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INTRODUCTION

Cassava (Manihot utilissirna Pohl) is an economic plant of which
the center of origin in generally bélievéd to be Brazil (6) and whichi
has been used by indigenous residents of South America, Central
America, and the Caribbean Islands since pre-columbian (4) times.

Cassava is widely used as a human f.ood (10, 11) as well as for
starch (3) and animal food (1, 5) ; secondary producís include dex-
trins, alcohol, extenders, mucilages, and sizing.

Because it requires little care in planting and harvesting., and
only two or three weedings per crop, it lends itself to small holder and
peasant farming. It is highly drought resistant, suffers frorn no major
diseases, and is infrequently bothered by insects. Through mechaniza-
tion ( 7 ) , large acreages can be planted efficiently and effectively.

Although widely grown in the West Indies for food and in Ja-
maica for laundry starch, little is known of its fertility requirements
aside from the work in Brazil (8, 9). Because of the great potential
of cassava in Caribbean agriculture and a lack of knowledge of its
basic mineral nutrition, research was begun at the Federal Experiment
Station, U. S. Department of Agriculture, Kingshill, St. Croix U. S.
Virgin Islands, to determine the fundamental mineral nutrítion re-
quirements of cassava. This paper reports on the mineral-deficiency
sympton phase of the research.

PROCEDURE

The cassava-deficiency studies were started on August 2, 1964
and harvested November 5, 1964, using the "Fowl Fat" variety of
cassava.

A1I deficiencies were developed on plants grown in direct sun-
light in sand culture using five-gallon, self-draining, glazed stone crocks
filled with nutrient-free white quartz sand. First experiments in the
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partial shade provided by Sarán cloth were not succe&ful as the plants
were etiolated and further work was carried out in fu l l sunlight. The
differential nutrient solutions used in this experiment are shown in
Table 1. They were applied at the rate of two liters per crock twice
a week to each of three replications. In between feedings, the sand was
kept moist with de-ionized water. Cuttings about 6 inches long were
planted, three per pot, and reduced to the one best plant when growth
had begun. Measurements were made of "growth at eight weeks; weights
and color slides of the tops of the ca:sava were taken of each defi-
ciency group_when plañís were harvesled. Harvesling took place at
twelve weeks due to technical reasons, and thus no root weights are
available.

RESULTS
Growth and Yields

The effect of thc various dcfkiency treatments on'growth and
yields is given in tablc 2. Both height and weight of plant were re-
duced drastically when nítrogen was omitted from the 'nutrient so-
lution. Sligh reductibns in height and yield were realizad (Table 2}
with the minus phosphorus and minu: manganese theatments. All
other deficiency treatments failed to reduce plant height .or weight as
compared to the complete treatment.

Internodal length (Table 2) was reduced F_greatly by the minus
nitrogen treatment. Minus potassium and minus calcium treatments
produced some reduction in the 3 to 4 internode growth. but not in
the 7 to 8 internode.

PLANT ANALVSES

The results of the chemical analyses of thc rassava plant grown
under the various ^ trcatmeríts are givcn in tablcs 3 and 4.

The nutrient conlent~"for a given elcment varíes in the dífferent
parts of the cassava. plant. Using thc complete treatment as a guulc.
the leaf was highcst in nitrogen contení as compared to the petiole
and stem; the stem was highest in phosphorus and potassium contení;
Che petiole was highcst ¡n calcium and magnesium.

Considering the sensitivily lo thc deficiency nutrient treatments,
the portion of the plant highest in a given elemenl may not necessaiily
be most sensitive. Table 4 shows ihe relative percentage decrea:es oí
increases in nutrient contení of thc various parts of the cassava plant
grown under various deficiency treatments as romparcd to thc complete
.treatments. The leaf clid not appear to be suitable for detection oí" any
of the mineral deficicncics. Thc petiole showecl lowest relative valúes
for nitrogen, calcium, and magnesiurn; thc stem was íowest for phos-
phorus and potassium. Gours ct al. (2) reporled ihe slem was more
sensilive lo a potassium deficiency than leaf or peliole. No lissuc ap-
peared to be especially sensitive lo nitrogen deficiency in this study
despile marked differenccs in growih. In fact thc stem showcd a slightK
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higher N contení in thc minus-nitrogen treatment as compared to the
complete. This may be duc to nilrogen accumulation cau.se:! hy tlu--
poor gTowth of thc plant. A slirrl'jr high valué was obscrved fot pc-
tassiurn m thc leaf ( tables M and 4 ) .

VISITAL I)F,FFICH NCY SYMI-TOMS

The dcficiency symptoms describid herein for cassavu weiv dc-
veloped under thr experimental c.omlitions and intensity of symptoms
will probably he diffevent in the field. However, the cleficiency pattern
will be the same, and thus thc debcriptions given should be useful i t i
identifyíng nutrient deficiencies in field grown cassava. Visual dcfi-
ciency symptoms were displayed in all trcatments except minus phos-
phorus despite the fact that severo growth reduction was ofotained
only with the mirms-nitrogen trcatmcnt and milcl growth rccluctions
with phosphorus and maniianese.

Nitrogen

The leaf becanie lightei' given in coloi' in the earlier stares ,of the
deficicncy and plant growth was very poor in both height and six.c oí
leaves (see figure I ) . In the later stages, where the cleficiency was
severe, there was ahnost a com.pletc loss of grecn color gí\'ing a hright
yellow color to the leaf. The oldest Icavcs were affected first.

Pliosfíiioriis

There were no signs of chlorosis in the leaf. Plant growth was
only slightly reduced.

Potas.üum

The oldest leaves showed their symptorn.s first wliich began as a
bronzing or purpling of thc leaf. As symptoms became more severe,
there was a marginal rhlorosis. The minor inf luence on growth and
high-leaf potassium valúes indícate That only a mild potassium dcfi-
ciency was produced.

Calcium

was a scnrching of the leaf tip ancl the new leaves.

Chlorosis began on the oldcr leaves first, as yellowing oí the margin
and tips of the leaf, ancl extended inwarcl.

The leaves showed a lighter green color quite, similar to a mild
nitrogen deficiencv. The leaf sizc was also reduced



/ron

The younger leaves displayed afrinterveinal chlorosis quite early
in gixnvth. Plant growth was not limitéd.

Man gane se

All leaves showed an intérvéihal chlorosis. The chlorosis produced
was similar to that for iron, but.'th'e background was more chlorotic;
almost a palé green. The leaves'Were reduced in size.

; ' ' ti i

Boron ; ";
f u ! •

The young leaves were slighfty chlorotic and reduced in size;
plants were dwarfed in their initlál stages of growth.

SUMMARY

Cassaya (Manihot ittilissima Pohl) was grown in sand culture
using nutrient solutions to develop deficiencies of nitrogen, phosphorus,
potassium, magnesium, calcium, sulfur, iron, manganese and boron.
The results were as follows:

1. Both height and weight óf plant were severely reduced when
nitrogen was omitted from the nutrígnt solution.

2- Plant analyses revealed that for the complete treatmcnt the
leaf was highest in nitrogen; the stem was highest in phosphorus and
potassium,; the petiole was highest in calcium and magnesium.

3. The leaf did no appear to'be1 sensitiva enough for detection of
mineral deficiencies. The petiole showed lowest valúes for nitrogen,
calcium, and magnesium; the stem was lowest f,or phosphorus and
potassium.

4. Visual deficiency symptoms of lighter green color and poor
growth were obtained for nitrogen deficiencies. Potassium deficiency
was characterized by first a bronzing or purpíing of the leaf followed
by a manrinal chlorosis. No visual symptoms were obtained for phos-
phorus deficiency.

5. Deficiency symptoms are also described for calcium, magne-
sium, sulfur, iron, manganese, and boron.

RESUMEN

A plantas de yuca (Manihot utilissima Pohl) cultivadas en arena
se les suministraron soluciones nutritivas para inducir carencias de ni-
trógeno, fósforo., potasio, magnesio, calcio, azufre, hierro, manganeso
y boro. Se obtuvieron los siguientes resultados:

1. La omisión de nitrógeno disminuó severamente la altura y el
peso de las plantas.

2. Los análisis indican que los valores más elevados de nitrógeno
foliar se obtuvieron con la solución nutritiva completa, mientras que
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el tallo contenía los más elevados en fósforo y potasio; y el pecíolo los
de calcio y magnesio.

3. Al parecer las hojas de estas plantas no eran suficientemente
sensitivas para mostrar síntomas carenciales. El pecíolo arrojó los va-
loilos 'más bajos para nitrógeno, calcio y magnesio; y el tallo los más
bajos para fósforo y potasio.

4. La carencia de nitrógeno se manifestó con un color verde
claro y crecimiento pobre. Lo de potasio por un bronceado o una colo-
ración purpúrea iniciales de las hojas seguidos por una clorosis de los
bordes. El fósforo no mostró síntomas visuales.

5. También se describen los síntomas carenciales para calcio,
magnesio, azufre, hierro, manganeso y boro.
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TABLE 1.—Composition of nutrient solution used

Treatments

Complete
Minus N
Minus K
Minus P
Minus Ca
Minus Mg
Minus S
Minus Fe
Minus B
Minus Mn

CaCNO.-,),.

0.009

.009

.009

.009
.009
.009
.009
.009

MgSO,

0.0045
.0045
.0045
.0045
.0045

.0025

.0025

.0025

Partial volume -

KH.PO, CaCI,. NaH.NO,

0.0045

.OJ45 0.009
0.0045

.0045 .0045

.0045
.0045
.0045
.0045
.0045

molecular concentraron of

Fs Seque-
NaNOa K.SQ, KNO, Mg{NO^ strene

5
5
•j

O.ÜU23 5
0.0045 5

.(KH5 5
0.0023 5

—
5
5

Hi.BO.-t

0.5
.;)
.5
.5
.5
.5
.0

.5
- — -

.5

Parts

AAnSO,

0.5
.3
.5
.5
.5
.5
.5
.5
.5

—

per millíon of

ZnSO,

0.05
.05
.05
.05
.05
.05
.05
.05
.05
.05

CuS04

0.02
.02
.02
.02
.02
.02
.02
.02
.02
.02

1. Chloride ¡rutead cf tlie sulfate of the indicated elomcnt was used.



TAIILE 2.—Height, grcen :cci^lit oj above ground portiou, and ¡uto-
nodal Icngths oj cassava plañís <¿rown undir raryiu» flcfi-
cifttcy treat mente

Above ground portion

after 12 weeks

Treatment

MÍIHIS N
Minus P
Minus K
Minus Ca
Minus Mg
Minus S

Minus Fe
Minus Mn
Minus B
Complete

Height

In.

9

28
38
32
40
46
40
29
33
32

Weight

Gm-

8
23
34
32
44
43
39
22
32
29

Internodal

after 8

3-4 node

In.

0.6

2,1
1.7
1.8
2.8
2.0
2.0
2.8
2.7
2.6

lenght I/

weeks

7-8 node

1.0
2.0
2.3
2.5
2.8
3.4
2.3
3.3
3.5
2.5

1. Conmine from growing point to the base.
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TABLE 3.—Mineral analyses of stem, leaf, and petiole from cassava
plants groit'n under uarying deficiency treatments.

Nutrient contení
plant,

Treatment

Minus N
Minus P
Minus K
Minus Ca
Minus Mg
Complete

Minus N
Minas P
Mínus K
Minus Ca
Minus Mg
Complete

Minus N
Minus P
Minus K
Minus Ca
Minus Mg
Complete

N

2.62
—
—
—

p

LEAF
—

0.20
—
—

2.80 .25
PETIOLE

0.78
——
—

.86

.70
—
—
—

.60

—
.10
—
—

.24
STEM

—.10
—

—

.36

of various portion
percent dry weíght

K

1.34
—

1.27

—
—

1.18
—

1.56

—
—

1.07
—

1.92

of the
basis

Ca

1.83

2.23

__
—
—

1.75

5.86

—

——
.37

.88

cassava

Mg

—
—
. —

—0.48
.55

—
—
_
—
.43

1.23

—

——
—
.09
.17
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TABLE 4.—Relative percentage decrease or increase in nutrient contení
of various parts of the cassava plañí grown under various
deficiency treatments.

Relative decrease or

íreatment

Minus element

Complete

Minus element

Complete

Mínus element

Complete

Parí of Plant N

94
Leaf

100

90
Petiole

100

117
Stem

100

p

80

100

42

100

28

100

K

105

100

76

100

56

100

¡ncrease for

Ca

82

100

30

100

42

100

Mg

87

100

35

100

53

100
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