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A-level 

UACE biology 2009 paper2 

SECTION A 

1. An investigation was carried out on the effect of applying different concentrations of auxin on roots 

and shoots of oat seedlings. The results in table 1 obtained. Were expressed as percentage stimulation 

(+) or inhibition (-) of growth, compared with untreated controls. Use the information to answer the 

questions that follow. 

Table 1 

 Concentration of applied auxins (parts per million) 

% simulation 

of growth. 

 10-6 10-5 10-4 10-3 10-2 10-1 100 101 102 

Root  +5 +20 +20 +10 -18 -55 -90 -95 -98 

Shoot 0 0 0 +5 +20 100 180 150 10 

(a) (i) Present the results in a suitable graphical form.    (07 mark) 

  

digitalteachers.co.ug 

 



Sponsored by: The Science Foundation College +256 753 802709 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(ii) Using your graph, describe the effect of different concentrations of auxin on root and shoot 

growth.          (06 marks) 

Generally, lower auxin concentration stimulates root growth but have no effect on shoot growth. High 

concentrations inhibit root growth but stimulate shoot growth. 

Root growth 

 From 10-6 to 10-5 ppm auxin concentration, root growth is stimulated gradually while it is 

constant between 10-5 to 10-4ppm. 

 From 10-4 to 10-3ppm auxin concentration, there is gradual inhibition of root growth followed 

by rapid inhibition from 10-0 to 102ppm. 

Shoot growth 

 From 10-6 to 10-4 ppm auxin concentration, there is no effect on shoot growth. 

 From 10-4 to 10-2ppm auxin concentration, there is gradual stimulation of shoot growth 

followed by a rapid stimulation to a maximum from 10-2 to 100ppm. 

 From 100 to 102ppm, there is a rapid inhibition of shoot growth. 
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(iii) From your graph and table 1, point out the difference between the responses of the roots and 

shoots to the different concentrations of auxin.     (04 marks) 

Root growth response Shoot growth response 

From 10-6 to 10-4 ppm, root growth is stimulated 

 

From 10-4 to 10-3ppm, there is gradual inhibition 

of root growth. 

From 10-2 to 100 ppm, there is rapid inhibition of 

root growth. 

From 100 to 102ppm, there is gradual inhibition 

of root growth 

Auxin concentration from 10-6 to 10-4 ppm have 

no effect on shoot growth. 

From 10-4 to 10-2ppm, there is gradual 

stimulation of shoot growth 

From 10-2 to 100 ppm, there is a rapid stimulation 

of shoot growth to a maximum. 

From 100 to 102 ppm, there is a rapid inhibition 

of shoot growth. 

 

(b) In another experiment, groups of pea seedlings were treated as shown in table 2. 

Table 2 

Group of seedlings Treatment done 

A Apical buds removed 

B Apical buds removed and auxin placed on cut stumps. 

C Apical buds removed and Gibberellic acid placed on cut stumps 

D Apical buds removed and cytokinin placed on cut stumps 

E Seedlings left intact 

At intervals after treatment, the length of the axillary shots were determined and the results obtained 

were recorded as shown in table 3. 
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Table 3 

Time after start of 

treatment (days) 

Mean total axillary shoot length per group of seedlings (mm) 

A B C D E 

2 3 3 3 3 3 

4 10 4 12 9 3 

6 30 4 45 32 3 

8 50 5 90 47 3 

10 78 6 116 80 3 

13 118 30 150 119 3 

 

 

i. What was the effect of the treatment done, on each group of seedlings at the end of the 

experiment? 

Group A: there was moderate growth in mean total axillary shoot length. 

Group B: there was very slight growth I mean total shoot length 

Group C: there was much/greater increase in mean total axillary shoot length. The highest of 

all groups by the end of the 13th day. 

Group D: there was moderate growth in axillary shoot length 

Group E: there no more growth in axillary shoot length to the end of the experiment. 

 

 

ii. Explain the results in table 3. 

- Auxins stimulate growth mainly n shoot, by stimulating cell expansion/elongation, 

but inhibit growth of axillary buds, which promotes apical dominance in B 

- Auxins are synthesized in the apical meristems at shoot tips or in young leaves and 

are transported further down the plant. Therefore removing the apical bud breaks/stops 

apical dominance and promotes growth of axillary buds 



Sponsored by: The Science Foundation College +256 753 802709 

 

- Removing the apical buds and then supplying auxins slows growth of  axillary buds 

because high levels of auxins inhibit growth of axillary buds. 

iii. Outline ways in which auxins have been used in improving agriculture. 

- Promotes natural fruit setting 

- Promotes fruit setting in the absence of pollination, parthenocarpy . 

- Promotes root formation of cuttings so as to propagate certain plants where they are 

used as root powder 

- Promotes sprouting of potatoes 

- Prevents premature fruit drop 

- Are selective weed killer 

SECTION B 

2. (a) Explain how plants living under the canopy of forest tress are able to survive. 

 Under the canopy of trees there is very little light and a lot of leaf litter 

 The plants possess leaves with much chlorophyll to maximize trapping of light for 

photosynthesis. 

 Some undergo etiolation possibly due to much gibberellins to receive light 

 Some have broad leaves to maximize trapping of light for photosynthesis 

 Some have adopted a parasitic mode of life and are found developing from the stems of tall 

forest trees as epiphytic feeders. 

 Some have climbing stems. This makes them capable of reaching out to light by growing their 

leaves beyond the forest canopy. 

 Some have breathing roots that grow up from the water logged soils to allow for proper 

gaseous exchange. 

 Some plants such as the ferns have tissues that are well adapted to live in the water logged 

soils of the forest. 

 Some plants are well adapted to photosynthesize at low light intensities below the forest 

canopy. 

 Some plants form symbiotic relationships with the forest trees and other saprophytic 

organisms (such as fungi) in order to obtain enough nourishment. 
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 Some have adopted C4 photosynthetic pathway, making them more efficient at 

photosynthesis. 

 Most plants have a higher chloroplast density in their leaves compared to the tall forest tress. 

This makes them efficient at trapping the low light that reaches them below the forest canopy. 

 Some plants are more efficient at trapping and utilizing light of different wavelength from that 

trapped by the tall trees. Thus, they can still be able to receive this after the tall trees have 

trapped the rest from the light spectrum. 

 Some of the plants such as the insectivorous plants are heterotrophic feeders and so require a 

minimum amount of light which they can sufficiently receive even below the forest canopy. 

 Most plants possess an extensive surface root system in order to obtain enough aeration in the 

water logged forest soils. 

 Most plants are seasonal, growing only when conditions are favorable. 

 

(b) Describe how herbaceous plants are supported off the ground. 

 After the absorption of water, the cells in the plant become turgid because of the relatively 

inelastic cellulose cell wall. This results in a firm tissue which provides mechanical support 

to the plant. This is supplemented by smaller quantities of mechanical tissues (collenchyma, 

sclerenchyma and xylem) 

 

3. (a) Compare photosynthesis and aerobic respiration. 

Similarities 

- Both are energy converting processes. 

- Both require mechanisms for exchange of carbon dioxide and oxygen. 

- Both processes have a reaction pathway in which ATP is formed i.e. photo phosphorylation 

and oxidation phosphorylation in photosynthesis and respiration respectively. 

- Bother processes involve enzyme-controlled reactions. 

- Both require special organelles in eukaryotes, chloroplasts for photosynthesis and 

mitochondria for respiration. 

- Both processes are affected by temperature. 
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Differences 

Aerobic respiration Photosynthesis 

A catabolic process (involves breakdown of 

carbohydrates into simple of sugar) inorganic 

compounds. 

An anabolic process which results in synthesis 

of carbohydrate molecules from simple 

inorganic compounds. 

Energy is incorporated into ATP for immediate 

use 

Energy is accumulated and stored in 

carbohydrates 

Oxygen is used up Oxygen is released 

Carbon dioxide and water are released Carbon dioxide and water are used up 

Process occurs in decrease in dry mass Results in increase in dry mass 

Process occurs in mitochondria in eukaryotes Process occurs in chloroplast in eukaryotes 

Takes place continuously throughout life and is 

independent of chlorophyll and light 

Occurs only in cells possessing chlorophyll and 

only in the presence of light. 

 

 (b) Explain the effect of low oxygen tensions on 

(i) C3 plants 

Low oxygen tensions stimulate photosynthesis in C3 plants because there is reduced 

competition between oxygen and carbon dioxide for the active site of ribulose-1,5-

biphosphate (RUBP) carboxylase enzyme. 

(ii) C4 plants. 

Low oxygen tensions have no effect on the rate of photosynthesis in C4 plants because the 

active site of phosphoenol pyruvate (PEP) decarboxylases enzyme does not accept oxygen. 
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(c). Explain why C4 plants are more efficient in photosynthesis than C3 plants 

- In C4 plants carboxylation occurs at higher rate since PEP carboxylate is more efficient. 

- C4 plants accumulate carbon dioxide internally in the bundle sheath cells; this increase the rate 

of carboxylation and photosynthesis 

- Photorespiration does not occur in C4 plants because PEP carboxylase does not accept oxygen 

- Light saturation in C4 plant occurs at higher light intensity than in C3 plants 

 

4.  (a) (i) Describe the structure of the hemoglobin molecule. 

A hemoglobin molecule has a quaternary structure of four polypeptide chains (2 alpha and 2 beta 

chains) each polypeptide chain is linked to a haem group. An iron atom in the ferrous form (Fe2+) 

is located within each haem group. 

(ii) Explain why the affinity of hemoglobin for oxygen increases when it already possesses 

oxygen. 

Each haem group in the haemoglobin molecule can combine with one molecule of oxygen. 

When this happens a conformational change occurs that exposes the rest of the haem groups to 

bind with oxygen molecules. 

(b) Describe how the pH of blood and tissue fluids in mammals is maintained. 

pH of blood and tissue fluids is maintained by mechanisms operating in the kidneys, lungs 

and the blood plasma, to regulate the H+ ion concentration. 

Role of the kidneys 

 When the blood pH starts to lower, hydrogen ions are actively secreted into the lumen of the 

tubule and collecting ducts by an ATP-dependent Na+/H+ exchanger. The hydrogen ions an 

arise from dissolution of carbon dioxide in plasma or from metabolic wastes such as lactic 

acid. 

 In the tubules, the H+ ions are buffered by sodium hydrogen phosphate which takes up H+ 

ions to form sodium dihydrogen phosphate. This reverse occurs when pH rises. 
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 When the acidity of renal fluid is exceptionally high, the cells of the distal convoluted tubules 

produce ammonia from glutamic amino acids. 

 The ammonia then combines with the excess hydrogen ions to form ammonium ions which 

are excreted. 

Role of the lungs/respiratory system 

 An increase in blood carbon dioxide concentration (or low pH); stimulates the chemoreceptor 

cells in the carotid sinus and aortic bodies which send an impulses to the respiratory centre. 

An instruction is sent to the respiratory muscles to contract more rhythmically leading to an 

increase in rate and depth of breathing. 

This rids the blood and body fluids of carbon dioxide and so restores the pH to normal. The reverse 

occurs when there is an increase in pH or reduction in carbon dioxide concentration.  

Role of plasma proteins  

 Plasma proteins usually act as buffers of blood pH. In acidic conditions, they bind the H+ ions 

from the plasma while alkaline conditions, they release H+ ions into the plasma to neutralize 

the excess hydroxyl ions. This maintains blood plasma pH.  

 

 

5. (a) Describe how the method of fertilization and other reproductive strategies in mammals have 

contributed to their evolutionary success.  

- internal fertilization increases the chances of sperms to meet the egg. 

- Some animals go on ‘heat’ that coincides with ovulation and mating at this point 

increases chances of fertilization 

- Courtship behaviour ensures that the male with desired traits mates and passes on the 

genes to the subsequent generation 

- Territorial behaviour by some mammals ensures that the dominant male with desired 

traits mates and passes on the genes 

- Protection of the newly born increases its chances of survival 

- Development of secondary sexual characteristics enables mature male to mate with 

mature female 
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- Female receptive to male only when ovulation has taken place 

- The development of placenta creates a barrier of harmful substance from the fetus 

- Embryo develops internally and well protected 

- Parental care increases chances of survival of the offspring 

- Offspring learn survival skills from the parents 

  

(b) Give an account of hormonal control of spermatogenesis in humans.  

 

- The hypothalamus secretes gonadotrophin releasing hormone (GnRH) which in turn 

stimulates the anterior pituitary gland to secrete two hormones; follicle stimulating 

hormone (FSH) and luteinizing hormone (LH) 

- FSH stimulates spermatogenesis by stimulating the Sertoli cells to complete the 

development of spermatozoa from spermatids. 

- LH stimulates the synthesis of the hormone, testosterone by the leydig cells of the testis. 

LH is also called the interstitial cell stimulating hormone (ICSH) in the male. 

- Testosterone stimulates growth and development of the germinal epithelial cells 

(spermatogonia) to form sperms. It also works with FSH to stimulate the sertoli cells. By 

negative feedback mechanism, testosterone regulates the secretion of other hormones 

responsible for spermatogenesis. 

 

6. (a) what is meant by 

(i) Biotic potential? 

Biotic potential is the maximum rate of natural increase in population that can occur under ideal 

circumstances. It varies according to the age structure of a population and is influenced by male 

to female ratios. 

(ii) Primary productivity? 

Primary productivity is the rate at which energy trapped by autotrophic plants in an 

ecosystem is stored by them in form of organic substances which can be used as food 

materials by other organisms. 
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(b) Discuss the factors which influence the size of populations in an ecosystem. 

- Natality or birth rate; this is the rate at which new members are added to a population by 

reproduction. In any community, the birth of a young one increases the population size. 

- Mortality or death rate; the rate are which individuals die out. It reduces population size. 

- Immigration rate; the rate at which individuals move into a population from outside increase 

population size. 

- Emigration rate; the rate at which individuals move out of a population reduces population 

size. 

- Environmental factors changes in environmental factors affect population size. These can be 

biotic or abiotic. 

Abiotic factors that affect population size include; 

- Weather; this includes daily duration of sun light and its intensity, rainfall, humidity and 

temperature. Most organisms adapt to live in specific weather conditions. Their population 

increases when conditions are favorable and reduces when conditions become unfavorable. 

- Natural calamities such as drought, famine, flood, fire or earthquakes cause large scale deaths 

or emigrations of population leading to massive population reduction. 

- Food and space are the major limiting factors for animal populations. When food, water and 

space are in plenty, a population increases in size, otherwise it will reduce biotic factors 

control population size through producer-consumer relationships and pathogens. 

- Availability of shelter 

Biotic factors 

- Psychological factors: these take the form of overcrowding and stress which lead to abnormal 

behaviours such as cannibalism 

- Desease 

- Intraspecific competition 

- Accumulation of metabolic wastes 

- Parasitism 



Sponsored by: The Science Foundation College +256 753 802709 

 

- Commensalism 

- mutualism 

- Predator-prey relationships. Availability of predator reduces the population of prey while 

reduction of prey reduces predator population and vice versa. 

- Interspecific versus intraspecific competition. Increase in population in a given area increases 

competition for resources among organisms in that area. The more similar the organisms are 

species, the fiercer is the competition. This reduces the population of the out competed 

organism. 

(c). Suggest reasons why human populations are not naturally regulated by negative feedback 

mechanisms. 

- Humans can easily adapt (find solution) to whichever resistance appears to cause population 

threat. 

- Humans have isolated themselves into protected areas where they have no direct predator. 

- They are on top of every food chain and exert superiors influence over other organisms. 

- They are the only animals that perform sexual intercourse for pleasure. As a result, there are 

so many unplanned pregnancies and births. 

- Discovery of antibiotics that protects humans from the effects of microbes 

 

 


