Nutrient Deficiency Symptomsof Sweetpotato
VarietiesPlanted in Degraded Uplands of
Pinabacdao, Samar and in Commercial Areas of
L eyte and Samar

A. Vegetative Parts

AnabdlaBautista -Tulin® , V. B. Aso® , J. R. Pardales?, and D. M.
Campilan®

®Associate Professors, Philippine Root Crop Research and Training
Center,

Visayas State College of Agriculture

Baybay, Leyte 6521

Philippines

°Assistant Professor, Department of Agronomy and Soil Science
Visayas State College of Agriculture

Baybay, Leyte 6521
Philippines

‘Coordinator, CIP-UPWARD
PCARRD Complex,
Los Banos, Laguna
Philippines



ABSTRACT

A dudy was conducted on the assessment of nutritiond disorders in four
sweetpotato varieties representing two traditional (Kaangi and Kasapad) varieties
grown in the degraded upland and two improved or recommended varieties (PSB
SP 17 and PSB SP 19) varieties grown in commercia areas using the solution
culture technique.  Nurient deficiency symptoms were edablished for the
folowing dements  without nitrogen (-N), without phosphorus (-P), without
potassum (-K), without megnesum (-Mg), without cacium (-Ca), without
alfur (-S), without Fe (-Fe), and without micronutrients (-Micro). For the
control , we used sweetpotato receiving complete nutrient elements  (Complete
treetment). Thirty sx hedthy dem cuttings of each of the four sweetpotato
varieties were used in the study and these were adlowed to root for one week
before placing  them in culture bottles contaning  the culture solutions
representing the various treatments. Sweetpotato were grown in the culture
bottles/containers for  more than two months and visble deficiency symptoms of
each dement were noted as they occur in the leaves, shoots and roots of the
plants.

Results showed that each  nutrient dement has characteridtic deficiency
symptoms dthough there are  some dmilarities in the generd peformance of
Swesetpotato in nutrient defident culture solutions.  These dmilarities include the
sunted growth of the plant, generd ydlowing of leaves and sometimes in the
occurrence of chloross. In some ingtances, different varieties dso showed varying
responses to these nutritiona disorders.

Keywords. sweetpotato varieties, nutrient elements, nutritiona disorders,
deficiency symptoms




INTRODUCTION

Swestpotato is consdered as one of the important staple and commercia
crops in the Philippines. It can grow in  wide range of environments, from humid
tropics to frost-free temperate zones, and from sea level to 2700 m Adtitude
(Bourke, 1985). In the Philippines, it is commonly grown in upland aress
egpecidly in smdler patches and usudly in associaion with other crops such as
cassava, coconut and vegetables. The crop is rotated with corn or vegetables like
squash or tomato; it is aso grown after upland rice or intercropped with coconut,
fruit trees or corn  (Villamayor and Amante, 1995). One typicd example of an
upland ecology wherein sweetpotato is grown extensvely throughout the year is
in  Pinabacdao, Samar, which was chosen as the project Ste representing the
degraded upland area.

The edablishment of a mult-million Korean owned sweetpotato sarch
factory (GOSUNG Food Corporation, Inc) in Dulag, Leyte in 1996, has
improved the dtatus of sweetpotato as an important commercia crop of Leyte and
Samar idands. This has tremendoudy increased the areas planted to sweetpotato
from a meady 100 hectares at the dart of the plant operation to about 1500
hectares now (Roa, 1998). Sweetpotato areas supplying the starch factory are
categorized into the low plains dry season areas of Leyte and the doping wet
Season areas of Samear.

With this development, it is expected that the continuous cropping of land for
subsisgtence and commerciad sweetpotato production in the dready depleted areas
will cause tremendous problems on crop production, nutrient and pest
management and environmental  deterioration. The laiter refers to proper waste
management of  sweetpotalo waste in the surrounding vicinity of the darch
factory.

One mgor crop production problem that will tremendoudy affect
sweetpotato  yidd is the deficdency of important soil nutrient needed by the
plant for its growth and development. An inadequate supply of one of these
important nutrients can cause metabolic disorders in plants (Bergmann, 1992).
This will result in a latent deficiency without visud symptoms or the gppearance
of visud deficiency symptoms. This Stuation will lead to crop falure and reduced
qudity or yidd. The nutrients that ae known to have grestest practica
importance to crop growth are the macronutrients which include nitrogen (N),
phosphorus (P), sulphur (S), potassum (K), cdcium (Ca) and magnesum (Mg),
and the micronutrients like boron (B), chlorine (Cl), molybdenum (Mo), copper
(Cu), iron (Fe), manganese (Mn) and zinc (Zn). Thus identification of different
nutrient deficiency symptoms exhibited by the plat a certan growth dages is
very important in diagnosing the capacity of the soil to sustain  better crop growth
epecidly in tems of its root production.  Although nutrient deficiency
symptoms are commonly detected during the earlier growth stages of the plant,



their timely diagnogs is important for the crop to recover once the disorder is
corrected.

These metabolic disturbances to growth and development of plants results not
only in tremendous yidd losses and reduction of qudity , but they dso result in
financid losses particularly in modern agriculture with intendgve crop production.
Farmers, growers and foresters cannot afford unfavorable nutritional conditions
which lead to nutrient imbdances in the plants  consdeing thar limited
resources. Thus early diagnods of nutrient disorders in plant is important to
prevent the above losses.

Visud and andyticd diagnods during growth and development provide two
complimentary methods for identifying nutritiond disorders of plants which
permit them to be diginguished from pathologicd damages (Bergmann, 1992).
One advantage of the production of specific visble symptoms is tha it is not
dependent on codtly laboratory equipment or time-consuming chemica andyses
(Osulliven, e d., 1995). It should be noted dso that in addition to the
gopearance of a paticular symptom, the postion of that symptom on the plant
must be properly indicated. It is because nutrients are being absorbed by the root
system and distributed among various plant parts.

This sudy was conducted to determine the various nutrient disorders in
swvegpotato  through visud diagnoss of deficdency symptoms usng two
traditiond sweetpotato cultivars (Kaangi and Kasgpad) grown in degraded upland
areas of Pinacbacdao, Samar and two recommended sweetpotato varieties (PSB
SP 17 and 19) grown in commercial areas of Leyte, Samar and Tarlac provinces.
Nutrient deficiency symptoms were categorized into 2 namdy: a) usng the
Swesetpotato vegetative plants parts condsting of the leaves and shoots, and b)
using sweetpotato roots. These deficiency symptoms were established using the
solution culture technique.  This paper will report the deficiency symptoms
exhibited by the leaves and and shoots. The nutritiona disorders affecting the
swestpotato roots will be reported in succeeding paper.

MATERIALSAND METHODS
A. Preparation of plant samples

Twenty com of sweepotato cuttings representing the two indigenous
cultivars Kaangi and Kasapad and the two new sweetpotato varieties PSB SP 17
and 19) were taken from hedthy plants grown @ PRCRTC Germplasm area
These were dlowed to root for four days in the laboratory usng didtilled water as
a rooting medium. After four days these cuttings were transferred in - amber
colored bottles contaning  different concentrations of essentid eements in
solution cultures and alowed to grow for a period of more than two months which



is the critical growth stage of sweet potato plant as shown in the growth curve of
a typical sweetpotato plant as represented by sweetpotato VSP-2 variety
(Bautista, 1990).

B. Preparation of culture containers

Beer bottles and 600 ml beakers were used as culture containers. The beer
bottles were used during initid stage of the experiment up to 2 weeks period. The
beskers were used right after the beer bottles when the plants have developed
profuse rooting systems which could no longer be accommodated by the mouth of
the beer bottles. Both containers were cleaned thoroughly and washed with N
HCl  to remove any contaminants. Then these were covered with black carbon
paper to prevent the oxidation of culture solutions insde the bottles. Nine beer
bottles and beakers were labeled as follows. complete, -N, -P, -K, -Ca, -Mg, -
S, -Fe, and -Micro. The treatments were replicated three times. In the beer
bottles, the sweetpotato cuttings were wrapped with a smal piece of cotton as a
support  to prevent them from faling over. While in the besker, the sweetpotato
cuttings were suspended on a screen wire and placed on top of the beakers
containing the different culture solutions.

C. Compounding the culture solutions

The culture solutions were prepared following the concentrations of
Hoagland’'s No. 2 culture solution as presented in Table 1.

Table1. The sdt composition of Hoagland's No. 2 culture solution

SALTS CONCENTRATION (moled/l)

1. KNO3 0.006

2. Ca(NOs3)2.4H,0 0.004

3. MgS0,4.7H,0 0.002

4. (NHg)H2PO4 0.001

5. Fe (added as FeCls) 5 ppm

6. Microdements
a HsBOs3 2.86 gm/l
b. MnCl,.4H,0O 1.81 gm/l
C. ZnS0O4.5H,0 0.22 g/l
d. MoO3 0.02 gmvl
e. CuS0O,4.5H,0 0.08 gm/l




The different culture solutions representing  the nine treatments €N, -P, -K,
-Ca, -Mg, -S, -Fe, -Micro and Complete were prepared using the various sdts
presented in Table 1as tabulated in Table 2. Two liters of each treatment were
initidly prepared and the culture solutions were stored in amber bottles in the
laboratory. After the sweetpotato cuttings had sarted to develop some roots in
digilled water, the experimentd s-up was started. For the beer bottles, the
culture solutions were poured up to the neck of the bottle and one cutting were
trandferred into each bottle. The sweetpotato cuttings were wrapped with smal
cotton swab to prevent them from fdling over. While in the beskers, four
hundred ml of culture solutions representing  the nine treatments were poured into
their respective beakers and the sweetpotato cuttings suspended on the screen
wires were placed on top of the beakers. The plants were then kept in the screen
house for a period of two months. The culture solutions in the both in the beer
bottles and the beakers were changed every other day and the plants were dso
aerated two to three times aweek.

Table 2. Checklis for the different cuture solutions.

SALTS TREATMENTS

-N -P -K -Ca -Mg -S -Fe -Micro Complete

X
X

KNO;3

Ca(NO3)2.4H,0

MgS0O4.7H,0O X

NHsH2PO,4

Microdements X

Fe X
X
X

X X %
X X
x X X X

X

><><><>< =
<
x X
X X ¢ X
><><><><><><

><><
> X X s X X

NaNOs
CaCI2.2H20
KCI
MgC|2.6H20 X
N&SO4 X
NH,4Cl X

NaH2PO4.H,0O X

NaNO;z; * (2volumes) X

For —Catrestment only



D. Careand maintenance of the plants

The plants were put indde the screen house and visud observations for
the appearance of deficiency symptoms were noted daly. The culture
solutions were regularly replaced every other day to prevent the growth of
molds and bacteria which might contaminate the cuttings. The cuttings were
adso properly monitored for the occurrence of any disease of insect damage.
The plants were dso aerated regularly to ensure that they receive enough
oxygen for its growth and development.

RESULTSAND DISCUSSION
Characterigtics of the Four Sweetpotato Varieties Used:

Table 3 presents the characteristics of the four sweetpotato varieties
used. The different morphologica characteristics described include plant
type, leaf lobing, leaf color, root skin color and root flesh color. One
diginguishing festure of these morphologica characterigics which  is
important in the study is the leaf color since this will in some ways affect
the visud gppearance of deficiency symptoms exhibited by the leaves.

Table 3 . Varieta characteristics of Sweetpotato varieties Kaangi,
Kasapad, PSB SP 17, and PSB SP 19.

Characterisctics Kasapad  Kaangi PSBSP17 PSB SP 19
Plant type creeping  cregping creeping erect

Leaf Color green green ydlow/green  purple
Stem Color green light purple green purple
Leaf Lobing dightly lobed heart shaped dightly lobed dightly lobed
Root Skin Color white purple purple light orange
Root Flesh Color ydlow ydlow orange ydlow light yellow

Description of Deficiency Symptoms:

1. Nitrogen Deficiency

Gened symptoms exhibited by N deficient sweetpotato leaves
include ydlowing of leaves and early senescence of older or basal leaves
(Plate Nos. 1A to 1D) . The leaves of N deficient sweetpotato are aso
sndler in g9zes as compared to those recelving complete treatments. The
shade of ydlowing differ in varieties wherein the improved varieties



produced intense yedlow coloration as compared to the traditiond
vaieties. Nitrogen deficiency symptoms usudly affect both the older and
younger leaves. This is very evident in the plant shoots which showed
sunted growth and generdly smdler leaf szes (Plae Nos. 1E to 1H) as
compared to the plants recelving complete nutrient trestments (Plate Nos.
EtoH).

2. Phosphorus Deficiency

Generd symptoms of phosphorus deficient sweetpotaio leaves
include margind chloross or interveind spotting of basd leaves, drying
up of basd leaves, locdized ydlowing of older leaves with interveind
chlorosis and intense browning or coloration of the tips or edges of leaves
(Plate Nos. 2A to 2D). Differences in varietd response to P deficiency
was evident in the four sweetpotato varieties used wherein the improved
varieties showed more of intevend chloross as compared to the
traditonal varieties which showed more of the ydlowing and browning of
tips of the leaves. Like nitrogen , Sweetpotato receiving no phosphorus
showed stunted growth as shown by their vegetative parts /shoots (Plate
Nos. 2E to 2H). This smply showed the important role played by
phosphorus in the growth and development of Sweetpotato especidly in
itsinvolvement in energy transduction (Glass, 1989).

3. Potassum Deficiency

The appearance of potassum deficiency symptoms occur mainly
on the older leaves and the general symptoms exhibited by sweetpotato
leaves include brown necrotic lesons or spots which developed within the
chlorotic zones of the leaves, severe ydlow chloross in the interveind
and magina zones and in extreme cases the leaves will turn whitish or
completely logt its green coloration (Plates Nos. 3A to 3D). In potassum
deficiency, the necrotic stage is usudly preceeded by a light green
interveinad chlorogs affecting mature to older leaves (O Sulliven, et 4.,
1995). The shoots of sweetpotato which is deficient in potassum
generaly exhibit stunted growth (Plates Nos. 3E to 3H) as mmpared to
those receiving complete  nutrient  trestments. This has tremendous
implication on the development of sweetpotalo roots since potassum
physiologicaly affect the root formation of sweetpotato. Bautista (1981)
reported the effects of increesng leves of potassum fertilizers on
enhancing the root yield of sweetpotato.

4. Sulfur Deficency

Plates Nos. 4A to 4D show the nutrient deficiency symptoms
exhibited by the leaves of four sweetpotato varieties Generdly some of
the symptoms include uniform pae green chloross throughout the plant,
in severe cases, the veins no longer retain the green color, red brown
pigmentation developing on older leaves which normdly dats a the
center of the leaves, browning of leaves and totd loss / or reduction of



green pigmentation. In some varieties the leaves appeared wilted and
totdly dried up with dark ydlowing on the ddes. In varieties with purple
tips, the color becomes paer, while the older leaves would turn golden
ydlow in color. The shoots of sulfur deficient sweetpotato dso showed
svere dunting and some vaiety like the PSB SP 19 which normdly
have purplish shoot tips tend to logt its dark purple pigmentation while the
older leavesturned ydlowishin color (Plates Nos. 4E and 4H).

5. Cdcdum Deficency

The primay symptoms of cadcium deficency in sSweetpotato
include necrods of young expanding leaves which may lead to falure of
the leaf to develop and findly to the death of the apex (Plates Nos. 5A to
5D). This is clearly exhibited by the Kasgpad variety as shown by its lesf
(Plate No. 5B) and shoot (Plate No. 5G) symptoms. In cacium deficiency,
the necross spread from irregular patches especidly dong the laterd
margins nearing the petiole and extends inward manly in the interveind
tissues (O Sdliven, e d., 1995). A dmilar symptoms were observed
with the cultivars from the Padfic. Genedly cdcdum deficient plant
faled to extend its growth stage as shown by its inability to increase the
shoot length due to shoot “die back”. All the sweetpotato shoots we used
faled to increase its length as shown in the pictures (Plates 5E to 5H).
This is because the root tips of Sweetpotato without calcium treatment
becomes rotter/swollen and faled to grow making it impossble for the
absorption of other nutrients to occur.

6. Magnesum Deficiency

The gengd symptoms of magnesum defidency incude intervend
chlorogs of the older leaves and the ydlowing of the younger leaves
(Plates Nos. 6A to 6D). As the chloross intendfies, the dark green color
of the leaves changed to ydlow green, pae ydlow to golden yelow .
Leaves of other varieties may turn brownish and dry as shown by
Kasapad variety (Plate Nos. 6B). The shoots are gengrdly very thin with
the younger leaves showing severe chloross asde from its sunted
growth (Plate Nos. 6E to 6H). The four varieties showed a yellow green
to pde ydlow color of the leaves which are generdly lighter in color
as compared to the chlorotic older leaves.

7. Iron Deficiency

One mgor disinguishing feaiure of iron deficency in Sweetpotato
as shown by our samples is the chloross of the younger leaves (Plates
Nos. 7A to 7H). At the onset of interveind chloross, a shaply
contragting green network of veins occur  which eventudly led the
development of white chloross and the complete disgppearance of green
color on the younger leaves. This symptom is clearly shown by the leaves
and shootystem of Kasgpad variety (Plate Nos. 7G). In iron deficiency,
the youngest leaves will show the grestest intengty of chloross Severdy



affected leaf blades become necrotic (Plate Nos. 7A and  7B), with the
necross usudly spreading from the tip and margin into interveind zones.
However as the deficiency intendfies, the leaves will be saverdy necrotic
and die with its color transforming to dark brown.

8. Micronutrient Deficiency

Generd symptoms of micronutrient  deficiency ae usudly
exhibited by the growing tissues such as the shoots and roots. The leaves
symptoms  indude interveind chlorogs with some veins dill retaining the
green color, digortion of leaves with the curling of the laterd lobes on the
sdes (Plate Nos. 8A to 8D). Some variety shows locaized chlorosis on the
edge of the lateral lobes as shown by the Kasapad variety(Plate No. 8B).
The leaves are gengdly smdler in szes and the shoots showed stunted
growth. Traditional varieties such as the Kasgpad and Kaangi tend to be
svady dfected by micronutrient deficiency as compared to the
improved or recommended varieties as shown by their shoot performance
(Plate Nos. 8E to 8H). The microdementgmicronutrients in the
treetments include sources of boron (B), zinc (Zn), manganese (Mn),
molybdenum (Mo), and copper (Cu) eements in the solution. The absence
of the micronutrients in the uptake of sweetpotato will exhibit any or a
combination of the deficency symptoms of the above dementgnutrients
when they are removed sngly in the solution cultures. In this case, the
deficiency symptoms exhibited by the four sweetpotaio verieties reflected
mainly the symptoms of B, Zn, Mn, Mo, and Cu deficiencies.  This is
very evident in the Kasgpad variety which showed curling of the laterd
lobes and digtortion of leaves as an indication of boron deficiency (Plae
No. 8B).

Relationship of the Laboratory Assessment of Nutritional Disorders
With That of Farmers  Perceptions and Farmers Indigenous
Knowledge:

Before we conduct the assessment of crop nutritiona disorders in the
laboratory, we interviewed the sweetpotato farmers in Pinabacdao, Samar
about their own perception of crop hedth and how would they assess this
in the fidd. They gave us ther own indicators of crop hedth as
enumerated in table 4.
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Table4. Indicators of crop hedth used by sweetpotato farmer’sin

Pinabacdao, Samar
I ndicator Hedthy Crop Unhedthy Crop  Percelved Cause
Leaf Color dark green ydlowish lack of soil nutrients
Ledf Sze large smdl -do-
Growth Rate normd ,fast  dow, sunted -do-
Storage Root Sze mosily laage modly smdl -do-

Presence of Pest usuadly more usudly less Succulenceof Leaves

Matching the farmers indigenous knowledge (IK) on crop hedth
with that of our own assessment in the laboratory, we could say they have
a good perception of a hedthy and unhedthy crop based on the above
indicators, dthough they could not pinpoint which specific nutrient is
deficient or not. They have more or less a generd perception of the
performance of crop based on leaf color and lesf szes Our own
laboratory assessment  of deficiency symptoms have shown that the
generd agppearance of nutrient deficient sweetpotato is the ydlowing of
leaves and the production of smdler lesf szes This is true for eg. in
nitrogen, iron, magnesum deficient sweetpotato. The famers however
lacked a more detalled assessment of specific deficiency symptoms
which are exhibited by certain dement like the appearance of chloross of
necross in the leaves which they might misinterpret as a disease
symptom. Thus our results in the laboratory will help them vaidate their
owvn asessmet in the fidd and this will greatly hdp them in further
characterizing specific nutrient deficiency symptoms as they occur in
ther fidd. This will dso give them a beter underdanding of the
importance of proper crop nutrition and the contribution to different
nutrient elements on the growth and development of  sweetpotato. From
our results they could see that different nutrient dements indeed play a
mgor role in the devdopment of the crop since the absence of one mgor
or even micro dement would result to sunted crop growth which will
greatly affect root production and yield of sweetpotato.

Implicationsto Integrated Nutrient M anagement

From the results of our study we have shown the importance of proper

asessment of nutritiona disorders  in sweetpotato and the vitd role played by
eech nutrient dement in the growth and development of the crop. Thus proper
crop nutrition should be gpplied in the fidd to prevent huge crop losses brought
about by deficiency of one or more nutrient dements.  So before we dart planting
swedtpotaio in the fidd ether in the farmers fidld on in large scde production in
commercid areas , proper assessment of the fertility/nutritional status of the soil
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should be ascertained fird. There is dso a need for us to goply a wholigtic of
integrated gpproach to nutrient management in our field to assure that we not
only improve crop/root yield of sweetpotato but protect the environment as well.
This dtudion is very important in the degraded uplands wherein the soil is
dready depleted of some important nutrient dements and dso in commercid
areas wherein continuous planting of sweetpotaio will  eventudly deplete the soil
of itsinherent nutrients .
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