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ABSTRACT

Arsenic toxicity levels for ‘Lankert’ cotton {Gossypium hirsu-
tum L.} and ‘Pattarson’ soyhaans {Glycine max L, mesr.) wers deter-
mined in a gresnhouss expsriment using en Amarilio fine sandy
ioam and a Houston Black clay. The treatmants ranged from 28 to

k 280 kg As/ha in the Amarillo soil and from 56 to 560 kg As/ha In
£ the Houston Black soil, The vegetativa cotton yields were signifi-

cantly dacreased below the checks at the 56 and 280 kg/ha rates of
H appliad As in the Amarillo and Houston Bisck sails, respactively.
] Soybeans were found to bs more sensitive to As than cotton,
t Vegetative soybean yialds ware significantly decremsad st the ap-
5 plied rates of 28 kg As/ha in the Amarillo il and 168 kg As/ha In
: ths Houston Black soll, Yield limiting As concentrations in plant
? tiszue were 4.4 ppm and jreater In cotton, and 1 ppm and grester

in soybeans. Water soluble As levals of 8 ppm In the Amarillo toll
and 28 ppm in the Houston Black soil were requirad for @ signifi-
cant decreasa in the vagstative growth of cotton. The water soluble
As levels detrimental to soybsans were 3 and 12 ppm In the
Amaritlo and Houston Black soile, rnpoctively

Additional Indax Words: soluble arsenie, arsenic axtraction,
arsenic toxicity, cotton, and soybaans,
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pests for morc: ths.n a cen
arsenicals’ have been initro
Their low’ cost and effcctwcness have'been instriimenital -
in keeping arsenic on the market. However, they are pol-
lutants by today’s standards and their continued usc can
only be justified from a benefit-risk viewpoint,

In 1922, Stewart (12) reported that 75 ppm As in a
calcarcous Bench loam caused only slight detrimental af-
fects to the more As sensitive plants, but that 25 ppm Ab
in the soil appcared to have stimulated them, From these

ficial to some plants. .

Albert and Arndt (1) 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
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. Tabl‘ 1—Cam!ntlon eoomolonn for yiald va, oxtrnctahlo arssnic
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© Preatment - 1 00 Sl U Coton Saydeass?
kg An/ha . /ot
Amarillo soil
0 1.9112° @.7%) a*
28 2,7 wb «.80) b
56 1,29 be 2.95 o
84 .20 od 1,30 od
112 0,94 ods 0.31 d
140 0.54 ode
163 0, 86 ode
, s, 198 0.32 da
L1} | 0,34 de
ok 292 0,17 o
280 0.1%0
@ Ees.ﬂﬁe.w_ . |
Y L. 2,65a (10, 45) & !
54 2,69 a .ssg ©» A
L2 ©2,848b .82) sb
. . 168 . 2,83 85 sﬁ.zs)ba
b 224 1,89 ahw 4. 22) bod
250 1.60bo : 9,39 od
336 1,360 1.67 d
392 1,40 ¢ 1,87 4
448, .- 1,620 1,29 de
R Y ‘L2%o ... Q05a
At 58 1,250 7 70,29 o

+ * Agy two pumbers { tha same wlmn nn: tnllawed by tao ame lathr are ugnl.no-ntly
.. different at the 0,03 level, i =y

to qdemonstrate that 'As ca_n accumulatc m plant tops.
Howev “é‘;f' severa

Wi

¥and ‘animals Wérc a]so Toxic ta plants’(1,'5, 9, 13) : Re-
“cently Jacobs et al. (4) reported that, with the cxception
: peclmgs, As levels in the cdible portxons of
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MATER&ALS'AND MEbeDs

+An Amarillo fine sandy loam and a Houston Black clay were
chosen for this study because they are predominant soil types of
tton ‘stipping areas of Texas, - Arsenic acid is the pri-

i TARE)

2kg samplc of cach soil was placed in' 44

; Sto;:k mixtures of As were prepared
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mgry deslccant ‘Used to a.id m thc stnppmg of’ cotton in these "

& treatments in. quadmphcatc wcre made on

Gven-dey “Weights in grgms
. G e :

) Fig 2-——Effoct of Internal As ot the wagetative growth of soybaans.
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of 2 mg As/g OMI and 10 mg As/g of soil. A prescribed amount
of a stock mixturc was added to each pot ta give the desired treat-
ment. A portion of the soil prcvmly weighed wan removed be-
fore the addition of the stock mixtures so that the final weight in
cach pot was 2 kg. Stock.mixtures provided a method whereby
the As could be applied in sufficient bulk to aid in the mechanical
mixing of the As into the goil. Mixing wax accomplished with a
“V” shaped tumbling mixer.

The soils were placed in a gwmhomc and brought to field ca-
pacity with distilled H,0, Field capacity was 15% and 28%, by
weight, for the Amarillo and Houston Black soils, respectively.
The soils were allowed to dry for 4 or 5 days and then brought
back to ficld capacity. This cycle was continued for 2 months to
allow for complete reaction of the As with the soil. After 2
months the pots were subdivided at random into 2 groups such
that each level of As was represented in duplicate for both soils.

One group of pots was sceded with “Lankert’ cotton (Gossyprum
hirsutum L.) and the other with Patterson’ soybeans (Glycine max
L. mem.). The planted pots were brought to ficld capacity with
distilled water and checked daily dmoughout the 6-week grawing
period to maintain the soils at field capacity. Each crop received
an application of 112 kg N/ha applied as NH,NO, in solutionn when
the plants were 2 weeks ald. No other fertilizer was applied. The
cotton and soybcam were thinned to 2 and 5 plants/port, respec-
tively, fust prior to the application of N. :

The crops were harvested at 6 wecks by excxsmg the plant at the

" soil line. They were then placed i a forced draft oven and drjed at

105C for 24 hours. Oven dry weights of the plants in each pot
were determined to give the yield pex pot. Since some of the soy-
beans bad zet fruit a note was made of this while recording yicld

data.
Arsenic conténts of the plants gr&(vn in the greenhouse were
determined by the method descobed by Liederman, Bowen, and

. Milner (7), with a alight modification of the acid used to digest the

plants. ' A ternary acid mixture consisting of 200 ml conc. H,80,,
1000 m] conc. HNQy, and 400 ml 70% HC104 was employed in the
digestion procedure,

.After the plants were harvested, soil samples were taken from
cach pot and extracted with hot (95C) distilled H,0, 1N NH,CI
and 0.5N HCL. Three, 15-ml inaements were used to facilitate the
extraction of about 5 g of soil. Altermate shaking and centrifuga-
tion was used to separate the supernatant liquid from the soil. The
extract wag brought to volume Iz a 50-ml volumertric flask with
distilled H;0. A suitable aliquot was taken for the determination
of As using the arsine evolution procedure (7).

Analyses of variance were determined on the yield data for both

“cotton and soybeans on the two soils at the corresponding As treat-

“.ment levels. A Tukey D test was amployed to determine which

yields were Significantly differemz. Correlation coefficients were

~also determined between mean yicdds of cach aop and the extract-

ablc sox! As levels.
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RESULTS AND DISCUSSION . ... ;:

N st
The vyields for the cotton grown on the Awmarillo and
Houston Black soils, were reduced by As applications
(Table 1), The analyses of variance indicated that the
yields decreased with increased As at the 1% level of
significance, . The cotton grown on the Amarillo soil was.
more seriously affected at the lower rates of applied As
than the cotton grown on the Houstop Black soil
Vegetative yields were mgmflmmly reduced ‘below the..
check at the 56 kg/ha treatment in the Amarillo soil. A
significant yicld reduction was observed for cotton plants
grown on the Houston Black clay at the treatment Ievel of ..
280 kg/ha. TR
The vegetative y1elds for the soybeans grown on thc_:‘
Amarillo and Houston Black soils are given in:Table 1,
along with the As levels which inhibited fruiting Soy-
beans generally require more than 6 weeks to sct fruit
even in the greenhouse. However, the short daylength but did not prevent fmmng No fruit wat set in the soy-
encountered induced early flowering and fruitage of the beans’ when thc mtcmal As, concentratmn exceedcd 6.9
Patterson variety of soybeans, The pods formed were
about 5 cm long. Analyses of variance suggested the

exceedmg the tolerance limit of 2 & ppm As established

vegetative soybean yiclds decreased with increased As at for many v egetable crops (4 Sy
the 1% level of significance. Soybeans were found to be Since As toxicity, to plan"cs is dire ctly rclate
more sensitive to As than cotton. Yicld decreases were ¢ . soluble: level in the soil; a measure of the soluble As c >
observed at As concentrations of 28 and 168 kg/ha in the tent should be more informative than the total As. The.
Amarillo and Houston Black soils, respectively. Thesoy- - go10 for the soluble As, determined with 3 extractants at
beans- did nqt set: f‘l'ult beyond t‘he 28 k'g As/ha treatment the differc‘n‘t levels of applied AS, is graphlcally depicted
in the Amarillo soil. However, in the Houston Black clay in Fig. % for the Amarillo soil and Fig. 4 for the Houston
fruiting was observed at all treatments below 224 kg As/ . pack clay soil. Correlation coefficients determined for
ha in one replication and 280 kg As/ha in the other. * the averaged yields of both crops and the As extracted by..
There was a shgpt increase in the vepetative yields of ¢, 4 solution are glven in Table 2% Although the aorrcla—u :
both crops grown in the Houston Black clay; although, ‘tion” coeffxcxents were all sxgmflcant’at the’ 5% level ‘8t
the increase was not significant. This occurred at thic 56 better, the curves shown in Fig: 3 and 4 fuggest that hot'
and 112 kg/ha rates of applicd As for the soybeans and (95, distilled HyO is the preferable extractant for soluble’
cotton, respectively. The increasc is possibly due to the As in the Amarillo"and Houstos - Black clay soilswTh
release of some phosphorus by the added arsenjc. Several hot H,0 extracted similar quantities"sf As fot both soils’
wotkers have demopstrated that a replacement for one at comparable rates of apphed As"The Gthiey extractants;
by the other from/soil complexing agents can oceur (2, . varied between soils.” Water soluble A levals 3f 81 ppm LR
5.6,10, 11}, the Amarillo and 28 ppm in the Houston Black clay were
The data for the averaged vegetative cotton yiclds for required for a significant decrease in the vegetative growth.

both soils and the plant As contents are plotted in Fig. 1.
The yields and internal As contents for the soybeans .
grown on both soils are shown in Fig. 2. The tissue yields

of cotton.’ The correspondmg valucs for soybcans were 3!

aggcrated due_to the hlgh oot densxty, umform As

tribution in the soil, and- the hlgher 3011 temperaturc
20 b .
or
£ HCI
=Y
< 4of £
= 40
o &
% €
Evag o
z g}
. H,0 -
| 20 . i z =
k: ‘ g 20
: : guor
= . NH, C{ Y
o o110 ° . £
« w 1ot
[ ]
88 "2 166 224 -
, 112 224 316 adg
Applied Arsenic in kg/ha Applied Arsenic In hg/ha
Amarillo fine sandy loam. Houstan Black clay,

|
|
Fig. 3—~Extractable As corresponding to the tnphed rates In an Fig. A—Extracteble As corresponding to the applied utoa ina ;
4
J, Envivon, Quality, Vol. 1, no. 3, 1972 319 i
J




B81/88/2881 14:37 8

tained in the greenhouse pots. The higher soil tempera-
ture would tend to induce a greater soluble level of As in
thesoil, .

The data indicates that a narrower range between toler-
able levels of soluble As and the levels which effect yields
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
o due to the more subtle effect of soluble As in this soil.
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"to ammonia and this, in turn, may undergo volatilization
or be microbially oxidized to nitritc and nitrate, Ground
water in the vicinity of feedlots frequently is high in
nitrate (1, 17), Howeven, little is known about the fate in
soil of the water-soluble otgani¢ products of apimal ex-
cretion other than urea and the extent to which such
products can be detected in :zoil leachates. The current
work was undertaken to compare the water-soluble or-
ganic material of fecdlot manure and soil with the organic

materials found in leachatcs of grassland soil and in

ground water in the vicinity of and remote from feedlots.
" Surface and ground waters f1ave been found to contain
traces of a wide varicty of organic compounds, Lamar
'and Goerlitz (10) concluded that much of the organic

'matter in surface waters consists of a mixture of car-
" boxylic acids 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 wastcs. Schnitzer and Des Jardins
(16) analyzed the aqueous leachate collected in a field

. lysimeter from a humic podzol and found that about 87%

.of ‘the dry,.ash-frec weight of the leachate was fulvic
“acid, with the remaindcr consisting mostly of polysac-
charides and nitrogenous compounds.

Usually only low yields of phenolic substances are ex-
tractable frdm soils and peats (6)., Christman and
Ghasemi (5)-observed trace araounts of phenols in water
cxtracts of soils and sawdusts of differcnt tree species.
Most of the waterextractabl: material appeared to be
polymeric, from which different phenols were released
‘upon oxidative degradation with copper oxide. Schnitzer
‘and Des Jardins (16) obtain:d no free phenols in the




