
11/20/15 
Soils- cation exchange capacity

Climate change effects on soil and coffee…
Go over study guide (posted)



Outline  
•  Soils 

–  Cation exchange capacity 
•  Nutrient cycling and availability 

–  Confirm understanding of pH 
–  Coffee and climate change 

•  Go over study guide 
–  Discuss questions you have and/or produced for homework 

 
Make-up mineral quiz today, 1-2pm in Geology Lab 

Homework: Submit when Abir switches for Sarah (~45-60 mins) 
Please type 3 questions that you think would be fair final exam questions.  Please 

make #1 about metamorphism of rocks (to the extent we saw in lab); Please 
make #2 about aquifers (Ch. 17), and Please make #3 about Soils (Chapin or 
Brady & Weil). Providing answers to the questions is optional. 
 



Outline  
•  Soils 

–  Cation exchange capacity 
•  Nutrient cycling and availability 

–  Confirm understanding of pH 
–  Coffee and climate change 

•  Go over study guide 
–  Discuss questions you have and/or produced for homework 





What	  happens	  when	  you	  add	  
acid–	  eg.	  acidic	  rain?	  (Remember	  
éH+,	  more	  acidic,	  êpH)	  



What	  happens	  when	  you	  add	  
acid–	  eg.	  acidic	  rain?	  (Remember	  
éH+,	  more	  acidic,	  êpH)	  

Ca?on	  exchange	  capacity	  vs.	  ca?on	  exchange	  pool…	  



Cation Exchange Capacity (CEC) of soils 
•  The CEC of a soil is the addition of the CEC of the 

clay and organic components of the soil
•  The CEC of soil clays are generally independent of 

pH, but CEC of organics are very pH-dependent 
(higher pH higher CEC of soil organic matter)

What	  happens	  when	  you	  
add	  acid–	  eg.	  acidic	  rain?	  
(Remember	  éH+,	  more	  
acidic,	  êpH)	  



Figure	  1.19	  

Consider	  the	  cycle	  of	  a	  given	  nutrient.	  For	  example	  potassium	  (K)	  or	  
calcium	  (Ca).	  	  What	  are	  each	  of	  these	  3	  steps	  in	  your	  own	  words?	  	  



pH figure in Brady and Weil 

•  …



•  Range of expected pH for natural soils



What	  is	  the	  difference	  between	  porosity	  and	  permeability?	  	  	  How	  can	  a	  
rock	  be	  porous	  but	  not	  permeable?	  



Outline  
•  Soils 

–  Go over answers to last week’s homework. 
–  Recap soils you saw in the field 
–  Cation exchange capacity 

•  Nutrient cycling and availability 
–  Coffee and climate change 

 



•  http://www.cabi.org/Uploads/projectsdb/documents/44640/
Coffee%20and%20climate%20change%20guide.pdf



Less ideal… 

•  …



à Increasing 
temperatures or 
changes in 
precipitation will 
directly affect the 
areas suitable for 
coffee growth, 
leading to a loss in 
coffee growing 
environments. 
 

•  http://www.cabi.org/Uploads/projectsdb/documents/44640/Coffee%20and%20climate%20change%20guide.pdf
•  Consistent with: http://blogs.egu.eu/network/4degrees/2013/10/24/whats-geology-got-to-do-with-it-2-coffee/



H. Hampei 

•  Perhaps most importantly, changing climate and higher temperatures will affect a little 
insect called Hypothenemus hampei (H. hampei for short). 

•  à a coffee berry borer. It is the 
•  à most important threat to coffee plantations worldwide.

•  Born in central Africa, H. hampei likes warm climates. 
•  But with rising temperatures, the berry borer can now survive at higher altitudes. On the 

slopes of Mt Kilimanjaro in Tanzania, H. hampei has climbed 300 m in 10 years.
•  à H. hampei causes over $500 million loss annually in East Africa alone.
•  à The borer is gaining both geographical extent (it is only absent from coffee plantations 

in China and Nepal, having infiltrated Puerto Rico in 2007 and Hawaii in 2010) and altitude. 
à A further 1C increase will see the borer develop faster and gain new territories.



Question about soil… 
•  What does organic matter do in a soil ?
•  What do “clays” do  in a soil ?
•  What is pH?  Why does it matter in a soil? What pH 

do you expect in humid region or arid region soils?
•  How is climate change affecting coffee growth 

worldwide?
•  What is the difference between the O, A, B, and C 

horizons in soils?
•  What is the difference between a soil’s cation 

exchange capacity and a soil’s cation exchange 
pool?  

•  …What does acidity do to nutrients in soil? 
(depends on how much we covered this today)



•  Earth Science Final Exam:  Material includes all Earth Science lectures and Earth Science labs over 
approximately the second half of the quarter.

•   
•  To be specific this includes all lectures in Weeks 6,7, and 8.  This includes Labs in Weeks 5 and 7 

(metamorphic rocks and soils).  None of the content from these were covered on the mid-term.
•   
•  The test will be closed-book, and closed-notes.   

•   
•  Metamorphic Rocks Lab and discussion in class
•   
•  Figure 6.6, (p.154), Metamorphism and foliation
•  Table 6.1 (p.156), Classification of Metamorphic rocks by texture
•  Figure 6.9b – Names of foliated metamorphic rocks with respect to pressure or depth vs. temperature

•  Figure 6.10 (p.158), Names of metamorphic rocks (from shale or basalt parent material)
•  NOTE: In Fridaty Week 6-- we tied metamorphic rocks, and the way in which metamorphism occurs 

(to produced specific minerals) to figures in Ch. 4., Ch.5
•  -Figure 4.6- Bowen’s reaction series (class and lab)
•  -Figure 4.4 – Mineral assemblages in rocks and trends (at the bottom)
•  - Figure 5.16 – sediments, and sedimentary rocks—and how they are related 
•  to /become metamorphic rocks
•  - Table 5.3 – sediments, and sedimentary rocks—and how they are related 
•  to /become metamorphic rocks

•  ** Be able to discuss metamorphic rocks in the context of how they were formed and what their 
parent material is—to the extent discussed in class



•  Ch. 17—Aquifers and Water Availability
•  -Please note that aquifers are related to rocks—you should be able to make the same connections 

discussing porosity and the ability of different kinds of rocks to hold and provide (eg. give to wells) water 
that humans use in daily life and agriculture (among many uses)

•  Note homework answers—they are fundamental to discussing water availability and storage in aquifers
•  Figrue 17.9 – different kinds of rocks and their ability to serve as aquifers
•  Table 17.2

•  Figure 17.10
•  Figure 17.12
•  Figure 17.16

•  Note we watched a movie about water in Eastern Washington—You should know about water associated 
with the aquifers in the Columbia River basalts – though I will NOT ask about the rocks in the Columbia 
River basalts (CRB). IF you missed the movie, it is hort and you should make sure to have seen it and 
understand the general ages of water in the CRB, when and how it was recharged, and why there is 
concern regarding water availability in Eastern WA into the future.

•  Soils-- NOTE that we saw soils in class, lab, and the field. 
•  While we did not speak about all types of soils, we did place particular emphasis on soils we saw in the 

field at Kiefer and Demeters during week 7.  In addition in class we placed those in the context of oxisols/
ultisols, mollisols, gelisols, spodosols (and our similar soils at Evergreen, though without the “E” horizon) – 
which you should be able to do, to the extent we did in class

•   
•  -In-class activity -understand in general how changes in grain size distribution affect pore space, water 

transport, nutrient availability, etc.
•   
•  -Understand the effect of time on soil development/formation.  We saw this in lecture through the 3 

images of progressively older soils from New Zealand (week 7, Tuesday)—you should understand how in 
particular the “O” and “B” horizons developed and what happened to the “C” horizon 



•  Soils Lab at Kiefer and Demeters: Note that we looked at profiles at both.  Given that students visited 1 
soil pit/profile at each and were asked to contrast them you should be prepared to do this on the test. 
One way to think of this is to compare each soil horizon at both sites.

•  - we also discussed conifer vs. deciduous in the field and class
•  -source(s) of the parent material
•  -role of humans at the sites and in specific soil horizons
•  -movement of iron through the profile(s) – and why this occurs

•  -Grotzinger Table 5.3 – focusing on the parent material/rocks we saw in the field
• 
•   
•  Soil formation processes as discussed in class and Chapin
•  Soil horizons, as discussed in class and Chapin

•  Grotzinger Figure 16.11 (to the extent we discussed in class)
•  Chapin Figure 3.1 – rocks recycling—also homework review question 1
•  Chapin Figure 3.6 – soil formation
•  Chapin Figure 3.9 – soil profile and horizons
•  Chapin Table 3.3 – focus on oxisols/ultisols, mollisols, spodosols (and our similar soils at Evergreen, 

though without the “E” horizon)
•  Chapin Figure 3.10 -- focus on processes associated with oxisols/ultisols, mollisols, gelisols, spodosols 

(and our similar soils at Evergreen, though without the “E” horizon)
•  Chapin Figure 3.11 – different soil profiles—and note that we talked about them in Week 7 Friday with 

Steve
•  Chapin Figure 3.12— soil texture triangle—what it is referring to, how to use it…
•   



•  Chapin Review questions 1-4 – which we discussed/answered in class Tuesday Week 8 
•  – understand the answers discussed 
•  - understand soil formation processes discussed to the extent/detail as in class

•  -NOTE that again we focused on Kiefer, Demeters in the context of oxisols/ultisols, mollisols, gelisols, 
spodosols

•   
•  Brady and Weil, Chapter 1, figure 1.9 – soil formation processes
•  Brady and Weil, Chapter 1, figure 1.10 – soil formation processes
•   
•  Brady and Weil, Chapter 1, figure 1.18 – helping to understand pH (which we discussed, though we did not 

use exactly this figure)
•   
•  There are similar figures and ideas in the Brady and Weil chapter 1—of which I may have used Chapin 

figures—please make sure to have read both focusing on the soil topics we have covered.
•   
•  Soil thoughts – a few ways to frame what we a

•  What does organic matter do in a soil ?
•  What do “clays” do  in a soil ?
•  What is pH?  Why does it matter in a soil? 
•  What is the difference between the O, A, B, and C horizons in soils?
•  What is the difference between a soil’s cation exchange capacity and a soil’s cation exchange pool?  
•   



•  2 Figures from lecture slides about cation exchange capacity—ie how nutrients are held in soils, ready for 
uptake by plants

•   
•  -Do NOT worry about effects of pH on soil nutrients – I don’t think we covered this sufficiently – but DO 

understand why pH can be important in soil formation
•   
•  Brady and Weil, Chapter 1, figure 1.19 – nutrient availability (starting with weathering of rocks and through 

cation exchange capacity)
•   

•  Coffee  -What are factors associated with coffee tree growth that can be affected by climate change ?
•  this is in the context of environmental factors that control its growth include temperature ranges as 

determined by the Latitude range where it grows, altitudes where it grows


