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Rice History

Ancestors of the present
rice plant originated 20,000
Or more years ago and
initially were perennial
plants.



History

10,000 to 15,000 years ago during
the Neo-thermal period changiling
climates producling alternating
periods of drought and moisture
and high and low temperatures
tended to stimulate the
development of annuals.




History

Temperate rice 1s grown 1n higher
latitudes, where temperatures are
generally lower. In these regions, the
days are longer during the summer
growlng season, 1mproving the chances
of better crop growth and yield.
Because of more sunlight hours. It 1s
adapted to the temperate conditions
through evolution.
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climate that occurs 1n the middle

latitudes LeMP8¥aALE ,ctyween the

tropics anClximatear regions.
Temperate climates have mean

temperatures above -3 °C (26.6 °F)
but below 18 °C (64.4 °F) in the
coldest month. Temperate climates
are not as cold as subarctic
climates or as warm as subtropical
climates
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Rice Photosynthesis

Rice 1s a C; plant. Photosynthesis
using the C; cycle, also known as the
Calvin cycle, 1s a process 1n which
plants use carbon dioxide and water
to produce sugars, lipids and
proteins.

It 1s the second stage of
photosynthesis, and 1t involves three
steps: carboxylation, reduction and
regeneration. The C; cycle gets 1ts
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Photosynthesis

Ribulose Bisphosphate (RuBP) oxygenase-
carboxylase [rubilisco], a key enzyme 1n

photosynthesis.

In the process of carbon fixation, rubilisco
incorporates carbon dioxide (CO,) 1into an
organic molecule during the first stage of
the Calvin cycle.

Rubisco 1s so important to plants that it
makes up 30% or more of the soluble proteiln
1in a tvpical plant leaf. But rubisco also has



Photorespiration

Photoresplration 1s a wasteful
pathway that occurs when the
Calvin cycle enzyme rubilsco acts
on oxygen rather than carbon
dioxide. The majority of plants
are C3 plants, which have no
speclial features to combat
photoresplration.



Photorespiration wastes energy and
steals carbon

Photorespiration begins i1n the chloroplast,
when rubisco attaches O, to RuBP 1in 1ts
oxygenase reaction.

Two molecules are produced: a three-carbon
compound, 3-phosphoglycerate, and a two-
carbon compound, phosphoglycolate.

Phosphoglycolate cannot enter the cycle, so
1ts two carbons are removed, or "stolen,"



Photorespiration

The enzyme rubisco can use either CO, or
O, as a substrate. Rubisco adds whichever

molecule 1t binds to a five-carbon
compound called ribulose-1,5-bisphosphate

(RuBP) .

The reaction that uses CO, 1s the first
step of the Calvin cycle and leads to the

production of sugar.

The reaction that uses O, 1s the first
step of the photorespiration pathwav,



Photorespiration

This side reaction 1nitiates
photorespiration, which, rather
than fixing carbon, actually leads
to the loss of already-fixed carbon
as CO,.

Photoresplration wastes energy and
decreases sugar synthesis, so when
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Photorespiration

What determines how frequently
each substrate gets "chosen"?

Two key factors are: relative
concentrations of O, and CO, and
the temperature.



Photorespiration

When a plant has 1ts stomata, or leaf
pores, open CO, diffuses 1in, O, and
water vapor diffuse out, and
photoresplration 1s minimilzed.

However, when a plant closes 1ts
stomata—for 1nstance, to reduce water
loss by evaporation— O, from

photosynthesis builds up 1nside the
leaf.



Photorespiration

At mild temperatures, rubisco's
affinity for (tendency to bind to) CO,
1s about 80 times higher than 1ts
affinity for O,.

At high temperatures, however, rubisco
1s less able to tell the molecules

apart and grabs oxygen more often.

Rubisco has a higher affinity for O,



Photorespiration

Photorespiration results 1n a
loss of 3 fixed carbon atoms

under these conditions, while
the Calvin cycle results 1n a
gain of 6 fixed carbon atoms.

In C, plants, the optimum
temperature for photosynthesis
1s very low (64 to 75 degrees
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Photorespiration

Photorespiration 1s defilinitely not a
win from a carbon fixation standpoint.
However, 1t may have other benefits
for plants. There's some evidence that
photorespliration can have
photoprotective effects (preventing
light—-1nduced damage to the molecules
involved 1n photosynthesis), and
support plant Immune defenses.



Dark

Respiration
The dark reaction 1s the actual
phase where food 1s synthesized by
the plants, and 1t uses the energy
generated by the light reactions.



Dark Respiration

Dark respiration 1s a process 1n which
plants consume oxygen and release carbon
dioxide during the night or in the absence
of light. It 1s an essential process that
generates enerqgy for plant growth and
development.

The study found that the yield loss 1n rice
by high night temperature 1s mainly due to
higher dark respiration, which 1ncreases the
consumption of photoassimilates and thereby



Dark Respiration

In rice, about 30-60% of the carbon assimilated during
photosyntheslis 1s lost through respiration (Cannell and
Thornley, 2000). This percentage may 1ncrease with rising
temperatures.

Respiration 1s positively correlated with temperature in
the physiological temperature ranging from 32 to 100°F.

A 10% yield reduction was reported 1n rice when the minlimum
nighttime temperature 1ncreased by 1° C or 1.8°F during the
growlng season (Peng et al., 2004).

Consistent with this interpretation, ATP content and dry
matter weight were significantly decreased in plants under
moderate high-temperature conditions suggesting that energy
produced under high-temperature condition was mainly
allocated to maintenance rather than growth.


https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2021.678653/full#ref9
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2021.678653/full#ref51

Dark Respiration

Studies found that moderate high temperature

causes significantly 1ncreases resplration
in rice plants.

With moderate high temperature, most of this
energy 1s allocated to malntenance

respilration, resulting 1n an overall
decrease 1n efficiency.

May be the primary contributor to yield
losses 1n a high-temperature climate.



Evapotranspiratio
n

FEvapotranspiration (ET) 1s the
comblined processes which move water
from the Earth's surface 1nto the
atmosphere. It covers both water
evaporation (movement of water to the
alr directly from soil, canopiles, and
water bodilies) and transpiration
(evaporation that occurs through the
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Evapotranspiration

Through the pores called stomata
1n their leaves, plants take 1n
carbon dioxide from the atmosphere
that they use for photosynthesis.
They then give off water through
the stomata 1n a process called
evapotranspiration which cools the

plant just as persplration cools
hiitman beinaogoe



Evapotranspiratio

Il
CO, 1s one of the gases that can be

exchanged during this process. In C;
plants, the rate of photosynthesis 1is
limited by the availability of CO,. As the
stomata open to allow CO, to enter the
plant, water vapor 1s released 1nto the
atmosphere through transpiration.



CO, Is Only 0.04% of the
Atmosphere

When stomata are open to let carbon
dioxide 1n, they also let water vapor
out, leaving C3 plants at a disadvantage
in drought and high-temperature
environments.

The heat effect from evapotranspiration

on CO, 1s that 1t can cause a decrease 1n
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Stomates control the volume of

CO, entering the i1ntercellular air
spaces of the leaf for photosynthesis.
They also plays a key role 1n minimizing
the amount of water lost.

Although the cumulative area of stomatal
pores only represents a small fraction
of the leaf surface, typically less than
5, some 98% of all CO, taken up and
water lost passes through these pores.
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