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FOOD PRODUCTION BY TISSUE CULTURE TECHNIQUES

SUMMARY

The feasibility of producing large aaounts of plant tissue in

subaerged culture was establisbad* Alteration of the proximate

composition of a tissue by variation of the media appears possible.

Glycerol appears to be a good source of organic carbon for carrot

tissue in submerged culture. Casein hydrolysate la equivalent to

coconut lailk as a source of growth factors.



POOD PRODUCTION BY TISSUE CULTURE TECHNIQUES 

INTRODUCTION

Exploratory studies were initiated in 1960 to determine the use­

fulness of tissue culture techniques for food production and the 

feasibility of producing large amounts of undifferentiated plant 

tissue In submerged culture.

Cultures of normal edible tissues (potato, carrot, and the stems 

of grape, tomato, and tobacco) growing as callus tissue on agar, were 

obtained from the Plant Pathology Department of the University of 

Wisconsin. In addition, cultures of sweet potato, cress, rhubarb, 

broccoli, cabbage, and asparagus were isolated, grown, and maintained 

in this laboratory.

PROCEDURE

The "tobacco" medium of Hlldebrandt et al. (1) with 15 percent 

coconut milk and 0.1 ppm <-naphthaleneacetic acid (C medium), and 

with 6 pi» 2,4-dlchlorophenoxyacetlc acid (D medium) was used 

(Table 1). The medium without agar was used for submerged cultures, 

nnrf with 0«6 percent agar for Isolation and maintenance of callus 

tissue cultures.

To scale-up liquid cultures to large volume, we used Erlenmeyer 

flasks (300 ml), then Fernbacb flasks (3 liters), and finally either 

12-llter Florence flasks or 14-liter fermentor ^ars. The Inoculum 

for the large flasks and Jars was prepared by transferring a piece



Table 1

Coaposltlon of Basic Mineral Salt-Sucrose 
Medium or "Tobacco" Medium (1)

Nutrient Ingredient

Na SO. 
2 4

800.0 mg

Ca(N03>2 • 4H2O 400.0 mg

MgS04 • THgO 180.0 mg

KNO3 80.0 ■«

KCl 6S.0 mg

• HgO 33.0 mg

40.0 mg

MnS04 * 4N2O 4.9 mg

ZnS04 ‘ 7H2O 6.0 ng

H3BO3
0.375 ng

K1 3.0 ■«

NAA 0.1 mg

Ca Pantothenate 3.5 ng

Glycine 3.0 mg

Thiamine 0.1

Sucrose 20.0 g

Agar 6.0 g

Water 1000.0 ml

1. 6.0 ng 2. 4-dicblophenoxyacetic acid are added for "D Medium."



of tissue from the agar to 100 ml of liquid medium in a 300-ml 

Erlenmeyer flask. This culture was agitated on a rotary shaking machine. 

When sufficient growth occurred, the contents were transferred to a 

Fernbach flask containing one liter of medium. This culture was also 

agitated on a shaker. After another period of growth, 200 to 300 ml 

of the culture were inoculated into six liters of medium in a 12-llter 

flask, or 10 liters of medium in a fermentor Jar on the Fermentor Drive 

Assembly. The tip of a 100-ml volumetric pipette was cut off before 

sterilization to facilitate this transfer of tissue.

To aerate and agitate the culture in the 12-liter flask during 

growth, sterile compressed air was continuously sparged into the cul­

ture (2). The culture in the fermentor was agitated by a variable 

speed stirrer, and air was metered and filtered before being intro­

duced into the culture through a sparger.

The cultures on the shaking machine were Incubated at 28° to 30 C. 

while the culture in the 12-liter flask was of necessity subjected to 

the variations of room temperature. The fermentor Jar was partially 

submerged in a 28°C. thermostatically controlled water bath.

Table 2 shows yields of tissue obtained from some six liter cul­

tures in 12-liter flasks aerated by sparging compressed air into the 

culture, and yields from 10-liter cultures grown on the fermentor 

assembly under controlled conditions of temperature, aeration, and 

agitation. All the cultures were grown in basic mineral salt-sucrose 

medium with IS percent coconut milk.



Table 2

6-Liter Cultures in 12-Liter Flasks

Yield of Tissue (Dry Wt.)
Tissue Days in Culture Total B k/1

Carrot 4 24.6 4.1

Carrot 5 27.5 4.6

Carrot S 24,3 4.0

Rose Stem 5 22.9 3.8

Carrot 6 30.0 5.0

Tomato Stem 6 29,1 4.8

Carrot 6 28.6 4.7

Carrot 7 33.6 5.6

10-Liter Cultures in 14-Liter Fermenters

Carrot 4 60.4 6.0

Carrot 5 75.1 7.5

Carrot 6 79.0 7.9

Carrot 6 82.6 8.2

Sweet Potato 7 80.0 8.0

Sweet Potato 7 71.4 7.1

Sweet Potato 8 76.6 7.6

Carrot 10 79.0 7.9

Tomato Stem 14 79.0 7.9



CONTAMINATION

At first, contamination with mold and bacteria was a problem in the 

cultures growing in the large flasks and fermentors. Sorbic acid at 

various concentrations did not inhibit mold in the cultures but Myco- 

statin (25 units/ml) and/or Fungizone (2 mcgm/ml) were effective anti­

fungal agents. Tylosin (20 ppm) or chlorotetracycline (25 mcgm/ml) 

controlled bacterial contamination. None of these antibiotics has 

produced any apparent toxic effect on the growth of tissue.

GROWTH STIMULATORS

All of the tissues grew well on agar but when the cultures were 

transferred to the first liquid medium the lag period for most was 

long (three to four weeks or longer). Table 3 lists substances used 

in an attempt to stimulate or initiate growth of the tissues in the 

first liquid culture.

Coconut milk is used routinely in media by most investigators in 

the plant tissue culture field as a source of growth factors, some of 

which are yet unknown (13, 14).

Comparisons were made of batch cultures of tissues grown in the 

fermentors in 10 liters of broth with coconut milk, casein hydrolysate, 

adenine sulfate, yeast extract, dried skim milk or combinations of 

these substances. Table 4 gives the results.



Table 3

Growth Stimulators

Additive Replaced Effect

2% glucose (3, 4, 16) 2% sucrose none

1% glucose + 1% levulose (5) 2% sucrose none

Urea (6, 7) Nitrates none

Klnetln (0.2 ppm) Indoleacetlc

acid (8. 9)
Stimulated callus- - 
no effect liquid

Glbberelllc acid (5 ppm) (10, 11) Inhibition

Algae hydrolysates Coconut milk none

2% extract of corn seedlings Coconut milk Stimulated carrot am 
sweet potato

1% cottonseed flour Coconut milk none

Adenine sull.<:e (9, 12) None In first liquid 
but stimulator In 
lOL cultures

COMPOSITION OF TISSUE

Proximate analyses were determined by the Analytical Chemistry 

Laboratory. The results showed a rather wide variation and were 

apparently dependent on the medium In which the tissue was grown and 

the conditions of aeration or agitation. Table 5 gives the results 

of tbe chemical analyses



Table 4

Yield of Tissue from 10 Liter Fermenter Cultures with 
Different Supplements In Basic Sucrose-Mineral Salt Medium

Tissue Supplement

Days In Yield of Tissue-Dry Wt,
Culture Total grams_ _ _ g/1

Carrot

Carrot

Carrot

Carrot

Carrot

Carrot

Carrot

Carrot

Carrot

Carrot

Carrot

Carrot

CM^ (15%)

CM (15%)

CM (15%)

CM (15%)

CH^ (0.2%)

CH^ (0.2%)

Cir (0.2%)

CH (0.2%)

CH (0.2%) + Ads^ (40ppm) 

YE^ (0.2%)

SM® (0.2%)

SM (0.5%)

6

6

7

10

5

6 

6 

6 

7 

6 

7 

7

82.6

79.0

74.5

79.0

75.1 

80.0

77.2

78.6 

104.7

81.0

69.1

85.0

8.26

7.90

7.45

7.90 

7.51 

8.00 

7.72 

7.86

10.47

8.10

6.91 

8.50

Carrot SM (1%) 7 120.4 12.04

Carrot SM (1%) 7 100.5 10.05

Carrot SM (1%) 7 102.6 10.26

Carrot 11.25% CM;0.15% CH;0.75;SI^ 6 122.0 12.20

Carrot 5% CM;0.066% CH;0.33% SM^ 6 95.8 9.58

Carrot CH (0.2%) 14 72.5 7.25

Carrot SM (1%) 10 100.6 10.06

Sweet Potato CM (15%) 7 80.0 8.00

Sweet Potato CM (16%) 7 58.6 5.86

Sweet Potato CH (0.2%) 7 71.4 7.14

Sweet Potato CM (15%) 8 76.6 7.66

Tomato Stem YK (0.2%) 14 87.4 8.74

Tomato Stem CH (0.2%) 14 94.0 9.40

1. CM s Coconut milk 4. YE s Yeast extract
2. CH m Casein hydrolysate 5. SM = Dried skim milk
3. Ads > Adenine sulfate 6. Combination was equal to 3/4 the usual

awunts of CM, CH, and SM.
7. Combination was equal to 1/3 the usual 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ amounts of CM, CH, and SM._ _ _ _ _ _ _ _ _ _ _ _

i





CONTINUOUS CULTURE

Several experiments were attempted using continuous nutrient feed 

and automatic harvest. Ten liters of broth were inoculated with 

approximately 2.0 grains dry weight of carrot tissue, and the cultures 

were allowed to grow for three to four days before continuous feed- 

automatic harvest was begrun. Table 6 shows the results of these studies.

Difficulties were encountered with the fermentor assembly when 

continuous culture studies were attempted. The tissue grew in compact 

masses between the baffles and the Jar walls, and in the opening of the 

tubing. The air and nutrient inlet tubes and the harvest outlet tube 

became plugged with tissue. Calculations of growth rates from the con­

tinuous harvest did not reflect actual growth because of these static 

masses.

Continuous

Table 6

Nutrient Feed-Automatic Harvest

Days in Days on Total Harvest Yield of Tissue-Dry Wt.
Culture Continuous (liters) Total grams g/1

6 3 4.9 26.2 5.3

11 8 22.9 152.S 6.6

12 8 22.4 142.9 6.3

17 12 33.3 151.6 4.5

The above experiments were terminated for one or more of the follow­

ing reasons:

1. Failure to the feed tube from nutrient reservoir.



2. Air inlet and nutrient tube clogged with tissue.

3. Harvest tubes were completely obstructed with solid 

masses of tissue.

4. Fermenter Jar broke over week-end in water bath.

5. Pressure in fermenter blew cotton plugs out of orifices 

and tissue was pressured into water bath.

A semi-continuous culture was grown for 38 days. Ten liters of 

broth were Inoculated with 2.0 grams dry weight of carrot tissue.

After allowing five day's for growth, three liters of the culture were 

harvested and three liters of fresh nutrient were added every two to 

three days. A total of 492 grams dry weight of tissue was produced 

from 54 liters of medium. This is equal to 9.1 grams/liter or approxi­

mately 13 grams dry weight of tissue per day.

It was thought that by using a larger Inoculum the initial three 

to four days growth period could be eliminated, and the culture could 

be attached innnediately to a slow nutrient feed and automatic harvest.

It was hoped that by this procedure the large static masses of tissue 

would not develop. The actively growing liter carrot tissue cultures 

in four Fernbach flasks were aseptically pressured into five liters 

of CM broth in a fermentor Jar. This amount of inoculum was calculated 

to be approximately 26 grams dry weight of tissue or 2.9 g/1 in the 

total nine liters in the fermentor. The continuous nutrient feed and 

automatic harvest were started but within the first 24 hours the harvest 

line became plugged up and on the third day the nutrient inlet tube was 

obstructed with tissue growing under the head assembly and in the tube. 

These masses were aseptically blown out by air pressured through the



tubing. On the fifth and sixth days the inlet and outlet tubes were 

again obstructed. The culture was harvested on the eighth day. Table 

7 shows the results.

Table 7 

Harvest

Day Volume-liters Dry Weight-grams g/1

1 2.0 8.5 4.1

2 1.2 9.5 7.9

3

4 week-

0.7

feed & harvest

5.6 8.1

5 end tubes plugged

6 0.5 3.6 7.2

7 0.9 5.9 6.3

8 culture 
harvested

8.6 77.4 9.0

Totals 13.9 110.5 7.9

ALTERNATE CARBON SOURCES

Investigators have obtained large aiaounts of plant material by 

growing specific tissues of higher plants in liquid media for the pro­

duction of relatively high cost metabolic products (17, 18, 19, 20). 

Sucrose has been used as a standard carbon source in many laboratories 

(15, 21, 22, 23). We, also, have been able to produce manyfold Increase 

of tissue in large volume submerged cultures, but the practicability of



using agricultural products (e.g., sucrose, coconut ailk, dried skim 

milk) in the media for food production is questionable.

Attempts were made to grow carrot tissue in media with non-edible 

chemical compounds substituted for the sucrose. Batcb cultures were 

grown in the fermentors for six days in media containing glycerol as 

the carbon source (15, 24, 25). Cultures were run with sucrose + CM, 

sucrose + CH, and with glycerol + CM and glycerol + CH as controls. 

Table 8 shows the results of the experiments.

SUMMARY AND CONCLUSIONS

We have established the feasibility of producing large amounts of 

plant tissue in submerged culture.

It may be possible to alter the proximate composition of the tissue 

produced for food by varying the chemical composition of the media.

From the limited experiments reported, glycerol seemed to be a 

good source of organic carbon for carrot tissue growing in submerged 

culture; casein hydrolysate was equal to coconut milk as a supplement 

for growth factors.

Substances were tested for their growth stimulating ability but few 

were found to be active in liquid cultures.





Literature Cited

1. Hildebrandt, A. C., A. F. Riker, and B. M. Duggar. The influence

of the composition of the medium on growth ^ vitro of excised 

tobacco and sunflower tissue cultures. Am. J. Bot., 33: 591-597,

1946.

2. Byrne, A. F., and R. B. Koch. Food production by submerged culture

of plant tissue cells. Science, 135: 215-216, 1962.

3. Hildebrandt, A. C. and A. J. Riker. The Influence of various

carbon compounds on the growth of marigold, Paris-dalsy, periwinkle, 

sunflower, and tobacco tissue in vitro. Am. J. Bot., 36: 74-85,

1949.

4. Gautheret, R. J. La culture des tissus. Galllmard. Lagny sur Marne, 

France, 1945.

5. Riker, A. J. and A. C. Hildebrandt. Personal comsiunication. Apr., 

1962.

6. Riker, A. J. and A. E. Gutsehe. The growth of sunflower tissue In

vitro on synthetic media with various organic and liOOfESnic sources 

of nitrogen. Am. J, Bot., 35: 227-238, 1948.

7. Riker, A. J. and A. C. Hildebrandt. CoasK>n metabolites and 

stimulation or inhibition of growth by plant tissue cultures.

Science. 115: 485, 1952.

8. Miller, C. O. and F. 8koog« Reversible Inhibition of cell division

and enlargement in plant tissues by 2,6-diamlnopurine (DAP). Proc. 

Soc. Biol., 83: 561-565, 1953.

9. Skoog, F. and C. O. Miller. Chemical regulations of growth and

organ formation in plant tissues cultured in vitro. Symposia of 

the Soc. for Exp. Biol. No. XI. The biological action of growth 

8ubstance«^V 1957 1^5



10. Nlckell, L. G. Glbberelllns in tissue culture. Nature, 181:

499, 1958.

11. Schroeder, C. A. and C. S ector. Glbberellln in tissue culture.

Science, 126: 701, 1957.

12. Miller, C. O. and F. Skoog. Chemical control of bud fornutlon in

tobacco stem segments. Am^ J. Bot., 40: 768-773, 1953.

13. Tulecke, W., L.H, Weinstein, A. Rutner, and H. J. Laurencot, Jr.

The biochemical composition of coconut water (coconut milk) as 

related to its use in plant tissue culture. Contrlb. Boyce 

Thompson Inst., 21: 115-128, 1961.

14. Steward, F. C. Carrots and coconuts. The Garden Journal. May- 

June 1960.

15. Gautheret, R. J. The nutrition of plant tissues. Ann. Rev. Plant

Physiol.. 6: 433-484, 1955 (b).

16. Hildebrandt, A. C. and A. J. Riker. Influence of sugars and poly­

saccharides on callus tissue growth in vitro. Am. J. Bot., 40: 

66-76, 1953.

17. Helchers, G. and U. Engelmann. The culture of plant tissue in 

fluid medium with continuous aeration. Naturwissenshmften. 42: 

564-565, 1955.

18. Nickell, L. G. The continuous submerge cultivation of plant 

tissues as single cells. Proc. Natl. Acad. Sci.. U.S. 42:

848-850, 1956.

18. Tulecke, W. and L. G. Nlckell. Production of large amounts of

plant tissue by submerged culture. Science, 130: 863-864, 1959.



20. Tulecke, W. and L. G. Nlckell. Methods, problems and results of

growing plant cells under submerged conditions. Trans. N.Y. Acad. Scl. 

22; 196-206, 1960.

21. White, P. R. Handbook of plant tissue culture. Jacques Cattell 

Press, Lancaster, Pa. 227 pp., 1943.

22. Hlldebrandt, A. C., A. J. Riker, and B. M. Duggar. Growth In vitro 

of excised tobacco and sunflower tissue with different temperatures, 

hydrogen ion concentration, and amounts of sugar. Am. J. Bot. 32: 

357-361, 1945.

23. White, P. R. Nutritional requirements of Isolated plant tissues

and organs. Am. Rev. Plant Physiol. 2: 231-248, 1951.

24. Gautheret, R. J. Sur 1'utilization du glycerol par les cultures

de tlssus vegetaux. Compt. rend soc. de Biol., 142: 808-810, 1948.

25. Hlldebrandt, A. C. and A. J. Riker. Inhibition by alcohols of

diseased plant growths in tissue culture. Cancer Research, 15: 517-522,

1955.



DISTRIBUTION

Chief, Research and Engineering (1)

Department of the Army 
The Pentagon 
Washington 25, D.C.

Chief, Research Analysis Division (1)

Army Research Officer
Office, Chief, Research and Development 
Department of the Army 
Washington 25, D.C.

Officer-ln-Charge (1)

U.S. Naval Supply Center 
Naval Supply Depot 
Bayonne, New Jersey

Commanding General (40)

ATTN: Tech. Information Branch
Tech. Services Division 

QMR&E Command, U.S. Army 
QMR&E Center, Natick, Mass.
Commanding Officer 
QMRUE Field Evaluatlom Atmaey 
ATTN: Technical Library
U.S. Army 
Ft. Lee, Va.
Commanding Officer (1)

U.S. Army Medical Research and Nutrition 
Lab., Fitzsimons General Hospital 

Denver, Colo.

The Library (1)

U.S. Army Leadership HRU 
P.O. Box 787 Presidio of 
Monterey, Calif.

Defense Research Member (1)

Canadian Joint Staff
2450 Massachusetts Ave. N.W.

Washington, D.C.

Mr. James P. Malkames (1)

Food Technician, Services Division 
Depts. of The Army and Air Force 
Hq., Army and Air Force Exchange Service 
8 W. 14th St., New York 11, N.Y.

Dr. Donald Young (1)

Human Performance Requirements Hr.
National Aeronautics and Space Adm.
Ames Research Center, Moffett Field, Calif.

Chief, Bureau of Supplies and Accounts 
(W/2)

Department of the Navy 
Washington 25, D.C.

Commanding Officer 
U.S. Navy Subsistence Office 
Naval Weapons Plant 
Washington 25, D.C.

Chief, Bureau of Supplies and Accounts 
(0/W)

Department of the Navy 
Washington 25, D.C.

Chief, Signal Corps Packaging Standards (1) 
Office

U. S. Army Signal Supply Agency
Tobyhanna Signal Depot
Tobyhanna, Penn. (Container Reports)

Librarian (l)

QM Technical Library 
Ft. Lee, Va.

Commandant (1)

Hq., U. S. Marine Corps
Washington 25, D.C. (O.I.C. Supply Hr.)

Dr. Alan G. Kitchell (3)

British Joint Services Mission (Army Staff)
British Embassy Annexe 
Washington 8, D.C.

Major L. G. Clark (3)

Australian Military Mission 
2001 Connecticut Ave., N.W. Box 4837 
Washington 8, D.C.

Dr. Charles M. Schoman, Sr. (1)

Chief Scientist U.S. Naval Supply RU> 
Facility, Naval Supply Center '

Bayonne, N. J.

Mrs. Bertha B. Huber (1)

Archives and Documents Librarian 
Hq., Medical Field Service School Library 
Brooke Army Medical Center 
Ft. Sam Houston, Tex.

AFFCI

Commanding Officer, Executive Officer, Tech. Director, Ass’t. Tech. Director, All office, 
division and branch chiefs (1 each). Library, Navy Liaison Officer (2 each). Air Force 
Liaison Officer (6). 18



ra
fa3
ii
Eo
cn<
CJ
K
9

----------
§2
-H •
<«-> 3 0) Cu
C U 3 0)
V cr H ® 
> O-^ c• e 3 c >, c

•o O Ol.c CQ <o u « u
£ 5 «
^ ca

1 ou

K
CT)<
uz
s

c 3 
O w “I

3 0)
0 3 0)

O’ C 0) 
0) -r4 e 
3 C >»C•o o (c js ca<o o « u

(2 D H H W
r-I N

L

*
I aO ft.

U <

T «

h?
■sis i

o 5 “ *
s •= i ?
■ S as 0.C0 
S|<C3
2“gS

.11 rfa, « „ «

°gS5o £

9
U
3
♦>
fH
3
O 0)
0) u 
3
O 03 
QQ
•H •
H

0)
C
Cc < 

o
4-> ^o
3 03 

•O 0)
O 3. 

^ 0< -Hc
•o J2 
1“

*0 c 
0) o

0) bo -H 
(-1 <p 

ki 0) rt
3 e
^ ^ ft)

3

^ ”5
•H c
U >H 
3
•o 0) -o
0 3 0) 

0) X 
a CO n

•*H -H 
<H V rH
O £ 

ce
>» C 
4^ 3 0) 

0)^ a
0)

^ <M d
■H o > m 
3 
O

(M

3

0)
O M 
3 £
U) -H 
3 03 

•H 03

u
° aft ^ a 3 

3 4J 
•H 3 ^
4-» 3 C 3 
■H -H O O 
3 T3

Rg 
6
O 0)
O £

II

8

3 0) 
4-> U 
C 3 
3 4-»

i-3
3 U

•H C 
2 ® 
s Va 3

>>
O

•M 9 
C 3 
ft) 3 
> 3 
C -H 
O H 
O
C .. 
D

•o ®

2 t 

a <S|

ou
bZ
w
C/3<
oz
D

3 Li 
C 3 
O ♦-

3 0) 
ft) -H

• tn 
0)
C ft) 
b e

Si^.§
3 O
•no*
H H ^

O
u

li

3
C O 
O -M

3 O -Cb 
0 3 0)

O’ C 3 
9 n U C 
3 C >> C 
3 J= fiQ < 
3 O

^ __ <W 3 •
Gb a H H

4-)c
3 > 

. C
■o o p o

-H <N

5*
o

bb
•o«I

g?
B *. BN
o ^ e i 
: £ U £i =
« B * Z
u r c . A 

g|<N

Iw -s
•« S
•§ S
® ,5ft «

ft Gi

L

jCO

S2
O' •

» 3
mu «

°^S5 J i:

3
L.
3
4J
n
3
O 3
3 Li 
3
3 OQ 
3
n *
H Cb

>k 3 
.O 3

C ^
2 >. 
44 A 
3
3 3 
•a 3 
O 3

0« n
■O £
IJ?b H

3
Li

2
c
fH
o
5
g
a

o

*0 c
3 O

-H 
Li 44 
3 3e u
^ 3 
3 44 
3 rH

c*"

3 -O 
3 3 
3 iS 
3 3
■H -H 
44 rH

43 
•M 3 
3 44 
3 3

a ® 
3

«H 3
O »
3 3
44 u
c 3 
3 44

ii

3 £ 
3 -H 
3 3 
3 32 a
3 3 

Li
<W 3 
O 3 

O.c a
O 3
44 3
^ fH
3 *0

Rg
E
O 3 
O JZ

44
3
44 4Hg o
•H C

2 ® O -H
U 44
a 3

fH
3 Li 

JS 3 
44 >

*W
O Xi

3

I g
3

^ 44
3 -H 
C 3 
O O
•H
44 O
C 3 
3 3 
> 3 
C fH

8^ 
C ••

=|i
-I

• 0

i S

r»
0»

Ss
•=

8 «•
< ►



r 1

4 1 4

e « Q>
•H 4^ U 

O 4 i<
1
1

B 4 4
>*4 4^ U

4 4 ^
»\ it« Mk 9m

ki 3 X 0 
3 4 tt

i^iZm
1

1
V V 4 3
u 0 >, 0
3 4 4s:! 2 -

V >» 4

8^^ " 
^ im C Ji

l4 -H f-H

1
1
1

*o >% m
-

U G M 
U ^

^ ____ jW W w ^, « 5 ■
^ b O 

0 3

4 4 4^u ■ ■
i hi u 

O 3
0 ^ c
V • 0 •

C 4 0 4 1 O VI c
*» • 0 • 

B « U ■
m o u 0 u
u jS O O 0
m u ^
4 4 ^ O U
^ ti 3 4

1 Si 5 8 S
ed h .rf «i
01 B 1^ 0 O
A # % A kwa w V V* wa u

4 U 4^
^ *0 C 45 

^ C 4 4

n V 3 4^ 4
a O %4
4 0 4J

•H *0 C 45
^ C 4 4 ««sip.l

U 0 i M
>% .0 3

1 IffssI
5;°i3 “

1- 0 0 4 4 0

1
-H VI 3 avi
O 0 * • 0 -I

1
1
1
1

li
ii

•o
II
m mo
2.
*' c _

sP 
|5
m o
^ c

IIu o >»̂ %4
O 0

• •^ o 
0 ^
« 3irss«•o
s S
e j<
ft —I

SH«

e• o •• o « 
Oo o

V ^
O o

9^4 
U <M 

V*o C £ 
O • V

- - g 
« > 1.

•? -
O

«
•H

U

■ >H «

e •
• iS «,
3

S J 2

II
« «u

£ S
B JM

•<
o5 

e
Si
4 U

L ^o_io___________ J___

• -H

i h u V

.* 8 .*^ 8 g 
- ♦* *> • « ^ O u a u 9 «a w VI 
mu «i 

-H -O C JB 
^4 B « « «<

SJj??
2.®!^ “



<
u
Xs

---  ;^(3------------
d U 
C 3 
O -M
•rl rH •

3 a • u. 
C U 3 0)e O' e o
> V-H (4 c

- c 3 c >. c•o o aiA n <o u (0 u
p C ® "Ph D HH >-•

1
D
U

Z
%
<
u
z
B

it
o
•H •

9 O
e u 9 o
0) O' C Q)
> O -H Vi C

^ C O C >1 C
*0 0 tt JS CQ < 

O CO U
C -H 0) •
D H H M

w

I

n

iH CS

W ^

I B
h. <

Z

•S «3

islir .
8 . p5 o » =
8 2-**< r .2 J -S'

• S 0^ -8a. E 
«g GuOOJ s *

B ? <«

8 - a
“ u
- a oT®
•o J of-
Jl -h. * o ^

^dDCl £

9u
9

fH
3
U ®

® P4s.s-
QB
■H •
H

9

ol
O
•H >,
V Xi 
O 
9 (0•O Q)
O 9 
^ O*
0« -H

■o^

§ S
^ H

•O C 
9 O 

9 -H 
U Vi 4-> 
Vi 9 9 
9 S Vi 

r-H .Q 9 
9 V

•H C 
O -H 
9 •

•O 9 *0 
0 9 9 
V4 9 i3 
a 9 9

•H -H 
<H -*-» i*H
O ^ 

V 9 
>1 C 4-» 

4-> 9 9 
•r4 rH 9
-H a
■H 9 
a <M 9

IS °»
9 9 9 
9 4-» Vi 
^ C 9 

9 V 
9 Q •-« 
J3 6 9 
H 9 a

9
9 rH
9 A 
9 -H 
9 9 
•H 9 
•p a

h T3
9 O I
a£ £i

9 ^ I 
9 9 9 
•H O O 
■O -H 
9 P 9

« £ £| 
9 > 9 I
JS 9 -H *

<H C .. I 

-53
»h.

•H 9
X o
25
a 9

p
9 U 
£ 9 
P >

P >> 
O ^

r||JO
£, I

e
2
o

h.
•o«

E do< o
k

w
1n
p 1

1
9*
00

Seii X

■ M

■
■o

^ ^ - - — 6i.Ht-®OOBj;j5| -------- -.t-r-www —

o
u

<
J
u
X
D

C 3
O •*■*
fl rH •
+H 3 ® • fc.
C U 3 ®
® O' C ® 
> ® -H C 

^ C 3 S i* S— o * j: tn <u o u
_ C -rl ® .

D H H •-■

I
I p

•o
§

<
u
z
9

P 9 9 
9 u 9 9
9 O' 9 9 
> 9 P h 9

^ 9 9 9 ‘ ^
V O 9 J3
0 0 9 0
O 9 P 9 •

D H H »-i

p d

fr
b. <

■S «3

it it
o o B 
8 2 0 0 

2 »*«
u .9 
V 9-= s

e C 
z

• — t. s
ce 0.

e•c 
8

£ .5 h. 
c ?"<«

! -
“ I
*" 8 

“ ?8 <Sb. *

®

3
U ®

® b 
3 >>
® a n

■H •
H b.

a*
c
o
•H

£

L ° S' d Q 8:

I

•o 9 
9 O 

9 M P 
M Vi P 
U 9 9 
9 B Vi 
p a 9 

9 P

P 9 
O p 
9

•O 9 *0 
0 9 9 
U m JS
a 9 9

p p 
p p p
O A

P 9 
^ 9 P 
P 9 9 
P P 9
p a
P 9
a ^ 9
12 o ►
9 9 9 
9 P Vi 
P 9 9

g S 3

9 a 
9 P 
9 9 
9 9a
- 25
° al £
c a 3'
O ® V 
■rt d rH
HH ® C 3 
■H -H O U
« 'O -H I

|8|il
O ® > «
O S C 

♦» O H 
® U 
♦» <H C 
® O B

K O ..2
2r “
a ®

P

£ £
•b >

!l
Ie
ii

r ». Ifo B £ *r.L

e a
"S
j

2 i
o

V 0

sj5
S
0

•M

o 
U

1 
ea

a s 
-< O'

§
Ieo
p 

I
-fO 9* 
2<0 00 
8 I X 
gci

in
•! ie 
8 * »•,
- i- <n 
u

bi®:s:
S oT5
8 
c 

ee
s>‘
m
tj o
2 0
U QS5d £|

9 
Ih

I 9
P 
P
9
U 9 

^ 9 b

= Si5'
9
P •H a
a 9 a 9 

9
9 < 
O

3 a 
•o ®

2 S
•o £ o o 

, o «b. H

sa
9 9

t-
•0

Is
B

8^
< ►



r “I

0>
o 0> 
u 9 
3 «
o n 
*o

o o
“S 
- g 
S u

o
o ^

2I
ctf («

S.S 
?« 
^ c

II
o o
>k

»H VIo o

8B
•H

« Q)
O

(d h 
n 3

S a
T3

C
>H r-t 
0> *H

5 ®
O

3
c

• o •
0) O CO 
t4 O (4 
3 0 0
•M 4-»
^00 
3 «
O VI

4^
*0 C i3 
O O V 
bo ^ » 
»4 cd O 
O > (4
a -H bo
A 3
S __________ ____ 3_^u^_________

a
^ 3 
3 n
o n
n -H

•o

S 8 “2 
d «

u

£ hi

o5
** e
£i
a u 
a a go
a u

•H
^ c

II
•H ^
o o

a

a a 
+> o 
a k 
a 3 
>* o
iH tte«
•o
^ a

G iC

a -H 
a 8 
a
O V

. §. 
a u a 
u o u 
300
4-» V

o o
3 44 a 
O VI

V
t9 C iS 
a a 4« 
bo rH a12 s 

s

o o
hi 3 
3 a 
O o
« -H

■o **

Is
»4

a a
o

A h

oS
c

22 
a u 
a aa«
a o

•H
pH C

II
Si”
^ VI
o o

a
•H

a a 
44 o

2 ^
,2?S
S 3
•o

e M
•H pH
a <Hs«“I
e 8 a
h O hi 
3 0 0 •P P 

>H O O 
3 P 3 
O P 

P
•a a ja
OOP 
U pH »
hi 3 O O > h 
S P to a 3 
3 O' P o o

I

I ^ VI 3 O' VI I
I o o a a o I I

I 
I 
I 
I 
I 
I 
I
i_

c
p

o
o o
hi 3 
3 3 
O 3 
3 P

■O *"

II
3 3 
O “

•“ s 
0-

c

22 
3 hi 
O 3a«
a a

pH c

8 £ 
O hi

pH VI

a

a a 
44 o 
a (4 
a 3 
>» o

pH a

8 3 
•o

£ 3

e X
p p 
O P
: •
“I
• o 

o o
h O h< 
3 0 0 
P P
POO 
3 P 3 
O P

P■o e £
OOP 
bo P » 
h< 3 O
O > hi
a p bo
A 3 
3 O' P



UNCLASSIFIED

UNCLASSIFIED




