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EXECUT IVE SUMMARY

Soil sampl es from Rocky Mountain Arsenal were biologically tested for
phytotoxi ns to see if such results were cons istent with chemical toxicity
analytical data from the coring program of the US Army Offi ce of the
Surgeon General (OTS G). The phytotoxi city data do not indica te the
presence of phytoxi ns except in a reas s hown to be contaminated on the
basis of chemi cal analytical data. Further phytotoxicity tests of OTSG
cori ng program s amples are not requi red.
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I.  INTRODUCTION
M ilitary and Industrial wastes have been disposed of at Rocky

Mounta in Arsenal (RMA) from 1941 to the present time . Shel l Chemical
Company has been manufactur i ng pest i c id es there s i nce 1952. F lu id
wastes have been transported via unlined ditches and by waste sewers to
both unlined basins and to lined basins. Solid wastes have been placed
in trenches and pits and subsequently covered. It is possible that
some tox i c mater i als may have m igrated from disposal areas to other
areas where they may pose an environmental hazard . The United States
Army is funding a multifaceted study of RMA which includes an eva lua—
tion of available literature for compounds present at RMA , soil coring
and chemical analysis , character ization of the geology and geohydrology
of RMA , wastewater treatment technology, soil reclamation technology,
an imal toxicology studies , and phytotoxicity testing. Other studies
are also underway or planned .

The primary objective of the studies at RMA is to minimize the
possibility of damage to humans , an imals , an d p lan ts resul t i n g from the
effects of toxic materials on or emanat i ng from RMA . To this end , many
types of studies are being simultaneously performed. Some of the
studies may seem rather specialized and applicable only to one type of
target organism but due to the waste disposal history and hydrogeology
of RMA , the finding of any single toxic compound is a good reason to
suspect the occurrence of other toxic compounds at the same site. Thus ,
the finding of a phytotoxin could lead to the finding of compounds toxic
to humans or animals.

In order to judge the full si gnificance of the phytotoxicity
data (2~

), one may wish to review the history of RMA and its hydro-
geology. The history of RMA including tenant activities , ear l i er waste
di sposal surve ys, and ecological stud ies, is rev i ewed in an earlier
report (20), An idea of the number of compounds which may be present
in RMA water an d soils can be obtained from a series of reports
(6 ,7,9,18,19 ,20,21) The transport of some compounds in groundwater
pollutant plumes at RMA has been reviewed in connection with an analysis
of chemical analytical data from the OTSG coring program . The interest-
ing feature of that data is that chemical anal ysis of the OTSG core
samples focused on materials which did not move via detectable ground-
water pollu tant plumes . Focusing on chemical analysis of a limited
num ber of compounds (for economic reasons) decreased the chances
of delineating the extent of pollutant plumes known from previous work
to exist at RMA . Phytotoxicity tests of good precision are useful in
such circumstanc es for the detection of phytotoxic compounds without
previous knowledge of the chemical identity of the phytotoxin.

In summary, toxic materia ls at RMA may pose hazards to humans ,
plants , and animals. Phytotoxicity tests of RMA soil samples yield
informat ion on the location of phytotoxins and also on the possible
location of human and animal toxins.
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I I .  APPROACH

The primary purpose of the phytotoxicity tests at Boyce Thompson
Institute was to discover the presence of phytoxins in soil at RMA .
Careful spec ificati -~r of experimental protocols and careful interpre-.
tation of results allow one to judge the extent to which measured
effects reflect the parameters one would like to determine.

Basical ly, the tests involved the germination of seeds of selected
plants in samples of soil take n from different depths at various locat-
ions at RMA . These tests detect: inhibition or retardation of the
germination of seeds of monocotyledonous and dicotyledonous plants ,
retardation of seedling growth and development , interference with
chlorophyll development , necrosis of fol i age, stem collapse and/or death
of the plants. Where obvious phytotoxicity symptoms are observed with a
par ti cu la r  s ample , such symptoms may be attributed to specific contam i-
nants identifiable by chemical analysis of the soil sample. In cases
where chemical analysis fails to indicate the presence of contaminants ,
the observed phytotoxicity si gnifies that an unknown phytotoxic compound
is present and requires identification .

A. FACTORS AFFECTING INTERPRETATION OF RESULTS

1. Soil Sampling Factors

So il samp les ut i l i z e d in the phytotoxicty tests were from
known locations at RMA . The prec i se nature of the drilling procedure ,
sam p le trea tment , samp le transport ati on , an d sam p le storage can affect
physical , chemical , and biolog ical  pro pert i es of so il caus i n g ch an ges
in plant growth response. If substantial changes did occur in the
samples from RMA , the growt h tests per forme d at Boyce Thompson Ins ti-
tute may not accurately reflect the presence or absence of phytotoxins
in soils at RMA .

Drillin g procedure can affect test results if soil core
segments are contaminated with phytotoxins from other core segments.
This is important if one is striving for high precision on the vertical
scale at one drill hole. Since five foot core segments were utilized ,
this problem was probably not serious. Also , contam i nat i on from other
drill holes can be a problem if the coring rig (auger , sam p le con-
tainers, transfer tools) are not well cleaned between drill holes.

Sample treatment can affect the stability of phytotoxins in
soils. Air drying retards biological growth but enhances the rate of
evaporation of volatile compounds. Sealing in air tight containers
preserves volatile organics but may enhance anaerobic decomposition .
Mixin g of each soil core allows for a determination of the average soil
conditon but may enhance loss of volatiles , causing dilution of strati-
f le d po l l u tants , an d provide conditions conducive to intersa mple
contam inat ion.

7
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Conditions during sample transportation and storage can
affect test results in many ways . Permeable sample containers allow the
rapid escape of volat i le  compounds and air oxidation of compounds. Hi gh
temperatures favor loss of vo lat i les , chemical transformation , and
biological growth. Lack of protect ion from outdoor conditions can
result in leaching by rainfal l .

In essence , for any g iven soil sample , almost  any env i r on-
ment other than the orig i nal tempera ture, conti guous air , so i l , and
groundwater could cause changes in phytotoxicity test results. The
changes in test results could be due to a change in the conce itration of
phytotoxins within the sample or to changes in physical , chemical , or
biological properties which mi ght be described as “poor soil” . Dicy-
clopentadiene is a good example of a phytotoxin which could be present
in soil (or within groundwater contained in so i l )  at RMA and yet be
absent from a samp le.of that soil delivered to Boyce Thompson Insti-
tute. Microbial growth in a s ample stored at warm temperatures in a
sealed container could cause nitrate depletion , sulfide formation , a
shift to acidic pH, and clogging of soil pores thus changing a “good
soi l”  to a “poor soi l”  and causing apparent phytotoxicity si gns.

2. Plant Growth Factors

The results of phytotoxicity tests using indicator plants
depend on the plants mak ing physical contact with the phytotoxins ,
plant sensitivity to the phytotoxins , and correct interpretation of
plant growth responses. The latter refers to a recognition of phyto-
toxic si gns in the growth of indicator plants.

The see di ng and grow i ng of p l ants i n t he tes t so i l samp les
assures contact between plant roots and phy~ itoxins . However , there are
many soil factors which can complicate the root-phytotoxin interaction .
These soil factors relate directly to soil sample treatment , transpor-
tation , and storage (see previous section). A phytotoxic chemi cal may
become unavailable to the plant due to inactivation or low concentra-
tions caused by volat i l izat ion , leaching, photo—decomposition , chemical
decom po~~i~~on , m i c r o b i a l  d e c o m p o s i t i o n , or a d s o r p t i o n  on s o i l
c o l l o id s~15). Other inhi biti ng factors can be due to “poor soil” .
Poorly structured soil may present a physical barrier to root penetra-
tion . Low amounts of soil nutrien ts and abnormal soil pH could prevent
physiological development of the plants.

The sensitivity of plants to phytotoxins varies according
to the age , rate of grow th, morphology, genetic inherjtence , membranes ,
enzymes, and metabolic pathways of the plants (15,22). Generall y, the
younger an d more rapidly growing plants are the most sensitive to
phytotoxins. In addition , temperature , light , mo isture , pH , and/or
nu trie i~t stress can make p lants more or less susc ept ib le to phyto-
tox ins ’.15 ,22).
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Observation and interpretation of plant growth responses
to test soil samples provide the basis for deciding whether or not
phytotoxins are present. It is important to accurately i dent if y an
abnormality and to distinguish whether it was induced by phytotox ins or
by some other environmental factor . This is accomplished through
ma i ntenance of env ir onmen tal growth conditio ns , recognition of specific
phytotoxic induced abnormal ities , and comparison to controi plants.

8. EXPERIMENTAL APPROACH

1. Soil Sampling Program

The soil sampling program for the Rocky Mountain Arsenal
utilized a rectangular grid pattern for locating sampling sites (see
Fi gure 1). Grid spacing varied for the various sections of RMA accord-
ing to the intensity of sampling of the particular sections. In one of
the most extensively sampled sections , section 36, grid spacing was 440
feet. In l ess extens i vel y samp le d sec ti ons , grid spacing was 880 feet.
For sections 8 and 9 cores were drilled at random locations.

Depending on the avai lable drilling rig, so fl cores ~teçedrilled at designated sites to seven feet , groundwater , or bedrock~
5).

Each core was divided into segments of 0-2 feet,~ 2-7 feet, and su bse-
quent five foot segments to the end of the core (l).

Each sample as collected was l abeled with a four—part
eleven di git identification code in the form 00-0000-0000-0. in the
identification system , the first two di g its specify the sect ’on at RMA ,
the next four digits are the number of feet east of the section ’s
southwest corner + 1000, the following four di gits are the number of
feet north of the section ’s southwe~t cçrner 

4 1000, and the last di git
is the desi gnator of sample depth~

1 ’5). If the depth designator is
1 , the 0-2 feet sampling depth is indicated . For samples deeper in
the profile , the depth designator is increased by 1 for each subsequent
5 foot se gment . Thus , 26-2320-3640-2 desi gnates a so i l s amp le co l-
lected from sect ion 26 , 1320 feet east of the SW corner , 2640 north of
t he SW corner , and at a depth of 2-7 feet .

The cored soil segments were air dr i ed (no direct sun-
l ight), passed through a no. 4 screen to remove l arge stones and obtain
some m ixing, and then passed three times through a chambered sample
splitter to ensure homogeneity c.1). Subsamples of approximately 1000
grams were subsequently placed in capped 2—l iter olass jars and shipped
to greenhouses at Boyce Thompson Institute , Yonkers , New York .

2. Primary Testing

The phytotoxicy test procedure used by Boyce Thompson
Irstitute for the evaluation of RMA soil samples is an adapt i on of
~~~~~~~~ screening procedures which have been used since the early
l940 ’sU’ ,

9
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FIGURE 1

CORE SAMPLING SITES
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Indicator plants selected for this study were sugar beet ,
Beta vul garis L., cv . Grea t Wes tern ; mustard, Brassica nigra L., cv.
fl~~ida broa d leaf; perenn i a l rye grass , Lol ium perenne L., cv. NK-lOO ;
an d foxta i l m i l le t, Setaria ita li ca (L.1 Beaouv. cv . Golden (all
ava ilable from the Stanford Seeci Company). These plants represent both
the monocotyledonous (rye grass and foxtail millet ) and dicotyledonous
(sugar beet and mustard ) classes of p lants. Foxta i l m i lle t and mus tar d
are standard screening plants used at Boyce Thompson Institute . Sugar
beet and perenn i al rye grass have been prev i ously used at Boyce Thomp-
son Institute and are samples of plant species that could be grown at
RMA . These indicator plants are best classf ied as having intermediate
sensitivity to phytotoxins (17). They also ful fj~l l other listed
requirements for phytotoxin indicator test piants (4 ’ 15 .’ .

Soil samples from RMA were placed in fiber trays (19 cm X
13 cm X 7.6 cm), firmly pressed , and marked with 4 rows . Seeds of rye
grass (about 100 seeds), foxtai l millet (about ‘00 seeds), mus tar d
(about 100 seeds), and su gar beet (about 25 seeds) were sown into
separate rows and covered to a depth of approximately 1 cm with soil
sample. (All seeds were coated with the fungicide , Arasan , prior to
plant ing). The trays were sprinkled to optimum moisture level for seed
germination and placed in a greenhouse. Greenhojse temperature was
maintained at minimums of 15°C and 21°C during the ni ght and d aytime ,
res pecti vel y. In the case of controls , the soil used for p lanting was
greenhouse compost.

Obse rvations were made at weekly intervals on the emergence
of seedlings , growth rate , chior osis , foliag e necrosis , formative
effects , and other abnormalities. After 3 weeks , plants were measured
for med i an growth and removed from the soil. Roots were examined for
necrosis and any abnormality, such as stubby growth (root hai r suppres-
sion), and max imum root lengths recorde d. Plants grown in green house
compost served as the basis for compar i son in all observations and
measurements .

3. Secondary Testing

In cases when it was not clear whether plant responses
were due to phytotoxic substances or to inherently difficult soils ,
secondary tests were conducted . Examples of the l atter include; 1)
soils of high clay content developing a crust and thus inhibiting seed
emergence and 2) soils poor in nutrients which would result in poor
growth of the plants. To eliminate these problems , secondary testing
involv ed some modifications of the primary test procedure. Pro b lem
soil samples were seeded with the same plant species as in primary
testing but after the seeds were sown , they were covered with a thin
layer of washed sand to prevent crusting of the soil surface. This
allowed for a more normal emergence of seedlings. In addition , after
the seeds were covered , the trays were watered with a balanced ferti-
l izer (Miracle-Gro) to make up any nutrient defici ncies of the soil.

L 

11 

.

- ~~~~~~~~~~~~~~~~~ ‘~~~~~~-~~~



All trays were subsequently placed in the greenhouses and phytotoxicity
assesse d i n the same manner as i n the pri mary tests .

Confidence in any particular phytotoxic test result
i ncreases w i th t he num ber of evaluat i on cr i ter i a demons tr ati ng an
observable phytotoxic change between indicator and control plants.
Hi ghest confidence is in those tests where all four indicator plants
develop phytotoxic symptoms in both the initial and the modified repeat
test. A difference in growth of 20% between indicator test plant and
control plant was generally not considered significant unless accom-
pan i ed by other phytotoxic signs. A difference in growth of 100% was
considered very significant .

C. DATA ANALYSIS

Factors affecting the interpretation of plant response data
have been outlined in Section lI—A and some of them are quantitat i vely
evalua ted here. These factors include: 1) control experiments , 2)
normali zation of tes t data , 3) b lock ing effects , 4) secondary tests,
and 5) precision . Treatments presented here are basic and appropr i ate
to the reproducibi l i ty of the data evaluated.  The analyses deal
principally with med i an top growth data. Several more sophisticated
stat is t ica l  analyses have been applied to emergence ratings , mean to p
growth , and median top growth but these analyses were discarded in
favor of simpler tabular and graphical displays . In general , the plant
response dat a show a consistent overall pattern with a level of preci-
s ion which might be expected of tests with the degree of replication
ev i denced.

1. Control Exper iments

The plant growt h tests were conducted in groups of soil
sam ples referred to here as blocks. For each block of tests , two
(occasionally one) control tests were performed with seeds sown in
greenhouse compost. Median top growth data (Table 1) and maximum root
growth data (Table 3) for these controls were examined to obtain an
estimate of the reproducibility of test results (Tables 2 and 4) for
controls.

Mean top growth data of Table 1 were analyzed by computing
the standard deviation (n-l statistic) of each data pair (triplet for
B 19) for each species. Standard deviation values for primary and
secondary tests were computed for each species as:

______  ____________________ — — — ~~~~~~~~~~~~ — -—-——- -- - --- .- - , , - --~~~~
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TABLE 1

MEDIAN TOP GROWTH DATA FOR CONTROLS

Length (cm)
Block Sugar Beet Mustar d Mil let Rye Grass Start Date

81 5.5 5.0 6.0 9.0 2/10

B2 6.5 5.5 8.5 10.0 2/18

83 5.5 5.0 8.5 9.5 3/24
5.5 5.0 6.0 9.0

84 5.5 5.7 5.1 10.5 3/31
5.2 5.2 5.0 10.3

85 6.6 5.3 5.5 12.2 4/1
6.1 5.8 5.3 11.5

86 6.2 7.4 8.1 14.8 5/5
7.1 7.1 8.3 13.4

87 8.5 9.1 8.8 3.8 5/13
8.7 8.8 8.6 12.9

B8 9.0 11.0 13.0 14.6 5/19
8.9 7.1 10.1 11.5

89 11.9 10.1 14.4 15.7 5/26
11.2 9.2 13.9 15.3

BlO 8.3 8.1 11.5 15.0 7/20
- 

- 6.3 6.2 1 1.3
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TABLE 1 - Cont inued

Length (cm)
Block Sugar Beet Mustard Millet Rye Grass Start Date

811 10.2 10.1 11.8 13.1 7/22
9.8 9.4 10.4 12.8

812 8.1 7.9 12.1 13.1 7/28
7.2 8.3 13.1 13.8

813 5.7 6.2 8.0 12.0 8/26
6.5 7.0 10.0 10.0

814 4.6 4.6 6.2 7 .2 8/27
3.7 4.6 5.1 8.0

B15 3.6 4.0 5.5 8.0 9/1
3.7 3.9 3.5 6.8

816 7.2 6.9 6.5 13.3 4/13
4.2 4.0 0.0 8.5

817 8.1 10.2 9.7 15.2 4/21
7.2 10.0 5.8 13.5

818 8.4 8.0 13.2 15.4 6/8
9.0 14.5 15.0 7 .0

819 9.8 8.7 14.2 15.2 6/18
9.5 9.3 14.9 16.5
8.5 8.5 15.5 17.1

B20 6.3 6.9 8.7 9.4 9/20
6.6 7.5 8.4 11.2
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TABLE 2

STANDARD DEVIATION VALUES FOR MEDIAN TOP GROWTH OF CONTROLS

Tests Blocks Standard Deviations
Sugar Beet Mustard Mil let Rye Gras s

Pr imary B3 - B15 0.56 0.91 1.02 1.99

Secondary 816 - 820 1.06 2.27 2.62 3.19

Total B3 - B20 0 .73 1.42 1.63 2 .38

15
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TABLE 3

MAXIMUM ROOT GROWTH DATA FOR CONTROLS

Len gth (cm)
Block Sugar Beet Mustard Millet Rye Grass Start Da te

Bl 5.5 6.0 8.0 9.0 2/10

B2 6.6 9.1 8.0 9.8 2/18

B3 5.4 9.5 8.3 5.3 3/24
4.4 6.4 6.3 4.8

B4 4.6 3.8 6.3 6.7 3/3 1
5.9 5.9 5.9 6.4

85 5.2 4.8 5.8 5. 1 4/ 1
4.9 5.2 5.6 5.3

B6 4.5 4.2 6.5 5.6 5/5
5.0 4.3 5.2 10.1

B7 3.5 3.4 3.6 5.9 5/13
3.5 5.0 6.9 7.0

88 5.0 5.7 13.7 7.0 5/19
4.3 5.6 7.0 10.3

B9 4.5 5.2 8.9 9.8 5/26
3.5 6.6 6.3 7.1

810 9.2 6.2 9.1 9.7 7/20
6.0 4.7 6.2 9.3

16

L 
_____ __i____ -_



- 

_______________________________

TABLE 3 - Cont i nued

Length (cm)
Block Sugar Beet Mustard Millet Rye Grass St art Date

Bl i 6.1 6.9 8.5 10.3 7/22
6.3 9.3 8.3 8.8

B 12 4.2 7.0 8.9 9.7 7/ 28
3.8 5.9 8.9 9.1

B13 4.5 4.3 6.1 5.0 8/26
3.9 4.5 6.3 6.6

Bl 4 3.0 10.7 3.3 5.7 8/27
4.0 4.0 7.1 8.3

Bl5 2.8 5.1 6.8 9.9 9/1
3.0 7.5 7.5 7.3

816 3.1 2.9 4.8 6.5 4/13
3.5 1.0 0 4. 1

817 5.7 6. 9 6.2 10.4 4/21
3.4 8.9 3.2 6.2

B18 5.0 4.1 3.8 9.1 6/8
3.0 4 .3 5.5 10.1

B19 3.8 7.0 6.3 10.3 6/18
5.4 4.9 7.8 10.4
3.5 6.9 9.5 13.1

B2O 3.6 2.1 3.9 6.7 9/20
3.3 4.4 8.4 5. 5

17
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TABLE 4

STANDARD DEVIATION VALUES FOR MAXIMUM ROOT GROWTH OF CONTROLS

Tests Blocks Standard Deviations

Sugar Beet Mustard Millet Rye Grass

Primary B3 - B15 0.82 1.84 1.88 1.51

Secondary B16 - B20 1.08 1.25 2.46 1.76

Tota l  83 - B2O 0.90 1.70 2.06 1.59

18
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and listed in Table 2. Standard deviations were higher for secondary
than for primary tests.

Approximate estimates of the overall coefficient of varia-
tion may be calculated for each species . Mean values , m , of mean top
growt h fo r controls i n b loc ks 81 to B20 are 7 .2, 7.4, 9.1 , and 11.8 for
sugar beet , mustard , millet , and rye grass , respectively. Corresponding
values  for t he coeff i c i en ts of var i ati on are 10, 19 , 18, and 20% for
sugar beets , mustard , mil let , and rye grass , respectively. One should
thus not be at all surprised at variations of ~2O% for median top
gr owth v a l u e s  or , i n other wor d s , differences of ~2O% between two
tests within the same block should not be considered significant.

The frequency of erratic responses may be judged by noting
their occurrence for controls. Since the coefficient of variation , CV ,
is not normally distributed one cannot estimate the frequency of
occurence of erra ti c even ts from CV va lues .  For sugar beets block 816
had values of 7.2 and 4.2. For mus tar d ex treme values were for B8,
11.0 an d 7 .1, and for BiB , 8.0 and 14 .5. For m i l l e t, block B16 had
values of 6.5 and 0 .0. Fo r rye grass ext reme values were for 87, 3.8
and 12.9; for B16, 13. 3 and 8.5; and for B18 , 15.4 and 7.0. Thus , out
of 72 pairs (and triplets) of values , seven were l arge enou gh to be
termed erratic (30% < CV < 141%). This could be interpreted to mean
that approximately 1~~ of the test values will be erratic (CV ? 30%).
Of most impor tance are two of the va lues; m i l l e t, block B16, with
values of 6.5 and 0.0 and rye grass, block 87, with values of 3.8 and
12.9. The implication in these two cases is that one value for each is
sufficiently normal to indicate the absence of a phytotoxin whereas the
other is low enough to indicate the presence of a phytotoxin. Thus ,
based on dat a for con trols , we may estimate that the approximate rate at
which a false indica tion of phytotoxin presence mi ght occu r i s one to
two percent. Strictly speak i ng, estimates concerning reproducibility
shoul d come from replication of RMA sample test results. Since this is
not possible we must rely on control test data.

Maximum root growth data for control species was analyzed
to see if results were similar to those obtained for median top growth.
Table 4 shows standard deviations of 0.90, 1.70, 2.06, and 1.59 for
sugar beets, mustar d , millet , and rye grass, respectively. Med i an
values , m, of maximum root growth for blocks Bi to B20 we re 4.52 , 5.6 5,
6.63, and 7.88 for sugar beet, mustard , m i l l e t , and rye grass , res pec-
tively. From these , the follow ing estimates for coefficients of
var iat ion are obtained : 20, 30, 31, and 20% for sugar beet, mustar d ,
millet , and rye grass , respectively. Examinat ion of Table 3 indicates
that the frequency of erratic data for maximum root growth 0f controls

19
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is similar to that observed for median top growth. In the interest of
conse rv i ng ava i la b le resources , and expecting similar conclusions from
root growth data , further examination of root growth data was deemed
unjustified at this time .

2. Normalization of Test Data

The procedure employed (in the orig inal report) for
normalization of test data consisted of dividing measured test values
by corresponding mean values for controls. A slightly different
procedure (described below ) was utilized in the present report in an
effort to reduce the effects of erratic values observed for some
control runs . In both cases the pur pose of the normal i zat ion procedur e
was to el im i nate effec ts of l ig ht, tem perature , and other tempora ll y
common factors by comparing growth of each test plant to that of control
plan ts of the sam e spec ies p lanted at the same t ime an d pl ace .

To obta i n est ima tes of the ma gn i tu de of seaso n al va ri a-
ti ons i n t h e g rowt h of c o n t r o l s , the median top growth values for
controls were separately plotted for each species versus time as the
abscissa. Reasonably smooth curves could not be drawn throug h the
result ing points. To achieve some degree of averaging of the data , the
data we re poole d . For each control run the medi an top grow th va l ues
were summed (Table 5 ) .  These data were then p lot te d ve rsus ca l end ar
month and arbitrary curve was drawn through the plotted points (Fi gure
2). This provides a good visual display of within —block , between-tray
reproducibility and a measure of growing conditions in the greenhouse.
B l ock 16 s hows unusual l y poor re pro d uc ibi l i t y . Blocks  13 and 14 s how
unusuall y poor growth responses . Since the reproducibility was good
for these two blocks it was assumed that growth conditions were poor
for these particular blocks as a group and not just for the controls.
Totals by species were computed from Table 1. These were divided by
the gran d to ta l  for  Ta b le 1 to obta i n the  percen tage  of com pos it e
growth response due to each species . These values are 20.3, 20.7 ,
25.7 , an d 33.3% for sugar beets , mustar d , m i l l e t, an d rye g rass ,
respectively. To obtain the normalizat ion value for each species and
test block the species—percentage va lues were mul t ip l ied  by the
smoothed-composite -values of Fi gure 2. Normal izat i on values for each
species are listed in Table 5.

3. Block ing Effects

Blocking effects can bias test results if non-random
designs are employed . For any block of tests there are environmental
factors which can affect that block differently from other b locks.  To
some extent blocking effects are compensated by normalization proce-
dures suc h as those described above. The degree of compensation
approaches 100% only if the cultural conditions are uniform within the
block and the controls respond in the same way as the test plants to
those factors for which compensation is attempted .
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TABLE 5

COMPOSITE MEDIAN TOP GROWTH VALUES FOR CONTROLS

Smoothed
Start Primary Secondary Growth Value from Sugar
Date Tests Tests Values Figure 1 Beet Mustard Millet S. ~s

2/10 Bi 2 5 . 5  27 5 .5  5 .6  6 .9  9.0

2/ 18 32 30.5 28 5.7 5.8 7.2 9.3

3/24 83 25.5 — 2 5 . 5  28 5. 7 5.8 7.2 9.3

3/31 34 26.8 - 25.7 28 5.7 5.8 7.2 9.3

4/01 B5 29.6 - 28.7 28 5. 7 5.8 7.2 9.3

4/13 816 33.9 — 16.7 30 6.1 6.2 7.7 10.0

4/21 817 43.2 - 36.5 32 6.5 6.6 8.2 10.7

5/05 36 36.5 — 35 .9 37 7.5 7.7 9.5 12.3

5/13 87 30.2 — 39.0 39 7 .9 8.1 10.0 13.0

5/19 B8 47.6 — 37.6 41* 8.3 8.5 10.5 13.7

5/26 39 52.1 - 49.6 44* 8.9 9.1 11.3 14.7

6/08 B18 45.0 — 45.5 47* 9.5 9.7 12.1 15.7

6/18 819 47.9 — 50.2 - 49.6 49 9.9 10.1 12.6 16.3

7/20 B10 42.9 - 37.9 44 8.9 9.1 11.3 14.7

7/22 811 45 .2 - 42.4 43 8.7 8.9 11.1 14.3

7/28 812 41.2 — 42.4 42 8.5 8.7 10.8 14.0

8/26 813 31.9 — 33.5 32 6.5 6.6 8.2 10.7

8/27 814 22.6 — 21.4 23 4.7 4 .8 5.9 7.7

9/01 B15 21.1 — 17.9 20 4 .1 4.1 5.1 6.7

9/20 820 31.3 — 33.7 32 6.5 6.6 8.2 10.7

* In the original construction of FIgure 2. a plotting error was made which
resulted In smoothed values of 41, 44. and 47 for blocks 88, B9, and 818.
respectively. More appropriate would have been 42. 46, and 49. SInce the
differences are less than 10% recalculation of normalized values and statistical
treatments involving the blocks was judged to be unwarranted.
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Compensation for blocking effects is less successful when

there is lack of uniformity of cultural conditions wi th in a block. The
within -block between -tray differences can be readily evaluated by
referring to Figure 2 and Table 5. Most tests show good reproduc i-
b i l i ty  for con t ro ls .  However , at least  four b locks (8 16, B17 , B7
and B8) show significant spread in these composite median top growth
values.

Interspecies effects are well demonstrated by reference to
Tab le 1. For block B16 growth responses for sugar beet , mustard , and
rye grass in the second control are roug hly 60% of the responses in the
first control. Millet response is zero in the second control and near
normal in the first control. Could this have ben caused by a disease
specific to millet , bad seed , or cultural conditions? A simi l ar case
is the response of rye grass in the controls for block B18.

It is thus possible to demonstrate two types of biasing
effects using data from replicate control tests. Other effects are
probable but not demonstrable with available data. The most important
of these possible biasing effects is the possibility of fungal disease
in only a portion of the test block. The result of such a biasing
effect is that some test trays may show poor growth responses not
because phytotoxins were or i ginally present in the soil but because of a
nonuniform pathogenic infection or nonuniform cultural conditions. This
mig ht be particularly true when test soils might , for i ns tance , h ave
markedly different water retention characteristics than the control
so i ls com posed of greenhouse compost. What mi ght constitute serious
over- or under-watering for tes t samp les m ig h t cause no bad effect on
better soils like greenhouse compost. The practical consequence is that
if biasing occurs for samples from a given section at RMA which are
included in the same block it will not be possible to distThguish this
biasing or blocking effect from a phytotoxic effect . If , on the other
hand , core samples from each section are randomly distributed between
b locks , any blocking effects would be randomly distributed throughout
many sec ti ons and woul d not bi as results for a major part of any gi ven
sec ti on. In fac t, the b loc ki n g effect woul d stan d ou t as an anomal y
not likely to be due to the presence of a phytotoxin.

4. Secondary Tests

Secondary tes ts were i nst it uted to compensate for two
possible poor soil factors (crusting and nutrient deficiency) which
could be confused with phytotoxin effects. The modifications consisted
of a sand cover i ng and use of ferti li zer . There seem to be no condi-
tions under which one would expect a secondary test to produce plant
growth responses less than responses in the corresponding primary test.
Compar ison of primary and secondary test results provides a good
opportunity to estimate the frequency of occurence of erratic responses
due to factors other than the presence of phytotoxins.
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Criteria for judging the si gnificance of secondary tests
are: (1) if a secondary response is superior to a primary response , this
could be due to correction of crusting conditions , correction of
nutrient deficiencies or random effects; (2) if a secondary response is
inferior to a primary response, thi s cou ld be due only  to a ran dom
effect; and (3) if both the secondary and primary tests produce a
very poor response it is likel y that a phytotoxin is present.

5. Compar i son of Primar y and Secon dary Tes ts

The first step in the comparison of primary and secondary
tests is to quantitatively describe averagç effects and ranges for the
effects. A two-way analysis of variance~

24) for all samples tested
in secondary tests is given in Table 6. Normalized responses are
use d. In primary tests the average responses (Primary Means) were
approx imatel y 40 to 60% of the res pect i ve values for controls. In
secon dary tests the avera ge res ponses were s i gnificantly higher . The
average improvement in secondary tests was in the range of 21 to 44
un its. On the average it seems that poor results in primary ~ests weredue in major part to nutrient deficiencies or crusting which was
allev i ated i n the secon dary tes ts.

Con fidence limits on mean difference values (Table 6)
provide a good indication of the scatter in the effects of the secon—
dary tests. For example , for sugar beets the 95% confidence limits on
values  of the d ifference between secon dary an d pri mary test reponses
are —62 to 144 units. Thus , for any single pair of tests the addition
of fertilizer and sand could result in a decrease in apparent plant
vi gor or an increase. The corresponding 95% confidence limits on the
mean difference are 28 and 50 units. Thus , on the average, fertilizer
and sand are benef ic ia l  to plant growth. A si gnificant number of
samples seem to have nutr ient deficiencies or are prone to crusting.
However, the wide confidence interval for the effects of secondary tests

V indicates that within the test samples there are some uncontrolled
factors causing large random effects some of which could (in cases
where secondary tests were not performed ) cause effects similar to
those of phytotoxins.

Individual values of secondary test responses relative to
primary test responses can be analyzed to assess the range of apparent
effects caused by the use of fertilizer and sand . In Table 7 , test
effects are listed individually for all secondary test data on sugar
beet in the order of tests as given in Tables B16-B2O of Appendix B.
The first column indicates the difference between primary and secondary
tests whereas the second column indicates the mean effect for both

- tests. Normalized primary and secondary responses can be back—ca lcu-
lated from these data. Thus , the f irst di fference value , 62 , and mean ,
76, corresponds to (from Appendix B, Table B16) sample number 36-1880-
4080-2 , with a secondary response of 6.5 length = 107% of the contro l
normal ization value . The primary response (from Appendix B, Table 81)
was 2.5 cm length = 45% of the control normalization value . The differ-
ence value is 107—45 = 62. The mean value is E (107 + 45) 12] = 76.
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The dat a of Table 7 are plotted in Fi gure 3. The si gnifi-
cance of the secondary test effects can be deduced by considering the
effects expected of phytotox ins , poor soil , an d uncon t ro l l e d ran dom
variat ion. For tests wi th  phytotoxins present , mean response values
should be low , e.g., less than 25, and difference values should be near
zero because fertilizer and sand should not be expected to effecti~e

1y
counteract a phytotoxin unless it is present at ~ow , ineffective
concen tra ti ons. There are four dat a points (out of a total of 58
secondary tests) which satisfy both criteria.

For tests with poor soils one would expect a si gnificant
difference value; e.g., 25 or greater , independent of the mean response.
Forty-three dat a points meet this criter i on .

For tests with significant uncontrolled random variation ,
data points could be anywhere on Fi gure 3. One could arbitrar ily
define the detectable uncontrolled random variat ’on reg ion to be that
shown in Fi gure 3. This corresponds essential ly to the region with
difference values less than 25 (insi gnificant effect of sand and
fertilizer) and mean responses above 25 (mild or no depression of
growth response). There are 12 data points in this reg ion . Only two
coul d be ca ’led truly erratic. These two data points indicate that
under some conditions and in some not well understood fashion , the
addition of fertilize r and sand can be apparently toxic to plants. The
other ten point could easil y represent moderately poor to normal soi~ s

- for which addition of sand and fertilizer do not improve growth
- responses.

It seems reasonable to conclude that test replication in
the form of secondary tests is very help ful in differentiating between
the effects of phytotoxins and poor soils. A rel iable criterion seems
to be that any sample with a mean response (mean of primary and secon-
dary responses ) of less than 25 and absolute difference values less
than 25 may be considered to contain a phytotoxic substance . There is ,
of course , still the possibility that physical characteristics o~ the
soil may be responsible for such a response but a qualified botanist
would surely note this when examining the soil.

One may also conclude that the majority of samples sub-
jected to secondary tests did not contain phytotox i c su bstances at
tox i c concentrat ions. Thus , soil at RMA (from those areas tested ) is
not es pec i a l l y  f e r t i le an d i n some areas  phy to tox i ns are p r e s e n t .

6. Precision

The precision with which the bioassay tests (25) can
detect phytotoxins is dependent on the type of tests performed (primary
and/or secondary), the severity of the growth retardation , the un ique—
ness of abnormalities noted , test des ign factors suc h as compoundi ng
with blocking effects, an d the p atterns of res ponse of p lan ts  for near by
core samples. Estimates of the precision attainable through the use of
various criteria are presented in Table 8.
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FIGURE 3

SECONDARY TEST EFFECTS FOR SUGAR BEETS
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TABLE 7

SUMMARY OF SECONDARY TEST EFFECTS ON NORMALIZED MEAN
TOP GROWTH VALUES FOR SUGAR BEETS

Difference Difference
(Secondary Response Mean (Secondary Res ponse Mean

minus Primary Response ) Response minus Primary Response Response

62 76 9 14
28 64 20 15
57 74 7 65

-82 41 -4 38
32 89 22 11

103 79 0 0
54 91 33 64
63 77 3 84
59 94 27 85
75 74 46 63

36 100 16 32
23 112 43 45
74 123 45 23
54 91 46 72
63 77 52 60

50 98 62 69
139 134 42 64

92 128 39 58
60 75 71 56
59 91 49 59

42 100 20 67
52 105 -38 19
59 91 49 62
62 66 40 71
15 78 36 60

32 69 1 75
- 

- 39 73 42 74
85 61 -14 67
88 105
14 77

* Original secondary test data were taken , in order , from Tables B16—B20
of Appendix B. Corresponding primary test data are taken from Tables
B1—B 15. Data normalized , by bloc k , as described in the present report.
These data are plotted in Fi gure 3.
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Definitive evidence for the existence of a ph ytotoxic
substance in any sample requires a primary test , a secondary test , and
severe growth retardation . For cases of significant but not severe
growth retardation for several contiguous samples one could state that
a phytotoxin (at marginally toxic concentrations) is present but only
if the sample tests were performed in several test blocks in a random
fashion . The occurrence of unique abnormalities characteri stic o~phytotoxin damage could be a criterion of high precision but wi l l  be
unconvincing unless supporting references documenting the uniqueness of
the abnormalities is provided . For the present series of tests growth
retardations of less than 50% are not reliable indicators of phyto-
toxins. The effects of poor so il and random va ri ati ons are of that
order of magnitude.
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III RESULTS AND DISCUSSION

Growth retardation an abnormalities were obse rved on p l ants grown
on soi l  samples co l lec ted  from several  sect i ons of Roc ky Moun ta i n
Arsenal . Util izing criteria similar to those of Table 8 it has been
possible to definitively determine the occurrence of phytotoxins in
soil samples from sections 26 and 36. Phytotoxic effects were absent
or not definitively determined for soil samples from any other sections.

A cross reference guid e of Boyce Thompson Ins tit ute samp le number
versus core locat ion and depth segment has been prepared (Table 9).
For samp les s howin g good growth* a G (primary test) or g (secondary
test) has been placed next to the sample number . For samples showing
poor growth** a P (primary test) or p (secondary test) has been placed
next to the sample number. Reference to Table 9 indicates several
things: good growth occurs at all depths but more frequently near the
surface; poor growth occurs infrequently i n or i s absent i n samp les
from secti ons 5, 6, 8, 9, 23, 24 and 35; and poor growth occurs frequen-
tly in samples from sections 26 and 36.

A. AREAS WITH CONFIRMED PHYTOTOXIC CONDITIONS

There is little doubt that sect i on 36 i s contam i nated w ith
apparent phytotoxins. Data from Table 9 show poor growt h in 21. primary
tests and in 10 secondary tests. This poor growth occurs in samples
from contiguous core segments. Areas of poor growth indicated in
Table 9 correspond with areas of known gross contamination; i.e., the
lime pits and Basin A regions (5)~ An extensive discussion of growth
retardation and abnormalities observed in test plants grow on soil
samples from sect-ton 36 is included in the Boyce Thompson report (25)•
Ev i dence for the presence is overwhelming. There is no need to argue,
on a sample-by—sample basis , wh ich results are due to phytotoxins , poor
so i l, and or blocking effects. Section 36 is contaminated with potent
phytotoxins in well defined areas.

Data of Table 9 indicate poor growth for section 36 for core
samples in 7 primary tests and 2 secondary tests. This poor growth is
limite d to samples adjacent to or downgradient from (northeast of)
Bas i n ~ ,, These areas and core 26-3934—4922 are known to be contami-
nated ‘). It is curious that bioassays were not performed on samples
from core 26-3934-4922. Growth responses anØ 4bnormalities are dis-
cussed briefly in the Boyce Thompson report ’~

25). It i s clear that
phytotoxins occur in soil samples from around the periphery of Basin F
and downgrad ient therefrom.

* Two or more species with greater than 80% of the control growth response.
** One or more species with less than 20% of the control growth response.
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B. AREAS WITH NO CONFIRMED PHYT OTOX INS

No s igns of phytotoxicity were observed in tests of soil
samples from sections 5, 6 and 8.

Poor growth (Table 9) wa s observed in primary tests fo r one
samp le from sec ti on 9. A secon dary test was not performed for thi s
sam p le. On the basis of Tab le 8 c ri ter i a one mus t conclu de that th i s
coul d well be a case of poor so i l. There is , in fact, no compelling
reason to believe that phytotoxins were present. Since no other
samp les from thi s sect ion showed severe growth retar dati on one woul d be
inclined to discount the probability of the occurenc of phytotoxins in
section 9 samples. If a definiti ve determination is required , a
secondary test must be performed .

Growth responses for section 22 samples were analagous to
those for section 9. Similarly , there ¶s no compelling evidence to
indicate the presence of a phytotoxic substance and if a definitive
determination is required , a secondary test must be performed .

No s igns of phytotox ic i ty  were obs erved in sam p les from
section 23.

Two samples from section 24 showed poor growth responses in
V 

primary tests (Table 9). However , secondary tests of these samples
(Table 9) indicate that these respones were due to poor soi ls.

Two sam p les from sect i on 35 showe d poor g row th in pr i ma ry
tests (Table 9). Both of the samples were tested in block 83.
II , , ,  Obvious stunting of rye grass and millet resembled effects pro-
duced by herbicides effective against grasses II(25) In the absence
of secondary tests; with possible blocking effects; without similar
results from adjacent cores; and without a detailed description of or
reference to herbicide — like symptoms, one is forced to question the
occurrence of phytotoxins in soil samples from section 35. Phytotoxins
may well be present but their presence has not been conclusively
demonstrated.

Conclusions regarding the presence or absence of phytotoxins
are presented in Table 10.
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IV SUMMARY AND RECOMMENDATIONS

Phytotoxicity tests of soil samples from RMA show that, generally,
phytotoxins appear to be absent (or below toxic concentrations), except
in section 26 near Basin F and in section 36 near the lime pits and
Bas in A (See Table 10). Growth retardation in primary tests of soils
from other sect i ons appears to be related to poor so i l.

The OTSG coring program involved a very low density of cores in
most sections of the arsenal . It was thus an initial effort to deline—
ate the extent of contamination in known areas and to obtain background
levels of pollutant in the areas of the arsenal thought to be unpol-
lute d. It thus seems likely that the lack of completely definitive
chemical analyses and bioassays for a few core samples does not detract
from the general conclusions which have otherwise been obtained . For
these reasons one may consider the Boyce Thompson phytotoxicity investi-
gations to be complete. Further phytotoxicity testing of the OTSG
samples is not warranted .

In a more intens i ve cor i ng and analysis program such as the one now
being conducted at RMA it may be advisable to consider refinements in
the phytotoxicity test procedure. If phytotoxicity tests are performed ,
it would be beneficial to utilize a randomized block des i gn and to
cons id er an i mproved growt h test i n wh ich phys ical factors affect i ng
growth are minimized . It mi ght , for instance , be beneficial to mix sand
or other soil amendments with the test soil pr ior to testing. Use of
fertilizer was an important improvement over the primary test procedure.
It is important that tests be conducted by qualified investi gators (such
as Boyce Thompson personnel ) who can diagnose and describe pathological
signs i n plants.
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APPENDIX A (25)

PHYT O T OX I C I T Y  DATA

Data in Aoper~ ix A are the emergence ratings , growth rat ings , and
other notes on growth and development of the ~rdicator p l ants growing
in soils from RMA . Data are visual indications of in dic~

4or pl a’--t
development on a rel?tive scale of 1 tr 10 as compared w i th cont rol
olants growing in greenhouse compost and inc lude heiah t , co~or . arc
fullness of leaves. CChser~ations were recorded week~y fc~ three weeks
following planting.

In some instances , the soil’ s physical conditions or plant
diseases prevented normal indicator plant growt h and deve lcoment.
Where these conditions were observed , ident ifyiro notes so inoicate.

Useful symptoms for identifying phytotoxicity inc l ude sturt~ng of
top growth; chlorosis of leaves; necrosis of leaves , steir s, an d ‘-cots;
and failure of seeds to ge rm i nate and grow . Less usefu~ symptoms are
yellowing and purp ’e co 1 orat~ on of leaves and stems , as these r-~~ y

represent nu tr ient defi ciencies. Differences oF 20% 4 n g~ c~ th or
emergence are probab ly not si gnificant. Differences o 100% in ~rc~ th
or emergence are pro b acly very si gnificant .

Differences in response among indicator plants grown in the i~etest soil may reflect a difference in plant susceptibility to a parti —
ojiar phytotoxin. Certain plants may not be sensitive to speci~~ccontaminants or may require higher concentrations of contaminants
before phytotoxicity symptoms develop.
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A P P E N P I X  B ( 2 5 )

GROWTH MEASUREMENTS

Data in Appendi x B are the growt h measurements of tops and roots
of indicator p lants grown in test soils. Growth measurements we r ’~
taken from the same plants u tilized in developin g visual in dic a t i n s  of
plant injury reported in Appendix A . Observations of rent y~or-na ’-i-
ties were recorded as not es .

Median top growth represents a measured value (cm) o~ t he  tops of
typical plants within the row of a specific indicator plant. Max irn~.-~root growth represents a measured value (cm) of the r~uots of i~ d~c~ t~~plants following removal from soil and wa sh i ng. All measurements were
taken three week s after planting.

Usefu l symptoms for identify ing phytotoxicity include root stunt-
in g, supression of root hair production , clubbing of roots , and ~oot
reduction. Differences of 20% in growt h are probably not s i gnificant .
l~ifferences of 100% in growt h are probably very significant .

Differences in response among ind i cator pla nt s to the sarr~ test
soi ls may reflect differences in pl ant susceptibility to a pa rt i cula r
ohytotoxin . Certain plants may not be sensitive to specific contam i-
nants or may require hi gher concentrations of contaminants for phyto-
toxicity symptoms to develop.

Although no explanation is available to fully account for those -
instances where root growth is enhanced , it may be due to di ffererHal
watering or nutrient ava ilability. Enhanced root growth is not ‘-ecog-
nized as a phytotoxic effect from soil contaminants.
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PSPPENDIX C

GLOSSARY

a Appendix C is a glossary of terms used to indicate growth and
development of plants grown in test soils from RMA . The probable
phytot oxicity ratings for various soils were established by observation
of emergence and growth at weekly intervals , measurements of plant tops
and roots following three week s growth. and recogn~tion of symptoms to
distinguish between phytotoxin and other environmental stress injury .

In Appendices A and B several terms were used to describe simi l ar
phenomena. In this glossary, terms hav i ng the same meaning are listed
as synonyms to the preferred term. Where possible , term definitions
differentiate whether the term describes plant injury due to phyto-
tox i ns or other env i ronmental stresses.
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GLOSSAR Y

Ch ioro sis - absence or loss of chloro phyll from leaves and stems.

Clubbing - see clubb i ng of roots.

Clu bbing of roots - deformat i on of plant roots during development where
roo ts are shortened in length and enlarged i~ circumference.
Synonym : clubbing.

Damping—off disease - death of newly emerged seedlings a~sociated with
growth environment but not due to phytotoxins in soil.

Decreased growth - small increase in plant size that was 1 ess than
growth of control plants.

De~ayed or inhibited aermination due to wetting problems — faflure of
seeds to germinate and seed 1ings to emerge from soil at rate
ev i dent ~T~I control p 1 antings because of physicai D~’oDerties o~soil p ’eventin g Toisture uptake by roots. Does not ind~ ca~epresence of ~hototoxins .

Emergence - oenetration of plant up through so~l as restflt of seed
germ

~
nation and in~tia ’ seedl in g growth.

Ep 4 nasty — downward bending of plant leaves and petio les associated
wit h growth eifferent ial in upper and lower sides. Prohab ’y due to
presence of phytotoxins .

Extreme suppression of root growth - see severe root reducti on.

Foreign odor - distinct abnormal emanat i on from so~l as sensed by th e
nose.

Growth - increase in plant size.

Hypocotyl swell ing - localized increase in size of dicot d ent hypoto-
cy ls due to cell enlargement or cell divis on , probab ly due to
presence of phyhtotoxins .

Leaf tip necrosis - death of cell tissue on grass 1eaf tips.

Leaf necrosis by disease organism - death of cell tissue in 1 eaves due
to phytotoxic effects of disease organisms .

•
: Max imum root growth - greatest length of plant roots.

Med a n  top growth - measure of top growth constituting the middle value
of plants within the test.
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GLOSSARY (Cont’d)

Necrosis — death of cell tissue in leaves and stems.

No growth - failure of plants to increase in size.

Purple pi gmentati on - develo pment of purp le colorat i on i n leaves and
stems . Probably not due to presence of phytotoxins.

Reduced root growth - see suppressed root development.

Root growth greatly suppressed — see s e v e r e  r o o t  r e d u c t i o n.

Root growth inhibiti on - see suppressed root development .

Root growt h supp ress ion - see suppressed root development .

Root hair suppression - see suppression of root hair production.

Root stunting - retarded development of main and branch roots relat i ve
to contro l plants.

Severe root reduction - large decrease i n root growt h as ev id enced by
greatly reduced length as compared with controls. Synonyms : root
growth greatly suppressed , ex treme suppress ion of root growt h .

Severe root stunting - extreme retardation of main and branch roots
rela ti ve to control plants.

Stunting - reduction in plant height.

Stunting resembling that produced by herbicide - reduction in plant
height in a manner simi l ar to that previously observed when plants
were grown in soil containing herbicides.

Suppressed root development - decrease in root growth as evidenced by
reduced length as compared with controls. Synonyms : suppression
of root growth, root growth suppression , root growth inhibition ,
reduced root growth.

Suppression of root growth — see suppressed root development .

Suppression of root hair production - failure of root hairs to develop
on roots. Synonym: root hair suppression.

Yellowing - loss of chlorophyl l and development of yellow coloration
primarily in l ower leaves. Synonym: chlorosis .

Yellowing distinct from herbicide - yellowing probably associated with
soil mineral deficiencies . Synonym : induced chiorosis.
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APPENDIX D

ENVIRONME NTAL FACTORS RESTRICTING INTERPRETATION OF PLANT SIGNS
AS INDICATORS OF THE PRESENCE OF PHYTOTOXIN S 

S

The investigator must use extreme care in distinguishing phyto—
toxicity or growth changes in plants from those having other causes.
Many environmental conditions occur which can alter test plant growth
from that of control plants growing in greenhouse compost and thus give
symptoms ind icating phytotoxins where none exist. Table 0-1 is a
summary of so i l, atmos phere, and plant var i ables that can g i ve false
signs. Table 0—2 is a listing of plant signs observed in the present
study that could be related to non-phytotox ic causes.

Not all poss ible plant signs resulting from var ious env ir onmental
con di t i ons are presented. Many si gns are specific for one or only a few
typ es of pl an ts. Some s ig ns onl y ex p ress th emselves as t h e p lan t
continues to grow and develop through maturity and seed production and
thus would not be evident in the present study where plants were grown
onl y 3 wee ks. Natural ly occur i ng concen trati ons of heavy metals , plant
nutrients , and plant residues can cause phytotoxic activit ies at Rocky
Mounta i n Arsena l.

For more complete descriptions of environmental factors restricting
interpretation of phytotoxic plant signs , the reader should examine the
listed references.
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TABLE 0—2

CROSS REFERENCE OF Pt.ANT SIGNS WHICH MAY BE CONFUSED WITH PHYTOTOXICITY S

WHEN COMPARED TO CONTROL PLANTS GROWING IN POTTING COMPOST

Plant Sign Possible Cause

Chioros is nutritional deficiencies ,
unfavorable soil pH,
flooding or drought conditions

Decreased growth nutritional deficlences ,
unfavorable soil pH,
flooding or drought conditions

Leaf t i p  necrosis nutritional deficiencies ,
drought conditions

Necrosis nutritional deficiencies,
drought conditions,
pathogenl C organi suis

No growth nutritional deficiencies ,
unfavorable soil pH,
flooding or drought conditions ,
pathogenic organisms

Purple pi gfli~fltation nutritional deficiencies S

Root stunting nutriti onal deficiencies ,
unfavorable soil pH,
flooding or drought conditions ,
pathogenic organi sms,
poor soil aeration

Root reduction nutritional deficiencies ,
S unfavorable soil pH,

flooding or drought conditions ,
pathogenic organi sins.
poor soil aeration

Stunting nutritional deficiencies,
unfavorable soil pH,
flooding or drought conditions ,
pathogenic organi sins,
poor soil aeration

S Suppressed root development nutritional deficiencies,
unfavorable soil pH,
flooding or drought conditions ,
pathogenic organisms,
poor soil aeration S

Suppressed root hair production nutritional deficiencies , S
unfavorable soil pH , 5

S flooding or drought cond itions ,— pathogenic organisms,
S 

poor soil aeration
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