Soil analysis
Report – information
[bookmark: _GoBack]
CONTEXT
This model answer is based on the dataset given to students who weren’t able to attend the lab sessions, which is attached at the end of this answer for information.

· Notes in blue italics are providing you with information about the IMRaD structure.
· Writing in black italics is part of the report which has been pre-written for you
· Boxed black plain text tells you what you need to add.
· Writing in green is the example answers
· Text in green italics is comments on the marking scheme/what I was looking for

INTRODUCTION
An introduction section will include a short review of what we already know about the topic being investigated (with cited references as appropriate), then will state the aim of the study and any hypotheses to be explored (these should logically relate to what is already known about the topic/site).
Soil properties affect the ability of a soil to provide important ecosystem services such as storing carbon or absorbing rainwater in order to contribute to catchment flood risk management.  The characteristics of a specific soil are affected by many different parameters, which are usually grouped into five categories - climate, biota, relief, parent material and time.  This study focuses on exploring the differences in soil samples collected from two woodlands dominated by coniferous and deciduous trees respectively.  Coniferous tree species are typically evergreen and have compressed, well armoured leaves, whilst deciduous trees typically have larger, softer leaves which are shed annually.  Climate and parent material are effectively the same for both habitats.  Differences between soils in the two habitats will therefore arise as a result of the plants growing there, interactions with humans, the effects of topography on microclimate and the length of time that woodland has been present at the site or time since the woodland experienced a disturbance event such as a fire or windthrow of multiple trees.  
The aim of this report is to investigate the effect of differences in vegetation cover on four soil properties, texture (proportion of coarse and fine particles), organic content, pH and Electrical Conductivity.



What are your INITIAL HYPOTHESES?  Based on your observations in the field and understanding of soil properties, write two short sentences stating how you think the two soil samples will differ [2 marks]
I think that soils in the coniferous forest will have a coarser texture (because pine needles don’t break down as fast as deciduous leaves), higher organic content, lower pH (because pine needles are acidic) and lower electrical conductivity than deciduous forest soils. 
Note: I didn’t expect explanations of the hypotheses, just that they were present and referred to at least 2 soil properties)
METHODS
The methods section will summarise the methods used, including how the samples were collected, how laboratory measurements were made, and how any data analysis or calculations were carried out.  A good report will always be aware of limitations and weaknesses in the work presented.
Soil samples were collected from two woodlands with contrasting canopy cover.  Laboratory methods followed the standard protocols provided in class.  
A good report will justify your choice of methods.  Pick the most suitable answer from the options provided to complete each of these sentences [3 marks]
Loss-on-ignition was carried out to estimate soil organic content/soil fertility/soil reaction/soil nutrient content/amount of clay in the soil.
Soil pH was measured to estimate soil organic content/soil fertility/soil reaction/soil nutrient content/amount of clay in the soil.
Electrical Conductivity was measured to estimate soil organic content/soil fertility/soil reaction/soil nutrient content/amount of clay in the soil.

[bookmark: _Hlk89620744]Suggest two likely sources of uncertainty in your analyses (reasons why your measurements may not be exact or accurate as a result of the methods chosen or how you did the work).  
You had lots of options here:
Human error including: issues collecting the samples (digging to different depths), issues with sample storage (e.g. fungi allowed to grow), mixing up samples, not 100% drying the samples before starting analysis, soils not equally well ground in the pestle and mortar, spilling sample, recording weights or readings incorrectly, not using the equipment correctly (e.g. not washing probe thoroughly, balance not being level), not following protocols exactly (e.g. not getting your planning right so some samples stood for more than ten minutes), calculation error (e.g. calculating loss on ignition the wrong way round using weight of remaining sample, not weight lost).
Equipment error including: probes not properly calibrated or drifting off calibration during use, balance not tared properly, furnace heating unevenly.



Soil texture was expressed as percentage of particles passing through a 2mm sieve, and organic content as the percentage of soil matter lost after ignition at 850 ⁰C for half an hour following this formula: 
Organic content = 100 * (weight of sample before ignition)- (weight of sample after ignition)  %
  (weight of sample before ignition)

For example, if an empty crucible weighs 10.1g, the same crucible with added soil weighs 12.6g, and after ignition weighs 10.6g, then:
The weight of the sample before ignition is:  12.6 – 10.1 = 2.5 g    
The weight of the sample after ignition is: 10.6-10.1 = 0.5 g
And the organic content of the sample is  100*((weight lost)/(initial weight)) = 100*((2.5-0.5)/2.5)     = 100*(2/2.5) = 80%
[note: you will just need to add the numbers here)
Note – the sample refers to the soil inside the crucible.  I fixed the issue where canvas was marking 80.0 as wrong in all cases where I spotted it – let me know if I missed that on your work!

RESULTS
The results section then presents the data collected and values calculated.  These are usually presented in summary form, as figures or tables.  The results section will then briefly describe the findings, identifying the main features of the data presented in the table or figure.
For this task, you will just be looking at the data collected by your group.  You have results from two samples from a deciduous woodland and two samples from a coniferous woodland.  In answering these questions, you should write a full sentence and specifically state the numbers you have (or the average of the two measurements for a woodland type) to get full marks – so ‘soil from the coniferous forest is coarser than soil from the deciduous forest’ would get half a mark since it answers the question, but ‘coniferous forest soil has 10% more coarse material than deciduous forest soil (C(av)=37%, D(av)=27%)’ would get full marks because it also supports the answer with numbers.
Note that for these questions, the text asks about the differences between coniferous and deciduous sites, not about individual measurements, so taking the average of the two samples from each woodland type was the best approach
Briefly describe the difference, if any, between coniferous and deciduous forest in terms of soil texture (% coarse material) [1 mark]
To answer this question, you needed to work out the % of coarse material in each sample.
Deciduous woodland soils were 5% coarser than coniferous forest soils (C(av)=51%, D(av)=56%).




Are coniferous and deciduous forest soils mostly made up of organic matter or inorganic matter, and does the amount differ between woodland types? [1 mark]
To answer this question, you needed to work out the % loss on ignition for each sample.
Both soils are mostly inorganic, since the % lost on ignition is below 50%.  Coniferous woodlands have more organic soil than deciduous ones (C(av)=33%, D(av)=25%).

Are coniferous and deciduous forest soils acidic, neutral or alkaline, and does their pH differ from each other? [1 mark]
Both soils are alkaline since their pH is above 7.0.  Coniferous soils are less alkaline than deciduous soils (C(av)=7.6, D(av)=8.0).

Briefly describe the difference, if any, between coniferous and deciduous forest in terms of soil electrical conductivity [1 mark]
Coniferous woodland soils have lower electrical conductivity than deciduous woodland soils (C(av)=252 μS cm-1, D(av)=309 μS cm-1).
Note: important to include the units for this answer

Make a graph comparing the electrical conductivity of the soils collected from the two woodlands, remembering to label the axes clearly and include a suitable caption.  Upload the graph here [2 marks]:
[image: ]
Figure 1: comparison of soil electrical conductivity in two woodlands on the Yorkshire Wolds

Things to note: units on the y-axis, labels on the x-axis, no title, averages are plotted rather than individual samples and sample numbers are not shown, caption placed below the graph and containing necessary information to interpret the graph without extra knowledge.
Ideally a graph like this would also indicate the range of the measurements e.g. with an error bar, but we haven’t really talked about them yet so that wasn’t expected.

DISCUSSION
The final major section of a laboratory report is the discussion.  This considers what the results mean in the context of the original objectives and what is already known about the subject - you can think of it as a response to the introduction.  The methods and results are about YOUR data only, but the introduction and discussion set them into a wider context.
Do the results support your initial hypotheses about the difference between the soils under the two tree types? In your answer, include details from your results, and identify both where the answer is what you expected and where it isn't. [3-5 sentences, 2 marks]
Soils from the coniferous forest were actually less coarse than soils from the deciduous forest (C(av)=51%, D(av)=56%), contrary to my initial hypothesis.  Soils from the coniferous forest did have higher organic content (loss on ignition: C(av)=33%, D(av)=25%)., lower pH (C(av)=7.6, D(av)=8.0) and lower electrical conductivity (C(av)=252 μS cm-1, D(av)=309 μS cm-1) than from the deciduous forest.  Three of my initial hypotheses were correct; I didn’t expect both soils to be alkaline, but this is probably due to the alkaline bedrock.

The initial statement in the introduction explained that soil properties were of interest partly because of their effect on carbon storage.  Assuming the average depth of the top soil that you sampled is the same in both woodlands, write 1-2 sentences about how they each contribute to carbon storage within the catchment [2 marks].
Coniferous forest soils have a higher organic content per gram (8% higher loss on ignition) therefore store more carbon than deciduous forest soils.

The initial statement in the introduction explained that soil properties were of interest partly because of their ability to hold water.  Noting that water drains more quickly through gravel than through clay, and assuming that average depth of the top soil that you sampled is the same in both woodlands, write 1-2 sentences about how they each contribute to water storage within the catchment [2 marks].
Soils from the deciduous forest had 5% more coarse material than soils from the coniferous forest.  In addition, organic material can absorb water, and the deciduous forest soil also had less organic content (loss on ignition 8% lower than coniferous soils.  The deciduous forest soils are likely to drain more quickly and hold less water than the coniferous forest soils.

You also measured two properties which affect the ability of plants to grow in the soil.  Which of the the two soils would be most suitable for growing a crop which required moderate nutrient levels (as defined in the Electrical Conductivity handout) and a pH around 6?  Explain why. [2 marks].
Both soils have electrical conductivity in the desired 200-1200 μS cm-1 range, and deciduous forest soil values are slightly higher than coniferous forest soil values.  Both forest soils have a pH which is more alkaline than the crop prefers, but the coniferous forest soil pH is closer to 6 than the deciduous forest soil pH (C(av)=7.6, D(av)=8.0).  Neither soil is very well suited to the crop, but the coniferous forest soil is better than the deciduous forest soil on the basis of these data.

The discussion usually ends with a short focused conclusion which summarises your findings and their relevance. 
Complete a brief conclusion to your report [3 marks] – you will be marked according to YOUR findings as reported in the rest of the report!
First write one sentence summarising the differences and similarities between the soils (e.g. ‘Coniferous woodland soils are coarser and more acidic than deciduous forest soils but have similar organic content and electrical conductivity.’)
Second, write one sentence summarising the implications of those differences (e.g. ‘both woodland soils store similar amounts of carbon per gram of soil, but deciduous forest soils have better water storage properties and are more suitable for growing common crops’)
Soils from the coniferous forest were less coarse, had higher organic content, lower pH and lower electrical conductivity than soils from the deciduous forest.  
Coniferous forest soils are therefore able to store more carbon, have better water storage properties, and are slightly more suitable for growing common crops than deciduous forest soils.
NOTE: think about whether those are the results you’d expect!



The data used as the basis for this report:
[image: Table
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Calculations which I needed to do to answer the questions
[image: ]
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Soil sample analysis

DATE: TIME:

NAMES: DATASET FOR STUDENTS UNABLE TO ATTEND THE PRACTICAL

Cn = coniferous woodland sample D = deciduous woodland sample
SAMPLE CODE | 1 c2 D1 D2
SOIL TEXTURE

weight of portion >2mm (retained onsieve) | 41.5 | 38.7 |44.1 |58.5
(g

‘weight of portion <2mm (passed through 39.1 (381 [36.0 [443
sieve) () ' : : :

LOSS-ON-IGNITION
code painted on crucible A B C D
weight of empty crucible (g, 2 d.p,) 9.27 10.12 |9.58 9.95
weight of crucible plus fine sediment (g, 2 11.38 13.02 12.54 11.89
d.,) - 2-3g of sediment . . . i
weight of crucible plus fine sediment AFTER 10.74 |11.98 [11.78 |11.42
loss-on-ignition (g, 2 d.p,)* | | ’ ’
H
pH reading 7.5 7.6 7.7 8.3
ELECTRICAL CONDUCTIVITY
probe reading (1S/cm) 213 290 285 333
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weight of portion >2mm 

(retained on sieve) (g)

41.5 38.7 44.1 58.5

weight of portion <2mm 

(passed through sieve) (g)

39.1 38.1 36 44.3

% > 2mm 51.5 50.4 55.1 56.9

weight of crucible plus fine 

sediment (g, 2 d.p.) - 2-3g of 

sediment

11.38 13.02 12.54 11.89

weight of crucible plus fine 

sediment AFTER loss-on-ignition 

(g, 2 d.p.)[1]

10.74 11.98 11.78 11.42

% lost on ignition 

(proxy for organic 

content)

30.3 35.9 25.7 24.2

AVERAGES CONIF. DECID.

% coarse material 50.94 55.98

% loss on ignition 33.10 24.95

pH 7.55 8.00

electrical conductivity (µS/cm) 251.5 309.0

C1 C2 D1 D2

probe reading (µS/cm)

213 290 285 333

pH reading

7.5 7.6 7.7 8.3

ELECTRICAL CONDUCTIVITY

weight of empty crucible (g, 2 

d.p.)

9.27 10.12 9.58 9.95

pH

LOSS-ON-IGNITION

code painted on crucible

A B C D

SAMPLE CODE

C1 C2 D1 D2

SOIL TEXTURE


