greater on the disturbed seedbeds than on the
humus seedbeds. Differences in survival of the three seedbeds at the end of
the second summer were small (Table 18), The mixed seedbed had the best
survival (72 per cent) while the mineral soil seedbed had the poorest (62 per
cent). Most of the mortality of the observed germination took place in the
second summer, Per cent condition in the first spring after seeding as shown
in Table 19 indicates that on the fresh site, severest frost-heaving occurred
on the mixed seedbed (52 per cent) while most covering of seedlings by
leaves occurred on the humus seedbed (39 per cent). There was very little
overwinter mortality (4 per cent) and most germinants were considered
healthy (94 per cent). Subsequent survival (Table 20) of frost-heaved
germinants on this site was about 75 per cent while almost 50 per cent of
the germinants covered by leaves in the spring died that summer, Mortality
related to leaf covering was higher on the humus seedbed than on the disturbed
seedbeds (52 to 19 per cent). This was probably due to a heavier leaf
cover produced by a good growth of hazel on the humus.

On the very moist (M.R. ) site first year observed germination was
very poor on the mineral soil and mixed seedbed., This is attributed,
principally, to flooding as described in the sectiocn on seeding the
preceding year. Good germination (21 germinants per quadrat) occurred
on the humus seedbed., Best quadrat had 46 germinants from an average of
72 viable seeds in laboratory tests., No new germinants were found in the
second summer, Of the germinants that established themselves on the
mineral soil and mixed seedbed, none remained on the mineral soil while
only 12 per cent remained on the mixed seedbed at the end of the second
summer, Survival at that time, was almost as poor on the humus seedbed
(21 per cent). Visual observations indicated heavy grass and some herb
competition on this seedbed. Table 19 indicetes the generally poorer
condition of seedlings on the very moist site when compared to the fresh
site (87 to 91 healthy) while Table 20 shows poor subsequent survival of
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TABLE I7
PER CENT STOCKING AND GERMINATION PER QUADRAT

Seedbed Moisture|Basis: |Per cent | Average Total I965 | Average Total I966
Type Regime {No, of |Stocking | Germination per Germination per
I/8000 | Autumn Quadrat Quadrat
Acre 1965 1965 1966
Quadrats|
Minersl Soil 3 10 900 5.5 I.6
Humus 3 Io | I00.,0 25.3 2,2
Mixed 3 Io 100,0 10,0 2.1
A1l 3 30 96,7 I3.6 2,0
Mineral Soil 6 Io 20,0% II ‘0.0
Humus 6 Io I00,0 20,8 0.0
Mixed 6 10 60,0 L7 0.0
A1 6 60,0 749 0.0
M1 3,6 60 7843 10,7 10

# Ten germinants were on one quadrat,




TABLE I8

PER CENT SURVIVAL OF FIRST YEAR GERMINATION

Seedbed Moisture|Basis: Total Per cent Survival
Type Regime |No, of |First Ysar Autumn Spring | Autumn
I/8000 |Germination 1965 1966 1966
Mineral Soil 3 Io 55 92,7 89,1 61,8
Hurms 3 I0 253 992 93.3 66,7
Mixed 3 Io TIoo 92,0 91,0 72,0
A1l 3 30 Lo8 96,6 92,2 67.3
Mineral Soil 6 I0 II 90.9 90.9 0.0
Harms 6 I0 208 99.5 78,8 21,2
Mixed 6 TI0 I7 82,1 76,5 II.8
A1l 6 ‘ 30 236 9749 7902 19,5
A1) 3,6 60 64 97.0 87.5 L9.8

25



TABLE I9
CONDITION OF SEEDLINGS AFTER FIRST WINTER

|I'k»fl‘:a‘!n:u'e

Seedbed No, of Per cent Condition
. , Healthy Sick Missing Dead
Type Regime | Iiving | H Ul* FH 0| S UL FH O| M UL| D UL FH
Seedlings o
Autumn
1965
Mineral Soil 3 5I | 5649 I746 13,7 2,0 3.9 2,0 2,0 1.9
‘Hums 3 253 |[L5.4 34,0 10,7 3,1 0,8 Ol 2,0] 3,2 0.k
Mixed 3 ok |3L,I I2,8 LB,9 2,I| L0 I.I
A1l 3 398  |Lh.2 26,9 20,I 2,8/ 0,8. 0,5 0,2 0,5 I.2]| 2,3 0.5
Mineral Soil 6 11 72,7 18,2 9,1
Hurmus 6 207 | 39.6 I0,I I8,L hh| I,k I0 L.3 3.9 5.3| 7.2 h.ls
Mixed 6 o |2r 28,6 7,1 21,1 ‘ The3 7.2
A1l 6 232 36,6 9.I 2T,6 L,3|I.3 0.9 6,0 3.9 ho7|7.3 04 3.9
A 3,6 630 | LTl 20.3 20,6 3,3| 1,0 0.6 2,k I.8 2,5\ L4t 0,2 I.8

# UL « Under leavese FH ~ Frost heaved, O = FHUL = Fost heaved under leaves,

92



TABLE 20

SUBSEQUENT SURVIVAL OF SPRING CONDITION CLASSES

Seedbed Moisture No. of Seedlings and Per cent Survival
Type Regime Healthy Sick Missing
H Ul FH 0 S UL FH M UL
HFUL
Mineral Soil #1 29 9 7 I 2 I I
218642 77.8 42,8 0.0 0.0 0,0 0.0
Hums # 115 86 27 8 2 1 5
Z| 88,7 u7.7 85,2 25,0 50,0 0.0 0.0
Mixed #1{ 32 I2 L6 2 I
%| 8ol 83.3 78.3 50,0 0,0
A1 #1176 107 80 11 3 2 1 2 5
%1 87.5 She2 T7.5  27.3 33.3 0.0 0.0 0.0 0,0
Mineral Soil # 8 2 I
% 0,0 0.0 0,0
Humus #| 82 21 38 9 3 2 9 8 I
%| 5I.2 38,I 26,3 0.0 0.0 0.0 II.I 0.0 0.0
Mixed # 3 h I
4| 0.0 50,0 7100,0 0.0
Nl #| 85 21 . 50 I0 3 2 Ih 9 T -
%] Lok 38,I 26,0 10,0 0.0 0.0 I7.I 0.0 0.0
J-uhl 3,6 #]|26X - 128 T30 2T 6 L I5 II 16
%] 75.I 51,6 56,9 19,0 16,7 0.0 6.7 0.0 0.0

# UL « Under leaves, FH = Frost heaved, FHUL « Frost heaved under leaves,

e
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healthy seedlings that had not been frost-heaved or covered with leaves
(51 per cent) in the spring, and thus pointed to other factors causing
the heavy mortality. Focr both sites together, fifty-five per cent of
all frost-heaved seedlings either were dead in the spring or were dead
or missing in the autumn., In the same pericd 59 per cent mortality was
recorded for seedlings covered by leaveu in the spring.

Future survival and growth may be affected by the herbicide spraying
of the bulldozed strips or the very moist site carried cut in late August
1965,

(iv) Planting 1965

In the spring of 1965 a total of sixty white spruce transplants were
set ocut on a fresh (M.R. 3) site and sixty on a very moist {M.R. 6) site.
On both sites equal numbers of transplants were set out on gelectively
chosen mineral soil, humus, and mixed mineral soil and humus seedbeds.
Mixed seedbeds were prepared by returning humus material to the bulldozed
gtrip, and there, mixed with mineral soil using a garden-type power tiller.
Humus seedbeds were prepared in the undisturbed poriion of the stand between
sirips. A description of the planting stock is in Table 10,

Scll moisture conditi ons at the time of planting, May 28, were good
ard the day was cocl (high 55° Rennie), Rainfall was adequate and well
distributed throughout May, June, and July (11 inches at Rennie),

{

\J"

Planting stock for the area was the same as that used more than 3
weeks earlier on the Interlake, Consequently seedlings had been transported
to the Interlake, heeled in, taken up and transported to the Winnipeg
laboratory,; stored in a cold room for almost 2 weeks at 44°F, then were
transported to West Hawk lake and planted., At planting, trees were not
dormant, buds were flushing and roost growth was apparent,

lantations were examined May 28, October 4, 1965, May 20 and
r 9, 1966,

Survival (Table 22) on the fresh site was only fair (62 per cent) at
the ernd of the second summer, Mcst of the mortaliity occcurred in the first
summer and would appear tc be the result of the poor planting stock.

Survival was best on the mineral soil seedbed and poorest on the mixed

seedbed and intermediate on the humus seedbed. Best average height growth

a5 on the humuos seedbed and pcoorest average height growth at the end of the
cond grow1ug season was 2 inches occurring on beth the mineral soil and

e

ot

Jurvival after two summers was poor on the very moist site, Only a
third of the t; ansplants were alive at that time, 3Best gurvival (45 per
cent) was on the mixed seedbed while poorest (25 per cent) was on the
mineral! scil seedbed, Poor survival is mainly attributed to a combination
of pocr planting stock and prevailing flocd conditions described under
1664 seeding. The gocd survival of the transplants on the humus seedbed
in the autumn of the first year is misleading since almcst a third of the
itiving seedlings were sick at that time, The supericr average height growth



TABLE 22
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SURVIVAL AND HEIGHT GROWIH OF TRANSPLANTS

Seedbed hdoisture,

Tranplant

Per cent Survival

Type Regim7 # Average Height (in,)

at Spring [Autumn |Increment| Spring |Autumn|Spring |Autum

Planting | I966 | 1966 I965 | 1965 | 1966 | I966

Mineral Soil 3 | 20 8.9 | I0.2| 710.9 2,0 | I00,0, 85,0/ 85,0/ 80,0
Humus 31|20 8.2 94| II,2( 3,0 | TI00,0{ 65,0 60.,0{ 55,0
Mixed 3|20 8,I 8.0| I0E| - 2,0 | I00,0{ 60.0| 50,0/ 50,0
A 3 |60 8.L 9.t I0.8 2,4k | T00,0| 70.,0| 65,0 61,7
Mineral Soil] 6 | 20 7.8 IT k| 13,2 Sy | 100.0{ LO.0| 30.0| 25,0
Humus 6 |20 8.I | 710.2| 12,7 4.6 | 100,0| 85.0/ L0.0| 30,0
Mixed 6 |20 7.6 | T0.8| I0.7 3.I | I00,0{ kL5.,0| L5.0| Ls.0
A1l 6 |60 7.8 I0,7| I2,0 L2 I00,0| 56.7| 38.3] 3343
A1 3,6 [120 8.1 9.9 IIL.2 3.I | 100,0| 63.3| 5I,7| k7.5
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on this site when compared t¢ the fresh site may be partially ascribed
tc a tendensy for taller transplants to survive and, in the case of
the disturbed seedbeds, to the extension of the aerial portion of the
trees by frest-heaving,

Future survival and growth may be affected by the herbicide spraying
of the bulldozed strips on the very moist site carried cut in late August
of 1965,

JACK PINE
(A) 1Interlake Area - Mantagc lLake
(i) Seeding 1964

In March, 1964 scalped strips were prepared in a dense young aspen
stand near Mantago lake in Section 20, Township 26, Range 3, W.P.M.
On May 12, 1964, twenty 1/8000-acre circular regeneraticn quadrats were
established on a very dry (M.R. 0) site, twenty on a dry (M.R. 1) site,
thirty cr a moderately fresh to moderately moist (M.R. 2-3-4) site. The
quadrats were set out in equal numbers on selectively chosen mineral
scil and humus soil seedbeds, on the very dry and dry sites. On the
mederately fresh to moderately moist sites quadrats were set cut in equal
numbers on selectively chosen mineral soil, humus soil, and mixed humus
and mineral soil in conjunction with quadrats seeded tc white spruce. Grub
hoes and shovels were used to mix the mixed seedbeds, Fifty jack pine seed
treated with Arasan, Endrin, and aluminum flakes were sown on each quadrat.
Seed viability after treatment was 96.5 per cent. Seeding was carried out
on May 12 on moderately fresh to moderately moist sites and on May 14 on
the very dry to dry sites.

Scil moisture conditions would appsar to have been good with over an
inch and a half of rain reported in the first 10 days of May at the
nearest weather station (Gimli). Although the rest of the month had almost
no rain {(0.02 inches at Gimli), rainfall in June was higher than normal and
at 4 inches would appear tc be sufficient for germination on goocd sites.
Ail quadrats were examined in July 27, August 24, 1964, May 11, August 23,
1965 and August 22, 1966,

Obgerved germination (Table 23) on the very dry to dry site was a

very small percentage of the possible seed sown. Best germination occurred
cn mineral soil seedbed on the dry site (?o) per quadrat or 5 per cent of
viable seed) while no germination was observed on the mineral soil seedbed
on the very dry site (almost no tree cover on the very dry site). Germination
on the humus seedbed was the same for both sites at 1,1 seedling per quadrat,

ithough the quadrats were examined in mid-summer and late summer few dead
germinants were found during the first growing season., Survival overwinter
was excellent with only fthe mineral soil seedbed cn the dry site having any
mcrtality (28 per centgo Considerable mcrtality cccurred during the second
summer on the dry site and seedling survival was poor during the next year,
At the end of the third summer, seedlings on the humus seedbed had better
survival than those on the mineral soil seedbed, Overwinter condition
(Table 24) indicates little covering of seedlings by leaves and no frost-
heaving on these sites lccated on a sand and gravel ridge.



TABLE 23
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PER CENT STOCKING, AVERAGE GERMINATION PER QUADRAT, AND PER CENT SURVIVAL

Seedbed Moisture [Basis:|Per cent|Average Total 196} Per cent Survival
Type Regime [No, of |Stocking|Germination per Autumn| Spring | Autumn [Autumn
T/8000{ Autumn Quadrat I96h | I965 | 1965 | 1966
Acre I96L Autumn
196}

Minerﬂ. Soil 0 To 0.0 0.0 - - - -
Hums 0 I0 50,0 I I 81,8/ 8I,8 8I,8 36,1
A1 0 20 25,0 0.6 8I.8| 8I.8| 8I.8| 36.4
Mineral Soil I Io 80,0 2,5 I00,0| 72,0| 56.,0| 32,0
Humus I I0 60,0 I.I J00,0| TO0,0| 72.7 Sh,S
A1l I 20 70,0 1,9 100,0| 80.,6| 6I.I| 38,9
Mineral Soil] 2 6 83.3 2,0 100,0| 33.3| 8.0 0,0
‘Humus 2 50,0 L3 75.0| 75.0| 62,5 50.0
Mixed 2 51 80.0 2,0 I00,0| 50,0 L4O,0]| 20,0
A1 2 I7 70.6 1.8 93.,3| 50.0| 30,0/ 20,0
Mineral Soil 3,’4 7500 Ios I00,0 6607 33.3 33.3
Hums B,h 7500 h08 9h07 6302 5709 1508
Mixed 3,h 80.0 2.6 85,7| 57.I| 50,0| IL.3
A1l 3,k 13 7649 3.0 92,3| 6I.,5( 5I,3| I7.9
A1l D,1,2,3,U.70 58,6 1.6 83,6 66i] 52,6| 26,7




TABLE 2}
CONDITION OF SEEDLINGS AFTER FIRST WINTER

Seedbed !Mois’oure No, of Per cent Condition

Type Regime | ILiving Healthy Sick Missing Dead
Seedlingg H Ulsx FH S L FH M UL D UL FH
Autumn |

\ I96L

Mineral Soil] © 0

Humus 0 9 [00,0

A1l 0 9 00,0

Mineral Soil I 25 | 68.,0 L.0 4,0 T2,0] 12,0

Humus I II [00,0

A1l I 36 [77.8 2.8 2.8 8.3] 8.3

Mineral Soil 2 IT | 36.h 91 { 54,5

Hums 2 7 [I00,0

Mixed 2 10 | 50,0 10,0 10,0 | 30,0

A1 2 28 | ST7.I 3.6 7.2]32.1

Mineral Soil| 3,k 6 |50.0 16,7 16,7 { 16,6

Humus 3,k I8 | 55.6 5.6 5.5 5.5127.8

Mixed 3,k I2 | 66,7 25,0 8.3

A 3,4 36 |58.3 2.8 2.8 2.8 13.9 | I9.4

A1 Q,I,z,g,,u 109 |[67.9 I.8 0.9 0.9 I.8  9.2|1I7.,5

3# w UL w Under leaves, FH « Frost heaved,

49
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First year observed germination on the moderately fresh site, a
sandy soil at the base of a ridge, was similar to that on the very dry
and dry sites, Germination was a little better on both the mineral soil
and mixed seedbed than on the humus seedbed (2,0 to 1.3 per quadrat),
No mortality was observed the first summer on the disturbed seedbeds while
25 per cent of seedlings on the humus died in this period. Over winter
there was no mortality of seedlings on the humus seedbed while two-thirds
of the seedlings died on the mineral soil seedbed and half died on the mixed
aeedbeds, By the end of the third summer survival was the best on the humus
seedbed (50 per cent) as against complete mortality of seedlings on the
mineral soil seedbed and 20 per cent survival on the mixed seedbed, No
frost-heaving of seedlings on this site was evident the second spring while
about 10 per cent of the seedlings were covered with leaves on the mineral
s80ill and mixed seedbeds.

First year observed germination on the fresh to moderately moist site
was best on the humus seedbed, poorest on the mineral soil seedbed and
intermediate on the mixed seedbed. Observed germination was much less than
germination minus summer mortality recorded on similar sites and seedbeds
in southeastern Manitoba (Bruce and Walker, 1967), On the fresh to
mederately moist site mortality of the seedlings was most severe during the
first winter and between the second and third autumn, At the end of the
third summer survival was best on the mineral soil seedbed, however this
result is based on an observed germination of only 6 seedlings. Overwinter
condition shown in Table 24 indicates some frogst-heaving on the mineral soil
seedbeds, the least leaf covering of seedlings (11 per cent) on the humus
gegdted, and the most on the mixed seedbed on this site.

Some mortality may be due to an aerial herbicide treatment carried out
_ in early August of 1965 on plantations surrounding these seed spots although
no damage was noted in the examination that September.,

(1i) Planting 1964

In the spring of 1964 a total of 15 jack pine transplants were set out
on a mederately fresh (M.R. 2) site and 45 on a fresh (M.R. 3) site. Equal
numbers of transplants were set out on selectively chosen mineral soil,
humia, and mixed mineral soil and humus seedbeds, the mixed seedbeds being
prepared using grudb hoes and shovels, A description of the planting stock
is shown in Table 25.

Planting was carried cut on May 12, a cool day (high at Gimli was
52°F) and scil moisture was excellent due to heavy rains during early May.

Heights of all transplants were recorded on May 14 and condition and
damage were noted on November 17, 1964, May 14, 1965, and August 25, 1966
when heights were again measured.
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Transplant survival (Table 26) has been fair to excellent to the end
of the third summer, Best survival was on the humus seedbed (90 per cent)
while fair survival (62 per cent) occurred on the disturbed seedbeds.
Mortality is attributed, partly to severe browsing by deer as 98 per cent
of the living seedlings in the second spring had been browsed during the
first year. Some later mortality may be due to an aerial herbicide treatment
carried out in early August of 1965 on white spruce plantations surrounding
this site,

Average height growth after three summers was best on mixed seedbeds,
pcorest on humus seedbeds; and intermediate on mineral scil seedbeds. Some
of the difference in height growth on the three seedbeds may be due to a
different intensity of browsing for each of them.

(iii) Seeding 1965

In the spring of 1965, twenty l/SOOO-acre circular regeneration quadrats
were established on a very dry (M.R. 0) site, twenty on a dry (M.R. 1) site,
and thirty on a fresh (M.R. 3) site. The quadrats were set out in equal
numbers on selectively chosen mineral soil and humus seedbeds on the dry and
very dry sites and on mineral soil, humus, and mixed mineral soil-humus
seedbeds on the fresh site. A garden-type power tiller was used to prepare
the mixed seedbeds., Fifty jack pine seeds pelleted with Arasan, Endrin,
and aluminum flakes, and testing 89 per cent viable, were sown on each quadrat
on May 5.

TABLE 25

PLANTING STOCK MEASUREMENTS

Average Average Average Root/shoot
# of root Average roct 1 top 1 ratio
transplants length height weight weight (vy
sampled (in,) (in.) (ems. ) (gms.) weight)
25 769 L6 0.53 2,03 0,26

1
Oven dried at 105°C for 48 hours.

Moisture conditions at the time of seeding were excellent however
rainfall during late May and June was light and insufficient for good
gernination, :

All quadrats were examined on August 20, 1965, June 14 and August 23,
1966,
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TABLE p@
SURVIVAL AND HETGHT GROWTH OF TRANSPLANTS

Seedbed  |Moisture Transplant
Type Regime | # | Average Height (in,) Per cent Survival

at Autumn [Tncrement | Spring | Autumn | Spring | Autumn

Planting | 1966 196k |- I96h | I965 | 1966

Mineral Soil 2 8.7 IT.I 2.4 T00,0 | 80.0 | 80.0| 80,0
Humus 2 6.1 8.4 | 2.0 100.0 | 80.0 | 80.0| 80.0
Mixed 2 8,0 15,1 7.4 100.0 | 100.0 | 00,0 | 00,0
A1l 2 IS | 7.7 I1,9 he2 T00,0 | 86,7 | 80,0 | 86,7
Mineral o)) 3 |I5 | 7.I I2.8 | 5.7 100.0 | 100.0 | 93.3| 60.0
Hums 3 15 | 7.8 11,0 3.2 100,0 | 100,0 | 100,0 | 93.3
Mixed 3 IS | 6.5 Ihb 7.9 T00,0 [ 86,7 | 86,7 | 60,0
A1l 3 s | 7.1 12,5 Sels I00,0| 95,6 | 93.3| T7TI.I
A1 2,3 |60 7.3 | 123 | 5.0 | 100.0| 93.3| 90.0| 75.0
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year observed germination (Table 27) was pcor for all seedbeds
s when compared to viable seed sown (4 germinants from average
o seeds), 3Best germination occurred on the humus seedbed on
the dry site (5 5 gernLnan+“ per quadrat) and the mixed seedbed on the
be (3.2 gerninants per quadrat) thle poorest germination was on
seedbed on the fresh site {Z.6 germinants per quadrat).
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Survival of firat year germinaticn was generally poor for all

seadbeds ows:de*abTe mortality had already taken place
by the firss sutumn swamination., This mortaility would appear to have been
caused by a combination of drought and high temperatures in late July and
sarly August, Survival was better on the fresh site than on the dry site
whish was betser than on the very dry site (93-65-54 per cent)., Mortality
of the seedlings was severs over winler, especially on the fresh site where
oniy i3 per cent of the germinants had survived to the spring., Survival

i sunmer was goed and in il

gt survival was on
ita

per cen®) and pocrant {9 per cent) while

was was little
s poi the same site as
was

Overwinﬁer sondition as shown in Table 28 indicates considerable
iy (22 per cent) assoclated with frest-heaving., This was more
severe on the disturbed seedbeds than on *hﬁ humus seedbeds on all sites,
lertality, nassceliaied with frost-heaving cr leaf cover of seedlings in
the spring was heavy (36 per cent)s gTeater on the humus than on the
d great n the fresh than on the d”y and very dry

disturbed seedbeds an er on
. Posaibly this was a coentinuing effect of the previous summers
u¢ousgda Subseguent ral of healthy sesdlings in the spring (Table 29)
indizaves trat best 1 in the second summer occurred on the mineral

enil geedbed and prorest suwrvival on the humus seedbed,

n the fuiture may be effecied by an aerial
out in early August of 1965 to reduce
rounding plantations (quadrats were protected

O b

g
\_/
°

a toial of 60 jack pi ne tranSplants were set
uiteo Eq al num%cr of 1Qﬂ1ants were set out

seedbea belng pfeparea usi ng a garden-type power
the planting stock is shown in Table 30,

Planting was carried out on May 5, a warm day (high at Hodgson was
I moigture conditicr was probably less than ideal with about
of an inch of rain from April 22 o May 5, however gbout one
an inch of rain fell the evening of May 5 and morning of May 6.
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PER CENT STOCKING, AVERAGE GERMINATION PER .QUADRAT, AND PER CENT SURVIVAL

Seedbed  Molsture|Basis:|Per cent Average Total I965 Per cent Survivel
Type Regime |No, of|Stocking|Germination per Autumn | Spring | Autumn

I/8000| Autumn Quadrat 1965 1966 I1966

Acre 1965 Autumn |

I1965

Mineral Soill 0 10 80,0 4.8 50,0 2,9 20,8
Humus 0 10 80,0 3_.5 60,0 3T | 25,7
A11 0 20 80,0 L2 Sh,2 26,5 22,9
Mineral Soil I 10 90,0 3.6 77.8 36.1 33.3
Humus I I0 IO0.0 505 560’4 290I 2703
A1l I 20 95,0 Lo 64,8 31,9 29,7
Mineral Soil 3 Io 70,0 2,6 8,7 3.8 3.8
Hunms 3 I0 9000 303 93 09 ) 1802 1201
Mixed 3 Io 90,0 %2 96,2 13,5 9.6
A1l 3 30 8343 3.7 92,8 _12.6 9.0
A3 0,I,3| 70 85.7 LI 7246 22,8 19,6




CONDITION OF SEEDLINGS AFTER FIRST WINTER

TABLE 28

Seedbed hoisbure No, of Per cent Condition
Type Regime | Living Healthy Missing Dead
Seedlings| H U+ FH 0| S O FE Of M U D UL FE 0
Autumn '
1965 §
Mineral Soil] O 2L hI,7 ) LI 25,0 25.0
‘Bums | 0 o1 | k2.9 38T 19.0
A 0 ks k23 2.2 2,2 IL.I 22,2
Mineral Soi) I 28 39.3 3.6 3.6 I7.8 Ih.3 2L,k
Humas I 31 5I.6 3.2 29,1 16,1
A I 59 15,8 1.7 3.4 23,7 6.8 18,6
Mineral Soil 3 22 b6 22,7 s heb 22,7
Humus 3 3I I6,I 9.7 58.I I6,I
Mixed 3 so | 12,0 2,0 |20.0 ko |38.0 24,0
A1l 3 103 IT.6 1.0 I7.5 I.9 | k5.6 TI.0 2L,k
A 0,I,3 207 28,0 0.5 1,0 10,I I,0 | 36,2 2.4 20,8

¥ UL -« Under leaves, FH « Frost heaved,

8¢



TABLE 29
SUBSEQUENT SURVIVAL OF SPRING CONDITION CLASSES

Seedbed #'loisture No. of Seedlings and Per cent Survival
Type Regime Healthy Sick Missing
H UL FH 0 s UL FH 0 M
Mineral Soill O #| T0 I I
%| 90.0 100.0 4 0.0
 Humus 0 #| 9
2] 77.8
A1l 0 #|1I9 . I I
‘ 21 84,2 100.0 0.0
Mineral Sofl I #| I ' I I
: % 1100,0 0.0 0.0
Hums I #|16 I
%| 93.8 0.0
A1l I #|27 I 2
Mineral Soil 3 #| I 5
%100,0 0,0
Hums 3 #] 5 3
Z| 60,0 0.0
Mixed 3 #| 6 I 10 2
%] 83.3 0.0 0.0 0.0
A 3 #| I2 I 18 2
£| 75,0 0.0 0,0 0.0
A1l 0,I,3 #| 58 I 2 21 2
4| 87.9 100.0 : 0.0 . 0.0 0.0

# UL « Under leaves, FH « Frost heaved,

6€
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Survival of the transplants (Table 31) has been generally good
with mineral soil seedbed, the best (95 per cent) and the mixed seedbed
poorest (80 per cent), Average height growth to the end of the second
summer has been best (7.7 inches) on the mixed seedbed, poorest on the
humus seedbed and intermediate on the mineral soil seedbed,

Average height growth and survival may have been effected by an
aerial herbicide spraying carried out in early August of 1965, In the
autumn of 1965 a third of the transplants were found to be sick,
principally loss of needles and some dead buds, due primarily to the
herbicide,

TABLE 30

PLANTING STOCK MEASUREMENTS

Average Average Average Root/shoot
# of root Average root top 1 ratio
transplants length height weight weight (vy
sampled (in.) (in,) (gms,) (gms.) weight)
25 9.1 363 0,43 1,15 0.37

1
Oven dried at 105°C for 48 hours.

In this plantation deer browsing during the first winter appeared
to be selective, while only 20 per cent of the transplants on the humus
were browzed, 45 per cent were on the mixed seedbed, and 70 per cent
were on the mineral soil seedbed.

FIFTH YEAR ASSESSMENT OF 1962 SEEDING

A1l seed used in 1962 was pelleted with Captan 50-W, a fungicide,
Subsequent research (Waldron and Cayford 1964) indicated that while
Captan 50-W reduced damping-off, it also caused abnormal rooting which
prevented the normal establishment of a large proportion of the germinants.
Thus while viability was improved by Captan 50-W in the laboratory,
apparent germination based on observations made in early summer and again
in autumn would be reduced.
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 SURVIVAL AND HEIGHT GROWTH OF TRANSPLANTS

4

Seedbed  Moisture Transplant
Type Regime | # | Average Height (in,) Per cent Survival
at Autumn |Increment | Spring |Autumn | Spring Autm
 Planting | 1966 1965 | I965 | 1966 | 1966
Mineral Soil 3 20 | 5.9 II.3 5.6 100.0 | 95,0 | 95.0 | 95.0
Humus 3 20 | 5.7 9.6 3.9 100,0 | 95,0 90,0 | 90,0
Mixed 3 20 5e3 I3,0 Te7 100,0 85,0 80.0 80,0
A1 3 60 | 5.6 11,2 5.6 I00,0 | 9I,7| 88.3 | 88,3




TABLE 32

FIFTH YEAR ASSESSMENT OF DIRECT SEEDING

Seedbed hﬁoisturel Basis: Per cent|First Year Other Average Per cent Survival
Type Regime | No, of | Stocking |Germination Living [Height of| Of First Year Germination
I/8000| to First |per quadrat Germination Tallest| I962 | 1963 | I963 | 196l | 1966
Living | per Quadrat
fluadrats Year Autumn Auvtumn |, per |Autumn |Spring|Autumn [Autumn [Autumn
Germination 1966 1966 | Quadrat
Autumn 1966 (in,)
Mineral Soil 3,L I0 90.0 I0.0 4.8 0.5 3,1 92,0 | 75,0 | 60,0 | 54,0 | L4B.O
Hums 3,4 10 90,0 I3.8 9,2 0.8 61 | 76,8 | 69,6 | 68,8 | 68,I | 66,7
Mixed 3,k Io 80,0 9.5 6.4 I3 Tl Bhe2 [ Tha?7 | TILS | 70,5 | 674k
A1l 3,k 20 86,7 IT,I] 6.8 0.9 5.5 83.5 | 72,7 | 67,0 | 6h,6 | 61.3
Mineral Soilf 5,6 I0 - - - - - - - - - -
Bumus 5’6 I0 - - - - - - - - - -
ROAD CONSTRUCTION
All 5,6 30 - - - - - - - - - -

h
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WHITE SPRUCE
(A) 1Interlake - Fish Road
(i) Seeding 1962

In the spring of 1962, sixty 1/8000macre regeneration quadrats were
established and sown with 200 white spruce seeds each (Waldron 1964).
The seed was pelleted with Captan 50-W and tested 63 per cent viable.
The next winter thirty quadrats on the moist to very moist site were
destroyed by road construction and in early August of 1965 an aerial
herbicide treatment wag carried out over *hese plots in releasing adjacent
plantations. Observation indicated a good leaf kill of the aspen stand,
with some mortality, and a good kill of herbs and brush such as willow,

A seeding assessment was carried out August 15, 1966 and results
are summarized in Table 32, Best germination occurred on the humus seedbed,
poorest on the mineral soil seedbed, and intermediate germination occurred
on the mixed seedbed for the fresh site. About twe thirds of the germinants
survived through five summers on beth the humus and the mixed seedbeds while
slightly less than 50 per cent survival was recorded on the mineral soil
seedbed, Average height growth over the five summers was poor on the
mineral soil seedbed (3 inches) and best growth (7 inches) occurred on the
mixed seedbeds. Average height growth on the humus seedbeds was 6 inches.
The good survival and growth of seedlings on the humus seedbeds is perhaps
due to poorly developed ground vegetation under the dense young aspen stand
with the further assistance of the herbicide treatment,

To supplement the data from the seeding experiment, sixty l/8000»acre
regeneration quadrats were subjectively located on scalped strips that had
been seeded in the spring of 1962 with white spruce at the rate of 1.3
pounds cf Captan 50-W pelleted seed per acre. Seed viability was 63 per
cent, Fifty quadrats were located on a fresh to moderately moist (MeRo. 3-4)
site and ten on a moist to very moist (M.R. 5-6) site (Waldron 1964)., These
plots were included in the aerial herbicide spraying of 1965,

A seeding assessment was carried out August 15, 1966 and results are
summarized in Table 33, Best cbserved germination, steccking, survival
and average height growth were found on the humus seedbeds for the fresh
site, Germination was poor on the moist to very moist site, however, of
the seedlings that did germinate all were dead by the end of the second
summer on the mineral soil seedbed while survival was 25 per cent on the
humus seedbed at the end of five summers.

(B) Whiteshell Provincial Park - Nutimik
(1) Seeding 1962

In the spring of 1962, thirty 1/8000uacre regeneration quadrats were
established on a fresh to moderately moist (M.R. 3-4) site and ten on a
very moist (M.R. 6) site (Waldron, 1964)., Three hundred white spruce seeds
pelleted with Captan 50-W and testing 10 per cent viable, were sown on each
guadrat. A herbicide spraying of vegetation on the bulldozed strips on
which the plots were situated, was carried out in early August of 1963,



TABLE 33

FIFTH YEAR ASSESSMENT OF BROADCAST SEEDING

Seedbed Moisturd Basisy Per cent FirstYear Germination Average Per cent Survival
Type Regime | No, off Stocking |Per Quadrat [Living in Height of Of First Year Germination
1/800d to First Autumn Tallest |Autumn |Spring|Autumn]Autumn [Autumn
Quadratd ~Year 1966 per | 1962 | 1963 | 1963 | 196k | I966
Germination Quadrat
Autumn T966 (in,)
Mineral Soil 3,4 | 25(5)* 8kL.0 S.h 2,0 L.5 100,0| 85.2| LB8,I|] L8.I| 37.0
Humus 3,4 | 25(5) 96,0 6,0 L.8 | 6.3 100.0| 86,7 86,7 86;7 80.0
A1l 3,4 | s0(10)| = 90.0 5.7 3.k 5. 100,0| 86.,0| 68| 6B.h| 59.6
Mineral Soil ) 5,6 M(S) *o.o‘ 0.8 0.0 - 100,0{ 75.0{ 0.0 0.0] 0.0
Hums 5,6 (5) 20,0 0.8 0,2 2,0 100,0| I00,0| 50,0, 50.0| 25.0
A1l 5,6 (10) 10,0 0.8 0.1 2.0 100,0| 87.5 ‘25.0 25,0 1I2,5

# 25 gtock quadrats 5 of which are list quadrats.




TABLE 3}

FIFTH YEAR ASSESSMENT OF DIRECT SEEDING

Seedbed ~ Moisture Basiss; Per cent [First Year Germinationf Other therage Per cent Survival
Type Regime | No, off Stocking per Quadrat Germination Height claf First Year Germination
1/8000| to First Living per Quadrat| of TallestAutum|Spring|Autumn|Autum|Auwtum
Quadratss  Year Autumn Living per 1962 |1963 {1963 |I965 |I966
Germination 1966 Autumn | Quadrat
Rutumn AI966 1966 (in,)
M_ineral Soill 3,’4 I0 6000 ] 303 I.0 005 3.1 100.0 5’405 h3-5 33.3 3003
Hurms 3,k 10 60,0 5.8 1.6 0,3 5.5 |100,0 |[53.h |h6.6 |27.6 |[27.6
Mixed 3,k Io 80,0 8.3 2,3 0.3 3.8 T00,0 [L9.h |[hI.0 [30.I |27.7
a1 | 3,k 30 73.3 5.8 1.6 0.l h,I |[T00.0 |SI.7 |bhe2 (29,9 |28,2
Mineral Soil 6 0,0 I,2 0.0 0,0 - 83.3 0.0 0,0 0.0 0,0
| Hums 6 20,0 1,6 0.2 0.2 I.9 |100.0 |50.0 |50.0 [25.0 |I2.5
A é 10 10,0 Tl 0,1 0.1 1.9 92,8 |28,6 [28,6 |IN3 | 7.I

Sh
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A seeding assessment was carried out on September 1, 1966 and
results are summarized in Table 34, Germination and survival of germinants
was very poor on the very moist site and there was only one 1962 germinant
living at the end of five summers. This result is attributed to Captan
and excessive goil moisture., On the fresh to moderately moist site best
germination was on the mixed seedbed and poorest on the mineral soil
seedbed with the humus seedbed being intermediate. Seedling survival
after five summers was essentially similar for all seedbeds (28 per cent).
Best average height growth was on the humus seedbed (6 inches) while
poorest average height growth was on the mineral soil seedbed (3 inches).
The comparatively good results on the humus seedbeds is attributed to
the absence of intense ground competition on the humus seedbeds,

To supplement the data from the seeding experiment sixty-one 1/4000-
acre circular regeneration quadrats were subjectively located on scalped
strips that had been seeded in the autumn of 1961 and in the spring of
1962 with white spruce at the rate of one pound of Captan 50-W pelleted
seed per acre (Waldron, 1964), Seed viability was 39 per cent. These
plots were included in the herbicide spraying of the bulldozed strips.

A seeding assessment was carried out on September 1, 1966 and results
are summarized in Table 35. Again observed germination and early survival
of seedlings on the very moist site was very poor due, principally, to
Captan and excessive soil moisture. On the fresh to moderately moist site,
the mineral soil seedbed had slightly better germination, survival, and
height growth, but much pcorer stocking than the humus seedbed. Mineral
s0il seedbed germination and survival was concentrated on the fresh sites.
Considerable new germination was found in the autumn of 1965, a result,
perhaps, of seedfall of white spruce trees near the area (an abundant cone
crop was noted in 1964 for southeastern Manitoba, Waldron, 1965).

JACK PINE
(A) 1Interlake - Fish Road
(i) Seeding 1962

In the spring of 1962, a total of thirty 1/8000-acre circular
regeneration quadrats were set out on a fresh to moderately moist site
(M.R. 3-4), Fifty seeds, pelleted with Captan 50-W, with a viability of
80 per cent, were sown on each quadrat on May 2 of that year (Waldron,
1964). Observations made shortly after seeding indicated that some seeds
had been eaten. In early August of 1965 an @erial herbicide treatment
was carried out over these plots with results as noted under the white
gpruce seeding assessment.,

A seeding assessment was carried out August 15, 1966 and results are
summarized in Table 36, Best germination (5.0 germinants per quadrat)
occurred on the mineral soil seedbed, poorest on the humus seedbed, and
intermediate germination occcurred on the mixed soil seedbed., Poorest



TABLE 35
FIFTH YEAR ASSESSMENT OF BROADCAST SEEDING

Seedbed Molsturg Basis:| Per cent |First Year Germination Other |Avera ge Per cent Survival
Type Regime | No, of] Stocking Per Quadrat Germination/Height of First Year Germination
I/8000 to First Living |per Quadrat|of TallestAutumn|Spring|Autumn Aubmm] Autumn
Quadraty  Year Autumn Living per 1962 |I963 |[I963 |[I965 |I966

Cermination 1966 Autumn |Quadrat

hutunn 1966 1966 | (in.)
Mineral SOﬂ B,h 21 h2 08 607 206 3-5 607 IOO.O 72-I hS.O 3903 3903
Humus 3,4 20 70.0 6.1 2.1 1.8 5.3 |T00,0 |63.9 |38.5 |3hok 3Lk
A1l 3,’4 LI 63.h 6ok 2.4 2,7 6.0 I00,0 |[68,3 |Lh2,0 |[37.0 |37.0
Mineral Soilf 6 8 12,5 0.5 0.I 0,0 2.1 100,0 |25,0 [25.,0 [25,0 |25,0
Humus 6 I2 16,7 1.8 0.2 0,I 3.0 1I00,0 [63.6 |L0.9 [I3.6 9.1
A 6 20 15.0 1,2 0.2 0.0 2,9 |I00,0 |57.7 |38.,5 |IS,h |IL.5

o
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survival at > years occurred on the mineral soil seedbed (44 per cent) while
t surv 1*@1 was on the humus seedbed (63 per cent). Frost-heaving would

t appear to be a major cause of mortality as only 3 of 21 frost-heaved

seedlings the first winter had died by the end of the second summer. Some

mortality may have beern caused by the herbicide treatment of 1965. Best

average height growth cccurred on the mineral soll seedbed (6 inches) and

pocrest average height growth cccurred on the mixed seedbed (@ inches)o

To supplement the data from the seeding experiment, twenty I/SOOOwacre
guadrats were subjectively lceated on scalped strips that had been seeded
ir the spring of 1962 with cne pcund (1L.4 ounces of seed) of Captan
pelleted seed per acre {Waldron, 1964)., Viability of the seed was 80 per cent.
Ten quadrasts, five humus and five mineral soil seedbeds, were located on
fresh to moderately moist sites (M.R. 3-4), the other ten on moist to very
mcist ﬁites (M.R. 5-6), 1In early August of 1965 an aerial herbicide
freatment was carried cut cver these plots with resulis as ncted under the
white spruce seeding assessment.

A seeding assessment was carried out August 15, 1966 and results are
summarized in Table 37, On % to moderately moist site, germination
was siightly better on the mineral scil seedbed as was distribution of
seedlings at the end of five summers, However, average height growth, at
f?v years, was greater on the humus seedbed and seedling survival on the
numug was more than itwice as good as survival on the mineral soil seedbed,
some sesdling mortality may have been caused by the aerial herbicide
treatment of 1664,

3

Av the snd of five summers only twe quadrats, on the mcist to very
iet site, had seedlings, one mireral soil, the cther humus. Tallest
eding'was on thﬁ m*neral g0il seedbed and best survival cccurred on the

rer

ASSESSHMENT OF GERMINATION AND SURVIVAL TO THE END OF TIIE SZCOND SUMMER FOR
ALL AREAS

{A) WHITE SPRUCE

‘?5‘

rmlaafzcn found in the first summer after sowing as a per cent of
imated viabtle seed sown is compared for all areas and years of
in Table 38, The rave of germination has been found to be somewhat
un the humug seedbeds than on the disturbed seedbeds for the
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3derately fresh tc moderately moist sites. The rate of germination on

this site would appear to be better in the generally more humid climate

f the Whiteshell, Considerable fluctuation in the rate of germination is

nt from year o year and from lccality to locality, however, the widest
rien would appear to cccur on the humus seedbed and the smallest

iation on the mineral scil seedbed.
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TABLE 36

FIFTH YEAR ASSESSMENT OF DIRECT SEEDING

Seedbed  Moisture| Basis:| Per cemt |First Year Germination | Average Per cent Survival
Type Regime I‘;?SO%% Stocking |per Quadrat|Living in |Height of of First Year Germination
Quadratd to First Autumn Tallest |Autumn |Spring |Autumn|Autumn|Autumn
Year 1966 per I962 | I963 | I963 | I96h | 1966
Germination Quadrat
| Autum 1966 (in,)
Mineral Soil 3,k 10 90,0 5.0 2,2 5.8 90,0 | 84,0 | 72,0 | 64,0 | Lh,0
Hurms 3,k 10 80,0 2,7 1.7 5.0 96,2 | 96,2 | 92,7 | 85.2 | 63,0
Mixed 3,4 10 80,0 k.3 2,1 Lok 90,7 | 86,0 | 78,1 | 72,I | 48.8
A1l 3,k 30 86,7 1,0 2,0 - S.I 91,7 | 87.5 | 79.2 | 7I.7 | 50,0

64



TABLE 37

FIFTH YEAR ASSESSMENT OF BROADCASI' SEEDING

Seedbed hoisture Basissy Per cent First Tear Germination | Average Per cent Survival
Type Regime | No., off Stocking [per Quadrat [Living in |Height of of First Year Germination
I/8000 to First Autumn Tallest |Autumn|Spring|Autum|Autumn jAubumn
Quadratq Year I966 per T962 | 1963 | 1963 | I96L | I966
Germination | Quadrat
butum I966 (in,)
Mineral Soil 3,k 5 80,0 ho6 I.2 8.0 T00,0 | 9I.3 | 60,9 | 60.9 | 26.I
Humus 3,h 5 60,0 L0 2,2 9.7 |I00,0 |I00,0 |{I00,0 | 85,0 | 5540
A1l 3,k I0 70.0 h.3 I.7 8e7 T00,0 | 95.3 | 79.I | 72,I | 39.5
Mineral Soil 5,6 5 20,0 1.0 0.8 6,8 |I00,0 [I00,0 | 80,0 | 80.0 | 80,0
Humus 5,6 5 20,0 2,2 0.2 4.9 |I00,0 | 81,8 | Sh.5 | 54,5 | 10,0
A1l 5,6 10 20,0 1.6 0.5 5.8 |I00,0 | 87,5 | 62,5 | 62,5 | 3L.2

0s
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The rate of germinati on, on the moist to very moist site, for the
humus seedbed (24 per cent) was more than double that of the disturbed
seedbeds, The mixed seedbed was somewhat superior as a germination site
in relation to the mineral goil seedbed. On this site, germination on
the disturbed seedbeds, was better than on the humus seedbeds in only one
of the eight seedings carried out,

Climatic conditions during the germinating pericd would appear to be
the most important factor in the successful establishment of white spruce
germinants, However the generally drier conditions necessary for good
germination on the moister sites results in poor germination on the fresher
sites,

Survival of the observed germination to the end of the second summer
is shown in Table 39, Survival was essentially the same for the two
disturbed seedbeds (54 per cent) on the moderately fresh to moderately
mcist sites, both being slightly better than on the humus seedbeds (52 per
cent), There would appear to have been only one failure to cbtain satisfactory
gurvival on this site to the end of two summers, caused probably by a drought
as previously deseribed in that area's results.

Survival to the end of the second summer on the moist to very moist

ite was considerably better on the humus seedbed ';1 per cent) than on the

L seedbed which was a 1ittle better than on the mineral soil seedbed

31 per cent). A large part of the mortality on this site can be ascribed
locding which is more severe at the lower elevation of the mineral soil

ard mixed seedbeds,

(B} JACK PINE

Germination of Jack pine found in the first summer after scwing, as s

per cent of the estimated viable seed sown is compared for all areas and
years of seeding in Table 40,

b

The difference, in the rate c¢f germination, between seedbeds is small,
however the humus seedbed would appear ic be slightly supericr t¢ the other
seedbeds, Germination was very poor in three of the years of scwing when
compared tc the fourth year indicating a need for pre-seeding treatment
that would help to ensure a higher rate of germination,

Survival of jack pine seedlings at the end of two summers was generally
highest on the humus seedbeds, lowest on the mineral soil seedbeds, and
intermediate on the mixed seedbed (Table 41),

FUTURE WORK

Established areas will be examined and assessed as indicated in the
project plan (Waldron, 1962) and no new sreas will be established.



TABLE 38

PER CENT GERMINATION OF VIABLE SEED SOAN FOR ALL AREAS AND YEARS

Seedbed Moisture %seﬁed First Year Germination as a Per cent of Viable Seed Sown
Type Regime 1968 1963 I96l, 1965 INRR
Fish Road Nutimik | Fish Road Nutimik|Mantago West Hawk | Mantago West Hawk A1l

Mineral Soil 2,3,L 769 11,0 29,k 20,k 5e8%  Ilybx Thog 7o6% k.0
Humus ‘ 2,3,k 0,9+ I19.3 38,2 20._,h 2,5% 3Ix I2,5% 35,1 17.8
Mixed 2,3,k 7 o5 27,7 21,I 23,9 3,68 T2.6% 13.6%  I3,9% 15,5
A1l 2,3,h, 8,8+ 19.3 29,6 21,5 L 0% 10,0 I3,6% 18,9 15.7
Mineral Soil 5,6 1006 L\oo 309 1.5 1509 908 250’4» IQS 9¢I
H‘CWMS 5,6 18.2 503 2007 1292 7.0 hO.I 6107 2809 2!4‘3
Mixed 5,6 19,6 - 3.7 5.2 | 20,5 19.5 12 )y 2,4 I1.9
al 5,6 | 16T L. 9.y 6.3 | I.h 33,2 ILO 1.8

23,1

#More than IO per cent of the germination occurred the second year after seeding,

' Unwelghed average of the percentages,

© geed pelleted with Captan 50 = We

2s



TABLE 39

PERCENT SURVIVAL OF FIRST YEAR GERMINATION FOR AIL, AREAS AND YEARS

Seedbed Moisture Percent Survival of First Year Germination to the End of the Second Summer
Type Regime T962 1963 196l - I965 A

| Fish Road DMNutimik Fish‘Road Mutimiks |Mantago West Hawk | Mantago West Hawk A1l

Mineral Soil] 2,3,k 60,0 18,5 7849 k6.2 | LILT 7TL.L 22,L 6I,8 5349
Humus 2,3,14 68.8 46,6 42,8 Sh.5 42,0 73.6 I7.8 66,7 5I.6
Mixed 2,3,L 715 41,0 68,0 73.5 | 38,9 63.3 10,2 72,0 ShaI
A1l 243,0 67.0 Lh2 60,8 58,9 40,9 68,3 16,9 67.3 53.0
Mineral Soil 5,6 - 0.0 7.1 Sho5 | 764k 14,2 62,3 0,0 30.6
Humus 5,6 a 50.0 I?c? 6505 6208 7007 6805 2In2 50‘9
Mixed 5,6 - - 3.8 Lo.5 | 67.8 57.I 3.8 11,8 37.5
A1l 5,6 - 28,6 Ihok 57.8 701 59.0 63.8 19,5 Lhe7

# Survival in second spring - no examination in the autumn,

! Unweighed average of the percentages

114



TABLE LO

PER CENT GERMINATION OF VIABLE SEED SCWN FOR ALL AREAS AND YEARS

Seedbed Moisture Observed Firsﬁ YearGermination as & Per Cent of Viable Seed Sown
Type Regime I962% 1963 196l 1965 A1
Fish Hoad Fish Road Mantago Mantago A1l
Mineral Soil 2,3-L I2.5 53.9 3.8 5e9 19,0
Humus 2,3—1‘. 6.8 67.6 506 705 21.9
Mixed 2,3=L I10.8 38,0 5.0 . I 17,0
A1l 2,3l 10,0 53.1 L.8 8l I9.I
" Mineral Soil] O-I - - 2,6 95 6.0
A1 0-I - - 2l 9.9 6.2

! Unweighed average of the percentages,

% Seed pelleted with Captan 50 = W,

ws



TABLE LI

PER CENT SURVIVAL OF FIRST YEAR GERMINATION FOR ALL AREAS AND YEARS

Seedbed Moisture Per Cent Survival of First Year: Germination to the End of the Second Summer
Type Regime I962 1963 I96L I965 A1l
Fish Road Fish Road Mantago Martago A1l
Mineral Soil 2,3-lL 72,0 91,3 16,7 3.8 - L6.0
Humis 2,34 92.7 86,I 59,2 I2,I 62,5
Mixed 2,3"h 78aI 9003 ,45.8 906 5600
All 2,3"14» 79.2 88.9 l&3.5 9.0 5542
Mineral Soil OwI - - 56,0 26,2 hI.I
Hums O-TI - - 773 26,7 52,0
A1l 0-I - - 66,0 26.L h6.2

+* Urwelighed average of the percentages,

ss
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