
Flow of Energy and Matter 
in the Environment (I) 



Living organisms need energy 
to live & perform vital functions 



Where do animals obtain 
their energy from? 

Energy is 
obtained 

from energy-
yielding 

foods 

Animals have 
heterotrophic 

nutrition 

Heterotrophic nutrition is a process where organism uses organic 
compounds for most or all of its carbon needs 



Where do plants obtain 
their energy from? 

Energy is 
from the sun 

Plants have 
autotrophic 

nutrition 

Autotrophic nutrition is a process where an organism builds up 
the organic compounds that it needs from simple inorganic 
molecules, carbon dioxide and water 



Where do plants get their 
food? 
In 1649, a Dutch 
physician Jan-
Baptista van Helmont 
carried out an 
experiment  
Ø to test if plants get 

their food from the 
soil. 



Activity 1: What did Helmont’s 
experiment prove? 

1.  Do plants get their food from soil? 
2.  Can plants grow without soil? How? 
3.  How do plants make organic molecules 

like glucose and carbohydrates? 



Helmont’s experiment 

Plants do not get 
their food from the 
soil. 
 
Other experiments 
proved that plants 
can grow well in soil-
free solution of 
mineral salts. 



Where could plants get 
carbon & energy from? 
Percentage analysis of wood by weight 
 
C – carbon   50-53%                                            
O – oxygen   40-43%                                            
H – hydrogen  6%                                          
N – nitrogen  >1% 
  
Carbon dioxide and sunlight are 
sources of carbon & energy for making 
organic molecules in plants 



� Takes place mainly in the cells of the leaves. 
In the chloroplasts of the leaf cells. 

�  In land plants, water is absorbed from the soil 
by osmosis by the roots and carried in the 
xylem, up the stem to the leaf. 

� Carbon dioxide is absorbed from the air 
through the stomata in the leaf by the process 
of diffusion.  

Raw materials for photosynthesis 





light 

chlorophyll 
Carbon dioxide + water                       glucose + oxygen 
 

 

Equation for photosynthesis 



Definition of photosynthesis 

Photosynthesis is the process whereby 

light energy is trapped by chlorophyll and 

converted into chemical energy which is 

utilised to make glucose / carbohydrates 

from raw materials of carbon dioxide & water 

with oxygen released as a by-product 



Activity 2: Photosynthesis 
vs Respiration 

� Observe the processes of photosynthesis 
and respiration occurring in plant over a 
24-hour cycle 

� Start at 1:28 and at 3.34 and observe bar 
chart (at bottom left-hand corner) 

 
� https://www.youtube.com/watch?

v=ICus6jH9HXY&feature=youtu.be  
 



Activity 2: Photosynthesis 
vs Respiration 

Process Occurrence Rate 

Photosynthesis During day •  Rate increases once 
there is light 

•  Rate remains 
constant during 
bright light 

•  Rate decreases 
once light fades  

Respiration During day 
and night 

Remains constant 



DARKNESS DIM LIGHT BRIGHT LIGHT 

No 
photosynthesis 

Rates of 
respiration and 
photosynthesis 
equal; no 
exchange of 
gases with air 

Rate of 
photosynthesis 
faster than 
respiration 

Photosynthesis vs 
Respiration 



Glucose  

In photosynthesis, carbon 
dioxide and water form 

Used immediately by 
plant cells 
•  for cellular respiration 
•  to form cellulose cell 
walls. 

1 Converted into sucrose or into starch in leaves 
•  Excess glucose is converted into sucrose and 
transported to storage organs as starch or in other forms. 
•  In daylight, excess glucose is converted into starch for 
temporary storage in the leaf. It may be converted into 
glucose at night or into sucrose  and transported away for 
storage.  

2 

Used to form amino acids and proteins 
•  Glucose reacts with nitrates to form amino acids in the 
leaf.  
•  The amino acids are combined to form proteins, which 
make up new protoplasm in the leaf. 
•  Excess amino acids are transported away for synthesis 
of new protoplasm or for storage as proteins. 

3 

Used to form fats 
•  for storage 
•  used in cellular respiration 
•  for synthesis of new protoplasm 

4 
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Fates of Glucose Formed During Photosynthesis 



Importance of photosynthesis 

1.  Food made by plants 
eventually become the 
food of animals, since 
animals depend directly or 
indirectly upon plants 

2.  Sun is the ultimate source 
of energy for living things 



Importance of photosynthesis 

3.  Coal is a fossil fuel formed from trees and 
contains a store of energy derived from 
sunlight through photosynthesis. When 
coal is burnt, the energy is set free. We use 
this energy in cooking, in driving machines 
to work, etc 

4.  Photosynthesis helps to ‘purify’ air in the 
sense that it removes carbon dioxide from 
the air. At the same time it produces 
oxygen. This oxygen is used by living 
organisms in respiration 



How can we show that 
photosynthesis has taken place? 

� Glucose (simplest carbohydrate) is first 
formed from CO2 during photosynthesis 

�  If glucose are formed faster than they are 
being used up, the excess sugar is 
converted to starch for storage (starch 
formation is not part of photosynthesis) 

� Presence of starch in the leaves suggests 
that photosynthesis has taken place 



How can we show that 
photosynthesis has taken place? 

� Starch in leaves is converted to sucrose 
which are transported to other parts of 
plant 

� Destarching (removal of starch) must 
be carried out before the experiment 

� To destarch a plant, you can put the plant 
in darkness for 48 hours 



PRACTICAL – TEST FOR STARCH IN PLANTS 

https://youtu.be/VeU7ULL9Usw  

AIM:  
To test for starch in a leaf to show that 
photosynthesis has taken place 



Step 1   - Fill half a beaker with hot 
water and heat until the 
water boils 

Step 2 - Put the leaf in boiling water for 
2mins 

� To kill the leaf / to stop all enzyme 
reactions 

 

PRACTICAL – TEST FOR STARCH IN PLANTS 



Step 3 – Submerge the boiled leaf into the 
methylated spirit.  Place boiling tube into a 
beaker of hot water for 10 minutes.  

� To ensure even heating 
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Skills
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You will learn how to:
• set up an experiment safely and without assistance.

Experiment 6.1 How can we test for starch 
 in a leaf?
Aim:  To test for starch in a leaf to show that photosynthesis has taken place

Apparatus: 250 cm3 beaker  Petri dish
  Bunsen burner / hot plate test tube / boiling tube
  forceps  tripod stand
  glass rod  wire gauze
  test tube holder
 
Materials: alcohol
  iodine solution
  freshly plucked small leaf which has been exposed to sunlight for a few hours

 Caution  •  Alcohol is fl ammable and will catch fi re easily. It is best to keep it on the 
teacher’s bench away from an open fl ame.

 
Procedure
and  
Observations:

1. Half-fi ll a beaker with water and heat it until the water boils.

 Check
Point  

 •  When boiling water, always ensure that the beaker is not too full. This prevents 
hot water from spilling over during boiling, or when a test tube is put in.

 
  2. Turn off the Bunsen burner.

  3. Put the leaf into the hot water for 2 minutes.

 Check
Point  

 • The purpose of boiling the leaf is to denature all enzymes in the leaf. This is to 
   prevent the conversion of starch to glucose in the leaf during the experiment.

  4. Put the boiled leaf in a boiling tube containing some alcohol. Then place the tube 
   in a beaker of hot water.

 Caution  •  Never heat the boiling tube with alcohol directly over a Bunsen fl ame.
  • Check that there is no open fl ame near you when you are using alcohol.

 Figure 1

beaker

hot water 

leaf

boiling tube 

alcohol

tripod stand

Time 45 mins
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Skills Build-up
The following are essential skills needed in science practicals: 

• Using apparatus and materials appropriately and safely 

• Following instructions in an organised and safe manner 

• Making and recording observations in a suitable format 

• Taking precise measurements 

• Analysing results and coming to an appropriate conclusion 

• Planning an experiment 

• Evaluating the procedure stated in the plan

The next few pages list essential guidelines for you to follow when carrying out science 
practicals.

Basic Safety Procedures
Safety is the most important aspect of any practical work. Some general rules for 
laboratory safety are: 

• Walk slowly in a laboratory. Do not rush or run in the laboratory. 

• Use the safety equipment provided, for example, wear goggles, especially when 
using the Bunsen burner, and dealing with corrosive chemicals. 

 Figure 1 A pair of safety goggles

• When handling any infl ammable materials or chemicals such as ethanol, turn off all 
Bunsen burners. Keep these materials away from fl ames. Flammable materials can 
be identifi ed by the presence of the symbol shown below:

 Figure 2 Flammable symbol
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Methylated 
spirit 



Step 4a – Take note of colour of 
the methylated spirit and the leaf 

� Colour of methylated spirit – turned 
green 

� Colour of leaf – turned light green / 
white 



Step 4b  Effect of methylated spirit 
on the leaf 

� To remove chlorophyll from the 
leaf / to decolourize the leaf. 

 
� To allow for observation of colour 

change in iodine. 



Step 6 - Remove the leaf with a 
pair of forceps and put it back into 
hot water. 

� This softens the leaf and makes 
it more permeable to iodine 
solution. 



Step 7 - Place leaf on a white tile 
and add a few drops of iodine to 
the leaf. Ensure that iodine solution 
covers entire surface. 

� The leaf is stained blue-black 
by the iodine solution. 



Question 8 

� Starch is present in the leaf, 
thus the leaf is stained blue-
black by the iodine 



Xylem 
�  Consists mainly of 

vessels 
 
Functions:   
�  Conduct water and  

dissolved mineral salts  
from roots to stems and 
leaves 

�  Support the plant 

Transport of water & mineral salts 



� Vessel is a long hollow 
tube, stretching from the 
root to the leaf.  

� It is a dead structure; its 
wall strengthened by a 
substance called lignin 
deposited on it. 

� Regions that are not 
lignified are called pits – 
allow water and dissolved 
mineral salts to pass 
sideways between cells 

Structure of xylem 



� Lignified walls to prevent collapse of the 
vessel. 

� Dead structure without protoplasm, hence it 
has a hollow lumen. 

� Continuous lumen with no partition / cross 
walls à water is able to pass through vessel 
easily. 

Adaptations of xylem 



� Xylem starts as living cells which over time elongate 
and lose their cytoplasm and then becomes a 
dead structure at maturity as lignin is deposited to 
become a hollow fluid filled tube. 

Source:	  h*p://www.ucmp.berkeley.edu/IB181/VPL/Ana/Ana1.html	  



Activity 3: see the path of water in xylem 

� Immerse the celery 
stalk (leaf stalk) in 
dilute red ink for a 
few hours 

� Cut transverse 
section & longitudinal 
section 

� Observe & draw the 
tissue stained red 

http://www.youtube.com/watch?
v=Yq2YVoGNnZM  
Suggest how a rainbow rose is made 
 



Entry of water into a plant 
� Absorption of water takes 

place through the root hairs. 
� Root hairs grow between the 

soil particles, coming into 
close contact with the water 
surrounding them.  

� The thin film of liquid 
surrounding each particle is a 
dilute solution of mineral salts. 

� Cell sap in the root hair has a 
lower water potential than 
the surrounding soil solution. 

� Water enters the root hair cell 
by osmosis.  



� Entry of water dilutes the cell sap, so that the cell 
sap of the root hair cell is now more dilute than that 
of the next cell. 

� Hence water passes by osmosis from the root hair 
cell into the inner cell. 

� This process continues until the water enters the 
xylem vessels and moves up the plant. 



Soil Root 

soil particles 

Water & mineral salts Root cells 

root hair cell 



Soil Root 

soil particles 

Water & mineral salts Root cells 

root hair cell 



Soil Root 

soil particles 

Water & mineral salts Root cells 

root hair cell 



Soil Root 

soil particles 

Water & mineral salts Root cells 

root hair cell 



Soil Root 

soil particles 

Water & mineral salts Root cells 

root hair cell 



Soil Root 

soil particles 

Water & mineral salts Root cells 

root hair cell 



� By active transport: when the concentration 
of ions in the salt solution is lower than that in 
the root hair cell sap. The root hairs have to 
absorb the ions against a concentration 
gradient, that is, by active transport.  

� By diffusion: when the concentration of 
certain ions in the soil solution is higher than 
that in the root hair cell. 

Entry of mineral salts into roots 

Purpose? 
To lower water potential 
of cell sap so that water 

enters root hair by 
osmosis 



Transport of water & mineral salts up 
a plant 
Transpiration Pull 
� The loss of water vapour from the aerial parts 

of the plant, especially through the stomata 
of the leaves, is known as transpiration.  

� Excess water has to be removed, and it is mainly 
removed when it evaporates from those parts of 
the plants that are above the ground. 

� The water deficit generates pressure strong 
enough to pull water up the plant.  

� This suction force is called transpiration pull. 



guard cells leaf xylem 

Leaf 

air space 

leaf cells 

stoma 



guard cells leaf xylem 

Leaf 

air space 

leaf cells 

stoma 
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guard cells leaf xylem 
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leaf xylem 

Leaf 

air space 

leaf cells 

guard cells 

water vapour stoma 



leaf xylem 

Leaf 

air space 

leaf cells 

guard cells 

water vapour 
stoma 



Factors affecting rate of 
transpiration 
� Transpiration is dependent 

upon evaporation. 
 
� Any factor that affects the rate 

of evaporation of water will 
affect the rate of transpiration. 



� The more humid the air, the slower the rate 
of transpiration. 

 
Explanation: The drier the air outside the leaf, 
the water vapour concentration gradient 
between the leaf and the atmosphere is 
steeper, thus the rate of transpiration 
increases.  

1. Humidity of air 



2. Temperature of air 

� A rise in temperature of the 
surroundings increases the rate of 
evaporation of water vapour, thus 
the rate of transpiration is greater. 

Explanation: A rise in temperature 
increases the rate of evaporation. 



3. Strong wind 

� The stronger the wind, the higher 
the rate of transpiration. 

 
Explanation: Wind blows away the 
water vapour that accumulates 
outside the stomata, thus maintaining 
the water vapour concentration 
gradient. 



4. Light 

� Light affects the size of the stomata. 
� In the presence of light, 

transpiration rate increases. 
 

Explanation: In sunlight, stomata 
open and increases rate of 
transpiration.  

http://www.mhhe.com/biosci/genbio/virtual_labs/BL_10/BL_10.html  
Try this animation to investigate factors affecting rates of transpiration 



Wilting  
�  When the rate of transpiration 

exceeds the rate of absorption of 
water by the roots, the cells loses 
turgor. 

 
�  Plant cells become 

 flaccid and the plant  
 wilts. 

 



�  Why do plants wilt? 
�  Is wilting always bad for the plant? 

A routine for active reasoning and explanation. 



Wilting – Advantages: 
�  Rate of transpiration is reduced 

because the leaf folds up to 
reduce the surface that is exposed 
to sunlight. 

 
�  This causes the guard cells to 

become flaccid and stomata will 
close. 



Wilting- Disadvantages: 
�  Rate of photosynthesis is reduced 

because water becomes the 
limiting factor. 

 
�  Due to closed stomata, amount 

of carbon dioxide entering the 
leaf is also reduced. 



Phloem 
� Consists mainly of 

sieve tube cells and 
companion cells 
beside it. 

� Sieve tube cells and  
companion cells are 
living cells. 

Transport of food from leaves 
to other parts of plants 



Function:   
� Transport 

manufactured food 
substances from the 
leaves to other parts 
of the plant 

Transport of food from leaves 
to other parts of plants 



� The holes in 
the sieve 
plates allow 
rapid flow of 
manufactured 
food 
substances 
through the 
sieve plates. 

Adaptation of phloem 



� Food is transported in the form of sucrose 
and amino acids. 

� Movement of organic food substances 
may be up to the buds and fruits or down 
to the roots and storage organs. 

� The process is called translocation and the 
process is not fully understood. 

� Translocation is an active process and 
therefore requires energy 

Transport of food from leaves 
to other parts of plants 



A B

region with bark 
removed 

unringed twig 

water 

Evidence of translocation in phloem 

� Cut off a complete ring of 
bark from woody twig A.  

� unringed twig B - control 

� Ensure bottom end of both 
twigs in contact with water. 
Ring is above water level. 

Predict the 
appearance of twigs A 

and B after a week 



Evidence of translocation in phloem 
A B 

region with bark 
removed 

unringed twig 

water 

Twig A after 1 week 

Twig A:  Swelling above ring 
Twig B:  No swelling (control) 

Explanation:  
•  Removal of phloem prevents translocation of sugars to the 

region below the ring 
•  Accumulation of sugars in the region just above the ring 

lowers the water potential of the cells in that region 
•  Water enters the region and this results in swelling 



SUMMARY	  
OF	  
TRANSPORT	  
IN	  PLANTS	  


