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Douglas .. fir Tre3 Seed 

<iermh1aUon E11hancement 
Using fliicrowave Energy* 

James A. Jollyt and 

Robert· L:i=j;t 

ABSTRACT 

This research describes and reports 
the results of an investigation to de
termine an optimum microwave en
ergy exposure level and exposure time 
that will produce signijicant enhance
ment of the germination time and 
seedling yield of Douglas-fir tree seed. 
The most favorable exposure combi
nation increased the overall seedling 
yield greater than 25%, with the early 
germination enhanced greater than 
800%. 

lntroductior. 

The conceot that controlled levels 
of electromag;etic · radiation could dis
play a beneficial effect upon seeds has 
been known for several decades. 
Riccioni (1 ), in Italy, conducted ex-
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periments beginning the early l 930s' 1 

that demonstrated seed germination 
enhancement. Riccioni's work lead to 
the construction of an industrial instal
lation for the purpose of treating seed 
in 1938. Many varieties of seeds were 
treated and field tested throughout 
Italy with apparent success. This work 
was terminated by World War II. Re
ports have been received from Russia 
(2, 3, 4) indicating sin1ilar work is 
in progress there. 

The work of Riccioni as contrasted 
to more recent work reported in the 
United States by Nelson et al. (5, 6) 
and others, used a discharge device 
that generated a wide and poorly con
trolled range of electromagnetic radi
ation. The work of Nelson and others 
has generally been in the region of 
40 MHz. 

The work in Russia reported by 
Khvedelidze et al. was mainlv directed 

· to the measurement of the ;ctions of 
a magnetic field upon plant seeds. Al
though most of the work reported by 
Khvedelidze was the results of a con
~tant magnetic field, it was their be
iief that more or less equivalent et
fects would be obtained by a polarity 
reversing fields so far as seed germi
nation was concerned. Significant 
germination enhancement was report
ed. 

The research reported here was the 
first phase of a program intended to 
investigate the feasibility of employ
ing electromagnetic energy for the 
control of the Douglas-fir tree seed 
chalcid in stored seeds (7). At pres
ent, the Douglas-fir tree seed chalcid is 
controlled in seed storage by the use 
of several chemical fumigants, all of 
which are time consuming to apply, 
highly toxic, and relatively costly. 

Unique to this study· was the use 
of 2450 MHz electromagnetic energy 
which suggested the possibility of more 
pronounced energy concentration in 
the chalcid than in the remainder of 
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the Douglas-fir tree seed. This possi
bility exists because of the relation
ships: 1 

P /V = E2 K tan c3 w (1 ) 

Where it is probable that: 

K tan c3 (Chalcid) 
>1 

K tan c3 (Douglas-fir tree seed) 
(2) 

Von Rippel (8) gives loss tangent 

tables that further substantiate this 

hypothesis. 

Frequency 

Water 25°C 
Flour 25°C 

Values for tan c3 
100MHz 3000MHz 

0.005 0.157 
0.063 0.080 

The chalcid is to a large extent 
water and therefore may be expected 

to have a loss tangent that approaches 

the Von Rippel value of water at 3000 

MHz. In contrast the Douglas-fir tree 
seed may be compared to flour and 

therefore may be expected to have a 
loss tatuient. similar to the Von Hippel 
value f;r flour at 3000 MHz. 

The use of microwave energy of 
2450 MHz as compared to UHF en
ergy at 40 MHz offers two advantages: 

First, the loss tangent between the 
chalcid and the seed should be sev
eral times more favorable in terms of 
energy absorption, and secopd, as 

equation (1) shows the effective P?Wer 
density P /V is directly proportional 
to freque,ncy when the voltage E is 

held constant. 

Scope 

Based upon these assumptions the 
main objective of Phase I of the study 
was to determine the point at which 

t p fV is the field strength usually expressed in 

Volts/meter, E is the electric field in Volts, K 

is the relative dielectric constant, K = (' I f.o 

where e' is the real part of the complex di

electric constant, and Eo is the dielectric con

stant of vacuum, tan c3 is the loss tangent of 

the material being considered. 

Douglas-fir tree seeds are killed by 

microwave energy. The scope of the 
work performed_ was: 

1. To determine the intensity and 
duration of microwave energy at 
which a marked decrease in seed 
germination occurs. 

2. To determine if microwave en
ergy causes an increase in ger
mination when compared with 
seeds which have not been 
treated with microwave energy. 

Materials ar.d Procedures 

The Douglas-fir tree seeds were ob
tained from Weyerhaeuser Company's 

Vail-McDonald Tree Farm located at 
Chehalis, Washington. The seeds had 

been placed in cold storage at 0°C 

for stratification and protection. The 
seeds were coated with Edrin (a ro

denticide) and powdered aluminum 
{a bird repellent). 

The seeds were separated into 30 

units of equal weight. Each unit .:on 
tained 3 grams of seed material. 
Twenty-four of the units were ex

posed to electromagnetic radiation and 
the remaining six units were untreated 

for use as controls. There were ap
proximately 120 seeds per unit. 

The exposed seeds were subjected 

to five power settings and seven ex
posure times. The power settings were 
100 watts, 200 watts, 400 watts, 800 

watts, and 1600 watts. The exposure 
times were 4 sec., 8. sec., 16 sec., 32 
sec., 1 min., 2 min., and 4 min. 

The ·exposure time-power matrix is 

shown in Fig. 1. 
The method of exposing the seed 

sample to the microwave energy was by 

placing the seeds in a Petri dish sup
ported in space by a polypr~pylene 
rod. Fig. 2 is a diagram showmg the 
location of the seeds in a multimode 
cavity. The multimode cavity used 
was the Varian Model TCS-2.5A 
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' EXPOSURE TIME 

4 SEC. 8 SEC.165EC. 32 SEC 1 MIN. 2 MIN 4 MIN 

"' 100 X X X X 
I-
I-

~ 200 X X X X X 

~ 400 X X X X X 
er 
w 

X 3 800 X X X X 
0 
Q. 

1600 X X X X X 

Figure EXPOSURE TIME-POWER 
MATRIX. A matrix showing the microwave 
exposure and power and the exposure time. 
An "x" indicates a single sample of 3 grams 
of Douglas-fir tree seed. 

powered by the Varian Model PPS-
2.SA 2450 MHz microwave power 
source . 
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Figure 2 MULTIM_ODE CAVITY CON
FIGURATION. The Douglas-fir tree seeds 
were exposed in a single layer with distance 
A equal to 4.2 cm. from the microwave 
input port in a multi-mode cavity (Varian 
TCS 2.5). 

After exposure to the microwave 
energy, each unit of seeds was placed 
on moistened germination paper (sim
ilar to blotter paper) cut to fit the 
inside of a standard 4" by 4" germina
tion dish. 

Fig. 3 illustrates the. configuration 
in the germination dish. 

v111117Z12) = GERMINATION PAPER 

Figure 3 GERMINATION DISH CON
FIGURATION. A side view of the standard 
4" by 4" germination dish. The bottom is 
covered with germination paper. The seeds 
were uniformly distributed over the area of 
the dish. 

All of the test units including the 
control units were placed in a green
house. The test units were placed in 
a small area so as to minimize the 
fluctuations of sunlight and tempera
ture from one unit to another. The 
germination paper was kept moist at 
all times. 

The first germination count was 
ta~en. after 48 days. Additional ger
L.11nat1on counts \Vere take:: at 7 day 
intervals. Five separate germination 
counts were recorded. Seeds counted 
as being germinated were those which 
showed a well formed root measuring 
at least 0.5 centimeters in length. 

Fig. 4 is a graph of the cumu
lative germination of test units when 
plotted against Watt-seconds of micro
wave exposure. The cumulative ger
mination counts are mean values. In 
most cases the mean values are for 
five samples. A perfect germination 
would have been a cumulative mean 
value ceunt of 120. 

Fig. 4 is most easily understood 
by following the graph line for a single 
time, for example Time 1. At Time 1, 
which was 48 days after exposure it 
may be seen that units with 3 x 103 

Watt-seconds exposure and units with 
12 x 103 Watt-seconds exposure had 
a mean value of germination of 27 
and 24 seeds respectively. At the same 
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Figure 4 GERMINATION RESPONSE (All units mean values normalized). The graph 

shows the cumulative germination of all test units when plotted against Watt-seconds of 

microwave exposure. The cumulative germination counts are mean values. In most cases the 

mean values are from five samples. A perfect germination would have been a cumulative 

mrnn vdne c,f 120. 

time, Time 1, the control units had a 
mean value of 2 seeds germinated. 
Further, the 192 x 103 Watt-second 
exposure was similar to the control 
units with a mean value of 2 seeds. 

By Time 5 the germination was 
considered essentially complete. Time 
5 was 48 plus 28 or 76 days after 
microwave exposure. Fig. 4 indicates 
substantial improvement in germina
tion as a result of some of the ex
posure levels of microwave energy. 

It is also apparent from Fig. 4 
that some kill occurs for the 192 x 103 

Watt-second exposure. 

The results plotted in Fig. 4 are 
reasonable to expect particularly if 
the germination enhancement is de
pendent upon both the time of ex
posure to the microwave power and 
the amplitude of the microwave power 
applied. Using this assumption it 

would be acceptable to either hold 
the time constant and increase the 
microwave power or conversely vary 
the time and hold the microwave 
power constant ( 9). 

The relative in1portance of these 
two parameters are investigated by the 
plots shown as Fig. 5. Each curve 
represents a constant Watt-second 
value which was obtained by changing 
both the exposure time and the ampli
tude of the microwave energy. Specific 
values may be obtained by reference 
to Fig. i. 

Fig. 5 strongly suggests that short 
time exposure at a high amplitude of 
power is much less favorable than the 
converse i.e. a longer exposure time 
and a lower amplitude of power. 

This leads to the unproven postu
late that the germination enhancement 
rate may be primarily dependent upon 
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Figure 5 GERMINATION RESPONSE AS RELATED TO POWER WHEN WATT
SECONDS ARE HELD CONSTANT. Shown are the final germination counts of selected 
test samples plotted against microwave exposure power. The exposure time for each sample 
was varied betwe?n 8 seconds and four minutes in order to obtain the indicated watt-seconds 
consiant value shown on the Figure 5. A perfect germination \v,m:d h"-ve been a cvur,t c;f 120. 
The control is the average of five control samples. 

the amplitude of the electromagnetic 
field and therefore may be more than 
a simple thermal phenomenon. 

The Chi-square test was applied to 
the experimental data used to con
struct Fig. 4. The results are shown 
in Table. 1. 

TABLE 1 

CHART OF CHI-SQUARE 
CALCULATIONS 

Watt-seconds 

3 X 103 

6 X 103 

12 X 103 

24 X 103 

48 X 103 

96 X 103 

192 X 103 

Chi-square Probability 
Level 

18.2 0.99 
10.7 0.94 
14.9 0.98 
11.0 0.95 
7.3 0.80 
4.0 0.50 
3.2 Less than 0.50 

From the Chart of Chi-square cal
culations it is shown that for the 
3 X 103 Watt-second conditions the 
yield improvement could be attributed 
to the microwave energy process 
greater than 99% of the time. Fur
ther for four levels of microwave 
energy exposure the process improve
ment could be attributed to the micro
wave energy 94% of the time. 

Conclusions 

As a result of this study it was 
concluded that: 
1. There was a statistically signifi

cant enhancement in the germi
nation of Douglas-fir tree seed 
when exposed to microwave en
ergy levels of 3 x 103, 6 x 103, 
12 X 103

, and 24 X 103 Watt-
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seconds when using the described 4 Shatilov, F. V., and Trifonova, M. F., 

physical configuration. "Effect of a Constant Electric Current 

':j: 2 A k ct d · d · on the Metabolism of Sprouting Barley 
.,~_- . mar 'e rop m see germ1-
F nation was observed at the micro- S-!eds," Applied Electrical Phenomena, 

I
, No. 1 (19) 1968, pages 60-66, trans-

~-•-;_-_ wave energy level of 192 X l0
3 

Jat.::<l from Efoktronnaya Obrabotka Ma-

. Watt-seconds. This was interpreted 
;: to be the germination kill level. terialov, No. 1 (l9), pages 67·i4, 

, January-February 1968. 

1 3. The microwave field intensity ap-
peared to be a more important 

variable than microwave exposure 

time. 
4. No morphological differences were 

noted in the roots of the seedlings 
treated with microwave when com
pared with the roots of the control 

seedlings. 
5. If the Douglas-fir tree seed chalcid 

can be killed in the seed at treat
ments by a microwave exposure 

comparable to the 24 x 103 Watt
second level used in these experi
ments a microwave control pro
gram could be developed without 
causing a decrease in seed germi-

References 

Riccioni, B., "11 trattamento elettrico 

de! seme di grano, 'sistema Riccioni' 

dal laboratorio ali agricoltura pratica," 

lnstituto Italiano D'Arti Grafiche, 1942 

(Italian). 

2 Kalantarov, M. I., "'Electrification of 

Agriculture," Proceedings of the Aca

demy of Science of the Azerbaijan SSR 

17: (1) 25-29, 1961 (Translated from 

Russian). 

3 Khvedelidze, M. A., Dumbadze, S. I., 
Lomsadze, M. Sh., and Datebashvili, N. 

A., "Investigation of the Orientation of 

Plant Seeds in a Constant Magnetic 

Field Before Onset of Germination," 

Applied Electrical Phenomena, No. 1 
( 19) January-February 1968, pages 52-

59, translated from Elektronnaya Obra

botka Materialov, No. 1(19), pages 58-

66, January-February 1968. 

5 Nelson, S. 0., Nutile, G. E., and Stetson, 

L. E., "Effects of Radio-frequency Elec

trical Treatment on Germination of 

Vegetable Seeds,-" Joumai of the Ameri

can Society of Horticulture Science, 95 

(3) 359-366, 1970. 

6 Nelson, S. 0., and Walker, E. R., "Radio 
Frequency Electrical Fields for Stored 

Grain Insect Control," Transactions of 

the ASAE, Vol. 3, No. 2, pages 133-144. 

7 Chalcis is the name of the typical genus 

of the family chalcididae (so named be

cause of their copper metailic color). 

Chalcids are small insects, either four 

winged or wingless, whose larvae are 

parasitic on the eggs, larvae, or pupae 

of other insects. 

8 Von Hip:,el, Arthur R., Dielectric Ma

terials and Appiic~tfons. New York: 

John Wiley and Sons, 1954. 

9 The microwave power and field intensity 

are related by the equation E= y PZ 

where P=power in watts, Z is a con

stant representing the impedance of free 
space. 

10 Hamid, M. A. K., Kashap, C. S., and 

Van Cauwenbergbe, R., "Control of 

Grain Insects by Microwave Power," 

Journal of Microwave Power, Vol. 3, 

No. 3 (1968) pages 126-135. 

11 Hamid, M. A. K., and Boulanger, R. J., 

"A New Method for the Control of 

Moisture and Insect Infestation of Grain 

by Microwave Power," Journal of Micro

wave Power, Vol. 4, No. 1 (1969) pages 
11-18. 

12 Waters, F. L., "Control of Insects in 
Foodstuffs by High Frequency Electric 

Fields," Entomological Society of On· 

tario Proceedings, Vol. 92, 1962. 

! ;-

f 

l 
' l 
I 

l 
' 

I 
1 

! 

l 
! 

l 
i 

~ ~ 

' 


