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During r,l.re past 15 years, en&h (1,2'3,4,70,10-hexachloro-6,7-epoxy-L,4,4a,5 {>'7 '8'8a-

octahydro-1,4endo-endo-5,8-dimethaaonaphthalene) has been extensively used to pro-

,"., iit*-**o forest tree seeds from seed-eating rodents (Mann, 1968; Radwan'

1970). In the Pacific Northwest, altlrough eady field tests showed drat adequate

stocking with Douglas-fir (Pseuclotswga menzietii (Mitb.) Franco) was possible when

endrin-coated seed vras used (Dimock, 1957; Dick et al., 1958; Roy, 1!61), many

operational seedings have failed. Preliminary bioassays and chemical analyses of treated

sJed in our labotatory indicated that some seeding failures could be due to insufficient

endrin on the seed. Ife subsequently investigated effects of treatment, sowing by

helicopter, and weathering in the {ield after seeding on the endrin content of ueated

Douglas-fir seed.

Materials and Methods

End,ri'n ,reatments, Six lots of endrio-ueated seed wete obtained from the i968-69

inventories of four forest-management otganizations in Oregon and \flashiogton All

seeds vrere treated with En&in 50-\I{rPt (50 percert wettable powder) from Stauffer

Chemical C-ompany, using the adhesive Dow Latex )12-R (diluted 1 adhesive:9 water )

from the Dow Chemical Company. Other pertinent inforrn'ation for each lot is

snowo ln r aDle r,

Sowing by belicopter, In February 1969, seeds from lots 5 and 6 were sown in the

field by helicopter at approximately 3/< povd per acre. After sowing, seed sarnples

of each lot were picked up from the ground and sent to the laboratory for analysis'

Additional seed for analysis vras obtained by simulated sowing o{ seed from lots

3 a , 4. It each case, 1-pound samples were run through mechaaical seeders of

two different grounded helicopters with equipment set to deliver the same arnounts

of seed as tlpse used to sow seed of lots 5 and 6. Samples of "pwn" seed were

collected on plastic sheets laid under the helicopters.

lYeathering. h May 1969, seeds $/ere collected for analysis from areas which were

sown in February f969 loith seeds of lots 5 and 6. Only )00 seeds of each lot vrere

collected since seed was difficult to {ind after exposure of about three rnonths in the

rThi, arr 'cje reporrJ research invohing pesricides. lr  doe" not contain recommendations for
,h; i ; , ; ; ' ; ; '  a[. i . '1, ; .ptv' . t" ,  ihe usi 's di"ru. 'ed here have been resisrered Al l  u'es of
oiiilia.r -"., l"- t.gi"t"i",i bv apptoptiate state andlor federal agencies befote thev can be
iecommended.
t ]M-;;,il? chemical products and chemical companies does flot represent eodorsement by the

U.S. Depaftme$t of Agricultute
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{ield. Attempts to collect ''vreathered" seeds from the area seeded with Iot 3 were
unsuccessfuL

TABLE 1. Seed identification and enddn+reatment data as supplied by studv participants.

Party treating
the seed

Seed
lot' Organization

Chemical used for
identificationendrin

c
D

I

2

4

t

B

Percent by weight

0.5 Aiuminum powder

Monartral green

Monastral green

Aluminum powder

Aluminum powder

Aluminum powder

Organization A

Commercial contractor

No. 1

Cnmmercial conftactor

N o . 1

Organization C

Commetcial contractor

No. 2

Commercial contractor

No. 2

'Seeds oI lots 1 aod 4 were wet vrith a slurrv of endrin in the adhesive aod then topped with
the aluminum Dowder. Seeds of lots 2 and I wele wet with a siurry of eodrir and Monastral
gteen (from the Dupont Co.) in the adhesive. Seeds of lots 5 and 6 were wet with a slurly
of endrin and a small amouot of aluminum powder in the adhesive alrd then topgd with more
aluminum powder; weight of endrin added was approximated by volume in a previoudy (alibrare.l

Deternzination of end,rin con en . SarrrPles of 200 seeds each wete used for e"ach

analysis and determinations were made at least in duplicate. Endrin was extractcd

from the seed in Skellysolve B (n-hexane), and exftacts were cleaned up of extracted

fats, concentrated, and dried, essentially as outlined by Bant et al (1958). Arnouncs

of endrin in the extracts were determined by gas chromatography with an Aerograph

Model 1840-1 iosttun.rnt equipped with an elecrton capture detector and a 5 fr by

/s in 1.D. glass column yrcked with 6 percent SE-30 on 80- to 100-mesh VaraPort-30.

Injector, colum4 and detector temPeratures were 200', 190", and 200' C, respectively.

Nitrogen was used as carrier gas at a flonv l:-,te of 40 ml per minute. Endrin was

quantified by peak heigh't, a1ld data \qere appropriately corrected according to previously

determined recovery efficiencies. Recovery percents were obtained from analyses of

known quantities of endrin added to samples of untreated Douglas-fir seed, using

Dow I-'rtex 512-R as adhesive. To closely simulate acnral Eeatments of the seed

lots studied, aluminum powder and Monasral green were each added to one-half of

the recovery samples in amounts comparable with those used by the different or-

ganizations.

Results
Efliciatcy ot' end,rin recooery. Recovery of endrin added to the untreated seed samples

did not vary with amount of endrin added or the coloriog rnaterial used for identifi-

cation. Thus, the average recovery of 85.0 percent, computed from data of 12

analyses, was us.-d to corect all data shown io Figure 1.

EJlect ol treatme*. Success of treatmeoq measured by endrin found on the seed

as percent of endrin used as indicated by the participating organizations, differed

1.0
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Figure 1. Endtin used in seed treatment as indicated by organization, and endrin found on
teated seeds after treatmenr, sowing by helicopter, and after sowing and weathering.
(Ietters above bars idenrify participating crganizations. Sowing was simulated in
iots I and 4.)

among the ueatments aod was not consistent within seed lots of the same organization
(Fig. 1). Thus, following ueatment, endrin found on seeds of lots 1, 1,4, 5, and
6 was less than the amounts indicated for the treatmenrs. The difference varied
among these lots; ir was largest with lot 1, intermediate wirh lots 3, 5, and 6; and
smallest vrirh lot 4. Only seeds of lot 2 showed an endrin conteot equal to the
theoreticzl value indicated.

Elt'ect ot' rcuing by helicopter. Aerial dissemination reduced rhe endrin content of
the seed (Fig. 1). Reductions, however, were small, ranging from 4 to 17 percent
of the original endrin, with.little difference between actual and simulated seedings.

Eflect of ueatbering. Losses of endrin caused by weathering were very large (Fig. 1).

o|-z
t!
Fz

z
tr
oz
ut

o

190 Radwan and Ellis



AJter about three rnondrs of exposure in the field, seed of lots 5 and 6 lost 72 and
86 percent, resp€ctively, of the endrin which was on the seeds after sowing. Thus,
by May and still before full germination, only a very small fraction of the origioal
endrin remained on this seed.

Discussion and Conclusions

Results show that en&in content of com,n.rercially treated Douglas-fir seed was affected by
treatment, sowing by helicopter, and weathering. Following tleatment, in all but one
seed lot where probably more endrin than required was initially added, treated seed
contained less endrin than the indicated amounts used- The endrin-coating rrrethoci
as originally proposed in 1956 (Anonymous, 1956) obviously does not allow appli-
cation of all endrin to the seed. However, losses of endrin due to teatment in lo'ts
1 and 6 appear excessive, and it is doubdul that seeds of these lots contained sufficient
endrin for adequate protection from roderts ( Radwan el al,, 1910).

Reductiorx of endrin content caused by aerial dissemination were small. These
reductions, however, may be important when endrin content of the seed before sowing
is already low. This was probably tnre in lots I and 6 vrhere the combined effects
of treatment arrd sowing reduced the endrin content of the seed to 0.46 and, 0.29
petceng respectively.

$Teathering caused the greatest endrin losses. It reduced the endrin oo seeds
of lots 5 and 6 tremendoruly and probably increased the r,rrlnerability of the seeds
to preda.tion by rodents. Ciearly, endrin was not adequately bound to the seeds by
the adhesive used. Improvemeot of the endrin ueatment by use of, a ligher co -
cenffrtion of the adhesive o! aoother adhesive vrith better binding properties under
the weathering conditions of the Pacific Northvrest is. thereforg indicated. Alrer-
natively, impregnation o{ seed q/ith endrin would also minimize weathering losses.

The effects of tre*rtmenq sowing and weathering on endrin content of Douglas-fir
seed demonstrated here may partially explain observed refotestation faihues wirh
endrin-treated seed. Snrdy results also show rhe importance of chemical analysis
in evaluating endrin and indicate meaos for improving rhe rrearmeot.

Concern over use of the "hard" pesticides dictates that eodrin, a persistent chlor-
ina"ted hydrocarbon, be elirninated as a seed protectant as soon as a more acceptable
chemical becomes available. Forrunately, however, the chemical aoalysis approacl-r
used io this study can and shorild be employed together with rhe mofe common
ttioassay rcs'ts in evaluating candidate chemicals to replace endrin.
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