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Methodology

This book is the first attempt to document the visible
symptoms of nutrient deficiencies for Swietenia
macrophylla and Cedrela odorata. The symptoms have
been developed under carefully controlled conditions,
mainly in solution cultures in glasshouses, but also in soil
cultures in pots and in field studies. The symptoms are
primarily derived from young plants less than 8 months
old, and while the descriptions in this book will be useful
for identification of nutritional disorders in young plants
(eg nursery stock and newly planted field plants), the
symptoms visible in mature trees may differ somewhat
from those in this book.

It was not always (technically) possible to obtain the
necessary degree of deficiency (or excess) to induce
symptoms for all nutrients for all species, especially for
the micronutrients. Therefore, if visible symptoms for a
particular element are not included in this book, this
omission does not mean that visible symptoms do not
exist for that nutritional disorder; but rather that they
were not developed under the conditions used in the
present study.
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Brief Glossary of Terms

axillary bud
The bud from which a branch grows. It is called an
axillary bud because it is in the axil of the leaf. It is
this bud which defines a leaf.

abscise/abscission
Detach; fall off.

basal
Near the base of the leaf; i.e. closest to the stem.

chlorophyll
The photosynthetic pigment in plants that gives leaves
their green colour.

chlorotic/chlorosis
Leaves (and sometimes other plant tissue) lose their
normal green colour and turn vellow or white.
Chlorosis is caused by the loss of chlorophyll from
the tissue.

compound leaf
The leaf blade is divided into leaflets.

distal
Near the tip of the leaf, i.e. away from the stem.

internodes
The portion of the stem between two nodes.

interveinal
Refers to the tissue between the veins of the leaf.

lamina (leaf blade)
The flattened part or blade of the leaf.

marginal
Occurring on the edges of the leaf.

meristem
The growing point, usually of the stem.

nodes
Points where the leaves (or branches) emerge from
the stem.

petiole
The stalk that connects the leaf lamina to the stem.

necrotic/necrosis
Tissues, or patches of tissue, which are dead. Usually
such patches are brown in colour and have a dried
out, papery appearance.

rachis
An extension of the petiole in a compound leaf.
It is equivalent to the midrib of a simple leaf.

simple leaf
The leaf blade is entire and is not divided into
separate leaflets.

How to Use This Book 5



Steps in the Diagnosis of Nutritional Disorders
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* The location of the symptom. Does it appear only on
the leaves or stem or roots! If it is on the leaves, are
they the youngest or oldest leaves or over the whole
plant? Does it occur mainly near the tip of the leaf,
mainly near the base or over the whole leaf? Does it
occur only on the leaf margins or does it occur only in
the body of the leaf? Does it occur only between the
veins with the veins remaining unaffected, or are the
veins the only parts affected?

e The colour of the symptoms. Are they pale green, or
a pale or deep yellow (i.e. chlorotic), or brown, or red?

* s the tissue live or dead (i.e. necrotic)! Here it is
important to realise that dead tissue is not always
coloured brown, but may be white or even yellow.

* Has the size of the plant or organ changed? Stunted
growth is sometimes the only symptom of
phosphorus deficiency in some trees.

* Has the shape of the organ changed? Some disorders
cause the margins of the leaves to turn upwards and
the whole leaf may become cupped.

* Has the orientation of the plant or organ changed?
In some disorders the plant or leaves may have a
wilted, limp appearance, or the tips of the leaves
may become twisted.

* Can you see a pattern to the development of the
visible symptoms from mild to severe? The sequence
or order in which the visible symptoms appear usualty
follows a definite pattern as the disorder progresses
from mild to very severe. For example, in the early
or mild stage of a disorder, palé yellow chlorotic spots
may appear near the margins of the leaf, mainly
towards the tip or distal portion of the leaf. These
chlorotic spots may advance towards the margins
and, as the tissue dies, become brown necrotic spots

surrounded by a halo of yellow chlorosis. Eventually,

as the disorder becomes more severe, the necrotic
spots join up to produce a brown marginal necrosis
that grows towards the basal portion of the leaf, and
advances into the body of the leaf between the veins.
By carefully examining a number of leaves on the same
plant, or a number of different plants, it is possible to
see and describe all stages of the disorder.

The final diagnosis. VWWhen as much information as possible
has been gathered, use one of the keys in this book to
identify possible nutritional causes for the symptoms.

Notes of caution

An absence of a symptom does not necessarly mean that
nutrient constraints are absent. For example, P deficiency can
cause severe growth reduction without the development

of other visible symptoms. Similarly, plants grown in soils of
generally low fertility may appear healthy in all respects
(visual appearance, nutrient concentrations, photosynthetic
capability) but still have reduced growth rates.

Some symptoms in trees can be caused by agents other
than nutrient deficiencies, such as insects and other
herbivores, environmental stresses (temperature, wind,
water), salinity, toxicities of nutrient and non-nutrient
elements, pathogens, pollutants, pesticides and herbicides,
and genetic factors (Dell et al. 2001). The possibility that
these factors may also be present must be considered
when assessing the cause of a particular visible symptom.

8 AVisual Guide to Nutritional Disorders of Tropical Timber Species: Swietenia macrophylla and Cedrela odorata
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Symptoms based on leaf colour: position of chlorosis
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Symptoms based on leaf colour: necrosis
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Symptoms based on leaf shape and condition
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Symptoms

In seedlings, the symptoms develop rapidly when nitrogen
supply becomes limiting. Growth slows down quickly and
the stems become thin and spindly.

In contrast to most other species where the symptoms
appear firstly on older leaves, in mahogany the symptoms
always appear first and are more severe on the youngest
leaves. A pale sreen to yellow chlorosis develops evenly
over = whue ioif, producing pale green to yellow
vounger leaves while the older leaves remain a glossy dark
green. At thic aarly stage of development of the deficiency,
it is difficult to distirauish between nitrogen deficiency and
su pnur deficiency (compare also with iron deficiency).

With a mild deficien ~ the older
‘he youngest leaves develop the

ves remain a dark,
‘0s green and on
pale green o cllow chlore<.. As the deficiency becomes
more seve~, r 1 the older leaves develop the chloro:
and - © = 1 7ale reen colour When Lhe urset of the
deficiency i. in st ' . pid, a red colour may develop in
the m'svvin 0, (he old leav.  ind the lamina may

become ~linost bron e in colol.

Nitrogen (N) Deficiency

Occurrence likely

= Mineral soils low in organic matter, with a neutral
to alkaline pH, and where organic matter has been
depleted and is not being replaced.

*  Where large amounts of organic matter with a high
CN ratio have been incorporated. I his may be only
a transient deficiency.

»  Light-textured soils (eg sands, sandy loams) where
rainfall is high and soils can be eusily leached.

Occurrence highly unlikely
*  Peat solls recently limed for the firs. 1 me.

*  Soils where large amounts of organic matter wili
low C:N ratio have been 1t ¢ ity incorpo.. d.

with o recent
history of ammonium rer i .Lion or ammoni  on

»  Clay solls {with smectite min

of organic matter.
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Symptoms
[y oor oo, o0 . Loe < nhoobhor. .
CeCorgioesT o od g « sdc foliar
syootome o w0 4See 0 7t i phosphorus

C owe b L oseec e puL ere is generally
noothed’.re 7. dpe ce be ween phosphorus-
deficiers aindt o . 3 Lo e ifthereisa w

owled: o oA cra wid o ory of the plants *h

phosphorus =0 ..c*.. >be cor. dered a possibir v
aerere oo e A ic folle < mptoms but the
plants . zowi  LoC v expected.

Wrony oy~ abesphor deficiens . prolonn d
1 oo o 5doatio TCCING 5 are very

Loed may ¢ eloy cict chloros.,

Phosphorus (P) Deficiency

Occurrence likely

Phosphorus is one of the most wide: . sad def ‘nce
in tropical 3¢ 5 Deficiency of phosphort > more

o occur in:
= Minerdl ils low in oty nic ~ tten
* H uy weathered, aluminiu~ i ivor -rich acid soils

(eg old soils f o vasalt) whe = ohosp e’ ixeu n
less available forms.

+ Acidic soils tiat ¢ nain alio, nane (€ voie T T
, or ikaolinite clays.

+ Alkaline soils hish in caic um and masne .- m .. 2
the phos ~hate may be tied up in insol: ile > < arated,

* lcached quartz sand, a1 nc.l i

»  Sois where thetor vilha noonle Dot o jon.

Occurrence highly unlikely

*  Soils recently converted fre~ e cultut
{where P fer nisers were used).
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Symptoms

As potassium becorries defic ent, the young seedlings grow
imore slowly and stems become thin and spindly.

The developiment of wivy edges on the younger maturing
leaves is the ... st foliar symptom to appear As the

def ‘ency increase. .n se erity, brown necrotic spots
aevelop in e ~mina belweer e main veins and near
the mat 21+ e young maturns leaves. As these leaves
b ome e, the necrosis ac'; towards the leaf

~ o form a continuous necrotic margin. Initially, the
~n necrosis is imot - nronounced towards the le ~ ip
han e af sase, bu . spredds fro ~ ve tip towards the
base of the . . _these ity of the deficiency increases

in oo ing T aves. When the deficiency is very severe,

v ¢ o develop a strong yellow interveinal
Clo sue ceen e vein ana e leaf margin
Loaich rem Lo de creen.

Potassium (K) Deficiency

Occurrence likely
* Highly weathered mineral soils low in organic m  ter.

«  Light-textured soils (eg sands and sandy loams)
formed from parent material low in pota _.um
(eg sandstone, limestone and some sranites).

»  Mineral soils where the original potassitim has heen
leached by heavy rainfall.

Occurrence highly unlikely

+  Potassium deficiency is unlikely in young soil  ormed

from parent inaterial that is rich in pol. tn, .
from igneous rocks.
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Symptoms

C cum-cefice seedlin® . wp rrow g dovelop
"ort, stout «tem<. 1ne roo. dccome T ort and thickened,
anc” vowth of the [. =1 [ roots ce. e, giving the root
Lyste™ ~ overan SLmpy appearance.

1

X . syMpLois (0 appear on the leaves are an

inte . aal pale yellow chloror  tnat s similar to, but not
as < e s, U roduced by Lon deficiency As the
defic ¢ vecomes mo = severe, brown necrolic patches
develop within e yellow ¢ oros on the new leaves.

As the deficiency progresses, a L o vn margindl Necrosis
dovelops on the new leaves  .1d extends into the

inte inal area ~roducing a colour pattern on the new
ioes consistn o Ldark rown necrotic mirein with a
pale  "ow c lorotic arca s Daratir - the marginal necros:s
fror e ek green tissue L round ne ne midvein.

Only v rew lcaves ¢ w ected; the older leaves remain
a healthy dare - reen colour  Jd without visible symptoms.

When lhe defiuend, © ve  severe, the eme™ ngle  es

0

become faccid, wilt rapic '/ and die, often within two days

e beforeo” C L dtom L. develop. Evenluany, the
Tt M SOPS Procucil . new @ ve s and the younges.,
me  eieav w1 nad remainec dart - grec |, develop

. na alyellew chic. sis ana orown new osis, The oldest
le ves {ie. those nat b o developed oefore calcium
became defic ~~ ; curn a dec ~ dark « reen colour but

O erwise nov' 1o 1 o 5371 OIS,

Calcium (Ca) Deficiency

Occurrence likely

+  Acid coarse-textured soils (¢ < .ady sc.. rom
granites) in the humid tropics where the original
calcium F, been removed by heavy rain L

«  Strongly acid peat soils where total calcium is low.

»  Alkaline sodic soils where high pH and high
exchangeable sodium depresses the uptake of ¢.” ium.

* Many humid tropical soils where the pH is less than
4.5 and soluble aluminium is high and exch hgeable
calcium is fow.

Occurrence highly unlikely

* Calcareco olls (e those derived from coral
or limestone).

«  Soils in and regions.
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Symptoms
A ;o becamae . e um defic ent, thew
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L Magnesium (Mg) Deﬁc_ien(;

Occurrence likely
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from, 1e 1 N netop v e Uo7
mdagnes L nor cemovec b eaching.

Stror o Lol acreto ma S 0 low
Solle *.. " 1 ve been ove e sdw koo

ov. limec, o N orammoi .. M, thusin. o

the upt tke .7 .. nesium,

Occurrence highly unlikely
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Symptoms
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Sulphur (S) Déficiency

Occurrence ikely
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Symptoms
T.e ., mptor. 5ot 0 ler D ne onear rapidly, although the
20 n o ;ow no redl ‘on in iuie of growli,
As he e cofthedefic » cince s rowth o e
sour plartslows cow © u 1e” e becomes spindly.
[ Lo tom o e earisa it vellow nwerveinal
NERRUNL ~mo L cen matured leaves Al thie  ee
AN ~ oc ppea 1novovand health, dale
L0« e e ~lde ~.. normal and he. hy
Qi .. eencoous( - T 7 e er and se ohur
Goown L)AL mcave ol lr e getic ency incre s,
“teve cilore thecomes cha 2 e foriron
¢ mstheve sior i gieen it 1o al heal ny
T, L. . ..~ —easc - wholelea vecome an
F L e O
Woon O oadef ene, Ll wvere, e intervein L
o roamo vhoondor s he ™ jorve roren
oale | en Bt S7 7 Canacle stic symptoms of
i..oe L loalore apnc .ed o both the you ¢
Yo eme NG e exnanding young leaves, and
consomro el o u wee nay begin Lo show
501’ e Coorost | , acvelopn, youn |

cweosofientt Al ditie e x pink colour when the

« M0, severe.

Iron (Fe) Deficiency

Occurrence likely

o Al
where levels o solu e ror

o

n1e or i reous solls with hi 1 pH (7.4 8.5)

*  Walterloeved or compacted (wet) calcareou 5o

(including roads made from cor«

»  Coarse-textured >0 s 1ow In Ot
white sanas).

»  Pe ' solls where orgar

* Acd soils with ve ni7, - ieve'™ »n soiuble ma

zinc, copper faither 111 o

applications of co et hasse Tuagcides), or

bble).

O™ 1t

nooLer 1es up sc

Oom exces

(cy serdentine 5o ) which depress -

iron by plar. .

Occurrence highly unlikely

*  Acid to neutral mineral soils

soluble manganesc, 7ing, copper orr ..

»  Flooded non-calcareouss
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Symptoms
Zincdefic s cace b ~ofgrow 0 of s dlic s

0T ey € 2 D oome u, vic shor't
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DoV oeC T %l soadva o s oards, mainly
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emer . | s xhibiiane.. ‘er..of symptom
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are ¢ roonidt e sear .ne necrotic, | ning pale brown.
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Zinc (Zn) Deficiency

Occurrence likely

o Coor o lire Lo0 especidl, hose s YT el

W g o zine T den o

e Sand bLixueduse W WQw T 0N

* So derived from pare . mater T low in e
(m ] Vit el \

« Som ¢ ey cha  w v o N

*  Some or~ nic soils where " ¢ betied »in
formr ¢ ava e lopl ~'s

*  Solls where erosion or mar- M¢~ 7 oac ¢
exposec s sol with low levels o ou e,

*  Acdic, comse exuwred solls where ~uwble
has been i acred by eavy 1ol

* Su sk e frequent heavy app wa lor f
wsphoru , copbey; rmanganese na ol »
occ b ondunikeofzincisin iled by

le.el. ot .. - elements in e i

* Flooc dorcompactec .. (tnos . hiv He 0

hi leve's orc. hable fron and mar anesc ).
* Soils hi ainfine ¢Loor

A tempor. - deticency of Zine canoc wrt Jrd o

conditionsw ~ > <eof - Wt c

ol avallable zinc i a di o ol horizon.
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appe (Cu) Deficiency

Syn o s Occurrenc~ likely
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Manganese (Mn) Deficiency

Sympto: s Occurrence |2y
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Symptoms
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Manganese (Mn) Toxicity

Occurrence likely
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Occurrence highly unlikely
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Eé_drela o_dora tal.

cedar

cedarwood
cederwood

cedro

cedro amargo
cedro colorado
cedro real

cigar box cedar
culche

Spanish cedar
stinking mahogany
suren

surian

West Indian Cedar

yom-hom



Symptoms based on

Symptom Key

I fCcoioun s i,

l'e f shape wrd condition

Stem: nd o om N poine

Key se~~ 109 13
Key sage, |14

Key rages |'15-116
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F Symptoms based on leaf colour: chlorosis pattern

\ o e . Mn
a2 s oa Tox

Vi ree I
o Mg

109



Symptoms based on leaf colour: chlorosis position
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Symptoms based on leaf colour: necrosis J

Pattern:
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Symptoms based on leaf shape and Conditionw
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Symptoms based on stems and growing point
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Nitrogen (N) Deficiency

Occurrence likely
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Ph“osphorg(P) Deficiency

Occurrence likely
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Symptoms

As polassium becomes deficient, young seedlings grow
more slowly and stems become thin and spindly.

Potassium deficiency affec 5 older leaves more severely
than younger leaves. The first sign of potassium deficiency
is a slight chlorosis in the middle of the blade of older
leaves. This is followed by a marginal chlorosis in the
youngest mature leaves which eventually develops into a
strong interveinal chlorosis. Although the Ieaflets develop
a severe chlorosis, the bases of the leaflets remain green.
When the deficiency becomes more severe, the tips of
the leaflets become necrotic, but their bases remain green.
By this stage the young leaves are star . ng to show some
chlorosis. Some older leaves develop small and distinct
necrotic patcnes in the mid-region of the leaflets.

Potassium (K) Deficiency

Occurrence likely
« Highly weathered mineral soils low in organic matter:

»  Light-textured soils (eg sands and sandy loams)
formed from parent material low in potassium
(eg sandstone, limestone and some _ranites).

»  Mineral solls where the original potassium has been
leached by heavy rainfall.

Occurrence highly unlikely

+ Potassium deficiency is unlikely in young solls formed
from parent material that is rich in potassium, eg soils
from igncous rocks.
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Plate 125 (e pof the leaves showir | nother feature of potas wum deficiency. The base of the leaflet remain  reen while the
rotosTeo
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Plats 126:Clc ~ up of older leaves of 4 potassium-deficient plant showing the characteristic green area at the base of ~"e leafle..
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Symptoms

C Lonwoficer seer 5sloy cw o wevelop
L oui ter Teero boor o and thickened,
QNG E OWL" Ol 1€ d 17 100l e &5, - Ir~ the root

‘em an o.o. L sturr , nned  nce.

Onthe »m o on.ee cie 0 sears fire ointhe
emel 5 e Wk bremic 0 O wviseed or cupped,
Iiiolde~ e, Sy oW O Otos deve uns e ledl
b oec ore T oarea quica dier nd Lures a pale
brown,so [ et cof chlorod’s s cua quite
narrow (compare W pol e un e ciency). Ir ome
leaves, 1he "~ g e ae s ond L0 N qu

capidly so - a. mes the leaves appear flaccid.

Calcium (Ca) Deficiency

Occurrence likely

*  Aad coar e-texturad soils (¢ <ndy so from
Cares) 0 chumid  oopicsvhere e
« wn 1 been removec dy heavit " a .

+ Stron - ~7id pedL sulls ‘Aere ot deunm s low
Al e sodic soils where hi FoH ¢ ign
exch ble sodium depres e an” ke of L Uc im
«  Many humid tropical soils where the pH . 10 0 .
4.5 and so ble aluminiu~ 5 hish and exc ble

calciunt s ow.

Occurrence highly unlikely

*  Calcireous soils (e those aerived from ¢
or limestone).

» Sous ‘n and regions.
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Magnesium (Mg) Deficiency

Symptoms Occurrence likely
e e | . T L ue o Cudata o> oCad o ([ Lol e o
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Sulphur (S) Deticiency

“ccurrenc i cely

Occurrence highly unlikely

« ~e
ML , ’ : . . I
- ¢

! >t

! ¥

¢
- - "
X i -



152




l







1

[l






Symptoms

Ir;(;:e) Deficiency

Occurrence likely
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anganese (Mn) Deficiency

| Me

Symptoms Occurrence likely
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Symptoms

A oot e noc 7 olome are asse ated with
o0 on defici 'ney. A bore. heco n defi T nt, seedlings
SOp ownaand becoma 2 wi T oul stems.
e ~nf v il o wcom onyas s hse o ion

o nen e e dlor o lesser extent o 2d

ora o d s Lonite aecrolic pal e are also seen
o omen el G Or ome ¢ brown ‘corkiness’

ORI SO VT RO o D

Boron (B) Deficiency

Occurrence likely

Boron deficicney is more likely to occurin hy, Iy
weathered soils in high rainfall areas, with increasing
distance from occans, and in acid peat soils.

Typical sites for boron deficiency include:

»  Coarse-textured solls formed from parent materials
low in boron such as acid igncous rocks ( ; sanites),
metamorphic tod"s, and fresnwau = sandstories
and shales.

* Acdid sandy soils (eg podsolic soils) from which boron
has been leached by rainfall.

Al dline.or ¢ careot  olls, esper My those with

ﬁ'ee e,
* Soilslowinor n 7 .
*  Acic < 30 srichin al.,. nium oxides.

*  Soils derivec om pumice and vol = 1ic a: -
in dlloph e.

» Peat soils, especially af e ' ming.

Ate v aeicien of boror . o LN

droL ... conctions ...on D ke o Hhavon L b

by the isolat-on of availabl > voren ~ 1o+ o [~ on.

Occurrence highly unlikely

*  Soils formed fr¢ ...n . e sed e L
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