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The silica content of the various parts of 1 1  varieties of wheat was determined both in 
the fall and in the spring when the growth was at least 6 inches tall. It varied from an 
average of 1.1 1 % in the stem to 5.61 % in the sheath. Silica content of leaves in the 
spring was nearly twice that in the fall. By means of spodograms, the actual patterns of 
silica deposits in the various parts of the wheat plants were determined. Index of re- 
fraction studies showed the silica to be opal. The results show no direct relationship 
between total silica content and resistance to Hessian fly or to diseases. 

ARLY investigators \$.ere interested E in the relationship between SiOn 
deposits in wheat (Triticum) and re- 
sistance of the plants to insects and 
disease but did not make complete studies 
of silica in various parts of the wheat 
plant. McColIoch and Salmon (5) in 
1923 sho\ved that several very susceptible 
varieties of \\,heat markedly resisted 
attack by the Hessian fly [Mayietola 
destructor (Say.)] Ivhen groum in Pfeffer's 
solution containing a small amount of 
sodium silicate and that the degree of 
resistance varied with the amount of 
silica. Painter (7) in 1951 considered 
that the amount of silica is related to 
resistance because silica strengthens the 
cell walls of the plant. 

Refai, Jones, and Miller (70) de- 
termined silica in the l .5-inch portion of 
the \\heat dem above the root system. 
They studied several varieties but could 
shoiv no relationship between silica 
content and resistance to Hessian fly. 

Lanning, Ponnaiya, and Crumpton 
(4) determined the depositional pattern 
of silica and the silica content of the leaf 
sheath of Concho \\-heat. By means of 
x-rays and petrographic microscope the 
silica \vas shown to be opal. 

Miller et al. ( 6 )  studied silica deposi- 
tional patterns in the second leaf sheath 
of several varieties of ivheat. Sheaths of 
plants resistant to Hessian fly appeared 
to have much more complete and even 
distribution of silica deposits. 

Palladin ( 8 )  recorded that wheat and 
rye gro1z.n in nutrient solutions low in 
silicic acid suffered severely from rusts, 
and that Lithospermnm arcense grown 
ivithout silica \vas badly attacked by 
plant lice. 

Volk, Kahn,  and IVeintraub ( 7 7 )  
reported that silicon content of the rice 
plant influences its resistance to infection 
by blast fungus. Infestation by insects 
occurred only in young plants whose 
tissue was soft and contained less silica. 
Japanese scientists ( 7 ,  2, 72) have shown 
that silicon deficiency in rice increases 

susceptibility to fungus diseases and 
insect?. 

This work \vas initiated to make a 
more complete study of silica deposition 
in various parts of \vheat plants and to 
relate the silica to insect and disease 
resistance. 

Materials and Methods 
The  wheat plants (Triticum aestivum L. 

em. Thell.) studied jvere grown in ex- 
perimental plots on the Agronomy 
Farm of Kansas Stare Cniversity. Avail- 
able silica content of the soil \vas high, 
approximately 20 mg. per 100 grams of 
soil (3 ) .  'The pH of the soil was 5.2 a t  1 
to 1 dilution. The 11  varieties studied 
and their resistances to diseases and in- 
sects are given in Table I .  The  first 
samples \rere collected Xovember 5, 
1964; the second. from the same plots 
>April 13, 1965, xvhen the spring growth 
\vas a t  least 6 inches. The  plants were 
separated into roots. stems, leaves? and 
sheath. .U1 \vere thoroughly washed 
and then dried a t  110' C.  

Silica and ash contents of plant ma- 
terials ivere determined by classical 
gravimetric techniques. The  material 
!\.as ashed a t  about 600' C. After being 
iveighed, the ash \vas treated repeatedly 
ivith 6.V hydrochloric acid to remove 
other mineral impurities. 'The silica 
\vas filtered out and ignited. Silicon 
dioxide content \\-as determined as 
difference of iveights before and after 
hydrofluoric acid treatment. .A11 de- 
terminations \\.ere made in duplicate. 

The  depositional pattern of silica \vas 
studied by the spodogram technique 
described by Ponnai)-a ( 9 )  and used by 
Lanning, Ponnaiya, and Crumpton (4) .  

Samples used in petrographic niicro- 
scope studies \cere obtained by com- 
pletely ashing the dricd plant material a t  
600' C. The ash \\-as treated repeatedly 
Ivith hydrochloric acid to remove min- 
eral impurities and the silica dried a t  
110O C. 

Results and Discussion 
Petrographic microscope studies of 

silica from ash of wheat plants studied 

Table 1. Varieties of Hard Red 
Winter Wheat Used for Silicon 
Determinations and Response to 
Certain Diseases 

Variefy 

Ponca CI 12128 

Ottawa CI 12804 

Gage CI 13532 

Pawnee CI 11 69 

IVichita CI 11952 
Turkey CI 1558 
Triumph CI 12132 
Bison CI 12518 

Comanche CI 
11673 

CI 13285 

Kaw CI 12871 

and Hessian Fly 
Type of Resisfance 

Hessian fly, some 
races of leaf rust 

Hessian fly, some 
races of leaf and 
stem rust 

races of leaf and 
stem rust and soil- 
borne mosaic 

Hessian fly, some 
races of leaf rust 
and loose smut 

None 
None 
Loose smut 
Bunt, tolerance to 

wheat streak 
mosaic virus 

Hessian fly, some 

Bunt 

Hessian fly, some 
races of leaf rust 

Some races of leaf 
and stern rust and 
bunt 

shoived it to be clear, colorless, and 
isotropic with an  index of refraction of 
1.45, properties typical of the mineral 
opal, as \vas shown with Concho wheat 

Results of silica and ash analyses are 
given in Table 11. O n  the average, 
silica content of wheat leaves in spring 
was nearly double that in the fall. The  
increase in Gage \vas slightly over three 
times. Silica \vas greater in the sheath 
in spring than in the fall. Averages of 
the sheath plus stem \\.ere considerably 
higher in the spring. 

O n  the average: there was slightly less 
silica in the roots in the spring than in the 
fall. Hoivever, Bison roots had tivice as 
much in the spring and three other 
varieties had some\vhat more than in the 
fall. 

Silica percentage was highest in the 

(J ) .  
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Table II. Silica and Ash in Wheat Plants 
(yo dry matter) 

Collected Now. 5, 1964 Collected April 13, 1965 
Roots Sheoth ood Stems Leover I S  LeWeS __ 

Silica Ash Silico Vorietv Ash Silico Ash Silico Ash Sil, 

Roots Sheoth Sten - ~ 

ice Ash Silico Ash Silico Ash 

Ponca CI 12128 
Ottawa CI 12804 
Gage CI 13532 
Pawnee CI 11669 
Wichita CI 11952 
Turkey CI 1558 
Triumph CI 12132 
Bison CI 12518 
Cnmmehr CI 11673 ~ ~ 

CI 13285 
Kaw CI 12871 

12.10 7.05 
9.54 4.07 
9.56 3.44 
8.90 3.00 
9.90 3.80 

12.90 5.87 
12.04 5.31 
8.79 2.18 

10.22 3.82 
9.50 3.81 

10.82 3.88 

16.13 
13.62 
14.04 
12.90 
12.07 
12.01 
13.62 
13.22 
11.84 
13.12 
14.30 

4.55 
2.22 
2.22 
1.30 
1.38 
1.28 
2.12 
1 .94  
1.27 
2.54 
1.66 

14.47 2 .  
15.22 2 .  
14.90 1 .  
12.40 2 .  
14.57 1 .  
14.90 2 .  
15.41 2 .  
14.85 2 .  
15.80 2 .  
14.55 2. 
14.55 2 .  

A". 10.39 4.20 14.17 2.04 14.69 2 

sheath and lowest in the stems. Tha t  of 
leaves and roots was about the same in 
the spring and averaged about 1.7% 
less silica than in the sheath. I n  the fall 
leaves had only about half as much 
silica as roots did. 

Although silica contents of the plants 
studied varied considerably, none were 
low in silica, probably because of the 
high available silica content of the soil. 

Ash content was highest in leaves, 
next highest in the sheath, and lowest in 
roots. Variation in ash content among 
plants was somewhat less than variation 
in silica content. Percentage of silica 
in the ash was highest in the sheath, 
(averaging 45.0%) and low in the stems 
(averaging 9.35%). 

Spodograms of the silica deposition in 
various parts of the wheat plant (Figure 
1) were some of the better ones photo- 
graphically and were chosen as repre- 
sentative of the plants studied. The  
silica particles in the sheath (Figure 1, 
B and D) are oblong and have crenate 
edges. Miller et ai. (6)  did not report 
the crenate edges that were evident in 
their spodagrams. Silica particles are 
arranged in parallel double or triple 
raws that alternate and are about equi- 
distant. The  row wcrc somewhat closer 
in Ottawa than in the Gage sheath. 
No marked differences were observed 
between Hessian fly-resistant and non- 
resistant varieties. 

Silica in the leaves was more uni- 
formly distributed and oblong silica 
particles were much less evident. The 
Turkey leaf spadogram, A ,  was more 
typical for wheat than the Ottawa leaf 
one, C, in which oblong particles were 
more evident. In  a few leaves like 
Turkey and Ponca silicified trichomes 
were present. 

Panca stems had the highest silica 
content of any variety studied. Large 
numbers of oblong crenate silica parti- 
cles are shown in spadogram E. Other 
stems showed less development of parti- 
cles. 

The robts, like the leaves, did not show 
many oblong particles but some were 

46 
24 
31 
32 
95 
45 
41 .. 
28 
43 
83 
11 

8.15 
9.65 
7.75 

10.25 
11.40 
10.90 
13.80 
10.60 
7.53 

12.50 
12.99 

4.30 
3.68 
2.18 
3.04 
2.95 
4.50 
5.10 
4.30 
2.98 
4.90 
4.45 

16.50 8.32 
11.80 4.55 
10.70 3.24 
12.50 4.75 
12.40 6.10 
12.20 8.25 
12.30 5.30 
12.50 5.90 
9.64 4.68 

13.90 5.20 
12.50 5.45 

7.55 
11.60 
11.80 
11.75 
13.60 
16.80 
12.00 
12.70 
13.11 

5.20 
14.50 

25 10.50 3.85 12.45 5.61 11.87 1.11 14.12 4.09 

Figure 1. Spodograms of parts of wheat plants at 8OX 

A. 

B. 

C. 

D. 

E. 
F. 

Turkey leaf. 
of rectangular d i ~ a  particier 
Gage rheoth. 
in porollel double or triple rows thot alternate and ore equidistant 
Ottowo leof. 
particles 
Ottawo sheoth. 
in Gage iheoth 
Ponco stem. 
Pownee root. Mort of silica in smoli porticier. A few oblong 
porticiec 

Note rather uniform deposition of silica and absence 

Note oblong <renote edged silica particle. arranged 

Differs from Turkey leaf in having some oblong silica 

Rows of oblong silica porticier closer together thon 

Some silicified trichomes pielent 

Oblong silica particles arranged in rows 

evident in Pawnee roots, F. Silica in 
roots seemed to occur primarily in very 
small particles. 

The results show no direct relationship 
between silica content and resistance to 
Hessian fly or to diseases. Both re- et ai. (6).  

sistant and nonresistant varieties had 
high silica contents. There may be a 
relationship between early deposition 
and type of deposition of silica to such 
resistances, as was indicated by Miller 
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2-Chloro- 1 -(2,4,5-trichlorophenyl)vinyl dimethyl phosphate (SD 8447) has shown excellent 
toxicity to several species of insects in laboratory and field tests but is remarkably safe to 
laboratory mammals in acute and two-week feeding tests. The poor solubility or par- 
tition properties of the compound may limit penetration and translocation in mammals so 
that amounts of the compound in blood and tissues are low enough to be metabolized 
without toxic effect. 

MAJOR ~ 0 . 4 ~  of insecticide research, A even before the recent public con- 
cern over pesticide residues, has been to 
find compounds which are effective 
against insects but which are less 
hazardous to man and other mammals. 
With this goal in mind, work in the Shell 
Development Laboratories on in- 
secticidal vinyl phosphates has led to 2- 
chloro-1- (2,4,5-trichlorophenyl)vinyl di- 
methyl phosphate (I) ( 9 ) .  This com- 
pound is highly toxic to several insect 
species in both laboratory and field tests 
but is relatively nontoxic to laboratory 
test mammals in acute and subacute tests. 
Compound I is now under development 
toward commercial use under the code 
number SD 8447. The present paper 
presents chemical and biological data for 
this compound in comparison with data 
for several of its analogs. An explanation 
for the outstanding selective toxicity of 
(I) is suggested from exploratory experi- 
ments. 

Methods and Results 
Preparation a n d  Properties of Com- 

pounds. Data on chemical and physical 
properties of (I) and of four analogs 
are given in Table I .  Compound I was 
prepared by the reaction given below; 
the four analogs lvere obtained in the 
same way. T\’ith chlorine in the 2 and 

Present address, Mobil Chemical 
Research, Edison Township Laboratory, 
Route 27, Metuchen, N. J. 

4 positions of the benzene ring of the 
ketone intermediate, the reaction is 
highly selective for the 6-isomer ( I j  11. 

CI 

I (p- isomer) ,  SO 0447 

I I I ) ,  presumably for steric reasons. The 
p-isomer is arbitrarily designated as the 
one in which the phosphate group and 
the largest group on the second vinylic 
carbon are cis. Only 10% or less of the 
a-isomer, with the phosphate and 
chlorine atoms trans on the double bond, 
were formed and were removed from (I)  
and (11) by crystallization. By contrast, 
the a-isomer predominated when the 
benzene ring was not chlorinated (I\*) 
or with dichloroacetaldehyde as the 
carbonyl reactant (V) ; preferential for- 
mation of the a-isomer is “normal” in 
this reaction (,5). Configurations of the 
individual isomers and the isomeric 
content of the five compounds of Table 
I were assigned from IXMR and infrared- 
absorption spectra following methods 
used earlier for Phosdrin insecticide 
( 7 3 ) .  Both (I) and its ethyl analog (11) 
are crystallint: solids of moderately kligh 
melting point which are only very slightly 
soluble in Lvater. Compound I is also 
only moderately soluble in hydrocarbons 

and other common organic solvents; 
the ethyl analog is more soluble. 

Compound I and its analogs are, likr 
other organophosphate insecticides, 
good inhibitors of acetylcholinesterases. 
although enzyme inhibition studies ivith 
(I)  and (11) are complicated by the low 
water solubility of the compounds. 
Presumably, this inhibition is the 
principal mechanism of their biological 
action. Fukuto and Metcalf (3) have 
shown that rates of hydrolysis of sub- 
stituted phenyl phosphates correlate 
\vel1 Lvith acetylcholinesterase inhibition. 
However. the data in Table I for the four 
ethy-l esters ( I I ) ,  ( I I I ) ,  (IV)! and (1.) 
indicate that the reactivity of this group 
of compounds lvith cholinesterases does 
not parallel hydrolysis data at  pH 9.1. 
Secondary interactions between the chlo- 
rinated phenyl ring of (11) and (111) with 
the enzymes increase the inhibition. 

Insect and mammalian toxicity data 
for the same five compounds are given in 
Table I1 with similar data far malathion. 

Syntheses. The intermediate aceto- 
phenones \vere prepared using the 
Friedel-Crafts ketone synthesis. Di- 
chloroacetyl chloride (Kay-Fries Co.. 
997, pure. 88 grams. 0.60 mole) \\-as 
added in 10 minutes to a stirred slurry 
of 88 grams. 0.66 mole, of anhydrous, 
purified, powdered aluminum chloride 
(Slatheson Coleman X: Bell) in 109 
grams. 0.60 mole of 1.2.4-trichloroben- 
zene (Matheson Coleman X: Bell. 
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