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CHARACTERISTICS OF ANTICROP AGENTS,
MUNITIONS, AND WEAEONS SYSTEMS

' CHAPTER I

. - ANTICROP AGENTS

y : AGEN”S - EXTENT PR¢CISION AND—SIGNIFICANCE OF _EXISTING
- ? NFORMATION

¥ Introductory notes

e

_1.’mhe agents belng developed for use in attacking growing

crops fall into two major categories: (a) chemical (Plant growth

“regﬁlators) and (b)'biological (piant pathogens). The chemical
Q%' " }agents are stable ofganic compounds of high potency, not known
 toibe normally present in plants. Applications to plants may
reﬂﬁlt in death, inhibition 6f growth, or growth modifications

‘ana aberrations thatvgause'yield reductions. Broadleayed plants
are in genefal more responsive than cereais or grasses; but
chemical agents specifically inducing_inhibitory respoéses in

'“ﬁhe latter are known. The chemical anticrop agents, of ﬁlaﬂt
inhibitors, affect only_thése plants with which they céme in
contact. The biological agents are living organisms c@pable of
invading plant tissues and causingw%he develomment of éisease

- svmptoms Those of significance in anticrop weapons Dégsess

. h¢gh Ooten 1a11txes of spread to aaﬁacent healthy plﬂnfs Their

_-effectiﬁé'use 1nvolves eSpabllshment of an epidemic or ep1phyto—
tio; Both CGtegorles w111 receive attention in this studv.
‘There are several agepcs now under research and deve¢opmant
R whiéh;falthdugh they will™not be available by 1954, appear to
\f/: - have Sufficiént pgomisé}to;warranﬁ mention atfthis time, Among
chemical anticroﬁx-agéhts,maleic hydfazide end eertain fluorine
supbstituted pheaoxyacetLC aclds and deerat7V€S are pfOﬂlSlﬁD
rbf?%praf anpllcatlon to reduce vﬁeld of cerea 153 incliuding rice,
sorghum, kacliang, efc- Among the blologlcalvanticrop agents
urnder de&elopment are sevéral plant viruéesj the agentfcausihg
late blight éf-potatoes,ﬁénd the fungusvwhich causes rice blast.
- Thege agénts.will be treaﬁed briefly in the appropriate sections

of this study,
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Cn@mlcdl PnthrOD BU Agent Propertics

2. Chemical anticrop dgents are stable synthetlc organic
compounds which, if brought into eonbact with plants in very
SméllAamounts are active in producing inhibition of growth or
‘médificatiom From.da*‘ obtained in a large number of replicated
_plbt eéperimentsg 1t is clear that for many:broadleaved cTrops
N P :several agents are known which will cause early death or sub-

‘'stantial yield reduction at rates of 0.05 - 0.25 pounds per acre

NS RR

appropriately applied. For cereals, other agents are known tc be

effective at 0.5 - 2 pounds per acre.

¢3. Variously'substituteé halogen derivatives of short chain
‘aryloxy aciés possess broad inhibitory activity against crop
(plants. Species differences in responsiveness are well-recog-
nized, but the-differences are crdinarily only differen&es in

degree, and may be ovércome by'increasing the dosage.

’&. Some substituted phenyl carbamates ha#e been founﬁ
-particularly‘effective in inhibiting growth of young ce%eals,
Much cf the development work has centereﬁﬁioﬁnd three aégnts:

{a) 2,4-dichlorophenoxyacetic acid (2,4-D) -and esters thereof
of'which.thé;butyl ester is best known; (v} 2,4, 5—tﬁi5hiorophen~
’oxyaﬁetic acid (2 4,5-7) and its esters, of which the buc 71 ester

.

. agaxn is typical;- (c) 1SOerpyl N-phenylcarbamate (LPC)‘und &,

g

-halogen derlvativeﬁ 1sovropyl -N-{3 cbloropaeny;) Carbamate

(Chioro-IPC}).

N CHEMICAL AGENTS MOST UDEEUL AGAINST BROADL):.@T|1 CROPS

5 Butyl 2 & d;ch¢oroph@noxya0ﬂtate (butyl 2,4,-D)

. Y

g. General oharacterlstlvs : ThlS is the Hrinoipal anticrop

agent Wthh has been bested so far. Undiluted technieal’

gane butyl Lh- QlothPophenOXJ té'-is commefcla11y avail-

dblc in 1ane quantluleo at leus than $1 00 pcr 1b. It is &
ligquid of 1cw volatlllty Wltn den51ty 1.205, low viscosity

(23.3 cent1p01ses at 2800) and low freezing p01nt (-30°¢C).

,
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b. Yield reduction.

o
TABLEMI

CROPS SPRAYED WITH BUTYL 2, 4-D
(Spray applied as 5% oil emulsion)

Pounds  Gallonms %

‘ . Stage Agent Spray Reduction

Crop Sprayed Per Acre Per Acre in Yield
“—’ | Garden beets 0.9" roots 0.1 6.4 68
Lo ' 1.6" N " 0.1 6.4 53
Mangel 1.1y oo 0.1 6.4 85
, e e 2.2" i 0.1 6.4 50
Rutabaga (Swedgs) 1.1" " 0.1 6.4 100
2.5" " 0.1 6.4 g5
Rutabaga (purple $op)0.8" " .1 6.4 100
2.0" " C.1 6.4 70
Sugar beets 0.9o" B 0.1 6.4 68
. R 1.6" @ 0.1 6.4 53
(wt Onions : 0.5" bulb 0.1 6.4 58
T g ' 1.0" bulb 0.1 6.4 55
Kale = 9 .leaf 0.1 6.4 100
e 14 leaf 0.1 6.4 83
Cabbage 2" head 0.1 6.4 a8
2.5" head 0.1 6.4 69

The table above gives the results of tests in which 2 4-D was
applled Lo various broadleafed plants. It shows theLper cent
. reduction in crcp yield for the various plants at UWO stage
of growth, The d- ta in Table 1 were obtained 1in comyarablé
spray experlments in which the volume recte was relat;vely high.
Many Subsequent experiments showed, however, that pe: cent
yield reduction.is not a function of volume rate of Spray
. “nkil the latter becomes so low that the statisticalfchance of
an adéﬁgate“&béééé reaching each plant in the droplets
intereepied ié reduced;* In aerosol spray trials resﬁonsive
plants have been kllled or beverely inhibited at mean volume

' mrates of 1 pgallon per acre, according to Camp Detrick.
100 . ‘

6. Butyl 2,4, 5 trlchlorophenoxyacetate (Butyl 2,4,5-T)

2. General characterlstlcs The butyl ester of 2,4,5-ftri-

f@%%orophenoxyaeetlé acid is the second most important chemicgal
ragticrop agent. Being a homolog of bubtyl 2,4-D, it possesses
‘similar physiCal characteristics. It is non-volatiie, with
density 1.283, low viscosity (57.9 centipoises at 28°C) and

»1ow freezing point.
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* TOP SECRET SECURTY IEORH



Reproduced from the Unclassified / Declassified Holdings of the National Archives-

H DECLASSIFIED
Hoﬂ

-,

i

TOP SECRET SECURITY INFORMATION

TOP_SECRET

gL Yield reduction.

:
CROPS SPRAYED WITH BUIYL 2,4,5-T

Pounds Volume ‘ %
: - Stage Agent Spray Reduction
- Crop < Sprayed Per Acre Per Acre in Yield
L T i/ : : : =
§ Soy beans g" tall 0.25 6.4 gal. g7
o - , 18" tall 0.25 6.4 - g2
i . Late blossom  0.25 6.4 7" 99
- Early pod 0.25 g4 " 98
. Soy beans A1l stages to  0.12 48 mil. 76-80
: : early pod 0.25 96 " ' 99
I 3 » - ' )
Plax (fiber) Early bud 0.1 2.6 gal. 68
: Late blossom 0.1 2.6 " 46
| 3/ |
Plax {oil) . Barly bud 0.1 2.6 gal. -84
_ Laté blossom 0.1 2.6 " gl

" Flax All stages - 0.13 A8 ml. . 86
‘ ~ to blossom , ‘

3/

Peanut Blossom -~ 0.25 6.4 gal. L 81

o 3/ o ‘
.+ . Sunflower Early bud 0.1 2.6 gal. 100
Early flower 0.1 2.6 " - 65

- ;/ E/ , ' v B :
Irish potato .. -late bud 0.15 5.4 gal. - 70
. . 0.5" tubers 0.25 121 ml. - 92
: 2.2" " 4.25 121 ml. 57

S

1/ Diesel oil carrierdéfagent dissolved in tributyl phosphate.
2/ 90% butyl 2,4,5-T.
/.. ‘Diesel oil carrier

’-/ 96% ‘“Du_‘byl‘* “23435"3}..

o

.

-
—

The table abOVngi§es thé reguits of tests in which 2,4,5-T
Was §§p1ie§'tc‘va?iouébbroadieafed plants, It shows the per
v;@@yt réhuctiéh in crop yield fof the various plants at various
stages of growth; As indicated above for butyl 2,4-D, egqual

yield redﬁctioms can be pbtained with sprays at low volume
rates, For examplé, thé yield of soybéans, treated with 90%

butyl 2;#,5vT at a rate“gquivalent to 48 ml/acre, was reduced
~over T5%. | | | |
TOP SECRET.. ; - E -7 - : Enclosure "E"
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T Performance characterlstlcs common to chemlcal aéents mcst

useful against broadleaf crqps.‘

G Factors affecting_pléﬁ@wrgsponse. With very low volume

éprays, the effect on plant yield reduction is markedly. greater

~when sSprays consist of émall droplets the mean diameters of

which are below 0.1 millimeter (mm) than with larger droplets,
say 0.35 to 0.50 mm in diameter. The number of droplets into
which é given volume of liguid is divided in spraying deter-

mines @irectly the number of points of spray contact with the
végétation and'increases the probability of a given quantity

of the agent contacting the plant. In general, plants become
less requnsive with increasing age, and particularly is this

true of the lethal response. However, the flowering stage 18

. again a very sensitive periocd in plants, the yield of which

is determined by pollination and seed development'(pods,
grains, fruits). Eﬁ%ironmental factors are not of great
siv nificance in determining the magnitude of responseéto anti-

crop chemicals; if the conditions are such that the plant is

>active1y growing the response will follow. If the apblication

is made to plants at a dormant stage, abnormalities méy

develop When>growth is resumed.

b, ,Entry and Transport. The stomata g:e not important as

'portals of entry for thege agents. Plant responses to anti-

crop ehemlcalwagents are slower and less severe in cloudy,
cool Weather Ehan in brlght sunmy ‘weather, When photosyn~-
thesis proceedg act1vely~as in bright sunllght the transport
qf“tﬁé.ageﬁt to chose tmssucs Where the responses develop is

most rapid. ‘if no photosynthetlc products are being produced,

s

asviﬁ darkness,ftransport does not OCCUr., However, agents

applied to plants_ln darkness, as would occur in night spray

~gperations, will enter, and bransport will occur when. the
A , 3 P v

flow of photosynthesised products from the leaves recommences,

There is evidence to indicate that under good conditions for

entry and transport, the maximum ultimate response will occur

TOP SECRET -E -8 - _Enclosure "E
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from 2,4-D entering the leaf within 6 hours of application.
Rainfall occurring relatively soon after spray application of
chemical anticrop agents in oil carriers, or as undiluted
esters of agents such as 2,4-D or 2,4%,5-T does not reduce the
yield reduction capabilities. 01l formulations and undiluted

esters rapidly penetrate the leaf tissues. One experiment

. on sugar beets in which undiluted butyl 2,4-D was,employed,

following rain, indicated that the effects on yield depended
— i‘ ,on fﬂe rate of application and size of aroplets The agent
applied in small droplets (0.060~0.070 mm diameter) and at a

low rate (0.0l ml/sq yd) was rendered some 20 per cent less

s . capable of normel yleld reduction by s 0.07 inch rain immedi-

ately following agent application. Howsver, rainfall actually
increased the effectiveness of the larger (0.41-0.534 mm
diametsr) droplets applied at a rate of 0.05 ml per sd. yd.
This was explained as being due to greater sbsowptlon by the
leaf of the large droplets of the compound which na@ been
spread into oil blotches 1/4% to 1/2 inch in diametef. Other
faetors_such as temperature, humldity, and soil ferﬁility
‘haﬁe besn investigated with respect to their influence on the
inhibitory activity of anticropﬂbhemical agents. None of
these within-the limits normal for plant growth was found to
) - ﬁ%cause eny: deviation. from -the normal 1nh1b1tory response.

N

c. Responses Induced in Plants.

(l) The effects of a spray attack in which these agents
gra employed:capsbe depected within a matter of hours in

-~ the case of certain~plants such as sweet potatoes and sugar

— ' beets. The‘effeeE.Qp these‘plants is observed as & marked

curvature of -the stem and shoot and drooping of the leaves

within a .few hours. This 1s followed by partial or complete

inhibition of subsequent shoot growth, When harvested,
the beéts present a-eerky-appearance.
(2). Soybean plants sprayed Wlth,butyl 2,4,5-7 develop

enlarged and Woody»stems, ‘the. ax111ary buds are abortive,

. TQP SHCRET - -E -9 - - Enclosure "E!
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the pods remaiﬁ émall and do not develpp fully, and the

leaf fall which occurs normally on maturation is markedly

delayed. The reaction of tuber plants, particularly the

Trish potatogbis manifested'ih an altering of the tuber

shape aeccompanied frequently by the development of fissures.
‘ ‘ The harvested tuber is scabby. Affected tubers have poor

edible and storage qualities, The degree of injury and

- ~pessible storage qualities of tubers from treated plants

| : : - pequire further investigation for %he data to be complete,
Tubers and pods which have already been formed may be

- 1 harvested and the edible portions consumed in the normal

ridiE

- manner without harm since the agent is nontoxic for man
and the plant products themselves will not have been
rendered toxic by the internal action of the agent.

(3) No effective bonus in the form of soil contamination

can be expected when employihg these agents at t@e tow

rates (2-5 lbs. per acre) soil contamination effécts may

[

i - , dosage rate of 0.1 1b. per acre. At much_higher3dosage
{ persist for weeks to months durihg which time geeds will
| not germinate or seedlings develop normally. Using the
emergence of soybean seedlings as a criteria, 1t was
- . -found that 5 lbs. per acre of 2,4-d persisted more than

2©jdays,ingwarm moist soil; at the same rate of a@plication

2,4,5-T persisted for 93 days.

d. Mode of action.. The mechanism of action of exogenous
-~ growth-regulators such .as 2,4-D is not understood, nor indeed

{ s it kden whether-thm muléiple résDonses induced in pliants

~— -
-

" are the resultant oF ﬂnterference with a single master

— ' blochemlcal reactlon Some workers believe that competltlve
éﬁfects on the endogenous hormone system of plants may he
1nvolvpd At Camp Detrick the metabolism of 2, 4.D in plants
is being followed by the use of radlogctlve Cla. It has been
estimated that this cq@pound is metabolized and that the
aliphatic'side.ohain igireadily.removed. Plant specificities
may well afise from differences in ability to metabolize this
compound in the varlous tissues and organs. | |

.TOP SECRET | - E-10 -
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N-(3-chlorophenyl) carbamate (Chloro 1c)

amcunts.
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compound of high melting point and guite 1ow aqueous . LomET

. 8. Isopropyl N-phenyl carbam@te ﬁIPC) and ‘Isopropyl
a. General charact ristics. 1IPC is a stable organic
solubility. It is commercially ava 1aole in substantial

b. Yield reduction. This compound is effective in reducing

the yleld of ceruals if applied to the scil in a solld

granular form when the plants are in the seedling stage, or

if sprayed in an appropriate carrier onto the tops

tions of granular material to plants at an egrlier

*1:!

of

cereals at the early-heading to flowering stage. Because
- of the availasbility of cereal rusts as anticrop agents to
be applied in the spring or early summer, acvelopment work

| ‘ at Camp Detrick hau largely been concentrated on 5011 applica-

Stage.

all-planted cereals are vulnerable to winter agpliqatlons,

the date of applicatiocn not being crltxcal. On-target

guantities of 2 1bs. IPC per acre in a granular form applied

cent reduction in the yield of féll—plamted wheat,

barley. Typical data are given in Table IIT.

" 1pC APPLICATIONS TO FALL-PLANTED CEREALS

-

Cereal '~ _per aere  Application

dguring January would be expected to achieve at least 70 per

rye, and

Pounds IPC Time of Per cent yileld

ﬂéduction

 -Wh eat (Thorne) =~ - 2.0~ Mid-Feb.
& 2.0 End Dec.
.0 _ Encg Jan,
Barley (Wong) NS : Mid-~Feb.
5 - Jdan.
. Rye {Abruzzi) .0 - Janm,
- e 5

Jan.

O N NP PO N

1/ Different locations and years.
2/ Limited data -

N R R T T T T T R T T R SRR T T

TOP SECRET SECURITY I

62~-76 -/

67~ 90
50-70
53
78
L3-82
£0-90

@@QK
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‘The'granular preparations épplied nave contained 25-75 per
cent TPC, the remainder consisting of binder, diluent, dis-
.integration aids; and wettihg agents. The 75 per cent

products have achieved as much yield reductlon as lower con-

centrationg, which provide‘more granules per unit area.
{1} Tﬁe closely related compound Chloro-IPC (isopropyl-
— ; ‘ N~(3—chloro§henyl) carbamate) persists longer in the soil
than IPC and has apprbximateiy equal activity on cereals,
‘ | %%kgs likgly to be preferred to IPC, because it can be
;I ispr?yed in liquid form at rélatively high concentration
even when soil contamination is the objective., Its melting
%@_; | }‘ | point is about 259C; the crystalliné form is apt to be
| goft. The addition ofvabout 5 per cent of a misoible;
1liquid to the melted for@ prevents recrystallizat;on.
Formulatioﬁ into pellets or granules is difficult without
‘sﬁbstantial dilu%ion with inert ma?erial.
| (2) Although most attention has been directed ?owards
the study of winter applicabtions of IPC and Chloré iec
to fall-planted cereals; spring-planted ceresals afe_also
vulneﬁable, but the length of the period during which ap-

plication must be made o effect maximum yield reduction

| - is much shorter. Oats treated at the fourth-fifth Ieaf

3%;,étége with\Q;lbs,per acre 1PC or Chloro IPC have suffered

: 58-70 péf4ééﬁt‘reduetion in yield. ‘

; - : (3) Thépyield Qf b9th'fa11 and spring planted cereals
can_be‘féduced by_éﬁfaylapplications of IPC or Chloro‘IPC

' to the tops at the time of heading and flowering. The

't

S ' agent rates required per acre fbr_this type of application
are lower than For soil contamination at the seedling stage,

but the period for maximum responsiveness 1is no more than

2730 days. Typical results are given in Table IV.

TOP_SECRET : - B - 12 - Enclosure 'EY
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P , | ¢ TABLE IV

SPRAY APPLICATIONS QF IPC AND CHLORQ‘IPC TQ»CEREALS

‘ ‘ L Agent pound Per cent yield
- Cereal - Stage .- per acre reduction

Barley - Flowering. C1-IPC 0.5 46
" Cl-IPC 1.0 78
( Wﬁeat Heading IPC 0.75 43
S ‘ " IPC 1.5 , 67
G1-IPC 0.75 59
Ci-IPC 1.5 93

S STHe injury is primarily due to droplets intercepted by the
developing heads; if the heads are shielded, yield reduc-

’@, : . tions are slight.

;594 Enbry, response and mode of action. IPC and Chloro IPC

vdd nqt enter the.tissues of Ceréal plants as readily as 2,4-D
and é,&,B—T enter and are tfansported wilthin broadleaved plants.
They?are,effeétive, however, if taken up by the roots aﬂd;result
in cytological and histological changes in the growing poiﬂts
of the roats and shoots. There 1s some eylgeaﬂe that m1t031s

ié*interfered with so that normal cell division in these organs

does not proceed. Instead, enlarged multinucleated cellsf

develop. Spray applications to the foliage seem To be effective
in yield reduction only if'carried out—in such a manner ébd at

such & stage that the compounds fall on the shoot or deveioping

- head' A% the flowerlng btage cereals are particularly susoepulole

-*—a

-31nce the normal processes cf cell lelSlon thac accompwny

pollination are disturbed.

Lt PE?FORMANCﬁ CHARACTERISTIﬁQ COMWON TO CHEMICAL AGENTS FOR.

. cE FREAT GROPS

.
e

10. It has been p01nted out bove-thé% mid-winter is generally

the optimuym tlme-for pargen application of IPC and Chloro IPC in

| X }?'or pelleted form. The crop is not necessarily highly
' : susceoﬁlble at thls tlmP The‘extruded particles of the growth
' reaulators do not have an effect on plqnt growth until tne parti-

{
¢les have been
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'brokeﬂ up by action of raln, the chemical agenu dissoclved in  the

rain water and the resultlng solution brought into contact w1th the

root system. IPC and Chloro IPQ are decomposed by soil microorgan-

isms. ~The lower the soil temperature the slower will be the de-

composition of the agent, due to the reduced activity of the soil

population. Whep the dormant plant again recommences growth, as
may occur on warmer days in the late winter, the chemical is ;3 b
presqu;§§ the vicinity of the roots and when taken up causes
injufy’to the shoot initials. Drought conditions in the winter
would tend to reduce the.effectiveness of the agent in that the
granules would not disintegrate. However, under winter drought
con Ltlons, plant growth also would be halted, only to resume
with the onset of warmer weather and rains., The case for winter
éppiication is primarily the latitude possible in selection of
time of attack, which may be 4-6 weeks. Applications ﬁé spring
planted cereals; to be effective would have to be made #ithin a
much shorter period (10-14 days), as is also even more %harply
fhe case with spray applications to the tops of either fall or
spring planted cereals which for maximum effectiveness Qould have

to be made at or near to flowering {or ancther emergence).

;‘BIOLOGICAL ANTICROP BW AGENT PROPERTIES

. The term biological agent, as usasd here, does motfinclude

all poss*ble organlsms ‘that might kill or severely. ingure crops

For example, 1nsect are net now considered to be a suitable

blological antlcrop agentu“»The biolog*cal acenﬁﬁ to befdis—

.7 .cusséd are those the potential ties of Wh;ch have sug gevtea

thelr use against an enemy in time of war and whieh are now in

o

various stages of dgvelbpmeﬂt: stem rust of wheat has been

standardized and is in production, stem rust of rye is s£ill in

1

y2search stage and judging from the present knowledge of the

pathogen and the‘mahyjproblems attendant in its development,
it is gquestionable whéther_it will be availablé in operational
guantities by11954¢ Prev1ous work on stem rust of oats has been

suspended but if required, stem rust of oabts mlaht be made
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available in operational quantities by 1954, No work has been
carried out on barley rusts. The organisms causing late blight
of 'potatoes and head "plast" of rice are similarly under develop-

ment and could be available in@operational guantities by 1954.

"12, The requirements of a plant pathogen for employment in
anticrop warfare are that it shall be capable of being produced

in quantity in g virulent and relatively stable form, be capable

of being dlssemlnated from a munition Wlthout loss of these
} . % propert;ee, be capable then of establishing a damaglng disease
31 which spreads from plant to plant and field to field, to give
‘ an ebldemlc {(or epiphytotic) beyond the ablllty of the enemy to
:%? , 5‘ eonﬁrol ’

13. Inasmuch'as blological agenbts are self~propagatiné and are
capable of causing epidemics, the logistics of theilr use are
attractive, Certain elements of uncertainty are inherently
present, Both primary infection and subsequent spread ére
dependept on the pre;ence of suseep tible host plants aﬂd
favorable combination of envirommental conditions. Altﬂpugh
these meterclogical factors are‘U$ua11y not too sharply eircum—
scribed, they centribute directiy to. the difficulties offpre—
Giction of extent of crop losses that may be anticipated; The

; : i generaulen tlme on the host plant (time from appllcatlon of
1nfect1vewcells to development of iesiong from which the infec-
tlve cells may be carrled to adjacent plants) is frequently in
the reglo“ of “7-10 days, ,TQ take full advantage of the epidemic
&potent alitiee offa plaht pathdgeh, the initial application
shoula be made as early in: the growing season as is compatible

- . with the expectatlon of opciﬁum meteorologlcal conditions. The
later 1n ﬁhe season the agent is initially applied, the less
t;meﬁfemalns for succes81ve steps -of infection, reproduction
_and sﬁread. Exﬁehsive'yield reductions are usually correlated

 with presence of Tthe pathogen early in the- growing cycle.
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vl&. Plant pathogens in general are specific for particular
erops, and especially is t%is,true of those céusing extensive
yield reductions, When reiatéd or noh—related crops are infected
with the séme agent, the'eg%ent of the injury accomplighed is
usually 1esé than on the crop for which the agent was primarily
intended., Different varieties of a crop may exhibit a range of

responses to a particular‘pathogen, from complete susceptibility

- to. complete resistance. COHVGPSbly, strains or races of a

ﬂ.,—-s

partlcular pathogen may be found with a wide range of pathogen-
;city or virulence, This greatly complicates the planning of

anticrop attacks against an enemy since there must be avallable

. knowledge as to the varieties of thé target crop and the suscep-

tibility of those varieties to available strains or races,

CEREAL RUSTS

15, General. Stem ruét, caused by the fungus,Puccinia?graminis,
is the most destructive pathogen of the cereal crops. It is an
obligate parasite; that is, it cannot grow and develop o%her than

in The tissues of the plant it parasitizes, Puccinia'graminis

has five possible spore forms and reguires two differentfkinds
of host plants to complete its life cycle. Several variéties

of Puceinia graminis exist, each primarily infeeting different

cereal$-of‘grassesx_

Q.ispore.eyélé} ' The primary hosts of stem rust are wheat,

barley and rye§ Ehe‘altefnate host is the barberry. The
barberry itself and the'ééoresAproduced upon it, are com-
 paratively Unimportaﬁt in»thé epidemiology of stem rust of
Wheat, except 1n 1solated reglons It is somewhat more im-
portant in produ01ng epldemlo ﬂtem,rust on rye and grasses,
The stage thatxlnfects,ﬁhe barberry will overwinter in
riéﬁﬁérate climates. In the sariy‘spring, after the ?usf‘has
overwintére&, the barberry pustules are formed on bthe under
surface of ﬁhe‘barbe?ry 1eafq The sporés formed in these
pustules carry the disease to the graminaceous host (cereal),

The sexual stage occurs only on the barberry; the

TOP . SECRET _ B-16 - Enclosure "E"
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presence‘of barberries, therefore, is gssociated with the
appearance of new combinéti?ns having»differént_degreés of
vlrulence and pathenogenicity.

(1) Inlectlon of the graminaceous host takes place when
the spore frém the barberry gérminateé and produces &
germ tubé. This tube then enters through a leafl br hin

N P - pore (Suoma) or may penetraté the cuticle and wall of the
epidermis directly. Once W1th¢n the host the rust mycellum

«....« el

‘spreads s¢owly cr rapldly, depending upon the relative

- (D

‘ resistanoe of the variety of whﬁat or other grain to the
pafticular race ofbinfecting rust. In any case, in from
;z ;: :1 . 8 to 10 days pustules appear on the host leaves and
anotdef type of spore,.the uredospore, makes its gppearance;
in stem rust.the uredoépore is. capable of.reinfeqting
the graminaceous host. It cannot infect Ehé barberry. The
uredoépore‘is tﬁick walled, yellow, red, or orange in
‘color, 15-20 micrbns in éize, and well adapted t@ wind
distribution. It may be carried hu dredu of milés by the
wind amd‘étill"retaih its infective guality. Th% uredo-
spores are not hardy enough tO<overwinter in col& climates,
- but where mlld winters occcur, they prov1&e a tﬁréat in the
. spring to susceptible grains in chu direction of thu pre—
'%ﬂ,'vailinw wing. .
2y Durwng favcr@bl= growing conditions for tﬁe host,
a 51nglc rust DhStUle may produce and rclea spdres
daily for~“ pcrlod’bf 10 days to two weeks. A sibgle
‘pustulp may prodacb—from half a million to a million newr
~ - uredospores durlné thl“ per od. Unfavorable conditions
such as nlgh tenpcraturcs or aoprodchlng maturity may

eause uredos pore production to slow down or stop. Instead,

Mgitéliospores re produced Whlch a"e not capable oft infec ﬁing
other cereal plants but which are resls tant and remain

viable throughithe winter on the straw. In the spring the

'3

telia ger winate and produce another spore from.whlch lt

5

is capa ble of reinfecting the barberry

M it
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é‘ Mode' of action. In the study of rust epidemiology

thé physiology of the uredospore is of chief interest.
Although,wheat is attacked b§ both the spores formed on the
barberry and the uredospores formed during successive genera-
tions on the wheat, it is the uredé stage that gives rise to
epidemics. AS with the spores from the bafberry} infeection
of the wheat plant byvthe uredospore takes place by the
formation of a germ tube upon germination of the spore. This
gef£%%2£e usually enters through a leaf breathing pore (stoma)
butlit may eﬁter the cuticle and epidermis of the leaf or
Stém directly. Even under ideal conditions the percentage

of spores -which infect and cause the de?elopment of pustules
is not high. |

16. A heavy stem rust infection on the leaves and sheath
greatly reduces the photosynthetic area of the plant, and on
the neck may result in interference with tfansport to tbe head
.and therefore with the £iilling of the grain. It is repgrted
that water loss is substantial through the pustular splits on
leaves and sheatﬁ, and that diseased plants may therefore be

in 2 condition of water stress in droughty periods.

17. Infection time 1Is the period from the time that rust
spores begin germinating on plant tissues to the time when

R

he mycelium has penetrated the plant and established a success-

<+-

y

‘ul nutritional relationship with the host. Under favorable

conditions, this is a matter of no more than six hours. During

“*this period, the rust fungus is very vulnerable 4o exbernal

environment. Low temperstures or dryness may delay or check
the inTection procesd, or-destroy the chances for infection by

spores. = The studies of numerqus waKers indicate that the rust

4

orgahism 1s incapable of infection and growth at temperatures
lower than BOOF or greatey than 9OOF. The optimum temperatures
1ie bebtween 65°F and 759F.: ' High humidities approximating 100 per

cent are necessary to produce rapid infection of the plant. As

temperature and relative humidity vary from these condibvions
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the lengbh of infec¢tion time is prolonged. Under natural
cOnditions, warm air heavily iaden with molisture blénketing an
area during the infection period would cause germination ané
subseguent invasion of the host tissue in a few hours, particu-
’larly if light rainé or dews ocecurred during this time.  Spores
;washed off the plant by heavy rains Wcﬁld be incapable of
i&m' | ~causing infection until picked up by the wind and again erught

‘Into contact with a plant. Short of freezing temperatures,

uredofpores are capable of withstanding comparatively drastic

‘weather conditions while retaining viability. Once germination

:

‘has commenced, however, the spore 1is much more vulnerable,

" 1 particularly to desication.

18, Incubation time is the pericd which elapses between
establishment of infection and development of an open lesion
‘or pustule in which new uredospores are produced. This period

nvironmental conditions.

varies considerably depending on

@

Under optimum econditicns in the greenhoﬁse, it is abouﬁ 7 days
and in the field 7-10 days,. In the Amur and Rostov reéisns

of the USSR the incubaticn period has been stated %o bé approx-—
imately 8 days. Low day or night temperatures 1engtheﬁ the

period of incubation,

9.  Cereal rust. infections are rarely so intense that the

~t

_plant d¥es rapidl&)letunting due to reduction of leaf:area
amd,injurykto éhe:neek together result in a failure ofithe.
grain o i Shrivelléd?grain and empty hzads are cdmmon; the
r@dﬁctiQhS'in yield‘afise@priﬁérily from this cause. The

o weakened stems and heads often break over rendering harvest

— -

more difficult.. o

EIDEMEOLOGY‘ANDVPBOBABLE CRCOF LOSSES

h, " The effective employment of cereal rusts as anticrop
agents depends on first, the initial establishment of infection
. ) and seeond?‘subsequent substantial sprega of the disease to

accomplish significant crop injury so that yields are reduced.

T0r_SECRET
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Thé evéluation of theSe*componeﬁtsfis a matter of diffipulty,
itfbeing borne in mind that aithough the secénd cannot happgn
Wiﬁhout the first, it 4is by no ﬁéans'certain that first is
iné?itably followed by the second.
a. Infection.
(1) The initial establishment of infection depends

on .the retention of'viable spores of a virulent race on

the leaf and shoot surfaces of a susceptible plant, and

-.t_.. o —

b - the presence of sufflclently favorable micro-meterclogical
conditions in the immediate vicinity of the spores so

that germination proceeds and the germ-tubes enter the

-

R } ' plant tissues. Uredospores are notbpartieularly fragile

or sensitive to conditiqhs less than optimum. Thg
definition of recommenaed con&iﬁions for spore processing
- and long storage has given rise to an impression Qf g
- lack of spore stability that'isba+ variance with Eacts.
In nature hredospores are exposged to wind tr&nsport and
r ' . , widely Lluctuatlng temneratares and humidities 1n - the
normal diurnal cycles, yet many retain the ability to

1

infect for days. Since it can be assumed that in an

anticrop attack only épores cf "hizh to moderate viability

A ‘and vigor would be distributed and that the distribution

i
.\,g

] “ system woul&’be bUCb that these chavacteristics would

I not be 1mpa1red the Pprimary issue is -the 1ikellhooa
of obtalining infection. At the time when cereal crops
Would,prgﬁably be é@ﬁjecﬁed to attack the ground surface

i ié 1arge1ytoo#efe§?b§{the,seedling plants. In unpublished
studies at Gamp:Detfiék the ber cént contact of chemical
sprays by cereaWs at variocus stagos has beeﬂ aetermlned

and. found to be much hlgher than anticipated (50-70%

S
" increasing with :the development of the crop). However,

: - the sifuation with sporés is not entirely comparable,
because la droplet once 1% conbaets the plant is,retained

threasiajspozaﬁm&yﬁyell,be,latﬁr'disl@dged*ﬂquss=§rappedby
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ieaf pubescence; deposited in the leaf axils or held
by surface tension fordes. Although a‘high percentage
of the spores deposited;bn a crop may therefore initially
‘come in éontaht with susceptible tissues, there is a
considerable probability that many will later be dis-
lodged by wind movement. Distribution ontc wet or dew-
laden plénts might greatly enhance retention.

__wﬁE) Careful experimentation under optimum conditions

EEOn

_has shown that only a small percentage (2-4%) of viable

uredospores that alight and are retained on the leaf

surfaces of susceptible plants finally cause the develop-

w0 ment- of lesions. The germ tubes from many spores which

germinate on the leaf Surface do not penetrate the
tissues. QGermination and penetration take place wifh
the greatest degree of probability if moisture iz present
- and the temperature is in the vieinity of TO°F. gt
cooler temperatures growth of the germ’ tube is 1%33 rapid.
Sufficient moisture mgst be present for seversl hburs-
(circa 8) if infection is to be established. Ideal
conditions in_the fieid are.therefore provided by?warm
still nighgs with light deW-déposition. Viability of a
spore is-qéidkly lost once germination has commenced if
* **ﬁmoistufevgdﬁéitiqns then become adverse. This in nature
L » pfgﬁaplyﬁgéé@unts for the failure of mosﬁ spores to
infect. ‘ |
’ {3) Inisummarygfik can-be concluded that only a very
‘small fragﬁidn oﬁltﬁglspores deposited on-é target will
’germinate‘and‘iprm,pustules, and that the most critical
reQﬁirement is;tﬁat of the énéet of satisfactory mebeopo-i

plogical conditions from bimé of desfribution for germinar-

' pion ahd pénetrafion within a few hours of at most a few days.

b. Spread.

(1) Once infectidﬁ has successfully been established

on a susceptible variety, a lesion can be expected to

TOP SECRET ' ‘ - B - 21 -~ EnC]_OSU.re i it
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develop, being manifest_first in the form of a flieck of
lighter color on the i%éi or stem, this being followed

by a splitting of the éﬁidermis and the appearance of

. the characteristic reddish-brown pustule in which

large numbers of uredospores are produced. Under optimum
condipions of crop growth the pustule‘may develop in
6-8 days. Cool conditions may delay pustule development.

Large numbers of uredospores are produced terminally

e

on the fungal hyphae and may be carried by wind to

adjacent or distént plants, there in turn to establish

" the disease.  Each active pustule may'be considered as

.t
L%-g

%,

a small "continuous generator" for a period of two

weeks or sc. Data are scanty bub figures of the order

of 50+60,000 spores per day te a tqtal of T700,000~1,000,000

per pustule have been recorded. These represent spores
which as produced are of high viability. Many aﬁe
carried to plants in the immediate vieinity of tﬁe
parent pustule; others may be carried greab distﬁnces.
It is common field experience, however, to be abi@ to
see centers of heavy infection, ?resumably surrounding
the initial pustule, These ééﬁﬁers are not ordinﬁrily
visible.until thé third generation,

'(2)“Inésmuch'as uredosporeé are produced from bustules
fg;ng bé;iﬁévof many days, the likelihood of establishment
of ségond&ry and tertiary infections is high. Sometime
during thé'periqd 6fitwg weeks or so of pustule pro-
ﬁuctivity‘thé-oﬁﬁimuEQminimum permissible conditions
for iﬁfectigp %fe!likély.to be encountefed. It can
therefore be- concluded that the establishment of primary

ififection. sites is much more critical than secondary

sites in the development of an epidemic.

A3) Although there are many observations on outbreaks
of cereal rust in the field there is no consistency of

pattern that permit;vcalculation of the probabilities of
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spread, and ﬁhe.pfobable a?ea of disease injury. Very
. 1ittle experimental epiéemialogy has been carried out%

and recourse must therefore be had to observations on
natural epideﬁics in the U.S.A In some of these the
appearance of the disease has been followed subsequent
to a knoﬁn spore "shower™; in others the disease ﬁas
dejeloped from the aeciospores originating on a barberry

or a group of barberries.

§1”24) In the outbreaks in the Plains states and the Red
hRiver Valley the initial infections arise from uredospores
',airborne from the south. Estimates of density of spore
deposition have been made from the numbers of spores
_adhering to coated slides. Such figureg do not form
any relizble index of the numbers which might be retained
on cerealﬂleaves'in the vicinity, nor are all spores
~so trapped necessarily viable. Certainly there has
been no consistent oz*dependablé relationship bet%een
density of.spore shower and'intensity of outbreak?of
| o rust. »Again the dominant factor is the presence of
favorable meteorological conditions. 1In general,ithe
primary infections, when dete6%ed, are guite 1ighﬁ, Only

occasional pustules are visible; only a low perceﬁtage

P
&

...of the plants bear pustules. From that point however,
rapid‘bufTa—ﬁp oceurs if environmental conditions:are
favorable, and in as 1litile as two weeks more all jplants

mey be iﬁféeted. Théreafter the intensity and severity

el f‘ . “’fapidly‘incréase gso-that in a further two weeks most of
1 S '~ the leaf and much bf,ﬁhe stem may be involved, without
\ e - . . l/

which yield reductions are not gevere.

- -{5) The experiences in relation to spread from barberry

TNEEBushes are very diverse. Génerally speaking spread from
such sources appears to have been local only {mot in

excess of one mile)..-In many cases however only one,

i/ In the Pine Camp trials: using oats and oat stem rust, about

" 8 per cent of the plants. had developed pustules in 14 days
following a spore deposition which must have averaged less
than O.lg/acre. After a further week half the plants were
“involved,. and at 4 weeks almost 100 per cent of the plants

- carried pustules. ’
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or at best a few,'émall bushes were all that were
invelved. 1In & significant proportion of the epidemics
traced t§ infected barberries the area of spread was
much greater then one mile. It must also be polinted out
that "small" rust outbreaks are far easier to trace back
to the spore scurce than_a large outbreak in which the
chances of finding the source are remote, and that in

some areas at least the barberry infections may be

'-relatively”late.
(6) Moreover, the barberry data have been compiled
L : ' mainly in connection with a barberry eradication program
‘ and not’as a part of studies on rust epidemiology. The
barberry acts as a continuous generatorkof aeciocspores,
and provides a situation that is comparable to that
present in a cereal field when a aumber of primaryi
infections have been established in a small area. A
single barberry bush of a small group of bushés caénot
be considered as parallelling & feather bomb drop.i
Indeed the latter, if primary infection is establi%hed,
would not be disslmilar to a heavy infestation of infected
barberries over an ares of several square milies.
- ) {7) Whether the initial source of spores causing the
W - ‘
- ”éppiaraﬁce,ofprStules in a cereal crop be uredospores
- 'oruéécios;;;es from‘barberry bushes, the epidemic must
‘arise by build-up fré@:those primary pustules, The
- ! _earlier and the moré widespread the initial infection,
the greater{ié'thé;ﬁu&ber of rust spores produced,:and
the gfeater‘is the Iikellhood of massive infection and
yield reduction. With a Iimited amount of jnmoculum to

disbribute; a system providing a broad diffuse, and very

light deposition rate would be préferable to one which
concentrated this mafterial on relatively few foci. The
time required for thé.spore generation, and the probabili-

ties of injury'bbth %avor early establishment of infection.
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| (8) As the existing data do not support any
definitive factor for decondary spread of rust, ahd

the corresponaing radiil for heavy yield reduction, WSEG
asked the Operations Research Office, Department of the
Army, and the Office of Scieﬁtifié’lntelligences Central

;o . Intelligence ﬁgency, to review these data and t¢ prepare

an estimate for the secondary spread factor. The
conclusion of this group, based on an analysis of
j f “:;%%E%ed States and Canadian cereal rust epidemics, was
hthap the primary infection from one E-~-T73 feather bomb
could reasonably be expected to spread over 100 square
;g " . . ~ miles and cause heavy yield reductions. This estimate
- takes account of delays due to short periocds of weather
unfavorable for infectidn, the anticipated discontinuity
of plantihgs and'stage differences iy spring planted
cereals caused by varlations in planting dates. ?Videﬂce
obtainable from American gxampIES'of rust spread :
indicates‘that if seasonal and other conditions a#e
less favorable the spread of heavy damage may be iess
" than one mile, While.ﬁhder more favorable circums?aﬂces
the spread;of heavy damage maﬁ;%e as much as 250 §quare
miles. The estimate for 100 square miles does no% také
i | wﬁlgacéount of the fact that the growing environment in the
US§R,is*ﬁﬁEh?iéSS favorable for the development of
cereal grains (and»hﬁpce of rusts} than is true in
. either ihéfUnite@'SEétes‘or Canada. No allowancejhas

'been made for .this factor,

e

—

o N (c) Yield reductioch.

(1) The cereal rusts and in particular the stem

rusts are damaging diseases. Plants of suscepbtible

varicties, heavily infected by virulent races, may never

reach maturity and if infected early may indeed never

3

head. A reduction of 10C per cent 1ln ylelds of

individual plants is therefore entirely possible,
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Hully rasigtant.varieties~cn the other hand

may be almost uniffcctedﬁ Predictions 'of.yield

reductions therefore cahﬁoﬁly be made with knowledge

of the combinations of variety and race involved. However,
many races are essentially similar, rather than dissimilar,
and differ only with respect to their ability to infect
one particular variety of those used to differentiate
races {(twelve for wheat stem rust). Combinations of

ﬁiggés would be selected in any planned anticrop operation,
”based on availablie knowledge of variéties in the target
area.

' (2) In natural epidemics, even those regarded as
severe, compiete crop losses over any extensive area do
not occur. The usual péttern is a complex of heavy %o
slight yield reduction53/With a tendehey for areas

having similar ﬁianting dates and environmental conditions
to be equally affected. In a féW'towmships‘or a ?ounty
the average losses may be heavyj in nearby townsh?ps or

the adjaceht county yields may be less affected. ;In
calculating on the basis of larger political subdivisions
"heavy" losges might be 50% of total anticipated production,
As indicated eariier there may also be a substantﬁal

fﬁs,,reéuCtion'iqbqgality due to the presenée of shrivelled
aﬁaflighﬁgkéfnéis.
(3) It‘cénnot be-too strongly emphasized thatg“heavy“

loéses‘aré)correlaﬁé&’withAearly appearance of inéculum

"'éhd'establishmen?;cffprimarj infection, and with the
prevalencékqﬁ_csndiﬁipns generally favorabie to the
establishﬁehﬁ.éf‘én.epidemic during much of the subsequent
period.. . |

LA (47_Intthe U. S. yield losses in winter wheat 1n

Kansas énd Nebraska are rarely significant, because the

rust.ichuium if pre;ent comes in tbo latve ﬁo establish

an epidemic, bul speres then incregsed are carried north

>,
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and intovtﬁe Dakotas, there to catch the spring wheats at
'an earlier and more vilnerable stage. V

(5).Based:on the pf@ceding discussion and for purposes

of calculation, the following yield reduction ranges are
employed‘fgr the 100 sduare milé areas covered by the spread
Tactor sﬁecified above, it being presupposed that the

gvg S operations are carried out with full knowledge of the

-nature of the missions and With adequate planning based on

.A._..— Fas

avallable 1nformatlon on planting and/b* maturity dates,

crop patterns, varieties, and weather forecasts.

Stem rust - winter wheat 30 - 60%
e - spring wheat 36 - 60% *
~ barley 20 - LOo# x*
- pye’ | 20 - Log *%%
Stem and -

Crown rust

¥

oats ' 30 - 60%

* In an area in which both winbter and spring wheats are present
and in which an attack is made at the appropriate time for
winter wheat, spring Wheat losses may be expected to be high,
Separate attack on spring wheat would not be pecessa?y

¥* The predicted range for barley is not based on splllover
from wheat and can only be accomplished if specific races
of wheat stem rust virulent for barleys are emploged The
figures are'lower than those given for wheat because barley
matures more: rapldly.

T xrE ”he prpalcted range for rys is based on the employment of
wrye rusts. as virulent as can be obtained. The figures are
lower than those given for wheat because rye matures more
K rapidly, There is evidence that some rye selections do not
- become fully:susceptible until the bime of flowering which
: ieaves only a short period during which the severity of the
~disease can attain a level which results in yield reduction,

4“WHEAT STLM RUST ON BARLEY

o 21 . Because of apparemt 1ncon31steneles in the information
obtained and opinions- expressed_relatlve to probable "spili-over'

of wheatfstémjrust into barley in the USSR and the extent of

ylela“ oductlon in barley to be anticipated therefrom, the subject

R -wag reviewed with Dr, Karl Quisenberry (Assistant Chief, Bureau

| of Plant Industry, USDA) who consulted with Dr. H.A. Rodenhiser
(Chief, Geréal-CrOp DiVisiqp, USDA) and in turn with Dr., M.A.

McCall {ORO).
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22, The‘following appear to.he the facts to which all were
prépared to subscribe. These aﬁe based, unléss otherwise stated,
o experience in the United Stéééso

o ‘4. Both wheat and barley can be infected by the same .

‘variety (Puccinia graminis britici) of stem rust. Varietles

of both ¢rops vary in reiative susceptibility to races of this

stem rust. One race may, or may not, be of equal virulence

o or ggqéuce eqﬁal;losses on the two crops. In the field on
widélyrplantéd varieties the usual experience 1s that one race
is not .of egqual virulence on both crops. For example, the
wﬁeat stem rust race 15B which is highly virulent'to many
wheats and which caused serious 1osses:of spring wheat in
ﬁorth Dakota in 1950 has‘been igolated from barley, but has

not in the field caused significant yield reduction in

commonly planted barleys. ~The wheat stem rust race 59 which

is-damaging to barley is of no conseguence on the varieties

P

of wheat grown widely.
b. By appropriate research, it may be possible toifind a
race or raceg of rust equally virulent on both wheat iand

’ i ' :
o parley varieties planted in the U. $. or in the USSR. Such

a race might, or might not, be equal in virulence to .those

- N having the highest degree of virulence separately for the
- 'gbpropriate wheéﬁ*aﬁd barley varieties. There has not yet

ST i

. - been nearly s

, mich effort to find and exploit in a breeding

program sources of‘resiétanoe to rust in barley as in wheats.

' c. In Yearé of bad &ﬁeatystem.rugt epidemics there hag
‘ beén’some damage on bgf}%& at some locations, but there
— iéppears to be nchgrtainty}or’high probabillty that this %il;
be ?he.oase.‘ In‘the”severe 1935 épidemio of wheat sbtem rust,
some fields-of‘bariey'were reported as rusted, In the central’
‘3§§§in3 states no clogse relationship between appearance of
rust on Whéat and barley has ever been apparent. In the
 United States, in general, barley varieties are earlier

maturing than the wheat varieties in the same area. As a
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resﬁlt, barliey is likely to eécape damage from rust evén
'when the crop beéomes infecteg éeoause liﬁtle time remainsg
for the disease to build-up to the level that would cause
significant crop‘losses.b

d. In plgntings made in Puerto Rico, Florida and at
gseveral locations in the North Central States in 1951, a
‘gpring barley {Montcalm) though exposed to heavy inoculum
of @hegt stem rust races 56, 38 and 17, did not develop the

diséase, {Camp Detrick data) indicating perhaps more critical

environmental requirements for establishment of infection

in bariey.
Lo f SR g;'In”some plantings made in South America certain barleys
| jbecame neavily rusted as did many wheat varieties, the races
;involved being those indigenous to The areas concerned., It

was not established that the wheats and barleys were in fact

infected by identical or single races (USDA - Cml., C@rps datal.

‘ 23. in view of the above considerations, in calculatiéns for
195&, “spillmover” of wheat stem rust to barley in the éSSB is
assumed negligible, and no figure for barley losses frbﬁ an
opération planned primarily for wheat are included in the evalua-~-
. tion, ‘Stemrugt faces specifically damaging barieys are known
anﬁm@ighﬁ be developed, therefore, separate calculatiané can be
;madevempiqying*ﬁafléﬁ rﬁsts, on the assumption that theée could

be developed in from two teo three years.

e

_ OTHER PLANT PATHOGENS -
' é#. Certain other'plxntipéthogens are under development and

in the opinion dft@&m@ Déﬁrick; with appropriate emphasis could

‘be ready in 1954. Greatest progress has been made with the

B - oTganism Phytophthera infestans which causes the "late blight"
T T T ' _ -
disease in the Irish potato., This disease has high epidemic
potentialities; plants heavily infected ugually die, Unlike the

cereal rusts the causal fungus can be grown in artificial gub-

- strates, Production ﬁheréfore depends on The development of
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fsuitable facilities.A The major difficulty encountered in‘ité
employment is the provision of a form of the organism that is
Sﬁable. The sporangia are f?agiié, and,will not withstand
drying or freezing. A mycelial (vege tative) form of the
organism has therefore been preferred, grown in a pelletted

matrix. These infested pellets retain viability on drying.

= 3

When wetted, the organism grows more rapidly than superficial

’ saprophytlc contaminants from the scil or air, and sporangia are

produced Whlch.are then windborne to the leaves of adjacent

 potaﬁo plants, The heavy canopy of foliage ordinarily present

in well-established potatoes is an aid in maintaining moist

conditions. Infection of the plants under the coel moist

conditions of northerly latitudes is not expected to be limiting.

‘The epldemlologj of the disease is well understood, Fﬁmgicidql

sprays at ralatlvely nloh voiumes can provide COMDlntO protection

‘but massive area spraying is expens_ve in materials and labor.

25. For rice, certain leaf spot organisms, notably

Piricularia oryzase which cause "blast" of rice are also under

development. The problem of production in a stable infective

form is not so difficult as with the late blight organism,

because the conidia wnlcn are readily produced in artificial

substrates, can be dried without loss of viability. This

R,

disease,, which is. the most dameging one known on rice, is serious

in certain.areas In the Orient. Resistant varieties of rice are

known. It is not believed that this disease has the epidemic
potentialities of the'cereal rusts or late blight, but informa-

tion as to precise conditions of infection and spread is scanty.

-

Supplementing Pificularia iS'tko QrganismAHelminthosporium oryzae,

somewhat 31mllaf 1n‘propewt1es but less damaging in probable

:d rcduction

m26’ Although certaln virus diseases of plants are under study
by the developlng agency WL is by no means yet certain that
viruses can e effectlvely employed as aﬂuleOD agents.  With

meny plant viruses neltber infection nor spread is assured with-

-out the pa rtiCLpatlonVOf 1p5act vectors.
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ANTICROP_MUNITIONS

GENERAT, DATA ON BW ANTICROP MUNITTONS
27. Consideration will be given in this portion of the dis-

-cussion to the anticrop munitions that could possibly be made

/
\,

: operationally available in 1954, Those munitions are the E-73
and E-86:comparable cluster type bombs, the E-95 three inch

spherical bomb, the E-27 dry agent disseminator (modified 700

i gallon fuel tank), and the 1,000 gallon capacity spray system.
%\Séme‘theoretical characteristics of these items are shown in

"Tablé v. Altﬁough not a part of the anticfop munition group‘
for manned aivcraft, the E-77 anticrop bomb for unmanned bal-

loong is described briefly at the end of this section.

‘ » 28, Two of the anticrop munitions, the E-73 and B-86 are
deslgned for the dissemination of pathogenic agents such as rust
s@ores dusted on feathers as carriers. Another {ype, thd E~-95,

is designed to disseminate rust spores without benefilt of 2

carrier, These Three Types are nir burst boumbs,. The'spfay
systenm, on the other hand, functions while remaiﬁing attabhed
to the aircraft.and is designed for the dlssemlnatlon of llquld

. -

- ant*cwop chemie lsMsuch as 2,4-D,

- ,
o 'E 73 BOMB BIOLOGICAL
29, The E- 73 bomb, blOlO”lCal is a modification of the MA6 type
clusuer adaptef usad LOf dlssemlnatlon of fragmentation bombs
%\ / and propaganda leaflets. -Development has been done by the
‘ "> . Chemical Corps atvCamp;Deééi;k; The E-73 consists of a - fuze 4
' (M-146R1 or M—l55)vaﬁd a césiﬁg ﬁaving four compartments. In

curréng practice, each compartment is loaded with a plasbic

vimpreghated.papgr container (E2R3) filled with 2% pounds of TXI.
There are 10 éounds of TXl per bomb. The E-T3, filled, weighs
84 pounds. TXI, a2 standard;antierop ageﬁtvfill, congists of

10 parts of agent carrier (Mﬁ) mixed with one part of the agent
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Puccinia graminis tritici, a cereal rust (TX). This ratio may

be changed if the viability of the #ust spores has declined
during storage, The agent carrier Wili retain up to its own
Weight’of cereal rust spores. The M1l agent carprier is composed
of dry, washed and fluffed feathers averaging 3i" long by 1 1/4"
i_,’ Wide. "Pef bomb, there are aé least 53,000 feathers impregnated
ﬁith rustvspores. ‘The size of the feathers is less important
than tHELF gpore retentive capacity. The E-73 bomb is designed

so that the E2ZR3 containers are ruptured by an air burst at a

selected aititude. Although the E-73 has beeh developed and
. j .éésted for the agent TX1, it is equally suitable for spores of

éi cereal rusts or other similar plant pathogenic organisms

that might be infective in a dry or "powdery" condition. Different
Dathogenu may be placed in the same bomb by mixing Them before

paokag;ng or by’lnsert¢ng packages of dlff§rent kinds of cereal

rusts within the bomb.

| -30. The E-73 is carried on a 500 pound bomb gstation 1n bombard-
mpnt type aircraft. The number of bombs carrled per plame is
not limited by weight, but depends upon:: (a) the number of 500
pound bomb statlons in the aircraft, and (b) the number of thesb
; o ‘around which uhere 10 sufficient prcom to permit two oombs to be
carr;ed 1nstead of one. For example, Dhe B-29 and B-50 can

- accommOQatD 56 E-T3%s; they haVS forty 500 pound bomb statlons,

and doublo shackllng is p0531b1e on 16 of these, The fuze,

o MKKSQI or W -155, is 2 mechanlcal time fuze which Iunctlons by
Mcau51ﬂg the two longltudwnal halves of the bomb casing to burst
_open at a selected altltude Thls in turn ruptures the E2R3 pack-

ages Whloh spil 1 the contents (Txl or others) into the air. The
sporemlmpregnated feathers fall to chn ground 1n¢1v1dually. Bomb
functlonlng does not affect,the viability of the spores,51nce
blast and heat from the fuze mochanlsm 13 negllglble, " Area cover-
age and density of the agent TX1 on the ground is roughly a
function of alr burst altltuae, w1nd velocity to the surface, and

'uhermal oondltlons.
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TABLE V

GENEBAL CHARACTERISTICS OF ANTTICROP I\IIUI\IITIOI\TS'E/

 Weight of

Estimated Cost of

complete unit (dollars)

(Antiorop clomicals)

16,0007

Weight of Waight of Weight of filled A
Metal components  carrier agent unit Metal Agent plus

Munitions (pounds) (pounds)  (pounds) (pounds) Components carrier Total

. o 17 27 B
E~73, Biological Bomb - k=t v

(for stem rust) 3 10 4 Bl 65 100 26,5
E-86, Biologicai Bomb - ’ ’ v -

(Por sbem Tust) 225 12 1...2 238 500 120 ) 620
95, Biological Bomb ' - .

(for stem rust) Q.?B : 0.16 7 0.91 10 _16 gfi;_
E-27, Dry Agent Disseminator 11,00 Unknown Unknown:  nknown . e .

{ : ' 1ex .. 600 2000 5000 - Maximum Maxmam
. (for‘ ?’oem rust) pouhds n,lz%écw%ds — ' .60’000 65,000
Spray System Sl _3_/ i ' L/ o ,

J 1000- - 10,000 11,000 3,000 - 9,000

4H, ©4NsoToum

© 1/ Carrier consists of feathers. :
Estimated cost of 100,00 per pound. -

2/ bgent is wheat stem rust.

3/ Cost may be reduced by repeated use,
/ Assuming agent to be pure butyl ¢,L-D esters.
5/ Taken from 1952 Technical Estimates, Committee on BW, RDB, 1 April 1952.

v
i
4
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B 31, The‘employment of thisg munition is based on the principle
ithaﬁ a number of small foci of infection is sufficient to initiate
an epidemic spread of a plant diseése; Each of the M1l carriers
:when it peaches the ground retainé mahy hundreds of the TX spores.
EAlsd ﬁany gpores are feleased into the aif as a kind of spore k
"shower." The Ml carrier literally brushes the spores onto the
plants with-which 1t comes in contaet. In operaticn the bombs |

woﬁld not.necessarily be almed at a defined target {(1.e., a field

';offgrain); Bombing technigue would require only that the individual

. bombs be dropped into areas of known target crop concentrations.

3?,1Because cereal rusts_cannot withstand freezing, Ehe BE-73
;Wili regquire bomb bay heating on many missions against the USSR.
Such a heating unit is currently under development; it is a
sméll; gself-contained gas combustich type which do&s not depend

upon the electrical ciroﬁit capacity of The aircraft.

33. A major disadvantage of the E-73 1s its relatively iow
weight per ﬁolume,’ This results in very p&cr fall—éwaj b%havior
from the upper rear shackles of both bomb bays on B-29 tyﬁe air-
craft causing erratic. fuze functioning which results in un;redictable
‘purst aslititudes. However, it would .appear that the ballis&ies of

tﬁishbomb could be improved to overcome its present erratic fall-

o

:'away‘.ﬁit is aséumed#bﬁatxthis modification could be made by 1954

ifkneeded;  Another disadvantage of the E-73 is the lack of

temperéture protédtion for tﬁé spores during airborne phaséﬁ.

. Above freezing températures will-be maintained, however, by the

"use of the bomb bay heater, described elsewhere.

- -
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34, Total cost of this munition filled with TX1 is estimated
by the Chemical Corps at $265;50; Of this total, $165.00 is
estimatgd for the components less TX1 and $100,00 for the TX1.

Development Testing.
35. The first test of the "prototype" E-73 was done at Pine

The munition was an M16Al.cluster

‘adapter filled and éssembled by hand without benefit of ftechni-

Dy e, N

cal'specifications, The target area consisted of sixteen %

acre plots of Overland variety oats. The plots were located
in a rectangular area approximately 11 miles long by 1% miles
wide. Three agent filled munitions were dropped from a B-26

aircraft on the same aiming point, The agent was Race 8 of

oatfstem rust (Puccinia graminis avenae). This is the énly
known race of oat. stem:.rust that is infective to the Overland
variety of oats. There were two major objectives in this

test: (1) to observe the rust infection obtained in thié manner;

(2) to observe the functioning of the clusber,

Cluster Eattern.

36, Six (6) clusters were dropped to determine ground pattern
-of the Ml carriers. Results of the pattern tests are sqmmarized

as Follows: . - _

.
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RELAT‘J’:ON OF OPENING ALTTTUj)E "WIND VELOCITY, AND COVERAGE
USING Tﬂb‘E ~-73 ¥ EATHER BOMB

1/ o oy

Opening altitude~ Wind velocity © Surface areacovered
K;/ 1300 feet ‘ 25 mph L.6 sg. mi,
| 1800 - ¥ o5 v ' 5.0
2000 o3 M 1.6 1
2300 " o o5 W 6.5
3000 ' o3 N g.2 "

hooo ¢ oz M . 12.5 "

o ' 1/ Approximate

g/ Average from surface to opening altitude

3/ Determined by recovery of feathers,

The size of the pattern varied with aititude. In this particular
| ‘ tesgt it ranged from 4.6 square miles from a 1300 foot openlng
‘ - altitude to 12.5 square miles from a 4,000 foot opening @ltltude.
’ The shape of the pattern was roughWy oblong. The—length{and
width varied in no set fashlon, but generally the lengthiwas

i f 5 to 10 times the width,

’ Lo ” 37 ratterns -of the size mentloned above would y1c7d LeathEC

- dens¢ﬁ¢tes in the @rder of 4,000 to 11,000 per square mile with

‘Infections'Observed.

38, Two weeks after the three munitions with ageht were released,

A " infection was found on 11 of the 16 plots. However, only five

‘ : .. @an agent concentrat;on of 34 to 93 grams per square mlle,
|
|
|
|

plots were hit with;sébre laden feathers from the cluster. It

l was cbnoluded fhat the gix other plots were infected by free
i | S |
|
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spores releaséd from the feaﬁhéfs; The free épores were pre-

sumably windborne to a greater distance due to lesser specific
Judging from the simultaneous appearance of primary

gravity.
estimated that perhaps as much as 25 sguare ﬁiles might have

infections on plots on which feathers did not fall, it was
been exposed to spores from the clusters dropped. However, it
should be noted that the wind velocities were relatively high.
Within‘four weeks after the attack all test plots were infected,

his illustratedha secondary spread of the diseage onto plots

R
that were not exposed to spores from the munition,

© 39. Although this test was done with oat stem rust, 1t is
preéumed that wheat stem rust or any other similar disease would

o nave given similar results.
40, A%t the time the test was terminated it was estimated that
yield reduction on the 11 plots primarily infected would have

amounted to at least 30 per cent. This test was done during

This

the several weeks following the harvest of the local oatic“op
The test was started six weeks after seeding when the

in order to avoid accidental contamination outside the test

plants were in the late tillering to early boot stage
e plants were well established when

area.,
Wouiﬁ”in@icaté thaéﬂt'
- ?irst expoéed; Thelfipst pustules appeared approximately two
weeks after exposure, Obsérvation$ on the prevalence (percent-

.

age of plants inféétedj~and’severity {percentage of leaf avea in-
Tected with pushules) were continued for sixk weeks. The test was

terminated because:bfmthe’oﬁéet of inclement weather. ™ The late-
negs in initiating'the“atﬁsck relative to erop development and

the early terminatinn of the observations would indicate that

the estimated 30 per cent yield reduction could
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be increased under more favorable conditions. A greater reduc-
tion might be expected under corditions when the disease had a

longer time to exert its effect:

A&l. It was concluded that a cereal rust epidemic could be
initiated by disseminating The spores on feathers from a modified
M1641 cluster adapter (now the E—73). Due to the effects of
shake-gff of free spores, the area of primary infection was
greater-than the area covered.by the spore-laden feathers--in

this case 25 square miles or approximately 3 times tThe observed

- area covered by the feathers--from the three munitions. Inasmuch

as 2 mean wiﬁd speed as high as 25 miles per hour is not to be
generally anticipated between the point of opening and the
ground, it is believed that for planning purposes a coverage of

10 square miles per E-73 should be used,

Operational Suitabilitv’Testing.

42 The USAF is currently engaged in studying the operatlonal
sultability - oi the E~73 at the Air Proving Ground, Eglln,Alr
Force Base, AL this date (30 April 1952), 62 drop tests have been

~made, Thirty-five remain to complete the drop schedule,g Details
-of the test procedures are not discussed invthis paper. The tests

are®intended to pr@v1de data on reliability of the openi ng

,_mechanlsm, fuze functlonlng, and surface densgity and dlstrlbu—

S

'tion-of the Mi carrlers when the bombsg are dropped from.yarlous

wltitudes and fuzed to open at various altitudes. Meteorological

“"conaltloos are fecorded concurrently with the dron tests.

43, No official test data were available from these tests

‘at the time of writing this report, However, an interview with
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thé project officer revealed that patiern sizes on the grouhd
wiﬁh bukst altitudes of appfo%imately 1600 feet and wind
velociﬁ&es of approximately 25 miles per hour were of the
same order of magnitude as indicated by the Pine Camp tests

discussed above,

4l B-29 and B-50 airvcraft are being employed for operat10n~
al sulgégzllty ftesting. It hag been determined at the Air
Erov1ng Ground that the present version of the E-73 is un-
éatiéfactory for bombing zltitudeg above 15,000 feet{ This
ié’largely due to the relatively low weighﬁ~Volume ratio of
%he munition, A% altitudes abgve 15,000 feet there is con-
sidérable buffeting of - the munitions dropped from the top
reaf shackles of the bomb bays. This causes erratic fall-
away characteristics aﬁd occasional‘tumbling in the free-fall
phase which impairs or prevents proper fuze functioning%
ﬁour out of 62 fuzes (M155 type) failéd to function forj@ech—

anical reasons. Three EZR3 packages out of an observedgloo

failed to open for undebermined reasons.

45 Malfunctioning of bombs from the upper rear chackles

might be bbviated by adding nose weights or even by replacing

- the mose E2R3 package by dummy of greater mass, Though the

latter Woula feduce the usable space per bomb by 25 per cent
The Pffecﬁ w0uld‘be less drastlc than that imposed by the

_fneeess1ty of not using the<upper rear shackles.

EE, The estimated’muniﬁibﬁ cost per aircraft is $14,840
using 56 E-73's per‘va-z‘}lane" load.’

L
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' E-86, BOMB, BIOLOGICAL

47. This item is an improved version of the B-73. It will
consist of a suitable fuze, é casing such as the E-48 adapter,
and Tivé plastic packages of ‘agent. The packages are similar
to the E2R3 containers mentioned in connection with the E-T73.
The bomb is désigned for a capacity of 13.2 pbunds of carrier

plus agent. Assuming the same proportions of feathers (M1} to

e S

| égent (TX) as desc¢ribed for the E-73, this bomb would contain

| 1.2 pounds of rust spores.

48, The E-86, filled, weighs 238 pounds and fits on the 500 1b.
%,bgmb‘stationi The mechanics of operation and principles of employ-
ment are similar to those mentioned under the E-T3 except that

each plastic package will have its own individual opening mech-

anism. The mechanism is a time delay device armed at the time
of cluster opening With'a few seconds delay.

L

L4g, Heating and insulation are provided as integral parts of
the E—86. This is an improvement over the E-73. If theétem@era—
ture ouﬁside the bomb is -48° F. it will require a,power;of 100
watts, calculated per bomb, to maintain an inside temperéture of
1o —‘500 F. {best storage temperaturé). It appears thatfthe
present elﬁctrical‘circuits éf'bombardment aircraft caﬁ ac-

i

- commodate this’addf%ibnaluload under combat conditions. For an

. outside temperature-.of -65° F. the requirement for electric power
is calculated to be 1hG Waﬁts to maintain. the same internal
temperature. Insulation inside.the E-86 casing is provided by

fonefinéh’of stgrofoaﬁ; 'i? Eﬁe,event of emergency shut-off of
eleéfrical power the\sﬁyr@fdam,insulation is expeeteé te provide
sufficient pfqtectioh’%b permit ébn%inuation of a missicn.
.The;e.aré“no'daﬁ&‘avaiiable on this;point"'The increased weight
of“%ﬁeeE+86 and iés aerodynamic shape will also improve the
ballistices characteristics and possibly eliminate such probliems

as buffeting occhfring‘in béﬁb bays of B-29 and B-50 alrcraft

above 15,000 ft. altitude. .
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50, The effeétive;péyioad of the E-86 bomb is 20 per cent more
thén that of the E-T73, The pﬁiﬁary area coverage will be similar

in size due to similarity of the content and construction.

51, Total cost of this munition filled with TX1 is estimated
by the Chemicai Corps at $620.00. Of this total, $500.00 is
;esﬁimated,for the components less TX1 and $120,00 for the TXI,
The total munition cost per plane load is estimated at $24,800,

—«..‘,, PR

The Qdstlonal cost of the E- 86 in comparison with the E-T73

provides a more refined munition but no appreciable 1ncrease

in mechanlcal effectiveness. The E~-86 apparently offers two
advantages over the E-73: (1) higher bomblﬁg altitude due to
1mproved Welght, and(2) 20 per cent agent per bomb., On the other
hana, the qddltlon of separate opening device on each of the
paokuges in the bomb gives cause to expect some mechanlcal
failures in package opening whlle seeming to offer no apparent

advantage, : ?

52, The E-86 is not expected to be oneratlonally avallable
until mid51954.‘ No field test date are available ab th;s tinme,

but as stated above, its performnanee can be assumed to be almost

- 1dentical o the E-73.

E~ 95, BOMB, BXOLOGIC AL

B3¢ - Thls mun1t¢on.is de51gned prlmarllj as a disseminator of
free spores—~thau is to SQy, spores not contained on a carrler

of some: Sort Assumlng that each item will contain 7O grams of

Jspores, then 6.5 Wlll conﬁaln the same quantity of gpores as

one E-73, and 364 .E-- 95 a-would be equivalent in agent payload

%o one B-50 plane load of E-73'g (assumlng 56 B 73's maximum

load). "The 364‘E—95 munltlons would weigh roughly 328 pounds

as compared with 4,704 pounds for 56 E-73's., However, the
factor of importance on an alrcraft payload basis is not the
weight limitations ag much as space limitations.

i
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54, This item is a small spherical bomb. It is three inches
in diameter made out of plastic and designed for a barometric
fdée, The E;95 is designed to weigh slightly less than one
?ound ﬁhen £illed, It will contain_approximately 70 grams of

rust spores.

55. The fuze will cause the two halves of the sphere to separate

at a low altitude, thereby releasing free spores into the air.

f«g:,;: R

'Spdré Viability.should'be unaffected by this method of release,

toy

Successfulfemployment of these spheres, however, may well depénd

on the sensitivity and reliability of the fuze, Available

' knoW1edge of the ballistics of rust sporeé suggests that, in

§rd§r to obtain an adequate  ground density at low to moderate
wind speeds, the altitude of rélease may well be under 200 feet
énd_perhaps be under lQO feet, Using the same mean spore dis-
position rate as was achieved in the Pine Camp trials with E-73
bombs, the contents of one E-95 spheré should be distributed

over 700 acres, or somewhat more than one square mile.

56, The developing agency (Chemical Corps) does not contemplate

clustering the E-95 in & cluster adapiter. Current plans indicate

ﬂthét the spheres will be released individually from a simple vat
or-hopper-like conbainer in the airecraft. It is proposed that

disseminztion ofl. small munitions can be done as well without

clustering in ania&apter suspended from bomb shackles. A large
container suitable for ejeeting the individual spheres poses no

,prgblemQto the dévelopihg_ageméy. Such a container could be

developed forvsuspensioﬁ'in‘the'bomb bay of bomber aircraft or

o
s

mounted in the eargo»gompartmént of trangport aircraft, Develop~

‘ment is,sstimated by:the Chemical Corps to be ccmplete by mid-1953

heperational avaiiability by mid-1954, Total cost of the E-95

Wit

_is now estimated by the Chemical Corps to be $26,00 of which

$10,00 is estimated for the,K components less ageht £ill and $16,00

for the agent fill,
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57 For’ the purpose of draw1ng 4 rough comparison between The

E-?S;and E—95 on ‘an alrcraft 1sad basis it will be necessary to

cstimate the total number of EL95'S that a B-29 or B-50 could

sccommcdate. As pointed out above it is planned to distribute

the E-O5 from a hopper type disseminator carried in the bomb bay.

It is known from investigations on the design of the spray system

(discussed later) that a unit measuring 120x60x51 inches suépended
,jfrbm spe¢dal racks will fit in a B-29 bomb bay. A hopper of that

'sigze contains 367,200 cubic inches. Assuming one E-95 to occupy

:ETKcubic inches the maximum possible number of E-95's per bomb

ibay would be approx1mately 13,600. Assuming one E-95 to weigh

50 9 povnds the maximum weight of bombs alone would be 0.9 x 13,600

or 12 240 pounds, If one assumes that a hopper device Would

fwelwht 750 pounds then the total combined weight per bomb: bay

would be 12,990 pounds. ‘On the basis of 70 grams of rust spores

‘per | 95 the total agent weight per bomb bay would be apnrox1mate-

1y 2,100 pounds. Using 0.1 gram of agent per acre as a d@Slred

ground density, one B-29 bomb bay load of E-95's could theoreti-
cally contain sufficient inocculum to infect 14,890 square miles.

’

'58. 4 serious limitation exists in connection with the E-05.

There is 1little or no knowledge at this time on the behavior of

free spore ﬂeleaSedrin-the gir in a target area. They W@uld

,undoub edly drlft for much greater distances than when cllnglng

to heav1er body such as the ‘M1 carrier. Although lnfectlons

occur from free spores undcr nataral condltlons, there is no

»‘baSIS'for comparlng-the‘qffectlveness of single spore infections

with infections starped;byx&hmass of spores on a carrier. There-
fore, conclusions on .the relative on-target effectiveness of the

E-T73 or E-86 versus the E-95 would be conjectures at this point.

T : ) .
Moraeovér, the E-05 does: not lend itself so readily as doesg the
E-73 to the solutisn of the problem posed by the availability of
spores having reduced viability, as occurs.in some stored batches

of spores. A reduction in viability of 50 per cent would be

TOP SECRET i - B - 43 - Enclosure "E"’




Reproduced from the Unclassified / Declassified Holdings ofrtheNationa[ Archives-

DECLASSIEIED

AHOT7

: L.
4
8 auTHgRIY:

; i:'DATE:é‘Jg" :

10 SECRET SECUR

TOP_SECRET

compensated for in the,E;73 by doubling the quantity of agent

applied to the feathers Wlﬁhout ohanglnw the area covered per
sortie; in the E-95 spheres no such compensation could be made

so that the area covered per sortie would be greatly reduced
from the theoreticai maximum level, because more spheres would
have to be distributed te approach the desired effective spore
rete per acre. It is concluded that a meaningful comparative
evaluatlon of the two munitions cannot now be made, and therefore

Hhlle )

the E 95 will not be used in making.computation.

CHEMICAL SPRAY SYSTEM

. 59, The effectiveness of certain chemicals (i.e., 24-D and
é,%,S»T) against crops has been established. Continued research
has made 1t more apparent that serial dissemination might be
logistically feasible. The engineering design of:a suifable
spray, system for opere%ional aifcraft is completed, The work

is being done'by the Wright Air DevelOpmenﬁ Center with collabora-

'tien of the Chemical Corps.

60, Two prototypes of the system are planned for complctlon by
August this year. Immediately follow1ng, it is planned to run

practical Tield tests at Avon Park Bombing Range, Florlda, where

pqevioushengiﬁeering and development tests had been done.

61 The system dongists of a tank for the agent, oumplng system,
power unlt nozzles, and supportlng structures having a total

weight of 865 pounds when empty. The fllled weight Wlll be

»appro 1mate1y'1l 765 pounds. One complete unit can be oontalnec

in each bomb bay of a. B- 29 or B 50, or a €-119 cargo leCPdft

In the B 29 type the unlt w111 ‘be suspended on bomb~bay shackles

| and will be gettlsonable in flight, In the C—1i9 aircraft iv

will ¥est in a cradle on the cargo floor and could be manually

Jettisoned if necessary.
62, The unit will have four detachable fully castering wheels

Por towing‘upvﬁo‘lo miles per hour on concrete gurfaces. Final

poeitieniﬁg under 2 bomb bay will be manual, Holsgting the tank

TOP SECRET ‘ - B4 - : Enclosure "E"
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unit into the bomb bay>will be-dohe in a manner similar to the
procedure for installing the in-flight refueling system in a
3—29. Installation in a C-119 tﬁﬂe_aircraft will be done as

preSoribed for any similar cargo loading.

63, The tank is designed for a 1Q30 gallon capacity and a volume

N of 137 cubic feet. Fully loaded it-will weigh 10,900 pounds. A

fllllra port and splash proof vent will be provwded in the top

| . of the tank insulatlon is prov1ded by sultable insulating
boaru and materlal about one inch uhlck The tank will be filled
after 1nsta11atlon by means of a modified F-1, F-2, or B-6 re-
i%r‘* ); fﬁeling tprailer. The modification of the refueling trailer will

'be such as to enable reconversion with minimum time and effort.

The agent will be pre-heated to a temperature of 90 F durlng
fllllng operations by passing it through a llquld eombustlon
hegter. simllar to that used on the ‘E3R2 Incendiary 0il Mixing

‘ and Transfer Unit. Pre-heating of the'agent plus insulation of
the fank will maintain sarlslactory v130081ty for the duratlon
of an eight hour mission under temperatures obtaining at opera-

tional altitudes.

64, A eingle stage centrifugal pump feeds the nozzles ﬁt the

'maximum pump. ca ty 1s 200 gallons per minute under %R psi

pressure with an input of 7 1/2 HE.

|

\

\

|

\

|

[ < rate of 150 gallons per minute under a pressure of 35 D51. The
l : .

; | 65, The pump 1s Uowered by an air-cooled ﬁp@Lrpal Cqmbugtimp/W@ﬁm
I *"-~”fdelwver1ng a recommended max1mum of 7.5 HP at 5,000 feet altitud
| .

L ‘f// Tt will be self startlnv byxmeans of a 12 volt starelng battery.
| Fuel will be provldedrby a~two*gallon capacity tank, Fuel con-

sumption ‘on a mission will be less than one gallon.

o~

66, The pumpjand engine will be mounted on the ftank frame and
together W111 welgh an eSulmated 275 pounds. They will feed the
agent to six Bete 32W Pog Nozzles suspended three Teet below the

-fuselage on Bf29 tjpe aircraft. The nozzles Nlll_be spaced in
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two rows two feet apart in both ditections. On C-119 typé air-
‘C?aft.the nozzles wiil extend ﬁﬁrough two smail doors at the
§_rear of the cargo compartment. It is planned that nozzles can
beAéXteﬁded to the oﬁtside or Wiﬁhdrawn manuyally on the c-119

agircraflt.

S , i 67, PrOV181on is made For rapidly dumping the tank contents

" through a three-inch line in an emergency.

Bty

68, Minor aireraft modification will be necessary to install

‘ ghe system. Mounting racks must be bolted onto the alrcraft
. frame; six semi-oircu}ar openings will be regquired in the edges
‘ df ﬁhe bomb an doors for nozzle extensioﬁ; and a fuselage

window less than one sguare foot Iin size 1is needed for bhe ex-
o hauét, air scoop, and vent line of the engine, In the cases where
opeﬁings are cut in the fuselage a cover plate with zeusg fagteners
will be provided, |

= E

' 69. It is proposed that all work, including aircraft modifica-
tions, can be done at wing level. No information is available
on manhours required te prepare an alrcraft for 1nstallatlon
of the system or on readylng the system for flight afcer installa

“tion,

.,_._?&

DEVELOPWEYTAL TESTING

70, In- 1950 exten51ve t?lalb were conducted at Avon Pérk
Florida, to determlne the effectlveness of low volume spraylng
'*OL pnrc or undlluted antlcrop agents from aircraflt. The flight
Lo ‘V tests were done” Wlth a USAF ¢~ 4? hav1ng tailored experimental
gpray system 1nsta11e&,and a Navy’ADal equipped with an Aero X2
spray déyice. vFroﬁiﬁbe 1950 tests it wag concluded that particle
bpgj%gp~wés c@uééd to 2 greater extent by the slipstream and
to”a’leéser extent by the nozzle type. In berms of area coverage

both surface winds and altitude of release were important,
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RESULTS OF 1950 DEVELOPMENTAL TESTING TO DETERMINE
EPFECTIVENESS OF LOW VOLUNE AIRCRAFT SPRAYING OF
ANTICROP AGENT

Riow Wind Velocity
Rate - above the sur- Flight Swath Width(ft)
pireraft {gpm) face in m.p.h. alt., Lethal¥* Apparent®*
R 3.3 £t, 26,7 TT.

¢4 15.9 6 11 100 ilololo) 710C
0 16.1 3 9 100 4875 8650
" - L 8 100 3067 . 6200

" " 16.0 2 © 8 100 3829 8700

u 12,6 -8 9 100 5250 8250

" - 14,8 05 6 100 2900 8000

" o1 .4 2 9 200 7200 10000
o 17.8 2 6 200 6072 12672
AD-1 18.6 3 7 100 500 dOOO
n 18.6 12 7 100 3500 10560

¥ Deatn or 90% innibition of test bean plants.
**wLess than 90% inhibitios >Ff Tesgt bean vlants,

‘Tabie VII shows that the installation in the C-47 aircraft ylelded

2 lethal swath from 100" feet altitud: aver raging 4,137 feet wide
at an Qverage rate of 1208 acres per minute calculated from six
flights,. From two flights at 200 fecsg albtitude the lbth§ swath

avcraged 6,636 feet wide at a rate

(o8

£ 1912 acres per minute, Due
H

. to the limitations of the sampling line, the effective area

covered beyond the lothsl and apparent swaths could not h je been
determined It was determined by ingpection that drift Qid
occur bey@nﬁ the dlotaanS recorded, The measured swath .widths

from uhe Nnvy ADL- aircr%ft were less because of the larvger

-O

partﬂclc sizes and downdr aft effect.

S O IE wWas concluded froﬁ,tho 1950 tests that 0,01 gallon

'”(approxxquely 0.1 1.3 ot pure 2,4.D ppr acre would kill plants

hav1ng comparable ens ix sRvers uO red kidney beans,

72, In 1951 dev o'lent tegts on the asrial spray system were

exp‘;@@d somewhﬂt and included LtLllVatiOD of a USAF B-1T7 and

' B-26, and a Navy ‘AD (Skyralder) and PU4U (Corsair) aircraft,

Major objectives included studies on liquid chemical anticrop
agent behavior when disseminated from various nozzles located at

different places on the aircraft and discharged at various

b
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altitudes and airspeeds,. Theﬁﬂost important results were obtain-
T ;

- ed from the B-17 missions, The B-17 was equipped with two com-

plete and independent syvstems that fed liquid to any one or &
combination or right ahd left wing, fuselage (near wing roots)
aﬁd tail lécatibns. ;Data from.the B-17 tests are shown in.
Table VIII.

| TABLE VITT

© “ErFECTS OF RELEASE ALTITUDE AND WIND VELOCITY ON ;
EFFECTLVE (LETHAL) AREA COVERAGE

Flow Lethal Lethal coverage

S Rate  Nozzle Swath per min, Wind 1/

Altitude (gpm) Location width(ft) Ecres Sg.miles  Velocity
350 100 Both wings = 6,600 2662 h,2 9-12

350 100 Wing & fuselage §,000 3219 5,0 10-34

500 100 " " 3,200 1280 2,0 4-18
500 - 100 Wing & tail 5, 600 2259 3.5 6-20

500 54 Both wings L 800 193 3.0 Calm-8
500 ico " 8,800 3539 5.5 2-20
500 ico v 13,800 5568 8.7 6-20

750 - 100 Fuselage & 21,600 8717 13.6  5-22

tail ' '

750 oo " ) 9,400 3840 6.0 b-16
1000 100 " i 5,200 2086 3.3, 3-24
1000 100 * ; 4,400 1772 2.8 2-18
1000 100 . - 3,400 1363 2.1 Calm-10

3,4 3-14

1000 50 Tail 5,400 2176

1/ Reported here as a range from surface to release altitude.

OFf the various.atomizing deviceg the Bete 32W fog nozzle was con-

siééﬁed to be-the most. generally useful., It also had the advantages

_ of simplibity,"gﬁailability; small slze, streamline conbour, and

~adequate flow capacity. The agents that were proved to have

satisfactory characteristics for aerial spraying against crops

“ were butyl 2,4-~dichloropheridxyacetate, isopropyl EPH»dichlbro~

phenoxyacetate, an@,buty;,2,&,5—trichlorophenoxyacetate.

73. &n examination of the data (Table VIII). shows no clear cub

corredation from which one can draw firm conclusiong. In fact,

‘the CHemical Corps Biological Laboratories concluded "It was

clearly apparent that no simple relationship exists between alti-
tude of release and breadth of swath." However, it was pointed

out that the test objectivés at Avon Park did not include the
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obtaining of data from.WHich operational plans could be drawrn,
Location of the nozzles on ﬁ@e aireraft has a bearing on the dis-
-tribution of aerial sprays. It was observed that the slipstream
from albﬁg the fuseiage projects downward for 100 - 200 feet,
whereas, this does not occur from wing positigns. ‘At altitudes
bélow 500 feet the downdraft tends to make fuselage positions for
pozzlées less desirable than wing mounted positions. At release
altitudé%*from 500 -~ 1000 feet it was concluded that the fuselage
and tail positions would be move desirable because of the down-

draft-effeét. Tt should be pointed out that this may not be the

o case with operational aircraft such as the B-29.

74, On the basis of the satisfactory results obtained at Avon

§ark the construction of a prbtotype system described above 1s
now underway. Examination of the data (Table VIII) indicates
that one can expect a 1etha1 swath 1 - 4 mileg wide when the

flow rate 1s 100 g.p.m,, aivspeed of 200 m.p.h., albltuue 350 -
WOOO feet, with the wind v¢10015¢eo at the surface and rclease
altitude roughly 4 and 17 m,p.h., vespectively. This area cover-
‘age corresponds To 3.3 - 13,2 sqt miles per minute of flight or
per 100 gallons of agent, ' Under comﬂaﬁ operations the B-29 would
probably be equipped with only one tank having 1030 galléns capa-~

city as uoscr:bedAabovb. This would provide a coverage wWith

. Tethal auﬁntltles of agent in the order of 34 - 136 sguare miies

~_pl@nt

per B-29, The f:cld test of the prototype system seheduled for
Augu3u~8bptember 1052,.W111 leld some data to check the valad;by
‘of the estlmﬁtc of lethal arca per aircraft, There 1s an addition-
al effect from sub~lutha*fdosagus which will enlarge the total
effective area CQVSred. Sub-lethal dosages cause wnhlbltlon of

grbwth frequently resulting in 1ittle oY 1o fruitfulness,

Thﬁs ad th¢onal effective area may approximate the width of the

lethal swath showﬁ in Table VITI.

v
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E-27, ATRBORNE DRY AGENH"IséEMINATOR

75 Thﬂs dev1ce is a mOOlfWOatlDﬂ ‘of the 700 gallon droppable

~ fuel u&ﬂk for B-50 aircraft. (The B-29 is not equipped to utilize

the tanﬁ). Development is based on the requirement from the USAF
for a large capacity continuous disseminator ior cereal grain
rust spores.

}.761 The external configuration of the 700 gallon fank remains
unchanégaﬂ‘ The,disseminating mechanism ié a separate unit that
fits inside the shell of the tank. This internal unit consists

of an agent container and screw conveyer compination plus a gaso- .

il Eina burning -heater, (The heater provides automatic temperature

ocnﬁrol ) A small electric motor drives the screw conveyer which
feeds the agent to an outlet from the agent container into the

slipstream of the aircraft, Preliminary flight tests in February

and March, 1952, proved the mechanism fto be satvisfac bory; Ex-
oy ,l 1.

tensive Flight tests to determine the effec enesg of tbe B-27

are scheduled for late 1952.

77. The degree to which the E-27 1s effective is contingent, to
a great exbent, on the degree to which free spores in thé air are
effective in gaining a foothold on the host plant, The 1952

BW Techn¢cal Estlmates state that one E-27 is capable Of.carrying

600 poupas of spores.f It is further stated that 64 gfams (.1& 1bs.)

‘gﬁssuming a. maximum £111 (oogmibs ) and uniform distribution one
E- ~2718 quoretlcally c@pable of inoculating 4285 squafﬁlmi¢u
. wWith prlmary 1nfectlon,, Two E-27 (maximum B-50 lcad) would

Eheorvtlcally cﬂrry suzflclent 1nocu1um for 85(0 square miles.

s the technlquos of employing this device have not been

developed, With,an agent load of 600 pounds, a line scurce of
encrmous -length could be established. The minimum night opera-

tional altitude of the‘B—SQ'may well be congiderably above the
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ptiﬂam altitude for release of free rust spores. Not enocugh is
kpown about the cload action of free spores at altltudes to make
cvnclu31ve statement on su1ﬁab111ty of this munltlon Recourse
may have to be had to a mixture Wwith some carrier to ensure
deposition of the spores near the intended targets, which of

courseVWOuld reduce substantially the agent:capacity of the device,

78. Thé‘tot 1 cost of the E-27 is estimated at maximum of

$65,000-0f which the cost of the agent is $60,000 and the munition

components is $5,000.

‘B-77, BIOLOGICAL BOMB

ao-
<

) 79. Another development in the anticroﬁ munition field is a
device to be carried aloft'by‘unmanned balloons, The bomb, E-TT,
‘welghs approximately 80 pounds when filled with 18 pounds of
feéthers impregnated with two pounds of rust spores. Tests

have- been coﬁduoted to prove the feasibility of the unmanned
‘balloon system as a meansg of delivéry to target areas ﬁp to 1500
j 'miles from the launching site with a probability of hiﬂting with-
in a.oircle of 100 mile radius 75 per cent of the time£ Thege

tests have not been evaluated by WSEG.

80, ihe fllght path of the balloon system and the lee of arpival
. atga destina 9~on‘1s predicated on fairly accurate knowiedge of’
- winds aloft, eAﬁkgmlng'mechanlsm will be utilized to release the
=77 from the balloon carrlage within the target areza,. iA separate
fuzing mechanism on the E 77 W¢11 cause it to open at the proper
-,fualbluude after fall away from the balloon carriage, Spores on
~ - a carrier will “then be released into the ailr and distributed on
the target surfaqelln‘a—manner 31m113r to the pattern from the
E-73.
j f?é%?'This item is egtimated to Ee available by late 1954, It is
% - mentioned in ﬁhis.rep§rt only'ﬁo complete the picture of anticrop

munitions that would conceivably be available in 1954, and is
2

not considered further infphis study.
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CHAPTER,IJI

PRODUGTTON, TRANSP@R?; AND STORAGE
ASPECTS OF ANTICROP AﬁE,as AND MUNITIONS

GENERAL DISCUSSIQN

- 82, Logistic considerations for use of anticrop BW agents vary

- according to the type of agent employed. Because none of the

agents pfeéently under development are harmful to humans, the

. factors.ef personnel safety which complicates the production,
 stdragQ, handling and transport of antipersonnel BW agents 1s
insignificant for anticrop égents.v Chemical anticrop BW agents
 dq not appear to present unusual logistic problems. On the other

,hand, the use of biological anticrop agents will involve some

héndling and storage precautions in common with other biological
agents, primarily to insure the maintenance of vlablllty. In the
case of cereal rusts,'and specifically with stem rust of Wheat

and -vye, some ynique 1og13tlc nroblems grise. Because their

~effective employment is 1limited to a shoru period in the early

.Summer, production, storage and transport all have to pe planned‘

so that maximum capability is attained at that period.? Further-

more, since the agents can only beuproduoed'by infecting a
‘growing CroD, no production plant in the ordinary sense 18
requlred. However, safety of commercial cereals in the 7ZI and in

‘ frlendly areas must be 2 paramounu consideration through all

phases from prqduct;on to;operatlonal use.

83. Present plans for antlcrop BW weapons call for pro-

dUCthP and/or procurement of the agents and munitions by the

Chemlcal Corps, U: S. Army. Thls organization will also be
responsible fox ﬁhe~storage; transport, and protective aspects
of égents’aﬁd'munitions in the ZI until such time ag they are
aerlvered to the 7T port of embarkatlon where the United States
Air Force W111 assume respon51b11+ty for storage and shipment to
overseas facilities; The-Air Force retains responsibility for

overseas storage, handling, and operational dellvery,

NFORMATION
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CHEMIGAL ANTICROP WEAPONS
84, Production and Procurement.

a. Agents. Cheracteristics of chemical anticrop agents

together with estimated production status are shown on

Table IX. To date there has been no procurement of»these

(/,m\

agents., Tn the opinion of the Chemical Corps procurement

in <the-amounts required from existing commercial facilities

would not pféSent any unusual problems. At present, the
chemical industry has a production capacity for certaln of
these chemicals considerably in excess.of sales.

b. Munitions. The munitions for dissemination of chemical
anclcfop agents are of the/"flxed" type, il.e,, they will |
remaln attached to the aircraflt during operations, Two such
munitions are being;developed; one, a bomb-bay spray tank
té disseminate 2,4-D or E,Q;S—T in a concentrated liguid
i - . form; and the othef, a hopper distribufor for dissem%nation
| " of IPC or other agents as extruded particles or granﬁles

with as hﬂgh an aﬁent content ag is feaSWble v
| g . c. The spray system for use 1n-1ow level spray ooeratlurs
| i from mediuvm bombardment and cargo-type aircraft 1s presently
‘ggn@er‘develépmgptnat~the Wright Air Development Center, in
Goll&borati@hé&iﬁh thé Chemical Corps, U.S., Army., The

principles of3thiS'system were developed in extensive trials

in W951 and- englneerlng svudles have now been.completed
* . In %the opinion Of the deyeloplng agency, the spray‘system

N ‘covld be oneratlonally avallable by mld 1Q54 if a require-

ment for it ey1sts. There are two prototypes in process of

construction. These are designed to utilize standard equip-
i . 'fiﬁﬁht and szck iteﬁs wherever possible (motors, pumps,
k nozzles, shackles;‘etc.) to reduce cost and minimize procure-
|

ment and maintenance problems, The proposed basis of issue

~
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TABLE IX
ig CHARACTERTISTICS AND PRODUCTION STATUS OF CHEMICATL ANTICROP AGENTS 1S
| 0
2 Dosage per T Probable ‘ : E
3 N Susceptible acre for maxi~ . Storage, btrans— . {. method of  |Production FEstimates .(1952) ,
Agent, Crops mum yield portation and application Daily capacity Munitions
; reduction handling to target |Fagilities |  (pounds)
2,4<D esters (butyl{ Broadleaf planbs | 1Can be stored indefinitely | Liguid sprayiComuercial Bomb spray tanks for
" 2,l~dichlorophen~{ such as sugar under normsl "dry storage' | from air- facilities ‘ B-29 or C-119 air-
{ oxyacetic aeid and | beebs, cobbon, 0.1 1b, conditions, No special craft, exists 80,000 craft, Agent will be
related edters of sweeb-potatdes, L envivonmént al conditions | released abt control-
this acid,) 1 sunflowersy and { required.. 'D'elivéx‘eél, storéed led rate through
; turnips and franspofted in 500 1h,, Bete fog nozzle 32W,.
to steel drums, ] Munition being de-—-
1= ‘ ‘ ] | veloped by USAF and
;- 5T esters Broadleaf plants Can be stored indefinitely | Liquid spray{Commercial Chem. Corps, UeSa..
" | ,(bu%y L 2,4y5-tri~ | such as flax; soy] 0.1 1b. under normwdl "dry starage! | from air- facilities , Army. Estimated..
= chlorophenoxyace-— | beans, peanuts, conditions, No special 1 craft, exist. 80,000 operational avail-
+ Jtic acid) | tobacco and Irish enviromméntal conditions : : |ability is mide ‘
_ o potatoes. required, Delivered, storéd i 1953. . _—y
3 and transported in 500 b, . S oy =3
o e — steel drwns, ) g
g-% _{Chloro IPC {Fall planted :Can be stored indefinitely | Granules Commercial - 1,408 | Hopper distribution pua
: 1 {Isopropyl 3- cereals such T under normal “dry storage" | from air- facilities (expanding |in early stage of e
N ¥ |Chlorophenyl as wheat and 2.0 b, conditions, No special craft - ex:xst rapidly) |development, Not m
. " |Carbamate) off Tyes, ;environméntdl conditions ~hoppers; i ‘ 1 expected to be. S
e, | IPC (I,SOpropyT lrequired, Delivered, storéd | or sprayed . {operationally avdil— F@
A @ {phenyl carbemate., rand transported in 500 Ib, | in ligquid ‘able by mid~1954. (o7
A o steel drums, form, = ' ==
A = ! | Y =
= - - - : =
: ) 195P Technical F‘stunates, Department of Defense Research and Development Board, TOP SHCRET - ’ v L . i
g' (2) %g;:.sgé‘é‘g%e of the Chief Chemical Officer; Subject: Data on BW Readiness for Antlper‘sonnel And .Antlcrop Agents . M:del%h, dated 15 April 1952, ﬁ
8 ! (3) Ltr, USAF (AFOAT); Subject: BW Logistic -'Gapabilii:ie»s;; dated 21 fpril 1952, TOP SECRET ' .
é T . )
i ‘
s "1 . .
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" will be one spray system per medium bomber or cargo aircralt
. agssigned to the misgion plﬁs 20 per'cent spares of basic
- components and 100 per cent spaves for pﬁmps ahd power
~units. Tentative USAF plang are %o equip a maximum of two
wings of B-2G or C-119 airéraft. This will reguire a tofal
of 90 unité plus replacement components gs indicated
above. In view of the comparative simplicity of the system
together with the comparatively small numbers involved,

produculon apd/br procurement problems appear tc be nominal

even if larger guantities were required.

85. Storage, Stockpiling and Transport, The chemical anti-

‘crop agents considered in this study can be stored indefinitely
under condibions of ordinary "dry" storage, The agents are

;usually‘procured in steel drums contalining approximately 500

pounds each and may be stored, stockpiled and transported

W1thout additional packaging. No extraordinary safety precau-

_tions are involved, The transport of the small number& of

spray systenms and hopper disbributors contemplated Would have
a negligible 1mpact vupon eifther rail or snlp transport No

stockpiling of these items is planned,

86. Handling a* Opevational Bases. The' Liquid avents (2,4-D-

apd 2 4 5 T esters or chloro IPC) will be delivered to operation-

gt

-‘al bases 1n steel drums, transferred at the base to modlfled Fl

or F2 Iuel uﬁlts for tfansport to the alrcraft and fllllng of

the mnnltlons after tney have been installed in the alrcraft

TPrehea ting to g0 W111 be accompllshed by passing the agent

througn a heating.unit durang the filling operation, The muni-

tions are designed %o be installed in the aircraft by personnel

T
PR
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at‘wing level, Neither ‘the h@ndling of the agent nor ‘the instal—.‘
1ation,of the munitions will fequire additioﬁal personnel or
specialized training of the hormal bersonnel complement of
operational bases. No extraordinary safety precautions are

involved.

—" | BIOLOGICAL-ANTICROP WEAPONS
87. Production

?fi*The only plant pathogens currently in productioh are

spores of stem rust of wheat (Puccinia graminis tritici, races

17, 38, and 56), standardized as TX, and spores of stem rust

‘of rye {Eucoinia.graminis_secalis). These are produced by
Edgewood Arsenal, Chemical Corps, in acceptance of an Air Force
4requirement for 1,200 pounds of TX anéA4,8OO pounds of stem
rust of rye., The developing agency had not pﬂovad the methods
of production at tﬁé time when the requirement was established;
essentially therefore the prodﬁcti@n operations %o déte hav¢
consisted of lafge~sca1e experimentation,
(1) The cereal rusts can be produced only infegting
the appropriate host cfop, establishing the disease, and
by means of a special hafvester, collecting repeatedly
from,thq-diseased plant ?he ufedospores produced in
'ﬁ,_fpuétules bnéthe_stem and leaves., Such a productién
brocess 1nvo1veg unigque probloms. Inasmuch as thé cereal
rusts are only emplﬂyable offen51vely in the latg spring
and early summer, the productlon sequence has to be
2“01 nned to meec the reaulremenus at that time each year.
Because the*amoun§§ Eequired are far beyond the amounts
which couldjbe;éfoduced in greenh6ﬁées, two possible

courses remain. Either the agent must be produced in a

crop planted in. the preceding winter in semi-tropical

o or southern hemisphere locations, or on a.crop planted

TOP_SECRET | - B-56 - Enclosure "E"
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in the normalyceréal seagon in the previous year. The

latter involves the maintenance of required viabllity and
virulence for at least 10 months. Winter production
woulq involve only three to four months storage, and might
therefore have Tto be preferred unless sat1SLactory sta~-
bility could be secured for longer Lerm storage.

(2) The development agency has had two seasons experi-

. =&nee in Puerto Rico, and one season's experience at sites

“4n the north central states in the ZI. The lakter is

preferred 1if safety of domestic crops can be assured.

The major problems center arouﬁd the selection of 2
suitable variety of cereal on which to produce rusts.
Commercially available varieties in general are quite
unsuiktable: they have been developed %O be high yieldlng
in a particular avea, to yield grain of good quality and
fo be resistant to diseases including rust normally en-
countered in that area, For rust production, onfthe other
hand, yield of grain is unimportanﬁ but suscepbibility
£o those races of rust which 1t ig desired to produce

is essentiaL. A degree of suseeptlbllLty 80 hlgh that
“the Jevelopment of the 1nfeoted piqnb might be halted
-would be und651rable The selectlon, Qevelopment and
increase-~ of seed of such new varieties adapted to desired
areas takes several.years. In the interval, various

compromlses are neoessa”y, which must be recognwzed as

“hot Drov1dlng 1dealinrodvct10n conditions, both with

-respect to yleldu and Dur :

e

(3) The 1951 proﬂuctﬁcﬁ by the Chemical Corps was
672'poun@s of stem rust ofggheat and 224 pounds of stem
‘rust of rye, As much as 50 pounds of rust {crown rust

of oats) has been collected from a 31ngle acre by repeated

-
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harvegts in a 14 aay pefiod,Aand 15 pounds per acre is

the planning figure upon which requireﬁents for supporting
eguipment are based. The experience in 1951 was that the
;ver~a11 average per acre yield of rust was uﬁder four
pounds, but this included some areas from which no usable
&%X;‘ | material was collecfed? The low yields in 1951, in the

judgment of Camp Debtprick, were due to the highly experi-

. =ental nature of the operation and to the complete un-
"availabiiity'Of seed of suitable qualitj. The bulk of
the acceptable material was in fact collected from rela—_
; ; © tively few acres, at a yield in the neighborhood of 10
| | pounds per acre,
(4) Production operations reguire irrigation facili-
ties in order that the diseased crop may.be kept alive
| and productivé‘df spores if subjected %o moisturefstress
4 by a prolonged dry period., Sultable harvesters cgpable
| %, - of covering about 15 acres per day have'been deveiéped
| and procufed from The Minneapolis-Moline Gompany*
(5) Safety of domestic cereals can be assured only
I : by producing races of rusts to which the commercially
| - planted varieties have vresistance, or by producing off
| ‘nmnfseéson{ whig@>may infroduce other agronomic probléms in
- _ thé;selee%ﬁ&ﬁ 6f'suitab1e varieties. Wheat stem fust
l o ' . race$N17,‘38;>and 56.de not constitute a hazard to coﬁ—
| mercial wheats in‘tﬁg'north centrai’states and SOﬁe
“‘?“ihfermountain:aréas.«ysﬁém fusts of rye can be sgafely
: N ' produced'iﬁ‘southérﬁ;florida in the winter and in most
| northern Stééaé?in_the ngmer because so little ryé

for grain is normal;y planted at these times, The pro-

* 7% guction of stem rusts of oats and barley might involve

greafer‘difficuities; cat rust could perhaps be produced

v
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dff—season in the late éummer and early fall, and barley
rust in non-bgrley growing areas. | ‘

(6) The de%elopment agency might have difficulty in
accepting and accomplishing immediately any substantial
increase in reguirements for stem rusts of wheat and rye

- or esbtablishment of requirements for oéts and barley
rusté, not conlty because of unavailability of suitable
sged in sufficlent gquantity but because of lack of pre-
ﬁéise knowledge and experience in the behavior of probable
varieties on the areas selected, Fully airconditioned
greenhouses adequate and suitable for the production
of rust inoculum for such an expanded program will be
completed at Camp Detfick in July 1952, |
b. Mugitioﬂs. The E73R1 bomb iz the only available

munitioﬁ for disseminating cereal rust spores. USAF re-
quirements call for 5,000 bombs by March 1953,‘ Presémt

stock is 4,037 stored in the ZI plus 400 at each of two

' overseas installations. The bombs and fuses are procurable

through ordnance channels; seven months lead Time is we-
guired, EZPR3 packages made of polyethylene-coated kraft

paper are standardized and procurably commercially; a

.lead time of seven months is required. M1 carrier {feathers)

ave procured commercially; lead time is three months. The
E-86, Bomb, Biological, an improved version of the ET3R1,

is presently in process. of development. Production and pro-

v oupement is eXpeqted to;be-éomparable to the E73R1 except

that the'cqstflesé fiillwill'be approximately $500 as com-
pared to $165 £or the ET3RL, Lead time is cstimated at

six months.

a. Surveillance studies on the stability of cereal rust

apores in storage have yilelded econflicting resgulte. Many
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samples of spores variously processed have been stored
for months under a variety of conditions, and have still
been. found viable, though the percentage germination may

have fallen, No simple set of conditions can clearly be

specified as being optimum. It is believed, however, that
N P the following will in general apply: reduction of moisture
content to 10 to 12 per cent relatively soon after collec-

Ay

tiéh; followed by bulk packaging under nitrogen and storage

at 2 temperature of about 40° F. Present practice 1s To
ségregate the field collections on the basis of moisture
ﬁé.ﬁ_ E - content, and to hold under refrigeration until drying can
ve carried out where necessary. This is done in vacuum
tray driers, following which the spéres are packaged .in
one pound glass containers; evacuated and filled With dry
nitrogen at atmospheric pressure., There is cumﬂlative

evidence that the initial purity of the product is a signifi-

cant Pactor in stability, Samples that do not contaén
inorganic material (sand and clay), and are relativeiy free
Trom other‘pathogens or from those saprophytic organisms
that develop on the dying leaves of cereal plaﬁts ia%moist
' weather, retain viability much longer than contaminaﬁed

. %%roéu;ts;"SQm@ﬁof the better material produced in Jﬁly 1851
declined pelabively little in viebility in eight months;
other matérial had fallen to 25 ﬁer cent or below. It is
bhelieved thafﬁthe‘pprié§'of‘the spores collected Will be
‘ 'mﬁbh4iﬁproVedxas7perérTy selected varieties of cereals
\“/. ‘become available @pdiﬁh&f in consequence the storage be-
havicr of the pfoduét.wilifbécOme more dependable and

|

| satisfactory:.

Hrll
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b. Inasmuch as the cegéél rust £illed munitions can
‘only be employed in the late spring or early summer, pro-
duction and stéckpiling'must be programmed to meet the
reguirement at that time,i Some provisgion must be made in
planning fof decline in viability between the time of
collection and expected time of use; ioss of viability

could increase requirements by a factor of four. The

iy e

| sﬁdfed agent will therefore be checked for viapility in
thé late winter (by 15 February -~ 1 March), and the filling
pian will be based on the percentage viability determined.
The velative proportion of TX and carrier to be placed
in the E2RR packages can be inereased to compensate for
?eduction in viability. Only material of high viability
éhould be used in the E95 spheres. |

. ¢. Bomb casings and fuses are stored at the Easte#n

Chemical Depot, Edgewood, Maryland; 800 have been deiivered

 ; to the USAF and are stored at two overseas bases; 4,037

are on hand in the ZI. Material for 6,000 shipping éon-
tainers for TX1 is on hand {each container has a capacity

of four filled EZR3 packages). Méterial for 24,000 packages
has be?n precured, 22,000 pounds of M1 carrier {feathers)
fé?é'stgred’atjEdgeWOOd, Mafyland, Additional deliveries

of 20;bOQ'€6&§5;QOO béunds are expected to be completed

by 1 July 1952. No unusual storage difficulties are

“antiecipated, - .

8g. Handling,'Filling,fahd’Transport.

g} Present pi;né call for the shiﬁment of bomb components
less £111 eia fai1 to ZT poré of embarkatibn‘and water to
@@ggrseés bases where they will be held until operational
needs arise, Therelappear to‘be no unusual handling or
transport'problems involved, Bombs will be filled by in-
sertvion Qf EBR3 package§ at operational bvases immediately

-,

‘prior to use.

sl
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b. The EZR3 packages will be filled at the Army Chemical
Center oﬁ request from the Air Force. Inasmuch as the
stability of the spores when pixed with carrier to produce
the'égént £111 (TX1) declines more rapidly than when in
bulk storage: under nitrogen, mixing of agent and carrier
will not ordinarily be carried oub until a few days before
shipment. The mixing operatiog is.?elatively sim@le, the
Chemigal Corpsﬂwill have ready)facilitiesvand personnel
to carry out mixing and filling at the appropriate time be-
fore the anticipated emplojmeﬁt of the munition,

c. The mixing of agent and'carrier will be carried out
in rotatiﬁg drums in proportions based on surveillance
figures for viabllity determined about 15 February, each
year. Mixing will be done under conbrolled environmental
éonditions of 43%p f_SO and,SQ;per cent RH. Some reléxation

of these requirements may be passible, inasmuch as the rate

. of moisture uptake by both feathers and spores is 10w§ The

chief requirement is to protect the material against high

humidity, which would cause pré@ature germination of the
spores. AT temperatures higheﬁ_than #30 ¥, no harmful re-

suitsiWouldfnecesSariWy followt: Thevagent—carrier miiture

‘w111 be Welghed 1nto EZ2R3 packagas and sealed; these in

turﬁ will be*packed im fours 1n sealed cylindrical shlpplng
»contalners to be’ stored. at a temperature of 43° F + 5O until
shi ped | =

9_ : ‘Bresent plans ~call ;IOP ”a:u:a tx'ansportatloa of bhe ‘I‘Xl
Tt forward bases Durlng tvansport the temperatare condl—

el

tions in the alrcralt must be controlled to prevent exposure
. ﬁ’

to. evtremeS‘of‘heatfor cold, Temperatares belowr Ir@e71ng

ﬁmﬁﬂ% be partlcularly avoided, be aase spore visbility will

‘be lost. On receipt at the forward base, it will again be

desirable to hold these containers at a temperabure in the

vicinity of 43@ F until. the E2R3 packages are inserted into
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:feasible if large scale operations are
of the high volu@e/weight relationship
Tworélternatives are possible, Either

shipment would be adopted, which would

k“/} space, or the mixing and filling might

the bombs. Aerial transport of EPR3 packages may not be

planned, because
of these packages.

rail and water

call for refrigerated

be carried out at

equipment or particular hazards involved. The‘carrier and

‘temperature control would be necessary for the agent, which

would be transported in the same conbaliners asg prepared

- for storage. Insertion-of the E2R3 package into the bombs,

overseas bases, because there are no special slkills, elaborate

'EEBB componehﬁs could be shipped without special precautions;

perhéps in mixtures determined by the operational plan, will

be accomplished at the forward operational bases by the

normal personnel complement. Some safeby precautions may

be necessary in the event that the filling operation% were

- . carried out in a friendly area in which cereal crops i were

grown,
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CHAPTER zv
CHARACTERISTICS OF ANTICROP WEAPONS SYSTEMS

UNITED STATES ATR FORCE ATRCRAFT AVATLABLE IN 1954

. :90;"The'numbers, types, and characteristics of USAF combat.

~units program Tor mid-1954% appears in Enclosure fc" | Chapter II.

Table X below summsrizes the Alr Force estimate of the total
numbers -of sircraft which should be on hahd in operational units
in ng;}954, ané which could have an operational capabllity for
thé éelivery of anticrop agents and munitions against the USSR.
TABLE X
ESTIMATED TYPES AND NUMBERS OF UNITED STATES ATR FORCE

AIRCRAFT AVAILABLE’FOR ANTICROP ATTACKS TN 1954
Eatimated Number

Type Wo, of Wings of Alrcraft on Hand
B-36 :7 o 204 | |

- B-50 .5 | 190

. B-UT " 1 503
B-29 10 o 350 |

Sohircea: USARF Planning Budgei Program,
BPX-5h-k May 1952, Projected Alrcraft
Tnventory, SECRET.

UNITS WITH AN ANTICROP BW DELTVERY CAPABILITY

91. The 20 June 1951 dﬂrectxve of -the Vice Chief of Staff

.United States Alr Porce, 613331f ied TOP SECRET, outllnwng the

USAF approach toward attalnment of a BW-CW delivery Capablllty
is d;seaasea oy detail in Enolosure e, hapter IT. Relative
£0 anulcrop BW . it was dlrected that appronrlate actlon be taken
to assure sustqined combaé capability in air force unlts phased
§§"f61i§ms' S ~_  ,":‘“ |

'a Phase IX - 31 December 1953

{1) SAC - Three w1ngs of medlum bombers to be

_Qperataonally;capable of employlmg_blological agents

'Wiij using: 1nterim“ and such.preferred munitions as are
ava11ab1e' )
Anticrop
{a) valg
(p) Rye Rﬁst
b(c},Barley Rust
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{2) TAC - No BW taphbility. One iight bomber wing
and thfee £{ghter-bomber wings with CW capability.

(3) FEAF - Wo BW capability. One light bomber wing
and one flghter-bomber wing with CW capability.

(%) USAFE - No BW capability. One light bomber wing
and one fighter-bomber wing with CW capability.

b. Phase ITT - 31 December 1954

. -=.-{1) SAC - A1l units qualified as in Phsse IT

{2) TAC - " B " noou 1 "
' (3) -FE“-‘-%—F— - o " r_’ ¥ " 1
(4) USAFE -" "o " . " 1t o

92, The Air Force directive reflects a dependence upon the
units of the Strategic Alr Command for the delivery of anticrop

BW agents specifying that by 31 Dec. 1954 all units of SAC be

'capable of delivering available anticrop munitions. It appears

reasonable to sssume, Tor the purposes of this problem; that

"all of the Strategic Air Command units will have the capabllity

of delivering the E-73 and E-86 cluster munitions sincé this

‘does not pose any unique problems for units trained in strategic

bombing. The use of the E-27 dry agent disseminator for the

- dellvery of BW attacks or the spray system for the dissemination

of*chémical anticrop agents will require an attack at low

;'altitudgﬁ," Tﬁé”Air Force has been studying low altitude

penetration tadties, and 1o unusual difficulties are foreseen

1f altitudes of}?BO tq_l}bOG Teet are maintained. However, such

altitudes mny be v hizhTor the Opy disscmintt v of rust

spores without g carrier, although satisfactory for low volume

CW antierop spxéa‘yir;g;;‘» ‘ “
Vﬁgég,No'muniﬁibns'afe programmed Tor the fighter-bomber
dgiiﬁéry of anticrop BW or (W agents and the limited capsacity
of‘the availéble 1ight bombers renders them impractical as s
meéns of delivery. Some fhought is being given to'the use of
the ¢-119 ¢afgb‘type airgraft for delivery of chemical spray by
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use of the spréy systém:ihstailed in the cargo compartment.
Wo evaluation has been made of the practicality of using cargo

type aircraft on long missions over enemy territory. Therefore,

for the purposes of this study, no units of the Tactlcal Air

Forces are consldered btoc have a capability for the delivery

‘ of" either BW or CW anticrop agents.

~

'GAPACITY "OF PROGRAMMED ATRCRAFT TYPES FOR ANTICROP MUNITIONS
AV ITABLE TN 1954 .

94.$%§5ie XI lists the carrying capacity of programmed aircraft
“typeé'for anticrép munitions expected to be available in mid-
1954 . The bomb capacity is given under two sets of conditions.
gg . The first condition considers the maximum load of the aircraft
. ané is 1imited only by allowable weight or space requirements.
2This represents s sacrifice in fuel load in favor of the bomb
load. The second set of conditions gives a sample mission in
Whicb the fuel loagd h;s been increased at a sacrifice in allow-
able bomb load as developed in the basic mission outlin?d in
o “the Standard Alrcraft Characteristics Handbook.
.95. In the case of the B-50 the basgic mission reflecté the
use of atbomb~bay fuel tank with the pay load restriéte@ to the

. capacilty of one bomb bay.

Aircraft Characteristics

. 66. The characteristics of those alrcralft types considered

‘;availabiéffof’%ﬁbfdeiiVefy of anticpop BW-CW munitions are

digcussed in detail in Enclosure "C", Chapter II.

N
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TABLE XI

CARRYING CAPACITY OF ATIRCRAFT TYPES FOR
ANTICROP BW-CW MUNITIONS

g

Max. Bomb Load Basic Mission
. E573 E-86 ©-27 ovray B-73 B-96 E-27 Spray
A/C Type ‘ System _ System
Light Bombers ~
B-26 & 0O 0 6 6 0 0
B-i5 ‘ 27 27 0 0 16 i6 0 0
B-577 7 6 6 0 0 6 6 0 0
' FPighter-Bombers
F-861F - 0] 0 O 0 0 0 0 0
F-84F 0 - 0 0 QO O 0 0 0
“Strategic
Bombers 2/ 2/
B~-50D 4o Lo 2 2 20 20 2 1
B-47B 0 8 o] 0 0 8 0 0
3/ 3
B-36F 132 132 -0 0 132 132 0] 0
Cargo . ‘
c-119 1 | 1

1/ Basic Mission Reference WADC Report No. 2, Suandard}Aircraft
Characteristics Handbook, Vol. 1, "Green Book , January 1052,
SECRET, DBomb load determined by allowable weight and/or
Bomb Bay space limitations.

2/ Maximum load can be increased to 56 clusters by loading two

clusters on each of 16 bomb stations3 according to the

Armament Section, Wright Field.

Maximum load can be increased to 248 clusters by loading two

clusters on each of 116 bomb stations, according to the

Armament Section, Wright Field.

0\

&i

_DELIVEPY oF OLUSTER“D BW _MUNITTIONS

TOP SECRET -E - 67 -

Q7. As Lndlcated in En losuﬂe "o, Chapter IT, the‘Unifed
States AlW Force hag p;acpa the regpons1b111ty for the develop—
ment of an antlcrop bw deleery capablllty on the Strateplc Air
Command. The Taotlcal Air Por°es have a potential for anticrop
BW delivery but nqrmpnlglons will be available for fighter-bomber
delivery. Fgﬁéherbl§he limited capacity of the programmed light
Qbﬁﬁﬁr aircraﬁt prevents a significant contribution in the
delivery of an anticrop campaign., In the Strategic Air Command
the‘delivefy capability is.limited to those uhits equipped with
the B-50, B-29 and B-36 gircraft, inasmuch as there is no

known method of dropping éhe E-73 or the E~86 from the B-L7

‘due to its high speed. The B-36 is capable of carrying a large

payload of the ¢lustered munitions; however, this is The only

TOP SECRET SE
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bomber capable ofiéﬁtéoking #he USSR from N@rth Americen baSes‘ : %f
with;ﬁ% refuelings a degres of flexibility-which may cause 1%
to be reserved for missions where such a characteristie is
esseﬁfialy Based on present USAF plens, it appears reasonsble
to assume that the bulk of an anticrop -campaign would be .
- carried out by those units of SAC equipped with the B-50/B-29

type. Since the B-50 will be present in combat-réady units in

mugh;gﬁeater‘numbers than the older B-29, it is assumed for
fhe~purpose 6f‘this problem that the anticrcp BW attack will

be delivered by the B-50 units except for the strikes on the
greas east of the Urals where the B-36 will be needed to meet ;%Q

the range reguirements.

© 98, In accordance with existiﬁg base programs, the USAF will
ﬂave medium bomber bases iﬁ the UK, North Africa and Saudi
Arabia capable of sﬁpporting the anticrop BW campaigg. The
North African medium bomber basés include those in th? French
N Morocéan complex, a bsse at Tripoli and a base at Gai?e‘

From the UK bases the B-50 can reéch, with minor ex@eétions,
the terget aresa west of the Urals with a full bomb load of
fift§~six (56) E-T73 bombs, Approximately 1l per cent of the

B-50 sorties west of the Urals would require the use of bomb

- .%ay’fuél, therepy_reducing the bomb load by one-hsalf,: :Should .
the base aréﬁwiﬁ the‘vicinity of Cairo not be available, an
additionél'g pe?‘cent of the B~50 sorties would requi%e the

| use of one bomb bay_for?fuelgl Theré are advantages in basing
{; & N .tﬁe“ﬁedium bomber5‘ig‘the'céiro area apért from fhe decreased
"/ S i

sortie requiremsnts. The sortie requirements for the anti-
crop. artack arewpompﬁted»under two sets of conditions; one

assuming'ihe.availébiiity of the Cairo base and the other as-

tming that the Cairo base is not available, 'Fhe B~36 con ..

~ttnck the aren cast of the Urals with o full bomb load taks

=

Cdnms oFF feom Alngka, GresnliEndy

-

5P Teeland and, landing affcy

the nttnck in the UK wp Iopth ifpien. .
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99, In snswer to the qﬁeryvfrom WSEG with respect to the

itaotvcs which would be used in the dellvery of an anthrop

BW attack, the Air Forée oplnlon was stated as follows:

", . . Tt is the inbent of those responsible for

USAF operations and development that BW munitions

will not dictate any deviation from normal flight

proflles.,

100. The "normal flight profiles" in strategic bombing of

thé USSR call for high altitude penetratioﬂ and attack; there-
fore, it 1is antlclpated that an attempt would be made to pen-
étkate and bomb at altitudes of 30,000 %o 35,000 feet with the
B-50 and 35,000 to 40,000 feebt with the B-36, In cases where
range requirements would not permit the entire course of flight
‘over enemy territory to be flown at these altitudes, the pen-
etration of pefimeter defeﬁses might be floWn at minimum alti-
tudes with the elimb to bombing altitude conducted in areas
away—from organized air defense systems, It can be @xpected

:that steps would be taken to avold the local defenses of those

important Soviet targets that fall Wlbhln the a"get‘areas.

101. The anﬁicrop campaign'develbped in Encl. ”D",%Chap, v,
would reQuire one E=~73 cluster per each 100 square,mﬁles of
the terget anea, One possible method of obtaining this uni-

form.coverage in an attack would be to break down the target

g
>

"area 1nto" 1OO square mile grids, Flight paths of attacklng

alrcraf odula be pi nnod ten miles apart with an E- 73 cluster
relcased at each ten mlle interval along this flig htlpath. For
alvcraft crews tralned for .the attack of strategic targets with-

1n the USQR the nav1gatlon 1nvolved in such a plan of attack

should not priegent any unusual difficulties.

102, In accordance with accepted strategic bombing practices

,f?%gymany aircraft ég possible would be scheduled ta penetrate

to the target aﬁeaﬁsimultaneously sc as to contribute to the

saturation and confusion of enemy defensesy The nature ol the

57 TEr., Deguty CRIsr of STEff, Operations, Subject: BW Logistic
Tapabilities, TOP SECRET.
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mission would requiréﬂthat the airecraft attack individually;
therefore, it is feasonable to expect that the attack would

take place during hours of darkness. For the most part, the
nights are of sufficient length at the time of the year when

the crops afe'Vulnerable to attack to permit the attack to be
carried out during hours of darkness. However, in the White
Russian region, latitude 57° to 52°, which is bombed about

| “ ‘;, | 5 Mays-there are 2 to 4 hours of darkness at 30,000 feet. In the

. area just south'of Moscow, latitude 550 to 520 which is bombed

- ; 15 May, there are 0 to 2 hours of darkness at 30,000 feet. AL
:gea level in this region on this'date, there are 3 to 4 hours
‘of darkness. Sinece anti-aircraft artillery can be avoided in
: the anticrop campaign, there is no objection to flying‘low,

1% is therefore assumed that all operations involving B-50's
can be carried out.uﬁder cover of dafkness} sinoé there are at
least 2 to 4 hours of darkness; the northern part of the region

- . can be bombed and withdrawal made to the South.

oA
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