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I. INTRODUCTION

This report summari;es the research work conducted under the NSF
Research Grant GB {# 6310, awarded by the National Science Foundationm,
Washington, D. C. to.the Redwood Research Institute, Inc., P, O. Box 59,
Arcata, California on May 15, 1967, This report summarizes the research
work until January 1, 1969,

‘This report summarizes only research findings collected by the NSF
Grant GB # 6310, Detailed reports about research methodolgy and previous
research findings have been published in the NSF Final Reports of Grant
GB # 3468 and GB # 4690. For a more complete review of methods, proce-
dures and objectives one is referred to these reports,

The objectives of the National Science Foundation Grant GB # 6310
are the continuation of current research work:

l. To provide for a computer analysis of phytosociological inven-
’ tory records of the Redwood Forest Communities.,

2., To study the December, 1964 flood impact upon redwood vegetation
and to monitor the flood effects with the progression of time.
This includes the measurement of temperatures, precipitation
and soil moisture trends per month, and the continuous reinven-
tory of redwood regeneration ring plots in the forest environ-
ment,

3. To study the riparian vegetation and its effects upon the floods
and the ecological significance of riparian vegetation in flood
protection,

4, To study the successional plant communities of logged-over areas
of the Redwood forest,




ITI. ADMINISTRATION AND PERSONNEL

THE ADMINISTRATION OF GB # 6310

The administration and fiscal management of the grant funds became
the responsibility of the Redwood Research Institute, Inc., P.O. Box 59,
Arcata, California, a private non-profit corporation to promote research
in the economic, social and ecological aspects of the Redwood Region,
The assistance provided by the staff of the Redwood Research Institute,
Inc. greatly increased the effectiveness of the research project, The
fiscal support provided directly and indirectly by the Redwood Research
Institute was much appreciated, The principal investigator further
expresses his appreciation for the excellent cooperation and the under-
standing of the Board of Directors of the Institute and their comsistent
support of these research efforts,

RESEARCH PERSONNEL FOR GB # 6310

For the summer period of 1967 a research team was organized for the
fieldwork., The team consisted of two graduate students: Beverly Elmore
and David W. Van Scoyoc, and two undergraduate students Michael R. Gates
and Madeline M., Kelly, This team of two girls and two boys received
extensive training in phytosociological inventories and the specialized
tasks of the monitoring of the Redwood forest environment. The field-
work was mostly concentrated in the local area of the Humboldt Redwoods
State Park, Weott, California., Fieldwork was extended into the Southern
range of the Redwood Region of Santa Cruz and Monterey counties. Another
major exploration was made of the redwood forest communities of Sonoma
and Mendocino counties along the Pacific Coast extending into the Usal
and Kings Range area near Shelter Cove, Humboldt County. Additional
field travel extended into Jackson State Forest mear Fort Bragg, Cali-
fornia and the Jedediah Smith Redwood State Park near Crescent City to

reinventory previously established redwood regeneration plots,

After the summer work of 1967 the summer personnel could not continue
the field and office work. New students had to be trained in the various
specialized aspects of the field monitoring. The following graduate
students participated on a part-time basis: Beverly Elmore and David W.
Van Scoyoc, and the following undergraduate students: Rovan Anderson,
Terry A, Benoit, Ronald Gerstenberg, John H. Harris, Ralph R. Johnson,
Bruce Van Meter, Roger L, Smith, Daniel L, Stevens III. In the course
of 1968, the following undergraduate students continued with the field
and office work: Wayne Dodge, William Hay, Dow Jacobszoon, Ronald Jurek,
Fred Sutter while in computer work Ralph R. Johnson, Paul Ely and Edith
Janzen assisted in the development and execution of the various programs,
Beverly Elmore, Sharon Hurst, Avis Toberer and Patricia Hoover were
employed on a part-time basis in administrative and secretarial capacities,
The excellent cooperation of D, Jack Underwood, Director of the Computer
Center of Humboldt State College is hereby acknowledged.



III. THE MEASUREMENT OF THE EFFECTIVE TEMPERATURE
BY MEANS OF SUCROSE SOLUTIONS

A. THEORETICAL ASPECTS AND LITERATURE REVIEW

1. Introduction

An aqueous solution of cane sugar or sucrose is subject to hydro-
lysis or inversion. The reaction proceeds spontaneously and irreversibly.
The following equation indicated the progress of this reaction:

CyoHp011 + H0 ———>  CeHty0q + CeH1206
sucrose d-glucose d-fructose
or or
dextrose levulose

The reaction product is an equimolar mixture of dextrose and levulose,
often called invert sugar. The rate of the reaction is dependent upon

the pH, which is related to the concentration of Ht {fons, and upon the
temperature of the sucrose solution,

Sucrose itself rotates the plane of polarized light to the right,
while invert sugar rotates the plane of polarized light to the left. The
- extent to which the invert sugar solution rotates the plane of polarized
light can be determined by the use of a polarimeter or a similar but
simpler instrument called a saccharimeter. From polarimetry or sacchari-
metry data it is possible to calculate the concentrations of the sucrose
and the invert sugar in a given mixture at any given time, It is neces-
sary to know the time period during which inversion has occurred, and the
rotation angle at the start of the reaction as well as upon total comple-
tion of the reaction, The rate of reaction can then be calculated. This
reaction rate is dependent upon pH and temperature. If the pH of the
solution is known and maintained at a constant value by means of a buffer,
and if the initial concentration of the sucrose solution is known, the
rate of inversion will be uniquely correlated with the temperature of
the solution., When the temperature of the solution is not held constant
during the course of the inversion reaction the value of the temperature
thus obtained is not the mean temperature of the solution, but rather
the "effective" temperature during the time interval the reaction took
place.

The inversion rate of a given sucrose solution is a function of the
pH and effective temperature of the solution. The function can be deter-
mined empirically under controlled conditions. However, the reaction rate
constant k is very sensitive to changes in pH. 1In practice, it will be

ST

required to obtain these empirical data
and buffer solution is prepared because
different batches with exactly the same

each time a new batch of surcrose
of the impossibility of preparing
pH.

2. The Inversion Rate Equation for Hydrolysis of Sucrose

The sucrose hydrolysis proceeds until complete inversion since the
reaction is irreversible. The rate constant k is at any given tempera-
ture directly proportional to the concentration of the sucrose and to the
concentration of (Ht) ions, the pH being a satisfactory approximation of
the (H') ion concentration., The following differential equation illustrates
this proportionality:




— A0) R (ag)(HY)

where (At) = sucrose concentration at time t, k = the proportionality
or rate constant, and t = time interval during which the inversion pro-
gressed, The negative sign follows from the fact that the sucrose con-
centration decreases as the reaction proceeds with time, Rearrangement

yields: d (A
A () ot = - TﬂtT)

Integration over the stated limits y1elds.

A (1Y) f"o{t- - [ toz(: %
° t
AHYE - - A (A )+ (A = 1 (Re)

(A4

where (A ) = the concentration of sucrose at some arbitrary starting time
t =0, and (Ay) = the concentration at time = t.

3. Measuring Hydrolysis of Sucrose by Polarimeter

Polarimeter readings give rotation angles of the polarized light
passing through a given length of sucrose solution., The deflection angle
or refraction of the polarized light is measured precisely towards either
side from the true vertical plane of light extinction., This is accom-
plished by precise rotation of the optical elements of the instrument un-
til complete extinction of the polarized light has occurred. The degree
of refraction is dependent upon the prevailing concentrations of sucrose
~and invert sugar, both components having opposing tendencies of plane
rotation of the polarized light., For precision, monochromatic light

must be used to obtain complete extinction.

Refraction angles are dependent upon the wavelength of the light
used and the length of light path through the polarimeter tube., 1In
practice, it is advisable to keep both the light source and the polari-
meter tube the same, From the observed refraction angles the relative
concentrations of sucrose and invert sugar in solution can be determined
by means of the following equation:

/Q’V\(A) Z/Q/v\'qo—q%

(_/'\ ) AL - Qs
where a, = the rotation angle of polarized light at the arbitrary starting
time t = 0
a,= the rotation angle of polarized light upon total completion
of the inversion reaction
a, = the rotation angle of polarized light at the observed time t,



Substitution yields:
L < W

Rearrangement of the equation determines the rate constant k as follows:

A 2.20254 ‘0& Gy ~ Qs

S ’

QH*}J\ZL'M(Z Ay — A

4, Dependency of the Rate Constant k upon the Temperature
Arrhenius observed the reaction rate constant k is dependent upon
the Kelvin temperature of the system as follows:

10
- QA
P07 % = 2320254 2»% =
Oy - G, Ag ~ Hen

In k = a - b/Temp (° Kelvin)

where a and b are empirically determined constants,

The inversion rate constant k of sucrose solutions under known conditions
of pH and temperature have been determined empirically by several inves-
tigators, Pallmann (1939, 1940) was one of the first investigators to
determine the temperature dependency of k. He found two relationships
for k for two temperature regimes at a constant pH of 2.90:

log k = =1,220 + 0.0720 T(°C) for the temperature range
of -2°C to +27.3°C. '

log k ==9064 + 0,0597 T(°C) for the temperature range
of 427.3°C to + 40°C,

The two equations, each for its own temperature regime are partly due to
the use of the ! logarithm base instead of the Naperian logarithm base,

and by the expression of the temperature in °Celsius instead of °Kelvin

(273,2°K = 0°C). Schmitz and Volkert (1959) found for the pH = 2,90 the
following relationship:

log k = 20,1998 - 5,856.6 . 1/T(°K)

Berthet (1960) determined the inversion rate constant k dependency upon
temperature for two different pH values as follows:

1
It

log k = 18,99053 - 5,854,08 . 1/T(°K) for pH 1.21

]
It

log k = 17,28778 - 5,854,08 . 1/T(°K) for pH = 2.92

The above differences in the inversion rate constant k values
indicate the great sensitivity of k and the need for empirical determin-
ation of k for each field trial. In all the above equations the rate
constant k was expressed in time units of days. See Table # III-1.




TABLE III-1; COMPARISON OF REGRESSION COEFFICIENTS
OF THE REGRESSION OF INVERSION RATE k OVER THE INVERSE
OF THE TEMPERATURE FOR A CONSTANT pH OF 2.90f2.92

Modified to log k = a + b / temp (*K)

Investigator a=value b-value
Pallmann (1940)%* 20.20394 -5,858,.97
Schmitz &

Volkert (1959) 20,1998 -5,856,6
Berthet (1960) ’ 17.28778 -5,854,08
Becking (1971) 15,72788%* ~5,278,11%%

*  Recomputed from the original data published by Pallmann (1940), Table
# 4 & 5, p. 349,

*% The a and b values convert to a = 36,215159 and b = 12,153,433 when
the equation ln k = a + b « 1/Temp (°K) is used at pH of 2.90.



5. Influence of Temperature upon the Rotation Angle

Schmitz and Volkert (1959) have indicated the meed for a temperature
correction if the determination of the rotation angle of the sucrose
solution occurs at a temperature other than 20°C, Their proposed correc-
tion formula is:

(a)t = (2)20 + (0.283 + 0.014 C) . 4T

in which:
(a)t = the rotation angle at t°C.

(a)20= the rotation angle at 20°C,

C

the concentration of the sucrose solution,

dT

the temperature deviation from the 20°C
temperature,

Apparently, relatively small deviations in temperature (dT) from the
normal 20°C temperature can influence the rotation angle of the sucrose
solution, affecting temperature changes of 0.10°C in computed temperature,
This temperature correction depends further upon the concentration of the
sucrose solution (C). During the hydrolysis concentrations of the sucrose
and its byproducts change continuously. However, the concentration of
sucrose becomes progressively smaller, and with it this temperature
correction, This error is insignificant under normal practice and field
testing,

6. Influence of the Sucrose Concentration upon the Rotation Angle

It is postulated that the rotation angle of polarized light is
independent of the concentrations of the sucrose solutions and its hydrol=-
ysis products, For the sucrose concentrations this is generally true but
not for invert sugar concentrations, Here, a strong dependency of rota-
tion angle with the invert sugar concentration has been found by Schmitz
and Volkert (1959). The corrected rotation angle can be expressed as:

(a)go = - (19.415 + 0.07065 C - 0.00054 C2).

At the start of the hydrolysis the concentration (C) of invert sugar
equals zero, and the obtained rotation angle would then be -19.415°. As
hydrolysis progresses the concentration (C) of invert sugar increases
and the above correction of the obtained rotation angle must be made to
eliminate this dependency upon the invert sugar concentration.

The addition of a buffer solution and also a poison will affect
the optical rotation of the solution, and again differently in the case
of the sucrose solution than the invert sugar solution, Considering the
above corrections necessary for temperature deviations from 20°C and
for the invert sugar concentration Schmitz and Volkert (1959) concluded
that it would be best to determine these relationships empirically.
Under their experimental trial conditions using a sucrose concentration
of 38,75 gr sucrose/ 100 ml solution with an addition of 1:1 of a solu-
tion containing 1500 gr sucrose in 1000 ml of water with a buffer




solution (404 ml 0.2 mol sodium citrate solution + 596 ml 0.2 n HCl),
relatively large deviations in rotation angles during hydrolysis were
observed requiring rotation angle measurements to a high degree of accuracy.

7. Influence of Wave Length upon Polarimeter Readings

The polarimeter readings must be accurate to about 0.05° or less in
order to provide data of sufficient quality for field temperature measure-
ments. Most polarimeters have such an accuracy, but measurements have
to be replicated for the needed accuracy. The best accuracy is usually
obtainable only under reduced light conditions. For routine polarimeter
measurements of large batches of sugar vials a darkened room must be
used. The accuracy is influenced further by being able to determine the
point of light extinction, preferably the point of complete extinction.
Many personal factors such as fatigue, visual acuity and distractions
determine to a large degree the obtainable accuracy.

Schmitz & Volkert (1959) indicate the importance of the wavelength
of the polarized light used for accurate measurement of the rotation
angle. The spectral sensitivity of the human eye is not the same for
every wavelength, These authors advocate the use of green mercury light
of A = 546,1 mpu . Under optimal conditions the human eye is able to
detect 1 to 2 per cent differences in luminescence for this wavelength,
a difference of at least 200 asb. These authors found the yellow sodium
light of A= 589 mp yields less precise readings. They accounted for
this observed discrepancy by noting that the polarized light of a sodium
source is not entirely monochromatic, but it consists of two wavelengths:
589.0 mp and 589.6 my . This double peak reduces the acuity of the human
eye in determining the exact extinction angle of the polarimeter. Further-
more, the illumination with green mercury light is greater than with sodium
light because of the greater radiant energy of the mercury light source.
Also, the human eye has its greatest sensitivity in the spectral range of
green light, Differences in rotation angles of sucrose and invert sugar
are greater under green light conditions than under yellow light condi-
tions, According to Schmitz & Volkert (1959) the average standard devia-
tion of the rotation angle of the polarized sodium light amounts to + 0.015°
after 10 replicate measurements while under green light the attainable
average standard deviation equals to + 0,005° after two or three replicate

readings. The use of the blue mercury light of )\= 435.8 mp offers no
specific advantages. The spectral sensitivity of the human eye is much
reduced at this wavelength increasing the deviations in rotation angles.
This is primarily due to poor acuity of the exact point of maximum extinc-
tion in polarimeter readings by the observer requiring that more than 10
replicate readings be made for each sample to obtain comparable accuracy.

8. Influence of Polarimeter Tube Length upon Rotation Angle

The magnitude of the refraction angle is directly proportional to the
path length the polarized light travels through the solution. The rota-
tion angle is doubled when the path length in the polarimeter tube is
doubled, Counteracting this is the significant reduction of light intensi-
ty through longer tube lengths which influences adversely the acuity of
the human eye and thus, the measurement of the rotation angle. The optimal
length of the polarimeter tube is about 200 mm requiring at least 250 to
300 cc of solution for rinsing and filling the polarimeter




tube., For most practical applications, a 100 mm polarimeter tube may be
adequate,

9., Sterilization versus Bacterial Poisoning

In extended field trials it is necessary to prevent the decomposi-
tion of sucrose solutions by bacterial activity. Pallmann (1939, 1940)
advocated the sterilization of glass vials and the use of sterile solu=-
tions., For mass production the two separate stock solutions must be
sterilized individually and then cooled before mixing them in order to
avoid immediate and complete inversion due to high temperatures. Glass
vials are sealed closed by flame. Under normal working conditioms, com-
plete sterility of glassware and apparatus is not likely obtainable, and
infected sucrose vials must be discarded for temperature measurement,

Kundler (1954) suggested the poisoning of sugar solutions with
toluol, Richard (196l) in private correspondence suggested the poison-
ing by means of a thiomersalate solution, Thiomersalate is an organic
mercury poison containing sodium methylmercuri-thiosalicylate: C.H HgSC6
H COONa, Richard recommends use of 10 grams of thiomersalate in %08 cc
of distilled water, After filtration, it is possible that a precipitate
will be formed. Some 0.l cc of a clear supernatant solution of thiomer=-
salate is added to one liter of the sucrose + buffer solution for field
use. Richard (1961, personal communication), Berthet (1960) and Damman
(1966, personal communication) suggested the use of formaldehyde HCHO as
a bacterial poison.

10. Consideration about the Value of Effective Temperature

Sucrose temperature measurements correspond with the socalled "effec-
tive" termperature, i,e, the temperature that would continuously prevail
during the entire period of field exposure of the vials, This is not an
arithmetic or average temperature, but a somewhat higher temperature,
Pallmann (1940) and Schmitz & Volkert (1959) called this the "effective"
average temperature, Under the same conditions of solution preparation,
buffering and instrumentation, relative termperature differences of
various field stations can be determined, These temperature measurements
would have a greater ecological or biological validity than thermometer
readings because "effective" temperature measurement is based upon sucrose
hydrolysis. Sucrose hydrolysis is a common biochemical reaction in living
organisms, determining many physiological changes within such organisms,
This would measure a closer dependency of the living organism with the
temperature of its environment, Furthermore, these effective average
temperatures integrate all temperature effects over the entire measuring
period instead of averaging discontinuous temperature values,

Proper selection of sugar concentration, pH and expected temperature
extremes make it possible to adapt this methodology to a wide range of
ecological conditions and time spans, There is even a possibility of pre-
paring and calibrating sucrose solutions covering the time span of one
full growing season or even several growing seasons, Schmitz & Volkert
(1959) have even experimented with "permanent' sucrose vials, The effec-
tive temperature of these vials would be determined periodically by
bringing these vials into the laboratory under cooled conditions and
determining their degree of inversion and returning the same vials again
to the field stations, However, the temperature record would have to be
interrupted for the length of time the vials were removed from the field.
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Temperature measurement by sucrose vials is not limited to measure-
ment of temperature changes in the aerial environment, This methodology
is equally well adapted to measurement of temperature changes in the soil
environment or under water, The only precaution that must be taken is
that the temperature vials are insulated from their support, and that no
heat or cold could be conducted to these vials from their mountings.

Measurement errors accumulate because of the many factors involved,
Schmitz & Volkert (1959) gave the following summary of error magnitudes:

An error of 0,01 in the pH value will result in a temperature error
of 0.15°C.

An error of 2% in the time interval of exposure will result in a
temperature error of 0,10°C,

An error in rotation angle measurements of 0,05° will result in a
temperature error of 0.05°C,

The greatest source of error is the pH of the solution, Under normal

field conditions with the necessary care, effective average temperatures
could be obtained within 0.5°C accuracy which would be more than adequate
for most ecological purposes,

B. CALIBRATION TRIALS FOR THE REDWOOD ECOLOGY PROJECT

Calibration procedures were initiated prior to field sampling of
ecological stations within the redwood forest communities, For this
purpose calibrated water baths were used, The water baths were held
constant at temperature levels of: 20°C, 35°C and 50°C. Also, five
different buffered pH solutions were employed, namely pH = 1,10; 1.30;
1.603 2,40; 3,10 and 4,10,

The following stock solutions were prepared for these trials:
Sucrose solution:

4,900 gr sucrose (domestic cane sugar was considered to be of
adequate purity for ecological purposes)

3,300 ml of distilled H,0

125 ml of 37% formaldehyde (HCHO)

This mixture was stirred for approximately three hours at room tempera-
ture, then filtered under suction, using a coarse filter in a fritted

glass funnel., Buffer solutions for the different pH values were prepared
as follows:
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pH = 1,0 buffer: 475 ml 0,200 N HCl

50 ml 1 N KC1

dilute to 1 liter with distilled water, Actual pH = 1,10
pH =1.21 buffer: 339 ml 0.100 HCl

100 ml 1 N KCl

dilute to 500 ml with distilled water, Actual pH = 1.30
pH = 2,0 buffer: 170 ml 0,200 N HC1

170 m1 1 N KCl1

dilute to 1 liter with distilled water, Actual pH = 1.60
pH = 2.4 buffer: 16,00 gr HyCHg O, o H,0 (citric acid)

101 ml 0.100 N NaOH

dilute to 1 liter with distilled water., Actual pH = 2,43
pH = 3,0 buffer: 16,81 gr HiCeHgO5 o H,0 (citric acid)

4410 ml 0,100 N NaOH

20 ml 37% formaldehyde (HCHO)
dilute to 1 liter with distilled water. Actual pH = 3,10

pH = 4.0 buffer: 16,81 gr HyCeH 0y o HY0 (citric acid)

485 ml 0,200 N NaOH
20 ml 37% formaldehyde (HCHO)
dilute to 1 liter with distilled water, Actual pH = 4,10

pH = 5.0 buffer: 16,81 gr HyCeHg0, o H,0 (citric acid)

723 ml 0.200 N NaOH
20 ml 37% formaldehyde (HCHO)
dilute to 1 liter with distilled water. Actual pH

4,80

The buffer solutions and the primary sucrose stock solution can be stored
in separate containers for a long time, Only upon mixture of sucrose and
buffer solutions will inversion start, Sucrose and buffer solutions are
mixed in a ratio of 1 : 1 for field use, Glass vials of 20 = 25 ml were

used with plastic stoppers, The filled vials were immediately stored at
0°C until placed in the water bath, Before placement in the water bath,
glass vials were brought to ambient temperatures by placing the vials in
water for a few minutes, The plastic stoppers were marked numerically
for identification. The stopper was sealed with black electric tape to
the glass vial, The length of time of submersion in the water bath was
noted,

The test vials submerged in the water baths, held at constant tempera-
tures of 20°C, 35°C and 50°C, were measured periodically for their rota-
tion angles by a Model 80 Rudolph Polarimeter, The largest diaphragm
opening was used, and the half-shade angle control was set at 2 %5°., The
angle of rotation of each sample was determined by approaching the evenly
shaded area from both sides and recording the mean values, The polarimeter
was first set at 0° with a sample of distilled water at ambient temperature
so that no solvent or temperature correction factors had to be used.
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Immediately upon the start of the inversion reaction the rotation
angle of the solution was determined, yielding the value of the initial
rotation angle (= a_ )., The value of the rotation angle upon complete
inversion (= a¢) was determined by heating the sucrose + buffer mixture
to about 100°C for 3 % hours, diluting it back to 50 ml with distilled
water, and cooling it to ambient temperature. This value (aun) proved to
be rather erratic., Thermal decomposition was blamed for this, Another
approach was then used, leaving test vials in the water baths until they
showed no change in rotation angles. In addition, the final rotation
angle (ag} was computed by linear regression extrapolation from the differ-
ent time observations, This latter rotation angle checked out well with
the empirically determined final rotation angle without heating the vials,
Generally, the first polarimeter readings in the water baths proved to be
quite erratic, and the large fluctuations required many replicate readings.
In spite of the numerous replicate readings, the obtained a =-values proved
to be not of sufficient accuracy, Therefore, the a - valueS were also
obtained by extrapolation and linear regression, Agparently, wide fluctu-
ations occur before the rate k stabilizes itself,

The calibration trials resulted in the empirical determination of
inversion rate constants k for different pH values., Computations were
performed by utilizing a CDC3150 computer, Source program { 811071 com=-
putes the linear regression ln rate k over the inverse of the temperature.
Source program # 811072 computes the linear regression of ln rate k over
pH. Program # 811073 computes rate k over time (days) under constant
temperature,

The regression results are summarized in the following tables:

Table III-2, -3, =4, and -5,

The relationship of ln k = a + b o pH is useful to compute the rate
k for any given pH. However, the temperature must be held constant. For
three water bath temperatures the following regression results were obtained:

TABLE III-2: REGRESSION STATISTICS OF THE LINEAR REGRESSION:
Ink=a+b, pH (Program # 811072 - ln-version)

For the constant

temperature of 20°C 35°¢C 50°C

a - value 1.4839854 2,6854671 2,6781051

b -~ value ~2,3122394 -2,0741578 -1,4104002
standard error

of regression (S?Q 0,22619495 0.50070895 0.47725974
standard error

of b - value (sy) 0.,060153570 0,067604756 0.,011825054
correlation

coefficient (r) 0.9848 0.9774 0.9572
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Often, it is more convenient to use the common 10log-base rather
than the natural (Naperian In-base, especially without computers,)
Therefore, the same linear regression has been recomputed from the trial
data, using the common logarithmic base:

TABLE ITII-3: REGRESSION STATISTICS OF THE LINEAR REGRESSION:
log k =a+b ., pH

(Program # 811072 ~ log 10-version)

For the constant

temperature of 20°C 35°C 50°C

a = value 0.28227099 0,79384737 0.76616570

b - value -1,0041928 -0.89842843 -0,60349928

standard error

of regression (s;) 0.098235220 0.21708483 0.20805876

standard error !

of b - value (sb) 0,026124363 0.029393338 0,050825469 i

correlation %T;

coefficient (r) 0,9848 00,9778 0,9538 i
il

In order to compute the rate k relationship over the temperature, the

trial data were used, The linear regression used was: Ilnk = a + b « Temp,
with program # 811073, The relationship is valid only under constant pH,

and changes for each pH value., The following regression statistics were
obtained (for the Naperian logarithmic base):

TABLE III-4: REGRESSION STATISTICS OF THE LINEAR REGRESSION:
In k =a+ b . Temp

(Program # 811073 - In-version)

L Standard error Correlation
Constan of regression of b-value coefficient
pHevalue a=value b-value (89) (sb) ()
1.10 20,163489 -6204,6203 0.19631079 0.031940083 0.9672
1.30 30.,064465 ~9268,7134 0,29792451 0,072529432 0,9288
1,60% 24,104123 -7661,6511 0.60862924 1178,1270 0.8518
2,40 40,254207 -13014.801 0.022557106 59.069894 0.9999
3.10 39,750852 -13286.814 0.047084955 113,.19026 0.9996
4,10 39,444428 -13954,933 L 0.096268555 552,93880 0.,9969
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* The regression values of pH = 1,60 indicate a significant deviation
from the pattern of the statistics of the other pH-values. Inaccuracies
in preparation are blamed for this,

From the above data it is possible to compute the required regression
parameters for any given pH-value. To accomplish this, linear regressions
are computed for the A and B values respectively (Y) (of the equation
In k =A+ B ., 1/Temp) against the pH-value (X).

For the A-value (Y) against pH (X) or the B-value (Y) against pH (X),

the results are listed in Table III-5 (ln-version and log 10-version).

TABLE IIT-5: REGRESSION STATISTICS SUMMARY

Naperian log base Common log 10 base
A=at+b.pH|B=a+b. pH A=a+b.pH{B=a+b.p
a - value 18.273784 -4881.2512 7.5674887 -2119.9003
b - value 6.1866811 -2507.6490 2.6940304 ~1089,0582
sf 11.336306 3343,6268 4.9354525 1452,1188
Sy 1.7730301 522.95263 0.77191865 227.11547
T 0.81846409 -0.89053830 0.81851967 -0.890538:

The inversion rate k can be transformed into the "effective' temperature
with the use of the following formula:

Ink=A+B, 1/Temp (ln-version)

lOlog k =A<+ B . 1/Temp (log 10-version)

in which the A and B values are dependent upon the buffered pH of the

sucrose solution, and can be calculated precisely from the data presented
in Table III-5.

The choice of the buffered pH-value of the sucrose solution depends
also on the expected temperature range to which the sucrose vials are sub-
jected. High temperatures accelerate the inversion. It is desirable for
accurate measurement of the inversion that the inversion has progressed only
for about 60 to 80%.of the completion during the time interval of temperature
measurement. A convenient calculation would be to compute the socalled
half-life of the sucrose solution, The half-life period of time is the time
period required to reduce the original concentration of the sucrose solu-

tion by 50%. The formula used is: _ 1 _ 0,69315
: t;i = E . In 2 = ——_E___
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in which: t!5 = half-life in time units corresponding to those of k.

k = inversion rate expressed in specific time units, usually
days.

In 2 = 0,69315

In this formula, rate k is dependent upon the buffered pH of the sucrose
solution.

With the use of Table III-3 and Table III-5 the appropriate pH value
can be chosen to cover 60 to 80 % of complete inversion within the desired
time interval of temperature measurement, For the current ecological
research work it was found that the pH - values of 2.40 (summer) and of
2.90 (winter) are quite suitable. "Effective" temperatures can be computed
by the following equations:

Ink=A+B, 1/Temp (°K)
For pH = 2,90 buffered solution:

In k = 36,215159 - 12,513,433 1/Temp (°K)

or 1Olog = 15.72788 - 5,278.11 1/Temp (°K)

For pH = 2.40 buffered solution:

In k = 33,121818 - 10,899,609 1/Temp (°K)

or  1%%0g k = 14.0331616 - 4,733.6398555 1/Temp (°K)

For pH = 3.20 buffered solution:

In k = 38,071163 - 12,905,728 1/Temp (°K)

or 10log k = 16.1883860 - 5604.8863884 1/Temp (°K)

The pH-buffer values influence greatly the inversion rate k and directly
its conversion into "effective" temperature. Therefore, it is very impor-
tant to measure exactly the final pH-value upon buffering. For approxi-
mately +0.1 pH-unit change the "effective' temperature will be affected
by +0.3°F change.

From the harvested sucrose vials the rotation angle of the remnant
sucrose is determined by a polarimeter and from it rate k and temperature
(°F) by the formulas:

1 a - a
: In ., o
time

at-a

In k =A+ B, 1/Temp (°F)

rate k =

or its log 10-base variant utilizing Program # 811070,
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For the field trials the fcllowing pH-buffer solutions were used:

53 ml 0.20 N HC1

250 ml 0.10 N KCl

Dilute to 1 liter with distilled water.

Add 10 ml of 37% formaldehyde as a disinfectant.

The calculated pH-value is 2,00 and the measured pH value is 2.09.

1 ml 12 N HC1

39 ml distilled water

149,1 gr pure KC1

Dilute to 2 liters with distilled water.

Add 10 ml of 37% formaldehyde as a disinfectant,

The calculated pH-value is 2,23,

The buffer solutions were added to the sucrose solution in a ratic
of 1:1,

The valuable advise and help of Dr. Thomas J. Clark and Dr. Roger H.
Weiss, Department of Chemistry, Humboldt State College, in the planning

of the calibration trials is acknowledged.
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C. TEMPERATURE PATTERNS IN THE REDWOOD FORESTS, HUMBOLDT REDWOODS STATE

PARK, WEOTT, CALIFORNIA

FIELD LOCATION:

The measurement of ecological parameters was undertaken along eight
transect line: HBOl to HBO8 as described in previous reports (GB 3468,
GB 4690). At definite intervals cluster plots were established along
these transect lines., The results of seedling surveys, redwood plantings,
seed and litter fall have already been reported (Becking, 1967, 1968).

Temperature was one of the variables measured within these cluster
plots. Two temperature stakes were established, one stake in the area of
the densest canopy cover, and the other stake in the area with the least
canopy cover, Temperature measurement was done at five different points
for each stake (see Fig, III-1). Two sucrose vials were extablished on
the north side of the temperature stake, one vial (vial # 1) exactly 100
cm above the soil surface, the other vial (vial # 2) exactly at 50 cm
above the soil surface. The vials were taped to plastic electric wire.
The plastic coating of the wire insulates the vials against heat conducti-
vity along the wire from the post. These two vials (position 1 and 2
respectively) were to measure air temperature,

Figure: II1 - 1 TEMPERATURE STAKE DIAGRAM
‘ VIAL POSITIONS

100 cm Vial # 1

50 cm Vial # 2
NORTH

Vial # 3 vial # 4 Vial # 5

Y

soil surface

& ga
50 ecm 50 cm 50 cm §

RIX W

AR NS AT

For _-_'a;:v'l:s

e A AN NICALTL LALLM A R TS
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A third vial was located exactly 50 cm north from the temperature
stake and placed half into the soil and half into the air. The fourth vial,
exactly 50 cm north from vial # 3, was placed flat on the ground. Vial #
5, 50 cm north from vial # 4, was placed vertically completely below the
surface soil and in good contact with the soil. All these vials were
exchanged with fresh vials on a monthly basis and analyzed for their "effec~
tive" temperatures. Thus, a continuous temperature record was obtained.

Temperature measurements were made according to the dates listed in
‘Table I1I-6. Subsequently, the various temperature stakes were classified
according to their ecological position in the transect gradient and their
degree of canopy cover., The ecological coding and listing of the tempera-
ture stakes is listed in Table III-7.

TEMPERATURE RESULTS:

Occasionally, the sucrose hydrolysis did not proceed normally and
aberrant readings were obtained. Often, bacterial growth was visible.
Obviously, observations from such vials had to be eliminated from the
analysis. Therefore, it is essential to place numerous vials in the field
to cope with this loss and to obtain a more reliable average. The chemical
experience of the research assistants was limited. This has lead, unfor-

tunately, to the loss of observations for a few months, The errors can
only be discovered at the termination of the field exposure time interval.
Therefore, it can never be retrieved. There was quite a variation among
the empirical values of each batch of buffered sucrose solutions. Such
discrepancies tend to develop when mass production is needed and when

. there is a frequent change of research personnel over the years. Never-
theless, very useful data were developed to illustrate temperature patterns
over the years of 1966 to 1968, The average ''effective' temperatures are
listed in Appendix II. The seasonal and annual temperature patterns are
listed in Table III-8.

These temperatures were compared to weather stations closest to the
research area., The only available stations were: Scotia and Richardson
Grove, Although these stations are quite distant from the research area,
their general position along the Eel River would make comparisons valuable.
The average temperatures are tabulated in Table III-9.
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TEMPERATURE MEASUREMENTS
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OF THE ECOLOGICAL STATIONS BY DATE OF MEASUREMENT,
pH OF SUCROSE SOLUTION AND OTHER EMPIRICAL DATA, HBOl - HBO8 LINES,

HUMBOLDT REDWOODS STATE PARK, WEOTT, CALIFORNIA

Termination of field work.

Year/ Solution Empirical
Month Date IN - Date OUT pH a, un
1966
Apr, 4/16/66 - 5/12/66 2,40 60,552 -16.260
June 6/ 6/66 - 6/27/66 2.00 59.068 -16,260
July
Aug, 7/10/66 - 8/22/66 2.40 59,068 -16,260
Sept. 8/22/66 - 10/ 9/66 2.40 58.457 -16,260
Oct. 10/ 9/66 - 10/30/66 2.00 58.457 -16.260
Nov, 10/30/66 - 12/ 2/66 2,00 57,000 ~16,260
Dec. Spoiled by bacterial growth,
1967 E
Jan, Spoiled by bacterial growth.
Feb, 2/ 2/67 = 3/ 7/67 2,40 58,500 ; -16.260
Mar. 3/ 7/67 - 4] 8/67 2,00 58,457 | -16.260
Apr. 4/ 8/67 - 5/ 6/67 2.00 62.626 I -16.260
May 5/ 6/67 - 6/ 5/67 2.00 31.313 i - 5.900
June 6/ 5/67 - 71/ 7/67 2.00 31.167 i - 5,900
July No vials were placed in the field.
Aug. 7/31/67 - 8/29/67 2,90 31.167 - 5.900
Sept. 8/29/67 - 10/ 1/67 2.90 24,450 - 5,900
Oct. 10/ 1/67 - 11/ 5/67 2.90 24,450 - 5,907
Nov, 11/ 5/67 - 12/10/67 2,90 24,450 - 5.907
Dec, 12/10/67 - 1/ 5/67 2.40 23.450 - 5,900
1968
Jan. 1/ 5/68 - 2/ 4/68 2.40 24,40 - 6,13
Feb., 2/ 4/68 - 3/ 2/68 2.40 23,40 | - 6,19
Mar, 3/ 2/68 - 3/31/68 2.40 24,50 § - 6,18
Apr, 3/31/68 - 4/28/68 2.90 24,50 : - 6,18
May 4/28/68 - 5/25/68 2.90 24,53 - 6,18
June 5/25/68 - 7/ 1/68 2,90 24,55 - 6,18
July 7/ 1/68 - 8/ 2/68 2.80 36,080 - 5.907
Aug. 8/ 2/68 - 9/14/68 2.80 36.080 - 5.907
- Sept. 9/14/68 - 10/ 5/68 2,90 24,45 - 5.907
Oct., 10/ 5/68 - 11/ 4/68 2,40 36,08 - 5,907
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TABLE III-7: LISTING OF TEMPERATURE STAKES
ACCORDING TO THEIR ECOLOGICAL CLASSIFICATION, HBOl - HBO8 LINES,
HUMBOLDT REDWOODS STATE PARK, WEOTT, CALIFORNIA

HB HB
line Temperature Ecological Crown lines Temperature Ecological Crown
i Stake # Position* Cover %% # Stake # Position¥* Cover %#*
01 11 70 50 1 04 41 90 90
12 70 70 ‘ 42 90 50
13 70 50 43 70 50
14 70 70 44 70 70
15 55 70 45 80 70
16 55 50 46 _ 80 50
: : _ 48 40 90
02 21 55 50 49 40 70
22 55 : 70
23 70 70 , 05 51 %0 90
24 70 50 52 90 50
25 70 70 53 90 90
26 70 50 54 90 50
55 70 70
03 31 70 50 : 56 70 50
32 70 50 57 70 70
33 80 70 58 70 70
34 80 50
35 55 70 06 61 70 70
36 55 50 62 70 50

0t



TABLE III-7, CONTINUED

HB HB
lines Temperature Ecological Crown lines Temperature Ecological Crown
# Stake # Position% Cover 7%*% # Stake # Position¥ Cover %**
06 63 70 70 07 73 70 50
64 70 50 74 70 70
65 56 70 75 70 70
66 56 50 { 76 : 70 50
07 71 40 70 08 81 70 70
72 40 50 82 70 50
* Ecological codes: *% Crown cover codes:
Code
Alluvial flats Code Crown cover 100 - 80% 90
flooded in 1964, 1966, 1968 and 1970 90 Crown cover 80 - 60% 70
flooded in 1964 only 70 Crown cover 60 - 407 50
not flooded in 1964 80 Crewn cover 40 - 20% 30
Crown cover 20- 0 10
Lower slopes
redwood - oxalis type (R-OX) ' 55
redwood - swordfern type (R-SF) 56
Middle slopes 40

1¢
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1966

1967

1968

TABLE

I1I-8:

AVERAGE SEASONAL AND ANNUAL EFFECTIVE TEMPERATURES,

HBO1 - HBO8 LINES, HUMBOLDT REDWOODS STATE PARK, WEOTT, CALIFORNIA

-~

]

o

X - ——

o0 X

o w

—~ o o o o o o o o o o o o o o

o v Ta) ~ o)) [Ta) ~ [Ta ~ Ta) ~ [Ta) ~ n ~

[S3e) o o o ) n Ne) N3 o o o o o o

= O Ny 53 < [Ta} [Te 72 [Ta] ~ ~ 3] [=5) o)) [
Season¥*
VIAL #}j1 AIR TEMPERATURE AT 100 cm LEVEL:
Spring({56.0 56.2 . * 55.8+41.0(55.0 57.7 * 56.440.2156.74+0.3|56,5+1,4}56.5+1.0{62.1+2.9{62.5+2.1
Summer{67.7+1.8167.9+2.4¢ % 73.042.3}171.8+4+2,1169.442.3169.6+3.0{70.2+0.8}70.1+0.8|71.843.0[71.842.9 75.64+2,9174.441.,9
Fall 58.2+5.4 {59.5+4.2 * 58.0+4.5160.5+2.8|65.94+4.659.4+5,.3(59.3+1.4[59.0+1,2|59.54+4.2]58.74+3.6{62.1+3.3 62.9+3.9
Winter(53.6 51.1 : * 52.4+1.6146.341.1154.8 ‘152.8 51.240.650.64+0.5{51,141,1}52.64+0.6]51.040.2]|51.6+1.1
Annual
Ave, 61.048.0(61,7+4+2.8 * 64.6+3.0163.6+2.3165.7+2.763.5+3.9162,5+1.0162.24+0.9{63.14+2.9}162.7+2.8{65.7+2.5166.4+2.4
Spring|58.6+1.3|58.3+1.4 * 59.6+1.3{59.0+1.3{58.74+2.7]60.0+1.3{59.340,5|58.94+0.5{60,8+1,7]|59.74+0.8|62.3+2.0]59.7+2.3
Summer {60.7 68,9+7.5 * 71.743.9172.44+4,7179.0 66.84+9,8170.0+1.7]71.24+1.5168.747.6}69.9+6,4171.64+5.9176.0+3.9
Fall 61.84+3.8(61.7+2.7 -k 62.442.6163.342.4]64.2+3.3161,.7+4+3.2{62,0+1.1163.14+0.8}60.8+2,1]67.1+43.467.141.7162.7+2.6
Winter{49.442.2 {42,641.0 * 43,9+41.8146.7+2.1144.940.3}147.34+1.5(44,241.0143.94+0.6{42.9+2.9]39.6+1.4)42.241.8}41.5+1.8
Annual
Ave. 59.441.7 {61.,0+2.4 *. 61.4+1.7]161.941.9(62.84+3,.0{61.44+2,7 i{61,5+0,8]62.04+0.7]|61.54+2.2{163.64+2.2165.34+2.0]63.7+2.1
Spring {58.8+8.4 |55.1+5.1158,94+6.8457,64+3.5{56.5+3.5157.248.059.1+2.4 {55,9+1,7156.24+1.3|55.34+5.3{56.6+4 .0158.,4+4.0}57.9+3.3
Summer {73.64+0.8176.8+2.0}75,14+1.6 |76.34+1.6|76.441.4174.341.6475.2+1.9474.240,6175.640.5175.0+1.9178.1+1.1175.941.2]175.8+2.8
Fall 65.7 60.743.8(64.5+8.5{63.2+2,6{64.842,5164.045,7 [64.048,.7{64,1+1,2{62.940.9{63.54+2,.4}66.34+2.7166.44+1,2{167.4+1.6
Discontinued
Ave, 61.1+3.9159,14+3.5166,44+3.9 |58.24+2.6159.5+2.6 }61.0+4.1162,.14+3.5{58.34+1,3{59.04+0.9157.94+3.4}59.6+3.4|60.2+2.6}59.3+2.6

% no record

+ plus or minus

(A4




TABLE I11-8, CONTINUED
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Season** {
VIAL #{2 AIR TEMPERATURE AT 50 cm LEVEL:
. i | i
Spring;57.2 56.5 , * 155.840.8}54.7 * '57.5 56.4+0.3156,24+0.3:i57.0+1.5!58.3 62.345.8161.54+3.4
o Summer|67.5+1,7 67.7+2.2f * 173.042,4{71.142.4{70.0+2.7,69.1+2.6|70.240.9}170.0+0.8 {71.34+2.9{71.7+2.9}75.7+3.5[{ 73.3+2.3
R Fall 58,5+5.2i58.24+6.8: * 58.44+3.4159.1+3.1|58,945,0:59,0+5.3{58.9+1.3}58.9+41.2:58,743.9|56.7+4.,0|58.943.6{61.4+3.9
~ Winter{52.2 ;51.2 i * 52.6 58.340.5153.3 +53.7 53,.54+0.8)50.64+0.4:51.94+0.3{53.6+4.21{53.142.5{50.8+1.2
Annual ' ;;
Ave. 61.3+3.1{61,64+3.4; * 63.142.5162.842.5163.34+4.0'62.143.3[62.3+1.,0]62.1+0.9:62.64+2.8{62.9+3.2 [65.14+3.1]64.942.5
Spring|58.4+1.5 58.0+l.5j§ * 58.5+l.3;59.0+l.2§60.4+2.9£61.3+3.7 58,84+0.,4159.04+0.5i59.5+1.1({58.7+0,7159.14+0,9|61.242.3
~ Summer|67.4+7.9168,648,9 * 77.0-1-4.6'74.l+5.0§;7l.3+7.7i67.3+7.2 70.842,0170.34+1.4167.94+7.1169.94+6.8179.24+4,1174,54+3.7
L Fall 64.943.2161.4+42.1 ; * 64.3+1.8‘65.0+2.5§59.6+4.2'64.5+O.8 62.,0+1.2{62,.5+0.8i66,14+2.9]63.2+2,863.9+3.4{65,1+2.5
™ Winter|39.244.1 A4.8+3.0% * h7.5+1.7~il¢5.6+2.6%33.8+2.1;_44.8+l.7 44 ,5+1,2142.840.7 144 ,442.7 144 . 84+1.4 |140.4+42,4]39.6+2.6
Annual : ;
Ave. 61.542.6 60.7+2.5:§ * 63.8+1.9f64.1+1.8 61.84+2.8:63.0+2.2(62,04+40,8i61.740.6[62,142,1|62.3+2.2|63.74+2.3|64,7+2.1
Spring{53.3+1.5 56.3%.3;54.5+7.7 54.0+3.5:51.0+8.3!'58.2+4.2’58.7+6.4 56.2+4+1.8{55,1+1,3{57.2+4.6152.5+4,1 ;56.64+4.0|56.6+3.2
% Summer 71.9+1.0 76.4+41,.6 :74,3+1.8 76.8+2.0§76.0+l.9‘73.6+l.lf76.5+2.7 74.,740.7174,840.4177.,2+1.8[{75.64+1.6]75.541.0175.1+1.8
9 Fall 59.7+6.2(61.9+3.8 :58,2+3.7 63.9+2.0562.9+2.9 60.2+3.l:;65.6+8.5 62,14+1,5163,240.8[63,74+1.5164.141.5166.940.9]64.6+1.6
Discontinued
Ave. 56.3+3.8}59.24+3.6 58.6+4.8 59.4+2.6§57.4+3.758.4-!-4.8561.0-%4.3 58.3+1.3158.240.9161,1+3.1{59.243.0}59.14+2.8{57.4+2.7
; : : ]
* nor record
+ plus or minus
™o
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VIAL #i{3 SOIL/AIR TEMPE&.ATURE AT SOIL SURFACE:
! :
Spring|54.3 i56.0 * 53.742.5;51.84+0,4156.2 * 54,24+0,5154,040,4 {54,14+1,5:53,.24+1.0|55.7 62,3+2,7
Summer:62,.8+1,7162,2+1.5 * 66.842.0165,942,2164,14+2.1{63.34+2.2164,940.8 64.0-!-0.7%63.6+2.4 63.54+2.6|68,5+3.7 168,.9+5.3
Fall 57.6+4.2:154,9+6.4 * 57.9+4.3 (57,442,457 .5+4,2{57.1+4.9]58.3+1.3157.6+1.1{56.843,0{57,.542.7|62.0+4.0{59.2+3.3
Winter|54.5 52,5 * 52.1+1.1152.8+2,0153,7 52.9 51.9+0.8}50.040.3§53.1+l.4 57.5 49,.6+1.152,5+1.0
Annual ‘
Ave, 58,8+2.4158,0+2.7 * 61.,3+2.3|59.5+1.9}59,5+2,5{59.6+3,1159.74+0.8 59.2+O.7£58.6+1.9 58.8+1.9{63,1+2,9162,442,2
:;
Spring{56.3+2.057.6+0.2 * 58,241.2{57.94+0.7{59.04+1.,2156.0+1.3 58.0+O.6§57.4-+0.3i56.9+l.l 58.74+0.7|62,6+2.0160,3+4+1.8
Summer|67.5+11.1{66.4+106 % 68,9+4.4172,74+6.1168,2412,7|167.048.7{68.2+2.1:67.94+1.6{68.345.9i70.64+5.8{71.543,4 {67.0+4.6
Fall '61.34+2.3158.94+2.4 * 61.,84+1,5159,84+2,6!62,0+3.859.9+2,.,8161.140.9:60.44+0,8163.340.8i65,.3+1.5}{64,6+2,3161.142.5
Winter50.0+2.7147,0+2,1 * 42.742.4.467.0+2.0149,142.5(39.5+4,2 44 ,44+0.9{43.640,8|41.142.9i37.742.8|41,2+2.3 [45.6+1.8
Annual: ; ; %
Ave. 160,242.6:59,74+2.7 * 60.84+1.4160,8+4+2,1|61.4+2.4{59.4+42.4!60,34+0,7{59.9+0.661,0+1,9:63.3+1.6/63,8+1.8161.0+1,6
. i H : : i
Spring:!59.5+8.2§56.9+4.3 55.7+6.1160,8+4,0!58.4+43.9|60.144.6156.5+2.4i58.6+1.6-58.2+1,2;55.3+5,0:57.2+4.31!56.4+4 .5 {57.143.4
Summer 74.34+1.4 73.741.3|75.9+41.6 75.5+1.4176.441.9 72.5+2.0é73.9+l.5 74,940.6 75,44+0.4({74.,241.0:i76 ,0+1,5,77.,341.276.0+3,2
Fall .60,94+4.,0.50,848.5{70.7 64.2+1.6:57.8+4.0!63,0+3,1i65,949,1164.0+1.3 63.5+0.8{63.7+1.5]64.1+1.5i66.940.9168.2+1.1
Discontinued !
Ave. 59.8+4,1:56,3+3,5(66.5+4.5;59.84+3.0 59,4+2.7162,243,1!58,3+4.5159,4+1.3 59.540.9;57.1+3.4158.24+3.4158,14+2.9 |61.1+2.3

]

* no record
+ plus or minus

w2



1966

1967

1968

TABLE II1-8, CONTINUED
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Season¥* 13 ]

T | i
VIAL #[4 SOIL SURFACE TﬁMPERATURé: {
Springi54.5 55,0 * %51.9 51.5 * * 54.2-!-0.7%54.0‘}0.5 54,040,.2154.040.3:166,2 67.3+4.0
Summer 62.5+1.7§6l.9+l.9 * 566.3+2.0 63.,5+2.1i{63.,342.01]63.1+2.3 64.4+O.8’63.5+0.7 62.6+2.3162.2+2.0{67.64+3.0168,7+4.6
Fall 57.4+4.5%57.4+4.3 * :56,0+3,.6!55.4+3.5157.1+4.6 {58,443 .4 57.7+l.2§57.8+l.0 58.24+2.7 {56.6+3.8{57.64+4.0159.0+4.,3
Winter 52.4 * * i53.74+1.0{54.1+42.4,51.9 52.6 51.5+0.4g49.7+0.7 52.,340.4 * 51.741.7}{51.3+1.1
Annual. : : ) |
Ave, 58.6+2.4§58.5+2.3 * 60.142,4158,04+2,4159.5+3,0160,34+2.3 59.9+0.8]59;2+0.7 58.94+1.7i58.24+2.0;61.14+3,0(63.2+2.7
Spring 57.4+O.5i56.7+2.2 * 58.3+1,0:57,64+0.,8(56,34+0.7157.6+2.4 57.8+0.5!58.0+O.5 58.54+41.2156.44+0.8{58.3+2.1161.64+2.2
Summer|68.04+9.0165.5+9.7 * 81.4 73.64+8.2167.94+8.7168,248,7169.,6+2.5:70.2+1.8168.3+5.7{71.945.0|74,.3+6.7/68.5+3.8
Fall 62.042,5163,3+1.4 * 62.6+2,6159,.843.4|55,7+4.6}61,5+1,.3163.0+1.1{62.440.7{70.84+5.854.2+11.3{65.7+1.3{62.2+2.1
Winter!47.541.1146,543.1 * 47.542,1143,2+1.3142.5 48,142,246 ,7+1,0i44.240.8:45.4+3.6 143.04+4.2!41 ,3+2.8|40.1+1.7
Annual! - :
Ave. '60.6+2.6(61.442.5 * 60.5+1.8(60.54+2.3158.242,7160,7+2,.4160.6+0.8160.74+0.763.2+2.5}61.6+4,1{61.4+1.9]62.5+1.6
Spring§58.l+3.0 55.045.6 154.34+5.9:58,7+4,.6158.5+2.7|58.1+1.2 }56.346.,5(57.74+1.5{57.8+1.2153.3+4.7 57.743.7:62.14+3.7|54.243.0
Summer:75.14+3.1}77.0+2.1177.840.276.6+2.6]76.8+3.8|75.1+1.6 !175.841.7175.340.875.74+0.5|74.841.2|77.042.0:75.641.2|76.9+4.5
Fall f60.0+4.5 63.1+4,159.2+3.6161.842.1{60,9+2.5{60.7+2,.8165.8+7.5[63,2+1.4;64.14+0.7}161.5+2.4|64.4+1.4:63.1+1.6|66.3+1.4
Discontinued : f
Ave, §61.3+3.7 59.4+3.8 162.4+4.7 :59.8+2.8]56.0+3.2{62.6+3.7}61.1+3.958.6+1.2(60,24+0.9{57.8+3.2 60.3+3.3§59.7+2.9 58.8+3.0
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* mno record
+ plus or minus

YA




TABLE III-8, CONTINUED

~—i

m

.3 - S ot et g A S5 e 5 g i - ~ - e e et et s reeamann e e

o & i I

29 o | o o o . o o o ) = ) o

5% & | 5 2 2 B 2 3 2 S 2 S 2 S

m O x4 ! = < 7o) i Ta} 2l s} ~ ~ © 0 g &
Season¥* l i
VIAL #{5 TEMPERATURE OF THE TOPSOIL:
Springi54.4 ;55.6 * 54.6+1.6é52.5+0.7;55.4 55.3 54,3+0,.5153,940.4 54,7 53.0+1.5159.84+5.0161.1+2.9
Summer|{62,0+1.6{61,0+1.6 * 64.5+1.964.1+1.9:62.2+1.8 [62.2+2,1 :63.8+0,8(63.0+0.7161,942,2 |60.442.467.14+2.5]|73.9+4.4
Fall 59.343.9:57.2+4.3 * 57.243.3!57.04+2.9:59.7+7.1 {57.8+4.5{58.2+1.2{57.5+1.0|58.4+42.7 |55.943.4 {60.44+3.4 {59.942.9
Winter!52.6 §52.6 * 51.84+1.1:50.0 :52.9 51.4 51.64+0.6150,.240.7|51.6 51.7+0.9149.840.9{53.0+2.0
Annual ; : i )
Ave,. 59.4+2.1:58,242,1 * 59.3+2.l;58.8+1.9§59.8+2.6 58.942.4{59.5+0,8|58.84+0.7{59,2+1.8{56.7+2.0161.942,3{64,8+2.6

5 ‘: 3
Spring 56.8+1.0%55.8+2.0 * 57.l+0.9258.9+1.3;57.3+0.9 56.241.157,04+0.4 (56.94+0.4]58.64+0.9 {56.6+0.7-{58.,5+1.5{60.7+1.7
Summer 67.3+4L2§68.4+ll3 ¥ 68.5+4+.2169.8+6.1159.5 66.8+1.2 |68.5+2,3167.1+1.7165,8+8.4169,2+6.5166.9+4.3|68,9+4.2
Fall 60.1+3.5160.74+2,5 %* 60.1+1.8 60.8+3.2i62.8+1.6 62,1+2,5162.44+0,5160,34+0.7160,242.4 |62,.4+42,1165.742.4163.3+2.1
Winter 49.8+ﬁ.4§43.9+4.1 * 47,142.2:45.342,7 147 .140,4 {37 .143.,3 |45.6+1.0143,340,842,2+3,0143 ,442.4141,.742.2140.643,1
Annual ! ~ |
Ave, 59.8+2.7§59.9+2.9 * 59.9+1.5 61.2+l.9%59.1+l.4 60,0+2.7 |60.540.7{59.5+0.6160,5+2.2{61.3+2.3|61.4+1.7{62.5+1.5
Spring 51.4+3.0§54.1+3.6 54,0+7.3i57.942.7 62.0+ﬁ.3§62.4+5.7 56.4+3.9|57.7+1.5{57.,0+1,1|55.,9+3.159.84+3.1}60.04+3.1!56.7+4.6
Summer|75.14+4.0}73,6+1,8(75.1+1.6{76.,3+1.6176.4+1.4:74.,34+1.6175.2+1.9174,.84+0.6{74.8+0.5177.0+2.5}75.6+1.6(76.6+1.5i75,1+2.8
Fall 63.044.9160.0+2,.3162,4+8.4163,2+1.4 58.8+1.3!63.4+2.5 58.5+41.,2(62.0+1,.3162,44+0.9({67.94+1.3{63.7+1.1|67.0+1.4{66.1+1.2
Discontinued _ l
Ave, 55.4+4.5)59.1+3.0 64.,0+4.5/60.1+2.8 60.1+2.8*61.9+3.7 58.6+4.6|58,7+1.259,0+0.9|58.94+3.460.4+2.9160.94+2.6|59.442.8
x

* no record + plus or minus
%% Ecological Codes: site code 40 = middle slope; 55 = lower slope (R-OX type); 56 = lower slope (R-SF type); 70 = alluvial

flats flooded in 1964; 80 = alluvial flats not flooded in 1964; 90

1966 and 1969.

canopy cover code 90 = 100 to 80% cover; 70 = 80 to 60% cover; 50 = 60 to 407% cover.

Example: code 4050 = 40 (site code) and 50 (cover code).

= alluvial flats flooded in 1964,

[\ 8]
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TABLE III-S:

Scotia, Calif,

Richardson Grove

Scotia, Calif.

Richardson Grove

THE AVERAGE MONTHLY AND ANNUAL
AIR TEMPERATURES OF SCOTIA AND RICHARDSON GROVE, CALIFORNIA

27

Average
Year Annual Jan. Feb. March April May
1966 53.8 46.5 46,3 49.1 52.7 53.5
1967 53.7 47.2 48,0 47,0 46,2 55.2
1968 54,5 45.8 54.0 51.7 50.6 54,7
1966 -- 43.6 44 .4 49,2 57.4 60.7
1967 56.8 44,0 47,7 47,2 46.0 60,7
1968 ) 56.9 42,6 51.9 51l.4 54.8 58.1
Year June July Aug., Sept. Oct. Nov. Dec.
1966 58.4 5904 60.2 62.1 55.8 53,0 48.9
1967 57.7 60.6 62.2 62.7 58.4 55.1 43,6
1968 59.5  60.6 62.3 61.0 56.1 52.5 44,6
1966 65.2 68.4 71.8 67.0 -- 49.9 45.8
1967 66.2 71,9 75.1 70.5 58.8 52.5 40.5
1968 66,3 72.1 68.4 67.2 57.5 50.2 - 41.9
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CONCLUSIONS AND SUMMARY

l. There exists excellent correspondence between the "effective"
temperatures and the average temperatures as measured by the U, S,
Weather Bureau at weather stations within the same general area. The
winter temperatures are very close indeed. The summer and early fall
temperatures are consistently higher than the U. S. Weather Bureau data.
Apparently, the "effective" temperatures register some 10 to 15°F higher
for time intervals above 65°F, This temperature difference is consis-
tent for the years of observations (1966-1968).

2. The average air temperatures at the 100 cm level do not differ
much from winter to summer. The maximum difference is less than 20°F
among the seasons. This confirms the hypothesis that even as far inland
as the Bull Creek flats, redwood growth is characterized by a distinct
maritime climatic influence with only minor seasonal temperature fluctua-
tions, This indicates a predominant invasion of marine air currents some
60 to 80 miles up the Eel River valley.

3. Crown canopy cover percentage influences the air temperatures at
the 100 cm level and the 50 cm level, On slope positions (codes 40 and
55) the summer and fall air temperatures are increased by a few degrees
by change of canopy cover from 50% to 70%, while at the same stations the
winter and spring air temperatures are just slightly lower. For the allu-
vial flats (codes 70, 80 and 90) and the R-SF slopes (code 56) the summer
temperatures at the 100 cm level are only slightly higher while, generally,
the air temperatures in the other seasons are reduced by the increase in
canopy cover, The air temperatures at the 50 cm level are generally the
same or onlyslightly lowered by the canopy increase.

4, The highest air temperatures in the spring season are observed
on the frequently flooded alluvial flats (9070 and 9050), or on the R-SF
slopes (5670 and 5650). The highest air temperatures of the spring season
are between 2 to 4°F lower than the average annual temperature. The lowest
air temperatures in the spring season are found on the R-OX slopes (5570
and 5550), or on the middle slopes (4070 and 4050). The lowest air temp-
erature is some 3 to 8°F below the average annual temperature., Air temp-
erature extremes for the spring season range from 3 to 7.3°F (see Table
I11-10).

The colder temperatures on the R-OX slopes and middle slopes indicate
the influx of cold air through the draws from the higher ridges downhill,
while the ridges on the slope (R-SF--5670 and 5650) are not affected.

The frequently flooded alluvial flats (9070 and 9050) and the ridges
(R-SF--5670 and 5650) receive more solar radiation in the spring season
than the other sites. Higher air temperatures can affect seed germination
favorably early in the growing season, but can create problems with soil
moisture availability to the developing redwood seedling later in the
growing season also.
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5. The highest air temperatures during the summer season were found
on the frequently flooded alluvial flats (9070 and 9050) and on the lower
slopes (R-0X--5550). The lowest air temperatures of the summer season
were observed on the middle slopes (4070 and 4050) and the R-SF slopes
(5670 and 5650), suggesting again cold air flow downhill from the higher

ridges. 1In general, summer air temperatures are about 6 to 16°F above
the average annual temperature,

6. During the fall season the highest air temperatures were observed
most often on the frequently flooded alluvial flats (9070 and 9050), on
the non-flooded flats (8070 and 8050) and on the R-SF slopes (5670 and

5650). During the fall the lowest air temperatures are found on the
middle slopes (4070 and 4050) or on the non-flooded alluvial flats (8070
and 8050)., Fall temperatures indicate a transition to the winter conditions.

7. During the winter season the highest air temperatures are found
on all slope positions (4050, 5570, 5550, 5670 and 5650), while the coldest
air temperatures were found on the frequently flooded alluvial flats mostly.
This indicates again cold air flow., Winter temperatures are generally
about 10 to 24°F below the average annual temperature.

8. Air temperatures at the 50 cm level showed greater temperature
fluctuations than at the 100 cm level.

9., Soil temperatures measured on the average 3 to 5°F lower than
the corresponding air temperatures. The same seasonal temperature patterns
prevailed as in the air temperature measurements., Little difference in

temperatures were noted among the different vial positions, (See Table
III" lOo )

10. "Effective'" temperature measurements integrate temperatures
over a given duration of time. The determination of integrated temperatures

provides for a better ecological interpretation of temperature effects upon
living organisms in their natural environment.
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TABLE III-10:

RELATIVE AIR TEMPERATURE CHANGES
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DURING THE SEASONS FOR DIFFERENT ECOLOGICAL SITES,
HUMBOLDT REDWOODS STATE PARK, HBOl - HBO8 LINES, WEOTT, CALIFORNIA

Season Temp,

1966

Sitex

VIAL # 1 AIR TEMPERATURE AT 100 cm ﬂEVEL:

Spring high:
low:
extreme:

Summer high:
low:
extreme:

Fall high:
low:

extreme:
Winter high:

low:
extreme:

9070/9050
5570/5550
62.5-55,0=

9050/9070
4050/4070
75.6-67.7=

5650/9070
5550/4050

65.9~58.0=
5650/4050

5570/9050
54.8-46.3=

Diff,**
Annual

1
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+
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7.9

-10.9
-17.3
8.5
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1967

Sitex

9050/8050
4070/4050
62,3-58,3=

5650/9070
4050/5670
79.0-60.7=

8070/9050

8050/4070 &
5670

67.1-60.8=

4050/5670
8070/9070
49,4-39.6=

VIAL # 2 AIR TEMPERATURE AT 50 cm LEVEL:

Spring high:
low:
extreme:

Summer high:
low:
extreme:

Fall high:
low:
extreme:

Winter high:

low:
extreme:

9050/9070
5570/5550
62.3-54.7=

9050/9070
4050/4070
75.7-67,5=

9070/5570
8070/4070
6l.4-56.7=

5570/5670
7070/9070

58.3-50,6=

2.8
- 8.1
7.6

+10.
+

oo o~ O
. o
SN Sl

~N RO

1

~ =
~ oL,

5670/9070
4070/4050
61.3-58,0=

9050/5550
565074050
79.2-67.3=

8050/9070
5650/4070
66.1-59.6=

5550/5570
5650/4050
47.5-33,8=

Annual

Diff ¥

-16,3
-28.0
13.7

e

1968

Diff %%

Site% Annual
5670/4090 - 3.0
4070/8050 - 4,0
59.1-55.1= 4,0
8070/4070 +18.5
4050/7050 4+12.5
78.,1-73.6= 4.5
9070/9050 + 8.1
4070/7070 + 1.6
67.4-60,7= 6.7
5670/5650 - 2.3
5570/8070 - 6.4
58.,7-51,0= 7.7
8050/5550 +16,1
4050/5650 +15.6
77.2-71.9= 5.3
9050/5670 + 7.8
4090/4050 - 0.4
66,9-58,2= 8.7
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1966 1967 1968
VIAL # 3 AIR/SOIL TEMPERATURE:
Spring high: 9070/5650 - 0.1 9050/9070 -~ 1.2 | 5550/5650  + 1.0
low: 5570/8070 - 7.7 5670/4050 - 3.4 | 8050/4090 - 1.8
extreme: 62,3-51,8= 10.5 62,6-56,0= 6,6 60,8-55,3= 5.5
Summer high: 9070/9050  + 6.5 5570/9050  +11.9 ‘ 9050/5570  +19,2
low: 4070/4050  + 4.2 | 4070/5670 & 5650/4070  +10.3
9070  + 6.7
extreme: 68.9-62,2= 6.7 72.7-66,4= 6.3 77.3-72.5= 4.8
Fall high: 9050/9070 - 1.1 | 8070/9050  + 2,0 ~ 4090/9070  + 4.2
low: 4070/8050 - 3.9 | 4070/5570 - 0.8 . 4070/5570 - 5.5
extreme: 62.0-54,9= 7.1 | 65.3-58.,9= 6.4 70.7-50.8=  19.9
Winter high: : 8070/4050 - 1.3 | 4050/5650  -10,2
low: 9050/7070 -13.5 : 8070/5670 ~25.6  mmmmmmmem—emomeoo-
extreme: 57.5-49.,6= 7.9 ¢ 50.0-37.7= 12.3
VIAL # 4 SOIL SURFACE TEMPERATURE: §
Spring high: 9070/9050 ~ + 4.1 | 9070/8050 - 0.9 9050/5550  + 2.4
low: 5570/5550 - 6.5 5650/8070 - 1.9  8050/9070 - 4.5
extreme: 67.3-51,5= 15.8 , 61,6-56,3= 5.3 62.1-53,3= 8.8
Summer high: 9070/9050  + 5.5 ° 5550/9050  +20.9  4090/4070 &
! 8070  +15.4
low: 4070/8070  + 3.4 | 4070/5650  + 4.1 8050/4050 &
: 5650  +17.0
extreme: 68.7-61,9= 6.8 | 81.4-65.5= 15.9 77.8-74.8= 3.0
Fall high: 9070/5670 - 4,2 . 8050/9050  + 7.6 - 9070/5670  + 7.5
low: | 5570/5550 - 2.6 8070/5650 - 7.4 4090/4050 - 3.2
extreme: i 59.0-55,4= 3.6 70.8-54,2= 16.6 66.3-59,2= 7.1
Winter high: | 5570/5550 - 3.9 . 5670/4050 &
| 5550  -12.6
low: | 7070/9070 - 9.5 9070/9050  =22.4  =-m----=m==-=--o--
extreme: | 54,1-49,7= 4.4 8.0

48,1-40,1=
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1966 1967 1968
VIAL # 5 TEMPERATURE OF THE TOP SOIL:
Spring high: . 9070/9050 - 3.7 | 9070/5570 - 1.8 | 5650/5570  + 0.5
low: 5570/8070 - 6.3 | 4070/5670 - 4.1 | 4050/4090  ~ 4.0
extreme: 6l.1-52,5= 8.6 60.7-55.8= 4,9 62.4-51,4= 11.0
Summer high: 9070/9050  + 9,1 | 5570/8070  + 8.6 | 8050/9050  +18.1
 low: 8070/4070  + 3,7 | 5650/8050  + 0.4 | 4070/5650  +14.,5
extreme: 73.9-60,4= 13.5 69.8-59, 5= 10.3 77.0-73,6= 3.4
|
Fall high: 9050/9070 - 1.5 | 9050/9070  + 4.3 | 8050/9050  + 9.0
lows 8070/5570 - 0.8 i 4050/5550  + 0.3 = 5670/5570 - 0.1
extreme: | 60.4-55,9= 4,5 | 65.7-60,1= 5.6 . 67.9-58.5= 9.4
Winter high: | 9070/5650  -11.8 | 4050/5550 &
! ; 5650  -10.0
low: : 9050/5570 -12.1 | 5670/9070 =22,9 | emmmmmemmmmeeooen
extreme: 53.0-49,8= 3.2 ¢ 49,8-37.1= 12.7

%

site denotes the ecological sites by code.

and the two with the lowest temperatures are listed.

The two sites with the highest

** Diff, Annual denotes the difference or deviation from the average annual

temperatures for the given sites.
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IV. SEED GERMINATION, SEED AND CONE VARIATIONS OF REDWOOD

INTRODUCTION

Redwood produces annually large cone crops and plenty of seeds. Yet,
there is a noticeable lack of natural regeneration of redwood upon the
removal of the virgin stands. Most restocking of cutover areas seems to
originate from sprout growth rather than from seedlings, These facts indi-
cate the difficulties of establishing redwood by means of natural regenera-
tion. Partly, the failure of natural regeneration has been blamed upon
ecological factors such as: exposure, microclimatic factors and the absence
of a suitable seed bed. Partly, the problem has been attributed to poor
redwood seed germination.

Studies have been undertaken to determine the germination capacity
of redwood seeds. Metcalf (1924) reported low germination rates varying
from 4 to 33% with delayed germination sometimes up to 60 days from trials
in the forest nursery at Scotia, California. Muelder & Hansen (1961) noted
lack of cone crops in certain parts of the redwood region and defective
embryos in redwood seed. Infections of the germinating embryos were attri-
buted to an unknown pathogen, but they failed to isolate this pathogen.
Berryman & Stark (1962) and Stark & Adams (1963) perfected the X-ray tech-
nique to determine the soundness of seeds. By using a 10 kilovolts X-ray
unit and 20 seconds of exposure, they were able to procure suitable photo-
negatives of seeds to test their soundness without destroying the viability
of the seed. Muelder & Hamsen (1963) utilized the X~ray techmique for
their redwood seed studies. They reported that soundness of redwood seeds
varied significantly with seed size.,. Seeds passing 12, 10 and 8 mesh
screens were respectively 2, 8 and 15 per cent sound. Seeds from seven
sources were analyzed by the X-ray technique, and the following distribu-
tion of seed categories was found: empty or tannin filled seeds, 58 to
97%; seeds with embryos damaged by fungi, 0 to 11%; and sound seeds, 1 to
32%. However, no seed weights were given. Roy (1964) attributed poor
redwood germination to defective seed in his review. Boe (1968) attributed
low germination rates to the high percentage of empty seed. If seed germi-
nation is determined as a percentage of sound seed, germination ranged fvom
75% to 94% with an average of 85%. Under his test conditions germination
started within 5 to 8 days, with peak germination occurring in 7 to 12 days.
No trends were observed among the various months in germination percentages.
However, Boe's sample sizes in his tests ranged from 13 to 47 sound redwood
seeds per dish (Boe, 1968). No seed weights were given, nor the condition
of the seeds prior to testing.

Seed weights and germination percentages reported elsewhere in the
forestry literature are listed in Table ILV-1.
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TABLE 1IV-1: SUMMARY OF REDWOOD SEED
WEIGHT AND GERMINATION PERCENTAGES
FROM A LITERATURE REVIEW

Seed Weight Germination Peak of
Author (gr/100 seeds) Percentage N Germingﬁion
Fort Bragg (Davis 1930) * 19 - 397 14-21 days
Scotia (Wirt, 1926) 0.254-0,409 10 -~ 46% 30-35 days %
Lott (1923) 1 - 20% * |

ave.: 15%

Metcalf (1924)

Humboldt 0.349 11 - 19,5% up to 60 b
Mendocino 0,372 4 -~ 5% days
Marin, Sonoma, & I
Contra Costa 0.355 10 - 33%
Santa Cruz 0.259 15% L
%
Merriam (1928) % * 14-21 days 5l
J
Siggins, H. W. (1933) 0.740 * * Ezzi
(good seed) 53;
Fritz (1950) * 20 - 409 * Eiﬁ
vl
Zinke (1960) 0.109-0,494 * * ini’
ave.: 0,252 (g
Cameron (1960) 0.320-0.660 6 - 229 5-40 days %

(1000 seeds)

A AR Y A3
.

Muelder & Hansen (1963) * 1 - 40% *
ave.: 15%

. w.aa

Boe (1968) * 75 - 947 7-12 days
(sound seed)

4 A TAECA LY

* no record
Note: 1 lb. = 373.242 grams.
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Numerous redwood seed germination trials have been undertaken by the
author over the past nine years, The experiments can be classified into

several categories. For convenience, the following categories are distin-

guished:
1. The effects of hydrogen peroxide upon redwood seed germinatiom.

2. Preliminary investigations into the germination of redwood
pollen,

3. Pollination studies of redwood.

4. TIrradiation of redwood seeds.

5. Studies of seed viability by X-ray photography.

6. Effects of ovendrying upon redwood seed germination,

7. Effects of storage upon redwood seed viability.

8. Seasonal variation in redwood seed weight and germination,
Most of these studies have been undertaken by interested students during
the past nine years and prior to the NSF sponsored research. Others have
been stimulated by the NSF research to explore specific phases of redwood

germination,

1. The Effects of Hydrogen Peroxide:

Delayed redwood germination has been reported by Metcalf (1924) up
to 60 days. It was therefore, believed that seed dormancy may play a
role in the reported low germination rates of redwood. Ching (1958),
Shearer (1960), Dhillon (1961), and Trappe (1961) all reported the use
of hydrogen peroxide (H,0,) to break the dormancy in Douglas fir and
conifer seed. Presumably, hydrogen peroxide removes by oxidation the
protective coating of the seed. Upon such treatment water can be more
readily imbibed by the seed coat, thereby triggering rapid germination.
Also, hydrogen peroxide can sterilize seed coats (Trappe, 1961), a
very important fact in view of the reported pathogen damage by Muelder
& Hansen (1963)., To test this, redwood seeds were subjected to treat-
ment of hydrogen peroxide in various concentrations.

Goggin & Simmons (1962) selected three seed sources from the Fresh-
water School Forest. Care was taken to collect unopened squirrel-cut
green cones from individual trees. The cones were then dried at room
temperature to open them and the seeds were subsequently oven-dried at
100°F for 24 hours, and its seed weight was determined. Four concentra=-
tions of hydrogen peroxide were tested: 3%, 10%, 20%, 30% and a control
without H,0, treatment., Five replications of each treatment were made,
each replication containing at least a minimum of 100 seeds randomly
selected from the entire seed lot, Each seed batch was placed in a petri
dish containing a bottom of sterilized sand. The petri dish itself was
also sterilized in an autoclave. The seeds were spread out on a piece
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of filter paper on top of the sand layer and thoroughly moistened with )
distilled water. The petri dishes were placed in a germination box which
kept temperatures at a constant level of 75°F by heating coils.

tion was observed for 30 days under 100% relative humidity. Checks for
germination were made every day throughout the 30-day germination period.
Fungus growth in the petri dishes was checked by adding a 10% formaldehyde
solution as a disinfectant., Seeds that germinated were periodically
removed from the petrl dish., Germination was determined as the percentage
of the germinated seeds in terms of the total number of seeds.

Germina-

The germination started after the first week and was completed with-
in 18 days. The results are tabulated in Table IV-2,

TABLE IV-2: AVERAGE GERMINATION AND SEED WEIGHT
OF HYDROGEN PEROXIDE TREATED REDWOOD SEEDS

Hydrogen Peroxide Concentration !

Seed Weight 3% 10% 20% 30% i

Source* (gr/100 seeds) Control (percentage of germination) -
I 0.289 11 8 11 9 6 L
;;u
11 0.274 9 11 5 9 24 e
33
111 0.253 27 27 19 8 7 EZ'?{}
. b2l

* Source I:

Code 18--HSC School Forest, Freshwater, Calif. Nov. 14, 1961,
Source II:

Code 19--HSC School Forest, Freshwater, Calif. Nov, 7, 1961,
Source III: Code 17--Simpson Timber Company, Korbel, Calif. Oct. 25, 1961.

-

—- o
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The results indicated that, by using the Tukey test, the control and the
107, H O2 treatments differed significantly from all the other treatments in
seed source I, The greatest increase in germination for this seed source
was in the lower H,0, concentrations. For seed source II, the 30% concen-
tration differed significantly from all the other treatments in source IIL.
In this ource the highest H,0, concentration had the greatest germination!
In seed source III, the contrGl, the 3%, and the 10% treatments differed
significantly from the 207, and the 30% concentrations by the Tukey test.

The lower HZOZ concentrations gave the highest germination,
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An analysis of variance test was made to determine the significance
of variation among the seed sources, H, O, treatment levels and replications.

The results of the analysis of variancé are listed in the following tabu-
lation:
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Source of Degrees of Sum of Mean

Variation Freedom Squares Square F-ratio
Treatments (5) 4 544 136.00 5.397%%
Sources (3) 2 933 466,50 18.512%%
Replications (5) 4 206,93 51.73 2,053
Interactions
Treatment x source 8 2475 309.38 12,27 7%%
Treatment x replication 16 162,07 10.13 0.402
Source X replication 8 138.47 17.31 0.687
Treatm X source x replic 32 806.53 25,20 | --------

Total (75) 74 5266

*% Significant at the 0.0l probability level,

This indicates that there are significant differences at the 0.0l proba-
bility level among treatments, seed sources and the interaction of treat-
ment with seed source. Although the data are limited and the number of
seed sources used include only sources of the Freshwater School Forest
and Korbel areas, the above results indicate in general that hydrogen
peroxide has a negative effect upon redwood seed germination. It should
be further noted that no distinction was made between sound and cull
seeds, but that fresh seeds were used.

2. Preliminary Investigations Into the Germination of Redwood Pollen:

Redwood flowers during the months of December and January, coinciding
with the time period of the heaviest precipitation. Observations during
1966, 1968, 1969 and 1971 indicated that shedding of pollen occurs during
warm and sunny days in the middle of the rainy season. When a light wind
is blowing, light yellow dust clouds of pollen could be seen drifting
-down the tree crowns, Pollen is shed repeatedly under favorable weather
conditions, Presumably, the pollen sacks close their pores during the
rains, or the pollen becomes moist and somewhat sticky, preventing pollen
loss during the rains. Upon drying by the heat of the sun, pollen shed-
ding can start within hours following rain. It has been further observed
that shedding of pollen coincided often with the time of shedding of seeds
from the ripe cones. Often during light winds, a shower of seeds could be
seen falling down from the tree tops. Cone scales will close during the
rain, preventing seed drop. Seed drop repeats itself regularly during
the sunny intervals within the rainy season.

Only a negligible amount of research has been conducted on pollen
germination of redwood in the past. Experiments were undertaken to germin-
ate redwood pollen under laboratory conditions and to determine the fertility
of redwood pollen. Low pollen fertility could cause low viability of the
seeds, Genetically, redwood is a polyploid species with a chromosome
number of 66 which makes it a hexaploid with 6 sets of 11 chromosomes per
cell (Stebbins, 1948; Darlington & Wylie, 1955). Polyploids are some-
times known to have low pollen fertility.
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Initially, pollen grains were germinated on filter papers moistened
with distilled water. Upon incubation for 120 hours at a temperature
ranging from 20° to 30°C no pollen germination was observed. Apparently,
all pollen grains ruptured their exine layer letting its content protrude
through the crack, but no pollen tube growth was observed., This indicates
that upon prolonged contact with water redwood pollen would burst without
germination taking place. Low fertility of pollen may be attributed to
pollen becoming too wet from rain prior to its proper germinationm.

Many substrates have been used for germination of pollen. Orr-Ewing
(1959) used a two-per cent solution of Bacto-agar in petri dishes, Germi-
nation on filter paper or paraffin were suggested by Linder & Schwarzen-
bach (1959). Ching & Ching (1959) found that potassium salts of gibber-

ellic acid at 10, 100 and 1,000 ppm caused significantly more pollen tube
growth (1.5 times) than those grains not treated with gibberellin., Kaurov
& Vakula (1961) also used gibberellic acid in a series of tests on pollen
of 29 tree species and found that low concentrations (0.0l to 0,005 per
cent) were favorable to the germinating capacity of some of the tree
species. Pollen under the activity of gibberellic acid was marked by an
earlier beginning of germination. Gershoy & Gabriel (1961) showed that
sugar (type not stated) concentrations of 0.40 to 0.45 molar were optimal
for germination of sugar maple pollen. Boron seems to be important to
some species (Gershoy & Gabriel, 1961; Kaurov & Vakula, 1961). Chandler
(1958), using pollen of Angiosperms, found that pollen tube growth is
sensitive to temperature, moisture, sugar concentrations, pH, growth
substances, and trace elements. The correct medium will produce pollen
tubes within a few hours. Temperature seems to affect pollen tube growth

with the higher temperatures (42°C) being generally more limiting than
lower temperatures (16°C).

Only Shaw (1896) and Lawson (1904) have made detailed studies on the
gametophytes of Sequoia sempervirens and described the full sequence of
germination of redwood pollen: "At theé time the pollen is shed there are
two nuclei in each grain., One is centrally situated and is about two
times the size of the other. The smaller nucleus is almost always found
near the wall of the pollen grain., At this time, there appears to be a
membrane between the two nuclei. The larger nucleus is the socalled
tube-nucleus and the smaller one is the generative cell. The first indi-
cation of the start of germination of the pollen grain is the splitting of
the hard, thick exine wall, leaving a thin, delicate membrane underneath.
The pollen tube now pushes out over the apex of the nucellus, and one or
two of the tubes may grow down between the nucellus and the integument.

"About the time the pollen tube penetrates the wall of the nucellus,
the generative nucleus, having increased to about the size of the tube-
nucleus, divides. There are now three nuclei in the tube, one large one
and two smaller ones. The large one (situated near the tip) is the tube-
nucleus and the other two smaller nuclei are the socalled stalk and body-
nuclei, The larger of the latter two (=body-nucleus) appears to be pre-
paring for further activity. During further development of the pollen-
tube, the three nuclei remain in close proximity to each other. While
these changes are occurring the size of the tube-nucleus remains the same
while that of the stalk-nucleus increases slightly. The body-nucleus
increases to at least three to four times the size of the stalk-nucleus.
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During its development, the body-nucleus surrounds itself with a dense
zone of granular cytoplasm which increases in thickness to approximately
one half the diameter of the nucleus. It is now shut off from the rest
of the cytoplasm in the tube by a distinct membrane and the tube now con-
tains one large cell and two free nuclei."

Shaw (1896) stated that the pollen-tube quite often was observed to
branch, one branch growing downward and the other branch taking any direc-
tion between the sporangium and the integument or even penetrating the
epidermis of the sporangium. The above sequence of events of pollen
germination was well illustrated by Lawson (1904).

According to Erdtman (1957) and Preston (1961), redwood pollen grains
are monoporate and obovoid in shape. They measure 35 microms long, includ-
ing the tenuitas or beak of 4 microns. The tenuitas is distal and covered
with sparse pila. The pila average 0.5 microns in length. The exine wall
is composed of an outer layer (the sexine) and an inner layer (the nexine).
The exine is very resistant and is also sparsely covered with pila.

Bemis (1965) utilized pollen from nine different trees located in
Prairie Creek State Park, Humboldt State College campus, the Freshwater
School Forest, Humboldt Redwood State Park and the North Fork of the Big
Sur River. Because redwood pollen tends to burst rather than germinate
in watery solutions, Bemis (1965) used Bacto-agar substrates for pollen
germination, Temperature effects were studied by germinating pollen
grains in incubators at 10°C, 20°C, and 30°C for 71 hours. It was deter-
mined that the range between 20°C and 37°C would be optimum for redwood
pollen germination. The greatest germination percentage was 64.8 at 20°C
for the socalled "spruce-type" redwood. Biochemical effects upon pollen
germination were tested by introducing a water extract of ground female
conelets into the Bacto-agar plates. The extract was prepared utilizing
all available young female conelets of all three phenotypes of redwood
("Taxus," "Spruce," and "Pine'") (Becking, 1964). The petri dishes were
incubated at a fluctuating temperature of 21.6°C to 25.5°C for 7 days.
Periodically, pollen counts were made to record the germination progress.
At the end of 7 days the germination percentage was determined. A pollen

-grain was considered germinated if the pollen tube length equaled or

exceeded the widest portion of the ungerminated pollen grain, The field
of the microscope was chosen at random., The total number of pollen grains
and the number of germinated grains were counted. Ten replications of
each petri dish were used to compute the average percentages. The results
are listed in Table IV-3.
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TABLE IV-3: REDWOOD POLLEN GERMINATION PERCENTAGES
OF NINE REDWOOD TREES (BEMIS)

Substrate Substrate with
no extract hormonal extract

Per cent Germination

e et i e e e ave. ' P ave.
Spruce 0.26-0.00-0.26 0.17 0.12-0.00-0.00 0.04
Taxus 0.12-0.10-0.56 0.26 0.35-0.00-0.17 0.17
Pine 0.02-0.00-0.03 0.02 0.00-0.00-0,00 ~0.00

The analysis of variance did not indicate any significant differences
in variance among sources, treatments, and replications.

The results indicated that introduction of the female conelet extract
reduced the average germination by about 50%. The limited number of
samples makes it difficult to draw any statistically valid conclusions,
Other confounding factors not incorporated into the experiment include the
degree of maturity of the pollen itself and the selective effect of hormon-
al extracts from the separate phenotypes. The above results may indicate
that there is some difference in pollen germination among the phenotypes,
and thereby segregating the phenotypes by pollination differences. It is

indicated that no hormonal extract from the female conelets is needed to
stimulate germination,

The same sequence of germination was observed by Bemis, By the end
of the first day, 88% of the pollen grains had split off the exine layer.
During the next 24-hour period the thin membrane enclosing the nucleus
started to develop the pollen tube growth. During the next two days the
germinating pollen tube pierced the thin membrane which enclosed the
developing pollen tube. By the end of the fifth day the pollen tubes
were fully developed. Many grains germinated and produced a second branch

.of the germinating tube. Often, the pierced membrane separated entirely
from the developing pollen tubes and floated free from the grain. This
usually occurred during the third and fourth day of germination. Some

pollen grains that failed to germinate showed the membrane protruding
from the pore of the tenuitas of the grain,

Difficulties in seed fertility may be attributed to the unique embry-
ology of redwood. Buchholz (1939) and Looby & Doyle (1937) studied most
recently its embryology and noted many unique developments. They listed
as unique seed characteristics: 1. Archegonia develop laterally and
continue to be more numerous towards the micropylar end of the seed. 2.
Several gametophytes are present in the early stages of embryo develop-
ment., All but one are aborted when the gametophyte becomes fully developed.
3. Pollen tubes develop laterally., All these unique characteristics are

due to the polypolid nature of the reproductive cells in Sequoia sempervirens.
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Looby & Doyle (1937) added that sterility of redwood seeds may be caused

by: 1. pollen tends to ripen late in winter and in the cold and wet weath-
er it mever properly matures, or when mature it spreads badly, and 2., the
shape and arrangement of cone scales and the presence of tannin granules
obscuring the nicropyles, all prohibit pollination., Mirov & Baker (1942)
estimated that there are about 60 archegonia per redwood seed, while in
Pinus there are only two to three archegonia per seed. Many of these
archegonia will become abortive.

3, Pollination Studies of Redwood:

Little information is available about the relationship of flowering
habit and seed viability of redwood. Female conelets begin to appear in
the first weeks of October. They are placed always terminal on branchlets
bearing scale-like needles, Thus, they are convined to the tree top and
the tips of the upper branches usuvally, The female strobili are initially
erect when they are receptive for pollen in December and January., Fertil-
ized conelets begin to droop in February and April. Cones gradually
develop into size and are mature the following October,

Pollination, evidently, takes place in the middle of the rainy season,
reducing the chance of the pollen grains to be carried by wind to the recep-
tive female conelets., In comparison to other conifers such as Douglas fir
(Pseudotsuga menziesii), Sitka spruce (Picea sitchensis), and Grand fir
(Abies grandis), redwood is a sparse pollen producer. It would be safe to
say that these conifers as wind pollinators produce abundant pollen in
excess of 1,000 times more than redwood.

Staminate strobili are oblong and obtuse, about 6 to 10 mm long and
5 mm wide. They are terminal, and occur more often on lateral branches
bearing normal needles. Male strobili are more abundant in the lower tree
crown, The emission of pollen is usually empleted by the end of January,
but this depends upon the weather conditions. Pollen shedding takes place
only during warm and sunny periods in the rainy season with a light wind.
The male strobili soon shrivel up in February and begin to drop out of
the tree by May and June. Pollen germination studies (Bemis, 1965) have
already been reported above.

The experiment is undertaken to see if poor pollination is correlated
with poor seed viability by carrying artificial pollination of redwood
conelets,

After an extensive reconnaissance in September 1963, Belletto (1964)
selected several trees of about 40 to 50 years of age on the Humboldt State
College campus for artificial pollination. These trees were selected for
their past abundant, annual seed crops as well as accessibility by a
hydraulic lift truck. The trees were observed weekly until the staminate
flowers were emitting most of their pollen. Pollen of ripe staminate
strobili was extracted and stored at -12°C for several days until used
in the experiment, On January 29, 1964 a hydraulic lift truck was supplied
by the Pacific Telephone Company, Eureka, California., Pollen was applied
by a hand sprayer containing a mixture of distilled water and pollen. The
size of the sprayer nozzle was predetermined by previous tests and a hole
diameter of 0.04 inch seemed to be most advantageous,
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Separate clusters of ripe female strobili were selected randomly in
the lower portion of the tree crown. Ten clusters were intensively hand-
sprayed with the pollen/distilled water mixture while ten other clusters
were used as a control, After application the conelets were covered with
perforated one-quart size plastic freezer bags tied firmly to the branch,
Cone development was observed monthly. Female conelets developed favorably
up to May 1, 1964,

On November 12, 1964 the female conelets treated January 29, 1964
were harvested by lift truck. Due to strong winds in August, 1964 many
of the plastic bags were blown off the branches. Only 12 of the original
40 plastic bags were recovered. The cones were removed from their branch-
lets and information as to cone size, and fungal growth were recorded
(Table IV-4)., The plastic bags of the Men's Gym Tree were placed on the
north side of the tree crown while those of the Baptist Church Tree were
placed on the south side of the tree crown.

TABLE IV-4: CONE AND SEED GERMINATION
OF THE ARTIFICIAL POLLINATION EXPERIMENT,
HUMBOLDT STATE COLLEGE CAMPUS, ARCATA, CALIFORNIA

## Cones Length x Cone Total germination
Treatment Harvested Width (mm) Maturity after 19 days

CODE 33 BAPTIST CHURCH TREE:

# 21-0% 9 18 x 15 5 cones well-developed, 0.5%%*
4 cones juvenile, (200 seeds)
no fungal growth,
cones not opening

# 22-0 6 14 x 11 3 cones well-developed, 1.0%
beginning to open, (100 seeds)

3 juvenile cones,
no fungal growth

# 23-0 8 19 x 15 8 cones well-developed, 0.5%
beginning to open, (200 seeds)
no fungal growth

# 40-0 5 18 x 15 5 cones well-developed, 0.0%
beginning to open, (100 seeds)
no fungal growth

# 26-P% 10 19 x 15 8 cones well-developed, 1.5%
beginning to open, (200 seeds)

2 juvenile cones,
no fungal growth
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TABLE IV-4, CONTINUED
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# Cones Length x Cone Total Germinatj,

Treatment Harvested Width (mm) Maturity after 19 days

# 29-P 13 16 x 14 9 cones well-developed, 3.0%
beginning to open, (200 seeds)
4 juvenile cones,
no fungal growth

Average: 8.5 17.3 x 13.9 Ave.: O-treatment 0.5%

Ave,: P-treatment 2.8%

CODE 34 MEN'S GYM TREE:

# 13-0 17 23 x 21 17 cones well-developed, 1.0%
beginning to open, (100 seeds)
no fungal growth

# 14-0 20 22 x 20 20 cones well-developed, 0.0%
beginning to open, (100 seeds)
fungal growth

# 18-0 27 24 x 20 27 cones well-developed, 0.0%
beginning to open, (200 seeds)
fungal growth

# 5-P 20 24 X 22 20 cones well-developed, 3.0%
beginning to open, (200 seeds)
fungal growth

# 17-P 19 20 x 19 19 cones well-developed, 11.0%
beginning to open, (100 seeds)
fungal growth

# 20-P 14 25 x 20 14 cones well-developed, 6.0%
rather green, seeds forced (200 seeds)
out between scales,
no fungal growth

Average: 19.5 23.0 x 20,3 Ave.: O-treatment 0.3%

Ave.,: P-treatment 6.7%

* 0: no hand-pollination

P: hand-pollination

** only mature cones were used for germination tests.
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Considerable fungal growth was discovered within the plastic bags.
Fungal growth was probably caused by the high relative humidity within
the bags. Only conelets not infected visually by fungus and only fully
developed cones beginning to open their scales were selected for germina-
tion tests. Standard germination test procedures were undertaken with
the collected seeds. Seeds were treated with a 3 per cent chlorox solu-

tion as a fungal disinfectant. The average temperature of the germinator
was 23,1°C, ranging from 24°C to 22°C.

No fungal growth developed during the germination tests. The first
seed began to germinate on the seventh day and almost all the seeds did
germinate by the tenth day. The germination test was concluded after 30
days. The total germination was very low for the total experiment ranging
from 0% to maximum 11%. From the limited data in Table IV-3, it appears
that on the average hand-pollinated seeds have a greater germination rate
than non-pollinated seeds. However, natural seeds from both sources had

also a reasonable germination rate (Table IV-5). The above results were
termed inconclusive.

TABLE IV-5: GERMINATION TESTS OF HAND-POLLINATED CONELETS
HUMBOLDT STATE COLLEGE CAMPUS, ARCATA, CALIFORNIA.

Baptist Church Tree Men's Gym Tree
HSC Campus HSC Campus
Average Germination Percentage
After  After After After After After

10 days 19 days 30 days | 10 days 19 days 30 days

Artificial pollination

of Jamn. 29, 1964 2.5 %  3.59% |64.5% 6.7% 1  6.7%  16.7%
& harvested Nov. 12, 1964 (200 seeds) (500 seeds)
Non-pollinated cones ;
bagged Jan. 29, 1964 0.75% 0.75% 0.9% - 0.3% 0.3% 0.3%
& harvested Nov, 12, 1964 (600 seeds) (400 seeds)
Natural seed ' ;
collected Nov. 16, 1963 -- -- 4,0% -- -- i0.0%

(200 seeds) }(200 seeds)

Natural seed : ;
collected Jan. 29, 1964 -- - 0.0% | - -- 2.5%

(200 seeds) (150 seedsX
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A second experiment of artificial pollination was carried out to study
the possible effects of increased seed germination. In the 1964 experiment
the additional effects of cross-pollination were taken into account, Auto-
plastic pollination was executed by artificial hand-pollination, utilizing
the pollen of different trees of the same species. Homoplastic pollination
was done utilizing the pollen of the same parent tree and may also be
termed self-pollination. Two sources for autoplastic pollination were util-
ized: the pollen of each of the two parent trees and from trees of the
Freshwater Forest area. Fresh pollen was collected on December 17, 1964
and stored at -12°C until used for the experiment. On January 22, 1965 the
hand-pollination was carried out utilizing three different kinds of pollen
plus a control,

On November 7, 1965 the conelets of the experiment were harvested and
23 plastic bags were recovered from the 40 bags initially placed on the
two trees. The germination results again indicated that no conclusive
results can be drawn from the data (Table IV-6). Apparently, there are
numerous other variables involved in seed germination. Only an experiment
on a much larger scale involving several parent trees could establish
meaningful results, In addition, at the time of these tests little was
known about redwood germination in general. With the improved knowledge
the experiment should be undertaken again in a better manner. Seed germi-
nation should be followed up to nine weeks and only fresh seeds should be
used. Conelets should be bagged prior to becoming receptive and plastic
bags should be removed in March or April when the female conelets start
to droop on their terminal branchlets after having lost all fertility to
pollen. The other problem is to harvest a sufficient quantity of seed
to obtain statistically valid results for germination testing.

TABLE IV-6: CONE AND SEED GERMINATION OF THE CROSS-POLLINATION EXPERIMENT
HUMBOLDT STATE COLLEGE, ARCATA, CALIFORNIA

## Seeds|Seed wt. $ Weight/ [ # Scalesﬂ Total
per cone|g/100 seeds Cone Cone |Germination
|
l
CODE 33 BAPTIST CHURCH TREE, HSC CA%PUS: ‘
i
Nov. 16, 1963 XPB(2) | 213.0 0.137 0.210 17.7 0
XPG(5) 200.4 0.188 no data i 0
XPS(5) ' 226.6 4 0,156 { 0,258 I 19.3 i 0
X 0(3) : 305.6 0.296 no data § 0
CODE 34 MEN'S GYM TREE, HSC CAMPUS: i |
2 | ?
Nov. 16, 1963 XPB(1) :  80.0 0.458 0.740 | 23 : 0
XPG(2) | 149.0 0.352 0.419 19,6 ! 0
XPs(3) . 256.3 | 0.269 no data 0
X 0(2) | 100.0 | 0.316 0.594 i 25 0
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4, Irradiation of Redwood Seeds:

Redwood seed, freshly collected November 1, 1963 from a tree in the
Freshwater School Forest (Code 29), was extracted from the unopened cones
and prepared for shipment to be irradiated with a gamma source., The
average seed weight of the source was determined as 0.250 g/100 seeds with
a sz = 4+ 0.0157 g. The redwood seeds were ovendried for extraction from
the cones for 48 hours at 100°F temperature, On November 18, 1963 the
seeds were sent to the Biological Research Center, General Electric Company,
Hanford, Washington., Samples of 100 seeds each were subjected to various
gamma radiation dose rates indicated as follows:

Sample # Dose Rate Time of Exposure (minutes)

Control

50 r
100
500
1000
1500
2000

I R T o R

H AR RS

The dose rate was calibrated using a Victoreen Ionization Meter, and
using 100 r and 250 r calibrated chambers for the irradiation experiment.
The seeds were placed 12 inches from the head of the X-ray machine with
a calibrated dose rate of 250 r/min.

The irradiated seeds were subsequently germinated in petri dishes
under standardized temperature and relative humidity conditions for 30
days. No germination, even of the control, was observed which left the
experiment inconclusive, The normal germination rate of the redwood seed
source determined previously was 0.12 to 0,33%. Possibly, conditions
during shipment of the seeds had negatively affected the germination.
Unfortunately, the 30-day observation period may have been too short; the
observed peak germination in later germination trials of this source
occurred in the sixth to eighth week interval.

5, Studies of Seed Viability by X—fay Radiography:

The application of radiography to live seeds has been advocated by
Berryman & Stark (1962), Hansen & Muelder (1963) and Gius (1961). The
X-ray negative helps in identifying the soundness of the seeds as well as
the presence of parasites within the seed.

For the current experiment six different seed sources in Humboldt
County were selected for radiography. Six cones were randomly chosen
from each source; cone ovendry weight and number of seeds extracted per
cone were noted. The seeds were further ocularly screened into two size
classes: Class A of seeds 5 x 5 mm in size or larger; and Class B of
seeds 4 X 4 mm in size or smaller. Passing seeds through mesh screens did
not give satisfactory results. The seeds were mounted by means of scotch
tape in rows on stiff drawing paper and sent to the University of Califor-
nia at Berkeley for radiography. Exposures of 8 x 10-inch Kodak Industrial
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Type AA film were made with a Picker 5-35 kv portable unit at 11 kv, 10
ma for 25 seconds at a distance of 50 cm from the source head. Satisfac-
tory contrast was obtained at a very low dose rate so that the redwood
seeds were practically unharmed. Muller-Olsen et al (1956) stated that

in their studies of seeds the small dosages of 12 kv, 25 ma at 25 cm from
the source was found to be absolutely harmless. An even lower dosage was
used in this study. Hansen & Muelder (1963) using. the same X-ray unit on
the Berkeley campus reported no abnormal behavior from this kind of radio-

graphy.

Exposures varied generally depending upon the density of the seeds
and the mounting paper from 10 to 12 seconds using 10 to 13 kv and 10 mille-
amperes. Seeds on the photo-negative were stratified into three categories:
1.) sound seed with a well-developed and dense embryo occupying over 80%
of the seed; 2.) seeds with a deformed or defective embryo. The embryo
does not occupy 80% or more of the seed, or is deformed, or is less dense.
Often embryos occupied only less than 50 % of the seed. 3.) Empty seeds,
usually tannin-filled. Seed counts were executed for each seed class and
category. The results are tabulated in Table IV-7.

Some 100 seeds of each class and category were selected for germina-
tion. They were germinated in four replicate lots of 25 seeds each. Ger-
mination started on March 25, 1964 and was terminated on May &4, 1964 after
some six weeks, Unfortunately, none of the seeds germinated., Initially,
this was attributed to some defective procedure. Later, it was concluded
that redwood seeds stored from November, 1963 to March, 1964 most likely
would have lost all their germinative capacity. The experiment should be
repeated with fresher seeds. The normal germination percentage of the
sources varies from 0% to 4% on the average. Most likely, an insufficient
number of seeds have been tested.

It is therefore, unfortunate that no comparative germination per-
centages could be established among the classes and categories. Boe (1968)
reported 75% to 94% germination rates for sound seed, while Muelder & Han-
sen (1963) reported 100% germination of their best seeds. The current
tests indicate no germination at all, even of sound seed. No seed
weights were reported by Boe (1968) or by Muelder & Hansen (1963). Muelder

& Hansen did not observe loss of seed viability from improper storage. No
seed weights were determined in our experiment because of great difficul-
ties in separating the seeds from the scotch tape.

Our results indicate that there are significant differences among the
various seed sources, while the variation within each source was only minor
as compared with the variance among sources (see Table IV-7). Some seed
sources have 80% to 93% of their seeds in the 5 x 5 mm class, while others
have only 247% in the same class. The smaller seed class of 4 x 4 mm have
a preponderance of empty seeds. Muelder & Hansen (1963) analyzed their
seed sources from Mendocino County according to soundness also. Their
results are compared with our six Humboldt County sources in Table IV-8.

It is evident that similar trends were observed. It is interesting to

note the high percentage of empty or tannin-filled seeds (82%) of the
Mendocino sources. However, there is a greater amount of defective seeds

in Humboldt County. Muelder & Hansen (1963) indicated that loss of viabili-
ty is caused by an unknown pathogen attacking and destroying the developing
embryo. Both in Mendocino and Humboldt Counties only 13% to 20% of all

the seeds were considered to be sound.
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TABLE IV-7:

OF SIX REDWOOD SEED SOURCES

SEED VIABILITY FROM X-RAY ANALYSIS
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Cone Total' Large Seeds 5 x 5 mm Small Seeds 4 x 4 mm
Ovendry| Seeds i (1) L (2) l (3) | Total (1) l (2) . (3) Total
Weight per code full defectiv empty i full defectivé empty

(g) 1+ (#) l T Percentage of Total ' 5
, ‘ : L T __f

CODE 31: FRESHWATER #OREST E %6 %% NOVEMBER 1, 1963 E !
; i ] ; :

1.091 + 160 + 0,331 + 0.443 ’ 0.125 { 0.900 + 0.013 { 0.063 ¥ 0,019 ' 0.094

0.803 ' 127 © 0.346  0.472 | 0.094 | 0,913 ‘ 0.008 { 0.047 | 0,031  0.087

0.650 ' 119 ; 0,227 0.353 0,101 | 0.697 | 0,067 | 0.134 ! 0,101  0.303

0.875 , 142 | 0,289 0.282  0.204 | 0.782 | 0.007 | 0.119 | 0,092 0.218

0.842 = 164 | 0.256 0.280 0.098 | 0.634 | 0,055 | 0,159 : 0.152 0.366

0.802 | 142 | 0,246 0.331 0,310 | 0.880 0.007 | 0.007 | 0,113 } 0,127

0.844 142 ! 0.283 © 0.360 ; 0.155 | 0.801 0.026 | 0.088 ' 0.085 & 0.199

| : :

CODE 3?: FRESHWATER FOREST E:%g %% November 1, 1963 | 3 :

§ i ; ! : :

0.998 | 143 } 0.175 ! 0.615 » 0.154 | 0.944 0.000 { 0,014 1 0,042 « 0,056

0.852 | 105 | 0,282 ; 0,225 | 0,408 | 0.915 0.000 | 0.028 | 0.056 | 0,085

1.203 {127 | 0.145 | 0.201 : 0.6l4 | 0.960 0.000 | 0.024 i 0,016 ° 0.040

1.100 { 125 | 0.081 | 0.163 : 0.715 | 0.959 0.000 | 0.000 | 0,041 0.041

0.844 | 129 | 0.147 | 0.279 | 0.434 | 0.860 0.000 | 0.023 ! 0.116 - 0.139

0.938 ! 115 | 0.174 | 0,270 : 0.513 ! 0,957 0.000 | 0.009 i 0.034 0,043

0.989 - 125 - 0.167 | 0.292 | 0.473 = 0,933 0.000 | 0.016 | 0.051 ‘ 0.067

CODE 33: HSC CAMPUS BAPTIST CHURCH TREE, NOVEMBER 16, 1963 | |

; s ! i !
! : i

0.279 | 83 i 0.024 { 0,096 ¢ 0.048 { 0.169 0.024 + 0.036 { 0.771 { 0.831

0.352 © 87 { 0.000 | 0.069 : 0.287 | 0.356 0.000 ; 0.069 | 0.575 | 0.644

0.281 { 69 | 0,087 | 0.058 : 0.058 | 0.203 0.145 . 0,058 | 0.565 | 0.797

0.345 . 75 | 0,000 | 0.147 ! 0,120 | 0.267 0.040 -~ 0,293 | 0.400 | 0.733

0.388 | 67 | 0.134 | 0.060 0.119 | 0.313 | 0.045 = 0.045 | 0.597 | 0.687

0.416 ~ 67 | 0.030 [ 0.090 ' 0.030 | 0.149 0.030 0.134 ; 0.687 { 0.851

0.344 75 i 0.046 | 0.087 0.110 | 0.243 0.047 0.106 | 0.599 % 0.757

, ; é !

CODE 34: HSC CAMPUS MEN'S GYM TREE, NOVEMBER 16, 1963 3

0.880 | 108 ' 0,315 | 0.333 0.352 | 1.000 | 0.000 0.000 | 0.000 | 0.000

0.963 | 115 | 0.252 | 0.304 0.365 | 0.922 0.009 0,009 | 0.061 | 0.078

0.687 {101 ; 0.089 | 0.317 0.337 | 0.743 0.000 0.069 | 0.188 | 0,257

0.797 | 101 | 0.168 | 0.436 0.356 | 0.960 0.020 0.010 | 0.010 | 0,040

0.674 ; 101 | 0.228 | 0.396 0.356 | 0.980 0.000 0.010 | 0.010 | 0.020

0.714 | 93 | 0.344 | 0.376 0.215 | 0.935 0.043 0,011 | 0,011 | 0,065

|

0.785 | 103 | 0.233 | 0.360 | 0.330 | 0.923 0.012 = 0.018 | 0.047 : 0.077
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TABLE IV-7; CONTINUED

PRAIRIE CREEK STATE PARK, ORICK, NOVEMBER 17, 1963

0.524 80 0.138 0.225 0,050 0.413 0.025
0.531 93 0.140 0.344 0,108 0.591 0.000
0.645 124 0.185 0.355 0.105 0,645 0.032
0.550 108 0.167 0.241 0,074 0.481 0.028
0.349 81 0.000 0.259 0.037 0.296 0.074
0.430 79 0.127 0.114 0,076 0.316 0.089
0.505 94 0.126 0.256 0,075 0.457 0,041

PRAIRIE CREEK STATE PARK, ORICK, NOVEMBER 17, 1963

0.476 111 0.099 0.108 0.261 0,468 0,018
0.800 144 0.229 0.333 0.215 0,778 0.028
0.427 103 0.117 0.126 0.107 0.350 0.019
0.474 88 0.170 0,159 0,136 0.466 0.100

0.585 89 0.337 0.292 0,067 0,697 0,000
0.608 121 0.107 0.438 0,207 0,769 0.025

0.562 109 0.177 0.243 0,166 0,588 0,015

0.038
0.075
0.105
0.120
0.148
0.253

0.123

0.045
0.028
0.019
0.034
0.034
0.025

0.031

0.525
0.333
0.218
0.361
0.481
0.342

0.377

0.468
0.167
0.612
0.500
0.270
0.182

0.367

50

0.587
0.409
0.355
0.509
0.704
0.684

0.541

0.532
0.222
0.650
0.534
0,303
0.231

0.412
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TABLE IV-8: COMPARATIVE SOUNDNESS OF SEEDS BY RADIOGRAPHY
FROM MENDOCINO AND HUMBOLDT COUNTIES, CALIFORNIA

Infected Empty or i
Fully or Defective Tannin-filled :
Source Location Sound Embryos Seeds
. 29t ~Peilentage ™ |
MENDOCINO COUNTY |
[
South Fork, Noyo River (1961) 0.19 ~0.11 0.70
Horsetail Ridge (1961) 0.10 0.03 0.87
Jackson State Forest 0.32 0.10 0.58
Pudding Creek (1959) 0.10 0.03 0.87
Pudding Creek (1960) 0.01 0.00 0.99
Ukiah (1959) 0.19 0.03 0.78
Ukiah (1960) ’ 0.02 0.03 0.95
Average 0.133 0.047 0.820
HUMBOLDT COUNTY
e
Code 31 Freshwater Forest (1963) 0.31 0.45 0.24
Code 30 Freshwater Forest (1963) 0.17 0.31 0.52 :ﬂ
Code 33 HSC Campus (1963) 0.09 0.20 0.71 T
Code 34 HSC Campus (1963) 0.24 0.38 0.38 F]‘
* Prairie Creek State Park (1963) 0.17 0.38 0.45 S
% Prairie Creek State Park (1963) 0.19 0.27 0.54 i;‘
. .f'
Average 0.195 0.332 0.473 ’l
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6. Effects of Ovendrying Upon Redwood Seed Germination:

Seed germination tests were run on seeds collected monthly in litter
traps in the virgin redwood forests of Humboldt Redwoods State Park, Weott,
California. The seed traps were located at different sites related to
their ecological effects and past flooding history. Seasonal weight changes
in the collected redwood seeds were noted, and significant weight differ-
ences among the selected sites had been noted previously (Becking, 1968).

Initially, seed collected in the seed traps were ovendried before
determining their weight per 100 seeds., However, starting with January,
1969 seeds collected in seed traps were divided into two equal lots, one
lot being germinated as fresh seeds without ovendrying and heating, and
the other lot with ovendrying for 48 hours at 100°F., Separate records
were kept of the differences in germination. Germination was observed for
a period of six weeks.,

In January, 1969, fresh seed weights were determined but they proved
to be very erratic. Some of the fresh weights were very close to the oven-
dry weights, indicating that the seeds had dried out very well in the field
while adjacent seed traps had moister seeds. There were no consistent
patterns in weight., Determination of seed freshly extracted from ripe
cones showed a weight loss of 158% moisture of the ovendry weight basis.
However, such fresh weights can be determined rarely from field collec-
tions. Therefore, no fresh weights were determined later. Only ovendry
seed weights were measured for the lots that were ovendried. The results
of tests run for the four consecutive seasons of 1969 are listed in Table
1v-9,

Considerable variation exists among the different seasons and differ-
ent sites with few consistent patterns emerging from the data. On the
alluvial flats ovendry seed has a better germination percentage than fresh
seed in comparable paired tests. Practically all germination occurred in
the winter (Nov-Dec-Jan) season and the spring (Feb-Mar-Apr) season. No
germination was observed during the summer (May-June-July) and fall (Aug-
Sep-Oct) seasons, There were only two exceptions to this, The ovendry
weight decrease per 100 seeds is consistent among all alluvial flats. On
the lower slopes in the one instance that germination occurred there was

a significant better germination percentage among the fresh seeds than
among the ovendry seeds. The same trend is accentuated on the middle
slope positions. Seed weight per 100 seeds on lower and middle slopes
followed a similar weight reduction from the winter to the fall season,
but its reduction was less than for the alluvial flats.

The Woody Plant Seed Manual*(1948) indicated improved germination of
some seed lots after stratification for 60 days at cold temperatures (41°F).
Otherwise, heat seems to be a favorable pretreatment of redwood seeds prior
to germination. Fritz (1950) and others have indicated that heat and mois-
ture are essential for germination with too much moisture resulting into
fungal attack of the seeds., Gius (1961) noted that ripe cones subjected
to higher temperatures (terminal cones) had a higher proportion of tannin-
filled seeds or empty seeds. Presumably, high temperatures affect develop-
ing seeds and embryos negatively based upon this evidence. Siggins (1933)

* U. S. Forest Service
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TABLE IV-9: SEASONAL VARIATION OF SEED GERMINATION
AND SEED WEIGHT OF REDWOOD, COLLECTED IN LITTER TRAPS, HBOl - HBOS,
HUMBOLDT REDWOODS STATE PARK, WEOTT, CALIFORNIA**

Fresh Seed : Ovendry Seed
Germination i Seed Germination
Season Rate at 6 wks, ! Weight Rate at 6 wks,

% : gr/100 seeds %

FLATS FLOODED 1964, 1966, 1968

Winter 1969 0.00 : 0.312 ' 0.02
Spring 1969 0.01 : 0.294 0.30
Summer 1969 no data : no data

Fall 1969 0.00 i 0.175 0.00

FLATS FLOODED 1964

Winter 1969 0.02 g 0.444 0.04
Spring 1969 0.04 ; 0.293 0.00
Summer 1969 0.01 | 0.215 0.00
Fall 1969 no data i 0.209 0.00

FLATS NOT FLOODED

Winter 1969 0.00 no data
Spring 1969 0.00 no data
Summer 1969 0.00 j ' no data
Fall 1969 no data ! 0.188 0.00

LOWER SLOPES

Winter 1969 0.00 ! -~ 0.286 0.00
Spring 1969 0.45 § 0.327 0.14
Summer 1969 0.00 f 0.217 0.00
Fall 1969 no data 0.218 0.00

MIDDLE SLOPES

Winter 1969 1.07 0.267 1.09
Spring 1969 25.00 0.221 0.00
Summer 1969 0.33 no data

Fall 1969 no data 0.195 0.16

*% Data pertain only to those seed trap collections which were split into
two lots of equal number of seeds, one lot germinated with fresh seed, the
other lot after ovendrying the seed.
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noted that not all the cones on the same tree ripened at the same time.
Cones subjected to higher temperatures reached maturity at a faster rate,
These two heat or temperature effects play a role upon seed formation and
ultimately, of course, upon total germination.

The results of our experiments cannot be termed conclusive because
of the great inherent variability of redwood germination. There is strong
evidence that genetic and ecological differences as well as seasonal differ-
ences affect germination, which makes it difficult to assess the importance
of ovendrying or heat. However, currently there are no indications that
ovendrying would affect redwood seed germination negatively, On the con-
trary, there is limited evidence that among the sources tested ovendrying
may even improve germination,

7. Effects of Storage Upon Redwood Seed Germination:

There are conflicting reports of the effects of seed storage upon the
viability of redwood seed. The Woody Plant Seed Manual (1948) reports
that redwood seeds kept in a sealed bottle at 26° to 30°F lost about half
of its viability at the end of one year, and deteriorated rapidly upon
removal from cold storage. Another test showed fair viability at the end
of 10 years of cold storage. Fritz (1950) claimed practically no loss in
viability due to storage within one year.

Litter trap data of seed germination (Becking, 1968) indicated a
decided decrease in germination percentage from the winter to the fall sea-
son., In other words, the freshest and heaviest seeds showed consistently
the greatest germination. Many field observations were made to substan-
tiate this. During the winter and spring rains, particularly after a
week of higher temperatures, many sprouting redwood seeds could be observed
among the litter and on rotten logs within the virgin redwood forest. As
a general rule, there seems to be no dormancy or delay in germination once
conditions of temperature and moisture are adequate for germination. This
can be further exemplified by finding often dropped redwood cones on the
forest floor with sprouting seeds still in their scales, This was also
noted by Linhart & Libby (1965).

Seed sources stored for one to three years in sealed plastic bags
under normal room temperatures lost all their germination potential in
extensive trials involving some 26 sources, The cause of this decline
in germination cannot be fully explained. It would require detailed
physiological studies of seed biochemistry of redwood seed. It is, how-
ever, fair to say that under normal field conditions redwood seeds would
have lost all their germination potential within one growing season.

8. Seasonal Variation in Redwood Seed Weight and Germination:

Becking (1968) reported a consistent and marked seasonal decline in
seed weight for seeds collected by litter traps in the Humboldt Redwoods
State Park, Weott, California area. Litter trap collections have extend-
ed almost over a 4-year period. The data of seed weight and germination
rates are summarized in Table IV-10.




TABLE IV-10: GERMINATION PERCENTAGE AND SEED WEIGHT
OF REDWOOD SEEDS COLLECTED IN LITTER TRAPS,
HUMBOLDT REDWOODS STATE PARK, WEOTT, CALIFORNIA

January 26, 1966 to January 5, 1968
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IOvendry _ Ovendry Seeds
Seed Weight Germination Percentage
Season (gr/100 seeds)Total At end of week:

| % #1 #2 #3 #6 #9
ALLUVIAL FLATS FLOODED 1964 & 1966, (1968)
Jan. 26 - Feb. 16, 1966|0.6397 3.69 no data
Feb. 16 - Apr. 8, 1966 [0.4374 | 0.00  =----mcsceccmcccccccccecceacnaa
Apr. 8 - July 11, 1966 |{0,3304 0.00 —-----mccme e m e
July 11 - Oct. 8, 1966 |0,3302 0,00 —---;-mccrcmmmcre e e
Oct. 8 - Dec, 8, 1966 0.3304 0.00  we-eermmccmmermrc e e e
Dec. 8 - Feb., 2, 1967 0.6390 0.00 ~-r-cemcsmmmrmrn e e m e
Feb. 2 - Apr. 8, 1967 {0.3289 0,00  =---mmmmmmmmm e
Apr. 8 - Sep. 30, 1967 {0.3505 | 0.00  =-=--==s-m--semcmeceoomeeeemoeooo-
Sep. 30 - Jan. 5, 1968 }0.3508 ] 5.29 0.00 3.80 1.49 0.00 0.00

{
Jan, 5 - Mar, 26, 1968 }0,3303 0,00  =e=-ecemecemcmrice e ccecccecan-
Mar. 26 - July 2, 1968 {0.2600 | 0.00  ====-=-me=-memmecmcmecceaacamone-
July 2 - Nov. 2, 1968 | = 1.48 .0.,00  0.00 1.48 0.00 0.00
Nov, 2 - Jan, 4, 1969 0.3531 0.54 0.00 0.46 0.07 0.01 0.00
Jan, 4 - Apr, 19, 1969 [0.5857 3.37 0.87 1.84 0.00 0.66 0.00
Apr. 19 - July 1, 1965 ! -- 0.00 ~r--ercemcccrs e -
July 1 - Sep. 28, 1969 {0,2158 0.00  meemmmmemmmemmeeee e
Discontinued ; E
Average 1966 10,4145 + 0.74 no data
Average 1967 £0.4173 ¢ 1.32 0.00 0.95 0.37 0.00 0.00
Average 1968 10,3145 § 0.51 0.00 0.12 0.39 0.00 0.00
Average 1969 10,4008 * 1.12 0.29 0.6l 0,00 0.22 . 0.00
FLATS FLOODED 1964 ONLYI !

‘ '!
Jan. 26 - Feb 16, 1966 10.7583 | 8.95 no data
Feb, 16 - Apr. 8, 1966 i0.3285 it 0.38 0.00 0.00 0.05 0.33 0.00
Apr. 8 - July 11, 1966 :0,3123 | 0,00  ==-==-r-c--s-sme-mmmmcccoeeocee-—o-
July 11 - Oct. 8, 1966 50.3505 . 1.01 0.00 0.00 0.32 0.70 0.00
Oct. 8 - Dec. 8, 1966 :0,3508 0.95 0.38 0.43 0.08 0.05 0.00
Dec, 8 - Feb, 2, 1967 :0.7401 2.63 1.13 0.70 0.03 0.77 0.00
Feb. 2 - Apr. 8, 1967 0.3294 0.06 0.02 0.03 0.01 0.00 0.00
Apr. 8 - Sep. 30, 1967 0.3507 0.02 0.00 0.00 0.02 0.00 0.00
Sep. 30 - Jan. 5, 1968 .0.3505 2.24 0.63 1.09 0.37 0.15 0.00
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rrwemds A

Jan.
Mar.
July
Nov,

Jan.
Apr.
July

Season

5 - Mar., 26, 1968
26 - July 2, 1968
2 - Nov. 2, 1968
2 - Jan. 4, 1969

4 - Apr. 19, 1969
19 - July 1, 1969
1 - Sep. 28, 1969

Discontinued

Average 1966
Average 1967
Average 1968
Average 1969

FLATS NOT FLOODED
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TABLE IV-10, CONTINUED

Jan., 26 - Feb, 16, 1966 0.6865

Feb,
Apr.,
July
Oct.

Dec.
Feb.
Apr,
Sep.

Jan,
Mar.

July

Nov,

Jan.,
Apr,
July

16 - Apr. 8, 1966
8 - July 11, 1966
11 - Oct. 8, 1966
8, - Dec. 8, 1966

8 - Feb. 2, 1967
2 - Apr, 8, 1967
8 - Sep. 30, 1967
30 - Jan. 5, 1968

5 - Mar, 26, 1968
26 - July 2, 1968
2 - Nov. 2, 1968
2 - Jan. 4, 1969

4 - Apr. 19, 1969

19 - July 1, 1969
1 - Sep. 28, 1969

Discontinued

Average 1966
Average 1967
Average 1968
Average 1969

S%ed WeighE Total % at end of week:
1 % #1 #2 #3 #6 #9
10,3291 | 0.12  0.00 ©0.10 0,00  0.03 0.00
‘0.4044 0,00 = ocmmm e
b 0.96 0.00 0.88  0.03  0.05 0.00
10.2607 | 0.62  0.13  0.34 0,05  0.12 0.00
10,2788 | 0.63  0.36  0.27  0.00  0.00 0.00
'0.3367 | 0.00  emmmmemmmmc e s
10,2269 | 0,05 0,00  0.00 0,04 0,01 0.00
10,4201 | 2,26  0.08  0.09  0.09  0.36 0.00
10,4427 1.246  0.45  0.46 0,11 0,23 0.00
0.3314 | 0.43 0,03 0.33 0,02  0.00 0.00
'0.2808 | 0.23 0,12 0.09 0.0l  0.00 0.00
6.00 no data
0.3538 ! 1,52 0,00 0,00 0.76  0.76 0.00
10,3503 | 0,00  mmmeemmmmmeeieeeemm e
0.3506 0.00  =-mmemmmmm e cemmcemmcceccmemmoo
0.3508 | 0.00  =-=-e-e-mmmmcmmemccmmemmmmeemceoa-
10,7395 | 0,00  memmmemmmee oo ommeaee
0.3333 | 0,00  =-ecemmmmmmm oo
0.3512 | 0.00  ==-ce-m--ememecmcmmeemmmec -
10.3521 | 0,00 -mmeemmesomseeeoeocmeooeoeooooes
- | e e meeemeeeeemmeememm—————————————
e o e e e e e e e e e v e e rc e e e e e mc e m e .- - - - e -
- | e e e e emmemmmm e mm e mm—mmmmmmmem———————
§
!
10,2800 | mmmme e e eeae
0.4184 i 0,00  =-c=--cmmc———emmeeeemeemeaco—oao-
0.6440 | 0,00  mmmecmmmmceemmc—mmeccmmeecoomeoe-
- | e mm e mmmmm e m—mmmmmmemmmmmm—men
{0.2800 | 0.00  =m-ccmeommmmmmmmeeo oo



Season

LOWER SLOPE

Jan, 26 - Feb. 16, 1966

Feb, 16 - Apr. 8,
Apr. 8 - July 11,
July 11 - Oct. 8,
Oct. 8 - Dec. 8,

Dec. 8 - Feb., 2,
Feb., 2 - Apr. 8§,
Apr., 8 - Sep. 30,
Sep. 30 - Jan. 5,

Jan, 5 - Mar., 26,
Mar, 26 - July 2,
July 2 - Nov., 2,
Nov, 2 = Jan, &4,

Jan, 4 - Apr. 19,
Apr, 19 - July 1,
July 1 - Sep. 28,
Discontinued

Average 1966

Average 1967
Average 1968
Average 1969 .

MIDDLE SLOPE

Jan. 26 - Feb. 16, 1966

Feb., 16 - Apr, 8,
Apr, 8 - July 11,

1966

1966

1966
1966

1967

1967
1967
1968

16568

1968
1968
1969

1969
1969
1969

1966
1966

TABLE IV-10, CONTINUED
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July 11 - Oct. 8, 1966 0.2656

Oct. 8 ~ Dec. 8,

Dec. 8 - Feb. 2,

Feb, 2 - Apr. 8,
Apr. 8 - Sep. 30,
Sep. 30 - Jan, 5,

Jan, 5 - Mar., 26,
Mar, 26 - July 2,
July 2 -~ Nov. 2,
Nov, 2 - Jan, 4,

1966

1967

1967
1967
1968

1968

1968
1968
1969

|
i

!

Seed Total % at end of week:
Weight % #1 #2 #3 #6 #9
0.7591 0.00 no data
0.2566 0.12 0.00 0.00 0.00 0.12 0.00
0.3814 0,00  ceccemcramceemmccmcmcmrccc e -
0.4136 0,00  =-mmmmmm e e e e cmmmmmcmcmmeemmmmeee-
0.4134 | 0.27 0.07 0.07 0.00 0.13 0.00
0.2567 1.36 0.55 0.32 0.01 0.48 0.00
‘0.2614 0,26 0.00 0.24 0.02 0.00 0.00
10,3483 0.07 0.00 0.00 0.00 0.00 0,07
0.4136 2.23 0.00 0.78 1.28 0.17 0.00
50.2896 0.05 0.00 0.00 0.00 0.05 0.00
10,3960 | 0.00  ==m=-mmmmmmmmme e ec—eooee
-- 1,07 0.00 1.07 0.00 0.00 0.00
-- L 0,00 mmmmemmmmmmee e
: u
i |
.0,2853 + 3,79 1.27 1,65 0.87 0,00 0.00
0.2175 . 0,00  ==-mmcmmmmmmmeee e mc oo
10.2251 0.05 0.00 0.05 0,00 0,00 0.00
;0.4446 0,08 0.01 0.01 0.00 0.05 0.00
:0.3200 0.98 0.14 0.34 0.33 0.16 0.02
0.3428 0.28 0.00 0.27 0.00 0.01 0.00
0.2426 1.28 0.42 0.57 0.29 0.00 0.00
0.7968 9.40 no data
0.2825 0,00  e-cmememcmmmmmme e e ememmmemnm
0.00 —ecmmeemmmccmrc e mrme e e
0.2655 1.26 0.00 1.05 0.00 0.21 0.00
-~ 3.64 2,58 0.91 0.15 0.00 0.00
0.2896 0,00  m=s-=ememc-smccmmccememcmeenaa- -
0.2655 0.00  mmmmeememmmmmcmmmcmeemceeeoeaoan
0.2655 2.43 1.82 0.15 0.46 0,00 0.00
0.2894 0.99 0.00 0.20 0.59 0.20 0.00
0.3240 00  —ccm—memm—cmee—cm—ccmmemmsaoaaoa
-- 0.96 0.27 0.72 0.00 0,00 0.00
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TABLE 1IV-10, CONTINUED

Season | Seed i Total % at end of week:
Weight % #1 #2 #3 #6

Jan., 4 - Apr, 19, 1969 {0,2165 17.84 _8.33 9.51 0.00 0.00
Apr. 19 - July 1, 1969 -- 0.33 0.00 0.00 0.00 0.33
July 1 - Sep. 28, 1969 [0.2132 0.34 0.00 0.00 0.00 0.34
Discontinued

Average 1966 0.4026 2,13 0.00 0.21 0.00 0.04
Average 1967 0.2735 1.52 1.10 0.27 0.15 0.00
Average 1968 0.3067 0.49 0.07 0.23 0.15 0.05
Average 1969 0.2149 6.17 2.78 3.17 0.00 0.22

The same consistent trends in weight decline can be observed among the
different ecological sites and the seasons. It is obvious that seed
production, seed weight and germination capacity of the seeds are func-
tions of tree vigor. Over the past four years the trees on the frequently
flooded alluvial flats have declined markedly in vigor (Becking, 1968),
and many have even died upon repeated flooding and siltation. Seed produc-
tion, seed weights and germination rates have also declined in the same
relation as tree vigor, It is noteworthy that seed weights on the middle
slopes and lower slopes still seem to be superior to those on the adjacent
alluvial flats. This supports a previous supposition (Becking, 1967} that
the greatest vigor of redwood trees is not on the alluvial flats, but on
the adjacent lower slopes. '

An interesting observation has been made repeatedly by studying
ripening redwood cones, When the green cones have reached their full
length by the end of June, the green scales begin to swell and the termi-
nal ends of the scales become thickened. Seeds begin to protrude between
the scales and seem to be squeezed out, The seeds are light greenish
brown in color when they become exposed. Several seed sources in the
Arcata and Scotia area exhibited this phenomenon. Two trees were sampled:
the HSC Campus, Baseball Field Tree (code 140) on July 14, 1968, and a
redwood tree at Scotia, California (code 141) on June 30, 1968, Exposed

seeds were harvested and categorized into normal and deformed seeds.
Definitely deformed seeds are smaller and odd in shape. The averages are
listed in Table IV-1ll.

PROTRUDING SEED

Seed 4+ Mucro

Deformed Seed

Normal Seed

0.00
0.00
0.00
0.00
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TABLE IV-11: PROTRUDING NORMAL AND DEFORMED SEEDS
OF IMMATURE REDWOOD CONES, SEED WEIGHT AND GERMINATION

HSC Baseball Field Highway 101 Tree
Arcata, Calif, Scotia, Calif,
Code 140 Code 141
|Values Per Cone ]
!
PROTRUDING SEEDS |
i i
' i
Average normal seeds (protruding) 12.6 ' 6.3
Average deformed seeds (protruding) 3.8 i 1.0
i §
Standard error: g {
normal seeds 0.88 | 0.69 |
deformed seeds 0.91 | 0.21
Average # seeds/ cone: 154 ' 83 5
Germination % after ]
9 weeks:* 0% 0% g
Fresh wt, (g/l00 seeds) i 0.1972 0,2205!
Ovendry wt. (g/l00 seeds) i 0.1484 0.1652" i
% moisture of fresh seed 1125% 153% %, f%_
i -
* The protruding seeds were probably i@mature because none germinated aang ?35
200+ seeds. %
1 ; t’l:‘:"
| L
NORMAL MATURE SEEDS | o
Germination % after f o
9 weeks: I 0.00 to 0%
:1.00%
i
Ovendry wt. (g/100 seeds) | 0.1904 | 0.1652.
L LY
| .
Average # seeds/cone l149-154 i 83 :5
| : X
Ovendry wt. of cone i 0.788 i 0.665 ;i
Fresh wt, of cone 3,131 jno data v
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V. SEASONAL LITTER AND SEED FALL -
HUMBOLDT REDWOODS STATE PARK, WEOTT, CALIFORNIA

January, 1968 - September, 1969

Litter and seed fall records from Janurary, 1966 to January, 1968
already have been reported in the NSF GB # 4690 report (Becking, 1967).

The flats repeatedly flooded in 1964, 1966 and 1968 are generally
declining in vigor, and litter fall is reducing as well as seed fall. The

production of cones is gradually reducing and seed viability is practically
nil.

The flats flooded only in 1964 and only partly in 1968 are showing
signs of somewhat declined vigor. Litter and seed fall is lower and prob-
ably approaching normal rates. The initial litter and seed production
increased substantially following the 1964 floods and are now gradually
leveling off. A somewhat greater amount of seeds/m2 fall in the forests
under the 80-60% crown cover calss as compared to the 100-807% crown cover
class. Germination of seeds occurred only in the November, 1968 to April,
1969 period and is generally very low, varying from 0.1 to 1.5%. The non-
flooded flats are very similar to the flats flooded in 1964,

The lower and middle slopes indicate generally the same litter and
seed fall pattern with a reasonable seed germination of 0.9 to 17.8%.
Again, the highest germination rates were observed on the middle slopes.
The drier middle slopes and the lower slopes (R-SF type) receive more
solar radiation (heat), apparently favoring redwood seed germination and

reducing the chances of fungal infections. The seasonal data are summa-
rized in Table V-1.

The seasonal trends of changing seed weights is further documented.
The heaviest seed falls early in the winter and germinates almost immedi-
ately. The best germination is from the heaviest seed while seed fallen
during the summer and fall has practically no germinative energy left.
This indicates rapid loss of seed viability within one growing season.
The data have already been reported in Table IV-10 (page 55) and are
summarized in Table V-2,
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TABLE V-1: SEASONAL LITTER COLLECTIONS, HBOl1 - HBO8 LINES
HUMBOLDT REDWOODS STATE PARK, WEOTT, CALIFORNIA

January, 1968 - September, 1969
SITE CONDITION FLOODED 1966 & 1964 FLOODED 1964 NOT TOE OF SLOPE LOWER SLOPE |MIDDLE
INVEN CROWN COVER 7% ONLY FLOODED SLOPE
DATES {# OBSERVATIONS 100-80| 80-60 | 60-40{ 20-0 100-80{ 80-60 | 100-80] 100-80] 80-60 100-80] 80-60 | 100-80
Redwood Seeds :
9 Total (ungerm.) 112 384 32 0 1216 1648 1120 112 ;48 1072 1856 136
o # Germinated #/m2 0 160 |0 0 64 96 32 16 0 48 128 16
. # Damaged #/m2 48 64 0 0 672 416 208 48 0 160 112 144
9 Redwood Cones 0 48 0 0 32 32 16 0 0 48 0 16
. Ovendry Weights
© Litter g/m2 29.5 9.0 17.0 | 6.4 84,6 63.6 38.8 35 43,7 66.7 18.5 64.1
ko Cones g/m2 2.2 23 -- -- 16.1 15.4 612 -- -~ 16,6 | -- 4.9
. Total g/m2 31.7 32 17 6.4 100.7 | 79 45 35 43,7 83.3 18.5 69
" Seed Germination
o Total A 0 0 0 0 0.08 }J0.16 0 0 0 0.05 |0 0.99
o At End 1lst week 71 0 0 0 0 0 0] 0 0 0 0 0 0
2 At End 2nd week %] O 0 0 0 0.03 |0.16 |0 0] 0 0 0 0.20
- At End 3rd week %10 0 0 0 0 0 0 0 0 0 0 0.59
At End 6th week 7] 0 0 0 0 0.05 |O 0 0 0 0.05 |0 0.20
Redwood Seeds
Total (ungerm.) 24 1280 92 888 248 176 464 521 1584 451
o0
© # Germinated #/m? 0 0 -- - -- -- -- -- -- -—-
~ # Damaged #/m2 0 0 -- -- -- -- -- -- -- --
o~ Redwood Comnes 16 16 47 51 24 0 0 41 64 35
o Ovendry Weights 4 < <
3 Litter g/tn2 313.4 > 134.,1 e 114,7 1 123.8 | 37.5 55 41,1 76.3 216.8 | 93
S Cones g/m2 4.5 A - A 24,3 | 23.2 2.8 -- -- 11.1 |42 13
! Total 'g/m2 317.9 S . 134,1 2 139 147 40,3 55 41.1 87.4 | 258.8 | 106
N Seed Germination :
Total %10 0 0 0 0 0 0 0 0 0
§ At End lst week %! O 0 0 0 0 0 0 0 0 0
o At End 2nd week %: O 0 0 0 0 0 0 0 0 0
= At End 3rd week %! 0 0 0 0 0 0 0 o o 0
At End 6th week %{ O 0 | 0 0 0 0 0 0 {0 0

79
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DATES

November 2, 1968 - January 4, '196{9 July 2 - November 2, 1968

TABLE V-1, CONTINUED

T e TN Tl ey

DG ah mORRTERS

SITE CONDITION FLOODED 1966 & 1964 FLOODED 1664 NOT TOE OF SLOPE

CROWN COVER % _ ) ONLY FLOODED

#. OBSERVATIONS 100-80| 80-60 ] 60~-40 | 20-0 100-80] 80-60 100-801100-80 |80-60
Redwood Seeds

Total (ungenn.% 56 368 400 272 802 999 56 32 16

# Germinated #/m -- -- -- -- 17.6 - - - -

# Damaged #/m2 -- 16 -~ -- 56 73 -- , - -
Redwood Cones 4 32 0 -- 51 21 8 § o-- -
Ovendry Weights !

Litter g/m:2 263.9 | 128.2 | 144,41 176 290 322.3 228.2 1 207.5} 144.2
Cones g/m2 0.3 1.2 -- -- 12.4 7.9 0.3 - -
Total g/m2 264.2 | 129.4 ¢ 144.4 | 176 302.4 §330.2 228.5 207.5 1 144.,2
Seed Germination
Total %10 0 0 5.90 0.45 1,46 0 0 0
At End lst week % | O 0 0 0 0 0 0 ¢ 10
At End 2nd week % | O 0 0 0 0.30 | 1.46 0 -0 0]
At End 3rd week % |0 0 0 5.90 0.06 |0 0 0 i 0
At End 6th week % |0 0 0 0 0.09 |0 0 0 ; 0

e - e [ S

Redwood Seeds : i
Total (ungerm.) 1624 10288 | 64 0 1692 1278 24 . 16 g

# Germinated #/m2 0 32 0 0 4 18 0 .0 g

# Damaged #/m2 228 2704 32 16 197 162 0 0 i
Redwood Cones 0 0 16 0 48 23 8 0 !
Ovendry Weights §

Litter g/m 232.9 33,2 64,3 silted| 109.6. {60.3 53.2 48 S

Cones g/m2 -- -- 1 -- 7.6 112.1 : 3.1 0 I

Total g/m2 232.9 |33.2 65.3 -- 127.2 172.4 56.3 48 o
Seed Germination ! o=

Total % 11.34 0.20 0 -- 1.11 :0.13 0 0 ;

At End lst week 7% {0 0 0 -- 0.25 {0 0 0 ;

At End 2nd week 7 {0.58 (0,10 | O -- 0.67 !0 0 0 ;

At End 3rd week % |0.09 0 0 -- 0.09 :O 0 l 0 i

At End 6th week % {0.67 0.10 0 { -- 0.10 10,13 , 0 1 0 {

LOWER

100-80

517

98

196.6

201.9

80-60

OO O

SLOPE

1520
16
192
48
192.1
17
209.1
.05

.05

496

144

" 32

£ 30.9

1.5
32.4

OO OO0

MIDDLE

SLOPE
100-80

-

533
5
43
37

261.2
11.6
272.8

592

32
288

78.4
6.9
85.3

0.96
0.24
0.72
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TABLE V-1, CONTINUED

SITE CONDITION FLOODED 1966 & 1964 FLOODED 1964 NOT | TOE OF SLOPE LOWER SLOPE [MIDDLE
INVEN CROWN COVER % ONLY FLOODED SLOPE
DATES # OBSERVATIONS 100-80| 80-60| 60-40 | 20-0 100-80| 80-60 | 100-80 | 100-80| 80-60 |100-80{80-60 | 100-80
Redwood Seeds
A Total (ungerm.) 1072 | 3680 | 144 1754 | 1415 40 32 32 512 1120 797
o # Germinated #/m? | 72 336 . 0 30 75 0 0 0 14 12 0
. # Damaged  #/m? | 136 1280 | 0 125 155 0 0 0 25 160 51
o Redwood Cones 8 32 0 41 53 4 16 0 43 16 35
— Ovendry Weights
i Litter g/m? |95.3 | -- 159.8 | 2 ‘106.3 | 88.8 66.7 45.0 |66.2 .67.9 |47.4 119.8
o Cones g/m2 | 7.4 -- -- & i 20.9 |28.7 0.9 3.2 0 123.1 9.3 28.3
' Total g/m2 1 102.7 | -- 159.8 | .z 127.2 |117.5 | 67.6 48.2 |66.2 91.0 |56.7 148.1
- Seed Germination : ‘
. Total %{1.50 |5.23 | 25.00 i 1.02 {0.24 0 0 0 3.72 [11.43 | 17.84
2 At End lst week % | O 1.74 | 12.50 i 0.48 [0.24 0 0 0 2.22 {2.86 8.33
2 At End 2nd week 7| 1.50 |2.18 ! 6,25 . 0.54 |0 0 0 0 0.90 [5.71 9.51
8 At End 3rd week 7|0 0 - ;0 I 0 0 0 0 0 0.60 |2.86 0
At End 6th week %] 0 1.31 | 6.25 [ o 0 0 0 0 0 0 0
PR S — ; S R 26N USS RS SUOUY SRS (S
Redwood Seeds [ g
o Total (ungerm. ) 480 260 | 0 48 497 590 56 0 48 261 253
o # Germinated #/m? | 0 16 i 0 0 | 0 0 0 0 0 0
— # Damaged #/m2 | 96 48 10 32 L 79 94 4 0 0 48 : 45
_~  Redwood Comes 0 16 o0 0 26 41 4 16 16 34 | 24
o Ovendry Weights f <
; Litter g/m? | 114.2 | 37.6 | 144.3 |58 61.3 | 96.8 31.3 27.8 |50.6 61.0 & 95.8
) Cones g/m2 |0 7.8 .0 0 12.1 | 18.4 2.5 3.8 4.6 14,2 5 10.3
' Total g/m2 ! 114,2 | 45,4 ¢ 144,358 | 73.4 | 115.2 | 33.8 31.6 | 55.2 75.2 o 106.1
3 Seed Germination ; Z
. Total %10 0 P 0 0 -0 0 ) 0 0 0 0.33
o At End lst Week % O 0 . 0 0 P 0 0 0 0 0 0 0
e At End 2nd week 71 O ¢ 0 - 0 10 : 0 0 0 0 0 0 0
At End 3rd week %! O 10 S0 i 0 0 0 10 0 0 0 0
At End 6th week %1{ 0 | 0 0 1o i 0 ;0 i 0 L0 0 0 : 0.33




TABLE V-1, CONTINUED

SITE CONDITION FLOODED 1966 & 1964 FLOODED 1964 NOT
INVEN CROWN COVER 7 . . ONLY FLOODED
DATES # OBSERVATIONS 100-80; 80-60 | 60-40 - 20-0 i 100-80| 80-60 | 100-80
o Redwood Seeds } : :
© Total (ungerm.) 779 256 0 - 160 1250 | 1193 32
— # Germinated #/m2 ! 0 0 0 0 0 0 0
< # Damaged #/m2 | 16 | 48 0 32 100 78 4
~ Redwood Cones . 48 196 0 ‘0 19 21 0
M Ovendry Weights : %
= Litter g/m? 0 113.9 174.9| 311.9 -123.3 | 212.1 {226.7 | 117.1
3 Cones g/m?2 0.9 33,5 |0 0 .8 9 0
o. Total g/m2  114.8 '208.4 | 311.9 123.3 ! 220.1 {235.7 | 117.1
n Seed Germination : :
. Total % 0 ;0 -- .0 .09 {0 0
— At End lst Week % . 0 0 -~ 0 0 0 0
> At End 2nd Week 7 - 0 0 -- 10 0 1 0 0
! At End 3rd Week %: 0 -0 -- 0 I 0.07 !0 0
At End 6th Week %! 0 0 -- {0 i 0.02 joO 0

SLOPE

80-60

48
0
0
16
50.6

4,6
55.2

oNeNeRoNol

SLOPE

80-60

2032

; 128

80

210,2
40,7
250.9

[eNeoNeoNoNo

MIDDLE
SLOPE

973
0
35
19

170
14.5
184.5

100-80

L9
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TABLE V-2: ANNUAL LITTER COLLECTIONS, HBOl - HBO8 LINES,

HUMBOLDT REDWOODS STATE PARK, WEOTT, CALIFORNIA
(Ovendry Weight g/m2)

Year: 1966

FLATS FLOODED 1964, 1966 & 1968

Winter* 41.9
Spring 224,3
Summer 320.9
Fall 95.9
Total 683.1

FLATS FLOODED 1964 ONLY

Winter : 62.4
Spring 579.4
Summer 260.8
Fall 216,5
Total 1119.1

FLATS NOT FLOODED

Winter 57.0
Spring 217.2
Summer 161.0
Fall 257.0
Total 692.3

LOWER SLOPES

Winter 25.9
Spring 156.9
Summer 258.5
Fall 154.7
Total 596.0

MIDDLE SLOPES

Winter 78.4
Spring 378.0
Summer 156.8
Fall 131,2
Total “ViL.3

* Winter - Dec., Jan., Feb.
Spring - March, April, May
Summer - June, July, Aug.
Fall - Sept., Oct., Nov.

1967

226,8

62.1
242,6
280.8
812.3

134.9
104.1
191.3
315,1
745.4

104.5

51.2
105.6
277.6
538.8

73.4
127.0
167.1
218,7

T 586.3

156.8
138.1
174,1
187,0

655.9

1968

21.8
226.0
178.5
110,5

536.8

89.9
143,0
316.3

99.8

649,0

44.9
40.3
228.5
56,3

370.0

45.1
110.6
190.7

50.8

397.2

69.0
106.0
272,8

85,3

533.1

1969

131.3
90.5
189.6

411.4

122.4
94,3
227.9

67.6
33.8
117.1

218.5

65.5
54,0
128.5

-
248,0

148.1
106,1
184,5

438.7
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VI. REDWOOD REFORESTATION IN HUMBOLDT COUNTY,
CALIFORNIA DURING 1922-1932

Dr. Rudolf W. Becking
School of Natural Resources

Humboldt State College
Arcata, California 95521

Redwood reforestation efforts were undertaken during the years of
1922 to 1932 by six redwood lumber companies in Humboldt County, Califor-
nia. The need for redwcod reforestation was recognized by many foresters
because of the obvious lack of natural regeneration of the logged-over
areas. This caused considerable concern for the future of the lumbering

operations, and it was then decided to undertake the redwood reforestation
efforts.

-
i

.« WS
Emaa y wiiz. s

FIG. VL-1l: THE FOREST NURSERY AT SCOTIA, CALIFORNIA
In center of the picture is MMr, William H, Wirt, manager of the

nursery, Photograph taken in about 1925. (Courtesy of Mrs. Marguerite
Wirt, Seattle, Washington.)

* The author wishes to express his gratitude for the valuable first-hand
information received from: Mr. Willis G. Corbitt, 707 SW Westwood Dr.,
Portland, Ore. 97201; Mr. W. R. Schofield, 915 Neilson St., albany, Calif.
94706; Mr, Hubert L. Person, 140 Camino Encanto, Danville, Calif. 94526;
Mr. Lawrence C. Merriam, Save-the-Redwoods-League, 114 Sansone St., San
Francisco, Calif. 94104; Mrs. William C, Wirt, 41-5 Brooklyn Ave., NE,

Seattle, Wash. 96105; and Mr. Myron Krueger, 1426 Rockledge Lane #6,
Walnut Creek, Calif. 94595,
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In the 1920's cable logging systems required large clear-cut areas
for efficiency and operation, This left the logged areas without any
seed trees. Advanced technology in slack-line cable logging with powerful
steam donkeys allowed removal of large timber volumes, thus creating large
clear-cuts, The main mode of timber transportation was the railroad.
Steam donkeys were used to drag the logs by cable directly downhill to
landings alongside the railroad track. Much timber was destroyed and
serious soil disturbances caused erosion and damage to the site. Logging
slash was generally burned prior to cable skidding to clear the ground as
much as possible, A second burn was usually made upon conclusion of the
logging activity to reduce fire hazards., This repeated burnipg eliminated
any immediate establishment of regeneration upon completion of all logging
activities, The absence of seed trees compounded the problem of dissemi-
nation of seed over the large clear-cut blocks, Thus, brush fields were
created lacking adequate natural regeneration by commercial coniferous
species, These understocked areas were first selected for reforestation
efforts,

In 1923, the Humboldt Redwood Reforestation Association (HRRA) was
created with a membership of 12 lumber companies, two timber investment
companies and the University of California (Schofield, 1929), The goals
of the HRRA were recorded as follows:

l. To investigate the factors which lead to successful reforesta-
tion of cutover lands,

2. To coordinate cooperative work in fire protection and preven-
tion,

3. To enhance natural reproduction in cutover areas or execute
otherwise reforestation by planting,

4, To adopt a land classification upon which reforestation
should be centered.

5. To seek copperation with state and federal agencies and other
organizations,

6. To seek reservation and preservation of a reasonable amount
of old-growth timber if preservation of such timber is
practical and interferes as little as possible with lumbering
operations.

7. To aid in the planning and supervision of redwood reforesta-
tion projects of its members,

The HRRA was supported by an assessment of two cents per acre of timber
of its membership, In 1923, some 247,420 acres were managed under the

above purposes by the HRRA., By 1928 this acreage had grown to 293,794
acres (Schofield, 1929),
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The HRRA contracted with the Pacific Lumber Company to create at
Scotia a forest nursery for the delivery of redwood planting stock to its
membership, Wirt, Haas, Merriam, Schofield, Corbitt and Person have made
reports on specific aspects of these reforestation efforts, but much of
the information obtained was never summarized for publication., This paper
will review the available reports and include many private notes of those

foresters engaged in the actual reforestation efforts of the years 1923
to 1932,

In 1922 the Pacific Lumber Company was one of the first companies in
Humboldt County to adopt reforestation by planting as its official policy,
Mr. David T, Mason, a well-known consulting forester in the Northwest, was
instrumental in convincing the officers of the Pacific Lumber Company that
it would be to the advantage of the lumber company to secure the future
timber supply by reforestation (Corbitt, 1960). For this reason, Myron E,
Krueger was transferred in April, 1922, from the Engineering Department in
the logging camps to the Forestry Department to start this reforestation
effort, Krueger carried out, as his first task, field surveys to deter-
mine the extent of areas in need of reforestation, He made plans for
future plantings and thinnings of areas which were then well-stocked with
natural or sprout regeneration., During the spring of 1922, Krueger and

his assistant Robert Downs, began the layout of the forest nursery immediate-

ly south of the town of Scotia. A small area was cleared of its large red-
wood stumps, On May 21, 1923, Willis C. Corbitt was chosen to carry on the
forestry work when Robert Downs was transfered to the engineering crew,

On May 31, 1923, William H, Wirt, a graduate of the College of Forestry,

the University of Washington at Seattle, was hired to assist with the
forestry work and nursery operations. Corbitt, as a professional engineer,
was put in charge of the engineering surveys to re-establish property limes
and section corners. He executed topographic mappings of many logged areas,
Wirt was placed in charge of all nursery operations. He supervised the
plantings during the late fall and early spring months, the cone collections
in the fall, and the experimental plantings in open second-growth stands.,
Wirt was further charged with the development of an educatiomal program

for fire prevention, and he presented many talks to local rural schools,
When forest fires did occur, Corbitt was actually put in charg