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Bean plants (Phascolfus weloass Lo van, Elack Valentinel and green ash seedlings
(Fraxinus pennsylvanica Marsh.} were LJL .23 with cavleihal concentrations of 14C- cacodylic ucid
(hydroxydimethylarsine oxide) (o datesiniue +f cauouyiic aoid is exuded (rom the roots of plants.

The bean piants wore eated wath the dilvcrent -concentrations of cacodylic acid
(specific activity, 17.4 gCifmg) in 6.5 (viv} Tyeen 20 applicd in five 10-u1 droplets 1o cach
primary leaf. Similaily, 100 g of caccdyiv acii/adjuvant mibxture (0.812 pCi) was applicd to the
ash secdbings on each leaf of the poir of Laves at the fourth noede above the rool collar. Al plant»
were grown in 0, S-slrcngth Haoaghand™ suiiont wcution wader controlled environmental conditions.

The presence of ¢ was drrectod in the autrient solulion of both bean plants and ash
scedlings within 24 hours following treatinent, ‘Tlie root cxudation of mdioactive material incruased
over the 9- and 16-day sampling periods for the bean plants and ash seedlings, respectively. The root
exudation studies in bean plants shawed 12.8% of the total applicd radioactivity was exuded 3 dayy
after application. For ash sccdiings, the comparable rate after 3 days was 2.7%. The cumulative root
loss of the total epplicd radioactivity for the bean plaets was 19.1% after @ days compared to 9.6%
for the ash s¢edlings after 10 days.

In the bean plants, greater smounis of radioactivity were exuded with higher
application rates unless the amount of herbickde applicd was sulficient to cause tissue damage or
growth reduction, When plant injury resulied, the exudation rate was inhibited even with an
increase in the level of radioaciivily applicd to the plant.

At the termination of the experiment, the nutrient solutions were spotted on Whatman
IMM chromatography papct and developed in two solvent systems (2-propanol:H,0, 7:3;
I-propanol:NH,OH, 7:3). The mdioactive arcas on the chromatograms of the nutrient solution
concentrate from both the ircated bean plants and ash seedlings closely coincided with the
chromatogram of the ‘*C-cacadylic standard and the co-chromatogram of the nutrient
solution-standard mix. Therefore, it would-appear that !4 C-cacodylic acid is exuded as an unaltered
molecule.



CONTENTS

YL r— . e

L INTRODUCTION . . . . . . . o o o e e e e e e e e e e
. MATERIALSANDMETHODS . . . . . . . .. ... .. .. e
L RESULTS . . . . . 0 o e o st s e e i v e v e e e e e e
A, ﬂcnnl‘!antﬁxudaihm Ve e e e e e .. I. ¢ o e b s e e e
B. Ash Scedling Bxudadion .« . . v . 0 0 s e e e e e e e e . e v
C. Chromatography of Rutslent Solutions .+ . . o . o o 0« o o v 0
IV. DISCUSSION . . . . . . . .. e e e e e e e e e e e e e e e e
LITERATURECITED . . . . . o et e e s e e e e e e e e e e .
DISTRIBUTION LEST . . . . o o v o 0 s v i vt s e a it e e s
LIST OF FIGURES
Figure

{  Cumulative '4C Loss from Roots of Gean Plants after Foliar Treatment with
100 pt (0.012 uCi) 4 C-Cacodytic Acid per Plant or 200 ul (0,024 xCi) per
Containierof Two Plants . . . . & v v v 4 e e e et e e e e e e e

2 Cwnulative 14C Loss from the Roots of Green Ash Seedlings after Foliar
Treatment with 100 pi(0.01 2 xCi} of MC—Cacadyﬁc AcidperPlant . . . . . .

3 Arcasof Y4C Activity on Paper Cliroriatogimms Developed in 2-Propanol: H,O
(1:3) of (1) 14C-Cucodylic Acid Siandard, (2) Nutrient Solution from Bean Plants
Treated with ! 4C-Cacodylic Acid, riid (3) (Co-Chiromatogram) Bean Nutrient
Solution and Y4C-Cacadylic Acid Standard . . . . . . . . v v e . .o

4  Arcas of 14C Activity on Paper Chirumatograms Developed in 1-Propanol:NH,OH
(7:3)of (1) “C-Cacod}'}ic Acid Stuadard, (2) Nutrient Soiution from Green Ash
Secdlings Treated with ‘4C-{.f;=ccd)-£ic Acid, and (3) (Co-Cliromatogram) Ash
Nutrient Solution and 9C-Cacodyiic Acid Standard . . . . . . . . . . . .



THE EXUDATION CF T8C.CACOOYLIC ACID FROM THE RCGOTS
OF RSAR PLANTS AND ASH SEEDLINGS

i INTRODUCTION,

The last decade has scep the appeamnce of nuinerous reports on the root exudation of
cxogenously applied compounds, incluling hiorbicides and other subsfances that regulaie plant
growth. The papers of Miteheli and Lindzr) Rovira? sad Foy ef al? summarize the main areus of *
expeiimental emphasis with cclatlon to studics cempleying foliar applications of labeled compounds,
Although these studics' have covercd 2 numbor of faiuilizs of chemical compounds, no reports have
appeared concerning arsenic<ontaining peolicides. The crpanic arsenicals form a group of special
interest within this family of compounds both Leostuse of their increasingly widespread use as
cotton defoliants and geneml herbicides and the controversy sunvounding their utilization, One of
these organic arsenicals, cacodyiic acld (hrdranydhuothylarsine oxide), has recently received
much attention, wrpciy because of Hs auiltary ompley mwi &3 an anticrep agent in Southeast Asia.
However, the nonavailability of laboked cacadylic acid has posed a problem in studies concerning its
fate when applicd to plaats. Thewiore, e rcaent syutisis of M(.?-c.:n:uodylic acid and ils
availability to this laboratory initivted 8 sorizs of physiotogicsl and biochemical studies of this
compound in plant applications, Tais repart reproconis one scgment of a series of studies concerned
with the sbsorption, uplake, distribaiion, znd exudaiion of cacodylic acid and gives evidence for
inclusion af the arsepicale vt remhers af that e 27 cxosenons compounds. which are exuded J
¢+ {rgin phlant soots,

I, MATERIALS AMP METIIODS.

Bean plants (Fligscolus valearis L, var, Black Valentine) were germinated in sand and
transferred to pots containing 800 ml of aerated 0.5-strength Hoagland's nutrient solution which
was replenished daily. The plants, two per pot, were grown in a controlied environmental chamber.
The refative humidity of the growth ¢hamber was SO ¢ §%; and the temperature, 35° 2 1°C. A
| 6-hour photoperiod of 1450 & 50 fi-¢ illumination at plant-top level was provided by a mixture of
fluorescent and incandescent tamps.

Uniform plants in which the first trifoliotate leaf haa just opened (6 days old) were
selected for use. Using a microliter syringe, sublethal dosages of 4 C-labeled cacodylic acid (specific
activity, 17.4 pCifmg) were applizd in five 10+ droplets to each of the five main leaf veins on cach
primary leaf. Two serics of plants were trcated, each with a different concentration of cacodylic

¥ Mitchett, J. W, and Linder, P, J.'_ Absorpiion, Tranttocatien, Exudation, and Metabolism of Plant Growih-Regulutiog Subsiances
in Relatlon to Resldues. pp 51416, 1963, fp Rordus Redewn, Volume 2 (Franca A, Gunther, ed.).

2 Roviss, A. 2. Pant Root Exndates. Bl Rev. 3, 35-55 (1959,

3 Foy, C. L, Murtt, W., snd Iale, M. G Reot Exudation of Flant Growth Regulators. pp 75-83. 1971, In Blecheminag
Totecactlons Among Plants, Natforal Acadriy of Solongs, Watkington, RC.
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acid. The fiest series reccived 100 2] (0,006 uCiy of labelod cacodylic acid per plant or 200 pl
(0.012 uCi) per container of two plaatas, and thw socond series received 00 pl (G.012 pCD per plamt
or 200 i {424 i) per cantaincer.

in order to make a Turther compuuann of the offodr of application conventration an
extlation, a third series of plints was treated in s sintlar manser with a fethal, concentration of
cold cacadylic acid (100 pg arscnic) in combination with tabeled cacodyle acid at g higher
radioactivity level (0.56 pCid por plant or 1.0 40U por conlaisier of twe plants,

In order o compare the exudation cates of @ woody species withy those ol the
herbaccous bean plants, a fourth serics of pants was proparad utifiziog ash seedlings as the tost
species. The inciusion of the slower prowing wondy spocies alo ehabled an experimerd of longer
duration than was possible with the fastor prowing beaa plants.

Green ath scodlingy (frannay poinrocdvarion Narh g obitained  from commeerdial
nursery stock were selocted for wse on the Doy of undonmily of size (stewr and oot fengihs of
approximately 40 and 35 on respectively, wnd © o T owhoals of {eaves)h The asl seodtings were
approximately 6 weeks old.

These secdbings were travstesrod o sudvienr sohition culture in the same wanner and
dnder the same eonditions as proviousdy describod Lor the bean plants, The pair of leaves at the
tourth whoe above the root collir an cach plunt was treated i the same fashion as the bean plants
with o dasage of 100 g (.01 2 pCi ol lebweled cacadytic acid.

Ad Xbour antorvals, e aiirisnt wiation was brought up to HOO mi and 10-ml
saptples were taken The experiment covered a G-day of Qbay Lampling period i e case of the
bean plants and a 16-day sanpling pontod in the case of the ash seodbings. The natricnt solution
samples were evaponed to dryness. brought up in 15 mi of svintiliztion fluid, and counted in o
Nt fvaeChicapo Mark | Hguid sciobflation counter (o doetermine the amount of 14¢ present. the
havhgroumd count was determined feom naoreat solution sariples of untreated plants.

At the termpingtion of the experiment the rutrient solitions of the trested plants were
eombined. filtered. and evaporated 1o o 32000000 duery gwe i aohume, The solution was then spotied
on Whatman 3MM chrommtomaphy paper and mindn one of two solvent s‘yslcmh{.’.-pr(ipannl.li:(l.
7:3; bepropanalNH4ON.  7:3). The auatrient  <olution  from  control  plants  was  alo
coechromatographed  with  lbeled  cacodyiie weid  standurd. Fellowing  development,  the
cliromatograms were subdivided by Ry values and counted in liquid scintillation.

Hi. RISULTS,

Al B an Mant Fxudation.

The radicactivity of the mean cunitdative toial 19C exaded at cach sampling period
from the second series of bean plands is shown in figure 1. Loss of M was observed within 24



hours from all replicates and increased aver the @<lay period with the exception of a slight decrease
on the fifth aud seventh days of sunphitg Fhess wlocrcases wmay have beea due to recycling of the
nutricnt solutions into the plants thomseives,
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Figute 1.  Cumulative 14C Lows frem Roots of Bean Plants after Foliar Treatment
with 100 1 {2.012 €1 19CCocodylic Actd pec Mant or 200 ul (0.024 uCi)
per Conloiner of Two Flenta

fizch point reprosents (he Mexn of sin replications.

The amount of radioactivily iast by the roots increased from 4.5% of the total amount
applied at the end of 24 hotrs 2o 19.1% ut the cad of 9 days. Comparative values for 6-day bean
plant experiments utilizing o lower sublethal applcation mate and a tenfold higher rate of
application with incorpormtion of vold cacodylic acid at a lethal dosage can be seen in the table, ftis
of interest to note that greater amounis of radioactivity are exuded with greater rates of application
unless sufficient antounts of herbicide sie present to eatse tissue damazge or growth reductiow in the
treated plants. In the latter case, tiwe exudation rate is greatly inhibited in spile of the large increase
_in applicd radioactivity.

Tahle, Compardson of the Eifects of Diflerent Application Rates
of Cacodylic Acid on the Rate of Exudation from Bean Roots
at Days |, 3, and 6 after Application

Application rste Exudation rate
Dy | J Day 3 Day 6
Percent Percent: Percent
4. | Atsenic | cpus | of wial | CPM* | of toi | CPM® of tatol
¥ ¢ H ;
S e A S e FDJ%MJ_—FE 2 ‘WMM*'
wCi 1% 4
0012 1.0 400 1.38 1445 458 3054 10.60
0.024 1.4 . 2358 450 66S7 {2.80 8068 15.50
112 100.0 3692 n el arer 177 9896 166 |
: ] 1 s

* (PM - counts per mimite.



1. Ash Seedling lixudation,

The sgdionctivity of the mean cumulative tutat T4C extded ut each sumpling jreriod ol
the Yoy ash ace fing experimient is shown in ﬁsurc 2 Tl o e
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Figure 2. Cumulstive 14C Loss from the Roots of Green Ash Scedlings ufter Follu
Treatment with 100 41 (0,012 4T of YC-Cocadylic Acid per Plant
Each point represents the mean-of six replicotions.

Loss of '4C was obscrved within 24 hours from afl seedlings and increased over the
Fo-day period with the exception of a slight decrease on the tonth day. This change in cumuliative
radioactivity at 10 days is not casily expliined. A possible explanation is # sudden changye in
recyeling of V4C from the autrient solution 10 the seedbings.

The smouat of radioactivity lost by the roots, expressed as § percentage of the tonal
anount of radicactivity applied, increased from G197 ad the end of 24 hoyrs to 9.0% alter 1o day,

C. Chromatography of Nutrient Solutions,

The areas of radioactivity on the chromatograns of the nutrient solution concentrate
from the treated plants closély coincided with the chramatoprams of 4 Cocacodylic acid standanl
and the corchromatoprams of the nutrient solution-standand.

Figure 3 shows the anvas of 0 activity on paper chroncitograms of T Ccacdylis
avid standard, nutrient solution from the second serics of bean plants md J c:n-chmmulunmm nl'
hean autrient solution wnd M Coucadylic acid standasd, devetoged in "‘pmp:uml"ll (rq
Chromatograms of the autrient solutions from the ash seadlins van in this solvwent syslcm )w!dul
very siilar restehts, Figure 4 shows the resulting atcas of pekioerivery when the M Cceody e aaid
standard and ashe nuteient sotution were sun in the Fpropanot NH O ET 3 vystem, Simidar resulty
were aho obtained feom chromatogriams ol the beap putpesn solimon deseloped i this solveid
\\"slctl‘l.

to the gise of the ast nutrient solition chicamatazeams (Fgare 4, some retardation of

the radicactive areds was evident when campared 1o e cliianatogratn of the ”(‘-uncmlyliu acid
standard, Due to the tcl.lli'\'cly lang duirgtion o the ash secdingg experament, Nt pulricnl sodution

1



may have contained large amounts of salts and pmtcins exuded by the plants in addition to the salts
in the nutrient solution itself. Decause of the. clm agreemment of the chromatograms developed In
the 2-propanof: H,0 (7:3) aystem id. the case df’bm.h ﬂ "Bedn and ash nutrient solutions and the
similerity of thc putrient solution chmmatoml'ns and he co-chromatograms run in the
1-propanof:H,0 (7:3) system, this rctardat!on is most likely due to the heavy concentration of salts

- in the nutricnt solution rather. than the pncsencq of ‘li mcmbohtc of the cacodytic acld,

2000
. 1300 o
: Mo Cacadylic
1900 Add Srandard
. 300,
’ c Il '] ry 3 '] Y Fl
' § 400
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§ 2000 Solutian
£ 100 :
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Figure 3. Areas of 14C. Activity on Paper Chrontstogeams Developed in
I-Propanolitiy0 (7:3) of (1) "‘(‘-("auulyhc Acld Standard,
{2} Nutrient  Solution fram Beun Plants  Treated with
CCuodyLic Acid, amt (3 {Co-Chromatogram) Besn Nutrient

Solutton and "CCamdy!i\. Acid Standard

Values tn CPM, corrected for background end couating
efficlency, are significanily above background at the 95%
conflidence level,
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. Figure 4,  Areas of 14C Activity on Paper Chromartograms Developed
in F-Propanob:NILLOI (7:3) of (1) 14C Cucodylic Acid
Standurd, (2) Nutcient Solutfon from Green Ash Socd¥itgs
Tremted with V4 Cacodylic  Acid, and (1) (o
Cheomutogram} Ash Nutrient Solution und HOC-Cavody lic
Acid Standurnd
Values in CPM, corrected for baclground aad couming
efficiency, are significantly shove buckground at dw 95%
confidence jevel,
V.  DISCUSSION. ) P

These studies revealed that 19,197 of the total amount o V3 Coancodylic acid applicd o

 hean plants grown in nutricat solution is exuded after 9 days in culturc ind that, after 1o days, 2.0

ol the ol applivd M4 Cecavodylic acid is exaded fram the goo1s of green ash seediings. This would

indicule that the rate of exudation of cacodylic acid from wwoody species may be considerably fess
than its rate of exudation from herbaceous specivs. '

n the only other reported studies o the exudgtion of febeled herbicides from wouwly
species, those by Reid and Turtt! on ihe exadition of VA Copictorim and PHC24.8T Teom ish and

4o, 1 P, oand Wuee, W Root | sadation of Siebbdes By oy Plante. Allojaihty [mpliciinns. & hae 2 19)
L2 )



|
maple seedlings, the peroentagcs of herbicide exudcd are less lh.m those reported In these studies.
Their reporied 8.4% of 140.24,5-T exuded from: mpagfe toofs wfter 22 days is the only amount
comparable in magnitude to the amount of 14C. -cacodylic actd exudyd after 16 days from ash roots.
Mareover, the 8.4% exudation rate reported by Rcld and Flurtt ‘s the percentage of lubeled
herbicide actually entering the plant leaf and therefon. repu:sepls an even smalier percentage when

expressed as percent of total applied radioactivity.

The existence of a greater number of published studies on the exudation of exogenous
compounds from herbaceous plants offers a somewhat broader base for comparison. A number of
these studies were also conducted with beun plants,

Mitchell er al.® reported that the loss of 14 C.a-methoxyphenylacetic acid from pinto
bean roots was [ 6% after 3 days. This percentage is in excess of the 12.7% of cacodylic acid exuded
after 3 days as reported in this paper (figure ). Evap greater losses of labeled Diazinon have been
demanstrated by Kansouh and Hopkins® who report 68% loss after 2 days’ duration in studies with
bean plants.

The contamination of soil. by residues of substances exuded from plants represents a
potential problem with regard to intluencing the growth of ncatby plants or crops subsequently
grown In the same soil. Foy et al.? report three substances, picloram, dicamba, and 2,3,6-TBA. a3
being the most potent of 31 herbicides tested with regard to causing injury to untreated plants
growing in the proximity of treated plants, They report 21 benzoic acid derivatives, § phenylacetic
acids, and 5 picolinic acids or substituted pyridines which were excreted by bean roots.

The report of Foy er al. vepresents an expansion of the two family classification of
exuded compounds reported by Mitchett and Linder.! Likewise, the exudation of cacodylic acid, a
methylated arsenical, adds a new class of compounds which are lost from thé roots of treated
plants.

Because cacodylic acld is an arsenic-containing compound, the finding that almost 20%
of the total application is lost from roots may. initially seem to pose a problem of serious
consequence. However, these findings are based on expesimentation with nutrient solution cultures,
a situation which in ail likclihood does not reflect  that encountered in crops grown in soil.
Simitarly, root exudation into the soil opens the possibilities of degradation by microorgunisms,
complexing with soil ions, and the influence of dimatic conditions. Afl of these possibilities could
render a phytotoxic exudate relatively harmless to othier plants. In the case of cacodylic acid,

5 Mitchelt, 1. W, Linder, P, 1, snd Robimon, AL B, Mechanhim of Row Exudation of a-Mcthoxyphenylacetic Acid In the Sean
Pt Bot. Gae, 122, 134131 (1961

6 Ksnsouh, A, . H., and Bopking, T, L. Disrinon Absaiptive, Translacstion, snd Metaboliem to Bean Plante. 1. Agr. f-ood Chem,
1o, 446430 ¢1960),
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evidenee exists both for microbial action,” whivh may produce & more toxic residue, and
vomplexing within the soil.®* which wounk! make the amenic wnavailable and thus remove iis
phytotoxic capabilitics. '

In these studios. the amoant of aroaic appiicd in the amount of labeled material used
is extremely low, The low application rate with 0.066 gCioper (00 s contained only | gg arsenic per
200 gl The 0,012 uCi per 100 @i tecataiont, which rostited in 19,19 of the total application
being exuded after 9 days, contained eoly 1.4 g arsenic par 200 gl When arsenic levels are present
that more closely approxbaate levels wsed in agricubture practices, the physiological asmd
morphological charges in the pland greadly iahibil exudetion. LEven with applications of extremwely
high radioactivity (0.56 uCi per 106 pl), the Gchasion of 100 gg arsenic per 200 gl resubted inonly
L0% of the total application being exuded after 6 days. Additionally, we {ind no evidence to
suppest that the exudate from the cavedylic acid plants contains any metabolite resulting from the
application of the methylated orgunic arseaical. Quv resulis udicate that cacodylic acid is exuded
fioin plant rots as an umalicrod moloccule, This 15 of considerable importance since the
demethylated and inorganic fovas of arscuic exbiibiil miore toxic characteristios than cucodylic acid
which has an acute oral toxicity approximating that of common aspitin, ‘

Mitchetl and Linder! b their 1903 review paper state: *There is no evidence that root
eawdation is 9 problem in soil vontamiration as far as the preseat use of growth reguluting
substances is conceriied.”™ This stutemont iy still be vulid. However, the consideration of moe
eecent reports such as this paper and those of Rovira? and Foy e al? clearly show the need for
serious study in the aliclopuaihic effocts of fuliar spplicd exogenous compounds.

7 Challenper. 1., and Higginboniom, €. the Pradoction of Trlmetly Lesioe by Posliiftiung bracicaute (8 apuedariapmis
hrevicandis). Biochem. 1. 29, 175317 TH (BRI

K Pickens, K. and Hidbold, A, L. Mewemen? and Seovstoace af Setlodaeatsasdes i S0i. Woeds 25, 200304 119671,

* Woolwn, L. A The Cliembuioy and Tosteity of Arscaie in Soil. Unpublished 9003, Diswetation, University of Marylaml, Collopy
Fak, Marsland. 1909,
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Bean plants (Phaseolus vulgaris V.. var. Black Valentine) and preen ash seedlings (Fraxinns
penusylvanica Marsh) were  drcated  with sublethal  concentrations of )4C-cacadylic  acid
{hydroxydimethylarsine oxidej to determine if cacodylic acid is exuded from the roots of plants. The hean
Mants were treated with three diffcrent concentrations of cacodylic acid (specific activity, t7.4 uCifmglin
0.5% (v/v) Tween 20 applied in five-10-ud’ draplets to each primary leaf. Similarly: 100 1 of cacodylic
acid/adjuvant mixture (0.012 uCi3 was-applied fo the ash scedlings on each leaf of the pair of leaves at the

vourth node above the root cellar~All plants were grown in 0.5-strength Hoagland’s nutrient solution under

controlied environmental conditions. The preserce of M€ was detected in the nutrient solution ol both
bean plants and ash scediings within 24 hours following treatment. The root exudation of radioactive
material kicreascd over the %- and V6-day sampling periads for the bean plants and ash seedlings,
respectively.. The root exudstion studics in bean plants showed 1 2.8% of the total applicd radioactivily was
exuded 3 days after application. For ash scedlings, the comparable rate afler 3 days was 2.7%. The
cumutative root loss of (hie fotal applicd radivastivity {or the bean plants was 9.1 after 9 days compured
ta 9.0% for (he ash scedlings after 16 days. tn the boan plants, greaier amounts of radioactivity were exuded
with higher application raics unless (he amonnt of Lerbizide applicd was sufficient fo cause tissue daniage
or growlh reductionr, When plant infury seasied, the exudation rate was inhibited even with an increase in
the level of radioactivity applicd (o the piant. A the termiaatwon of ihe experiment, (ke nutrient soiutions
were spotted on Whatman 3MM Cromoiogmphy papir oend developed in two solveal sysicins
(I-propanol:ily G, T30 Lpropanol:Nib, Ol 7:3) The mdivactive ercas on the chiomatoprans of the
nutsicnt solution cancentiate fram Botl (e teaaled beon plaaty and ash seedlings closely coincided with
the chromatograiy of the 14Ceocoaviio. sizadugd and the cachromatogram of the nuirient
selutiomestandard odx, Therefore, it would aapiar that A0y ie acid s owaded as an unaltered
mokrcie,
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