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Processing
‘Processing’ data usually means to put data in a graph. All graphs must contain the following.
• A detailed title containing both the IV and DV.
• Accurate plotting of data.
• A vertical axis with the DV and its units.
• A horizontal axis with the IV and its units.

Both axes should go up in even steps.

Line graphs
Line graphs are used when the data are continuous. The points are connected with a smooth line. If more than 
one line is plotted on a line graph, the lines should be in different colours and a key included. The following is an 
example of a table and the line graph drawn from the table.

Milk-powder 
concentration 

Average gain in mass of calves (kg)
Day 1 Day 4 Day 7 Day 10 Day 13 Day 16

10% 0 1.2 1.4 2.6 3.0 5.2
15% 0 1.8 2.0 3.4 4.2 8.8
20% 0 2.8 3.2 8.4 10.8 18.2

Title

Both axes labelled with 
variable and units
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Histograms
A histogram is used when you have continuous data 
that must be plotted separately.
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Bar graphs
Bar graphs are used when there are very distinct categories in the independent variable. For example, the 
colours of chicken feathers fall into distinct groups. There is no possible range of numbers, so a bar graph is more 
suitable for showing the data than is a histogram.

   
   

 N
um

be
r o

f c
hi

ck
en

s

35

30

25

20

15

10

5

0

Feather colour

Feather colour in chickens

 White Blue Brown Black

Title given

Both axes labelled

Data plotted correctly, 
with gaps between bars

Units evenly spaced

Interpreting
Interpreting the data means finding a trend or pattern (or its absence) in the results. You state what happens to 
the DV when the IV changes. The following graph shows processed data from an investigation in which three 
groups of students wanted to find out if the amount of ‘Big Tom’ fertiliser in the soil affected the number of 
tomatoes produced during a three-month period.

Number of tomatoes produced 
in 3 months with differing 

amounts of ‘Big Tom’ 
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The interpretation of the ‘Big Tom’ data would be: ‘As the mass of powdered “Big Tom” in the soil increased, 
so did the number of tomatoes produced until a plateau was reached at 20 mg of “Big Tom”’ after which the 
fertiliser had no further effect. The tomato plants that had the least fertiliser (5 mg) produced fewest tomatoes 
(average of 31). The tomato plants that were given the two largest amounts of “Big Tom” (20 mg and 25 mg) 
produced the most tomatoes (average of 64 and 66) over the three-month period.’
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The complete requirements for AS90160 are available at http://www.nzqa.govt.nz/nqfdocs/ncea-resource/
achievements/2017/as90160.pdf and can be obtained through www.esa.co.nz 

This Achievement Standard requires you to demonstrate knowledge of livestock management practices that 
affect livestock production, along with related structural features and functions. For excellence, you need to be 
able to compare and contrast or justify management practices.

Unit 1 – Feed management practices

Structural features – digestion
Farm animals have one of two main types of digestive system. The ruminant system is in sheep, cattle, goats 
and deer. The non-ruminant system is in horses, pigs, and birds, such as poultry.

The two systems have evolved to digest different types of food. Ruminant animals eat mainly plant material, 
including grass, hay, silage, chaff, grains, and leaves. Non-ruminant animals eat only small amounts of plant 
material as well as other types of food that contain complex carbohydrates. Complex carbohydrates break 
down quickly, so non-ruminant animals need only one stomach compartment. This type of digestion is called 
monogastric (mono means ‘one’).

Ruminant digestion
Ruminant animals have stomachs with four distinct 
compartments. The four areas are needed to break 
down the tough cellulose that makes up the cell 
walls of plants. Colonies of bacteria and other micro-
organisms in the first three stomach parts feed on 
cellulose, breaking it into smaller particles that can be 
absorbed into the bloodstream of the animal for use 
around the body. In the fourth stomach compartment, 
chemical enzymes also help digest food.

As food moves through the four compartments, most 
cellulose is broken down and the products absorbed. 
Any remaining cellulose is pushed through to the 
caecum, which is the final organ responsible for 
the breakdown of cellulose. Any cellulose that is not 
broken down in the caecum passes through the large 
intestine to be expelled in the dung.
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The parts of the ruminant system are shown on the following diagram.

liver

reticulum

oesophagus

rumen

abomasum

anus

large intestine

rectum

small intestine

pancreas

omasum

caecum

Each organ in the ruminant digestive system has a specific function, as outlined in the following table. 

Name of organ Description of organ Function of organ

Mouth Food is ingested (taken 
into the body)

Jaw has a double hinge, which allows for sideways 
movement so the large molar teeth can grind the food. Large 
amounts of saliva mix with food to help move it along the 
oesophagus to the rumen. 

Oesophagus A long thin pipe that 
connects the mouth to 
the rumen

Muscles move the food along the pipe to the rumen. 
Rumination is the process where food is regurgitated 
(passed back up to the mouth) for chewing (chewing the 
cud) to help further grind and crush the cellulose cell walls of 
plants. 

Rumen – first 
stomach

A very large sac whose 
walls have projections 
called papillae, which 
absorb some digested 
material

Bacteria release digestive enzymes that ferment the food. 
Cellulose is broken down. Micro-organisms convert cellulose, 
starch and sugar into fatty acids; and proteins into amino 
acids. The rumen of an average-sized cow contains about 
100 litres of rumen liquid. Strong muscular walls mix and 
churn the contents – this movement helps micro-organisms 
attach themselves to all parts of the material being digested. 
Fatty acids are absorbed into the bloodstream.
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3.  Explain two important differences between the digestive system of a cow and that of a pig.

 Difference 1: 

 Difference 2: 

4. Define each of the following, with regard to animal digestive systems.

 Fermentation: 

 Monogastric: 

 Cellulose: 

 Rumination: 

 Protein: 

 Enzymes: 

5. a. Describe the process of ‘chewing the cud’ and explain why this process is necessary.

 b.  During the digestive process in ruminants, gases such as methane are produced in the rumen. Sheep 
expel the gas from their mouth and anus. What causes methane gas to be produced?
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Animal food
Food constituents
Foods are substances digested, absorbed, and used by the animal to keep it healthy. It is important to understand 
the functions of the various components of foods.

Water
Plant cells contain water, which is absorbed into the animal’s body in the large intestine. Approximately 80% of 
the weight of all animals is water. Milk is 85% to 90% water. Water is needed for animal systems to function. For 
example, in the blood system, the red and white cells and platelets are carried around in the plasma, which is 
mainly water. Most substances must dissolve in water before they can be used by the cells of the body. Water is 
also responsible for controlling body temperature. More water is excreted (from small openings in the skin, called 
pores) to keep the animal cool during hot weather than in cold weather, when the pores close up to stop water 
from evaporating and cooling the animal.

Protein
The leaves of clover plants and other legumes such as lucerne contain protein. During digestion, protein is 
broken down into amino acids, which are small enough to be absorbed into the bloodstream. Pregnant animals 
need protein to build body tissues of the growing foetus. Young animals rely on protein for growth. All animals 
need protein to repair any damaged tissues.

Carbohydrates
Carbohydrates, including cellulose, are found in the leaves and stems of clover and grass plants. Carbohydrates 
are broken down into starch and sugars, which must in turn be broken down into glucose before they can be 
absorbed into the blood stream.

Vitamins and minerals
Vitamins and minerals are found in many plants, particularly herb plants, such as chicory and plantain. They are 
required in very small amounts to maintain animal health and vitality. They can be provided in supplements.

Amount of food
The amount of food an animal requires depends on its
• age
• breed
• sex
• stress factors, e.g. health and climate.

Age
Young animals that are still growing need to 
take in large amounts of protein to build muscle 
and bone tissues, and carbohydrates to provide 
energy. Older animals require less protein and 
carbohydrate than younger animals because their 
bodies have stopped growing. However, they 
require feed to maintain their body weight.

A growing lamb needs protein.
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The complete requirements for AS90918 are available at http://www.nzqa.govt.nz/nqfdocs/ncea-resource/
achievements/2017/as90918.pdf and can be obtained through www.esa.co.nz 

This Achievement Standard requires you to demonstrate knowledge of management practices used in pasture 
and crop production. Pasture is an association of plants manipulated by farmers to provide nutrition for 
livestock. Crop refers to a field-grown, annual crop; e.g. an arable crop such as wheat, a forage crop such 
as kale, or a processed crop such as potatoes. Pasture and crop management practices are the procedures 
and techniques that affect pasture and crop production, from establishment and maintenance through to 
harvesting, grazing, and conservation.

Unit 1 – Pastoral farming in New Zealand

Advantages of pasture
New Zealand farmers aim to produce high-quality pasture. Pasture is usually a mixture of grass and clover plants 
grown to provide nutrition for farm animals. Grass contains mainly carbohydrates, which are an energy source, while 
clovers provide more protein, needed for the growth and repair of tissues. Growing pasture as a feed for animals 
rather than feeding animals with stored grains and supplements has many advantages, including the following. 
• Pasture is a cost-effective feed for ruminant animals (animals that rely on bacteria in their four stomach 

compartments to digest large amounts of plant cellulose) because pasture is grazed where it grows, all year 
round. (In some countries animals are housed indoors for 6 to 9 months of the year and all feed is brought to 
them – this is very time consuming and expensive.)

• Pasture improves soil structure as root systems 
grow through the soil. Plant roots grow between the 
particles in the soil making spaces for air and water 
to penetrate, and encouraging micro-organisms and 
earthworms to populate the soil.

• Pasture improves the fertility of soils, by 
incorporating organic matter (the remains of anything 
that was once living – dung, leaves, insects and so on) 
back into the soil. 

• Pasture helps retain soil moisture, by maintaining a 
cover over the soil that reduces evaporation of water 
from the soil surface.

• Pasture helps prevent wind or slope erosion as root 
systems hold soil particles together so the particles do 
not slide or blow away. Merino ewes on a tussock block
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Pasture grows very well in New Zealand for the following reasons.
• New Zealand has a temperate (moderate all year) climate, in which grass grows almost all year round.
• New Zealand soils are young and, mostly, fertile. To maintain soil fertility, farmers carry out management 

practices such as spraying dairy effluent onto pasture, and ploughing crop residues, such as stubble (the 
roots and remaining stalks from harvesting) from arable crops such as oats, wheat and barley, into the soil.

• Most regions in New Zealand have adequate and generally reliable rainfall. Plants need water for the process of 
photosynthesis, which produces glucose, the sugar essential for plant growth. In areas where there is 
reliable rainfall, pasture grows all year. In drier areas, farmers use irrigation systems to provide water for 
pasture growth.

Pasture composition
In New Zealand, most pastures are a mix of perennial grasses (plants that grow, flower, and produce seed 
year after year until they are re-sown after a number of years) and legumes, such as clover. Some pastures in 
New Zealand now have no grass; e.g. lucerne is grown without grass in parts of Marlborough.

Grasses
Grasses provide animals with energy from carbohydrates in the leaf blades, as well as fibre or roughage in the 
form of cellulose. Three common pasture grasses are cocksfoot, perennial ryegrass, and fescue.

Cocksfoot Perennial ryegrass Meadow fescue

Legumes
Legumes are very rich in protein, which all animals need for growth and muscle development. Examples of 
legumes are lucerne, and red, white and subterranean clover. Clovers also increase the amount of nitrogen 
available to plants. Nitrogen is an important part of protein, essential for plant and animal growth. Bacteria living in 
nodules on clover roots fix nitrogen from the air into nitrates, of which some are used by the clover plant and 
some released into the soil. Plants can use nitrates for growth, but they cannot use nitrogen from the air.

 

Clover Lucerne
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Achievement Standard 90918 
(Agricultural and Horticultural Science 1.1)
Statement of purpose and method (page 3) 
1. a. IV: Different types of feed mash.

  DV:  Weight of the chickens after 5 weeks.

  CVs:  Same growing conditions, same floor space, same amount of 
light, same temperature (any two).

 b. IV:  Amount of food given to each group of hens.

  DV:   Number of eggs produced by each group in a 6-week period.

  CVs:  Same amount of water given to each group, same temperature, 
same light conditions (any two).

 c. IV: Length of time the parsley seeds were soaked.

  DV: Time taken to germinate.

  CVs:  Volume of water in the beaker, light, temperature, seeds from 
same packet (any two).

2. a. Aim:   To find the optimum time for parsley seeds to soak in 
water in order to bring about germination.

  Hypothesis:  The seeds soaked for 8 hours would germinate first, 
(because they were soaked long enough to soften 
the seed coat, but not long enough to stop the seeds 
respiring and so kill the seeds).

 b. Repeat the investigation three times.

Recording, processing and interpreting data (page 7)
1. a. 13 b. 5 c. 16 d. 23

2. 
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3. The seeds to which 10 mL water was applied daily germinated fastest, 
taking only 5 days. With only 5 mL of water, the seeds took more than 
twice as long to germinate. With more than 10 mL of water, there is a 
trend showing that the more water given daily, the longer the seeds took 
to germinate.

AnSwerS

4. a.
Amount of 

fertiliser (mg)
Height of chilli 
seedlings (cm)

Average height of 
chilli seedlings (cm)

0 10, 12, 10, 11, 12 11

10 15, 18, 17, 16, 17 17

20 22, 24, 23, 22, 24 23

30 30, 32, 30, 31, 30 31

40 32, 30, 31, 33, 30 31

b. Height of chilli seedlings with 
increasing mass of fertiliser
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 c.  The more fertiliser that was given to the chilli seedlings, the taller 
they grew up to the addition of 30 mg of fertiliser. The shortest 
chilli seedlings were those with no fertiliser while the tallest chilli 
seedlings had the greatest mass of fertiliser in the soil (30 mg and 
40 mg). Adding more than 30 mg fertiliser did not result in any 
further increase in height.

Conclusion, discussion and evaluation (page 10)
1. a. Conclusion  b. Discussion  c. Conclusion 

d. Evaluation  e. Evaluation  f. Discussion

2. a.  How valid the results were, how the experiment avoided bias; how 
effective the method was.

 b. A link to the statement of purpose/aim.

3. Across
1. Method

3. Hypothesis

6. Process

7. Conclusion

9. Evaluation

10. Independent variable

11. Dependent variable

12. Discussion

Down
2. Experiment

4. Table

5. Trend

7. Controlled

8. Interpretation
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Answers  217

3. Stage
Description of 

the process Effect on silage quality

Cutting The grass is cut 
cleanly with a 
sharp mower 
before the 
flower heads 
emerge.

High-quality pasture contains 
a high proportion of green 
leaf with few flowering heads. 
Green leaf contains sugar on 
which fermenting bacteria 
work, giving silage with high 
nutritional value. 

Chopping A machine 
chops the grass 
into smaller 
pieces.

Smaller pieces of grass give 
the bacteria access to a large 
surface area, enabling bacteria 
to feed, grow and produce 
large populations. Bacteria are 
needed for the fermentation 
process. The larger the 
bacterial populations, the faster 
fermentation will take place 
and the more palatable the 
silage will be.

Consolidating 
the pit

Grass is stacked 
in layers, which 
are compressed 
to exclude as 
much air as 
possible. 

The bacteria that ferment the 
grass are anaerobic bacteria, 
which do not need air/oxygen 
to live. Other types of bacteria, 
which do need oxygen, 
make silage dark, smelly and 
unpalatable.

4. Conservation 
method

Advantages of 
the method

Disadvantages of the 
method

Strip grazing With supplements, 
can make pasture 
last during colder 
months.

Quick and easy 
to erect and 
dismantle.

Stock will 
completely eat out 
the fenced-off strip.

Capital outlay to buy 
equipment. Requires 
electricity source.

Risk of pugging of soil 
during wet weather.

Stock need to be monitored 
for health status as diseases 
can spread rapidly.

Making 
meadow hay

One-man operation 
to cut, bale and 
store hay.

Cost effective.

Can make large or 
small amounts.

Good winter feed.

Can be sold as a 
cash crop.

Need several days of hot 
dry weather to dry the grass 
before baling.

Needs to be stored under 
cover to prevent spoilage.

Paddocks unavailable for 
grazing while they are shut 
up for conservation.

Paddocks used for 
conservation require nutrient 
boosting because no 
nutrients have been returned  
to the soil.

Making 
silage

Nutritious and 
palatable winter 
feed.

Can be made when 
weather conditions 
are less favourable 
than for hay.

Can be sold as a 
cash crop.

Feed from the 
stack.

Labour intensive.

Large capital outlay to buy 
specialist machinery for 
producing, harvesting and 
feeding out.

Paddocks unavailable for 
grazing while they are shut 
up for conservation.

Feeding mouldy silage to 
animals can kill them.

Paddocks used for 
conservation require large 
amounts of nutrients added 
because much organic 
matter has been removed.

5. Making hay would be the best practice. The advantages of making hay 
are the following.

• It is a cost-effective method of conservation. 

• Hay is easily fed out and can feed both sheep and cattle. 

• It is a one-man operation to handle the whole haymaking process. 

• Hay can be sold as a cash crop with good returns, especially in late 
winter. 

 Making silage is an expensive conservation method that requires: 

• large capital outlay to purchase specialist machinery for cutting, 
wilting, and consolidation of the grass, and feeding out of the silage

• more labour input than hay. 

 Buying in lambs:

• could carry an over-inflated purchase price, because many farmers 
want to buy lambs to eat excess grass

• requires a good understanding of animal health to produce quality 
lambs; lambs require crutching dipping, drenching and shearing

• would need capital outlay to purchase, with no guarantee of a profit 
when it comes time to sell.

Putting it together (page 195)
1. a.  Not keeping animals indoors lessens the costs required for the 

following.

• Fuel – less fuel is needed because the farmer is not using tractors 
for feeding out concentrates, cleaning sheds, scraping feed pads 
and so on.

• Keeping animals healthy – there is less likelihood of infections 
spreading when animals are not in close contact with one 
another.

• Capital expenditure – less needs to be spent on buildings, 
feeding-out equipment, and so on.

• Food – concentrates and supplements needed indoors cost more 
than pasture does.

b. Perennial grasses: Contain carbohydrate, which is broken down into 
glucose and absorbed into the bloodstream to provide the animal 
with energy.

 Legumes: Contain proteins, which are broken down into amino acids 
that are used for growth and repair of body tissues.

c. Residues from perennial grasses are broken down by microbes and 
earthworms, and return to the soil as nutrients. The roots of legumes 
contain nodules that ‘fix’ nitrogen from the air and release nitrates 
into the soil, which helps to increase the nutrient composition of all 
the plants in close proximity.

d. Having fertile soils:

• increases productivity – greater numbers of stock can be run on 
fewer hectares because fertile soils grow pasture quickly

• requires less money to be spent on purchasing large amounts of 
fertiliser


