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ABSTRACT

BIOTIC Aﬁﬁ ABICTIC'STRESS INTERACTIONS BETWEEN
THE CEREAL LEAF BEETLE (Oulema melanopus (L.))

AND OATS (Avena sativa (L.))

by
Michael Edmund Mispagel

The effects of defoliation by the cereal leaf beetle,

OQulema melanopus (L.), on the growth and physiology of oats

were investigated under various levels of water stress in
the field. Though induced insect defoliation was severe,
loss of yield could not be attributed solely to
defoliation. Soil water availability was shown to greatly
affect plant growth and yield. Rewatering drought and
defoliation stressed plants at heading caused significant
recovery without yield loss. Water available at anthesis
allowed grain filling to proceed with assimilates from
sources other than the flag leaf blade. Upon rewatering,
plants prestressed by drought and defoliation had a greater
individual kernel weight.

Although leaf water potential was reduced by CLB
defoliation, it was further correlated with leaf position,
soil moisture, time of day, date and maximum air
temperature. Leaf water potential of lower leaf blades did

not increase to compensate for the decreased potential of
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defoliated upper blades. However, in dry plots
particularly, a greater percentage of assimilates were
translocated to the head of plants which had more than 60%
blade defoliation than in those with less.

In contrast to CLB defoliation, radical artificial
defoliation includi;g flag leaf excision did significantly
decrease yield by reducing the photosynthetically active
basal portions of the blades which contain soluble
carbohydrates for regrowth.

The contributiin of various organs to grain filling is
reviewed and evidence is presented which suggests an
important role of the flag leaf sheath in this process. 1In
contrast, the contribution of the leaf blades in oats may
not be as great as previously believed.

Oat plants measured 2-3 times a week were particularly
susceptible to thigmomorphogenesis, i.e. morphological
changes caused by physical manipulation. Both height and
leaf area were reduced while tillering was increased.

A high incidence of Barley Yellow Dwarf Virus masked
treatment effects during one season. Symptom expression of
the disease was greatest in water stressed plants.
However, plants which were prestressed and then rewatered
withstood the disease as well as well watered control
plants.

The oat plant is well adapted to withstand



perturbations as long as water is available. Compensation
does occur in response to the gradual defoliation of the

cereal leaf beetle.
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I. INTRODUCTION

Most investigations assessing crop losses have been
concerned with the development of sampling methods or the
relating of particular levels of pest density with loss of
yield (Chiarappa 1967). Appraisal of losses is best
accomplished in two phases (Large 1966). Field experiments
should be conducted initially to describe the relationship
between a pest and loss of yield which will permit methods
to be developeq to estimate the loss of yield associated
with any given pest organism. This normally involves
studying the pest or organism and the growth of infested
and noninfested host crops throughout the season noting
phenological relationships and damage symptoms indicative
of particular population levels. The second phase involves
applying the loss assessment methods developed in the first
phase to a number of fields sampled in a regional survey.
Once the relationship between pest abundance and loss of
yield has been established and verified under a range of
conditions, one can determine the population level of the
pest at which control recommendations would be warranted.

From the widespread and indiscriminant use of
pesticides over the last three decades and the unforeseen
consequences of that use (Chant 1966, Kennedy 1968) has
evolved the integrated control approach (Stern et al. 1959,
Geier 1966, Smith and Van den Bosch 1967). Inherent is the
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concept of the "economic threshold" defined as "the density
at which control measures should be determined to prevent
an increasing pest population from reaching the economic
injury level" (Stern et al. 1959). This latter term was
defined as "the lowest population density that will cause
economic damage" (Headley 1971).

Stern (1973) reviewed the status of developing
economic threshold levels for agricultural pests and
concluded by restating the belief and hope that pest
control can be raised to higher competency levels in the
form of applied population ecology (Geier 1966, Smith and
Van den Bosch 1967).

These suggestions have been readily taken to heart by
crop protection specialists and the ecological community.
A linking of the basic sciences such as entomology, plant
pathology, nematology, soil science, meteorology and
economics has taken place through the technological
advancements of electrical engineering and systems science
(Koenig 1974, Koenig et al. 1976). Sophisticated methods
have been developed to monitor the environment (Haynes et
al. 1972), to track the progress of pests and crops through
computer mapping (Fulton and Haynes 1975) and to survey
pest populations through such monitoring programs as the
Cooperative Crop Monitoring System (Gage and Mispagel
1981). And finally, rapid communications and information

delivery systems have been developed (Croft et al. 1976,
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Tummala and Haynes 1977), modified and implemented (Gage et
al. 1981).

Although the technology and theory of pest management
have evolved to a high level of sophistication, an immense
amount of basic biology and understanding of the
relationships between pest organisms and their hosts is
lacking. A great deal more work in the first phase of crop
loss appraisal (Large 1966) needs to be undertaken.

Towards this end, I have conducted preliminary
investigations into the interactions of a single pest/host
system, that of the Cereal Leaf Beetle (CLB), Oulema
melanopus (L.), and its preferred host plant, oats, Avena
sativa (L).

Many investigations have been conducted on the
biology, population dynamics behavior and biological
control of the CLB in small grains over the past two
decades (see reviews by Battenfield et al.; in prep.,
Haynes and Gage 1981). Though some have found significant
correlation of loss of yield with population densities
(Wilson et al. 1969, Merritt and Apple 1969, Gutierrez et
al. 1974), few studies (Gage 1972, Jackman 1976) have
examined the relationship between the CLB and its host
plant from the plant's physiological or growth
perspective. Ceriainly a plant cannot be solely affected
by a single factor such as CLB defoliation without many

other variables including climate, nutrients and the



plant's own biochemical changes through phenological time
influencing the effects of that factor. It is easy to
overlook the influence of other factors when judging a
foreign variable's effect when the only concern is the
integrated effect of that treatment over all variables,
i.e. yield.

My intent in this thesis is to examine in detail the
interactions of CLB defoliation and the abiotic
environment, mostly water stress, which impinge on the
growth and development of the oat plant. For the purposes
of this investigation, the single plant perspective will be
employed rather than whole field analysis.

The way in which the plant itself influences the
insect's behavior and survival will affect the impact of
that insect population on the plant's growth and survival.
The same abiotic conditions affecting the plant, affect the
insect through the plant either directly or indirectly,
e.g. the plant's attractiveness and/or nutritional
quality. Therefore an examination of the plant from the
insect's perspective was undertaken and will be considered

here.



II. MAJOR OBJECTIVES AND HYPOTHESES

The interaction between the imported pest, the Cereal

Leaf Beetle ( Oulema melanopus ) and its preferred host

plant, oats ( Avena sativa )/has to be investigated. Not

only was plant fitness a concern, but more importantly was
the determination of the effect of the CLB on the
physiology of the oat plant and its eventual yield. This
aspect of the investigation required monitoring the plant's
water relations and growth parameters under the constraints
of manipulated treatments of soil moisture and timing of
CLB defoliation. Comparisons of insect vs. artificial
defoliation treatments under similar regimes of soil
moisture conditions as well as perturbations on a
phenological schedule provided information regarding the

changing source:sink relationships in the growing plant.

Major Objectives

1. To determine the effect of water deficits in
conjunction with cereal leaf beetle defoliation
on the growth, development and yield of the oat
plant.

2. To determine the effect of these same stresses on
the chemical composition of plant tissues as
potential food resources for a defoliator.

3. To determine the effect of leaf surface area

reduction on the optimization of the



transpiration:photosynthesis ratio for maximum
crop productivity.
To determine whole plant growth and yield

compensations to biotic and abiotic stresses.

General Hypotheses

That the timing and length of moisture deficits
and the consequent degree of vegetative growth of
the plant have a major influence on the effect
that defoliation might have on eventual yield.

That, under moisture stress conditions,
defoliation by the CLB can play an impotant role
in changing the oat plant's ratio of minimum
transpiration to maximum photosynthesis expressed
in terms of growth.

That within and between plant growth compensation
will occur under various biotic and abiotic
stress levels to minimize yield loss at the field
level.

That loss of grain yield in oats under moderate
CLB defoliation pressures is related more to the
seasonal soil moisture conditions than to CLB
defoliation per se.

That soil moisture affects the total nitrogen and
water content of the plant tissues and thus
affects the nutritional value of foliage for a

defoliator.



III. MATERIALS AND METHODS
A. Study Area and Plot Descriptions

Investigations of CLB defoliation on oat plant
physiology were conducted at the W.K. Kellogg Biological
Station (KBS) in Ross Township, Kalamazoo County, Michigan,
from 1979-1981. This site was chosen because of its long
history of CLB investigations (Haynes and Gage 1981), the
endemic populations present and the technical and
logistical support provided at KBS.

The majority of the research was conducted in Section
9, fields 9-11 (Table 1) though comparative data were
collected in Section 5. Field numbering in this thesis
follows that of Casagrande (1975) though a new field
numbering scheme was instituted in 1981 for the Kellogg
Biological Station (Appendix 1). Acreages for the
Casagrande numbered fields are given in Lampert (1980) and
for the new KBS field numbers in Figure A2 (Appendix 1).

Plots were laid out in a randomized complete block
design with three replications. The following treatments

were manipulated during the years specified:

Simulated Drought Conditions

1. No Defoliation (Dry Control) (1979-1981)
2. Defoliation through boot stage; water and insect

stress relieved after heading (Dry Boot)



Table 1. Oat crop planting variables in the fields

investigated at the Kellogg Biological Station from

1979-1981.

Year
Variable 1979 1980 1981
Field (Sec./Num.) 9-9 9-11 9-10
Variety Korwood Korwood/Mariner Mariner
Planting Date May 6 April 22 March 25
Planting Rate 2.5 bu/acre 3 bu/acre 2.5 bu/acre

Harvest Aug 9 Aug 5 July 20

- - - —— - — — - > - - = ——————— = ——— = - - - . e - m - ——— e > n e - - em = - e - -






(1979-1981)

3. Defoliation and water stress during heading only
(Dry Heading) (1979-1980’

4, Defoliation and water stress continuous
throughout the boot and heading stages (Dry B &
H) (1979-1981)

Irrigated Conditions

5. No defoliation (Wet Control) (1979-1981)

6. Defoliation through boot stage only (Wet Boot)
(1979-1981)

7. Defoliation during heading stage only (Wet
Heading) (1979-1980)

8. Defoliation throughout boot and heading (Wet B &
H) (1979-1981)

Rain shelters in the 1979 season consisted of 1.0x1.7
m frames covered with clear plastic and sloped to intercept
westerly storms. The following two years, the rain
shelters were more elaborate and considerable larger.
Sloped frames 3x4 m were constructed consisting of portable
tops covered with 8 mil Visqueen plastic, roll down sides
and plastic sheeting buried 30 cm around the plot's
perimeter (Figures 1 and 2). Rain shelters were put in
place only when rain was imminent and on nights when

precipitation was forecast. Every attempt was made to keep
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Figure 3. Accumulation of natural precipitation
and irrigation water from January 1 by
moisture treatment for 1979-1981.
Vertical arrows indicate date of

anthesis.
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Ratio of accumulated degree days (>5.5C)
to accumulated precipitation as a function
of accumulated degree days. The vertical
arrows indicate oat crop anthesis and the
vertical lines mark the first day of the

month listed on the horizontal axis.
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the plots open to the ambient environment for as long a
period as possible.

The wet plots were watered with 2.54 cm flood
irrigation when the percent soil moisture fell below 50%

available moisture according to a Buoyocos Moisture Meter.
B. Abiotic Monitoring

Maximum-minimum temperatures were recorded daily at
the KBS weather station located adjacent to Gull Lake.
Although temperatures recorded at this site were slightly
different from those recorded in the field, heat unit
accumulations derived from sinusoidal curves are nearly
identical. However, maximum-minimum temperatures in the
open at canopy height were used to compute degree day (DD)
accumulation base 5.5C (Appendix 2).

Precipitation was monitored by a rain gauge at canopy
height in the field. Accumulated precipitation included
both natural precipitation and water added by irrigation
(Figure 3?.

Percent available soil moisture was monitored by a
Boyoucos Moisture Meter (BN-2B) attached to gypsum
resistance blocks buried at 15 and 30 cm in each plot.
Soil moisture was manipulated by flood irrigation in the
wet treatment plots with 2.5 cm of water across the plot
whenever available soil moisture dropped below 50% at the

15 cm depth. Soil water potential was related to the
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percent available soil moisture by means of a pressure

plate and is described by the following equation:
SWP (-bars) = 3.21-0.031(PSM) (r2= .97)

where SWP = so0il water potential and PSM = percent soil
moisture available.

An index of the ratio of accumulated degree days (>5.5
C) and accumulated precipitation including that added by
irrigation is plotted against degree days in Figure 4.
This index contrasts the interaction of abiotic
relationships among the three years. The lower index
values for 1979 indicate greater moisture levels early in
the season, primarily in the form of snow, which
contributed to plentiful soil reserves. However, the
smaller indices of 1981 compared with 1980 are related to
the higher temperatures of that spring and consequently a
greater accumulation of growing degree days. The position
of the first day of May, June and July, indicated by the
short vertical lines in Figure U4, confirm this degree day
accumulation in 1981. The early anthesis in 1981, Day 170,
was due to early planting and degree day accumulation more
than moisture availability since similar or greater soil
moisure reserves were available the previous two years.

Soil analysis of several fields was conducted in 1979
and included particle size distribution (Figure A3), pH,
nitrate-nitrogen, P, K, Ca and Mg in the top 15 cm and from

15-30 cm (Table A5, Appendix 3).



IV. CEREAL LEAF BEETLE DEFOLIATION

A. Historical Introduction

A simplified life history of the cereal leaf beetle is
shown diagramatically in Figure 5. Detailed accounts can
be found in Castro et al. (1965), and in many references
cited by Haynes and Gage (1981) and Battenfield et al. (in
prep.).

Briefly, the overwintering adult CLB population
emerges from small grain stubble and roadside refugia about
April 1 in southern Michigan. These adult beetles feed in
the winter grains and grasses until spring planted grains
emerge in May. Eggs are oviposited on small grains and
field grasses. As the winter wheat matures the adult
beetles are more commonly found in the preferred spring
oats (Sawyer 1978).

Eggs are parasitized by the mymarid, Anaphes flavipes

(Foerster) while larvae are attacked primarily by a

eulophid, Tetrastichus julis (Walker), and less by two

ichneumon wasps (Gage 1974). Parasitism continues through
the egg stage and the four larval instars. The degree of
parasitism is greatly dependent on the synchrony of
planting date, beetle and parasitoid populations (Lampert
1980). Competition between A. flavipes and T. julis for

hosts may adversely affect the population structure of the

17
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latter.

Larvae pupate in the soil from mid-June through July
when summer adults emerge. These adult beetles feed on
grasses and on senescing small grain crops through August
before dispersing to diapause sites for the winter (Wellso
1974).

The impact of CLB defoliation on grain yield in
central Europe was reported as high as 70% (Knetchtel and
Manolache 1936) while Balachowsky (1963) reported losses in
the Balkan, Ukraine and the Caucasus regions of Europe.
Wilson et al. (1964, 1969) reported 20% consumption of a
stem's surface area for every CLB larva completing
development to pupation regardless of the vigor of the
plant. Loss of yield under favorable growing conditions
was estimated at 2-4 bushels per acre for each increase of
1 larva per average stem infestation. These authors point
out, however, that loss in grain yield will be dependent
upon crop and soil conditions at the time of defoliation.

In contrast, Gutierrez et al. (1974) found that no
significant loss of yield occurred where fewer than 1.5
larvae per plant complete development. Their model based
in part on the findings of Wilson et al. (1969) was
adjusted for this observation. With a high population, 1.4
larvae per stem, Merritt and Apple (1969) also found a

substantial reduction in yield of oats amounting to 3.1 bu
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per larva per stem or a 4.7% yield reduction per larva.
These authors mention that nutrients from the carbamate
insecticide used may have contributed to yield gains in
plots kept free of larvae. Koval (1966) found that two and
four larvae per stem reduced yield in oats by 34 and T72%
respectively.

Steidl et al. (1969) noted that different strains of
small grains offered to CLB resulted in significantly
different weight gains of the larvae as well as some
variable mortality. These results are attributed to
varying degrees of antibiosis due, in part, to trichomes on
the leaf surface (Wellso 1973). Lyon and Ray (unpubl.
1968) investigated larval feeding and yield of 2 varieties
of oats in Ohio and found no correlation between these two
parameters that season.

Webster et al. (1972) found variable yield losses
among different varieties of spring wheat dependent, at
least in part, upon the degree of leaf pubescence (Gallun
et al. 1966). Losses of at least 25% from CLB damage could
be expected based upon number of kernels per head, the
weight of 1000 kernels, and straw length. Gallun et al.
(1967) also found yield losses ranging from 0-23% in Monon
winter wheat due to reductions in kernel number and kernel
weight. Losses were dependent upon the amount of flag leaf

surface consumed by the larvae. Nevertheless, no
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significant losses were noted in protein content, pearling
index, mill yield or alkaline water retention capacity.

Although substantial yield reductions have been
related to CLB defoliation, none of these authors have
examined consumption rates in terms of the plant's
physiological or biochemical condition, although Gage
(1972) stressed the latter's importance. On the other
hand, Lyubenov (1956) noted a preference for succulent
plants especially those given heavy applications of
nitrogenous fertilizers. Castro et al. (1965) also noted
higher adult feeding damage and increased egg laying on
fertilized plants. The water content and/or total N in the
plant tissues was not noted quantitatively in either of
these papers.

Castro et al. (1965) and Wilson et al. (1969) were the
first to determine the amount of leaf material consumed by
the various life stages of this beetle (Table 2). Gage
(1972), using the values of leaf area consumed provided by
Wilson et al. (1969), developed an index of feeding
quantities based on the composition of the larval
population. This index, first instar feeding equivalent
(FIFE), was based on the proportion of leaf surface area
consumed by later instars related to that consumed by the
first instar which was indexed as 1.0 (Table 3). The

purpose of these conversions was to weight consumption by
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Table 2. Amount of feeding (mg) on ocat seedlings by
larvae and adults of the cereal leaf beetle within

24 hours (Castro et al., 1965).

- - ———— - — - - —————————— = —————— e = ————— - - - e = =

Stage Number Ave, wt Per Day Per Life
(mg) (est)
lst instar 10 0.22 2.14 5.35
2nd instar 25 2.68 7.80 19.50
3rd instar 10 7.80 12,90 41.70
4th instar 15 20.80 26.40 52.80

Adults 41 7.35 25.90 1040.00
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Table 3. Amount of ocat foliage consumed by each instar
of the cereal leaf beetle and the corresponding first

instar feeding equivalent (FIFE) conversion (Gage 1972).

Instar Area Consumed Percent FIFE
(mm )

1st | 18.6 2.9 1.00

2néd 53.4 8.3 2.87

3rd 111.0 17.3 5.97

4th 459.,5 71.5 24.23

Total 642.5 100.0
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the population to the amount of feeding by each respective
instar. The integral of the area under the curve of FIFE
graphed against degree days greater than 9C on the
abscissa, all divided by the length of 1st instar larval
development, 30.6 DD, estimated the amount of foliage
consumed by the larval populations. Multiplying this value
by 18.6 mm?, the average amount consumed by first instar
larvae, converted the estimate to annual surface area
consumed by the population.

Castro et al. (1965) estimated that a single spring
adult may consume up to 1040 mg dry weight of leaf tissue,
equivalent to 8.6 oat seedlings. These authors found that
one larva will consume from 1.27 to 9.73 times its body
weight per day or up to 119 mg in its lifetime.

CLB larvae generally feed on the epidermis between
leaf veins on the adaxial surface of the leaf blades
leaving the abaxial epidermal surface intact. Very high
densities may force consumption of leaf sheaths though this
is unusual (Merritt and Apple 1969). Major leaf veins may

be damaged during such heavy feeding. Shade and Wilson
(1967) found that feeding was deterred in host plants with
interveinal widths that were too narrow to accomodate the
CLB mouthparts. Wellso (1973) reported that the higher
silica content or greater propensity of trichomes to be on

or along the veins also deterred vein feeding. This type
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of defoliation which leaves intact the leaf's major
vascular system is certain to have a different impact on

leaf function than cross vein feeding.

B. Methods

Defoliation was induced by innoculative release. In
1979 cheese cloth cages were placed over 1.0x1.3 m plots
for the containment of adult beetles collected the previous
year and retained in a state of diapause. The limited
number of adult beetles available dictated the size of the
plots in 1979. It was believed that the larvae were
sensitive to capture techniques and that oviposition by
caged adults would offer the best chances to obtain large
larval numbers.

It was found that if defoliation is the prime
objective, handling CLB larvae does not decrease their
effectiveness appreciably. The following two years, then,
plot size was increased to 3x4 m, the size dictated now by
the manageability and portability of the rain shelters.
Larvae were collected by sweep net from infested fields and
spread throughout the plots by hand in a sowing motion.
The sticky fecal coat of the larvae helped them to stick to
the plants when spread, but also caused an undesired
clumping of larvae into a mass which resulted in mortality

if the larvae were unable to extricate themselves.
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The actual number of larvae per stem was not
determined because new releases of larvae into the plots
were made every couple days which artificially altered the
population responsible for the defoliation, and because the
intent was to attain major defoliation by the CLB
regardless of instars available or densities required.
Moreover, it was assumed that the amount consumed per unit
time by an individual larva was ot a constant but rather a
function of food quality. The validity of this assumption
would make any association between CLB density and
defoliation questionable.

CLB defoliation of each of the top three leaf blades
was estimated by eye on 20 plants per plot in 1979 and 50
plants per plot in 1981.

C. Results and Discussion

Green leaf surface area was dramatically reduced by
defoliation caused by the CLB. Figure 6 shows the final
level of CLB defoliation in 1979 and 1981 for the top three
leaf blades in each treatment plot. 1In the dry plots, the
mean CLB defoliation ranged from 23-41% on the flag leaves
in 1979 and 64-79% in 1981. The wet plots exhibited less
defoliation than the dry plots: 20-28% in 1979 and 63-66%
in 1981. Because of destructive climate which lodged the

entire field, these data were not collected in 1980, though
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Figure 6. Mean percent defoliation (+SE) of oats
by the cereal leaf beetle in 1979 (n=20)
and 1981 (n=50) for dry and irrigated

plots by leaf position.
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the effects can indirectly be estimated from the reduced
leaf area in the defoliation treatments shown in Figures 7
and 9. Being positively phototropic, larvae feed
preferentially on the flag leaf and less on sequentially
lower leaf blades (Wellso 1973). Defoliation is more
intense in the dry plots despite the fact that the same
relative number of larvae were distributed in both wet and
dr& plots. More defoliation occurred in the boot & heading
plots due to the longer innoculation period of this
treatment.

The effect of selective CLB defoliation on the flag
leaf decreases the effectiveness of this organ more than
others because the surface area of a non defoliated flag
leaf was during the years of this study is often the
smallest of the top five leaf blades (Figure 8).
Nevertheless, with adequate water, the flag leaf persists
longer than the lower blades thus making leaf loss even
more impotant. During the period of this study, the 2nd
and 3rd leaf blades had the greatest amount of surface
area. If dry conditions are severe, senescence of all
leaves is rapid (Figure 8). Persistence of leaves is
apparent in the wet control plots and the dry defoliated
(boot) plots which received water at heading. Maximum leaf
area was attained 2-3 days after anthesis in the non

defoliated control plbts.
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Figure 7. Influence of water and CLB defoliation
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area (cm2) of oats as a function of
accumulated degree days in 1980 and

1981.
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Figure 8. Mean area (cm2) per leaf by position for

the dry control, dry defoliated (boot)
and wet control plots. Vertical arrow

indicates anthesis.
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V. ARTIFICIAL DEFOLIATION
A. Introduction

Radical defoliation by artificial means is pften used
to simulate pest, climatic or mechanical damage. This
simulated damage can take many forms such as leaf blade
excision by blade or hole punches, or sandpapering leaves
(Wellso, pers. comm.). It is difficult to compare results
of artificial defoliation studies because of differences in
the timing of defoliation, the length of time defoliation
continues, the leaf or leaves defoliated, the portion of
leaf defoliated and the method(s) used. Artificial
defoliation studies are conducted to measure the impact of
leaf removal on growth and yield under relatively
controlled conditions and manipulated treatments. These
studies are often used to estimate the impact of'similar
levels of insect defoliation (Brown et al. 1972) or disease
incidence (Hendrix et al. 1965).

Most of the literature on artificial defoliation of
small grains is concerned specifically with wheat. 1In
general, the greatest losses in yield result when
defoliation occurs between heading and dough stage
(Kiesselbach 1925, White 1946, Miller et al. 1948, Pauli
and Laude 1959). However, Womack and Thurman (1962) found

the greatest yield reductions of wheat occurred when at

32
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least 10% defoliation was incurred one week before boot
stage. In contrast, artificial defoliation of oat plants
at four different life stage and five levels of clipping
showed that removal- at varying life stages had little
effect on yield. 1Indeed, only defoliation treatments of
30% and 40%, the highest levels used, reduced yields
significantly below check. It was concluded that the major
reduction in grain yield due to leaf removal in oats was
due to a reduction in seed size though significantly lower
seed weights did not always result in lower grain yields
(Womack and Thurman 1962).

Yield estimates are normally derived from the total
yield per plot rather than from single plants. This is
done because of the large variance from plant to plant but
most importantly because of the variance among tillers on
the same plant. The interrelationship between tillers and
main stems in oats has been investigated by Labanauskas and
Dungan (1956). Through various treatment combinations of
defoliation, defloration and detillering just prior to
anthesis, they investigated the translocation of nutrients
between tillers and the main stem. They found that when
the main stem alone was defoliated, part of the assimilates
produced by adjoining tillers was translocated to the
panicle of the defoliated main stem. Although the yield

was greatest on main stems and declined on tillers from the
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first formed to the last, nutrients moved from foliated
stems to defoliated stems. However, the amount of yield
reduction per defoliated stem was less with the older
tillers. It was concluded that the whole plant is the
appropriate field unit rather than individual stems and
that because of translocations among stems, the loss of
particular stems or heads may not be as serious a loss of
yield as the number 6f dead panicles might indicate.

I employed this method to determine the amount of leaf
removal possible in oats without loss of yield and the
critical time of defoliation to ellicit this loss. It was
anticipated that this information would shed some light on
the consequences of a similar level of defoliation

initiated by the CLB.
B. Materials and Methods

Effects of artificial defoliation were determined in a
factorial experiment (2x32) as a completely randomized
design. These defoliation levels were used: 0, 25 and 50%
in 1979; 0, 50, 100% in 1980 and 1981. In 1981, 50%
defoliation was conducted on May 27 and in an addiitonal
plot June 5. Two foot rows in 3 replications were used in
1979 and 1981 while 3 foot rows were used in 1980.
Defoliation was conducted at three phenological stages:

preboot, boot, and heading. Half the plots were irrigated
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while the others remained subject to ambient conditions
(1979) or were drought stressed under the rain shelters
(1980, 1981).

All leaves within the treatment rows were hand
defoliated. Defoliation was conducted by slitting the leaf
at the ligule and stripping the cut portion of the blade
from the base to the leaf tip. The "25% defoliation"
treatment had only one side of the leaf blade removed while
the "50% defoliation" had both sides removed leaving the
midrib and a portion of leaf blade on either side.

In 1979, total flag leaf excision at the ligule was
conducted in irrigated vs. non-irrigated plots each
consisting of 5 two foot rows with 5 replications. In 1980
and 1981 a single two foot row was designated for this
purpose in each main treatment plot. All yield components

were measured and expressed on a per stem basis.

C. Results and Discussion

In 1979, artificial defoliation of 25%, 50% and flag
leaf excision conducted at preboot, boot and heading in
general field micro plots had a significant effect on grain
weight per stem, and the weight per kernel (P<.05) (Table
4) but not on the number of florets per panicle.
Supplementation of ambient precipitation by irrigation also

significantly increased plant height both on July 3 and
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Table 4. Effect of artificial defoliation of all blades
of Korwood oats on kernel weight (mg) per stem at preboot,

boot and heading phenological stages in 1979 (n=80).

Defoliation Preboot* Boot Heading
Check 1.41 a 1.41 a 1.41 a
25% 1.28 a b 1.21 b 1.14 b
50% 1.23 b 1.15 b 1.18 b

———— —— = ——————— - - - - — ——— — - e . ———— - W= - - — - - - —— . —— - . . - - ——— ——— -

* Means followed by same letter are not significantly

different by Duncan's Multiple Range Test (P=,05).
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July 11, straw weight, head weight, number of florets per
panicle and weight per kernel (P<.05) though only with
weight per kernel was there a significant interaction of
defoliation and water stress. Total grain weight was
affected by defoliation from pre-boot through heading but
by water at the pre-boot stage only. The number of florets
was not affected by defoliation but water was a significant
factor during the pre-boot and boot stages.

In 1986, artificial defoliation micro plots were
situated under rain shelters and subjected to the
controlled water treatments. In this season as well,
defoliation of 50% and 100% in addition to dry water
treatments effectively decreased the kernel weight per stem
at the boot and the heading stages and decreased the weight
per kernel at the heading stage (Table 5). Straw weight
was affected by water stress only at the preboot stage.
The number of stems was affected by water but not by
defoliation.

Variation of grain yield per stem was so great in all
these treatments that no differences due to defoliation or
even to water were found. The field-wide spread of BYDV
affected yield results in 1981 and effectively masked all
treatment effects.

Loss of grain weight per stem as a percent of control

is shown from 1979;1980 in Table 6. Flag leaf excision
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Table 5. Influence of various levels of artificial
defoliation on mean grain.weight per stem (mg) for
1979-1981. ND = no data.

- e e o - —— - —————— —— —— = - ——— ——— — — ——— — o - ——— — - e == - = = - —— - - - ——— - = -——

Level of Artificial Defcliation

- e - - ——— — ———— - ————— — —— ——————— - ——— - = = - = ——— - —— ==

Year Check Flag 25% 50% 100%
1979 X 1.070 0.798 0.826 0.868 ND
SE 0.023 0.026 0.042 0.042
n 4 50 12 12
1980 ¥ 0.792 0.678 ND 0.509 0.383
SE 0.102 0.360 0.035 0.050
n 22 23 20 20

1981 X ND 0.723 ND 0.722 0.755 0.698
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Table 6. Percent loss of cat kernel weight per stem by
artificial defoliation of the flag blade, a percent of all

blades (25-100%) and by reduced water in 1979 and 1980.

- - = . T T A - ———— - e e G e E— —— - . = G- - - = = = = e = - ——

—————— ————— - - e ———— - G s = = e - = ———— - ————— ——— ————— —— - - ————— - ——— - —
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decreased kernel weight per stem 14-18%, a range similar to
that found when water was witheld. Major defoliation of
100%reduced kernel weight per stem by 53%. This is greater
than most reported values for this level of defoliation
(Table 7).

Wardlaw et al. (1965) reported a loss of grain dry
weight of 14-25% due to flag leaf excision, but only 6-16%
when all lower leaves below the flag leaf were removed 6
days after anthesis. Compensation by adjoining organs was
observed in response to these excisions. Thirty percent of
assimilates which would have moved to the ear from the flag
leaf were replaced by material from the second leaf when
the flag leaf blade was removed. Moreover, a transfer of
carbon from tillers to the main stem was noted only when
the main stem was defoliated. Similar results of
defoliated stems benefitting from blade-bearing members is
reported by Labanauskas and Dungan (1956) and Ryle and
Powell (1975). Despite these compensatory mechanisms,
major losses are incurred by radical artificial
defoliation. Keeping things in perspective, however, a
maximum 50% decrease in grain weight is remarkably low
considering that to ellicit this loss, total plant
defoliation at its most vulnerable stage is required
(Hendrix et al. 1965).

A partial explanation for this modest loss is
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discussed by Davidson and Milthorpe (1966a). They have

documented that expanding leaf cells of Dactylis glomerata

are confined to a basal area below the ligule of the
enclosing fully expanded leaf. Wellso (pers. comm.) has
also found that in oats, leaf expansion is restricted to
the basal cells of the blade closest to the ligule.
Removal of laminae of exposed and expanding leaves
reduces the rate of leaf expansion because expansion is
dependent on the leaf's own photosynthetic ability. If
defoliation occurs, photosynthate from older, fully
expanded leaves is drawn upon to maintain cell enlargement
of expanding leaves (Davidson and Milthorpe 1966).
However, leaf laminae attain their maximum photosynthetic
rate at the time of full expansion and maintain this
maximum rate for only a few days before the rate slowly
declines (Friend 1966). Davidson and Milthorpe (1966b)
suggested that following severe defoliation regrowth during
the first week is limited by the soluble carbohydrate
content of the bases of expanding leaves. Subsequently,
the rate of photosynthesis and then, in later stages the
rate of nutrient uptake by the roots will limit regrowth.
Few authors have investigated the effects of
artificial defoliation on the yield of oats and only a few
more have looked closely at this problem in wheat (Table

7). Womack and Thurman (1962), Wardlaw et al. (1965),
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Hendrix et al. (1965) and Wellso (pers. comm.) are the only
authors found to have investigated relatively low levels of
artificial defoliation on oat or wheat grain yield.
Estimated losses from these studies is extremely variable
ranging from negligible to major loss. The general
consensus appears to be that maximum loss would be attained
by mechanical defoliation on or about anthesis. However,
even with 1004 defoliation, other environmental variables
being kept favorable, the maximum loss would be 17-48%

(Table 7).



VI. OAT PLANT GROWTH UNDER BIOTIC AND ABIOTIC STRESSES
A. Introduction to Oat Plant Development - A Background

Two leaves are present in the embryo of an oat plant.
Initiation of additional leaves begins soon after
germination. The plastochron, the time interval between
new leaf initiation, is 2-3 days at spring temperatures so
that the initiation of the flag leaf takes place 15-20 days
after germination. However, in field crops, the
phylochron, the time interval between the appearance of
successive leaves, is considerably longer than the
plastochron, often from 5-7 days (Bunting and Drennan
1966).

The leaf matures from the tip downwards, the sheath
being the last to develop. Sharman (1942) and Begg and
Wright (1962) have shown that lamina elongation ceases
about the time of ligule exposure from the encircling leaf
sheaths. Our data confirm this finding in oats. Borrill
(1961) found that leaf laminae become successively longer
until inflorescence formation when laminae up the flowering
stem become progressively smaller. In oats, this smaller
blade may be only the flag leaf. Pukridge (1968) found
that ﬁitrogen can have a major effect on the sequence of

leaf sizes. His results suggested that the needs of the

44
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ear and stem have precedence over those of the leaves and
when nitrogen is in short supply the growth of late-forming
leaves is restricted. Leaf sheaths, on the other hand,
Wwill increase in length and area after inflorescence
formation and after the blade has ceased elongation. As a
fully expanded leaf ages, it contributes progressively less
to the rest of the plant, so that before final senescence
it may be unessential (Jewiss 1966). A young elongating
leaf retains all its assimilates if fed labelled C02. The
young leaf receives assimilates from lower leaves while it
expands. The fully expanded leaf becomes a source for
assimilates and begins to export to other sinks such as
younger leaves or to developing tillers (Wardlaw 1968,
Williams 1964). Wheat laminae, even when fully emerged,
continue to import one-quarter of their dry weight increase
from lower leaves. About half of the dry weight of the
sheath comes from sources other than its attached blade.
Successive leaves have slower rates of cell division and
expansion and therefore lower relative rates of growth.
However, the rate of cell division in these leaves is
maintained for a longer time so that the number of cells
increases with successive leaf formation. The area and
length of the leaf is dependent on the expansion of these
cells and thus the nutrient supply available.

In general, the maximum photosynthetic capacity for a
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leaf occurs for a few days after full expansion, which is
when the leaf ligule appears from the enveloping sheaths.
However, the distal parts of the leaves of cereals are less
active on an area basis than are the basal portions
(Milthorpe and Moorby 1974). Thus the mean growth rate of
a leaf is a consequence of the ageing of fully expanded
cells and emergence of tissue of inherently greater growth
and photosynthetic activity.

Once flowering is initiated, the internodes which have
previously been very short, begin to elongate. New cells
are produced in the intercalary meristems of the lower part
of each internode and growth occurs by elongation of these
cells. The lower internodes elongate much less than the
upper ones. Elongating stems during the postanthesis
period are major sinks for substrates. The internode at
this time is actually competing with the ear for available
photosynthates and may actually draw from the
photosynthesizing panicle (Wardlaw 1968).

Tillering of small grains is highly variable and is
dependent upon the cultivar and the available water and
nutrients. Tiller production ceases when heading occurs on
the main stem. Assimilates for tiller growth come from the
older leaves of the main stem until the tiller has leaves
of its own and becomes independent. An insufficient supply

of substrates to the apex and primordial leaves will cause
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tiller death. An appreciable portion of tillers die
without grain formation. If, however, the tiller survives
to flowering, grain filling will continue as normal.
Successive tillers are smaller and produce less grain, a
function of decreasing assimilate supply. However,
Labanauskas and Dungan (1956) found that the total yield of
five tillers was more than twice that of the main stem.
Even after tiller "independence™ has been attained,
defloration or defoliation of the tiller can shift sink
strengths so that assimilates flow to the main stem from
the tiller with the former, and vice versa with the
latter. Rawson and Hofstra (1969) found that the ears of
tillers provided a stronger sink for the lower leaves of
the main stem and that movement of translocates continued
in this direction during grain filling. The growth rate of
the inflorescence slows towards anthesis with peduncle and
rachis internodes elongating until the end of anthesis.
The panicle of ocats is a determinate branched
inflorescence, meaning that the main axis terminates in a
spikelet. Panicle development occurs from the tip
downward. Branching increases downward from the tip, the
basal node having one-third or more of the total number of
spikelets in the panicle. Although five or more florets
are initiated in each spikelet, normally only two florets

are fertile, the remainder aborting (Bonnett 1966).
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Yield of a given plant is dependent not only on the
number of grain producing tillers which develop, but on the
number of spikelets which form per panicle. Environmental
conditions influence in opposing ways the growth and
development of spikelets as well as the number of spikelets
formed. In wheat, spikelet differentiation appears to
cease about the time of stamen differentiation in the most
advanced floret. Therefore, the greatest number of
spikelets will be formed when unfavorable conditions slow

floret maturity.
B. Materials and Methods

Plots and treatments were as described in Section
III. In 1980 and 1981, each stem of up to five plants per
plot in two replications were labelled for growth rate
measurements. Each tiller was labelled as it appeared.
The length and width of each blade, and the height to each
ligule and node was recorded twice weekly in 1980 and
thrice weekly in 1981. When thigmomorphogenesis was
observed, a new plant more characteristic of the plants in
the plot was chosen as a substitute.

Each week, selected plants were harvested and
dissected for biomass determination of component parts.
Surface area of blades, sheaths and stems, percent water

content and nitrogen content of leaf blades were measured.
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Leaf area was measured by a Li-Cor leaf Area Meter (Lambda
Corporation Model 3000A). Regression analysis of leaf area
and dry weight on length and width measurements were
conducted.

At the end of the season, plots were hand harvested,
mechanically threshed and yield determined. 1In 1979,
because few insects were available for innoculation, plot
sizes were relatively small, 1.2x1.5 m. Two 1 m rows were
harvested from each plot and total yields projected to the
larger plot size harvested in 1981, 3.0x3.7 m. Total grain
weights, 1000 kernel weights and straw weights were
recorded. Each stem of the plants used for growth rate
measurements was harvested separately. For each of these
stems, panicle weight, floret number, kernel number, kernel
weight, and straw weight were recorded.

in 1981, percent chlorosis caused by Barley Yellow
Dwarf Virus (BYDV) was estimated by eye for the top four
leaf blades, sheaths and heads of 30 randomly selected

stems in each plot on July 3 and again on July 7.

C. BResults and Discussion

Leaf Blade Production : The relationships of blade length

and length x width on measured leaf area and dry weight
were determined by least squares linear regression from the

1981 harvested plants (n = 693, P<.001).
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The following equations were used to calculate leaf
blade surface area and dry weight of the 1980 and 1981

data:

Area (em?) = ((L)(0.1138)-6.33)-%DEF (r2 = .85)

Area (em?) = ((LxW) (0.0067)+0.098)-%DEF (rl = .92)
Dry Wt. (mg) = ((L)(0.422)-21.69)-%DEF (r% = .67)
Dry Wt. (mg) = ((LxW)(0.026)+0.321)-4DEF (r2 = .78)

where L = leaf length (mm), LxXxW = length times width and
%DEF = percent defoliation. Total main stem leaf blade
areas for 1980 and 1981 are shown in Figure 7. Early in
the season the plants were growing on soil saturated with
moisture from the spring precipitation. Treatment effects
were negligible at this time and growth among the plots was
similar. Leaf expansion in irrigated plots exceeded that
in dry plots which was expected since this variable is very
susceptible to water deficits (Hsiao 1973). The decline in
leaf area in the dry defoliated plots was due to CLB
defoliation. Larval defoliation was curtailed at heading,
DD 796, June 27, in 1980 and DD 782, June 19, in 1981
though most larvae had pupated by this time.

By DD 600 in 1980 and DD 800 in 1981 the rate of lower
leaf senescence was greater than new leaf production. As a
result, total main stem leaf area declined. The senescence

rate was much greater in dry plots than irrigated plots as
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expected. The mean blade area stabilized at the time of
heading in 1980, DD 734, and anthesis in 1981, DD 782,
indicating a decrease in the senescence rate. Blade
expansion was complete by this time so new blade production
did not result in the senescence rate decline. The 1981
data were not as distinect in this regard, though the dry
defoliated plots showed this trend (Figure 7). The effects
of irrigation on blade surface area is apparent from the
figure.

Mean leaf area of individual blades over time is shown
in Figure 8 for plants grown in 1981. The second and third
leaf blades had the largest surface area while the flag
leaf blade had the least. Natural senescence beginning
from the lower leaf blades is apparent in Figure 8 as is
the persistence of the flag leaf blade. Defoliation by the
CLB decreased the effective blade area available for
photosynthesis while the imposed drought treatment further
reduced this area. Nevertheless, because the plants were
growing on stored soil moisture at field capacity early in
the season, most of the plants' vegetative growth was
attained before the soil moisture had been depleted by
either evaporation or transpiration. Thus the differences
in individual leaf areas among these treatments were not as
great as one would experience in greenhouse experiments.

The primary effect of the moisture treatments was early
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blade senescence during and after anthesis.

In 1980, plants commonly had 2-5 tillers or secondary
stems, whereas, in 1981 tillering of Mariner oats was
uncommon so in this year most measurements were taken from
main stems. 1In general, the whole plant blade area (Figure

9) was Ux that of the main stem alone (Figure 7) in 1980.

Leaf Sheath Production : Leaves of monocots consist of a

blade portion which in this system is subject to CLB
defoliation, and a leaf sheath wrapped around the stem and
not normally defoliated by the CLB. Thorne (1959) stated
that at the time of ear emergence, leaf sheaths of small
grains accounted for about half the total assimilating
surface area. Estimation of the surface area of the

sheaths was done using the following relationships:

(pi(L)(D)/ 100.)(0.66))=1.36 (r?
(0.100)(L)=2.17 (r? = .56)

Area (cm2) .68)

2)

Area (cm

where L is length of sheath (mm) from the node of insertion
to the ligule, and D is the maximum diameter (mm) of the
stem plus sheath. The leaf emerges from the center of the
developing plant and thus is overlapped by other leaf
sheaths down to the node of insertion. As the penultimate
and flag leaves emerge, the proportion of stem area
comprised of lower leaf sheaths decreases (Figure 10). The

general proportion of exposed to overlapped effective
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sheath area is 1:1. The area of the overlapped sheaths was
computed as above and, because of the lower amount of
chlorophyll in the overlapped sheaths, arbitrarily divided
by 2.0 to estimate the area as photosynthetically active as
the exposed sheaths. Sheath area generally increased with
time and reached an asymptote by anthesis (Figure 11). The
irrigated plots normally had the greatest sheath area but
the plants measured from the dry defoliated (boot) plots in
1981 were unusually large and had a sheath area exceeding
that of the irrigated plots. This may have been because of
an extended root system grown under the prestressed
conditions of this treatment.

Of major significance is the fact that by anthesis the
flag leaf sheath comprised nearly 50% of the exposed
sheath, i.e. stem, area (Figure 10). The availability of
water in both the wet control and the dry defoliated (boot)
plots after anthesis significantly increased the exposed
and overlapped flag sheath area in contrast to that in the
dry control plot (Figures 12 and 13). In addition, by
prestressing the dry defoliated plot and forcing root
penetration to greater depths, upon rewatering more growth
of the 2nd leaf sheath occurred than in the wet control
plots.

Thorne (1965) reported that flag leaf laminae were

only 18-37% of the area of the flag leaf sheath in four
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Figure 12. Mean exposed sheath area (sz) by
leaf position for wet control, dry

control and dry defoliated treatments.
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Figure 13. Mean overlap sheath area (cmz) by
leaf position for wet control, dry

control and dry defoliated treatments.
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varieties of barley. In this study, the oat blades
generally attained a slightly greater area than their
sheaths (Figures 8 and 12).

Photosynthetic capacity of sheaths is often overlooked
in favor of that of the blades which presumably intercept
sunlight better than the vertical sheaths. However, Thorne
(1959) estimates that the actual photosynthetic rate of
barley sheaths per unit area was of the same order as that
of the laminae. The persistence of all the sheaths beyond
the life of their associated leaf blades ensures
photosynthetically active surface area during the late

grain filling period.

Panicle Surface Area : In addition to the

photosynthetically active blade and sheath surface area,
the inflorescence, i.e. the rachis, the rachis branches and
the spikelets, contain chlorophyll and are able to
photosynthesize (Carr and Wardlaw 1965). The average
surface area of these rachis branches and the rachis itself
was T7-11 mm2.

The two glumes of the floret were also capable of
carbon fixation. Each of the two glumes had eight veins

containing chlorophyll with an area of about 30 mm2. Each

of the kernels also had 3-4 mm2

of green surface area. The
importance of the head in carbon fixation and grain filling

will be examined in Section VIII regarding assimilate
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translocation.

Thigmomorphogenesis : This term refers to the effects of

mechanical stimulation on the growth and development of
plants. The reader is referred to a discussion of this
phenomenon by Jaffe (1980). The primary
thigmomorphogenetic response of plants is retardation of
stem growth accompanied by increased radial growth. A
common expression of thigmomorphogenesis is the elongation
of plants grown in the greenhouse in contrast to field
grown plants. The continuous jostling of plants in the
field by the wind is responsible for reduced stem
elongation. A word of caution is in order to those
undertaking "controlled" investigations in the greenhouse
or growth chamber. The lack of wind in these units of and
by itself may modify growth such that results may be
invalid in the field situation.

On the other hand, the present field studies resulted
in too much physical manipulation. As described previously
in the Methods section, the growth of individual plants was
followed through time by either bi-weekly or thrice weekly
measurements of blades and stems of tagged plants. Plant
handling was limited to simply stretching each blade along
a ruler to observe its length and width, and standing the
ruler vertically along the stem to observe the height to

each node and leaf 1ligule.
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Figure 14 shows differences in mean height of
unhandled plants measured on June 30 (shaded) and the
height on July 2 of plants measured 2-3 times a week.
These latter plants were initially chosen as representative
plants of the tréatment plot. By late season, the
differences between the handled and unhandled plants were
striking.

Jaffe (1976) found that although mechanical
stimulation may retard anthesis and fruiting in addition to
stem elongation in kidney beans, no other aerial part of
the plant appeared to be affected. With oats, there
appeared to be an effect on blade growth (Figure 15).
Maximum blade area was attained earlier and was
substantially less among handled plants than among those
merely harvested.

Jaffe and Biro (1979) reported that mechanical
stimulation may induce ethylene production which in turn
may inhibit basipetal auxin transport causing a decrease in
elongation. The sequence of events leading to
thigmomorphogenesis begins with an increase in cell
permeability and a drop in the tissue electrical resistance
either immediately following or simultaneous with
stimulation. Recovery of pre-stimulus electrical
resistance takes about 3 min and growth accelerates during

this period but stops when the pre-stimulus resistance is
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reached. An increase in ethylene production begins about
30 min after stimulation and growth is about half its
prestimulation rate. Ethylene production returns to normal
3 h after stimulation. Growth will continue at a retarded
rate after 3 d. Obviously if oats respond similar to
beans, physical measurements 2-3 times a week would cause
substantial reduction in growth (Figure 15).

Curiously, prior physical manipulation which induces
thigmomorphogenesis appears to precondition plants to
withstand drought stress. Bean plants which had been
rubbed, recovered completely from wilting upon rewatering,

whereas control plants did not (Jaffe and Biro 1979).

Stress Effects on Yield of Oats 1979-1981 : In the final

analysis, the effect of various perturbations on grain
yield. Over the three years of this investigation results
of grain yield were variable for reasons independent of the
treatment conditions. 1In 1980 severe thunderstorms on July
16 and again on July 22 lodged the entire field and
resulted in some grain loss. In 1981 a heavy area-wide
infestation of Barley Yellow Dwarf Virus apparently had a
major impact on grain production. Despite this infection,
overall yieldof the Korwood oat cultivar in 1981 was
substantially greater than that for 1980 with a mixed
Korwood/Mariner cultivar.

Analysis of variance revealed no significant
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difference in total grain weight due to CLB defoliation
but, as expected, a difference due to water treatment, even
in these small plots, was found significant (P=.07). The
mean <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>