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D1RIiCT SEEDING OP DOUGLAS PIR

WITH SPECIAL RPiR]NCE TO SURVIVAL

INTRODUCTION

The decade since the end of the second world wa

has produced great advances in forest enegement in the

Pacific Northwest. It has been shown that good forestry

pays. Dana ( 8 ) states

The remarkable advance in private forestry during
the last decade, particularly among the larger
owners, has been due chiefly to other factors than
government threats or doles. Private owners bay.
been genuinely interested in foreEtry because they
have been convinced that it is both necessary and
profitable.

In no aspect of forestry has this change in

attitude been more apparent than in the desire for prompt

restocking following logging, ta if this is not immediately

obtained, the next rotation is delayed. This oari have *

serious effect on the operations of a large company with big

investments in integrated conversion plants which are

dependent upon a regular supply of logs. The situation can

be equally serious on National Porest land since many

operators are dependent on National Porest timber sale. for

their logs, and mills are, in their turn, dependent upon a

steady supply from the logging operator.
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Delay jn restocking may result in a 1riah problem

which gets progree3ively worae with increasingly productive

8itea and akeo eventual restocking sore difficult and more

expensive. Private owners still pay taxes on unproductive

land and this simple fact is a great spur in encouraging

owners to return their land to production following logging.

The main methods of atteipting to attain this goal

of prompt restocking have been:

Cb in cutting practices to encourage

regeneration.

Increase in on by planting or

direct seeding.

Patch logging has winy advantages beidea increasing

the chances of natural regeneration and baa become standard

practice on many operations. Unfortunately good cona crops

have been very scarce during the past ten years and patch

logging has frequently failed to produce adequate restocking.

3aiting to control seed eating rodents and protect natural

seedfall baa been tried experimentally and may prove a useful

tool when methods are improved. However, in view of the

uncertainty of natural restocking and the email chance of an

adequate eeedfall occurring immediately following slash

burning, artificial regeneration has increased in importa

during the past ten years. Planting is regarded by many i



the beet method of obtaining regeneration, but continually

rising costs iiave forced many to look for cheaper methoa.

i)irect ecdin is muon cheaper than planting but, at resent,

is limited by tire factors, one at which varies froi 'rea

area and train year to year. The first two factors are

the control of seed eating rodents and shortage of seed,

especially that from high elevations. Spencer and Evorno (24)

of the United States Fish ad Wildlife Service have been

working for some years on the rodent problem and have

achieved bst:tLal prcre. i)utIicld ( p.

that adequate seed supply of the correct provenance is a ser-

±0123 ud ever-present problem w}-iich is be coming more sexl.ous

as iojing proceeds to hither elevations. tt the lower

elevations, second-growi1 ttands auitablo for cone collection

are fairly numerous ind some seed is available each year.

At the Jihcr elevation3 the only second-growth stands are

those rhieh regenerated following a fire and these are rather

uncommon. In addition, little ± known about the frequency,

yield and quality of higt' elevation cone crops. The final

factor, affecting both natural and artificial regeneration

by seeding, is seedling mortality. This varies tram year

to year according to the weather and from ares to area

according to the site quality, aspect, slope, soil and

ground vegetation. i4any factors, either singly or in



combination, may effect both germination and initial

eaedling survival. The chief factors are -

1. Unfavorable conditions for germination. This may

cause either reduced germination or lack of germination.

Di

Insects or animals.

Hea

Drought.

Competition from other plants.

£11 these causes of death should be considered as

of little use attempting to correct one factor it the

seedling will die from another one. has been

considerable interests in recent years, in heat as a cius

of the mortality of both natural arid artificial regsneratioi

and some work haa been conducted to find out the factors

causing mortality, the extent of these factors and possible

methods of control. This study comprises an investigation

on high temperature as a cause of seedling mortality.

BJECTI YE

To create conditions favorable for the survival of

Douglas fir seedlings by the use of a cover crop which will

favorably modif3r soil surface temperatures in the weeks

following germination.



RIVIEW OP TH LITERATURE

The mortality of young seedlings by b

eraturee haa been recoized. Tourney and

Neethljn (28) have described heat injury to white p

dlinge growing on dry mineral soil but where soil

sture in the root zone wa not deficient. Bates

Roeser (3) reported that in the Rocky Mountain region, so:

eurface temperatures as high as 16001. may not be uncoamen,

end that direct injury to protoplasm occurs at 14001.

They found that

waximurn temperatures could be a critical factor
preventing natural reproduction and where this was
the case, planting might be necessary or the
eatabli&r.ent of a given species might not be
possible until the heating action o direct aun-
light on th site had been somewhat modified.

Baker (2) states that an internal temperature of l37P.

causes injury to Douglas fir seedlings but that temperatures

a few degree3 below 13001. can be endured for some time.

He repeatedly recorded soil surface temperaturs3 as high as

160°?. Bigelow (5) found that the effect of sustained

high temperatures on the biological processes of seedlings

is profound for, as the temperature increases in an arithmetic

progression, the duration of time required to kill seedlings

decreases approximately in a geometrical progression.

Rosier (2].) used heated sand to simulate field conditions



and vo the following critical tenperatures for Dougi

fir seedlings of various ag

8eedling
age.

Days.

li. also stated that injured seedlings are more liabi. to

ttack by fungi.

The work of Iaaa (ia) is the most extensive in

regard to Douglas fir and contains an excellent summary of

the earlier Investigations up to l38. He found

temperatures on black burned soil were 70p to l81?. higher

then en a yellow soil surface. He established three plota

in the Wind Rive: sa, Area A which was very heavily

burned, and was practically bare of any vegetation, Area B

where th.e burn was of medium intensity and some herbaceous

brush had established iteo1f and Area C in the adjoining

undisturbed old-growth. The highest surface-soil

temperature recorded was 1640?, on Area A, whereas at no

time did the temperatures on Area C rise high enough to

cause injury to seedlings. A surface-soil temperature of

1230!. for several da'-s followiug germination was found

Highest temperature
likely to be
tolerated by all
individuals.

temperature
likely to be
fatal to all.

39 1250?. 150°?.
71 124P. 154°!.
9]. 131 P. 146°!.

likely to Douglas fir seedlings and one of 125°F. or
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more is likely to kill them. Dead shade was found to aid

seedlings survival 'ishereas live shade produced competition

for moisture and nutrients. since some degree of slash

disposal is necseary to reduce hazard, Isaac recommended

spot burning of accumulations except on south siopee where

he felt no burning should take place, whenever practical.

In later work (19), he emphasized the importance of elope

and exposure on surface soil temperature and thus on seed-

ling survival, and gives the following example based on a

3k-day period in late summer in the wind lUver area.

0 .0
Valley temperatures averaged 143 F., south exposure 150 1?.,

east exposure 147°F., and the northwest exposure 137°F.

Garman (15.p.23) reported surface terpertures

140F. in May on burned areas at Cowiohan Lake, B.C., and

found that temperatures on such areas were frequently 15°?.

higher than on unburned, exposed yellow mineral soil.

found that the greatest mortality due to heat often occurred

when the seedl.ings were young but that this was not a1wys

the case and that in one experiment, in 1941, 13 percent of

the total seedling losses occurred during a heat wave in

July when the maximum air tempert'ture on six successive days

was over
9Q0p

Garinan found that artificial shade increased

survival 23. percent compared with the unshaded control.



the northerly latitude of Pin1nd,

Ysartaja 31) recorded surface temperature. up to l4°F. and

noted that temperatures were higher on * burned area than on

a nearby unburned gravel. In another article (y), he

recorded a surfacesoil temperature of 1520?. at the Arctic

Circle on a sunny day. In a third article (32), Vaiartaja

found that coti pine (Pinus aylveatris, L.) s.edlinga were

killed by fifteen minutes immersion in water of from

124°F. l3l0. In artificial humus soil, temperatures of

from 129°? - 149°?. proved critical to seedlings of the came

species.

Smith (23) made a comprehensive investiatio

surface temperature when studying ecdbec1 conditions an

regeneration of eastern white pine (7inua etrobus L.

found that maximum surface temperatureson a litter seedbed

were alvays higher than 0Th mineral soil although the amount

of direct sunlight was the same. The surface of pine

litter attained

but mineral. coil never reached this temperature. Smith(23 p.30)
stated,

inutes after complete exposure,



these ob8ervationo demonstrated that surface
temperatures responded apid1y to variations in
inoipieht solar radiation. They also show*d
clearly that aurfca temperature was in no w5)
4epndent on air temperature at conventional levels
of meaaureinent ... The temperature of any substance
cepends on the amount of heat absorbed, the rate at
which heat is lost and the specific heat of 'the
substance itself,

Silen (22) as used Tenipil pellets in

to find out what percentage o!' a clear-cut experienc

temperatures. Tonipil pellets have vn acCurrzel Of

1 percent ex4 are aveilable over a considerable range of

atures. Ks used pellets having melting points of

38°P., end 150°I. and found that l25P. was close

to the threshold mortality for Douglas fir seedlings and

that 'the melting of a 138°'. Teupil pellet i dicated that a

lethal temperature had been reached. Ks found that by
0July let, surface temperatures exceeded 138 P. on an

average of 27.6 percent of the area on north elopes

60.7 percent of the area on south slopes. Turner (29) has

coniputed the actual anounts of direct solar radiation

ceived for different latitudes and on different slopes at

'arious times of the y These graphs strikingly show

the effect of aspect. At 500 north latitude on June 21st,

for the amounts of solar radiation received were

1.37, 1.22, .72 gram

mute on 300 south slope

a er square centimeter per

.1 ground and 300 north
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slopes respectively. Magu.re (20) has computed the solar

radiation at t level sttiori at 2700 feet elevation at

Placerville, Ca1ifornia on the 21st day of each month

throughout the year. Surface soil temperatures above

1250?. were reordet a1mot onetantly between Ari1 15 and

Qctobcr 15, i oxboro soil thermograph. The value

of this experinent is shown by the fact that with adequate

shadin a 400 percent increase in seed1iw survival was

achieved.

The e.erienco of these experiments may be

summarized:

0 0Surface soil temperature of between 125 P. 130 P.

are the threshold of lethal temperatures for Douglas fir

seedlings.

Lethal temperatures occur over widely differing

latItudes,

Loth.l temperrtures may be of long duration.

Mortality Increases sharply with increase in temperature

above the lethal threshold.

Different soil surfaces are heated to different

temperatures by an equal amount of solar radiation. Black

surfaces are among the hotte8t.

South lopea are hotter than level ground which, in

turn, is hotter than north elopes.



7. Lethal temperatures are widespread on many cutovere,

n eouth alopea.

injured by high temperatures are more

ausceptible to other damaging factors such 98 fungi am

drought.

The use of a cover crop has been tried as a method

of giving protection to young Douglas fir seedlings.

Mustard baa been sown as a cover crop on burned w*t*rshed

in California to combat erosion for some years.

Gleason (16). In August 1951, a disastrouS fire burned

28,000 crea in the Vincent Creek-Smith River drainage in

at central Oregon. Parts of the area were 80 completely

denuded that the Bureau of Land Management decided immediate

r.habilitation measures were eentia1 and seeded nearly

17,000 acres with brown mustard (Brassica juncea (L) Cos.),

in the fail of that year'.(17). Subsequently nearly 12,000

sores were baited for rodent control and 6,097 acres were

seeded to Douglas fir. The primary aim of sowing mustard

o provide a vegetative cover to the bare ground and

prevent soil erosion but out of the project came t ides

of using mustard as a cover crop to increase Douglaa fir

survival, A. a result, a co-operative reearch proaot was

rt up between the Bureau of Land Management and Oregon



State Coflepe and research work was carried out in 1954

and 1955. The requirements for a cover crop, as set

forth by the Bureau of Land Management, ares

Seed uet be available on short notice in large
quantities at a reasonable cost.

Seed must be capable of very rapid germination
on an unprepared seedbed without covering,

The plant must grow rapidly during periods of
drought arid considerable fluctuation in temperatures,
giving full ground cover before heavy winter rains
and low temperatures begin.

It must not persist longer than necessary to
reduce run off and erosion and until native cover
is reestablished, nor be a deterrent to tree
regeneration.

It must not constitute a noxious weed menaces
nor increase the fire hazard with inflv.mmable fleshy
fuel.

In connection with the latter requirement

Wyckoff, formerly Director of the California Poreet and

Range Experiment Station, made thie statement about mustard,

Mustari is the most fire resistant plant with
which I have ever worked. A wild fire running
before a good wind was observed to atop and die
when it ran into a heavy stand of dry mustard sterna.

In the 1954 cooperative experiment, Pierovich (6)

found increased Douglas fir survival on areas seeded to

mustard compared to the control areas. However, the

summer was wetter and cooler than average and be warned that

the results may not be typical. Clarkeon (6) found no

12.



seedling survival in experiments carried out during the

hot summer o:t 1955 and concluded 'that competition for

available mOisture was -the responsible factor. l'urther

research work is required as the performance of mustard is

confounded by uncontrollable external factors euch as

climate.

In 1952, the Weyerhaeuser Timber Company (25)

seeded mustard oi part of a 1,800-acre burn in the Milliooma

Porost. It was found that the burn had not destroyed the

native vegetation to the extent feared and that there was

sufficient ground cover to inke iuutard unnecessary. The

following benefioa1 effeotsof mustard were noted:

(i) The long tap rcot which acts as an anchor or stake in

preventing soil aovement. (2) The rosette form of growth

which persists all winter and covers a maximum of area per

plant. (3) The single stem form of growth which occupies

very little growing space per plant. It is suggested that

a soi3. improving species such as a legume be tested, *nd

the question of browsing is raised.

Another suggestion has been to sow Douglas fir

eeed into mustard stubble. This mane a delay of one year

and is an idea worthy of trial; however, it is interesting

to note the findings of Geiger (15 p.272) concerning the

13.



high reflective ability of green vegetation. This

property applies only to the inira-red wave-lengths which

contri.bute more heat than the visible wave-lengths. Green

vegetation reflects about 44 percent of the infra-red

radiation compared to 2 - 11 percent for most bare soils,

although they reflect more when dry than moist. Clark (7)

baa Cof101udOd that the unusual ability of green leaves

reflect infra-red radiation ii ceased by the presence

chlorophyll nd is reat1y diminished when the chlorophyll

is destroyed. This might be of importance in choosing

between a live cover crop and dead shade like mustard

stubble.

Suggestions to overcome these disadvantages

include manipulation of the time and rate of seedling the

cover crop, trial o± other cover crop apecia, and spraying

with herbicides to control cover crop developmert. This

latter idea has obvious disadvantages since it entaila

another operation which costs money. It ia however, an

iae* worthy of trial especially as mustard is extremely

sensitive to 2,4-D and similar chemicals.

14,



India Mustard
Native Mustard
Annual blue gr
Velvet grass
Burno t
Co:on votch
Hairy vetch
Hop clover

ii'aasicajuncea. (L,) Cos
BresaiCa campestrie. I.
Zoaannua. L.
Holous lanatus. L.
S ujeorba annua. futt,
Vicia aativ. L.
Vicia villosa. ]3enth.
Trifolium procurnbenb. I,.

15.

UTLINE OP STUD

This experLment is the third cooperative proj

between the Thireau o Iaxid Maimgement and Oregon &tate

College and wa conducted br C.M. Moell and J.M Pinnis.

The B.L.M. required a comprehensive experiment

which included seed laboratory, greenhouse and field trials.

The experiment w.zs viewed a pilot 8tudy which would

serve as a basis or a more extensive twayear experiment.

Thus it was not intended to make exhaustive investigations

on any one phase hut rather to obtaifl an overall impression.

In view o± the fact that seven cover crops vex's being

teated Lox' the first time, the exploratory nature et this

experiment i perfectiy logical.

i&ight cover crops were tested. Theee ares

Por the sake of clarity, the experimsnte are

divided into mnd described in three sections, after which a

discussion on the ntire study follows. The three seetions

arc; (1) seed laboratory experirneit. (2) greenhouse

experiment. (3) Pield trials.



SEED LABORATORY XPEIMENT

0UT!INE

One of the requirements of a succesl urae

crop is that germination should occur early in the iprin

and growth should be sufficiently advanced to provide

adequate shade to the fir 3edUnga when the latter

germinate. This means that the cover crop must be capable

of germinating at relatively 1ev temperatures and short day

lenths. The first property was tested in the seed

laboratory and the second in the greenhouse. Optimum

germination conditiorw 2or all cover crop species except

burnet are given in U.S.D.A. Agricultural Handbook

No. 30 (o) arid those for Douglas fir by Allen (i), but in

this study it was neceosary to find out the performance of

the specios under conditions far from optimum. It must be

emphasized that throughout the experiment only one seed lot

of each species has been used ind the performance of the

particular lot may not be typical for the species. Pour

replicates of 100 seeds of each species, except India

mustard but including Douglas fir,

followin; temperatures z

5°C.

03.00.

e tested at the

16.



8 hours at 5°C. and 16 hours at 15°C.

20°C.

R1 ULTS

Geriinatjon wa recorded at intervals up to 55

days and detailed results are given in the Appendix. These

results are summarized in Table 1.

Table 1. Summary of grnination of eight
spc.Cies at four temperatures.

17.

Thsc figures show that low tenperctture i;cid an

adverse affect on the germination of tnua1 blue grass,

mustard and Douglas fir, but that the amount of germination

of the other species was relatively little affected. These

Species
Germination percent at
temperatures of

5°C. 10CC. 5-15°C. 20°C.
Poa 16.00 54,75 90.75 92.75

Velvet grass 76.50 81.75 95.00 87.25

Hop cLover 51.50 50.00 45.75 49.00

Nattve
mustard

5.00 11.25 20.50 31,25

C&rnron vetc1 98.75 98.50 97.75 100.00

Hairy vetch 90.00 93.25 92.00 92.75

Burnet 79.75 84.25 80.25 88.25

Douglas fir 0.00 2.25 21.75 63,00
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results are shown graphically in Piure 9. 

however, the rate or speed f geriination was 

affctcd by temperature for all species. Thia is an 

important factor s the ideal situation would be for a given 

cover crop ecie t'einate promptly' t low teiperature' 

as to be tall enough to provide shade or the fir need- 

lin:e. If germination is slow then the cover crop may not 

be sufficie't1y advarned to perform thi& function. Figures 

I - 8 show cumuLttive erm.ination perce;t plotted against 

time in days for the specieS tested. Sie temperature 

affected xount ef ge:iiiation as well as speed c germin- 

atiun, it i difficult to place the peciee into any well 

defined But exination o Figures 1 - 8 does show 

the following reactions for the various species. 

1. Annual blue gx'ase. 

Ceriination at 20°C. is quick and complete. 

Germintin it 5 - 15°C. is about 5 djs slower, but not 

reduced tot a tO L4flt. At 10°C., grünation is slower 

and loer, while .t 5°C. the advcre affect on both measure- 

2ents i: marked. 

2 t. 

Germjni',tion at 5 - 15°C. and 10°C. is about 10 deys 

arid 19 days repectively slower than at 20°C, At 5°C., it 
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was 55 daja before germina-tion reached 90 percent .f
0recorded at 20 C.

Hop clover.

Temperature had little effect on amount or rate

germination. Germination at 5°C. was 8 days behind that at

20°C.

Velvet grass.

Temperatures of l0C. nd 5 15°C. resulted in a

delay of 14 and 6 days respectively in reaching that recorded

at 20°C. At 5°C., germination was very slow and it took 55

days -to reach 87 percent of the germination recorded at 200C.

Mustard,

Germination of the 'mustard w poor and it might be

that oor sample. For this particular 1st,

germination was reduced in amount and rate by inoreaaingly

lower temperatur

Hairy ye-tab.

Germination was high at all temperatures. That

vetob.

0 0at 10 C. was 6 days slower than at 20 C.
05 C. was a further 6 days delayed.

7. Common vetch.

The pattern wa very

mina
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Douglas fi

Temperature had a very marked effect on

ion. None occurred at 5°C. and very little at
0 010 C. At 5 15 C. there was only 23.5 percent of the

germination capacity at 20°C. This is very similar to

results reported by 19nni.a (1]. p.15). He found no

germination at 10°C. arid germination at 16°C. was limited1

being just over 30 percent of that occurring at 24°C.

DI :3CUSSION

These laboratory tests show that all the cover

crops tested germinate quicker and at lover temperatures

than Douglas fir. Field tests are the crucial test,

however, since moisture and temperature conditions vary in

the field but were controlled in the laboratory test,

Yaartaja (32) reported very poor root development of Soots

pine and Norway spruce in dry weather even when there was

plentiful moisture in the soil. Another interesting and

possibly important factor concerns temperature. During

germination time, there are warm, clear days, cool days and

cloudy days with occasional warm periods of varying duration

and intensity. The question arises as to whether short

spells of warmth are cumulative in effect and build up to a

required amount of heat to bring about germination. For

these reasons laboratory tests can be little more than a



guide.

REE1ffl0USE INVE STNATI0I

Work in the greenhouse was divided into two

partss

1. A study of the competition betweon Douglas

seedlings and the various cover crops.

A study of the effect of photoperiod on the

ger4nation and growth of Dou1as fir and the various cover

crop speceo on burned and unburned forest soil.

C0MPTITI0N EXPL..RIMENT

The objective in this experiment was:

After plants of the v*rius cover crop species and Douglas

fir seedlings wore established, to compare the survival of

the different plants under drought conditions and to compare

their root distribution.

Pzimber 10 cane were filled with forest soil from

one of the study areas on Mary's Peak which was tamped down

to approximate as closely as possible the degree of

compaction found in the field. Newly prepared and

calibrated Bouy-oucoa blocks were placed in each can four

incbeo from the soil surface. The top inch of the can was

filled with soil from a recent slash burn. Thirtytwo cane

were uaed, four for each species, ich were:

30.



ive mustard.

ia mustard.

Annual blue grass.

Velvet gra

Hop clover.

Burnet.

Common vetch.

Hairy vetch.

Seeds of the appropriate cover crop and stratified

Douglas fir a placed in each can on 17 December,

l95. The cans were watered regularly for four weeks until

'the plants were establiabed and then no more water was given.

Observations wore made at intervals on the thriftiness of the

Douglas fir seedlings and cover crops. Ohms-resistance

readings were taken at the same time. When the Douglas fir

seedlings in any pot looked dead, the pot was placed in a

tray of water to see if the rieedllnge revived or were

actually dead. At the end of the experiment the bottoms

cut out of a number of cane and the roots washed an

notea the root syateme of the plants.

RLSULTS

A plant pathogen affected both mustard species an

owing to their poor growth and d.velopent no conclusions
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can be drawn from them. Both vetohes provIded very severe

competition for the Douglas fir md the seedlings were

nearly all dead seven weeks after the last watering.

Pigure 10 shows the appearance of the different cover crops

and Douglas fir seedlings on 1 March. Hop clover only grew

into very sial1 plants They showed symptoms of drought

fairly early and looked worse than the Douglas fir but had

an ability to renain alive for a long time and to revive whe

placed in the water pan. Burnet was intermediate in

competitive affect, but outlasted the Douglas fir seedlings.

The velvet grass showed signs of wilting but bad a capacity

to endure the eondition and revive and outlast the Douglas

fir. The Douglas fir seedlings with annual blue grass

lasted longest of all. The grass formed a sod on top of the

an which was quite difficult to separate when washing out

the roots. This characteristic might have value for

erosion centrol. The blue grass flowered quite early and

at the beginning of )4aroh the plants in all the pts were

in flower. The last readings were taken in early sy when

mu the Douglas fir seedlings had died and most of the blue

grass. The few survivors were looking very sickly. This

was six weeks later than Douglas fir mortality with vetch.

The blue grass was the most shallow rooted of the cover crops



Cover crop

Native mustard
India mustard
Annual blue grass

Velvet grass

Hop clover

Burnet

Common vetch

Hairy vetch

Moisture depletion

moderate

moderate

1owest

fairly rapid

moderate

moderate

rapid

rapid

Pirsi plants
to die

annual
blue grass

Douglas fir

some of each

Douglas fir

Douglas fir

Douglas fir

33.

and Douglas fir aurvival was best with blue grass.

Howevor the plants are small and their form is such that

they do not look as if they could give shade to the Douglas

fir seedlings. This observation was later confirmed in the

field.

The results are summarized in Table 2.

Tab1e. Conpetition between Douglas fir
seedlings and cover crop plants

PHOTOPERIOD EXPRIMINT

Plats of the cover crop plants and of Douglas fir

were grown under short day and long day conditions in burned

and unburned forest soil. The burned soil was obtained from

a recent slash burn on Marys Peak. The short day treatment
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tural day length during the period February,

arch and Ap which increased from eleven to twelve hours

during this t The sixteenhour day was obtained using

a timeclockoperated tube light. If a cover crop would

germinate, grow and mature under the short day conditions

which prevail early in the year it would be an advantage.

Unfortunately tho greenhouse maintained at about 70°P.

and so that while the day lengt typical of conditions

early in the year temperature was not.

The flats were seeded on 4 Pobruary 1956, end

watered regularly and the soil kept at approximately field

capacity so that moisture was never a limiting factor.

After five days under all conditions germination o India

mustard, hop clover and velvet grass was well 'under way.

Germination of native mustard and annual blue grass was

starting. The radiolee of the two vetches were eaerging

from the seod coat. However, there wa1 no sign of

activity of the burnet and Douglas fir. After one month tie

beneficial effect of the long day wis becoming apparefl

Plants were generally taller than those under the short day

treatment. Douglas fir germination was markedly improved.

There was some damping off on sil four treatments. It is
impossible to account fez this or even know if it is due



Figure 10. Competition experiment in the greenhouse.
1 March 1956.
L. to R. Native mustard, Poa, Hop clover, Common vetch, Velvet grass,

Burnet, Hairy vetch, India mustard.



Figure 12. Development of
in competition

Figure 11. Bottom of can cut away to show extent of vetch
roots. april 1956.

)
*3 tir roo

h a. Aprii 1956.

Dougiss fir roots when grown
with vetch.Aptil 1956.

36.



Figure 13. Development of Douglas fir roots when
grown in competition with Poa. April 1956.

Figure 14. Development of Douglas fir roots when
grown in competition with native mustard.

37.



the conditions of the ezperiment or dus to outside

influences sinoe the greenhouse is used by many people

including pathologists doing inoculation experiments.

Pigurea 15 - 22 show the long and short day plants on the

burned soil on 7 April, 1956. Growth was greater under

long day conditions but it is interesting to. see that the

annual blue grass flowered first under short day conditions

but not under the long day, where flowering was about two

weeks later. By the middle of April the native mustard,

India mustard and common vetch were in flower under long

day conditions. Later in the rnonth the hop clover

flowered. The native mustard flowered under short day

conditions but this and the annual blue grass were the only

species to flower under short day conditions before the

experiment concluded in May even after running for over

three months. The response to day length is summarized in

ab1e 3.



Table 3. Response of cover crep species to
day length after ten weeks.

Species

N&tive mustard
India mustard
Annual blue grass
Velvet grass
Rep clover
Burnet

Coinjion vetch

Hairy vetch
evident one week late:

12hour

10 we ring

not flowering
flowering
not flowering

tl

16hour day

flowering
U

not flowe
ft

ft*

flowering
not flowering

24 April.

Growth of sU apeoiea was better on burned soil than

en unburned soil,

The perfox-xce of annual blue grass appeared

promising in the drought study and the photoporiod study but

the seed laboratorj teats showed that low temperature limited

germination.

FIELD TRIALS

Field trials were carried out in three areas.

Two of the field trials were an the Mary's Po'k area in the

Siuelaw National Forest and one on 0. and C. land southwest

of Roseburg. For the sake of clarity, each area is

described separately.



Pigure 15. Annual blue grass. Note flowering of
short day plants on the left. 7 April 1956.

Figure 16. Velvet grass.
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Figure 17. Hairy vetch.

Figure 18. Common vetch.

41.



Figure 19. India mustard. Note long day plants

on the right in flower.

Figure 20. Native mustard. Long day and short
day plants in flower.
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Figure 21. Hop clover. Note greater growth of

long day plants on the right.

Figure 22. Burnet. Note greater growth of long
day plants on the right.

43.



This is a higher proportion of severely burned area than

that reported by Tarrant (27) in a more extensive study.

44.

PLOT LOCATION AND DESCRIPTION

1. Vilt Area: Known to the Forest Service as such

after the operator who purchased the tLaber.

Location: Situated on the City of Cora11is watershed on

the Sluelaw National Forest. T 12 8. N 7 V. Section 22.

Description: Small setting of about 20 acres at

elevation of l7OO-13OO feet with an average slope of

18 percent. The plots wore situated on a portion of the

setting which had a gentle southerly aspect.

History: Douglas fir-Western hemlock stand 1oge4 in

1954-55, The alash was burned in September 1955 after a

heavy rain. Tho burn was of moderate intensity

(Tarrant 26).

Soil description: The soil is an Olympic clay which was

formed from residual basalt and is relatively free f

stones. An exainatit of the area was made by

Dyrnees (10). He found no soil erosion. There was

8.7 percent of stones, by weight, in the top two inches of

soil. A survey showed the area covered by the burn to be:

Lightly burned 54.8 percent
Oeverely burned 16.] percent
Unburned but disturbed 21.3 percent
Uridiaturb ed 7.8 percent



Surrounding green timber
Severely burned
Lightly burned
Unburned

Undisturbed
This shows no important d.tX

Oregon grape

Thistle
Salil
Vine maple
Grass

Groundsol

$wordfern

Bracken fern

8ed straw

Thimbleberry
Golden chinquapin

10.7
4.5

10 4
10.9
12.2

ence between the green

Mahonia aquifo1ium Pursh.
Cirsium edule Nutt.
Gaultheria ahalløn Pureh.
Acer circinaturn Pursh.

45.

However on that portion of the area used in the experiment,

severely burned portions were loss £requ t than on the rest

of the setting and only occurred where the fire had burned

hot under a log. The total organic matter, expres d a8 a

percentage, was as follows:

ber,

Senecio vj.Raris L.
olystichum munitu (ICaufi.) Preel.
'teridiuw ac[uiUnum (i.) Puhn. var

pubeecens tnderw.
Galium aparine L.
Rubus parviflorus Nutt.
Castancpsis chrysophylla (Hook).

A. do Candolle,

lightly burned and unburned areas.

The following plants formed th 1ajor of the

vegetation on the aresi

1esc ham ais olonata Hook) Munro.
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£Lbertsen Area: Known to the Forest Service as such

tor the operator who purchased the timber.

Location: Situated ju8t outside the City of Corvallis

watershed on the Siuslaw national Forest. T 12 8 R I

Section 34.

Descriptions A small setting of about 20aores at an

elevation of 2200 feet, The landing is on a fairly level

ridge running nearly halfway across the setting. The ground

drops away sharply on three sides.

History: Dou1as fir-ostern hemlock stand logged in

1954-55. The s:Lash was burned in October 1955. The burn

was fairly complete and of light to moderate intensity

except for the landing where the concentration of fuel

produced a hard burn. No plots were in *e area.

Soil description: The sofl. to an Olympic rocky c.Iy loam.

It is not too different from that on the Wilt Area.

Vegetation: This is very similar to that on the Wilt Area.

3. Ro8eburg Area:

Locattoni Situated about 10 m1es southwest of Winstone OZ1

Suicide Creek on 0. d C. land. T 288. R V. Section 21.

Description: A small setting of 15-20 acres at an elevation

f 1400-1500 feet.

istory: A predoninaxitly Douglas fir stand with a volume of
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about 35 )U3P/acro cat loged in 1954 5 The slash was

burned on 23 September, 1955, and the burn was clean and

of moderate intensity. inceise cedar, Libocedrus

decurrens Parr, and sugar pine, Pinus lambertiana Dougi.

minor components of the stand. The oo1 is an Aiken

loam with relatively few stones.

PLOT LAYOUT

The plot layout was essentially the same an each

the thre areas. On each area, three strips 200 feet

by 25 feet were staked out, and were seeded with treated

Douglas fir aced and India mustard, raasica jiice.
Details are given in a later section. Ten circular milacre

plots were established on each strip for detailed

ination. These were established during the winter,

tha before germination, in order to eliminate any

possible personal bias. On the Wilt and Alberteen Areas,

ntro]. strips 200 by 10 feet were laid out parallel to

those seeded with mustard as shown below,



,Eiure 23. Diarammatio representation of
plot layout on Wilt and. Albertsen Areas
(not to scale).
This design wa replicated three times on each
area,

0000000

Douglas tir
and mustard.

Douglas fir.
No mustard.

Douglas fir and
seven cover crop
species.

The control strips were seeded with treated Douglas fir seed

but no mustard in order to provide a comparison between the

two treatments. This layout was not necessary on the

Roaeburg Area as here the whole setting was seeded with

treated Douglas fir seed.

Plots to teat seven other possible cover crops were

replicated three times on each experimental area. Each

plot was circular with a radius of 4 feet and within this

s established a circular milacre plot, radius 3 feet 8.7

inches, with a argin about 9 inches wide to allow for

edge effects.

48.
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SEEDING

Wilt Area.

Two strips were seeded with India mustard at the

rate of 35 lbs. per acre on 11 October, 1955. The third

strip was seeded at the same rate on 4 November, at the time

when a further supply of mustard seed was received from the

B .L .M

This area was seeded with Endrin* methocel rhoplex

treated Douglas fir seed at the rate of 1 lbs. per acre an

an overlay of "l08O" treated wheat on 24 January, 1956.

Seeding was done with cyclone seeders on about four inches

of snow.

The circular plots were seeded with poisoned

Douglas fir seed and seed of the seven cover crop species,

on 4 November.

Alberteen Area.

The three strips were seeded with. India mustard at

the rate of 35 lbs. per acre on 21 October, 1955, The

same strips were seeded with Endrin* methoce]. rhoplex treated

Douglas fir seed at the rate of 1 lbs. per acre and an

overlay of "1080" treated wheat on 31 January, 1956. Seeding

was done with a cyclone seeder on about thirty inches of snow.

The circular plots were seeded with poisoned Douglas fir seed



mustard seeded plots and on the same numbered milacres on
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and seed of the seven cover crop species on 21 November.

The seed for the Wilt and Alberteen Areas was supplied by

the B.L.M. urd was collected in 1954 on the Siuslaw

National Forest at 2000 feet elevation. The seed was

treated by N.B. Kverno of the U.S. Fish and Wildlife

Service.

3. Roseburg Area.

Ten ac e seeded with 1ndrin* methocel

rhoplex treated Doulaa fir seed at the rate of lbs. per

acre on 29 October, 1955. The three strips were seeded

with India mu;tard at 35 lbs. per acre on the same day.

The circular plots were seeded with poisoned Douglas fir

seed and seed of the seven cover crop species on 29 October.

The seed was obtained from the Manning Seed Company and was

collected in 1954 from P21 South, Hi East at lO0020O0 feet

elevation. It was treated by N.B. Kverrio.

*Endrin. active inredient. kfexachloroepoxyootahydro-
endo, endo-dimetnano naphthalene.

+Compound fllO8OIt. Sodium fluoroacetate.

TEMPkRATURE AND MOIEsTUR MEASUREMt'NTS

Bouyoucoe 1lock were buried at four inch and

twelve inch depths on milacrea 2, 3, 4, 7, and 9 on the
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the control plots on all three areas in the early spring

of 1956. Maximum thermometers were placed on inilaeres 2,

3, and 4 on the mustard and control plots. Results are

discussed in a later section.

PIiL]) RE$ULS

GERINATIQN AND ;URVIVAL

1. Wilt Area

The mustard germinated promptly in the fall of

1955, and by the middle of December the ground wan almost

completely covered by a green carpet of plants in the rosette

stage. Some mortality snd n certain amount of frost

heaving was caused by the abnormal cold spell of early

November and most of the surviving mustard plants were

subsequently winter killed. Additional sprl.ng germination

of mustard was poor and made a poorly stocked stand with

little prospect of providing any shade for the fir seedlings.

Consequently strip No, 3 was resecded with mustard and ail

three stripe roseeded with stratified poisoned Douglas fir

seed with an overlay of "1080" treated wheat.

The reseeding of the mustard was in

unsucces8ful; mainly on account of poor germination, slow

growth and browsing by deer. Figure 24 shows a typical

part of the area in mid-June. The mustard plants had not



Nw4ber of Douglas fir seedlings survivin
on 2 November, 1956.

OTHER COVER CROPS

Results obtained from the seeding of the other

cover crops were likewise disappointir. On 12 December,

1955, there was some scattered germination of hop clover,

Mustard cover crop No mustard

Date of
germin-
ation

May May June June Tot-
18 29 9 18 al

ay May June June Tot-
18 29 9 18 al

Strip
Mo.

1 4 20 2 8 5 0 1 6

2 0 11 5 3 19 3 9 2 0 14

3 9 4 3 1 17 5 5

Total
by
dates 17 44 15 14 35

matured and were still green at end the sunier.

The germination of Douglas fir was also

unsatisfactory; however, some delayed germination may Occur

in 1957. By the end o tha summer of 1956, 146 Douglas fir

seedlings had been tallied on thc milacres with no mustard,

and 108 on those with a mustard crop.

A survival count on 2 November, 1956, showed that

early germinating seedlings survived better than the late

germinates as is shown in Table 4.

Table 4. Date of germination of Douglas fir
seed1ints surviving on 2 1ovember, 1956.
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native mustard and velvet grass but no germination of comrion

vetch, hairy vetc, annual blue grass or burnet. By the

19th of April, the two grasses were producing a Lair

covering but were too small to provide any shade. There

were only a few small sc-:ttcred pisnts of the other specieS.

As the- first sowing of poisoned .ouglas fir seed and cover

crop seed was a failure, all the plots were resee-ded on the

27th of April with stratified poison Douglas fir seed &nd

soaked seed of the various cover crops. The situation on

18th June was as follows.

Common vetch. A few email scattered plents, some of which

had been browsed.

Hop clover. A considerable number of plants raning from

very small seedlings to plants five inches high and in

flower, but not producing a stand that gave sufficient cover.

Annual blue grass. A fair stand, mostly in flower and

giving a little cover.

Native mustard. Quite a god distri.butior3 of plants but very

small with some browsing.

This shows that none of the tested species produced a stand

capable of providing adequate cover fr the )ouglas fir seed-

lings with the possible exception ol' annual blue grass; of

prime importance is the fact that all cover crops developed
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much too late to shade the Douglez3 fir seedlings, m of

which had germinated over a month previously.

2. Alberisen Area.

This plot is at a higher elevation than the Wilt

plot and the mustard was seeded later in the fall and

consequently there was very little gennination by aid-

December, 1955. By mid-April, 1956, there was very little

germination of the mustard, E1though mustard seed could

seen on the ground. The green-dyed poisoned wheat and

aluminum-colored poisoned Doug1s fir seed weie etai1y

visible and the distribution appeared good. None of the

latter had germinated. The mustard was very slow develop-

ing and did not produce a good stand until well into the

summer. The germination and growth of the Douglas fir on

this area was very poor and warrants further investigation.

This.may be due to the lite development of the mustard cover

crop which allowed dryng out of the seedbed. Only 15

Douglas fir seedlings were found on the 30 milacres on the

three mustard 8eeded strips and the eane number or the control

strips, As seeds were seerL on the round through the sprin

and summer it can safely be assumed that rodent depredation

was not responsible. The seed was of good quality and of

the correct provenance. Climatically, the year was not

abnormal. Much of the current logging in the Pacific

any
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Northwest is at elevations similar to this area and in. many

ways the area can be classed as "typical", yet at a relatively

high rate of seeding, the resulting stocking was very poor.

The results o the seeding of the other coy r

crops on the circular plots was also poor. By mid-April,

the two grasses were starting to geriiinate but the two

vetc}ies and the burnet had only a few seedlins coh and

there was. nothing on the native mustard and hop clover plots.

All the circular plots were reseeded with poisoned stratified

Douglas fir seed and soaked cover crop seed in early May,

but no worthwhile results were subsequently obtained.

3. Roseburg Area.

The strips were covered by a well distributed cover

of mustard plants one to three inches tall at the end. of

March. The plots are on a moderately steep south slope as

can be seen in the various photographs, especially Figure 33

which gives an overall view of the three strips. Although

the annual rainfall in this region is just over thirty

inches, the winter of l95-56 was characterized by excessive-

ly heavy raInfall with disastrous floods. Twice during the

winter, there were rainfall intensities of over five inches

i. a twenty-four hour period and although the slash fire the

prov. ... September produced a clean burn, the mustard showed

no sijn of washing. This is an interesting point which
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could Lave gret inificance.

The muitard grew rapidly during April and on the

21st of April averaged about one foot hi as can be seen in

Figure 30. By the end of the mor.th wa two to three feet

high and flowerin. On ; 5th f Bay, onc-haif of each

strip of mustard was sprayed with the butyl ester o 2,4-a

at the rate o three-quarters of a pound per acre. One half

of each strip with no musterd was also sprayed at the same

concentration on the sane day. A good kill of riustard was

obtained and the dead mustard stand provided some dead shade

with no competition for 2oil noisture during the rest of the

summer as is shown in Figure 30.

The Doulas fir seed germinated rapidly during t

last two weeks of April and the first week of say.

Detailed counts on each milacre are given in the Appendix

(Tables 27 and 2). A summary of gerniwtiori on the

mustard and no mustard plots is given in 'ables 5 and 6

below.



Table 5. Roseburg Area. Summary of Douglas
fir Lerr;ination on he strips seeded with
mustard.

tables

Table 6. Josebur Area. Summary of Douglas
r geriination on the stripa without

eed1.w eonu..t_on live
TotRi See(I-.

Date Thrifty Thrifty germ. lings
of last this to per
exam, exam. Dead Now date date ma.

14 April - - 94 94 34
21 april 94 24 79 149 173 4.9
5 May 149 19 95 225 268 7.5

19 May 225 54 17 188 285 6.3
31 May 188 19 10 179 295 5.9
16 June 179 28 6 157 301 5.2

Date
of
exam,

eed1ing condition
Total

orrn.
to
date

Live
seed
lings
per
ma.

Thrifty
last
exam. Dead iew

Thrifty
th.s
date

14 April
21 April

5 May

19 May

31 May

16 June

-
66

78

79

64

50

16

14

16

14

5

-
28

15

1

0

0

66

78

79

64

50

45

6

94

109

110

110

110

2.2
2.6

2.6
2,1
1.7
1.5

Two important nd intereztirz be seen in the.s
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The amount of germination is nearly three times as much

under mustard as without a cover crop.

2, Germination of Douglas fir ia earlier in the open with

out mustard. These factors require turther research.

possible explanation mey be that the seeda in the open

receive more heat quicker and so germinate early. Soil

eurace temperatures are given in Table l3. However, it

the weather remains hot, as it was in April, the seeds which

have not already germinated, dry out before they Can

germinate and return into a type of dormancy. They will

probably germinate later under the correct combination of

Conditiorts. By Contrast the seeds under the mustard cover

are slower to obtain the heat required for germination and

are also less susceptible to excess drying.

Table 7 below shows the percentage of final

germination of Douglas fir that had occurred at various d

with and without a cover crop.



Table 7. Roseburg Area. Percentage of total
Douglas fir germination by dates with and
without a cover crop.

Survival up to m1daummer that is during the

period when seedling losses due to isolation might be expected

to be moat severe, was better under mustard than in the open.

Table 8. Roseburg Area. Seedling survival with
and without mustard up to 16 June.

It was important to teat the effect of the 2,4D

on the young Douglas fir aeed1ins. It was rather difficult

to assess this as it was not possible to separate losses due

to spraying from losses due to other causes. If it can be

assumed that the mustard cover crop would intercept most of

Date of
examination

Percent of total germination

Mustard cover No mustard

14 April 31.1 60.0
21 April 26.3 25.5

5 May 31.6 13.6
19 May 5.7 0.9
31 May 3.3 0.0
16 June 2.0 0.0

Total Live Percent
Seedbed condition germ. Mortality seedlings survival

Mustard cover 30]. 144 15? 52.1
NO mustard 1]: 65 45 40 9



Number of ye Doug as ix' eee nga
Mustard cover No mustard

May 16 Juno survival 5 May 16 June survival

The above figures indicate that spraying had more

effect on tree seedling survival than presence or absence of

a cover crop.

Survival over the whole summer was poor. A

survival count was made in mid-September and the results are

given in Table 10, which shows that mortality under

unsprayed mustard was very high. This point is discussed

further under moisture measurements. It shows very

Sprayed 119 63 52.9 51 24 47.0

Unepraye 106 94 88.6 28 21 75.0

59.

the spray, then if the spray was harmful, the Douglas fir

seedlings with no covex' crop would suffer much heavier

mortality from the horbicide than those ecd1ings under the

cover crop, but the figures do not show this 'to be true.

Pield observations showed no obvious effect of 'the 2,4-D

on the Douglas fir seedlings but the mustard plants

literally curled up and died. Survival o sprayed and

unsprayed Douglas fir seedlings to 16 June with and without

mustard cover, is given in Table 9.

Table 9. Roseburg Area. Survival of sprayed and
unsprayed seedlings with and without mustard
cover.
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forcefully the potential danger of a cover crop. The

situation is analogous lo seeding a high site where weed

growth is heavy. Survival under the other three conditions

was also poor. The plots with sprayed mustard ended up

with the greatest number of seedlings due to their initial

higher stocking. If this advantage could have been

aintained, it would have resulted in greatly increased

stocking at the end of the firot year.

,Table 10. Pirat year survival of Douglas
seedlings on sprayed and unsprayed plots, with
and without mustard cover.

Total gem.
No. survivors
Percent

Mustard cover
8prayed Unsprayed

151 150 72 38

16.6 15.7

Detailed observations on the seven different cover

crops tested on the circular plots are given in the Appendix.

In general, none of the Qlants tested appeared too

promising. Both vetohes produced only a few straggling

plants which gave no shade. in ViSV 0! their behaviour in

the greenhouse tests, a stand of votch thick enough to give

any shade would probably be very competitive for soil

moisture.
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Burnet produced only a few scattered plants

giving no cover, and hop clover wan very similar. Annual

blue gras. did provide a little cover locally, but it is

SUCh a am&ll plant that it would have to be very thick to

give any shade and if it was that thick it might provide too

much competition.

Velvet grass looks very promising in Figure 32,

but it was very late growing and was not advanced enough to

give the fir seedlings shade when they really needed it.

Its bunchy habit of growth night be a disadvantage. Also,

it is very vigorous and had nearly doubled in area by the

following year so would be very competitive with the Douglas

fir seedlings.

Native mustard appeard to be the most promising

species, It has a branching habit of growth which gives

more overhead cover per stem. Figure 36 shows the typical

form of native mustard in contrast to the typical form of

India mustard as shown in Figure 34. Native mustard will.

seed itself and establish another crop the following year

while India mustard will not do this. Observations on the

en plants on the circular plots and on the India mustard

on the strips are given in Table 11 below.



Table 11. Field observations and evaluation
of the cover crops tested.

6,

Species

India mustard

Native mustard

Annual blue
grass

Velvet grass

Burnet

Hop clover

Hairy vetch

Common vetch

Uniformly
early
Growth
early but
not
uril form

Unifo rin
early
growth

Slow

Moderate
in early
growth

Slow

Moderate
in early
growth

Moderate
in early
growth

Cover Yes
too
low

Cover No
tends
be In
bunches

Cover is No
patchy

Cover
too
open

Cover No
too
open

Yes.
4 Lfl.

Moderate

Moderate Moderate
8-9 LXAØ

Moa erate
8-9 in.

An important point to consider in choosing a cover

crop is its acceptance by rodents. The covez crop is sown

at a time when natural food is becoming scarce and if it is

readily eaten, all its other advantages are of no account.

This phase of the investigation was undertaken by Mr. Edward

Early Provides
vegetative good
growth cover

Larly Shallow
maturity rooted

Yes

Yes

Moderate Moderate
3-lO in.

Moderate No.
9-12 in.

No cover,
patchy
stand

Moderate Moderate
7-9 in.



Hooven, Resreh silvioulturist, Oregon .tate joard of

Forestry. Results of these tests are summarized in Table

12.

Table 12. Acceptance of cover crop seeds b
the white footed deer mouse (Peromyscus
maniculatus.)

4r. Hooven added that the vetch seed night become

acceptable after it was softened by weathering. This phase

was prompted by the findiu of hulled burnet seed on the

Alberteen Area in Deceniber. The hulling was characteristic

of white footed deer mouse ectivities. Probably the seed

of other species had been hulled but tieir ita11 size made

them difficult to find in the field.

Plant species Mouse response

India mustard

native mustard

Annual blue grass

Velvet grass

Burnet

Hop clover

Hairy vetch

Common vetch

Rejected for other food.

H

iaten readily.

ft

H

Uneaten. Too large or too
hard.

ft It H
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Figure 27. Mustard in
early April on the Roseburg
Area.

Figure 26. Surrounding
green timber. Roseburg
Area. 14 April, 1956.

65.



Figure 28. Roseburg Area. 21 April, 1956.
9 marked seedlings on bare ground. No
mustard.

Figure 29. Roseburg Area. 21 April, 1956.

Typical bare seedbed. No mustard.
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Figure 30. Growth of mustard in late April on
the Roseburg Area. 21 April, 1956.
(notebook is 10 inches high).

Figure 31. Native mustard in April on the
Roseburg Area. 21 April, 1956. (stake is
about 3 feet high).
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Figure 32. hoseburg Area. 21 April, 1956.
Annual blue grass. Plants are too small and
too scattered to shade the Douglas fir
seedlings.

Figure 33. Roseburg Area. 5 May, 1956.
Mus±arci in flower on the three strips.

68.



Figure 34. Thick stand of mustard in flower
on the Roseburg Area. 19 May, 1956.

69.

Figure 35. Seedling on typical burned seedbed
with no mustard cover. Roseburg Area.
19 May, 1956.
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Figure 36. Native mustard
on the Roseburg Area.
Note branching habit o
growth. 16 June, 1956.

Figure 37. (below)
Sprayed India mustard on
the Roseburg Area.
16 June, 1956.



16 May

18 May

29 May

18 June
1 Sept.

136.2 (6)
139.9 (8)
132.3 (9)
120.4 (9)

3.2 (9)

136.2 (
145.4 (9)
137.8 (9)

8.4 (7)
158.2 (8)
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TEMPERAUEE AND MOl STURE 1 tASUF ENTS

Wilt Area

There was not sufficient mustard growth on the

Wilt Area to five any shade nd so provide any comparison

between soil surface teiperatures under mustard arid in the

open. However, the readings obtained are interesting as

they giVO an idea of the temperatures which occur on

typical logged and burned setting. The temperatures given

in Table 13 below are maximums reached since the previous

reading. Theso were obtained by laying. maximum thermo-

meters flush on the ground and always replacing them in the

place after reading them.

blej. aximum soil surface 'tenperature
in degrees Fahrenheit.

Figures in parenthesis indicate the number of readings on

which the average is based

Those readings show that temperatures in the lethal

range occurred in the third week of May when newly germinated

seedlings would be tender. The fact that low temperatures

occurred in the succeeding few weeks is immaterial if the
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seedlings hve elretdy been killed. Much higher

temperatures were recorded later in the summer but by that

time the seedlings are probably much tougher nd can endure

them. At this stage the problem ts complicated by drought

and the interaction of these two factors require8 further

investigation.

Alberteeri Area.

On the Albertsen area an avGr e soil surface

tenperture of 141.2°F., based on 18 readings, was obtained

on 22 May. Owing to the poor germination and growth on this

area, as reported in an earlier section, the thermometers

were removed and ua.ed elsewhere,

Roaeburg Area,

Maximum soil surface temperatures were recorded at

fortnightly intervals öuriug the two month period from mid-

April to mid-June. Average maximum temperatures, based on

nine intruients are given in Table 14 below.



Table 14. Roseburg Area. Maximum soil surface
temperatures under mustard and in the open from

73*

* Under mustard sprayed with 2,4D on 5 May.

Those figures show that the teffiperature was consistently

lower under the inustad cover than in tho open. i'iures

28, 29 and 35 ShOw typical exatip1es of bare ground without

mustard. If 1330P. is considered a lethal temperature for

young fir seedlings, it is interestn to note the number of

readings above that level under mustard and in the open.

These are given in Table 15.

April to Jure, 1956.
--

$oil Surface Temperature in
0

DatE tinder nustard o mustard i)iffE'rence

14 Apr. 109 115 6

21 Apr. 11? 131 14

5 May 123 124 1

19 May 134 149 1

31 May 130 139 9

16 June 142 143 1

16 June 134* 9

Table 15. Roseburg Area. iumber o times soil
temperature exceeded 138 F.surface

Date Under mustard No mustard
14 April 0 0

21 Apr11 0 2

5 May 0 1

19 May 3 9

31 May 3 5
16 June



ihennometers to measuxe soil serfrcc tcperatures also

open to question.

A cover crop is likely to be a two-edged weapon.

While it ma ive shade to newly germinated seedlings and

protect them fron ±njurj by insolatioa, l i also 1izly

be a serious competitor fur soil itoisture. This problem is

lkel to get iwre serious s suamer advances and soil

moisture reserves are depleted, As previously stated,

Bouyoucos loc]ci were buried at four and twelve-inch depths

in the spzuig on a number of uilacres. No soil iioisuro

readings were made on the Albertsen Area and only a few on

the Wilt Area. Owing to the slow growth of the mustard and

is
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ure difficult to interpret. During

the period 5 aj - 16 June, when the temperature exceeded

138°P, twenty-one times on the plots without mustard compared

with thirteen times on the mustard plots, there we no marked

difference ii the seedling mortality under the two

Conditions, The temperature readings were on the unspraye1

portion of the plots 30 there was no effect due to spraying.

zither the sample was insufficient to give any accurate

inUicatioi or ed1in can withstand hi;her temperatures

than was previously expected. This aspect requires further

investigation. The reliability of using mercury in glass



'the constant browsing on the iattr area, there was not

sufficient :rowth of mustard to show any difference between

treatriants and these readings are not included. kiowever,

the excellent mustard stand on the Rosburg Area produced

interesting results, where an ohmsresistance reading of

600-900 ohms indicates the range of field capacity,

900-75,000 ohn indioatea of available moisture,

and over 75,000 ohms, the permanent wilting point ending in

aeedlin mortality.

4oisture appeared to be readily avellahie at four

and twelveinch depths on the Roseburg plots during April

and the first three weeks of iay as is shown in Thble 16,

But by the end of May, moisture reserves under mustard at a

depth of four inchee were depleted and romtined so during

June and July. This did not occur in the open without the

mustard cover crop.
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Each reading is an average based on 3 observations.

Readings taken on the 25th of July on sprayed and

unsprayed mustard as well as on the plots without mustards

show very clearly the value of killing the cover crop. The

adings on the unsprayed mustard are very high and well

thin the range of permanent wilting, as is shown in Table

Proof o the effect of the heavy moisture depletion

under mustard Is seen in the poor survival of Douglas fir

seedlings under unsprayed mustard (Table 10).

Table 18. Effect of 2,4-D on ohms-resistance
readings at 4" and 12" depths on 25 July'.

h reading is an average based on 9 observations.

Table 17. Effect of 2,4-D spray on ohms-
resistance readings at 4" and 12" depths
on 31 May.

77.

Herbicide Under mustard No mustard
treatment 4" 12" 4" 12"

Strip I Control 36,000 20,100 4,200 680

-" Sprayed 17,600 5,300 1,300 620

Strip 2 Control 89,000 60,300 4,000 600

Sprayed 13,000 2,300 1,100 650

Strip 3 Control 144,000 80,600 1,600 590

Sprayed 15,000 21,780 2,800 580

nder mustard No mustard
Treatment 4" 12" 4" 12"

Not sprayed 754,300 114,300 72,000 13,690
Sprayed 119,500 43,630 13,000 4,350



DI CUSSION

The germination study in the seed laboratory showed

that both species of vetch would germinate quickly at low

temperatures but the greenhouse experiment showed them t

be very severe competitors. Hop clover, burnet and velvet

grass germinated fully at low temperatures although the rate

of germination was slower but field trials ehowed all three

to be unsatisfactory although velvet grass might be called

the beat of a poor collection. India mustard end native

mustard were undoubtedly the most promising of the cover

crops tested rind the only ones worth trying again.

The Albertaen plot wa a complete failure. A

relatively heavy sowing of seed treated with a proven treat-

ment, ndrin, failed to produce a equate stocking. The seed

was of the correct provenance and of good quality, and the

weather was not abnormal. Plenty of unhulled seeds were

visible on the ground so the trouble lies in factors affect-

ing germination and is not due to seedeating rodents. The

situation requires further investigation.

Reault were better on the Wilt Area but still not

good enough. Possibly mustard of a suitable origin could

found that would better withstand the winter. Browsing was

a serious problem here and while this area is part of a game
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oserv browsing i a serious problem in many parts of the

Pacific Northwest. Much ungerminated Douglas fir seed was

visible on the ground during the summer and it will be

interesting to see i there is any delayed germInation in

1957. Pinniø (ii) reportfd conbidarable delayed germina-

tion in one experiment. Two plots broadcast seeded with

poisoned need were 6.6 percent and 28.6 percent stocked

the first year and 46.3 percent and 57.0 percent stocked the

following year. Several years later in another trial (12)

be iound that 66.3 percent of the total germination occurred

in the second year.

The Roseburg plots produced many interesting

results. There was nearly three times as nuc.h germination

under mustard as in the open, and this is definitely a point

in favor of mustard. The problem is to maintain that initial

superiority nd in th.s instance this was not achieved an

the situation subsequently deteriorated. Seedling

mortality was very heavy under unsprayed mustard. It is
ise to draw definite conc1usjon or make hard and fast

recommendations from such limited evidence but it appears

that no cover crop is prterab1e to an unsprayed cover crop.

If good Douglas fir and mustard stands had been produced on

aU three areas, conclusions would have been based on 180
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milacrea instead of on 60 milacres. The spraying had a

significantly harnful effect on seedling survival. It
might be that further research wil]. find sprays that will

kill the mustard without damaging the Douglas fir seedlings.

There remains the coat of herbicide spray. It is difficult
to see how ground epraying could be done at less than 5.00

an acre. The labor involved in spraying is considerabi

good oovorage and kill i to be obtained. Water has to be

packed, spray mixed and backpacks refilled and all of this

is hard work. Aerial spraying is a possibility but nowadays

most set tizw;s are small and the use of a fixedwing plane or

helicopter would not be economically justified. On large

areas, such as catastrophic fires, the situation ie

different but, fortunately, such areas are not typical, Here

aerial spraying might be poasible but eria1 seeding of

mustard on such areas is a problem as a seeding rate of 5

lbs. per acre means few acres seeded per sortie. The extra

coat of sprajlng t cover crop i±ght be rmore than the

difference between planting and seeding. and with the chance

of better survival from planting, this tips the scale in

favor of planting. If the use of cover crope is to become

a part of direct seeding technique, then great improvements

must be made. At present, the use of cover crops raises as



any new probleis as it attempts to solve. Thie does not

necessarily ieari that there io no future for cover crops.

It i certainly worth further investigation.

The conclusions of the field study may be

uimarized as fol1ow,

Mustard was winter killed on the Wilt Area.

Spring. germination of mustard was noor on the Wilt and

Albertsen ireas.

rowth of mustard on the i].t Area was poor.

Mustard was heavily browsed on the Wilt Area.

germination of Douglas fir was poor on the Wilt and

Albertsen Areas.

There was increased gernination of Douglas fir under

mustard on the Foseburg Area.

8oi]. surface temperatures were lower under mustard on

the Roseburg Area.

Douglas fir seedlings were daaged by 2,4D spra.y on

the Roseburg Area.

There was heavy i1 moisture depletIon under mustard

on the Roeeburg Area.

Survival of Douglas fir seedlings under unsprayed muetard

was very low on the Roseburg Area.

Overall surviv&I. of Douglas fir seedlings on the Rosebur

Area was low.



The following recommendations are made for

further study.

Trial of strains of mustard which are winter hardy.

Trial o uprayc and ratea of application which will

fectively 11I the cover crop without daMage to the Douglas

fir seedlings.

A study of the sites on which a oovr crop tight be

beneficial.

A study of field germination of Douglas fir.

A 3tudy of the resistance to heat injury of Douglas fir

seedlings.

An economic study of the relative merits of direct

seeding and planting.

Experiments with seedepotting where seed is placed in

locations where the seedlings would have the best chance

rvive and become established. This would eliminate the

for a cover crop.

No mention has been made o

phase of the work is being intensively covered by a number

of government and prIvate agencies throughout the Pacifi

Northwes

rodent control as this
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PPENDIX



0 Number of germinates after (days)Temnp, 5 C.
ep: ]. 2 3 4 6 8 10 12 14 16 18 20 22 25 45 55 Total
1 0 0 0 0 0 7 13 52 12 9 2 1 0 2 0 98
2 0 0 0 0 0 14 14 45 19 6 2 0 0 0 0 100
3 0 0 0 0 0 11 12 52 17 6 1 0 0 0 0 99
4 0 0 0 0 0 9 13 45 23 3 0 0 2 2 1 98

0 0 0 0 04152194 7']. 24 5 1 2 4 1 395
0Tamp: 10 C.

1 0 0 0 0 76 1]. 2 6 0 3 0 0 0 0 0 98
2 0 0 0 071 21 3 2 0 0 0 1 0 3. 0 99
3 0 0 0 0 70 20 6 2 0 0 0 0 0 0 0 98
4 0 0 0 0 62 21 10 3 0 2 0 0 0 1 0 99

0 0 0 0279732113 0 5 0 1 0 2 0 394
o oTamp: 5 C. aua 15 C.

1 0 0 2 25 44 17 2 3 0 1 0 0 0 1 0 95
2 0 0 3 32 42 14 3 5 0 0 0 0 0 1 0 100
3 0 0 2 34 44 17 0 1 1 0 0 0 0 0 0 99
4 0 0 0 30 54 12 1 0 0 0 0 0 0 0 0 97

0 0 712118460 6 9 1 3. 0 0 0 2 0 391
0Tamp: 20 C.

1 0 56 31 12 0 1 0 0 0 0 0 0 0 0 0 100
2 0 50 35 12 0 2 0 1 0 0 0 0 0 0 0 100
3 0 42 38 16 2 1 0 0 0 1 0 0 0 0 0 100

020013754 3 4 0 1 0 1. 0 0 0 0 0 400

Table i, Germination of Viola Sativa. Common vetob.
Test started 25 Nov. 1955.

100 seed. per replicate. Medium: Moist blotting paper
and mnoiat blotting cover.



,ab1e a0 Germination ot Yicia Villoaa. Hairy vtch.
Ieet started 25 !ov. 1955.
Uodiw*t 4otet blotting paper

and oiet blotting cover.
100 coeda per replicate.

05 C.
umber of iermi te after (

2 3 4 6 8 10 12 14 1 1 20 22 25 45 55 Tot1
I o o 0 0 15 13 39 2 8 3 3 1 1 1 86
2 o 0 0 0 17 11 41 6 9 0 3 1 1 1 90

C o 0 0 0 17 0 4 8 1 3 1 0 O 92
C o 0 C (a 19 15 35 14 5 0 1 2 1 o 92
0 C 0 0 0 68 47 161 30 30 4 10 2 360

Tsp 10'C.
C 0 0 0 61 23. 4 2 1 0 0 2 o 1 0 92
O C 0 0 62 23 3 3 0 2 0 1 C 1 95
1 0 0 0 5 30 5 3 0 3 0 0 o 1 0 98
o 0 0 0 57 21 4 4 1 1 0 0 o o 0 88
o 0 0 0 236 95 16 12 2 6 0 0 3 0 373

o 0Temp: 5 C. nd 15 C.
C 0 22 30 22 8 3 2 0 0 0 0 o 1 0 8F3

2 o o 21 34 34 1 1 1 0 0 0 0 0 1 1 94
3 C C 19 33 27 11 1 1 0 1 0 0 0 0 0 93
4 o 0 18 29 35 6 2 1 0 2 0 0 0 0 0 93

0 0 80 126 118 26 7 5 0 3 2 1
0

Tsmp 20 C.
0 46 33 7 1 0 0 0 0 1 1 1 0 2 0 9404537 55 0 0 0 0 0 1 0 o i i
0 36 38 7 2 1 1 1 0 0 0 0 0 1 1 1:

4 o 58 4 2 0 0 1 1 1 0 0 0 1 0 94
o 185 136 23 10 1 1 2 1 2 2 1 0 5 2 371



Teap: 5 C.
Number of germinates after (days)

Rep: 1 2 3 4 6 810121416182022254555 Total
1 0 0 0 0 0 0 2 34 2 5 1 0 4 1 1 50
2 0 0 0 0 0 0 8 32 0 3 1 1 0 2 0 47
3 0 0 0 0 0 0 7 37 0 5 0 1 0 2 0 52
4 0 0 0 0 0 0 7 36 5 4 1 1 2 0 1 56

0 0 0 0 0 024139 717 3 3 6 5 2 206
0Temp: 10 C.

1 0 0 0 0 37 2 0 0 1 0 0 1 2 1 2 46
2 0 0 0 043 4 1 3 1 2 2 0 0 0 1 57
3 0 0 0 0 35 8 2 1 1 1 2 1 0 0 0 51
4 0 0 0 0 40 3 1 0 0 0 1 0 1 0 0 46

0 0 0 015517 4 4 3 3 5 2 3 1 3 200
o 0T.mps 5 C. and 15 C.

1 0 0 2 23 1]. 3 0 1 0 0 1 0 0 1 0 42
2 0 0 0 23 17 2 0 0 0 2 0 1 0 0 0 45
5 0 0 1 29 14 4 0 0 0 2 0 0 0 0 0 50
4 0 0 0 23 12 3 0 1 1 0 0 2 1 3 0 46

0 0 3 98 54 12 0 2 1 4 1 3 1 4 0 183
0Tamp: 20 C.

1 0 29 12 3 2 2 0 1 0 1 0 0 0 2 0 52
2 0 18 21 0 0 2 1 2 1 0 0 0 0 0 0 45
3 0 19 16 5 0 2 1 1 0 0 0 0 0 2 0 46
4 0 26 13 6 4 2 0 0 1 0 0 0 0 1 0 53

0926214 6 8 2 4 2 1 0 0 0 5 0 196

Table 21 Germination of Trifolium Procumbene. Hop clover.
Teat started 25 May 1955.

100 seeds per replicate. Medium: Moist blotting paper.



Tempt 5 C.
Number oijerminatee after (days

iopt 1. 2 3 4 6 8 10 12 14 16 18 20 22 25 45 55 Total
1 0 0 0 0 0 0 0 0 0 12 3 35 6 13 0 69
2 0 0 0 0 0 0 0 0 0 13 5 30 9 18 0. 75
3 0 0 0 0 0 0 0 0 0 14 1 34 10 24 1 84
4 0 0 0 0 0 0 0 0 0 9 4 36 9 18 2 78

0 0 0 0 0 0 0 0 04813135 3473 3 306
0Tempt 10 C.

1 0 0 0 0 0 2 19 14 3 5 1 2 1 0 0 73
2 0 0 0 0 0 20 12 41 6 4 1 1 1 0 0 86
3 0 0 0 0 0 18 10 38 6 8 1 2 0 2 0 85
4 0 0 0 0 0 17 1. 33 4 9 1 1 1 1 0 83

O 0 0 0 083571261926 4 6 3 3 0 327
o 0Tempt 5 C. and 15 0.

1 0 0 0 0 1 52 12 20 2 1 0 0 0 1 0 89
2 0 0 0 0 1 48 13 26 3 2 2 2 0 0 0 97
3 0 0 0 0 0 50 14 27 2 0 0 0 0 0 1 94
4 0 0 0 0 2 56 19 22 0 0 1 0 0 0 0 100

0 0 0 0 42065895 7 3 3 2 0 1 0 380
0Tempt 20 0.

1 0 0 58 15 5 0 0 0 1 00 0 1 0 0 80
2 0 0 59 12 11 0 0 0 0 0 0 0 0 0 0 83
3 0 0 62 20 3 1 0 0 1 2 0 0 0 0 1 90
4 0 053 2910 4 01 0 00 0 0 0 0 97

0 02327629 5 0 1 2 2 0 0 1 0 1 349

Table 22 Germination of Holcus Lanatus. Velvet grass.
Test started 25 Nov. 1955.

100 seeds per replicate. Medium: Moist blotting paper.



Temps 5 C.
Number of germinates after (days)

Rep: 1 2 3 4 6 8 10 12 14 16 18 20 22 25 45 55 Total

1 0 0 0 0 0 0 0 0 0 0 0 3 5 60 5 73
2 0 0 0 0 0 0 0 0 0 0 0 0 10 63 6 79
3 0 0 0 0 0 0 0 0 0 0 0 0 7 62 15 84
4 0 0 0 0 0 0 0 0 0 0 0 0 6 68 9 83

0 0 0 0 0 0 0 0 0 0 0 3 28253 35 319
0Temp: 10 C.

1 0 0 0 0 0 5 13 36 14 12 1 3 2 0 0 86
2 0 0 0 0 0 0 4 28 18 13 4 6 2 5 0 80
3 0 0 0 0 0 2 8 33 15 13 6 2 6 2 0 87
4 0 0 0 0 0 1 8 24 17 19 6 6 1 2 0 84

0 0 0 0 0 8 33 121 64 57 17 17 11 9 0 337
o oTemp: 5 C. and 15 C.

1 0 0 0 0 0 22 31 18 4 6 0 1 0 1. 0 83
2 0 0 0 0 0 21 26 26 8 2 0 1 0 2 0 86
3 0 0 0 0 0 22 26 27 5 3 0 1 1 0 0 85
4 0 0 0 0 0 27 31 0 24 2 2 2 1 2 0 91

0 0 0 0 0 92 114 71 41 13 2 5 2 5 0 345
0Tempt 20 C.

1 0 0 21 46 12 3 0 3 0 0 0 0 0 0 0 85
2 0 0 26 40 20 0 0 0 0 0 0 0 0 0 0 86
3 0 0 32 39 17 2 0 1 0 0 0 1 0 0 0 92
4 0 0 24 41 19 4 2 0 0 0 0 0 0 0 0 90

0 0103166 68 9 2 4 0 0 0 1 0 0 0 353

Table Germination of Sanguisorba Annua. Burnet.
Teat atarted 25 Nov. 1955.

100 seeds per replicate. Medium: Moist blotting paper.



0Temp: 5 C.
Nuiber of germinates after (days)

-

2
1
9

10

22

3

0
0
0
0

0

1 2 3 4 6 8 10 12 14 16 18

1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 o o 0
3 0 0 0 0 0 0 0 o a 0
4 o 0 0 0 0 0 0 o a 0

0 0 0 0 0 0 0 0 0 0 0
0Teap: 10 C.

1 o o 0 0 0 0 0 17 19 5 4
2 o 0 0 0 0 0 0 13 16 9 5
3 o 0 0 0 0 0 0 7 17 9 10
4 o o 0 0 0 0 0 2 24 14 10

0 0 0 0 0 0 0 39 76 37 29
0 0Temp: 5 C. and 15 C.

1 0 0 0 o 0 0 4 66 12 5 2
2 0 0 0 0 0 0 3 69 14 3 2
3 0 0 0 0 0 0 4 68 15 4 0
4 0 0 0 0 0 0 6 66 5 2 0

o 0 0 0 0 0 17 269 46 14 4

Teai: 2OC.
1 0 0 2 56 25 4 3. 2 1 0 0
2 0 0 6 58 27 3 1 1 0 0 0
3 o 1 2 56 23 7 0 0 0 0 1
4 0 0 2 48 32 7 1 2 0 0 0

0 1 12218107 21 5 1 0 1

25 45 55 Total
1 17 0 18
1 17 18
3 11 0 14
3. 13 0 14

6 58 0 64

2 3 0 52
3 0 0 47
4 0 0 56
3 1 0 64

12 4 0 219

1 1 0 92
0 1 0 93
1 1 0 94
1 1 0 84

3 0 363

0 0 91
0 0 97
0 0 91

0 0 0 92

2 0 0 371

20 22

0 0
0 0
0 0
0 0

0 0

Table Germination of Pos Annue Annual blue grass.
Test started 25 Rove. 1955.

100 seeds per replicate. Mediun: Moist blotting paper.



e

Temp: 5 C.
Number of germinates after (days)

Reps 1 2 3 4 6 8 10 12 14 16 18 20 22 25 45 55 Total10 0 0 0 0 0 0 2 0 0 0 1 0 1 0 4
2 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 4
3 0 0 0 0 0 0 0 3 0 0 2 0 0 1 0 6
4 0 0 0 0 0 0 0 4 0 0 1 1 0 0 0 6

0 0 0 0 0 0 0 13 0 0 3 2 0 2 0 20
T.mp: 10°C.

1 0 0 0 0 7 1 0 0 0 0 0 0 0 0 0 8
2 0 0 0 0 8 1 0 1 0 1 0 0 0 0 0 U
3 0 0 0 0 9 0 2 2 0 0 0 0 0 1 0 14
4 0 0 0 0 7 2 1 1 0 0 0 0 0 1 0 12

0 0 0 0 31 4 3 4 0 1 0 0 0 2 0 45
o oTempt 5 C. and 15 C.10 0 21010 1 0 1 0 0 0 0 0 0 0 24

2 0 0 3 6 9 0 0 0 0 1 0 0 1 0 0 20
3 0 0 0 4 14 0 1 0 0 1 0 0 0 0 0 20
4 0 0 2 7 5 4 0 0 0 0 0 0 0 0 0 18

0 0 7 27 38 5 1 1 0 2 0 0 1 0 0 82
Tempt 20 C.

1. 0 33 5 0 1 0 0 0 0 0 0 0 0 0 0 39
2 0 19 4 0 0 0 0 0 0 0 1 0 0 0 0 24
3 0 23 6 0 0 0 0 0 0 2 0 0 0 0 0 31
4 0 23 8 0 0 0 0 0 0 0 0 0 0 0 0 3].

09823 0 1 0 0 0 0 2 1 0 0 0 0 125

Table 25 Germination of Brassica. cmpQris. Mustard.
Teat started 25 Nov. 1955.

100 seeds per replicate. Mediums Moist blotting paper.



Tempt 5 C.
Number of germinates after (daye)

Rept 1 2 3 4 6 8 10 12 14 16 18 20 22 25 45 55 Total
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0Tempt 10 C.

1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 3
2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2
3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2

0 0 0 0 0 0 0 0 0 0 0 0 0 4 5 9
o 0Tempt 5 C. and 15 C.

1 0 0 0 0 0 0 0 0 0 2 0 3 9 4 0 18.
2 0 0 0 0 0 0 0 0 0 1 0 0 1 15 0 17
3 0 0 0 0 0 0 0 0 0 0 0 2 5 18 2 27
4 0 0 0 0 0 0 0 0 0 1 0 2 8 13 1 25

0 0 0 0 0 0 0 0 0 4 0 7 23 50 3 87
0Tempt 20 C.

1 0 0 0 0 1 12 11 10 5 3 1 0 0 7 5 55
2 0 0 0 0 2 15 8 10 7 4 0 2 1 6 10 65
3 0 0 0 0 7 16 12 11 5 2 4 4 5 3 2 71
4 0 0 0 0 3 17 9 4 1 4 4 3 3 7 6 61

0 0 0 0 13 60 40 35 18 13 9 9 9 23 23 252 '

Table ,f Germination of Pseudotauga Menzieaii. Douglas fir.
100 seeds per replicate Teat started 25 Nov. 1955.
Sources Siuslaw 1954 - 2000ft. elevation. Mediums Moist blotting paper.



ab1e 21. Record of 
all acres. ardi 

on I 
Ldu 

Date ot examination 
pr. pr. 

T. 
Good germ Good germ last Good this last Good this 

)4.A. G*od Dead Total exam Dead now date exam Dead now date 
Transect No. 3. 

1 9 0 9 9 2 15 11 15 1 16 19 
2 8 0 8 8 3 12 15 12 1 12 16 
3 3. 0 1 1 0 1. 1 1 3. 5 6 
4 0 0 0 0 0 1 1 1 0 5 5 
5 0 0 00 0 0 0 0 0 0 0 
6 2 0 2 2 1 6 7 6 3 5 9 
7 0 0 0 0 0 3 3 3 0 4 4 
8 4 0 4 4 3. 7 8 7 0 13 14 
9 2 0 2 2 2 2 4 2 0 3 5 
10 2 0 2 2 0 3 3 0 8 8 

Transect No. 2 
3. 5 0 5 5 0 8 8 8 0 14 14 
2 1 0 1 1 0 2 2 2 0 4 4 
3 12 0 12 12 3 13 16 3.3 2 18 23 
4 1 0 1. 1 0 1 1 1 0 6 6 
5 3 0 3 3 0 3 3 3 0 4 4 
6 2 0 2 2 0 2 2 2 0 4 4 
7 9 0 9 9 2 1]. 13 U 1 1? 20 
8 1 0 1 3. 0 1 1 1 0 4 4 
9 2 0 2 2 0 3 5 5 0 7 7 
10 4 0 4 4 0 6 6 6 0 9 9 

40 0 40 40 5 50 55 50 3 87 95 
Transect No. 3 

1 4 0 4 4 2 2 4 2 0 4 6 
2 1 0 1 1 1 0 1 0 0 1 2 
3 8 0 8 8 3 5 8 5 1 711 
4 2 0 2 2 0 2 2 2 1 6 7 
5 3 0 3 3 2 2 4 2 0 4 6 
6 0 0 0 0 0 2 2 2 0 4 4 
7 1 0 1 1 .1 2 3 2 0 2 3 
8 2 0 2 2 0 2 2 2 0 2 2 
9 1 0 1 1 0 10 10 10 2 12 14 
10 4 0 4 4 3. 22 23 22 6 25 32 

26 0 26 26 10 49 59 49 10 67 87 
G.T. 94 0 94 94 24 149 173 149 19 225 268 



gbl 

Traneect No. 2 
14 2 13 15 13 
4 0 5 5 5 
18 2 19 26 19 
6 0 6 6 6 
4 0 4 4 4 
4 2 2 4 2 
17 1 18 22 18 
4 3 3. 4 1 
7 3 4 7 4 
9 5 4 9 4 

ntinuect) 

Te T. T. 
Good germ Good germ Good germ iset Good thia last Good this last Good this 
exam Dead now date exam Dead now date exam Dead now date 

rranaecl 
16 2 14 19 14 0 14 19 14 0 16 21 
12 1 U 16 11 0 1]. 16 1]. 0 11 3.6 
5 0 6 7 6 0 6 7 6 0 6 7 
5 0 5 5 5 0 5 5 5 1 4 5 
0 0 0 0 0 0 0 0 0 0 0 0 
5 1 5 10 5 2 3 10 3 0 4 11 
4 0 5 5 5 0 6 6 6 0 6 6 
13 2 13 16 13 1 12 16 12 2 10 16 
3 1 2 5 2 0 2 5 2 0 2 5 
8 3 5 8 5 1 4 8 4 3. 3 8 

0 66 91 66 4 63 92 63 4 62 95 

3. 3.3 16 13 0 13 16 
0 5 5 5 1 4 5 
2 21 30 23. 6 16 31 
0 6 6 6 1 56 
o 5 5 5 3. 4 5 
0 2 4 2 0 2 4 
1 17 22 11 1 16 22 
1 0 4 0 0 0 4 
0 4 7 4 3 1 7 
2 2 9 21 3. 9 

Transeot 
4 0 4 6 4 1 3 6 3 1 3 7 
1 0 3. 2 1 0 1 2 1 0 1 2 
7 0 7 U 7 1 6 13. 6 2 4 U 
6 1 6 8 6 0 6 8 6 3 3 8 
4 2 6 10 6 1 5 3.0 5 1 4 10 
4 1 3 4 3 0 5 6 5 1 4 6 
2 0 2 3 2 1 1 3 1 0 1 3 
2 0 2 2 2 1 2 3 2 0 3 4 
12 3 9 14 9 3 6 14 6 2 4 14 
25 19 6 32 6 0 6 32 6 0 6 32 

225 54 188 285 188 



. of
4 M

x ,

Good
last

germ
Good this

Good
last

T.
germ

ood this
w

Transect No.
1 0 0 0 0 0 0 0 0 0 1 3.

2 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 1 1
4 0 0 0 0 0 0 0 0 0 1 .

5 0 0 0 0 0 0 0 0 0 1 1
6 1 0 3. 3. 0 2 2 2 0 2 2
7 3 0 5 3 1 4 5 4 1 4 6
8 10 0 10 10 3 9 3.2 9 1 8 12
9 2 0 2 2 3. 2 3 2 0 4

10 1 0 3. 3. 0 1 1 1 0 1 1
17 0 3.7 3.7 5 18 23 18 2 22 29

Transect No. 2
1 6 0 6 6 3 6 9 6 0 6 9
2 3 0 3 3 0 4 4 4 1 3 4
3 3 0 3 3 0 3 3 5 0 5 5
4 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 2 2 2 0 2 2
6 1 0 1 1 0 1 1 3. 0 1 1
7 0 0 0 0 0 0 0 0 0 0 0
8 5 0 5 5 2 6 B 6 1 8 U
9 3 0 3 3 0 4 4 4 1 5 4

10 0 0 0 0 0 0 0 0 0 0 0
23. 0 21 21 5 26 33. 26 3 28

Tranaect No. 3
1. 1 0 1 3. 3. 0 1 0 0 0 1
2 3. 0 3 1 3. 1 2 1 1 1 3
3 6 0 6 6 1 5 6 5 1 4 6
4 2 0 2 2 0 2 2 2 1 1 2
5 1 0 3. 3. 0 2 2 2 0 2 2
6 3 0 3 3 2 2 4 2 1 1 4
7 3 0 3 3 0 3 3 3 1 3 4
8 5 0 5 5 0 10 10 10 2 10 12
9 2 0 2 2 2. 2 3 2 1 1 3

10 4 0 4 4 0 7 7 1 6 7
28 0 28 28 6 34 40 34 9 29 44

G.T. 66 0 66 66 16 78 94 78 3.4 79 109

Table 28. Record of seedling counts on
inäividu milacres, No mustard.
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(continued)

Date of exaaina

99.

Good g. Good gez Good
lsat Good this last Good this laBt
em Dead now date exam Dead now date exam De
Trtneeet No.

1 0 1 1 1 0 1 1 1 0 3. 3.
0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 1 1 1 0 2. 0 0 0
1 0 1 1 1 0 1 3. 1 0 1
1 1 0 1 0 0 0 1 0 0 0
2 0 2 2 2 1 1 2 1 1 0 2
4 0 4 6 4 2 2 6 2 0 2 6
8 3 6 3.3 6 3 3 13 3 2 2 3.3
3 1 2 4 2 0 2 4 2 3. 1 411 0 1 0 0 0 1 0 0 0

Good this
date

ranseat No. 2
6 1 5 9 5 0 5 9 5 0 5 9
3 1 2 4 2 0 2 4 2 0 2 4
5 1 4 5 4 0 4 5 4 0 4 5
o 0 0 0 0 0 0 0 0 0 0 020 2 2 2 0.2 2 2 0 2 2
1 1 0 1 0 0 0 1 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0
8 1 7 11 7 1 6 11 6 1 5 11
3 0 3 4 3 3 0 4 0 0 0 4
0 0 0 0 0 0 0 0 0 0 0

Transect No. 3
0 0 0 3. 0 0 0 1 0 0 0 3.
1 0 1 3 1. 1 0 3 0 0 0 3
4 0 4 6 4 1 3 6 3 0 3 6
2. 0 1 2 1 0 1 2 1 0 3. 2
2 0 2 2 2 0 2 2 2 0 2 2
1. 0 1 4 1 0 1 4 1 0 1 4
3 1 2 4 2 0 2 4 2 0 2 4

10 3 7 12 7 0 7 12 7 1 6 12
1 0 3. 3 1 0 1 3 3. 0 1 3
6 1 5 7 5. 3. 4 7 4 0 4 7

20 4
79 16 64 110 64 3.4 50 110 50 5 45 110



ab1e 29. Rosoburg. 8umaxr of seedling
Mustard cover crop.

100.

counts.

Date
Of
exazn.

Tran-
sect
No.

Good
1at
exa-, Dead New

!ota1
Good germ
thie to
date date

Live
eeed.
hugs
per
ailacre

195

14 Apr. 28 28 2.8
2 40 40 4.0

26 26 2.6
Total - - 94,94 3.1
23. Apr 28 9 31 50 59 5.0

40 5 15 50 55 5.0
26 10 33 49 59 4.9
94 24 79 3.49 3.73 4.9
50 6 27 71 86 7.1
50 3 40 87 95 8.7
49 10 28 6? 87 6.7

Total 149 19 95 225 268 7.5
19 May 1 71 5 66 91 6.6

2 87 7 76 3.02 7.6
3 67 26 5 46 92 4.6

Total 225 54 17 188 285 6.27
31 Mal 1 66 4 1 63 92 6.3

2 76 7 6 75 108 7.5
3 46 8 3 41 95 4.1

To 188 19 10 179 295 5.97
16 J 63 4 3 62 95 6.2

75 14 1 62 109 6.2
43. 10 2 33 97 3.3

Total 179 28 6 157 301 5.23



Date Tran- Good
of sect last
exam. No. exam. Dead

14 Apr, 2.
2

5 May 3.

2

Live
Total seed-'

Good germ. lings
t}iis to per
date date milacre

66 16 28 78 94

18 2 6 22 29 2.2
26 3 5 28 36 2.8
34 9 4 29 44 2.9

19 May 1 22 6 1 17 30 1.7
2 28 5 0 23 36 2.3
3 29 5 0 24 44 2.4

l6Junel 10
2 19
3 2].

Total 50 45 110

30 0.7
36
44

2].Apr.1 17 5 6 18 23
2 2]. 5 10 26 31
3 28 6 12 34 40

17 7 0 10 30 1.0
23 4 0 19 36 1.9
24 3 0 2]. 44 2.1

is 30. Roaeburg. 8umma of aeedlin 101.

counts. No mustard.

2.6
3.4



seedling count and description.
Seeded 29 Oct. 1955.

Conditio:
d :

1-21 Apr. dead. Open stand.
Sprawling plants, in flower, giving acme
cover now, but not at time of fir
germination.
Sprawling plants in flower.
Scattered plants.

5 May
19 May

31 May

16 June

21 Apr. 57

5 May

19 May
31 May
16 June

Tab:Le 31. Roseburg Plots.
vetch.Hairy

Fir seedling count

Date
of

Good
Plot last Good Total
No. ecani. Dead hew now germ.

21 Apr.
5 May

19 May
31 May

16 June

49
3
3
2

3
2

21 Apr. 53

1-21 Apr; 1 ay dead Large scattered
plants.
Sprawling plants, in flower, v some
cover now, but no at time of fi:
germination.
Sprawling plants in flo er. Ground moist
under foliage.
A very few small scattered plants providing
no cover.
Good cover of natural lathyrus. No cover
by hairy vetch.
As on 5 May.
No cover provided by hairy vetoh.
2-21 Apr. dead. A few scattered plants.
Some cover from natural vegetation.

5
5

00
0 0



Date
of
exam.

21 Apr.
5 May

19 flay
31 May
16 June

21 Apr.
5 May

19 May
31 Nay

16 June

21 Apr.

Fir seedling count

32. 1-oseburg Plots. Fir seedling count and description.
Common vetch. Seeded 29 Oct. 1955.

Good
Plot last Good Total
No. exam, Dead New now germ.

62

Very scattered plants.
Condi

Open stand.
As 52.
Open stand of etraggly plants.

Thin stand of scattered plants.
3-21 Apr. dead.
Photographed. Large scattered plants.
Sprawling plants, now in flower., and quite larg
but too late to give shade during germination.
As before.
A few scattered plants giving no cover.
1-21 Apr. dead. No cover provided.
Open sparse stand.
A few scattered plants giving no cover.
Six scattered plants giving no cover.

0

5 May
19 May
3]. May
16 June

3
2
2
2

0
0
0

2



Teple 33. Roseburg Plots. Fir seedling count and description.
Burnet. Seeded 29 Oct. 1955.

Fir seedling count
Date
of
exam.

Good
Plot last Good Total
No. exam. Dead New now germ. Condition

21 Apr.

5 May
19 May
31 May

16 June

48 7

7 1 2 8 9
8 1 0 7 9

7 1 0 6 9

A few scattered plants. Blackberry and other
native vegetation more com.ion.
Not examined.
1-21 Apr. dead.
1-21 Apr. dead. Sparse scattered stand giving
no cover.
1-21 Apr. dead. As before.

21 Apr.
5May

19 May

31 May

16 June

54 6
6 0 1 7 7
7 1 0 6 7

6 0 0 6 7

6 0 0 6 7

Sparse scattered stand.

1-21 Apr. dead. Photographed. A few scattered
,.4 y4 V 'a

Cover crop as last exam; survival of seedlings not
affected by burnet.
As before.

2]. Apr.
5 May

19 May
31 May
16 June

59 6 2 5 9 1].
9 1 2 10 13

10 0 0 10 13
10 0 0 10 13
10 0 0 10 13

A few scattered plants. No cover provided.

Vory sparse stand. Ilost dants nearly in flower.
Open stand giving no cover.



Table 34. Roseburg Plots. Fir seedling count and description.
Velvet grass. Seeded 29 Oct. 1955.

Pir seedling count

Condition

Date
of
exam.

Good
Plot last Good Total
No. exan. Dead New now gern.

21 Apr. 46 - - - 0 0 Good cover on 2/3 plot. Plants 4 ins. high.
SPlay 0 0 0 0 0

l9May 0 0 0 0 0
31 May 0 0 0 0 0 Plants about 10 ins. high. Nearly in flower.

Plants thick at base.
16 June 0 0 0 0 0 Planta about 2 ft. high and in flower. Now

giving good cover but wculd provide coripetitiou.
21 Apr. 55 - - 2 2 Quite good stand. No plants in flower.
5May 2 0 0 2 2

19 May 2 0 0 2 2 Photographod. Even otand.
31 May 2 0 0 2 2 Plants 10 ins, high. Nearly in flower. Planta

thick at base, little lateral spread.
16 June 2 0 0 2 2 Plants about 2 ft. high and in flower, now

giving good cover.
2]. Apr. 61 - - - 8 8 Variable stan3. Quite thick in places. Some cover

locally.
5 May 8 4 3. 5 9 4-21 Apr. dead. Some shade on part of area.

19 Hay 5 2 0 3 9 2-21 Api'. dead.
31 May 3 0 0 3 9 Plants 1-]i ft. tall. Nearly in flower, Plants

thick at base.
16 June 3 1 0 2 9 1-21 Apr. dead. Plants 2-Z ft. tall end in

flower, giving good cover now.



Table 35. Roaeburg Plots. ir seedling count and description.
Annual blue grass. Seeded 29 Oct. 1955.

Pir seedling count

Condition

flats
of
exam.

Good
Plot last Good Total
No. exam. Dead New now term.

21 Apr.

5May
19 May
31 May
16 June

45 - - - 4 4

4 0 0 4 4
4 3 3. 2 5
2 0 0 2 5
2 1 0 1 5

Seed washed off area which is very steep.
Plants patchy. In flower.

3-21 Apr. dead. Open stand. 1lowering.
Scattered open stand, No cover.
]...23. Apr. dead. As before.

21 Apr.
5 May

19 ia.y
31 May
16 June

51 - - - 2 2
2 1 0 3. 2
1 0 0 1 2
3. 0 0 3. 2
1 1 0 0 2

Photographed. Some cover. In flower.
1-21 Apr. dead.
Photographed. Pair degree of cover.
Plants 6 - 8 ins, tall. Some cover locally.
1-21 Apr. dead. As before.

21 Apr.

5 May

19 May
31 May
16 June

58 - 4 4

4 0 0 4 4

4 0 0 4 4
4 3. 0 3 4
3 1 0 2 4

Very short scattered plants. In flower.
Mo cover.
Very short plants about 1 in. tall. Scattered
and providing no cover.
Pew scattered plants.
1-21 Apr. dead. As before.
1-21 Apr. dead. Very 3maU scattered plants
giving no cover.



Fir seedling count

Condition
of
exai.

Good
Plot last Good Total
No. exam. Dead New now germ.

31 Mar.

21 Apr.

5 May
19 1ay
31 May

16 June

43 - - - - 0

0 0 0 0 0

- - -
0 0 0 0 0
0 0 0 0 0

0 0 0 0 0

stocked, empty. Many plants ins. across
and 3 ins, tall. Four plants in bud.
Good cover on of m.a. Plants 2-3 ft. high.
Flowering. Photo.
Not examined. In flower.
Plants 2-3 ft. tall and flowering.
Nearly finished flowering. 3-4 ft. tall.
Branching habit.
Plants gone to seed.

31 Mar.
21 Apr.

5 May
19 May
31 '1ay

16 June

56 - - - 0
3 1. 5 7 8

7 0 1 a 9
8 0 0 8 9
8 0 0 8 9

8 0 0 8 9

Open scattered stand. No flowering.
Large irregularly spaced plants. Some in flower.
15 ins, high. No cover.
Plants 2-3 ft. high.
Photographed.
Plants about 4 ft. tall and flowering. Branching
habit.

Plants nearly finished flowering,_branching habits.
31 Mar.

21 Apr.
5 May

19 May
31 May
16 June

60 - - - -

7 0 1 a a
8 0 1 9 9

9 2 0 7 9
7 0 1 8 10
8 1 0 7 10

Spotty irregular stand. Some seeds now
germinating. Should thicken up.
Scattered plants 8 ins, high. A little local cover.
2-2 ft. high. Scattered plants. F1r stocking.
Some shade.
2-5 May. dead,
Branchy habit of growth. Good shade provided.
About 3 ft. high mostly finished flowering.

Table 36. Roseburg Plota. Pir seedling count and description.
Native mustard nireetria Seeded 29 Oct. 1955.



Table 37. Roseburg Area. Fir aeed1 ng count and description.
Hop clover. Seeded 29 OCI 1955.

Fir seedling count
Date Good
of Plot last Good Total.
exam. No. exam. ad IW Ge,

31 Mer. 44
21 Apr. 0 0 Mostly bare. A few small clumps of plants.
5 May Rot examined.

19 May 0 0 1 I Open stand. Mostly in flower.
31 M&y 0 1-19 May. dead. Very few plants. o cover

provided.
l6June 0 0 0 0 As before.
2lApr.
5May

50 3
3

3.

1
1
1

3
3

4
5

A few ma11 aoatlered plan No cover.
ft U ft H ft

l9May 3 0 0 3 5 Photographed. Pew 3cattered plants.
3lMay 3 1 0 2 5 1-2]. Apr. dead. Pew sc'&ttered plants. No cover.l6June 2 0 0 2 5 As before
2lApr. 63 2 0 3 5 5 ew scattered aa1l plant No cove:
5May 5 0 4 9 9 cover at all.

l9May 9 0 1. 10 9 A few pinta, all in flower. o cover provided.
3lMay 10 0 0 10 10 I, It II ft I!

l6June 10 3 0 7 10 -21 Apr., 2-5 May. dead. cover provided.




