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Water:	
  A	
  limited	
  and	
  limi*ng	
  resource	
  
Less than 1% of all water on 
planet is fresh water fit for 
most animal and plant use. 
	
  

Large	
  drop=	
  ALL	
  water	
  on	
  planet;	
  
860	
  mile	
  dia.	
  ~333	
  million	
  mile3.	
  	
  

Medium	
  drop=	
  Liquid	
  fresh	
  water;	
  
170	
  mile	
  dia.	
  (0.77%)	
  

Small	
  drop=	
  River	
  and	
  lake	
  water;	
  
35	
  mile	
  dia.	
  (0.01%).	
  	
  

Earth’s	
  diameter	
  is	
  7,926	
  miles.  
The shallowness of the 

oceans is clearly evident.  

Credits: H. Perlman (USGS); illustration by J. Cook (Woods Hole Oceanographic Inst.). Data from: I. Shiklomanov. 1993. World fresh water 
resources. In: P.H. Gleick (ed.), Water in Crisis: A Guide to the World's Fresh Water Resources, Oxford Univ. Press, New York. 



Need	
  for	
  alterna*ve	
  irriga*on	
  water	
  sources	
  

• 	
  Availability	
  of	
  high-­‐quality	
  water	
  supplies	
  endangered	
  
by	
  climate	
  change	
  (drought)	
  and	
  s*ff	
  compe**on	
  for	
  
pressing	
  human	
  uses	
  and	
  ac*vi*es.	
  	
  

• 	
  Ornamental	
  plant	
  (nursery,	
  greenhouse,	
  sod)	
  
produc*on	
  uses	
  large	
  water	
  volumes	
  and	
  high	
  
applica*on	
  rates	
  (>80”	
  per	
  year	
  are	
  common).	
  

• 	
  Landscape	
  irriga*on	
  is	
  the	
  largest	
  user	
  of	
  water	
  in	
  
urban	
  areas,	
  accoun*ng	
  for	
  ≥50%	
  of	
  the	
  total	
  
residen*al	
  potable	
  water	
  use	
  in	
  many	
  SW-­‐USA	
  ci*es.	
  	
  

Bailey	
  et	
  al.,	
  1999;	
  Cabrera	
  et	
  al.,	
  2013;	
  EPA,	
  2009;	
  Fare	
  et.	
  al.,	
  1992;	
  Roesner	
  et	
  al.,	
  2006;	
  Warsaw	
  et	
  al.,	
  2009	
  	
  



ü  Use	
  the	
  right	
  plants	
  for	
  the	
  site	
  (climate,	
  soil	
  &	
  rain)	
  	
  

ü  Use	
  the	
  right	
  water	
  for	
  the	
  right	
  use	
  (edible	
  vs	
  ornamental)	
  

ü  Use	
  BMPs	
  (e.g.	
  OM,	
  mulching,	
  efficient	
  irriga8on	
  equip.	
  &	
  methods)	
  

ü  Alterna8ve	
  water	
  sources	
  (quality	
  issues!)	
  
Ø  Agricultural	
  tailwater/Recycled	
  water	
  	
  
Ø  Naturally	
  saline/brackish	
  water	
  
Ø  Municipal	
  reclaimed	
  water	
  
Ø  Rainwater	
  &	
  stormwater	
  
Ø  A/C	
  Condensates	
  
Ø  Residen*al	
  Graywater	
  

Dealing	
  with	
  limited	
  supplies	
  of	
  good-­‐quality	
  
water	
  and	
  alterna8ve	
  water	
  sources	
  	
  

From:	
  Cabrera	
  et	
  al.,	
  2018	
  (HortTechnology	
  28(4):	
  In	
  Press)	
  



The	
  right	
  plants	
  (adapted	
  &	
  
na8ve)	
  for	
  the	
  site	
  (soil,	
  
climate,	
  water	
  quan8ty	
  &	
  
quality)	
  

Photo: Signature Gardens 

Photo: TX Land Design 
Photo: TX Land Design 



Irriga8on	
  Water	
  Quality	
  –	
  Hor8cultural	
  
Considera8ons	
  

Ø 	
  Understanding	
  water	
  quality	
  is	
  impera*ve	
  for	
  
successful	
  produc*on	
  and	
  management	
  of	
  
quality	
  ornamental	
  plants/crops.	
  

Ø 	
  It	
  is	
  the	
  most	
  important	
  factor	
  that	
  dictates	
  
site	
  selec*on,	
  trees	
  and	
  plants	
  to	
  grow,	
  
irriga*on	
  methods,	
  fer*liza*on	
  programs	
  and	
  
their	
  management.	
  



pH	
  -­‐	
  alkalinity	
  issues	
  
	
  

(pH	
  >7	
  and	
  alkalinity	
  >150	
  mg/L)	
  

Photos:	
  R.I.	
  Cabrera	
  



HCO3-­‐	
  	
  
Deposits	
  
	
  
When	
  
>90	
  mg/L	
  	
  

Photos:	
  R.	
  I.	
  Cabrera	
  



Salinity	
  	
  
stress	
  (components)	
  
	
  All	
  ions	
  in	
  solu*on	
  contribute	
  to	
  

overall	
  osmo*c	
  effect	
  (EC>1	
  dS/m)	
  ,	
  
but	
  Na,	
  Cl	
  (>70	
  ppm;	
  B>1	
  ppm)	
  
most	
  commonly	
  cause	
  specific	
  

toxicity	
  effects.	
  
	
  

Osmo*c	
  stress:	
  makes	
  plant	
  water	
  
uptake	
  difficult	
  to	
  impossible	
  

	
  
Nutrient	
  imbalances	
  

Photo:	
  R.	
  I.	
  Cabrera	
  



Iron	
  (Fe)	
  deposits	
  (staining)	
  
 

When	
  >1	
  mgl/L	
  (also	
  for	
  Mn)	
  

Photo:	
  R.	
  I.	
  Cabrera	
  



At	
  a	
  minimum,	
  monitor	
  pH	
  &	
  EC	
  rou*nely	
  in	
  all	
  growing	
  opera*ons	
  
(no	
  excuses)	
  	
  

Use	
  quality	
  meters	
  –	
  
&	
  calibrate	
  them!	
  	
  



Irriga*on	
  management	
  depending	
  on	
  water	
  source	
  

From:	
  R.	
  I.	
  Cabrera	
  (2018)	
  



Chemical	
  quality	
  parameters	
  in	
  suitable	
  and	
  alterna*ve	
  water	
  
sources	
  for	
  irriga*on	
  of	
  ornamental/landscape	
  plants	
  

From:	
  Cabrera	
  et	
  al.,	
  2018	
  (HortTechnology	
  28(4):	
  In	
  Press)	
  



Stormwater	
  
Water from roofs, parking lots, roads 
and impervious surfaces. Goes to 
sewer systems and (mostly) to surface 
water bodies. Can be routed to 
designed ponds & rain gardens. 
Quality is highly variable; generally 
laden with salts, oils, sediments & 
other chemicals. 

EPA, 2003 

Photo: Planning Dept., Ossining, NY 

Illustration: City of Chandler, AZ 



Rainwater	
  

Rainwater from roofs; best quality; limitations with volume capture 
and storage, along with severe/prolonged drought periods. 

22,000 gallon 
rainwater tank at 
Texas A&M R&E 
Center in Uvalde.  
 
Good enough for a 
single 0.6” irrigation 
to the landscape 
(66,000 ft2= 1.5 ac) in 
this facility! 



Reclaimed	
  (recycled)	
  Water	
  

Photo: Dept. of Ecology, State of WA 

Photo: City of Clermont, FL 

Source: Pomona (CA) Water Treatment Plant 



Reclaimed	
  Water	
  
Ø Sewage	
  water	
  processed	
  by	
  municipal	
  water	
  plants	
  (treatment	
  

methods:	
  preliminary,	
  primary,	
  secondary	
  and	
  advanced)	
  

Ø Availability	
  not	
  interrupted	
  by	
  drought	
  
Ø Quality	
  can	
  be	
  highly	
  variable	
  (nutrients,	
  salts,	
  alkalinity)	
  
Ø Its	
  use	
  is	
  highly	
  regulated:	
  protec*on	
  of	
  public	
  health	
  is	
  
paramount	
  (restricted	
  use	
  where	
  human	
  contact	
  is	
  likely)	
  

Ø Handling	
  and	
  distribu*on	
  requires	
  separate	
  plumbing	
  (with	
  
iden8fying	
  color=	
  purple)	
  from	
  treatment	
  plant	
  to	
  end-­‐users.	
  

Ø Successful	
  use	
  requires	
  rou*ne	
  monitoring	
  of	
  its	
  quality	
  to	
  
minimize	
  nega*ve	
  effects	
  on	
  plants	
  and	
  soils.	
  	
  



Water	
  quality	
  comparison	
  based	
  on	
  level	
  of	
  
total	
  coliform	
  bacteria	
  

Water Source      MPN/100 mL 
                        (Most Probable Number) 

Drinking Water      <1 
Disinfected Tertiary Recycled Water   <2.2 
Disinfected Secondary Reclaimed Water  <23 
Undisinfected Reclaimed Water    20 to 2,000 
Graywater       100 to 100 million 
Raw Wastewater      Millions to billions 

 
From: Sheikh, 2010 



Reclaimed	
  water	
  
extensively	
  used	
  in	
  golf	
  
courses	
  and	
  public	
  
landscaped	
  areas	
  	
  

Photos:	
  R.I.	
  Cabrera	
  



Foliar	
  salt	
  
damage	
  from	
  
reclaimed	
  
water	
  

irriga*on	
  
	
  

Miyamoto	
  et	
  al.	
  
	
  	
  



Es8mated	
  irriga8on	
  applica8ons	
  required	
  to	
  leach	
  
soluble	
  salts	
  from	
  soils	
  

 

Percentage	
  of	
  Salt	
  Reduc8on	
   Required	
  Irriga8on	
  Rate	
  

50%	
   	
  	
  6	
  in	
  (150	
  mm)	
  
80%	
   12	
  in	
  (300	
  mm)	
  
90%	
   24	
  in	
  (600	
  mm)	
  

Example:	
  If	
  the	
  ECe	
  of	
  a	
  landscape	
  soil	
  is	
  8	
  dS/m,	
  and	
  we	
  want	
  to	
  reduce	
  it	
  to	
  4	
  dS/m	
  (50%	
  
salt	
  reduc*on),	
  an	
  irriga*on	
  rate	
  of	
  6	
  inches	
  will	
  be	
  required,	
  equivalent	
  to	
  3,740	
  gal/1,000	
  

n2	
  (24,300	
  gal.	
  in	
  a	
  6,500	
  n2	
  home	
  landscape)	
  

Source:	
  Cardon,	
  Davis,	
  Bauder	
  and	
  Waskom	
  (2007)	
  	
  



Photos: R.I. Cabrera 

Cabrera (2017, unpublished)  



How	
  important	
  
are	
  

microorganisms?	
  

Bar-­‐On,	
  Y.M.,	
  R.	
  Phillips,	
  R.	
  Milo.	
  2018.	
  The	
  biomass	
  
distribu*on	
  on	
  Earth.	
  Proc.	
  Nal.	
  Academ.	
  Sci.	
  



Poten*al	
  for	
  potable	
  water	
  savings	
  in	
  the	
  residen*al	
  sector	
  of	
  
southern	
  California	
  with	
  graywater	
  reuse	
  (Y.	
  Cohen,	
  2009)	
  

Graywater:	
  Untreated household wastewater from bath-
tubs, laundry, and showers. Accounts for 50-65% of total 
household wastewater (EPA, 2012; Roesner et al., 2006; Sheikh, 2010 ) 



Plant	
  growth-­‐aesthe*cs	
  &	
  soil	
  proper*es	
  (SS,	
  microbiology,	
  physico-­‐chemical)	
  
in	
  research	
  plots	
  &	
  residen*al	
  sites	
  irrigated	
  with	
  laundry	
  graywater.	
  

Including	
  alterna*ve	
  (biodegradable/environmentally-­‐friendly	
  detergents	
  and	
  
bleaching	
  agents)	
  graywater	
  treatments.	
  

Short-­‐	
  &	
  long-­‐term	
  effects	
  of	
  graywater	
  irriga8on	
  

Photos:	
  R.I.	
  Cabrera	
  



Graywater	
  w/bleach	
  has	
  high	
  Cl2	
  
concentra*ons	
  -­‐	
  harmful	
  to	
  some	
  plants	
  and	
  
soil/substrate	
  microorganisms.	
  

Photos: R.I. Cabrera 

Photos:	
  R.I.	
  Cabrera	
  



Photos: R.I. Cabrera 

Alterna*ve	
  bleaching	
  agents	
  (peroxide	
  
based)	
  are	
  highly	
  alkaline	
  and	
  sodic	
  –	
  
harming	
  some	
  plant	
  species.	
  

Photos:	
  R.I.	
  Cabrera	
  



Landscape graywater study – Preliminary Results 

Photo: R.I. Cabrera 



Preliminary landscape graywater irrigation study 

Photos: R.I. Cabrera 

Cabrera et al. (2018, HortTechnology 28(4): In Press)  



Photo:	
  M.	
  Duff	
  

Thank	
  you!	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

cabrera@njaes.rutgers.edu	
  


