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Two experiments were conducted to determine the effects of
moisture stress on physiological changes that occur during the vege-

tative and reproductive stages of the wheat (Triticum aestivum L.)

plant, and to relate these effects to seed yield, quality and perform-
ance.

In a field experiment, different levels of moisture stress were
obtained by establishing plots in two rainfall areas, and by planting
on three different dates in the dryland area. Seed development and
maturation occurred undex; extreme moisture stress in Moro (254 mm
annual rainfall), while stress at Corvallis (1020 mm annual rainfall)
was low. Plants from the early fall planting were subjected to the
most stress because of the greater fall growth which removed much
of the soil moisture.

Lowest seed yields occurred under the greatest moisture stress

conditions, primarily because of a reduced number of seeds per spike.



Seed size was the quality component most affected by moisture

stress. Smaller seed size was associated with lower soil water poten-
tial, higher leaf area index during vegl—ftative growth, and higher spe-
cific leaf weight and water soluble carbohydrate content of the plants
after anthesis. Water soluble carbohydrate content was particularly
high in the rachises of the most severely stressed plants, indicating

a reduced rate of translocation to the developing seeds. Embryo
weight was also reduced in the more stressed plants in proportion to
the reduction in seed weight.

The protein contents of seeds from all three moisture stress
levels at Moro were similar. Seeds developed under the most severe
water stress had the highest respiratory quotient and lowest glutamic
acid decarboxylase activity. The growth rate of seedlings produced
by these seeds was 29% lower than that from seeds from the less
stressed plots.

A greenhouse experiment was conducted to study the effects of
water stress under controlled conditions. Plants were grown under
three moisture regimes (600, 300 and 150 ml water/pot/day) from
the time awns were first visible on the main stem until maturity.
Water-stressed plants had smaller leaf area and leaf dry weight,
higher specific leaf weight, .earlier leaf senescence, lower dry
weight, and lower seed yield. On the other hand, water-stressed

plants produced larger seeds, with heavier embryos, higher protein



content, lower CO, evolution and lower respiratory quotient. These

2
seeds in turn produced seedlings with greater vigor in terms of
seedling growth rate.

Because of the compensation ability of the wheat plant, develop-

ment of management practices to decrease certain yield components

in favor of enhanced seed quality is worthy of further study.
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EFFECT OF MOISTURE STRESS ON YIELD AND
QUALITY OF WINTER WHEAT SEED

INTRODUCTION

The Pacific Northwest is one of the important wheat production
areas in the United States. Seasonal precipitation is highly variable
between production areas and yield reductions due to the effects of
drought are very common. The emphasis in wheat production re-
search has been primarily on grain yield with few studies directed
specifically toward seed production practices. Some information re-
garding the effects of planting date, stand establishment, plant popula-
tion and fertilizer practices on seed yield and quality is available, but
few facts are available regarding the effects of water stress on seed
quality.

If maximum performance is to be expected from wheat seed,
the effects of moisture stress and other detrimental environmental
factors need to be identified and seed production practices geared
toward minimizing their effects. It is clear that additional information
is needed concerning the effects of water stress on plant growth and
how these factors relate to seed yield, quality and performance.

The main purpose of the studies here reported was to determine
the effects of water stress on yield and quality of winter wheat seed.

This thesis is divided into four sections: a literature review
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concerning general aspects of water stress on plant growth and yield;

a manuscript involving the effects of moisture stress on plant growth

and seed yield and quality under field conditions; a manuscript involv
ing the effects of different water regimes on seed yield and quality in
greenhouse studies; and an appendix of meteorological data, statistical

analyses, and other information not reported in the two manuscripts.



LITERATURE REVIEW

Thorough reviews of plant responses to water deficiency have
been reported by several investigators (38, 45, 73). More studies
have been reported on the effects of water stress on wheat plants than
for any other crop. This review is limited to those aspects of water

stress that are related to the objectives of this study.

Effect of Water Stress on Yield

In a physiological study of wheat yield in India Asana et al. (8)
observed that when stress occurred during the 4 weeks after spike
.emergence, yellowing of the stem and leaves was hastened, grain
number was reduced, and the 1000-grain weight was increased. After
‘the leaves and stem had yellowed, the rate of increase in grain weight
was higher with a normal water supply. Later Asana and Saini (7)
observed that intermittent drought after spike emergence affected
yield by reducing the number and size of the grains. As a result of
these studies Asana (2, 3) concluded that under conditions of adequate
soil moisture spike number had the most effect on yield, whereas
under conditions of stress, .especially during the grain swelling period,
grain number per spike, and sometimes the 1000-grain weight, had
as much effect as spike number.

Robins and Domingo (70) studied the effects of moisture stress



on yield and components of yield of spring wheat in the state of
Washington. They reported that moisture stress before heading
caused a marked secondary growth which increased the number of
spikes but delayed the date of maturity. They observed the greatest
reductions in yield when moisture stress was imposed during and
following heading or during the maturation of the grain. Moisture
stress during and following spike emergence generally resulted in
fewer spikes, fewer spikelets per spike and fewer grains per spike.

Day and Intalap (26) conducted experiments at Tucson, Arizona,
to study the effects of soil moisture stress at different stages of de-
velopment (jointing, flowering, and dough) on the growth and yield of
spring wheat. They said that stress at any stage of growth decreased
grain yield. When wheat was stressed at jointing, reduced grain
yield resulted from fewer spikes per unit area and fewer seeds per
spike. However, they observed that when stress occurred at the
flowering and dough stages, lower yields were caused by lighter seed
weight.

Campbell (17), working with potted Chinook wheat in the green-
house, observed that the highest yields were obtained when plants
were grown under dry conditions until the booting stage and under wet
conditions thereafter. Conversely, minimum grain yields were ob-
tained when plants were grown under wet conditions until the booting

stage and under dry conditions thereafter.
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Brengle (16) reported that the most critical period for moisture
in winter -wheat in eastern Colorado was during tillering and early
spring growth, because it was at those times that yield potential was
formulated. Higher yields were dependent on adequate moisture dur-
ing jointing and heading stages, but a favorable amount of water during
this period did not overcome the detrimental effect of inadequate mois-
ture during the preceding period. He concluded that it was impossible
to predict yield of winter wheat on the basis of soil moisture at
planting time because moisture during that period was not sufficient
to.carry the crop through maturity without additional water in the

spring.

Effect of Water Stress on Nitrqgen and Protein Content

The increase in nitrogen content of developing cereal infloresc-
ences and grains is due to the movement of nitrogen-containing com-
pounds into the spike (59). In wheat grain the percentage of protein
increases during water stress, although total yield decreases; evi-
dently, the total protein is inhibited but total carbohydrate production
is inhibited even more (13).

Neales et al. (59) worked with potted wheat plants and observed
that leaf removal at anthesis caused a significant reduction of nitrogen
uptake by the culm and grain at maturity.

. Ramon and Laird (67) working in '""La Cal, Grand," Central



Mexico, observed that the percentage of protein in wheat grain de-
creased as the available soil maisture was increased by irrigation.
They said that this decrease of protein in wetter soils was due to a
larger percentage of the nitrogen in the production of straw.

Terman et al. (81) observed an increased yield-protein relation-
ship in wheat grain at each level of applied nitrogen in an irrigation-N
rate experiment with hard red winter -wheat at North Platte, Nebraska.
They said that the main effect of applied N with adequate water-wé,s to
increase yields, while the chief or entire effect with severe water
stress was to increase protein content. However, they obtained an
increase in both protein and yield in an intermediate stress situation.
They concluded that the effect of N on yield and protein content de-

pended greatly on water available for growth.

Effect of Leaf Area on Yield

Studies at Rothamsted, England, have shown the heavy depend-
ence of grain production in cereals on the area and duration of the
photosynthetic surfaces of the spikes, the flag leaf, and the upper-
most node of the stem (82, 87, 88).

Wl}ile»working with semi-dwarf spring wheat genotypes at
St. Patil, Minnqsota, Johnson and Moss (41) observed an increase
in the'~contributipn of spikes, ﬁpper sheaths, and stem to total photo-

synthesis as the lower leaves became senescent. They said that in



water stressed plants the site of photesynthesis was shifted away
from the leaf lamina to the upper leaf sheaths, upper portions of the
stem and the spike.

Berdahl et al. (10), also at St. Paul, Minnesota, observed that
large-leaf lines of barley exceeded small-leaf lines in flag leaf area
by 70% and in leaf area index by 25%. They observed that lines with
small leaves produced more heads and higher grain yield than lines
with large leaves when plants did not lodge; when lodging occurred,
however, large-leaf lines had higher kernel weights and higher yield.

Puckridge (65), in ‘Au.stralia, reported that leaf area index
reached a peak before anthesis and decreased progressively as water
stress increased. He noted that shortening of the post-anthesis period
and lower leaf area index at anthesis resulted in reduced post-anthesis
photosynthesis and reduced grain yield. He emphasized the necessity
of ensuring that anthesis occurs sufficiently early under Australian
conditions to permit completion of grain filling before the onset of hot
dry weather.

Wardlaw (84), another Australian scientist, worked with potted
wheat plants and obsefved a progressive reduction in the rate of photo-
synthesis of wilting leaves, and even when light was limiting, the rate
of photosynthesis of wilted leaves was lower than that of turgid leaves.
However, Asana (3), also working with potted plants, reported greater

yields in wheat varieties with rapid leaf senescence.



Spiertz et al. (79), working with spring wheat at Wageningen,
The Netherlands, stated that the greater part of the assimilate avail-
able for grain filling was dependent on the size and duration of
green organs.in the period after flowering. They observed that
green area duration from heading to ripening was more closely corre-
lated with grain yield than was the green area duration in the period
from flowering to ripening. On the other hand, Welbank et al. (89),
in Australia, found that green area duration from flowering to ripening
was more closely correlated with grain yield.

Fischer and Kohn (34, 35, 36), in New South Wales, Australia,
observed that grain yield was closely correlated with leaf area dura-
tion after flowering, which in turn was related to leaf area index at
flowering and to the rate of senescence of photosynthetic tissues.
They said that the increase of senescence was associated with reduced
post-flowering plant water stress, as indicated by the relative turgid-
ity of the.leaves.

According to the findings of the authors cited above and the
observations of Luebs and Laag (52), the period in which cereal crops
reach the largest leaf area seems to be of fundamental importance:-in
the determination of yield. Luebs and Laag reported that barley
plants with a large leaf area before stem elongation, as a result of
an increase in the rate of nitrogen fertilizer, had a decrease in yield

due to a severe water stress after heading. They worked at Moreno,
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California, and observed that leaf relative turgidity was 84, 65, and
52% two weeks before heading, when 0, 45, and 90 kg N/ha, respec-
tively, were applied at emergence. Furthermore, they noted that
the most stressed plants had the lowest leaf area index after heading
due to a severe wilt and necrosis of leaf tissue. They concluded that
any cultural practice that increases leaf area in regions of low rain-
fall is likely to increase evapotranspiration and consequently decrease
water availability.

A measure of the unit dry weight per unit of leaf area, called
specific leaf weight (SLW), has been used by many investigators to
select plants for photosynthetic efficiency (9, 20, 21, 63). However,
no reports were found in the literature referring to the application of
this characteristic to studies of water stress in wheat.

Barnes et al. (9) enhanced the potential importance of SLW
measurements in alfalfa when they found that increased SLW was
associated with increased photosynthetic efficiency. Criswell and
Shibles (21) worked with 20 genotypes of oats at Ames, Iowa, and
observed a positive correlation of SLW with rates of photosynthesis.
They said that for this reason SLW might be acceptable as a selection
for leaf photosynthesis.

Another study involving the determination of SLW was reported
by Chatterton et al. (20). These researchers worked with alfalfa

and corn at Beltsville, Maryland, and found a positive correlation of
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SLW with the fluctuation of total non-structural carbohydrates. They
concluded that change in SLLW could be used to measure photosynthate
production-translocation balance and that such a change might reflect

productivity potential.

Effect of Water Stress on Translocation

Changes in non-structural carbohydrate and protein content in
‘wheat have been studied extensively and are the subject of numerous
discussions by plant researchers. There is general agreement that
water stress results in an increase in grain protein and in a decrease
in total carbohydrate.

Content of water soluble carbohydrate and protein is dictated by
photosynthesis and transport of photosynthetic products. Wardlaw (84),
in Australia observed that the rate of translocation was reduced in
wheat plants under desiccating conditions. He said that the decrease
in the rate of translocation could result either from a decrease in
the amount of photosynthate available for transport or from inhibition
of the translocation processl. Asana et al. (8) noted that the rapid
termination of grain growth in the later stages of development of
water stressed plants was associated with a rapid yellowing of the
spike tissue, and suggested that the final decline in grain growth was
the result of a reduced assimilate supply. Later, Asana and Basu (5)

noted a late accumulation of sugar . in the stem of stressed plants and



11

concluded that stress had interfered with the transfer of assimilates
into the grain.

In another paper, Wardlaw (85) reported an increase in senes-
cence and reduction of photosynthesis due to water stress. He said
that water deficit applied during the first 7 days following anthesis
significantly reduced the final grain weight per spike. However, he
observed a greater initial growth rate of individual grain in the most
stressed plants due to a greater rate of cell division in the endosperm,
but during the late stages of development this advantage was lost and
grain growth prematurely ceased in stressed plants. He concluded
that yield reduction was not due to limitation of substrate for grain
growth, thus the supply of assimilates from the uppermost parts of
the plants was always in excess of the grain requirements.

Jenner and Rathjen (39, 40) attempted to disprove the hypothesis
that the production of assimilates by the plants was the limiting factor
in the supply of sucrose in the wheat grain. They proposed that the
flow of sucrose into the endosperm was limited by the capacity of the
mechanism transporting sucrose on the final stages of its passage
into the endosperm and that the rate of starch synthesis in the grain
‘was dependent on the concentration of sucrose in the endosperm.
Evans et al. (32) stated that the limitation of carbohydrate transport
to the spike, within the spike, within the spikelets, and within the

grain, merit further investigations, because there are a number of
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conditions in which the rate of assimilate production exceeds the
rate of starch storage.

Dougherty et al. (30) at Canterbury, New Zealand, observed
that poor grain set occurred in wheat that had lower levels of water
soluble carbohydrate in the spike before emergence, and dry weights
were lower in spikes that had less water soluble carbohydrate. They
said that the rate of spike development was regulated by the level of
assimilate, and that any factor which caused long-term reductions
in assimilate supply should decrease spike growth rates. In another
study, Dougherty and Langer (29) reported that nitrogen fertilizer and
irrigation tended to delay spike development because these factors
favored vegetative sinks and reduced the amounts of assimilates
reaching the developing spikes. They concluded that any environ-
mental and agronomic factors which altered the supply of substrate
to the spike could affect its growth rate and yields.

Daynard et al. (27) at Ontario, Canada, studied the contribution
of stalk water soluble carbohydrate to grain yield of corn. They ob-
served a significant accumulation of carbohydrate in the stalk immedi-
ately after silking due to a limited grain sink capacity; later in the
season, they observed a decrease of carbohydrates. They concluded
that this decrease at the end of the season was due to a remobilization
of soluble carbohydrates stored temporarily in the stalk.

Working with potted plants at Cambridge, England, Lupton (53)
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observed that very little of the carbon assimilated before anthesis
was translocated to the wheat grain; however, the proportion trans-
located increased rapidly after anthesis until photosynthetic organs
were no longer active. Wardlaw and Porter (86) also worked with
potted wheat plants and observed that sugars previously accumulated
in the stem contributed only 5-10% of the final spike dry weight. In
another study with potted plants, Wardlaw (84) reported that grain
growth was initially unaffected by several days of leaf wilting and
this was accompanied by a change in distribution of assimilates from
the lower parts of the plants to the grains. He said that water stress
reduced the transfer of sugars from the assimilation tissue to the
conducting tissue, and this in turn resulted in the accumulation of
sugar by the leaf. However, he concluded that stress did not inhibit
translocation within the conducting tissues.

Yu et al. (94) worked with potted wheat plants at Shanghai and
observed a decrease of the carbohydrate supply to the spike by either
defoliation or drought, or both. They observed that the most impor-
tant organ for dry matter production during the ripening period was
the leaf-blades, and water stress caused a considerable reduction in
assimilation by leaf-blades, while that of other organs was little

affected.
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Seed Quality Components

The parental conditions affecting the petentiality of seeds have
been discussed since 1918. Kidd and West (44) said that environmen-
tal factors acting upon seed development could affect the subsequent
growth and yield of several crops. They called this concept ''‘physio-
logical pre-determination."” For examéle, these authors stated that
when the size of the seeds was altered by climatic or edaphic condi-
tions acting through the parent plant any incréase or decrease in
yield from the seeds thus altered could only be a matter of physio-
logical pre-determination.

Several investigators (48, 49, 50, 51, 68, 69, 74) have shown
that seed protein content might affect seedling vigor. For example,
Lowe and Ries (51) reported that small wheat seed (35 mg) with high
protein content produced larger seedlings than large seeds (45 mg)
of the same genetic constitution with low protein content. Lopez and
Grabe (48) worked with wheat and barley seeds and found a positive
relationship between seed protein and plant performance.

Ries and Everson (69) obtained wheat seed from different
sources and determined the effects of protein content and seed size
on subsequent seedling vigor. They observed that both environment
and genotype affected the protein content of the seeds. They said that

regardless of genotype or environment, seedling vigor wasconsistently
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related to seed protein. Seedling vigor was also related to seed size,
but when differences in seed size were eliminated, seed protein con-
tent and seedling vigor relationships were significant.

Seed size has been shown to affect seedling vigor and grain yield
(12, 28, 43, 75, 90). However, it is difficult to separate the influ-
ence of seed size from that of other seed quality attributes in their
relation to seedling vigor. Large seeds produce larger seedlings
and this advantage may persist to increase yield (90). Scott (75), as
cited by Wood et al. (90) assessed the relative importance of embryo
and endosperm size in winter wheat. Grains of uniform (80 mg)
weight were either left intact or part of the endosperm was removed
to give grain weighing 60, 40, or 20 mg; in all seeds the embryo size
wag similar (0. 64 mg). Emergence of the 20 mg grain was delayed
and fewer seedlings emerged. Still, seedling weight was closely
related to the weight of reserves contained and not to the size of
the embryo.

Bremner et al. (15) observed that wheat seed with small
embryos had higher relative growth rates during the first 6 days of
growth than seed with large embryos, régardless of the amount of
reserves stored. After 6 days, embryos associated with large
amounts of food reserves produced the largest seedlings.

Considering the attention given to the area of seed vigor, espe-

'cially in the last 10-15 years, it is not surprising that several
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procedures for measuring seed vigor have been developed. Respira-
tion rate has been shown to have a positive correlation with vigor
during the early stages of germination and subsequent growth of the
seedlings. However, this test has been used more extensively in
studies involving seed storage and seed deterioration. Woodstock and
Grabe (91) reported a positive correlation between rate of oxygen
uptake during imbibition and later stages of germination and seedling
growth in corn.

In many cases the activity of a particular enzyme can be related
to seed viability and seedling vigor. For example, Grabe (36), inves-
tigating glutamic acid decarboxylase activity (GADA) as an index of
seed deterioration and séedling vigor.in corn and oats, found that of
the various measurements considered, GADA was the most positive,
followed in order by root length, cold test performance, and germina-
tion. Woodstock and Grabe (91) also found a positive correlation

between GADA and seedling growth of corn.
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Abstract

The objectives of this study were to determine the physiological

changes that occur during the vegetative and reproductive stages of

the wheat (Triticum aestivum L.) plant under water stress, and to
relate these changes to seed yield, quality and performance. Differ-
ent levels of moisture stress were obtained by establishing plots

in two rainfall areas, and by planting on three different dates in the
dryland area.

Seed development and maturation occurred under extreme
moisture stress in Moro (254 mm ahnual rainfall), wl;xile stress at
Corvallis (1020 mm annual rainfall) was low. Plants from the early
fall planting were subjected to the most stress because of the greater
fall growth which removed much of the soil moisture.

Lowest seed yields occcurred under i:he greatest moisture
stress conditions, primarily because of a reduced number of seeds
per spike.

Seed size was the quality component most affected by moisture
stress. Smaller seed size was associated with l'ower soil water
potential, higher leaf area index during vegetative growth, and higher
specific leaf weight and water soluble carbohyd;‘ate content of the
plants after anthesis. Water soluble carbohydrate content was
particularly high in the rachises of fhe most severely stressed

plants, indicating a reduced rate of translocation. to the developing
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seeds. Embryo weight was also reduced in the more stressed plants
in proportion to the reduction in seed weight.

The protein contents of seeds from all three moisture stress
levels at Moro were similar. Seeds developed under the most
severe water stress had the highest respiratory quotient and lowest
glutamic acid decarboxylase activity. The growth rate of seedlings
produced by these seeds was 29% lower than that from seeds from

the less stressed plots.

Additional index words: Leaf area index, specific leaf weight, rachis

water soluble carbohydrate, seed size, glutamic acid decarboxylase

activity.




20

Introduction

Seed crops are produced under diverse envi‘ronmental conditions
of soil type and fertility, rainfall, temperature and length of growing
season. Seeds of the same genotype produced in different areas may
vary in performance potential because of the effects of these diverse
environments. McFadden (15) found 16 percent differences in yield
by planting barley seed lots produced in different locations in Canada.
When seed lots of 'Hyslop' winter wheat from different areas in
Oregon were placed in yield trials, yield ranged from 7853 to 6358
kg/ha (D. F. Grabe, personal communication). Mathenge (16)
showed that the area of production had more effect on wheat seed
size and seedling vigor than seeding rate or nitrogen fertilization
rates.

In dregon, soil moisture is a major environmental variable in
the areas where wheat seed is produced, since annual rainfall in
these areas often ranges from less than 254 mm to over 1020 mm.
Numerous studies have demonstrated the deleterious effects of mois-
ture stress on yield and components of yield of wheat. Depending on
the stage of plant growth when moisture stress is imposed, such
stress may lower yield and yield components (2, 10), reduce leaf
area and leaf area duration (12, 19, 21, 22), reduce the relative

turgidity of the leaves (12), and lower the rate of photosynthesis (5,11).
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Water stress frequently increases the percentage of protein in the
seed (5, 18, 20).

Translocation of carbohydrates to the developing seed is limited
by water stress, with a resultant reduction in seed size (2, 3). Seed
size, in turn, is known to affect seedling vigor and grain yield (7, 23).
It is not known whether this yield reduction.is due-only to a smaller
supply of food reserves, or whether other physiological processes
in the seed may be impaired.

The objectives of this study were to determine the physiological
changes that occur during the vegetative and reproductive stages of
the wheat plant under water stress, and to relate these changes to
seed yield, quality and performance. Different levels of moisture
stress were obtained by establishing plots in two rainfall areas, and

by planting on three different dates in the dryland area.
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Materials and Methods

Field plots were established at the Sherman Unit of the
Columbia Basin Agricultural Research Center on fallow Walla Walla
silt loam soil, and at the Hyslop Crop-Science f‘ield Laboratory on
a Woodburn silt clay loam. Average annual rainfall is 254 mm at
the Sherman Unit, near Moro, and 1020 mm at Hyslop Field Labora-
tory, near Corvallis.

'McDermid' semi-dwarf, soft, white winter -wheat (Triticum
aestivum L.) was planted in Moro on 1 and 30 September and
27 October 1977. Foundation seed was planted at the rate of 97 kg/
ha with a deep-furrow drill. Plots were 6.1 m long with six rows |
spaced 0i35 m. Ammonium nitrate was broadcast at the rate of
40 kg/ha prior to seeding. Plots were planted.in a randomized com-
plete block design with three replications. In Corvallis three plots
were seeded with Foundation seed of McDermid on October 20, 1977
at the rate of 101 kg/ha. Plots were 6.1 m long with six rows spaced
0,23 m. A Fall application of 336 kg/ha of 16-20-0 fertilizer was
applied before seeding and 483 kg/ha of urea:(46% N) was applied in
the Spring.

Scil samples were taken at intervals throughout the growing
season from 0-30 and 30-60 cm depths. The soil moisture content

was determined gravimetrically (dry weight basis) and converted to
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soil water potential by use of a moisture tension curve.

Plants were harvested on 23 March, 7 and 21 April, 5 and
24 May, 8, 20 and 30 June, and 11 July in Moro; and 27 March,

8 and 24 April, 7 and 20 May, 4, 14 and 24 June, and 5 July in
Corvallis. Plants from 30 cm of row were cut at soil level, sepa-
rated into stem, green leaves (dry-senescent leaves were excluded),
and spikes, placed in plastic bags, packed in ice, and transported
to the laboratory for analysis. Six plants from each plot were up-
rooted for determination of plant growth stage according to Zadoks'
(46) decimal code for growth stages of cereals.

Leaf area was determined by using a portable area meter
(Model LI-3000 LAMBDA Instruments Corporation). Dry weight of
component parts was determined after placing plants-in a microwave
oven for 40 seconds and in a forced draft oven at 70 C for 36 hours.
Specific leaf weight was cal