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ABSTRACT 

Absorption of 1 1!5mCd by soybean !Glycine max L.) plants via 
'oliar 1nd root ,y,tems J11d tunslocation into the Jeed N!JS deter· 
. Tuned. The uptake of 115mCd by soybeans ·1ia the root lV,tem 
.vas :nore ~f~ i c i ent than !hat of the foliar ;Jiacement. 

Gfowth Jnd Cd concentrations at roy bean Jnd 'Nheat i Tr ' rtcum 
x w vum L. ) top~ Nere :ntluenced by ;oil·iiPPiied Cd. in 'loth 
;roos, :he •:d ·:oncentration of plant tops mcreased Nhile ·1ield de· 
·•eased 'Nith ·nr.rP.asinq levels of Jpplied Cd. Cadmium toxicitY be· 
;~ to occur in both crops at the lowest level of soil apolied Cd 
·.2.5 ppm). With soybean plants, Cd tox1citV symptoms resembled 
1=1 chlorosis. For 'Nheat plants there 'Here no visual Jymptoms 
Jther than the !tunted JI'OWth. 

The relative concentration of Cd found in ~everal vegetable 
:raps tar ied depending on the plant ;pecies. The relative Cd con· 
centration in de-nding order for tarious veqetables was lettuce 
ILxtuca sativa l.) > radish top !Raohanus sativus L.l > celerv 
;ralk V-! o1um :;r ·?vevlens L.i > celerv leaves ~ ·}reen pepper 
(Caosicum frurescens L.) >radish roou. 

Additional Index Words: heavy metal, cadmium toxicity, 
translocation. ·-- ........ 

(.1dmium t•JX ICtrY in :nammals is well established ( 15 ). 
p >iso n in~ b-y ch is ele:nen t em occur by intake or injection 
.)[· Cd salts or by inhalation of CdO. .\ good correlation 
i) c: ~·.vet:!l cardiovascular de:tth rates md the concentration 
.1 ;" CJ in the air as ;m [ndustrial pollutant was reported by 
C.1rro l ! 2). Experiments with :mimals have shown that Cd 
.md its compounds can induce malignant tumors in rats 
i jl. 

C.1d mmm in the env ironmen[ is -senerated fr om smel t· 
: 11 ~ industries, .1ttrition o f auto mobile tires, .111d burning 
Jt diesel and heating o il. The Cd concentntion of four 
hr:mds of tires ranged from 20-90 ppm; and for diesel 
.md heating oil, it ranged from 0.07 to 0.10 and from 0.42 
to i).5~ ppm, respectively ( 11 ). Other sources of Cd are 
;ewage sludge and, to rome extent. impurities in certain 
115Ticultural chemicals. Since Cd is predominately released 
:mo the .umosphere. ' he 1irbome particulates containing 
( d even tu:1lly will be deposited on the mrface of soils ".lnd 
plants by rain or inow or as dust "fallout." Kitamura (8) 
~eported that over a 3-year period. Cd concentrations in 
[he soil pots which were placed 500 m from the Cd emis
ilu n ;o urce increJ.sed :·:om •J. 7 to 9.-t ppm while there 
·.vere no increa:~Cs in Cd conantrarioos (0.7 ppm) of those 
;oils which were located in a control area.. Lagerwerff and 
lioecht ( l1) found that the concentration of Cd in soil 
1~d ve~c ta tion along the highway decreased with distmce 
:·rom tnific. The Cd concentration was related to me 
·:om posi t ion of motor oil :md automobile tires and their 
res iciues deposited along the roadside. 

C:1dmium is pre~ent in n rious C!ttantities in soil, water. 
~ i r , .md toods. [n nonpoiluted areas, the concentration of 

Cd in so il is reported to be < 1 ppm (1 8). In ueas ,)f 
suspected Cd contamination, in rice IOrvza satz"va L.) 
fields of J<.tpan. concentrations of 1-50 ppm h,lVe been re· 
,JO rt ed : l 3 ) . 

in '1onoo!lu ted w::Js. t!-le no r:nai .; :mu:e~ cnc:•;n .)[· Cd 
:n wJ cer :~ < : JDD. Hcwe·Jer. values ~~:Her :han i_l) ppb 
have ':Jeen :epor:ed :·or natu ral -.v a ~as .1nd w·ua f•J r ..;on· 
;umpta.m · 4 ~ . 

C.1Lim ium conce!l trat ion !n :1ir ''aries with :he 1istance 
:·r ,J m 1 C.:! -~ -n ~t ~ i n ~ ;ou: .:e. K~ c:: :p er 1 l. .9 : :·;und th .H 

:he \"eJr:\· :nean concen~ra t ic n o r· Cd in che 1ir n lower 
\bniu c ~a~ w:1s 0.023 IJ~Sf m 3 while 3t .1 ;1unur'Jan ;ite it 
w:1s 0.01;:) a-s; m3. f or Scockholm, .1 we:: t<!•.- :nean con· 
centratio n 'Ji. t).D05 IJ7,im 3 was repow:d, while fo r 1 mnl 
:ueJ, a monthly mean of 0.0009JJg/ m3 

WJS rec<Jrded ( 4o) . 

.\ ,_·u mpr~h~n sivt:" :- ev ~ew· ol th ~ Cd (~> tnen t •J i.. V ..L f ~t : u s 

common foodstuffs in the C'SA md other countries was 
made by Fnberg et al. (4). They indicated that the 
":wrmai" !eve!s of Cd in foodstuffs are below 0.05 ppm. 
Some ;eJ fooris m ch J.S shellfish from are:lS not known to 
be contaminated contained> 0.05 ppm ( 14 ). 

.-\ .:c ardin~ to Pringle et al. ( l2), concentrations o f Cd 
in ovsters fro m the east coast of the USA v:u-ied from 0.1 
to 7.3 ppm; .111d v:uues from the west coast ranged from 
0.2! to 2.1 ppm. Rice and wheat (Triticum aestivum L.l 
noi!mally contain < 0.1 ppm, but higher concentrations 
for both gnins have been reported.. Meat usually contains 
< Q.05 ppm Cd; however. values greater than 0.05 ppm 
have been measured in liver md kidneys ( -t-). 

.-\!tho ugh the magnitudes of this metal in different 
matrices ue 5mall, man .1ccumulates Cd in his kidney 3Ild 
liver ( 14 ). Since most foods in nonpolluted areas contJ.in 
< 0.05 ppm Cd, the daily intake by man is about 50 /.lg. 
Although Cd levels below 10 pph in water contributes 
very little to the daily intake. 20 ppb in drinking water 
would increase the daily intake 20 ,ug/Iiter of water taken 
in per day. Under normal conditions. the contribution ()f 
Cd in the air to the dailv intake (0.02-0.2 JJg/day) via the 
res!Jinrory s\"Stem :s considered to be very small (-t ). 

The objectives of this study were to determine (i) Cd 
:1bsorption bv plant! via foliar and root systems and trans
locat ion !nto the seed, (ii) the effect o f soil-app l!ec Cd -m 
y1eld .md Cd concentration of crops, <.tnd (iii) the reiauve 
upt:.tk~ of Cd by various vegetable crops. 

EXPERIMENTAL PROCEDURE 

Ex :Jaim~nt 1- Two my bean (Glycine max L. \ ~e e dlin1!:5 , ~ermi· 
:ut~ d in ~ cid-w:1shed white 1ilica sand. were transferred to a i .6· 
titer plast !C co ntainer .: onta.inin~ a c omplete nutrient solution with 
a pH of 6.4. The concentrations of macronutrients and :mcronutri· 
~:"Hs ;:o m \. ;n the ;oiution culture we:-e 11 : :--.; , l i ~K. -! ~n r~ . 
160Ca. -!3P . 645, O.OtJMo, 0 .020Cu, 0.2 50l\'ln. 0.049Zn, 0 .25•18, 
and 13.0 7 Fe. Heavy metals (impurities) in the macronutricnt 1alts 
wc!'C removed by oJsinlf l% aqueous Joiution of ammoniumpyr· 
'olid ine di th iocarbamate md methvli~obutvl ketone i4 1. 

-r,_~ ::H;.;.n ts W~:"e {!Own~ ;n t.+-t ~ .le :':lt~ d :l.Utr: ~ -:1 : 'io iu t iu n ~ ~he 
·,p-cenhouse •mder 8 hours of darkness md 16 hours oi lighL A.lter 
4 wee k.s o f ,p-owth, t.91l9 !JCi I I SmCd was applied on the 1urface 
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Table 1-Uptake of ll!"'Cd soybean tops CNer a 2-week period 
(Exp. 1) 

3tema 

-- t •>I l!Jplle<i uunco -
'looUo 13. 3!§ : . :i ) , 28 
loll ... I. 76 1. 13 J, ~J 

uout'l; ~- 76 

'!'Jbie 2-•.:ptake of i 1 smCd bv soybean ,Jods Jnd -.eed (Exp. ~ i 

:.,1.rt : reated 

.loots : . . , 
), ; 7 

2. l6 

-.. 
J •• : 

.;i ~he: ftrst :r!f .. >liate !eaf ab<>ve ~he: third '>ranch '·lr f·Jibr ibsuf?· 
i >OO; utd the ;.une .1osa~e Was :tdded to UtC: nutnent ;oiution nedi:.1 
:'or .1 ;tudv of r•JO t ~bsOf?tion. Each :reatme:1 t mdudin~ chc con
:r •Ji 'NJ5 r~;>lic :ued nx times. Tw o Nee ks aftc:r the lpplic:ac io n ·J f 
I : S mcd, plantS fr<>m three replications of ~ :tch treatme:'lC ONere 
harvested: and leaves md stems we::e .;eparated for ' :smcd 3!lsay. 
The remainin'i: plants -.1e11: allo~ d to {"r:JW ~o :n.lt'-lr:t- · •t ·., bic :1 
:ime chc soybe.m pods md se~ds .vere . harvested fo r ndic-aosay . 
The plant parts "Nere dried at ~OC. weighed, J!I'Ound in 1 micr<> 
Wiley mill, .md assayed for : tsmcd activity with a Singie Channel 
.\naly-zer . 

E.~perimttnt Z - Soybean md win ter wheJt (Tr£t1c::Jm •u scivum 
L.) l)lants were .9'own in pots lined with polyethvtene ba~. and 
containing i'SO J of oair-<iried '\brengo Jilty day loam ;oil . The 1oil 
had 1 pH of 6. 7, •.>rganic matter content ·Jt ~%. ~nd 1 ·: :u:on ex
·:han~ ~apac1ty of 'J 1.2 111eqi luO g of ;oil. Cadmium in the: :'orm 
'>i CdC!-: was incorporated into the soil .u the rates of 0, '!.5 , 5, !0 , 
i 5, :o. 30 , ,,w, 50, and ~00 ppm. Each treatment was ,-enlicaatd 
~ hre:: cim~s. ,\Iter 5 weeks of growth in rhe p-e::nhouse, ;he my
hean md ·Nheat tops were 11aJ"Yested, dried J.t ~OC, weil{hed, ?Ound 
in 1 naintess nee! Micro-Mill, digested with HC:04 J.nd HNOJ, md 
the Cd concenaatiorw of ,>lant samples we::e determined !>y ltomic 
1bsorprion ;pectrophotometrv. 

E.':C periment .J-~tt11ce fLac:uca rat£ua L.i, !"adi~h fRtJ.ph,mus 
>atiuus L. ), celery (ApiUm .?Tavtmlens L.), md ,rteen pepper (Capn~ 
::um fr.•tes.:ertS L.) were ~own ;n 3. 7-liter iJ OtS tined widt polv
"~hylene hags, md containing 3.5 ~ of Marengo silty c!:ry loam 
sml. C.~dmium (CdC11 solution) at che rates of 0, 2.5, and !0 ?PM 
was mi."'ted with the soil. Each treatment was replicated three times. 
~ttuce, radish, celery. and green f>epper were sown and dte teed· 
tinqs wen: thinned to 12, 6, 4, md 3 plants per container, respcc· 
tively. Radish, lettuce, green pepper, and celery crops were !tar
vested after 26, 37, 112, and tl7 days of growth, respectively. 
P1ants wen: washed with ~lass-distilled water, blotted dry , md '.he 
fresh weights were determined. .\.il samples were frc:c:z c: -dn~d. 
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Fig. 1-Yields and Cd <.~otake by soybean dnd wheat !oos lS in
' luenced ov mil -appiied Cd. 

94 J. Environ. Oualtiy. Vol. 2, no. 1, 1973 

t 

weighed. sround in il stainle. Sll:el Micro-MiD, and di~sted wj. 
HCJ04 md HN0 3 for Cd analysis by uomic wsof?tion ~ 
trophotometry. 

RESULTS AND DISCUSSION 

Roots and Folillr ~SOtlrtiort 

The (:'J.nsloc::ttion o f t:sm Cd in :;cv!Je:m to ps -md '1e:ms 
V !a :·.,liar .lnd r•) <)( ;vsr.ems IS mown tn T .lbles'; .md ~ - l:r
re~per:! ive d ~he :ne ~hod or· 1po!ic:n io n. cht: ?t:!'<:e:u of 
' ht: 1pp l:et1 :;sm Cd :n ·; aricus ;J[ant pan .; je :.::-e:1setl ;n t.'l.t 
:'oi!cwin~ order: ;rem > teav'!s > pods > beans. 

R:1d ioodm :um 1ppiied to 1 ~~ · i. :li ::t :c kJ.f .;[ 4-wce ( " ) ld 

;cv~ eJ.n plan ts was ;~:1dily cnnsoQrced J.nd distrih tHed· 
·-v:ri1in the plant :c ps. 1s measur<!ri bv ;ubsequent JSSJ.v of 
~::tJiondm ium cf nontreJ.ted p huH ? -ll':s. 5!rr. ibr :"·ms:o
caLio n 1nd distnbution of IISm Cd w:r.h.in r. he pbn c ~ ·1ps 
were found with root placement of r .ldiocJ.dmium. -~~ 
rhf)1 _~~~ :·. -: ~!J.r · l::~ t ied tt:!'"Cd ·., · J~ rc1c ~>,.- ·: 1 1. ·5~! ~ ( :~~ -= : . ·.:tc 

;oot 1pplication resulted in a much higher percl!~L:l~. .-· .. 
the :J.pplied radiocadrnium found in leaves. stems, · · 
and beans. Based on the percentage of applied 11~ .~:r 
the u pt:lke •>f this isotope bv be:J.I1S via the r•)o t ;vqtetll 
was rriore than 16 times as ~fficient as the fo iiar ?~_;\ 
ment. 

Effect af Soil-Applied Cd on Gr>:JWth and Cd 
Cmu:enmrtions at P!ants 

The dry matter yields and Cd concentrations of 'Nhclt:Z 
and roybean tops with different rates of sou-applied ~.1 
.ll'e ~hewn in Fig. L In both crops. the Cd concenrr:u:ictt · 
:)f plant tops increased while yields -:iecr~ :1se d wnh in
c::e:lSing levels of 1pplied Cd. Cadmium 'oxicity :Je¥D 
'}ccur in both soybeans :md wheat at !:.h.e lowest level 
1ppiied Cd (2.5 ppm) as shown by a sharp decline in 
yields ,Jf dry matter (Fig. 1 ). Soybean i>Lan ts apJ>ellrl! 
to be more 3ensitive to excess Cd than wheat. For 
?lants. there were no visual toxicity symptoms other 
the stunted growth. For soybean plants however, in 
tion to growth retardation. definite visual Cd to~ · 

sy mptoms were observed. At ~he 2.5-ppm Cci ievel, :itt 
veins .1t the !ower parts of the younger trifoliates near 
petiole became reddish-brown in color. As the Cd 
increased. the browning of the veins pr~essed 
throughout the le:J.ves (Fig. 2). fimily H the acur.e 
of toxicity, younger leaves became chlorotic until 

<= ;q_ 2 -Effect of Cd exc2ss " " ;oybean 'e aves . 'IJo •e :he .:aric weins 

1 
·m ile Jtaxial ;;urface of the ieaf lt 5 ppm ;oli-aopt ied :d. . , ->'i-.· 

2~?; 

:~:.~: ~~-' ' ttp: 
,., :If,; 
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ves were devoid of chlorophyU (Fig. 3). Since excessive 
Jpplio.tion of heavy metals such as Zn (3), Cu ( 13 and 

1.;· •• . \ii (7, l7), :md Mn (6) mav produce or a~gravate Fe 
Jeiic:ency in plants, perhaps excess Cd in plants may have 
J ;m11lar effect as is witnessed by !hose symptoms which 
-ese:nbie Fe chlorosis. 
· \ltnou~h there was a positive correlation between the 
·Jt<lnl CJ .md >Oii-app!ied Cd, the concentr:uion of ~his 
:ne ~; ti n :>ian [S ·.v:1s not in dirl'!ct proportion !o the .1dded 
:mu•tnrs. .\oparentiv . r.he effect <Jf (.j tu xicitv \s ;uch 
il<lc Jtanc vowrh .s retJraed 'lt:t'ore tar~e quantmes )[ Cd 

,r<: ,IJ~, ; rhed .1nd tr:msloc:.~ted :J 'l1e 'op. 

Cadmium Uptake lly Vt!getable Ci09s 

r_·puke of Cd and \ :e 1ds -)f vuiou3 ; e~ec:lble crop~ as 
inc'!ue nced by soil-applid (j .ue shown ;n T 1ole J. The 
:t:!ac"e C<J nc.:entr:1tion of (j fC~und in ve~erable crops 
var:ed :onsiderably dependin~ o n the plant ~pec1es. Hi~h
est C<incentr:ltlon of this metal (dry weight basis) was 
f~. u:h.i :n l et~-:_:c~ ·.vh;Ie ~ ~ e ~e1s t · irr:. :<~ l P.tl t,\·e :-e . ~e~e :::e C :n 
green pepper and radish roots. The Cd c0nc.:encration of 
radish tops was more than two times greater than that of 
the roots. Similar results were reported by Lager-Nerff 
ilO!. - _ 

[n -~eneral, the-e was a depression in yield due to 3oil
lpplied Cd. Such depression was more pronounced for 
lettuce than for any other vegetable crop. La~er.verff 
{ li)), however, found a significant incre:1se in cadish vield 
whtch coincided with increase in Cd !from •).1 i to ·0.56 
p~m; 1ndZn {from 10.1 to 59.8 ppm) ~ontents ..>f the sou 
cmac.:ted with :-.lH4CL The Cd and Zn concentrations of 
the Ji:>ove radish tops ranged from i.6 to 2.9 and from 
69.8 co l52 ppm, respectively. :\!though the yield of 
r:J.disn ~ops was .1ssociated with soil Cd, ?erhaps the in
cre:.~se in yield WC!S due w :he .1lleviation of Z.n deticiencv. 
Preliminary studies by .-\llaway ( l) ;ndicated th~t pl~t 
srowth depression due to Cd toxicity tended to occur 
1fter ?lants had acctOmulated approximately 3 ppm of this 
metal. 

The results presented here sbow that although foliar
applied Cd was readily translocated ~nto various parts of 
wvbean plants, the uptake of Cd via ~he root system was 
~~~ificmtly higher. This suggests that for .¥ain crops Cd 
1bsorption via the foliage from contaminated airborne 

Fig. 3-Effect of ;oil-applied Cd (0-50 ()pml ·Jn soybean !eaves. 

Table ~ium uptake a'ld yield& rl:tf y_ .. iaus 'feqet3bie c:'OC)I 

a a function of soil-tpp~ied C6 (Exp. J) 

C4 
~. Ceiel'J, Celu7, G._ lladllll, --· pplll Lett- t<alk -- - - -· - ~d C aacea.traUoa.. 22"' 

Q l. JO •• L ,'(;ill •1.13. 0. 76. l. S1 I ·1. 51 , 
2. 3 II. 50 4 l.ll ll 1.n 1 3.12 l lO. 20 t • . 20 I 

tO n. to • l t . $7 c:: :o.n • '· 211 i6. tl b s. <JS ll 

"!1eld~ 'Jry .... 

J J. : 6 d. !4 :6, J2 t6. ~~ !, ~5 !. J1 
:. j ' · lY :0.7 l 3 . J2 ~ b . '!-;i : . ~ i '·:a 

lO ' l5 :o. :9 : ... .l~ !6 . ~4 :. J6 . • 50 

'(!eld , { :re3D ..,etcttt 

J \ -4 . ·' !07 J iUl. l ~14. 2 :. ~. J .0. ~ 
:.3 :5. :09. I '(1. 188, I {) _ } "' , .; 

, f) :1. I no.' 10, J 178. ~ .0. J ; . 5 

pa;·t :culatc:s ~s n<H as ;erious as .1bsorpc!on ·;;a the r•;oc 
-;v-;tems fro~ conuminated sous. However, it ~s imp0 r . 
tant c,, cons:der th .lt those crops directlv consumed ei cher 
bv man or .w•mals, are continuaily exposed :;J .1erial con
tamin:mts. During the exposure, dust partic!.:s containing 
Cd wiil :1dhere to the !Jiant. and a certain fraction 0f the 
met.l i, dependin~ on che ·;olubility 01 tile conr.ammant, 
may be absorbed by leaves. The remaining fraction :nay 
or may not be washed by rain €kpending on the p-hy-sical 
nature of the p[ant surface and the characteristic3 of r.he 
contaminants. In addition to Cd uptake from soil, the 
above fnctions will increase the overall Cd content of 
plants. .-\ccording to Lagen'lerff (1 0), aerial contamina
tion accounted for more than -!0% of the Cd content of 
the radish tops in radish plants grown at 200 m from the 
hi~way . 
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Microbiological Effects and PersistenO! of Some Pesticide Combinations in Soil 1 

[l. :-1 . ~uhbdl, D. F. Ro thwci l. '.\". B. Wheeler. \\" . B. T ..l!Jp.ln . ..1nd F. :0.1. Rh(;aJs: 

ABSTRACT 

Zineb, parathion, DOT, 1nd Furadan were 1ppiied Jlone ~nd in 
combination to fieid olots. Nitti times 111d r3tes of application ap
proxim.mng current agronomic ;lrac~;ca ior the growth :~f iilade
leaf tobacco in !he area .,t Quincv. !=lorida. PenistenC8 of the 
pesticides in die soil .,d possible affects of die pestic:idlts on rei• 
tive microbial numbers and 11itrification _,. monitof'!d • 2-weat 
intervals 'lMI' a period oi 16 :Neeks. Relative 11umben of oacteria 
and lCtmomyC8tes in all trllatmants f:Jiled to differ significantly 
from the untreated ::ontrol. Fungi increased significantly \5% level) 
in the parathion t DOT + !inab treatment. The"' '""' no ·lther 
significant jifferences :n microbial numbers. Nitrifiotion, as in
dicated l)y levels of N03-N , ihowed .,o lignificant difference due to 
(l'eatments when .:omp;wed !o the oontro4 at the S"f. level. 
Parathion ap!)lied ~ J lingle dose was oresent in the lOil in 
;igmficantlv higher ~mounts initially when oompantd 'Nith t"'at· 
;nf!nts where parathion •Nas ap!]lied on 1 weekly basis. This differ· 
'nee :iisappeared after S NHks. There were no other ,;qnifiant 
differences •n pesticide 3erSIIt8nC8 in the so1l. 

Additional Index Words: parathion, DQT, zineb, Furadan, 
nitnfication. 

The St<bstantial increase in development and use of pesti
cides in agriculture within recent years has 'ltimulated a 
.:orresponding incre3Se in research to determine the ef. 
fe!:ts .1nd fate oi these pesticides in nature. To date, most 
of chese studies nave been C;Jncemed with compounds 
<.1sed ;in l!lv, •.-vhereas in ,1ctu ai ?ractiet~ >eve~J.I different 
pesticides may be used mnuit::meously or in sequence. 
Such practice is common in the cultivation of shade leaf 
tobacco in the vicinity of Quincy, Florida. As many as 
~0 d iffe rent pe>t icides may be ..1pplied 1t week1Y ~n o.e:-";J.ls , 

at rates up to 2.24 kg/ha (1 lbs/acre), throughout the 
course of the growing season. :'vluch land has been com
mitted to continuous cultivaC:on of this crop for :;everal 
generations. This amounts to a massive qualitative ~s we!l 
1s q uantitative pesticide 1pplicatam ,)vera period .)r 1 few 
:: e:1rs. Thr. purp0se ·>f th is stud•t "N:lS ~o determine the cf. 
:·ects of some or· chese pesticides, aione and in combina· 

: (._; nu:b•.J ~:on fr ,Jm ::he ~C?Mr. mt::1t5 .J i St)ib .1nd F=:.ud St.: :e!1Le. 
Cniv. of Flo rida, G.linesv!lle. md .\!p"icultur.:t.i Research and Educa· 
tion Center, Quincy,Jo•Jmal Series 4346. Received ~larch 6, l972. 
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t~•m . '.vith respect to persisten c~ :n -;otl an.i ~ · '~;tb~e ~f
fects .m the relat ive numbers of mic-oc rganisms and ·h e~ 
activ ity. 

MATERIALS AND METHODS 
;:t 

E.~pttrimttntal De:n:f"-.\ randomized comple~ bloclt ~; 
with t O tn::Hments (nine d iffere!lt ;:~e stic:de rre:uments ~Ius one 
untrear.ed control) replicated three iimes was iJsed in :h;s mrdy.., 
The p(ors. vn a Norfolk loamv fine ;and., were -!..8 m ~v + . .J. ai· 
( ~ :) !': ::,v lo ft), separated by '·J.ti m 112 ft) wide .lllcy'>- . Tre:u;; 
:ne:us md ~pplicat:on rates .ll"e ·.pven in T.J.ble l. The ;>estic:dea 
used t11 ' his ;tudy were : lineb lzin<: o:thvlene ~isdithiocarbam~ 
parathion (0.0-diethyl 0-p-nitrophenvl phospnorothioate), DDF 
(l.l ,l·mc.hloro-2,:!-bis fp-chlorophenv!) -:th~l. and F·.nadlis 
i '?. :l -dihydro-2,:! -dimethyl benzofuranyl - 7 · ~ ·methylc:arbamar~ 
Duncan·; Multip ie Range test was used to compare tre:umelltlr; 
with ::he .:ontrol usin~ a ~ignificance :evd of 5%. 

i<t<! ?rP..tiaration- The :est ; ite was prepared bv iu.r.o winfJ 
'1or : h-;outh. ·then ~ast- west in iate Januano , : 9~0. . ~mmllnJUIBi. . 

;ulfatc was applied .1t the rate of 1,333 ~ha ! l, : 91) :bs;at:::-e1 .D 
1a te .\larch md the site was agam harrowed .JS before. ?~st i.:idc:~·. 

were broariost bv hand over each plot >Urfuce on a i -Jay ;.:!u:dlllf.; 
be~ning on March 27 utd ending june: 12. a period c>l 1:! ~~ 
P>n<hion ffco•==< 5) uul '"""'"" [fcooM=< 9) wtt< '~ 
o nce dunng the test, on March 27. Soil samples, 1}-!5 ~= in · ."' · 
were :aken at nine bi-weekly intervals.. Each plot sampie •:o n · . ; 
of 10 random 1.9-cm cores composited into one samp ie!\)iot. ·· . 
first ;amples were taken immediate!v before the f!Tst ,J~·;tJ .::de ·· . ·' 
piic.trHln. T;,e plo ts were maintamed in :1 weed fa! lc: w .-:mdin011':'. 
:md •.he :e"'t site was han-owed for weed control <:~n .\ltav1ro-%. 
June lg, md July 28. A daily record of rainfall was main · · . 

·.::f ~ 

Table 1-TrP.atments and molic:nior 'Jtes 

i'lo. T.- .~~~-

""" .. !be,i..,... 

I . Z~(2) 1.456 l.l 

2. Pvamlaa (P) 0, 224 ~-l 
·z~ l.i56 l. J 

J. ?aradUoa (), 224 • Q. ~ 

DDT IJl) 2.140 1.1 
~1...0 l. 456 l . J 

~- Paratbloa o. 224 •). 1 

s. p~ l. ;aa ·z. • 
.;, ;.'\nuhtoa .1, !::~ ; .. 

DDT : • .140 '2. J 

7. O.DT 2 • .140 !..~ 
L~ l. 156 :. J 

s. DDT 2.240 :.J 1
.-. 
. 

. 
I . ?~du· . t. ~uo .II I 

,0. ·::,atroi :aa.treatPd) 

• P~sttc tdes i..a. rreatmeou S aa&t 9 wen ~Ued u :1 1tDII{.fe ·.lO•e "' 'f! mfl ·J. tll ~ -~~
:re:n:n~ou ..,.ere "lpplJed :u "lt'Hidy :mervals. 


