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The effect of Ni pretrearments on the yield and concentration of Ni in oats 
and alfalfa grown in four soils 'in pot teSts varied with the rate of added · Ni, - · ,,._ 
with lime and phosphate trearments, and with soil properties, notably -pH and 0 · .. • 

organic matter content. The concentrations of Ni in . the crops . showing -- - , , , , 
repressive effects of added Ni were at least 60 ppm in the bat grain·; 28 ppm ' · .. : 
in the oat straw, and 44 ppm in the alfalfa. The amounts of soil-extractable·"_. ;, ; 
Ni and the concentrations of Ni in the plants were reduced by liming of the · 
acid soils and they tended to be increased by addition of phosphate:. The , .. 
effects of the Ni pretrearments on growth were less severe m a neutral soil · · 
and in one containing considerable organic matter than in the others. -

INTRODUCTION 
Most investigations of Ni in soils and its effect on plant growth have resulted 
from observations of poor growth on soils derived from basic rocks or ser
pentine (2, 4, 5). Although Ni is used in certain fungicides and is usually 
present in pulverized serpentine, which may be used as a source of available 
Mg ( 1), there is little recorded evidence of soil pollution from these sources. 
In soils near Ni mining areas, however, toxic levels of Ni might be expected 
to occur. Since the toxic effect of Ni varies markedly with plant species 
(9, 14) and the toxic level in soils varies with its properties' (8, 10), it is 
difficult to indicate critical levels for either soils or plants. _According to 
Mitchell (8), soils 9erived from basic igneous rocks or argillaceous sediments 
may be expected t~- contain from 50 to 500 ppm Ni, whereas less than 50 ppm 
is normal in soils fr~m sandstones, limestones and acid igneous rocks. 

Nikolic (10) reported that addition of nickel chloride reduced, the yield 
of oats in a pot experiment with a Podzol but not with a Calcareous Black 
Earth (Tchernoziem) soil. Vergnano and Hunter (14) found th.:lt_ oat leaves 
from plants grown in solutions with 0 to 30 ppm Ni contained from 7 to 92S 
ppm of this element. · · _ · '. . . . . . - · 

The purpose of this investigation was to assess the effect of soil properties 
and additions of P and lime on the extractable Ni in soils pretreated with Ni, 
and the yield and Ni concentration of plants grown in pot tests. 

MATERIALS AND METHODS 
Soils 
Four samples of soil varying in pH and organic matter were collected in the 
fall of 1967 from experimental sites at Ottawa. Sample 1 was a Grenville 
sandy loam, and sample 2 was a Granby sandy loam, whereas samples 3 and 4 
were Uplands sand. They are described elsewhere (7) but, for convenience, 
some properties of the soils are given in Table 1. 

Greenhouse Experiment 
Samples were air-dried and passed through a 1.25-mesh screen. Nickel chloride 
was mixed with 2268 g of air-dry soil in plastic pots at rates of 0, 20, 50, 100 
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and 500 ppm Ni. After 1 month of moist incubation, lime and phosphorus 
treatments were mixed with the soils. The treatments were control, P, lime, 
and lime+ P, except that soil No. 1 received no lime. Pas CaH,(PO,).· 2H,O 
was supplied at the rate of 500 ppm, whereas lime (precipitated CaCO.) was 
added at a rate of 3750 ppm to soil 2, 1000 ppm to soil 3, and 3000 ppm to 
soil 4. The soils were kept moist at about field capacity for another month, 
after which time 500 ppm of a 5-10-10 fertilizer was mixed with the soil in all 
pots prior to seeding oats. The treatments were randomized and the experi
ment was replicated four times. An additional series of the treated soil was 
incubated moist for 6 months and then sampled, air-dried, sieved and retained 
for analyses. The oat grain, tops and roots were harvested after 1I 0 days. 
Then alfalfa was seeded and alfalfa tops and roots were harvested after 83 days. 
The plant samples were oven-dried, ground in a Wiley mill and retained for 
analysis. Before analysis, two composite samples for each treatment were 
prepared by combining material frpm replication 1 with that from 2, and 
material from replication 3 with that from 4. 

Laboratory Analyses 
The pH of _the samples · was detennined by glass electrode using a I: 1 soil: 
wate.r ratio, and soluble P was detennined by the NaHCO. method. Extracts 
of Ni in the soils were obtained (a) by leaching with I N neutral NH,OAc 
and (b) by equilibrating the samples in 0.1 M CaCl.. Ten gfflms of soil were 
extracted with 80 ml of 1 N neutral NH,OAc after allowing the suspensions 
(1 soil: 2 NH,OAc) to stand overnight. Twenty-five grams of soil were 
sha~en in 50 ml 0.1 M CaCl. overnight. The soil-NH,OAc suspensions were 
filtered With suction using Whatman No. 42 paper, whereas the soil-CaCl. 
suspensions were centrifuged and then filtered. The Ni in the extracts was 
detennined Without further preparation by atomic absorption (T echtron 
AA3) : :··: · ·-

. The plant material was ashed overnight at 500°C and treated twice with 
hot 3 N HCl. Ni in these extracts was determined by atomic absorption and 
phosphorus by the vanadate method. The amounts of Ni found in the Ni
treated samples were corrected for the smaller amounts obtained for the cor
responding control where Ni had not been added. 

RESULTS 
Soil Properties and Extractable Ni 
The differences in pH and organic matter content of the samples (Table 1) 
'proVide :an: 'opportunity to· 'a5sess these properties in relation to soluble Ni. 
-·: L: '-' P.' ~::.. , :: ... . . : . .. . 
1- )m t; '. ·"'i .- · "·.' - :· ·· ·Table 1. Some properties of the soils 

Soils 

. · .?· : -. Property 2 3 4 
.. \ ''··· · -;---:-;--:---:---::-----------~~------------

.. · ':: .:' ·t:~:rn_~tsciii:~at~; ra~i~L":" _ ' : _·;·: · · · 1 .s 
· .. <rota! N, %· ,() . u ? ; , . . . .. . ·< ·_.,. 0.15 

.· ,,_;,_,'. Qrganicmatter, .% · 4.0 
,.,:, ·<-Cation exchange capacity, meq/100 g 13.0 

· .,:. " }3ase. ~turation, % 100 

6.4 
0 .65 
21.2 
61.7 

76 

6.1 
0.05 
1.4 

. 6 .0 
42 

5.7 
0 . 15 . 
4.1 

11.7 
49 
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The pH of the incubated soils decreased slightly ,.upon addition · of phosphate > · ' . 
in the presence of lime, and usually upon addition of Ni at the · highest · rate ; . . 
(Table 2). There was a tendency for addition of Ni to decrease the amo~nt -
of soluble P in the soils, but in many instances the differences were sma~. -?. . 

i· ! }. · 

. ....• . ' ··~ · · ... 
Table 2. pH and soluble phosphorus in the soils following incubation 

pH NaHCOrsoluble P {ppm) 

Soil Ni pretreatment (ppm) Ni pretreatment (ppm) . 
and -- .r 

treatment 0 50 500 0 500 . 
Soil1 .. • f 

0 7.6 7.6 7.5 28 .. . 28 
p 7.3 7.3 7.0 302 266 -

Soil 2 
0 6 . 1 6 . 1 5.9 28 25 
Lime 6.6 6 . 7 6.4 26 23 
p 6 .0 6.1 5.9 81 78 
Lime+ P 6 .3 6.3 6 .3 112 . 66 

Soi13 
0 5 . 8 5 .6 5.1 19 11 
Lime 6 .8 6.3 5.9 17 17 
p 5 . 7 5 .6 5 . 2 149 144 
Lime+ P 6.4 6 .2 5.8 161 99'· 

Soil4 
0 ··5 .3 5.3 4.9 35 . . 33. 
Lime )'~ . 6 6.4 6 .2 35 30 . 
p 5 .2 5 . 1 4 .9 172 155 
Lime+ P 6,3 6.3 5 .8 176 245 

'l ,! .. f.; 
. . . ' . - ~ ~ . • ! , ... .... ~r: • 

The amounts of extractable Ni varied with the pH and organic_· matt~ 
content of the soils (Table 3). For example; · at the highest rate . of _' ~dded 
Ni (500 ppm) the amounts of Ni extracted from soils by 1 N NH,OA,e\la'nd 
0.1 M CaCL were in the following order: soil!< soil2 < soil4 < soil3 .' : - ~his 
was in accord with the relatively high pH of soil 1, the relatively high organic 
matter content of soil 2, and the higher amount of organic matter in soil 4 
than in soil 3. Advancing the pH of the acid soils by liming gave reductions in 
the amounts of extractable Ni, particularly in soils 3 and 4. On the other hand, 
addition of P usually increased the amounts of extractable Ni and the differ
ences were marked, particularly where lime was applied to soils 3 and 4. 

\ 

Yields of Oats and Alfalfa 

The effects of added Ni on the yields of oats and alfalfa varied with the soils 
and crops (Table 4). Yields on soils 1 and 2 were not affected appreciably 
by Ni except for reduction in alfalfa at the high rate (500 ppm Ni). On 
soils 3 and 4, however, there was no growth of either oats or alfalfa when Ni 
was added at the high rate. Furthermore, the yield of oats was depressed by 
addition of 100 ppm Ni in soil 3, and the yield of alfalfa by no more than 
50 ppm of added Ni in both of these soils. Other data showed that the 
effect of Ni on root growth was similar to that reported for the above-ground 
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Table 3. Extractable nickel in the soils (ppm) following incubation 

1 N NH.OAc 0 . 1 M CaCh 

Soil 
and 

Ni pretreatment (ppm) Ni pretreatment (ppm)• 

treatment 0 50 500 50 500 

Soil1 
0 2 .6 3 . 2 14 0 .3 3 
p \ 1.6 4 . 2 29 0 .6 13 

Soi12 
0 < 1.0 2 .4 31 0 .9 30 
Lime < 1.0 2.4 28 0.6 17 
p < 1.0 2 .4 37 0 .9 33 
Lime+ P < 1.0 2 .4 35 0 .6 23 

Soil 3 
0 n.d. 9.3 228 19 .8 272 
Lime < l.O 3.7 94 4 .8 112 
p n.d. 12 . 7 268 21.4 311 
Lime+ P < 1.0 6 .5 186 10 . 1 206 

Soil4 
0 n.d. 5.4 164 17 .0 240 
Lime .n.d. 1.6 59 2 .4 76 
p, n.d. 4.8 175 17 . 8 295 
Lime+P . n.d. 2 .6 133 4 .8 159 

•Ni was not detected (n.d.) in control samples receiving no Ni. \( 

parts of the plants. This variation between soils with respect to the effects of 
Ni on plant growth was in accord with the amounts of extractable Ni in the 
soils (Table 3) and with soil properties (Table 1). 

Where no Ni was added, lime had no apparent effect on yield except for 
small differences in the yield of alfalfa on soils 3 and 4. There were several 
instances, however, where liming tended to repress the detrimental effect of 
Ni in soils 3 and 4. Addition of P had no consistent effect on growth. With 
500 ppm Ni on soil 1, P gave a reduction in the yield of oats, but in several 
instanc~ it tended to repress the effect of Ni in soils 3 and 4, as did lime. 

Ni Content of Oats and Alfalfa 
Adclltion .oi Ni in~~e~sed the concentrations of Ni in both oats and alfalfa 
(Table 5)' . . . With few exceptions, the oat grain contained more Ni than did 
the straw~-! : ~n. -most of the ·comparisons, addition of P increased the Ni content 
'of the plants. Lime lowered the Ni concentration in oats and alfalfa in soils 3 
and 4 but there was no consistent evidence of this effect in the plants grown 
in soil 2. The concentration of Ni in the plants varied between soils. At 
the 50-ppm rate of Ni, t?e .order of magnitude for the soils was soil 2 < soil 1 

1~ ,soil , ~"< ·~?~ 3. ,, , -~hes~ . vari~~i~ns were in accord with variations in organic 
· ·~tf,ef ~-~P~~fp,~ ,Jl~ff Pl~ . oJ;r~~e, smls; ~- ... ; -·· . . 

' ,, J,'-J-HtfJn ge~~,ral, ,the.:: ~j!ects gf)inie.ilnd J.> on Niconcentration in the plants were 
:·-- (41:1~~5o~~ ;:'Y~~h}hej.L~ffec~ , ol_l . _am~unts of ~oluble Ni in ~he soils (Table 3). 

· _,;~Jt; .IS:.li1~~r~mg!~to; I1()teJ .~hat; there ,was a shght decrease m P content of the 
... :;~ ::Ef~ps.JV}th. li~cr:~ilsing ~~t~s,B( Ni ; (Table 6). This lower P content was in 



Soil 
and 

treatment 

Soil! 
0 
p. 
SE, mean 4 

Soil 2 
0 
Lime 
p 
Lime+ P 
SE, mean 4 

Soi13 
0 
Lime 
p 
Lime+ P 
SE, mean 4 

Soi14 
0 
Lime 
p 
Lime+ P 
SE, mean 4 

0 

6 .5 
6 .5 

9 .2 
8. 1 
9.8 
9 .7 

2.6 
2 .7 
3 .9 
4.0 

3 .3 
3 .2 
3 .9 
3.6 

Oat grain (g/pot) 

Ni pretreatment {ppm) 

20 

5.8 
6 . 7 

8 .5 
8 .9 
9 .3 
9 .6 

3 .4 
3.4 
4 . 1 
4 . 1 

4.0 
4 . 7 
4.8 
4.4 

50 

6 .6 
6 .9 
0.4 

8.4 
7.6 
9 .5 
9 .5 
0 .4 

1.6 
2 .9 
3.8 
3 .7 
0 .2 

4.4 
4 .8 
4 .6 
4 .7 
0.3 

100 

5 .7 
7.1 

8 .6 
7.7 
8 .7 
8 .7 

1.8 

2 .0 

3 .8 
4.4 
5. 7 
5.5 

500 

6 .9 
4 .8 

8 .9 
7.9 
9 .8 
9 .3 

r 

Table 4. Yield of oats and alfalfa 

0 

7.5 
9 .2 

11.0 
10 .8 
11.6 
11.7 

7.0 
6 .6 
7.6 
7.4 

1:6 
-· 7 .3 
. 7.1 

7.9 

Oat straw (g/pot) 

,ti_i,pretreatment (ppm) 

20 

7.7 
8 .7 

11.1 
10.2 
11.1 
10 .7 

6 .3 
5 .9 
7.3 
7 .3 

7.3 
6 .0 ! 
6 .8 
7.3 

50 

7.7 
8.9 
0 .3 

10 .5 
10 .3 
10 .. 6 
11.1 
0 .3 

2.6 
6 . 7 
5 .9 
7. 1 
0 .3 

6 .7 
7.2 
7.8 . 
7.6 
0.3 

100 

7.5 
8.8 

10 .7 
10.0 
11.6 
10 .5 

7.1 

5 .2 

4.2 
7 .1 
6 .2 
7.3 

500 

8 .2 
6.7 

10 .5 
9.6 

10 .5 
10.4 

0 .4 

0 

1.9 
2 .2 

4 .3 
3 .4 
4 .8 
4 .3 

1.0 
1.4 
2 .0 
2 .2 

.;· 

1.9 
2.7 
2.9 
3 .8 

{ ~. 

~ g. 
~ 

~ 
.:£ 

Alfalfa tops (g/pot) 

Ni pretreatment (ppm) 

20 50 

2.9 2 .4 
2 .4 2 .1 

0 .2 

4 .9 4 .5 
4.4 4 .0 
5 .3 6 .0 
4 .9 5. 1 

0 .3 

0 .6 <0 .1 
2.3 0.9 
2.5 <0.1 
3 .5 0.4 

,0 .2 

1.9 0 .6 
2.9 . 3 .3 
3.2 1.1 
3 .9 3.8 

0.3 

t •• ~~~ .( L :~ 

100 500 

2.7 0 .3 
2 .4 0.4 

4 .1 1.8 
3 .7 0 .9 
4 .9 1.1 

.4 .5 2.9 ~~ 
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Table 5. Ni content of oats and alfalfa, ppm 

Oat grain Oat straw Alfalfa tops 

Soil Ni pretreatment (ppm) Ni pretreatment (ppm) Ni pretreatment (ppm) 
and 

treatment so 100 500 50 100 500 50 100 500 

Soil 1 
0 16 .6 20 .2 67 . 7 1. 7 2.2 13 .6 11.6 15.6 64.2 
p 21.4 , 33.9 77 . 1 4 .2 9 .6 28 .2 14.8 25.7 73.-1. 
SE, mean 2 2 .5 2.5 1.3 

Soil 2 
0 13 .9 23 .5 65 .6 3 .3 5.2 25 . 1 5 .3 11 .1 51.5 
Lime 11 .5 19 .6 75 .9 1.1 5 .2 26.0 3 .8 9 .4 61 . 1 
p 14 .0 23.0 81.2 6 .6 6 .5 32 .6 -! .9 13.0 76.6 
Lime+ P 14.9 20 .3 78 .9 1.8 5.4 31 .0 6 .1 13 .3 63 .0 
SE, mean 2 2.4 2.7 3.2 

Soi13 
() 60.2 42 .3 78 .0 
Lime 38 .1 69 . 1 11.0 32.3 43 .6 
p 65.5 34 . 7 99 .5 
Lime+ P 64.5 69 .8 20 .3 36 .6 77.0 
SE, mean 2 9 .9 1. 8 4.6 

Soil 4 ' 
0 55 .8 63 .9 21.7 45.8 63 .8 
Lime 32.2 52 .6 14 .6 21.1 30 .~ -!5 . 1 
p 73 .5 71.3 26 .9 35 .9 ~~~'8 Lime+ P 41.9 68 .2 12.8 25 .3 60 .6 
SE,mean 2 3 .5 2.7 2.8 

accord with the tendency for soluble P to decrease slightly in the soils at the 
highest rate of applied Ni (Table 2). Nevertheless, a Cl-P antagonism may 
have affected the concentration of P in the plants, since Ni was added in 
the chloride form. 

Critical Levels 
Although the data reported herein are not adequate to formulate critical levels 
of Ni in the plants and soils, nevertheless, some observations are warranted. 
The relationships between Ni levels in the plants and soils and the effect of 
Ni pretreatments on yields were found to vary between soils, with amendments 
added, and with the crop grown. There was evidence of a repressive effect . ·.. . . < ~ ~. 'r r--·.•· · -~ - . · · . 

·Table ' 6·.: · : Phosp~c+~~ - cont~n~ of oats and alfalfa in relation to nickel pretreatments, S~ 

' · · ' :..l 

Ni 
pretreatment 

- (ppm) . 

Grain 

NoP 

Oats• 

p No P 

Alfalfa* 

Straw Tops 

p No P p 

·o ··· :': :' '1' ~'-.. :v " o.36 ., -~ ~ 6.41 
so In ~t;: ! :cr ~4:!i , ,·0.34·: .-t."Z.i- ' 0.41 
100 •r• ; . ; ,~:. ~ :;i,,•'\·, . -.0.34 \ ~ ,., .. 0.40 
soo ."'":'':··-·:- ~: -a. · : ~0 . 33 · ·•.,-;;:;·o.4o 

.· • ., , ' ' h•;. :-\,.,.,.~, :· .. ~·.;.. ~,...c>-; _~ J .. · ·: . . ~ ... 

. 0.023 . 
0.020 
0 .022 
0 .. 0.17 

0.48 
0.49 
0.43 
0.48 

0.36 
0.37 
0.33 
0.29 

0.68 
0 .67 
0.58 
0 .47 

~ela:hted in~s for .four solb, lncludina: data ~btained with and without lime. 
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of Ni on yields when the . Ni concentrations ;-reach_e<:l! ;~o·._ppm ~,oa(-grain , .·• _ · -· 
(soil 3, 500 ppm Ni and no lime or P); 28 ppm in: oa:t :~tiaw . -_(soil;fl,·SOO~ppt:n, _. ~:~:·,:· 
Ni and P), and 44 ppm in alfalfa (soil 3, 50 ppm Ni±ulime.); i.w'Ute, :antO.\}rits. pf: -. ~~,. · 
NH,OAc-extractable Ni for the corresponding• soils cand ttreatnierit{~:Were,;- 9,' ·- ·::::·:. 
29, and 4 ppm. On the other hand, concentrations -of. Ni as . high , ~ _ Sl ppm' · · ,._. 
in the grain and 33 ppm in the straw (soil 2, 500 ppm Ni and P), and 40 ppm 
in the alfalfa (soil 3, 50 ppm Ni and lime + P) had no deleterious effect on 
yield. Corresponding values · for NH,.OAc-extractable; Ni )n ;. ~!J,~;,s.oi~ ~were 
37 ppm (soil2) and 3 ppm (soil 3) . . · .. :: l_;·::;;·;;.. _._;"-: ;_ 1c,·l b:·:,·F_:··: 

' ~ ~- • •• II' 

· :::r ·;:-I --;-~i'?'":-1'~-r:--; · ::'~£it-fr1.).:0_:!d ;r::· h 
DISCUSSION . · • >·:.,- .. --·y ' .. ',; ,'. "' . :: 

_· _ - ..• ''-! ! .. ol, .. • ... • .. I' j.. • ~~ ~4 ; •• - - ., ' { .. l 

The beneficial effects of soil organic matter and high pH in reducing-extractable. 
Ni in the soils and in maintaining yields of oats, and to. a lesser extent alfalfa, 
at relatively high rates of added Ni are in accord with published data (2, 
4, 5). In the work reported herein, these effects were associated also with 
lower concentrations of Ni in the plants. There is little doubt that manage
ment practices including lime and/or organic matter additions are the most 
effective means of improving production on serpentine and other soils con; 
taining high amounts of Ni. The effectiveness of lime_ in reducing Ni toxicity 
may be attributed directly to its effect in reducing the level of soluble Ni in: . 
the soil (2, 4). Although the effect of lime in maintaining growth (soils 3 
and 4) was marked, the pH change was probably not' sufficient to provide the · 
maximum benefits possible. The remarkable effectiveness of organic matter in 
preventing Ni toxicity is undoubtedly due , to its ability to form stable __ com- . 
plexes with Ni (hi, 13), and thus to prevent its uptake by plants. . · 

Although addition of P usually increased soluble Ni in the soils and the 
Ni content of the ·plants, there was only one instance where P had a detri
mental effect on yield. On the other hand, there were several , instances -
(soils 3 and 4 with low rates of added Ni) where P tended to repress the 
toxic effect of Ni .- . ;;i~~ · -' ''t-. 1-•:< .. . ; · 

• • ' ' I ~ ' ; i ' ' : 1 ~ 1 
-

It has been reported by Crooke and Inkson ( 3) that P inci,eased Ni toxicity 
in sand cultures and that the adverse effect of P was associated with reduced 
Fe adsorption. In another study, however, Crooke (2) found that super
phosphate added to an acid soil at usual rates had no effect on exchangeable 
Ni. In a study of reactions of phosphate with exchangeable and soluble Ni, 
Pratt et al. (I2) reported that the type of Ni-P compounds formed at pH 
values ;;:,: 7.0 should reduce Ni toxicity in soils. In the present study, however, 
when P and Ni were added to soil I (pH 7.0 or above) it would appear that 
phosphates of Ni were more soluble than other forms ~uch as hydroxides, 
which are presumed to have been dominant where P was not added (Tables 3 
and 5). 

The much greater susceptibility of alfalfa than of oats to Ni emphasizes 
the importance of selecting Ni-tolerant crops when utilizing soils high in Ni. 
This marked difference in tolerance of crops to Ni has been attributed to 
differences in the Fe-Ni ratios of the plants, those for alfalfa being low (9). 
There is evidence that Ni may increase the rate of Fe uptake, but may inhibit 
its meta holism in the plant ( 15). , .. , 
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The evidence of a repressive effect of added Ni on growth when the 
concentrations of Ni reached 60 ppm in the grain and 28 ppm in the straw 
were in accord with results of others ( 5, 6). Hunter and V ergnano ( 6) re~ 
ported that oats showing a moderate effect of Ni toxicity contained 7 3 ppm 
Ni in the grain and 37 ppm in the straw. Subsequently, Hunter (5) working 
with a Southern Rhodesian soil found that oats showing symptoms of a 
moderate degree of Ni toxicity contained 32 ppm Ni in the leaves. 

The effects of soil properties and treatments on Ni were similar to those 
reported for Pb, u;ing the same soils and experimental conditions, except 
that phosphate repressed the solubility of Pb and its uptake by plants (7). 
However, Ni was more repressive than Pb on plant growth. Pb had little 
or no effect on the yield of oats although the Pb concentration in the straw 
was as high as 200 ppm. While both metals repressed alfalfa growth, the 
effect of added Ni was evident at a rate of no more than 50 ppm. There was 
no corresponding effect from Pb, however, until it was added at a rate of 
10 ti~ this amount .. . 

: .~ :. ~: : ~ ~; \ , ": .. 
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