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Pyrazon (5-amino-4 chloro-2 phenylpyridazin-3(2H)-one; mol-weight —
221,7) is the relatively new soil applied herbicide recommended for the
control of weeds in sugar beet.

The amount of pyrazon required to produce a given level of plant
response is variable from soil to soil [4, 5, 9, 19]. It is generally accepted
that the herbicides leaching downwards in different soils and the avail-
ability of herbicides at their site of action in the soil is governed largely
by the degree to which they are adsorbed on the soil particles [7, 15, 21].
Unfortunately information on the subject is limited. Studies on the
effects of herbicides on the adsorptive complex of soil are also still
wanted [20]. The results on the effects of soil environmental factors on
the adsorption of pyrazon and the data on the availability of adsorbed
pyrazon to plants are lacking. We know nothing about the ultimate fate
of many adsorbed herbicides [23].

This report is one in a series which has had as its objective bhetter
understanding of the soil sorption and availability of herbicides applied
to rooting medium of plants. Previous papers have dealt with herbicides
leaching in the soil and their availability in different zones of soil profiles
[1, 15], the elimination of herbicides carryover effect by their adsorption
on activated carbon [16], the mechanisms of herbicides action [14], and
the effect of localized root application of herbicides on their uptake and
effectiveness [13].

The investigations reported herein were conducted:

— to determine the degrees of pyrazon adsorption in three different
soils and one clay material,

— to evaluate some soil environmental factors affecting pyrazon
sorption and activity and
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— to get information on the availability of adsorbed pyrazon for
uptake by the plants.

MATERIALS AND METHODS

Some series of experiments were conducted studying the adsorption
and availability of pyrazon.

The following soils were selected for the examinations: coarse sandy
soil from Chylice, sandy loam soil from Chylice and mucky-peat soil
(marsh-peat soil) developed from peat soil, taken from Wizna Marsh.
Bentonite clay here examined was from Radzionkéw and had rather
polymineral character with greater amount of montmorillonite, probably
mixed with various amount of illites [6]. The mechanical analysis and
organic matter content of the soils used are given in Table 1. Soils were
air-dried and passed through at 1 mm sieve. Pyrazon was used as Py-
ramin.

In the experiments to study the static adsorption of pyrazon a wet
slurry technique was used. The samples of 8 ppm a.i. aqueous solution
of pyrazon and the given soil (in 6 : 1 slurry) were rotary shaken in the
closed systems for 24 hours. In studies on the adsorption of pyrazon on
bentonite — the samples of 8 ppm a.i. pyrazon in water or in 0,01 M
CaCl, (to insure better wetting) and bentonite RM (in 10 : 1 slurry) were
shaken as mentioned above. After equilibration the samples were centri-
fuged and the supernatant solutions were bioassayed.

To determine the effect of temperature on the dynamic adsorption of
pyrazon, soil columns filled with sandy loam soil to 3 cm high were
prepared and percolated with 8 ppm a.i. aqueous solution of pyrazon.

Table 1

The mechanical analysis and organic matter content of the

soils used in different experiments

Sand Silt Clay Organic
Soil 1-0,05 mm 0,05-0,002 mm < 0,002 mm mater
3
Coarse sand soil - Ia 88 10 2 0,83
Szndy loam soil - IIla 66 23 11 2,27
lucky /marsh/ - peat soil - VI - - - 68,36
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The systems were moved to +3°C or tc +25°C and allowed to stay
there 2 hours before percolation. The effluents were collected and
bioassayed.

To study the effect of pH on pyrazon adsorption under shaking
conditions (in 4:1 slurry), sandy loam soil samples were treated with
HCI1 to give pH values of 4,8 or with Ca(OH), to give pH of 11,6. Pyrazon
concentration 8 ppm a.i.

To evaluate sandy loam soil saturation limit for pyrazon, the succes-
sive increments of an input 8 ppm a.i. aqueous solutions were compared
with separately gathered effluents after the percolation through above
mentioned soil columns.

To study the availability of adsorbed pyrazon for uptake by the plant,
the phytotoxicity of the supernatant and the 4:1 slurry after standard
rotary shaking was compared (4 ppm a.. aqueous solution of pyrazon
before contact with the soil). In addition the pytotoxicity of saturated
sandy loam soil in soil column after careful washing with distilled water
was evaluated using quartz sand stratified with this saturated soil. Ap-
proximate method of studies on paraquat availability was used by We -
ber and Scott [22].

White mustard Sinapis alba L. bioassays were conducted to determine
the adsorption and availability. The samples of 10ml solutions before
and after the contact with the given soil were applied on the surface of
the waxed pots filled with quartz sand (0,5 kg air dry sand), previously
treated with nutrient solution and seeded with 20 mustard seeds . In the
experiments on the availability of adsorbed pyrazon, quartz sand in the
pots was stratified with herbicide saturated and washed soil or with the
equilibrated slurry, beneath mustards seeds placement. Treatments with
supernatants or untreated soil were carried out in analogous way. Such
the stratification forced the roots to grow through pyrazon-soil complex
layer.

Some two weeks after planting, mustards were cropped at the sand
line and the fresh weight determined. Fresh weight index was adopted
as it better reflected actual fitocidal action and herbicide concentration
in examined solutions.

All treatments were replicated four times.

The results were expressed by fresh weight reduction of bioindicat-

ing plants. In some experiments the amount of pyrazon adsorbed was
estimated by extrapolation, using the following procedure; percent fresh

1 Nutrient solution of uniform composition for all treatments was used. It
contained 1g Ca(NO;),, 0,25g K,HPO, 0,25 g MgSOQ,, 0,12g KCl and one drcp of
5/e FeCl, per 1 liter of water.

3 Roczniki gleboznawcze
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weight reduction of the standard, as compared to the control, was plotted
against the known concentration of the herbicide, and a courve was
drawn to fit the points. The point on the concentration axis, which
corresponded to the point of intersection of the curve and the value for
fresh weight reduction in individual treatments, was taken as the con-
centration of pyrazon in the supernatant after the adsorption. In these
cases the distribution coefficient (Kd) was adopted [17, 21], which in the
ratio of the amount of herbicide adsorbed to the amount unadsorbed,
per gram of soil per ml. Kd values were calculated with the following
equation [2, 21]:
ppm of pyrazon in input solution —ppm in equilibrium solution  ml solution
ppm in equilibrium solution g adsorbent

Kd =

RESULTS

The influence of soil kind on the static adsorption of pyrazon, as
expressed by distribution coefficients (Kd), is shown in Table 2.

Kd value of pyrazon on sandy loam soil was more than three times
that on coarse sandy soil, and Kd values of this herbicide on peat soil
was more than 37-fold that on coarse sandy soil and more than 12-fold
that on sandy loam. The adsorption increased merkedly with increasing
organic matter percentage of the soil examined.

The results of pyrazon adsorption on bentonite RM from Radzionkéw
as determined by mustards fresh weight reduction are shown in Table 3.

The phytotoxicity of pyrazon solution was reduced by the contact
with bentonite. Clay material, suspended in dilute herbicide solution,
adsorbed pyrazon. In additional experiment, coarse sandy soil (pHm,o —

Table 2 Table 3
Effect of soil kind on the Effect of bentonite on reducing the
distribution coefficient phytotoxicity of pyrazon to
/K4 value/ of pyrazon mustard seedlings
Mustards fresh
Kd Treatments weight
Soil tested value /adsorbent "s type/ reduction
in %
Coarse sandy soil - Ia 0,714 Pyrazon vefore adsorption 70,8
Sandy loam soil - IIIa 2,202 Bentonite + Call, 49,7
Mucky-peat soil - VI 27,102 Bentonite 54,0
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fable 4

Effect of temperature on pyrazon adsorption as expressed
by phytotoxicity of the effluents percolated through
sandy loan at different temperature

Mustard fresh weight
Treatments X X
reduction in %
Input solution of pyrazon 69,3
Effluent percolated at +3°C 52,8
Effluent percolated at +25°C 58,0 l

5,6 and pHgkcy — 4,4) amended with cation exchange resin adsorbed more
pyrazon than unamended soil.

The effect of temperature on the dynamic adsorption of pyrazon on
sandy loam, as expressed by comparison of bioindicator fresh weight
reduction after treatment with input solution or the effluent is presented
in Table 4.

Temperature did not have as great an effect on the dynamic adsorp-
tion of pyrazon as was expected.

Studies on the effect of pH on the static adsorption of pyrazon by
sandy loam are presented in Table 5.

Increasing the acidity resulted in increased adsorption of pyrazon on
sandy loam soil. Adsorption decreased with pH increasing.

Results concerning sandy loam soil saturation limit for pyrazon il-
lustrate Table 6.

Table 5 Table 6
Effect of soil pH on pyrazon adsorption as expressed by The phytotoxicity of separately
phytotoxicity of herbicide supernatants after collected effluents percolated five
equilibration with sandy loam adjusted to given pH times through sandy loam column
Mustards Must.
Treatments Soil frigsﬁt Number of ;iegds
. we successive
/adsorbent’s type/ pH/H20/ reduction percolation r‘;’iﬁgﬁon
in % in %
70
Pyrazon before adsorption - 68,3 3 60
Natural soil 7,2 53,9 4 62
Soil treated with Ca/OH/2 11,6 65,0 5 63
Soil treated with HCl 4,8 45,0 Input solution 62

3*
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The phytotoxicity of the fourth percolate was equal to that of the
input solution. Successive increment of an input aqueous solution con-
taining pyrazon led to soil saturation at given concentration of the
herbicide.

Studies on the availability of adsorbed pyrazon for uptake by the
plant are presented in Tables 7 and 8.

Table 7 Table 8

The availability of adsorbed pyrazon
as indicated by phytotoxic affect of
soil-aqueous solution slurry
and supernatant

The availability of adsorbed pyrazon

/after water washing of the saturated soil/

Mustards Mustards
Treatments fresh weight Treatments fresh weight
reduction reduction
in % in %
Pyrazon - soil complex 14,2 Supernatant 46,3
Last portion of washing water 0o Slurry 59,1

Bioassay results indicated that pyrazon — sandy loam soil complex
(carefully washed with distilled water) exerted some bioactivity, when
placed in the assay medium, although the last portion of aqueous wash-
ing percolate induced no phytotoxicity.

In addition the bioassay of soil-aqueous solution slurry, was con-
ducted and compared directly with equal volumes of the supernatants.

Higher biological activity of the slurry was noted indicating a sup-
posed release of active pyrazon from the pyrazon-soil complex in the
presence of mustards roots in the bioassay. The same trend was noted
in repeated study with higher concentration of pyrazon. The obtained
results suggest that adsorbed pyrazon was available to mustard plants
(at least in part).

Special treatments indicated no side effect of natural and modified
soils or bentonites supernatants and effluents (without herbicide) on
bioindicating material.

DISCUSSION

The effectiveness of the herbicide depends upon the extent to which
it can be concentrated in available form in the region of the soil in which
its effects are desired. Transport of the herbicide in the soil water, its
diffusion through the soil and coming into contact with the herbicide,
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as the root grows the soil, are the most probable means available
to growing plant root for obtaining soil applied herbicide. The
movement and adsorption of herbicides in soils, therefore, are of great
importance.

It is possible to determine herbicide in aqueous solution, after the
contact with soil, by the use of chemical, physicochemical or biological
methods. As biological material, in this instance the higher plants, showed
a particularly sensitive reaction to pyrazon, the biological method
deserved preference over the chemical method. The amount of herbicide
in the soil, that is available for uptake, is best measured by the plant
itself. Eshel and Warren [3] determined soil adsorption of 2,4-D,
amiben, chloropropham and trifluralin in different soils by a method
based on cucumber or sorghum root bioassay, which appeared sensitive
and suitable for herbicides affecting root growth. Ostrowski [16]
evaluated dynamic and static adsorption of diuron and simazine by the
soil amended with activated carbon, using white mustard as the bio-
indicator.

The studies reported herein demonstrated, that biological methods
are of great value to determine the adsorption and availability.

The activity of an adsorbent depends upon its surface area, the acces-
sibility to that surface, and the chemical nature of the surface. Soils
including more organic matter and clay minerals usually adsorb more
chemicals [3, 7, 21]. Peat soil, in our studies, included 66,09%/0 more
organic matter than sandy loam soil, and 67,53%¢ more o.m. than coarse
sandy soil. As was found in these studies, soil kind determined the
degrees of pyrazon adsorption. There is much evidence, that soil organic
matter plays essential role in restriction of pyrazon phytotoxicity by
adsorption. Perhaps, in the presence of water, organic matter provides
more important sites for the adsorption of pyrazon by soils. Organic
matter content with its permutoidal structure and high adsorptive cap-
acity is rather the most influential soil property affecting the activity
of this herbicide, but under field conditions, the effect of climatic
factors, such as rainfall, temperature and light intensity, must also be
considered. Ostrowski [15] indicated that pyrazon leached more
readily in the same coarse sandy soil than in sandy loam, richer in
organic matter. Lush and Mayes [2] reported that the activity of
pyrazon on peat soil was negligible.

Clay lattice structure of montmorillonite is opened by swelling in
water [10], and large organic molecules can be accommodated in the
lattice of clay mineral, though perhaps not so easily as small elementary
cations. Law and Kunze [8] noted, that large organic molecules of
another compound of 660,9 molecular weight were held in the inter-
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layer spzces of montmorillonite. After all, a fraction of macromolecule
can be in adsorbed state [18]. It would appear that adsorption of pyrazon
weas lower on hydrophilic clay material than on less hydrophilic soil
organic fraction. In interpreting data on pyrazon adsorption by bentonite
from Radzinkéw, one chould take into consideration the fact of possible
content of organic matter in this clay material [6].

Pyrazon molecule contains nitrogen and oxygen atoms with free
electron pairs, and therefore theoretically can be adsorbed by bonding to
end-groups of organic matter components polar active in nature, and
by hydrogen bonding to oxygen — rich soil particles surfaces. Adsorption
of protonated pyrazon forms should be also taken into consideration.

Temperature did not have as great an effect on adsorption as was
expected. It may be that the organic matter of the soil caused a moderat-
ing effect on the temperature — adsorption relationship. Talbert and
Fletchall [21] found, that temperature had a greater effect on the
adsorption of simazine than of atrazine.

The adsorption of pyrazon varied with changing pH. Different
mechanisms could be operating here to various degrees. Perhaps the
activity of end groups of the compounds is changed under different pH
conditions. The pH effect may be a result of the differences caused by
the saturating cation (hydrogen versus calcium) on the exchange complex,
pyrazon probably is able to become ionic decreased pH but the specula-
tion is risky. If this inverse relationship between adsorption and pH occurs
in the soil under field condition, then the rate of pyrazon should be in-
creased as the pH of the soil decreased. Fortunately optimum growing
conditions for sugar beet are on neutral soils.

The amount of pyrazon found in effluents from soil columns is
certainly the result of many processes and conditions (e.g. solubilization,
adsorption and hydrodynamic dispersion). To determine the soil satura-
tion limit for pyrazon, successive increments of aqueous solutions were
introduced into the top of the column. When a certain amount of the
solution has passed through the soil, the break-through point was
reached and pyrazon passed to the effluent. After a certain time of
filtration the soil became saturated with pyrazon and the herbicide
solution passed unchanged through the columns.

In working with saturated soil, the author found, that careful percola-
tion with distilled water (washing) could remove all unbound or loosely
bound pyrazon from the soil. Pyrazon retained more tightly by sandy
loam soil, appeared to be available to mustard plants (rather in part).
The comparison of slurry and supernatants’ phytotoxicity permits to
draw out analogous conclusions. It was possible to test this working
hypothesis, even that pyrazon applied to one-third of the roots gives
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limited biological responses to the plant [13]. Perhaps root exudates are
effective in replacing pyrazon from soil colloids, or the herbicide becomes
available by indirect way. Probably different plant species have diverse
ability to overcome the fixation strength of herbicides on soil particles,
and the release of herbicides fixed by different soil sorbents is unequal.
Biassay showed that EPTC-montmorillonite complexes exerted her-
bicidal activity against germination and growth of rye grass [11]. Par-
aquat was adsorbed on the surface of the kaolinitic clay and slowly
became available to cucumber plants, but when it was adsorbed in the
interlayer spacings of montmorillonite clay, it was not available to the
plants [22]. For comparison, plants are able to take up adsorbed phos-
phate, but the mechanism of such the uptake is not completely under-
stood [12]. However soil adsorption had significant regulating effect on
pyrazon availability and phytotoxicity. In addition, the adsorption of
pyrazon influenced the distribution of this herbicide within the soil [15],
and hence its influence on roots and underground portion of the stems
of weed or crop plants.

Knowledge of the mechanisms by which herbicides are adsorbed,
stored, released, leached in the soil, and taken by the plants, can contrib-
ute towards the more efficient and economic use of these compounds, and
would also indicate ways in which unwanted side affects and carryover
effects might be anticipated and corrected.
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J. OSTROWSKI

BADANIA NAD ADSORPCJA I DOSTEPNOSCIA PYRAZONU

Instytut Przemystu Organicznego

Streszczenie

Przeprowadzono doS§wiadczenia w celu:

— uzyskania danych o adsorpcji pyrazonu (5 amino-4-chloro-2-fenylopiry-
daz-3(2H)-onu) przez piasek stabo gliniasty, gline lekka, glebe .murszowo-torfowg
oraz bentonit,

— oceny niektérych czynnikéw Srodowiska glebowego wplywajgcych na ad-
sorpcje i aktywno$é pyrazonu oraz

— uzyskania informacji o dostepnosSci zaadsorbowanego pyrazonu dla roslin
gorczycy.

Rodzaj gleby okreslal stopien adsorpcji herbicydu. Substancja organiczna
gleby odgrywala zasadniczg role w ograniczaniu fitotoksyczno$ci pyrazonu w dro-
dze adsorpcji. Zmiana takich warunkéw do$wiadczalnych jak pH i temperatura
wplywala na adsorpcje pyrazonu przez glebe. Kolejne zwiekszanie objetoSci wcieku
w postaci wodnego roztworu pyrazonu prowadzilo do wysycenia gleby przy danym
stezeniu herbicydu.

Stopien adsorpcji modyfikowal dostepno§é pyrazonu dla ro$lin i jego aktyw-
no$é, lecz uzyskane wyniki sugeruja, ze zaadsorbowany pyrazon jest przynajmniej
cze$ciowo dostepny dla roslin gorczycy.

Sorpcja glebowa ma podstawowe znaczenie dla zrozumienia zachowania sie
i loséw pyrazonu w glebie.

Zastosowano biotesty gorczycy bialej Sinapis alba L. w celu okre§lania adsorp-
cji i dostepnosci pyrazonu.

f. OCTPOBCKU

JVICCIEIOBAHUSA IIO AACOPBIMM M OOCTYIIHOCTU IIMPA30OHA

VHeTUTYT OpraHu4deckor IIpOMBILIIEHHOCTH

Pe3womMme

Bruy npoBefieHbI MCCJIEeRNOBAHMA MJA:

— IIOJy4YeHMA JaHHBIX IO ajcopbumuy nmpasoHa (1-cdbeHnn-4-amMuHO-5-XJI0D-IIMPH-
Ia30H-6) T'IMHMUCTBHIM II€CKOM, JIETKMM CYTJIMHKOM, OOJIOTHO-TOP(OSAHOIT rnoyBoit u GeH-
TOHMTOM,
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— OLIEHKM HEKOTOPbIX (PAaKTOPOB I10YBEHHOM CpEeAbl BAMAIOLIMX Ha aAacopOLMiO
¥ aKTMBHOCTbL NMPa30HA, a TaKkKe

— MOoJIyYeHMsA CBefeHuit o6 AOCTYIHOCTM IJisl yCBOEHMA afcopOMpOBaHHOrO mumpa-
30Ha pacTeHUAMM 6eJiofi ropumIbl.

Crenedb aacopOuMu omnpenenssachk KadeCTBOM IIOYBBI. Opranwtecxoe BeILLleCTBO
IOYBbI MUIPAET OCHOBHYIO POJIb B OrPaHMYEHMM (UTOTOKCUYHOCTM NOMPa30HA IIyTEM
agcopbumn. VI3MeHeHrie TaKMX ONBITHBIX YCJOBMII Kak PH u TemnepaTtypa BJMUsEeT Ha
agcopbLMio NMpa3oHa ITOYBOM.

OuepenHoe yBeaudeHue obbema BBOAMMOI KMIKOCTM B BHMAE BOLHOIO pacTBOpa
nyupa3oHa OPMBOAMJIO K HACBILLIEHMIO II0UBBLI IIPM 3aJaHHOM KOHLEHTpaumuyu repbu-
umuma.

JlocTynmHOCTh MMPa30Ha OJis YCBOEHMA pPacTeHMEeM M ero aKTMBHOCTb 3aBUCAT OT
ero CremneHy amcopbumy IIOYBOI, HO IIOJIyHYEHHbIE De3yJIbTAaTbl YKa3bIBaIOT, YTO HaxKe
ancopObMpOBaHHBI MNMPA30H OKa3bIBAeTCA XOTA Obl YAaCTMYHO IOOCTYIHBLIM HanpuMmep
IJiA pacTeHMit rOpYMIIbl.

IlouBeHHaa anxcopbLMa MrpaeT OCHOBHYIO DOJIb B INOHMMAaHMM BOIIPOCA HOEMCTBUA
u cynbbbl NMpa3oHa B IOYBeE.

B onblTax npMMeHANMCH OMOTEeCThI Ha ropumMilbl 0esoi s onpeznesieHus ancopb-
UM Y OOCTYIHOCTY IMpas3oHa.
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