DEFICIENCY DISEASES AND THE SYMPTOMS
OF MAGNESIUM DEFICIENCY
D. Mulder and R, 1. de Silva

Intreduction

-

The recogaition of mineral deficiency and toxicity symptoms in the ficld is of
the utmost importance in crop-cuitwre. A deficiency symptom does not normally
develop until the supply of the essential element is well below the amount required
fur good health. This means that, if the planter sees a deficiency symptom, the
needs of the crop have not been met for some years. A deficiency symptom should
therefore act as a red light, an emergency signal from the plant, and the grower
should react, o ) '

Types nit' Deficiency Symptoms

Deficiencies of some elements affect the whole appearance of the plant. This
is well known for nitrogen, phosphorus and sulphur.  Other deficiencies affect onty
a particular part of the plant and the symptoms and their location presumably
depend on the physiological function of the deficient element, This kind of localised
reaction occurs with potash, calcium and magnesium. ' '

- Trace-element deficiencies cause rather localized symptoms as a rule but, when
their function is connected with growth, as with zinc and horon, they can also have
an over-all effect. . L L _

In its severest form any deficiency can suppress growth, though. the initial
effects may be rather localized. ' , L e e

Some elements are fixed and accumulated in the older leaves, with no possibility
of transport to younger parts. A deficiency of such an element tends to cause
symptoms in the growing parts. -'This is' the sitnation] “for s instance with:-caleiund}
iron, and boron. Other clements, such as potassium and magnesium, are readily
transported from older parts to new parts of the plant; the result is that the deficiency
shows up first in the older parts, which are depleted of the element to supply younger
growing parts. e . o o o

The difierent functions of the mineral elements result in very varied deficiency
symproms but-some classification is possible. . ‘

{1) Chlorosis of the leaves is a yellowing due to lack of chlorophyl; it always
indicates the defitiency of an element which functions in the building or the main-
tenance of the chlorophyl, namely ‘nitrogen, -$ulphur, iron, manganese and zinc,

£ f

‘which are related to the formation of chlorophyl; their deficiencies show up in the

vounger leaves. Magnesium is actually a part of the chlorophyl molecule; if it is
deficient, chlorophyl is broken down in the older leaves, making them chlorotic,
and the magnesium is removed to the actively growing leaves, -

{2)  Necrosis of leaf or stem tissue consists of the death of certain tissues; it can
be due to various causes and connected with many functions of elements, - Marginal
or inter-venal necrosid of leaf tissues is finked with ' potassium -and magnesium
defigiencies. . Potassium-deficiency. almost alwayy results in marginal leaf necrosis;
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magnesium deficiency results in marginal or inter-venal necrosis only if there is an
abundant nitrogen supply. Necrosis of young leaves is characteristic of calcium
deficiency; this symptom is l:rohabiy linked with the function of calcium as a part
of calclum pectate in the cell walls

Vegetation points and bark tissue (phloem) are specially liable o necrosis due
to boron deficiency, Boron has an especially important role in growth processes,
The same is true for zinc and copper, the deficiencies of which also can cause a
serious general collapse of vital growth processes. A fourth deficiency causing
necrosis In growing tissues is that of molyhdenum,

(3) Stunting of plants is just a milder symptom of the above-mentioned defici-
encies and is especially secen when there is a deficiency of zinc or boron and less
commonly of molybdenum or copper,

o ln!lueiwe of Weater Conditions on Symptom Development

" Both sunshine and rainfall have an effect on the development of syniptoms
{Wallace, 1951).

' 'Nit'rogcn-dcﬁcxencv symptoms develop more clearly under condmons of hlgh
intensity of light. Some tea clones (e.g. the fast-growing TRI 2024) show. this
clearly. )

Symptoms of potash deficiency are more severe under dry-weather cnndmonn :

Deficiency symptoms of magnesium can be pronotinced dring a'wet sedidn,
hecause this element leaches out of the soil; but a high light-intensity has also the
: cﬁ'ect of incmsmg magnu:um-deﬁuency aymptom by du-ect physmlagncal action,

"Rega rdl% trace ‘eléments, iron and zinc deﬁcncncxcs are more, severe undcr
condmom ‘of high ]tght-mtcnsxty 'Zin¢ has 8 function in the production of growth
hormones; if there is a shortage of zinc there is also a shortage of growth hormane;
light has the cffect of decomposing gmw:h hormones and thercby diminishing the
growth. = If ‘there is already a shortage of irowth hormone due to zinc deficiency,
the decompasition’ of ‘the hormone by sunshiné leads to a more ‘severe shnrtage of
hormone and consequently to a stunting of the plant.

i L Symptoms of boron deficiency are much'more pronounccd durmg a dry perm(l
due to lower avmlablhty of boron in the lOll
.n“)| [SERRE Ini: Tw‘ . A F
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. .The; symptoms of. magnmmrn deﬁc:enc;r in tea were first ohtamed amﬁcxally
m sancl culture (De Haan, 1941) as fdllows:—  * :

“In the case of magnesium deficiency, the old mature leaves go a hght yellow
colour, with the exception of the parfs situated immediately along the veins. -Some-
times the whale outer half of the leaf has a light yellow to white discolouration. The
young leaf is at first normal in colour.and development is normal. = The old leaf is
sométimes slightly. folded convexly. - Along the margin of the leaf, between the

i ‘ends’ of the' veins, there occur, now and then brown dead patches, but this 13 not

. vcry characterastsc” (translated from the Dutch).

In 1954 Tolhurst gave the followmg dcscnpnon of magncsuum deﬁcucncy symp-
toms as found in the field :— .

" g:rt from poor: gromh the main points of note were the dullness and brittle-

old leaves with, in:some bushes, a- pronounced folding upwards along the

mldnb "The leaves. were not -much reduced in size. -The-colour was pale'and

without . the dark, bluish- seen in a healthy leaf. ' The most characteristic

symptom however, was a diffuse yellowish brown. to :coffee: coloured ‘mottling which
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appeared as a vague mosaic between the main veins and towards the centre of the
leaf. Individual bushes vary in details, but the general similarity of the symptom
is apparent. The brown arcas have never been seen to reach ¢ither the midrib or
the leaf edge, or to cross one of the main veins.”

From these two descriptions, it can be seen that the symptoms may vary widely
according to the type of tea, the severity of the deficiency, and the type of leaf
observed. The abservations by De Haan referred (o the lower leaves on plants
growing up freely and he emphasized the yellow colour; Tolhurst was concerned
mainly with the older leaves in the plucking table and he emphasized the brown
areas between the veins.

Chenery (1959) has just described magnesium deficiency in tea in East Africa.
He puts special emphasis on the appearance of a “well-defined inverted green V

at the base of the chlorotic leaves'” and in Sther cases:a “herring bone pattern of - .- -

- main- veins on -a yellowish-greeni to brown or vellow background.” Both descrip-
tions apply to Ceylon tea. We agree with Chenery- that folded leaves are not
characteristic. -

Since the description given by Tolhurst, the frequency of symptoms of magne-
sium deficiency has probably increased in tea in Ceylon; in 1958, a vivid yellow
discolouration of the lower leaves was the most apparent symptom. At higher
elevations a brown discolouration does occur on plucking-table leaves that have shown
the chlorasis for a long time,

The Place of Magnesium Deficiency Symptoms on the Tea Bush

The two main factors influencing the occurrence and increasing the severity of
magnesium-deficiency symptoms are high intensity of light and high rainfall. Since
the leaves of a bush are not all equally illuminated, we may expect the symptoms
1o oceur in their severest form on those leaves that receive the largest amount of
light. If all leaves reccived the same light intensity, then the cldest leaves should
show the most severe symptoms, because it is well known that the older leaves are
gradually depleted of magnesium for the benefit of deficient growing leaves.

An approximately uniform distribution of symptoms over all the older leaves
occurs only on young plants that grow up frecly without being pruned and that
stand far enough apart not to shade each other. This pattern has been seen on a
few plants that grew up freely to a height of about ten feet near an experimental
plot at St. Coombs.

Clear symptoms on the lowest leaves can also be expected on clonal plants
belore they are pruned for the first time, because plenty of light can pencetrate to
the inner region of the bush, As soon as the bushes start covering the soil, however,
and a plucking table has been developed, then the situation changes completely
because very little light penectrates below the plucking table. This leads to a
peculiar distribution of the symptoms in bushes some years after the first pruning.
Depending on the density of the foliage, one finds the symptoms at the level of the
plucking table in the first mature leaves and from there downwards in rather rapidly

decreasing numbers in older leaves. . i this case we do not find any symptoms on .

the lowest leaves in the bush but we find a'$&vere chlorosis immediately below the
growing shoots. On exposed sides of the ficld along roads we find the same symp-
toms on lower leaves as well.

Because of the practice of plucking, the distance between chlorotic leaves and
young growing healthy leaves is very much reduced, as compared with the situation
in frecly-growing crops. As a rule one finds on woody shoots, between the chlorotic,
magnesium-deficient, leaves and the growing tip, some mature leaves that are not
yet affected by the chlorosis. Because we compel the bush repeatedly to produce
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hew shoots from old dormant buds near old leaves, these old leaves become mare
and more depleled of magnesium aud exhibit the chlorusis.

With a less dense plucking table, the chlorosis. may develop mzunly on leaves
lower down in the bush and may easily be overlooked.

The Range of Symptoms

Chlorosis is the most characteristic symptom and direct effect of magnesium
deficiency. After the development of chlorosis, a further process of deterioration
may take place in the form of browning of the leaf surface due to neerosis of the cells.
Acute sun-scorch may also develop in the chiorotic area. Finally, marginal or
inter-venal necrosis may occur, but this stage has only rarely been observed in
Ceylon*. The chlorosis may develop in many different patterns On leaves of

-~ low-jat clones the chlorosis is, as a rule, more evenly spread over the leaf; with only
some green tissue left along the midrib. - In the last stages, low-jat leaves are almosl
completely yellow.

__High-jat tea reacts in a different way; the chlorosis starts as patches of inter-
venal and margmal yellowing which can resemble manganese deficiency, Later,
this yellowing increases-and develops into a clear marginal and inter -venal chlorosls,
leaying only a narrow strip of green along the midrib. -

A common symptom of magnesium deficicncy in woody plants is the’ sheddmg
of the chlorotic andP necrotic leaves, This has not been observed on tea. It is
quite possible, however, that in magnesium deficiency the life of the maintenance
{oliage is shorter and the total number of leaves remaining oft & bush ‘therefore
smaller, ‘ o
1 ’I|<‘,"' Tt
~SensiﬂvityofPlantsgrownfromSeedandGlonaiMaterial et
o ari e cade e e T

~viInotea bushcs grown from sced thc sensmvny to magnesium dcﬁc:ency must
vary from bush to-bush; in clonal matenal on the other hand, all' the bushes in'one

~clone must have the same inherent sensitivity. Deficicncy symptoms are. therefore
likely to show up more dramatically in some clonal plantings than in old mixed
tea; there is, however, no reason to suppose that the clones in usc arc an the ‘mverage

. more sensitive than material from seed. . There may, however, be an effect: because
_clones are selected for. v;gorous growth they mzq.r show deficiency: symptoms carlier

;a,ndmorcclear]y. o, Cte by

. There is no doubt that scvcral clones, both high jat and low jat, al‘c Very gé(xl
indicators for magnesium deficiency., . Of the hlgh-_]anclonca,nTRI 2024 and TRI
12023 are. good examples. .- TRI 2025. seems to be more resistant. . The low-jat
Court Lodge clone.CL 72 is outstanding in sensitivity to magnesium deﬁczency,!
“are also. Court. Lodge, CL 26 and Moray 23. The fact that-these clones, develop .
‘the symptoms so clearly does not -automatically mean that -they. also suffer.more
from. this dcﬁmcncy Other . plants 'that-do not show.symptoms: so -casily -tnight
suﬂ‘cr iin some other way not visible to us and their growth might be retarded to the
same extent.. We shou{d therefore be grateful to the clones that doshow. symptnms.
because. lhcy mchcate .hr needs of thc sm.i 8O (.lcarly in this rcspcct. “

', - : o !
- s-.>..' »v v

Coloured Pictares of Deficiency Diseases

Y

A series of coloured plates has been published by De Haan (1941) showmg the.
dcin:zency symptoms’ of calcium, maguamm, phosphorus, mtrogen, and sulphur.

- ., * Ttis a well-known fact that riecrosis develops severely oaly at high nitrogen lcvcl Perhaps
we hnve not reached such a high nitrogen putrition in Ceykm or perhaps high rainfall prevents.the
developiment of suchi a high nitrogen level,
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Marginal and intervenal chlocosis on mature leaves
of tea clone T.R.I. 2024 due to magnesium deficiency




Potash-deticiency symptoms were illustrated in colour in the Tea Quarterty in 1933
Ly Portsmouth. Since then, no pictures of this kind have been published and
nothing is available for the Ceylon planter.  Tolhurst mentioned the need for such
plates in 1934 in connection with magnesium-deficiency symptoms. It is hoped
that the coloured plate presented here will be the first of a series of pictures of
deliciency symptoms and other signs of diseased conditions of the tea bush.

- The picture lustrates ouly a few variants of the symptoms of magnesium
deficiency and the planter needs o study his own bushes and find the resemblances
between his trouble and the present illustration.  We do not claim to cover the full
range of symptoms that might be associated with magnesiun deficiency.

Scparate reprints of this plate are available from the Institute at cost price.
The idea is to have « series of plates assembled in a special cover imo which the
plates can he put oue by one as they hecome available.

Leaf and Stem-Injection Experiments for the Diagnosis of Lower-Leaf
Chlorosis ' o
The methods of Roach and Roberts (1943} for identification of mineral defici-
‘encies have been applied to lower-leal” chigrosis of tea but so far. without useful
‘result.” It is possible that the leaves and stems used were too old for the purpose
‘and could no longer react by producing new chlorophyl. It is planned to repeat
“these experiments with younger clonal material, o .

C Gy o

Ficld trials on magnesium deficiency in tea.- <A summ'ax:y of the 't\y'o_ ﬁi!ld trialy can
ried out for the diagnosis of the symptoms of lower-leaf chiorosis, suspected ol heing
~duc to magnesium deficiency, is given below.  The symptoms, inter-vénal yellowing
‘on the lower-leavey;-were similar-on-the material-used-in-hoth-trials ~—— —— o’

Method of assessment of the degree of chloresis.—In the two field wials, the degrec
ol chlorosis was measured by plucking about 25 leaves 4t rundém fuom the lower
part of each bush; which is the region where the symptoms of chlovasis are most
pronounced.  The healthy leaves of the entire lot were sepiarated from thase show-
ing symptons of the typical inter-venal chlorosis, and the percentages of the chlorotic
leaves were caleulated (Table 1.

IriaL No. 1 . o
Location :—-clonal area, No. 1) Field, 8t Cooribs Estate. _ _
Material:—cach treatment was applied to seven-year-old plunts of Moray
Clone No. 23 and was replicated wwice.

Number of plants in cach treatment=12.
TrREATMENTS o : S T
o . o, ! oL o - e P

. (1)__Half a gallon of a *29%, sofution of magnesium S,E'h’.hfl}_ﬁﬂ:{lsﬂ.’.ll salty) was
jsprayed weekly on 12 plants for 33 weeks {i.c. 6-7 fluid aunces per plant per weeks,
E (2) Hall a gallon-of a 29 solution of magnesium sulphate, into which a
sticker had been incérporited, was spraved weekly on'12 plans for 33 weeks.
: (8) * Ome gallon of a 2% solution of magnesium sulphate was injected weekly
‘for 33 weeks into the sall avound (2 plants, the poings of injection heing.9-12 inches

taway from the collar of each bush, .. ) :
- {4) . 'Twelve plants were kept for 33 weeks as untreated controls,

! (5)  Half a gallow of a 107 suhution of magnesium sulphate was sprayed
awveekly on 12 plants for 8 weeks, ' ‘ .

i (6} Halfa gallon of a 597, s dution of ﬁmgmtsium sulphate was fspraycd weekly
on 12 plants for 8 wecks. ' :

’

i
! 1

& Phag s, 29, Me8Oy,, 7 1,05 this s alout 1, Mg30,.
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{7) One gallon of a 5% solution of magnesium sulphate was injected weekly
for 8 weeks into the soil around 12 plants, the points of injection being 9-12 inches
away from the collar of each bush.

(8) Twelve plants were kept for 8 weeks as untreated controls,

‘TABLE 1.—The effect of spraying or injecting magnesium-sulphate solutions
on the occurrence of lower-leaf chlorosis

Duration of No. of %
‘Treatments - treatment applications chlorotic
|r leaves
1. 29 MgSO, spray | 19-9-58 1o 23-5-58 33 6.1
2. 2% MgSO. spray with . : P S . R
sticker do. ; 33 6.7
3. 2% MgSO, injected
into the soil do. 33 42.8
4. Untreated control do. 0 68.7
51 0% MgSO‘ spray . 29-5-58 4;0 31.7-58 8 nif
6. 5% spray -do. 8- 7.1
7. 5%; Xx%ng injected ,
into th do, 8 10.5
8. Untreated control - do. 0 53.8
TriaL No. 2

Location:—clonal area, No, 4 Fu:ld Court Lodge Estate Kandapola

Material :-—cach treatment was ap to seven-year-old plants of Court Lodge
cone CL 72 { = Nﬁ),mdmmpﬁgfed four times.

Number of plants in each treatment=10.

TREATMENTS

(1) Half a galion of a 29, soluhon of magnmum sulphate was spraycd wer.kly
for 23 weeks on 10 plants.

(2) Ten plants were kept as untreated controls.
Table 2 shows the results obtained in Trial IL

Taste 2.—The qﬂ'm‘ of spraying magnesium-sulphate sotutwn on tea p[an!s

~Leaf thiorosis from 11-3-59 to 12-8-59

: No. of % -

Treatments _ applications | chlorotic
: leaves

1290 MgSO, spray . . Block | 23! ~.39.6 .
AN . Block 2° 23 14.6
3. do. ‘Block 3 23 25.5
4. do. Block 4 23 19.6
5. Untreated controls Block 1 - 77.3
8. do. Block 2 - 82.4
7. do. _ Block 3 —_ 81.3
8. do. Block 4 — 81.0
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Disenssion

From Table 1 it is evident that spraying of magnesium sulphate has been
effective in diminishing the degree of lower-eaf chlorosis considerably. A 109
solution after 8 weekly applications caused the chlorosis to disappear almost com-
pletely. Sﬁrayings with 5% and 2%, solutions of magnesium sulphate were also
effective, though to slightly lesser degrees. Soil injection with 2%, magnesium-
sulphate solution had no worth-while effect on the chlorosis, but soil injection with
a 59, solution appeared to be more effective.

From Table 2 it is clear that spraying with 2% magnesium-sulphate has
reduced lower-leaf chlorosis. There is a significant difference between the per-
centages of chlorotic leaves in treated and control plots,

Pot experiment on the influence of eelworm attack on agnestum deficlency in tes,—
A preliminary pot experiment was devised;todnvestigate the. effect of foliar spraving
and soil injection of magnesium-sulphate solution: on plants growing in s0il infested
with meadow eelworm (Pratylenchus coffeas Shec & Allen, 1953),

MaTERIAL.— 6-8 plants showing scvere symptoms of lower-leaf chlorosis of
each of the following six clones were used:—

(1) TRI 2024 (4) Drayton 95
(2) TRI 2025 (5) Delmar 10/2
(3) TRI 2135 (8) Diyanilakele 13

The plants were about five years old. The date of inoculation of the pots with
meadow eetworms was 24th March, 1959,
The volume of soil in each pot was about 18 litres (two-thirds of a cubic foot).

The method of assessment of lower-ieaf chlorosis was similar to that given above
for the two field trials.

The following treatments were applied:—

(1) foliar spraying of 2%; magnesium-sulphate solution, on plants growing
in meadow eclworm-infested soils, at the rate of 1 gallon of solution per
25 plants weckly.

(2) foliar spraying of 29/, magnesium-sulphate solution, on plants growing
in soils free from meadow eelworm, at the rate of 1 gallon of solution per
25 plants weekly.

(3) 2% magnesium-sulphate solution was poured into the pots containing
soils infested with meadow eelworm at the rate of 175 ml. per pot weekly.,
The total quantity thus applied was 87.5 grams MgSO, per pot for the
25 treatments, -

{4) 29, magmesium-sulphate solution was poured into the pots containing
soils free from meadow eelworm at the rate of 175 ml. per pot weekly.

(5) untreated controls in soils infested with meadow eelworm.
(6) untreated controls.in-soils free fromieelworm. . -

Table 3 shows the effects of the slﬁfays and of the soil injéétiom on the degree
of lawer-leaf chlorosis in soils infested with meadow eelworm and in (umigated soils
free from meadow eelworm,
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TasLe 3,~The effect of 2%, magnestum-sulphate spray and soil injection, on thedimime i1
tion of lowwer-leaf chiorosis on meadpw-eelworm infested soils and on fumrga!ed
ml.s' ﬁee Srom meadow eclworm (ireatment: ﬁam 23-3 59 to l._-8-59)

e

] ! ]

. i Eclworm i %,
Treatments . present + G No.of  chlorotic
: ahsent — - ¢ applications | leaves
1. Foliar spray + i 25 : 8.9
.2. Foliar spray . - - ! 25 .. ... 38
3. Soil injection + ! 25 " 5.9
4. Snil injection ! — : 25 6.4
5.+ Lintreated.control: + N RT3 PO
— AT A 63.8 f

~ 8,~ Untreated cotsirel
R R . ;

Discnséft;ﬁ ‘

From Table 3 the foliowmg conclusions can be drawmn i 4! ;-

(1) The rcsults obtamcd m the field trials are confinﬂcd {m the pot experi-
ment, where the foliar spraying’ and' soil injection of mégncsmm-su!phatc soluuon
(DﬂSldCl‘abl)‘ dz{mnuht:d the degree of lower:leaf chlorosis. e

(@ "The echctwencss of foliar spraying and. scul mjecpon of magnes:um,.
sulphate, SPluthl'l in dimmlshlng lt)wea ~leal, chloros:s 13 not much mﬂucnced by the
presence’'of "o Hea¥y infestation 'a thesidaw celworm ' in "thie ‘soil; ' théré is &’ vcry
significant differénce in’the percentage’of chiérotic leaves in the treated‘and cnntrn!
plants, irvespective of the meadow-eeiworm infestation. Peien Brpier ul

Snmmary e S R

[Nt ll
1. A gcncral account is given of' types of deﬁc:cncy symptom'a and of the
influence of w&?;tphcr condltmns .on the appearénce of these symptoms. .

PREP  Mfrefiaiite THheavingas

2.= Thn: lnrramre on. magnesmm deliciency in.tea is rcwcwed in. the ]Ighl af
symptoms of magnesium deficiency as now commonly foupd. in. Ccyl.on Emphasns
is laid on the occurrence of margma.l and inter-venal chlorosis in mature leaves in
the 'pl’uckmg table and in older mature leaves ‘as fat hs'thcy At etpbscd to-full'day-
hght as the main bharactcnsuc symptoms: of magncsmm dcﬁmcnc‘y e

i
1F i qsttg

“3: "THé effect of hght on 'the dc»clopment of magncsmm-dcﬁmcncy symptnmq
in connection with their occurrenge on the tea bush-is d:scusscd '

R T lA‘hstof‘scnﬁimé’and iore resistant clones'i tsgwen R

5. Thé vatué of Golovired pictures of dcﬁmency diséiisés is didcussed in connec-
tion with the addition. of a colour plate of'magnesiam: défi¢iency 1o this article.

6. Results are given of spraying on to the leaves of the plant and injection
into the smi of magnwxum-sulphate solunons of dxffcrcnt strcngths fm‘ dmgnoatlc

pul’posﬁ’ - .r-'|‘: b a -
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