A physiological basis of yield loss

in cassava due to pests
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Abstract

Although mites, msects and discases can cause heavy yield losses, cassava is more tolerant to pesis
than othsr crops because it does not have critical periods that affect yield-forming organs. The
compuonents of the cassava plant that determine yicld are the storage roots, apices, leaves, stems and
peiioles. The ways in which pests affect these components and thus influsnce yield are discussed. The
optimum Leafl Area Index (L.Al) for root growth is approx. 3; above this level yicld decreases
markedly. The resulis are presented of a series of simulated experiments conducted m ordet to
determine (1) the effect of partial or to1al defoliation on the yvield of leaty and nonlealy vancues. (2
the effect of shortened leafl life caused by the attack of Cercozporg spp., (3} the reduction of duw
photosynthetic rate due Lo mites and African mosaig, sod {4) feaf damage eaused by thnps When
damage to the main apex s not continueus and the other apices that become active are not dostraned.
there is no reduction in yvield and, in fact, viek! may increase substantslly in lealy vareues. Damage
caused by bacterial blight, Anasirepha spp., Erwinia sp. and Phoma sp. always reduces yicld W hen
varieties characterized by a flat-dopped density response curve ave planted, death of plantvatancarly
age produces only minimal vield reduction if the percentage of population reduction is less than 589¢,

und the initial plant population 5 hgh.

Diseases and pests cause severe vield losses in
cassava; the extent of loss caused by single diseases
may be as high as 90%, or there may even be total
crop failure (9), whilst insect pests can cause losses
of more than 50% (2). When one considers the
enormous array of diseases and pests thar attack
cassava (2, 9), it becomes evident that the combined
eifects of these many pests may seriously reduce
vields in the field. Nevertheless, cassava may be
more tolerant of discase and pest attacks than
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marny other crops because of a lack of critical
periods in vield formation. After establishment,
growth ¢an be completely stopped at almost any
time without destroying the vield-forming organs;
this is not generally true of reproductive crops
when, [or example, stress during flower initiation
<an cause complete crop {adure.

In order to develop an integrated pest manage-
ment system, it is important to know how much
damage a plant can suffer before yield is reduced,
when damage causes greatest yield reduction, and
what types of damage cause most serious losses. In
this paper | have tried to present, wherever
possible, quantitative data on losses,
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The components of the cassava plant that
determine vield are {a) the apices which determine
potential leaf and stem growth, {b) the leaves which
produce photosynthates and hence are the source
of carbohydrates for root filling, (c) thesstems and
petioles which act as support for the leaves and as
the transport system of carbohydratés to the roots
and nutrnieats to the leaves, and () the storgge
roots which form the basic yield unit and slso
absorb nutrients and water,

1o this paper | will discuss how diseases and pests
could affect these basic components and thus
influence vield. Field-simulated data refer to
modification of the plant in the field; for example,
leaf or root chipping and computer-simulated data
are obtained using a cassava growth model.

Roots

Yield depends on the number of thickened roots
and their size. These two components are related in
such a way that when thick root number is
decreased, individual root weight inereases (3).
This compensation is sufficient to keep total vield
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stable when root number is between 9-12 at plant
populations of 1 m 2 {6). When root number is
reduced below about 9 roots per plant, vield drops
markedly as the roots that remain cannot compen-
sate for the nussing ones (Fig. 1. When thick room
number is reduced early {1 1/2 mo after planting),
the plant compensates by thickening other roots
(Fig. 2). and this compensation is greater than that
which occurs when root number is reduced later {3
mo after planting). These data suggest that
reduction in root number to 9 does not reduce
yields; furthermore, i reduction occurs early inthe
growth cycle the plamt compensates for even
greater reduction by thickening other roots.

Pramage to roots in the field is caused by such
pests as small rodents and grubs and by diseases
like Phytophthora spp.. Severe reductions in thick
root number (i.e., to less than 9) will reduce yield
and reduction will be greater when the attack
ocours later in the growth cyele. The plant does,
however, have some plasticity and early damageto
two or three roots per plant in & variety that hasa
high root number will probably have little or no
effect on yield. Later damage that causes root rots
or destruction of thickened roots will obvicusly
reduce vield.
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Physiological bases of yield loss

Leaves

Az can be seen in Figure 3, cassava has s marked
optimum Leaf Area Index {LAI} for root growth;
this optimum accurs at approximately three, above
which root yiekd decreases markedly (4-6, 8).
Presently cultivated varieties only approach this
optimum LAl for rather short periods{Fig. 4). The
vigorous M Col 113 in trials at CIAT exceeded the
optimsum LAl from 4-9 months, was close 1o the
optimum at 9-12 months, but thereafter had a
suboptimal LAL On the other hand, M Mex 1
approached the optimum at 4 months, but from
then on was suboptimal.

Insects such as the hornworm Erinnpis ello
consume leaves and reduce LAL Homworm
attacks may be either sporadic and devastating,
causing severe defoliation, or continuous at low
levels of infestation. These two types of attack were
simulated in the field by removing 50 percent of the
leaves of a leafy and nonleafy variety at one time
{Treatment [} or over a period of time, removing
every other leaf as it formed to represent a
continued attack {Treatrment 2).

In the leafy variety M Col 113, Treatment 2 had
no effect on final vield from 100-200 days (Fig. 3).

During this period the controls had LAIs greater
than the optimum whilst treated plants had
stboptimal LAls, At other stages viclds were
reduced, as even the controls had suboptimal LAls.
Similarly, nonteafy M Col 22 always had subop-
timal LAls so continuous Jeal removal always
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reduced vield. Therefore, continued attacks of
diseasss or pests that reduce jeaf number will
reduce vields in nonleafy varieties but will have
little effect on vield of leafy varieties during the
growth stage when LAI is excessive.

in trestment | yield was not reduced when the
attack occurred at 50 days (Table 1), suggesting
that very early defoliation does not reduce yields.
fn nonleafy M Col 22, 50% defoliation at 50, 100
and 200 days reduced yields markedly, In M Col
113 defoliation at 200 days when L AT was gxcessive
had little effect on yield. These results suggest that
partial defoliation causes severe yield reduction in
nonleafy varieties but only minor reductions in
yield of leafy types at the time when they have large
LAIs.

A growth simulation madel {6} was modified to
simulate complete defolintion effects on cassava
growth. After complete defoliation, root growth
ceases and LA increases rapidly to 2 level simmilar
to the control {Fig. 6). Thereafter, root growth
increases as if there had been no altack. The
simulated yield reductions depend om varietal
characteristics but in most cases are quite smali
{Table 2), suggesting that complete defoliation at
any time during the growth cycle will reduce yield
by about 20%. 1t should, however, be noted that in
the simulated plant types with high yield potential,
the reductions are more severe. As plant improve-
ment programs move nearer to these ideal plant
types, the importance of controlling pests and
diseases that reduce leaf area will increase.

Thus far we have discussed damage due to
Jdefohation; howsver, diseases and pests can affect
leaves in other ways. Cercospora spp. attack

Table . Effscts of defoliation {309) at different times
on yield of & teafy M Col 133) and nontealy {M
Col 22) cassava variety.

Time of defoliation M Col 113+ M Col 22¢
&0 days 1t 191
00 days 84 85
200 days 92 89
50, 100, 200 days 93 %

* Harvest dadn { M o) presemied a5 porcontage of comrol gny rant skl
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Figure 6. Effect of hornworm attack causing complete
defalistion st b weeks (computer-simulsted dutaj.

cassava, produving toxing that cause vellowing,
leat spots and premature leaf fall, The effects of
reduced leaf life on yield were simulated, and vield
was reduced markedly when leafldfe was shortened
{Fig. 71 Lozano and Castaflo {5) showed that
healthy leaves had bves of 85 days whereas
Cercospora- infected leaves had lives of 68 days;
furthermore, viehd wereased by 14% in protecied
plots. Cock (6} suggested that one of the major
breeding objectives in cassava should beto increase
leaf hfe w levels greater than 100 days. If thy
beecomes a reality, then losses due to premature leat
fall will be greater (Fig. 7).

Leaves with heavy mute infestations will often
remain on the plant for long periods of time.
Recent duta obtained at CIAT {Cock and Mejia,
unpublished data) show that although leaf number
is ot drasticaliy reduced due to premature leaf fall,
the mites severely reduce the photosynthetic rate of
the  individual  leaves (Fig. 8} Simlarly



Physiological bases of yield loss

Table 2. Effects of simulated bornworm attscks at different growth singes on a nearly ideal cassava plant and feafy

type

Tiune of hornworm attack
{weeks after germination)

Near ideai type*
(% of controd)

Leaty typs*
{4y ot conitrol}

No attack
5
g

Eanegrsn

21.8{i60) 7.7 1104
225 (1M 8.9 ¢116)
88 { 90 &3¢ 82}
et{ 72 6.24{ 81}
159 76} S4¢ My
ig.8( 80) 446( )
1B.G{ %) 568 1%
6.4 82y 58758
i7.6( 84) 350 71)

* Dey root yield i37/58) a2 11 ma

Alagianagalingam  and  Ramakpnshnan (1}
demonstrated severely reduce photosynthetic rates
in cassava leaves infected with African mosaic. The
reduced rates of photosynthesis in mite-infested
leaves were present at all light miensities, and it
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Figure 7, The effects of changed leaf life throughout ¢he
growing sexson on yield of % nearly ideal and very leafy
plant type {computer-simulated data}.

mrust be assumed that these levels ol auack will
greatly reduce crop growth rate, Simulations
showed that only a 10 percent reduction n crop
growth rate decreases vield by more than 20
percent;  hence  the tremendous  decrease in
photosyathetic rate caused by mites has a4 poten-
tially enormous negative ellect on yiells,

Certain pests (i.e., thrips) neither cause leaf {ali
nor greatly decrease photosynthesis; however, they
do cause leafl distortion and reduced leaf size.
Schoonhaven (4) showed yield losses of 23 percent
due io thrips attack. Thrips cause leaf distortion
and reduce leaf size, When the effects of leaf size
on vield were determined by the simulation model,
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Figure 8. Effect of heavy mite infestations on
photosynthetic rate.
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Cassava protection workshop

it was Tound that yields could be severely reduced
{Fig. 9); however, small reductions in leaf size (600
cm? maximum to 400 em? maximum) in near ideal
types cause small yield reductions. Hence the piant
can tolerate low levels of this type of attack with
virtually oo loss, and in the case of leafy types, a
reduction in jeaf size may actually increase yields.

Apices

In the initial stages of growth, cassava has a
single active main apex. As growth continues,
lower axilliary buds may develop into sucker
branches; or iwo, three or more equaily sized
branches develop from the axilhiary buds directly
below the main apex.

When apices are damaged by insects such as the
shoot fly (Silba pendwia) and thips, apical
dominance is also destroyed and axilliary buds
develop. Except in very severe attacks, one of these
axilliary apices becomes dominant and plant
growth continues as before. Removal of apices
from 6 to 8 months at two-week intervalsin M Mex
P reduced yield of dry roots by less than 10
percent; removal of up to 75 percent of the apices in
the very lealy variety M Col 113 increased yields
substantially {Table 3). Thus damage 1o the main
apex, if not continuous and attacking all new
apices that become active, has little effect on yield
and may even increase itin leafy varieties. Infactin
Costa Rica higher yields were reported from plots
infested with Sifba penduia. Furthermore, model
simulation data suggest that reduction in active

Yield (t/ha)
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| © Very lealy plant type
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Figure 9. Effect of leaf size maximusmn on yield of a niear
deal amd & very leafy cassava variely (computer-
dmulated data).

apex number, especially from six months after
planting, has little effect on yield even in thenearly
ideal plant types predicted by the model.

Stems

The cassava stem acts as an active transport
system of water and organic material and also as a
support system for the foliage. Cassava bacterial
blight blocks xylem transport {10}, causing wilting
of the leaves, which later die and fall. It is self-
evident that this type of damage causes yield loss.

Anastrepha spp., in conjunction with Erwinia
rots, weaken stems a0 that they are unable to fulfili
their supporting role. Stems often double under

Table 3. Effects uf reduction of apex number 5 manths after planting on growth of M Col 113, harvested at 10 manths,

Apex no, Fresh root Dy raot Bry stem Harvest
reduction yield yiekd wl index
¢ {t/ha} {1/ha) {tiha) 8
& 336 1L3 115 44
25 385 13.3 2.7 7
S0 39.7 13.6 12,0 49
75 4.3 140 13 44
Significant had ** N8 >
differences
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Physivlogical bases of yield loss

their own weight and the leaves above the break
die. Obviously, yields are reduced. The same
happens when Phoma spp. attack susceptible
cultivars.

Loss of plants

In certain cases heavy disease or pest infestations
may cause complete joss or death of plants. In the
germination phase many fungi {9; Lozano, per-
sonal communication) and a large number of
insects such as cutworms {2; Bellotti, personal
communication} may reduce germination. In
addition to reducing plant populations, this results
in a plant arrangement that is not square. Cock et
al. {6) showed that certain varieties had a flat-
topped density response curve between 10 and 30
thousand plants per hectare (Fig. 10} If these
varieties are used, yield reduction due to reduced
plant population, when popuiation reduction is
about 50%, should be minimal if high plant
populations are planted. Furthermore, recent work
{{Castro, unpublizshed data) shows that changing
{rom square planting to a rectangularity of 1.2 has
fittle or no effect on yield. In other works, if high
imtial populations are used with varicties thathave
flattopped density response curves, early plant
death will cause only small vield losses if there is
less than 50 percent mortality, If death oceurs later
in the plant growth cycle, the vield already formed
will be lost due to root rots and thus fina} yield will
be reduced.

Conclusions
Both field dats and computer simulation

confirm that cassava is relatively tolerant to disease
and pest attacks because of abundant chances for
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Figure 10. Fresh root yields of five cassava cultivars
harvested a1 1§ months,

yield recovery after damage, Relatively minor vigld
losses result from (a) eariy plant death ona
moderate scale, (b} reduction in active apex
number, {¢) small decreases in roof number, and (d)
small reduction in leaf size. On the other hand,
vields are severely reduced when (a) leaf life is
reduced, (b) photosynthetic rate is reduced, {c)
stems are severely damaged, and (d) there isa bigh
percentage of early plant death,
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