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Thnf' ;tuthon did report concentrations as high as 45 
1'1"" for crops located near roadways. Marten and Ham
moll!! (5) found 12.5 ppm Pb in bromegrass (Bromus 

, rrramis 1..) on soil of unspecified pH containing 680 
ppm l'h. 

None of the concentrations reported here are in the 
r;tnge of 120 to 150 ppm considered toxic for cattle and 
ltnrscs, hut could possibly lead to subclinicaL symptoms 
(:?). i 

It appears that raising the pH of acid Ph contaminated 
soils by liming, combined with a suitable choice of plant · 
species and proper grazing management, could substan
tially reduce the entry of Ph into the food chain; 
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ABSTRACT 

Uptake of lead bv lettuce (lac:tuce sativa L) and oats (Avena 
sativa L) as 1 result of application of lime, nitrogen, and various 
sources of lead to the soil was studied In a growth chamber experi
ment. Soil application of lead increased the uptake of lead bv let
tuce to a greater degree than bv oats. Application of lime repressed 
the uptake of added lead by both plants, while application of low 
levels of nitrogen reduced the uptake of lead bv lettuce and oat 
roots only. Application of lead chloride lowered the amount of 
.,lfur and phosphorus in plants. but levels of other elements 
studied were not affected by any lead treatment. 

Additional Index War" heavy metal, Lac:tuca sativa. Avena 
sativL 

The recognition of potential health hazards associated 
with lead entering the food cycle has brought attention to 
the levels of lead in soils and plants. Increased amounts 
of lead in plant and soil samples collected near highways, 
metal smelting plants, from orchards sprayed with lead 
arsenate as insecticide, and in industrial and urban areas 
have been reported (Cannon and Bowles, 1962; Chisholm 
and Bishop, 1967; Marten and Hammond, 1966; Motto 
et al., 1970; Page and Ganje, 1970; Purves, 1967; and, 
Warren and Delavault, 1962). 

Previous studies presented conflicting information re
garding the lead uptake by plants. Many workers (Keaton, 
1937; Kloke and Riebartsch, 1964; MacLean et al., 1969; 
Marten and Hammond, 1966; and, Mitchell and Reith, 
1966) indicated that lead was translocated to the above
~ound plant portions in limited quantities even when 
grown on soil containing substantial amounts of lead. 
However, significant increases in lead content of top 

1 Contribution from the Canada Department of Agriculture, 
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growth due to soil' application of lead are reported by 
Jones and Hatch (1945) and by Warren and Delavault 
(1962). Motto et ai. (1970) suggested that observed in:' 
creases in lead content of pbnts were due, mainly .to ac~ 
cumulation of lead as particulate matter on the surface.· 
ofplants •. ·. . ,_.;.:,,.,.,,,,.,-:;,.~.~· ···ii.;- ••..• ·; . 

The presence of lead in· ~icui~~- -59ils -~ repotted l 
previously ·aohn; 1971): HowC'/er, the'infli.ience of'soil·.· 
properties and agricultui'al practices ~~~is lime and. kc:~· 
tilizer -application' 'upon~ lead' uptake. by,: plants requires~ ... 
further study. This stui:iyattempts t6 provide more· in-·' · 
formation concerning the absorption 'of lead by plants 
under various treatl\lents of lead, lime; and nitrogen~ . 

; .· · · : . •. : ~ '··· -:1 ~; i.1q t;.:.:.o • .. '. _ _. ~' i i_r~· -::-< ;L . 

;:· MATERIAi.s .. ANo .~uii-J.iOos·?~-~~··~;~.:~~··.:·; · 
. . . . · · ·. ,~ :·. ::: 'f~~!.:?.:: .. : . ::i·~ -~~~~.:.:.~r~-·-, 
.~The ioil used in t!_lii study' was the Ap. horizon ·or Hjorth' silty 

clay. loam collected near Agasiiz, British. Collimbia, CanadL The 
soil had a pH of S.8 in IN KCI, 17.4%' oxidiil.ble organic matter, . 
45.5 meq/100 g· 'of calion exchange capacity; and was 14% base 
saturated. · · · · · · · · ; : ~ · .,. · · ' · · · r : : .' .:-' ; ' 

Lead, lime, and nitrogen treatments, u described in Table 1, 
were applied by mixing appropriate amounts. of PbCI2; PbCO,, 
Pb(N03),, NH,.N031 or CaC03 salt with the soil The soil was 
brought to field capacity in 1-liter styrene cups and jn~bated in 
growth chambers at 25 t 2C for SO days. · • . 
· Oat seedlings (A~~m« mtir~~~ L. c:v. 'Fraser') were /own using a 
modified Stanford-DeMent type bioassay (Stanford and DeMent, 
1957) in 400 g of quartz sand. Hoagland solution was used to 
maintain vigorous growth, and setjdlings were thinned to 7 plants 
per pot. After 14 days, the bottom portion of the cup containing 
seedlings was removed, and seedlings were nested on top of treated 
soiL The trials were conducted in a controUed environment con· 
sisting of a 16-hour light, 8-hour darknesa cycle, with a tempera· 
ture of 25 t 2C and relative humidity of 75 :1: 5'J&. Light was pro
vided by cool white fluoretcent lamps. Nutrients were supplied 
through Hoagland solution without nitrogen. 

-!! .~; .· ... ; .! : •p •· • •• 
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: Ttblt 1-lnfluc of l11d, llmt, end nitrogen treatments on yield an~d content of lettuce and oats. 

· · Ylald, 1 dry wel.Pti'Pot "*•""' Load oontea&, ppm In dry matter 
Trauport 

Oat Index. In Lott- Oat Oat Lottoaoe Oat 
Treatmoat laafta • roote t ..... top& ..-. oatl, ',t• 

!ffoot of Load Tl'oatmot8f 

20.3 a 62. 0 
59. 1 b 81. ~ 
59.2 b 78.3 
51.6 b 82. 1 

Oppa Pb 0. 76. 5. 87 a 0. 71. 50.0 a 4. 4 a 
IOOOppm Pb PbCit 0. 49 0 6.01 a 0. 87. 13a. 9 0 37. l c 
1000 pplll Pb ., PbCO. 0.63 b 5. 91. 0. 79. 126.0 b 2a.6 b 
1000 pplll Pb Pb <NO.>. 0. 57 bo 6.00. 0.10. 140. 6 0 35.7 c 

!ff.at of Ll- Tre&llllot8l 

Nollu 0.12. 6.15b 0.16. 173.7 b 40.1 b sa.ab 83.0 
111/1001 CaCO. I. 10 b 5.71& 0.76. 54,0 a 12. a a 39.7 a 71. l 

Effoot of llltropa Tl'oatmolltol 

0 ppm N " Nll,""'- 0.69b 5.72 a 0. 71 a 
50 ppm N ..... , 0.69b 6.06 a 0.16 a 

500 ppm M I, · NH,J«1 0. 45 a 6. 11 a \ 0. 79 a 

115.1 b 
101.6. 
124.9 0 

21.7 a 
24.0 a 
26.6 a 

55.6b 
50.4 b 
42.0. 

79. 1 
17.1 
83.1 

• Truaport 11111U • PI of load Ill oat lcl!>a per Pili/me of load Ill oat mp. &ad roota per pat) " 100. 
t Maau for tbree altropa treatmoata at two U..a treatmeat rataa replloatad tbree tlmalo. 
l Maau for tbree llltropa treata.!ta at loar lead treatmaat rataa replloatad tbree ttm ... 
I M- tor four lead treallllallta at 1ft U.. traataaa& rataa replloated tbree tlmalo. - wtella a plut pert &ad treatmellt .a.ot HCIIIoa, followed bJ tile ...... latter are IM>t a~p~u. 

10&11111 dUfaralll at Ill& 51 leftl ~Ill~· MtaiUpla Rup Teal. 

_ After growing on treated soil for a 21-day period, oat tops and 
roots in the quartz layer were harvested. The dry weight yield of 

,, ..• each portion was recorded. ~ :. ,. · 
,. Similar techniques were used in growing lettuce (LactuctJ mtiw 

.... L. cv. 'Salad Bowl') on the same soil for a lO.day period, except 
· that roots were not harvested. ..... _ · 
.. Oven-dry· plant samples were digested in 3: 1 nitric-perchloric 
acid mixture, and elemental determinations performed via atomic 
absorPtion. ,spectrophotometry, 1 except that phorphorus was de-. 
terminedcolonmetritany With ascorbic a~d Qohn, 1970a), sulfur 
was determined by the turbidimetric method (Tabatabai and 
Bremner, 1970), and nitrogen determined by the method de
scribed by Bremner (1965). The computer methods of acquisition, 

· -. · ·reduction,- and statistical i.nalysis of the data were employed as 
. :'. ; previo1,1sly described Q ohn. M. K. , ·19 70. Computerized acquisi
; '. tion and interpretation of soils data. Agron. Abstr. p. 1S8). 

:~· . :.:~~:::.9w;-;;.:..·i~~~ .. · 
· · • ·Yield_-Lead application reduced the lettuce yield signif-

,; icant_ly~;~yhereas yields, of oat top growth and roots were 
not affected (Table 1 ). Lime had a significant effect upon 
yields of lettuce and oat shoots, but had no effect on 

-.·. yield o£roots •. Nitrogen treatments did not affect yield of 
·.•' o~ts b~(~e. high -~~~·;()~- ,ap~licition reduced the lettuce 
L.o·Yle~d-~~~~~tly •.. :.,.,.. • .-.,;,ih' ,.,., : ., : . . . ,_, _. 

. _:·;·:···. ~_!l .. d;-,~~~t~~,S~il~.application. of,lead affected the 
:' .c:•: lead .cc:>ntent of all plant parts studied (Table 1). The 
· .. ::;~-:plant~ species-.~~p~tj~~~~~ffe~e~ greatly in their lead 

· "'c::ontent, · lead content in lettuce being much higher than 
~-::.~~it;,;~·~~~c:~ .. ,~·~~· · · .- - ·rio differences between sources of 

· to the· 'content of oat 
.content of~ the . portions of both 

-"-·--: .. - . ..., ... oa~~ ~s __ significandy when the source was 
than PbCli;:-or Pb(N03h. The increased 

~li!i;iii ·added'· shows that the ~J~r~~i~a~·~~~]~f(.)'ri " oat plants 
., ·.·,;r; 

. . ' ; . ' ' ~ ~ ; ; . 

for limed soil was only from 5.6 ppm to 16.8 ppm lead. 
Interaction of Lead and Nitrogen 1Teatment-In let

tuce leaves, nitrogen application in the· absence of leac 
application caused a decrease in lead content (Table 3) 
However, when lead was added, lead content of all plant 
parts varied significantly depending upon the source ol 
lead and rate of nitrogen applied. 
· Interaction of Lime and Nitrogen-When no lime wa! 

applied, nitrogen treatments gave significantly differen1 

Table 2-The effect of lead and lim~eatrnents on the lead 
content of lettuce ai\d oats. 

P\&111 Lime Load, ppm Ill dry ~~~attar 

malarial traallllellt No Pb Pb~ PbCO, Pb(NO,); 

Lot-I ...... 0 57.3 b". 223.6 d 197.9 0 216. I d 
Lima 42.6 a 54.3 ab 54.1 ab 65.0 b 

Oatlci!>a 0 3. 2 a 57.4 d 45.3 c 54.~ Cd 
Lime 5.6& 16. I b u. a ab 17.0 b 

. Oat t'OCitrl'f 0 19.3 73.2 74.4 68.6 
Lillie 21.2 44.9 44.1 ~a. 7 

• M..,.. for tbree llltropa !re&llllaata rapllcatad tbree ttmoa. Me&ll& wtthlll the aame 
plalll pert followed bJ Ill& e.- latter an - alpllloaatiJ dl.Uerent at Ill& S% :&vel 
acoordlq Ill lJialo&llte MaiUple Rallp Tiel. 

t NollalpUloaat lnteraotloa of lead aad ltmo at 5% laftl, from &ll&lyala of vartaoce. 

Table 3-The effect of lead and nitrogen treatments on the lead 
content of lettuce and oats. 

Load, ppm Ill dry mattar 

PlaDt llltropta 
material traaiiDaa& No Pb PbCla PbCO. Pb(NO,), 

t.ttaoel ...... OpplliN 67. 5 o• 161.91 102.1 d 121.7 e( 
. 50 ppm !I 33.4. 117.9b 124.0 eb 131. 0 ef 
500 ppm N 49.0b 137. 1 r 151. lc 161. 8' 

Oat top& Oppm!l 4. 7 a 49. 5a 24.8 c 35.6 bd 
50ppaN 4. 3. 32. 9bod 27.3 ad 31.6 b< 

500ppa N · 4. 1 a 21.9od 33.6 bd 39.9 b 

Oat roota 0 ppm N 20.4 a 75. II 5S. 7 cde 68.3 d• 
50ppmN 20.4 a 64.6 de 56. l cd 60. 3 cd 

500ppa N 20.0 a 37.6b 63.0 cde 47. 3 b< 

• Meu. for two rate& of ltmo replloated tbree tlmalo. WI- a plaa! put, m..,.. 
followed by the '"""' lattar an liCit alplfloalltl;t dl.Uerallt at the 5% level accordlDC 

'- -' - Ill lJialo&llt I Maltlpla Railp Teat. 

. :· .. 
Table 4-The effect of lime and nitrogen treatments on the lead 

content of lettuce and oats. 
Pb, ppm Ill dry mattar 

! ••.. 
P\aat Lime 

·material treallllallt OppmK ·50ppmN 500 ppm N 

~Ia ..... 0 r 179.3 •• 151.0 d 190.9 a 
Lime 50.9a 52.1 ab 59.0 b 

Oat tapaUt 

' 
0 44.9 36. I 39. I 
Lime 12.4 11.9 1~. l 

Oat- 0 73.2 0 57.3 b ~6. l a 
Lime 38.0 a 43.4 a 37.8 a 

• M..,.. for four lead treata&llta replicated tbree ttmee. Ma&ll& wlthla a plut part do 
1101 dl.Uer elpl4oaattr at tile 5% left I, wball lollowad bJ lba aama letter, acoordlnc 
to Olmoaa•• Malllple Rallp Teal. 

,·. t' No OllcDlfloaatlllteraotloa of U... &lid llltropa foalld at~ laval, from all&lyala of 
·····~·.· .. 



Table 5-Effect of lead treatment on the elemental composition of lettuce and 

Material 

Oat topll 

Oat roolll 

Element or 
delel'llllnatloa 

pH Ia IN KCJ 

Pb 
8 
p 

Pb 
s 
p 
N 
Ca 
Mr 
Na 
K 
Za 
Ma 
Fe 
Ca 
AI 
Pb 
8 
p 
Ca 
Me 
Na 
Za 

UnitAl 

pplll 
~ 
~ 
~ 
~ ' ~ ~ . 
ppm 
ppm --ppm 

nltr- tnalllleDIAI at two lime er.a- raleo -
lcutly dlffereat at the 5~ leYel accordl.ac to ilwlaall'o MnJUple Rallp T•t U they an 

.. 

levels of lead in lettuce leaves and oat roots, without af
fecting lead content of oat tops (Table 4). The low level 
of nitrogen application reduced the lead content of let· 
tuce and oat roots. The high level of nitrogen treatment 
further reduced lead content of oat roots, but the op
posite effect on content of lettuce was observed. 

· Effect of Soil pH on Lead Content-The average soil 
pH measured in KCl increased from 3.8 to 5.2 due to 
liming. The lead treatments also affected soil pH signifi
cantly (Table 5). The correlations of soil pH with lead 
content of plant portions harvested from the 72 pots in 
the experiment (r = -0.72 for lettuce; r = -0.57 for oat 
tops; and r = -0.31 for oat roots) were all significant at 
the 1 ~ leveL . 

Effect of Lead Treatment on Elemental Composition 
of Plants-Lettuce leaves were analyzed for phosphorus 
and sulfur only, and the levels of both elements were 
found to be significantly lower when soil was treated 
with PbC12 (Table 5). Similar results were observed with 
regard to sulfur in botJ!t oat plant portions. The aluminum 
content of oat topl'increased when lead was applied, 
whereas manganese content increased when Pb(N03)2 
was added to the soiL Other elements analyzed were not 
affected significantly by lead treatment. 

DISCUSSION 

The greater susceptibility of lettuce than oats to lead 
accumulation emphasizes the importance of selecting lead
tolerant crops when cultivating lead contaminated soils. 
The accumulation of lead in plants due to addition of 
lead to soil is in agreement with the findings of previous 
workers Uones and Hatch, 1945; MacLean et al., 1969). 
The higher levels of lead in roots than in tops seems to 
indicate that translocation of lead is of a restricted nature. 
Liming reduced the lead uptake by above-ground plant 
portions to a much greater degree than by oat roots. Mac
Lean et al. (1969) suggested that repression of the solu
bility of lead by addition of lime reduced the lead uptake 
by oat and alfalfa plants. However, the present study in
dicates that while lead carbonate is insoluble in water, its 
availability to plants was not much lower than the other 
water soluble forms of lead used. Therefore, formation 

. . . . - . . ..:_ 

50.0a 
0.212 b 
0,119 b 

4.4 a 
o. 261 b 
0.149 
1,43 
0. 488 
o. 205 
0.015 

1~:r. , .... c. 

of lead ·carbonate ,,..,·:;. ....... ~ .. ,, .. 'i,.·F-Ii:milfl21birm<J,t·?l,e-;co•I~ 
sidered ·a sole factor· aJ··m~~:tilltg IC::ad)~V.iiili~illitY';:'J[(i~' 
postulated that limitlg:· 
lead from -~oots to abc.)v-c:-gr·ouncl.oortic~ilil.-l;r•~:i<~ilf"''~~'fii/·,~:~ 
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