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Lead being an environmental chemical attained msuch
interest in the last decade. Apart from lead contamination
of plants by exhaustions of motor cara, the effect of
lead compounds on plant growth and metaboliam depends on
their asoclubility and availability to roots,.
In a number of pot and water culture experiments we in-
vestigated the uptake of Pb** from VUAzouuN and itas

U effect on nitrogen metabolism of plants.

ANT ANALYSIS

I. In pot experiments with sandy loam, 0 ~ 8 7 Pb as
wdAzouvm were mixed to 15 kg soil,
Fertilization (g/pot): 2.% g N as NH,NO,
2.0 g P,0, as CaHPO, "2 H,0
2.5 g Hmo as KC1
{The total amount of ¥ and K was splitted to 2 ~ 6
applications during vegetation period.)
0-0.5-1.,0-2.0-4.0-6.0-8.0 g Pb as wv?ouF\von
The nitrate content of vaZOuwn was compsnsated by
KHO,- M
Methods: Determination of lead after acidic digestion [
and extraction of ashaolution with dithizone and
measuring by atomic absorption spectrophotometry. ;
Results: Growth and Pb-uptake

Table 1 Dry matter production on sandy loam (g/pat) i

soil and plant Pb-level g/pot (13 kg soil) M
) 0 0.5} 1,0 {2.0 4.0 |6.0 | 8.0 :
a) pH 4.9 : W
perennial grass 125} 126 t2% |127 120 [116 147 :
{5 cuta)
green ocats 1 11 90 | 88 89 8t 76
green rape 29 29 25 23 22 18 17
R R SR b} pH 7.0
- Proceedings of the 7th International Colloquium perennial grass | 1300 124} 122 {124 {120 |12% |129
- Hanover, Federal Republic of Germany, September 1974 (5 cuts)
I o . bush beans 28 26 27 28 30 28 27
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On pE 4.9 low amounts of muﬁzouvn did not influence the
growth very much (Tab.1); high rates (6 - 8 g Pb) de-
pressed the dry matter production of grass {5 cuts) on-
iy by 5 %, but of green oats by 20 4 and of green rape
up to 40 % finally.

On neutral/alkalins soil (pH 7.0) the effect of Pb-
application was unsignificant both with grass and bush
beans. Summarizing, the influence of lead on growth of
different plants depends very much on Pb-level and soil
pH. .

The Pb-content of plants, grown on acid soil, was much

higher than that from glkaline soll and increased with AU
Pb-level in both cases. Roots contain 45-10 times more

Pb than shoots or leaves; obvicusly there are some diffi-
cultiea in lesd tranaportation to atalks and leaves
(Tab.2).

Table 2 DPb-~content of plants from different Pb- and

pH-levels (ppm 1.dry weight)

soil and plant Pb-level g/pot (1% kg soil)
0| o.5i1.0l2.01 4.016.0 }8.0
a) pH 4.9
grass, shoots 11 5 10 25t 60 80 103
{average from 5 cuta)
roota 7139 |43 j118]14% 1250 | 405
green rape, shoots 1§ 2 4 6] 10 14 17
roots ERTY 27 5341 76 [135 204
b) pH 7.0
grass, shoots 21 &4 4 =] 11 17 23
{average from w cuts} ﬂ
roots ki7 21 Lxl 61 J 155 159 ;
bush beans; shoots 3l 3 3 3 9 6 7
roots 1114 17 331 49 ] 99 116

Against control there are warked differences in the FPb-
uptake of shoota, It increassd with Pb-level and reached
wmaximum on the acid aoil (Tab.3). But the Pb-uptake of
shoots ranged cnly bstween 0.12 and 0.18 % of total Pb
added; that means, that the upper moast part of lead will

probably either be abaorbed on organic matter and clay

minerals of the soil or will be taken by plant roots.

As it is nearly impossible to ascertain the roots pro-

duction in pot experiments quantitatively, because of

heavy loases during waeshing process, also the Pb-uptake

by roots cannot be counted correctly either., The buffer

effect of the seil complex may explain, why specifie

Pb-toxiclity aymptoms did not appear on the plantsa.

Table 3 Pb-uptake of planta from different Pb- and
pH-levels (mg Pb/pot)

scil and plant

Pb-level g/pot (15 kg soil)

0 0.5]1.0 2.0 ls.0 |l6.0 |8.0

a) pH 4.9
grass, shoots
{total from % cuts)
green oats, shoots

green rape, shoots

b} pH 7.0

grass, shoots
(total from 5 cuts)
bush beans, shoots
clover,

{2 cuta)

shoots

C.1810.63]11.2713.59¢7.32|0.%9{n .82

0.1910.3%5|0.63F1.23[2.48]3.55t4 .66
0.0310.06]0.10}0.14}0.24(0.25{0.28

0.26§0.4310.42}0.60]1.15{1.92i2.94

o.03l0.0810.08}0.08]0.36{0.17[0.19
0.08§0.08{0.18/0.13{0.25]{0.3t]0.27

II. In water culture experiments the Pb-concentration

ranged between 0 and 10”2 M Pb as Pb(NO

wvm.

Culture solution (per 1 water):

1.0 g Nzou

0.5 g ommor.m mwo
0.5 g ZWMOk.u mmo
0.3 g Fe-EDTA

0.7h & omuﬁvocuuom

1 ppm Mn as MnCl, -4 H,0
0.35 ppmt Cu as Cusoy, -5 H,0
.35 ppm Zn as NSmO#.q :NO

0.04 ppm Mo aa Na,Mo0y -2 H

0.17 ppm B as muw

0y

NO

% planta/veasel (4 1} .
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48 resp.72 hours after Pb-application the plants were
harvested and analysed.

Mathoda: Determination of lead as mentloned before.
Prowmin-N after precipitation by trichloracetic acid
and Xjeldahl determination.

Nitrate was detormined as nitro-xylenol (Balks 1960},
nitrate-reductase activity by measuring the formed 20»

in an enzym assay after 15' AwGOOHnwuN to Hagsman and
Flesher 1960, modified). Amino acids were detorminatad
in frees dryed material (Schaller and Winsch, 1973} by
column chromatography (aminoacidanaliezer BC 200, Bio-
cal), the amides in a second run after hydroclysis of
extract by H,50, {0j1 and Izawa 1971).

Rssults: Growth and Pb-uptake
48 hours after Pb-application the plants dressed with

_0|u M Pb showed heavy wilting symptoms on leavesi the
fresh weight of harvested shoots was slightly increased
at 10~5 M Pb, but decreased by 1/10 - 1/3 at 10™* and
1077 M Pb respectively (Tab.4). The water content of

atalks and lesaves declined gradually by 1.5 to 3.5 %.

Table 4§ EL£ffect of Pb on growth and Pb-content of sun
flower shoots

Ph.concen- fresh shoots | Pb 1.stalks [Pb 1.leaves
tration
(Mo1) &/pot ppa i.dry m. |{ppm i.dry m.
in culture aftar after after
solution 48 h 72 h ] 48 n 72 h LB n 72 h
1] 670 750 4 4 4 6
1073 781 832 2 10 3 é
_oua 619 6%1 5 9 - 15
10~ 482 Lby th 8 12 13

dﬂowvlnounohno&unmwkowbnHow<onlwuﬁQNPﬁﬂ=HIveH|
tant and rised only a little according to Pb-level of
culture solution. A rough calculation shows, that in all
groupes the Pb-uptake of shoots (stalks + leaves) was
less than ! mg/pot more than in the control; so thers
is no infiuence of Pb concentration of culture solution
on Pb transport to shoots, although no possibilities for

fixatlon or sorption by other substances than plant

roots were given., It can be followed later on that the
depression of shoot growth at 107% and 102 M Pb is not
a consequence of Pb-~toxiclty of leaves or stalks, but
must be caused by wilting process after a Pb attak on
roots.

Also the root growth was markedly affected by Pb:

the water content decreased by about 1 % and the dry

matter production by 20 - 30 % (Tab.5).

Table 5 Effect of Pb on growth, Pb content and Pb-

uptake of sunflower roots

Pb-concen-—

AKOFV after ﬂw\vcﬂ
in culture after after
solution | 48 h | 72 h 48 h ] 72 h 48 Bl 72 h
0 1,53 2.00 61 haa o.t 0.9
_onm 1.46 2.23 EUT:1 3009 5.1 6.7
M0|u 1.4 1.77 25897 17953 36.5 [31.8
107 1.25 154 7976 8612 10.0 jiz2.4

tration |4FY welght g/pot | ppm Pb i.dry m) Pb-uptake

The Pb-content of roots arised enormously already 48
hours after Pb-application and reached 2.6 4 Pb on dry
matter basis Adoar M) finally. The total Pb-uptake ranged
between 5.1 and 37 mg/pot. 24 hours later Pb-content and
Pb-uptake did not increase very much. That means, that
WU++ damages the rToots very quickly and severely causing
a denaturation of plasma protein of root cells followed
by disturbing permeability and electrolyte balance and
blocking enzyme systems (Bersin 1958). Consequently the
plants are wilting gradually.

A comparison of Pb-concentration of culture solution
with Pb-uptake of plants/pot (4 1) demonstrates after

48 resp.72 hours a Pb-utilization rate of 60 - 80 % at
1077 M Pb, uabout 40 % with _our
M Pb.

M and about 1 % at MOlu

It should be emphasized here, that according to our ex-
perimental conditions it is not possible to decide bet-—
ween Pb-adsorption on root surface or Pb-absorption by
roots, But in any case im nearly unbuffered solutions,

where no other absorbing substances are present, a2 great



part of lead gets in a close contact with roots.

Nitrate uptake and nitrate reduction
With increasing Pb-concentrations the uptake of nitrate

from culture solution is blocked resulting in a lower
zoulooﬁn¢5ﬂ of roots and a strongly reduced nitrate up-
take/pot, which is not higher than 1/4 (48 h) resp.1/6
(72 h) ultimately (Tab.6}. This phaenomenon proves, that
obviously root cells are injured by Pb so badly, that
they are not able any more te take up water and nutrient
ions HmWWHwH»wﬁ. This effect is mainly completed already
within 48 hours. Also Ca-content of roots fell down te

50 %, as recent investigations have shown.

Table 6§ NO_~-uptake of sunflower roots

u rama s A e
Pb-concen-
tration zowiz uptake after
() 48 h 72 h

in culture

solution | % i.dry E.— mg/pot % di.dry m, mg/pot

o Pb 2.79 L] 2.13 43
1072 2.60 38 2.07 46
10°% 1.83 26 1.5%4 25
10”3 0.79 10 | o.st 7

Under these circumstances it is not surprising that also

nitrate-reductase activity in leaves and roots of malze

planta dropped to about 1/4 in roots resp. to nearly 1/2
in leaves 48 hours after Pb application {Tab.7).

Table 7 Effect of Pb on nitrate reductase activity of
mailze (mg NO, formed after 15 min.)

Pb-concentration AZV

in culture sclution Toots leaves

o] 0.60 1.47

1073 - -

dcue 0.48 0.93

1073 0.15 0.81

Nitrogen metabolism

We have learned up to now, that Pb attack starts in the

roocts. Table 8 shows the influence of this heavy metal on

o

nitrogen fractions. The protein content of sunflower
roots did not change very much within a period of 72
hours, but the soluble-N decreased to hidf and more.

By denaturation of root plasma not only nitrate uptake
but also aminoc acid synthesis is stopped. By this way

the ratio protein-N arised from 1.7 resp. 1.8 in the
soluble-N

controls up to 4.4 resp. 4.9.

Table 8 Effect of Pb on nitrogen-~-fractions in sunflower

(i.dry matter)

Pb-concen— after 48 72 hours
&meWou prot.-N| sol.~{prot.-Nllprot.-N[sol.-|prot.-N
N sol.-N N -
in culture % %, % % sol.-N
solution

a} roots

o 2.83 [1.72 1.7 2.89 {1.63 1.8
10™3 2.86 [1.85 1.6 2.87 l1.82 1.6
1o~ 2.99 [1.32 2.3 |l 2.68 }1.48 1.8
1973 2.96 |0.67 b.h |lz2.88 lo.59 L.g
Uv stalks u
o 1.28 1.77 0.7 | t.3 1.49 0.9
1073 1.26 |1.68 0.7 |i1.08 |1.83 0.7
~0|w 1.17 1.61 0.7 md.o: 1.44 0.7
103 1.24  |[1.69 0.7 ji1.00 {1.70] 0.6
ou leaves m
0 5.43 |1.04 5.2 14,61 |1.25 3.7
10~3 .82 l1.13 L. Mp.mm 1.01 5.6
1o~k y.77 lo.80 6.0 Ji4.55 lo.go 5.7
103 4,84 |0.99 b.9 wr.mﬂ 1.09 3.9

In the stalks protein-N declined not earlier than 72
hours after lead application by 1/3, whereas soluble-N
showed an increasing tendency. Both results demonstrate

a marked proteoiysis, which deoes not end probably at

free amine acids, but is persued to free amonia.

In the leaves both protein-N and soluble-N are decreasing
continously by about 10 * combined with heavy wilting
symptoms as a secondary effect of Pb-toxicity.
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The total amino-N (as the sum of free amino acids deter-

mined by column chromatography)} did not change very much
in the roots between 0 and _O|# M Pb after 72 hours, but
decreased at higher rate by more than 50 %. In the leaves
free amino-N was found one and a half, in stalks even

three times more than in the control {Fig.1).

Figure 1
Total amount of free amino acids
72 hours after Pb-appiication

g amino-N/lg dry m.
5000¢

4000+

1000 ¢+

Among amides and free amino acids glutamic and aspartie

acids together comprise about 15 % of total amino-N, that
ls just the same rate as *Pvﬁuso butyric acid alone;
amides make up 40 % of total amino-N and more, 72 hours
after Pb-exposition in roots amides, glutamic and aspartic
acids decreased by nearly 2/3; :M.rm_»s. \mritaw:o bulyric
acid-N und alanine by about 1/3 :nd more proving that
denovn synthesis of amino necids is stopped, bul proline
inerensed by 30 4 {Tab.o).

0.0 10-5 10-4 10-M Pb

mowcmwoj ‘ ] acid acids
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Table 9 Effect of Pb on amides and free aminoc acids in

sunflower (pg amino-N/1 g dry matter)

72 hors after Pb-application

Pb-concen-

tration
(M) amides|arginine MﬁwEH50| glut.+ialanine|proline
in culture utyric asp,

a) roots

) 974 83 194 303 171 29
_olw 758 78 287 296 | 1333 32
10 1191 65 184 i95 207 30
1073 315 50 126 108 ;73 42
b) stalks |
0 661 24 126 313 . a7 23
_cum 562 17 242 239 | 109 21
16~ 1549 37 246 195 * 108 29
: 10”7 1176 119 183 219 W 174 239
wou lenves m
0 588 303 189 630 1 316 53
_cum 201 | 198 254 462 1 31z 43
m 10 385 89 187 496 “ 263 50
t 1077 w023 | 502 315 | wzo i 353 | 3s0

In stilks amides, arginine and proline arised enormously

derivated from protein rich leaves and roots, whereas
%ﬁnﬂwﬁo butyric acid, glutamic and aspartic acids de-

creinsed by about 1/73.

In the lesves the primary amino ucids glutamic and aspur-
tic necids are miarkedliy depressed, but amides, %1:5#30
butyriec acid and proline incrensed highly as un conse-
quence of proteolysis.

Discussion

(ur experiments huave shown, that put™* from vcﬁzo v
) 2
will be adsorbed or taken up by plant roots in very U»ME
amounts but will scurcely he transported to shoots

Though Pb-content of roots is very high especially in

wiater culiure experiments where the soil absorgtion com-

plex is missing. lLead ncts us it typienl reot poison
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similar arsenic and aluminium {Hurd-Karrer 1939; Mclean
and Gilbert dwqu resulting in stunting of roots, distur-
bing water balance and iton transport and causing severa
wilting symptoms of shoots. By this secundary effect all
other experimental data can by explained: nitrate uptake
and amino acid synthesls (giutamic and aspartic acids) was
blocked in roots and leaves and an increasing degradation
of protein {Mothes 1928) in proteinrich leaves and roots
took place producing prolin in excess, which is vexry typi-

cal for this process (Kemble and MacPherson 1954) .
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