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Photosynthesis and Respiration

photosynathesis 2.0 e

cellular rospiration.

During photosynthesis, green plants and
algae trap the energy in sunlight and use it
t make food. In their cells, organelles called
chloroplasts concain the green pigment
chlorophvyll, which absorbs solar energy.
This energy is used to combine carbon
dioxide {CO,) from the air and water [H,0)
from the seil to form sugar [C H,.0,) and
oxygen (0,}. Some of the trapped energy
from the sun is stored ih the bonds of the
sugar molecutes as chemical energy. The
plant uses sugar, a carbohydrate, for food.

From the chloroplasts, the sugar moves
to the mitochondria. There, cellular
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respiration occurs. In this
pracess, sugar s broken down
and combined with oxygen
from the air. Carbon dioxide
and water form, and energy
is released. The energy is
transferred to ATP, a molecile
that supplies energy o cells.
Unlike plants, animals
cannot trap light energy and
produce their own fond. That’s
because their cells have no
chloroplasts and no chlorophyll.
[nstead, anitnals take in fopd.

When the carbohydrates ln food are
digested, sugar forms. The sugar is then
broken down to release energy. Cellular
respiration occurs in the milechondria of
animal cells just as it occurs in dhe
mitochondria of plant cells.

The energy source for all life processes
is the siin. Producers trap solar ehergy
during photosynthesis. Consumers eat
gither producers or other consumers that
eat producers. Thus, animals also depend
on the sun for energy.

'MI.

Haw are the collular activities of plants and animals alike? How are

they different?
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PTER ELEVEN

Chapter 11-9:

Water is the most obundant substance in living things. The
human body, for example, is composed of about 70% woter, and
jellfish are 95% woter. Water participates in many important
himeb L .— 'y H . o | Iy s nel A "

aond cellular respiration. It is also the habilat for many species of
plonts, animals, and microorganisms, and it parficipotes in the
eycling of all of the matericls used by living things. Water is dis-
tributed through the biosphere in a cycle known os the waler, or
hydrologic eycle. In this plate, we will exomine some aspects of
that cycle,
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We begin by looking at the atmasphere, which includes the
clouds. When waler vapor cools, it condenses and lalls to Earth
os rain, For instance, look at the arrow labeled {A}, or precipita-
tion over land; gravity draws Ihe waler back to Earth in the form
of rain, sleet, and snaw. Precipitation also occurs ever aceans (B).

The living things on Earth are represented, in qur diagram, by
the Irees. Water is absorbed by the roots of the trees and used in
photosynthesis, but it is also lost from their leaves through the
process of transpiratien (C). Waler also returns fo the atmos-
phere through evaporation from the soil and from numerous
other sources. In generol, the amaunt of precipifation received by
an area helps determine what types of plants will grow there. The
nalura of lhe vegetalion, in tum, determines the types of animals
thot inhabit o region.

The Water Cycle

Water from the land enters the ocean through seepage from
the graund [D); it percolaies from the surfoce down to the woter
table. This water-soturated zone of soil and rock is called an
oquifer, and water seeps from the aquifer to the ocean,

Water also reaches the acean as runoff from the surface {E).
Runcff from the surface includes flow from rivers as well as melt-
ing snawfields and glaciers,

The major reservoirs of water on Ecrth are the oceans.
Oceans caver about three-quartess of Earth’s surface and contain
about 97% of its water. Solar radiation couses water's evapora-
tion from the acean {F]. Over 80% of the evaporated water in the
hydrolagic cycle enters the aimosphere in this way, and about
52% o this falls back into the oceans in the form of rain. The

ind ins in the phere as clouds, ice crystals, ond
water vapor and then precipitofes over land. On a global scale,
the quantity of ocean water thet evaporales each year is equiva-

lent 1o a layer that's 120 em deep and cavers the enlire surface
of the ocean.
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Water Cycle

1. Name three important needs for water?

2. How is water distributed throughout the biosphere?

3. What is transpiration?

4. What is an aquifer?
-

5. Name two ways water travels from the fand to enter the ocean. wuﬂ

6. What does runoff include? W
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The Water Cycle

O Transpiration ..........

O Seepage From Ground ....D
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chapter 11-10: The Carbon Cycle

Energy flows from the sun into the biosphere, but nutrients do
not enter the biosphere from an oulside source. Essentially, the
same pool of nutrients has circulated for the billions of years that
the Earth has been in existence. Some nuirients, cafled macrenu-
Irients, are used by organisms in large quantifies, while others,
micronufrienls, are used only in trace quantilies. Macronutrients

Plants are primary producers. In the course of plant con-
sumption {£), carban passes into primary consumers, animals.
When onimal consumption [F] accurs, or when the primary
consumer is eaten, carbon passes fo a secondory consumer, rep-
resented by the lion in the plote. Respiration (G} takes place in
cells of the primary and secondary consumers, and carbon is

indude carbon, hydrogen, oxygen, nitrogen, and phosph

leased back inlo the environment as carbon dioxide.

micronulrients indlude iodine, iran, zine, and some others.

Both macronulrients and micranutrients are recycled; they are
passed back and farth between living and nonfiving companents
of the ecosystem in processes that we call biogeochemical cycles.
This plate and the ones that follow Irace the pathways of several
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Material substances are incorporated into organic campounds
by primary producers. Primary producers are then consumed by
secondary consumers, and decomposers ara ullimotely responsi-
ble for releasing the material bock into the nonliving enviranment.

We will begin our study of the corbon cycle with the atmos-
phers (&), which is Earth's major reservoir of carbon, in the form
of corbon dioxide. Carbon enters the biotic (living) part of the

ystem through photosynthesis [B). We suggest a green calor
for the arvaw. Planis of the forest (€] toke the carben in carbon
dioxide and fix it in organic compounds such as glucose, starch,
cellulose, and other corhohydrates. Respiration in plonts (D)
returns carbon dicxide o the almosphere; on arrow shows this
process.

The Carbon Cycle

When the primary and secondary consumers dis, their organ-
ic mafter enters the soil through the process of decay (H). It is
broken down by the decamposers, or detritus feeders {l), which
are small animals and microorganisms thal subsist on decaying
matter such as fallen leaves, dead bodies, and animal waste.
Earthworms, mites, centipedes, insects, ond crusiaceans are
defritus feeders. Thus, respiration in detritus feeders {J} olsa
retums carbon o the clmosphere.

Throughout history, much corbon has been converted fo fossil
fuel [K). High pressure and temperature fransform carbon-con-
taining orgonic matter into coal, oil, and nalural gas. Fossil fuel
processing {1} follows. There are many uses for fossit fuels (M)
Some pawer plonts generate electricily using fossil fuels, and
aulomobiles are powered by gasoline. The products of the com-
bustion N} of fossil fuels include carbon dioxide and other
carbon compounds that enter the otmosphere. Carbon dlso
enters the environment from the burning of wood and plants that
oceurs during forest fires (O).

A Finol aspect of the carbon cycle thot we will examine is
exchanga with oceans [P). Some carbon dioxide from the air dis-
solves in oceans and combines with caleium fo form calcivm
carbonate, which is incorponated into the shells of mollusks and
other croatures. When these shells decay, they transform into
limestone, which, over time, dissolves as it is expased fo water.
Carbon is released frem the fimestone and moy retum fo the
atmosphere.

1. Where is most of the Earth's Carbon located and in what form?

2. How does carbon enter the living (biotic) part of the ecosystem?

3. How are plants a part of the carbon cycle?

[eRvaY)

4. How is carbon dioxide returned to the atmosphere?
5. What happens when consumers die?
6. What is a fossil fuel?

7. How does carbon get into the ocean?

The Carbon Cycle

O Atmosphere ............ A O Respiration in QO Fossil Fuel

O Photosynthesis . ANIMAlS.crronommmranans [ Processing ............
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O Respiration in Plants..D O petritus Feeders ...... I Q Products of

O Plant Consumption...... £ O Respiration in Detritus Combustion ............
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An important process in ecosyslems is the recycling of nitrogen Nitrogen is fixed into the soil through the actions of free-living W ﬂr\\\ \\
through its living fbiotic) and nonliving {abietic} components. The bacterio and, as we mentioned chove, through bacteria that's iy S
living componeris, or biola, of the ecosystem poricipate in the iated with root nodules of leg Bath of these methods D

nitragen cycle in @ number of ways, as you will see in this plate.  of fixing nitrogen lead to il incorporation into ammonia [NH,] in
the pracess known s ammanification {€). The soil is o major

IFyou ook w_o«m_v.& the plate, yau will ,:.omnn that we reservoir for cmmenia and ofher nitrogen-containing com-

show the various ways in which nitrogen cycles pounds. After nitrogen has been fixed, other bacteria convert it
through' nature.’ As you color the plate, the arrows into nitrate, in a process called nitification {F}. In the first step of ;
should be emphost . o : nitrification, Nif |G) convert o la nitrite NO), :
- : and in the second step, nilrite is converied to nitrate {NO,), by '

. Nitrobacter {H). Tha nilrale (NQ,) is th d by plants {i),

Approximalely 78% of the air is composed of diatomic nitro- nu. the MEM_.M__“_.__ u_._n”_u_. ale (NOg) is then consumed by plan o

gen. Z?.o.mm: i N 1o .___m. hisg rm<.: ponent of But not all plonts consume nilrate; as we menlioned before,

omina acids and nudeic acids. Even ATP, the bosic energy cur- some plants are oble to use the ommonia from the sail. In both

vency of living things, contains nilrogen.

Neither plonts nor animols can cbtain nitrogen directly from
the atmosphere (A). Instead, they must depend on o process
called nitragen fixation (B). Key ployers in nitrogen fixation are
legumes {C) ond the symbiolic baderia that are associoted with
their root nodules. Legumes include clover, peas, alfalfa, and soy-
beans. The bacleria associated with their root nodules are
i nitrogen-fixing bucleria (D). These bacteria convert nitrogen in
the soil 1o ammonio {NH,), which can be token up by some
planis. The badleria and the plont are in a symbiotic relationship.
! Cyanchacteria are also nitrogen-fixing bacteria; they are promi-
i nent in aqualic ecosystems.

coses, vitragen enters the primary producers in the biotic com-
munity. The planls may then be consumed by onimals (.
Herbivares are the primary consumers, and tha nitrogen of the
plants is used for the synthesis of key organic compounds such as
amino acids, profeins, and nucleic acids.

We hava seen how riitrogen is fixed in the soil and
eventually utilized by plonis and then animats. We
will now complete the cyde of nitrogen by showing

héw it relurns to Ihe almosphere. Conlinue your read-
ing as you color the final aspecs of the plate.

o through the living aspects of lhe ecosystem. broken down by these organisms, and nitrogen is relecsed inta
; e 9 9 aspecs wysem the cimosphere {4}, This completes the ritrogen cycle.

P!

We haveseen how nilragen is brought into the biot- The final aspect of Ihe nitragen cycle is the pracess of denitri-
. ic component of the ecasystem via nitrogesr-fixing fication {K). This process is performed by o variety of microscapic
i bacleria. We will now focus en how nitrogen is bacteri, fungi, ond other orgonisms. Nilrales in the soil are
ik

1

The Nitrogen Cycle

1. What percentage of the air is Nitrogen?
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The Nitrogen Cycle
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N 2. /2_‘2 IS J_Aqomms mmmms.n_m_ for life? | O Atmosphere ............ A O Ammonification ........ £ QO Consumption by
: \ O Nitrogen Fixstion...... g8 O Nitrification.......... F Plants ...oooaiennnnnn 1
, 3. How do plants and animals get nitrogen if not from the atmosphere? ;O Legume Plant .......... ¢ O witrosomonas .......... ¢ O Consumption by
i i O Nitrogen-Fixing O Witrobacter........... H ARIMTS .« ooeensoeeesee J
Bacteria Q Denitrification. K

4. What are nitrogen fixing bacteria? ; e e e g R e e AT

5. Why do herbivores need nitrogen?
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