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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 

G.R. Hennesseyl 

INTRODUCTION 

In 1962 a project vias 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, 16-year-old aspen stand in the Interlake Area and in a dense 
mature aspen stand in the Whiteshell Provincial Park. For the Interlake 
Areas a jack pine (Pinus banksiana Lamb.) study was carried out in 
ccnjunction 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 

Whi te 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 ), 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 1/8000-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 flakes were sown 
on each quadrat. Seed viabilit.y 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 (MoR. 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 Moiatur~ Basisr Per cent Average Total 1964 Average Total 1965 

TJpe Regime No. of Stocldng Germination per Germination per 
Qbadrat Quadrat 

118000 Autumn Aut'U1llll Autumn 

Acre 1964 1964 1965 
n. .I'_ts 

-
Mineral SoU 2,3,4* 10 90.0 10.1 0.3 

. Humus 2,3,4 10 70.0 2.8 2.8 

M1xed 2,3,4 10 80.0 2.9 1.4 

ArI.1 2,3,4 30 80.0 5.3 1.5 

Mineral. SoU 3,4 10 100.0 9.8 3.0 

Humus 3,4 10 100.0 6.0 5.2 

Mixed 3,4 m 100.0 9.7 3.5 

All 3,4 10 100.0 8.5 3.9 

Mineral. SOU 5,6 10 100.0 27.5 1.8 

Humus 5,6 10 90.0 12.1 1.4 

Mixed 5,6 10 100.0 35.4 2.4 

All 5,6 30 96.7 25.0 1.9 

* One third of the mineral so11 germination _s concentrated on the one Moieture 
Regime 4 quadrat. 
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TABLE 2 

PER CENT SURVIVAL OF FIRST YEAR GERMINATION 

Seedbed Moisture Basis! Total Per cent Sorv1val 

Type Regime No. of First Year Autumn Spring AutUDDl Autumn 

1/8000 :v .. "l1D.Il& tio!] 1964 1965 1965 1966 

Acre 

Quadrats 

Mineral SOU 2,.3,~ 10 101 90.1 ,52.5 SO.5 47.5 

Humus 2,.3,~ 10 28 78.6 60.7 .39 • .3 25.0 

Mixed 2,.3,~ 10 29 9.3.1 55.2 .31.0 24.1 

All 2,.3,~ .30 ISS 88.6 54.4 1&4.9 .39.2 

Mineral SoU .3,4 10 98 86.7 Sl.O .32.6 24.5 

Humus .3,4 10 60 71.7 .36.7 4.3 • .3 .38 • .3 

Mixed .3,4 10 97 87.6 1&4 • .3 41.2 27.8 

Alll 3,4 .30 255 8.3.5 45.1 .38.4 29.0 

Mineral SoU 5,6 10 275 96.4 80.7 76.4 5.3.1 

H'UDlIls 5,6 10 121 78.5 64.5 62.8 "'.8 

Mixed 5,6 10 .354 9.3.5 70 • .3 67.8 SO • .3 

All 5,6 .30 7SO 92.1 7.3.2 70.1 52.5 

All Z.,.3,4,5,~ 90 1163 89.8 64.5 59.8 45.6 

'" Survival is largely confined to the fresh and moderately' moist sites. 



TABLE :3 

CONDITION OF SEEDLINGS AFTER FIRST WINTER 

Seedbed Moisture No. or Per cent Condition 

Type Regime Living Healthy Sick Missing Dead 

See<D.ings Jm UL* FH 0 S UL FH 0 M UL D UL FH 0 

Autumn 

1964 
-

Mineral So1~ 2,3,4 91 37.3 18.7 2.2 5.5 17.6 17.6 I.I 

Humus 2,3,4 22 59.1 18.2 4.5 13.6 iw4 
Mixed 2,3,4 27 26.0 II.I 18.5 3.7 II.I 14.8 II.I 3.7 

AlI 2,3,4 140 38.6 15.0 2.2 5.0 0.7 6.4 16.4 14.3 I.4 

Mineral Soil 3,4 85 hI~ 4.7 12.9 7.0 II.8 22.4 

Humus 3,4 43 5I.2 2.3 39.5 7.0 -

Mixed 3,4 85 37.7 4.7 8.2 4.7 30.6 14.1 

All 3,4 213 hI.8 3.8 8.4 5.1 24.9 16.0 

Mineral Soil 5,6 270 74..8 &3 3.0 2.2 13.0 0.7 

Humus 5,6 96 78.1 2.1 I.O I.O 4.2 7.3 6.3 

Mixed 5,6 332 65.4 7.8 I.5 0.6 I.5 2I.1 I.8 0.3 

All 5,6 696 70.8 6.4 2.0 0.4 2.1 16.0 2.0 O.I 
'. 

All 2,3,4,5,~ I05I 60.6 7.0 .3.3 I.O O.I 3.3 17.9 6.5 
\J\ 

0.3 

* UL _ Under leaves. FH - Frost beaved. 0 - others. 
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low for mineral soil and mi.xed 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 twice 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 9 a clay soil, germination 
in the first summer "I,as 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 oocurred 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 81 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 ~er cent for all seedbeds with the humus seedbed being the best 
(58 per cent). Seedling oondition in the spring of 1965 was better on the 
moist to very moist site than on 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 9 as well as the very open nature of the hardwood stand on this site. 

(ii) Planting 1964 

In the spring of 1964 a total of 60 white spruce transplants were set 
out on a moderately fresh to fresh (M.R. 2-)) site, 60 on a moderately moist 
(M.R. 4) si te 9 and 60 on a moist to very moist (M.R. 5-6) si teo In addition, 
40 transplants were set out on a mois~ to very moist (M.R. 5~6) site which 
had been furrovled with a Middlebuster fire line 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 j moderately moist site~ and moist to very 
moist site~ equal numbers of transplants were set out on selectively chosen 
mineral soi19 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 out9 both1 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 0001 day (high at Gimli was 
52°F)~ and soil moisture was excellent due to heavy rains during early }1a.y. 

Heights of all transplants were recorded on May 14 and condition and 
damage were noted on November 179 19649 ¥~y 149 1965, and August 25, 1966 
when heights were again measured. 
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Survival has been generally excellent on all sites. Only the mixed 
seedbed on the moist to very moist 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. Excessive moisture 
would appear to be effecting the performance of the transplants on the 
disturbed seedbeds on wet sites. 

TABLE 4 

PLANTING STOCK MEASUREMENTS 

Average Average Average Root/shoot 
# of :root Average root 1 top 1 ratio 
transplants length height weight weight (by 

Species sampled ( in.") ( in.') ( .gm;) ( .gm;) wei,g-ht) 

wS 25 11.0 501 1056 3.29 0.47 

1 
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, Rgeo 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. 6) 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 twenty-five 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 la.te May and June was light and insufficient for good 
germination on fresh sitesa 



TABLE 5 8 

SURVIVAL AND HEIGHr GROWTH OF TRANSPLANTS 

Seedbed Moisture Transplant 

Type Regime II Average Height (in.) Per oent' Survival 

at Autumn p:n,orement Spring Autumn Spring Autumn 

r,tanting 1966 1964 1964 1965 1966 

Mineral SoU 3 20 6.9 14.3 7.4 100.0 100.0 100.0 100.0 
Humus 2 5 6.0 10.8 4.8 100.0 100.0 100.0 100.0 
Humus 3 15 6.9 16.2 9.3 100.0 93.' 93.3 93.3 
Mixed 3 20 6.9 15.0 8.1 100.0 IOO.O 100.0 100.0 

All 3 60 6.8 14.7 7.9 100.0 98.3 98.3 98.3 

Mineral Soil 4 20 6.3 15.8 9.5 100.0 100.0 100.0 100.0 
H'Q1IlUS 4 20 6.8 14.7 7.9 100.0 100.0 100.0 100.0 
Mtxed 4 20 6.7 16.4 9.7 100.0 100.0 100.0 100.0 

All 4 60 6.6 15.6 9.0 100.0 100.0 100.0 100.0 

Mineral SOU 5 15 6.9 14.3 7.4 100.0 86.7 93.3 93.3 
Humus 5 10 6.1 15.9 9.8 100.0 100.0 100.0 100.0 
Mixed 5 15 6.8 13.8 7.0 100.0 80.0 73.3 73.3 

All 5 40 6.6 14.6 8.0 100.1) 87.5 87.5 87.5 

Mineral SoU 6 5 8.1 14.3 6.2 100.0 80.0 80.0 80.0 
Humus 6 10 6.8 15.9 9~1 lOO~O 100.0 100.0 100.0 
Mixed 6 5 6.2 II.6 5.4 100.0 40.0 40.0 40.0 

All 6 20 7.0 15.0 8.0 100.0 80.0 80.0 80.0 

Furrow 5 5 6.8 12.0 5.2 1000 0 100.0 100.0 100.0 
Ridge 5 5 7.7 13.5 5.8 100.0 100.0 100.0 100.0 
Furrow 6 15 6.1 7.0 0.9 100.0 86.7 86.7 86.7 
Ridge 6 15 6.3 11.0 4.7 100.0 93.3 93.3 93.3 

All .2,3,4,5,6 22C 6.7 14.4 7.7 100.0 9J.4 ~.4 90.3 
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All quadrats were examined on August 20, 1965, June 14 and August 2;, 
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 previous 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 eighties). 
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 projects 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 healthy 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. 6) 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 mineral 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 (109 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 
to 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 
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TABLE 6 

PER CENT srooKING AND GERMmATION PER QUADRAT 

Seedbed Moisture Basist Per cent Average Total. 1965 Awrage Total. 1966 

Type Regime No. of Stocld.ng Germination per Germination per 

1/8000 Autumn Quadrat Quadrat 

Acre 1965 Autumn Autumn 

Quadrats 1965 1966 

Mineral. SOU 33 10 100.0 10.7 2.0 

Humus 3 10 100.0 9.0 3.2 

Mixed 3 10 100.0 9.8 3.6 

All 3 30 100.0 9.8 2.9 

Mineral. SOU 6 10 100.0 I8.3 0.6 

Humus 6 10 100.0 44.4 0.6 

Mixed 6 10 100.0 8.9 1.9 

All 6 30 roo.O 23.9 1.0 

All 3,6 60 100.0 16.8 2 .. 0 
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TABLE 7 

PER CENT SURVIVAL OF FIRST YEAR GERMINATION 

: 

Seedbed Moisture Basis: Total Per cent Survival. 

Type Regime No. of First Year Autumn Spring Autumn 

1/8000 Germination 196; 1966 1966 

Acre 

Quadrats 

Mineral SoU , 10 107 82.2 34.6 22.4 

Humus 3 10 90 8;.6 23.3 17.8 

Mixed 3 10 98 73.; 2;.0 10.2 

All 3 30 295 80.3 2;.8 16.9 

Mineral SoU 6 10 183 97.3 82.; 62.3 

Humus 6 10 444 99.1 77.7 68.; 

Mixed 6 10 89 93.2 S7.3 43.6 

AU. 6 30 716 97.9 76.4 63.8 

All 3,6 60 IOIl 92.8 61.6 SO.I 



TABLE 8 

CONDITION OF SEEDLINGS !FlER FIRST WINrER 

Seedbed Moisture No. ~ Per, ceul; Condition 

Type Regime Living Healtb7 Sick Missing 

Seedlings H ULtt FH 0 g- UL FH 0 M UL 
FHUL 

Autumn 

- 196$ 

Mineral So1:l , 88 20.$ 3.4 9.1 2.3 3.4 3.4 26.1 9.1 

"HumIlS 3 78 I7.9 I.3 2.6 I.3 2.6 I.3 32.0 2.6 . 
Mixed 3 72 9.7 II.I 4.2 $O~O 

Al.l 3 238 16.4 I.7 7.6 0.8 I.7 0.9 2.9 3$.3 4.2 

Mineral So1:l 6 18$ 43.3 0.5 27.6 2.7 IO.8 7.0 

Humns' 6 bh4 63.3 2.0 7.4 3.6 0.$ I.8 4.$ 

Mixed 6 86 19.8 34.9 I.2 I.I 3.$ 16.3 2.3 

A1l 6 7I$ $2.9 I.4 16.0 O.I 2.9 0.4 4.3 6.6 0.3 

All 3,6 9$3 43.8 I.$ I'.9 0.3 2.6 0.5 4.0 13.7 I.3 

* UL - Under leaves. FH - Frost heaved. 0 - FHUL - Frost heaved under leaves. 

D 

9.1 

26.9 

II.I 

I$.$ 

6.$ 

I$.3 

7.0 

If.O 

12.9 

Dead 

UL FH 

2.3 IO.2 

2.6 8.9 

13.9 

I.7 IO.9 

O.S- I.I 

0.2 I.l.. 

13.9 

0.3 2.8 

0.6 4.8 

0 
FHUL 

I.I 

0.4 

O.I 

I-' 
N 



TABLE 9 

SUBSEQUENT SURVIVAL OF SPRING CONDrrl;ON CLA.SSES 

Seedbed ~oisture No. of Seedlings and Per cent Survival 

Type Regime Health1' Sick 

H UL* FH 0 S UL FH 
FHUL 

Mineral SoiJ 3 # 18 3 8 2 3 3 

% 77.8 100.0 62.5 ,0.0 0.0 

Humus 3 # 14 I 2 I 2 I 

% 92.8 100.0 SO.o . 0.0 0.0 0.0 

. Mixed 3 # 7 8 3 

% 85.7 SO.O 100.0 

All 3 # 39 4 18 2 ~ ~ 7 

% 84.6 100.0 $.6 SO.o 0.0 0.0 0.0 

Mineral. SoiJ 6 # 80 I ;r 5 20 

% 88.8 100.0 76.5 40.0 15.0 

Humus 6 # 281 9 33 16 2 8 

% 93.2 87.5 84.8 31.2 SO.O 2,.0 

Mixed 6 # I7 30 I I 3 

% 88.2 70.0 100.0 0.0 0.0 
All 6 # 378 10 114 I 21 3 31 

% 92.1 90.0 77.2 100.0 33.3 33.3 I6.I 

m 3,6 # 417 14 I32 3 2S, , 38 
% 91.4 92.8 74.2 66.7 28.0 20.0 13.2 

* UL - Under leaves. FH - Frost heaved. FHUL - Frost heaved under leaves. 

Missing 

0 M UL 

23 8 

0.0 1'4.3 

25 2 

0.0 0.0 

36 

0.0 

84 10 

0.0 10.0 

13 

0.0 

20 

15.0 

14 2 

0.0 0.0 
47 2 
6.4 0.0 

131 12 
2.3 9.1 

..... 
w 
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because of the looseness of the soiL About 70 per oent of the first 
year germinants on the humus and mineral soil seedbeds were in healthy 
condi Hon the next spring vlhereas 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. Leaf-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 aiie o Subsequent survival was generally 
poorer on the fresh site when compared to the very moist site. 

(iv) Planting 1965 

In the spring of 1965 a total of 60 white spruce trans~lants were set 
out on a fresh (M.R. 3) site and 60 on a very moist (MoR. 6) site. On both 
sites equal numbers of transplants were set out on selectively chosen 
mineral soi19 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 59 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 5 and morning of May 6. 

TABLE 10 

PLANTING STOCK MEASUREMENTS 

Average Average Average Root/shoot 
# of root Average root 1 top ratio 
transplants length height weight weight1 (by 

Species sampled (in.') (in;) (gm;) (gm.') weight) 

wS 25 11.4- 6.0 0082 2.35 
, 

0.35 

1 
Oven dried at 105°C for 48 hours. 

All plantations were examined May 13~ when planting height was recorded, 
October 18 9 1965~ }~y 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 ver,y 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 ver,y 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 and thirty on a very moist site. Sinoe 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 
numbers 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 .... leeks of May (2.1 inches at 
Rennie) and soil moisture conditions at the time of sowing was good. No 
rain fell the last ",eek of !1ay and first week of June, however rainfall 
was about normal for June and July (6.9 inches at Rennie). 

All quadrats 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 
leaves covered about a third of the seedlings on the humus and mixed seedbeds. 
Ver,y few seedlings were frost-heaved on the humus (6 ~er cent). The mixed 
seedbed had the fewest healthy seedlings (61 per cent) and considerable 
frost-heaving (19 per cent). 

On the ve~J 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. 
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TABLE II 

SURVIVAL AND HEIGHT GROWTH OF TRANSPLANTS 

Seedbed f.loisture Transplant 

Type Regime II Average Height (in.) Per cent Survival 

at Spring Autumn Increment Spring Autumn Spring Autumn 

Planting 1966 1966 1965 1965 1966 1966 

J{ineral. SoU 3 20 7.l 8.7 II.7 4.6 loo.O 95.0 95.0 95.0 

Humus 3 20 7.7 9.7 13.1 5.4 loo.O lOO.O loo.O lOO.O 

Mixed 3 20 9.4 II.7 13.9 4.5 lOO.O 90.0 90.0 90.0 

All 3 60 8.0 IO.O 12.7 4.7 lOO.O 95.0 95.0 95.0 

Mineral. Soil 6 20 7.6 9.4 IO.O 2.4 lOO.O 65.0 65.0 65.0 

Humus 6 20 8.0 Io.6 II.9 3.9 IOO.O 55.0 55.0 55.0 

~ed 6 20 8.9 IO.I II.1 2.2 loo.O 60.0 50.0 45.0 

-. 

~l 6 60 8.2 IO.O IO.9 2.7 loo.O 60.0 56.7 53.3 

/'11 3,6 I20 8.0 lO.O 12.1 4.1 loo.O 77.5 75.8 74.2 
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TABLE 12 

PER CENT srOCKING AND GERMINA.TION PER QUADRAT 

Seedbed MoistUl"e Basis! Per cent Average Total I964 Average Total. I96S 

Type Regime No. or stocking Germination per Germination per 

I/8000 Autumn Quadrat Quadrat 

Acre I964 Autumn Autumn 

Quadrats I964 I96S 

Mineral So11 3 IO IOO.O 25.2 5.6 

Humus 3 IO 80.0 5.3 9.I 

Mixed 3 IO IOO.O 2I.8 5.6 

All 3 30 93.3 I7.4 6.8 

Mineral So11 6 IO 90.0 I6.9 O.I 

Humus 6 IO IOO.O 69.4 5.4 

Mixed 6 IO IOO.O 33.8 0.5 

All 6 3D 96.7 40.0 2.0 

All 3,6 60 95.0 28.7 4.4 
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TABLE 13 

PER CENT SURVIVAL OF FIRST YEAR GERMlNATION 

Seedbed Moisture Basis: Total Per cent Survival. 

Type Regime No. or First Year Autumn Spring Autumn Autunm 

I/8ooo Germination 1964 1965 1965 1966 

Acre 

Quadrats 

Mineral SOU 3 IO 252 Ioo.O 78.6 7I.4 49.6 

Humus 3 10 53 98.1 77.3 73.6 66.0 

Mixed 3 10 218 98.6 66.5 63.3 43.1 

All 3 30 523 99.2 73." 68.3 48.6 

Mineral SOU 6 IO I69 95.3 30.2 I4.2 I.2 

Humus 6 IO 694 94.7 72.2 70,7 52.0 

Mixed 6 IO 338 97.9 59.2 57.I 33.1 

.m 6 30 1201 95.7 62.6 59.0 39.6 

All 3,6 60 1724 96.8 65.9 61.8 42.3 
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Comparatively poor germination took place on the mineral soil and 
mixed seedbeds which were located on a scarified strip unlike the humus 
seedbed. In th:,s locali ty the terrain is hilly and bedrock is close to 
the surface. Most of the bulldozed strips ran downhill and acted as 
miniature vlatersheds for surface watero 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 
seedced that managed to germinate had died by the end of the third summer 
(Table 13). 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 
humus, although 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 (yellowish-green), and were under intense 
competition from grasses. Condition of the mineral soil seedlings in the 
aecend spring was poor, 50 per cent was frost-heaved and 46 per cent were 
missing. Seedl~ngs 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 
missing. 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 more seedlings were under leaves (20 per cent) than 
on the other seedbeds. 

Future survival and growth may be affected by the herbicide spraying 
of the bulldozed strips carried out in late AUg'u,st of 1965. 

I • , ). 
{ .. ll Planting 1964 

In the spri ng of 1961+ a total of SIXTY \tlhite spruce transplants were 
set out o~ a fresh (M.R. J) site, twenty on a moderately moist site 
(II.R. 4)~ and s:,xty on a very moist (H.R. 6) site" On the fresh and very 
moist 51 t.es equal numLsTe :Jf transplants Vlere set out on selectively 
chosen m~l nE:'ral soil, h'u.mus 9 and mixed mineral soil and humus seedbeds ~ 
vihUe the tirenty transplants on the moderately moist site \-lere all on 
mineral soLi seedbeds. Nixed seedbeds were prepared using g:rub~hoe and 
:shovels '{Thile the humus seedbeds were prepared in the undisturbed portion 
cf the stared between strips. A description of the planting stock is shown 
in Table 15" 

Planting vias carri.ed out en Hay 20 and 21 in hot, wet weather (Rennie 
had 78°F and, 9J oF daily highs and 0 0 7 inches cf rain). Soil moisture 
condition was good with over an inch of rain in the first three weeks of 
May" 

All :p1antations were examined on ]\lay 21 and Sept" 22~ 1964, Nay 25, 
1965~ Hay 16 an,d Sept. 9, 1966. 



TABLE 14 

CONDITION OF SEEDLINGS AFTER FIRST WINTER 

Seedbed lMoisture No. of Per cent Condition 

Type Regime Living HeaJ.tbT Sick Missing 

Seedlings H UL* PH 0 S UL PH 0 H UL 
FHUL 

Autumn 

1964 

Mineral Soil 3 252 42.5 6.3 26.5 0.4 0.8 2.4 4.4 7.1 

'Humus 3 54 SI.9 3.7 1.8 1.8 3.7 13.0 

Mixed 3 215 37.2 7.5 16.3 4.2 2.8 5.1 19.5 

All 3 521 41.3 7.9 19.9 0.2 2.3 1.3 1.2 4.6 12.8 

Mineral Soil 6 161 2.5 0.6 7.5 0.6 20.5 45.4 0.6 

HU1IIIls 6 653 65.7 8.3 1.2 1.4 0.2 10.0 II.6 

Mixed 6 331 30.5 ' '.9 16.0, 2.4 3.0 4.6 20.6 13.9 

All 6 II45 46.6 5.9 6.4 0.7 1.7 0.1 4.2 18.0 10.8 

All 3,6 1666 45.0 6.5 10.6 0.5 1.9 0.5 3.2 13.8 11.4 
-- ------ ------.- .. ----.---.. ------ ...... ----~ -----.---.-~-

* UL _ Under leaves. FH - Frost heaved. 0 - FiUL - Frost heaved under leaves. 

Dead 

D UL FH 

3.6 6.0 

5.6 1.8 

2.3 1.4 2.8 

3.3 0.6 4.2 

0.6 21.7 

0.9 0.7 

0.6 0.6 3.9 

0.8 0.6 4.2 

1.6 0.7 4.2 

0 

Deer 
stepped 

on. 
0.9 

0.4 

0.1 

N 
o 
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TABLE 15 

PLANTING STOCK MEASUREMENTS 

VI of 
Average , Average Average Root/shoot 
root Average root top ratio 

transplants length height weightl weightl (by 
sampled (in.) ( in:) (gms.) ( R.!lls. ) weig-ht} 

25 5.0 5.5 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 a 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. 

(iii) 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 GRMH OF TRANSPLANrS 

Seedbed ~isturE Transplant 

Type Regime # Average Height (in.) Per cent Sun1:val 

at AutUJDn Increment, Autumn Spring Spring Autumn 

Planting 1966 1964 196; 1966 1966 

Mineral. SoU 3 20 6.3 11.1 4.8 8;.0 8;.0 8;.0 8;.0 

Humus 3 20 ;.8 13.4 7.6 80.0 80.0 80.0 80.0 

Mixed 3 20 6.1 14.0 7.9 100.0 9;.0 9;.0 9;.0 

All 3 60 6.0 12.8 6.8 88.3 86.7 86.7 86.7 

Mineral. SOU 4 20 ;.8 7.8 2.0 80.0 7;.0 70.0 4;.0 

Mineral. SOU 6 20 ;.S 10.0 4.5 2;.0 10.0 10.0 ;.0 

Humus 6 20 6.0 9.7 3.7 100.0 100.0 100.0 100.0 

Mixed 6 20 6.0 10., 4.3 $.0 30.0 10.0 S.O 
All 6 60 . ;.8 9.7 3.9 60.0 46.7 40.0 )6.7 

All 3,4,6 I40 ;.9 n.s: 5.6 75.0 67.9 64.3 S9.3 
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The quadrats were set out in equal numbers on selectively chosen 
mineral soil, 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. 

Soil mois~~re conditions at the time of sowing were good. Rainfall 
was adequate and well distributed throughout MaY9 June and July (11 inches 
at Rennie). 

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

First year observed €ermination 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 averaged 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. 6) 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 section 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 indicates 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 17 

PER CENT STroKING AND GERMmATION PER QUADRAT 

Seedbed Moisture Basiss Per cent Average Total. 196~ Average Total. 1966 

TJpe Regime No. or stocking Germination per Germ.1nation per 

1/8000 Autumn Quadrat Quadrat 

Acre 196, 196, 1966 

Quadrats 

Mineral SOU 3 10 90.0 ,., 1.6 

Humus 3 10 IOO.O 2,.3 2.2 

Mixed 3 10 100.0 10.0 2.1 

All 3 30 96.7 13.6 2.0 

Mineral Soil. 6 IO 20.0*- 1.1 0.0 

Hwnus 6 10 TOO.O 20.8 0.0 

Mixed 6 10 60.0 1.7 0.0 

.All 6 Jo 60.0 7.9 0.0 

All 3,6 60 78.3 10.7 1.0 

* Ten germinants were on one quadrat. 
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TABLE I8 

PER COO SURVIVAL OF FIRST lEAR GERMINATION 

Seedbed Moisture Basis: Total Per cent Survival. 

Type Regime No. of First :iaar Autumn Spring Autumn 

I/8000 Germination 196, 1966 1966 

Mineral SoU 3 IO " 92.7 89.1 6I.8 

Humus 3 IO 2,3 99.2 93.3 66.7 

Mixed 3 IO lOO 92.0 9I.0 72 .. 0 

All 3 30 408 96.6 92.2 67.3 

Mineral SoU 6 IO II 90.9 90.9 0.0 

Himms 6 IO 208 99., 78.8 2I.2 

Mixed 6 IO 17 82.4 76., II.8 

All 6 30 236 97.9 79.2 19.' 

All 3,6 60 644 97.0 87., 49.8 



TABLE 19 

CONDITION OF SEEDLINGS AFTER FIRST WINTER 

Seedbed lMoisture No. of Per cent Condition 
, 

H H~h7FH Sick Missing 
Type Regime Living 0 S UL FH 0 M UL 

FHUL 
SeecD.ings 

Autumn 

1965 

Mineral. So:fJ 3 $I 56.9 17.6 13.7 2.0 3.9 2.0 2.0 

HtlDlUs 3 253 45.4 34.0 IO.7 3.1 0.6 0.4 2.0 

Mixed 3 94 34.1 12.8 48.9 2.1 I.O . . 
All 3 398 44.2 26.9 20.1 2.8 0.8· 0.5 0.2 0.5 I.2 

Mineral Soil 6 II 72.7 18.2 9.1 

Humus 6 207 39.6 IO.I 18.4 4.4 I.4 I~O 4.3 3.9 5.3 

Mixed 6 14 2I.4 28.6 7.1 2I.4 

All 6 232 36.6 9.1 2I.6 4.3 I.3 0.9 6.0 3.9 4.7 

All 3,6 630 4I.4 20.3 20.6 3.3 I.O 0.6 2.4 I.8 2.5 

* UL - Under leaves. FH - Frost heaved. 0 - FHUL - Fost heaved under leaves. 

Dead 
D UL FH 

I.9 

3.2 0.4 

I.I 

2.3 0.5 

7.2 4.4 

14.3 7.2 

7.3 0.4 3.9 

4.1 0.2 I.8 

0 

I\) 
~ 



TABLE 20 

SUBSEQUENl' SORVIVAL OF SPRING CONDrrION CLASSES 

Seedbed Moisture No. of Seedlings and Per cent Survival. 

Type Regime Healtby' Sick 

H tlL* FH 0 S UL FlI 
HFUL 

Mineral SOU 3 # 29 9 7 I 2 I 
% 86.2 77.8 42.8 0.0 0.0 0.0 

HU1I1Ils 3 # 1I5 86 27 8 2 
% 88.7 47.7 85.2 25.0 50.0 

Mixed l # 32 12 46 2 I 
% 84.4 83.3 78.3 50.0 0.0 

All 3 # I76 I07 80 II 3 2 I 
% 87.5 54.2 77.5 27.3 33.3 0.0 0.0 

Mineral SoU 6 # 8 2 
% 0.0 0.0 

Humus 6 # 82 21 38 9 3 2 9 
% 51.2 38.1 26.3 0.0 0.0 0.0 II.I 

Mixed 6 # 3 4 I 3 
% 0.0 50.0 100.0 0.0 

All 6 # 85 2I, 50 IO 3 2 14 
% 49.4 38.1 26.0 IO.O 0.0 0.0 I7.1 

All 3,6 # 261 128 130 21 6 4 15 
% 75.1 51.6 56.9 19~0 16.7 0.0 6.7 

* UL - Under leaves. FH - Frost heaved. FHUL - Frost heaved under leaves. 

Missing 

0 M UL 

I 
0.0 

I 5 
0.0 0.0 

2 5 
0.0 0.0 I 

I 
0.0 

8' II' 
0.0 0.0 

9 II 
0.0 0.0 

II 16 
0.0 0.0 

l\) 

-.J 
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healthy seedlings that had not been frost-heaved or covered with leaves 
(51 per cent) in the spring9 and thus pointed to other factors causing 
the hea".,}, mortality. For both sites together ~ fifty-f:::.ve per cent of 
all frost-heaved seedlings either vrere dead in the spring or were dead 
or m.iss::i.ng in the autumn. In the same pertod 59 per cent mortality was 
recorded for seedlings ;:;overed by leaves in the spring. 

Future survival and growth may be affected by the herbicide spraying 
of the bulldozed strips or the very moist site carried out in late Augt:!st 
1965. 

( ; ".) \ J.." Planting 1965 

In t:ne spring of 1965 a total of sixty ,,,hite spruoe transplants were 
set out on a fresh (NoR. J) site and sixty on a very moist. (NoR. 6) site. 
On beth sites equal numbers of transplants Here set out on selectively 
chosen mineral soi19 humus, and mixed mineral soil and humus seedbeds. 
M.ixed seedbeds were prepared by returning humu2 mater.:ial to the bulldozed 
str.i.p~ and there ~ mixed wi. th mineral soil uSlng a garden~type pOvler tiller. 
Humus seedbeds were prepared in the u.ndis turbed portion of the stand between 
stripso A descriptLon of the plant.ing stock is in Table 10. 

S,::'':l moisture condi tions at the tim", of planting, Hay 28 9 were good 
a!'.d the day 'das cool (high 5S G Rennie). Rainfall v;as adequate and '<iell 
distrIbuted throughout HaY9 J:me 9 e"nd July (11 i.nches at Rennie). 

Planting steck for the area was the same as that used more than :3 
weeks earlier on the Interlakeo Cc'nsequently seedlings had been transported 
to +;he Interlake 9 heeled in~ taken .... lp and transported to the Winnipeg 
:!.aborat.o:ry~ stored in a cold room for almost :3 vleeks at 44cF~ then were 
:Y'ansported te; West Havlk Lake and plantedo At plantingy trees were not 
dormant: 9 buds w·ere flushing and rc:)t grovlth vfaS apparent. 

All plantations were exam:ned I1ay 28, October L~9 1965 9 May 20 and 
September 9~ 1966. 

Sur~rival (Table 22) on the fresh site was only fair (62 per cent) at 
the er..d of the second summero Host of the mortality occurred in the first 
summer and would appear to be the result of the poor planting stock. 
Survi.val vms best on the m::.neY'al soil seedbed and poorest on the mixed 
seedbed and intermediate on the humus seedbed. Best average height grm'lth 
'(vas on the humus seedbed and poorest avera/S"E height gro1trth at the end of the 
second grmving season 1;!aS 2 inches oc curring on beth the mineral soil and 
mixed seedbeds. 

St;rvi'lal aftE:r two summers Has poor on the very moist site. Only a 
th.ird of the transplants were aliVe at. that time. Best s':.:trvival (45 per 
eent) was on The mixed seedbed while p00rest (25 per cent) "las on the 
mineral seil seedbed. Poor sur 1lival i2 mai.nly attributed to a combination 
of po::;]' plant,ing stock and prevailing flood conditions described under 
1964 seeding. The good survival of the transplants or.. the humus seedbed 
:'i.n the auhU!ln of the first year is misleading since almcst a third of the 
.1i'ling 8E'edlings vlere sick at that time 0 The superior average height growth 
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TABLE 22 

SURVIVAL AND HEIGHT GROWTH OF TRANSPLANrS 

Seedbed lMoisture Tranplant 

Type Regime # Average Height (in.) Per cent Survival 

at Spring Autumn Increment Spring Autumn Spring Autumn 

Planting 1966 1966 1965 1965 1966 1966 

Mineral Soil 3 20 8.9 10.2 10.9 2.0 100.0 85.0 85.0 80.0 

Humus 3 20 8.2 9.4 11.2 3.0 100.0 65.0 60.0 55.0 

Mixed 3 20 8.1 8.Q 10.1 2.0 100.0 60.0 50.0 50.0 

All 3 60 8.4 9.4 10.8 2.4 100.0 70.0 65.0 61.7 

Mineral. Soil 6 20 7.8 11.4 13.2 5.4 100.0 40.0 30.0 25.0 

Humus 6 20 8.1 IO.2 12.7 4.6 100.0 85.0 40.0 30.0 

Mixed 6 20 7.6 10.8 IO.7 3.1 100.0 45.0 45.0 45.0 

All 6 60 7.8 10.7 I2.0 4.2 100.0 56.7 38.3 33.3 

All 3,6 ~20 8.1 9.9 II.2 3.I 100.0 63.3 51.7 47.5 
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on this site when compared to the fresh site may be partially ascribed 
to a tendency for taller transplants to survive and, in the case of 
the disturbed seedbeds~ to the extension of the aerial portion of the 
trees by frost-heaving. 

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

JACK PINE 

(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 9 Township 26 9 Range 3 9 W.P.M. 
On }'fay 129 1964, hventy 1/8000~acre circular regeneration quadrats were 
established on a very dry (MoR. 0) si te 9 twenty on a dry (~LR. 1) site, 
thirty on a moderately fresh to moderately moist (M.R. 2-3~4) site. The 
quadrats were set out in equal numbers on selectively chosen mineral 
s05.1 and humus soil seedbeds, on the very dry and dry sites. On the 
moderately fresh to moderately moist sites quadrats were set out in equal 
numbers on selectively chosen mineral soil~ humus soi19 and mixed humus 
and mineral soil in conjunction with quadrats seeded to 1;lhite spr-uce. Grub 
hoes and shovels ,.,rere used to mix the mixed seedbeds. Fifty jack pine seed 
treated with Ar-asan) Endrin9 and aluminum flakes were sown on each quadrat. 
Seed viability after treatment was 96.5 per cent. Seeding was carried out 
on Hay 12 on moderately fresh to moderately moist sites and on JvTay 14 on 
the very dr-J t.o dry si tes. 

Soil moisture conditions would appsar to have been good with over an 
inch and a half' of rain reported in the first 10 days of Nay at the 
near-est vleather station (GimU). Although the rest, of the month had almost 
no ra.in (0.02 inches at Gimli)9 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 July 279 August 249 19649 May 11, August 23, 
1965 and Augus~ 22, 1966. 

Observed germinatior~ (Table 23) on the very dry to dry site was a 
-"ery sma] 1 percentage of the possible seed sown. Best germination occurred 
en mineral soil seedbed en the dry site (2.5 per quadrat or 5 per cent of 
,riable seed) \-lhile no gernination vlaS observed en the mineral soil seedbed 
on. the very dry site (almost no tree cover on the very dry site). Germination 
on the humus seedbed vIaS the sarne for both sites at 1.1 seedling per quadrat. 
Althcugh the quadrats were examined in mid-summer and late summer few dead 
germinants \vere found during the first grow:i.ng season. Survival overwinter 
l,laS 6xcellentwith onl;r the mineral soil seedbed en the dry site having any 
mertality (28 per cent)o Considerable mortality occurred during the second 
summer on the dry site and seedling survival was poor during the next year. 
At the end of the third summer g 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 located on a sand and gr-avel ridge. 
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TABLE 23 

PER CENT STOCKING, AVERAGE GERMINATION PER QUADRAT, AND PER ~ SURVIVAL 

Seedbed ~oisture !Basis: Per cent Average Total. 1964 Per cent SurrlwJ. 

Type Regime !No. of Stocking Germination per Autumn Spring Autumn Autumn 

1/8000 Autumn Quadrat 1964 196, 196, 1966 

Acre 1964 Autumn 

1964 

Mineral SoiJ 0 10 0.0 0.0 - - - -
Humus 0 10 ~.O 1.1 81.8 81.8 81.8 36.4 

Al.l. 0 an 2,.0 0.6 81.8 81.8 8I.8 36.4 

Mineral. Soil I 10 80.0 2., 100.0 72.0 ,6.0 32.0 

Humus I 10 60.0 I.I 100.0 100.0 72.7 ~., 

All I 20 70.0 1.9 100.0 80.6 61.1 38.9 

Mineral Soil 2 6 83.3 2.0 100.0 33.3 8.0 0.0 

Humus 2 6 ~.O 1.3 7,.0 7,.0 62., ~.O 

Mixed 2 ~ 80.0 2.0 100.0 ~.O 40.0. 20.0 

All 2 17 70.6 1.8 93.3 ~.o 30.0 20.0 

Mineral SoU 3,4 4 7,.0 I., 100.0 66.7 33.3 33.3 

Hums 3,4 4 7,.0 4.8 94.7 63.2 ,7.9 1,.8 

Mixed 3,4 , 80.0 2.6 8,.7 ,7.1 ,0.0 14.3 

All 3,4 13 76.9 3.0 92.3 61., ~.3 17.9 

All ~,1,2,3,4 70 ~.6 1.6 83.6 66.4 ,2.6 26.7 



TABLE 24 

CONDITION OF SEEDLINGS AFl'ER FIRSr WINTER 

Seedbed Moisture No. of Per cent Condition 

Type Regime Living Healthy' Sick 

Seedlings H UL* Fa 0 S UL Fa 0 

Autumn 

1964 

Mineral SoU 0 0 

Humus 0 9 
!r, ' 
~OO.O 

All 0 9 "00.0 

Mineral. Soil I 25 68.0 4.0 

HUMllS I II ~OO.O 

All I 36 77.8 2.8 

Mineral SoiJ 2 II 36.4 

Humus 2 7 ~OO.O 

Mixed 2 IO 50.0 

All 2 28 57.1 

Mineral Soil 3,4 6 50.0 16.7 

Humus 3,4 18 55.6 5.6 5.5 
Mixed 3,4 12 66.7 
All 3,4 36 58.3 2.8 2.8 2.8 

All 0,I,2,3,4 I09 67.9 I.8 0.9 0.9 
____ l _______________ ~_ _ __________________ 1 ,---* _ UL, ... Under leaves. FH - Frost heaved. 

Missing 

M UL 

4.0 12.0 

2.8 8.3 

9.1 

~.O 10.0 

3.6 7.2 

16., 
S.5 

25.0 
13.9 

I.8 9.2 
L 

D 

12.0 

8.' 

S4.S 

30.0 

32.1 

16.6 
27.8 
8.3 

19.4 

17.5 

Dead 

UL Fa 0 

I 

I."J 
N 



Fl.rst 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 sltes. Germination was a 11 ttle better on both the mineral soil 
and mixed seedbed than on the humus seedbed (2.0 to 1.) per quadrat). 
N~ mort~lity was observed the first summer on the disturbed seedbeds while 
25 per cent o.f 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 
seedbeds. By the end of the third summer survival was the best on the humus 
seedbed (SO per cent) as against complete mortali~ of seedlings on the 
m.i.neral soil seedbed and 20 per oent survival on the mixed seedbed. No 
frost-heav'lng of seedlings on this site was evident the second spring while 
about 10 per cent of the seedlings were oovered with leaves on the mineral 
soil and mixed seedbeds. 

F:irst year observed germination on the .fresh to moderately moist site 
was be9t on the humus seedbed, poorest on the mineral soil seedbed and 
intermediate on the mixed seedbed. Observed germination was muoh less than 
germlnat.ion minus summer mortality recorded on similar sites and seedbeds 
i.n southeastern Manitoba (Bruoe and Walker, 1967). On the .fresh to 
moderately moist si to mortality of the seedlings was most severe during the 
fU'st 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 
re$ult is based on an observed. germination of only 6 seedlings. Overwinter 
co~dition shown in Table 24 indicates some frost-heaving on the mineral soil 
se~dbede, the least leaf covering of seedlings (11 per cent) on the humus 
se~dbed, and the most on the mixed seedbed on this site. 

I 

Some mortality may be due tq an aerial herbioide treatment oarried out 
in early August of 196; on plantations surrounding these seed spots although 
no damage was noted in the examination that September. 

(i1) Planting 1964 

In the spring of 1964 a total of 15 jaok pine transplants were set out 
on a moderately .fresh (M.R. 2) site and 45 on a .fresh (M.R. ) site. Equal 
numbers of transplants were set out on seleotively chosen mineral soil, 
humus, and mixed mi.nera1 soil and humus seedbeds, the mixed seedbeds being 
prepared using grub hoes and shovels. A description of the planting stock 
is shown in Table 25. 

Planting was oarried out on May 12, a 0001 d&1 (high at Gim1i 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 oondition 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 h~d 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 8i teo 

Average height growth after three summers was best on mixed seedbeds, 
poorest on humus aeedbeds~ and intermediate on mineral soil 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 19659 twenty 1/8000-acre circular regeneration quadrats 
vlere established on a very dry (MoRo 0) site, twenty on a dry (M.Ro 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 mi.xed 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 Roott/shoot 
# of root Average root 1 top 1 ratio 
transplants length height weight weight (by 
sampled (ino) (in. ) (gms.) (gIns.) weight) 

25 7.9 4.6 0.53 2 0 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 
germina tion. 

All quadrats were examined on August 20, 1965, June 14 and August 23, 
1966" 
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TABLE ~ 

SURVIVAL AND HEIGHT GROOH OF TRANSPLANTS 

Seedbed Moisture Transplant 

Type Regime /I Average Height (in.) Per cent; Survival 

at Autumn Increment Spring· Autumn Spring Autumn 

Planting 1966 1964 ·1964 196, 1966 

Mineral Soil 2 , 8.7 II.! 2.4 100.0 80.0 80.0 80.0 

Humus 2 , 6.4 8.4 2.0 100.0 80.0 80.0 80.0 

Mixed 2 , 8.0 1,.4 7.4 100.0 100.0 100.0 roo.O 

All 2 I, 7.7 11.9 4.2 100.0 86.7 80.0 86.7 

Mineral eon 3 I, 7.1 12.8 ,.7 100.0 100.0 93.3 60.0 

Humus 3 I, 7.8 11.0 3.2 100.0 100.0 100.0 93.3 

Mixed 3 15 6., 14.4 7.9 100.0 86.7 86.7 60.0 

All 3 4, 7.1 12., ,.4 100.0 9,.6 93.3 7I.I 

All 2,3 60 7.3 12.3 ,.0 100.0 93.3 90.0 75.0 
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Fi.rst year observed germination (Table 27) lIas pcor for all seedbeds 
on all si teg vThen compared to viable seed sown (1+ germinants from average 
of 44 Tiable seeds). Ees:; germination occurred on the humus seedbed on 
the dry si ~;e (5.5 gerninants per quadrat) and the mixed seedbed on the 
fre8:1 site (5.2 gerninants per quadrat) Vlhile poorest germination i.faS on 
the m':neral soil seE~dbed on the fresh site (206 germinants per quadrat). 

S1.,-y,,"iiral of f~.r2 t y&a::: germination vlas ge:lera.ily poor for all 
seedbed>:; on all si -<';6S. Consi.d6I'able mor-tah ty had. already taken place 
t)y the fLr~:; i-~ aU~'..lm!.~ examina tic:,:;,. T'nis mor+;a~:..i ty ,lTculd appear to have been 
c:alJ.seo. by a '.:cnbil'.at:Ol1 of drought and high tempera-tures in late July and 
earl.~r August~. SUI"'J:"V8.: vms better on the fresh site than on the dry site 
whj'Jh v:as bei:;j~er 7;han em the yer/I d.ry site (93-65--54 per cent)o Mortality 
(;f the seedl.:ings ".ras Be/eloe OV8r \\>1.nte r-, espeo.ially on the fresh site ,.,here 
only ~d pt:!' cent; of the germ::"nan':snad surv5.ved to the spring. Survival 
during -+:.he BE<~Cirld summer \'ias good and 3.n the autumn best survival was on 
t.be dr'T '"';~;>-, (·'10 per '-'''''n+) a .... d p. "Jr,r"'''o'o' "' .... -r·'he f'''''",ch ""~+A (9 per cent) whl'le , •• • to) ,,-._. -- .. _" _" ~ ... '-.;; ... '- / ,lJ. .... ~,' ~ .' ...... .i..!.. , . .i..1. ..L ..... ......... ...: • ....., . .1... 'vi ._' " 

the Vl'"r;{ dry 31.1,8 was intermediar.8 (23 per ,::;ent;)" T.:.fJ.ere was little 
diffec-ence at; this POLl t neb-Teen d:fferent seedbeds on the same site as 
per C~J~J" sur'Tiva.l ,ras based on very fe,,! seedlings. 

OYer-Hin -;er ~~:md:l.':;:'on a8 shOvrTl in Ta'ble ?8:nd.ica tes considerable 
m:)r;::a~l.i·:7 (2: per:·en"t) assoc:'a:ed 'rri th fros+;-,heaying o This vIas more 
S67ere on the d.':st-urbed. seedbeds than on the humus seedbeds on all sites. 
J:fortali ty 9'.maSS(;c~a ~ed with frest-heaYing er leaf c,),;rer of seedlings in 
tile ~jpr<ng Has hea7 y ()6 pe:r cent); greater on th.e humus than on the 
dis tU:::'bed seedbE·ds and g::-ea tee' on 'the fresh than on t;he dry and very dry 
si~:·eso P0sc;~tb1.:r tll:'S was a. contirlu:'ng effect of tIle pr"evious summer's 
rlrouG:J.':,Q S'~;.bse(i'-l.ey:t sU1:"ri7al of heaJ,thy seedUngs in the spring (Table 29) 
·',ndi:'[1.tE'S n£i'. l)e~'t, su:r.v:xal in -the secorld sumrne::- occurred on the mineral 
pf)i.l 2E~E-.~tt'bf?-d. A.rld. r:-:<'~'est 3"t.1Tvvi"iTal on the hUTi1t!.8 seedbed o 

REoSU1T;,:, ~;c date s.Ld iy;, -the future may be effEc:,ed by an aerial 
hsrl')': (;i.d€ i:::'ea tment carr::'e,i (·ut ir .. early August of 1965 to reduce 
';rcget8. t:: '':12 CODPE~ c/, .~::. on or. Burrcun.d~ng plan t.a tic·ns (quadrats were protected 
"i:.L th llE~H2papen' d.ur5.ng sp7'aying) 0 

In'h€- f'f':::'J;ng of 1.965 a 1,')~aJ (.f 60 jack p:'ne transplants were set 
Out c,·:. a i'';'esh (N.R. J) site o Eq::.al n'v.mbers of transplants were set out 
on 8e=~E;cl:,ively chosen n:neral 5c.i19 humus j and mixed. mineral soil and 
h'J.m'JS sEedbEd"] ~ the rJ.ixed seedbed being prepared using a garden-type power 
t::":.llE.~l~o J.1. o.e::::;c'2i":J"tion of tIle plarltlng stock is srl0'vn in Table 30 0 

P::Can-sing ,·WoS carried. out on J:.fay 59 8. ,,[arm day (high a"t Hodgson was 
66 °P). So:'1 moisture cond1t;icr;. vlaS probably less than ideal with about 
ot'Le th::'rd of an inch of rain from Apr-il 22 to Hay 5~ however about one 
-tl1:ird cf an inch of rain fell the eveni.ng of Hay .5 and morning of r1ay 6. 



37 

TABLE 27 

PER CENT STOCKING, AVERAGE GERMINATION PEI\.~UADRAT, AND PER CENT SURVIVAL 

Seedbed ~isture Basis: Per cent Average Total I965 Per cent Survi:,aJ. 

Type Regime No. of Stocking Germination per Autumn Spring Autumn 

1/8000 Autumn Quadrat I965 1966 1966 

Acre 1965 Autumn 

1965 

Mineral SoU 0 10 80.0 4.8 50.0 22.9 20.8 

Humus 0 10 80.0 3.5 60.0 31.4 25.7 

All 0 20 80.0 4.2 54.2 26.5 22.9 

Mineral SOU I 10 90.0 3.6 77.8 36.I 33.3 

Humus I 10 IOO.O 5.5 56.4 29.I 27.3 

All I 20 95.0 4.6 64.8 31.9 29.7 

Mineral SOU 3 10 70.0 2.6 8~.7 3.8 3.8 

Humus 3 10 90.0 3.3 93.9 .18.2 I2.I 

Mixed 3 10 90.0 5.2 96.2 13.5 9.6 

All 3 30 83.3 3.7 92.8 12.6 9.0 
, .; 

All 0,1,3 70 85~7 4.1 72.6 22.8 I9.6 



TABLE 28 

CONDITION OF SEEDLINGS AFTER FIRST WIMER 

Seedbed Moisture No. ot Per cent Condition 

Type Regime Living Heal.tlq Sick 

SeecD.ings H llL* PH 0 S UL PH 

Autumn 
c 

196; 

Mineral SoU 0 24 41.7 4.2 

. Humus 0 21 42.9 

All 0 4; 42.3 2.2 

Mineral Sot] I 28 39.3 3.6 

Humu.s I 31 SI.6 

All I ;9 4;.8 1.7 

Mineral So1] 3 22 4.6 

Bu:rms 3 31 16.1 

Mixed 3 SO 12.0 2.0 

All 3 103 II.6 1.0 

All 0,1,3 207 28.0 0.; 1.0 

* UL - Under leaves. PH - Frost heaved. 

Missing 

0 M UL D 

4.1 2;.0 

38.1 

2.2 31.1 

3.6 17.8 

3.2 29.1 

3.4 ·23.7 

22.7 4;.4 

9.7 sa.I 
20.0 4.0 38.0 

17.; 1.9 4;.6 

. 
10.1 1.0 36.2 

Dead 

UL FH 

2;.0 

19.0 

22.2 

14.3 21.4 

16.1 

6.8 18.6 

4.6 22.7 

16.1 

24.0 

1.0 21.4 

2.4 20.8 

, 

0 

\..J 
Q) 



TABLE 29 

SUBSEQUENl' SURVIVAL OF SPRING CONDITION CLASSES 

Seedbed ~isture No. of Seedlings and Per cent Survival 

Type Regime Healthy Sick 

H UL FH 0 S UL FH 

Mineral Soil 0 # 10 I 
% 90.0 100.0 

Humus 0 # 9 
% 77.8 

All 0 # 19 I 
% 84.2 100.0 

Mineral Soil I # IT I 
% 100.0 0.0 

Humus I # 16 
% 93.8 

All I # 27 , I 
% 96.3 0.0 

Mineral SoiJ :3 # I 
% 100.0 

H'UIIllls :3 # ; 
% 60.0 

Mixed 3 # 6 I 
% 83.3 0.0 -

All :3 # 12 I 
% 7;.0 0.0 

All 0,1,3 # sa I 2 
% 87.9 100.0 0.0 

* UL - Under leaves. FH - Frost heaved. 

Missing 

0 M UL 

I 
0.0 

I 
0.0 

I 
0.0 

I 
0.0 

2 
0.0 

; 
0.0 

3 
0.0 

10 2 
0.0 0.0 

IS ~ 
0.0 0.0 

21. 2 
0.0 0.0 

\.,) 
\Q 
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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 11EASURENENTS 

Average Average Average Root/shoot 
# of root Average root 1 top ratio 
transplants length height "",eight weightl (by 
sampled (in.) (in. ) (gmso) (gms.) weight) 

25 9.1 )03 0 .. 43 1015 0037 

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 

All 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 SO-W in the laboratory, 
apparent germination based on observations made in early summer and again 
in autumn would be reduced. 
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!ABLE 31 

StJ,RVIVAL AND HEIGHT GRC1tITH or TRANSPLANTS 

Seedbed ~lature Transplant 

Type Reg1me /I Average Height (tn.) Per cent Survival. 

at Autumn Increment Spring Autumn Spring Autumn 

Planting 1966 1965 1965 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 5.3 1.3.0 7.7 100.0 85.0 80.0 80.0 

All 3 60 5.6 11.2 5.6 100.0 91.7 88 • .3 88 • .3 



TABLE 32 

FIFTH lEAR ASSESSMENT OF DIRECr SEEDING 
. 

Seedbed ~oisture Basis: Per cent First Year other Average Per cent Survival 

Type Regime No. of Stocking Germination Living Height of Of First Year Germination 

I/8OOO to First per ~drat Germination Tallest 1962 1963 1963 1964 1966 
Living per Quadrat 

fluadrats Year Autumn Autumn per Autumn §pring Autumn Autumn Autumn 

Germination 1966 1966 Quadrat 

Autumn 1966 (in.) 

Mineral Soil 3,4 IO 90.0 IO.O 4.8 0.5 3.1 92.0 75.0 60.0 54.0 48.0 

Humus 3,4 IO 90.0 13.8 9.2 0.8 6.4 76.8 69.6 68.8 68.1 66.7 

Mixed 3,4 IO 80.0 9.5 6.4 I.3 7.1 84.2 74.7 7I.5 70.5 67.4 

AJ.l 3,4 J!O 86.7 II.I 6.8 0.9 5.5 83.5 72.7 67.0 64.6 6I.3 

Mineral So1] 5,6 IO - - - - - - - - - -
Humus 5,6 IO - - - - - - - - - -ROAD CONSTRUCTION 
lA..ixed 5,6 IO - - - - - - - - - -
All 5,6 30 - - - - - - - - - -

f; 



WHITE SPRUCE 

(A) Interlake - Fish Road 

(i) Seeding 1962 
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In the spring of 1962, sixty 1/8000-acre regeneration quadrats were 
established and sown vii th 200 whits spru:::e seeds each (Waldron 1964) 0 

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 was 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. Eest 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 two thirds of the germinants 
survived through five summers on both the humus and the mixed seedbeds while 
slightly less than 50 per cent survival was recorded on the mineral soil 
seedbed. Average height grm.,th 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 g sixty 1/8000-acre 
regeneration quadrats were subjectively located on scalped strips that had 
been seeded in the spring of 1962 vrith white spruce at the rate of 103 
pounds of Captan 50~1tl pelle ted seed per acre. Seed viability was 63 per 
cent. Fifty quadrats were located on a fresh to moderately moist (MoR. 3-4) 
site and ten on a moist to very moist CH.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 JJ. Eest observed germination 9 stccking9 survival 
and average height growth "..fere 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 vlere 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. 

(E) \{hiteshell Provincial Park - rfutinik 

(i) Seeding 1962 

In the spring of 1962, thirty 1/8000-acre regeneration quadrats were 
established on a fresh to moderately moist (MeR. )-4) site and ten on a 
very moist (MoRe 6) site (vlaldron j 1964) 0 Three hundred white spruce seeds 
pelleted with Captan 50-Wand testing 10 per cent viable, "Vlere sown on each 
quadrat. 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 ASSESOONl' OF BROADCAST SEEDING 

Seedbed MoisturE Basis: Per cent FirstYear Germination Average Per cent Survival 

Type Regime No. 0:1 Stocking Per Quadrat Living in Height of or First Year Germination 

I/800C to First Autumn Tallest Autumn Spring Autumn Autumn ~utumn 

QuadratE Year 1966 per 1962 1963 196) 1964 1966 

!Germination Quadrat 

~utumn 1966 (in.) 

Mineral Soil 3,4 25(5)* 84.0 5.4 2.0 4.5 100.0 85.2 48.1 48.I 37.0 

Humus 3,4 25(5) 96.0 6.0 4.8 6.3 100.0 86.7 86.7 86.7 80.0 

All 3,4 50(10) 90.0 5.7 3.4 5.4 100.0 86.0 68.4 68.4 59.6 

Mineral SoiJ 5,6 (5) 0.0 0.8 0.0 - 100.0 75.0 0.0 0.0 0.0 

Humus 5,6 (5) 20.0 0.8 0.2 2.0 100.0 100.0 50.0 50.0 25.0 

All 5,6 (10) 10.0 0.8 0.1 2.0 100.0 87.5 25.0 25.0 12.5 

---
* 25 stock quadrats 5 of 'Which are list quadrats. 

$= 



Seedbed Moisture Basis: 

Type Regime No. of 

1/8000 

Ruadrats 

Mineral Soil . 3,4 10 

Humus 3,4 10 

Mixed 3,4 10 

All 3,4 30 

Mineral Soil 6 5 

lhmlIls 6 5 

All 6 10 

TABLE 34 

FIFTH YEAR ASSESSMENr OF DIRECT SEEDING 

Per cent First :'fear Germination other ~verage Per cent; Survival 

stocking per Quadrat rJSrlllinatior. Height of First Year Germination 
I 

to First Living per Quadrat of Tall estAutumn Spring Autumn Autumn 

Year Autumn Living per 1962 1963 1963 1965 

tlermination 1966 Autumn Quadrat 

Ilutumn 1966 1966 (in.) 

60.0 3.3 1.0 0.5 3.1 100.8 54.5 48.5 33.3 

60.0 5.8 1.6 o.j 5.5 100.0 53.4 46.6 27.6 

80.0 8.3 2.3 0.3 3.8 100.0 49.4 41.0 30.1 

73.3 5.8 1.6 0.4 4.1 100.0 51.7 44.2 29.9 

0.0 1.2 0.0 ~.O - 83.3 0.0 0.0 0.0 

20.0 1.6 0.2 0.2 1.9 100.0 50.0 50.0 25.0 

10.0 1.4 0.1 0.1 1.9 92.8 28.6 28.6 14.3 

Autumrl 

1966 

30.3 

27.6 

27.7 

28.2 

0.0 

12.5 

7.1 

.c::
V\ 
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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 soil 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 pelle ted 
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 poorer stocking than the humus seedbed. Mineral 
soil 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) Interlake - 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 aerial herbicide treatment 
was carried out over these plots with results as noted under the white 
spruce 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 occurred on the mixed soil seedbed. Poorest 



TABLE 3S 

FIFTH lEAR ASSESSMENT OF BROADCAST SEEDING 

Seedbed Moisture Basis: Per cent First Year Germinatio~ other Average Per cent Survival 

Type Regime No. of Stocking Per Quadrat Germination Height of First Year Germination 

I/800c to First Living ~er Quadrat of TallestAutumn Spring Autumn AutUllUl Autumn 

Quadrate Year Autumn Living per 1962 1963 1963 1965 I966 

(}ermination 1966 Autumn Quadrat 

~utumn 1966 I966 (in. ) 

Mineral So:tJ 3,4 21 42.8 6.7 2.6 3.5 6.7 100.0 72.1 45.0 39.3 39.3 

Humus 3,4 20 70.0 6.1 2.1 1.8 S.3 lOO.O 63.9 38.S 34.4 34.4 

AJ.l 3,4 41 63.4 6.4 2.4 2.7 6.0 lOO.O 68.3 42.0 37.0 37.0 

Mineral Soil 6 8 12.5 0.5 O.I 0.0 2.4 IOO.O 25.0 25.0 2S.0 25.0 

Humus 6 12 16.7 I.8 0.2 O.I 3.0 100.0 63.6 40.9 13.6 9.I 

All 6 20 IS.O 1.2 0.2 0.0 2.9 lOO.O S7.7 38.S IS.4 TI.S 

~ 
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su::::vival at .5 years occurred on the mineral soil seedbed (44 per cent) while 
best survival \'ias on the humus seedbed (63 per cent). Frost-heaving would 
not appear to be a major ca~l8e of mortality as only J of 21 frost-heaved 
seed:ings the first winter had died by the end of the second summero Some 
mortality may have been caused by the herbicide treatment of 1965. Best 
a7erage height growth occurred on the mineral soil seedbed (6 inches) and 
poorest average height growth occurred on the mixed seedbed (4 inches). 

To supplem6tH the data from the seeding experiment, twenty 1/8000-acre 
quadrats were subjectively lc:.::ated on soalped strips that had beer. seeded 
ir the spring of 1962 with one peund (1~.4 ounces of seed) of Captan 
pe1l6ted seed per acre (Waldron~ 1964). Viability of the seed was 80 per cent. 
'fe:l quadrats~ five humus and f::ve mineral soil seedbeds~ were located on 
fresh t:) moderately moist sites (H.Ro 3~4), tr ... e other ten on moist to very 
mcist sites (~I.Ro 5~6). In ear1y August of 1965 an aerial herbicide 
treatment was carried out (·ver these plots with results as noted under the 
white ?pruce seeding assessment. 

A seeding assessment was carr:'ed out August 15,J 1966 and results are 
8-)~C'J.marized in Table .37. On the fresh to moderately moist 8i te 9 germination 
was sEghtly better on the mineral SOi.1 seedbed as VfaS distribution of 
seedlings at the end of f::vs SUInlllerS o K:.wever, average height grcflvth9 at 
five years" vfaS greater on the humus seedbed and seedling survival on the 
tl'1mus vfaS more tharL t"l1:::9 [-;",= good a8 survl val on the mineral soil seedbed. 
S;)me sesdLng mortality may have been caused by the aerial herbicide 
treatment of 1965. 

A'- the end of f.ive summer:: only two quadrats? on the moist to very 
moist Site, tad seedlings~ one m.iLeral soil9 the other hu.rnus. Tallest 
seeding was on 'che mineral 80:11 seed-bed and best surv:::' va=-' oc;curred on the 
m~ ne;:'al s:; i 1 quadr'a t" 

ASSESSHEN'I' OF GEillUNATION AND SURVIVAL TO TEE mm OF TIE S.2Cmm SUMJ>lER FOR 
ALL AREAS 

(A) 'vlHITE SPRUCE 

Gerr.nination fourid ~n the first summer after sovling as a per cent of 
the estinated viable seed 20wn is compared for all areas and years of 
seeding in Table J8. The ra'0e of germination has been found to be somewhat 
bettE:;.:::' un the humus seedbeds than on the dist.urbed seedbeds for the 
m.::derately fresh to moderately moist sites. The rate of ger-mi.nation on 
thi s si r,G w;)l;ld appear to be better in the generally more humid climate 
of the 1tlhiteshell. Considerable fluctuation in the rate of germination is 
e,rident from year to year and from Ie·cali ty to looali ty, however 9 the widest 
varia cion 'w:::uld appear to cccur on the humus seedbed and the smallest 
var-Ia tion on the mineral soi 1 seedbed. 



TABLE 36 

FIFTH 'YEAR ASSESSMENT OF DIRECT SEEDING 

Seedbed ~isture Basis: Per cent First Year Germination Average Per cent SurviVal 

Type Regime N~ of I Beoc Stocking per Quadrat Living in Height of of First Year Germination 

Ru,adrats to First Autumn Tallest Autumn Spring Autumn Autumn Autumn 

Year I966 per I962 I963 I963 I964 I966 

Permination Quadrat I 

~utumn I966 (in.) 

Mineral SoiJ 3,4 IO 90.0 ,.0 2.2 ,.8 90.0 84.0 72.0 64.0 44.0 

Humus 3,4 IO 80.0 2.7 I.7 '00 96.2 96.2 92.7 8,.2 63.0 

Mixed 3,4 IO 80.0 4.3 20I 4.4 90.7 86.0 78.I 72.I 48.8 

All 3,4 30 86.7 4.0 2.0 '.I 9I.7 87., 79.2 7I.7 .50.0 

\f) 



Seedbed ~isture Basis: 

Type Regime No. oj 

I/800c 

~dratf 

Mineral Soil 3,4 5 

Humus 3,4 5 

All 3,4 IO 

Mineral Soil 5,6 5 

Humus 5,6 5 

All 5,6 IO 

TABLE 37 

FIFTH YEAR ASSESSMENT OF BRdADcAsr SEEDING 

Per cent First ~ear Germination Average Per cent Survival 

Stocking per Quadrat Living in Height of of First Year Germination 

to First Autumn Tallest Autumn Spring Autumn Autumn Autumn 

Year 1966 per 1962 1963 1963 1964 1966 

Permination Quadrat 

~utumn 1966 (in.) 

80.0 4.6 I.2 8.0 lOO.O 9I.3 60.9 60.9 26.1 

60.0 4.0 2.2 9.7 lOO.O lOO.O lOO.O 85.0 55.0 

70.0 4.3 I.7 8.7 IOO.O 95.3 79.1 72.1 39.5 

20.0 I.O 0.8 6.8 IOO.O loo.O 80.0 80.0 80.0 

20.0 2.2 0.2 4.9 IOO.O 8I.8 54.5 54,5 IO.O 

20 0 0 I.6 0.5 5.8 lOO.O 87.5 62.5 62.5 3I.2 

V\ 
o 



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

Climatic condit.i.ons during the germinating period viOuld appear to be 
the most important factor in the successful esta-blishment of white spruce 
germi.nants. However the generally drier conditions necessary for good 
germination on the moiste.r· si tes results in poor germination on the fresher 
sites. 

S';rvival of the observed germination to the end of the second summer 
is shown in Table 390 Survival was essentially the same for the two 
disturbed seedbeds (54 per cent) on the moderately fresh to moderately 
moist sites, both being slightly better than on the humus seedbeds (52 per 
cent). There would appear to have been only one failure to obtain satisfactory 
survival on this site to the end of two summers, caused probably by a drought 
as pre.viously desc.:::'ibed in that area!s results o 

SiXFlJl val to the end of the sEc(:»nd S IJmmer on the moist to very moist 
si. te vlaS considerably better on the humus seedbed (51 per cent) than on the 
mixed seedbed vlhich was a li ttle better than on the mineral soil seedbed 
(31 per cent)o A large part of the mortality on this site can be ascribed 
to flooding which is more severe at the lO'..Jer eleva ti on of the mineral soil 
and mixed seedbeds. 

(B) JACK PINE 

Germinat:~on of jack pine found in the first summer after sowing9 as a 
per cent of the es tima ted viable aeE-d so"m is compared for all areas and 
years of seeding in Table 40. 

The differen·:::e 9 in the rate of germination~ betvleen seedbeds is small y 

hOvlever the humus seedbed would appear to be slightly superior to the other 
seedbeds. Ger11li.nation was very poor in three of the years of sowing ,,[hen 
compared to the fQ1.:rth year indica hng a need for pre~seeding treatment 
that would help to ensure a higher rate of germination. 

S·0.rvival (,f jack pine seedlings at the end of two summers was generally 
highest on the humus seedbeds 9 IOvlest on the mineral soil seedbeds 9 and 
intermediate on the mixed seedbed (Table 4])0 

FUTURE WORK 

Esiablished areas will be examined and assessed as indicated in the 
project plan (Wald:-on 9 1962) and no new areas will be established o 
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TABLE 38 

PER CENT GERMINATION OF VIABLE SEED SOWN FOR ALL AREAS AND YEARS 
. 

Seedbed Moisture Observed First Year Germination as a Per cent or Viable Seed Sown 

Type Regime 196t' 1963 1964 196, 

Fish Road Nutimik Fish Road Nutimik Mantago West Hawk Mantago West Hawk 

Mineral Soil 2,3,4 7.9 II.O 29.4* 20.4 ,.13* 14.~ 14.9* 

Hunm.s 2,3,4 IO.9* 19.3 38.2 20.4 2.5* 3.I* 12.5* 

Mixed 2,3,4 7.5* 27.7 2I.1 23.9 3.~ 12.~ 13.~ 

All 2,3,4, 8.~ 19.3 29.6 2I., 4.0* IO.O*- 13.~ 

Mineral Soil 5,6 Io.6 4.0 3.9 I., 15.9 9.8 25.4 

Humus 5,6 18.2 ,.3 20.'1 12.2 7.0 40.1 6I.7 

Mixed ,,6 19.6 - 3.7 5.2 20.5 19.5 12.4* 

All 5,6 16.1 4.7 9.4 6.3 14.4 23.1 33.2 

*.More than IO per cent or the germination occurred the second year after seeding. 

, Unweighed average of the percentages. 

o Seed pelleted with C&ptan 50 - W. 

7.~ 

3'.I 

13.9* 

18.9 

I., 

28.9 

2.4 

II.O 

AJJ. ' 

All 

14.0 

17.8 

I'.5 

I'.7 

9.1 

24.3 

II.9 

I4.8 

~ 



TABLE 39 

PERCENr SURVIVAL OF FIRST YEAR GERMLM.TION FOR ALL AREAS Al~D YEARS 
.-

Seedbed f.loisture Percent Survival of First Year Germination to the End of the Second Summer 

Type Regime 1962 1963 1964 1965 .AJ.11 

Fish Road Nutimik Fish Road Nutimik* 11antago West Ha't-lk Harrtago lvest Hawk All 

}!ineral Soil 2,3,4 60.0 48.5 78.9 46.2 41.7 71.4 22.4 61.8 53.9 

Humus 2,3,4 68.8 46.6 42.8 54.5 42.0 73.6 17.8 66.7 51.6 

Hixed 2,3,4 71.5 41.0 68.0 73.5 38.9 63.3 10.2 72.0 54,,1 

All 2,3,4 67.0 44.2 60.8 58.9 40.9 68.3 16.9 67.3 53.0 

l>!ineral SoD 5,6 - 0.0 7.1 54.5 76.4 14.2 62.3 0.0 30.6 

Humus 5,6 .. 50.0 17.7 65.5 62.8 70.7 68.5 21.2 50.9 

Mixed 5,6 - - 3.8 40.5 67.8 57.1 43.8 II.8 37.5 

All 5,6 - 28.6 14.4 57.8 70.1 59.0 63.8 19.5 44.7 
L-. l...--

* Survival in second spring - no examination in the autumn. 

I Unweighed average of the percentages. 

~ 



TABLE 40 

PER GEm GERMINATION OF VIABLE SEED SCYdN FOR ALL AREAS AND YEARS 

Seedbed Moisture Observed First YearGermination as a Per Cent of Viable Seed Sown 

Type Regime 1962* 

Fish Road 

Mineral SoiJ 2,3-4 12.5 

Humus 2,3-4 6.8 

Mixed 2,3-4 10.8 

All 2,3-4 10.0 

.. l-Iineral SoiJ O-I -
Humus 0-1 -
All 0-1 -

I Unweighed average of the percentages. 

* Seed pelleted with Captan 50 - Wo 

1963 1964 1965 

Fish Road Mantago Mantago 

53.9 3.8 5.9 

67.6 5.6 7.5 

38.0 5.0 Ih.I 

53.1 4.8 8«4 

- 2.6 9.5 

- 2.3 10.2 

- 2.4 9.9 

All' 

All 

19.0 

21.9 

17.0 

19.1 

6.0 

6.2 

6.2 

\J1 
.+:-



TABLE 4I 

PER cm SURVIVAL OF FIRST YEA.R GERMI.NATIOO FOR ALL AREAS AND 'YEARS 

--

Seedbed Moisture Per Cent SurvivaJ. of First Year Germination to the End of the Second Summer 

Type Regime I962 I963 I964 I965 All* 

Fish Road Fish Road Manta go Manta go All 

, 

l-lineraJ. Soil 2,3-4 72.0 9I.3 I6.7 3.8 46.0 

HUmus 2,3-4 92.7 86.I 59.2 I2.I 62.5 

Mixed 2,3-4 78.I 90.3 45.8 9.6 56.0 

All 2,3-4 79.2 88.9 43.5 9.0 55.2 

Mineral Soil o-I - .. 56.0 26.2 4I.I 

Humus o-I - - 77.3 26.7 -52.0 

All O-I - - 66.0 26.4 46.2 

* Unweighed average of the percentages. 

~ 
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