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Influgncia de Trés Regimes de Irrigagdo na Reprodugao do Acaro Vermelho
Panonychus ulmi Koch e em Caracteristicas Bioquimicas das Folhas de
Macieiras Cultivadas em Pote

RESUMO - A fecundidade de Panonychus ulmi Koch foi observada sobre
macieira cy, Granny Smith, enxertada sobre dois porta-enxertos (MM 106 e M
26) e trés regimes de irrigagio. O estresse hidrico sobre M 26 reduziu em
quatro vezes a fecundidade de P. ulmi mas ndo ocorreu 0 mesmo sobre MM
106. De maneira geral, pode-se considerar que a fecundidade dos dcaros
apresentou correlagio com o regime de irrigagao aplicado s macieiras em
ambos porta-enxertos. As folhas de MM 106 foram mais ricas em minerais do
que as M 26, esta relagdo poderia explicar a maior oviposicio no primeiro
porta-enxerto. Entretanto, ndo houve relagio significativa entre a fecundagdo
de dicaros e o leor de minerais e phloridzine sobre as folhas das macieiras.

PALAVRAS-CHAVE: Acari, Tetranychidae, biologia, estresse de dgua.
macieira.

ABSTRACT - The fecundity of Panonychus ulmi Koch was studied on apple
cv. Granny Smith with two apple rootstocks, MM 106 and M 26, and three
different irrigation regimes. Water stress on M 26 caused a four fold reduction
in the fecundity of P. wlmi but not on MM 106. Despite great variations mite
fecundity was related to water regime applied (o the trees with both rootstocks.
Leaves of MM 106 were richer in minerals than M 26 and this may explain
why oviposition levels were generally higher on the former. However no sig-
nificant relationships were found between mite fecundity and leaf content of
the main minerals or phloridzin.

KEY WORDS: Acari, Tetranychidae, biology. water stress, apple tree.

Nutrition is the principal factor in the fluences female fecundity (Lees 1953).
natural decline of Panonychus ulmi (Acari;  Chaboussou (1969) reported that changes in
Tetranychidae) populations in late summer  plant biochemistry induced by pesticides can
(Cutright 1951) and food quality actually in-  cause mite outbreaks. Hare et al. (1989)
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found that Panonychus citri (McGregor)
populations are not influenced by irrigation
while other authors have discovered nega-
tive correlations between mite development
and the intensity of water stress applied to
the host plant (Feese & Wilde 1977, Kattes
& Teetes 1978, Oi er al. 1989). Youngman
et al. (1988) showed that Tetranychus
pacificus McGregor deposited significantly
more eggs on trees under a variable water
stress than under continuous water stress.
With Red Delicious grafted to MM 104
Specht (1965) obtained six times more mites
and eggs of P. ulmi when trees were grown
on soils with a field capacity of 28% than on
soils with a field capacity of 40%. Staiibli
(1982) observed that girdling on apple tree
stems had a negative effect on P, u/mi devel-
opment.

The purpose of this study was to verify
the influence of waler stress on mite fecun-
dity on apple trees. This study was completed
by analyses of leaf minerals and phloridzin
content to determine if some biochemical
changes could be eventually associated with
changes in the response of mite populations.

Material and Methods

Two-year old 'Granny Smith' apple trees
grafted on 'Malling 26' and 'Malling-Merton
106" rootstocks were planted in containers
having 40 kg of soil (ca. 32 liters). They were
kept for three months with normal irrigation
to allow sufficient root development. Then
they were randomly placed in a screenhouse
whose top was lined with a clear plastic sheet.
The pots were covered with black
polyethylene plastic and three waler regimes,
low, medium (field capacity = 2/3 maximum
retentive capacity) and high (maximum re-
tentive capacity) were applied to the trees on
the two rootstocks, with five replications. The
wilting point of sunflowers and field capac-
ity were used to determine the initial water
adjustment: 1.5, 4.1 and 6.5 | per tree for
each treatment, respectively. These water
volumes were kept constant by weighting the
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pots regularly and adding water when neces-
sary.

After two weeks of tree conditioning two
young, mated female P. ulmi were placed on
each of four leaves per plant. They were col-
lected from laboratory rearings maintained
on leaf disks kept on moist cotton at 21 +
I°C and 60 £ 10% RH (Monteiro 1991) and
using a mite population from anornamental
apple tree. Malus sp. The mites were isolated
by a layer of Vaseline petroleum jelly applied
to the leaf petiole, After the seventh day, the
leaves were collected and the eggs counted.

Leaf base potential was measured with a
pressure chamber, according to the methods
of Scholander e1 al. (1965) and Boyer (1969)
on Luly 25, a day before mites were placed
on the trees, and August 1%, Leaf analyses
for mineral contents followed Martins-Prevel
et al. (1984). Phloridzin extraction followed
Bastide (1983) with modification for apple
trees by J.J. Macheix (personal communica-
tion) and its dosage was made with a
spectrometer at 283 nm. Data were analysed
following the general linear model (GLM)
procedures of SAS (SAS Institute).

Results and Discussion

The day before the mites were placed on
the plants, the base potential for each water
regime was proportional to the initial water
adjustments (Fig. 1). The average Ical ten-
sions (2 SE) for rootstocks M 26 and MM
106 were very close to the low regime (-8.96
£ 0.5 and -8.82 + 1.6 bars respectively) and
differed by about -0.8 bars with the medium
regime (-5.56 + 0.5 and -6.36 + 1.5 bars). In
the high regime they fell to -4.48 + 0.4 and -
4.36 + 0.6 bars.

The base potential increased in all treat-
ments over time, except for rootstock M 26
in the medium regime. In the last measure-
ment leaf tensions for rootstocks M 26 and
MM 106 were lower than -22 bars in the low
regime: -5.76 £ 0.7 and -6.16 £ 0.7 bars re-
spectively in the medium and -3.84 + 0.3 and
-4.18 £ 0.2 bars for the higher irrigation rate.
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The increase in tension values from the ini-
tial measurements suggests that water re-
gimes did not completely compensate for
daily evapotranspiration (Waring & Cleary
1967).

On M 26 rootstock the average fecundity
of P wlmi females with low and medium treat-
ments was 2.9 + 1.8 and 12.7 + 3 eggs per
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Figure 1. Leaf water potential of potted
apple trees cv Granny Smith on (wo root-
stocks and with three irrigation treatments
in a screenhouse.

female (Fig. 2). Besides P. ulmi produced eggs
on only half of the leaves in the low water
regime and on all of them in the medium.
These results are similar to those of Specht
(1965), who obtained six times more eggs
on irrigated vs non-irrigated apple trees. On
the contrary no significant differences in fe-
cundity were observed between the low and
medium water regimes on MM 106. Similar
results were obtained for P. citri on Citrus
sinensis (L.) by Hare et al. (1989).

For both rootstocks, fecundity in the high
water regime was about eight eggs/female
significantly lower than that observed with
normal irrigation. Considering the three ir-
rigation treatments, there was a significant
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relationship between fecundity and water
dose. Statistical analyses showed that curves
(Fig. 2) could correctly fit the results with
the general form: y = a +bx +cx* with x =
dose of water. For M 26: a=998+222: b=
-1.11 £0.27; c= -9.54 £ 3.66: (SE) p < 0.01;
? = 0.3; df = 2.59. For MM 106: a= 2.83 +
277 b =-0.48 £ 0.34: ¢ = -10.86 £ 4.58
(SE) p < 0.05; 12 =0.1; df = 2.59.

The evolution of £ ulmi populations on
apple foliage depends on changes in the com-
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Figure 2. Effects of three irrigation treat-
ments on the fecundity of Panonychus ulmi
(Koch) (eggs/female in seven days) on two
rootstocks (dots and continuous line = MM
106, empty squares and interrupted line =M
26).

position of leaves (minerals, aminoacids and
sugars) and eventually on the concentration
of phenolic compounds which are mainly
represented by phloridzin in apple leaves
(Bielak & Dabrowski 1985). We must also
think of the plant's turgor, as mites with their
thin integument have high requirements for
water. The irrigation regime applied to the
trees affects simultaneously all these factors.
So the analysis of the phenomena may be
rather difficult.

A positive correlation between leal min-
eral concentration and mite fecundity has
been observed (Rodriguez 1958, Chabousson
1969, Storms 1969, Suski & Badowska
1975). In our experiment trees grafted to MM
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Table 1. Phloridzin concentration in the
apple leaves cv. Granny Smith on two root-
stocks with three irrigation treatments under
a screenhouse (g/100 g dry weight).

[rrigation In rootstocks
treatment M 26 MM 106
Low 3.63 3.78
Medium 3.49 3.09
High 3.83 3.86
Average 3.65 3.58
S.D. 0.14 0.34

106 rootstock had generally higher N, P, K,
and Ca levels than those on M 26 (Table 1).
Mite fecundity on the former was equal or
superior to that on the latter. We observed
also that K and P levels were lower in the
low water regime in both rootstocks. This can
be related Lo lower availability of these ele-
ments in the soil under dry conditions or to a
lesser absorption. However there was no sig-
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nificant correlation between fecundity and
mineral levels, both between and within root-
stocks. In the field Monteiro (1991) could
not demonstrate any influence between leaf
mineral concentration and mite fecundity.
Higher leaf content of N, P and K are
normally associated with a greater richness
in aminoacids or proteins and sugars. In-
creasing water stress lowers leaf water con-
tent and induces an enrichment with simple
carbohydrates, and in particular sorbitol in
apple leaves (Fanjul & Rosher 1984, Jones
et al. 1985, Wang & Stutte 1992). Proline
and other aminoacids also frequently accu-
mulate while protein synthesis is reduced
(Hsiao 1973). So with the lower irrigation
rate we can expect higher concentration of
these nutrients counterbalanced however by
water deficit. In fact average and maximum
fecundities on both rootstocks were at best
equal and generally inferior to those of the
controls. Low mite fecundity on trees grafted
to M 26 indicates that turgor is certainly more
important than nutrients enrichment. The
greater egg production with MM 106 in these
conditions may be related to the higher vigor

Table 2. Chemical analysis of Granny Smith apple trees on two rootstocks and with three

irrigation treatments.

In rootstocks

Elements M 26 MM 106

High Medium Low High Medium  Low
Kjedldahl Nitr. 1.97 1.54 1.57 1.67 1.87 1572
Phosphorus 0.40 0.28 0.20 0.55 0.67 0.33
Potassium 1.90 1.98 1.63 2,15 2.12 1.76
Calcium 1.65 1.71 1.75 2.23 1.69 1.82
Magnesium 0.25 0.30 0.30 0.16 0.16 0.22
Boron 37.00 33.00 29.00 38.00 44.00 31.00
Iron 103.00 97.00 98.00 128.00 99.00 93.00
Manganese 51.00 65.00 64.00 38.00 37.00 48.00
Organic subst. 91.58 91.46 91.85 89.84 90.96 91.55
Raw ashes 8.42 8.54 8.15 10.16 9.04 8.45

Units of the analysed elements: N, P, K, Ca, Mg, organic substance and raw ashes in g of the
element/100 g of dry substance; B, Fe and Mn in mg/kg of dry leaves.
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of this rootstock. A better resistance to
drought was noted by Denardi (1986) when
plants were grafted to more vigourous root-
stocks. In the present study this could mini-
mize the difficulties for the mites to feed.

On the other hand, an enhancement of
phenolics production is a common reaction
of the plant to the alterations of its environ-
ment (Glass 1973). Abdallah (1985) observed
increases in phenols in cotton suffering from
a water deficit. Dabrowski & Bielak (1978)
found that phloridzin levels and mite fecun-
dity were negatively correlated. We can im-
agine that the higher content of phenolic
compounds for the null dose may play a role.
But as the levels did not differ significantly
between M 26 and MM 106 while fecundities
are quite different we can again accept that
leaf water deficit had a greater effect with
the former.

We lack information about what happens
when plants are overwatered. Perhaps there
is a dilution of the nutrients available to the
females as occurs in the fruit (Cemagref
1983) but we observed also that this treat-
ment led to higher levels of phloridzin (Ta-
ble 2). This suggests that too much as well
as too little water caused stress and stimu-
lated the production of phenolic compounds.
As mite fecundity decreased in comparison
to control trees we can think of a negative
correlation between mite fecundity and
phloridzin content of the leaf as indicated by
Dabrowski & Bielak (1978). However it was
not statistically significant here and we must
also consider the possible effect of simulta-
neous changes occurring in the concentra-
tions of the other nutrients.

This experiment confirms that apple trees
suffering from a water stress have mite num-
bers but it is clear that rootstock is an impor-
tant factor in mite population dynamics.
Monteiro & Fauvel (1993) came to a similar
conclusion in the field. The mechanisms in-
volved appear complex but water status of
the leaf seems important. It is difficult to as-
certain the effects of phenolic concentrations
on mite fecundity. Working with T. urticae
reared on micro-propagated apple trees re-
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ceiving different levels of the macronutrients
NPK Wermelinger et al. (1991) concluded
similarly that "... it is not possible (...) to pin-
point a single factor as the true cause con-
trolling the development of spider-mite
populations. In fact, the balance between the
adverse effects of phenolic compounds and
the beneficial effects of aminoacids and car-
bohydrates is suggested as the determining
factor in the performance of a population.”

In the present state of knowledge we can-
not generalize these results to other mite spe-
cies as the effect of water stress on P. ulmi
seems different from that on Oligonychus
pratensis (Banks) (Feese & Wilde 1977,
Kattes & Teetes 1978, Chandler et al. 1979),
Tetranychus cinnabarinus (Boisduval)
(Chandler et al. 1979). T. pacificus
(Youngman et al. 1988), and T. wurticae
(Ferree & Hall 1980).
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