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INTRODUCTION

An ecosystem may be loosely defined as the interaction between and among biotic factors, the various species involved, and abiotic factors, the conditions and resources of the system. Modern ecosystem theory divides an ecosystem into two interconnected subsystems: an energy subsystem and a material cycling subsystem. Because of the Second Law of Thermodynamics, the energy subsystem is an open system; energy enters the system as light, is transferred between organisms via trophic relationships (each transfer resulting in some energy loss), and the energy ultimately leaves the boundaries of the system as heat. As a result, ecosystems require a constant source of energy.


The nutrient subsystem in an intact ecosystem functions to a large degree as a closed system. That is, materials such as water, nitrogen, phosphorus, potassium, and other nutrients tend to cycle within the boundaries of a given ecosystem. These materials are taken up, assimilated, and stored by living organisms and are returned to the system as metabolic wastes or when organisms die. Decomposers and detritus feeders play a crucial role in releasing materials as forms that can once again be taken up by autotrophs.


Modern agriculture is a disturbance that has had a profound effect on these nutrient cycles. Significant amounts of nitrogen (N), phosphorus (P), potassium (K) and many other minerals (i.e., calcium, magnesium, iron) are removed from the soil by crops; these crops are harvested and shipped to markets. This output of nutrients is substantial and must be replaced by the input of fertilizers or other agricultural methods. Thus, our modern agricultural systems are open systems, with inputs and outputs beyond the boundaries of the system (in this case, an agricultural field or rice paddy).

Asian Rice Production Data (2012)1
	Country
	GDP2
 (per capita US$)
	Production (‘000 T)
	Area

(‘000 ha)
	Yield

(t/ha)
	Fertilizer use 

(N, P, K) from chemical sources3
(‘000 T)
	Estimated Mineral Removal (kg)

	China
	6,644
	204,286
	30,300
	
	57,398
	

	India
	1,708
	151,515
	43,000
	
	28,080
	

	Indonesia
	4,061
	60,155
	12,150
	
	4,296
	

	Lao PDR
	1,588
	2,341
	860
	
	7
	

	Japan
	42,863
	10,654
	1,581
	
	1,120
	

	Pakistan
	1,199
	9,001
	2,700
	
	4,065
	

	Thailand
	5,394
	30,606
	10,837
	
	2,504
	


1From:   http://ricestat.irri.org:8080/wrs2/entrypoint.htm (Accessed 12 Oct 2014)
2From:  http://www.imf.org/external/pubs/ft/weo/2012/02/weodata/index.aspx (Accessed 12 Oct 2014)
3From: http://ricestat.irri.org:8080/wrs2/entrypoint.htm (Accessed 12 Oct 2014)

Purpose:
The purpose of this laboratory exercise is to demonstrate and quantify nutrient and water loss in 

the production and export of paddy rice.
Materials Needed:
rice
drying oven (70°C)

crucible
balance

crucible tongs
Bunsen  burner

ring stand
clay triangle

PROCEDURE
1.
Determine the mass of a clean crucible. Record this in the space provided below (#4).

2.
Fill the crucible 3/4 full with your rice sample and weigh the crucible and rice together. Calculate and record the initial mass of the rice sample.

3.
Place the crucible and sample into the drying oven and dry at 70° C for at least 24 hours or until constant mass is achieved.
4.
Remove the crucible from the oven and allow it to cool for a few minutes. Weigh the dried sample and record the dry mass of rice in the data table. Calculate the percent water of the rice.


Mass of crucible (g)


PERCENT WATER CALCULATION:



Initial mass of crucible + rice (g)


% H2O  =  (mf  -  mo) x 100






(mo)


Final mass of crucible + rice (g)




Mass of dried rice (g)


Percent water


5.*
Wear your safety goggles while your sample is being incinerated!!! Place the crucible and dried rice sample into a triangle set up on a ring stand. Place a Bunsen burner beneath the crucible. Carefully adjust the ring so that the bottom of the crucible is in the inner cone of the Bunsen burner flame. Incinerate the sample until only ash remains in the crucible. 

6.
Remove the crucible from the flame and allow it to cool. Weigh the ash sample and record its mass in the data table.

7.
Calculate the percent water and percent ash (from dry mass) in your sample.

8.
Repeat the rice incineration for three trials (or obtain the data from another team).



A
B
C
D
 E
	Trial
	Mass of Crucible (g)
	Mass of Crucible + Rice (dry) (g)
	Initial Mass of Dried Rice (g)
C-A
	Mass of Crucible + Ash (g) 
	Mass of Ash (g)
D-A
	% Water
	% Ash

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	
	
	
	
	
	Means
	
	


QUESTIONS AND ANALYSIS
1.
Explain the observed change in mass…


a.
after 24-48 hours in the oven.


b.
after incineration.

2.
What are probably the major components of the ash that remains? What is probably their ultimate source?

3.
a.
Using the data provided, calculate the yield (tonnes/ha) of rice in 2009 for Japan, Indonesia, Pakistan, India, China, Lao PDR, and Thailand. 



Complete the data table on the first page and show a sample calculation.


Sample calculation:
[image: image1.jpg]



b.
Use the amount (%) of ash you found and the yields above in this experiment to calculate an estimate of the amount (kg) of minerals removed from the soil in Japan, Indonesia, Pakistan, India, China, Lao PDR, and Thailand.


Complete the data table on the first page and show a sample calculation.



Sample calculation:

    http://www.saskntfp.com/rice%20plant.JPG
4.
The data table on the first page shows that in 2009 India produced almost 134 billion tons of rice. Rice is composed largely of starch. Specifically, where did the mass of the rice come from? Explain.
5.
a.
Chemical sources are used to produce fertilizers that contain N, P, and K – important plant macronutrients. What is the ultimate source of each of these macronutrients? You will have to do some internet research to answer this question. Be sure to cite your internet research properly (APA).

b.
Pick one of the macronutrient fertilizers and describe some of the negative environmental effects of the production and use of that fertilizer.
6.
Describe how the production of crops for export and the use of artificial fertilizers are connected in a positive feedback loop.
6.
Define sustainable agriculture in the context of open vs. closed matter cycles.

7.
Read the attached piece on the rice-fish system. Explain how using a fish-rice system makes rice farming more sustainable. 

8.
How are fossil fuels used in modern agriculture?

9.
Sketch a matter cycle involving nitrogen and carbon that incorporates an agricultural crop system (rice, for instance). Be sure to include the carbon that originates from fossil fuels. Remember that matter cycles include sources, sinks, and fluxes (processes) that move the materials between compartments. 

(Rice picture from http://www.cix.co.uk/~argus/Dreambio/fertilisers%20and%20crops/rice.htm)
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