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. ABSTRACT

L

Soybean (Glycine max (L.) Merr. cv. Maple presto) seedlings, a green

algae (Chl'amydomonas'segnis Ettl), a cyancbacterium (Ansbaena spp.), and

- two nitrogen-f‘ixing' ba_cteria' (Klebsiella pneumoniae strain MSAT and’

Rhizobium japonicum strain 61A76) were - separately . exp.osed' fo

- concentrations of the E-tria‘zine' he:_:bi'cide,'prbmetryne, Frlom 0.25 - 15.0
ug 'mL'-1.. Growth parameters observed included fresh and dry weights
(soybean), total protein content (soybean), cell number (C. segnis
Ettl), .hete.-‘roc;yst frequency -(Anabaena ‘spp.), and generation time (K.

© pneumoniae and R. japonicum). ‘ S ) -

Decreases in fresh and dry weights were apparent in soybean seedlings
treated with. the herbicide (2.5 - 15.0 pg mL-1 prometryne). Total
protein content, as measured- by the Hartree protein assay and the

Kjeldahl nitrogen assay, was variable in all of the treated seedlings.

-

Treated soybean seedlings exhibited poor leaf development and chlorosis.

A decrease in the population of C. segniscEtt-l- afd heterocyst %
. frequency -in Anabaena spp. were noted after exposure to the herbicide
(0.25 - 12.0 pg;mL‘1). Full recovery was optained in ‘cleared cultures_ of
C. segnis Ett]l plated on pesticide-free nutrient agar. Similar recovery

was not obtained in washed Ansbaena spp. cells.

K. pneumonise was relatively insensitive to the herbicide whereas the

generation time of R. Japonicum, when exposed to 6.8 pg mL -1 prometryne,
.

was increased 3-fold as compared with untreated cultures (26.25 h vs.

9.5 h).

P L o)



The relatlonshlp between nutrltlonal nltrogen (nitrate, ammonium,

urea) and changes 1in rhlzosphere pH was establlshed using axenic

cultures of seedlings gréwn in nutrient agar. A nutrient-related

rhizosphere pH was obtained which was modulated by the source of

nitrogen in the medium.-After 3 weeks of growth, a pH of 8.5 - 3.5 was.

gererated by wheat seedlings fertilized with Hoagland's sclution, No.
2. A  comparable degrée of . alkalization was  observed in
nitgate-Fertilized plants. A rhizosphere pH of less than 4.0 was
cbtained in plants fertilized with ammon Lum salts while no significant
change was detecged in wheat seedlings provided with urea as the sole
source of nitrogen. These results are consisteht with the concept of

.cation-anion uptake balance, maintenance of electroneutrality across the

root surface, uptake by cotransporters, and chemiosmotic principles.

The remobilization of soil-bound 14C-prometryne residues was affected

by soil pH, fertilizer treatments (with or without plants), and the crop

species, wheat (Iriticum gestivum (L.) Merr. cv. Marquis) and soybean.

Comparatively large changes 1in soil pH from pH 5.4 to pH 4.0 and pH 8.0
resulted in a 24 - 25% release of tightly bound radioactivity,
respectively, while smaller changes from pH 5.4 to pH 4.9 released only
16% of the soil-bound residues. In addition, changes in pH resulted in
differences in the extractability of prometryne and its‘ hydroxy

derivative, hydroxyppbmetryne, with more prometryne recovered following

large changes in pH from pH 5.4.

%
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Fertilizef treatments, aﬁfﬁﬁ\éﬂa,'also led:to the remobilizatiop of
thé soil-bound 14C-prometryne. Use of ionic nitrogen sourcqs'(NU3‘ and
“NHy+) permitted the relea#é of 4.0 - 16.7% of the bound residues.
Negligible amounts {0.4%) of the extractable radibactiviE?' was .Found
following treatments with urea. These diFFérences, however, were not
apparent in the presence of rooting syéteﬁs of wheat plants. Wheat
plants grown in each of the fertilizer tréétments resulted in
approximately 15% reﬁobilization of the total bound radioactivity.

Remobilization was plant specific,'particulérly in the rhizoplane.
Soybean roots elicited a greater release of bound radiocactivity (36.6%)
in the rhizoplane than wheat planfs (10.0%). However, the perceggxagtake
of the remobilized derivatives was similar in both_plant specfes (1% of
the total bound radidactivity). Transport and metabolism of these

residues were also plant specific.

<
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"I. INTRODUCTION

-

/ .>
\
.

"~ A. REVIEW OF BACKGROUND LITERATURE

There is an increasing pressure on the production of food and other
renewable resources to support the growth of the human population as
continues its upward spiral. Production losses to weeds and other pests

may represent a significént proportion of a harvested crop (Table 1),

ranging from 15 to 55%. .Attempts have focused on minimizing such. losses

and increasiné production. Thus, the use of fertilizers, pesticides, and
other agrichemicals haS‘bgcome an integral part of western agriculture.
These chemicals have allowed for increases in production of food and
other resources on less land with .lower labour and economic costs

(Sanders 1981).

The use of xencbiotic pesticides to control pests has become very
attractive to farmers. Pesticide usage has greatly increased within the
past decade with Bérbicide use showing the most dramatic increase (Fig.
1). In the United States, in'1966, 227 million pounds (103 x 106 kg) of
herbicidal active ingredients were applied and. this increéséd to 625
million pounds {283 x 106 kg) in 1981 (Hilema; 1982; Sanders 1981).
Canadian sales of pesticides have increased from $70.9 million in 1978
to $212.6 millien in 1981 (Anonymous 1983, 1980). Agricultural use of
pesticideS/ﬁg;/increasea Froé 72.3%J0F total sales in 1978 to 81.3% in
1981 (Anonymous 1983, 1980).

it
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Table 1
Percentage of Losses in Major Agricultural Crops

on a World Basis Due to Insects, Diseases, and Weeds
(McEwen and Stephenson 1979)

Crop ~ Insects Diseases Weeds Total
Wheat 5 9 10 24
Oats 8 . 9 ' 10 27
Barley 4 8 .9 23
Rye : 2 3 10 15
Rice 27 9 i 46
Millets and Sorghums 10 11 18 38
Maize (corn) 12 ' 9 13 35
Potatoes ’ 5 22 4 32
Sugar Cane 20 19 16 55
Citrus Fruit 8 - 9 ‘ 4 22
Grapes 3 25 10 37
0il Crops 11 . 10 11 32

Vegetables o 9 10 2 28

I'f B



Figure 1 -

Herbicide Usage in the U.S. (from Hileman 1982).
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Although the wuse of chemicals for controlling pests may be
economicglly beneficial in agricultural systems and that they are easily
A

N \-
accessible, serious ecological concerns must be addressed regarding the
- continual gpplication of such xenobiotics in these systems. The
application or entry of the pesticide into an ecological system exposes

the compound to various bictic and abiotic intersctions, particularly in

the soil (Fig. 2).

Within ghé soil enQironment, pesticide and herbicide residues can be
ieached from the soil, sorbed by plants, consumed by animals, volatili-
2ed ingdithe atmbsphere; chemically or microbially dégraded, or inter;ct
~with the clay minerals ana/or organiﬁ matter (Pramer and Bartha 1950).
Tth, the soil plays an intébral role in the cycling of pesticides and
herbicides in the environment. The;e dynamic processes are also

influenced by the chemical properties of the compound, ie. water/lipid

solubility, polarity, and chemieal reactivity (McEwen and Stephenson

1979).
From an ecological viewpoint, an important consideration is the
persistence of the chemicals in the soil. Persistence is defined as "the

reéidehée time of a chemical species in a specifically defined compart-
- ment of the environment" (Greenhalgh 1980). In the past, peélicide ana-
lysis has focused on those residues which were easily extracted from the
substrate by various solvents and then depletion curves were deter-

mined. When. the fate of a pesticide was assessed, terms like "disap-

pearance" and "volatilization" were used to describe unaccountable

- e g
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Figure 2

Factors Influencing the Behavior of Pesticides in Soils
-+
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residues. However, with the.advent of the radiolabeled pesticides it has
been shown that a significant propﬁrtibq of“these chemicals or th.eir‘
derivatives had in fact not “dis-abpeared-" or "volatilized", but rather
remained unextractable. in the substrate, even following exhaustive
solvent extraction (Katan et al. ;1976). These residues ‘have been

referred to as "bound" or "nonextractable!' residues and have been

o

quantified by ‘combustion tecl?niques followed by liquid scintillation
counting (Khan and Hamilton 1980). Recently, Food and Agricultural
Organization (FAO) and the Internastional Atomic Energy Agency (IAEA),
have defined nonextractable or bound reéidues as Mchemical species
originating from 'pe'stj:cide usage that cannot be extracted by methods

commonly used in residue analysis and metabolism studies™ (Anonymous
1982).

—\/;

Concern for the environmental impact of these residues was.the focus

of a conference by txb\gmerican Chemical Society (Kaufman et al. 1976).
In addition, several workers have been able to demonstrate this_ binding
phenomena for a variety of pesticides in soils. Khan (1982b) summarized
most of the recent work on soil-bound pesticide residues and reported
that the levels of binding of the tested compounds ranged from '7“ to 90%
of the initially applied radioactivity. In addition, DeAndrea et al.
(1982) demonstrated binding levels of 40% for 14C-parathion while 32.7
to 88.3% of the applied 14C was bound in a variety of Egyptian soils
incubated with 3H-trifluralin (Mostafa et al. 1982). Pentachlorophencl
was found to bind in flooded soils at levels of 25.6 to 28.6% (Weiss et

al. 1982b). After 80 days of incubation, binding of mepronil in volcanic

) F
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ash sgil and alluvial soil was 60.9 and 59.7% of the applied radicac-

"

tivity, respectively (Yumita and Yamamoto 1980). The binding of napro-
“snilide was found to be higher under oxidative than reductive conditiops

(Oyamada et al. 1980).

The formation of >bound residues is not exclusive to the parent
pesticide itself but have been Fo.und to occur for derivatives of the
pesticide. Katan and Lichtenstein (1977) found that aminoparathion, a
microbial metabo'l'i..te of parathion, was significantly bound to sterile
and .nonst'erile .soils. In fact, they also observed that the amino
derivatives of parathion, paraoxon and nitrophenol, were bound .f:o a
greater‘ exten£ than the parent compound. Derivatives of chlornitrofen
(Yamada 1983), monolinuron {Haque et al. 1982), and prometryne (Khan

1982a; Khan and Hamilton 1980) have also been reported to form bound

residues in soils.

— h

The extent of bound residues -formation is also dependent on the
characterist;cs of the soils. Fuhremann and Lichtenstein (1980) reported*’
that the binding of six insecticides was lAes.s.apparent in sandy soil
than in loam s_oil. Bour;d paraquat levels have been found to be higher in
peat than in other soil types (Riley et al. 1976). Stevenson (1972)
demonstrated that atrazine adsorption increased as organic matter
contents increased. Fuhr and Mittelstaedt (1980) postulated that the
organic matter content of a soil is the determining factor for the
bind;ng of the pesticide in the soil indicating a direct relationship

between pesticide binding and the soil's organic matter content. Khan

e




(19822) found that soil-bound 14C-prometryne residues ‘were associated
with the humic acid, fulvic acid, and humin fractions of a soil. Similar
associations was found for ditalimfos (Meikle ‘et al. 1976) and
dinitroaniline herbicides (Helling ‘and Krivonak 1978a)}.

The importance of such associati;ns in the soil was expressed as
concern for the long-term accumulation of these residueg in soils and
their possible environmental intecactions (Anonymous 1982). Because
thése soil-bound residues may persist for long periods in the soil, they
represent potential sinks which may be subject to biotic and abiptic
interactions. For example, humic substances héve been found ta alter the
hydrolysis of several orgénic pollutants (Perdue and Wolfe 1982), and

\
thus afFect degradation rates. Binding of pesticides in‘orgénic soils
may be responsible for the alteration of degradation rates. In addition,
humic substances are found. in natural su;Face waters and in the inter-
stitial waters of sediments and soils and binding of pesticides to these
substances may provide another mea&s by which pesticides may enter into
aquatic systems. Humic complexation was demonstrateﬁ with polyeyclic
aromatic hydrocarbons and chlorinated hydroéarbons (Carlberg and
Martinsen 1982). Studies haveﬁalso shown that DDT is able to bind to
dissolved humic.materials and that this is dependent on the sources of
the humic substances (ie. commercial preparation vs. soil extraction),
pH, calcium‘concentra£ion, ionic strength, and tHe concentration of - the

humic material (Carter and Suffet 1982).
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The accumulation of soil-bound residues raises cencern that these
pesticide sinks are potentially available to plants and animals. Earth-
worms were able. to extract 2.7% of the bound methyl 14C-parathion

residues (Fuhremann and Lichtenstein 1978) and 0.72% of bound 14C-hydro-

xymonolinuron-g8-D-glucoside residues (Héque et al. 1982). These residues.

are also subject to microbial activity. Khan and Ivarson (1981) showed
that indigenous bacteria were able to release 27% of the total bound

1“C-prometryne residues and 23.5 to 27.1% by physiolngically different

bacterial groups (Khan and Ivarson 1982).

Plant uptake of these bound residues has' been investigated by several
workers. Oat plants were able to extract 5.1% of the soil-bound methyl
140 harathion residues after two weeks of growth with 46 to 62% of the
radicactivity present in the shoots (Fuhremann and Lichtenstein (1978).
\Whén oat ﬁlants were grown for three weeks. in soils contaiﬁing bound
prometryne, they'were able-to extract and absorb oﬁly 0.92% of the bound
residues (Khan 1980). Soybeans grown for tenm weeks with soil-bound
dinitroaniline herbicides removed 0.46 to 1.06% (Helling and Krivonak
1978b). When grown “in soils containing bound 2H-trifluralin, soybeans
had incorporated 0.20 to 0.87 ppm into the plant tissues -after four
weeks (Mostafa et al. 1982). Fuhr and Mittelstaedt (1980) found that
maize plants; after 29 days, Had extracted 1.7% of the soil-bound
meﬁhabenzthiazgron reéidues in a sandy soil. Roberts and Standen (1981}

investigated the uptake of bound 14C-cypermethrin by wheat plants.

They found that after six weeks of growth, wheat plants were able to .

e e o A ot T
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extract and .absorb 0.14 to 0.58% of the bound radioactivity whereas

ryegrass extracted 0.23% of bound 1“C-hydrcxymonolinuron-/ﬁ'-D*glucoside

from soils afté; 21 daysu(Haque et al. 1982).

Although bound residues have been demonstrated to be bioavailable,

very little is known/;F the means by which soil-bound residues become

remobilized. Lichtenstein (1980) states that "combustion or strong

hydrolysis of extracted soil can release these bound 14C residues".

Based on this observation and that alkali soil extractions are able to

distupt soil structures (Khan 1982a), we postulate that changes in soil
pH may be responsible for the rglease of these soil-bound residues.
Recently, it has been demonstrated that the plant roots are able elicit
localized changeé-”in pH 'depending on the type of nitrogen fertilizer
available to the root (Weinberger and Yee 1984). Therefore, ;t was
presently hypothesized that these localized pH changes mediated by plant
roots ma? cause the release of the soil-bound pesticide residues.
Attendant on their release, soil-bound residues .may be remobilized
into biotic organisms, metabolized, and even become re-bo&nd in biotie
tissues, again. The metabolic pathways of many pesticides in biotic
organisms have been éxtensively studied with emphasis on the free,
conjugated, and bound species. Free metabolites ate those derived from
the parent pesticide Qﬁich has not reacted-with the natural components
of the organism, while conjugated metabolites are derivatives which have
reacted chemically with a natural component of the plant to Fo;m a new

compound (Kaufman 1976; Khan 1980). For apolar pesticides, free

L]
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metabolites can be extracted érom the organic substrate and will
partition from water into organic solvents like chloroform or ether.
Conjugation preducts, however, can be extracted with polar solvznts but
are unable to partition into the nenpolar solvents. Bound épecie& are
congugatxon products which are unable to be removed from the substrates,
even after thorough solvent extraction (Dorough 1976). Several workers
have acknowledged the presence of the three metabolic speCLes For a
variety of pesticides and crop species. Pesticides found to be metabo-
lized into free, conjﬁgated and bound species iillude 14¢-carbofuran
and 1&C-phorate in potatoes, carrots, and radishes (Sonobe et al. 1983,

1982), SH-triforine in barley (Rouchaud et al. 1979, 1978), and

14C-pentachlorophenol in rice plants (Weiss et al. 1982a).

"The importance o% pesticide residues, in crop species is that the
continual accumulation of these residues in tissues may result in their
remcbilization into otﬁer biotic components or trophic levels (McEwen
and Stephenson 1979). In some experiments, it has been demonstrated that
plant bound residues are not bioiogically available to animals since
most of the radioactivity was excreted in the feces (Dorough 1976;
Marshall and Dorough 1977; Paulson et al. 1975; Sutherland 1976).
However, chicken liver homogenate was able to release significant
quantities of the atrazine residees bognd in corn plants, while bovine
rumen liquor was unable to do so (Khan and Akhtar 1983). In addition,
conjugated residues may pqséess some potential effects on the biota.
Although amino acid conjugates of 2,4-D have been shown to have no

mutagenic activity in Salmonella typhimurium strains (Rashid and Mumma

-~
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1983), they have been demonstrated to haQe éome bioclogical activity in
Avena sativa coleoptiles (Feung et al. 1974). Soybean.cotyledon tissues
~were rapidly. able to conjugate Z,Q;D to amino acids and these conjugates
stimulated elongation in the coieoptiles. In some cases, grdwth
stimulation of the ponjugates exceeded that of 2,4-D, itself.

[

B. PURPOSE

The purpose of the research which formed the basis for this thesis
was to investigate the release of bound residues from soil treated with
prometryne and follow the subsequent éhptake ’ana" metabolism of the
released residues by two crop species, wheat and soybean. Primary focus
was on these plants roots' abilitieérto alter tﬁe soil pH as a possible
mechanism for the release of these soil-bound residues. In addition,
with the release of these residues into the soil solution, concern was
raised as to the potential effect they may have on soil microflora,
_ particulérly Fhose which are associated wi£h tﬁe roots. Consequently,

these concerns were addressed.

C. ’EXPERIMENTAL RATIONALE

The pesticide chosen for this study was the s-triazine herbicide,
prometryne, primarily because experimental procedures for its analyses
in soils and plant tissues.is well documented. Alsa, prométryne has béen
shown to bind in significant levels in an Vorganic soil (Kbhan and
Hamilton 1980). ©Prometryne is widely used in eastern Canada for vegetable

crops grown in organic soils (Khan, personal communication)}.



The presence of prometryne in the soil in a bound state raises
serious questions about its possible release and its influence on
various flora and microflora. Bioassays were required to determine thm
potential biocidal activity of prometrgpe, not only'on susceptible crop
species but also on indigenous soil microflora. To this end, soybeans
were chosen as a test crop because of its botential role as a rotating
crop (Robert and Schmidt 1983) while the algal and bacterial species
were. chosen for their role in the carbon and‘nitrogen cycles in the soil

system (Hashtela et al. 1983; Kleeberger et al. 1983).

Chlamydomonas segnis Ettl was chosen as a representative green algae

found in soils and important in carbon cyecling. A nitrogen-fixing

cyanophyte, Anabaena spp. was tested because of its relative abundance

in soils and role in nitrogen cycling. Two agriculturally important

root-associated nitrogen fixing bacteria namely, Rhizobium japonicum and

Klebsiella pneumoniae, were used for assaying prometryne effects an

growth. . -

There were two major approaches used in this study (Fig. 3). The
first ‘was to assay the effects of prometryne on the growth of a sensi-
tive crop species, soybean, and of the soil and aguatic microphytes.
This enable{an assessment to be made of the potential effects that

prometryne may bhave and ég «develop a framework for future work to

determine the biological activity of soil-bound prometryne residues.
e
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\" .. Phase I
Toxicity of Prometr§ne

‘l’ i | - 1 ]
| J !

LGlycine max (L.) Merrc.’ .
C. seinis Ettl

L ! Anabaena
- 8 : fiauasna
weights protein .
' R. Jjsponicum
K. pneumoniae
syrichronous
doubling
heterocyst
generaticn
time
Phase II

Soil-Bound "14C-Prometryne” Residues

!

Root Mediated
pH Changes —_______, Effects of pH
: on the Release of )
Soil-Bound Residues —_____, Plant Release
of Soil-Bound Residues
and Uptake

Fig. 3. Stages of Research
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The second approachrwas to consider the role of root-médiated soil pH
changes in the release of  soil-bound 14C-prometryne as a possible
inechanism for the release of these residues. It was necessary to demon-
éb;afe that plant roots are able to glicit localized pH changes and that
such changes are responsible for the release of the pesticide residues.
‘Wheat and soybeans were.chosen as the test crop species because of their

_economic importance in agricultural systems and because past research

(Smiley 1974) had found that these two species are able to substantially

modify the pH of the root environment.

The final steps were to show that the pH changes mediated by the

plant roots could cause differential release of the soil-bound residues

and to look at differences in uptake and metabol%sm of the residues.

II. MATERIALS AND METHODS
A GENERAL METHODOLOGY

1. Chemicals

Technicél grade (98.5%) prometryne {2-(methylthio)-4,6-bis(isopropro-
px}§mino)-§ftriazine) and its derivaties ie. hydroxyprometryne (2-
(Hydroxy)-a,s-bis{isopropylamino)—g—triazine)? deisopropylprometryne
(2-{methylthio)-4-(amino)-6-(isopropylamino)-s-triazine), ﬁrometone
(2-(methoxy)-4,6~bis(isopropylamino)-s-triazine), and the diamino deri-
vative (2-(methylthio)~4,6-(diamino)-s-triazine) were gifts from Ciba-
Geigy Ltd., Cambridge, Ont. Uniformly ring-labeled 714C-prometryne
(specific sctivity, 5.7 pCi mg-1) was similarly obtained and tested by

the Environmental Chemisﬁry Section, Chemistry and Biology Research In-

stitute, Agriculture Canada, Ottawa, Ont. and found to be 96% pure. All

m b e e e i ksl
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fbther chemicals for the growth media and analyses are listed in Tasle 2
along with their sugpliers. These were feagent grade chemicals and used
a8s received. Glass distilled, pesticide grade solvents (acetone, chloro-
form, ethanol, ether, héxane, and methanolj, used for the extractions
and cleanup-procedures; were purchased from Caledon Laboratories Ltd.,
. Georgetown, Ont. Deionized distilled water, used for the preparation of
aii solutions, was prepared by passing.tap water through an Illinois
Water.Treatment Universal Ionxchanger model 1 (Sargent-Welch Scientific
Co., Toronto, Ont.) before distilling in a glass enclosed system (0.H.
Johns Scientific Ltd., Toronto, Ont.). The organic soil (fablq 3) used

in these experiments was the same as described by Khan and Hamilton

(1980).

2. Equipment

The equipment used in the resolution of the project is listed in
Table 4 along with either the manufacturer's o;.supplier's name. Three
different gasMiquid chromatographs we;e used due to difference; in
availability and operational status of these machines at the various

stages of this study. However, to maintain reproductibility, the same

machine was used in each trial of the experiment.

Before use, all glassware was soaked overnight in a chromic acid bath
followed by rinsing ten times with distilled water. The glassware was
then rinsed with methanol or acetone and dried in an oven (909C).

Glassware that required sterilization was autoclaved for 15 min at 1150C

and 1.4 kg om-2.
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Table 2

List of Chemicals and Suppliers

(All reagent grade)

Chemical

Formula Supplier
Acetic Acid CH3COOH Canlab Ltd.!
Aluminium Oxide A1203 Canlab Ltd.
Aluminum Potassium Sulphate ALK(504)2.12H20 Canlab Ltd.

" Amberlite XAD-2 ' BOH Chemicals?®  _
Ammonium Chloride NH4C1 Sigma Chemical Co.~”
Ammonium Molybdate (NH4)6M0702Q.4H20 Sigma Chemical Co. ,
Ammonium Phosphate, Monobasic  NH4H2POy4 Merck and Co., Inc.®
Ammonium Sulphate (NH4) 2504 Canlab Ltd.
Arabinose CsH1g0s Sigma Chemical Co.
Bacto-agar BOH Chemicals
Boric Acid Sigma Chemical Co.

Bovine Serum Albumim {(BSA)
Bromocresol Green

Cadimum Nitrate
Calcium Chloride, Dihydrate

Calcium Nitrate, Tetrahydrate

Carbo-sorb

Chlorophenol Red

Citric Acid

Cobalt Chloride

Cobalt Nitrate -

Cupric Sulphate

Diazald

EDTA-Tetrasodium Salt
Ferric Chleoride, Anhydrous

Ferric Citrate
Ferric Tartrate

Ferrous Sulphate
-Florisil F-100
Folin-Ciocalteau Reagent
HEPES Buffer
Hydrochloric Acid
Magnesium Sulphate
Manganese Chloride
Manganese Sulphate
Mercuric Oxide
Metacresol Purple
Methylene Blue

Methyl Red

Nickel Ammgnium Sulphate
Oxisorb- 14C0p :
Permafluor V
Phenolphthalein

Potassium Biphthalate
Potassium Bromide

H3B03

Cd(NG3)2-4H20
CaClz.szo
Ca(NO3)7.4H20

CgHg07.H20
CoClz.6H20
Co(NO3)}2.6H20
CuS04. 5H20
CH3CgH4S02N{CH3)IND
C1gH12N2Na408
FeCls
FeCgH507 - 5H20
Fea(Cq4Hy06)3.H20

FeS0g4.7H20

CgH1gN204S
HC1 :

MgSQ4. 7H20
MnClp.4H20
MnS0g . 4H20
HgO

N1S04(NHg) 2 .5046H20

C20H1404
KHCgH404
KBr

. Fisher
" Fisher

" Canlab

Sigma Chemical Co.
Fisher Scientific Ltd.>
Canlab Ltd.

" Sigma Chemical Co.

Merck and Co., Inc.

United Technologies, Ltd.6
Fisher Scientifiec Ltd.
Mallinckrodt Chemicals Work,
Fisher Scientific Ltd.

. Canlab Ltd.

Canlab Ltd.

Aldrich Chemical Co.B
Canlab Ltd.

Sigma Chemical Co.
Canlab Ltd.
Sargent-Welch Ltd.?
Fisher Scientific Ltd.
Fisher Scientific Ltd.
Fisher Scientgfic Ltd.
Sigma Chemical Co.
Canlab Ltd.

Canlab Ltd.

Fisher Scientafic Ltd.
Fisher Scientific Ltd.
Canlab Ltd.

Scientific Ltd.
Scientific Ltd.
Scientific Ltd.
Ltd.

New England Nuclear 10
United Technologies Ltd.
Fisher Scientific Ltd.
Fisher Scientific Ltd.
Canlab Ltd.

Fisher

Ltd.’

e e
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Chemical . Formula : Supplier

Potassium Hydroxide . " KOH ) Canlab Ltd.

Potassium Jlodide ‘ KI ~Fisher Scientific Ltd.
Potassium Nitrate KNG3 Canlab Ltd.. ™
Potassium Phosphate, le351c K2HPQ4 .Sigma Chemical Co.
Potassium Phosphate, Monobasic KHoPO4 Sigma Chemical Co.
Potassium Sodium Tartrate | KNaC4Hs0g. 4H20 ° Fisher Scientific Ltd.
Potassium Sulphate -~ KoS0g Canlab Ltd.
Scintiverse I Fisher Scientific Ltd.
Sodium Acetate C2H3Nal0?2.3H20 Fisher Scientific Ltd.
Sodium Borate (Borax) Na2B8407.10H20 Fisher Scientific Ltd:
Sodium Carbonate - NazC03 Fisher Scientific Ltd.
Sodium Hydroxide ' NaQH . Canlab Ltd.

Sodium Phosphate, Dibasic NagHPO4. 7H20 Sigma Chemical Co.
Sodium Phosphate, Manobasic NaH2P0g4 Sigma Chemical Co.
Sodium Silicate Na25i03.9H20 - Canlab. Ltd.

Sodium Sulphate,. Anhydrous -  Na2504 Canlab Ltd.-

Sodium Thigssulphate NazSo03. 5H20 “Fisher Scientific Ltd.
Sodiym Tungstate Na2W04 . 2H?8—" Fisher Scientific Ltd.
Tris(Hydroxymethyl)Aminomethane Cy4HqqNO3 Sigma Chemical Co.
Universal pH Indicator Sclutien : Fisher Scientific Ltd.
Urea HaNCONHZ2 - Canlab Ltd.

Vanadyl Sulphate V0S04.2H20 . Fisher Scientific Ltd.
Yeast Extract _ ) Sigma Chemical Co.
Zinc Sulphate ZnS04.7H20 . Merck and Co., Inc.

1 canlab Ltd., Toronto, Ontario. Cartada.

2 BOH Chemicals, Toronto, Ontario, Canada.

5 Sigma Chemical Co., St. Louis, Missouri, U.S.A.

4 Merck and Co., Inc., Toronto, Ontario, Canada.

5 Fisher Scientific Ltd., Don Mills, Ontario, Canada.

6 United Technologies, Ltd., Mississauga, Ontario, Canada.

7 Mallinckrodt Chemicals Work, Ltd., St. Louis, Missouri, U.S.A.

8 Aldrich Chemical Co., Mllwaukee, Wisconsin, U.S.A. .

1g--Sargent -Welch Ltd., Weston, Ontario, Canada.

New England Nuclear, Boston, .Massachussets, U.S.A. -
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Table 3
Physical and Chemical Prﬁperties of
. Organic Soil

Classification . " Humic Mesisol
% Carbon <. - - 45.4%
% Nitrogen : ) ’ 2.4%
% Mineral® Matter i ' 15.1%

- //
Bulk Density . /" _ 0.34

r L]
pH \\\ /’ 5.4
Cation Exchange Capacify® -t 163 meq/100g
& - L] od



Equipment List and Suppliers/Manu
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‘Table &4

;;;:hfers

-

—
Equipment Model Supplier/Manufacturer
¥ ~ T
© Gas-Liquid Hewlett-Packard 5830A N Heylett-PackaE&ECanada)Ltd1
Chromatograph Pye Unicam Series 104, Modek”64 Pye Unicam Ltd.

Varian Vista Series 6000

Controlled Environment Dubnoff Metabolic Shaking

Chambers

Balances

Centrifuge

pH Probes and Meter

Mixers

Miscellaneous

Incubator

Hotpack Programmed Refrigerated
Incubator, Model 352620

New Brunswick G24 Environment
Incubator Shaker °

Sherer Controlled Environment Lab

Model CEL 255-6
Mettler H54AR Analytical Balance
Mettler P163N

.International Llinical Centrifuge

Model CL No. 10228H
Sorvall Superspeed RC2-B

Automated Refrigerated Centrifuge

Orion Research Combination pH
Probe, Model 91-04

Orion Research Digital Analyzer
Model” 501

Sargent-Welch Miniature
Combination pH Electrode

Corning PC-351 Hoﬁ Plate Stirrer
Corning PC-353 Stirrer
Polytron Type PT-10-20-3500

Scientific Products Deluxe Miser
Model 58220

Amsco General Purpose Autoclave
Bausch and Lomb Spectronic
21 Spectrophotometer
Beckman Liquid Scintillation
Counter Model LS-3133P
Environmental Air Control Inc.
Horizontal Laminar Flowhood,
Model TT-3048
Heidolph Rotary Evaporator,
Type 51111
Improved Neubauer Haemocytometer
Labconco Kjeldahl Digestion Rack

Varian Canada Inc.>
Precision S&ientific Co.4
Hotpack{Canada) Ltd.>

Néw Brunswick Science

Co., Inc.5
Sherer-Gillett Co.7

Fisher Scientifc Ltd.B
Fisher Scientific Ltd.

International Equipment
Co.?
Ivan Sorvall Inc.10

"Canlab Ltd.V!
Canlab Ltd.

Sargent-Welch Ltd.12

Canlab Ltd.
Canlab Ltd. .
Brinkman Instruments Ltd13

Scientific Products Int.]

Amsco Inc.15
Fisher Scientific Ltd.

Beckman Instruments,

Inc.16
Fisher Scientific Ltd.

Canlab Ltd.

Canlab Ltd.
Canlab Ltd.



. ;

e

.
Table 4-(Cont'd) - i
/.\
Equipment Model Supplier/Manufacturer
Miscellaneous ' Lindberg Tube Furnace Canlab Ltd.
(Sola Basic S/B) :
Oven Fisher Scientific Ltd.
Packard Sample Oxidizer, Model 306 United Technologies Ltd.!’
SMI Micro/pettor Model 10751 Seientific Manufacturing
: Industries’
Sybron Thermolyne 2600 Hotplate Canlab Ltd.
- Virtis Freeze Dryer, Model 10-100 Virtis Research
. Equipment, Inc.1?
Waterbath ‘ Lab-Line Instruments IncZ0
Wild-Leitz M20 Microscope Wild Leitz Canada Ltd,Z!

——
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Hewlett-Packard (Canada) Ltd., Montreal, Quebec, Canada.

Pye Unicam Ltd., Toronto, Ontario, Canada.

Varian Canada Inc., Georgetown, Ontario.

Préecision Scientific Co., Thicago, Illinois, U.S.A.

Hotpack (Canada) Ltd., Waterloo, Ontario, Canada. )

New Brunswick Science Co., Inc., Neq’@?ﬁnswick, New Jersey; U.S.A.
Sherer-Gillett Co., Marshall, Michigan, U.SA.

Fisher-Scientific Ltd., Don Mills, Ontario, Canada.

International Equipment Co., Needham Heights, Massachussetts, U.S.A.
Ivan Sorvall, Inc., Newtown, Connecticutt, U.S.A.

Canlab Ltd., Toronto, Ontario, Canada.

Sargent-Welch Ltd., Weston,.Ontario, Canada.

Brinkman Instruments Ltd., Rexdale, Ontario, U.S.A.

Scientific Products Inc., Evanston, Illinois, U.S.A.

Amsco, Inc., Erie, Pennsylvania, U.S.A.

Beckman Instruments, Inc., Fullerton, California, U.S.A.

United Technologies 'Ltd., Mississauga, Ontario, Canada.

Scientific Manufacturing Industries, Emeryville, California, U.S.A.
Virtis Research Equipment Inc., Gardiner, New York, U.S.A.
Lab-}tine Instruments, Inc., Melrose Park, Illinois, U.S.A.

Wild Leitz Canada Ltd., Ottawa, Ontario, Canada.

2
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3. Biotic Organisms

a. Macrophytes.

B

Wheat (Triticum aestivum (L.):-Merr. cv. Marquis), lot no. PGR 5839

and soybean (Glycine max (L.) Merr. cv. Maple presto), lot no. PGR5358,
seeds were gifts from  Agriculture Canada.. The seeds were
surﬁgce;sterilized with 6% sodium hypochlorite and washed thoroughly
with distilled water. Ten seeds were then placed in sterile glass petri
dishes containing 15 mL “(wheat) .or 208 mL (soybean) of Hoagland's
nutrient solution, No. 2 (Table‘S). Germination of the seeds. cccurred in
the dark.iﬁ a controlled environment chamber at 27420C for three days.
In the soybean-prometryne toxicity sfudy, this period was extended to
six days, as larger seedlings were required to preveﬁt them from being
totally immersed in the hydroponié media. |
In all of the experiments involving éither wheat or soybean, the
seedlings Wwere placed in a cqnfrolled environment chamber with the
following conditions: - 20/180C  day/night temperéture, 5500  lux
(flugrescent-incandescent) of ligétipg for 16 h day-1 (Sylvania cool

white F48T712/CW/VHO - Sylvania 2500 hour Excel-line).

b. Microphytes -

The green alga, Chlamydomonas segnis Ettl, was a gift from the

culture collections of the National Research Council of Canada. Cultures

, 2
of C. segnis Ettl, grown in Kuhl's media (Kuhl and Lorenzen 1964; Table
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~Table 5

"Const ituents of Nutfient Solutions and Media (pg mL-1)1

-

" Chemical Hoagland's Nutrient Kuhl's Media3 No.11 Media® AIEHM?
SolutionZ .

NHzH2PO4 115.04 .
KNO3 606 .60 1011.1
Ca(NO3)2.4H20 944,64 - - ‘
MgS04. 7H20 493.0 . 246.5 . 75.0 . 173.0
H3B803 : 2.86 0.093 0.248
MnCl2.4H20 . 1.B1
ZnS04.7H20 0.22 : 0.100 0.023

" CuS0s.5HZ0 0.08 ©0.00749 . :
(NHy ) gMo7024 . 4H20 - 0.121 06.006 0.007
Fea(CaHa05)3.H20 é?
NaH2P04.H20 510.6 :
K2HPO4.2H20 . 785.8 369.0
CaClq.2H20 : 14.7 36.0 13.0
FeS0y4.7H20 | 6.95

(Fe-EDTA Complex)6

MnS04 . 4H20 , 0.020 0.178
CoCly.6H20 ' 0.008
NazCO03 ‘ 20.0°
Na25i03.9H20 , . . 58.0
FeCgHs07.5H20 6.0
CgHg07.H20 6.0
EDTA 1.0
Ca(NO3)7.4H20 0.012
Nap0g.2H20 ' ' 0.026
KBr _ . g.010
K1 - 0.007
Cd(NO3)2.4H20 0.012
N1S0 (NHz ) 505 620 : 0.016
V0S04.2H20 0.002

" ALK{S04)2.12H20 - 0.038
Yeast Extract . ; . 1000.0
HEPES Buffer 1100.0
NagHPO4 : 125.0
Na2S0g . 250.0
NH;C1 - | 300.0
FeCly ‘ : 4.87
T ALl solutions autoclaved before use at 1.4 kg cm-%, 1150C for 20 min.
2 From Hoagland and Arnon (1938)
3 From Kuhl and Lorenzen (1964)
4 from Hughes et al. (1958)
2 from Cole and Elkan (19737 and Kuykendall (1979)

For preparation of the Fe-EDTA complex. 0.69 g of FeS04.7H20 and 0.93 g of disodium
salt of EDTA are dissolved in 80 mL of double distilled water by boilinf for a short
time. The solution is then cooled te room temperature and made up to 100 mL. One.mL
of this solution contains 2.5%X10-5 moles FeS0g4.7H20 1in the form of Fe-EDTA complex
(Kuhl and Lorenzen 1964}..

.
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5) were synchronized according to the method of Badour (1981).
Essentially, the cells were synchronized in Hotpack incubators at 252°C
with a light/dark regime of 12/12 h and 2700 lux light (Sylvania cool
white fluorescent F20T12-CW). Cultures were stirred magneticélly and
aerated (0.03% COz2 v/v). The cuitures‘were diluted at the beginning of
each light péeriod (S-phase of the cell cycle) with fresh media to a
concentration of 2.0 x 10° cells ml-T as determined by counts with

an improved Neubauer haemocytometer.

Anabaena spp., the cyanobacteria, were purchased from Boreal
Laboratories Ltd., Mississauga, Ont. The \Hlue-green algae were
established in culture 'tubes containing ‘No. 11 media exclugiqg NaNCs
(Hughes et al. 1958; Table 5). Temperature and liéht régiﬁes for
Anabaena spp. were the same as required for L. segnis Ettl described
above, except that the light intensity was 1600 - lux. Heterocyst
frequency was determined with the uée of an improved Neubauer
haemocytometer after vigorous shaking to disperse the filamentous growth

and obtain a homogernous mixture. -

Rhizobium japonicum strain 61A76 was purchased from Nitragin Co.,

Milwaukee, WI and Klebsiella pneumoniae strain MS5A1 was a giFt.From the

Department of Biology, Carleton University, Ottawa, Ont. The bacterial
cultures were grown in ATEHM media {(Cole and Elkan 1973; Kuykendall
1979; Table 5) in a New Brunswick G24 Environment Incubator Shaker at

300C and shaken at 250 rpm.

&



4. Preparation of Soil-Bound 14C Residues
Sgil, containing bound 14C residues, was Erepared as detailed in
Fig. &4 (Khan and Hamilton 1980). In 500 mL flasks, 20 g {oven-dry basis)
of the-organic soil was inoculated with 2.0 mlL -of acetone containing 164

‘pg of uniformly ring-labeled 14C-prometryne (0.94 pCi) and 84 pg of

unlabeled prometryne. This resulted in a final prometryne concentration

of 12.4 mg kg-1. The acetone was evaporated by a gentlé stream of air

and the soil was thoroughly mixed. The flasks were then stoppered with

cotton wool and incubated in the dark at room temperature (23+20C).
h . '

v

Weekly, distilled water was added as required to maintain the initial

moisture content. When this soil was required, flasks were removed and

extracted with methanol fer 2 h in a mechanical shaker (Cotterill 1980;
. ' : a

Khan and¢Ham11ton 1980). The suspensions were then suctilon filtered and

the extract concentrated to a small volume using a rotary evaporator. An

aliquot (100 pL) was then removed for liquid scintillation counting

using 10 mL SClnthBrSE/’{l as the scintillation cocktail. Methanol

extractions were repeated Uﬂtll the radioactive counts were c01nc1dent

f
with the background counts of a sample of control soil similarly

extracted.

The soil was air-dried, wetted with distilled water, and incubated
overnight at room temperature in the dark. The following day, the soil
was re-extracted with methanol as described. The extracted soil was then

air-dried and portions were removed for analysis. One portion was used

L4
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Soil (20 g dry wt b331s)
—_ ) pH 5.4

d

12.4 mg kg-1 ?rometryne applied

dark incubstion for x days at

Y, . room temperature
maintain original moisture content

l

extract with 150 mL methanol
repeat until liquid scintillation counts reach background
levels

1

wet with distilled water
incubate overnight

l i I

total 14C bound identification of bound stored at -100C
-sample oxidize to species
14C02 —hlgh temperature distillation
(HTD)
y gas-liquid chromatography

Fig. 4. Flow Diagram for the Preparation of Secil Containing Bound
14C-Prometryne Residues
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for sample oxidation to quantify the total bound radioactivity. The
remainder of the bound soil was stored at -100C until required. In
order to identify the bound species present, a high temperature

distillation (HTD) was carried out (section II.A.5; Khan and Hamilton

1980).

5. Identification of Scil-Bound Residues

In porcelain boats (0.2 cm wide, 0.5 cm deep, 4 cm long), S00 mg of
soil containing bound 14C residues were inserted into a quartz tube.
The tube was inserted into a Lindberg Tube Furnace (Sola Basic S)B) and
one ‘end was attached to a helium gas lime while the other end was
connected to a series of methanol traps (Fig. 5). The methanol traps
were required to abéorb the volatilized residues af'the temperature in

¢
the tube increased. Helium gas was used as a sweep gas so that minimal

oxidation would occur as the bound residues were released and the final

trap contained Carbe-sorb to absorb any 14C02 formed by oxidative

reactions between the residues and humic substances.

The furnace was heated from room temperature up to 8009C (ca.
156C min-1) with helium gas flowing through (45-50 i ﬁin-1). The
temperature was maintained at 8000C for 15 minutes. After cooling, the
quartz tube and connections were washed with methanol. The conténts of
the first fhree traps were combined and concentrated. An aliqﬁot of the

extract along with one from the 4C07 trap was then removed from

. .8cintillation counting. The extract was evaporated to dryness and redis-

solved in chloroform.
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Figure 5

Apparatus from the High Temperature Distillation Technique - (from Khan

and Hamilton 1980).
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Stainless steel swaglock

with graphite ferrule

Furnace

Quartz tubgL

e bl Trap 3 Trap2 Trap1

Qt_Jartz wool

- o
Combustion
boat

s

&I héethanol ~ Methanol
) (S U-tube in
E &Y dry ice-acetone
Trap 4 mixture
Hydroxide of
hyamine 10X
(Carbo-sorb)

He gas

Swaglock
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The ektract was chromatogfaphed on a 20.0 g acidic aluminum oxide
column' (26 x 70 mm, 10% water) topﬁed with aﬁhydrous sodium sulphate and
-prewashed_with éhloroform. The column was first eluted with 150 mL of
chldrpform to remove the nonpolar derivatives and then with 150 mL of
methénol to remove the polar derivatives. The chloroform eluate was
evaporéted to dryness and redissol@ed in methancl. An aliddot was
.removed for injection into a gas-liquid chromatograph while anﬁther W8S

removed for scintillation counting.

The methanol eluate was concentrated to 5.0 mL and an aliquot’ removed
for scintillation coun;ing. The remainder was méthylated with
diazomethane, evaporated, and redissolved in 2.0 mL 10% acetone in
hexane. This mixture was then placed on a 5.0 g Florisil (60-100 mesh)
column (oven-dried errnight) topped with'anhydrous sodium sulphate and
prewashed with hexane. The column-was first eluted with 150 mL of hexane
(the eluate was discarded) and tien followed by 150 mL of 10% acetone in
hexane and 150 @l of 50% acetone in hexane. The final two eluates were
combined, evaporated.to dryness, and redissolved in acetone. An aliquot

was then analyzed by gas-liquid chromatography.
6. Gas-Ligquid Chromatography

All gas-liquid chromatographs were equipped with a 1.8 m glass
column, packed with 3% Carbowax 20M on 80/100 Supelcoport {Supelco Inc.,
Bellefonte, PA). The Pye Unicam Series 104 gas chromatqgraph, equipped

with the Perkin-Elmer nitrogen-phosphorus detector (NPD), was used in

)



the study of pH release of soil-bound 14C residues and for. the high

temperature distillation (HTD). The same instrument, except equipped

with an alkali flame ionization detector (AFID), was used to quantify

-

the amount of prometryne in the prometryne-saturated ATEHM media for the

bacterial studies. A Hewlett-Packard model 5830A gas chromatograph,

Fitted with & nitrogen-phosphofus detector (NPD) was used in the.

identification of extractable residues from the rhizosphere and
rhizoplane soils while the Varian Vista series 6000 gas chromatograph

with a thermionic specific detector (TSD) was used in the identification

of the extractable residues from plant tissues.

w

In all cases, the flow of helium, hydrogen, and air was 30, 5, and

<

150 ‘mL min-1, respectively. The idféction temﬁerature- was 2000C and
the detector temperature was maintained at 3000C. Column te@peratures
were maintained at 2200C, except for the plant tissue analyses where
temperature programming was required for resolution. In these cases, the
initial column temperature was ZTﬁOC,and this was held for 25 min. The

LQe )
column temperature was then increased at a rate of 50C min-1 to a
final temperature of 2200C which was held until the resolution of all

peaks.

Except for the bacterial studies, gas-liquid chromatography was used
to qualitatively identify the prometryne derivatives. Identification was
based on the comparison of retention times of unknown compounds with

)
known reference standards and on co-chromatography.

i L e ke
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7. Determination of Radioactivity

Aliquots (100 plL) of all extracts were mixed with 10.0 mL of
Scintivefse I solution and the radipactivity measured .by " liquid
scinpillation counting ing an e;ternal standard and correcting the
counts for quenching. 50301' tissue samples were combusted in a Paékard
sample oxidizer, model 306, to 14C02 which was sbsorbed and mixed
with appropriate volumes of Carbo-sorb and Permafluor V. The 14C0;

was then measured by liquid scintillation counting using an internal

standard for quench correction.

8. Statistical Analysis

A1l of the data was analyzed by an analysis of variance (ANOVA)
followed by a Student-Newman-Kuel's multiple range test. Procedures for

calculation of the indices were obtained from the literature (Zar 1974).

B. PROMETRYNE TOXICITY TO MACROPHYTES AND MICROPHYTES
1. Soybean Suépeptibility (Fig. 6)
a. Herbicide Application and Growth
In triplicate sets of 250 mL flasks, solid prometryne was mixed with
100 mL of Hoagland's nutrient solution, No. 2 Hoagland and Arnon -1938)
to obtain herbicide concentrations of 15.0, 10?0, 7.5, 5.0, or 2.5 pg

mL-7. Controls containing no prometryne (0 pg mL-1) were also

initiated. The solutions were all adjusted te pH 5.4 with 0.01 N NaOH.

S
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Sjﬂay o0ld soybean seedlings
R |
100 mL Hoagland's nutrient solution, -No. 2 containing

0-15 pg mL~1 prometryne
(pH adjusted to 5.&§'

2

20:180C day:night temperature
5500 lux light intensity
16 h light period

2 weeks growth
fresh weights

|

freeze dry

{

. dry weights

I | )

v ¥ .
Kjeldashl nitrogen Hartree protein
assay test

Assay of Prometryne Toxicity to Soybean Seedling Growth
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Into eaéh flask,  6-day old sﬁybean seedlings were" transferred
(3/flask). The Flaé&;“ were then ﬁlaced in a contrﬁlled environment
chamber under 'the .growth conditions specified .for soybean (sectioq
II.A.3.3). The plants were grown for two .weeks, with distilled water
added as required to maintain é- constant solution volume of 100 mL. .
Experimental'sets were in triplicate. |

b. Harvest : -

At the end of two weeks, the plants were removed from fhé flasks and
the roots blotted dfy wi;h tissue paper. Fresh weights were then
determined. The individual plants were placed into culture tﬁﬁes and
freeze-dried for 4 h at -509C. DOry weights were determined and the

plant tissues ground to form representative homogenous samples. The

tissue samples were stored at -100C for protein analysis.

c. Protein Analysis

i. Hartree Protein Analysis

Representative tissue samples from each treatment set were extracted
according to Monahan (1974) and Varner (1964). Eésentially, 100 mg of
tissue was homogenized for 90 s with 2.0 mL of cold (26C) 1.0 mM
acetate buffer -{pH 4.8) using the Polytron tissue homogenizer. The
homogenate was transferred to a centrifuge tube with additional buffer
(3 x 2.0 mL). This was combined and mixed for 30 s on a vortex mixer and
then centrifuged at 30000 x g for 20 min at 20C 'siﬁg the Sorval
centrifuge. The supernatant was quantitatively tra ;Fef?gg to a 25 ml

} J
volumetric flask and made up to volume with additional bpffér.
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This extract was then analyzed for total pfotein (Hart;sf'1972). In
small .test tubes, 0.9 mL of solution A (2.0 g KNaCgHy0g-4H20 and

100 g NazC03 in 500 mL 1 N NaOH, diluted to 1 L) was added to 1.0 mL

of the supernatent. The tubes were incubated in a water bath for 10 min
at 500C, then cooled to roomltemperature. To this, 0.1 mL of solution

B (1.0 g CuSO4-5H20 and 2.0 g KNaC4H40g-4H20 in 90 mL water and 10
mL 1 N NaOH) was added and left for 10 min. Following this, 3.0 mL of a

freéshly diluted "Folin-Ciocalteau (1:15) reagent wés fapidly forced into -

the solution using a 10 mL glass syringe to ensure complete mixing with--

in 1 s. The tubes were reﬁurned to the 500C watér‘baih for 10 min and

then cooled Fo room temperature. Absorbance of the.mixture was deter-

mined in 1.0 om cuvettes using a B?usch and Lomb spectrOphotometér. The

results at %50 nm were recorded relative to an acetate buffer blank.
“ .

Protein quantification was determined from a cal®ration curve prepared

from standard bovine serum albumin (BSA) solutionms.

-

ii. Kjeldahl Nitrogen (Protein) Analysis .

Kjeldahl digestion and steam distillation of the tissue was as

_descfibed (Horwitz' 1975) by adding 1.9 g K2504, 0.04 g HgO, and 5.0

mL H2S0; to 100 mg of plant tissue in a Kjeldahl digestion flask. On

the Kjeldahl digestion rack, the contepts were brought to a quick boil

avoiding excessive frothing by frequent turning of the flasks. The

mixtqﬁe was boiled for 1-1.% h until a élear solution was obtained. Thé
< .

solutions were allowed to cool to room temperature and a minimal amount

of deionized distilled water was slowly added to dissolve the

A
precipitate. The solution was carefully transferred to the distillation

-
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flask in a steam distillation unit. The digestion flask was rinsed five

times with 2.0 mt of deionized distiiled water and the washes were also

transferred to the distillation flask.

In a 125 nl flask, tﬁe ?5 mL volum; was qgrefullf marked.and 5.0 mL
of 2 satﬁrated- boric acid solution and 2 drops of 2:1 methyl
lred:methylene blue (v/v) indicator solution {0.2% alcoholic sclutions)
were added. The flask was piaced below the condenser of the stea@
distillation unit with the tip below the surface of the boric aéid

solution. The digest was-allowéd-to flow into the distillation tube and
theh 20 mL of sodium hydroxide/spdium'thiosulphate feagent (40.0 g:NaOA
and 4.0 g NapS203-5H20 in 100 mL of water) was added to the
digest.‘This mixture was steam distilled until 25.0 mL was collected in
the receiving flask. The colour of the indicator éhaﬁged from purple to

green.

At the end of the distillation period, the condenser tip was rinsed

" into the receiving flask with deionmized distilled water éfd the flask
removed. The final_@olume of the distillate was made up to 50 mL and
titrated with 0.02 N HCl to a grey endpaint. The per cent nitrogen was
determined. using the titre‘voldme and this value was converted to per

cent protein by multiplying by 6.25 (Horwitz 1975).

b



2. ALGAE - CHLAMYDdMDNAS SEGNIS ETTL

a. Solvent System

Prometryne has a low watar-eciublllty (Weber 1970) and is ‘generally

LR

"dissolved in 8 minimum volume of an organic solvent to effect

mzscxblllty with water. Acetone was the solvent used in theupgysent set
‘ of experiments and the volume proportion of acetone in salutlgn for the
various test medla was held constant. In the algal experlmenis u51ng c.
seqnis Ettl, the acetone concentration in the media was U\?3“ “(v/v}
compasred to 0.25% (v/v) for the trials containing the cyanobacteri§,
Anabaena spp. The differences in acetone' and prometryne concentrations

tested for the two speciés was due to differences in the volume of the

media used in the growth studies.

By contrast, preliminary tests indicated that the bacteria, Rhizobium

japonicum and Klebsiella pneumoniae, were sensitive to acetone and

therefore, this solvent was not used to dissolve the Herbicide into the
‘media for the bacterial assays. Instead, serial dilutions of  a
prometryne-saturated medium was used. This was prepared by adding excess
prometryne to 500 mL of A1EHM medium (Cole and Elkan 1973; Kuykendall
1979). After shaking and allowing the undissolved prémetryne £0 settle,

the suspension was filtered aseptically through a 0.20—pm sterile

Nalgene membrane filter unit (Fisher Scientjfic Ltd.,\quada) and the

prometryne in solution was quantified by gas-liquid chrométoqréahy as

follows. ' . ‘ : —

,
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A 10.0 mL aliquot ofhghis medium was exhaustively extracted (4-times)
. T

with 50.0 mL of chloroform. The chloroform extracts were combined,
evaporated to dryness, and redissolved in scetone. An aliquot was then
injected intﬁ a gas-liquid chromatograph and the~quantity of prometryne
determined using reference standards. This medium, along with freshly
prepared pesticide-ffee A1EHM medium used for serial dilutions, was then
stored at 40C until - required.’ N ]

b. Prometryne Effects on C. segnis Ettl (Fig. 7)

In seven parallel sets of experiments, synchronous cultures of C.

segnis Ettl (2.0 x 105 cells ml-1) were exposed to 12.0, 6.0, 3.0,
1.5, 0.75, or 0 pg mL-1 prometryne with 0.13% v/v acetone together
with a control set of 0 pg mL-1 prometcyne and 0% v/v_gégtone. The
algal treatment occurred 2. h before the initiation of the ;érk phase
corresponding to the sensitive S-phase of the.cell cycle (Badour 1§81).
Cell counts were determined 14 h later at the beginning of the iight
phase which corresponds to Gt of the cell cf&le.
a

; Aliquots (1.0 mL) were pipetted from each of the control, acetone
treated, 12.0 pg mL-1, 3.0 pg mt-1, and 0.75 pg mL-1 prometr;ne
treated sets into separate centrifuge tubes and then diluted to 10.0 mL
with distilled water. Following this, the tubes were cehtrifuged in a
clinical centrifuge at 3000 rpm for 10 ﬁin. In each case, the
suﬁernatant was removed and the algal pellet resuspended in distilled

water, re-ceatrifuged and washed again. Finally, after discarding the

supernatant, the pellet was resuspended in 10.0 mlL Histillgd water,

CN
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. 150 mL of synchronous C. segnis cultures (2.0 x 105 cegas/TL)
~—1inoculated with 0, 0.75, 1.50, 3.0, 6.0, and 12.0 pg mL™
_ - prometryne in acefone (0.13% v/v)

"

_ inoculated 2 h before dark
- o phase(s) of cell cycle

2

14 h (beginning of light or Gt phase)

i’

stirred and aerated (0.03% COz v/Vv)

}

& cell counts via haemocytometer

{

1.0 mL aliquots from the control, acetone treated, and
cultures treated with 0.75, 3.0, and 12.0 pg mL-1

prometryne pipetted into separatéjcentrifuge tubes
B washed with distilled water
!
resuspend in 10.0 mL H20 .

0.1 mL platéd on nutrient agar

Fig. 7. Assay of Proced

yre for Toxicity of Prometryne to Chlamydomonas
segnis : ' - ’

(ST R SRR
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vortexed, and 0.1 mL oﬁhthe resultant susﬁension was plated on nutrient -
agar (1.5% v/v) fortified with Kuhl's medi; (Kuhl and Lorenzen 1964).
Ihe plates were incubated upside~down in a'Hotpack incubator under the
conditions noted above (section II.A.3.b). After 14 days, the number of
calonies per plate were counted in all the treatment sets (thfee

o«

replicates per set).
3. Heterocyst Study - Anabasena spp. (Fig. 8)

Cultures of Anabaena spp. in No. 11 media (without NaNO3)
containing 1.0 x 105 heterocysts mlL-1, as determined by counting
(improved Neubauer haemocytometer), were treaied in parallel sets with
0.25% (v/v) acetone and 3 range of prometryne concentrations (10.0, 5.0,
»1:0, 0.5, 0.1, or 0 pg m.-1). In addition, a control set without added '
prometryﬁé or acetone was also established. All the cultures- were
incubated under the conditions described above (section-\II.A.S.b)ﬂ
Following one week of growth, the culture tubes were vigorously shaken
to break up the cyanobacterial filaments and a homogenous mixture for
heterocyst counting was 6btained. Furthermore, cells from the control,
acetone treated, 10.0 wg ml-7, 1.0 pg mi-1, and 0.1 pg mL-1-
. prometryne treatment sefs were washed as described for_g. ggggig.Ettl
(section II.F.2}, and plated on nutrient agar (1.5% w/v) augmented with |
No. 11 media (Hughes et al. 1958). The plates were photagraphed after 14

days of growth in the incubator. Trials were completed in triplicate for

a total of six per treatment set.
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-

20 mL of Anabaena spp:-£1.0§1b5 heterocysts mL-1)
treated with 10.0, 5.0, 1.0, 0.5, 0.1, and 0 pg mL"
prometryne in acetone {6.25% v/v)

.

one week subsequent growth
12 h light:12 h dark; 1600 lux
23+20C

!

heterocyst counts via
haemocytometer

2

cultures washed in distilled water
(control, acetone, 10.0, 1.0, and 0.1 pg mL-1)

J

plated on nutrient agar
two weeks growth -

i

\i photographed

Fig. 8. Procedure for Evaluating the Effect of Prometryne

on the
Growth. of Anabaena spp.
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4. Rhizobium japonicum and Klebsiella pneumoniae (Fig. 9)

In parallel experiments, populations of éxponentially growinglcells
of R. japonicum and K. pneumoniae (opEical density at 550 nm of 0.01U)~‘
were grown in media augmented with 6.8, 2.3, 0.75, 0.25, and 0 g mL—1:
prometryne (as prepared by seriai dilutions éf the prometryne-saturated
ATEHM media} and placed in an incubafog-under'the same conditioﬁs as
above, (section II.A.3.b). The growth of K. pneumonise was monitored
hourly by optical density (0D) :eédings taken at 550 mm in a Bausch and
Lomb Spectronic 21 WUV-VIS spectrophotometer (Miller 1972). As R.
Japonicum grew more slowly, 00550 readings were taken 17 h after
inoculation and every 3 h thereafter. Thé M550 readings ;btained for

both species were separately plotted on a semi-log scale and doubling

times determined by regression analysis.

* C. ROOT ALTERATION OF SUBSTRATE pH : | .

1. Hydroponic pH Changes (Fig. 10) -

In parallel sets of experiments, three wheat seedlings (3-day old)
were transferred to 250 mL flasks containing 100 mL ofj_one of the
fertilizer solutions described in Table 6. The pH of all solutions were
initially adjusted to pH “5.4. The plants were then transferred to’-a
controlled environment chamber .set for the conditions descgiﬁed above
for wheat (section I1I.A.3.a). The plants were grown for 12 days with
daily reﬁienishment of the fertilizer solutions to the initial 100 mL

using distilled water. The pH of the hydroﬁonic solutions was monitored

every two days. The experiments were conducted in triplicate sets.
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Rhizobium japonicum and Klebsiellé pneumoniae cultures
inoculated into Klett flasks containing prometryne
dissolved in AIEHM media (6.8, 2.3, 0.75, and 0.25

! pg mL-1) initial ODssp = 0.010
300C, 250 tpm

!

0Dss5g taken Eourly for K. pneumoniae;
0Dssg 17 h-later and every 3 h thereafter for -
. . R. jafbnicum

A

plot on semi-log scale
i -

doubling times by regression analysis

Fig. 9. Schematic Diagram for Assaying the Toxicity of Prometryne to

Np-Fixing Bacteria, R. japonicum and K. pneumgniae  *°
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3-day old wheat seedlings

{ .

100 mL of fertilizer solutions (Table 6)
adjust to pH 5.2

¢

- 20:180C day:night temperature
A0 5500 lux intensity
16 h light period

!/‘\
{
RN measure solution pH every 2 days

using a combination pH electrode

= . \L

12 days growth

Fig. 10. Schematic Diagram for Measuring Hydroponic pH Alterations by
Wheat Roots



- 42 -

Table 6

Fertilizer Solutions for Hydroponic Growth

Sclution , Nitrogen Source " Concentration

of nitrogen
(ug mL=1)

1. Distilled Water . . - -,

RIS A e e
3. Ca(NO3)p - NO3- - R RN
4. Ca(NG3); e T
5. Ca(NO3) NO3- ' _ 1000
6. (NHg)2504 . NH4* 25

7. (NHy) 2504 g - 50

; 8. NHgH2PQy NH4+ _ .25

9. Urea H2NCONH2 ) - 25

L1
A
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2. pH Miqfoelectrode,Analysis
As well as observing overall changes in substrate pH, more localized

changes were monitored. To this end, pH changes in solid mgdia‘wege also

followed.

Into 40 mb centrifuge tubes vrex No. 8260) containing 10.0 g of a

pesticide-free organic soil- sand mixture (1:1.25 w/w)} was planted

four 3-day old wheat seedling ig. 11). In triplicate sets, 1.0 pg of

nitrogen g-1 of soil Qas added\ to each set as either .Ca(NO3); or
(NH4)2S04. A control set with.-no fertilizer was a!%o established. ;
The plants were thep placed in an environment gioﬁth Ehambér under;Ehe
conditions described above (section II.A.3.a). All sets were watered
daily to-Field capacity. Using a Sargent-Welch miniature combination pH
electrade, the brobe was inserted into the fhiZOSpheric regions and pH

readings were taken in triplichte. The rhizosphere "pH was monitored

every two days.

3. IWheat Rhi%qsphere and éhizopiane ﬁH
To further define the detection of localized changes in pH. into
rhizasphere and rhizopkgne, the soil surrounding the root was separated
into two fractions. Thi)éxperimental details are shown in Fig..12.
i
Into small glass petri dish bottoms (60 x 15 mm), 5.0 g of the
pesticide-free organic soil was weighed. Ten wheat seedlings (3-day old)

were then planted in the soil. Each triplicate set was then fertilized
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3-day old wheat seedlings
planted in 10.C g soil:sand
mixture (1:1.25 w/w)

d o 4
" fertilize with 0 or 1.0 pg of nitrogen .
. g~ soil as Ca(NO3)2 or (NH&)2S04

!

20:180C day:night temperature
5500 lux light intensity
16 h light period

monitor rhizosphere pH by miniature

pH combination electrode. every 2 i T
.. days -.

\E

2 days'growth

~

Fig. 11. Flow Chart for Monitoring Rhizosphere pH With a MiniatUre'
Combination pH Electrode
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Ten 3—d§y old wheat seedlings planted in
5.0° 9 organic soil in 60X15 mm petri dish
bottoms

d

fertilized with 0 or 1.0 pg N g-1 soil
: as Ca(N03)7 op (NH4 ) 2S04

/
- & o
20:180C day:night temperature
5500 lux light intensity
16 h light period
4

3 weeks growth

A

. separation of rhizosphere -
and rhizoplane sgils by shaking root- 5011
mass

L | =% |

1 L

rhizosphere soil ‘ : rhizoplane soil
' hy |
-

measure soil pH with 1: 1 (v/v)
soil solution with 0.01 M CaCl,
using pH electrode

(A

12. Flow Diagram -of pH Measurements of Rhlzosphere and Rh120plane
Soils

-
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with one of the fertilizer solutions containing 1.0 pé'of nitrogen g-1

of soil as either CalNO3)2 or (NH4)2504. Control sets in

triplicate without any additional nitrogen source were also initiated.

The seedlings were then grown for three weeks " under the conditions

-
r}

previouély specified (section II.A.3.a).

+ .~ -

The® plants were watered daily to field capacity with deionized

distilled water. At the end of the growth period, the plants were

removed from the chamber and the soil fractions carefully separated by
vigorously shaking the root-soil mass over a clean sheet of paper. The

loosened soil was collected and termed "rhizosphere soil" since .the root

mass was extensive enough to warrant elimination of Ibulk, soil" as

described by Clark (1949). Soil tightly ‘adhering to the roots was-then .
carefully removed and collected as the "rhizoplane~soil” sample. After

removigg any visible severed root fragments from the soil, the pH of the -

two soil fractions was determined using a 1:1 (v/v) soil solution with

0.01 M CaClp (Smiley 1974; van Liercp 1981). The CaClz solution was

used as the suspending media in order to minimize the variations in soil

p"H . i : W

4. Fertili_ze;"‘—fnf'luence on- Soil pH
In triplicate sets, 5.0 g (oven-dry basis) of the pesticide-free
orfganic soil-was Ferﬁilized with 40 pg of nitrogen as either Ca(NO})z,
{NH4)2S04, or urea. This gave a final nitrogen concentration of 8.0 pg
9-1.. The fertilizers were added as deionized _digtilled water
olutions.” A set fertilized with Hoagland's nutrient soiutiorf, No: 2,
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and one with distilled water alone were also'establishod After 3 weeks,
pH measurements were taken of 1 0g 5011 samples randomly sampled from
each treatment set. The’ soil was mixed Nlth 0.01 M CaClz (12 1 v/v)
combination pH electrode was used for the pH determination.

At

5. Root Mediated Changes in Agar pH .

In order to observe the locallzed changes mediated by the plant's
root system as a Functlon of the nltrogen fertlllze; source, plants were)
grown. in agarf(Flg. 13). . To ' fertilizer solutions (pH 5.&) contalnlng,
40.0 g oF' nitrogen mL-1., as Ca(N0332, (NHa)ésoa, or orea,.
Bacto-agar was. added to give a concentration | of 1.5% (w/v).
Additionaliy, a set with Hoagland's notrient solution, No. 2 (pH 5.47,
containing 210 pg of nltrogen mL-1 was also used as a nitrogen
source. Each of the solutlons were then autoclaved for 20 min at 1.4 kg
cm-2, cooled +ta 550(C, separately poured into .sterlle plastic petri .
dishes, and coocled to room, temperature. Under aseptic conditions, one
5-day old wheat ‘or éoyboan seedling was transferrod to each agar
piates. Each fertilizer {reatment set oonsisted of twelve plates, of
which nine-‘contained ,Seedlings.‘ Controi olates (plants - excluded)
individuafly qygmented‘_with a different .nitrogen source were also
initiated. Thé plates nore then transferred to a controlled environment
chamber under tho conditions previously desofibed for wheat and soybean
(section II.A.3.a). Plates from all treatment sets were sampled.weekly

for 3 weeks. At each sampling period, 5.0 mL of one of the pH indicator
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Agar plates (1.5%. w/w) contalnlng 25 kg N mL-1

as,elther Ca NU})E (NH4 }2S04,..0r utea, or
- Hoagland®s nu rlent solution, No. 2

i -

aseptlcally transFer to each plate cne 3-day

old wheat seedllng. To some plates augmented

with Hoagland's nutrient solution, No. 2, one
3-day old soybean was aseptlcally added

\’

20:180C day:night temperature
5500 lux light intensity - .
16 h light period -

J -

. subsample plates weekly For
: 3 weeks

- J

add 5.0 mL of pH indicator
solutions

X2

photographed

o -

pH determined

.

Procedure for Studying Root-mediated Changes of the pH in Agar
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solutions were ad@éd to each plate (Taﬁle 7). After thga indicater

solutions had permeated into the agar, all‘the,plates were photographed.
/

.- .

The pH~iii-fi;p~dEtfrpined from ihe_colours elicitéd in the agaf.

-

0. EFFECT OF CHANGE IN pH ON THE RELEASE OF SGIL-BOUND 14C-PROME TRYNE
RESIDUES . ‘

o

1. Incubation
The procedure uéed to determine the release of soil-bound fesidues_as
a function of-pH, is detailed in Fig. 14. Buffer solutions (pH 4-8) were
prepared as described ‘earlier (Robinson and Stokes 1955). Thq,pﬁ'of'
. .these solutions was then measured usihg a combination electrgde. These

buffer solutions- were. used to adjust the pH of the soil during .

‘incubation providing precise adjustments.

In SO mL Pyrex culture tubes, triplicates of 1.0 g (5ven-dry Bésisz

of the air-dried organic soil containing bound 14C-prometryne residues
~

were mixed with 10.0 mL of one of the buffer solutions. The tubes were

then loosely stoppered with cotton wool and placed into a controlled

environment chamber. The soil samples were ‘incubated in the dark at

'ZO*ZOC for two weeks.

2., Extraction
At the end of the incubation period, the samples were exhaustively

extracted with methanol (10.0 mL each time) and water until the

radioacﬁivity of the extracts was coincident with background levels..
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Table 7

pH Indicator Solutions Used for

50 mL water

Determining pH Changes in Agar
Indicator Constituents pH ' Color
Range Change
Universal pH 4-10 . red-purple
Indicator Solution ~
 Bromocresol Green = 0.1 g in 14.3 ml 0.01 N 3.8-5.4 yellow-blue
‘ NaOH 235.7 mL water )
. 4 .
Chlorophenol Red 0.1 g in 23.6 mL 0.01 N 5.3-6.8 yellow-red
NaOH and 236.4 m. water '
Metacresol Purple 0.1 g in 26.2 mL 0.01 N 1.2-2.8 red-yellow,
NaOH and 223.8 mb water 7.4-9.0 yellow-purple
Phenolphthalein 0.05 g.in 50 mL EtOH and ~ 8.2-10.0 colorless-pink

Yo
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1.0 g soil contalnlng bound 14C-prometryne
' residues

1)

10.0 mf pH buffer solution added

:L

20*20C
two weeks
l o,
methanol:water extractions
i . J 1
¥ . ) 3
residual soil methanol extracts
%
J' : 1l J |
N~ ~ = <
combust to ' l§quid scintillation  column chromatography
€02 ‘ counting on alumina

liquid scintillation
counting - chloroform eluate -\1\" methanol eluate

‘ ! V

~— liquid scintillation. liquid scintillation

t : _ 1
. W

counting - counting
T gas-liquid chromatography methylate with
diazomethane

o

- column chromatography

gas-liquid chromatography

7
.

Fig 14. Procedure for Studying the Effects of pH “on the Release of
Soil-Bound l4¢- -Prometryne
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' Extractions were carried out\using a mechanical shaker and shaking the
éﬁ%pension for 2 h as described abﬁve (sectiogn Ii.A.&d. The combined
extracts were concentrated to  a small volume {(ca. 1 mlL) on a fdtgry
evaporator at fﬁom temperature. Aliq;ots of the’ exfracts were then
remaved for liquid scintillation counting to give the total extractable
radioactivity éf&pr the pH incubation. The remainder of the extracts
were'subjected Eb column clean-up on acidic aluminium oxide and eluted
with .chloroform (non-polar fraction) and methanol (polar fraction) as

described earlier (seciton II.A.4). The methanol eluates were methylated

with diazomethane. Aliqubts were injected into the Pye gas-liquid

chromatograph.

3. Residual Soil

The -radioactivity of residues bound in fhe sgil'affer pH incubation
were detefhined by combustion in & sample oxidizer. The 14c0,
pgpduced was absorbed and mixed with‘appropriate volumes of Carbe-sorb
and Permafluor V. The activity was mgésured by 1liquid scintillation

counting using an internal standard for quench correction.

E. RELEASE OF SOIL-BOUND T4C-PROMETRYNE BY PLANTS (FIG. 15)

1. Exposure and Growth
Five grams (oven-dry basis) of air-dried soil with bound i4c resiaues
was weighed into 60 x 15 mm sterile glass petri dish bottoms. In
triplicate sets, ten 3-day old wheat seedlings or four comparably aged,

e ey e W
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5.0 s6il containing bound 14¢-prometcyne

12 : -y
10 wheat seedlings (3-day old) . & soybean seedlings
planted . (3-day old) planted
T v S~ — '
Ca(N03)2. (NH4)2504 urea Hoagland's nutrient seclution
1 _ 1 L
’ l 3 weeks growth
20:180C day:night temperature
5500 lux light intensity
. 16 h light period
b S s
Plant Soil
‘b__'—i ’ | : - [ i ]
?' N
Shoot  ° Root Rhizosphere Rhizoplane
| L .
Qe— ; <
plant tissue Methanol:water extractions
analysis l
Methanol :water Soil
¢ 3 A
Column chromatography liquid scintillation  combust to 14c02
' : counting
Gas-liquid chromatography . ' liquid scintillation
counting

Fig. 15. Schematic Diagram for Plant Release and Uptake of Soil-Bound
14C_Prometryne
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though larger, soybean seedlings, were planted intﬁ-each‘dishbto yield
| six replicates for each fertilizer treatment. Four control sets
containing bound 14C residue soii and not contai&ing any plants, each
fertilized with one of the four different nitrogen sources, were also

_jnitiated. The whest trials were then fertilized with either 1.0 mL of

full strength Hoagland's nutrient solution; No. 2 or 8.0 pg of nitrogen

g-1  of soil as Ca(NO3)2, (NH4)2804 or urea. The soybean
trials were fertilized only with the Hoagland‘ﬁ::fétrient solution.
Control plants'grown in pesticide-free soil were used as Indicators ;}
background radioactivity levels. All trials were completed 1in

triplicate.

The plants were then transferred into a controlled en¥ironment
chamber under the conditions described above (section II.A.3.a). The
plants were watered daily to maintain the moisture content at field

capacity with deionized distilled water during the three week growth

period.

2. Harvesting !

At the end of the growth period, the plants in each set ;ere
harveéted by removing the root and soil mass from their respective
disﬁ%s. The soil mass was then vigorously shaken over cleéh sheets of
paper and the soil fractioﬁ, representing the rhizosphere soil, was

collected. As the mass was shaken, the plants were separated carefully

to avoid root damage. Soil tightly adhering to the root surface was then

A SO VI Y Y ———-4..4_‘,;,—--.——-_..;_‘.-.-&———"——--
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collected (rhizoplane soil). The soil was then stored at -100C for
further analysis. The plants from each dish were separated into shoot
and root, freeze-dried for 4 h at -500C, and homdgenized by finely

. ,——/\J .
cutting the ‘tissue. The plant tissues were then separately stored at

~100C for analysis of extractable and bound residues described later.
3. Soil Analysis

Both rhizosphere and Thizoplane soil samples were extracted with
methancl and water as pfeviously described (section II.A.4). The
methanol :water extracts and residual soil were similarly processed as

above (Section II.A.4).
4. Plant Analysis

- The analysis of the "radioactive residues in the plant tissues
followed the procedure as shown in Fig. 16 (Khan 1980). Both the root ™
and shoot tissues were thawed at room temﬁeraturei and repfeseAtétive
samples (200 mg) were removed for analysis. Thehtissues were extracted
initially with 20 mL of dried chloroform by blending at high speed for 5
min with a polytron. This mixture was then filtered under suction and
washed with chloroform. The chloroform extraction was repéated twice.
The combined chloroform (non-polar fraction) extracts were concgntrated
and analyzed Dy Liqgid scintéllation counting and gas-liquid
chromatography (Varian Vista ’series 6000 GLC) after clean-up on an

acidic aluminum oxide column described previously (section II.A.4). -
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_E Plant tissue (root ‘or shoot)
extract (i) chloroform .
(ii) methanol :water

[ : l

7 7 _ =7
extractable residues extracted plant
i ' residue
‘liquid secintillation counting . L
. ' combust to 14C02
U 4
(i) chloroform soluble (ii) methanol:water soluble

l

\ ~ R

cpldﬁn cproﬁatography . ‘ XAD-2 column
B _~~"gas-liquid chromatography methanol eluate
! h I ]
~ ~
"methylate HC1; 1000C
hydrolysis
pe column chromatography
N methylate
\ f' . - ’
- ] ~" gas-liquid chromatography . J,
- : . "
column chromatography
gas-liquid chromatography
Fig. 16. Plant Tissue Analysis Procedure (from Khan 1980).
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The chloraform insoluble-solid residue from the root 6r shoot -tissue
wa; then extracted with methanol (20 mL) Fof a total oF'three times and
then finally once with 20 mL of water. The Filtrétés were combined and
-the mefhanol was removed on a rﬁtary eQaporatdr leaviﬁg a concentrated
aqueous phase (polar fraction). The insoluble residue was FreezeFdried
and sample oxidized and - the radioactivity measured by 1liquid
scintillation counting. Because of the ‘small quantity of tissue

available, identification of the residues was not possible by using the

high temperature distillatioh procedure.

The aqpeoué phase was then cléaned up on a XAD-2 (20-50 mesh) coiumq.
(Khan 1980) by wéshing the adsorbed wat;f phase with water First:and
then eluting with methanol. The methanol eluate was concentrated and an
aliquot was removed for liquid scintillation counting. The remaininé
methanol was divided into two fractions for the identification of free
and conjugated derivatives. ‘One half was methylated with diazomethane
and analyzed by gas-liquid chromatography. The "~ other portion was
hydrolyzed with cbﬁcentrated HC1 and then heated at 1000C for 4 h. The

mixture was evaporated to drymess with a rotary evaporator, redissolved

in methanol, methylated, and injected into the gas-liquid chromatograph.

4
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T 7 III. RESULTS

*

A. PREPARATION OF SOIL-BOUND 14C RESIDUES

‘Foilowiﬁg the procedure of Khan and Hamilton (1980) for the
preparation of soil-bound 14C-prometryne. (section II.A.&), 40.6% of
the initial 1hC-prometryne inoculum had become bound in the soil after

121 days of incubation and this value increased to 53.7% after 475 days.

The proportion of ‘the bound nonpolar species (chloroform-soluble), which

. was subsequently;_ identified as pfometryne by the HTD method,

quantificatioﬁ of the'chlprpform eluate, and gas-liquid chromatogréphy,
was S4.1 and 52.7% of the totsl bound 14C after 121 and 475 days,
respectively. Bound polar (ﬁethanol—sqluble) sﬁeciés thus represented
20.9 and 23.0% of the‘£otai'bound radioactivity after‘12f and 475 days,
respectively. Analysis of the polar fraéfion permitted the
identification of the hydroxy derivative, hydroxyppometfyné.in the form
of the mefhy}ated anélog, prometone. The remaining radicactivity 625.0
and 26.3%) was thefmally decomposed to 14C0; during the high
temperhtur; distillation procedure.
The column clean-up procedure was quite"efficient in remaving
background impurities - and in recovering the herbicide and its

~derivatives. By/using spiked soil extracts, the percentage recovery of

. Pprometone, prometrvna('and deisopropylprometryne were 100, 97, and 9&%,

s

. respectively. N
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B. PROMETRYNE TOXICITY TO MACROPHYTES AND MICROPHYTES
1. Soybean Susceptibility .
Treated plants exhibited a significént Hecreése in both fresh and dry

weights compared with the ;ontrols (Fig. 17). Evéﬁ at the lowest

- prometryne concentration tes#ed_ (2.5 pg mL-1), fhere was a 21;5 and
37.2% reduction in the fresh and dry weighfs, respectively (Fig. 17).
(Pr‘obi.t plots for the weight analyses are in Appendix A and B).

g~ The decrease in the. weights oFlthe soybean plants, however, wés nof

_reflected in the protein analyses for any of the treatments. -fﬁg
Kjeldahiiprotein énalyéis inﬁicated that tae;e were wide fluctuations in
the protein content from 10 to 20 mg g-1 total dry weight (Fig. 18).

However, these proteinJQalues were not significantly at different the

-~

95% level.

Frotéin contents as ‘determined by Eﬂe Héftree protein procedure,
compared with Kjeldahl protein values, assayed considerably less protein
in the plant tissuegr(Fig. 19). Soybean protein contents ranged from 3
to 8 mg g-! total dry weight. However, as in the case of the Kjeldahl
results, protein contents in prometryne treated soybeans were not

significantly different from the control protein values (P=0.05).

Although the herbicide exposure had no effect on the progiin content

of soybean plants, exposuré to prometryne for 2 weeks did have

deleterious effecég‘\qgﬁuiﬁs growth. Individual biomass was reduced

significantly, even at the lowest conceniration ‘tested. In addition,

morphological effects were observed. Prometryne exposure resulted in

~

’
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Effect of Prometryne on the Fresh and Freeze-Dried Weights of Sofbean
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Figure 18
Effect of Prometryne on the Protein Estimates of Soybean (Glycine max

* (L.) Merr. cv. Maple Presto)-as Measured by Kjeldahl Analysis. Mean

- & S.E., n=b.
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Figure 19
Effect of Prometryne on the Protein Content of Soybean (Glycine max (L.)

) &
Merr. cv. Maple Prestc) as Determined by the Hartree Protein Assay. Mean

+ S.E., n=6.
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stunted growth énd' chlorg: A(Fig, 20), even at 2.5 pg ‘-1, Leaf

mortality of the plants.

e
2. Algae - Chlamydopohas segnis Ettl
\ P .

.

\

At the. end pf Ehe e;perimental pe;iod, qor;eshonding to G1 of the
cel%%cyéle; the syncﬁronous cuitures-ofgé.:géggigjEétl cei;§‘exposed.to-
acetoﬁe_(0.13% v/v) exhibited the same stepwise increase infcéll~nhmbers
as the:cahtrol,cultynes'(?iétf21). In both the control and ‘treated ééts,
the initial concentration of 20 x 104 cells -1 doubled to 40.1 x
104 and 37.4 x 104 cells mi-1, respectively. However, in “all
treatment sets with prome%ryne 60.75 - 12.0 pg mL=1), the concentﬁa—

tion of C. segnis Ettl cells remained unchanged at the initial inoculum

.level of 20 'x 104,

- Following 14 déys oF—growth,_the colony counts o} washed and plated
cells exppsee _to 12.0 -and. 3.0 pg mL-1 prometryne evidenced a 50%
fedﬁction in nAumbers and those ,exposed to 0.75 Yo ﬁL—1 prometryne
showed a 53242 reduction compared to the untreated controls' (Table 8).
Interestingly, in the contrpi sets, only 35% of 'Ehe‘ cells in the
origingr.culture survived the distilled water washes to form colonies on
the nutrie;t agar. However, in the 0.75 and 3;0 pg'mL-1, 35% of the

cells remained viable, Forminﬁ’colonies on the nutrient agarf

.
W ) ‘ ' '



Figure 20 . . d

Effect of Prometryne on the. Morphology of Soybean (Glxdine max (L.) ..

o

Merr. cv. Maple Presto).
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Fiqure 21

Effect of Prometryne on the Synchronous'tultqres of Chlamydomonas segnis

Ettl After One Cell fycle. Exposure was at the beginning-of the S-phase

(2 h before the dark cycle) and Initial Cell Numbers Wére 20 x 104 Cells
mL=1. Mean + S.E., n=6. - . ’ ‘

e
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o - Table 8 . s
Recovery of Chlamyacmonas segnis to Prometryne

Following Plating on Fresh Nutrij::/kgar*.

-

-

Treatment No. of Colonies/ . % of Inoculum % Control
' Plate
CoTtrQI o 1423+ 60.3 a** - 35 ar* -
Acetone-tontrol 1505 + 72.6 a ’ . QU a | 105.8 -
0.75 ug mL-} Prometryne 1090 + 132.2 b S0 & - 76.6
3.0 g mL-1 Prametryne 755 + 111.9 ¢ N3 53.0
12.0 pg mL-1 Prometryne 746 « 86.9 ¢ - 35 a 52.4

* Mean + standard error for 6 replicates

**Means Fqlloﬁed by diFFérent letters are significantly " different
, (P=0.05) " from others in the same column as determined by one-way
analysis of variance (ANOVA) and Student-Newman-Kuel's multiple range

test. _ ' ' ) -7 :

v

s
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3. HeterocystAStﬁdy - Anasaena spp. >

FollowingAtreatment with acetone (8.25% v/v), the Anabaena popuiatian
Showed a trend toward increésié@\ heterocyst frequency although this‘
increase ;és not significahtly different from the control sets‘gf‘the

-

90% level .(Fig. 21). An insignifitant reduction in heterocyst frequency

-was observed in cultures treated with‘q.1 pg mi-1 prometryne. However,

at . higher' concentrations of prometryne (0.5 to . 10.0 g mL-1),

heterocyst frequency.was significantly reduced by 65 - 93% (Fig. 22) at

the 95% level. Probit analvs;s of heterocyst frequency is in-Appendix C.

©
- - f
The effects of prometryne on Anabaena spp. persisted after the

herbicide was removed from the media. When the cells were washed and

‘then plated on nutrient agar, the prometryne-treated cultures continued

to show a significant reduction in growth compared with the control and
acetone treated sets (Fig. 23). Filamentous grdwtﬁ of Anabaena spp. was
observed in the control and acetone treated plates, whereas the

prometryne, treated cultures showed little filamentous growth.
Rt

4. Rhizobium jaﬁoniCUm and Klebsiella pneumoniae

Apart from one exégption, exposurefof K. éneumoniae strain M5A1 and
R. janni5uﬁ strain 61A76 to- the range of prometryne concentrations
(0.25 - 6.8 g ,mL—1) did: not evoke significant -effects on the
generation time (Fig. 24 and 25). In most of the concentrations tested,

the generatlon time remalned at the control levels, that is, 0. 78 h and

g

9.5 h for K. Eneumonlae and R. ]agcnlcum, respectively. The 51ngle
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Effect of Prometryne on the Heterocyst Frequency of Anabaena spp. After_
- o —-\h} . ’ ’

One Week of Growth. Mean * S.E., n=6.
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Figure 23

Recovery of Anabaena spp. From Prometryne EipOSure Following Diétilled

Water Washes and Plating on Pesticide-Free Nutrient Agar. Note Decreased:

-

Filamentous- Growth in Cultures Containing Cells Previously Exposed to
Prometryne. A-Controls; B-Acetone-Treated; C-10 pg mL=1 Prometryne;

 D-1.0 pg mL-1 Prometryne; and E-0.1 pg mL-1 Prometryne.
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Figure 24

The Effect of Prometryne on the Generation Time of the Nitrogen-Fixi

Bactefia, Rhizebium japonicum strain 61A76. Mean * S.E., nz=3. Note th

' Increased Generation Time at 6.8 pg mL~1 Prometryne. -
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Figure 25

The Effect of Prometryne on the Generation Time of the Nonsymbiotic

Nitrogen-Fixing Bacferia, Klebsiella pneumoniae strain MS5AT. Mean %

S.E., n=3.
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-
J;ﬁbeptions ‘were the sets of ]1. jagoﬁicum treated. with 6.8 pg mL-1
where a three-fold increase in the generation time from 9.5 h to 26.25 h

_was obtained.

C. ROOT ALTERATION OF SUBSTRATE pH

1. Hydroponic pH Changes
The sdurce of nitrogen plays an important éffect "m1“heﬂ root's
ability to alter the pH of the hydroponic solution (Figd. 26 and 27).
Wheat plants grown in distilled water_ elicited a steady decrease in
. solution pH to pH 4;3 after 12 days (Fig. 27). However, for plants grown

in Hoagland's nutrient solution, No. 2, there was an initial decrease to

.o »
pH 3.8 after 2 days. Following this, there was a steady increase in

solution pH to pH 7.2 (Fig. 26).

An immediate increase in pH was noted in the nitrate-fertilized wheat
-—-—/ . -

seedlings and no initial decrease in pH was apparent. The pH increased

steadily during the 12 days monitored (Fig. 26). As the nitrate

concefitration increased: the final pH value after 12 days of growth was

higher. At 25.0 pg ml-1 of nitrogen as nitrates, the final hydroporic

pH was pH 6.3 whereas for 50 ‘and 1000 pg mL-1, the final values were

pH 6.7 and 7.5, respectively (Fig. 26 and 27).

In the ammonium-fertilized seedlings, they produced an aciqification
of the solution irrespective of the source. “Both_'TNﬁL)zsoa and

NH4H2POy4 ©  fertilized plants resulted in  the same level of

.
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Figure 26°
ﬁheat Root Induced‘thénges of Hydroponic Solution pH Fertilized Qith

Different Nitrogen'Sources. Mean = S.E., n=6
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Figure 27

Wheat Root Induced Changes of Hydroponic “Solution pH ?grtilhzed with

Different Nitfogen Sources. Mean = S.E., n=6
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@ Distilled water -

A 500 pg/mi of N as Ca(NO3)2-4 H20
W 500 pg/mi of N as (NH4)2 S04
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acidification, "that is, pH 2.6 - 3.0 (Fig. 26). Even doubling the
concentrati?n of nitrogen as émmonium ions in_t(NHQ)zsUa fertilized
‘plants (Fig. 26) did not -alter the final pH (2.9). Higher concentrations
of ammoniﬁm were not tested due to tpé toxiecity of tﬁese,ions at high:
concentrations. Unliié ,th;_ steady increase in solution ~pH qu“
nitrate-fertilized plants, the m&gt dramatic pH changes for

ammonium~fertilized plants occurred within 2 days (Fig. 26 and 21).

When the plants were” provided with urea as the nitrogen source, there

was a definite scidification of the media "(Fig. 26). The .pH of the

. -solution after 12 days was hH 4.0 and the pattern of acidification was.

similar to that of plants grown in distilled water. However, the final

pH was significantly different from thé pH of the distilled water set -

(pH 4.3) at the 95% level of significance. -

2. _pH Microelectrode Analysis
. The gddition_ofiwheat'plants fo the soil significantly increased the
pH from the initial value.(Fig. 28). The wheat roots had alkali;ed the
soil from pH 5.4 to values greater thgi pH 5.8 within two days. As well,
the pH values fluctuated considerably during the gréwth period. Wheat
seedlings grown without any augmented nitrogen souéce exhibited higher
rhizosphere pH-values than seedlings fertilized with either ammonium or
nitrate sa;ts. Ammanium Fertili;ation appeared to lower the pH in the
rhizosphere while nitrate Fertili;ation had an intermediate effect.

[~

Generally, none of these differences were significant (P=0.05), and

consequently, no major trend in rhizosphere pH rélative to fertilization
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Influence of Nitrogen Sources on Rhizosphere Soil pH With Time (pH

‘Figure 28

Microelectrode Measurements). Mean * S.E., n=6. (One way analysis of

variance, P = 0.05).. N
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could be identified. Aftdc 14 days, the final values were pH 5.9, °S.8

and. 6.1 “for the control, ammonium-, _and® nitrate-fertilized plants,

respectively.
3. Wheat Rhizosphére and Rhizoplane pH

In Table 9, soil pH values for the rhizosphere and rhizoplane, as
measured from a soil suspension, are shown for ammonium-
- nitrate-fertilized plants. As in the microelectrode measurements, when

plants were-grown in the soil, there was an increase in pH from the

initial level of soil pH (5.4).

In each case, there was little difference in .soil pH betwe?n the
rhizosphére and rhizoplane. Control plants produced a rhizosphere and
'rhizoplane pH of 58 S:'L.milarly, the ammonium-fertilized plants gave
values of pH 5.8'and pH 5.7. Howevér, whest seedlings fertilized with
nitrate salts were asble to increase the soil pH s'ignificantly. In the

rhiZOSpheré and rhizoplane, a pH of 6.3 was obtained.

4. Fertilizer Influence on Soil pH

-
There was no difference .in the soil pH after the application of ény

of the nitrogen fertilizers (Table 10). The soil rémained at pH 5.3 in

all cases. As a result, the use of the fertilizers, by thenigel\.:es, did

not contribute significantly to any changes in pH.

.
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&
Table 9
Rhizosphere and Rhizoplane pH of Wheat
(Iriticum sestivum (L.) Merr. cv. Marquis) as Measured -
by 1:T (v/v) Suspension With 0.01 M CaCl,
Treatment o Soil pH* .

’ Rhizoplane " Rhizosphere
Control-No Fertilizer - 5.84 w 0.06 g 5.78 + 0.04 g
Ca(NO3)2 6.29 + 0.10 b - 6.34 + 0.10 b
(NHg ) 2504 5.74 + 0.06 a 5.83 + 0.10 a

* Mean + standard error, n = 6 ‘

**Means followed by different letters are significantly different
(P=0.05) as determined by one-way snalysis of variance (ANOVA) and
Student-Newman-Kuel's .multiple range test.

\..,\

-~
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Table 10

Influence of Nitrogen Fertilizers on the
Organic Soil pH

Fertilizer _ Nitrogen Source . Soil pH*
Control - No Fertilizer . (5.35 = 0.02 a*
goagland's.gtt;ient Solution NHg+, NOs3 5.35 + 0.02 a |
Ca(NG3)2 C . NO3 | 5.30 + 0.02 a
(NHg 2504 | NH 5.33 « 0.02 a
Urea ; ' HZNCONH2 ' 5.33 « 0.02 a

* Mean + Standard Error, r = 6 :

**Means followed -by different letters are significantly different
{P=0.05) as determined by one-way analysis of variance (ANOVA) and

. Student-Newman-Kuél's multiple range test.
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5. Root Mediated Changes in Agar
In Table 11, localized pH chénges around the wheat seedling roots
were recorded weekly for each fertilizer treatment. In addition, root

mediated changes in pH fé%bsoybeans féréilized wifh'Hoéglénd's nutrient

solution, No. 2, were also reported.

4

The control plates did not show any colour change from the initial
plates when the inde?tor solG¥lons were added. They remained constant
at pH 5.5. When wheat seedlings were grown under axenic conditions,
considerable colour changes of the pH indicator solution were evidenced,
|_representing changes in the agaf pH (Fig. 29 and 30)7 After the first
week; plants fertilized with Hoagland's ‘nutrient solution, No. 2,
displayed an initial._decrease from pH 5.5 to .pH 5.0 followed by a
subsequent increase to pH 9.5 in the remaining two weeks of the
experiment. Wheat plants grown'in the agar augmented by nitrate Eaits,
demonstrated no initial acidification but only a steady increase'id pH.
After three weeks, pH 8.5 was obtained by these plants. These patterns
~of pH change appear consistent with the hydroponic éolut?éﬂ pHﬂéhanges

described earlier (section III.C.1).

Similarly, a rapid acidification of the agar media was observed for

wheat seedlings grown , in  an ammonium-fertilized  media. This
acidification to pH 4.0 occurred within the first week of growth and the

level was maintained in the remaining weeks. Urea fertilization,

e
L5~

however, produced no-major change in pH during the three weeks the roots

were monitored.
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Table 11

N

"Time as Determined by p

Root Induced Changes- in Agar pH With

Indicator

Solutions (pH + 0.05)

Nitrogen Source Week
1 2 3
Control-No Plants ‘_ - " 5.5 5.5 5.5
Wheat
Hoagland  NHg+,NO3- 5.0 8.0 9.5
Ca(NQ3 ), NO3- ., 6.5 7.5 8.5
ENHQ)QSUa NH4+ &.ﬁ -‘h.U _ 4.8
.Urea HthONHz 5.5 5.5 5.5
Soybean |
Hoagland : NH4+,NO3- 5.5 5.2 ° 4.5
b
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Figure 29
Control Agar Plate After Three Weeks Without Plants.

Universal pH Indicatop Solution Added.
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Figure 30 -

Hoagland's Nutrient Plate With Wheat Seedling After Three Weeks of

Growth. Universal pH Indicator Solution Added. Note that the open space

in the agar in the upper left is due to displacement of the _agar by

plant growth.

——
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Unlike the wheat seedlings, soybean seedlings grown in sgar augmented

with Hoagland's nutrient solution, did not alkalize th 'medié during

three weeks of growth. Rather, the_ roots slowly ac1d1F1ed the medla S0
that after three weeks of growth the pH remained at pH h 5.

/

'D. EFFECT- OF CHANGE IN pH ON. THE RELEASE OF SOIL- BDUND 1“C-PR0METRYNE
RESIDUES

Altering the pH of the soil containing bound residues with buffers
(pH 4 to 8) and incubation for two weeks led to a differential release

in the soil-bound radiocactivity (Fig. 31). The released radipactivity

was significantly minimized at pH 4.9 while significant increases or

decreases {rom the original soil ﬁH of 5.4 resulted‘in more extractable

‘ radioéctivit . At pH 4.9, 15.7% of the total bound 14C was extractable

and 25.2% was)released at pH 8.0. Slmllarly, 24, 1a of the bound 14C

-

was released when the soil was incubated at pH 4.0.

{

Gas chromatographic analy;is of the cplé&of‘ m eluate ' (nonpolar
fraction) from fhe cleanup of -'these extracts 1nd1cated that only
prametryne was found in 'this : fraction. The hydroxy -analogue;
hydroxyprometryne, wHiéH was derivatized to prometone, was the only

product identified in the methanol eluate (polar fraction).

In most cases, the majority of the released material was the parent

herbicide (Fig. 32 and 33). Prometryne represented 65 - 72% of the

released radioactivity whereas hydroxyprometryne constituting the

'
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Figure 31 | | j
.Release of Soil-Bound 14C as a Function of the pH of the Incubated . T
Soil. Mean # S.E., n=6 ' S - :
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Figure 52 -
The Proportion of Released 14C-Prometryne and 14C-Hydroxyprometryne “From

Soil Containing Bound 14C as a Function of the pH of the Incubated

So0il. Mean + S.E., n=6..
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Figure 33

Relative Amounts of Recovered 14C-Prometryne and 14C-Hydroxyprometryne

from Soil Containing Bound 14C Incubated at Various pH. Mean #+ S.E.,

n=6.
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radicactivity (28 =+ 35%). N§ sigﬁificant difference (ANOVA and _SNK.
multiple range Eest, P=0.05) in th;i proportion” of prometryne to
hydfoxyprometryne ;as observed from one pH value to another, except at
pﬁ 4.9. In this céée, the amount of residues in the extractable fraction
was 46% prometryne and 54% hydroxyprometryne; Thus, there was a
significant pH effect, not only on the release of the soil-bound

"prometryne” residues, but also on the proportion of the released

derivative and parent herbicide.

£. RELEASE OF SOIL-BOUND T4C-PROMETRYNE BY PLANTS

1. Extractable 14C-Prometryne in the Rhizosphere and Rhizoplane
Soils J

Thé release of bound 14C residues in soil was found to be elicited
by the addition of the nitrogenous fertilizers (Fig. 34). In the trials
-without any planfs, there was a release of soil-bound radioactivity with
tﬁe addition .of the fertilizer solutions. Soil fbrtification with
Hoagland's nutrien£ sﬁlution, No. 2 released 16.5% of the soil-bound
radiocactivity while 7.5% and 4% was extractable following nitrate and
ammonium fertilization, respectively. Following the application of urea
as the nitrogen source, only 0.4% was extractable. There was no
significant.difference (P=0.10) in the amount of radioactivity remaining
bound (71 to 99%) in the soil for each of the fertilizer treatments
(Fig. 335.
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Figure 34

‘Distribution of Bound and Extractable 14C in the Rhizosphere (RS) and

Rhizoplane (RP} Soils Following Three Weeks of Plant Growth. The Plants

were Fertilized ‘with Different Nitfogen Sources. Mean * S.E., n=6.
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However, when plants were grown in s0il contaihing the bound
radicactivity, a different situation was established. In the rhizosphere
of soybeans, which were fertilized with Hoagland's nutrient’solution,

No. 2, 10.8% of the originally bound radiocactivity was extractable with

~ methanol; th{s was similar to the level of ektractability in the

Hoagland's nutrient solution of the controls that contained no plants.
However, there was a three-fold increase in extractable radiocactivity

(33.7%) in the soybean rhizoplane. In additionm, compared to the

controls, a significant decrease in bound radiosctivity remaining 'in the’

rhizoplane soil after methanol extractions was noted; no such difference

~

was observed in the rhizosphere fraction (Fig. 34).

In most of the wheat trials, compared to their respective contrels
(where no plants were present), nitrogen fertilization, whether as
nitrate, ammonium, or urea, resulted in significant (P=0.05) increases

-~

in extractable radioactivity from both the'rhiZESph;?é and‘rhizopiane
fractions (Fig. 34). The most significant increa;e was in the rhizoplane
and rhizosphereﬂ of urea-fertilized wheat where extractable levels of
15.9 and 12% were obtained “compared éo ‘U.Q% in the urea controls.
Nitrate-fertilized wheat seedlEngs released 14.3 and 11.8% of the bound
radioactivity from the rhizoplane and“rhizosphére respectively, cbmpared
to control levels of 7.5%, while 18.1 and 11.4%‘were extracted from the
rhizoplane and rhizosphere soils of ammonium-fortified wheat. These

levels were higher than the 4.3% extracted in the ammonium controls

without plants.

N
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Ne significant difference (P=0.05) between rhizosphere and rhizoplane
extractable residues was observgd' in the wheat fertilized with the,
Hoagland's nutrient solution, No. 2. In all the other treatments, there
were significantly higher levels of extractable 'radioacfivity. in the

rhizoplane compared to the rhizosphere (P=0.10).

Generally, after 3 weeks of growth of wheat, there was considerably

less 14C remaining bound in the wheat rhizoplane soil (P=0.05).

‘compared to the rhizosphere fraction. In the rhizoplane of wheat\

fertilized with the Hoagland's nutrient solution, No. 2, 60.4% of the

initiallwbou radioactivity still remained unextractable, while 91.8%
remaingii;:ﬁﬁ:din the rhizosphere. For niirate fertilization, 75.6 and
90.7% of the ‘initially bound radioactivity remained bound. in the
fhizoplane and rhizesphere Fractions, respectively'compared to 99.4% in
the control. Ammonium-fertilized wheat seedlings left 66.0 and 90.7%

bound in the rhizoplane and rhizosphere soils, respectively, in

comparison to 88.8% remaining bound in the unplanted ammonium control.

Compared to the control soils, there was no significant difference
(P=0.05) in the amount of radioactivity that remained bound in the
rhizoplane and rhizosphere soils after the growth of urea-fertilized
wheat seedlings. In the urea contorls without any plants, 74% of the
initially bound radiocactivity remained bound after 3 weeks. Wheat growth
for 3 weeks resulted in 65 and 92% of the originally bound radicactivity
remaining wunextractable in the rhizoplane and rhizosphere. ' The

rhizoplane contained more bound radiocactivity than the rhizosphere

(P=0.10).
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2. Plant Uptake of Released 14C-Prometryne

Uptakeh of the released 14C-prometryne residues by fhe individual
plants was very low, irfeSpective of fertilizer treatment or plant
- species.” In each case, approximately 1% of the previously soil-bound

radioacfivity was taken up by each plant (Table 12). There was no

L
T

significant difference in uptake at the 95% level.

3. Partitioning of 14C~Prometryne in Plant Tissues
In all four wheat-fertilizer freatment sets (Fig. 35), there was an

equal distribution of radioactivity between the root and shoot tissues

(approximately'SU%:Sﬂ% root:shoot). No signiFicant difference (P#U.TO)'
was obtained in -root-shoot distribution in any of the treatments.

However, significant differences (P=0.05) were. observed for soybean

seedlings. 75.5% of the total plant radiocactivity wag found in the shdbt

tissues leaving 24.5% in the roots.

Gas-liquid chromatographic analyses of both the wheat. and soybean
extracts identified only the parent bherbicide, prometryne, in the,
chloroform-soluble  fraction. In the methancl-soluble fraction,
hydroxyp;ometryne was identified in the hydrolyzed fraction with little
detected in the' unhydrolyzed fraction. Insufficient plant tissue was
obtained to extract and identify the plant bound residues by high

-

temperature distillation technique.
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Plant Uptake of Soil-Bound 14C After
3 Weeks of Growth

" Table 12

. Treatment : o % of Tot?k Soil-Bound
C

(per plant basis)*
{drvy weight basis)

wheaf

Hoagland's Nutrient Solution 0.%94 = 0.14 a;*
Ca(NO3)2 1.23 + 0.18 a
(NHa)zsoa- : : 1.11'+ 0.14 a
Urea - . 1.27 + 0.38 a

Soybean

Hoagland's Nutrient Solution 1.09 = 0.28 a

* Mean * Standérd Error, n = 6
**Means followed by different letters are significantly different

(P=0.05) as determined by one-way analysis of variance (ANOVA) and

Student-Newman-Kuel's multiple range test.

e e p——————se =



Figure 35 . ~—
Distribution of 14C Between Root (R) and Shoot (S) Tissues of Wheat-and

Soybean. Plants were Grown for Three Weeks in Soil Containing Bound 14C

Residues and Fertilized with Differenmt Nitrogen Sources.

RN
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a; RoSt Tissues : : \\\\\ . : .
In the wheat root tissues (Fig. 36), the chloroform soluble }raction
(ie. prometryne} represented ZU to 25% of the total radiocactivity in thé
wheat while 17 to 20% was,Foundf}n-the polar fraction (methanol:water
soluble). In addition, 11 to 15% of the total plant radioactivity
remained unextracteble in the plant tissues for the four fertilizer
treatment sets. There Qaé no significant difference (P=0.05) in the
partitioning or radioacti#ity'in the wheat root tissues for any .of the

-

fertilizer treatments.

However, in soybeans, less radioactivity was partitioned into the
root tissues (24.5%). Within the root tissues, 7.4, 8.9, and 8.1% of the
total plant radicactivity was found in the chloroform, methanol, and
bound fractions, respectively. No significant difference (P=0.10) was

g

observed between these three fractions.

b._Shoot Tissues

In the wheat Fertilized with Hoagland's nutrient solution, No. 2".
and with nitrate salts, there was a significané. inérease in the
proportion of cﬁloroform-soluble (ie. prometryne)'radioactivity in the
shoots compared to the root tissues (Fig. 36). In both of these caé;s, i
in the root tissues, 20% of ;he total plant raﬁioactivity was soluble in-
chlbroform whereas in the shoots of the Hoagland- and nitrate-fertilized

plants, chloroform-soluble residues constituted 26.1 and 29.7%,

respectively. Both values are significantly higher (P=0.05) thap those
- ' —

-
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Figure 36

Partitioning of 14C in the Tissues of Wheat and Soybean Into Chloroform-

7 and Methanol-Soluble and Bound Residues. R-Root Tissues; S-Shoot

.

Tissues. Mean * S.E., n=6.
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obtained from -the root. In the ammoﬁium— and urea-fertilized wheat
seedlings, no significant chénge in the quantity of 1“C—prometryné
residues in the shoots was noted at the 95% level.

In soybean shoots, however, the;e was a three-fold increase in the
amount of 14C-prometryne’ compared to the root tissues (P=0.05)
indicating a higher rate of transpoft of the herbicide to the -éhoot
tissues than observed in the wheat. The chléroform Fracfion of shoot

tissues represented 26.2% of the total plant radiocactivity compared to

7.4% in the root tissues.

In the shoot tissues, the partitioning of the radioactivity in the

/T;;Thg fraction (methanol:water soluble) was the same as in the root in

-

most cases. In wheat shoot tissués, methanol :water were able to extract
15 to\ZD% of the total plant radioactivity. Urea fertilization of wheat,

compared to other fertilizer treatments, was the only case which showed

a significant increase (P=0.05) in the quantity of hydroxypfpmetrxpe.in ‘

the shoot.

Similarly, in soybeans, there was a five-fold incdrease in the hydroxy
derivative from 8.9% in the root to 47.4% in the shoot. This level of

radioactivity in the methanol:water fraction was alse significantly

" higher (P=0.05) than any of the wheat fractiong.

The proportion of the total 14C bound to shoot tissues was lower

than the.level‘bbsarvéd in the roots. For wheat, approximately 4.3% was

biologically incorparated and unextractable by solvents. Binding of
: “ ) y

-t s
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radioactivity was lower in the soybean shdots (P=0.05), representing

only 1.9% of the total radioactivity in the plant.
. | Iv. DISCUSSION

A. PREPARATION OF SUIL—BUUND‘1“C RESIDUES

In the resolution of the thesis, a' major emphasis was placed upon the
actual production of soil-bound 14C-prometryne residues aﬁd their
potential for subsequénf recycling. Consequently, it wag important to
maximize the levels of binding of the herbicide in the soil..In previous
studies, it was demonstfated that the binding of 714C-prometryme to
soil i&creased rapidly to a .steady ‘ievel witgiﬁ 150 days (Khan and
Hamilfoﬁ 1980). By dudplicating these péocedures ;and analyseé' in the
present set of exberiments, it was observed _that the‘ soil contained
.40.6% and 53.7% bound (nonextractable) fadioagtivity after 121 and 475
days,'respectively- The level of binding ;5 consistent with those found
previously where 43% 5ecame bound after?150 days (Khan and Hamiltén
1950) and increased to 57.4% after one year of soil incubation (Khan and

Ivarson 1981; Khan 1982a).

Similar time course studies hayve shown that the binding of pesticides
to organic soils was not a phenomenon " exclusive to prometryne, although
there may be.differenceg in'the pattern and level of binding obtained.
For example,_a variety of trifluoromethanesulfonanilide pesticides and
their analogues rapidly bind and reach equilibrium levels (20 to 402 of

the amount of 14C applied) within 2 to 3 weeks (Bandal et al. 1976).



|
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Recovery of 14C-parathion as bound residues after one to five soil ap-

plications reached maximal levels of 20 to 40% in four weeks. However,
given ten applications, the same levels were obtained within one week

(DeAndrea et al. 1982).

Until recently, the nature of the soil-bound species could not be

evaluated. In 1980, Khan and Hamilton, Géihg a high teaperature distil-

& -
lation procedure, found the presence of prometryne and its 2-hydroxy

analogue, hydroxyprometryné,'aé the bouﬁd species in the incubated soil.
In the present set of experiﬁents, the parent herbicide, prometryne, was
the only species present in the chloréform~soluble (non-polar) fraction
and thus, represents most of‘the ra&ioactivit9 that was bound to the
soil (approximately 50% of the total 14C.bound). The remaining seques-
tered radioactivity was found incthe methancl-soluble (polar) fraction
and Snly-hydroxyprometryne was identified in this fraction. ﬁowever, the
presence .of the mono-N-dealkylated product namely, 2-(methylthio)-
&-amino-s—(isgp{gpylamino)-§—triazine, the di-N-dealkylated product of
prometryne, tﬁét is, 2-(methylthig)r&,6-diamino—§-£riazine, and unident-
ified methanol-soluble materials was also determined as bound species in

previous studies (Khan and Ivarson 1981); Khan 1982a). The inability to

determine the‘presence of these analogues in this project may be due to

the lack of sufficient materials in the samples. The lack of reference

standards prevented the testing of recoveries of all analogues.

The presence of the parent herbicide as a bound species may indicate
that soil binding may not only be a chemical binding process but also

include some physical interactions. In past studies, binding has been

o s d e A
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envisioned as a chemical stabilizing reaction between phenolic hydroxylé
in the humic substances and -free-aromstic amino groups of the pesticide

or its metabolftgs (DeAndrga et al. 1982; Helling and Krivonak 1978a;

Katan gg_gl.'f976)..The binding of 3,4-dichloroaniline, a major degrada- .~

tion product of se&gral herbicides including prbpanil, diuron, and linu-
ron, to humus was ﬁostulated to involve covalent binding of the chloro-

anjline and quinone groups of ssoil humus (Saxena and Bartha 1983a,b; You

et al. 1982). Other anilines have been shown to cross-couple with

quinone sites of humic substances (Bollag et al. 1983).

4

Triazine herbicide binding to humic constituents was envisioned to~

involve ionic bonds (Hayes 1970; Sullivan and Fellbeck, Jr. 1968),
hydrogen bonds (Stevenson 1972), electron donor-acceptor complexes
(Muller-Wegener 1977), covalent bqnds (Hayes 1970; cf. Stevenson 1972)
and free humic ‘radical interactions (Dunigan and Melntosh 1971;
Stevenson 1972). However, the presence of the unaltered parent’ herbi-
cide, proéetryne, itself as a major bound specles, implies- that phyéiéal
bindiqg in addition "to cheﬁical binding, may play a major role in the

formation of soil-bound residues (Khan 1982z).

Schnitzer and Khan (1972) theorized that humic substances are com-

posed of "building blocks" (benzenecarboxylic and phenclic acids) held

4
e

toéether by hydrogen bonds, van der Waal's forces; and pi bonding. This
- "gpen" and flexible structure consists of holes or voids of different
dimensions that can trap or fix organic and inovﬁgﬁip compounds that

fFit into these holes (Fig. 37). Based on these conceptualizations,
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Figure 37
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gy

A Proposed Partial Chemical Structure for Fulvic Acid (from Schnitzer

and Khan 1972).
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soil-Sihding may also involve the "adsorption of the pesticide or deri-
vatives on the external surfaces and entrapment in the internal voids of
a moiecular sieve type arrangement" (Khan 19823). Consequently, .the

formation of soil-bound - 14C-prometryne residues appears consistent

with previous findings and .theories.
B. PROMETRYNE TOXICITY TO MACROPHYTES AND MICROPHYTES

1. Soybean Susceptibility

L

The herbicidsal. action of prometryne was quite apparent in the growth

of soybean. Considerable decreases in_fhe wet and dry weights of the

plants was obtained following treatment with 2.5 pg ml-1 prometryne.

This reduction appears to be related to the phytotoxic interference of

v :
photosynthesis by triazine herbicides (Ebert and Dumford 1976).

Triaéine herbicides are known to block the photosynthetic electron
transport system at the level of photosystem II of the Hill reaction
(Ashton and Crafts 1981). This blggkage appears to be at the second

_electron carrier, called "8", which is unable to be reduced by electTons
released by the primary electron acceptor, "Q" (Pfister and MArntien
1979). The herbicide binding site is thus postulateé/zz\be a receptor

protein of "B" (Arntzen et al. 1979; Gardner 1981; Pfister et al. 1979,
1981). :

¥




- 105 -

—

Consequently, redgction_s in the soybean weights-Following-prdmetryne
treatment may be relatgd to a:decrease in the redﬂcing power produced by
the light reactions. The lack of reducing power, therefore, would inhi-
bit ca;bc‘m dioxide fixation_ (Beruter and Temperli 1970; Sikka.and Davis
1969).__and _lead tlo less photosynthate available to the plant. Since less
photo.s'\;y.nthate' is available, carbohyd;'ate concentrations  in the piants
would be expected to decrease due to metabolism to €02 or metabolic
conversions to amino acids and prctein's (Bolher-NordenkarﬁpF 1979). A 15%
reduction in the concentration of sugars in spinach leaves were obserﬁed'
by Singh e_ti._z_a_l_. (1972b) following foliar application of simazine. Simi-
.lar_reductions in carbohydrates in pea and corn seeds were also appa-

rent. 'Singh et al. (1972a) found a comparable decrease in the total

carbohydrate content in Phaseolus wvulgaris along'with a con_comitant

increase in protein content in plants treated with sublethal concentra-

tions of triazine herbicides.

Plant damage and death by triazine herbicides does not appear te be
primarily due to the lack‘of photosynthate available to the plant, but

rather to a photo~oxidative process through the formation of free radi-

cals as detailed by Bolhar-Nordenkampf (1979) and Ashton et al. (1963).

- £

Two major photo-oxidative schemes are described, both medi<ated by
atrazine. The first involves an incomplete blocékage of electron trans-
port at photosystem II coupled with a complete inhibition of carbon
dioxide fixation. This resulzts in an excesg of electrons at photosystem

I. To compensate for the‘surplus of electrons, free radicals are._
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produced with oxyéen which can photo-oxidize the leaf tissues. fhé
plant is able to protect itself, initially, by photorespiration which
activates superoxide dismutase to form hydrogen peroxide, and thus oxi-
dizes glyoxylate to carbon dioxide. This protection seems to inQolve use
of the'carqgenes, fatty acids,‘and,photorespiration..Most of the stored
carbohydrate; aée photorespired or metabolized to amino acids and pro-
teins. Eventually, reserves are depleted and the protective mechanisms
are gone, leqving the photo-oxidation to océup. Pigment photo-oxidation
occurs first, followed by leaf defects, and evéntual-irreversible damage
(Bolhar-Nordenkampf 1979). The weight decreases. in the prometryne-

treated soybeans’ and variability in proteinicontent may, therefore, be

partially due to the photorespiratory protective mechanisms.

Giannopolitis and Ayers (1978) propose a similar scheme except for a
different role of the free radical. With no electron transfer, the
photoexcited chlorophyll molecules are unable to channel all of their
énergy into electroﬁ)&ransport, but rather partly reacts with oxygen
(bleaching) and ;:rify- with an unsaturated fatty racid, removing a
hydrogen atom (Packer and Heath 1968). This begins a cyclic peroxidation
chain where the hydroperoxides formed can attack chlorophyll and other
components. The photo-oxidation (bleaching and lipid peroxidation)
occurs after the supp1§ of NADPH is depleted since NADPH functions as
the reducing potential in an enzymatic cyclic epoxidation process in the
carotenoid system (Giannopolitis and Ayers 1978). Lipid peroxidation can
result in increased membrane permeability and electrolyte leakage

L]

(Crowley and Prendeville 1980) .as well as decreased input of ATP
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required for membrane integrity which is necessary for sctive transport

(Moreland and Hilton 1976)%.

.

In these experiments, fluctuafions in__the protein conteqt of the
soybeans wer}apparént although such deviations in protein were not
significant. ese results were apparent in both the Kjeldahl nitrogen

and Hartree protein assay procedures although the .K&éldahl nitrogen

assay measured 2 to >-fold higher protein contents.

Increases' in protein content with tr}azine treatment noted in the
present study may be attributab}e to several causes. Hdwever;‘the most
likely is that the.higher pratein content is due to the reduction in dry
weight of the plant without a corresponding decrease in protein or
nitrogen content (Monson et al. 1971; Singh et al. 1972a; Tweedy et al.
1971; Vergara et al. 19?0). Another possible ‘explanation for the
different protein results is that the assiy procedures may detect or
measure the herbicide or the metabolites,}partiéulafly with the Kjeldahl
nitrogen -assay. Since prometryne contains nitrogen, the .Kjéldahl
analysis may be senéitivé to this form of nitrogen. In aApreliminary
test, 'samples of the herbicide were 'subjected to the analysis and the
‘test was able to assay almost all of the nitrogen present in the
-molecule (91%). Consequently, the effects of promeiryne on the Kjeldahl
protein may be the resu1£ of decreasing plant material and increasing

\

guantities of prometryne to aésay. The' Hartree protein assay, used ia '

this stddy, demonstrated the same type of fluctuations in the protein

contents of the prometryne-treated plants as the Kjeldahl nitrogen

[

assays. However, these fluctuations may have bééa:gii:fszé}i/feduction

i
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(

in- dry weight of the plants. In addition, the reaction of the

-

Folin-phenol reagent used in this assay is variable with different

proteins (Lowry et al. 1951).

Whitenberg dand Flippen (1977) argue that prometryne does not directly

affect protein synthesis but rather acts on some _cofactpr(s) or
intermediate(s) essential For.their synthesis. A possible candidate is
adenosine triphosphate .(ATP) which is éssentigi for some steps in
protgin synthesis. Prométryne has been de;onstrsted to block oxidative
' phosphorylation in soybean mitochondria (McDaniel and Frans 1969). This
blockage will result in 'iower levels of ATP available for protein
synthesis. Whitenberg and Flippen {1977) further suggest that protein
, effects are due to accelerated senescence due to prometryne's blockage
of the photosynthetic pathways.

In any case, in the present ;tudy prometryne was demonstrated to be
extremely toxic'to soybeans for the concentrations tested. Reductions in
plant weigh£, incomplete development, and chlorosis in the soybeans

bresently represent the onset of necrosis and senescenrce in the‘piant.

2. Algae - Chlamydomonas. segnis Ettl

Addition qf acetone (0.13% v/v) to synchronous cultures of C. segnis
Ettl did not affect the population growth, or division and release of
autospores. Consequently, any changes in the population growth oF'the.E.
segnis  Ettl cultures when treated with. proﬁetryne could not be

attributed to the organic solvent acetone.

o
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L. segnis éttl cells in all .treatment_ éets exhibited a 100%
inhibition of cell divisidn. That this was én algistatic effect (and not
algicidal)'was illustrated when thé cglls were p}ated on'nqtrient agar.
Compared to &he control vélues, -the colony éounts of the tréated
cultures were SO%Viower, indicating the dggree of inhibition of cell
division. However, relative to the number of cells indculated- per plate,
the proportion of treaged cells able to divide -and form colonies was
higher (at the 90% level of significance) compared to the controls (50%
vs. 35%) although not sigdificantly higher at the 95% level. Subsequent
recovery by a §gg$ent of the phﬁulation may have been the result of .

cellular recovery to prometryne exposure coubled_with the release and

germination of autospores.

The acute algistatic effects of prometryne on C EéﬂiliE. Ettl are
consistent w1th the chronic algal effects detailed in the llterature and
" with the biochemical actlon of the herbicide, as detalled above. Dav1s
et al. (1976) ‘observed that prometryne 1nh1b1ted the g;thh of Chlorellas
Ezren01dosa, as me35ured by . chlorophyll content at concentrations
greater than 0.024 pg ml-1 (10-7 M) and it'was stimulatory at lower
‘concentrations. Simiiar results were obtained by Hawxby et al. (1977)..
Chlorella pyrenoidosa and Chlorella vuléaris-were shown todbe inﬁ?ﬁéted'

by atrazine (Leoppky and Tweedy 1969). Chlamydomonas reinhardi and

Chlamydomonas eugametos were also sensitive to atrazine. The sgensitivity

of these green algae to prometryne and atrazine was attributed to the
inhibitory effects of these herbicides on photosynthesis (Davis et al.
19765 Hawxby et al. 1977; Loeppky and Tweedy 1969). Ashton et al. (1966)

also found that atrazine hindered cell development in Chlorella

i? B
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vulgaris. They hypothesized that this may have been due” to a-. lack of
sufficient energy or failure of the Ct;ils to atfain a critical cell
volume. In the present study, the inability of C. segnis Ettl to
cbmplete cell division, when-exposed to prometryne during the S-phase of
the - cell cyle, would asppear to implicate somé dysfunction of

macromolecular synthesis as detailed above for soybean.

//;'I({d\\"‘ .

T

3. Heterocyst Study - Anabaena spp. /

-

.

3“&,;-'

Acetone .(0.25% v/v) evoked a g}}é t, though not statistically
P :

significant, stimulation in heterocyst. formation in Anabaena. Other
studies have shown that acetome in concentrations less than 0.6% (v/v)
stimuléteda bhotosynthefie activity in Anabaena spp. while nitrogen
fixation wés stimulated with éoncentrgtions less than 0.4% (v/v)
{Stratton et al. 1980; Stratton and Corke 1981). It has been theorized
.that the increase in these physiological functions may have been ihe
result. of “acetone-induced membrane damage and cénSequently increase

membrane permeability (Stratton et al. 1980). Similar mechanisms may be

responsible for the increase in heterocyst frequency.

In the present study, prometryne severely affected the formation of -

heterocysts in Anabaena spp. Heterocyst frequency was reduced by 10 to
93§' in the prometryne treated cultures (0.1 - 10.0 pg mt-1) compared
to the controls. ‘An indirect correlation between prometryne
concentration and heterocyst Fr?quéncy.was obtained. This influence may
have been due to the combined nitrogen in the.prometryne molecule which

could inhibit heterocyst formation like ammonia (Tyagi 1975) or to the

. e
o b Rk ke o B < g el ot i it Bk e b

-
aye -

PrEEEP R

Hawa TR A e

EASPAEE

FUPRTPICVETEI

T e d
FlebiEthan

SCCA T A



~—— . -

2,109 -
albicidal effects of the herbicide itself. When the cultures were pléted

on nutrieﬁtiégar, all of the treated cultures showed reduced filamentous

_ growth when compared to the ’contrals; This appears to “indicate that

~ prometryne affected morphogenetic e;ents'including‘heterﬁcyst formation.
Hawxby ég al. (1977) observed  that  prometryne- decrga#edj

: ;hdtosynthetic activity ana increased the geﬁeration time of A,

- varisbilis. Atrazine was shown to be equally toxic to- Anabaena épp._py

blocking the photolysis of.water and interfering with primary electron

transfer (Hawxby Eﬁ'ﬁl- 1977; Stratton and Corke 1987). As af&esult 6f'

these studies, f*prometryne, like other triazinme herbicides, is able to

exert different herbicidal effects on the growth of ~the three,
taxonomically very different photosynthetic species, soybeans, C. éegnis
Ettl, and Anabaena spp.

4. Rhizobium japonicum and Klebsiella'pneumeniae

-

The effects of prometryne- on the growth of the nonphotosynthetic

nitrogen-fixing bacteria were less pronounced. Klebsiella pneumoniae
strain MSA1 was not affected by 0.25 to 6.8 pg mL-1 of prometryne

while -~ the highéét « does of prometryne (6.8, pug mL-1) “alone,

deleterTously affected Rhizobium japonicum strain 61A76. The doubling

signal potential cause for' concern in areas annually treated with®

prométryne. Lower concentrations of prometryne did not affect the

gengration time. Rhigobium spp. has been previously shown to be aFFeéte&
y 10 pg mt-1 of prometryne or simazine (Kaszubiak 1966). Effects- of

prométryne may be due to its iofluence ngirespiratory processes

-

time increased from 9.5 h in the control sets to 26.25 h and this may ¢

A
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a(MéDaqiel and Frans 1969; . Thompson et al. 1974, 1969) or .its partial
ability to replace uracil in RNA or thymidine in DNA as demonstrated for
E. coli (Temperli et al. 1966). The difference in threshold concentra-
tions may be explained by the use of different culture media and differ-
-ences in straihjﬁﬂiz;ance. Differential susceptibility of Rhizobium and
othef'bacteria to herbicides is known to be pH deﬁendenf\CBalicka 1969;
" Kaszubiak 1966), species (Gillberg 1971), and strain dependent (Tu
1982). - ‘

The relative insensitivity of the gram negative R. _japonicum and K.

pneumoniae to the low concentrations of prometryne may be due to the
-

-

ﬁrelafive nonpolarity in nature of the herbicide, and thus may be unable
to penetrate the bacterial cell in sufficient quantities or to inhibit
any membrane or celi wall surface activities" (Breazeale and Camper
1972). This may not be the case as prometryne has been Fougd to
penetrate E. coli cells (Temﬁerli et al. 1966) and atrazine sorbed by

Acinetobacter spp.,.Cztthaga spp., and Pseudomonas fluorescens (Geller

1979). However, although these two species were rélétiyely insensitive
to the herbicide (based on changes in growth rates), it is evident that
the high concentration of prometryne (6.8 pg ml-1) may potentially

affect some metabolic processes to elicit igereased generation times.
g

-

C. ROOT ALTERATION OF SUBSTRATE pH
1. Hydroponic pH Changes . ’
The major;aim of these studies was to demonstrate the root's abiiffy

to” alter the pH of the surrounding substrate, particularly in “the

TS



- 1M -

H ' S -

- extremely localizgd regions of the rhizosphere and rhizoplane. Initial
studies were carried out in-hydropénic soiutions to détérmine fhe types
of .pH response that could be elicited under different nitrogen
fertilization regimes. The abilit§ of: plant; to increase the pH of the
surround;qg solution when provided with nitrate salts and decrease under
ammonium'fFertilization is well documented (Nightingale 1937). For

example, tomato ﬁ;ants were shown to increase the solution pH from pH -

5.5 to pH 6.5 and decrease to pH 4.0 when provided with nitrate and

.- ammonium salts, respectivelystirea fertilization led to an intermediate

decrease, to pH 4.5 (Kirkby.énd Mengel 1967). Corn roots in nitrate
solutions after eight days increased the solution pH to pH 7.1 and
decreased to pH 4.2 in . ammonium-fertilized }solutions (Blair EE..EL;
1970). The pH alterations of the hydroponic solution by the wheat plants '

used in the present studies appear consistent with such findings.

The Gptake of the nitrogen species and éubsequent extrusion of
counter-ions follows the basis -of maintenance of electro-neutrality“
across membrane surfaces (Donnan 192&).‘As anions are abgbrbed across
the plant membrane, as in the case with nitrate éaltsy-the'uptake is
balanced by either an equivalent uptake of ‘cations or release of
equivalent amounts of anioﬁs, such as hydroxyl and/or bicarbonate
(Kirkby and Mengel 1967; Walker 1960). In most cases, however, a
corresponding .equivalent wuptake of c;tions (eg. K+) is the major
process present while qnion exchange is less likely (Mengel 1971). }he
actual reason the pH of?the solution rises is due to the diffusion,Froé

7

the root of hydroxyl and/or bicarbonate ions which are produced by .

nitrate reduction ‘(Mengel 1971; Raven and Smith 1976).



- 112 -

~

Ammonium uptake from - the nutrient solutrion fesults in ean
,aéidification éf the media,-as détailed here, ahd hy brevious workers.
As before, cgtion _(NH4+) upgake is compensated by an extrusion of
protons iqﬁo Fpe surrounding  media iﬁ‘ épder to maintain
glectroﬁeutrélity across the membrane surface (Hedley et al. 1982; Jenny
“and Uverskreet 1939; Nye 1981). This results in the decline of pg in the
media. The rapid decrease in pH can be- attributed to the raﬁid

absorption of mbn&bglent ions such as NHg+ (Jacobson et al. 1960).

In Erder to fully -appreciate the role that ions play in the
alteration of pH in the solution, a distinction between physiolegical
acidity or alkalinity of a salt is required. This is dependent upon
" which ion of the sait, éatiﬁn or anion, is most rapidly absorbed (Moore
1971). In general, monovalent lons are more rapidly absorbed than di- or
bolyvaient ions, whether they be cations or'anidns (Hagen and Hopkins
1955; Jacobson et al. 1957, 1960; Leggett and Epstein 1956; Maas 1969;
Moore et al. 1961a,b; Stenlid 1957). Iherefore, in the nitrogen sources
used, calcium nitrate would be bhysiologically alkaline since calcium

"jons enter slowly relative to the nitrate ions. Ammonium sulfate would

be physiologically acid ¥orresponding to the imbalance in cation-anion

- absorption rates. Ammonium phosphate appears to be physiologically acid

as ammonium sulfate. This acidity may be due to the dependency of anion

uptake on cation absorption (Dejaergere et al. 1980).

Ion uptake, both anionic (nitrate) and cationic (ammonium), has been
postulated to be an electrogenic process [Bowling and Dunlop 1978;

Bowling 1980; Hanson 1978; Raven and, Smith 1980). Generally, protons are

A e 4 s caga e e e
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extruded across the membrane surface through elther a translocatlng

ATPase or oxido-reduction, creating an electropotential across the root

membrane. This electropotential provides the energy required to sbsorb

ions as shown in Flg 38. For the most part, anion uptake occurs as the

* proton and anion pass through a proton-coupled symport. Cation uptake,

on the other hand, proceeds through a uniport so that the proton remalns

on the out51de to maintain electroneutrality .(Raven and Smith 1980)

" This viewpoint is consistant with the Flndlngs observed in the

hydroponic solutions followed in the present study.

Also, the intermediate results of urea can be viewed consistent with
this theory. Urea, being virtually unchanged, would be expected to be
physiologically neutral and cause no change in pH. However, a

ignificant reduction in pH was observed although not as great as

oi;fined with the ammonium fertilized wheat seedlings.-this drop in pH

be due to the originmal proton extrusion from the ATPase or the

oxido-reduction.

In the case of Hoagland's nutrient sclution, the rise im pH on -
subsequent days indicate increases in anion uptake relative to cation
uptake. This increased anion uptaké may be the result of cationic
depletion or to pH effects on cation absorption. As the pH decreases,
the protohs'are-believed to compete with cations for absorption sites,
such as the uniports-(Moore 1971). In addition, protons can be damaging

to the roots. It has been pointed out that thesé protons increase cell °

_ permeability and allow constituents to leak out (Jacobson et al. 1957).



, | - 114 -

Figure 38

Some Componments of the 'H+' Chemiosmotic .Hypothesis (from Raven and

Smith  1980). = (1) H+-Translocating Afﬁase; (2) H+-franslocating

Oxidoreduction; (3) H+*-Coupled Anion (A-) Symport; (4) H*™-Coupled
Neutral Solute (S) Symport; (5) H+-Coupled Cation (Na+, CaZ+,

Represented as C1+) Antiport; (6) Cation (K+, NHz+, Represented.as C2%)
_Uniport. '

.
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Since cation absorption is suppressed by the low, pH, anion uptake is
ugaffected and begins to rise relative to the cation uptake. Conse-

quently, the pH will increase as more anions are taken up.

Another concern raised was the pH values observed with Hoégland's
nutrient solution, No. 2. There was an initial drop'in pH aFter,Z:to 4
days, indicating an excessivé‘cation Uptagg relative to anions. Similar

‘observatiéns were made by Hoagland and‘Béyer (1940). The sﬁecific ions
involved in the increaseg uptake of cations relative to anions at’ this
stage is difficult to diFferenfiate due to- the complex mature of the
nutrient solutions. However, if emphasis is focused on nitrogen sources,
since plants have a high demand for qitrogen, the rapid initial deqrease
in pH may be attributed to the ammonium lons which pass thfough the
uniport in order to compensate for proton extrusioﬁ by the ATPase or
oxido-reduction. Ammonium uptake would then be considered to be a Faéﬁer
process than nitrate uptake durimg this eariy perliod.

The.initial drop in pH after 2 to 4 days for Hoagland's nutrient so-
lution, No. 2, may also be attributed to the presence of ammonium ions
which EEevent nitrate absorption {Doddema et al. 1978; Firth 1972; Pate
1973} although such inhibition is not definite (Schrader et al. 1972;
Smith and Thompson 1971). There are many conflictlng reports as to
whether ammonium ions actually inhibits nitrate reduc@gse levels or the
assimilation of nitrates into organic,nitrdgén (Mimotti et al. 1969;

Radin 1975; Shen 1969). It has ‘been suggested, however, that ammonium

(NH4+) or the high acidity due to ammonium ion uptake causes changes

N S A
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in membrane permeability which allows for nitrate sbsorption (Minotti gﬁ
al. 1969). .

2. Soil pH Changes

Although wheat roots are sble to alter the pH o} the hydroponic solu-
tions, similar pH control in the soil was required to be demonstrated in
the further resolution of these experiments. The importante of extruded
ions (protons, hydroxyl, and bicarbonate) becomes more ‘spparent in the
soil where they would-not be dissipated but rather reﬁéin near the root
due to‘the stat%% nature of the solid meaia (Moore 1971). Howgver, in
‘this study, deFi;{te localized changes in pH could not be conclusively
demonstrated by either microelectrdde or~so;l §E£ytioh analyéis. Moni-
toring the rhizosphere pH with the pH microeléctrode produced erratic pH
values for all three experimental sets. Likewise, pH measurements of
soil suspensions found no &ifference in the pH between rhizosphere ,and
rhizoplame soils. However, there was an increase in pH for plants
Fertilized with nitrates compared to the distilled water controls.

- - ~

Contrary to p;eQious work, - localized pH changes .could not be
demonstrated in tﬁese studies. Smiléy (1974) observed that various
plants were _able._to. ;nérease the rhizqsphere soil pH under nitrate
fertilization and decrease with ammonium salts with the most drgmatic‘
results in the Gramineae. Similar results were found by other workers

for corn (Boero and Thien 1979; Miller gg‘gl. 1970; Scon énd Miller

1977), wheat (Smiley'i979) and soybean (Riley and Barber 1969, 1971).

However, in the present study, the lack of  demonstratable localized

pH changes in the rhizosphere and rhizoplane soils requireé' an



explanation. Nye (1931j presenté some evidence for the "lack of
observable rhizosphere and rhizoplane pH changes. Essentialiy, plant
induced pH chahges in the goil are dependent upon several factors which
Nye (1981) was able to model. These i&flude-time.and buffering capacity.
In general, changes in pH at any distakce from the root varies logarith-
mically with time and linearly with soil buffering capacity (Nye 1981).
Boero and Thien (1979) found that rhizosphere pH changes were inversely
‘correlated with cation exchange capacity. A Ustoll so@l with a cation
exchange cépaciéy of 18.9 meq per 100 g demonstrated the lowest change
in rhizosphere pH of 0.1.pH ‘units compared to 1.0 pH unit changes in
soils with cation exchahge capacities of 9.9 and 5.7 meq per 100 g. In
the organic sofi used in this study, the cation exchange capacity was

163 meq per 100 g (Khan, personal communication) indicative of a high

buffering capacity so that measurable changes in soil pH in this study

may not have been apparent.

Even the addition of the nitrogemous fertilizers to the soil did not
ﬁeasurably affect the sq}l pH although there afe-reports to the contra-
ry. Plerre é& al. {(1971) noted that the additiﬁn of NHaNoj decreased
the soil pH by 0.9 pH units (T.E.C. = 22 to 26 meq/100g). In general,
.the use of nitrogenous fertilizers, pa;ticularly those which contain
ammonium, has been demonstrated to acidity soils (Cairns: 1968; McCoy and
Webster 1977; Perl et al. 1982). talcium nitrate, on the other hand, had
no effect on the soil acidity (Cairns et al., 1980). The ability of
ammonium sulfate to acidify the soil is probably due to its rapid

oxidation to nitric and sulfuric acids {van Breeman et al. 1982).

—
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3. Agar pH Changes : | '\g\h'

'. | -
The studies on égar have confirmed that the pH changes observed in
-the hydroponic -growth sclution were localized around the root. As found
in the hydroponic grdwth study, the type of nitrogenous' fertilize}
available to the plantg influenced the root's ability to change the -pH
of the agar (Neinﬁerger and Yee 1984). Ammonium and nitrate salts in the
agar media will, respectively, resulg_in decreases and increases ?n the l
pH of the aga;,§urrounding the root. Urea, as the‘uncharged specigs, was
observed to be physidlogically neutral, théreby_indicating that proton
extrusion may not have playéd an impd}tant role in the acidification of

the hydroponic solution pH by the wheat roots.

By -

Soybean, grown in agar supplemen;ed with Hoagland's nutrient
solution, No. 2, howé%er, displayed an acidiFicét;on of the media, even’
after three weeks. This was completely different from the wheat which
was grown on the same media. The acidification indir;ates-that there is a
higher uptake of cations reiative to énions.:HS;ever, the reasens for
the slow acidification of the agér media still need to be elucidated in-

future work. o ‘ :

»
-

-

L4

These experiments have shown that plant roots are able to alter the
pH of the sﬁrrounding substrate. The changes in pH are related to the
maintenance of electroneutrality across the root membrane during' ion

uptake which depends upon the nitroéenous fertilizer supplied.
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D. EFFECT OF CHANGE IN pH ON THE RELEASE UF_SOIL-BDUND 14C.PROMETRYNE
RESIDUES ' : g

The pH changes that occur in the area surrounding the plént roots

under different nitrogen fertilizer regimes may have a profound impact

on the release of the soil-bound prometryne. ‘' This impact can be

visualized in that signiFicanﬁ alterations in soil pH can increase the

release of these.residues into the soil solution. The process by which ..

* such pH changes can elicit the release of the soil-bound residues may

involve changes in the structural framework of humic materials.,

' IE has been suggested that in the formation of bound residues, the
pesticide or metabolites are firmly-retained by organic matter (humic
fractions)- by adsorption on the external surfaceé and/orlentrapment in
the internal voids lof a structural lattice (Khan 1982a). Physical
measurements have shawn a réléti?ely "open" and.flexible structure of

humic materials perFofated by voids of varying dimensions that can trap

or fix organic compounds that\fit into the voids, provided the charges'

are complementary (Schnitzer and Khan 1972; Fig. 37). Changes in this
structure may rgsult in the releagé of the bound speciés. It has been
shéwn by various physic31 and chemical methods that both the shape and
sizg of humic materials are strongly affected by pH, cation va%enge; and
ionic iﬁtergctio;s (Choudhzy 1981; Schnitzer andiKhan 1572; Schnitzer
and Kodama 3975). At low pH, the humic subgtances are dispersed into

Fibrous networks with voids .of varying sizes. As the pH increases, this

network breaks down to form an organized. lamellar structure with’

decreasing éigs? in the voids and increasing dispersion (Chen and

Schniizer 1976; Schnitzer and Kodama 1975). Of particular interest are

i
{
|
|
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these holes or voids. In order.to trap or bind the pesticide molecule,
the moleCUi; must be able to fit into the holes, providéa that the_'
electrostatic charges in the holes and on the compound are coyplementary.
:(Schnitzer and Kodama 1975). Based;;n this modelloF humic structure,
release of the 'soil-ﬁound prometryne residues may be the result of
changes in the size of . thé voids and changes in the electrostatic

# charges in the holes or of the pesticide” itself. Small changes in pH
appear to yield little disruption of the humi; structure and a minimal
release of the bound residues: Large scale pH changes are klikely

responsible for massive‘disruption of the network, thereby increasing

the amount of extractable residues.

This disruption mafv;esult in a release of both bound species as
demonstrated in -our study. The recovery of p;ometryne. and
h&droxyprometfyne in tRe extracts was in the samer praportions as
originally bound. A small decrease in pH resulted in little effects on
the internal voidé and the decreased release o? proﬁetryne noted may
have been the result og steric hinderances in that the voids did not
become large encugh for prometryne to become uncaged.

E. RELEASE OF SOIL-BOUND 14C-PROMETRYNE BY PLANTS

1. Extractable 14C-Prometryne in the Rhizosphere and . Rhizoplane
Soils -~

With the - introduction of nitrogenous .fertilizers to the soil

containing bound residues, significant release of these residues is



elicited. It appears thar'the humlc lattlce structure is sensitive to

ionic 1nteract10ns (Choudhry 1981; Schnltzer and Kodama 1975). With the

addrtlon of the Fertlllzer solutions, the lons can interact with the

humic structures to dlsrupt the bonds between the humic structural units
in the polymer. Thereforer the more ions added to the 5011 the greater
the. ipnic interaction, and subsequently, the greater the releaee of
_soil-bound residues. As a result, fertilizatian with Hoagland's nutrient
sciution, No. 2, wouid be expected tc release the largest.ameunt of
soil-bound reSidues7‘due- to its high ionic constituents (Hoaplapd and
Arno;f1938) and urea would have a negligible effect largely due to its
non-ionic nature. . re
The results of this study conflrms such theories although urea was
able to release a small amount of the bound radloactleK/. Urea was also
found to be able to dlsplace humic-bound 3,4~ chlo iline re31dues
(Se;ena and Barrha 1983a,b)- Urea-induced release of soil-bound residues
may be ascribed to its weakly basic nature and its ability to .disrupt
hydro;en bonding thrdugﬁ_the accommodation of charges in its molecule

“(Morrison and Boyd 1976; Saxena and Bartha 1983a,b).

Wheqiplants were grown in soil w1th the bound re31dues, there was no
significant alteratlon in the amount of extractable radloact1v1ty when
fertilized with Hoagland's nutrient solution, No. 2. The interaction of

plant growth and the other nitrogenous fertilizers, however, reguited_in

significiant increases in released residues in the rhizosphere. The

increase in extractable radioactivity may have been‘due to an increase

in soil “Tigzggﬁal activity. It has long been recognized that the -

~
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rhizosphere effect, where microbial populations in the soil surcounding -

the root are significantly higﬁer than in_the bulk soil, was a common
Ipheaomenoa (Clark 1949), ' especially for gram—ee?ative . bacteris
(Alexander 1977; Kﬂeebergeé. 1983). Gram-negative Pseudomonas-type

bacteria dominate'-in the rhizosphere of plants ﬁhile gaam—positive

'Arthrobacter, Nocardia, and Bac111us are more common in root-free -soils

(Coleman et al. 1978) As well, recent studles have shown that release

of boynd 14C-ﬁrometryhe may be affected by soil microorganisms. After
22 days of incubation with a- microbial inoculum, 27% of the bound

'

radloact1v1ty was "extractsble from soil with boupd 14C-prometryne
(Khari  and Ivarsont 198l) In a similar experiment, different
physioclogical microbial groups were able to release 23 5 to 27.1% of the
bound 14¢ (Khan and Ivarson 1982). Therefore, the introducglon' of
plants iﬁto the soil microcosm may stimulate microbial aetivity and
alﬁer‘the balance of bacterial types, which may then elieit increased“
release of bound residues.

Bacterlal release of such residues, as well as pH effects, may also
be responsible for the. 51mllar1t1es _in -the extractable radiocactivity in
the wheat rhlchlane and rhlzosphere. Coupled with the plant uptake of

~ the‘ released re51dues? all these factors, may contribute to the
’ insigﬂificance,oé displaced residues.

In the soybean rhizoplane, however, there was a two-fold incréase in

extractable residues compared to the " control Lithout any plants.

" Differences in pesticide release in the rhizoplane of soybean eompaeed

to whedt may be the result ot}the differences observed in their root

\
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mediated pH.changes. As observed previously,.wheat roots 'in Hoagland's
. - . . LR - .

nutrient- solution, No. 2 increased the pH'of the media following an

| initial acidification. Soybeans, on the‘athfe_r hand, produced oniy

slight acidification in the agar media. Disruption o'f‘_ the scil matrices

to release- the bound residues would be expected to be higher in the

wheat roots because of its wide range of pH variation. But, such was not

the case in this study. ' _ . ' o

~ Higher extractability of bbund_ regidues in the soybean rhizoplane
.s0il may possibl& be attributéd to‘dif'ferenc'es in the microflora between
wheat and - soybean rocts. ~ Wheat root environments are mainly

charscterized by Enterobacter, Klebsiells, and Pseudomonas bacteria

(Haahtela et al. 1983; Kleeberger et al. 1983). Although Enterobacter

and Klebsiella hav§ been isolated from legume roots, such as soybean
(Evans et al. 1972), rhizobia populations predominate (Rgbert and

Schmidt 1983; Tuzimura and Watanabe 1962). Differénces in the

constituent. microbial populations may, therefore, be respomsible for

differences in the release of residues in the rhizoplane.

A concern raised by such research 1is that the root and its
surrounding soil environment is a complex ma\;.rix of “multifarous
int;ractions between, rooi‘.s‘, microflora,” and soils Thereforey,
simplification of this ‘systém'to a few n;easurable parameters may be
experimentally, but noﬁ ecologically, valid. Events felating to the
release of the soil-bound 14C-prometryne .residues by pH changes

mediated by the root may be masked by the compiex interactions that are

present in the microcosm. Even with such limitations, the primary

. - . .- .0- N 4' ‘;_‘:‘
.-_‘q,.'t.'-:iv.‘»‘n;.yxtn:;../:..m:l.h;.s-x—d.vmus.h SERPRLLY -

P

o i £ A A b gl

S TR S v

B At gl

i

R T



- 126 - -

hypothesis was validated in that -there was a significant release of
-previously "bound" herbicide residues, and this was especially confirmed
in the soybean trials: The release of formerly bound ;ésidues may be

xxn__ﬂpﬁgggzzlily available for interactions with other compenents of the .

- ecosystem.

Potential iq;gractions may include exerting its herbicidal effects on .
.the- crop species or soil microflora, ;s detailed - above, uptake intb
cTopS, énd mineralization by the microflora. Microbial mineralization of
pesticides io ga;bo; dioxide has been responsible for the inability to
recover all of the pesticide inoculum. Khan and- Hamii%oﬁ (19865
attributed the loss of radioactivity in the s0il-14C-prometryne
inCUb;tion  flasks to microbial degradation and volatilizat4on. More
impoftantly; diazinon and pérath;on mineralization (13 - 18% of the
added insecticide) was more extensiQe in the rhiz;sphere of bush bean
plants than in the controls lacking plants (% - 8%) (Hsu ,and Bartha
1979). Parathion mineralization haélalso been observed in rice and pearl
millet. The amount of 14C02 evolved was dépendent on the age of the
plant and the root oxidase activity (Reddy and: Sethunathan 1983). Carbon

dioxide evolution from the rhizosphere decreased as the plants age and

the root oxidase activity decreased.

2. Plant Uptake of Released 14C-Prometryne
The crop species, itself, is not an isolated eﬁtity in fhe microcosm
but may alse interact with the unbound pesticide residues. These

residué?‘ﬁay be absorbed by the plants and translocated into the plant
., .
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tissues. In ‘the present_ experimehts, the crops were szble "to absorb

gpproximately 1% of the secil-bound radioactivity.
_ PR

' Dat plants have previously been shown to extract 0.53% of soil-bound

- 14¢ gnd incorporate this into the tigsues after 3 weeks of growth (Khan

1980). Similar hp&ake oF bound pesticide residues by other plén£ spécies
have been noted. Absorptlon of _soil-bound 14C- éypermethrin, in 6
wéeks, ranged from 0.14 to 0.58% for wheat plants (Roberts and Standen
1983) while ryegrass aas able to take up 0.23% of the bound “*C-
_hydroxymonollnuron (Haque et gl. 1982). Higher uptake levels (0.46 -
1.07%) were found for soybeéns after 10 weeks for bound dinitroaniline
residues (Helling and krivonak‘ 19785); for maize (2.4%) of 'béund

methabenzthiazuron residues™ after 29 days (Fuhq and Mittelstaedt 1980);

and in 14 days for oats (5.1%) of 14C-parathion residues (Fuhremann - -

and Lichtenstein 1978). In-the present study, the uptake levels of bound

l4c_prometryne by whedt and soybeans appears consistent with such

findings.

Absaorption of prometryne by the root tissues, like most triazine
herbicides, is through a passive process (Sheets 1961; Shore and Wood
1974; Sikka and Davis 1968) Root absorption of triazine herbicides is

7
considered to be blph351c, viz., there is an initial rapld uptake where

the herbicide moves into the apoplast fbllshed'by a relatively slow

continuous phase (Vostral et al. 1970). The initial’ rapid sorption has
also been attributed to pértitioning of the chemical into the lipophilic

constituents of root solids up”to an equilibrium concentration (Br;ggs

et al. .1982) and this is generally viewed as a physical sorptive

~
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process. Briggé et al. (1982) further suggests thét the lipophilicA
nature of root solids does ﬁot‘vary widely among plant species, thereby
implying that the lipophilicit? of the pesticide is the determining
factor of root uptake. If such is the case; this may sccount for the -
lack of variation observed in the 14C55;;;;£ryne uptake between whéat
énd soybean in this study. However, this‘view is still conjectural.

3.. Partiticning of 14C-Prometryne in Plant Tissues

-

B \'--.__
Within th& plant, herbicide entry into shoot tissues .is spoplastic

(Ashton ;nd Crafts 1981).:Al§hough there Was no difference in uptake of
thé_herbicide by wheat and soybean, there was a considérable inérease in
the ievels of radioactivity in soybean shaots (75%) compared to wheat
shoots (50%), reflecting differences in. the rates of herbicide
tgansport. In most stﬁdieé witﬁ triazine herbicides, theré was a higher
pr;portion,of the resiﬁues located in the, shoots. Mayef et-al. (1931),
using 14C-dimethametryn, found that paddy rice had accumulated 5.2% of
the initial soil applied radiocactivity into shoot tissues and 0.6% in
the'roots. Similar levels were observed for atrazime in corn (Jachetta ~

and Radosevich 1981) and simazine in fir trees (Gile et al. 1980). For

prometryne, Khan ¢1980) found_69;8% of the total plant radigactivity in

. the oat shoots and the remaining in the roots. Pea plants have been

found to transport approximately 70% of the absorbed prometryne into

shoots (Eshel et al. 1975). Similarly, Sikka and Davis (1968) found

‘'soybeans where 23% of the radloact1v1ty Was Found in the roots an2’77m

in the shoots. This rapld movement and accumulatlon of the herbicide



- e

et al. 1975).
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intg shoot tissues i_s-;_‘sj_.'gr;u'_.t‘.i:c'aht since phytotoxicity is enhanced as the

‘.ﬁerbi_cide levels increase at. the active sites of herbicide action (Eshel

P -

-

Differences inrj‘."metabblism are also apparent between the two crop

] . < B
species. The Z-hydroxylation pathway was the only degradative process

identified in” these ‘two species. In most cases, the parent herbicide, "

prometryne, represented sbout 20 to 30% of the radioactivity ‘in the

tissues with soybean roots Being the only exception (8%) but this may

have been due to the:high level of radioactivity accumulated in the

“shoot. Such levels ai‘e‘significantly higher than levels observed by Khan

r T

(1980) for oat plants but this may be attributed to differences in the

metabolism by the plant. The different levels oF'prometryne present in

the tissues, particularly in the wheat, may reflect different abilities

to degrade prometryne (Montgomery and Freed 1964).

AlthougH there was no difference between fertilizer treatments -in

" wheat metabolism of the herbicide, there was . a significant difference

+

_between wheat and soybéan', reflecting differences in herbicide mobility

and metabolism. Hydroxylation of the 2-methylthio group of prometryne

occurred in both crop species.and' the product was conjugated to an

unknown moiety. Upon hydr8lysis, the conjugated product was separated to

- o

a hydroxy analogue which was identified by methylation with diazomethane
(Ashton and Crafts 71981; Khan 1980). In wheat tissues, this metabolic
pathway was approximately the same in root and shoot tissues, viz.,

sim'ilan levelé of radioactivity were obtained ;n the methanol:wa‘ter

soluble fraction. However, in soybean tissues, approximately.50% of.the

e A A e,
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totalf piant radioaotivity was in the -f‘orrn of the oonjugated hydroxy
analogue in the shoots. High levels‘ ofe conjogated products were similar-
ly noticed in 3-week old oats (Khan 1980). The .conjog'ated species were
‘not identified in this project but previous workers, using atrazihe,
_have postuleted the presence of a gluta'thione conjugate (Lamoureux et

&l 1973, 1972, 1970). As well, Smith and Wilkinson (1974) have postu-

lated an N-glucoside cenjugation pathway for metribuzin in soybeans.

More importantly, however, was the Fact'.th‘at‘the so?l-—bound prome-
tryne residues had been absorbed and then become bourd aoain in_ the
plant tissues. Although analysu.s of the - plant bound residues was not
conducted in the present study, Khan.(1980), found that the mono-—N-
deelkylated compound, Z-mepylthio—a-amino—é-(isopropylamino)-__s_—tria;
zine, and traces of the di-N-dealkylated metabolite, 2-methylthio-4,6-
dlamlno—s -triazine, were present as the bound species. It was Further
shown that these residues had become bound in-the lignin fraction of the
plant tlssues. Lignin mcorporatlon of pesticide residues have been con- .-
sidered for nitrofen in wheat and rice straw. Approximately 30% of the
radioactivity was found in the lignin of these plant tissues after
treatment with 14C-nitrofen (Honeycutt and Adler 1975). "The pesticide
" moiety is believed to be ihcorporeted covalently into the lignin -polymer
as postulated for chloroasniline (Still et al. 1981) and dieldrin
"(Stratton, Jr. and Wheeler 1983)’. In addition, some of the bound 14¢
in the radishes exposed to 14C-dieldrin was also found in the protein
fraction (Stratton, Jr. and Wheeler 1983). Protein and carbohydrate‘
binding of prometryne residues in plant tissues have also been observed

(KXhan 1980, 1982). - .
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Binding in'soybgan and wheat tissues was considerablyZlower.in the
shoots than in the rqof‘ tissues. In addition, . binding levels,
partiéularly in shoot tissues, are lower than values reported for oats
(Khan 1980)l Such differences may reflect shgcies differences which may
include metabolic differences or the action of the herbicides at active
sites of these sensitive plantg. These results s;pport previous work,
that binding differs with the variety of pesticides and crops (Sonobe et
al. 19825. If binding plays a détoxication mechanism in plant tissues as
suggbsted (Chin et al. 1973; .Mallipudi and ‘Fukuto 1981), herbicidal
action cannot be elicited if high levels of binding‘?occur in the
sensitive tissuqs; Bindirfig in root tissues would then be expected to Be

highef since these tissues are not the active site of the herbicide.
V. SUMMARY AND CONCLUSIONS

The results of the project demoﬁstrate that the releése of soii—bound
1&C—prohetryne residues -was a pH-dependent event. Changes in pH can
affect the structure of humic materials in the soil which can uncage the
hound residues and release them into the soil solutioh. Large changes in
pH can cause major release of all bound residues.while small deviations

may be responsible for disproportionate release of the pesticide and its

derivatives.

Such pH changes may have-,imporf%nt implications in agricultural

r

systems because plant roots are able to effect locagized pH changes in
the rhizoplane and rhizosphere. This phenomenon‘can

manipdiated by
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the application of different nitrogenous fertilizers and was shown to be

dependent on the cfop species.

. -

However, under laboratory conditions, the-release of the bound resi-
dues by crop species may involve more 1nteract1ve physiological factors-
other than pH alone. The lack of a relationship between fertxllzer

eatments, and subsequently rhizosphere pH, with the release-of bound
résxdues may 1mp11cate more complex 1nteract10ns in the soil microcosm.
Such_interactions may -of fer areas of concern in tRe Flgld of soil-bound
'peéticide residues, particularly with the potentiél effects that these
s0il residues may have on.soil microbial activity. |

~

The release. of bound residues into the soil solﬁtion and the role of.
'niirogeéous fertilizers in this process ﬁay-have seridﬁs implications
for preseﬁtTda; gropping.and fertilizing practices. With the release,
‘the possibility exists that herbicidal-acEiJity may be_exerted into non-
target species and that these compounds may be incorpo};;ed into biclo-
gical constituents. However, further studiés must be carried out into

the effect that these remobilized "bound" residues may bhave on non-

target crop species and on the soil microflora and microfauna.

The fact that nitrogen-fixing organisms were placed under conditions
of chronic rather than acute stress, when exposed to prometryne, and
that this in some cases affected heterocyst Formatio; in Anabaena and
generation time in R. japonicum elicits some concern as to the effect of

pesticide residues, particularly of soil-bound residues, “en natural

S/
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.

nitrogen cyclés. Simiiarly, prbmetryne effects on C. segnis signals

concern for the maintenance.of population levels of streéseg cells and

possible effects on carbon fixation via photosynthesis. Yearly applica-

£

tion of. pesticides in the soil may potentially augment residual pools in
the soil, especially the soil-bound residues, and thus, as this study
indicates, there should be .concern for potential effects of such com-

pounds on ecologically imﬁortant natural cycles. Further studies will be

required on the effects of soil-bound residues on these soil interac-

tions.
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. . Appendix C

A

Probit Plot for Anabaena sgp. Heterocyst Frequency Against

Prometryne Concentration.
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RESUME @l
. . . ?
Des plantules de fdves de soya (Glycine max (L.) Merr. cv. Maple.

presto), une algue verte (Chlamydomonas segnis Ettl), une cyancbactérie

(Anabaena spp.), et deux bactéries pouvant fixer 1*azote (Klebsiella

pneumoniae souche M5A1 et Rhizobium japonicum souche 61A76) furent
éxposées ééparément 3 des conceanations de- 0,25 - 15,0 pg mL=1 de
1'herbicide E;triazine, prométryne. Les paramé¢tres ~de croissance
observés ont inclus le poids frais et le poids_éec (feve de soya), le
contenu’ total de protéine (féve de soya), le nombre cellulaire (C.
seqnié Ettli, la fréquence d'hétérocystes (Anabaena spp.), et le temps

de génération (K. pneumoniaze et R. jagoniCUm).

Une réduction du poids frais et du poids sec fut apparente cFez les
plantules de fzve de soya traitées avec 1'herbicide (2,5 - 15,0 pg mL-1
de prométryne). Le contenu total de'p otéine, mesuré par le test de -
" Hartree pour les protéines et par le test de Kjeldahl pour 1'azote, fut
vari;ble chez les plantuleé traitées. Les plantQIes de feéve de soya
traitées ong montré un pauvge déyeloppement foliaire et de la chl&rose.

Une réduction de la population chei C. segnis Ettl et de la fréquence
d'hétérocystes chez Anabaena spp. fut notéé aprés une expositiont 3
1'herbicide (0,25 - 12;0 pg mL-1). Une "récupératior® complete ‘Fut
obteﬁue chez les cultures lavées de C. segnis Ettl et inqculées sur des

laqdes d'agar nutritif ne contenant aucun pesticide. Une "récupération”
piaqu g p

semblable n'a pu 8tre obtenue chez les cellules lavées d'Anabaena spp.




-K. pneumonise fut relativement insensible a l'herbicide, cependant le
temps de'génératipﬁ chez R. japonjcum, lorsqu'exposée & 6,8 pg mL;1 de
prométryre, fut augﬁenté de 3.fois comparativement aux cultures non-

. . &

. traitées (26,25 h vs. 9,5 h).

A l'aide de cultures dxéniques de plantules sur ué milied gélosé, les
auteurs ont établi la relation entre 1'azote utilisé comme ¢lément
nutritifs (nitrate,. ammonium et. urée) et les changements du pH de la
rhizosphére. Il y a une relation entre 1é pH de ia rhizosphere et les
éléments'nqtritifs; cette reléﬁion est influencée par la source d'azéte
dans le milieu de_culture. Aprés 3 semaines dg.croissance, les pléntules
de blé fertilizées avec la solution nutritive n® 2 de Hoagland produi-
sent uﬁ bH de 8,5 3 9,5. Une alcalinisation comparable s'opserye avec
les plantes fertilisées au nitrate. Un pH inférieur a 4,0 est ;btenu
dans la rhizosphére'.si les plantes sont fer£iliséés avec- des sels
d'ammonium,}landis.qu'on n'observe aucun changement significatif avec
les plantules de blé poﬁr lesquelles 1'urée est la seule source Q'azote.

Ces résultats concordent avec le %oncept d'éqdilibre dans 1'absorption
des cations et des anions, avec le maintien de 1'électro-neutralité 2
travers la surface des racines, ainsi qu'avec 1'ashsorption par des
cotransporteurs et les principes_E?Imio—osmqtiques.

La remobilisation des résidues de 14C-prométryne liés au sol fut
aFfeétéé pér le pH du sol,_par les traitements avec eﬁgrais (avec ou
sans plantules) et par 1esi‘espéces cultivées, soit le blé (Triticum

aestivum (L.) Merr. cv. Marquis) et la féve de soya. De grands

changements dans le pH du sol, de pH 5,4 & pH 4,0 et pH 8,0, ont résulté

\\ .
-



en une libération de -24 - 25% de la radioactivité liée, pendant que de

plus petits changéments, de” pH 5,4 & pH 4,9, ént_libéré seulement 16%
des régi&us liés au sol. De plus, les changementsﬁge pH ont résulté en
des différences.dans la facilité d'extraction de la prométryne‘et de son
dérivé hydroxylé, ‘i‘hydroxyprométryne. Plus de prométryne fut obtenu

aprés de grands changements de pH, 2 parfir du pH 5,4. |

-

Des traitements- avec engrais, & un pH 5,4, ont aussi conduit 2a la

reﬁgbilisation du 14C-prométryne lié au sol. L'utilisation de source
d'azote ionique (NO3— et NHg*) 3 iibéré 4;0 - 16,7% des résidus liés.
:Des quantités négligeables (D,&%) de radioactiviéé extraite fureﬁt
détectéé suivéﬁt des t;aitzmgnts é 1'urée. Ces différences cépendanb ne
furent pas apparentes-en présence du systéme racinaire des plants de
blé. Les plants de blé, poussan£ dans chacun des traitements a l'engrais
ont résalté en une remobilisation d'envirom 15% de la radioactivité liée

totale.

La remobilisation fut Spécifiqueaa aux espeéces végétales,
particuliéreﬁent dans le rhizoplan. Les .récines de feve de soya ont
provoqué une plus grande libération de radioactivité liée (36,6%) dans
le rhizoplan que les racines .de blé (10%). Cepeﬁaant, ‘le pourcentage
d'absorption des déri;és‘remobilisés fut semblable chez ies deux especes
(1% de la radioactivité liée totaie). Le transport et le métabolisme de

tes résidus furent aussi spécifiques aux espéces.
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