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AN ABSTRACT OF THE THESIS OF

MNazir Ahmed Chaudhry for M.S. in Agriculture

Title: Magnesium uptake and its interaction with other elements in
the banana leaf.

A study was conducted to evaluate NgCl,_, Mgso, , Mg(RDB)z,
chelated Mg, and SM, in different forms and rates as sources Of Mg
for the banana plan%. The relation of Mg to other elements in the
banana leaf was also studied., Banans plants, Musa nana variety
Cavendish, were planted on the campus of the American University of
Beirut, Lebanon, during the fall of 1966, The differential treat-
ments were applied to the plants on July 6, 1967, Leaf samples were
collected twice, i.e., on July 16 and August 5, 1967, Samples from
both dates were analysed for their inorganic composition separately
for lamina and petiole with midrib tissues (hereafter referred to as
petioles), No phytotoxic effects resulting from any of the treatments
were observed on leaves, Foliar sprays of NgS0, at the rates of 14
and 21 g Mg per plant and of M‘.gCl2 and Mg(N0.). at the rate of 5 g lg
per plant induced increases in Mg of both pe%i%les and laminae
collected on July 16, 1967, These increases were found to persist in
the leaf samples collected one month after the aplication of treat-
ments., The remaining treatments consisting of a soil application of
MgCl, at 28 g Mg per plant, chelated Mg used at 5, 10 and 15 g Mg per
plant, and SM, used separately as foliar, soil, and soil cum foliar
sprays each at 4 g SM? per plant did not increase Mg contents in the
leaves collected during the first sampling. However, in the samples
collected later, increases in Mg were observed in petioles and laminae
of plants receiving MgCl2 soil applications, and both foliar and soil
sprays of SMS. Chelated Mg used at the rate of 15 g Mg per plant was
also found %0 increase Mg in the laminae.

All the treatments applied in this experiment induced variations
in the inorganic composition of leaf tissues. The level of Mg in the
tissues seemed to have no direct effect on the elements that showed
variation., However, increase in the level of tissues was found, in
many instances, to be accompanied by a lower level of K,

Magnesium sulphate at 14 g Mg per plant, besides increasing
Mg in tissues, produced no undesirable effects on tissue inorganic
composition, and in particular it neither decreased K nor increased Ca,
Among the materials tested, MgSOa at 14 g Mg per plant appears to be
an efficient, inexpensive source of lg when used as foliar spray for
bananas.
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I. INTRODUCTION

The banana is one of the ma jor fruit crops of the world and
occupies an important place in international trade. The fruit
contains about 20% carbohydrates and is rich in vitamins and minerals,
With respect to the amount of food material produced per unit area,
the banana exceeds all other crops. It is one of the most profitable
agricultural enterprises (36).

In Lebanon and Pakistan 3000 and 38000 hectares respectively
were devoted to banana in 19651(2, 16).

An important factor in?banana cultivation is magnesium
nutrition., This nutrient contributes to better growth and higher
yields, and its deficiency has been ieported in meny areas (4, 8,
22). This study was conducted to evaluate MgClz, Mgsoa, Mg(mas)z,
chelated Mg, and SM, in different forms and rates as gources of Mg

for the banana plant.




ITI, REVIEW OF LITERATURE

Magresium is a part of the chlorophyll molecule and thus has
a direct effect on photosynthesis. Its ions have been found %o
activate numerous enzymes responsible for regularizing various
physiological processes of the plants (27, 352, 35, 38, 39)., It
also facilitates the movement of carbohydrates from leaves to.stemﬂ
(27). The deficiency of this element usually results in interveinal
chlorosis and poor, stunted growth of the plants and consequently
reduces their yield (8, 9, 14, 31).

The addition of Mg to fertilizers did not, in most instances,
affect the uptake of other elements (28, 33)., However, there were
some cases where the addition of Mg resulted in an increase of Pin
peas, potatoes, and apples without any addition of P to the fertilizers
(5, 30, 41). Yoshida (43) reported that Seo and Tchikawa obtained a
positive correlation between Mg and the P content of their tomato
plants. They observed that with a medium supply of P, an increase
in the Mg content of nutrient solutions led to a higher content of P
in plants, A similar effect was found on the absorption of Ca by
Spinach plants (18),

Fudge (15) studied the effect of Ca and Mg on K abgsorption
in citrus. He observed that the amount of K absorbed from three units
of Kéo applied to a soil low in Ca and Mg was almost the same as the

amount absorbed from ten units of Kéo on soil to which Ca and Mg were




added. Johnson et al, (20) reported that, in many cases, a higher Mg
content in celery tissues was associated with low levels of Ca and K,
However, the authors found that these effects were not universally
true, It was reported that the depressive effect of Mg on the Mn up-
take by the different crops varies substantially. Magnesium was
found, in some cases, to exert great depressing effects while in
others, no apparent influence was recorded., This effect of Mg was
associated with the amount of Mn in the growth media (24). Chandler
(6) reported that a deficiency of Zn in.bananas may have been the
result of excess Mg, Johnson et al. (20) also reported that the
‘absorption of Ma was independent of the influence of Mg.

Different sources of Mg have been tried to correct the lig
deficiency of crops,s; of these, Mgsoﬁ has been used most widely.

Hohlt and Maynard (18) observed that the Mg concentration in
spinach tissue‘incréaéed in proportion to the levels of Mg:applied
to the hutrient solution, They further found that laminﬁ fiésue
contained ﬁareng'than either the petiole or the lamina + petiole.
The difference tended to become greater as the lNg level was increased;
this suggests that Mg is deposited in Lamina tissue when there is a
sufficient supply. It has been reported by Elsie (11) that foliar
spray with 2% epsom salt CMg804.7H20) applied nine times annually
raised the Mg level in apple leaves, Soil application of epsom salt
was also found to increase the available Mg in the soil; however,
there was very little uptake of Mg by the plants., Southwick and
Smith (37) found that foliar spray of MgS0, was useful for correcting

the Mg deficiency in apples, Soil application of the salt was also




beneficial but was very slow in its action., Johnson et al. (20)
reported that spraying the crop with Mg504 corrected the Mg deficiency
in celery by increasing the level of Mg in the plants. A similar
effect of I!.ﬂ'gSGlzF spray has been observed in bunch grapes by Scot and

Seot (34). Lot (25) found that MgSO,, both as a foliar spray am a

A
soil application was ineffective in correcting the Mg deficiency
chlorosis of Muscadine grapes. Mirza (29) sprayed pot grown banana
plants at the rate of 33.50 grams MgSO, per plant. The chemical
analysis of the leaf revealed that there was no significant increase
in the Mg content of treated plants over control.

The magnesium deficiency in Valencia oranges was corrected
to a great extent with a spray of Mg(NDS)z at 0.1% Mg concentration.
Mﬂgnesiuﬁ sulphate in this case proved ineffective even at 0.25% Mg
concentration (3). Fisher and Walker (13) found that nitrate and
chloride salts of Mg were more rapidly absorbed by the apple leaves
than the commonly uééd Mgsoq. A similar advantage of.the'chloride over
the sulphate salt of Mg has been repcorted by Hagler for grapes CLT) .

Embleton and Jones (12) reported that l‘ﬁg(mB) when applied as a

97
foliar spray, corrected the Mg deficiency of oranges.

Walker and Fisher (42) reported that the chelated Mg was less
effective than the Mgso& foliar spray in correcting the Mg deficiency
of apple orchards. Soil application of chelate was still less
effective.

2411 forms of seaweed have for centuries been applied to the

land as fertilizers, where proximity to the sea coast has made this

material available., Seaweed has been reported to be a good substitute




for farm yard manure to sﬁpply winor elements. The recent trend is

to use 1liquid extracts of the weed; such preparations show their
effect on crops more quickly than the "weathered" material used in
the past (10, p. 428), The SM3 (Sea Magic) is one such preparation
produced by Chase Orgaﬁies (Great Britain) Ltd, Shepperton, Middlesex,
England. The manufacturer claims that it releases from the soil
major plent nutrients and trace elements present only in unavailable

form and also enables the plant to make better use of nuﬁrients in

fertilizers. Tt brings the soil into biological equilibrium and

thus insures that plant foods are taken up in "balanced" proportions,.
The ﬁanufacturer also claims that its application provides consider—
able protection against diseases and pests. However.there is no
published data that might support these claims,

According to informstion supplied by Chase Organics Imd,l

the Jamaica Banana Board conducted an experiment in 1963 to stpdy
the effect of SM3 on the growth and yieid of bananas, Four levels
of SﬁS’ i.e., four pints, six pints, eight pints and ten pints per
acre, were used., The extract was mixed with wéter and sprayed on
the foliage of the plants, The initial application was wade in mid-

March, when the plants were about gix months old, The secord

application was six months later in mid-September, The results
showed a favourable response in terms of yield and the length of
shooting periods. The bunches emerged on an average of eight and a

half weeks earlier where SM? was applied., The Mn content increased

1. Chase Organics (Great Britain) Ltd. Gibraltar House, Shepperton,
liiddlesex, England,




in the leaves of plants treated with SMS at the rate of four pints
per acre, Higher rates of SME showed inconsistent decreases of Mn
in the leaves. There was no difference in the levels of major

elements in the ieaves as a result of these treatments,




III. MATERIALS AND METHODS

Preliminary trial. Preliminary trials were undertaken in the summer

of 1966 to determine the rates and methods of application for some of
the mterials to be employed in the major study. The treatments were
applied to six-month-cld banana plants of the Cavendish variety

(Musa nana) growing in 100 L asbestos cement barrels, Visual observa-
tions were made of these plants to detect any damage to the plants

that may have resulted from the treatments. The Mg content of the

leaf samples was determined by using the method described by Toth et al.

(40). The treatments applied and results obtained are summarized in

Table 1.

Major study. The major study was conducted on the campus of the

American University of Beirut, Beirut, Lebanon. The dwarf banana

Musa nans variety Cavendish was used, 3Suckers were collected in the

fall of 1966. The unfolded leaves of each sucker were removed, leaving
the pseudostems intact. The suckers were then planted two meters apart
in rows two and a half meters wide, This fall planting allowed only
for a short pericd of growth. However, the growth resumed with the
beginning of spring and by mid-May, 1967, there was enough leaf area
for the application of foliar spray treatments. By then each plant

had a2t least five open leaves,

| Superphosphate, potassium sulphate and ammonium sulfo-nitrate

i were applied to the plants on March 15, 1967 at the rates of one, one




Table 1. Results from preliminary treatments applied

1966,

Treatmenta

e T iz et I i M) X

Control

Mgsoé.vﬂéo; foliar spray

MgSOa.THéO; foliar spray

MgSO4.7HéO; foliar spray

Mgﬂlz.ﬁHéO; foliar spray

Mg(mns)z.ﬁﬂéoi foliar spray

MgSOa.7HéO; soil application
Mg504.7HéO; soil application
Hgso4.7HéO; soil application

Iﬁgfﬂbs}z.ﬁﬂéo; soil application

8
to supply Mg to six-month-o0ld banana plants
of the Cavendish variety during the summer
Total
material Mg in
used in g/plant oSy
g/plant
No increase in Mg
71.5 7.0 of leaves of treated
- plants over control,
143.5 14,0 Magnesium in leaves
of treated plant in-
215,25 21.0 creased over control,
Magnesium in leaves
of treated plants
58,0 7.0 increased over con-
trol, but was
74,7 7 40 accompanied by s
severe burning of
the foliage.
287 ,0 28,0
No increase in leaf
5740 96.0 Mg content of
treated plants over
861,0 el control.
298,.7 28,0
Leaf Mg content of
235.7 28,0 treated plants in-

Hgﬁlz.ﬁHéO; soil application

creased over control.




half, and one kilogram respectively per plant. The plants were again
fertilized on June 20, 1967, with ammonium nitrate at the rate of one-
fourth kilogram per plant.

The area between the plants was sprayed three times with weedi-
cides to control weeds, The first two sprays consisted of Dcm*ponl at
# dilution rate of 100 g per 10 liters of water while the third spray
was nﬁde of Gramoxonez at a dilution rate of 100 ml per 18 liters of
water. These sprays were applied on April 31, May 15, and June 6, 1967.
Hemgonz’, at a rate of 20 ml per.plant, was diluted in water, and
added to the soil on June 16, 1967, to control the nematode population
of the soil,

The plants were watered regularly. The followers that
appeared were removed, This was carried out to cut down competition
with the.mother plants for the uptake of nutrients,

The randomized complete block design with five replications
was used for the application of the treatments. The treatments were
alloted to the plants at random and were applied on July 6, 1967,
These are shown in Table 2,

The rates and methods used for the application of MgSOll,

Mg012 and Iﬁg(ms)z were made in the light of the results obtained
from the meliminary ttrial, which are given in Table 1, Since MgSOQ
foliar spray at the rate of seven grams of Mg per plant and soil

applications of MgSO 4 and Mg(ms)z were found not to increase Mg in

1. A trademark of 2, 2=dichloropropionic acid.
2. A trademark of 1, 1-dimethyl-4, 4'=dipyridilium dichloride.
3. A trademark of 1, 2-dibromo-3-chloropane.
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Table 2. Treatments applied to supply Mg to field
grown banana plants of the Cavendish
variety on July 6, 1967,

—

Quantity of
Katoxiel wsec g s aﬁﬁﬁiﬁi
g/plant /plant
Nore {control) - = =
Magnesium sulphate (mgsoa.7ﬂé0) 143,5 14,0 Foliar spray
Magnesium sul phate (Mgsoa.?ﬂég) 215.25 21,0 TFoliar spray
Magnesiﬂm.nitrate (Mg(ﬂﬂs)z.ﬁﬂéﬂ) f53.§0 5.0 TFoliar spray
Magnesium chloride (Mg012.6H20) 41 ,60 5.0 Foliar spray
Magnesium chloride GﬁgCIZ.GHQO) 235.70 28.0 Soil application
Chelated Mg" 111,10 5,0 Soil application
Chelated lig 222 .20 10,0 Soil application
Chelated Mg 333,30 15,0 Soil application
SM? (seaweed extract) 4,0 -2 Foliar spray
SM3 (seaweed extract) 4,0 - Soil spray
SM, (seaweed extract) 4,0 - Soil cum Foliar

3

Spray

1 Magnesium polyflavonoid (4,5% Mg), purchased from Esso Research and

Engineering Company, U.S.A.

2 According to the manufacturer SM3 contains a trace of Mg.
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the plants, these treatments were not used in the finsl study.
Similarly, foliar sprays of MgClz and Mg(ms)z were used at reduced
rates with a hope that such reduction would save the foliage from
burning as had been obgerved in the preliminary trial, The rate of
SM, employed was that recommended by the manufacturer.

To prepare the foliar sprays, the quantity of the material
to be used per plant was dissolved in one and a half liters of
distilled water. The solution, so prepared, was sprayed thoroughly
on both surfaces of the leaves of each plant, using a fine atomizer
hand-sprayer. In cases where the leaf surface became wet before
the solution had been completely applied, the spraying was tempo-
rarily stopped. The leaves were allowed to dry for a while and
then were again sprayed with the remainder of the solution., In
this manner, the spray material was not allowed to drip.

Tor soil treatments other than SMS’ the Quantitj of mterial
used per plant was thoroughly mixed with soil, Then the mixture was
applied uniformly around the plant and was worked into the soil by
hand to prevent contamination of adjacent plants,

Soil application of SM. was executed by mixing the material

3
with water and then spraying the mixture on the soil surface around
the plant. When applied as a soil cum foliar spray, the solution
was sprayed both on the soil surface around the plant as well as
on the leaves of the plant., This latter method was recommended by
the manufacturer. The plants were watered immediately after the

application of the treatments; the water was put into a basin aroumrd

each plant.




Leaf samples were collected 10 days and 30 days after the
application of the treatments. The third and fifth leaves from each
plant were cut and brought to the laboratory. They were washed
iﬁmediately with detergent by rubbing both surfaces with a sponge,
rinsed in tap water, immersed in 0,1% hydrochloric acid for about 30
seconds, and then washed twice with distilled water, The lamima and
the petiole with mid-rib (hereafter referred as petiole) of each
leaf were separated soon after the washing, The identical tissues of
ﬁhe.two leaves of the same plant were put together in a paper bag and
dried in an oven at 70 + 1°¢ for four days, The dried leaf tissues
were ground through a Wiley mill using a 40 mesh sieve, BRach ground

sample was collected in a clean dry bottle, Before weighing, the

| . ground samples were dried by placing the bottles with their caps off

in the oven at 70 +1°¢C for about 12 hours. The sample bottles were

then recapped and cooled in a desiccator., The lamina and petiole

tissues of each plant, collected on both sampling dates, wére

anglysed aeparately.

Magnesium, P and Fe were determined chlorimetrically with a

Beckman Model B Spectrophotometer., Potassium and Na were determined
| spectrophotometrically with a Beckman Flame Attachment to the

Beckman Model B Spectrophotometer. The methods followed in analysis

are those described by Toth et al. (40). Nitrogen content was

determined by the Kjeldahl method (19), Water soluble nitrate - N

was determined by the phenyl disulphonic acid method as described

ﬁy thnson.and_Ulrich (21), Zinc, Mn, Cu and Ca were determined with

Perklin-Elmer Atomic Absorption Spectrophotometer Model 303, following
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the appropriate procedure for each element as described by the manu-
~ facturer (1).

The results presented in the chapter, headed '"Results and
"Discﬁssionﬁ are the means of five samples of five replications, The
Least Significant Test of significance described by LeClerg et al.

(23) was employed to compare effects of treatments with the control,




IV. RESULTS AND DISCUSSION

The visual observations and chemical analysis of the elements
Mg, N, P, X, Ca, Na, Fe, Cu, Mn, 7n and the compound nitrate =N showed
the following results,

There was no apparent injury to the banana plant as a result
of the application of all the materials used to increase Mg, All
plants were found to be normal in appearance and growth.

From each plant two samples were taken on two separate dates.
The laminae and the petioles of the two leaves taken on egch date
were analyzed separately for their inorganic compone nte, The data
are calculated on the basis of dry ﬁ‘eight and are reported as the
averages of five replications. For each element analyzed, a separate
table has been prepared showing the effect of the differéﬁt treat-
ments. IEach table contains the values secured separately for the
laminae and petioles. The table also includes the value for each
sampling date, i.e., July 16 and August 5, 1967, All the comparisons

were rade with control except where it has been otherwise noted.
Uptake of Mg from Different Sources and Treatments

The uptake of Mg from different treatments, determined as the
percentage of Mg in dry weight of lamina and petiole tissues is given

in Table 3.

14




Table 3. Magnesium content in the leaf tissues of
bananas under different treatments expressed

as percent dry weight.

July 16, 1967 August 5, 1967
Treatments applied on e -
July 6, 1967 Lamina Petiole Lamina  Petiole
+ +
Midrib Midrib
None (conbtrol) o 62 s «38 36
| NgS0, .7H,0 (14 g Ng/plant); 73k _6630% 4730 47 %%
folia® spray. -
Mgho, o 10,0 (2L & B/ Elatl); L9668 B3t 4430
fol spray.
Mgt o» @ 8 gl nlan g 1,118 64F  B7HRE 47
folia® spray.

MgCl_.6H.0 (28 g Mg/plant) ; - e sex
s%il application, - 62 «62 #49 atl
Mg(ND0_)_6H 0 (5 g Mg/plant) ; i ) S G
foii%r S%m. 1,02 <03 +60 . 446

Chelated Mg (5 g NMg/plant) ; |
soil application. =23 «50 | s e33
Chelated Mg (10 g Mg/plant); ' 2 =
soil application, 03 « 46 43 035
Chelated lig (15 g Mg/plant); - 338
' soil application. $57 +99 »50 +35
SM, (4 g of /plant); 3
3foliar sp§§? e 0 o5 453 B3
(4 g of SM_ /plant); =
SHBsoil spma;#% «05 33 «4IH o42%
SM, (4 g of SM_/plant); :
®s0il cum foliar spray .54 42 o4 .36
..S.D. at 5% level .10 .09 «05 .05
L.S.D. at 1% level o135 012 007 207

* Significant at 5% level,
#% Significant at 1% level.
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Foliar sprays of‘MgSD4 at the rate of 14 g and 21 g Mg per
plant and foliar sprays of Mg012 and Mg(ﬂbs)z, each at the rate of
] | 5 g Mg per plant, significantly increased the Mg content of both the

laminae and petioles of the treated plants over that of the control.

This increase was first cbserved in samples collected on July 16, 1967,
10 days after the application of the treatments, and was maintained
in the samples collected on August 5, 1967, 30 days after application
of the treatments. The leaf tissues of the plants receiving'MgClz
soil application and applications of chelated Mg and SES showed no
increase of Mg in the samples collected on July 16, 1967, However,
in the samples collected on August 5, 1967,img012 soil application
and SMS soil spray and foliar spray increased the Mg concentration
both in the Iamina and the petiole tissues of the treated plants over
control, Similarly, chelated Mg used at the rate of 15 g Mg per
plant was also found to increase lig in the lamina tissues of the
treated plants over control from the second sampling.

Comparison of the treatments shows that foliar sprays of

MgCl, and Mg(ﬂbs)z were more efficient than.iM‘gSO4 foliar spray in

2
increasing the Mg concentration in the lamina tissues from the first
sampling., The difference was significant at the 5% level, The
results from the lamina tissues of the second sampling show that
there was no difference in the amount of Mg in the tissue fran;Mgﬂlz
foliar spray when compared with the other treatments which were
found to increase Mg over the control. The M‘g(NDs)2 foliaxr spray
added more Mg than chelated Mg, the Mg012 soil application, and SM3

and‘MgSO4 foliar sprays. The concentration of Mg in the laminse of
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plants receiving the former treatment was 1,027 in the samples
collected on July 16, 1967 and 0,60% in the samples collected on
August 5, 1967. Such an effect of Mg(ND%.‘o2 over Mg504 has ’been
reported by Bar-Akiva (3), who found spraying of 0,1% Mg(m3)2
effective in controlling the Mg deficiency of Valencia oranges where
MgSOZF', at the rate of 0.25% Mg, did not induce any increase.
According to Walker and Fisher (42), chelated Mg proved even less
effective than MgSDz'. _‘.Ihus it can be concluded safely that the
greater effectiveness of Mg(W,), agrees with the findings of Bar-
Akiva and Walker and Fisher. The increase in the Mg content of the
tissues of plants treated with SM:,> is in disagreement with the
results reported by the Jamaics Banana Board. They found no effect
of S‘MB on the Mg content of banana leaves. I .

The data presented in Table 3 further show that the treat-
ments applied during this study resulted in an almost similai' in-
crease of Mg in both the lamina and petiole. Comparative values
for Mg weve higher for lamime than those for petiole bissues.
The data given in Table 3 also show that foliar sprays of Ngso, ,
MgClz, and Mg(m3)2 were rapid in increasing the Mg content of the
leaf tissues while soil application of MgClz, chelated Mg at 15 g Mg
per plant, and SM3 used both as a s0il spray and a foliar Spray were
slow to show their effect, That Mg foliar sprays act more quickly
than soil applications of materials containing Mg has been reported
by Johnson et al. (20) amd Walker and Fisher (42).

The samples collected on August 5, 1967, from the control as

well as the treated plants were lower in their Mg concentration than
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those of July 16, 1967, The Mg in the samples from the control
plants collected on July 16, 1967 was 0,62% in the laminae and 0.,53%
in the petioles while, in samples from second leaf harveﬂt, it was
0.38% in laminae and 0,36% in the petioles. This latter finding
suggésts that Mg is used up to a greater extent during the summer

months when growth is very rapid.
Effect of Treatments on the N Content of the Ieaf Tissues

Thé data on the N content of the leaf tissues of the plants
under different treatments are given in Table 4, The statistical
amalysis of the results shows that these treatments did not affect
the N content of the lamina tiésues collected on both_dates. However,
most of the treatments applied resulted in a significant decrease of
the N content in leaf petioles, The maximum decrease in N was found
in the plants from the last sampling receiving SM3 s0il cum foliar
spray. The concentration ﬁf N in this treatment was 1,23% against
1,72% found in the petioles of the control plants. The concentra—
tion of N in the lamina tissues of all plants receiving treatments
to increase Mg ranged from 3,51 to 3.86%.

The decrease was independent of.the Mg concentrations in the
tissues, Therefore it can be concluded that the concentration of
Hg in tissues had no relative effect on the decrease of N in the
'bamm plants, This decrease could be due to the fact that the
addition of Mg improved growth and resulted in greater consumption

of N in the petioles from where N is distributed to the leaf laminae.
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Nitrogen content in the leaf tissues of
bananas under different treatments
expressed as percent dry weight.

Table 4,

August 5, 1967

PR ey — - —— o

July 16, 1967

Treatments applied on

Ty 6, 1061 lamina Petiole

Lamina  Petiole

+ +
pmidrib midrib
None (control) : 3.77 1,94 3.54 1,72
Mgsog '?Hgo (14 g Mg/plant) ; 370 1.83 3,55 1.41%
lia® spray
folia,% spray 3,58 1,84 203 1,48
Mgm%lﬁﬂ 0 (5 g Mg/plant); 3,51 1,65% 3,62 1,39%
iar spray
11 appllcatlﬂn
Hg(mil%r 7 0 (5 g Mg/plant); 5 59 1,97 3,57 1,52
Chelated Mg (5 g Mg/Plal‘lt); 363t I Iz
~scil application B2 1.58 5460 e
Chelated Mg (10 g Mg/plant); _ x i
soil application g0 1466 3.81 13487
Chelated Mg (15 g Mg/plant); st =
soil application 5.84 1,53 3463 1.41%
(4 g of SM /plant) ;
folian spray 3.78 1,547%¢ 3,67 1450
(4 g of SM /plant),
ad35011 B 3,80 1,70% 3,66 1,61
(4 g of SM_/plant); .
soil cum foliar spray 3.75 1.51%% 3.61 1.25%
L.S.D, at 5% level n.s 234 n,s 2358
L.S.D. at 1% level 312 = -

n,s

n,s Non-significant
* Significant at 5% level
%% Significant at 1% level




———

20

Effect of Treatments on the Nitrate-~N Content of'fhe Leaf Tissues

The treatments applied during this experiment had no effect
on the nitrate-N content of the lamimae except in one case where an
increase over the control was observed in the plants treated with
MQ(ND3)2. This increase was found in the tissue of the first
sampling. The concentration of nitrate-N obtained in the laminae of
plants receiving this treatment was 0,14%, which was about two and
one-half times higher than other treatments. This increase seems to

be due to the absorption of nitrate from Mg(NO All the treat-

3)2'
ments applied to fhe plants resulted temporarily in a decrease in
the nitrate-N content of the petiole tissues, No such decrease was
found in the tissues collected in the secord sampling, On the
contrary, an increase in the nitrate-N of the petioles was observed

in the second sampling in plants receiving a foliar spray of Mg(m3)2

and a s80il spray of SM3.

Effect of Treatments on the P Content of the lLeaf Tissues

The data on P concentration in the oven-dried leaf tissues of
the banana plants under different treatments are given in Table 6.,
Statistical amalysis of the data shows that there was no significant
difference in the P conteﬁt of the leaf tissues as a result of the
treatments applied to the plants. The concentration of P in the
petioles was low compared to that found in the laminae., The P con-
tent in the tissues of plants receiving different treatments ranged

from ,177 to .24% in laminae and ,11%to ,17% in petioles.




Table 5.
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Nitrate—~N content in the leaf tissues of bananas

under different treatments expressed as percent

dry weight.

Treatments applied on

July 16, 1967

Lamina  Petiole

_August 5, 1967

Lamina Petiole

July 6, 1967 + +
5 midrib = midrib
None (control) .05 .61 207 058
Mgsoa.‘{i%ﬂ (14 g Mg/plant); 05 51 05 54
foli spray
MgS0, ,7E 0 (21 g Mg/plant); B
félia, spray .06 0.43 .06 .2
MgCi:z.t:SHzﬂ (5 g Mg/plant); 06 ik 07 e
0liar spray -
MgCl_.6H. 0 (28 g Mg/plant); 3636
s3il dpplication «04 250 o 049
Mg(No_)_L,6H 0 (5 g Mg/plant); i s .
folikr sfray 14 .49 .06 .62
Chelated lig (5 g Mg/plant); sest
soil application .06 4T .06 - 50
Chelated Mg (10 g Mg/plant); 5
soil application e »51 s0 $28
Chelated g (15 g Mg/plant); 03¢
soil agpplication <05 47 #46 o51
(4 g of SM_/plant); . |
>foliar spraj .06 S48 .07 o53
(4 g of SM_/plant);
(4 g of SM_/plant)
’ 33
soil cum fofiar spray $05 +19 206 57
L.S.D., at 5% level .016 .08 n,s .010
L.5.D. at 1% level .021 oLl - -

s Non-significant
Significant at 5% level
¥¢  Significant at 1% level

n,
oo
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Table 6., Fhosphorus content in the leaf tissues of
bananas under different treatments expressed
as percent dry weight.

H sz - TR

July 16, 1967 August 5, 1967

Tre?j'f;n: v lamina Petiole  Lamira Petiole

: Lo aih _ midrib
None (control) .19 o1l 020 14
Mg30, .7H,0 (21 g Mg/plant) ; _2{5 .17 ‘15 ;14

folia® spray

Mgci%i?.Hﬁgp](.izaf ihgi/Plant) ; 24 6 el e
)0 Geeilaty g as s
o Vo R S SR Y
e et PR R
g S b g 24 14 .18 A1
Uy & & of Sy/plant) s & T a
mGeaMaa e
5.9, at‘ 5% level n.s n.s n.s n,s

i P —

n,s Fon-significant
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Effect of Treatments on the K Content of the leaf Tissues

The data for the K content of leaf tissues of the plants
treated in this experiment with compounds aimed at increasing Mg are
presented in Table 7. These results show that MgClz foliar spray
induced a significant decrease 'in the K content of the lamina tissues,
The percentage of K in the laminae of plants treated with Mg(}l2 was
3.32 as against 3.85 for cont_roi in the first sampling, and 3,07 as
against 3,53 for the secmﬁ sampling. The level of Mg attained in |
the laminae with this treatment was the highest in the first sampling
and the next highest in the secord sampling, i.e., 1.11% and ,56%
respectively. Magnesium sulphate foliar spray at the rate of 21 g
Mg per plant, Pﬂg‘Cl2 soil application,foliar spraysof Mg(ﬂ%)z and
SMS also induced a decrease in the K content of the lamina tissues
from samples collected 30 days after application of the treatments.
The decrease of K, in this case, was also associated with an in-
creased Iﬁg level in the tissues. Similarly, MgS04 foliar spray at
the rate of 21 g Mg per plant, Mg012 soil application, chelated Mg
at the rate of 5 g Mg per plant, soil spray of S’M3 and soil cum foliar
spray of SMS decreased the X content of petioles significantly in
samples collected 30 days after the application of the treatments.
The only three treatments which increased the K contént in the tissues
were soil cum foliar spray of SMB' soil spray of SM3 and chelated Mg
at the rate of 15 g Mg per plant. The SM3 soil cum foliar spray in-
creased X in the laminae from the first sampling while SM_, soil spray

D

and chelated Mg increased it in the laminae from the second sampling.




Table 7.
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Potassium content in the leaf tissues of bananas

under different treatments expressed as percent

dry weight.

==

Treatments applied on

July 16, 1967

August 5, 1967

July 6, 1967 Lawmina Pet:iole Lamina Pef;lole
e midrib midrib
None {(control) 3,35 7 .65 3.53 7 .05
Mgsgz;'?ggo (14 g Mg/plant); 3,79 7.22 3,54 6.79

0lia? spray
MgS0,.7H .0 (21 g Mg/plant); 36t 3h3¢
fglia% spray 3 .04 8,13 3,07 5,34
Mgciz'@f =& Yappiano 3,329 7,30 3,07%% 6,89
0liaT spray _
MgCl,,6H 0 (28 g Mg/plant); % 3#*
s%ilH%.pplication e 6,82 2l 6.25
M) 0T 0 (e B MRS 555 78 2,993 6,57
foliar application
Chelated Mg (5 g Mg/plant); '
soil application 5477 7'56, 3,31 6,11%
Chelated Mg (10 g Mg/plant) ;
soil application 4.15 7 .89 3.78 7 .43
Chelated lig (15 g Mg/plant) ; "
soil application 3,98 740 5493 6.97
(4 g of SM_/plant); e
Folinr Spraj?' 3,99 7 .01 2.91 6.68
SM_ (4 g of SM, /plant);
33011 spray 3 4.11 7 .61 2.91% 5,03%k
(4 g of SM_/plant); ,
soil cum foiiar spray b .47 7.65 3042 6.05%*
L.S.D, at 52 level 2372 n.s 34 74
« 495 - a5 e 99

1..3.D. at 1% level

S = =

n,s Non-significant
3* Significant at 5% level
¥+ Significant at 19 level
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By studying the data presented in Table 7, it is evident that,
in most cases, an increase in the Mg content of the leaf tissues was
assoclated with a decrease in K. The effect was more obvious in the
leaf tissues of the samples collected 30 days after the application
of the treatments. Similar depressive effects of Mg on X have been
reported in celery (20).

The concentration of K was found to be higher in the laminae
than in the petioles of the plants. Potassium ranged from 2.99% to
4,47% in the lamimse of plants receiving the different treatments
while in petioles, its range was from 5.03% to 8.13%. Such extreme
differences in thé K content of these banana tissues has been
reported by Martin-Prevel (26). The range of K found by this worker
in the laminae was from 3.03% to 3,847 while in petioles, it was

from 6.70% to 9.30%.
Effect of Treatments on the Ca Content of the Leaf Tissues

The data presented in Table 8 show that the trestments applied
' to increase Mg in banana tissues had no effect on the Ca content of
the petioles collected 10 days after the application of the treat-
ments, Chelated Mg at the rate of 15 g Mg per plant and SM3 used as
a foliar spray induced an increase in the Ca content of the laming
tissues collected on the first sampling date, The percentage of Ca
in the lamine tissues of the plants receiving chelated Mg at the rate
of 15 g Mg per plant and Sﬁs_folia,r spray was 1,80 and 1,85
respectively. However, chelated Mg did not similarly affect the Ca

content of the lamina tissues from the second sampling. In this
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Calcium content in the leaf tissues of
bananas under different treatments
expressed as percent dry weight.

Table 8.

=L i === S R kT ._ P R AL

July 16, 1967 August 5, 1967
Laming Petiole Lamina Petiole

Treatments applied on
July 6, 1967

+ -
T midrib midrib
None (control) 1,39 2,06 .98 1,70
MgSOa.? 0 (14 g Mg/plant); 1,36 a3 01 .91 1,67
foliaT spray
G R e T T 1,08 1,91
f1oll Spray
0 (5 g Mg/plant); 1,43 2,03 95 1.79
f%l spray : = x :
NgCl 6H. 0 (28 g Mg/plant) ;
901133ppllcation 1,65 2,18 kg8 1.8
Vet My it RERERIER)T 1,55 7 2,08 96 1,62
ilar spray - : S >
Chelated Mg (5 g Mg/plant);
soil application Lesti s 2,02 o0 Ly 39
Chelated Mg (10 g Mg/plant) ;
soil application Lt 1.9 i L8
Chelated Mg (15 g Mg/plant) 1,80%% 2,12 1.07 1.93

soil application

SM3 (4 g of SM_/plant);

3¢ | ) '
Pl 3pra§ 14,85 2,31 1,263¢%¢ 2., 12%
(4 g of S}J' /plant);
33011 spray .42 2-12 1#23%‘3{' 1I76
M, (4 g of SM_/plant);
33011 cum foilar spray 1.32 Le74 1,08 1.64
L.S.D. at 57 level .303 n,s .133 0234
L.S.D. at 1% level 404 - 178 312

— T S e ——

n.s Non-significant
#%* Significant at 1% level.
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later sampling, plants treated with SMﬁ foliar spray were signifioaﬁtly
higher in their Ca content for all the tissues analyzed, A similarx
- increase was found in plants treated with SMS soil spray, but the in-
crease in this case was confined to the lamira tissues., In the samples
collected 30 days after application of treatments, the cohcentrations
of Ca in the lamimae of the plants treated with SM3 foliar spray and
SM3 soil spray were 1,26% and 1,23% respectively. The concentration
of Ca in the laminae of the control plants for this sampling date was
0,98%.

The data given in Table 8 show that, in general, variation in
the Mg content of leaf tiséuesz had no effect on Ca. The increase
of Ca in the plants under SMS treatments cannot be due to the increagsed
level of Mg in the tissues because the levels of Mg attained in other
treatments had no effect on the Ca content of the tissues, SM3 seems
to have an inherent potential to increase Cg in*banana-plants.‘ This
effect of Smg, however, is in disagreement with the findings of the
Jamaica Banana Board, where SM3 was found to have no effect on Ca
content of the leaf tissues. If it is established that SMB produces
such an effect, then sms should not be used on ecalcareous soils

where excess Ca is already a problem,

"Effect of Treatments on the Na Content of the Leaf Tissues

Chemical analysis of the samples collected 10 days after appli-
cation of treatments shows that MgCl, foliar spray and chelated Mg
at the rate of 10 and 15 g Mg per plant resﬁlted in a decrease of Ma

in the laminge of the trezted plants over control., The difference was
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Table 9, Sodium content in the leaf tissues of
bananas under different treatments

expressed as ppm dry weight.

bt << . TirrL.

July 16, 1967 August 5, 1967
Treatments applied on : _ . .
July 6, 1967 Lamins, Pet:.ole Lamina I’lat:ole
e : __midrib midrib
None (control) 581 1149 858 1585
MgS0,+7H,0 (14 g Mg/plant); B54 1375 955 1639
folia® spray
MgS0, ,7H 0 (21 g Mg/plant);
T s _ 586 1320 807 1440
i Osgafr Ng/plant); A45HE  1728%K 968 1740
MgCl,_ ,6H 0 (28 g Mg/plant); W% |
sgil %pplication 5562 1596 756 1614
Mg (N0 ?2.5H3£ (5 g Mg/plant); 7173%  1638%¢ 828 1462
foliar sPray
Chelated Mg (5 g Mg/plant); ¥
soil application 949 1555:¢ 795 1689
Chelated Mg (10 g Mg/plant); sear
soil application 4073 1467 3¢ 675 1633
Chelated Mg (15 g Mg/plant); 3
soil application 409%¢ 1156 663 1320%%
SM, (4 g of /plant); ;
Msfﬂia_r : msfg, 504 1765%% 839 1919
SM, (4 g of SM_/plant);
3soil.spray > 489 1627 770 1472
SM, (4 g of S /plant) s
33011 cum foliar spray 509 17 61 3¢ 811 1750%
L.S.D, at 5% level 99 267 n,s 164
L.S.D. at 1% level 131 356 - 218

- =

n.s Non-significant
* Significant at 5% level
# Significant at 1% level.
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significant at 1% level, The Mgtmo3)2 application, however, resulted
in an increase of Na in the laminae from the first sampling. The
concentration of Na in the laminae from this treatment was 717 ppm,
which is quite high when compared with other treatments, The level
of Na obtained, however, is not considered toxic, Accardiﬁg to Chapman
(7 p 590), Bidner-Barhava and Ravikovitch'reported 0.07% Na (700 ppm)
in the lamina of the third leaf as an intermediate range for bananas.
The results from_these samples further show that MgCl2 foliar spray,
Mg012 soil application, chelated Mg used at the rates of 5 g and 10 g
Mg per plant and all applications of SMé increased the content of Na
- in the petioles of the treated plants over control in the tissues
samples collected on July 16, 1967, The SMB soil cum foliar spray
also resulted in an increase. of Na in the petiole tissues collected
on August 5, 1967, Chelated Mg used at 15 g Mg per plant caused a
significant decrease in the Na content of the petioles collected on
this second sampling date, |

The treatments did not affect the Na content of the laminae

from the second sampling,

Effect of Treatments on the Fe Content of the Leaf Tissues

The statistical analysis of the data reported in Table 10
shows that there was no significant difference between the Fe content
of the lamina tissues of the treated.and the untreated plants from
the first sampling date. However, in leaves from the second sampling
date, foliar spray of MgSO& at the rate of 14 g Mg per plant resulted

in a highly significant increase of Fe in the lamina tissues of the
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Table 10, Iron content in the leaf tissues of bananas
under different treatments expressed as ppm

dry weight.
July 16, 1967 August 5, 1967
Treatments applied on ‘ :
July 6, 1967 Lamina Petiole Lamina Pbtiole
midrib == midrib
None (control) | 110 51 104 49
Mgsoé.?_'ﬂ%o (14 g Mg/plant) ; 118 57 140%¢ 58
folia? spray
1g30,.7H,0 (21 g lg/plant) ; 114 57 - 104 39
foliar? spray
NgC%%itfH 0 (5 g Mg/plant); 114 48 118 40
ia®? spray
MgCl, ,6H.0 (28 g Mg/plant) ; |
_s%ilﬂgpplication i 7 e s
olidr sPray
Chelated Mg (5 g Mg/plant); '
s0il application e - 115 %0
Chelated Mg (10 g Mg/plant); % st
soil application 23 o L i
Chelated Mg (15 g Mg/plant) ; 100 64 117 50
soil application
SM, (4 g of SM_/plant);
%fqilar denz 106 54 101 45
SH_, (4 g of /plant) ; |
e Bad 2 Pra;”z 118 60 107 44
SM; (4 g of SM,/plant); 103 = 70%* 116 55
soil cum foliar spray
L.S.D. at 5% level n,s 1%.8 14,6 10.8
L.S.D. at 1% level - 18,4 19,5 14,4

n.s Non-gignificant
* Significant at 5% level
##*  Significant at 14 level
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treated plants over control, The plants ;‘eceiving chelated Mg at the
rate of 10 g Mg per plant were highér in the Fe content of their
petioles than the control. This increase was present in the samples
from both dates., A similar increase in Fe was also obgerved in the
petioles of the plants treated with SMS s0il cum foliar spray,but
this was only apparent in the leaves sampled on July 16, 1967,

From studying both Tables 3 and 8, it appears that variation
in the lig concentration of the leaf tissue has no effect on the Fe
content. An increase in Fe obtained in plants treated with.M@SOa,
chelated lg or SMS seems due to the direct effect of these maferials

and not to the lower or higher concentration of Mg.
Effect of Treatments on the Mn Content of the lLeaf Tissues

The data for the Mn content of the leaf tissues of plants under
different treatments are reported in Table 11, The statistical
analysis shows that there was no significant difference between the
Mn content of the lamina tissues of the treated and untreated plants
during the first sampling date. During the second sampling, however,
a signifieani decrease of Mn was observed between the laminae of the
plants receivingfmg012 foliar spray, MgCl2 soil application and
applications of chelated Mg and SM3 foliar spray and the laminae of
control plants. The Mn content in the laminae of plants receiving
these treatments varied from 152 to 261 ppm while in similar tissue
of the control for the same sampling date, the concentration was
found to be 334 ppm.

Comparison of the data acquired from treasted plants with the




Table 11. Manganese content in the leaf tissues of
bananas under different treatments
expressed as ppm dry weight.

32

L ==

_July 16, 1967 August 5

S e —— W WR—

n.s HNon-significant
* Significant at 5% level
#% Significant at 1% level

9, 1967
Treatments applied on ; =
Lamina.  Petiole Lamina  Petiole
July 6, 1967 h .
: el 3 midrib ____midrib
None (control) 267 58 334 86
g osggyg Al o7p 1 aa 316 116
Mgsg%iz Oalgiiy ERE/BRa)S s 48 300 83
Mgc%olf.}ai%os;iaﬁ G a0k 983 1873%  104%
+6H 0 (28 g Mg/plant) :

%11 %ppllcation - L L s
Mg(ng Hgﬂ_ SEEIuplws  ow 3533 314 79
Chelated Mg (5 g Mg/plant): s %

soil application il 48 L e
Chelated Mg (10 g Mg/plant); .
soil application s 2%+ e Lo
Chelated Mg (15 g Mg/plant); .
- soil application =02 i e -
s fﬁlf;imsfy/ FRLER 256 b2 2493 82
Eéglg E;iayms/ e 238 57 294 65
SM (4 g of /plant) ;
3011 cum foliar spray 244 68 312 12
L.5.D. at 5% level n.s 15,6 45,7 16,2
L.S.D. at 1% level - 18,1 60,9 21,5
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control shows that M3804 (14 g Mg/plant) and chelated Mg (10 g
Mg/plant) first resulted in a decrease but were later found to cguse
an increase in the Mn content of the petiocles., The plants receiving
NgS0, (14 g Mg/plant) and chelated Mg (10 g lMg/plant) had 33 and 26
ppm of Mn respectively in the petioles from the first sampling as
against 58 ppm found in control, In the second sampling, the con-
centrations of Mn obtained in the peticles of plants treated as above
were 116 and 111 ppm respectively. The petioles secured from control
plants during this later sampling had a concentration of 86 ppm Mn.
The decrease and increase observed were significant at the 1% level,
Magnesium chloride foliar spray also induced a significant increase

in the In content of the petioles of the treated plants over control.

The increase wag present in both samplings.
Effect of Treatments on the Cu Content of the Leaf Tissues

" The Cu concentration in the leaf tissues of the plants urnder
different treatments is given in Table 12, Foliar spray of MgSo,

at 21 g Mg per plant, soil application of MgCl_, chelated Mg used

99
at the rate of 5 g and 10 g Mg per plant and applications of SMﬁ were
found to increase significantly the Cu content of the lapminae of the
treated plants over control in the samples collected on July 16, 1967,
ILeaf samples collected 30 days after application of treatments

showed no such increase induced by these treatments. During this

latter sampling, it was found that Mg(mns)z at 5 g Mg per plant and

chelated Mg at 15 g Mg per plant increased the Cu in the laminae of

the treated plants over control, The increase in the Cu content of
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Table 12. Copper content in the leaf tissues of
bananas under different treatments
expressed as ppm dry weight.

July 16, 1967 _August 5, 1967

Treatments applied on Lamina ~ Petiole Lamina,  Petiole
July 6, 1967 + +
>3 midrib s midrib
None (control) 21 - 28 —
MgSo, .,7H.0 (14 g Mg/plant);
f%l' sSpray = .
‘MgSo, ,7H,0 (21 g Mg/plant); 3 = 25
£81ia% spray 2 =
MgC%%iﬁﬂgp (5 g Mg/plant) ; 23 2 39 =
ia® spray
MgCl_,6H 0 (28 g Mg/plant); " = =
sbil application =3 £y
Mg(No_)_ .6H 0 (5 g Mg/plant); 3t
foii%r s%ray = - =
Chelated Mg (5 g Mg/plant); ; |
: k ; 26"}5" : - 29 sl
soil application
Chelated Mg (10 g Mg/plant); ;
: : . 267 - 28 -
soil application
Chelated Mg (15 g Mg/plant); |
: S 25 - 337% =
goil application
(4 g of SM_ /plant); s
foliar spra? - > = &
M, (4 g of SM,/plant); s
35011 spray3 e £ s =
SM, (4 g of SM,/plant); -
Ssoil cum foliar spray 2% = . i
..S.D, at 5% level 4,8 - 4.4 -

L..S.D. at 1% level - - 5.9 -

T —— Ny Ty e R e A S, T T T e

¥ Significant at 5% level
#% Significant at 1% level
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the plants under NIg(m3)2 treatment was significant at 1% level,
The concentration of Cu in the petiole tissues of the plants

was very low and could not be detected by the instrument employed,
Iiffect of Treatments on the Zn Content of the lLeaf Tissues

Foliar and soil cum foliar spray of SMB’ each at 4 g SM3 per
plant, foliar sprays of MgSO 4 at the rate of 14 g and 21 g Mg per
plant, soil application of Mg(}12 at 28g Mg per plant, and chelated
Mg used a‘b_the rate of 10 g Mg per plant significantly increased the
Zn contént of the lamimae of treated plants over control in samples
collected on July 16, 1967, In leaves éampled later such increases
were observed ;‘Ln plants mceiving MgS0 4 foliar spray at 14 g Mg per
plant and foliar sprays of }u{gCl2 and Mg(l&)z)2 each at 5 g Mg per
plant, and soil application of chelated Mg at the rate of 5 g Mg per
plant. An increase was also observed in petiole tissues from the
second sampling in plants receiving foliai- sprays of Mgsoa at 21 g
Mg per plant, of MgClz, arﬂ.Mg(EOE)z each at 5 g Mg_per-plant. Soil
application of Mg012 at 28 g Mg per plant and chelated Mg at 5 g Mg
per plant also increased Zn in the_ petioles from the second sample.

Magnesium chloride and SM, soil cum foliar spray were found to

3

decrease Zn in the petioles from the first leaf collection,

|
|




36

Zinc content in the leaf tissues of banana under
different treatments expressed as ppm dry weight.

Table 13,

el R S = m——tr el

_August 5, 1967 _

Lamina Petiole

L EabeslS ik e S R i o

July 16, 1962___
Lamina Petiole

Treatments applied on

July 6, 1967 i *
2 - midrib — pidah
None (control) 38 76 35 37
fOll spray :
MQSO 7H 0 (21 g Mg/plant) ; 55 % 76 5 6 636
folla% spray -
MgCl 02 0 (5 g Mg/Plal‘l“b) 3 32 3 kY3
%11a% g 4Ll 5436% 44 48%
Cl,.6H 0 (28 g Mg/plant); s sesr
s%ilﬁgpplication o o - e
Mg (NO ) .6H_O g Mg/plant) ; ,
rodad s%r&y 40 71 43% 513
Chelated Mg (5 g Mg/plant) ; >
soil application 4 i o 97
Chelated Mg (10 g Mg/plant); s
soil application o9 98 28 2e
Chelated lg (15 g Mg/plant);
soil application 8 e 39 as
(4 g of SM /plant) 5
Poliap spray' 43 65 39 42
Sk, (4 g of SM,/plant);
A iy 46 60 36 46
m (4 g of SM_/plant); : ,
5011 cum,f‘iiar sSpray gt e 28 34
E.5.0. at 5% level 9 16 7 9
L.S.D. at 1% level - 21 ¢ 12

— —

* Significant at 5% level
¥% Significant at 1% level




V. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The present study was undertsken to evaluate the uptake of Iig
énd traces the interaction of Mg with other elements in the banana leaf.

The experiment was laid out using a randomized complete block
degign with five replications. Dwarf bananas of the Cavendish variety,

Musa nana were used as the test plants. They were planted in the fall

of 1966 on the campus of the Aumerican University of Beirut, Lebanon.
The following materials, in different forms and rates were applied on

July 6, 1967.

Foliar spray. Mgso&, at the rate of 14 and 21 g Mg per plant,
'Mg012 at the rate of 5 g Mg per plant.
Mg(ﬂns)z at the rate of 5 g Mg per plant,

SMS at the rate of 4 ¢ SMé per plant.

Soil application. Mg012 at the rate of 28 g Mg per plant.

| Chelated Mg at three different rates of 5, 10 and 15
g Mg per plant,
SM3 at the rate of 4 g SM3 per plant,

Soil cum foliar spray. SM3 at the rate of 4 g SM3 per plant.

Leaf samples consisting of the 3rd and 5th leaf counting from
the most recently unfolded leaf were collected twice, July 16 and
Auvgust 5, 1967,

The laminae and petioles were oven-dried and analyzed for the

following:

37
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Mg, N, P, K, Ca, Na, Fe, Cu, Z2n, Mn, and Nitrate-N,

No phytotoxic effects were observed on leaves in any treat-
ment. The following results were obtained,

Regardless of treatment and time of sampling the Mg content
was observed to be less in the petioles than the laminae., Foliar
sprays of MgClz, ME(ND3)2 and Mgsa4 caused an increase in the lg

" content of the laminae and petioles in both leaf samplings. The
highest increase in the Mg content in the two samplings of laminae
was obtained with foliar sprays of Mg(N03)2 and MgClz_ Chelated Mg

at the rate of 15 g Mg per plant,1Mg012 goil application and both

soil and foliar spray of SIM_.5 increased the Mg content only in the
leaves sampled 30 days after the application of the treatments. An
iﬁcrease in the Mg content of the plants under the chelated Mg treat-
ment resulted only in the laminae while the latter three treatments
increased the Mg concentration both in the laminse and petioles of
the treated plants over control,

The phosphorus content of both the laminae and petioles fram
the two samples was not affected by the treatments, .

Magnesium chloride decreased the K content in the lamina tissues
over control, The decrease was-observed in both leaf samples. Foliar
Syrays ofngSO& at 21 g Vg per plant, and those of Mgﬁlz, Mg(ND3)2
ayﬁ SHB’ and soil application of Mg012 also induced a significant
decrease in the K content of laminae from the second sampling. A
decrease in K was also observed during this second sampling from the
petioles of plants receiving Mg504 foliar spray at 21 g Mg per plant,

HgUlz soil application, chelated Mg at 5 g Mg per plant and both soil,
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and soil cum foliar sprays of SH%. Magnesium sulphate foliar spray

at the rate of 14 g Mg per plant did not affect the X content of
either the lamina or petiole tissues collected on both dates., Chelated
Mg at 15 g'Mg per plant and-SMS soil spray induced an increase in the
K content of petioles from the second sampling. Such an increase in
the K content of laminse was also observed in the first sampling of
plants receiving SM3 s0il cum feliar spray.

Chelated Mg at the rate of 15 g Mg per plant increased the Ca
content of the laminae from the leaves sampled first, SMB foliar spray
caused an increase in Ca content of laminae of the first and second
samples and the petiole of the latter,

All the treatments with the exception of Mg894 and chelated lig
at 15 g Mg per plant increased the Na content in the petioles from the
first sampling. In the second sampling, chelated Mg treatment at the
rete of 15 g Mg per plant caused a decrease in the petiole content of
Na with no apparent effect on the Na in the laminse, In contrast %o
'mg chelate, SM% soil cur foliar spray treatment increased the Na
content of the petioles from the second sampling,

The elements N, Mn, Fe and the Nitrate-N in lamina tissues
collected on July 16, 1967 were not affected by the treatments. In
only one case did Mg(Nbs)z increase the Nitrate-N. Similarly, in
laminge from the second sampling, no significant variation from control
was observed in the concentrations of N and Nitrate-N, However, there
was a significant increase in the Fe content of the plants treated
with ﬁg‘so4 foliar spray at 14 g Mg per plant. Magnesium chloride both

as folisr spray and soil treatment, chelated Mg at 5, 10 and 15 g lig
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per plant and SM3 foliar spray at 4 g SMj per plant resulted in
decreasing Mn in the lamimse of treated plants over control, The
decrease was observed in samples collected on August 5, 1967. Foliar
spray and soil application of Mgclz, chelated Mg at 5, 10 and 15 g lig
per plant and all forms of SMS applications were found to decrease
the N content of the petioles collected on July 16, 1967, However,
no such decrease in samples collected later on August 5, 1967 was

observed for plants receiving NgCl_ soil application, ard SMS foliar.

2
and soil spray. Magnesium sulphate at both 14 and 21 g Mg per plant
did not show any effect on the N content‘Of petioles from the first
sampling but was found to decrease it in petiole samples collected

on August 5, 1967, There was no effect of'Mg(E03)2 on the N content
qf petioles for both dates, In petioles from the first sampling, a
significant decrease was foundlin.ﬂitraté-ﬁ in plants receiving treat—-
ments aimed to increase Mg. During the second sampling no such
deﬁressive offect on Nitrate-N of petioles was observed, On the con-

tfany, Hg{ﬂﬁs)z and SMS soil spray resulted in increasing the Nitrate-

N content in the petioles, The treatments did not affect the Fe con-

tent of the petioles collected on July 16, 1967, except where chelated
Mg used at 10 g Mg per pl#nt and sz soil spray increased the Fe con-
cehtration over the control., The petioles of plants from the later
sampling receiving chelated Mg at 10 g lig per plant were also higher
than control in their Fe content, The rest of the treatments showed
no variation in the Fe content in the petioles of treated plants over
control, Eg504 (14 g Mg per plant) and chelated Mg (10 g Mg/plant)

first induced a decrease in the Mn content of the petioles but later
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an increase was observed., Magnesium chloride caused an increase in
the Vn content of-the petioles collected on both dates. The SMS foliar
sﬁfay, chelated Mg at 15 g Mg per plant and Mg(N03)2 foliar spray in-
duced a decrease in the Mn content of the petioles of treated plants
over control in the first sampling. Similarly'SMS soil spray and
chelated Mg at 5 g Mg per plant showed a decrease of Mn in the petioles
of leaves collected later on August 5, 1967,
The MgS0, foliar spray at 21 g Mg'per'plant,‘Mg012 soil
application, chelated Mg at 5 and 10 g Mg per plant, and SM3 applied
in all forms increased the Cu in laminae collected on July 16, 1967,
However, the only increase observed in the second sampling was in plants
receiving]Mg(Nﬂs)z foliar spray and chelated Mg at 15 g Mg per plant.
The concentration of copper in petioles was too low to be determined,
Magnesium sulphate foliar spray at both 14 and 21 g Mg per
plant,ng012 soil applicﬁtibn, chelated Mg at 10 g Mg ﬁer plant, and
foliar and soil cum foliar spray of SM? increased Zn in 1aminae
collected on July 16, 1967, These treatments did not affect the Zn

content of petioles from this sampling except where SM, soil cum foliar

5
spray was found to decrease it, A decrease in the Zn content of
petioles from the first sampling was also observed in plants receiving
MgClz foliar spray. Foliar sprays of Mfg.Cl2 and Mg(NDS)Z and chelated
Mg at 5 g Mg per plant resulted in an incregse of Zn in both petiocle
and lamina tissues which were collected on August 5, 1967, Magnesium
sulphate foliar spray at 14 g Mg per plant also caused an increase of

Zn in the lamina samples for this date, A similar increase was found

in the petioles of plants receivingMgSO4 foliar spray at 21 g Mg per
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plant and Mg012 soil application at 28 g Mg per plant.

The experimental results indicate that foliar sprays of MgClz
and }eIg(I\TOS)z were efficient and rapid sources for supplying Mg to
the banana plant. These treatments, however, caused a decrease in the
K content of the laminae, If this reduction is taken into considera-
tion, the use of these sprays to add lig to the banana plant is not
advisable unless K can be maintaiﬁed at an effective level, Similarly,
the increase in the level of Mg in plants receiving Mg012 soil
application was associated with a decrease of K in the tissues
collected 30 days after the a.pplication of the treatments. Hence, the
application of this material to supply Mg to the banana plant seems
undegirable unless K can be maintained at a sufficient level, Foliar
spray of MgSO0 4 at the rate of 14 g Mg per plant might be a good remedy
to the Mg deficiency in the banana plant because its use significantly
increased the Mg content and did not affect most of the inorganic
contents of the tissues studied. Magnesium sulfate was found to in-
crease Mg 10 days after its applica:hiqn, and this increase was main-
tained a month later, SMS was found to increase the Mg uptake, yet
ifs use cannot be recormended without further investigations because
it increased simultaneously the Ca content of thé leaf, In the
calcareous soils of Lebanon, where Ca is abundantly available and a
problem, any increase of Ca through the use of SM;:, nay cauée a nutri-
tional imbaglance, The same is true for chelated Mg used at 15 g Mg
per plant, This treatment was found to increase the Mg level after
having increased Ca in the laminae,

It can be concluded that Mg can be applied to the banana through
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foliar sprays. Magnesium sulphate at 14 g Mg per plant*was'found to
be the most effective and the safest to use under the experimental
conditions., However, further studies that examine the growth and
yield of the crop are necessary., Throughout the tissue analysis
conducted in this experiment, the petioles and laminae of the 3rd
and 5th leaves were separately combined and analyzed because the
amounts of material obtained from one leaf were insufficient for
running analysis. A comparison with standard published data has not
been possible because g combined analysis of the third and fifth

banans leaves has not been done elsewhere,
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Calculation of Means and Statistical Analysis

Table 14 is a sample table., It shows calculation of means
and statistical analysis for the Mg concentration in the petioles of
plants, receiving different treatments, collected on July 16, 1967,
The data presented in column three of Table 3 have been taken from the

last column of this table., All the other data reported in Chapter

IV have been calculated accordingly.
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