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IN water cultyre experiments with soybean, tomalo and corn
plants the distribuiion patlern of certain nutrients within their
different organs, in relation to different Mn-concentrations has
been studied,

Correlation coefficent calculated between uptake of nutrients
by the whole soybean plant indicated that there is a highly
and megative correlations between Zn and each of the three
elements ; Fe, Cu and P,

However, within the whole tomato plants, the highly
significant and negative correlation coefficients were obtajned
beilween caleium and each of the elements ¥e, Mn, Zn and Cu.

Chemicat analysis and visual symptoms cbserved during the
griowth of corn plants confirmed the fidesx that it is to he
considered as a Mn-tolerant plant which could eliminate the
direct effect of high Mn-coneentration by an efficient and guick
change and redistribufion of nulrients jn the different ovgans.

Determination of the distribution pettern of Fe, Zn, Cu, P, K,
and Ca as affected by varying levels of manganese might prob-
ably explain how maganese induces a disturbance in the nutri-
tional balance. This holds also for the lacations where nangan-
ese Is located or accumulated in the plants. Plant specieg and
varieties differ in their tolerance to excess maganese (Hewitt,
1948; Foy et al,, 1967 and Loneragan, 1975). Jones (1972} recom-
mended that there is need to describe the sufficiency concentra-
tion range, particularly at the excessive toxic levels. He also ad-
ded that the distribution of a micronutrient among or hetween
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42 A. AMBERGER and M, YOUSRY

various plant parts mayr" be more useful than a single analysis.

The objective of the study reported here was to determine
the effect of Mn-levels in the nutrient solution on the growth and
the distribution pattern of certain elements within the plant org-
ans of soybean, tomato and cor.

Materials and Methods

Seeds of soyhean and corn were germinated on quariz and
moistened with distilled water. After ten days, homogeneous
seedlings 8 cm height were transplanted into a 4 liter pots. Seeds
of tomato were germinated according to the same method, but
after 10 days the growth was not ready for transplanting, there-
fore, nutrient solution was applied to the moistened quartz sand
for another 10 days to obfain the proper and homogeneous seed
lings which also were transplanted in a 4 liter pots.

Hoagland solution with 8 successive Mn-concentrations were
psed (Table, 1). Tive seedlings were transplanted in each pot and
five replications of the treatments were used. The conditions in
the growth chamber were :

day temprature . 24°C
night temprature . 15°C
day humidity 1 609,
night humidity . 809,
photoperiod : 14 h

After 30 days all pots were sampled. fach time a distinction
was made between younger leaves, mature leaves, 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 porce-
lain 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, Zinc, and copper in the digested solution
were determined by atomic absorption spectrophotometer. Cale-
jum and potassium were measured by flame photometer. Phos-
phorus was analysed by the vapadomolybdo phosphorie acid yel-
low colour method.
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TABLE 1 : Manganese concenirations used im the nutrient solution for soybean,
tomato and corn,

A————— p——— ———— e rm——————— —_pp At

»pbhm Mn
Soybean momato. Corn.
0 0 0

0.05 0.05 0.05
04.25 0.25 4.25
0.50 0.50 0.50
1.00 1.00 2.50
3.00 10.00 25.00
10.00 25.00 50.00
25.00 50.00 250.00

Results and Discussion

Soybean experiment

Results obtained (Table. 2) indicate that conecentration of
both macro-and micronutrients in the different plant organs var-
icd for each organ. Tt is worth mentioning that numerous investi-
gators have chosen one plant organ to represent the level of such
element within the whole plant. Therefore, it is essential when
collecting plant tissue samples that the time of sampling is
known, as well as stage of growth prior to sampling, These data
should be considered when interpreting the plant analysis result.

In fact, roots had the highest concentrations of iron, copper,
phosphorus and potassium, Accumulation of iron was observed
in the control treatment and also in the treatment receiving more
than 1 ppm Mn. On the other hand, roots contained the lowest
concentration of zine. The calcium concentration wag nearly the
same for all treatments, Generally, manganese concentration of
both roots and uper parts has followed the concentration of. man-
ganese used in the hydroculture.

Brown and Jones (1977) studied manganese and iron toxi-
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TABLIE 2 : Effect of increasing manganese on the distribution of certain maecro-and
micronutrients (mean "of five replicates) in different organs of

soybean.
Mn-¢sne. in plant Micronmutrients (ppm) Macronu\h‘ien-ts(%)ui
hydroculiure organ
(ppm} Fe Mn  Zn Cu P K Ca
vounger leaves 156 2 105 8 1.25 2,55 (.18
0.00 mature leaves 126 13 98 7 2.07 8.20 0.80
stems 42 7 107 i1 1.27 452 0.58
roots 3870 6 64 78 398 3.64 0.52
vounger leaves 166 38 93 9 124 3.21 0.37
0.08 mature leaves 201 47 106 R’ 1.95 3.18 0.94
stems 43 18 86 10 1.15 4.40 .69
roots 2580 113 72 124 3.84 5,86 0.64
vounger leaves 211 81 109 9 1.30 8.17 0,33
0.25 mature leaves 217 136 106 R 1.96 1.92 0.70
stems 55 31 105 11 116 3.68 0.45
roots 2240 387 i 64 3.76 342 0.54
pounger leaves 170 g3 74 ] 1,12 293 0.23
0.50 mature leaves 148 155 a4 7 1.47 1.34 0.60
stems 83 34 78 9 0.9¢ 3.62 0.52
roots 2302 421 82 58 2.94 3.16 0.50
younger leaves 102 231 90 10 1.30 297 0.17
1.08 mature leaves 263 304 117 8 1.96 3.20 0.9%5
stems 43 48 81 10 1.22 150 .48
roots 1980 580 71 76 348 4.40 0.57
vounger leaves 23 472 a 8 1.17 3.47 0.39
5.00 mature Jeaves 152 700 85 7 1.49 1.84 0.6
stems 42 172 a1 12 1.09 420 0.56
roots 2340 1180 73 78 3.38 2.00 0.52

younger leaves 125 790 83 10 1.26 3.8 0.375

10.00 mature leaves 217 1600 130 q 1,74 3.00 0.98
stems 62 430 110 12 1.20 4.12 0.64
roots 2140 1620 60 72 3.G6 5.48 .53

younger leaves 105 1607 136 10 1.35 351 1.68

25.00 mature leaves 71 2400 111 2] 1.6% 2.16 1.40
stems 54 1290 154 12 1.39 1.68 1.03
roots 2480 2440 54 P 2.02 2.16 0.67
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cities in function of the soybean variety. They found that tops
of both Mn-intolerant and tolerant cultivarg had similar manga-
nese content, but manganese tolerant cultivar tops contained
more potassium. The roots contained lesg iron than in the Mo-
intolerant tops and roots.

Stems had the lowest concentration of iron, manganese and
copper, while the concentration of zine, phosphorus, potassium and
caleium was nearly the same ag well as in leaves, An exception is
to notify for the calcium concentration which was higher in the
stems than in the younger leaves, Younger leaves had lower concen-
tration of iron, manganese, phosphorus and calcium than that of
the mature ones. On the other hand, contration of zine, copper and
potagsium was higher than that of the mature leaves in most of
the treatments,

The uptake of macro-and micronutrients either by aerial org-
ane or by roots (Tables, 3 and 4) wag decreased when Mn-concen-
tration in the hydroculture was increased except for the control
treatment. It could be atiributed to the decreased in the dry
matter yield as a result of the consecutive manganese concentra-
tion being used in the water culture.

TABLE 3 : Effect of Increasing manganese on the dry matter vield and uptake
’ of certain macro - and micronutrients (mean of five replicates) by the

aerial organs of soybedi,

e reereremam——————

T e 0 M N VAT .

Mn dry

concentration in matter uptake ug/pot uptake mg/pot

hydiroculture yield
fppm Mn) g/pot Fe Mn Zn Cu P X Ca
0.0 294 308 31 298 25 50 161 19
0.05 6.10 922 233 806 52 103 215 51
0.25 5.78 976 580 605 51 a7 143 35
.50 5,19 842 597 458 40 68 100 24
1.60 4,53 859 1023 475 39 77 122 a5
500 3.95 438 2018 345 34 53 108 25
10.00 2.22 344 2832 262 23 34 75 18
25,00 1.61 111 3020 210 17 24 35 21

e o T e e
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TABLE 4 : Dffect of increasing manganese on the dry matter yield and uptake of
eertain macro - and nrcronuirients (mean of five replicates) by the
rocts of soybean.

Mn dry

concentration in matter uptake ug/pot uptake mg/pot
hydroculture vield ’
(pom Mn) g/pat e Mn Zn Cu P K Ca
0,00 0.72 2786 4 44 56 29 41 4
0.05 1.40 3612 158 101 174 49 82 9
0.25 1.32 2957 471 87 84 49 45 7
0.50 1.30 2893 547 107 75 38 41 i
1.00 1.03 2039 607 73 78 36 45 6
5.00 0.80 2106 1062 66 70 30 18 5
10.00 0.69 1477 1118 41 50 25 38 4

2500 0.50 1240 1220 27 36 15 11 3

No definite information is available concerning the early
stages of Mn-toxicity in plants. However, it has been observed
by many research workers that too much available manganese in
the soil orin the sand or in the water cultures harms plant
growth (Jones, 1972).

Visual symptoms :

Control treatinent :

Plants were suffering from Mn-deficiency, visual symptoms
appeared after 11 days. The leaves were smaller than the normal
ones. Branching was delayed and very limited, normal growth
of roots and the length of plants was shorter than the normal
ones.

Treatments received 0.05, 0.05. 0.05 and 1.00 ppm Mn :

No visual symptoms were observed. It means a normal
growth of roots. The branching started normally after 11 days.
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The length of the plants was normal, and the surface area of
leaves was also normal.

Treatment receiving 5 pom Mn :

Visual symptoms of Mn-toxicity appeared to ore could ob-
serve twisted leaves, and few brown spots spreaded on younger
leaf surfaces. The leaves were stmaller than the normal one but
the volume of the roots was normal

Treatment receiving 10 ppm Mn

Visual symptoms of Mn-taxicity were obvious. Twisted lea-
ves, brown spots spreaded on younger leaf surfaces were observ-
ed. Branching started after 6 days, and narrow and small lea-

Ves were noticed. The leaf surface and growth of roots was
decreaged.,

Treatment receiving 25 ppm Mn
Fegp-

Visual symptoms of Mn-toxicity were very clear. Brown
spots covering the whole younger leaf area were observed. Clear
depression in the growth of roots, twistd and very narrow and
small leaves were noticed. Branching started after 3 days,

Diagnosis of Mn - concentrations either in hydroculture or in mature
Leaves :

The critical, safe and toxic concentrations were 0.05, 0.25
and more than 1.00 ppm Mn in the water culture respectively,
while in the mature leaves they were 46, 85 and more than 200
ppm Mn. Somers and Shive (1942) recorded that visual deficiency
symptoms were observed on soybean plants grown in water eul-
ture when Mn-concentration ranges hetween 2-11 and 17-19 Ppm
Mn in leaves and rootg respectively. They added also that visual
Mn-toxicity symptoms appeared on soybean plants when Mn-con-
centration in leaves ranges between 173 — 999 ppm Mn,

L]

Table 5 shows the ecorrelation coeffeienty caleulated bhetween
uptake of macro-and micronutrients by the whole plant. The
highly significant and negative correlations were obtained be-
tween zine and each of the elements iron, copper and phosphorus,
L. . [ R
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TABLE 5 : Correlation coefficients bteween the uptake of macro -

fents by the whele soybean plant of for ajl levels
i the hydroculture,

and mieronuty-
of manganese used

M;G;ments Mn Zn Cu P = K Cz‘z )
Ie 01456 -0.6583%  0.9545** 0780 g5ghzte  _oagsges
Mn ~0.0181 0.1474 047204 ~0.0138%%  0.4026%
Zn ~0.65U8%%  -0.4958%% {3957 0.5487%%
Cu 0.7678%%  05886%*  _0.4105
3 0.2317 -0.0200
K

-(.3118

P r—

* at level of 0.05
wh at level of 001

On the other hand, significantly positive correlations were obta-
ined between : (a) manganese and each of The elements phos-
phorus and caleium (b) iron and each of the elemnts copper, phos-

phorus and potassium, ¢) copper and each of the elements phos-
phorus and potassium,

Data in table (6) indicate that iron is accumulated in the
roots approximately 20 times more than in the other plant org-
ans., In fact, roots contain the highest concentration of iron,
magnases, zinc, copper and phosphorns and lowest concentration
of caleium., Among the deficient Mn-treatments and also the
toxic ones potassium concentration of roots was higher than the
other plant organs compared to the normal Mn-treatments.

Resukts of leaf analysis indicated that towic Mn-concentra-
tion of the hydroculture (more than 1 ppm Mn} was accompani-
ed with a decrease of Fe-concentration either in the younger or
in the mature leaf samples. Alvarez et al. (1980) concluded that
Mn/Fe in the shoot of tomato plants is not related at all with
plant growth. Manganese concentration of younger leaves was
lower than that of the mature ones in all treatments. Vlamis
(1967) found that the recommended Mn-concentration in Hoag-
land solution was toxic to barley, slightly toxic to lettuce and
non toxic to tomato. It is worth mentioning that dry matter
yield obtained from the highest Mn-treatment (50 ppm Mn) was
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TABLE 6 : Effect of increasing manganese on the distribution of certain macre -
and micronutrients (mean of five replic

ates) in different organs of
tomato,
Mn~cone. in plant Micronutrients (prm) Macronuivients @)
hydroculture organ
{ppm Mn) Fe Mn Zn Cu P K Ca
younger leaves 152 9 40 21 0.68 2.22 0.96
0.00 mature leaves 124 8 39 20 0.94 1.98 0.95
stems T2 6 102 i 0.46 1.68 0.92
roots 29006 11 264 164 1.81 4.04 0.61
younger leaveg i02 43 30 14 0.96 4.00 1.68
0.05 mature deaves 71 47 28 1¢ 0,84 2.16 0.92
stems 26 30 75 7 0.49 5.00 1.08
TO0ts 3120 41 260 107 114 4.40 0.44
younger leaves 85 84 29 13 0.75 4.12 .99
025 mature leaves 83 140 28 10 Q.77 2.20 .88
stems 30 71 62 G 0.50 4,06 1.04
roots 3000 400 210 95 1.32 2.30 0.56
younger leves 103 150 33 14 1.01 2.24 110
0.50 mature leves 104 280 29 11 0.87 2.20 1.04
stems 30 119 82 6 0.58 2.00 1.00
roots 3300 688 260 150 1.50 2.08 0.57
younger leaves 83 192 31 16 0.80 4.4% 1.04
1.00 mature leaves 85 360 24 i1 0.91 2.76 115
stems 26 159 72 7 0.48 2.36 0.96
roots 2720 1080 198 187 1.14 3.14 0.49
younger leaves 5¢ 790 26 14 0.95 2.18 0.84
10.00 mafture leaves 5% 11306 30 14 113 3.00 1,14
stems 28 630 97 7 0.68 2.48 0.92
roois 23800 2050 245 209 144 5.32 0.42
younger leaves 67 1230 30 i7 0.85 4.20 0.96
25.00 mature leaves 56 1650 45 25 1.36 3.26 1.08
stems 12 800 183 ] 0.68 4.96 0.84
roots 3000 3700 300 321 1.54 5,84 .45

younger leaves
50,00 mature lesves

stems

roots

ca— e r——— i AP e

A O ey =]
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not enough to carry out the required analysis. Walace (1951)
and Sherman (1957) considered tomato ag a sensitive plant to
manganese €xcess.

Samples repesenting young and mature leaves had the lowest
Zn-concentration, while the younger leaves contained higher cop-
per concentration than the mature ones except for the treatment
receiving 25 ppm Mn.

In general, the phosphorus and calcium concentration of
both younger and mature leaves increased when Mn-concentra-
tion of the water culture increased, while no clear trend was
cbserved for the XK-concentration.

Stems contained the lowesr concentration of iron, manganese,
copper and phosphorus throughout all treatments, However, the
Zn-concentration was more than that presented in leaf samples.
Negative relationship was recorded between the Ca-concentra-
tion and the Mn-concentration of the water culture except for
the control treatment, however, potassium didn’t follow any clear
trend.

The total iron uptake by the upper plant parts increased for
the treatments receiving 0.0 — 0.5 ppm Mn, then it decreased with
the increase of Mn-concentration in the water culture. The incre-
ase may be due to the direct effect of Mn-concentration on Fe-
uptake. However, the decrease can be attributed to the decrease
of dry matter yield (Table 7).

Results of Mun-uptake has followed the Mn-concentration of
the hydroculture except treatment received 25 ppm Mn. This is
due to the acute depression of dry matter yield. Table (8) shows
the uptake of macro-and micronutrients by roots. Iron uptake
by roots five times more than the uptaken by the aerial plant
organs. The trend observed here showed that the increase of
Fe-uptake by the upper parts was parallelled by that of the
roots.

Values of Mn-uptake revealed that the increase of Mn-up-
take followed the increase of Mn-concentration of the water-cul-
ture. In addition, Zn, cu, ¥, and Ca-uptake either by aerial parts
or by roots was parallelld to the dry matter yield.

Bgypt. J. Agron. Viel, 13, No. 1-2 (1988)



DISTRIBUTION PATTERN OF CERTAIN MACRO - AND MICRONUTRIENTS 51

TABLE 7 : Effect of increasing manganese on fthe dry matfer yield -aml uptake of
certain macro - amd micronuirients (mean of five replicates) by the
aerial organs of tomato.

M dry )

concentration in matter uptake ug/pot uptake mg/pot
h(:,;i;;cx#{t:)te gﬁfcl)g Te Mn Zn Cu P X Ca
.00 4,24 518 33 221 Vi) 33 85 40
0.05 8.50 559 358 3440 5 66 273 84
0.25 823 578 925 304 79 58 250 82
0.50 7.25 617 1368 313 74 59 156 75
1.00 6.16 433 1683 229 69 48 187 66
10.00 3.25 166 3002 143 40 32 87 33
25.00 1.98 163 2666 129 37 20 78 20

50.00 042

e e e on

TABLE 8 : Effect of inereasing manganese on the dry matter yield and uptake of

certain macre - and micronutrients (mean of five replicates) by the
roots of tomato.

— L My APl B sl oo — -, o

Mn dry
conceniration in matier uptake ug/pot uptake mg/pot
hyroculture yield
(ppm Mn) g/pot Fe Mn zZn Cu P K Ca
0.00 .68 2652 K 180 112 12 27 4
0.05 172 5366 71 447 184 20 % 8
1
0.25 1.46 4380 584 320 139 18 34 8
.50 1.49 4917 1025 387 224 22 31 8
1.00 1.19 3237 1285 230 229 14 37 6
10.00 0.60 1428 1770 147 125 g 32 3
25.00 4.50 1500 1850 150 160 8 29 2
50.00 .14
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Visual symptoms

Control treatment

Visual symptoms of Mn-deficiency were very clear. Pale
yellow spots were distributed in a reticulate pattern on the leaf
surfaces. Growth of roots and size of leaves were smaller than
normal,

Treatnents receiving 0.05, 0.25 and 0.05 rom Mn ;

No visual symptoms were observed. A normal growth and
normal size of leaves were observed.

Treatment receiving 1 ppm Mn :

No clear visual symptoms were noticed, but generally, the
whole growth of plants was smaller than normal.

Treatment receiving 10 ppm Mn :

Toxicity symptoms started as a gradual reduction in the leaf
surface area which was yellowish (pale) green in colour, Frkama
(1950) stated that excess manganese may induce Fe-deficiency in
addition to producing direct toxic effects similar to Mn-deficiency.

Treatment receaiving 25 ppm Mn :

Plants were nearly about half the size compared to those of
treatment received 10 ppm Mn. Plants were suffering from Mn-~
toxicity. Toxicity symptoms appeared as a reduction of the
whole growth.

Treatment receiving 50 ppm Mn :

Toxicity symptoms were very acute, plants wlre very small.
The colour of leaves was pale yellow, and the size of plants was
the half of those receiving a treatment of 25 ppm Mn. The yel-
low colour has started from the leaf edge to the middle. The
growth of roots was very limited. The yield of dry matter obtain-
ed was not enough to do the required analysis.
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Diagnosis of Mn - concentration either in hydroculture or in mature leaves

The critical, safe and toxic concentration were 0.05, 0.25,
and more than 0.50 ppm Mn in the water culture respectively
while in the mature leaves they were 47, 95 and more than 250
ppm Mn, Lyon et al. (1943) and Nicholas (1946) found already
deficiency symptoms on tomato plants grown in water culture
when Mn-concentration in leaves was 5 - 7 ppm Mn. Ward (1977)
stated that Mn-toxicity symptoms probably occurred on tomato
plants between 450 and 500 ppm Mn for young top leaves and
between 800 and 1000 ppm Mn for older lower leaves.

Table (9) illustrates correlation coefficients calculated bhe-
tween uptake of macro-and micronutrients by the whole plant.
Highly significant and positive correlation coefficients were obt-
ainted between :

a) manganese and each of the elements iron, zine, copper
and phosphorus,

b) iron and each of the elements zinc, copper and phos-
phosrus. On the other hand, highly significant and negative cor-
relation were obtained between calcium and each of the elements
iron, manganese, zinc and copper.

Experiment of corn

Table (10) shows that iron, manganese, and copper concen-
tration of roots was the highest compared to upper plant organs.
It can be concluded that iron being accumulated in roofs. It was
about 40 times more than the aerial parts, Alvarez et al. (1980)
reported that Mn/Fe interaction, although it doeg exist, in praxis
cannot be easily put forward. It ig perhaps more than a simple
antagonism. Phosphorus concentration of roots wag higher than
other parts of the plant except for the control treatment. How-
ever, polassium concentration was lower in he roots than in the
aerial organs. Results of calcium concentration has not yielded
a clear trend.

Data on iron concentration of leaf samples showed similar
values for younger and mature leaves, Proportionally, the Fe-
confent in the control ireatwent wag the highest, while the treat-
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TABLE 9 : Correlation coefficxents between

uptake of macro - and micronutrients
by the ‘whole tomafo plant for

all levels of manganese used in (he

hydroculture,
Elements M 7n Cu P K Ca
Te 0.7040%%  0.9410%%  0.9015"*  0.5028%%  0.3423  -0.8096%
Mn o 0.68125%  0.0198"F  0.6875%% 02885  -0.61635¢
Zn 0.8527%%  0.8672%  04410% 075065
Cu 0.6254%  0.3515%  ~0.8206™
00745  -0,3304

K

—0.2587

% at Tevel of 0.05.
¥:at lavel of 0.01,

ment received 25 ppm Mn-had the lowest Fe-concentration. Ma-
- ture leaf samples had higher Muy-concentration than the younger
-ones, but in ‘both leaf samples Mn-concentration.

Increased in a parallel was as the increase of Mn-concentra-
tion used in the water culture. Results of the copper analysis in-
dicate that both mature and younger leaves had ' approximately
the same lecel of concentration. However, Zn-concentration was
the Iowest in leaf samples compared to the other organs. The
younger leaves had a higher phosphorus concentration than the
mature ones except for the control treatment. In general, cale-
jum and potassium concentration was decreased when manganese
- concentration of the water culture was increased.

The lowest concentration of iron and manganese was observ-
ed In stem samples, however, it had the highest concentration of
zine and potassium. Results of copper and calcium indicated that
stems had nearly the same concentration as well as in leaf sam-
ples.

It is well known that the corn plant is considered as a tol-
_erant plant for high Mn-concentration. Several investigators have
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TABLE 16 : Effect of increasing margamese on the disteibution of certain macro -
and microunirients (mean of five replieates) in the fifferent organs of

corn,
Mn-conc, in plant Micronutrients (ppm) Macronutrients(%)
hydroculture organ
(ppra Mn) Fe Mn Zn Cu P K Ca
younger leaves 126 1k 39 12 116 3.08 0.20
0.00 mature leaves 117 i1 38 12 1,22 5.86 0.50
stems 56 8 140 ¢ 178 6.42 0.48
roots 3220 10 106 62 1.10 528 036
younger leaves 70 29 36 11 0,83 5.64 0.26
Q.05 maiure leaves 85 38 44 5 0.66 4,88 0.38
stems 25 19 120 11 112 4.80 040
roots 2340 37 104 a7 1,14 4.85 0.96
younger leaves 69 53 41 16 0.91 342 0,24
0.25 mature leaves 81 52 47 19 0,75 2.00 0.36
stems 27 36 116 10 1.03 5506  0.24
roots 2680 135 109 60 1.21 2.98 0.40
younger leaves 79 66 42 8 0.74 2.30 0.24
050 mature leaves 84 61 38 9 .63 3,32 042
stems 29 43 151 8 0.92 5.10 0.32
roots 2480 416 137 48 140 230 0.46
vioungor leaves 54 117 38 16 0.84 4.52 0.24
2.50 mature leaves 79 167 38 g .69 408 0.50
stems 22 62 101 o 0.87 3.14 0.32
roots 1060 1020 95 52 1.03 1.92 0.66
younger leaves 55 420 43 10 0,85 1.60 0.24
25.00 mature leaves 59 653 37 8 0.54 1.52 0.24
stems 5 M 140 10 0.97 244 (.24
roots 2100 2740 84 54 1.29 282 0380
younger leaves 67 680 37 8 .87 2.54 022
50.00 mature leaves 72 1036 32 7 036 2.04 028
stems 23 T7i8 117 3 1.02 2.56 0.26
roots 2280 5140 95 51 1,38 200 044
younger leaves 61 2080 40 10 0.91 184 0.18
250.00 mature leaves 92 2430 41 11 071 230 024
stems 26 2190 144 11 1.06 3.98 0.16
roots 2830 7720 116 30 1.54 1,78 0,22
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reported that Mn-tolerance is associated with a reduced Mn-up-

take and/or transport to plant tops (Ouecllette and Dessureaux,
1858; and Andrew and Hegarty. 19569,

Table 11 shows that the positive effect of the Mn-concentra-
tion used in the water culture was efficient till 2.50 ppm Mn. The
dry matter yield was decreased among the treatment receiving
more than 2.50 ppm Mn, but it was alawys more than that obta-
ined from the control. Again, in spite of the decrease of dry
matter yield among treatments receiving high Mn.concentration the
‘uptake of iron, copper, and phosphorus was increased. On the
other hand, the lower the uptake of potassium the higher the con-
centration of manganese was in the water culture. It can be sug-
‘gested that the Mn-uptake, either by the aerial plant organs or

by roots is an indicator of the Mn-concentration used in the hudr-
cculture,

Table 12 illustrates the uptake of macro-and micronutrients
by the roots. It can be concluded that the uptake of iron, zine,
and copper follows the dry matter yield.

TABLE 11 : Effect of increasing manganese on ihe dry matler yvield and uptake

of ceriain macro - and micronutrients (mean of five replicates) by
the aerial organs of corn.

r— e aap—

Mn dry
concentration in  matter uptake ug/pot uptake mg/pot
hydroculture vield
(ppm Mn) g/pot Fe Mn Zn Cu P K Co
0,00 704 775 74 387 82 a0 375 22
0.5 10.37 719 334 572 104 85 530 38
0.25 1175 813 583 668 118 98 344 38
0.50 i3.38 862 782 811 115 95 438 44
2.50 1531 947 2056 752 142 117 618 68
25.00 i4.64 723 7944 859 130 102 - 252 35
50.00 14.63 895 12696 727 11¢ 114 335 37
250.00 11,45 846 26300 633 123 093 262 28
P —— ——————a
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TABLE 12 : Effect of increasi];g manganese on the dry matter vield and ‘aptake
of certain macro - and micronutrients (mean of five replicates) by
the roots of corn,

Mn dry .
concentration in  matter uptake ug/pot uptake mg/pot
hydroculture yield

(ppm Mn) g/not e Mn Zn Cu P K Ca
_0.00 148 4605 14 150 89 16 76 5
0.05 2.00 . 4680 74 208 1i4 23 98 19
0.25 278 7516 261 298 164 33 81 11
0.50 3.33 8258 1865 456 150 47 77 15
2,50 3.49 6840 3580 . 332 181 36 67 . 28
25.00 3.96 8316 10850 333 214 3L - 112 32
50,00 3.07 7000 15780 292 157 42 61 14
250.00 2.20 6336 16984 255 176 34 39 5

N ——— T T r—— T o i,

Visual symptoms

Control treatment

Visual symptoms of Mn-deficiency were observed ag vellow
stripes on the leaf surface, The leaf area and the volume of the
roots were significantly reduced through the Mn-deficiency.

Treatments receiving 0.05, 0.25 and 0.50 prm Mn

i

No clear visual symptoms of Mn-deficiency could be obsefv-
ed, the new leaves were pale green. The leaf ares and volume of
the roots were larger than those of the control.

Treatments receiving 2.5 and 25 prm Mn

No clear visual symptoms could be observed -either on the
side of the Mn-deficiency or on side of the toxicity. The growth
of leaves and roots reached a maximum.

Treatments receiving 50 and 250 ppm Mn

Visual symptoms of Mn-toxieity were noticed ag a longtﬁ&i—
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TABLE 13 : Correlation coefficients between uptake of Macro - and micronutrients
by the whole planf-of corn for all levels of manganese wused in the

hydrocutture.
" Elements  Mn Zn cu P K Ca
Fe 0.5800%%  0.66737%  0.0880%%  0.4460* 01889 04137
Mn 0.0638 05ITA*E  0.2187 00481 02892
Zn G.6672%*  0.6613%%  -0.0838  0.2060
Cu 0.5002% 01424 0.4261%
P ' 02038 00464

~1.0748
e e A S A S e P e i P e

*  at level of G.05
¥ at level of 0.01

nal distinet bright yellow stripes along the surface. The surface
area of The Leaves and size root were also significantly reduced.

Diagnosis of Mn-concentration either in hydroculture or in mature leaves

The critical, safe and toxic concentrations were 2.5, 5.0 and
50 ppm Mn in the water culture respectively, while in the mature
leaves they were 160, 400 and 1300 ppm Mn. Benac (1976) rec-
order that no toxicity symptoms appeared on corn leaves at Mn-
content of approximately 1%.

Table 13 illustrates the correlation coefficients calculated be-
tween uptake of macro-and micronutrients by the whole plant.
Significant and positive correlations were obtained between : a)
Fe-uptake and the other elements under investigation except po-
tassium, b) P-uptake and each of the elements Fe, Zn and copper.
Manganese uptake was significantly correlated with the copper,
content.

It can be concluded that Mn-tolerant plants can eliminate the
direct effect of the high Mn-concentration by an efficient and quick
change of the nuirient balance.
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