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Study on the Effects of Increasing Manganegse
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In water culiure experiments with tomato g
effect of different Mn-concentrations that
belween deficiency and fioxicity under high Fe.

nd corn plants the
cover the range
level was studied,

From the Qata oblained, it was found that 0.5, 1.0, and
10 pom Mn are the critfeal, safe and foxie levels in the
hydreculture, hevrever, they are 100, 160 and 1000 PPm Mn in
toma to mature leaves, respectively.

Also, it was foung that 2.5, 25 ang 250 ppm Mn are the
eritical safe and toxic levels in the water cnlture, however, in

corn  mature leaves they were 100, 800 and 8500 Pom Mn,
respectively.

The problem of micronutrients deficiency in agriculture hag
heen receiving considerable attention, since g long time. 'The

toxicity problems. Some researchers may misinterprete the im-
portance of the intergration between deficiency and toxicity, Of
course, the plants which suffer from toxicity by one mieronutr-
ient may be tolerant to others. Interactions, or the balance of
the elements within the plant, were given a considerable atten-

tion (Bingham, 1963: Dewit, Dihkshoorn and Noggle, 1963 and
Emmert, 1961),

The work presented here is designed to elucidate the effect
of different Mn-concentrations that cover the range between de-
ficlency and toxicity on tomato and corn plants under high Te-
level in water culture.
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Material and Methods

Seeds of corn were.germinated in quartz sand moistened with
distilled water at 24°C. After 10 days, five homogeneous seedl-
ings (percontainer) were transplanted to Hoagland solution in
4-liter containers. The same techmique has been followed to obt-
ain proper tomato seedlings, but after 10 days, the growth of
seedlings was not vigorous enough to start with, therefore, these
small seedlingg were supported for another 10 days with a com-
plete nutrient solution. The level of iron used was 25 times as
high as the normal Fe-concentration in Hoagland solution.

Manganese concentrations used for tomato pla,hts were
8, 0.05, 0.25, 0.50, 1.00, 10.00, 25.00 and 50.00 ppm Mn, while for
corn plants they were :

0, 0.05, 0.25, 0.50, 2.50, 25.00, 50.00 and 250.00 ppm Mn.

Chloride was added in the form of NaCl because Mn Ci,
in Hoagland solution wag substituted with Mn 8o, to avoid the
side-effect of the high level of chloride as a complementary anion.

The nutrient solution was changed weekly and maintained at
PH 5.8, Containers were arranged in the growth chamber where

plants grown for 30 days at a day-night temprature of 24-15°C
and a 14-hour photoperiod.

After 80 days, seedlings were harvested and separated into :
Younger leaves, matture leaves, stems, and roots, All plant organs
"were rinsed more than three times in deionized water. Plants
were dried at 70°C to constant weight, and handly groun in a
porcelain morter to avoid any source of contamination. Samples
were wet-ashed with a mixture of nitric, perchlorie, and sulfurie
acids (8 : 1 :1). Micronutrients (Fe, Mn, Zn & Cu) in the digest
were measured by atomic absorption spectrophotometer. Caleium
and potassium were determined by flame photometer. Phosphorus
was analysed by vanadomolybdophosphoric yellow eolour method.

Results and Discussion

Tomato experiment

Data in table 1 show that roots have the highest concentra-
tions of iron, manganese, zine, Cu and phosphorus, while the low-
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TARLE 1 : Effect of Increasing manganses on the distribution of certain mAacro -

and micronuntrients (mean of five replicates) in different organs of
tomato under high leavel of fron,

T —— - —
Mn-Conc. in plant Micronutrients Macronutrients
Hydroculture  organ (ppm) (%)
(ppm Mn) e Mn Zn Cu P K Ca
viounger leaves 186 9 33 18 113 464 109
0.00 mature leaves 172 7 33 17 1.15 4.86 1.20
stems 63 ] 71 6 0.51 6.20 06.85
rools 3380 g 136 120 3.30 4.67 0.67
younger leaves 530 26 33 11 098 460 0.71
0.05 mature leaves 180 22 25 b4 0.38 236 1.04
stems 56 15 45 4 .63 3.36 0.76
roots 8360 92 163 101 2.50 5.80 0.72
younger leaves 426 47 35 13 1.00 4.46 0.86
0.25 mature leaveg 208 56 26 9 0.85 2,96 0.96
stems 48 28 37 6 0.61 6.85 0.94
roots 8860 159 155 80 227 258 036
yonuger leaves 364 74 32 10 0.91 4.40 0.80
0.50 mature leaves 124 117 29 9 0.7% 5.80 1.30
stems 48 65 58 5 0.65 §.50 0.88
roots 9480 263 179 77 2.50 2.84 0.72
younger leaves 432 86 34 13 108 4.04 £.80
1.00 mature leaves 172 169 21 9 0.92 298 120
stems 48 84 27 5 0.64 2.84 0.80
roots 11460 460 136 86 2.00 4.88 0.67
younger leaves 400 540 30 11 1.00 4.04 0.80
10.00 mature leaves 128 1800 24 g (.83 242 1.00
stems 42 500 43 5 0.60 2.38 .88
roots 10200 2290 187 86 2.00 5.00 0.80
yoeunger leaves 272 1170 32 12 1.06 4,10 0.72
25.00 mature leaves 160 1660 21 11 0.93 2.38 1.08
stems 48 1170 63 4 0.72 3.10 0.69
roots 9000 2480 174 104 2.07 2,92 0.60
younger leaves 354 1720 26 14 0.95 3.64 0.62
50.00 mature leaveg 110 2640 26 16 (.93 2.10 1.060
stems 47 169¢ 93 5 0,753 2.14 0.60
B ) roots 7800 3210 207 146 2.24 3.44 0.52
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176 A. AMBERGER and M. YOUSRY

est levels were observed in the stems. Hara and Sonoda (1979)
found that manganese and zine are translocated into all the plant
organs, while Cu and Fe are accumulated in the roots. The con-
centration of iron within leaves was increased by inereasing man-
ganese concentration in the hydroculture. It is worthy herewith
to mention that the increase in iron concentration wag clearly
obgerved with treatments receiving lower concentrationsof man-
ganese than those receiving higher ones. Moreover, the
younger leaves had higher concentration of iron, zine, and phos-
phorus than the mature ones. The stems had the highest con-
centration of zinc as compared to the other aerial plant organs.

Generally, potassium and calcium concentrations were not
affected by Mn-congentration used in the hydroculture.

In case of high iron level, the obtgined dry matter yield was
increased by increasing Mn-conceniration in the hydroculture up-
to 10 ppm and then decreased. It was found from results illus-
trated in table 2 & 3 that high iron level could protect tomato
plants from manganese hazards, where the dry matter yield obt-
ained from the treatment receiving 50 ppm Mn was higher than
that of the control. Alvarez et al. (1980) studied iron-manganese
interaction in tomato plants. They found that both deficient and
normal Mn-levels antagonize iron absorption, but the reverse was
true manganese reached toxic values; neverthless, manganese
effect was always antagonistic on iron transport. Scherer and
Hofner (1980) explained that in all other cases iron and mang-
anese didn’t interfer in the uptake of each other b ythe plants,

The data obtained indicate that the uptake of zine, copper,
phosphorus, potassium, and calelum by the aerial plant organs,
and the uptake of iron and magnese by roots were parallel to the
dry matter yield, On the other hand, magnese uptake by the
aerial parts followed Mn-concentration in the hydroculture and not
the dry matter yield hecause the high absorption resulting from
the high Mn-concentration has overshadowed the effect of the
dry matter yield. The copper uptake by roots was increased with
the increase of manganese in the hydroculture, but only in case
of the highest concentrations.

Beypt. J. Agron, Vel 13, No. 12 (1988)
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TABLE 2 : Effect of inereasing manganese on the dry matter yield and upiake of
cerfain macro - and micronufrients (mean of fiye replicates) by the
aerial organs of tomato under high level of iron,

m—— e
Mn-concentration  dry uptake ug/pot uptake mg/pot
in hydrecullure matter
(ppm Mn) yield e Mn Zn Cu P K Ca
' g/pot

0.60 142 225 i1 56 22 15 7L 16
0.05 4,64 940 98 142 38 39 133 44
0.25 8.12 1087 250 155 45 42 212 48
0.50 6.58 10 654 238 54 51 381 75
1.00 7.33 1201 1001 173 61 63 223 79
10.00 6.63 863 p4g3 200 50 52 173 62
23.00 9.54 910 B992 182 52 49 152 52
50.00 4.52 331 10369 198 41 40 lez 39

w%

TABLE 2 : Effect of increasing manganese on the dry matter yield and upiske of
cerfain macre - ang nricronutrients (mean of five replicates) by the
roots of tomalo under high Ievel of iron,

e

T =rem—
Mn-concentration dry uptake ug/pot uptake mg/pot
in hydroculture mattey
(ppm Mn) yield Fe Mn Zn Cu P X Ca
g/pot,
0.00 0.84 1322 3 46 41 11 16
.05 Loo 8360 92 163 101 25 53
0.25 112 9856 178 174 101 25 29 10
0.50 144 13651 379 258 111 36 41 1o
100 1.53 17534 704 208 101 31 73 10
10,00 153 15606 3504 256 132 31 77 12
25.00 121 10880 2040 211 126 25 35 7
50.00 101 7878 3242 209 147 23 35 5

Visual symptoms -

Control treatment »

Shoot growth varies from normal to severe stunting; leaves
near shoot tips are small, rolled forward, and somewhat, ehloro-
tie; darkbrown spots along veins or distributeg sporadically on

Egypt. J. Agron, Vol 13, Ne. 1.2 (1988)
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yvounger leaves. The same visual symptomg were observed by
schreiner and Pawson (1927) and Hambridge (1941).

Treatment received 0.05 ppm Mn .

Visual symptoms of Mn-deficiency were present only on the
mature leaves, and the whole tomato plants were bigger than
thoze of the control

Treatment received 50 ppm Mn :

The abovementioned visual symptomsg of Mn-deficiency shown
on plants receiving 0.05 ppm Mn were again ohserved to a certain
limit. However, the size of leaves and roots was normal,

Treatments received 0.50 and 1.00 ppm Mn :

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

Treatments received 10 and 25 ppm Mn :

Visual symptoms of Mn-toxicity started to be observed. Where
the whole growth was reduced, Few and small brown spots were
spread on the younger leaf surfaces.

Treatment received 0.25 ppm Mn @

Visual symptoms of Mn-toxicity were clear, significant reduc-
tion in leaves, roots and length of plants was noticed, brown spots
were distributed on the surface of all leaves.

Diaggnosis of Mn-concentration i hydroculture and its levels in mature
leaves :

From the data obtained it could be concluded that 0.5, 1.0 and
10 ppi Mn are the critical, safe, and toxic levels in the hydrocul-
ture, however, in the mature leaves were 100, 160 and 1000 ppm
Mn respectively. Ward (1977) stated that Mn-toxicity symp-
toms probably occurred on tomato plants between 450 and 500
ppm Mn for young top leaves and between 900 and 1000 ppm
Mn for older lower leaves.

Egypt. 3. Agron. Viol, 18, No, 1-2 (1988)
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Table 4 shows that regardless the level of manganese in the
hydroculture, most of the intercorrelation coefficients hetween
the uptake of the different nuirients by the whole plant and Mn-
concentration in the hydroculture were positive and highly sign-
ticant except with calcium which exhibited a negative correia-
tions. Alvarez et al. (i980) concluded that Mn-Fe interaction in
the shoot of tomato plants is not related at all to plant growth,
They added also that Mn-Fe interation, although it doeg exist,
cannot be easily interpreted, and it ig perhaps more than g simple
antagonism,

TABLE 4 : Corvelation coefficients between upiake of maero - and nticronuirients
by the whole plani of tomato under high level of iron within all levels
manganese used in the hydreculture,

“Hlements Mn Zn Cu P K Ca
Fe QO6IT™  0.0466%%  0.9099%  0.8599%F  os2asr  .gupes
Mn 0.5396%* 063257  04844* (2884 -0.1476
Zn 0.9482%*  0.8674%* 056934  _0.6166%%
Cu 0.9215%% 05385 _p.4ygyes
£ 04180%  _p.a47iv
K ~0,4922%

mmmw

F at level of 0.05
**  at level of (.0,

Corn experiment

Table 5 shows that roots had the highest concentrationg of
iron, copper, and phosphorus. Manganese accumulation in roots
was clearly observed in treatments receiving 2.50 ppm Ma or
more. The data also reveal that stems had the highest concen-
tration of zinc, but the lowest of iron, wmanganese, and copper.
For all tre'atments, concentration of phosphorus wag higher in
stems than both in younger and mature leaves, however, Zn-con-
centration in the younger leaves was higher than in the mature
ones except for the control treatment, Clark (1970) in an int-
eresting work found that the nutrient concentration of corn
plants varied substantially as one nutrient was varied from defic-
lency to eszcess. Scherer and Hofner (1980) indicated that Fe-

Egypt. J. Agron. Vol. 13, No, 12 {1988)
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Effect of increasing manganese on the distribution of certain maero -

TABLE 5 :
and micronutrients (mean of five replicates) In different organs of
corn nuder high Jevel of iron.
Mn-Cone. in plant micrionutrients Maeronutrients
hyvdroculture organ (ppm) (%)
{(ppm Mn) Fe Mn Zn Cu P K Ca
younger leaves 191 11 3§ § 152 382 028
6.00 mature leaves 161 9 42 8 1.64 5.28 0.72
stems 127 6 81 7 2.21 6,10 0.60
roois 4980 10 46 30 1.87 5.44 0.40
younger leaves 212 31 28 8 1,39 348 0.28
0.05 mature leaves 174 32 27 6 1.63 4.64 0.60
stems 1i5 24 77 6 1.96 3,66 .40
roots 4540 29 50 30 1.96 3.28 0.36
younger leaves 247 38 25 4] 1.09 4.08 0.30
.25 mature leaves 178 35 25 7 1.16 3.60 0.48
stems 130 33 53 6 1,47 5,86 0.36
roots 5760 39 47 29 1.56 5.24 0.40
younger leaves 255 76 22 51 0,76 4,74 0.28
0.50 mature leaves 191 67 19 7 0.95 5.20 0.52
stems 138 &0 47 5 1,14 6,10 (.42
roots 6700 66 47 26 1.59 5.86 052
younger leaves 164 83 27 6 0.90 5.16 0.24
2.50 mature leaves 122 108 17 5 0.9¢ 5.80 0.40
stems 70 72 59 5 1.14 5,14 0.40
roots 7880 411 54 22 1.5% 4.36 0.64
younger leaves 166 380 28 7 0,90 3.26 0.24
93.00 mature leaves 123 800 21 7 0.95 2,22 0.36
stems 67 420 63 7 1.18 592 0.36
roofs 7050 2300 45 22 1.58 5.78 0.52
younger leaves 169 643 29 3 0.88 2.04 0.20
50.60 mature leaves 127 1069 23 9 0.89 2.04 0.36
stems 69 639 70 G 1.09 2.56 0.28
roots 5990 3680 49 23 1.64 2.14 0.52
younger leaves 176 2800 27 10 0,92 1.92 0.16
250.00 mature leaves 130 3520 26 9 0.83 180 0.24
stems g1 3240 76 10 1.20 2.50 022
rocts 6730 5680 46 63 1.10 2.28 0.28

rP—
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concentration in the nutrient medium led reduced Zn-concentra-
tion and total zinc amount in both upper parts and rocts of corn.

Results in tables 6 & 7 exiibit that the uptake of iron, zine,
phosphorus, and caleium by roots, and the uptake of zine and
copper by the aerial plant organs were parallel to the obtained
dry matter,

TABLE € : Effect of inecreasing manganese on the dry matier yield and uptake of
certafn marco - and micronutrients (mean of five replicates) by the
aerial organs of corn unmder high level of irom,

e R T
Mn-concentration dry upiake ug/pot uptake mg/pot

in hydroculture matter

{ppm Mn) yield e Mn Zn Cu P K Ca
g/pot
0.0 2.90 490 27 182 23 8 139 15
0.05 5.8 987 172 244 37 97 235 27
0.25 1L04 2158 395 318 72 181 459 44
0.50 1IL77 2318 796 300 7T 11 g0 51
2.50 132 1696 1252 373 0 126 731 48
25.00 13,87 1669 8830 4oy 97 135  44p 47
50,00 1441 1774 12924 4g9 118 134 310 45

250,00 9.38 1292 31388 352 92 80 191 20

TABLE 7 : Effect of Increasing manganese on the dry matter vield and uptake of
certain macro - and micronutrients (mean of five replicates) by the
Toots of corn under high Ievel of iron.

Mn-conceniration dry uptake ug/pot uptake mg/pot

in hydroculture matter
{(ppm Mn) vield Feo Mn - Zn Cu P K T Ca
g/pot
0.00 6.9° 4681 9 43 28 17 51 4
0.05 1.05 4767 30 53 32 21 34 4
0.25 2.91 16762 113 137 B4~ 45 152 12
0.50 2.99 20033 197 141 78 48 175 16
2.50 3.07 24191 1262 166 68 46 134 20
25.00 2.99 31079 6877 185 66 47 173 16
50,00 2.89 17311 10635 142 66 47 62 i5
250,00 2.03 13661 11530 o3 124 22 46 6

%
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On the other hand, the uptake of phosphorus, calcium and
potassium by the aerial parts didn't follow the dry matter yield,
and the lowest uptake was recorded for the control as well as
<280 ppm Mn treatments. Results of Mn-uptake either by roots
‘or by the aerial organs were parallel fo the concentration of
‘manganese in the hydroculture.

Visual symptoms
Control treatment

Plants were suffering from Mn-deficiency, yellow and green
-striping “occurred, running ~along “the leaf. The surface area of
the leaves and the volume of roots were significantly reduced. The
$ame symptoms have also been observed by Wallance (1951).

Treatinent received 0.05 ppm Mn |

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

T recumenrs I€C€W€d 0.25 and 0.50 ppm Mn :

No clear visual symptoms of manganese defeciency were
noticed, the new leaves had pale green colour, normal growth for
hoth aerial parts and roots was obtained.

Treatments received 2. 5. 25 and 50 ppm Mn

e

gt -
"No wsua,l symptoms for elther Ma- deﬁclency or Mn-tomcmy
were noticed, Maximum growth for both aerial parts and roots was

obtained,

Treatments received 250 ppm Mn :

_ Clear visual symptoms of Mn-toxicity were observed, parti-
'cularly on the mature leaves as longitudinal distinet bright yel-
low stripes, reduction of root growth was also noticed. The plants
started suffering from Mn-toxieity, but after 20 days might have
.been_adapted to the toxic level of manganese.

Eeyot. 3. Agror. Vol. 13, No. 12 (1988)
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TABLE 8 : Correlation coefficients belween uptake of macre - and mdceronufrients by
the whole plant of corn nuder high fron level within all Jevels of
manganese used in ihe hydroculture,

e O
B T B e e e S TR B i N

Elements Mn Zn Cu P K Ca
Fe 0.6292%% 0.1127 0.8884% 0.4032%% .2038 0.1196
Mn ~0.4160* 0,6622%% 0.2204 ~0.0545 0.2112
Zn —.0264 0,5788%* 0.257% -0.0763
Cu (0.3124 0.1203 0.0958
p 04678+ 0.4060+
K (.684 7%=

%%
*  at level of 0.05
** at level of 0.01

Diagnosios of Ma-concentration either in hydroculture and its level in the
mature legves :

From the data obtained it could be concluded that 2.5, 25, and
2560 ppm Mn are the eritical, safe and toxic levels in the water
culture however, in the mature leaves they were 100, 800 ang
3500 ppm Mn, respectively. Benac (1976) recorded that no toxi-
city symptoms appeared on corn leaveg at manganese content
of approximately 19,

Table 8 shows that the correlation coefficient between Mn-
uptake and each of jron ang copper uptake wag positive and
highly significant. On the other hand, the correlation coefficient
between manganese and zine uptake wag significantly negative,

Interaction in the absorption ang utilization of iron and
manganese by plants has often been interpreted as a result of
an antagonism between both micronutrients (Morris and Pierre,
1948; Alam et al,, 1966 and Chiu, 1967).
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