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Fig. 3-Asperglllus sp •. growrh respom1810 initial pH 12;0, 0.5% w/v; 
photooxidized SQdium ligninsutfonate. · ·' 

also be considered fo1 use with other recalcitrant ma­
terials. 
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ABSTRACT 

Arsenic toxicity lavals for 'Lankert' ootton (Gouypium hlrsU~ 
tum L.l and 'Pattar10n' soyb&ans (Glycine max L, merr.) were deter­
mined in a greenhouse eKperim&nt using 11n Amarillo fina sandy 
loam and a Houston Black clay. ThA treatmants ranged from 28to 
280 kg As/hll in the Amarillo soil and from 66 to 560 kv As/ha In 
the Houston Black soil. 1"ha vegetative eonon yields were siQnifl· 
eantly decreased below the checks at the 56 and 280 kg/hi rates of 
applied As in the Amaril!o and Houston Blec;k soils, respectively. 
Soybeans were found to be more sansltive 1o As than cotton, 
Veg~ttative soybean yield$ ware signific;antly dec:reasad at the ap.­
plied rates of 28 kg As/h!.l in the Amarillo 30iland 168 kg As/ha In 
the Houston Black son. Yield limiting As ooncentratlons in plant 
tls•ue were 4.4 ppm and IJraatar In cotton, •nd 1 ppm and gruter 
In ~ybeans. Water soluble A• levels of 8 ppm In the AITllllrillo soli 
and 28 ppm in the Houston Blac;k soil were required for a signlfi· 
c;ant dac;rees11 in thA vegetative growth of cotton. The water 10luble 
As leveb detrimental to soybeans were 3 and 12 ppm In the 
Alnilrillo and Houston Black •oils, respectively. 

Additional lnda" Words: soluble arsenic, arsenic; extraction, 
arsenic toxicity, cotton, and soyb4-ana. 

16. 

- ., • o· ..• , ~~--- '~'' ,,:~·-·.i .: i :.;~'~· lli!i4~' 4~~-;i:i.:_:,,l'~~~;i.~KA~X ~:~ : ... :­
,Arsenicals have beeri ·~ used'•; m · &:griculture < tO:· combat :·' 
"pest.s" for m?rc;t~~.·~,c~nt~ry/(~ite. ·· . . 
arsemcals have • been' mtrodueed for . 
Their low' COSt"and eff~ctiveness'haveiheen' llU•Lll.Ul.<OH.L<Ll 

in keeping arsenic on the market: However~ they are 'pol-.· 
lutants by today's standards and their continued use can 
only be justified from a benefit-risk viewpoint. · . 

In 1922, Stewart (12) reported that 75 ppm As in a 
calcareous Bench loam caused only slight detrimental a(7 
fects to the more As sensitive plants, but that 25 ppm As 
in the soil appeared to have stimulated them. From these 

' results he concluded that small quantiti~ inay be bene-
ficial to some plants. · 

Albert and Arndt (J) found that 1 ppm of soluble As 
retarded the: top and robt growth of cowpeas. Machlis 
(8) used Sudan grass and bush beans as the indicator crops 

1 C"ntribution fro111 the Soil and Crop Science• Dep., Texu 
A&:M Unlv., Colle~t Station. 7784!!. Rct"e!..,.ed Sept. 18, 1971. 

2 Graduate Atmtant and A .. ociate Professor, Boll and Crop 
Sciences Dcp. 
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:b !.~~~_i'li!~.~;·•"'·~·";<' :r it••! \ ; • '~~~ +~~. i;<;,, ' ' 
·As ·Ca.n ~ccumulatc ·in ·plant tops: 

. · d 'that' the possible poi-
'anilii:als ·by higesting ~ontamiriated 

since .the _levels of As· toxic to man 
............ ,..o· wcre;·al~o 'i~xic to.phuits'(l,.5,· 9, 13)., Re-

cently Jacobs et al. (4) reported that, with the exception 
· · · · As l~vels in the .edible portions of 

. ori" a · so-~1 ~rca ted wi!? 180 kg ~ ~/ha, 
.. ~le.r~ncc:,J.t,ll'\lt, of :t~. p~m •. Howev~~.·thc 

aelllr~!l!_;ert ~~n~~d?rab_ly <~:1 th1~ rate. , . . '·i·:. 
of the present study .. was to determine 

. As: that adversely affect the vegetative growth 
. ··,of cotton arid soybeans grown on _two.Tcxas soils in the 

.\.-: ~e,e~~house. · .. :'. ,_ .. {'•·· .:.;-•. ' ···· ., .-._·l···:·.:-

. ' ·' MATERIALS AND METHODS 

·>'.:::or-An:Am¢llo fmc sandy loam and a Houston Black clay wc:re 
• , : :;1;,~h~sen f~r ~this study bcc!illue they are predominant soil types of 
· •- :the· IN,jo-r. cotton stripping areas. of. Texas. Arsenic acid is the pri-

. . deidecant 'used to aid' in the gtripping of cotton in theS(: 
. ,· .. :· t.'.·i~~~i\, r;~··~.·.!\··· .-.~:~~:~.~:' .. \' :1. :··: ~~ .. ~.. .·.:··~ .. · .. 

raJil<ll)mized block design "with ll treatment rates and ~ repli-
.c:af:io~ls;.1wai\:,Ui;ed~-~ A;2ckg .sample ·of each toil waa placed in 44 

·· . . in.quadruplicate,were made on 
· · mixtures of As were prepared 

soil to give' final mixtures' 
. ! .. , ·~ ' , . !. ·I··~ 1 • •, • • 

,,', .. ·, 

'";···. 14 
,':·1. .••. -.:.. 

of 2 mg As/g o~i and 10 rog lu/1 of soil. A prescribed amount 
of a stock mixture was added to each pot to give the desired treat­
ment. A portion of the soil previoul}y weighed wu removed be· 
fore the addition of the stock Jniltture, so that the fmal weight in 
each pot was 2 kg,. Stock.mixtarelJ provided a method whereby 
the As could be applied in suff'lcient bulk to aid in the mechanical 
mixing of the Aa into the soil :Yi:ring waM accomplished with a 
"V" shaped tumbling mixer. 

The soils were placed in a greenhouae and brought to field ca­
pacity with distilled H20. Field ~ty was 15% and 28%, by 
weight, for the Amarillo and Hoa.Aon Black soils, respectively. 
The soils were allowed to dry for 4: OT 5 days and then broLtght 
back to field capacity. This cycle was continued for 2 months to 
allow for complete: reaction of the As wi<h the soil. After 2 
months the pots were ~oubdividci ;a; nuuiom into 2 groups such 
that each lc;vel of As was repr~ in duplicate for hoth soik 

One group of pots was seeded with •Lankert' colton (Gossypium 
hirsut!Lm L.) and the other with 'Patt~:Tson' soybeans (Glycine max 
L. merr.). The planted pots were bJought to field capacity with 
distilled wate~ and checked daily throughout the 6-week growing 
period to maintain the soils at fidd capacity. Each crop received 
an application of 112 kg N/ha applied u NH~03 in solution when 
the plants were 2 weeks old. No <Jtha fertilizer waa applied. The 
cotton and soybeans were thir:mrd. to 2 and 5 plants/pot, respec­
tively, just prior to the applic.atiCil ofN. 

The crops were harvested at 6 wa:b -by excising the plant at the 
soil line. They were then placed in a f«ced draft oven and dried at 
105C for 24 hours. Oven dry weights of"the plants in each pot 
were determined to give the yield po pot. Since 5ome of the soy • 
beans had set fruit a note Wil$ a:nadc of thi• while recording yielll 
data. f 

Arsenic contents of the plan:u grJ}vn in the grecnhou~e were 
determined by the method described by Liedennan, :Bowen, and 
Milner (7}, with a alight modifi<3tion of the acid used to digest the 
plants.· A ternary acid mixtl~R c.JOSUting of 200 ml cone. H2S04, 

1000 ml cone. HN01, and 400 ml 7'"'HC104 was employed in the 
digestion procedure, 

After the plants were harv~d. soil samples were taken from 
each pot and eJ~;tracted with hot (96C) distilled H~O. 1N NH4Cl 
and O.!'JN HCl. Three, 15-ml ina"emc:Dt!J were used to facilitate the 
extraction of about 5 g of soiL AJu:mate shaking and centrifuga­
don was used to separate the su~t liquid from the soil. The: 
extract was brought to volume in a 50-ml volumetric flask with 
distilled H,O. A suitable aliquot ....,. u.ken for the determination 
of As ttsing the a:nine e.rolution JR~W'" (7)-

Analyses of variance were d=otiDcd on the yield data for both 
· cotton and soybeans on the two soils at the corresponding As treat­
ment levels. A 1'W<ey D test - c:mployed to d<:tennine which 
yields were ~ignificantly diffcrox:t. Correlation coefficients were 

''also determined between mean yir:Lh of each crop and the extract· 
able 5oil As levels. 
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Fig. 2-Effect of Internal Aa on the ...agetative growth of soybaans.. 
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RESUlTS AND DISCUSSION 

',I 

The yields for the cotton grown on the Amar~llo .and 
Houston Black soils, were reduced by As appbcattons 
(Table l ). The analyses of variance indicated 

1
that the 

yields decreased with increased As at the ~% le"";e:l,of 
significance .. The cotton gt·own on the Amar1Ilo s~ll was 
more seriously affected at the lower rates of apphed As 
than the cotton gy-own on the Houstop Black soil. 
Vegetative yields were significantly reduced ·be~ow. the 
check at the 56 kg/ha treatment in the Amadllo .~oiL A 
significant vicld reduction was observed for cotton plants 
g:rown on the Houston Black day at the treatm~n~}TYel~f , 
280kg/ha. •, :•.J.,,,. 

The vegetative yields for the soybeans gro~ ;;·~ , the 
Amarillo and Houston Black soils are given in Table 1, 
along with the As levels which inhibited fruiting. So~­
beans generally require more than 6 weeks to set fnut 
even in the greenhouse. However, the short daylength 
cncountered induced early flowering and fruitage of d1e. 
Patterson variety of soybeans. The pods formed were · 
about 5 em long. Analyses of variance ~uggested the 
veg·etative soybean yields decreased with increased As at 
the l% level of significance. Soybeans were found to be 
more sensitive to As than cotton. Yield decreases wcre ,. 
observed at As concentrations of 28 and 168 kg/ha in.the 
Amadllo and Houston Black soils, rcspectively. 'l'hc soy­
beam did not set fruit beyond the 2.S kg Asfha treatmerrr­
in the Amarillo soil. However, in the Houston Black clay 
fruiting was observed at all treatments be:low 224; kg As/ 
ha in one replication and 280 kg As/ha in the other. 

There was a slight increase in the vcgetative yields of 
both crops gmwn in the Houston Black clay; although, 
the increase was not sig11ificant. This OCClltred.at the 56 
and 112 kg/ha rates of applied As for the soybeans and 
cotton, respectively. 'l'he increase is possibly due t~ the 
release of some phosphorus by the added arsenic. Sevcral 
workcrs have demopstrated that a replacement for one 
by the other from)soil compkxing agents can occur (2, 
3, 6, 10, ll ). 

The data for the averaged vegetative cotton yields for 
both soils and the plant As contents are plotted in Fig. 1. 
'l'he yields and internal As contents for the soybeans 
grown on both soils are shown in Fig. 2. The tissue yields 

~t:> 

E 
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" ·;; .. 30 ~ 
<( . 
i ?.0 
u 
D 

";< 
10 w 

M 112 169 224 
Appllao Auan" in kgtha 

Fig. J.-Extractable As correspondl!'lg to the applied rata! In an 
Amarillo fine sandy loam. 

·r.'.'·~· i_,;,_: .. ~.~ -.-..... _ . . . .. ,.::;J~. ~.i~·~ .. r .. ~ ~i~~~~~~~~!i~i:~~ 
from some of the treatments we•·e·; .· su 
chcmical analysis and several of the samples 
the initial digesthmpro · . · 'Th(r ·· · · u•'l u.,;•uc•"' u'"" 

As"exerled the ·s:.tm•e::tiJ.J!:ii~iJ~f.fj~·~.t.fo"rif~:J:a~~,f~PJW,t!ll.~ 
plant~ rcga~dless o( 
exceeding; ~-4 .... · •.. · .. ~·--··-~·;,a:,si~ttu:t.~Glm1:~Qeq;~~t:(fffi'f~l~ 
vcgetative 'growt~ i 
to note that-thc· , 

ow:th' •:''ana · · th'ati'.c · :o· tt:a•n"'deJmo,ns1ti"'a1tes·:·!(,;:::ru'e. gr . '· ''· •. ' ..... ) . . !.~··· 
for As: :An mternal . . . . . . 
significant"decrcase'. . ' ' ... . . ... . . "' 
but did not prevent fruiting., No fruit waf .. set , .the 
beans' when the 'iriiemal:,As. concentration::·exceeded 
ppm:· Howe~er; &Uifwasser:ind inatutingat'in-tmiai 
exceeding:the toler.ance .. lhn,~~ .~~.2;,~.??,.~;.~;.~.,~· ~~.cuu~H<'l!-
for many vegetable crops ( 4); ·. ·· · .. ,~·.:·':':·~::·l'i. . .,,, ··· · /~·..,--.· ·• , .. , ... .,.,., .. ,~, 

. Sin~e ·. ~s. toxicity, ~0' plant's, is aF~~tiy raat~d to. 
soluble level iri the sod; a:Ineasure .. of. the. solubl" As.. . . 
tcnt should be more informative than. the total As .. ,The.;." ' 
data for the soluble As, determined with 3 cxtractants at '_ ... :~; 
the different levels of applied As, is graphically depicted 
in Fig. 3 for the Amarillo soil and Fig. 4 lor the Houston 
Black cb.y soil. Correlation coefficients determined for 
the averaged yields of both crops and the As extracted by 
each solution are given in Table 2YtAithoilgh the ·corrda~. i .. 

'tion co-efficients: were 'all significiiltf:'a,t'' the; .5% ky'el"8t · . ·· .. · 
better; t~e curve~:sh9wn in Fig:: 3.:~~e.;4}~gges(.th,ailio·~_:/:·:':· 
(95C) distilled H~O is .the preferable ~J;Ctr~ictant fo; solubl~ ;,,,: : . 
As in the Amarillo· and Houston· Black clay solls;l':'The · 
hot. H20 extractcd'shriilar quantities'h(As for bc)th'soils I • 

at comparable rat~~:<?,f'ipp~ed ~s;::~~~f~t~~~::~)d:~-~~~an:~s.:~! . 
varied between so1ls. · Water sohtble As levels of 8 ppm m . · 
the Amarillo and 28 pprri in the Houston Bl~k cJ.,_y were 
required for a significant decrease· in· the :vegetative. growth:, ·.· 
of cotton:' The corresp.oriding viilues for soybeanswere·3 :· .. 
and i2 ppm As''inthe Aniarilld and ~oustoii: .. · ·, 
respe~tively~ The toxic, l~els: ~a~~~v.~.,b~e.if. . .· 
aggcrated due....to the h1gh root den,~1ty, umform A~, 
tribution in the soil, and ·the higher soil cemperaturcs 

. ':.:' 

!!10 

'' .",1,, 
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224 ~~G <~48 

Applied llr .. nlc \n kQ/IIo 
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t;;,m~d lil. the greenhoUse pots.' The higher soU temper~­
ture would tend to induce a greater soluble level of As in 
the soil. . 
· ·The da.taindicates that a narrower range between toler­
able levels of soluble As and the levels which effect yidds 
exists in the Amarillo soil than in the Houston Black soil. 
However, a greater hazard of crops exceeding the allow· 
able As leVel probably exists in the Houston Black clay 
due to the more subtle effc;,:;t of soluble As in this soiL 

I ' 
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"l·i+n .. l ''i<.ii!>.· · .... Water Soluble Organic Substances Leachable from Feedlot Manure 1 

·'J,O:i ·~!1;, ,;,:.:;\'1~:. ~I,,·~ '.' ·,,,,_t 

tr;·,~~~';(1~,.tt•>; i'~;:~~~t~h; •:•'. : · .· .;n ~'i' A. R. Mosier:, K. Haider3, and F. E. Clark2 

: ;:\'~~-'>!l.V>l:r.•;;{~:.~+i[~J:~·;~£.>! .: ,. , ~· ,,( . • ...• :' ,;: : 

( I, 
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· ·. ·:;®)Vater tl:x:tracu o(~$adlot manura and soil and of grassland soil 
,·.,,.,.were comparad wiUi w~ter from shallow wells near t1:1 and remote 

.. :.>:" .·::·:.;;from feedlot$ iind with Water from a local river. Thln~layer and 
1

. " ?column. 'chromatography failed. to 1'8118al. water-.Oiuble oroani~;& 
.; unique to fe.~dlot ground watars. Free phanalic:S could readily be 

laac:had from fiH!Idlot manure and from the upper few centimeters 
of feedlot soil, but only tracs amounts of low-molecular-weight 

. ware encountered .In the grouod wator ~~arnples examinad. 
. major or!lllnic .constituurrts In all the wall waters appaarad to be 

:·IV>rv,..,.,ri7At! materials; Mlldlyraduetlve degrli!datlon of the organic 
. . · in' leaChates prepared from·.feedlot m~nure, feedlot fOil, 
.; and' grassland. soli. yi~tlded. idemifiable phenoliC1; the lli!lma proc;a, 
. failed ~,reveal In waters. It WB$ conduded 

. movement of organic ma-
UOim.,:ral!l[]IO'tl ~lt.r,;,;,nlh the ·son profile to the ground water 

·l·•,·:.,t.·.,..;OI.,.. ;br":~~~r~· :,~;;;·:·:;1;,,.:,(,; .. ' .... :i.::. ::,~:.·:·; 
pham:ute:s, ground Wllter .. 

se~:valleS. ·'. bcll~~ed to co~tribute to the organic 
lUl'·>"'••<U .,,i-,-<Prtt'cnrichnient of.lake~ and Streams and 

.. f oxygen 'deinanil; bad tastes and 
·gi-"o'wths;'and wide-ringing effects 

oio,ta·:·a:ssoci.ate:d. 'V'ith,'the )Vater bodies (12,,15 ). 
'Urine .is:iapidlytiansformed 

~~~!it~~¥~~~H;~~~~r0·~;~·:~s· · ··: .. -_, .. :: .. · ·/,. :..:> ... ;_ · · · · 

~J ... ..,;.t"'''"" Mlcrobic•lo~rbt.··:respectively; USDA~ Ft. Colllns, 
' ~ •j,' . ' ' ., • I ' . • (_~· 

.. · ~.:'iur JJiochellli~ des Bodens, 
I ;,.,nl.'hviT1:•du•f1r!·.,. Bra.untcllwelg-Volkenrode, 

·· .,./'31r;.l~.~- )::~<;.._, ~- Fli,..; ~~·:· 
'.' 

to ammonia and this, in turn, may undergo volatilization 
or be microbially oxidized to n..itritc and nitrate. Ground 
water in the vicinity of feedlots frequently is high in 
nitrate ( 1, 17). However, lit.tle is known about the fate in 
soil of the water-soluble :organic products of animal ex­
cretion other than urea and the extent to which such 
products can be detected in ~oil Jeachates. The cu11·ent 
work was undertak~n to compare the water-soluble or­
ganic material of feedlot manure and soil with the organic 
materials found in leachates of grassland soil and in 
ground watef in the vicinity of and remote from feedlots . 
'· Surface 'and ground waters .iave been found to contain 
traces of a wide variety of organic compounds. Lamar 
'and GoerlitZ {10) concluded that much of the organic 
matter in· surface waters consists of a mixture of car­
boxylic adds having aromatic and olefinic unsaturations. 
.Middleton et al. ( 12) isolated a large number of organic 
compounds, mostly in parts per billion concentrations, 

. from surface waters variously contaminated with petro· 
:chemical and industrial wastes. Schnitzer and Desjardins 
. (16) analyzed the aqueous leachate collected in a field 
.lysimeter from a humic podzol and found that about 87% 
. of .the dry, .ash-free weight of the leachate was fulvic 
'·acid, .. with the remainder consisting mostly of polysac-
charides I:Uld nitrogenous compound~. 

Usually only low yields of pheno1ic substances are ex· 
tractable fr~m soils and peats (6). Christman and 
Ghasemi (5) ·observed trace ar,1ount:s of phenols in water 
extracts of soils and sawdust! of different: tree species. 
Most of the: water-extractable material appeared to be 
polymeric, from which different phenols were released 

. upon oxidative degradation with copper oxide. Schnitzer 
and Des Jardins (16) obtaiw:d no free phenols in the 


