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Integrated study abouf Deficiency and Yoxicity of
Manganese and Critical Levels Manganese in the
Nutrient Solution for eorn Grown under high
Levels of zinc and Copper.

A. Amberger, M. Yousry

Institute of Plant Nutrition, Weihenstephan, Freising.
F. R. G. and Soils and Water Use Laboratory, National
Research Centre, Dokki, Cairo, Egypt.

An integrated study about deficiengy and loxicity of manganese,
and critical levels of manganese in the nuirient solution for
corn goown nuder high levels of zine and copper have been
carried out, The role of zinc and copper in the nutritional
halance and redistribution of certain nutrients in the different
plant organs was also examined,

Under high Zn-level there was no significant correlation
between bhoth iron and manganses uptalke, while highly signifi-
cant and positive correlations were obtained hetween manganese
and #inc and the cther macro - and micronutrients,

Under high Cu-levels the highly significant and positive
correlations were obiained between Mn-uptake on one hand
and on ithe other hand of zihc and copper uptake. The same
was true for the correlation and between P-uptake and both iron
and copper. In addifion, a significant posifive and significant
correlation between iron and manganese uptake was also found.

Various plant species may behave entirely differently in the
same environment making it necessary to study each in detail
before attempting a conclusion regarding nutritional problems.
The toxicity of heavy metals to crop plants varies from one
metal to another (Chino and Kitagishi, 1966) and from one crop
to another (Osawa and Ikeda, 1971; and Tanaka et al, 1975), It
has been observed that plants within the same species will vary
in their ability to absorb micronutrients (Gorsline et al, 1968;
and Munson, 1969).

The corn plant is considered to the a manganese-tolerant
plant. In the literature there is no clear information concerning
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160 A, AMBERGER and M, YOUSRY

gither toxic Mn-concentrations for tolerant plants or the inter-
action between consecutive Mn-concentration, and high level of

zine and copper.

Therefore, the present study gives information on the inte-
gration between Mn-deficiency and Mn-toxicity for crop plant
when high level of zine and copper are present. It also explains
the role of zinc and copper in the nutritional balance and the
redistribution of certain nutrients in the different plant organs.

Material and Methods

Seeds of corn were germinated in quartz sand moistened with
distilled water. After 10 days five homogeneous seedlings were
transplanted into 4 liter pots containing Hoagland solution. The
concentrations used for manganese were 0, 0.5, 0.25, 2.50, 2.50,
25.00, 50.00, and 250.00 ppm, The first experiment has been carri-
ed out under high level of zinc which was 25 times as high as in
the normal Hoaglond solution. "The second experiment was con-
ducted under high level of copper which wag also 25 times ag high
as in the normal Hoagland solution.

The culture solution was aereated for 1 hour every 8 hours,
renewed once a week, and maitained at PH 5.8. Pots were arrang-
ed in the growth chamber where plants were grown for 30 days
at a daynight temprature of 24 — 150°C at a 14-hour photoper-
iodicity. Each treatment has been replicated five times.

After 30 days all pots were sampled, Each time the distine-
tion was made with ,respect to younger leaves, mature lesves
stems, and roots. All the samples were rinsed more than three
times with deionized water, dried at 70°C, weighed, milled by hand
in a porcelain morter to avoid any source of contamination, and
kept for chemical analysis. An aliquot of the milled samples
was digested with nitric-perchloric-sulfuric (8 : 1 : 1) acids
mixture. Iron, manganese, zine, and copper in the digested so-
hition were determined by atomic absorption  spectro-photome-
ter. Calelum and potassium were measured by flame photometer,
Phosphorus was analysed by vanadomolybdophosphoric  yellow
colour method.
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INTECRATED STUDY ABOUT DEFICIENCY AND TOXICITY OF MANGA 161

Resmli:s= and Discussion

Experiment done under high zinc level

Resulty in table 1 show that roots had the highest concen-
tration of iron, manganese, and copper, while the lowest ones
were observed in the stems, Hara and Sonoda (1979) found that
iron is absorbed by plants but very badly translocated. They
added also that copper and iron are accumlated in the roots.

TABLE 1 : Effect of increasing manganese on the distribution of certain maero - and
micronutrients (taean of five replicates) In different organs of corn
grown in the presemce of a high zine levek

=== prerr——aiiesi S
Mn-conc. in Mieronutrients (ppm} Macronutrients(%)
hydrocullure plant
(ppm Mn) orgam Fe Mn Zn Cu P X Ca
younger leaves 115 11 78 13 125 592 0.24
0.00 maiture leaves 112 9 135 13 1.43 4,22 0,60
stems 43 ] 544 11 1,52 6,28 052
roots 2300 12 714 42 1.55 5.04 0.40
younger leaves 87 20 84 11 0.96 5.72 0.22
0.05 mature leaves g6 17 109 i2 1,06 5.16 0.48
stems 3¢ ) 540 1¢ 121 5.80 0.28
roots 1560 29 751 38 1.81 5.64 028
younger leaves 82 42 95 8 0.82 4.94 0.24
025 mature leaves 89 39 117 ¢ 073 530 052
stems 49 28 558 7 0.88 6.40 0.34
roots 1760 56 855 83 1.23 4.35 0.48
yiounger leaves 20 45 98 8 073 474 0.24
0.50 mature leaves 88 48 126 8 073 3.48 0.48
stems 30 26 562 6 076 5.64 0.32
roots 1370 67 882 26 1.05 4.24 0.40
younger leaves 43 116 129 7 0,75 452 0.28
250 mature leaves 69 141 206 10 0.69 492 0.42
stems 15 119 823 8 0.77 544 0.36
roots 550 373 966 28 1.07 486 0.44
younger leaves 39 387 177 7 0.84 4,68 0.32
25.00 mature leaves 62 639 255 g 0.75 5.38 0.48
stems 13 352 734 7 0.76 6.40 0.32
roois 608 2320 1036 39 123 5.02 0.54
yvounger leaves 49 744 113 6 .74 2.56 0.20
50,00 mature leaves 67 1180 207 11 .71 4.18 0.42
stems 16 553 711 6 0.76 6.687 028
roots 1320 3860 958 28 180 4.74 0.68
yvounger leaves 67 2440 87 1 0.77 4.83 0.14
250.00 mature leaves 87 3780 105 11 0.72 5,30 0.28
stems 25 2310 579 8 1.60 6.25 024
roots 185G 5460 811 51 2.08 5.22 0.28
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Concentration of zine and phosphorus were higher in stems
than in either younger or mature leaves. Moreover, roots had
the highest conceniration of phosphorus particularly in control
plants and treatments that received 50 and 250 ppm Mn. There-
fore, it could be concluded that either under a deficient or a

toxic level of manganese phosphorus has been accumulated in
roots,

Generally, the increase in zinc concentration ig paralielled to
the increase of manganese in the hydroculture. The highest con-
centration of copper is observed in roots of plants that received
50 ppm Mn. Scherer and Hofner (1980) studied the interactions
of into, manganese, and zine during uptake and transport by
corn, in water culture experiments. They found that in aerial patrs
of corn the iron and zine concentrations were lowered by increa-
sing Mmn-concentrations of the nutrienty solution, but the iron
and zine concentrations of the roots were increased under the
same conditions. Rahimi and Bussler (1975) found that increas-
ing Zn-concentration in the nutrient solution decreased the con-
tents of P, IFe, Mn, and Cu in corn plants.

Data in tables 2 and 3 indicate that manganese uptake either
by roots or by aerial plant organs was parallelled to itg concen-
tration in the water culture and didnt follow the dry matter
yield. There was no relation between iron uptake by roots among
treatment receiving more than 0.5 ppm Mn and the dry matter
yield, while iron uptake by the aerial parts depended mainly its
dry matter yield.

In general, uptake of zinc, copper, phosphorus, and caleium
by the aerial organs has followed the dry matter yield obtained.
The distributtion of a micronutrient among or between various
plant parts may be more useful than a single analysis (Jones,
1972).

Visual symptoms
Control treatment o

Plants suffering from Mn-deficiency, are showing visual sym-
ptoms as pale yellow stripes on the leaf surface. Surface area
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TABLE 2 : Effect of increasing menganese on the dry matter yield and uptake of
cerfain macro - and micronutrients (mean of five replicates) by the
acrial organs of corm grown in the presence of high zine level. ... . ...

-

Mn dry upiake ug/pot upiake mg/pot
concentration in  matter

hydroculture yield Te Mn Zn Cu P K Ca
(ppm Mn) g/pot

6,00 554 478 42 738 58 63 227 22

0.05 12.37 962 205 2078 142 131 667 48

0.25 18,79 1283 567 3228 . 152 129 911 72

0.50 18.24 1463 783 3761 139 134 769 70

250 18.84 1024 2476 5368 163 135 924 H

25.00 15.87 758 8302 5028 129 123 853 65

50,00 15,40 801 14337 4350 132 112 654 52

250.00 13.42 987 43229 2153 132 103 712 31

e e == == e,

TABLE 3 : Effect of Increasing manganese on the dry matfer yield and uptake of
. certain maero - and micronutrients {mean of five replicates) by the
roots of corn growm in the bresence of a high zinc level . e e

Mn © dry
concentrafionin  matter uptake ug/pot uptake mg/pot
hydroculture yield

{ppm Mn) g/pot Fe Mn Zn Cu P K Ca

0.00 0.99 2277 12 707 42 15 50 4
025 295 5192 165 2522 97 ‘36 128 14
0.05 219 3416 64 1645 82 28 124 6
0.50 3.89 4329 261 3431 101 41 165 16
250 3.33 1831 1242 3216 93 36 162 15
25.00 3.44 2092 798L 3564 134 42 173 19
50.00 3.35 4422 12931 3209 94 60 159 23
256,00 2.83 5235 15452 2295 144 59 148 8

%m“

of the leaves.and the volume of roots were reduced as a result
of Mn-deficiency and high Zn-level.

Treatment receiving 0.05 ppm Mn

Visual symptoms of Mn-deficiency were observed, but they
were not as pronounced as in the control treatment,

Egypt. J. Agron. Vol, 13, No, 1.2 i(1988)
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Treatment receiving 0.25 ppm Mn :
No clear visual symptoms were noticed, only the new leaves

were pale-green in colour, All plants had normal growth either
the aerial parts or the roots.

Treaiments receiving 0.5 and 2.5 ppm Mn

No visual symptoms of deficiency or toxicity were observed,
the growth of the plants reached a maximum,

Treatments recziving 25 and 50 ppm Mn

No clear visual symptoms of toxicity were observed, normal
leaves and roots were obtained,

Treatmentd receiving 250 ppm Mn :

Cleat visual symptoms of Mn-toxicity ag distinet yellow stripg
were noticed, particularly on the mature leaves. The plants were
suffering from Mn-toxicity within the first two weeks, but after
that they might have been adapted to the high manganese con-
centration.

Diggnosis of Mn-concentration either in the hydrocultuse or in mature
leaves : )

The critical, safe and toxic levels were 0.50, 2.50, and 250

TABLE 4 : Corvelation coefficients hetween uptake of macro - and microvutrients by
the whole plant of corn grown nuder a high zine level for all levels of
mangarese used in the hydroculture,

oot

e e

Elements Mn Zn Cu P K Ca
Fe 0.2751 0.65974% 0.9300%% 0.5234%% 0.0457 0.3511%
Mn 0.4800%= 0.5123%% 0,6058** (0.5514** 0.6866%+
Zn 0.7229%+ 0.5649%* 0.5165%% 0.5608%*
Cu 0.6864 %% 0.1975%* 0.4804%*
P 0,1286 0.4243%
K 0.4226*
== = = e ——

* at level of 0.05
*%  at level of 0.01
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ppm Mn in the water culture, while in mature leaves they were
48, 200, 3700 ppm Mn respectively,

Table 4 shows the correlation coefficients obtained Between
uptake of macro-and micronutrients by the whele plant within
all levels of manganese used in the hydroculture. There was
no significant correlation between both iron and manganese up-~
take, while highly significant and positive correlations were obta-

ined hetween manganese and zinc and the other macro-and mier-
onutrients.

Experiment under high level of copper :

Data in table 5 show that the concentration of iron in leaves
was increased with the increase of manganese in the water cul-
ture, however, mature leaves had higher iron concentration than
the younger ones. The lowest concentration of iron and the

highest concentration of zinc and potassium were observed in the
stems.

In all treatments, concentration of manganese wag gradually
increased as a result of the consecutive manganese concentration
of the hydroculture. For all treatments similar values of copper
and phosphorus concentrations were noticed in the aerial plant
organs smong all treatments.

Results in table 6 show that the total uptake of iron, zine,
copper phosphorus, and potassium by the aerial plant organs
were parallelled to the dry matter yields of these organs. Incre-
aging the manganese concentration in the water culture between
0.5 and 50 ppm Mn didnt affect the dry matter yield, but the
uptake of iron, copper and phosphorus were gradually decreased.
On the other hand, increasing the concentrations of manganese
within the abovementioned range has increassd the uptake of
zine. Manganese uptake either by roots or aerial parts was in-
creased according to the increase of manganese concentrgtion in
the nutrient solution. '

The uptake of zinc, copper, and phosphorus by roots had
approximately the same values among all treatments except for
the control. It was. alse noticed that the uptake of iron and potas-
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‘TABLE 5 : Eifect of inereasing manganese on the distribution of cerfatn macro - and

'A. AMBERGER and M. YOUSRY

mieronutrients {(mean of five replicates) in different organs of com
grown under a high copper level,

Mn- cone, in o Micronutrients (ppm) Maeronutrients (%)
hydroculiure ‘plant o : '
~ {ppm Mn) organ Fe Mn Zn  Cu P K Ca
e . 1{,‘ RYREEY ""i!‘f}‘f—i 'fédfr(}“ Ab.}:."i"\'NH :5‘"‘“"‘:‘" e e . - :
" “younger leaves 43 11 46 21 107 562 051
- 000 mature leaves 49 1¢ 438 23 1.21 4.36 0.80
stems 15 8 78 26 132 6.48 0.56
roots 1520 10 47 1420 152 422 043
younger leaves 42 .35 37 14 0.96 5.12 0.36
0.05 maiure deaves 40 3 34 17 0.71 6.44 0.68
stems 16 18 58 15 0.80 6.33 0.51
“‘roots 920 ' 27 47 1300 148 522 036
© o yiunger leaves 42 89 34 16 08 516 037
0.25 . mature leaves 39 63 35 16 0.67 644 - 0.68
stems 15 26 58 woo0m 680  0.56
roots 1030 s\ 48 1010 121 522 036 :
%
.. younger ieaves . 47 925 88 16 076 480 024 |
050 " mature leaves 38 88 37 16 068 545 o061 |
cTo stemg T 16 89 56 16 085 616  0.56
rolots 1360 89 44 1220 1.35 5.20 0.37 ;
younger leaves 41 isd - 3¢ 16 0.72 508 082
2,50 mature leaves 40 214 46 16 0.65 5.30 (.68
stems 15 69 59 15 0.78 6.48 0.48
. Toots 1130 243 40 1060 1.26 3.68 0.39
B ‘younger lTeaves 29 360 - 39 12 0.79% 4.54 0.32
2500 . mature leaves 87 . 675 54 15 0.63 5.60 0.64
. stems 14 405 59 12 0.73 652 0.44
roots 544 1320 59 1080 111 436 0.40
_-younger leaves 30 540 40 12 071 486 o024
mature leaves 88 1080 55 15 043 530 053
- stems - : 14 735 65 14 0,66 6.76 043
. rqo}s' 517 . 2090 59 1250 1.03 4.88 0.40 -
younger leaves 32 1420 38 kT g 488 .28
mature leaves 40 2270 G5 16 0.71 2,84 0.44
stems 7 1680 62 17 0.92 5,88 (.28
" roots 1150 5580 63 1536 192 4686 027
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TABLE 6 ; Eifect of increasing mm{ganese on the dry matter yield and uptake of

certain macro - and micronutrients (mean of five replicates) by the
aerial organs of corn grown nuder a high copper level,

Mn dry
concen{ration in matter uptake up/pot uptake mg/pot

hydroculture yield
(ppm Mn) g/pot Te Mn Zn Cu P K Ca
0.00 4.48 196 46 225 101 53 223 28
.05 11.20 417 339 426 179 82 681 65
0.25 11.83 430 772 446 191 85 724 68
0.50 12,59 476 1050 492 201 92 678 L]
250 12,01 438 2123 551 190 483 650 63
25.00 12.26 382 6564 626 169 84 673 65
50,00 12.51 402 10923 G52 175 82 672 54
230,00 7:98 273 15177 400 120 61 314 29

——— ——

P

sium by roots didn’t follow neither the dry matter yield nor the
concentrations of manganese in the hydroculture Table 7.

Visual symphoms

Control Treatment

Plants were suffering from either Mn-deficiency or the high
copper concentration. All plants were yellow in colour, the growth
was depressed under these two abnormal conditins, The leaf sur-
face area and growth of roots were reduced during the whole
period of the experiment and all leaves were twisted.

Treatment receiving 0.05 ppm Mn :

Visual symptoms of Mn-deficiency have been masked by the
effect of the high copper concentration. Hera and Sonoda (1979)
stated that toxicity of copper is exceptionally strong although
it is a needed micro-element for the higher plants is well known.
The twisted and yellow leaves were present during the first 20
days of the experiment. Chlorosis and twisted leaveg were the
main visual symploms, Plants might have been adapted to the
high copper level after 20 days.

Egypt. J. Agron. Vol, 13, No. 1.2 (1988)
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TABLE 7 : Effect of increasing manganese omn the dry maltter yleld and uptake of
certain macro - and mieronwirients {mean of five replicates) by the
roots of corn grown under a high copper level,

so— _ — e ——

Lin dry
concentration in  matter uptake ug/pot uptake mg/pot
hudroculture  yield

{ppm Mn) g/pot Fe Mn Zn Cu P K Ca

0.00 106 1611 11 50 1505 16 45 5

0.05 2.20 2024 59 103 2860 31 115 8

0.25 331 3409 235 159 3843 40 178 12

0.50 3.00 4080 287 132 3660 41 156 11

2.50 311 3514 755 124 3297 39 114 12

25.00 2.93 1594 3868 173 3154 33 123 12

50.00 2,63 1357 5497 155 3288 27 128 11

250.00 1.97 2266 10053 124 3014 24 92 5
R e == e e

Treatments receiving 0.25, 0.50, 2.50 and 25 ppm Mn

The main visual symptoms were chlorosis and twisted leaves.
Plants might have been adapted to the high copper concentra-
tion after 15 days. By the end of the experiment the chlorosis
was completely vanished. The plants had a normal growth both
the aerial organs and the roots.

Treatment recdeiving 50 ppm Mn

»
The Ebovementioned visual symptoms have been also obs-
erved in addition to the Mn-toxicity symptoms which started as
clear yellow stripes covering the whole leaf. Manganese toxicity
symptoms were obvious from the first day of the experiment.,

Treatment receiving 250 ppm Mn

Manganese toxicity symptoms were very clear besideg the

- abovementioned symptoms resulting from the high copper con-
centration. The growth of roots was also the least as compared

to other treatments., Blaschke (1977) has studied the effects of

‘high rates of copper on pea plants. He found that root growth
was markedly reduced by 1 ppm Cu in water culture; higher ra-
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TABLE 8 : Correlation coefficlents between uptake of macro - and micronutrients

by ihe whole plant of corn under a high copper level within all levels
of manganese used in the hydroculture.

At N A s Pt PVl

e tig g

o

Elements Mn Zn Cu P K Ca
Fe 0.4034% 0.2551 0.9255+%  0.7013%%  (.1gde ~0.2004
Mn 0.6849%%  (:5482%%  0:3270 -0.0241 0.1757
Zn 0.2648 0.0384  -0.0678 0.2353
Cu 0.7926%% 01284 -0.,1469
P -0,1069 -0,2139
X 0.1683

U

* at level of 0.05
= at level of 0.01

tes led to complete inhibition of elongation, and shoot growth
was also inhibited.

Diagnosis of Mn-cncentrations in the hydroculture or in the maturz leqves :
Treatment receiving 250 ppm Mn :

The critical, safe, and toxic concentrations were 0.50, 1.00
and 50 ppm Mn in the water culture, while in the mature leaves
they were 88, 150, and 1100 ppm Mn respectively.

Table 8 presents the correlation coefficients hetween the up-
take of macro-and micronutrients by the whole plant within ah
levels of manganese and under ga high copper concentration. Tt ig
worthy to mention here that a high copper level may disturb the
relations among most of the nutrients under investigation, Highly
significant and positive correlation coefficients were obtained be-
tween Mn-uptake and both the zne and copper uptake. The same
was true between the phosphorus uptake and hoth amounts of
iron and copper. In addition, a significant positive correlation coef-
ficient between iron and manganese uptake wag also obtained.
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