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Effects of Water Deficit on Photosynthesis
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Abstract : In order to explore the physiological basis of the difference in photosynthetic depression by soil water
deficit, the non-stomatal mediated photosynthesis (NSP) and ribulose-1, 5-bisphosphate carboxylase (RuBP-
Case) content were compared among different parts of a wheat plant grown under soil water deficit condition.
The depression of NSP due to water stress was larger in the lower leaf blades than in the upper ones, and in leaf
blades than in ear, sheath and stem. The content of RuBPCase was decreased by soil water deficit to a larger
extent in the lower leaf blades than in the upper ones, and in leaf blades than in stem and leaf sheath. But, in
the ear, the extent of RuBPCase decrease was relatively large, compared with that of photosynthetic depression.
The results here suggest a possibility that the difference among plant parts in photosynthetic depression by soil
water deficit is partly attributed to the different sensitivity of photosynthetic apparatus to water stress.
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It is reported by many researchers®>!!7)
that the effect of soil water deficit on photo-

non-stomatal photosynthesis (NSP) in each
part of a water stressed plant was measured by

synthesis is not only through stomata, but also
through photosynthetic machinery.

Our previous papers?*?® also showed that
the difference between plant parts in
photosynthetic depression by soil water deficit,
was caused by the difference in the increase of
stomatal and mesophyll CO, diffusion resis-
tances.

In this paper, therefore, to elucidate the
mechanism of different photosynthetic depres-
sion among plant parts by soil water deficit,
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the oxygen electrode method, in which the
effect of stomata could be excluded. Further-
more, ribulose-1, 5-bisphosphate carboxylase
(RuBPCase) content, which is considered to
be the most important factor relating to NSP,
was also examined in different plant parts.

Materials and Methods

1. Plant materials and application of soil water
deficit

The seeds of wheat ( Triticum aestivum L. cv.
Asakaze-komugi) were sown in 1/2000 a
Wagner pots in November 1986. When the
seedlings were established, 10 plants were left
per pot by thinning, and grown outdoor with
sufficient water until the next spring. A plastic
pipe with many small holes was inserted verti-
cally into the soil in the pot, and water was
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supplied from the pipe. The holes contributed
to the uniform distribution of water in the pot.
When the plants reached the anthesis stage,
the pots were transferred to an environment
controlled growth cabinet in the Center of
Environment Regulation System for Biology
(CERES) of the University of Tokyo, where
the temperature, relative humidity, and light
intensity were maintained at 25/20°C (day/
night), 75%, and 600 gmol PPFD m~2 s,
respectively. Two days after the transfer, the
pots were grouped into two soil water regimes,
i.e. 759 (control) and 409 (water stressed)
of the field capacity. In the water stressed
regime, when the soil water content decreased
to 409 of the field capacity, the pots were
watered to regain 45%. In the next evening,
the soil water content decreased again to
about 35%, and the pots were rewatered. This
watering method led the water stressed plot to
409 of soil water content on a day average. In
the control plot, watering was made in the
manner as in the water stressed plot, except
that the soil water content before rewatering
was 6595 and that after rewatering was 85%.

2. Measurement of non-stomatal mediated
photosynthesis

Non-stomatal mediated photosynthesis was
determined according to the method proposed
by Ishii et al'® on 8 days after the start of soil
water deficit treatment. The reaction medium
contained 50 mM HEPES (pH 7.2), 0.5 mM
CaCO; and 20 mM NaHCO;. Osmotic poten-
tial of the reaction medium was adjusted with
sorbitol to —0.3 MPa, which was nearly the
same water potential as in the control plant.

One cm? of the tissue was cut out of a leaf
blade, stem, and leaf sheath, and one half of a
spikelet was excised from the central part of a
ear. The tissue was sliced into sections of
about 1 mm? with razor blade. The sections
were vacuum-infiltrated with reaction
medium. After the O, concentration in the
medium is stabilized, measurement of
photosynthetic rate was started by turning the
light on. Temperature of the reaction medium
was maintained at 25°C by circulating the
temperature controlled water in the external
jacket of the reaction cup. The cup was il-
luminated by a projector lamp with the inten-
sity of 900 gmol PPFD m~? s~'. The measure-
ment was replicated 3 times for each plant
part.

3. Determination of RuBPCase content

The RuBPCase content was measured 10
days after the soil water deficit treatment.
RuBPCase was extracted using the method by
Makino et al'V. Fifteen cm? each of leaf blade,
stem, and leaf sheath, as well as one whole ear
was used for the extraction. The leaf blade
area was calculated from the length and the
mean width. The surface areas of stem and
leaf sheath were calculated from the length
and the mean diameter of a cylindrical section.
The ear surface area was calculated from the
length and the width of a ear, according to the
method by Qiu et al'®. The RuBPCase con-
tent was determined by the method of single
radial immuno diffusion according to the
method by Matsuhashi et al'®. Specific anti-
bodies against RuBPCase were supplied by
Wada?®®, and purified RuBPCase (Sigma) was
used as a standard protein. A standard curve
was plotted beforehand, and the concentra-
tion of enzyme was calculated from the regres-
sion line.

Results

The effects of soil water deficit on non-
stomatal mediated photosynthesis (NSP) were
shown in Table 1. It was shown that depres-
sion of NSP by soil water deficit treatment
tended to be larger in the leaf blades than in
the ear, the stem and the leaf sheath, and
larger in the lower leaf blades than in the
upper ones. This suggested that the
photosynthetic apparatus was more sensitive
to soil water deficit in the lower leaf blades
than in the upper leaf blades, and in the leaf
blades than in the ear, the stem and the leaf
sheath. These results are consistent in the
trend of changes in mesophyll conductance
which was reported in the previous paper?®®.
The results in present paper suggest that
photosynthetic depression by soil water deficit
in field conditions was, at least in part,
attributed to NSP inhibition, and consequent-
ly that the difference among plant parts in
photosynthetic depression was partly attribut-
ed to the differing sensitivities of NSP mecha-
nism to soil water deficit.

NSP measured with oxygen electrode is
considered to be the integrated activity of
many photosynthetic processes. The most
important factor related to NSP is the content
and/or the activity of RuBPCase. Table 2
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Table 1. The effect of soil water deficet

on the non-stomatal mediated
photosynthesis in the different
parts of a wheat plant.
Photosynthesis
Pant part (gmol O, dm=2 h™!)
Control Stressed
Flag leaf blade 337+4 283+5 (84)
2nd leaf blade 330+4 26416 (80)
3rd leaf blade 317+6  238+8 (75)
Ear 390+8* 420+5 (103)*
Stem 163+4 137+5 (84)
Flag leaf sheath 217+5 18247 (84)

Valus are mean of three measurements
with standard errors.
*umol O, (100 spikelets) ' h™".
Fingures in the parenthesis are relative
values against control.

shows the change of RuBPCase content in
response to soil water deficit. RuBPCase con-
tents in all plant parts were reduced by soil
water deficit treatment. The decrease in
RuBPCase content was larger in the lower
leaves than in the upper ones, and in the leaf
blades than in the ear, the stem and the leaf
sheath. This trend in RuBPCase content was
in parallel with that of NSP, suggesting that
the photosynthetic decrease by soil water
deficit seems to be attributed to the break-
down of RuBPCase. However, the decrease of
RuBPCase content in the ear was more than
that expected from the decrease of NSP. This
implies that the drought resistance in the ear
might be attributable to some other factors
than RuBPCase content.

Discussion

As to the differences in the extent of
drought resistance between plant parts, so far
there have been a few papers!®?* dealing only
with leaf position. However, the differences
between more plant parts including the stem,
the leaf sheath and the ear have not been
examined, and information regarding the
mechanisms which cause these differences are
still obscure.

Photosynthetic depression caused by soil
water deficit has been usually considered as
the result of stomatal closure*®. The result of
this paper, however, showed that soil water
deficit could cause not only stomatal closure

Table 2. RuBP carboxylase content in the
different parts of a wheat plant in
soil water dificit and control plots.

RuBP carboxylase content

Pant part (mg dm—2)

Stressed

26.0+2.1 21.8+2.0(84)
2nd leaf blade 22.1+2.3 17.2+1.7(78)
3rd leaf blade 24.0+2.6 15.5+1.7(65)
Ear 20.8+3.2 16.2+1.9(78)
Stem 28.4+2.0 24.2+2.8(85)
Flag leaf sheath 16.5+1.6 14.5+1.8(88)

Control

Flag leaf blade

Valus are mean of nine measurements
with standard errors.

Fingures in the parenthesis are relative
values against control.

but also nonstomatal mediated photosynthetic
depression, as suggested by many other
researchers 1%7:9.16.21,27)

The difference between plant parts in non-
stomatal mediated photosynthetic drought
resistance, could be associated with the char-
acters of mesophyll cells and chloroplasts in
each part. Duan et al® reported that the upper
leaf blades of wheat have more multi-linked
mesophyll cells than the lower leaves. Further,
Zuo and Duan?® reported that the ultra-
structures of chloroplasts varied with the dif-
ferently positioned leaves, and that the chloro-
plast in the upper leaves contained more stack-
ed grana lamellae and larger number of
ribosome in the stroma, compared with those
in the lower leaves. Therefore, the difference
of NSP depression between the plant parts
might be associated with these ultrastructural
difference in mesophyll cells and chloroplasts
of the plant part.

The present paper suggested that the differ-
ence of photosynthetic drought resistance
between the plant parts could be attributed to
the maintenance of RuBPCase content. At the
same time, it suggested also that the drought
resistance of photosynthetic mechanism in the
ear might be associated with some factors
other than RuBPCase content. Singal et al??
examined the enzyme activities of CO, fixat-
ing metabolism in a flag leaf, and different
parts of a ear in a wheat plant. They found
that the glumes, pericarp and awn, in a ear,
have the recapturing mechanism of respired
CO, with PEP carboxylase. Furthermore, it
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was reported in several papers!3'+2? that PEP
carboxylase was more drought tolerant than
RuBPCase. The results obtained in this paper
will be supported by the works above
mentioned.
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