In the second of our 14-article lighting series, we take a look at the

science of photosynthesis.

by MARC VAN IERSEL
mvanfenaiugs, edi

HOTOSYNTHESIS is the

basic process driving the

growth of plants, Growers

should knesw how to create
conditions for efficient photosynthesis,
There is a variety of cultural and envi-
ronmental factors that affect photosyn-
thesis. Optimizing only some of these
factors without paving attention to the
other (actors may not result in a shmu-
lation of photosynthesis and growth,
Butrition, irrigation, and environmen-
tal factors all need to be carefully com-
trolled to grow high-quality plants in
the shortest time possible. In the scc-
ond article of this series on light man-
agement, we focus on how light and
other factors affect photosynthesis, and
thus plant growth,
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Figure 2. The effect of light on photo-
synthesis. Plants release CO. in the
dark (light = 0], because of respira-
tion. When respiration and photosyn-
thesis balance each other, ‘net’ photo-
synthesis = 0. At high light intensities,
photosynthesis no longer increases as
the light intensity increases further.
At this light intensity, plants are
light=-saturated.

Photosynthesis,
Respiration,
And Growth

Planks capture light for
photosynthesis primarily
through their leaves,
Fhotosymthesis uses the en-
ergy from light to make
sugars (zlucose, with the
formula CaHROy in Figure
1} and oxygen (O:) out of
the raw materials of water
{H2 and carbon dioxide
(), These sugars can
then be used for growth,
respiration, and storage
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Figure 1. An overview of photosynthesis, respiration,
and growth. In photosynthesis, carbon dioxide (C0;)
and water (H.0] are converted into glucose
(CeH 0 and oxygen (0:). The glucose can then be
usad for growth and respiration, or it can be stored.
Respiration is in many ways the opposite of photo-
synthesis, Glucose is bumed, resulting in H;0 and
C0,, and during this process ATP is formed from

(Figure 1), When plants use
these sugars for growth, the
plant produces additional
and larger stems, leaves, or
flowers. Thus, plant mass
increases as sugars allocated to growth
processes inerease, Typically, about 6%
of the sugar that is preduced in photo-
synthesis is wsed for prowth,

Respiration is the process in which
sugars are ‘burmned’ inside the plant. The
sugars react with oxypen to produce
water and carbon dioxide (the reverse of
photosynthesis). Like any process in
which things are burned, respiration
produces a lot of energy, Many of the
chemical reactions involved i plant
growth need energy to make them hap-
pen, such as the uptake of some nub-
ents and repair of damaped cells. These
energy-requiring processes are essential
for plants to grow and remain healthy.
Thus,
rather a critical compeonent of the me-
taboli=m of plants,

Plants can store sugars whenaver

respiration is not wasteful, but

ADP and phosphate (Pi). ATP is the basic lorm of
chemical energy in plants. The thickness of the ar-
rows indicates roughly how much glucose is allo-
cated to the different processes.

their production in photosynthesis ex-
ceads their use for growth and respira-
fion, Many plants will convert sugars

into starch, which can be stored mside

plant cells for prolonged periods {for

example, tubers and bulbs are high in
starch). When plants are in need of ad-
ditional sugars, they can break down
the starch, and convert it back into sug
ars, Starch can be an important source
of sugars during periods of low light,
when photosynthesis is insutficient for
respiration and growth. Starch that ac-
cumutlates during greenhouse prodies
tion can also help plants survive in-
doors, where they may not get enough
light to photosynthesize adequately:
Because light is the driving force for
photosynthesis, and photosynthesis is
the driving force for growth, plant
growth can be maximized in many




crops by increasing the amount of light
that a plant receives. However, some
plants have evelved Lo grow under low
light intensities such as under forest
canopies. These plants, which include
African violel, phalacnopsis orchid,
and many foliage plants, have a rela-
vely low optimum light intensity for
maximal growth.

The fundamental goal for successiul
production of greenhouse erops is to
create conditions in which plants can
efficiently absorb light and use that
light for photosynthesis to produce
new growth. There are many environ-
mental comdifions and cultural prac-
tices that affect the photesynthetic rate
of plants. Let's take a look al the most
important environmental factors First.

Photosynthesis And
Environmental Conditions

Light. Light iz the most obvious fac-
tor that influences phatosynthesis and
plant growth; plants cannot photosyn-

thesize in darkness. Photosynthesis is
normally measured as the rate at which
plants extract CC; from the air,
Photosynthesis increases rapidly as the
amount of available light is inereased.
In darkness, respiration continues,
resulting in a loss of OO from the
plant, This loss of CO; in the darck is re-
ferred to as “dark respiration” and is
shown in Figure 2, where light inlensi-
Ev is ). The term “net photosynthesis"”
describes the difference between pho-
tosynthesis (sugar gain) and respira-
Hon {sugar loss), as shown in Figrure 2,
Al some light intensity, photosyn-
thesis will produce as many sugars as
are burned in respiration. At this light
intensity, which is referred o as the
light compensation point, there is na
net uptake of COL or growth (net pho-
losynthesis = 00 Figure 2), When
light inkensity is higher than the light
compensalion poing, there is a net up-
take of COs by plants and thus it is
possible for plants to grow. As light in-

Figure 3. Increasing the amount of light plants receive increases their photosyn-
the_sis and thus their growth, These begonias and petunias (shown from the top)
received 10, 16, or 23 moles of light per meter square per day (from left to rght).
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