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*****There are three seed yield penalties associated with an insufficient seasonal water supply*****   
Less absolute yield; slower annual rise in on-farm yield; greater year-to-year variation in yield. 

Nebraska	
  Irrigated	
  and	
  Rainfed	
  Soybean	
  Yield	
  Trends	
  1960	
  to	
  2012	
  



1/3 acre-inch of ET / day 
9000 gallons of H20 / day 
One cup for each of the 
125,000 Soy plants per ac 



Rainfall Amounts versus Crop Water Use (ET ) 

19.25 in 
Predicted 
water use 

14.84 in Rain 
expected 

Predicted Crop Water Use (ET) 

Expected Rain 



Plants	
  and	
  Water	
  
•  An	
  acre-­‐inch	
  of	
  water	
  (rain	
  or	
  irrigaCon)	
  is	
  27,154	
  gallons	
  of	
  water	
  spread	
  over	
  

43,560	
  square	
  feet	
  (=	
  one	
  acre).	
  There	
  are	
  16	
  cups	
  to	
  the	
  gallon.	
  

•  A	
  soybean	
  crop	
  (125,000	
  plants	
  per	
  acre)	
  producing	
  70	
  bushels	
  of	
  seed	
  per	
  acre	
  at	
  
the	
  end	
  of	
  a	
  140-­‐day	
  growing	
  season	
  may	
  require	
  about	
  20	
  acre-­‐inches	
  of	
  ET,	
  
which	
  is	
  20	
  x	
  27,154	
  	
  =	
  543,080	
  gallons	
  per	
  acre,	
  and	
  all	
  of	
  the	
  TranspiraSon	
  in	
  ET	
  
comes	
  from	
  water	
  gathered	
  from	
  moist	
  soil	
  zones	
  by	
  the	
  plant’s	
  root	
  hairs.	
  	
  Note:	
  
4.34	
  gallons	
  (70	
  cups)	
  per	
  plant	
  for	
  the	
  enCre	
  140	
  days.	
  At	
  peak	
  crop	
  water	
  use	
  
(0.3	
  ac-­‐in/day)	
  one	
  cup	
  per	
  plant	
  per	
  day!	
  	
  

•  The	
  (recommended)	
  average	
  human	
  DAILY	
  water	
  intake	
  is	
  ONE	
  gallon,	
  so	
  
543,080	
  gallons	
  of	
  water	
  would	
  also	
  consCtute	
  a	
  140-­‐day	
  supply	
  of	
  daily	
  drinking	
  
water	
  for	
  3,880	
  humans.	
  	
  	
  

•  Los	
  Angeles	
  has	
  a	
  populaCon	
  density	
  of	
  11	
  humans	
  per	
  acre	
  (i.e.,	
  one	
  person	
  per	
  
4,000	
  sq	
  ]).	
  	
  For	
  these	
  11	
  	
  humans,	
  the	
  amount	
  of	
  543,080	
  gallons	
  of	
  water	
  
would	
  consCtute	
  a	
  135-­‐year	
  supply	
  of	
  daily	
  drinking	
  water.	
  



A	
  water	
  tower	
  in	
  a	
  small	
  town	
  holds	
  about	
  300,000	
  gallons	
  of	
  water	
  



Brian	
  Diers’	
  Home	
  Town	
  



(Leaf Scale Transpiration Efficiency) 

CO2 + 2H2O + solar energy → O2 + CH2O + H2O 

For a sunlit soybean leaf (C3 type of photosynthesis):  
During the time it takes for 1 CO2 molecule to pass thru an open stomatal pore,  

400 H2O molecules simultaneously escape from that same pore !!!! 

Plants must thus exchange 164 lbs of H20 to acquire 1 lb of CO2  
(~ 6.1g CO2 per 1000g H2O )  

Source:  Park Nobel.  2009.  Physicochemical and Environmental Plant Physiology (4th Ed.)  

Atmosphere CO2 
(as of Feb 2014) 
ca = 396 ppm 

CO2 Comp. Point 
C4 Leaf Interior 
ci = 0 - 5 ppm 
C3 Leaf Interior 
ci = 40 - 60 ppm 

Atmosphere 50% RH 2 0C 
wa = 0.480 mol m-3 | 1.17 kPa  

Leaf Interior 99.3% RH  20C 
wi = 0.953 mol m-3 | 2.32 kPa  

CH4 
Methane 

VCD|VPD 

C4 vs. C3 

Photosynthesis > 

< Transpiration 



<396	
  

315>	
  

May	
  Max	
  

Nov	
  Min	
  

2	
  ppm	
  more	
  CO2	
  yr-­‐1	
  -­‐>	
  0.05-­‐0.07	
  bu/ac	
  per	
  year	
  	
  
or	
  3.5-­‐5.0	
  kg/ha	
  per	
  yr	
  –	
  See	
  Specht	
  et	
  al.	
  (1999)	
  
(versus	
  on-­‐farm	
  Soy	
  yield	
  	
  trend	
  of	
  0.35	
  bu/ac	
  yr)	
  



<280	
  

<180	
  



Source:	
  	
  Berner,	
  R.A.	
  and	
  Z.	
  Kothavala.	
  	
  2001.	
  	
  GEOCARB	
  III:	
  	
  A	
  revised	
  model	
  	
  
of	
  atmospheric	
  CO2	
  over	
  Phanerozoic	
  Sme.	
  	
  	
  Amer.	
  J.	
  Sci.	
  301:182-­‐204	
  	
  	
  	
  	
  

COAL	
  !	
  

14°C	
  (2013)	
  
(2013)	
  396	
  



Carbon	
  Dioxide	
  &	
  VegetaCon	
  
•  The	
  evoluCon	
  of	
  C4	
  photosynthesis	
  is	
  considered	
  
to	
  be	
  a	
  response	
  to	
  low	
  atmospheric	
  CO2	
  levels.	
  	
  
Rapid	
  expansion	
  of	
  the	
  C4	
  species	
  (mechanism	
  
and	
  anatomy)	
  occurred	
  about	
  7	
  million	
  years	
  ago.	
  	
  	
  

•  Doubling	
  the	
  concentraCon	
  of	
  CO2	
  from	
  180	
  to	
  
360	
  ppm	
  halved	
  transpiraCon	
  vs.	
  photosynthesis.	
  
Stated	
  in	
  another	
  way,	
  doubling	
  of	
  the	
  CO2	
  
concentraSon	
  was	
  like	
  “doubling	
  the	
  rainfall	
  as	
  
far	
  as	
  plant	
  water	
  available	
  is	
  concerned”	
  	
  

Source:	
  	
  G.D.	
  Faruqhar,	
  1997,	
  Science	
  278:1411.	
  	
  	
  	
  	
  





Source:	
  	
  Mann	
  et	
  al.	
  (2008)	
  

<	
  14°C	
  	
  

Source:	
  	
  Jouzel	
  et	
  al.	
  (2007)	
  



Source:	
  Dessler	
  et	
  al.	
  (2013)	
  Stratospheric	
  water	
  vapor	
  feedback,	
  Proc.	
  Natl.	
  Acad.	
  Sci.,	
  110:18,087-­‐18,091.	
  	
  

As	
  the	
  lowest	
  layer	
  of	
  the	
  atmosphere,	
  called	
  the	
  troposphere	
  (surface	
  to	
  ~17	
  miles	
  in	
  the	
  middle	
  laStudes),	
  
is	
  warmed,	
  the	
  air	
  there	
  becomes	
  more	
  humid.	
  	
  With	
  greater	
  humidity,	
  there	
  is	
  greater	
  (global)	
  precipitaSon	
  
and	
  thus	
  more	
  clouds!	
  	
  	
  

A	
  useful	
  measure	
  of	
  the	
  amount	
  of	
  water	
  vapor	
  in	
  the	
  air	
  is	
  the	
  mixing	
  raSo,	
  r,	
  	
  
which	
  is	
  defined	
  as:	
  	
  r	
  =	
  mv/md	
  	
  where	
  mv	
  =	
  mass	
  of	
  vapor	
  and	
  md	
  =	
  mass	
  of	
  dry	
  air.	
  	
  



Source:  http://isotope.bti.cornell.edu 

(Leaf Scale Transpiration Efficiency) 

CO2	
  +	
  2H2O	
  +	
  solar	
  energy	
  →	
  O2	
  +	
  CH2O	
  +	
  H2O	
  

For a sunlit soybean leaf (C3 type of photosynthesis):  
During the time it takes for 1 CO2 molecule to pass thru an open stomatal pore,  

400 H2O molecules simultaneously escape from that same pore !!!! 

Plants must thus exchange 164 lbs of H20 to acquire 1 lb of CO2  
(~ 6.1g CO2 per 1000g H2O )  

Source:  Park Nobel.  2009.  Physicochemical and Environmental Plant Physiology (4th Ed.)  
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Some	
  Key	
  Papers	
  That	
  Influenced	
  My	
  Research	
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  RelaSve	
  to	
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  and	
  WUE	
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  or	
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  pp.	
  1-­‐28	
  in	
  H.	
  Taylor	
  et	
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  (eds.)	
  
LimitaCons	
  to	
  Efficient	
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  Use	
  in	
  Crop	
  ProducCon.	
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  in	
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  producCon.	
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  al.	
  2002.	
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  breeding	
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  in	
  C3	
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•  What	
  should	
  we	
  breed	
  for?	
  Ann.	
  Bot.	
  89:925-­‐940	
  
•  Sadras,	
  V.O.	
  and	
  J.F.	
  Angus.	
  2006.	
  Benchmarking	
  water-­‐use	
  

efficiency	
  of	
  rainfed	
  wheat	
  in	
  dry	
  environments.	
  	
  Aust.	
  J.	
  Agr.	
  Res.	
  	
  
57:847-­‐856.	
  



Crop Productivity and Water Scarcity 
Passioura, J.B. 1977. Grain yield, harvest index, and water use of wheat.  

J. Aust. Inst. Agric. Sci. 43: 117-120. 

•  Seed yield (SY) in water-limited environments is 
effectively a function of three largely independent 
entities:  water-use efficiency (WUEbm), transpired 
water amount (T), and harvest index (HI). 

               BMY  =   (    WUEbm   ×   T   )        {y = b . x} 

              SY   =   (    WUEbm   ×   T   )   ×   HI 

kg Seed / ha  =  Δ kg BM / Δ kg Water 
                                × kg Transpired Water / ha 
                                        × kg Seed fraction / kg BM 



WUEb	
  =
	
  Δ	
  BM

	
  /	
  Δ	
  T
	
  	
  

WUEy	
  =	
  Δ	
  SY
	
  /	
  Δ	
  T	
  =	
  Bet

a	
  

WUE = change in crop mass per unit change in crop transpiration 



“In conclusion, the inescapable fact is that 
crop production is inextricably linked to crop 
transpiration. To increase crop biomass 
production, more water must be used in 
transpiration” 
Sinclair	
  et	
  al.	
  1984.	
  Water	
  use	
  efficiency	
  in	
  crop	
  producSon.	
  	
  Bioscience	
  34:36-­‐40.	
  



But	
  much	
  more	
  water	
  
simply	
  exits	
  the	
  leaf	
  via	
  
open	
  stomatal	
  pores	
  
(transpiraSon!)	
  

How	
  can	
  we	
  improve	
  the	
  
ability	
  of	
  the	
  plant	
  root	
  
system	
  to	
  supply	
  enough	
  
water	
  to	
  keep	
  those	
  
stomates	
  OPEN!	
  



CO2	
  

CO2	
  +	
  2H2O	
  +	
  solar	
  energy	
  →	
  O2	
  +	
  CH2O	
  +	
  H2O	
  Photosynthesis > 



!	
  



1	
  
CO2	
  

400	
  
H2O	
  

Plants	
  can	
  parCally	
  close	
  their	
  stomatal	
  pores	
  
to	
  reduce	
  the	
  ouflow	
  of	
  H2O	
  (transpiraCon),	
  
but	
  that	
  closure	
  simultaneously	
  results	
  in	
  less	
  
inflow	
  of	
  CO2	
  (and	
  thus	
  less	
  photosynthesis).	
  	
  	
  	
  

Soybean	
  varieCes	
  selected	
  for	
  a	
  less	
  wide	
  open	
  stomatal	
  pore	
  each	
  day	
  (or	
  earlier	
  closure	
  when	
  	
  
the	
  number	
  of	
  days	
  between	
  rainfall	
  events	
  widen)	
  are	
  called	
  “water-­‐conservers”,	
  but	
  less	
  wide	
  
pores	
  allow	
  less	
  CO2	
  in	
  the	
  leaf	
  for	
  photosynthesis,	
  so	
  they	
  are	
  also	
  “slow-­‐growers”.	
  	
  (Less	
  RUE)	
  



Source:  http://5e.plantphys.net/search_result.php?search_in=all&term=stomatal+conductance 

Breeders selecting for greater yield have generated ever-higher-yielding new variety releases whose 
stomatal pores are generally wider open (during the day) than prior releases.  This finding is consistent 
with the fact plants must exchange water for carbon dioxide, thus inextricably linking high yields with 
open stomates so long as enough water is available for transpiration when the pores are open!     

Yi
el

d 
>>

>>
 

stomatal pore width >>>> 



Source:  http://5e.plantphys.net/search_result.php?search_in=all&term=stomatal+conductance 

Ditto! 



But	
  if	
  there	
  is	
  not	
  enough	
  water	
  to	
  keep	
  stomates	
  open,	
  then	
  .	
  .	
  .	
  .	
  .	
  .	
  .	
  	
  



Source:	
  Oosterhuis	
  et	
  al.	
  (19xx)	
  Crop	
  Sci.	
  25:1101-­‐1106	
  	
  

Leaflet	
  inversion	
  began	
  when	
  leaf	
  water	
  potenSal	
  
was	
  -­‐1.4	
  MP	
  and	
  was	
  associated	
  with	
  a	
  greater	
  
than	
  60%	
  depleSon	
  of	
  plant	
  available	
  soil	
  water.	
  



But	
  much	
  more	
  water	
  
simply	
  exits	
  the	
  leaf	
  via	
  
open	
  stomatal	
  pores	
  
(transpiraSon!)	
  

How	
  can	
  we	
  improve	
  the	
  
ability	
  of	
  the	
  plant	
  root	
  
system	
  to	
  supply	
  the	
  water	
  
needed	
  to	
  keep	
  those	
  
stomates	
  OPEN!	
  



Endodermis	
  



Root	
  Hairs	
  



Cell	
  ElongaCon	
  Zone	
  

Root	
  Cap	
  

Root	
  Hair	
  Zone	
  

Cell	
  division	
  and	
  
elongaCon	
  in	
  the	
  
region	
  below	
  the	
  	
  
root	
  hair	
  zone	
  
causes	
  the	
  root	
  	
  
Cp	
  to	
  be	
  “pushed”	
  	
  
into	
  water-­‐	
  and	
  
nutrient-­‐rich	
  soil	
  
zones	
  where	
  water	
  	
  
and	
  nutrients	
  	
  
can	
  be	
  extracted	
  	
  
by	
  the	
  root	
  hairs.	
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Individual	
  Root	
  Hairs	
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Agron. J. 104:1702–1709 (2012) 
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T4 (Non-Irrigated) Rainfed Treatment – Soy Drip Irrigation Experiment 

According to Irmak et al. (2006), the inches of soil water depletion per foot associated with a given soil matric potential for a Sharpsburg Soil are:  
0-20cb=0in;  33cb=0.20in;  50cb=0.45in;  60cb=0.50in;  70cb=0.60in;  80cb=0.65in;  90cb=0.70in;  100cb=0.80in;  150cb=0,90in;  200cb=1.00in. 
And in the same soil type, the allowable soil water depletion per foot of soil root depth are 1.4 for 1.5ft;  1.8 for 2.0ft;  2.2 for 2.5ft;  2.7 for 3.0ft.  

In this Non-irrigated treatment, the plant  
roots steadily removed soil water from  
the 1st foot (pink), then 2nd foot (red),  
then 3rd foot (green), then 4th foot, then 
probably the 5th foot prior to the Aug rain. 

1. 94”R 0.93”R 
0.84”R 

0. 40”R 
0. 35”R 

0. 83”R 
1. 79”R 

0. 87”R 
0. 15”R 

Note:  Rainfall Events (inches) are listed at  
the top of this and the other graphs, and 
centered on the day of their occurrence.    
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No	
  Rainfall	
  Field	
  –	
  Sensor	
  depths	
  of	
  	
  1-­‐l	
  =	
  red,	
  2-­‐l	
  =blue,	
  3-­‐l	
  =	
  green,	
  &	
  4-­‐l	
  =	
  brown	
  	
  

2013	
  



2013	
  

Irrigated	
  Field	
  -­‐	
  Sensor	
  depths	
  of	
  1-­‐l	
  =	
  pink,	
  2-­‐l	
  =	
  light	
  blue,	
  3-­‐l	
  =	
  light	
  green,	
  &	
  4-­‐l	
  =	
  orange	
  



Source:  Angus, JF and AF van Herwaarden.  2001.   
Increasing water use and water use efficiency  
in dryland wheat.  Agron. J. 93:290-298. 

Crop	
  Water	
  ProducSvity	
  



Water	
  ProducCvity	
  Limit:	
  
-­‐	
  It	
  likely	
  will	
  be	
  difficult	
  
to	
  move	
  data	
  points	
  
beyond	
  this	
  boundary	
  
without	
  extraordinary	
  
physiological	
  alteraCon	
  
of	
  the	
  crop	
  to	
  improve	
  
its	
  CO2	
  to	
  H2O	
  exchange	
  
raCo	
  (i.e.,	
  yield-­‐to-­‐water	
  
response	
  limit).	
  	
  	
  

Sadras, VO and JF Angus. 2006.  
Benchmarking water-use efficiency  
of rainfed wheat in dry environments.   
Aust. J. Agr. Res.  57:847-856 

W = k (ET – Es)/(e* - e),  where W = grain yield (kg/ha), ET = evapo-transpiration (mm), Es = soil  
evaporation (mm), e* and e = saturated and actual vapor pressure (kPa), and k = a crop specific  
constant (kPa/mm).  ET axis values reflect the difference between the soil water content in the crop  
root zone at emergence and at physiological maturity, plus the sum of all rainfall during this period. 

Corn:	
  11.0	
  	
  bu	
  ac-­‐1	
  ac-­‐in-­‐1	
  

Soy:	
  3.39	
  bu	
  ac-­‐1	
  ac-­‐in-­‐1	
  

Water	
  ProducSvity	
  Limits?	
  



	
  <Corn	
  |	
  Soy>	
  	
  3.44	
  	
  

Source:	
  	
  Patricio	
  Grassini	
  et	
  al.	
  

Soy>	
  76	
  



Benchmarking yield and efficiency 
of corn & soybean cropping 

systems in Nebraska 

Patricio Grassini, Jessica A. Torrion, 
Kenneth G. Cassman, James E. Specht 
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Water (available for crop transpiration) >> 

Initial Slope = Water Use Efficiency (WUEy)  

Water Insufficiency Point Crop Yield Maximum 

When water is a variable but limiting resource, a  
given genotype will have an (initially) linear yield- 
to-water response whose slope is the coefficient 
b in the linear regression of seed yield on water:  
Y = bW + a   
       where b = genotype’s Beta =WUEy C

ro
p 
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Yield Potential 

SY = (Beta)*W + a (Specht et al., 1986) 

Keep in mind that this yield-to-water response curve is specific for the above (reference) genotype;   
its WUE will initially be constant, but will eventually decline on approach its yield maximum (plateau). 

WUEy = Beta = Δ seed yield / Δ water 

SY = (WUEb x HI) x T (Passioura, 1977)  [ let WUEy = WUEb x HI ] 



0%ET 
replacement 

100%ET 
       replacement 

Specht et al. (1986) 
Historical “Normal” Rainfall Amount 

Seed Yield Phenotype (P) = Genotype (G) + Water Environment (W) +  Interaction (G x W). 
Useable G x W arises when genotypes have consistent differing yield response-to-water slopes (see below).  

Dashed blue line = 
Mean Yield Beta 
for all 16 Cultivars. 

Blue boundary 
lines = observed 
response limits! 

88.9kg/ha per cm = 
3.36 bu/ac per in 

49.9kg/ha per cm = 
1.88bu/ac per in 

Cultivar yield difference 
when water is scarce  

Cultivar yield difference 
when water is abundant  

The Case in Soybean 
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Quantitative genetic theory provides an explanation for the positive correlations 
often reported between (stability) regression coefficient value and mean 
productivity;  a line with high tolerance to stress would normally have a low 
regression coefficient stability.   

Selection for mean productivity will generally increase mean yields in both  
stress (Ys) and non-stress (Y) environments.  

Selection for tolerance to stress (minimize Y – Ys) will generally result in a  
reduced mean yield in non-stress (Y) environments and (thuse coincidently) 
decreased mean productivity.  

Stress tolerance (i.e., less difference: Y – Ys) and mean productivity [(Yns + Y) / 2] 
show negative genetic correlations, when the genetic variance in the stress (Ys) 
environments is less than the genetic variance in the non-stress (Y) environments. 

Rosielle and Hamblin (1980) 



Araus, JL et al. 2002. Plant breeding and drought in C3 cereals:   
What should we breed for? Ann. Bot. 89:925-940 

Shallower WUE ! 

“New” 
cultivars 
perform 

better than 
“Old” 

cultivars 
at all yield 

levels 
associated 

with a given 
production 

environment ! 

Drought  
Tolerant 
 or  
Yield  
Resistant? 

Open Circles = 
mean yields of  
a set of “New”  
Wheat Cultivars 

Solid Circles = 
mean yield of 
A set of “Old” 
Wheat Cultivars 

The Case in Wheat 

Water-Scarce Environments Water-Abundant Environments 

Sadras & 
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The	
  Final	
  FronCer?	
  	
  	
  
•  Plants	
  must	
  exchange	
  water	
  for	
  carbon.	
  The	
  parameter	
  WUE	
  is,	
  in	
  fact,	
  the	
  

exchange	
  coefficient.	
  	
  The	
  relaConship	
  between	
  crop	
  biomass	
  (BM)	
  accumulaCon	
  
or	
  seed	
  yield	
  (SY)	
  and	
  cumulaCve	
  crop	
  transpiraCon	
  (T)	
  is	
  defined	
  by	
  the	
  well-­‐
known	
  linear	
  conceptual	
  equaCon	
  of	
  Passioura	
  (1977):	
  	
  SY	
  =	
  WUEb	
  x	
  T	
  x	
  HI	
  or	
  that	
  
of	
  Specht	
  (1986,	
  2001):	
  SY	
  =	
  WUEy	
  x	
  T	
  	
  	
  

•  A	
  greater	
  WUE	
  ensures	
  more	
  carbon	
  gain	
  per	
  unit	
  of	
  water	
  transpired	
  (i.e.,	
  “more	
  
crop	
  per	
  drop”),	
  but	
  the	
  above	
  equaSons	
  also	
  shows	
  that	
  more	
  (not	
  less)	
  seasonal	
  
T	
  is	
  also	
  required	
  to	
  more	
  produce	
  food,	
  fibre,	
  and	
  biofuel	
  (Sinclair	
  et	
  al.	
  1984)	
  	
  

•  Breeders	
  selecCng	
  for	
  greater	
  SY	
  have	
  certainly	
  improved	
  HI	
  and	
  have	
  also	
  
steepened	
  yield	
  beta	
  (WUEy).	
  	
  Any	
  further	
  substanCve	
  future	
  improvement	
  in	
  
Soybean	
  WUE	
  would	
  require	
  a	
  biotechnological	
  conversion	
  of	
  the	
  soybean	
  from	
  a	
  
C3	
  to	
  a	
  C4	
  form	
  of	
  photosynthesis!	
  	
  	
  

•  GeneCc	
  improvement	
  in	
  soybean	
  SY	
  could	
  possibly	
  be	
  achieved	
  by	
  geneCc	
  
modificaCon	
  of	
  the	
  root	
  system	
  to	
  enable	
  the	
  plant	
  to	
  gather	
  plant	
  available	
  soil	
  
water	
  that	
  is	
  not	
  used	
  each	
  season	
  (i.e.,	
  increase	
  seasonal	
  T	
  in	
  above	
  equaSon).	
  	
  	
  

Sustainable	
  improvement	
  in	
  crop	
  yield,	
  by	
  definiSon,	
  should	
  result	
  in	
  the	
  crop	
  
transpiring,	
  during	
  each	
  growing	
  season,	
  ALL	
  of	
  the	
  annually	
  rechargeable,	
  
available	
  soil	
  water	
  by	
  season	
  end.	
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Source:  http://www.nass.usda.gov/Statistics_by_State/Nebraska/index.asp 



Thanks	
  for	
  Your	
  AqenCon!	
  
Any	
  QuesCons?	
  

Some	
  Notable	
  Quotes	
  from	
  Yogi	
  Berra:	
  

The	
  future	
  just	
  ain't	
  what	
  it	
  used	
  to	
  be.	
  

I	
  never	
  predict	
  the	
  future	
  and	
  I	
  predict	
  I	
  never	
  will.	
  	
  	
  

We're	
  lost,	
  but	
  we're	
  making	
  good	
  @me.	
  	
  

In	
  theory,	
  there	
  is	
  no	
  difference	
  between	
  theory	
  and	
  pracSce,	
  	
  
but	
  in	
  prac@ce,	
  there	
  is.	
  




