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Executive	
  Summary	
  

	
  

Project	
  Title:	
  	
  	
   Large-­‐scale	
  Composting	
  System	
  as	
  a	
  Means	
  of	
  Controlling	
  Water	
  
Hyacinth,	
  Eichhornia	
  crassipes.	
  

Project	
  Start	
  Date:	
   	
   May	
  22,	
  2008	
   	
   	
  

Project	
  Completion	
  Date:	
   December	
  31,	
  2010	
   	
  

Funding:	
   	
   	
   Total	
  Budget	
   	
   	
   	
   $442,432	
  
	
   	
   	
   	
   Total	
  Federal	
  Funds	
   	
   	
   $265,459	
  
	
   	
   	
   	
   Total	
  Expenditures	
  of	
  Federal	
  Funds	
   $232,723	
  
	
   	
   	
   	
   Total	
  Match	
  Accrued	
   	
   	
   $174,706	
  
	
   	
   	
   	
   Budget	
  Revisions	
   	
   	
   <$32,736>	
  
	
   	
   	
   	
   Total	
  Expenditures	
   	
   	
   $407,429	
  

Summary	
  of	
  Accomplishments:	
  

• A	
  five	
  acre	
  compost	
  facility,	
  including	
  a	
  storm	
  water	
  collection	
  pond,	
  
was	
  constructed	
  to	
  state	
  requirements	
  to	
  allow	
  for	
  composting	
  
vegetative	
  materials,	
  oils	
  and	
  grasses,	
  meat,	
  fish	
  and	
  dairy	
  material.	
  

• Determined	
  that	
  water	
  hyacinth	
  seeds	
  and	
  other	
  propagules	
  are	
  
destroyed	
  when	
  composted	
  in	
  piles	
  maintaining	
  temperatures	
  of	
  135	
  
degrees	
  Fahrenheit	
  and	
  above.	
  	
  

• Determined	
  that	
  a	
  compost	
  feedstock	
  blend	
  of	
  food	
  waste	
  from	
  
cafeterias	
  (10%),	
  poultry	
  litter	
  (15%),	
  water	
  hyacinth	
  plants	
  (25%)	
  and	
  
wood	
  chips	
  (50%)	
  reached	
  the	
  desired	
  temperature	
  of	
  135	
  degrees	
  
Fahrenheit,	
  and	
  created	
  a	
  mature	
  compost	
  that	
  met	
  or	
  exceeded	
  given	
  
industry	
  quality	
  standard.	
  	
  

• Developed	
  a	
  set	
  of	
  best	
  management	
  practices	
  to	
  create	
  mature,	
  quality	
  
compost	
  from	
  water	
  hyacinth.	
  

• Determined	
  that	
  composting	
  appears	
  to	
  be	
  an	
  effective	
  way	
  to	
  manage	
  
the	
  invasive	
  aquatic	
  species,	
  water	
  hyacinth.	
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Introduction	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  The	
  water	
  hyacinth,	
  Eichhornia	
  crassipes,	
  is	
  a	
  native	
  of	
  the	
  Amazon	
  River,	
  but	
  has	
  become	
  a	
  
significant	
  aquatic	
  weed	
  problem	
  in	
  the	
  United	
  States.	
  	
  It	
  is	
  found	
  in	
  all	
  major	
  river	
  systems	
  in	
  the	
  U.S.	
  	
  
The	
  problems	
  caused	
  by	
  water	
  hyacinth	
  include	
  obstructing	
  waterways,	
  impeding	
  drainage,	
  destroying	
  
wildlife	
  resources,	
  and	
  lowering	
  the	
  dissolved	
  oxygen	
  in	
  waterways	
  resulting	
  in	
  reduced	
  oxygen	
  available	
  
to	
  animals	
  and	
  plants.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Although	
  herbicides	
  have	
  been	
  used	
  to	
  kill	
  water	
  hyacinth,	
  harvesting	
  either	
  mechanically	
  or	
  by	
  
hand	
  is	
  preferred	
  for	
  environmentally	
  sensitive	
  areas.	
  	
  A	
  major	
  problem	
  with	
  harvesting	
  as	
  a	
  method	
  to	
  
remove	
  the	
  plant	
  from	
  waterways	
  is	
  to	
  then	
  dispose	
  of	
  the	
  plant	
  such	
  that	
  seeds	
  are	
  rendered	
  non-­‐
viable.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  The	
  intent	
  of	
  this	
  study	
  is	
  to	
  determine	
  if	
  large	
  scale	
  composting	
  is	
  an	
  effective	
  means	
  of	
  
disposing	
  of	
  water	
  hyacinth	
  by	
  rendering	
  the	
  seeds	
  and	
  other	
  propagules	
  non-­‐viable	
  while	
  producing	
  a	
  
quality	
  compost	
  product	
  for	
  the	
  horticulture	
  industry.	
  
Description	
  
	
  	
   The	
  project	
  involved	
  the	
  development	
  of	
  a	
  large-­‐scale	
  demonstration	
  compost	
  operation	
  that	
  
utilized	
  invasive	
  water	
  hyacinth	
  harvested	
  from	
  Spring	
  Lake,	
  at	
  the	
  origin	
  of	
  the	
  San	
  Marcos	
  River.	
  
Poultry	
  litter	
  and	
  other	
  feedstocks	
  were	
  combined	
  with	
  water	
  hyacinth	
  to	
  produce	
  a	
  mature	
  compost	
  
that	
  destroyed	
  the	
  water	
  hyacinth	
  seed.	
  The	
  results	
  of	
  the	
  study	
  were	
  presented	
  to	
  interested	
  parties	
  
and	
  will	
  serve	
  as	
  an	
  example	
  Best	
  Management	
  Practice	
  for	
  other	
  water	
  bodies	
  with	
  water	
  hyacinth	
  
problems.	
  
Composting	
  Site	
  

The	
  compost	
  operation	
  is	
  located	
  on	
  the	
  Muller	
  Farm,	
  which	
  is	
  owned	
  by	
  Texas	
  State	
  University	
  
and	
  located	
  outside	
  of	
  the	
  Edwards	
  Aquifer	
  recharge	
  zone.	
  The	
  farm	
  is	
  used	
  primarily	
  as	
  an	
  alternate	
  
pasture	
  for	
  cattle	
  raised	
  on	
  the	
  University’s	
  Freeman	
  ranch.	
  Approximately	
  five	
  acres	
  are	
  being	
  used	
  for	
  
the	
  composting	
  operation;	
  the	
  site	
  provides	
  open	
  areas	
  for	
  the	
  compost	
  piles,	
  a	
  storm	
  water	
  collection	
  
pond,	
  an	
  improved	
  all-­‐weather	
  road,	
  electricity	
  and	
  supplemental	
  water	
  and	
  fencing	
  of	
  the	
  site.	
  
Compost	
  Feedstocks	
  

Feedstocks	
  chosen	
  for	
  this	
  project	
  included	
  the	
  following	
  percentages:	
  food	
  waste	
  from	
  the	
  
cafeterias	
  (10%),	
  poultry	
  litter	
  (15%),	
  water	
  hyacinth	
  plants	
  (25%)	
  and	
  wood	
  chips	
  (50%).	
  	
  This	
  feedstock	
  
blend	
  was	
  based	
  on	
  guidelines	
  provided	
  by	
  the	
  Texas	
  Commission	
  on	
  Environmental	
  Quality,	
  use	
  of	
  
materials	
  available	
  to	
  the	
  area	
  and	
  the	
  ability	
  to	
  reach	
  temperatures	
  that	
  destroyed	
  the	
  water	
  hyacinth	
  
seed.	
  
Composting	
  and	
  Control	
  of	
  Hyacinth	
  Seeds	
  
	
   Because	
  of	
  the	
  lack	
  of	
  information	
  in	
  research	
  literature	
  on	
  the	
  temperature	
  at	
  which	
  water	
  
hyacinth	
  seeds	
  are	
  destroyed,	
  tests	
  were	
  conducted	
  in	
  University	
  laboratories	
  to	
  determine	
  the	
  
approximate	
  temperature	
  at	
  which	
  water	
  hyacinth	
  seeds	
  die.	
  Samples	
  of	
  compost	
  containing	
  scarified	
  
and	
  unscarified	
  water	
  hyacinth	
  seeds	
  were	
  monitored	
  for	
  three	
  days	
  in	
  temperature	
  chambers	
  that	
  
were	
  held	
  at	
  120°	
  degrees	
  F,	
  135	
  degrees	
  F	
  and	
  150	
  degrees	
  F.	
  This	
  study	
  found	
  that	
  water	
  hyacinth	
  
seeds	
  were	
  rendered	
  non-­‐viable	
  at	
  temperatures	
  at	
  or	
  above	
  135	
  degrees	
  Fahrenheit.	
  	
  This	
  finding	
  
allows	
  for	
  water	
  hyacinth	
  to	
  be	
  safely	
  utilized	
  as	
  a	
  feedstock	
  in	
  the	
  composting	
  process	
  even	
  though	
  it	
  is	
  
an	
  invasive	
  species	
  since	
  temperatures	
  above	
  135	
  degrees	
  Fahrenheit	
  kills	
  seeds	
  and	
  these	
  
temperatures	
  are	
  relatively	
  easy	
  to	
  maintain	
  in	
  a	
  compost	
  pile	
  when	
  appropriate	
  proportions	
  of	
  carbon	
  
and	
  nitrogen-­‐containing	
  feedstocks	
  are	
  used	
  .	
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Rows	
  of	
  feedstock	
  blends	
  were	
  laid	
  out	
  in	
  separate	
  areas	
  and	
  monitored	
  for	
  heat,	
  moisture	
  and	
  
maturity.	
  	
  Piles	
  were	
  built	
  to	
  be	
  5	
  to	
  6	
  feet	
  tall	
  and	
  10-­‐12	
  feet	
  wide.	
  	
  This	
  height	
  and	
  width	
  allowed	
  the	
  
piles	
  to	
  be	
  insulated	
  and	
  generate	
  enough	
  heat	
  to	
  kill	
  pathogens	
  (including	
  the	
  weed	
  seeds	
  of	
  interest),	
  
but	
  did	
  not	
  allow	
  too	
  much	
  heat	
  to	
  be	
  generated	
  in	
  the	
  piles	
  which	
  can	
  result	
  in	
  spontaneous	
  
combustion.	
  	
  Eleven	
  compost	
  piles	
  were	
  created	
  from	
  22,000	
  pounds	
  of	
  water	
  hyacinth,	
  20,000	
  pounds	
  
of	
  food	
  waste,	
  25,000	
  pounds	
  of	
  poultry	
  litter,	
  and	
  38,000	
  pounds	
  of	
  wood	
  chips.	
  	
  This	
  study	
  created	
  an	
  
estimated	
  66	
  yards	
  of	
  compost	
  valued	
  at	
  $1980	
  from	
  materials	
  that	
  were	
  otherwise	
  considered	
  
problematic	
  .	
  	
  

One	
  hundred	
  1	
  gallon	
  samples	
  were	
  collected	
  in	
  this	
  study	
  and	
  then	
  screened	
  to	
  2mm	
  to	
  
observe	
  for	
  seeds	
  and	
  other	
  propagules.	
  	
  No	
  seeds	
  or	
  propagules	
  of	
  water	
  hyacinth	
  were	
  found	
  .	
  	
  	
  

	
   Each	
  of	
  the	
  11	
  compost	
  piles	
  were	
  sampled	
  again	
  after	
  all	
  piles	
  had	
  cured.	
  	
  Samples	
  were	
  sent	
  to	
  
Pennsylvania	
  State	
  Agricultural	
  Analytical	
  Services	
  Laboratory	
  (University	
  Park,	
  Pennsylvania)	
  for	
  
compost	
  quality	
  testing.	
  	
  The	
  quality	
  tests	
  conducted	
  in	
  this	
  study	
  employed	
  the	
  U.S.	
  Compost	
  Council	
  
Seal	
  of	
  Testing	
  Approval	
  (STA)	
  program	
  which	
  employs	
  the	
  standards	
  to	
  which	
  producers	
  involved	
  with	
  
the	
  Compost	
  Council’s	
  STA	
  program	
  adhere.	
  	
  	
  	
  	
  
	
  
Workshops/Demonstrations	
  
	
   A	
  series	
  of	
  workshops	
  and	
  demonstrations	
  were	
  conducted	
  for	
  interested	
  parties.	
  	
  These	
  
workshops	
  included	
  water	
  hyacinth	
  harvesting,	
  blending	
  of	
  feedstocks,	
  building	
  compost	
  windrows,	
  
testing	
  protocols,	
  and	
  best	
  management	
  practices.	
  
	
  
	
   A	
  website	
  was	
  maintained	
  and	
  updated	
  throughout	
  the	
  project.	
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Project	
  Goals	
  and	
  Accomplishments	
  

Goal:	
  To	
  effectively	
  coordinate	
  and	
  monitor	
  all	
  technical	
  and	
  financial	
  activities	
  performed	
  under	
  this	
  
grant,	
  preparing	
  regular	
  progress	
  reports	
  and	
  maintaining	
  project	
  files	
  and	
  data.	
  

• Appropriate	
  structure	
  and	
  management	
  oversight	
  has	
  been	
  established	
  between	
  the	
  
principle	
  investigators,	
  Texas	
  State	
  University,	
  the	
  TCEQ	
  project	
  manager	
  and	
  TCEQ	
  
support	
  staff.	
  

• Nine	
  quarterly	
  reports	
  and	
  nine	
  quarterly	
  reimbursement	
  requests	
  have	
  been	
  
completed	
  and	
  submitted	
  to	
  TCEQ.	
  

• Two	
  satisfactory	
  annual	
  TCEQ	
  contractor	
  evaluations	
  have	
  been	
  received	
  for	
  this	
  
project.	
  

• 	
  A	
  	
  fact	
  sheet	
  for	
  this	
  project	
  has	
  been	
  completed	
  and	
  revised.(See	
  Appendix	
  I.1)	
  
• A	
  website	
  on	
  the	
  project	
  has	
  been	
  created	
  (See	
  www.rivers.txstate.edu/projects/new-­‐

projects/compost_system.html).	
  
	
  
Goal:	
  Develop	
  and	
  operate	
  a	
  composting	
  facility	
  at	
  Texas	
  State	
  University	
  that	
  utilizes	
  agricultural	
  and	
  
other	
  waste	
  to	
  produce	
  compost	
  that	
  is	
  beneficial	
  for	
  the	
  environment.	
  Finished	
  compost	
  will	
  be	
  utilized	
  
on	
  University	
  property	
  after	
  tests	
  confirm	
  that	
  water	
  hyacinth	
  seeds	
  have	
  been	
  destroyed	
  and	
  the	
  
compost	
  is	
  safe	
  for	
  use.	
  

• A	
  composting	
  site	
  has	
  been	
  constructed	
  at	
  the	
  University’s	
  Muller	
  Farm.	
  The	
  five	
  acre	
  
site	
  provides	
  open	
  areas	
  for	
  the	
  compost	
  piles,	
  a	
  storm	
  water	
  collection	
  pond,	
  an	
  
improved	
  all-­‐weather	
  road,	
  electricity	
  and	
  supplemental	
  water,	
  and	
  is	
  completely	
  
fenced.	
  (See	
  attached	
  photos	
  in	
  Appendix	
  II.1)The	
  site	
  has	
  been	
  certified	
  to	
  comply	
  with	
  
Texas	
  General	
  Permit	
  requirements.	
  (See	
  Appendix	
  II.2).	
  

• Authorization	
  has	
  been	
  received	
  from	
  TCEQ	
  to	
  operate	
  a	
  compost	
  facility.(See	
  Appendix	
  
II.3)	
  

• Sources	
  from	
  which	
  to	
  obtain	
  the	
  needed	
  feedstocks	
  have	
  been	
  identified	
  and	
  
agreements	
  reached	
  regarding	
  provision	
  of	
  feedstocks.	
  

• Compost	
  blend	
  ratios	
  of	
  25%	
  water	
  hyacinth,	
  15%	
  poultry	
  litter,	
  10%	
  food	
  waste	
  and	
  
50%	
  wood	
  chips	
  have	
  been	
  determined	
  to	
  provide	
  required	
  temperatures	
  for	
  effective	
  
decomposition.	
  

• Students	
  assisting	
  in	
  the	
  composting	
  operation	
  have	
  been	
  trained	
  regarding	
  	
  safe	
  and	
  
effective	
  operation	
  of	
  equipment,	
  as	
  well	
  as	
  proper	
  procedures	
  for	
  composting	
  
materials.	
  

• Compost	
  facility	
  has	
  been	
  operated	
  and	
  maintained	
  according	
  to	
  procedures	
  described	
  
in	
  QAPP,	
  assuring	
  for	
  health	
  and	
  safety	
  of	
  staff,	
  prevention	
  of	
  on-­‐site	
  pests,	
  and	
  safe	
  
land	
  application	
  of	
  finished	
  products.	
  (See	
  Appendix	
  II.4)	
  

• Developed	
  and	
  implemented	
  a	
  land	
  application	
  plan	
  for	
  mature	
  compost	
  generated	
  (See	
  
appendix	
  II.5)	
  

• Recommendation	
  made	
  to	
  the	
  administration	
  of	
  Texas	
  State	
  University-­‐San	
  Marcos	
  to	
  
maintain	
  continued	
  operation	
  of	
  composting	
  facility	
  (See	
  Appendix	
  II.	
  6).	
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• Determined	
  the	
  impact	
  on	
  water	
  quality	
  through	
  the	
  removal	
  of	
  water	
  hyacinth	
  (See	
  
Appendix	
  II.7).	
  

	
  
Goal:	
  To	
  monitor	
  compost	
  quality	
  from	
  various	
  feedstocks;	
  to	
  conduct	
  tests	
  to	
  determine	
  proper	
  
temperatures	
  for	
  destruction	
  of	
  water	
  hyacinth	
  seeds;	
  to	
  determine	
  composting	
  feedstock	
  blends	
  best	
  
suited	
  for	
  destruction	
  of	
  water	
  hyacinth	
  seeds	
  at	
  proper	
  temperature;	
  and	
  to	
  test	
  the	
  quality	
  of	
  compost	
  
and	
  confirm	
  the	
  destruction	
  of	
  water	
  hyacinth	
  seeds	
  from	
  composting	
  process.	
  

• A	
  Quality	
  Assurance	
  Project	
  Plan	
  (QAPP)	
  was	
  submitted	
  and	
  approved.	
  One	
  year	
  
revisions	
  to	
  the	
  plan	
  were	
  made	
  and	
  approved.	
  

• The	
  following	
  feedstocks	
  were	
  collected	
  from	
  noted	
  sources	
  in	
  compliance	
  with	
  QAPP:	
  
o Water	
  hyacinth	
  –	
  Spring	
  Lake/	
  San	
  Marcos	
  River	
  
o Poultry	
  litter	
  –	
  Tyson	
  Foods,	
  Sequin	
  Texas	
  
o Food	
  waste	
  –	
  Texas	
  State	
  University	
  Cafeterias	
  
o Woodchips	
  –	
  Bartlett	
  Tree	
  Services,	
  San	
  Marcos	
  

• Several	
  attempts	
  were	
  made	
  to	
  identify	
  an	
  effective	
  medium	
  in	
  which	
  to	
  germinate	
  
water	
  hyacinth	
  seeds.	
  	
  A	
  procedure	
  used	
  by	
  the	
  Lady	
  Bird	
  Johnson	
  Wildflower	
  Center	
  
was	
  found	
  to	
  be	
  highly	
  effective	
  and	
  consistently	
  yielded	
  positive	
  results	
  in	
  germinating	
  
water	
  hyacinth	
  seeds	
  (See	
  Appendix	
  III.1).	
  

• 	
  Nine	
  temperatures	
  chambers	
  were	
  purchased	
  and	
  initial	
  tests	
  run	
  to	
  determine	
  
temperatures	
  at	
  which	
  water	
  hyacinth	
  seeds	
  were	
  destroyed.	
  Tests	
  indicated	
  that	
  
temperatures	
  at	
  135	
  degrees	
  F	
  and	
  above	
  destroy	
  water	
  hyacinth	
  seeds.	
  (See	
  Appendix	
  
III.2)	
  

• Based	
  on	
  industry	
  standards	
  set	
  by	
  the	
  U.S.	
  Compost	
  Council	
  Seal	
  of	
  Testing	
  Approval	
  
program,	
  the	
  study	
  found	
  that	
  the	
  quality	
  of	
  compost	
  created	
  from	
  water	
  hyacinth	
  was	
  
in	
  the	
  acceptable	
  to	
  ideal	
  ranges,	
  and	
  no	
  viable	
  water	
  hyacinth	
  seeds	
  existed	
  in	
  the	
  
resulting	
  compost.	
  (See	
  Appendix	
  III.3)	
  

• Field	
  tests	
  of	
  the	
  mature	
  compost	
  were	
  conducted	
  	
  and	
  indicated	
  that	
  a	
  potting	
  mixture	
  
using	
  compost	
  generated	
  in	
  this	
  study	
  was	
  a	
  suitable	
  alternative	
  to	
  peat.	
  (See	
  Appendix	
  
III.4).	
  

	
  
Goal:	
  To	
  provide	
  information	
  to	
  other	
  interested	
  parties	
  on	
  composting	
  techniques	
  for	
  invasive	
  weeds.	
  

• Eighteen	
  presentations	
  and/or	
  demonstrations	
  were	
  given	
  to	
  interested	
  parties	
  during	
  
the	
  past	
  18	
  months.	
  (See	
  Appendix	
  IV.1)	
  

• Best	
  Management	
  Practices	
  were	
  developed	
  for	
  the	
  proper	
  handling	
  and	
  destruction	
  of	
  
water	
  hyacinth	
  seeds	
  using	
  a	
  composting	
  system	
  (	
  See	
  Appendix	
  IV.2).	
  

	
  
	
  
Goal:	
  	
  To	
  provide	
  TCEQ	
  and	
  EPA	
  with	
  comprehensive	
  reports	
  on	
  activities	
  conducted	
  during	
  the	
  course	
  
of	
  this	
  project.	
  

• Nine	
  quarterly	
  reports	
  describing	
  progress	
  occurring	
  on	
  this	
  project	
  were	
  developed	
  and	
  
submitted	
  to	
  TCEQ	
  

• A	
  Fact	
  Sheet	
  describing	
  the	
  project	
  and	
  its	
  findings	
  was	
  developed	
  and	
  updated	
  annually	
  
• A	
  website	
  on	
  this	
  project	
  was	
  developed	
  and	
  maintained	
  
• An	
  interim	
  report	
  describing	
  the	
  first	
  year’s	
  activities	
  and	
  findings	
  was	
  submitted	
  to	
  

TCEQ	
  on	
  December	
  18,	
  2009	
  (See	
  Appendix	
  V.1)	
  
• A	
  final	
  report	
  on	
  the	
  activities	
  and	
  findings	
  of	
  this	
  project	
  was	
  submitted	
  to	
  TCEQ	
  on	
  

January	
  31,	
  2011.	
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Summary	
  
	
  
	
  Composting	
  appears	
  to	
  be	
  an	
  effective	
  way	
  to	
  manage	
  the	
  invasive	
  species,	
  water	
  hyacinth,	
  since	
  seeds	
  
and	
  other	
  propagules	
  were	
  killed	
  and	
  the	
  compost	
  produced	
  met	
  industry	
  quality	
  standards.	
  	
  The	
  study	
  
had	
  inconclusive	
  results	
  on	
  the	
  impact	
  removal	
  of	
  water	
  hyacinth	
  from	
  an	
  impaired	
  waterway	
  has	
  on	
  
water	
  quality.	
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Appendix	
  I.	
  1	
  -­‐	
  Project	
  Fact	
  Sheet	
  
	
  

	
  

Title:	
  

	
  

Large	
  Scale	
  Composting	
  System	
  as	
  a	
  Means	
  of	
  Controlling	
  Water	
  Hyacinth,	
  Eichhornia	
  
Crassipes	
  	
  

Water	
  Body:	
  

	
  

Upper	
  San	
  Marcos	
  River	
  (Segment	
  1814);	
  Guadalupe	
  River	
  below	
  San	
  Marcos	
  (Segment	
  
1803)	
  

	
  
	
  
Location:	
  

Sink	
  Creek	
  in	
  flow	
  into	
  Spring	
  Lake	
  to	
  Lake	
  Dam;	
  Elm	
  Creek	
  (Segment	
  1803a)	
  and	
  Sandies	
  
Creek	
  (Segments	
  1803c)	
  

	
  
River	
  Basin:	
  

Guadalupe	
  River	
  (18)	
  

	
  
Contractor:	
   Texas	
  State	
  University	
  –	
  San	
  Marcos	
  
	
  
Project	
  Period:	
   May	
  22,	
  2008	
  to	
  December	
  31,	
  2010	
  

	
  

Project	
  Summary	
  
	
  

	
  

	
   Water	
  hyacinth	
  is	
  one	
  of	
  the	
  most	
  invasive	
  aquatic	
  species	
  worldwide.	
  	
  Water	
  hyacinth	
  is	
  an	
  
invasive	
  aquatic	
  plant	
  that	
  blocks	
  waterways	
  and	
  lowers	
  the	
  dissolved	
  oxygen	
  resulting	
  in	
  reduced	
  
available	
  oxygen	
  for	
  animals	
  and	
  other	
  plants.	
  	
  Spring	
  Lake	
  contains	
  water	
  hyacinth,	
  which	
  if	
  not	
  
managed,	
  may	
  pose	
  a	
  threat	
  to	
  the	
  unique	
  ecosystem	
  in	
  the	
  lake.	
  	
  It	
  has	
  been	
  successfully	
  composted	
  in	
  
the	
  past,	
  but	
  a	
  large	
  scale	
  system	
  had	
  not	
  been	
  investigated	
  to	
  determine	
  if	
  all	
  plant	
  propagules	
  were	
  
destroyed	
  in	
  the	
  process.	
  	
  The	
  intent	
  of	
  this	
  study	
  was	
  to	
  determine	
  if	
  composting	
  is	
  an	
  effective	
  means	
  
of	
  managing	
  water	
  hyacinth	
  while	
  producing	
  a	
  quality	
  compost	
  product	
  for	
  the	
  horticultural	
  industry.	
  	
  
The	
  first	
  (1)	
  objective	
  of	
  this	
  study	
  was	
  to	
  germinate	
  seeds	
  of	
  water	
  hyacinth	
  by	
  implementing	
  
germination	
  tests	
  that	
  have	
  shown	
  success	
  in	
  related	
  studies.	
  	
  It	
  was	
  found	
  in	
  this	
  study	
  that	
  62%	
  
(62/100)	
  of	
  water	
  hyacinth	
  seeds	
  successfully	
  germinated	
  on	
  filter	
  paper	
  media	
  soaked	
  in	
  distilled	
  water	
  
and	
  placed	
  in	
  petri	
  dishes	
  held	
  at	
  a	
  constant	
  temperature	
  of	
  80	
  degrees	
  Fahrenheit	
  for	
  14	
  days.	
  	
  The	
  
second	
  (2)	
  objective	
  of	
  this	
  study	
  was	
  to	
  determine	
  the	
  temperatures	
  at	
  which	
  water	
  hyacinth	
  seeds	
  
were	
  rendered	
  non-­‐viable.	
  	
  This	
  study	
  found	
  that	
  water	
  hyacinth	
  seeds	
  were	
  rendered	
  non-­‐viable	
  at	
  
temperatures	
  at	
  or	
  above	
  135	
  degrees	
  Fahrenheit.	
  	
  The	
  third	
  (3)	
  objective	
  of	
  this	
  study	
  was	
  to	
  conduct	
  a	
  
compost	
  demonstration	
  project	
  which	
  included	
  harvesting	
  water	
  hyacinth	
  from	
  Spring	
  Lake,	
  located	
  in	
  
the	
  Upper	
  San	
  Marcos	
  River,	
  and	
  create	
  a	
  compost	
  blend	
  with	
  poultry	
  litter	
  from	
  the	
  Elm	
  Creek	
  and	
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Sandies	
  Creek	
  Watersheds,	
  along	
  with	
  other	
  feedstocks.	
  	
  This	
  study	
  created	
  11	
  compost	
  piles	
  derived	
  
from	
  22,000	
  pounds	
  of	
  water	
  hyacinth,	
  20,000	
  pounds	
  of	
  food	
  waste,	
  25,000	
  pounds	
  of	
  poultry	
  litter,	
  
and	
  38,000	
  pounds	
  of	
  wood	
  chips.	
  	
  The	
  sources	
  of	
  the	
  chicken	
  litter,	
  Elm	
  Creek	
  (Segment	
  1803A)	
  and	
  
Sandies	
  Creek	
  (Segment	
  1803C),	
  are	
  listed	
  on	
  the	
  2006	
  303(d)	
  List	
  of	
  impaired	
  water	
  bodies	
  for	
  
depressed	
  dissolved	
  oxygen	
  and	
  elevated	
  levels	
  of	
  bacteria.	
  	
  The	
  fourth	
  (4)	
  objective	
  of	
  this	
  study	
  was	
  to	
  
determine	
  if	
  the	
  composting	
  process	
  rendered	
  water	
  hyacinth	
  seeds	
  and	
  propagules	
  non-­‐viable.	
  	
  Results	
  
of	
  this	
  study	
  indicated	
  that	
  the	
  composting	
  process	
  reached	
  and	
  sustained	
  high	
  enough	
  temperatures	
  to	
  
kill	
  and	
  fully	
  decompose	
  seeds	
  and	
  other	
  propagules	
  of	
  water	
  hyacinth.	
  	
  Therefore,	
  water	
  hyacinth	
  can	
  
be	
  composted	
  without	
  the	
  potential	
  danger	
  of	
  it	
  spreading.	
  	
  The	
  fifth	
  (5)	
  objective	
  of	
  this	
  study	
  was	
  to	
  
determine	
  the	
  quality	
  of	
  the	
  compost	
  produced.	
  	
  This	
  study	
  found	
  that	
  the	
  quality	
  of	
  compost	
  created	
  
from	
  water	
  hyacinth	
  was	
  in	
  the	
  acceptable	
  to	
  ideal	
  ranges	
  of	
  given	
  industry	
  quality	
  standards,	
  though	
  
there	
  was	
  a	
  learning	
  curve	
  by	
  the	
  student	
  workers	
  in	
  the	
  preparation	
  of	
  the	
  piles	
  using	
  the	
  large	
  
equipment.	
  	
  The	
  sixth	
  (6)	
  objective	
  of	
  this	
  study	
  was	
  to	
  improve	
  water	
  quality	
  by	
  removing	
  poultry	
  litter	
  
from	
  bacteria-­‐impaired	
  watersheds	
  and	
  determine	
  how	
  and	
  if	
  the	
  removal	
  of	
  water	
  hyacinth	
  impacts	
  
water	
  quality.	
  	
  This	
  study	
  did	
  not	
  indicate	
  that	
  the	
  removal	
  of	
  water	
  hyacinth	
  impacted	
  the	
  water	
  quality	
  
of	
  the	
  area	
  either	
  negatively	
  or	
  positively.	
  	
  	
  The	
  project	
  also	
  included	
  utilizing	
  different	
  feed	
  stocks	
  and	
  
developing	
  a	
  composting	
  program	
  in	
  an	
  approved	
  area;	
  securing	
  necessary	
  permits,	
  registrations	
  and	
  
notifications;	
  developing	
  a	
  QAPP;	
  conducting	
  laboratory	
  work	
  to	
  determine	
  the	
  best	
  mixture	
  of	
  feed	
  
stocks	
  to	
  destroy	
  the	
  hyacinth	
  seeds;	
  and	
  providing	
  information	
  through	
  workshops,	
  lectures	
  and	
  on-­‐site	
  
demonstrations	
  of	
  hyacinth	
  removal	
  and	
  composting	
  practices.	
  	
  	
  Given	
  that	
  the	
  effectiveness	
  of	
  the	
  
compost	
  process	
  in	
  destroying	
  water	
  hyacinth	
  seeds	
  has	
  been	
  demonstrated,	
  the	
  same	
  method	
  may	
  be	
  
used	
  to	
  control	
  water	
  hyacinth	
  in	
  other	
  water	
  bodies.	
  	
  

	
  

	
  
	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Water	
  hyacinth	
  continues	
  to	
  invade	
  the	
  Sink	
  Creek	
  inflow/slough	
  of	
  Spring	
  Lake	
  on	
  the	
  upper	
  San	
  
Marcos	
  River,	
  affecting	
  water	
  quality	
  in	
  that	
  water	
  body.	
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Project	
  Description	
  
This	
  project	
  tested	
  whether	
  a	
  large	
  scale	
  demonstration	
  compost	
  operation	
  could	
  be	
  used	
  to	
  

destroy	
  an	
  invasive	
  aquatic	
  plant,	
  water	
  hyacinth,	
  and	
  its	
  seeds,	
  and	
  produce	
  a	
  mature	
  compost.	
  Water	
  
hyacinth,	
  harvested	
  from	
  Spring	
  Lake	
  in	
  San	
  Marcos,	
  was	
  combined	
  with	
  other	
  feed	
  stocks	
  (poultry	
  
litter,	
  wood	
  chips,	
  and	
  food	
  waste)	
  to	
  produce	
  a	
  mature	
  compost	
  that	
  destroyed	
  the	
  water	
  hyacinth	
  and	
  
its	
  seeds.	
  The	
  results	
  of	
  the	
  project	
  were	
  presented	
  to	
  interested	
  parties	
  and	
  can	
  serve	
  as	
  an	
  example	
  of	
  
best	
  management	
  practices	
  for	
  other	
  water	
  bodies	
  with	
  water	
  hyacinth	
  problems.	
  The	
  project	
  was	
  
supported	
  through	
  a	
  research	
  grant	
  from	
  the	
  Texas	
  Commission	
  on	
  Environmental	
  Quality.	
  	
  	
  

	
   Water	
  hyacinth	
  is	
  a	
  native	
  of	
  the	
  Amazon	
  River	
  and	
  became	
  an	
  aquatic	
  weed	
  problem	
  in	
  the	
  
United	
  States	
  during	
  the	
  last	
  century.	
  Water	
  hyacinth	
  has	
  caused	
  blocked	
  waterways	
  and	
  lowered	
  
dissolved	
  oxygen	
  levels,	
  resulting	
  in	
  reduced	
  available	
  oxygen	
  for	
  aquatic	
  animals	
  and	
  plants.	
  Herbicides	
  
have	
  been	
  used	
  to	
  control	
  water	
  hyacinth,	
  but	
  this	
  is	
  not	
  a	
  preferred	
  approach	
  for	
  environmentally	
  
sensitive	
  habitats.	
  Harvesting	
  the	
  water	
  hyacinth	
  and	
  then	
  using	
  a	
  composting	
  process	
  to	
  destroy	
  the	
  
plant	
  and	
  its	
  seed	
  is	
  an	
  environmentally	
  safe	
  approach.	
  Composting	
  is	
  known	
  to	
  kill	
  weed	
  seeds	
  if	
  
temperatures	
  are	
  high	
  enough	
  and	
  maintained	
  for	
  long	
  periods	
  of	
  time.	
  This	
  project	
  tested	
  and	
  
documented	
  the	
  effectiveness	
  of	
  composting	
  in	
  destroying	
  water	
  hyacinth	
  and	
  its	
  seeds.	
  	
  

	
  

Project	
  Highlights:	
  

	
   Five	
  acres	
  at	
  the	
  Muller	
  Farm	
  property	
  owned	
  by	
  Texas	
  State	
  University	
  was	
  developed	
  for	
  the	
  
composting	
  operation.	
  The	
  site	
  complies	
  with	
  WQG	
  200000	
  Texas	
  General	
  Permit	
  requirements.	
  	
  

A	
  permit	
  to	
  transport	
  an	
  exotic	
  species	
  (water	
  hyacinth)	
  was	
  obtained	
  from	
  Texas	
  Parks	
  and	
  
Wildlife	
  Department;	
  a	
  notice	
  of	
  intent	
  to	
  operate	
  a	
  compost	
  facility	
  was	
  issued	
  by	
  the	
  Texas	
  
Commission	
  on	
  Environmental	
  Quality.	
  	
  

Agreement	
  was	
  reached	
  with	
  a	
  number	
  of	
  partners	
  to	
  provide	
  feedstocks	
  for	
  the	
  composting	
  
operation.	
  Aquarena	
  Center	
  at	
  Texas	
  State	
  University	
  provided	
  the	
  water	
  hyacinth.	
  Tyson’s	
  Foods	
  Seguin	
  
provided	
  the	
  chicken	
  litter.	
  Chartwells,	
  the	
  food	
  contractor	
  for	
  Texas	
  State	
  University,	
  provided	
  food	
  
waste	
  from	
  university	
  cafeterias.	
  Bartlett	
  Tree	
  Service	
  provided	
  wood	
  chips.	
  	
  

	
   Lab	
  tests	
  were	
  designed	
  and	
  equipment	
  purchased	
  to	
  determine	
  the	
  ideal	
  conditions	
  for	
  
germinating	
  the	
  seeds	
  of	
  water	
  hyacinth.	
  Conditions	
  identified	
  from	
  this	
  experiment	
  were	
  used	
  to	
  
determine	
  the	
  viability	
  of	
  seeds	
  exposed	
  to	
  the	
  composting	
  process.	
  	
  

	
   Lab	
  tests	
  were	
  also	
  designed	
  and	
  equipment	
  purchased	
  to	
  determine	
  the	
  temperatures	
  required	
  
to	
  destroy	
  the	
  seeds	
  of	
  water	
  hyacinth.	
  The	
  resulting	
  temperatures	
  were	
  maintained	
  in	
  the	
  composting	
  
piles.	
  	
  

	
   The	
  composting	
  operation	
  focused	
  on	
  determining	
  the	
  optimal	
  mixture	
  of	
  feedstock	
  to	
  maintain	
  
temperatures	
  required	
  to	
  destroy	
  the	
  water	
  hyacinth	
  seed	
  and	
  produce	
  a	
  mature	
  compost.	
  Compost	
  
produced	
  by	
  this	
  process	
  were	
  sampled	
  and	
  tested	
  using	
  quality	
  testing	
  standards	
  for	
  compost	
  at	
  the	
  
Pennsylvania	
  State	
  University	
  Agricultural	
  Analytical	
  Services	
  Laboratory.	
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   A	
  series	
  of	
  workshops	
  and	
  demonstrations	
  were	
  presented	
  to	
  interested	
  parties	
  regarding	
  this	
  
project.	
  These	
  workshops	
  covered	
  water	
  hyacinth	
  harvesting,	
  blending	
  of	
  feedstocks,	
  building	
  and	
  
maintaining	
  compost	
  windrows,	
  testing	
  protocols,	
  and	
  best	
  management	
  practices.	
  	
  

	
  

	
  

	
  

Results:	
  

	
   Lab	
  tests	
  validated	
  that	
  germination	
  of	
  water	
  hyacinth	
  seeds	
  were	
  induced	
  on	
  filter	
  paper	
  in	
  
petri	
  dishes	
  in	
  incubators	
  maintained	
  at	
  80	
  degrees	
  F;	
  62%	
  of	
  all	
  seeds	
  tested	
  under	
  these	
  conditions	
  
germinated	
  within	
  14	
  days.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Lab	
  tests	
  validated	
  that	
  constant	
  temperatures	
  of	
  135	
  degrees	
  F	
  and	
  above	
  killed	
  all	
  water	
  
hyacinth	
  seeds	
  within	
  3	
  days.	
  

	
   A	
  large-­‐scale	
  composting	
  system	
  was	
  developed	
  at	
  the	
  Texas	
  State	
  Muller	
  Farm	
  that	
  used	
  water	
  
hyacinth	
  harvested	
  from	
  Spring	
  Lake	
  and	
  nearby	
  areas	
  of	
  the	
  San	
  Marcos	
  River	
  as	
  a	
  feedstock.	
  	
  Eleven	
  
compost	
  piles	
  were	
  created	
  from	
  22,000	
  pounds	
  of	
  water	
  hyacinth,	
  20,000	
  pounds	
  of	
  food	
  waste,	
  
25,000	
  pounds	
  of	
  poultry	
  litter,	
  and	
  38,000	
  pounds	
  of	
  wood	
  chips.	
  	
  In	
  the	
  past,	
  water	
  hyacinth	
  in	
  this	
  
area	
  of	
  Spring	
  Lake	
  was	
  typically	
  harvested	
  and	
  dried	
  on	
  the	
  river	
  bank	
  where	
  it	
  was	
  a	
  wasted	
  product	
  
and	
  also	
  had	
  the	
  potential	
  to	
  add	
  to	
  the	
  seed	
  bank	
  around	
  Spring	
  Lake.	
  	
  Poultry	
  litter	
  is	
  considered	
  to	
  be	
  
a	
  groundwater	
  contaminating	
  agent	
  and	
  the	
  expense	
  to	
  dispose	
  of	
  the	
  litter	
  costs	
  a	
  substantial	
  amount	
  
of	
  money.	
  	
  Food	
  waste	
  from	
  the	
  Texas	
  State	
  cafeterias	
  was	
  previously	
  put	
  in	
  trash	
  receptacles	
  and	
  cost	
  
the	
  university	
  in	
  trash	
  hauling	
  fees.	
  This	
  study	
  created	
  an	
  estimated	
  66	
  yards	
  of	
  compost	
  valued	
  at	
  
$1980	
  from	
  materials	
  that	
  were	
  otherwise	
  considered	
  problematic.	
  

	
   This	
  study	
  found	
  that	
  the	
  quality	
  of	
  compost	
  created	
  from	
  water	
  hyacinth	
  was	
  in	
  the	
  acceptable	
  
to	
  ideal	
  ranges	
  of	
  given	
  industry	
  quality	
  standards.	
  	
  The	
  piles	
  that	
  fell	
  below	
  the	
  acceptable	
  to	
  ideal	
  
ranges	
  were	
  attributed	
  to	
  problems	
  due	
  to	
  inexperienced	
  equipment	
  operators	
  at	
  the	
  beginning	
  of	
  the	
  
study	
  and	
  were	
  corrected	
  in	
  newer	
  piles.	
  	
  Therefore,	
  with	
  experienced	
  operators	
  and	
  improvements	
  to	
  
the	
  compost	
  pad	
  surface,	
  compost	
  of	
  a	
  more	
  consistent	
  and	
  higher	
  quality	
  can	
  be	
  produced	
  by	
  those	
  
replicating	
  the	
  study.	
  	
  	
  

	
   The	
  final	
  objective	
  of	
  this	
  study	
  was	
  to	
  determine	
  how	
  and	
  if	
  the	
  removal	
  of	
  water	
  hyacinth	
  
impacts	
  water	
  quality.	
  	
  Pre-­‐test	
  and	
  post-­‐test	
  water	
  quality	
  samples	
  were	
  collected	
  for	
  electrical	
  
conductivity	
  and	
  dissolved	
  oxygen	
  content	
  at	
  the	
  water	
  hyacinth	
  harvesting	
  site.	
  	
  This	
  study	
  did	
  not	
  
indicate	
  that	
  the	
  removal	
  of	
  water	
  hyacinth	
  impacted	
  the	
  water	
  quality	
  of	
  the	
  area	
  either	
  negatively	
  or	
  
positively.	
  	
  Water	
  quality	
  sample	
  data	
  was	
  collected	
  by	
  volunteers	
  from	
  the	
  Texas	
  Stream	
  Team	
  and	
  
limited;	
  therefore,	
  results	
  may	
  be	
  distorted	
  from	
  a	
  lack	
  of	
  data	
  points.	
  	
  Additionally,	
  the	
  area	
  where	
  
water	
  hyacinth	
  was	
  collected	
  was	
  routinely	
  harvested	
  by	
  volunteers	
  before	
  the	
  study	
  had	
  occurred	
  and	
  
therefore,	
  no	
  changes	
  were	
  observed.	
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Project	
  Partners	
  &	
  Funding	
  
	
  

The	
  TCEQ	
  and	
  Texas	
  State	
  University	
  –	
  San	
  Marcos	
  are	
  leading	
  research	
  efforts	
  in	
  this	
  project.	
  Other	
  
partners	
  contributing	
  to	
  the	
  project	
  include:	
  	
  

	
   	
   San	
  Marcos	
  River	
  Foundation	
  –	
  water	
  hyacinth	
  collection	
  
	
   	
   Tyson’s	
  Foods	
  –	
  Seguin	
  –	
  provision	
  of	
  feedstock	
  
	
   	
   Chartwells,	
  Inc.	
  –	
  provision	
  of	
  feedstock	
  
	
   	
   Bartlett	
  Tree	
  Service	
  –	
  provision	
  of	
  feedstock	
  
	
   	
   Texas	
  Disposal	
  System	
  –	
  advice	
  and	
  training	
  assistance	
  
	
  
The	
  project	
  has	
  been	
  funded	
  with	
  $442,432	
  in	
  EPA	
  section	
  319	
  and	
  nonfederal	
  matching	
  funds.	
  	
  
	
  

Last	
  Updated:	
  	
  	
  November	
  24,	
  2010	
  
	
  
	
  

• Related	
  website(s):	
  
www.rivers.txstate.edu/projects/newprojects/compost_system.html	
  

	
  
	
  

	
  
	
  
For	
  More	
  Information	
  Contact:	
  
	
  
Dr.	
  Tina	
  Cade	
  
Department	
  of	
  Agriculture	
  
Texas	
  State	
  University	
  –	
  San	
  Marcos	
  
512-­‐245-­‐3324	
  
TC10@txstate.edu	
  
	
  
Jack	
  Higginbotham	
  
Project	
  Manager	
  	
  
Nonpoint	
  Source	
  Program	
  	
  
Texas	
  Commission	
  on	
  Environmental	
  Quality	
  	
  
512-­‐239-­‐1000	
  
JHigginb@tceq.state.tx.us	
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Appendix	
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Appendix	
  II.3	
  –	
  TCEQ	
  Authorization	
  to	
  Operate	
  Composting	
  Facility	
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Appendix	
  II.4	
  -­‐	
  Protocol	
  for	
  Composting	
  Aquatic	
  Invasive	
  Species	
  

	
  
	
   Water	
  hyacinth	
  is	
  one	
  of	
  the	
  most	
  invasive	
  aquatic	
  species	
  worldwide.	
  	
  It	
  has	
  been	
  
successfully	
  composted	
  in	
  the	
  past,	
  but	
  a	
  large	
  scale	
  system	
  had	
  not	
  been	
  investigated	
  to	
  
determine	
  if	
  all	
  plant	
  propagules	
  are	
  destroyed	
  in	
  the	
  process.	
  	
  The	
  intent	
  of	
  this	
  study	
  was	
  to	
  
determine	
  if	
  composting	
  is	
  an	
  effective	
  means	
  of	
  managing	
  water	
  hyacinth	
  while	
  producing	
  a	
  
quality	
  compost	
  product	
  for	
  the	
  horticultural	
  industry.	
  	
  An	
  objective	
  of	
  this	
  study	
  was	
  to	
  
determine	
  the	
  temperatures	
  at	
  which	
  water	
  hyacinth	
  seeds	
  were	
  rendered	
  non-­‐viable	
  and	
  to	
  
determine	
  if	
  these	
  temperatures	
  could	
  be	
  maintained	
  in	
  a	
  composting	
  system.	
  	
  As	
  a	
  waste-­‐
management	
  system	
  within	
  agriculture,	
  composting	
  is	
  known	
  to	
  kill	
  weed	
  seeds	
  if	
  temperatures	
  
are	
  high	
  enough	
  and	
  maintained	
  for	
  long	
  enough	
  periods	
  of	
  time	
  (Rynk	
  et	
  al.	
  1992).	
  	
  For	
  
germination	
  to	
  be	
  inhibited	
  on	
  weed	
  seeds	
  of	
  bindweed	
  (Convolvulus	
  arvensis),	
  pigweed	
  
(Amaranthus	
  spp.),	
  johnsongrass	
  (Sorghum	
  halepense)	
  and	
  kochia	
  (Kochia	
  americana),	
  
temperatures	
  of	
  120	
  to	
  180	
  degrees	
  Fahrenheit	
  for	
  three	
  to	
  seven	
  days	
  on	
  average	
  must	
  be	
  
obtained	
  (Rynk	
  et	
  al.	
  1992).	
  	
  However,	
  in	
  this	
  study,	
  the	
  temperatures	
  needed	
  to	
  kill	
  seeds	
  of	
  
water	
  hyacinth	
  were	
  not	
  yet	
  known.	
  	
  Therefore,	
  seed	
  kill	
  experiments	
  were	
  conducted	
  using	
  
small	
  ovens	
  to	
  hold	
  compost	
  and	
  water	
  hyacinth	
  seed	
  samples	
  at	
  varying	
  temperatures	
  to	
  
discern	
  at	
  what	
  temperatures	
  the	
  embryos	
  were	
  killed.	
  	
  It	
  was	
  found	
  that	
  a	
  temperature	
  at	
  or	
  
above	
  135	
  degrees	
  Fahrenheit	
  was	
  required	
  to	
  render	
  the	
  water	
  hyacinth	
  seed	
  non-­‐viable.	
  	
  This	
  
temperature	
  is	
  easily	
  obtained	
  in	
  a	
  large-­‐scale	
  composting	
  system	
  with	
  proper	
  proportions	
  of	
  
carbon	
  and	
  nitrogen.	
  	
  Therefore,	
  researchers	
  concluded	
  that	
  compost	
  piles	
  must	
  be	
  maintained	
  
at	
  temperatures	
  of	
  at	
  least	
  135	
  degrees	
  Fahrenheit	
  in	
  order	
  to	
  ensure	
  that	
  water	
  hyacinth	
  seed	
  
will	
  rendered	
  non-­‐viable.	
  	
  	
  

Eleven	
  compost	
  piles	
  were	
  created	
  with	
  feedstocks	
  at	
  the	
  following	
  percentages:	
  food	
  
waste	
  from	
  the	
  university	
  cafeterias	
  (10%),	
  poultry	
  litter	
  (15%),	
  water	
  hyacinth	
  plants	
  (25%)	
  and	
  
wood	
  chips	
  (50%).	
  	
  A	
  total	
  of	
  22,000	
  pounds	
  of	
  water	
  hyacinth	
  were	
  mixed	
  with	
  20,000	
  pounds	
  
of	
  food	
  waste,	
  25,000	
  pounds	
  of	
  poultry	
  litter	
  and	
  38,000	
  pounds	
  of	
  wood	
  chips	
  throughout	
  the	
  
study	
  period.	
  	
  	
  Rows	
  of	
  feedstock	
  blends	
  were	
  laid	
  out	
  in	
  separate	
  areas	
  and	
  monitored	
  for	
  
heat,	
  moisture	
  and	
  maturity.	
  	
  Piles	
  were	
  built	
  to	
  be	
  5	
  to	
  6	
  feet	
  tall	
  and	
  10-­‐12	
  feet	
  wide.	
  	
  This	
  
height	
  and	
  width	
  allowed	
  the	
  piles	
  to	
  be	
  insulated	
  and	
  generate	
  enough	
  heat	
  to	
  kill	
  pathogens	
  
(including	
  the	
  weed	
  seeds	
  of	
  interest),	
  but	
  did	
  not	
  allow	
  too	
  much	
  heat	
  to	
  be	
  generated	
  in	
  the	
  
piles	
  which	
  can	
  result	
  in	
  spontaneous	
  combustion.	
  	
  	
  
	
   Moisture	
  levels	
  were	
  measured	
  with	
  a	
  60”	
  meter	
  with	
  a	
  precision	
  level	
  of	
  +/-­‐	
  10	
  %	
  
(Compost	
  Moisture	
  Meter,	
  Reotemp	
  Instrument	
  Corporation).	
  	
  A	
  moisture	
  level	
  of	
  50-­‐60%	
  is	
  
ideal	
  for	
  compost	
  production.	
  	
  Acidity	
  and	
  alkalinity	
  (pH)	
  was	
  measured	
  with	
  a	
  “Soil	
  pH”	
  sensor	
  
(Soil	
  pH	
  direct	
  reading	
  tester,	
  Kelway)	
  with	
  a	
  precision	
  level	
  of	
  +/-­‐	
  5	
  %.	
  	
  Acidity	
  and	
  alkalinity	
  
levels	
  for	
  compost	
  can	
  vary	
  based	
  on	
  feedstocks.	
  	
  The	
  ideal	
  pH	
  is	
  between	
  6.8-­‐7.3,	
  but	
  
acceptable	
  ranges	
  include	
  a	
  pH	
  from	
  5.0-­‐8.5.	
  	
  Temperatures	
  of	
  the	
  piles	
  were	
  monitored	
  with	
  a	
  
windrow	
  thermometer	
  at	
  6	
  randomly	
  chosen	
  areas	
  with	
  a	
  precision	
  level	
  of	
  +/-­‐	
  1	
  %	
  (Windrow	
  
Compost	
  Thermometer,	
  Reotemp	
  Instrument	
  Corporation).	
  	
  Temperatures	
  above	
  130	
  degrees	
  
Fahrenheit	
  were	
  desired	
  for	
  weed	
  seed	
  kill.	
  	
  Oxygen	
  levels	
  of	
  piles	
  were	
  controlled	
  through	
  
scheduled	
  turning	
  of	
  the	
  piles	
  and	
  measured	
  with	
  a	
  oxygen-­‐temperature	
  monitor	
  (MF420-­‐0-­‐M,	
  
MF420-­‐5T-­‐100,	
  J.	
  Dittrich)	
  regularly.	
  	
  The	
  precision	
  level	
  of	
  this	
  instrument	
  was	
  +/-­‐	
  2	
  %.	
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   Piles	
  were	
  turned	
  every	
  5	
  days	
  (when	
  environmental	
  conditions	
  allowed)	
  to	
  ensure	
  that	
  
formerly	
  outer	
  exposed	
  surfaces	
  were	
  buried	
  within	
  the	
  pile	
  each	
  time	
  the	
  pile	
  was	
  turned	
  
(Rynk	
  et	
  al.	
  1992).	
  	
  Turning	
  was	
  done	
  with	
  a	
  skid-­‐loader	
  (268B,	
  CAT)	
  by	
  the	
  researcher.	
  	
  Once	
  
feedstocks	
  were	
  decomposed,	
  piles	
  were	
  moved	
  to	
  another	
  designated	
  area	
  for	
  curing	
  to	
  
occur.	
  	
  	
  

To	
  determine	
  if	
  water	
  hyacinth	
  seeds	
  and	
  propagules	
  were	
  killed	
  in	
  the	
  compost	
  
process,	
  one	
  hundred	
  1	
  gallon	
  samples	
  were	
  collected	
  and	
  then	
  screened	
  to	
  2mm	
  to	
  observe	
  
for	
  seeds	
  and	
  other	
  propagules.	
  	
  No	
  seeds	
  or	
  propagules	
  of	
  water	
  hyacinth	
  were	
  found.	
  	
  This	
  
allows	
  for	
  the	
  species	
  to	
  be	
  composted	
  without	
  the	
  potential	
  danger	
  of	
  it	
  spreading.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Additionally,	
  each	
  of	
   the	
  11	
  compost	
  piles	
  was	
   sampled	
  and	
  samples	
  were	
   sent	
   to	
   the	
  
Pennsylvania	
   State	
   Agricultural	
   Analytical	
   Services	
   Laboratory	
   (University	
   Park,	
   Pennsylvania)	
  
for	
  testing.	
   	
  This	
  study	
  found	
  that	
  the	
  quality	
  of	
  compost	
  created	
  from	
  water	
  hyacinth	
  was	
   in	
  
the	
  acceptable	
  to	
  ideal	
  ranges	
  of	
  given	
  industry	
  quality	
  standards,	
  though	
  there	
  was	
  a	
  learning	
  
curve	
  by	
   the	
  student	
  workers	
   in	
   the	
  preparation	
  of	
   the	
  piles	
  using	
   the	
   large	
  equipment.	
   	
  The	
  
method	
  used	
  in	
  this	
  study	
  for	
  determining	
  the	
  temperatures	
  at	
  which	
  seeds	
  and	
  propagules	
  of	
  
invasive	
  species	
  are	
  rendered	
  non-­‐viable	
  could	
  be	
  replicated	
  with	
  other	
   invasive	
  plant	
  species	
  
to	
  determine	
  if	
  they	
  have	
  the	
  potential	
  to	
  be	
  utilized	
  as	
  feedstocks	
  in	
  the	
  composting	
  process	
  as	
  
well.	
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Appendix	
  II.5	
  –	
  Land	
  Application	
  Plan	
  for	
  Mature	
  Compost	
  

Two	
  general	
  plans	
  were	
  developed	
  on	
  how	
  to	
  distribute	
  the	
  compost	
  generated	
  through	
  
this	
  project.	
  The	
   initial	
  plan	
  focused	
  on	
  the	
  distribution	
  of	
   the	
  compost	
  generated	
  during	
  this	
  
project.	
   It	
  was	
   anticipated	
   that	
   between	
  70-­‐100	
   cubic	
   yards	
  of	
   compost	
  would	
  be	
   generated	
  
from	
  this	
  research	
  project.	
  While	
  a	
  small	
  portion	
  of	
  the	
  mature	
  compost	
  would	
  be	
  needed	
  for	
  
other	
  aspects	
  of	
  the	
  research	
  study,	
  most	
  of	
  the	
  compost	
  generated	
  would	
  be	
  available	
  for	
  use.	
  
The	
   Department	
   of	
   Agriculture	
   at	
   Texas	
   State	
   University	
   has	
   a	
   number	
   of	
   gardens	
   and	
  
landscape	
   features	
   that	
   require	
   compost	
   application	
   at	
   least	
   twice	
   a	
   year.	
   Any	
   compost	
   left	
  
over	
  would	
  be	
  used	
  for	
  plant	
  cultivation	
  in	
  the	
  Department’s	
  green	
  house.	
  

A	
  second	
  distribution	
  plan	
  was	
  also	
  identified	
  assuming	
  the	
  University	
  would	
  ageree	
  to	
  
take	
  over	
  the	
  composting	
  operation.	
  Because	
  of	
  the	
  University’s	
  ability	
  to	
  significantly	
  increase	
  
the	
  amount	
  of	
  feed	
  stock	
  available,	
  it	
  is	
  assumed	
  that	
  the	
  amount	
  of	
  compost	
  generated	
  at	
  the	
  
Muller	
   Farm	
   site	
   would	
   increase	
   to	
   525-­‐600	
   cubic	
   yards	
   per	
   year.	
   This	
   amount	
   of	
   mature	
  
compost	
   would	
   provide	
   annual	
   applications	
   needed	
   for	
   athletic	
   fields	
   and	
   the	
   golf	
   course	
  
maintained	
  by	
  the	
  University.	
  

During	
  the	
  course	
  of	
  this	
  project,	
  several	
  organizations	
  throughout	
  the	
  region	
  inquired	
  
about	
   availability	
   of	
   the	
   mature	
   compost.	
   These	
   included	
   the	
   City	
   Parks	
   and	
   Recreation	
  
Department	
   who	
   were	
   interested	
   in	
   compost	
   for	
   athletic	
   fields	
   and	
   gardens	
   at	
   its	
   Nature	
  
Center.	
   Community	
   garden	
   groups	
   inquired	
   about	
   availability	
   of	
   compost,	
   as	
   did	
   the	
   Hays	
  
County	
  Consolidated	
  Independent	
  School	
  District,	
  which	
  is	
  in	
  the	
  process	
  of	
  developing	
  school	
  
gardens	
  at	
   its	
  elementary	
  schools.	
   It	
   is	
   felt	
   that	
  on-­‐going	
  operation	
  of	
   the	
  composting	
   facility	
  
would	
  have	
  a	
  never	
  ending	
  demand	
  for	
  the	
  compost	
  generated.	
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Appendix	
  II.6	
  -­‐	
  Recommendation	
  to	
  the	
  Administration	
  at	
  Texas	
  State	
  University	
  
to	
  Maintain	
  and	
  Operate	
  the	
  Composting	
  Facility	
  Created	
  through	
  the	
  TCEQ	
  
Project.	
  
	
   From	
  the	
  inception	
  of	
  this	
  project,	
  the	
  administration	
  at	
  Texas	
  State	
  University	
  has	
  been	
  
aware	
  and	
  supportive	
  of	
  achieving	
  the	
  projects	
  objectives.	
  The	
  investigators	
  worked	
  closely	
  
with	
  staff	
  from	
  the	
  University’s	
  Division	
  of	
  Finance	
  and	
  Support	
  Services	
  to	
  identify	
  a	
  site	
  for	
  the	
  
composting	
  facility	
  and	
  to	
  develop	
  a	
  very	
  workable	
  facility.	
  Over	
  $45,000	
  in	
  University	
  
resources	
  were	
  provided	
  to	
  develop	
  the	
  composting	
  facility	
  at	
  Muller	
  Farm	
  and	
  to	
  purchase	
  
major	
  equipment	
  needed	
  for	
  the	
  project.	
  Moreover,	
  the	
  administration	
  encouraged	
  and	
  
supported	
  the	
  projects	
  outreach	
  efforts,	
  specifically	
  through	
  the	
  inclusion	
  of	
  presentations	
  and	
  
demonstrations	
  about	
  the	
  project	
  in	
  the	
  campus	
  wide	
  Common	
  Experience	
  on	
  sustainability.	
  
	
   Several	
  meetings	
  were	
  held	
  during	
  the	
  summer	
  of	
  2010	
  with	
  the	
  Associate	
  Vice	
  
President	
  for	
  Finance	
  and	
  Support	
  Services	
  Planning	
  to	
  explore	
  the	
  possibility	
  of	
  the	
  University	
  
maintaining	
  and	
  operating	
  the	
  composting	
  facility	
  developed	
  through	
  the	
  TCEQ	
  project.	
  	
  
Although	
  the	
  University	
  maintained	
  a	
  small-­‐scale	
  composting	
  area	
  through	
  the	
  Facilities	
  
Department,	
  it	
  was	
  believed	
  a	
  large-­‐scale	
  composting	
  site,	
  as	
  developed	
  at	
  Muller	
  Farm,	
  would	
  
provide	
  greater	
  benefits.	
  Issues	
  discussed	
  during	
  these	
  meetings	
  included	
  required	
  operating	
  
budgets,	
  potential	
  funding	
  sources,	
  shared	
  space	
  with	
  future	
  research	
  efforts	
  on	
  composting,	
  
accessibility	
  to	
  site	
  several	
  miles	
  from	
  campus,	
  and	
  current	
  and	
  future	
  uses	
  of	
  compost	
  on	
  
campus.	
  Discussions	
  were	
  also	
  held	
  with	
  City	
  of	
  San	
  Marcos	
  staff	
  to	
  explore	
  a	
  potential	
  
partnership	
  between	
  the	
  city	
  and	
  University	
  to	
  operate	
  a	
  large-­‐scale	
  composting	
  facility.	
  
	
   The	
  University	
  administration,	
  currently	
  operating	
  under	
  a	
  7.5%	
  cut	
  in	
  its	
  FY2011	
  budget	
  
and	
  facing	
  as	
  much	
  as	
  a	
  15%-­‐20%	
  budget	
  cut	
  during	
  FY2012,	
  decided	
  not	
  to	
  undertake	
  the	
  
additional	
  cost	
  of	
  maintenance	
  and	
  operation	
  of	
  the	
  Muller	
  Farm	
  composting	
  facility	
  at	
  this	
  
time.	
  Maintenance	
  of	
  the	
  facility,	
  as	
  a	
  research	
  operation,	
  will	
  continue	
  through	
  FY2011,	
  as	
  part	
  
of	
  a	
  US	
  Department	
  of	
  Agriculture	
  research	
  grant	
  obtained	
  by	
  the	
  River	
  Systems	
  Institute.	
  	
  
Additional	
  proposals	
  are	
  being	
  written	
  to	
  conduct	
  research	
  at	
  the	
  composting	
  facility.	
  
Conversations	
  continue	
  between	
  the	
  University	
  and	
  the	
  city	
  about	
  pursuing	
  grant	
  funding	
  to	
  
maintain	
  a	
  joint	
  composting	
  operation.	
  

Discussion	
  about	
  the	
  University	
  assuming	
  the	
  on-­‐going	
  operation	
  of	
  the	
  composting	
  
facility	
  for	
  future	
  campus	
  needs	
  will	
  again	
  resume	
  once	
  the	
  existing	
  budget	
  crisis	
  has	
  passed.	
  
	
   Attached	
  is	
  an	
  e-­‐mail	
  from	
  the	
  Associate	
  Vice	
  President	
  for	
  Finance	
  and	
  Support	
  Services	
  
Planning	
  summarizing	
  the	
  discussion	
  held	
  over	
  the	
  summer	
  regarding	
  the	
  composting	
  facility.	
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From: Nusbaum, Nancy K  
Sent: Monday, August 30, 2010 4:43 PM 
To: Cade, Tina Marie; Abbott, Michael L; Guerra, Juan; Smith, Brad M M 
Subject: Recap of Today's Meeting	
  
	
  
I	
  believe	
  we	
  all	
  left	
  in	
  agreement	
  today	
  that:	
  
	
  

1. Until	
  funding	
  becomes	
  available	
  (and	
  especially	
  when	
  there	
  are	
  no	
  budget	
  cuts	
  in	
  place),	
  we	
  will	
  
continue	
  to	
  operate	
  as	
  is.	
  	
  No	
  decision	
  was	
  made	
  regarding	
  collaboration	
  with	
  the	
  City	
  at	
  this	
  
time.	
  	
  

2. Dr.	
  Abbott	
  and	
  Dr.	
  Cade	
  will	
  continue	
  to	
  solicit	
  grant	
  funding	
  for	
  the	
  research	
  projects	
  at	
  the	
  
Centerpoint	
  composting	
  location.	
  	
  That	
  location	
  will	
  continue	
  to	
  be	
  used	
  for	
  research	
  but	
  not	
  for	
  
composting	
  by	
  Grounds.	
  	
  	
  If	
  grant	
  funding	
  is	
  not	
  available,	
  the	
  site	
  will	
  stand	
  idle	
  until	
  funding	
  
does	
  become	
  available.	
  	
  

3. The	
  compost	
  from	
  the	
  Centerpoint	
  site	
  will	
  be	
  used	
  for	
  the	
  Organic	
  Gardens	
  and	
  elsewhere	
  
around	
  Ag.	
  	
  We	
  need	
  to	
  try	
  to	
  identify	
  another	
  way	
  to	
  use	
  the	
  compost	
  once	
  it	
  starts	
  stockpiling.	
  

4. Grounds	
  will	
  continue	
  to	
  run	
  their	
  operation	
  at	
  the	
  Recycling	
  Center	
  and	
  at	
  Aquarena	
  until	
  we	
  
can	
  confirm	
  that	
  the	
  location	
  is	
  no	
  longer	
  desirable.	
  	
  Grounds	
  will	
  continue	
  to	
  find	
  ways	
  to	
  use	
  
their	
  compost	
  to	
  keep	
  it	
  from	
  stockpiling.	
  

5. Dr.	
  Cade	
  will	
  email	
  us	
  with	
  her	
  findings	
  on	
  becoming	
  a	
  Certified	
  Composting	
  Lab	
  since	
  we	
  ran	
  
out	
  of	
  time	
  to	
  discuss	
  it.	
  

6. We	
  all	
  need	
  to	
  continue	
  to	
  look	
  for	
  opportunities	
  for	
  funding	
  of	
  the	
  research	
  composting	
  
program	
  and	
  for	
  use	
  of	
  both	
  sources	
  of	
  compost.	
  

	
  
If	
  anyone	
  recalls	
  a	
  different	
  outcome	
  please	
  let	
  me	
  know.	
  

	
  
	
  
Nancy Nusbaum	
  
Associate Vice President for Finance & Support Services Planning	
  
Texas State University-San Marcos	
  
San Marcos, TX 78666	
  
512 245-2244 (voice)	
  
512 245-2033 (fax)	
  
	
  	
  
Texas State University-San Marcos is a member of The Texas State University System	
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Appendix	
  II.7-­‐Determine	
  How	
  and	
  If	
  the	
  Removal	
  of	
  Water	
  Hyacinth	
  Impacts	
  

Water	
  Quality.	
  	
  	
  

Water	
  hyacinth	
  has	
  been	
  used	
  in	
  numerous	
  studies	
  to	
  control	
  water	
  pollution.	
  
Researchers	
  as	
  far	
  back	
  as	
  1948	
  had	
  proposed	
  using	
  water	
  hyacinth	
  for	
  the	
  removal	
  of	
  nutrients	
  
from	
  wastewater	
  effluents	
  (Dymond	
  1948;	
  Gopal	
  1987,	
  pg.	
  279).	
  They	
  based	
  their	
  proposition	
  
on	
  the	
  fact	
  that	
  water	
  hyacinth	
  grown	
  in	
  wastewater	
  had	
  higher	
  concentrations	
  of	
  nitrogen	
  and	
  
phosphorus	
  than	
  water	
  hyacinth	
  grown	
  under	
  normal	
  conditions	
  (Dymond	
  1948).	
  The	
  removal	
  
of	
  nitrogen	
  and	
  phosphorus	
  was	
  studied	
  further	
  in	
  the	
  1970’s	
  and	
  1980’s	
  where	
  it	
  was	
  found	
  
that	
  water	
  hyacinth	
  removed	
  1980	
  kg	
  N/ha	
  and	
  322	
  kg	
  P/ha	
  annually	
  (Boyd	
  1970).	
  Boyd’s	
  
(1970)	
  research	
  went	
  on	
  to	
  find	
  that	
  the	
  amount	
  of	
  nitrogen	
  and	
  phosphorus	
  removed	
  per	
  
hectare	
  of	
  water	
  hyacinth	
  was	
  equivalent	
  to	
  the	
  sewage	
  created	
  by	
  500	
  people.	
  

Another	
  primary	
  reason	
  for	
  using	
  water	
  hyacinth	
  to	
  help	
  manage	
  water	
  pollution	
  is	
  due	
  
to	
  the	
  fact	
  that	
  water	
  hyacinth	
  is	
  a	
  heavy	
  metal	
  (iron,	
  manganese,	
  zinc,	
  aluminum,	
  cadmium,	
  
lead,	
  mercury,	
  nickel,	
  silver,	
  cobalt,	
  strontium,	
  chromium	
  and	
  copper)	
  accumulator	
  (Gopal	
  
1987).	
  In	
  a	
  study	
  examining	
  the	
  uptake	
  of	
  heavy	
  metals	
  by	
  water	
  hyacinth,	
  it	
  was	
  found	
  that	
  in	
  
a	
  pure	
  metal	
  solution	
  containing	
  3	
  mg/l	
  of	
  a	
  particular	
  heavy	
  metal,	
  water	
  hyacinth	
  
accumulated	
  1.35mg	
  cadmium,	
  1.77	
  mg	
  mercury,	
  and	
  1.16	
  mg	
  of	
  nickel	
  (Widyanto	
  and	
  Susilo	
  
1978;	
  Gopal	
  1987).	
  

Although	
  there	
  are	
  a	
  number	
  of	
  studies	
  that	
  speak	
  of	
  the	
  removal	
  of	
  pollutants	
  from	
  
water	
  by	
  water	
  hyacinth,	
  research	
  has	
  also	
  found	
  that	
  water	
  hyacinth	
  contribute	
  to	
  a	
  decrease	
  
in	
  water	
  quality	
  (Gopal	
  1987).	
  One	
  study	
  found	
  that	
  the	
  oxygen	
  depleting	
  load	
  per	
  hectare	
  of	
  
water	
  hyacinth	
  equaled	
  the	
  sewage	
  created	
  by	
  80	
  individuals	
  (Raynes	
  1964;	
  Gopal	
  1987).	
  
Depleted	
  oxygen	
  levels	
  prevent	
  fish	
  from	
  functioning	
  properly	
  and	
  can	
  by	
  very	
  harmful	
  to	
  
endangered	
  and	
  threatened	
  species	
  (Gopal	
  1987).	
  

Water	
  quality	
  data	
  (electrical	
  conductivity,	
  dissolved	
  oxygen)	
  were	
  obtained	
  from	
  the	
  
River	
  Systems	
  Institute’s	
  Stream	
  Team	
  for	
  areas	
  for	
  months	
  before	
  (August	
  2008-­‐December	
  
2008)	
  and	
  for	
  months	
  after	
  water	
  hyacinth	
  collection	
  (February	
  2010-­‐March	
  2010).	
  	
  The	
  Texas	
  
Stream	
  Team	
  is	
  a	
  group	
  of	
  volunteers	
  that	
  are	
  trained	
  to	
  gather	
  information	
  about	
  the	
  natural	
  
resources	
  of	
  Texas	
  (RSI	
  2010).	
  	
  Data	
  were	
  limited	
  to	
  the	
  Rivers	
  Systems	
  Institute’s	
  Texas	
  Stream	
  
Team	
  data	
  collection	
  points,	
  which	
  are	
  generally	
  taken	
  each	
  month.	
  	
  However,	
  there	
  were	
  
months	
  during	
  the	
  study	
  period	
  dates	
  of	
  interest	
  that	
  no	
  data	
  were	
  collected.	
  	
  Therefore,	
  the	
  
dates	
  of	
  February	
  2010	
  –	
  March	
  2010	
  were	
  used	
  due	
  to	
  the	
  fact	
  that	
  data	
  for	
  the	
  dates	
  of	
  
interest	
  immediately	
  following	
  water	
  hyacinth	
  collection	
  were	
  missing.	
  	
  Frequencies	
  and	
  paired	
  
t-­‐tests	
  compared	
  variables	
  from	
  water	
  quality	
  samples	
  taken	
  prior	
  to	
  water	
  hyacinth	
  collection	
  
versus	
  those	
  collected	
  after	
  water	
  hyacinth	
  collection	
  dates.	
  	
  Data	
  were	
  then	
  analyzed	
  to	
  
determine	
  the	
  impact	
  on	
  water	
  quality	
  by	
  water	
  hyacinth.	
  	
  	
  
	
   Pre-­‐test	
   and	
  post-­‐test	
  water	
   quality	
   samples	
  were	
   collected	
   for	
   electrical	
   conductivity	
  
and	
  dissolved	
  oxygen	
  content	
  at	
  the	
  water	
  hyacinth	
  harvesting	
  site.	
  	
  This	
  study	
  did	
  not	
  indicate	
  
that	
  the	
  removal	
  of	
  water	
  hyacinth	
  impacted	
  the	
  water	
  quality	
  of	
  the	
  area	
  either	
  negatively	
  or	
  
positively.	
  	
  Water	
  quality	
  sample	
  data	
  was	
  collected	
  by	
  volunteers	
  from	
  the	
  Texas	
  Stream	
  and	
  
limited;	
   therefore,	
   results	
   may	
   be	
   distorted	
   from	
   a	
   lack	
   of	
   data	
   points.	
   	
   Other	
   possible	
  
explanations	
  for	
  the	
  results	
  could	
  include	
  that	
  the	
  area	
  where	
  water	
  hyacinth	
  was	
  collected	
  was	
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routinely	
   harvested	
   by	
   volunteers	
   before	
   the	
   study	
   had	
   occurred	
   and	
   therefore,	
   no	
   changes	
  
were	
   observed.	
   	
   Although	
   this	
   study	
   harvested	
   a	
   higher	
   volume	
   of	
   water	
   hyacinth	
   when	
  
compared	
   to	
   the	
  quantities	
   collected	
  by	
  volunteers	
   in	
   the	
  past,	
   it	
  was	
   still	
   a	
   small-­‐scale	
  pilot	
  
where	
  water	
  hyacinth	
  was	
  only	
  manually	
  harvested	
  and	
  volumes	
  were	
   limited.	
   	
  However,	
   if	
  a	
  
larger	
   volume	
   is	
   harvested	
   in	
   the	
   future,	
   harvested	
   qualities	
   may	
   impact	
   water	
   quality.	
  	
  
Therefore,	
   care	
   should	
   be	
   taken	
   not	
   to	
   harvest	
   the	
   water	
   hyacinth	
   to	
   the	
   point	
   where	
   it	
  
negatively	
  impacts	
  water	
  quality.	
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Appendix	
  III.1	
  -­‐	
  Germinating	
  Seeds	
  of	
  Water	
  Hyacinth	
  	
  

	
   The	
  first	
  objective	
  of	
  this	
  study	
  was	
  to	
  germinate	
  seeds	
  of	
  water	
  hyacinth	
  by	
  
implementing	
  germination	
  tests	
  that	
  have	
  shown	
  success	
  in	
  related	
  studies	
  (Gopal	
  1987).	
  
Research	
  has	
  been	
  inconclusive	
  on	
  the	
  optimal	
  conditions	
  for	
  seed	
  germination	
  of	
  water	
  
hyacinth	
  (Gopal	
  1987).	
  	
  Germination	
  testing	
  was	
  employed	
  to	
  determine	
  suitable	
  germination	
  
conditions	
  for	
  the	
  seed.	
  	
  
	
   Water	
  hyacinth	
  seed	
  was	
  collected	
  from	
  water	
  hyacinth	
  plants	
  harvested	
  from	
  various	
  
areas	
  of	
  Spring	
  Lake	
  and	
  nearby	
  areas	
  of	
  the	
  San	
  Marcos	
  River	
  during	
  the	
  summer	
  and	
  fall	
  
season	
  of	
  2008.	
  	
  Due	
  to	
  the	
  difficulty	
  of	
  collecting	
  a	
  large	
  amount	
  of	
  seeds	
  in	
  the	
  field,	
  flowering	
  
water	
  hyacinth	
  from	
  various	
  locations	
  were	
  collected	
  and	
  observed	
  at	
  the	
  Agriculture	
  
Department’s	
  greenhouses	
  at	
  Texas	
  State	
  University.	
  	
  Seeds	
  collected	
  from	
  these	
  samples	
  were	
  
stored	
  in	
  a	
  refrigerator	
  at	
  the	
  Aquarena	
  Center	
  laboratory	
  until	
  germination	
  tests	
  were	
  able	
  to	
  
be	
  implemented.	
  	
  	
  	
  	
  
	
   One	
  hundred	
  water	
  hyacinth	
  seeds	
  (two	
  samples	
  of	
  50)	
  were	
  placed	
  on	
  filter	
  paper	
  
media	
  soaked	
  in	
  distilled	
  water	
  in	
  petri	
  dishes	
  and	
  were	
  observed	
  for	
  14	
  days	
  for	
  the	
  radical	
  
emergence.	
  	
  Research	
  has	
  indicated	
  that	
  water	
  hyacinth	
  seeds	
  will	
  germinate	
  within	
  14	
  days	
  
(Gopal	
  1987).	
  	
  The	
  seeds	
  were	
  held	
  in	
  a	
  mini-­‐incubator	
  that	
  was	
  maintained	
  at	
  a	
  constant	
  
temperature	
  of	
  80	
  degrees	
  Fahrenheit.	
  	
  Previous	
  research	
  has	
  indicated	
  that	
  80	
  degrees	
  
Fahrenheit	
  is	
  an	
  optimal	
  temperature	
  for	
  water	
  hyacinth	
  seed	
  germination	
  (Gopal	
  1987).	
  	
  Of	
  
the	
  100	
  seeds	
  tested,	
  62	
  successfully	
  germinated.	
  	
  The	
  germination	
  percentage	
  achieved	
  in	
  the	
  
tests	
  was	
  consistent	
  with	
  other	
  germination	
  tests	
  that	
  proved	
  successful	
  (Gopal	
  1987).	
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Figure	
  1:	
  Germination	
  test	
  results	
  illustrating	
  the	
  number	
  of	
  seeds	
  of	
  water	
  hyacinth,	
  Eichhornia	
  crassipes,	
  
germinated	
  after	
  14	
  days	
  using	
  a	
  filter	
  paper	
  media	
  and	
  soaked	
  in	
  distilled	
  water	
  in	
  petri	
  dishes	
  held	
  in	
  an	
  
artificial	
  incubator	
  environment	
  in	
  the	
  study	
  of	
  the	
  use	
  of	
  composting	
  as	
  a	
  means	
  to	
  manage	
  the	
  invasive	
  
species,	
  water	
  hyacinth.	
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Appendix	
  III.2	
  -­‐	
  Determining	
  Temperatures	
  at	
  Which	
  Water	
  Hyacinth	
  Seeds	
  are	
  
Rendered	
  Non-­‐viable	
  

	
   The	
  second	
  objective	
  of	
  this	
  study	
  was	
  to	
  determine	
  the	
  temperatures	
  at	
  which	
  water	
  
hyacinth	
  seeds	
  were	
  rendered	
  non-­‐viable.	
  As	
  a	
  waste-­‐management	
  system	
  within	
  agriculture,	
  
composting	
  is	
  known	
  to	
  kill	
  weed	
  seeds	
  if	
  temperatures	
  are	
  high	
  enough	
  and	
  maintained	
  for	
  
long	
  enough	
  periods	
  of	
  time	
  (Rynk	
  et	
  al.	
  1992).	
  	
  For	
  germination	
  to	
  be	
  inhibited	
  on	
  weed	
  seeds	
  
of	
  sorghum,	
  bindweed	
  (Convolvulus	
  arvensis),	
  pigweed	
  (Amaranthus	
  spp.),	
  johnsongrass	
  
(Sorghum	
  halepense)	
  and	
  kochia	
  (Kochia	
  americana),	
  temperatures	
  of	
  120	
  to	
  180	
  degrees	
  
Fahrenheit	
  for	
  three	
  to	
  seven	
  days	
  on	
  average	
  must	
  be	
  obtained	
  (Rynk	
  et	
  al.	
  1992).	
  However,	
  
the	
  temperatures	
  needed	
  to	
  kill	
  seeds	
  of	
  water	
  hyacinth	
  were	
  not	
  yet	
  known.	
  	
  Therefore,	
  seed	
  
kill	
  experiments	
  were	
  conducted	
  using	
  small	
  ovens	
  to	
  hold	
  compost	
  and	
  water	
  hyacinth	
  seed	
  
samples	
  at	
  varying	
  temperatures	
  to	
  discern	
  at	
  what	
  temperatures	
  the	
  embryos	
  were	
  killed.	
  
	
   The	
  tests	
  included	
  the	
  use	
  of	
  3	
  ovens	
  (Model	
  10AF,	
  Quincy	
  Lab)	
  and	
  were	
  conducted	
  at	
  
the	
  Aquarena	
  Center	
  laboratory.	
  	
  Water	
  hyacinth	
  seed	
  was	
  collected	
  from	
  various	
  areas	
  of	
  
Spring	
  Lake	
  and	
  nearby	
  areas	
  of	
  the	
  San	
  Marcos	
  River	
  during	
  the	
  summer	
  and	
  fall	
  season	
  of	
  
2008.	
  	
  Due	
  to	
  the	
  difficulty	
  of	
  collecting	
  a	
  large	
  amount	
  of	
  seeds	
  in	
  the	
  field,	
  flowering	
  water	
  
hyacinth	
  from	
  various	
  locations	
  were	
  collected	
  and	
  observed	
  at	
  the	
  Agriculture	
  Department’s	
  
greenhouses	
  at	
  Texas	
  State	
  University.	
  	
  Seeds	
  collected	
  from	
  these	
  samples	
  were	
  stored	
  in	
  a	
  
refrigerator	
  at	
  the	
  Aquarena	
  Center	
  laboratory.	
  	
  In	
  total,	
  90	
  compost	
  samples	
  each	
  weighing	
  
226.7	
  grams	
  and	
  each	
  holding	
  10	
  water	
  hyacinth	
  seeds	
  were	
  tested	
  for	
  3	
  days	
  in	
  each	
  oven	
  
chamber	
  at	
  temperatures	
  of	
  120	
  degrees	
  Fahrenheit,	
  135	
  degrees	
  Fahrenheit	
  and	
  150	
  degrees	
  
Fahrenheit	
  to	
  create	
  an	
  environment	
  and	
  temperatures	
  that	
  could	
  be	
  achieved	
  in	
  an	
  active	
  
compost	
  pile.	
  	
  Oven	
  and	
  sample	
  temperatures	
  were	
  checked	
  daily	
  with	
  thermometers	
  (Digital	
  
Probe	
  Thermometer,	
  Ward’s)	
  traceable	
  to	
  NIST	
  (National	
  Institute	
  of	
  Standards	
  and	
  
Technology).	
  	
  Samples	
  were	
  monitored	
  daily	
  and	
  maintained	
  at	
  a	
  50-­‐70%	
  moisture	
  level,	
  which	
  
is	
  the	
  typical	
  moisture	
  level	
  of	
  an	
  active	
  compost	
  pile	
  (Rynk	
  et	
  al.	
  1992).	
  
	
   Previous	
  research	
  has	
  been	
  inconclusive	
  regarding	
  the	
  need	
  to	
  scarify	
  the	
  water	
  
hyacinth	
  seed	
  for	
  successful	
  germination;	
  as	
  a	
  result,	
  both	
  scarified	
  and	
  unscarified	
  seeds	
  were	
  
used	
  for	
  the	
  oven	
  seed	
  kill	
  tests	
  (Gopal	
  1987).	
  	
  Of	
  the	
  90	
  seed-­‐containing	
  compost	
  samples,	
  45	
  
of	
  the	
  samples	
  were	
  conducted	
  with	
  scarified	
  water	
  hyacinth	
  seed,	
  and	
  45	
  of	
  the	
  samples	
  were	
  
conducted	
  with	
  unscarified	
  water	
  hyacinth	
  seed.	
  	
  For	
  both	
  scarified	
  and	
  unscarified	
  seeds,	
  15	
  
samples	
  were	
  held	
  at	
  120	
  degrees	
  Fahrenheit;	
  15	
  samples	
  were	
  held	
  at	
  135	
  degrees	
  Fahrenheit	
  
and	
  15	
  samples	
  were	
  held	
  at	
  150	
  degrees	
  Fahrenheit.	
  	
  Fifteen	
  samples	
  and	
  150	
  scarified	
  and	
  
unscarified	
  seeds	
  were	
  treated	
  at	
  each	
  temperature.	
  	
  Three	
  samples	
  at	
  each	
  temperature	
  were	
  
treated	
  at	
  one	
  time.	
  	
  
	
   	
  	
  The	
  oven	
  seed	
  kill	
  tests	
  were	
  each	
  replicated.	
  	
  Once	
  the	
  seeds	
  were	
  held	
  for	
  3	
  days	
  in	
  
ovens,	
  seeds	
  were	
  tested	
  for	
  viability	
  using	
  the	
  procedures	
  determined	
  from	
  the	
  initial	
  testing	
  
in	
  which	
  seeds	
  were	
  germinated	
  in	
  petri	
  dishes	
  held	
  at	
  80	
  degrees	
  Fahrenheit.	
  	
  	
  

In	
  the	
  first	
  germination	
  tests,	
  no	
  seeds	
  germinated	
  from	
  the	
  sample	
  in	
  the	
  compost	
  held	
  
at	
  135	
  and	
  150	
  degrees	
  Fahrenheit.	
  	
  However,	
  using	
  tetrazolium	
  tests,	
  2	
  water	
  hyacinth	
  seeds	
  
were	
  found	
  to	
  be	
  viable	
  of	
  the	
  unscarified	
  seeds	
  maintained	
  in	
  the	
  compost	
  sample	
  held	
  at	
  120	
  
degrees	
  Fahrenheit.	
  	
  The	
  tetrazolium	
  test	
  is	
  a	
  seed	
  viability	
  test	
  that	
  usually	
  takes	
  about	
  30	
  
minutes	
  to	
  perform.	
  	
  Seed	
  embryos	
  are	
  tested	
  by	
  cutting	
  or	
  piercing	
  the	
  seed	
  coat	
  to	
  expose	
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the	
  embryo.	
  	
  Seeds	
  are	
  then	
  imbibed	
  by	
  soaking	
  them	
  in	
  water,	
  and	
  then	
  biochemical	
  2,	
  3,	
  5	
  
triphenyl	
  tetrazolium	
  chloride	
  (TTC).	
  	
  While	
  TTC	
  is	
  initially	
  colorless,	
  it	
  is	
  converted	
  to	
  formazan	
  
red	
  when	
  living	
  tissue	
  is	
  present.	
  	
  Therefore,	
  seed	
  embryos	
  that	
  are	
  respirating	
  or	
  alive	
  will	
  
appear	
  stained	
  when	
  soaked	
  in	
  TTC.	
  	
  Dead	
  embryos	
  will	
  not	
  turn	
  red.	
  

	
  	
  The	
  results	
  of	
  the	
  second	
  set	
  of	
  germination	
  tests	
  saw	
  no	
  germination	
  of	
  any	
  of	
  the	
  
seeds	
  maintained	
  in	
  the	
  compost	
  samples	
  held	
  at	
  120,	
  135,	
  and	
  150	
  degrees	
  Fahrenheit.	
  	
  
Tetrazolium	
  tests	
  found	
  none	
  of	
  the	
  seeds	
  in	
  the	
  second	
  set	
  of	
  germination	
  tests	
  to	
  be	
  viable.	
  	
  
Therefore,	
  temperatures	
  of	
  135	
  degrees	
  Fahrenheit	
  or	
  above	
  were	
  found	
  to	
  render	
  water	
  
hyacinth	
  seeds	
  non-­‐viable.	
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Table	
  1:	
  Germinationz	
  and	
  tetrazoliumy	
  test	
  results	
  conducted	
  with	
  scarified	
  and	
  unscarified	
  Eichhornia	
  crassipes,	
  
water	
  hyacinth	
  seed	
  in	
  the	
  study	
  of	
  the	
  use	
  of	
  composting	
  as	
  a	
  means	
  to	
  manage	
  the	
  invasive	
  species	
  water	
  
hyacinth.	
  	
  	
  

z
Germination	
  tests	
  were	
  conducted	
  using	
  water	
  hyacinth	
  seeds	
  placed	
  on	
  filter	
  paper	
  media	
  soaked	
  in	
  distilled	
  water	
  in	
  petri	
  dishes	
  and	
  were	
  
observed	
  for	
  14	
  days	
  for	
  the	
  radical	
  emergence.	
  	
  	
  
	
  
yThe	
  tetrazolium	
  test	
  is	
  a	
  seed	
  viability	
  test	
  that	
  usually	
  takes	
  about	
  30	
  minutes	
  to	
  perform.	
  	
  Seed	
  embryos	
  are	
  tested	
  by	
  cutting	
  or	
  piercing	
  the	
  
seed	
  coat	
  to	
  expose	
  the	
  embryo.	
  	
  Seeds	
  are	
  then	
  imbibed	
  by	
  soaking	
  them	
  in	
  water,	
  and	
  then	
  biochemical	
  2,	
  3,	
  5	
  triphenyl	
  tetrazolium	
  chloride	
  
(TTC).	
  	
  While	
  TTC	
  is	
  initially	
  colorless,	
  it	
  is	
  converted	
  to	
  formazan	
  red	
  when	
  living	
  tissue	
  is	
  present.	
  	
  Therefore,	
  seed	
  embryos	
  that	
  are	
  respirating	
  
or	
  alive	
  will	
  appear	
  stained	
  when	
  soaked	
  in	
  TTC.	
  	
  	
  xDead	
  embryos	
  will	
  not	
  turn	
  red.	
  	
  Seeds	
  were	
  scarified	
  by	
  soaking	
  in	
  a	
  vinegar	
  solution	
  for	
  30	
  
minutes.	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Group	
   Germination	
  Test	
   %	
  
Germination	
  

Tetrazolium	
  Test	
   %	
  Stained	
  

Unscarified	
  seed	
   	
   	
   	
   	
  
120°	
  Fahrenheit	
   0/300	
   0%	
   2/300	
   0.7%	
  
135°	
  Fahrenheit	
   0/300	
   0%	
   0/300	
   0%	
  
150°	
  Fahrenheit	
   0/300	
   0%	
   0/300	
   0%	
  
Total	
  	
   0/900	
  Germinated	
   0%	
   2/900	
  Viable	
   0.1%	
  
Scarified	
  seed	
   	
   	
   	
   	
  
120°	
  Fahrenheit	
   0/300	
   0%	
   0/300	
   0%	
  
135°	
  Fahrenheit	
   0/300	
   0%	
   0/300	
   0%	
  
150°	
  Fahrenheit	
   0/300	
   0%	
   0/300	
   0%	
  
Total	
  	
   0/900	
  Germinated	
   0%	
   0/900	
  Viable	
   0%	
  



 
 

40 
 

Appendix	
   III.3	
   -­‐	
  Determine	
   if	
   the	
  Composting	
  Process	
  Renders	
  Water	
  Hyacinth	
  
Seeds	
   and	
   Propagules	
   Non-­‐viable	
   and	
   Determine	
   the	
   Quality	
   of	
   the	
   Compost	
  
Produced.	
  	
  

The	
  fourth	
  objective	
  of	
  this	
  study	
  was	
  to	
  determine	
  if	
  the	
  composting	
  process	
  renders	
  
water	
  hyacinth	
  seeds	
  and	
  propagules	
  non-­‐viable.	
  	
  To	
  carry	
  out	
  this	
  objective,	
  compost	
  was	
  
collected,	
  screened	
  and	
  inspected	
  for	
  seeds.	
  	
  If	
  seeds	
  were	
  found	
  to	
  be	
  present	
  they	
  would	
  
undergo	
  germination	
  testing	
  to	
  determine	
  if	
  the	
  seeds	
  were	
  still	
  viable.	
  	
  Germination	
  tests	
  
would	
  be	
  conducted	
  by	
  placing	
  seeds	
  found	
  onto	
  filter	
  paper	
  media	
  soaked	
  in	
  distilled	
  water	
  in	
  
petri	
  dishes	
  and	
  placed	
  in	
  a	
  mini-­‐incubator	
  that	
  maintained	
  at	
  a	
  constant	
  temperature	
  of	
  80	
  
degrees	
  Fahrenheit.	
  	
  They	
  would	
  then	
  be	
  observed	
  for	
  14	
  days.	
  	
  	
  

Compost	
  samples	
  were	
  collected	
  from	
  the	
  cured	
  compost	
  piles	
  and	
  were	
  contained	
  in	
  1-­‐
gallon	
  sized	
  containers.	
  	
  Each	
  gallon-­‐sized	
  compost	
  sample	
  was	
  drawn	
  by	
  collecting	
  at	
  least	
  5	
  
subsamples	
  at	
  various	
  depths	
  that	
  were	
  then	
  combined	
  to	
  create	
  a	
  composite	
  sample.	
  	
  One	
  
hundred	
  1-­‐gallon	
  samples	
  were	
  taken	
  in	
  total	
  and	
  then	
  hand-­‐screened	
  to	
  ¼	
  inch.	
  	
  From	
  there	
  
the	
  screened	
  material	
  was	
  taken	
  to	
  Lady	
  Bird	
  Johnson	
  Wildflower	
  Center	
  Seed	
  Lab	
  (Austin,	
  
Texas)	
  and	
  further	
  screened,	
  using	
  sieves,	
  to	
  2mm.	
  	
  The	
  material	
  was	
  then	
  visually	
  examined	
  to	
  
see	
  if	
  water	
  hyacinth	
  seeds	
  were	
  present.	
  	
  After	
  visual	
  examination,	
  water	
  hyacinth	
  seeds	
  were	
  
not	
  found	
  to	
  be	
  present	
  in	
  the	
  material.	
  	
  Therefore,	
  no	
  germination	
  tests	
  were	
  necessary	
  to	
  
conduct.	
  	
  The	
  composting	
  process	
  destroyed	
  all	
  seeds	
  and	
  other	
  propagules	
  of	
  the	
  invasive	
  
species,	
  water	
  hyacinth.	
  
	
   The	
  fifth	
  objective	
  of	
  this	
  study	
  was	
  to	
  determine	
  the	
  quality	
  of	
  the	
  compost	
  produced.	
  	
  
Each	
  of	
  the	
  11	
  compost	
  piles	
  was	
  sampled	
  and	
  samples	
  were	
  sent	
  to	
  the	
  Penn	
  State	
  Agricultural	
  
Analytical	
  Services	
  Laboratory	
  for	
  testing.	
  	
  Samples	
  were	
  taken	
  by	
  collecting	
  approximately	
  1	
  
pint	
  of	
  material	
  from	
  near	
  the	
  surface	
  of	
  each	
  pile,	
  another	
  pint	
  of	
  material	
  midway	
  to	
  the	
  core	
  
of	
  the	
  pile,	
  and	
  another	
  pint	
  of	
  material	
  from	
  near	
  the	
  core	
  of	
  the	
  pile	
  (TMECC).	
  	
  This	
  process	
  
was	
  repeated	
  at	
  each	
  of	
  the	
  sampling	
  locations	
  and	
  samples	
  were	
  then	
  placed	
  in	
  a	
  clean	
  5-­‐
gallon	
  plastic	
  bucket	
  and	
  thoroughly	
  mixed.	
  	
  A	
  composite	
  sample	
  of	
  1	
  to	
  2	
  quarts	
  was	
  then	
  
collected	
  from	
  the	
  mixed	
  material	
  (TMECC).	
  	
  

Penn	
  State	
  Agricultural	
  Analytical	
  Services	
  Laboratory	
  utilizes	
  testing	
  procedures	
  from	
  
the	
  U.S.	
  Compost	
  Council’s	
  Test	
  Methods	
  for	
  the	
  Examination	
  of	
  Composting	
  and	
  Compost	
  
(TMECC).	
  	
  The	
  analysis	
  conducted	
  in	
  this	
  study	
  employed	
  the	
  tests	
  that	
  the	
  U.S.	
  Compost	
  
Council	
  STA	
  program	
  requires	
  for	
  producers	
  involved	
  with	
  the	
  Compost	
  Council’s	
  Seal	
  of	
  Testing	
  
Approval	
  (STA)	
  program.	
  	
  These	
  tests	
  are	
  the	
  most	
  comprehensive	
  compost	
  tests	
  that	
  the	
  Penn	
  
State	
  Agricultural	
  Analytical	
  Services	
  Laboratory	
  performs.	
  	
  These	
  tests	
  include	
  the	
  following:	
  
percent	
  solids,	
  organic	
  matter,	
  pH,	
  soluble	
  salts,	
  total	
  nitrogen,	
  total	
  carbon,	
  carbon:nitrogen	
  
ratio,	
  ammonium-­‐nitrogen,	
  phosphorus,	
  potassium,	
  calcium,	
  magnesium,	
  arsenic,	
  cadmium,	
  
copper,	
  lead,	
  mercury,	
  molybdenum,	
  nickel,	
  selenium,	
  zinc,	
  respirometry	
  test,	
  bioassay,	
  and	
  
particle	
  size	
  (<	
  9.5	
  mm).	
  	
  	
  

The	
  pH	
  of	
  the	
  finished	
  compost	
  was	
  measured	
  by	
  making	
  a	
  slurry	
  of	
  compost	
  and	
  
deionized	
  water	
  and	
  then	
  blended	
  to	
  a	
  ratio	
  of	
  1:5.	
  	
  The	
  sample	
  was	
  then	
  shaken	
  for	
  20	
  
minutes	
  at	
  room	
  temperature	
  to	
  allow	
  the	
  salts	
  to	
  solubilize	
  in	
  the	
  deionized	
  water.	
  	
  The	
  pH	
  
was	
  then	
  measured	
  with	
  an	
  electrometric	
  pH	
  meter	
  (TMECC).	
  	
  The	
  pH	
  of	
  the	
  finished	
  compost	
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ranged	
  from	
  7.9	
  to	
  8.4,	
  which	
  is	
  slightly	
  alkaline,	
  but	
  still	
  within	
  the	
  typical	
  pH	
  range	
  of	
  compost	
  
(5.0-­‐8.5)	
  (Table	
  1).	
  	
  	
  

The	
  soluble	
  salts	
  were	
  measured	
  by	
  taking	
  the	
  electrical	
  conductivity	
  in	
  a	
  1:5	
  
(compost:water,	
  weight	
  ratio)	
  slurry	
  and	
  was	
  measured	
  in	
  units	
  of	
  millimhos/cm.	
  	
  The	
  soluble	
  
salt	
  content	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  ranged	
  from	
  0.33	
  to	
  2.28	
  mmhos/cm	
  (Table	
  
1).	
  	
  Compost	
  soluble	
  salt	
  levels	
  typically	
  range	
  from	
  1	
  to	
  10	
  mmhos/cm.	
  	
  The	
  %	
  solids	
  and	
  %	
  
moisture	
  were	
  measured	
  by	
  weighing	
  a	
  sample	
  and	
  then	
  drying	
  it	
  at	
  70	
  (+/-­‐	
  5)	
  degrees	
  Celsius	
  
and	
  then	
  re-­‐weighed.	
  	
  The	
  remaining	
  dry	
  solids	
  fraction	
  represented	
  the	
  total	
  solids,	
  and	
  the	
  
evaporated	
  fraction	
  represented	
  the	
  %	
  moisture	
  (TMECC).	
  	
  	
  

The	
  %	
  solids	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  ranged	
  from	
  51.3%	
  to	
  73.3%.	
  	
  An	
  ideal	
  
%	
  solid	
  for	
  finished	
  compost	
  is	
  50-­‐60%.	
  	
  The	
  %	
  moisture	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  
ranged	
  from	
  26.7%	
  to	
  48.7%	
  (Table	
  1).	
  	
  An	
  ideal	
  moisture	
  level	
  of	
  finished	
  compost	
  is	
  40-­‐50%	
  
moisture.	
  	
  	
  

The	
  %	
  organic	
  matter	
  of	
  the	
  finished	
  compost	
  was	
  measured	
  by	
  using	
  the	
  Loss-­‐On-­‐
Ignition	
  Organic	
  Matter	
  Method;	
  which	
  is	
  a	
  direct	
  determination	
  method	
  that	
  indicates	
  organic	
  
matter	
  content	
  by	
  quantifying	
  the	
  amount	
  of	
  solid	
  material	
  combusted	
  relative	
  to	
  the	
  original	
  
oven	
  dried	
  sample	
  (TMECC).	
  	
  The	
  %	
  organic	
  matter	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  ranged	
  
from	
  13.4%	
  to	
  43.9%	
  (dry	
  weight	
  basis)	
  (Table	
  1).	
  	
  Finished	
  composts	
  typically	
  have	
  an	
  organic	
  
matter	
  content	
  of	
  30-­‐70%.	
  	
  	
  

The	
  nitrogen	
  content	
  of	
  the	
  finished	
  compost	
  was	
  determined	
  by	
  using	
  the	
  
methodologies	
  specified	
  in	
  the	
  Test	
  Methods	
  for	
  the	
  Examination	
  of	
  Composting	
  and	
  Compost	
  
(TMECC),	
  specifically	
  the	
  Total	
  Kjeldahl	
  Nitrogen	
  Semi-­‐Micro	
  Kjeldahl	
  technique	
  (TMECC).	
  	
  The	
  
total	
  nitrogen	
  content	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  ranged	
  from	
  0.6%	
  to	
  1.8%	
  (dry	
  
weight	
  basis)	
  (Table	
  1).	
  	
  Typical	
  total	
  nitrogen	
  levels	
  of	
  finished	
  compost	
  range	
  from	
  0.5%	
  to	
  
2.5%.	
  	
  	
  

The	
  total	
  carbon	
  content	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  was	
  measured	
  by	
  the	
  
Combustion	
  with	
  CO2	
  Detection	
  method.	
  	
  This	
  method	
  uses	
  a	
  carbon	
  analyzer	
  (Leco	
  CR-­‐12)	
  to	
  
determine	
  total	
  organic	
  carbon	
  in	
  compost.	
  	
  The	
  analyzer	
  operates	
  on	
  the	
  principle	
  of	
  total	
  
combustion	
  of	
  a	
  sample	
  in	
  an	
  oxygen-­‐rich	
  atmosphere	
  of	
  a	
  2500	
  degree	
  Fahrenheit	
  resistance	
  
furnace	
  (TMECC).	
  	
  The	
  CO2	
  produced	
  by	
  the	
  combustion	
  is	
  swept	
  into	
  an	
  oxygen	
  stream	
  through	
  
anhydrone	
  tubes	
  to	
  scrub	
  H2O	
  vapor	
  from	
  the	
  stream	
  (TMECC).	
  	
  The	
  CO2	
  stream	
  is	
  then	
  fed	
  into	
  
the	
  infrared	
  detector	
  and	
  the	
  amount	
  of	
  CO2	
  produced	
  is	
  measured.	
  	
  The	
  total	
  carbon	
  content	
  
of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  ranged	
  from	
  10.4%	
  to	
  24.5%	
  (dry	
  weight	
  basis)	
  (Table	
  1).	
  	
  
Typical	
  carbon	
  content	
  of	
  compost	
  has	
  up	
  to	
  54%	
  total	
  carbon.	
  	
  	
  

The	
  carbon	
  to	
  nitrogen	
  ratio	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  ranged	
  from	
  13.8	
  to	
  
18.9	
  (dry	
  weight	
  basis)	
  (Table	
  1).	
  	
  A	
  low	
  C:N	
  ratio	
  (<	
  20)	
  will	
  mineralize	
  or	
  break-­‐down	
  organic	
  N	
  
to	
  inorganic	
  (plant-­‐available)	
  N.	
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Table	
  1:	
  Finished	
  compost	
  test	
  results	
  from	
  certified	
  quality	
  testing	
  laboratoryz	
  in	
  the	
  study	
  of	
  the	
  use	
  of	
  
composting	
  as	
  a	
  means	
  to	
  manage	
  the	
  invasive	
  species	
  water	
  hyacinth.	
  	
  

Sample	
  1	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.1	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   0.38	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   73.3%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   26.7%	
   n/a	
   40	
  –	
  50%	
  

Organic	
  Matteru	
   9.8%	
   13.4%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.5%	
   0.7%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.5%	
   0.7%	
   n/a	
  

Ammonium	
  Nr	
   3.6	
  mg/kg	
   5.0	
  mg/kg	
   n/a	
  

Carbonq	
   8.3%	
   11.3%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   16.40	
   16.4	
   <	
  20	
  

(Dry	
  weight)	
  

Phosphorusp	
   0.27%	
   0.37%	
   n/a	
  

Potassiumo	
   0.51%	
   0.69%	
   n/a	
  

Sample	
  2	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.4	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   0.33	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   69.6%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   30.4%	
   n/a	
   40	
  –	
  50%	
  

Organic	
  Matteru	
   10.3%	
   14.7%	
   30	
  –	
  70%	
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(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.4%	
   0.6%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.4%	
   0.6%	
   n/a	
  

Ammonium	
  Nr	
   3.4	
  mg/kg	
   4.9	
  mg/kg	
   n/a	
  

Carbonq	
   7.2%	
   10.4%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   17.60	
   17.60	
   <	
  20	
  

(Dry	
  weight)	
  

Phosphorusp	
   0.23%	
   0.33%	
   n/a	
  

Potassiumo	
   0.44%	
   0.64%	
   n/a	
  

Sample	
  3	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.3	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   0.45	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   65.1%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   34.9%	
   n/a	
   40	
  –	
  50%	
  

Organic	
  Matteru	
   9.4%	
   14.4%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.4%	
   0.6%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.4%	
   0.6%	
   n/a	
  

Ammonium	
  Nr	
   3.2	
  mg/kg	
   4.9	
  mg/kg	
   n/a	
  

Carbonq	
   7.1%	
   10.9%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   18.90	
   18.90	
   <	
  20	
  

(Dry	
  weight)	
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Phosphorusp	
   0.25%	
   0.38%	
   n/a	
  

Potassiumo	
   0.43%	
   0.66%	
   n/a	
  

Sample	
  4	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.1	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   1.06	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   67.5%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   32.5%	
   n/a	
   40	
  –	
  50%	
  

Organic	
  Matteru	
   13.7%	
   20.3%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.7%	
   1.0%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.7%	
   1.0%	
   n/a	
  

Ammonium	
  Nr	
   3.3	
  mg/kg	
   4.9	
  mg/kg	
   n/a	
  

Carbonq	
   9.3%	
   13.8%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   13.80	
   13.80	
   <	
  20	
  

(Dry	
  weight)	
  

Phosphorusp	
   0.43%	
   0.63%	
   n/a	
  

Potassiumo	
   0.61%	
   0.90%	
   n/a	
  

Sample	
  5	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.1	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   0.97	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   61.6%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   38.4%	
   n/a	
   40	
  –	
  50%	
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Organic	
  Matteru	
   15.6%	
   25.3%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.6%	
   1.0%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.6%	
   1.0%	
   n/a	
  

Ammonium	
  Nr	
   3.0	
  mg/kg	
   4.9	
  mg/kg	
   n/a	
  

Carbonq	
   9.5%	
   15.4%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   15.10	
   15.10	
   <	
  20	
  

(Dry	
  weight)	
  

Phosphorusp	
   0.54%	
   0.87%	
   n/a	
  

Potassiumo	
   0.56%	
   0.91%	
   n/a	
  

Sample	
  6	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.0	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   1.42	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   68.9%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   31.1%	
   n/a	
   40	
  –	
  50%	
  

Organic	
  Matteru	
   18.2%	
   26.4%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.8%	
   1.2%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.8%	
   1.2%	
   n/a	
  

Ammonium	
  Nr	
   3.6	
  mg/kg	
   5.2	
  mg/kg	
   n/a	
  

Carbonq	
   11.7%	
   16.9%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   13.90	
   13.90	
   <	
  20	
  

(Dry	
  weight)	
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Phosphorusp	
   0.61%	
   0.88%	
   n/a	
  

Potassiumo	
   0.67%	
   0.97%	
   n/a	
  

Sample	
  7	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   7.9	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   1.91	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   56.4%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   43.6%	
   n/a	
   40	
  –	
  50%	
  

Organic	
  Matteru	
   21.5%	
   38.1%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   1.0%	
   1.8%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   1.0%	
   1.8%	
   n/a	
  

Ammonium	
  Nr	
   2.8	
  mg/kg	
   5.0	
  mg/kg	
   n/a	
  

Carbonq	
   13.8%	
   24.5%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   13.90	
   13.90	
   <	
  20	
  

(Dry	
  weight)	
  

Phosphorusp	
   0.63%	
   1.11%	
   n/a	
  

Potassiumo	
   0.57%	
   1.02%	
   n/a	
  

Sample	
  8	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.0	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   1.96	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   57.5%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   42.5%	
   n/a	
   40	
  –	
  50%	
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Organic	
  Matteru	
   21.5%	
   37.3%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.8%	
   1.4%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.8%	
   1.4%	
   n/a	
  

Ammonium	
  Nr	
   6.4	
  mg/kg	
   11.1	
  mg/kg	
   n/a	
  

Carbonq	
   12.8%	
   22.2%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   16.0	
   16.0	
   <	
  20	
  

(Dry	
  weight)	
  

Phosphorusp	
   0.57%	
   0.99%	
   n/a	
  

Potassiumo	
   0.61%	
   1.06%	
   n/a	
  

Sample	
  9	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.2	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   2.28	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   51.3%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   48.7%	
   n/a	
   40	
  –	
  50%	
  

Organic	
  Matteru	
   19.4%	
   37.7%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.8%	
   1.5%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.8%	
   1.5%	
   n/a	
  

Ammonium	
  Nr	
   2.6	
  mg/kg	
   5.0	
  mg/kg	
   n/a	
  

Carbonq	
   12.6%	
   24.5%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   15.90	
   15.90	
   <	
  20	
  

	
  (Dry	
  weight)	
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Phosphorusp	
   0.37%	
   0.72%	
   n/a	
  

Potassiumo	
   0.47%	
   0.91%	
   n/a	
  

Sample	
  10	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   7.9	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   1.91	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   56.6%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   43.4%	
   n/a	
   40	
  –	
  50%	
  

Organic	
  Matteru	
   18.3%	
   32.3%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.7%	
   1.3%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.7%	
   1.3%	
   n/a	
  

Ammonium	
  Nr	
   2.8	
  mg/kg	
   5.0	
  mg/kg	
   n/a	
  

Carbonq	
   10.6%	
   18.7%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   14.40	
   14.40	
   <	
  20	
  

(Dry	
  weight)	
  

Phosphorusp	
   0.27%	
   0.47%	
   n/a	
  

Potassiumo	
   0.50%	
   0.89%	
   n/a	
  

Sample	
  11	
  

Analyte	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

Normal	
  Range	
  

pHy	
   8.1	
   n/a	
   5.0	
  –	
  8.5	
  

Soluble	
  Saltsx	
  (1:5	
  w:w)	
   1.21	
  mmhos/cm	
   n/a	
   1	
  –	
  10	
  

mmhos/cm	
  

Solidsw	
   58.8%	
   n/a	
   50	
  –	
  60%	
  

Moisturev	
   41.2%	
   n/a	
   40	
  –	
  50%	
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Organic	
  Matteru	
   25.8%	
   43.9%	
   30	
  –	
  70%	
  

(Dry	
  weight)	
  

Total	
  Nitrogent	
   0.8%	
   1.4%	
   0.5	
  –	
  2.5%	
  

(Dry	
  weight)	
  

Organic	
  Nitrogens	
   0.8%	
   1.4%	
   n/a	
  

Ammonium	
  Nr	
   18.9	
  mg/kg	
   32.1	
  mg/kg	
   n/a	
  

Carbonq	
   14.3%	
   24.3%	
   <	
  54%	
  

Carbon:Nitrogen	
  Ratio	
   17.00	
   17.00	
   <	
  20	
  

(Dry	
  weight)	
  

Phosphorusp	
   0.25%	
   0.43%	
   n/a	
  

Potassiumo	
   0.39%	
   0.66%	
   n/a	
  
zCompost	
  analysis	
  was	
  conducted	
  at	
  Pennsylvania	
  State	
  University	
  Agricultural	
  Analytical	
  Services	
  Laboratory	
  (University	
  Park,	
  Pennsylvania).	
  

yThe	
  pH	
  of	
  the	
  finished	
  compost	
  was	
  measured	
  by	
  making	
  a	
  slurry	
  of	
  compost	
  and	
  deionized	
  water	
  and	
  then	
  blended	
  to	
  a	
  ratio	
  of	
  1:5.	
  	
  The	
  
sample	
  was	
  then	
  shaken	
  for	
  20	
  minutes	
  at	
  room	
  temperature	
  to	
  allow	
  the	
  salts	
  to	
  solubilize	
  in	
  the	
  deionized	
  water.	
  	
  The	
  pH	
  was	
  then	
  measured	
  
with	
  an	
  electrometric	
  pH	
  meter	
  (TMECC,	
  2002).	
  	
  The	
  pH	
  of	
  the	
  finished	
  compost	
  ranged	
  from	
  7.9	
  to	
  8.4,	
  which	
  is	
  slightly	
  alkaline,	
  but	
  still	
  within	
  
the	
  typical	
  pH	
  range	
  of	
  compost	
  (5.0-­‐8.5).	
  

xThe	
  soluble	
  salts	
  were	
  measured	
  by	
  taking	
  the	
  electrical	
  conductivity	
  in	
  a	
  1:5	
  (compost:water,	
  weight	
  ratio)	
  slurry	
  and	
  was	
  measured	
  in	
  units	
  of	
  
millimhos/cm.	
  

wThe	
  %	
  solids	
  was	
  measured	
  by	
  weighing	
  a	
  sample	
  and	
  then	
  drying	
  it	
  at	
  70	
  (+/-­‐	
  5)	
  degrees	
  Celsius	
  and	
  then	
  re-­‐weighed.	
  	
  The	
  remaining	
  dry	
  
solids	
  fraction	
  represented	
  the	
  total	
  solids,	
  and	
  the	
  evaporated	
  fraction	
  represented	
  the	
  %	
  moisture	
  (TMECC,	
  2002)	
  

v
The	
  %	
  moisture	
  was	
  measured	
  by	
  weighing	
  a	
  sample	
  and	
  then	
  drying	
  it	
  at	
  70	
  (+/-­‐	
  5)	
  degrees	
  Celsius	
  and	
  then	
  re-­‐weighed.	
  	
  The	
  remaining	
  dry	
  
solids	
  fraction	
  represented	
  the	
  total	
  solids,	
  and	
  the	
  evaporated	
  fraction	
  represented	
  the	
  %	
  moisture	
  (TMECC,	
  2002)	
  

u
The	
  %	
  organic	
  matter	
  of	
  the	
  finished	
  compost	
  was	
  measured	
  by	
  using	
  the	
  Loss-­‐On-­‐Ignition	
  Organic	
  Matter	
  Method;	
  which	
  is	
  a	
  direct	
  
determination	
  method	
  that	
  indicates	
  organic	
  matter	
  content	
  by	
  quantifying	
  the	
  amount	
  of	
  solid	
  material	
  combusted	
  relative	
  to	
  the	
  original	
  
oven	
  dried	
  sample	
  (TMECC,	
  2002).	
  	
  	
  
t
The	
  nitrogen	
  content	
  of	
  the	
  finished	
  compost	
  was	
  determined	
  by	
  using	
  the	
  methodologies	
  specified	
  in	
  the	
  Test	
  Methods	
  for	
  the	
  Examination	
  
of	
  Composting	
  and	
  Compost	
  (TMECC,	
  2002),	
  specifically	
  the	
  Total	
  Kjeldahl	
  Nitrogen	
  Semi-­‐Micro	
  Kjeldahl	
  technique	
  (TMECC,	
  2002).	
  	
  	
  

s
The	
  organic	
  nitrogen	
  content	
  of	
  the	
  finished	
  compost	
  was	
  determined	
  by	
  using	
  the	
  methodologies	
  specified	
  in	
  the	
  Test	
  Methods	
  for	
  the	
  
Examination	
  of	
  Composting	
  and	
  Compost	
  (TMECC,	
  2002),	
  specifically	
  the	
  Total	
  Kjeldahl	
  Nitrogen	
  Semi-­‐Micro	
  Kjeldahl	
  technique	
  (TMECC,	
  2002).	
  	
  

	
  rThe	
  ammonium	
  nitrogen	
  content	
  of	
  the	
  finished	
  compost	
  was	
  determined	
  by	
  using	
  the	
  methodologies	
  specified	
  in	
  the	
  Test	
  Methods	
  for	
  the	
  
Examination	
  of	
  Composting	
  and	
  Compost	
  (TMECC,	
  2002),	
  specifically	
  the	
  Total	
  Kjeldahl	
  Nitrogen	
  Semi-­‐Micro	
  Kjeldahl	
  technique	
  (TMECC,	
  2002).	
  	
  	
  

q
The	
  total	
  carbon	
  content	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  was	
  measured	
  by	
  the	
  Combustion	
  with	
  CO2	
  Detection	
  method.	
  	
  This	
  method	
  
uses	
  a	
  carbon	
  analyzer	
  (Leco	
  CR-­‐12)	
  to	
  determine	
  total	
  organic	
  carbon	
  in	
  compost.	
  	
  The	
  analyzer	
  operates	
  on	
  the	
  principle	
  of	
  total	
  combustion	
  
of	
  a	
  sample	
  in	
  an	
  oxygen-­‐rich	
  atmosphere	
  of	
  a	
  2500	
  degree	
  Fahrenheit	
  resistance	
  furnace	
  (TMECC,	
  2002).	
  	
  The	
  CO2	
  produced	
  by	
  the	
  combustion	
  
is	
  swept	
  into	
  an	
  oxygen	
  stream	
  through	
  anhydrone	
  tubes	
  to	
  scrub	
  H2O	
  vapor	
  from	
  the	
  stream	
  (TMECC,	
  2002).	
  	
  The	
  CO2	
  stream	
  is	
  then	
  fed	
  into	
  
the	
  infrared	
  detector	
  and	
  the	
  amount	
  of	
  CO2	
  produced	
  is	
  measured.	
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p
The	
  phosphorus	
  content	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  was	
  measured	
  by	
  digesting	
  an	
  air-­‐dried,	
  milled	
  sample	
  and	
  determining	
  the	
  
phosphorus	
  content	
  using	
  inductively	
  coupled	
  plasma	
  emission	
  spectrospy	
  (ICP).	
  

o
The	
  potassium	
  content	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  was	
  measured	
  by	
  digesting	
  an	
  air-­‐dried,	
  milled	
  sample	
  and	
  determining	
  the	
  
potassium	
  content	
  using	
  inductively	
  coupled	
  plasma	
  emission	
  spectrospy	
  (ICP).	
  

	
  

The	
  trace	
  elements	
  and	
  heavy	
  metal	
  content	
  of	
  the	
  finished	
  compost	
  in	
  this	
  study	
  were	
  
measured	
  by	
  method	
  4.06	
  in	
  the	
  Test	
  Methods	
  for	
  the	
  Examination	
  of	
  Composting	
  and	
  Compost.	
  	
  The	
  
trace	
  elements	
  and	
  heavy	
  metal	
  (arsenic,	
  cadmium,	
  copper,	
  lead,	
  mercury,	
  molybdenum,	
  nickel,	
  
selenium,	
  zinc)	
  content	
  of	
  the	
  finished	
  compost	
  (Table	
  2)	
  in	
  this	
  study	
  were	
  all	
  below	
  the	
  acceptable	
  
levels	
  prescribed	
  by	
  the	
  Environmental	
  Protection	
  Agency.	
  	
  	
  

	
  

Table	
  2:	
  Trace	
  elements	
  and	
  heavy	
  metal	
  test	
  results	
  from	
  certified	
  quality	
  testing	
  laboratoryz	
  in	
  the	
  study	
  of	
  the	
  
use	
  of	
  composting	
  as	
  a	
  means	
  to	
  manage	
  the	
  invasive	
  species	
  water	
  hyacinth.	
  	
  

Analyte	
  

Sample	
  1	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPAy	
  

Limit	
  

Arsenic	
  (As)	
   7.4	
  mg/kg	
   10.1	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.5	
  mg/kg	
   0.7	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   22.2	
  mg/kg	
   30.4	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   8.2	
  mg/kg	
   11.1	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.02	
  mg/kg	
   0.02	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   1.5	
  mg/kg	
   2.1	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   10.2	
  mg/kg	
   13.9	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   1.1	
  mg/kg	
   1.5	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   54.5	
  mg/kg	
   74.4	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
  

Sample	
  2	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   6.2	
  mg/kg	
   8.9	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.4	
  mg/kg	
   0.5	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   18.0	
  mg/kg	
   25.9	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   6.9	
  mg/kg	
   9.9	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.01	
  mg/kg	
   0.02	
  mg/kg	
   17	
  mg/kg	
  



 
 

51 
 

Molybdenum	
  (Mo)	
   1.1	
  mg/kg	
   1.6	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   8.2	
  mg/kg	
   11.8	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   1.1	
  mg/kg	
   1.6	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   47.6	
  mg/kg	
   68.3	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
  

Sample	
  3	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   5.5	
  mg/kg	
   8.5	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.3	
  mg/kg	
   0.5	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   16.4	
  mg/kg	
   25.1	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   6.3	
  mg/kg	
   9.7	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.01	
  mg/kg	
   0.02	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   1.0	
  mg/kg	
   1.6	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   7.7	
  mg/kg	
   11.8	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   1.0	
  mg/kg	
   1.6	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   44.5	
  mg/kg	
   68.4	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
  

Sample	
  4	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   5.8	
  mg/kg	
   8.7	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.4	
  mg/kg	
   0.6	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   27.9	
  mg/kg	
   41.4	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   6.1	
  mg/kg	
   9.0	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.01	
  mg/kg	
   0.01	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   1.1	
  mg/kg	
   1.7	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   7.6	
  mg/kg	
   11.3	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   1.1	
  mg/kg	
   1.7	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   65.7	
  mg/kg	
   97.4	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
   Results	
   Results	
   EPA	
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Sample	
  5	
   (As	
  is	
  basis)	
   (Dry	
  weight	
  basis)	
   Limit	
  

Arsenic	
  (As)	
   5.3	
  mg/kg	
   8.7	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.3	
  mg/kg	
   0.6	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   33.9	
  mg/kg	
   55.0	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   6.7	
  mg/kg	
   10.8	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.01	
  mg/kg	
   0.01	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   1.0	
  mg/kg	
   1.7	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   6.9	
  mg/kg	
   11.2	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   1.0	
  mg/kg	
   1.7	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   69.5	
  mg/kg	
   112.9	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
  

Sample	
  6	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   5.7	
  mg/kg	
   8.3	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.4	
  mg/kg	
   0.5	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   35.1	
  mg/kg	
   51.0	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   6.1	
  mg/kg	
   8.9	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.01	
  mg/kg	
   0.02	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   1.1	
  mg/kg	
   1.5	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   7.3	
  mg/kg	
   10.6	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   1.1	
  mg/kg	
   1.5	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   119.0	
  mg/kg	
   172.6	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
  

Sample	
  7	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   4.7	
  mg/kg	
   8.4	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.3	
  mg/kg	
   0.6	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   41.6	
  mg/kg	
   73.8	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   3.5	
  mg/kg	
   6.1	
  mg/kg	
   300	
  mg/kg	
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Mercury	
  (Hg)	
   0.01	
  mg/kg	
   0.02	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   1.0	
  mg/kg	
   1.8	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   5.5	
  mg/kg	
   9.7	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   1.0	
  mg/kg	
   1.8	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   86.4	
  mg/kg	
   153.2	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
  

Sample	
  8	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   4.1	
  mg/kg	
   7.1	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.3	
  mg/kg	
   0.5	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   31.3	
  mg/kg	
   54.4	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   4.2	
  mg/kg	
   7.2	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.01	
  mg/kg	
   0.02	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   0.9	
  mg/kg	
   1.6	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   5.5	
  mg/kg	
   9.6	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   0.9	
  mg/kg	
   1.6	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   67.0	
  mg/kg	
   116.5	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
  

Sample	
  9	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   3.0	
  mg/kg	
   5.9	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.3	
  mg/kg	
   0.6	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   23.5	
  mg/kg	
   45.7	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   4.4	
  mg/kg	
   8.5	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.03	
  mg/kg	
   0.05	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   0.9	
  mg/kg	
   1.7	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   4.0	
  mg/kg	
   7.9	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   0.9	
  mg/kg	
   1.7	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   48.6	
  mg/kg	
   94.7	
  mg/kg	
   2800	
  mg/kg	
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Analyte	
  

Sample	
  10	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   3.7	
  mg/kg	
   6.6	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.3	
  mg/kg	
   0.5	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   16.7	
  mg/kg	
   29.5	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   5.5	
  mg/kg	
   9.6	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.01	
  mg/kg	
   0.02	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   0.9	
  mg/kg	
   1.6	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   5.3	
  mg/kg	
   9.3	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   0.9	
  mg/kg	
   1.6	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   43.3	
  mg/kg	
   76.4	
  mg/kg	
   2800	
  mg/kg	
  

Analyte	
  

Sample	
  11	
  

Results	
  

(As	
  is	
  basis)	
  

Results	
  

(Dry	
  weight	
  basis)	
  

EPA	
  

Limit	
  

Arsenic	
  (As)	
   3.2	
  mg/kg	
   5.4	
  mg/kg	
   41	
  mg/kg	
  

Cadmium	
  (Cd)	
   0.5	
  mg/kg	
   0.9	
  mg/kg	
   39	
  mg/kg	
  

Copper	
  (Cu)	
   12.7	
  mg/kg	
   21.5	
  mg/kg	
   1500	
  mg/kg	
  

Lead	
  (Pb)	
   5.2	
  mg/kg	
   8.8	
  mg/kg	
   300	
  mg/kg	
  

Mercury	
  (Hg)	
   0.02	
  mg/kg	
   0.03	
  mg/kg	
   17	
  mg/kg	
  

Molybdenum	
  (Mo)	
   2.8	
  mg/kg	
   4.8	
  mg/kg	
   75	
  mg/kg	
  

Nickel	
  (Ni)	
   5.2	
  mg/kg	
   8.8	
  mg/kg	
   420	
  mg/kg	
  

Selenium	
  (Se)	
   1.5	
  mg/kg	
   2.6	
  mg/kg	
   100	
  mg/kg	
  

Zinc	
  (Zn)	
   31.9	
  mg/kg	
   54.3	
  mg/kg	
   2800	
  mg/kg	
  

	
  

zCompost	
  analysis	
  was	
  conducted	
  at	
  Pennsylvania	
  State	
  University	
  Agricultural	
  Analytical	
  Services	
  Laboratory	
  (University	
  Park,	
  Pennsylvania).	
  

yEPA	
  limits	
  retrieved	
  from	
  Stofella	
  et	
  al.	
  2001.	
  

	
  

Most	
   samples	
   of	
   compost	
  were	
   in	
   acceptable	
   to	
   ideal	
   ranges	
   on	
   all	
   variables	
   tested.	
   	
   It	
  was	
  
noted	
   that	
   the	
   few	
   variables	
   tested	
   that	
   were	
   in	
   unacceptable	
   ranges	
   were	
   drawn	
   from	
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compost	
  piles	
  made	
  early	
  on	
  in	
  the	
  study.	
  	
  Therefore,	
  researchers	
  believe	
  that	
  the	
  unacceptable	
  
ranges	
  on	
   these	
  variables	
  were	
  most	
   likely	
  due	
   to	
   inexperienced	
  equipment	
  operators	
  at	
   the	
  
beginning	
  of	
  the	
  study	
   inadvertently	
  scooping	
  clay	
  and	
  other	
  materials	
  from	
  the	
  compost	
  site	
  
pad	
  into	
  the	
  compost	
  while	
  turning	
  the	
  piles	
  with	
  the	
  front-­‐end	
  loader	
  (Rynk	
  et	
  al.	
  1992).	
  	
  With	
  
improvements	
  to	
  the	
  compost	
  pad	
  and	
  with	
  more	
  experienced	
  operators,	
  these	
  problems	
  will	
  
be	
  resolved	
  in	
  future	
  composting	
  efforts.	
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Appendix	
   III.4	
   -­‐	
   Compost	
   Field	
   Tests:	
   Using	
   Compost	
   Created	
   from	
   Water	
  
Hyacinth	
  as	
  an	
  Alternative	
  Potting	
  Media	
  in	
  a	
  Greenhouse	
  Setting.	
  	
  	
  

	
   Potting	
  media	
  has	
  an	
  effect	
  on	
  the	
  health,	
  survivability	
  and	
  production	
  of	
  greenhouse	
  
plants.	
  	
  Potting	
  media	
  in	
  a	
  greenhouse	
  environment	
  must	
  provide	
  good	
  anchorage,	
  water	
  and	
  
nutrient	
  availability	
  and	
  good	
  aeration	
  to	
  the	
  roots.	
  
	
   The	
  purpose	
  of	
  this	
  experiment	
  was	
  to	
  determine	
  if	
  a	
  compost-­‐based	
  potting	
  media	
  was	
  
a	
  suitable	
  alternative	
  to	
  a	
  peat-­‐based	
  potting	
  media	
  in	
  greenhouse	
  production	
  of	
  2	
  tropical	
  
plant	
  species:	
  Tropical	
  Hibiscus	
  (Hibiscus	
  rosa-­‐sinensis)	
  and	
  Mandevilla	
  (Mandevilla	
  sp.).	
  	
  	
  
Variables	
  studied	
  included	
  growth,	
  plant	
  health,	
  survivability	
  and	
  flower	
  production.	
  
	
   Plants	
  in	
  the	
  control	
  group	
  were	
  planted	
  	
  in	
  a	
  typical	
  1	
  part	
  peat:1	
  part	
  perlite	
  mix.	
  	
  
Plants	
  in	
  the	
  compost	
  treatment	
  were	
  planted	
  in	
  a1	
  part	
  compost:	
  2	
  parts	
  perlite	
  mix	
  or	
  2	
  parts	
  
compost:	
  1	
  part	
  perlite	
  mix	
  (Perlite	
  is	
  expanded	
  lava	
  rock	
  that	
  is	
  incorporated	
  into	
  potting	
  mix	
  
to	
  allow	
  for	
  better	
  drainage	
  and	
  air	
  exchange).	
  	
  The	
  plants	
  were	
  maintained	
  in	
  a	
  greenhouse	
  for	
  
five	
  weeks	
  during	
  the	
  fall	
  semester.	
  	
  The	
  progress	
  of	
  the	
  plants	
  was	
  checked	
  weekly	
  for	
  
internode	
  length,	
  number	
  of	
  nodes,	
  number	
  of	
  flowers	
  and	
  overall	
  health	
  of	
  the	
  plants.	
  	
  
General	
  observations	
  were	
  also	
  taken	
  on	
  ease	
  of	
  care	
  including	
  how	
  quickly	
  the	
  potting	
  medias	
  
dried	
  out	
  in	
  the	
  greenhouse	
  environment.	
  	
  
	
   Results	
  showed	
  that	
  the	
  compost-­‐based	
  potting	
  media	
  was	
  a	
  suitable	
  alternative	
  to	
  peat	
  
in	
  greenhouse	
  production	
  of	
  the	
  tropical	
  plant	
  species	
  Tropical	
  Hibiscus	
  (Hibiscus	
  rosa-­‐sinensis)	
  
and	
  Mandevilla	
  (Mandevilla	
  sp.).	
  	
  	
  However,	
  the	
  plants	
  potted	
  in	
  a1	
  part	
  compost:	
  2	
  parts	
  
perlite	
  mix	
  tended	
  to	
  dry	
  out	
  rather	
  quickly	
  leading	
  to	
  more	
  maintenance	
  and	
  a	
  greater	
  threat	
  
to	
  leaf	
  burn	
  and	
  other	
  plant	
  problems	
  in	
  the	
  2	
  species	
  of	
  plants	
  studied.	
  	
  The	
  plants	
  potted	
  in	
  a	
  
2	
  part	
  compost:	
  1	
  part	
  perlite	
  mix	
  held	
  moisture	
  longer	
  and	
  comparably	
  to	
  the	
  plants	
  potted	
  in	
  
the	
  peat:perlite	
  mix	
  and	
  were,	
  therefore,	
  easier	
  to	
  maintain	
  and	
  led	
  to	
  overall	
  healthier	
  plants.	
  
	
   Tropical	
  species	
  of	
  plants	
  have	
  greater	
  moisture	
  requirements	
  when	
  compared	
  to	
  some	
  
other	
  species	
  of	
  plants,	
  so	
  it	
  is	
  understandable	
  that	
  the	
  potting	
  mix	
  with	
  a	
  greater	
  proportion	
  of	
  
organic	
  matter	
  that	
  allowed	
  for	
  better	
  moisture	
  retention	
  would	
  lead	
  to	
  better	
  growth.	
   	
  With	
  
native	
  species	
  of	
  plants	
  or	
  cacti	
  and	
  succulent	
  plant	
  species	
  that	
  are	
  more	
  drought-­‐tolerant	
  and	
  
have	
   less	
   nutritional	
   needs,	
   the	
   1	
   part	
   compost:2	
   parts	
   perlite	
  mix	
  may	
   be	
   a	
  more	
   suitable	
  
choice.	
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Appendix	
   IV.1	
   -­‐	
   Workshops	
   and	
   Demonstrations	
   Conducted	
   on	
   Composting	
  
Water	
  Hyacinth	
  	
  
	
  

2008	
  workshops	
  and	
  presentations	
  
	
  

July,	
  2008	
  –	
  Hays	
  County	
  Cooperative	
  Extension	
  4-­‐H	
  presentation,	
  Composting	
  and	
  
Vermicomposting	
  at	
  Home,	
  July,	
  2008,	
  San	
  Marcos,	
  TX	
  (presentation	
  to	
  approximately	
  20	
  people).	
  

	
  
2009	
  workshops	
  and	
  presentations	
  
	
  

April	
  21,	
  2009	
  –	
  Texas	
  State	
  University,	
  Alkek	
  Library	
  Earth	
  Day	
  Conference,	
  Composting	
  for	
  the	
  
Home	
  and	
  at	
  Texas	
  State,	
  Spring,	
  2009,	
  (presentation	
  to	
  approximately	
  35	
  people).	
  
	
  
August	
  31,	
  2009-­‐-­‐	
  Sanders,	
  J.	
  and	
  T.M.	
  Waliczek.	
  2009.	
  	
  Cafeteria	
  composting.	
  Recycling	
  and	
  
Sustainability	
  Summit.	
  	
  August,	
  Galveston,	
  TX	
  (presentation	
  to	
  approximately	
  40	
  people).	
  
	
  
August	
  31,	
  2009-­‐-­‐	
  Montoya,	
  J.,	
  T.M.	
  Waliczek	
  and	
  M.	
  Abbott.	
  2009.	
  	
  Using	
  compost	
  to	
  combat	
  
water	
  hyacinth.	
  	
  Recycling	
  and	
  Sustainability	
  Summit.	
  	
  August,	
  Galveston,	
  TX	
  (demonstration	
  to	
  
approximately	
  40	
  people).	
  
	
  
October	
  21,	
  2009	
  –	
  Texas	
  State	
  composting	
  program.	
  	
  Recycling	
  and	
  Sustainability	
  Summit.	
  	
  2009	
  
Compost	
  Camp,	
  Compost	
  Advisory	
  Council,	
  October,	
  Creedmoor,	
  TX	
  (presentation	
  to	
  
approximately	
  70	
  people).	
  
	
  
November	
  9,	
  2009	
  –	
  Austin	
  Organic	
  Gardening	
  Club,	
  Composting	
  for	
  the	
  Home	
  and	
  at	
  Texas	
  State,	
  
Zilker	
  Botanic	
  Garden,	
  Fall,	
  2009	
  (presentation	
  to	
  approximately	
  50	
  people).	
  

	
  
*Bobcat	
  Blend	
  composting	
  project	
  featured	
  in:	
  

Gillespie,	
  Spike.	
  2009.	
  You	
  got	
  oatmeal	
  on	
  my	
  hyacinth.	
  	
  Edible	
  Austin	
  magazine,	
  Winter.	
  
	
  

2010	
  workshops	
  and	
  presentations	
  
April	
  22,	
  2010	
  –	
  Earth	
  Day	
  on	
  Texas	
  State	
  University	
  quad	
  (demonstration	
  to	
  approximately	
  
hundreds	
  of	
  students,	
  faculty	
  and	
  staff	
  throughout	
  the	
  day).	
  
	
  
April	
  24,	
  2010	
  –	
  Earth	
  Day	
  Weekend	
  demonstration	
  (A	
  demonstration	
  was	
  held	
  for	
  35	
  students	
  
and	
  staff	
  in	
  conjunction	
  with	
  Earth	
  Day).	
  
	
  
October	
  4,	
  2010	
  –	
  Montoya,	
  J.,	
  J.	
  Sanders	
  and	
  T.	
  M.	
  Waliczek.	
  2010.	
  	
  Bobcat	
  Blend	
  -­‐-­‐	
  Bobcat	
  
Blend	
  –	
  Campus	
  Food	
  Collections	
  and	
  Composting	
  	
  Recycling	
  and	
  Sustainability	
  Summit.	
  	
  
October,	
  San	
  Antonio,	
  TX,	
  (presentation	
  to	
  approximately	
  40	
  people).	
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October	
  4,	
  2010	
  –	
  Sanders,	
  J.	
  and	
  T.M.	
  Waliczek.	
  2010.	
  	
  Bobcat	
  Blend:	
  Funding	
  options	
  for	
  
university	
  composting	
  programs.	
  Recycling	
  and	
  Sustainability	
  Summit.	
  	
  October,	
  San	
  Antonio,	
  
TX,	
  (presentation	
  to	
  approximately	
  40	
  people).	
  

	
  
August	
  2,	
  2010	
  –	
  Montoya,	
  J.,	
  T.	
  M.	
  Waliczek	
  and	
  M.	
  Abbott.	
  2010.	
  	
  Large-­‐scale	
  composting	
  as	
  a	
  
means	
  of	
  managing	
  Eichhornia	
  crassipes,	
  water	
  hyacinth.	
  	
  HortScience,	
  August	
  ,	
  Palm	
  Desert,	
  
CA	
  (presentation	
  to	
  approximately	
  40	
  people)..	
  

	
  
August	
  2,	
  2010	
  -­‐-­‐	
  Sanders,	
  J.	
  and	
  T.M.	
  Waliczek.	
  2010.	
  	
  Bobcat	
  Blend:	
  An	
  economic	
  analysis	
  of	
  a	
  
student-­‐run	
  university	
  campus	
  composting	
  program.	
  	
  HortScience,	
  August,	
  Palm	
  Desert,	
  CA,	
  
(presentation	
  to	
  approximately	
  40	
  people).	
  .	
  	
  

	
  
August	
  27,	
  2010	
  -­‐-­‐	
  Montoya,	
  J.,	
  T.M.	
  Waliczek	
  and	
  M.	
  Abbott.	
  	
  Large-­‐scale	
  composting	
  as	
  a	
  
means	
  of	
  managing	
  Eichhornia	
  crassipes,	
  water	
  hyacinth.	
  	
  Freeman	
  Ranch	
  Research	
  
Symposium,	
  August,	
  Texas	
  State	
  University,	
  San	
  Marcos,	
  TX.	
  (presentation	
  to	
  35	
  people).	
  
	
  
September	
  29,	
  2010	
  –	
  Texas	
  State	
  University,	
  No	
  Impact	
  Week	
  collections	
  and	
  booth	
  on	
  
university	
  quad	
  (demonstration	
  to	
  hundreds	
  of	
  students,	
  faculty	
  and	
  staff	
  throughout	
  the	
  day).	
  
	
  
October	
  13,	
  2010	
  –	
  Texas	
  State	
  University	
  Environmental	
  Service	
  Committee	
  tour	
  
(demonstration	
  to	
  approximately	
  15	
  people).	
  
	
  
October	
  13,	
  2010	
  –	
  City	
  of	
  San	
  Marcos	
  Parks	
  and	
  Recreation	
  department	
  tour,	
  (demonstration	
  
to	
  approximately	
  5	
  people).	
  
	
  
October	
  15,	
  2010	
  –	
  Texas	
  State	
  University,	
  AG	
  3308,	
  Organic	
  Gardening	
  class	
  tour,	
  
(demonstration	
  to	
  approximately	
  25	
  people).	
  
	
  
November	
  18,	
  2010	
  –	
  Texas	
  State	
  University,	
  Texas	
  Recycles	
  Day	
  event	
  collections	
  booth	
  on	
  
university	
  quad	
  (demonstration	
  to	
  hundreds	
  of	
  students,	
  faculty	
  and	
  staff	
  throughout	
  the	
  day).	
  

	
  
*Bobcat	
  Blend	
  composting	
  project	
  featured	
  in:	
  

Sullivan,	
  D.	
  2010.	
  College	
  Students	
  initiate	
  food	
  waste	
  diversion.	
  Biocycle,	
  September,	
  pg.	
  65-­‐
67.	
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Appendix	
  IV.2	
  –	
  Best	
  Management	
  Practices	
  for	
  Composting	
  Water	
  Hyacinth	
  

This	
  study	
  found	
  that	
  water	
  hyacinth	
  seeds	
  were	
  rendered	
  non-­‐viable	
  at	
  temperatures	
  
at	
  or	
  above	
  135	
  degrees	
  Fahrenheit.	
  	
  This	
  finding	
  allows	
  for	
  water	
  hyacinth	
  to	
  be	
  safely	
  utilized	
  
as	
  a	
  feedstock	
  in	
  the	
  composting	
  process	
  even	
  though	
  it	
  is	
  an	
  invasive	
  species	
  since	
  
temperatures	
  above	
  135	
  degrees	
  Fahrenheit	
  kills	
  seeds,	
  and	
  these	
  temperatures	
  are	
  relatively	
  
easy	
  to	
  maintain	
  in	
  a	
  compost	
  pile	
  when	
  appropriate	
  proportions	
  of	
  carbon	
  and	
  nitrogen-­‐
containing	
  feedstocks	
  are	
  used.	
  	
  This	
  supported	
  other	
  studies	
  that	
  found	
  that	
  plant	
  pathogens	
  
as	
  well	
  as	
  weed	
  seeds	
  were	
  killed	
  if	
  several	
  days	
  of	
  pile	
  temperatures	
  above	
  130	
  degrees	
  
Fahrenheit	
  were	
  achieved.	
  

Feedstocks	
  were	
  incorporated	
  at	
  the	
  following	
  percentages:	
  food	
  waste	
  from	
  the	
  
university	
  cafeterias	
  (10%),	
  poultry	
  litter	
  (15%),	
  water	
  hyacinth	
  plants	
  (25%)	
  and	
  wood	
  chips	
  
(50%).	
  	
  	
  

Piles	
  were	
  turned	
  every	
  5	
  days	
  (when	
  environmental	
  conditions	
  allowed)	
  to	
  ensure	
  that	
  
formerly	
  outer	
  exposed	
  surfaces	
  were	
  buried	
  within	
  the	
  pile	
  each	
  time	
  the	
  pile	
  was	
  turned.	
  	
  	
  
Rows	
  of	
  feedstock	
  blends	
  were	
  laid	
  out	
  in	
  separate	
  areas	
  and	
  monitored	
  for	
  heat,	
  moisture	
  and	
  
maturity.	
  	
  Piles	
  were	
  built	
  to	
  be	
  5	
  to	
  6	
  feet	
  tall.	
  	
  The	
  widths	
  of	
  the	
  piles	
  were	
  built	
  to	
  be	
  10-­‐12	
  
feet.	
  	
  This	
  height	
  and	
  width	
  allowed	
  the	
  piles	
  to	
  be	
  insulated	
  and	
  generate	
  enough	
  heat	
  to	
  kill	
  
pathogens	
  (including	
  the	
  weed	
  seeds	
  of	
  interest),	
  but	
  did	
  not	
  allow	
  too	
  much	
  heat	
  to	
  be	
  
generated	
  in	
  the	
  piles	
  which	
  can	
  result	
  in	
  spontaneous	
  combustion.	
  

To	
  test	
  for	
  water	
  hyacinth	
  seeds	
  in	
  finished	
  compost,	
  100	
  individual	
  gallon-­‐sized	
  samples	
  
were	
  taken	
  from	
  finished	
  cured	
  piles	
  of	
  compost	
  and	
  at	
  varying	
  depths	
  from	
  curing	
  piles.	
  	
  When	
  
samples	
  were	
  drawn,	
  they	
  were	
  labeled	
  with	
  the	
  time,	
  approximate	
  depths	
  and	
  site	
  from	
  which	
  
they	
  were	
  gathered.	
  	
  Each	
  gallon-­‐sized	
  compost	
  sample	
  was	
  drawn	
  by	
  collecting	
  at	
  least	
  5	
  
subsamples	
  from	
  each	
  cured	
  compost	
  pile.	
  	
  These	
  5	
  subsamples	
  were	
  then	
  combined	
  to	
  create	
  
a	
  composite	
  sample.	
  	
  	
  
	
   Compost	
  samples	
  were	
  taken	
  to	
  the	
  Ladybird	
  Johnson	
  Wildflower	
  Center	
  seed	
  lab	
  in	
  
Austin,	
  Texas.	
  	
  Each	
  sample	
  was	
  screened	
  down	
  to	
  particles	
  less	
  than	
  2mm	
  in	
  size,	
  which	
  would	
  
capture	
  any	
  potential	
  water	
  hyacinth	
  seeds	
  while	
  preventing	
  any	
  larger	
  particles	
  from	
  passing	
  
through.	
  	
  Each	
  sample	
  was	
  then	
  visually	
  analyzed	
  per	
  Lady	
  Bird	
  Johnson	
  Wildflower	
  Center’s	
  
seed	
  identifying	
  procedures	
  to	
  determine	
  if	
  water	
  hyacinth	
  seeds	
  were	
  present	
  in	
  each	
  sample.	
  	
  	
  	
  	
  	
  	
  

Compost	
  was	
  also	
  tested	
  for	
  quality	
  which	
  included	
  tests	
  for	
  weeds	
  and	
  pathogens.	
  	
  
Samples	
  were	
  taken	
  by	
  collecting	
  approximately	
  1	
  pint	
  of	
  material	
  from	
  near	
  the	
  surface	
  of	
  
each	
  pile,	
  another	
  pint	
  of	
  material	
  midway	
  to	
  the	
  core	
  of	
  the	
  pile,	
  and	
  another	
  pint	
  of	
  material	
  
from	
  near	
  the	
  core	
  of	
  the	
  pile.	
  	
  Each	
  of	
  the	
  3	
  pints	
  were	
  then	
  placed	
  in	
  a	
  clean	
  5-­‐gallon	
  plastic	
  
bucket	
  and	
  thoroughly	
  mixed.	
  	
  A	
  composite	
  sample	
  of	
  1	
  to	
  2	
  quarts	
  was	
  then	
  collected	
  from	
  the	
  
mixed	
  material.	
  	
  	
  This	
  sampling	
  technique	
  was	
  designated	
  as	
  reliable	
  and	
  valid	
  in	
  compost	
  
quality	
  testing	
  standards.	
  
	
   Compost	
  samples	
  were	
  sent	
  to	
  Pennsylvania	
  State	
  Agricultural	
  Analytical	
  Services	
  
Laboratory	
  (University	
  Park,	
  Pennsylvania)	
  which	
  utilizes	
  testing	
  procedures	
  from	
  the	
  U.S.	
  
Compost	
  Council’s	
  Test	
  Methods	
  for	
  the	
  Examination	
  of	
  Composting	
  and	
  Compost	
  (TMECC	
  
2002).	
  	
  The	
  analysis	
  conducted	
  in	
  this	
  study	
  employed	
  the	
  tests	
  for	
  the	
  U.S.	
  Compost	
  Council	
  
Seal	
  of	
  Testing	
  Approval	
  (STA)	
  program	
  which	
  are	
  required	
  for	
  producers	
  involved	
  with	
  the	
  
Compost	
  Council’s	
  STA	
  program.	
  	
  These	
  tests	
  are	
  the	
  most	
  comprehensive	
  compost	
  tests	
  that	
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the	
  Pennsylvania	
  State	
  Agricultural	
  Analytical	
  Services	
  Laboratory	
  performs.	
  	
  The	
  tests	
  included	
  
the	
  following:	
  percent	
  solids,	
  organic	
  matter,	
  pH,	
  soluble	
  salts,	
  total	
  nitrogen,	
  total	
  carbon,	
  
carbon:nitrogen	
  ratio,	
  ammonium-­‐nitrogen,	
  phosphorus,	
  potassium,	
  calcium,	
  magnesium,	
  
arsenic,	
  cadmium,	
  copper,	
  lead,	
  mercury,	
  molybdenum,	
  nickel,	
  selenium,	
  zinc,	
  respirometry	
  
test,	
  bioassay,	
  and	
  particle	
  size	
  (<	
  9.5	
  mm)	
  within	
  each	
  compost	
  sample.	
  	
  This	
  study	
  found	
  that	
  
the	
  quality	
  of	
  compost	
  created	
  from	
  water	
  hyacinth	
  was	
  in	
  the	
  acceptable	
  to	
  ideal	
  ranges	
  of	
  
given	
  industry	
  quality	
  standards.	
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Appendix	
  V.1	
  	
  	
  	
  	
  	
  	
  	
  	
  Interim	
  Report	
  

	
  
Large-­‐Scale	
  Composting	
  System	
  as	
  a	
  Means	
  of	
  Controlling	
  Water	
  Hyacinth,	
  Eichhornia	
  
crasspipes	
  
	
  
PI:	
  Dr.	
  Michael	
  Abbott;	
  Dr.	
  Tina	
  Cade	
  
Texas	
  State	
  University	
  –	
  San	
  Marcos	
  
	
  
Contract	
  #	
  582-­‐8-­‐77063	
  
	
  
Project	
  Description	
  
	
  	
   This	
  project	
  involves	
  the	
  development	
  of	
  a	
  large-­‐scale	
  demonstration	
  compost	
  
operation	
  that	
  utilizes	
  invasive	
  water	
  hyacinth	
  harvested	
  from	
  Spring	
  Lake,	
  at	
  the	
  origin	
  of	
  the	
  
San	
  Marcos	
  River.	
  Poultry	
  litter	
  and	
  other	
  feedstocks	
  will	
  be	
  combined	
  with	
  water	
  hyacinth	
  to	
  
produce	
  a	
  mature	
  compost	
  that	
  destroys	
  the	
  water	
  hyacinth	
  seed.	
  The	
  results	
  of	
  the	
  study	
  will	
  
be	
  presented	
  to	
  interested	
  parties	
  and	
  will	
  serve	
  as	
  an	
  example	
  Best	
  Management	
  Practice	
  for	
  
other	
  water	
  bodies	
  with	
  water	
  hyacinth	
  problems.	
  
Composting	
  Site	
  

The	
  compost	
  operation	
  is	
  located	
  on	
  the	
  Muller	
  Farm,	
  which	
  is	
  owned	
  by	
  the	
  University	
  
and	
  located	
  outside	
  of	
  the	
  Edwards	
  Aquifer	
  recharge	
  zone.	
  The	
  farm	
  is	
  used	
  primarily	
  as	
  an	
  
alternate	
  pasture	
  for	
  cattle	
  raised	
  on	
  the	
  University’s	
  Freeman	
  ranch.	
  Approximately	
  five	
  acres	
  
are	
  being	
  used	
  for	
  the	
  composting	
  operation;	
  the	
  site	
  provides	
  open	
  areas	
  for	
  the	
  compost	
  
piles,	
  a	
  storm	
  water	
  collection	
  pond,	
  an	
  improved	
  all-­‐weather	
  road,	
  electricity	
  and	
  
supplemental	
  water	
  and	
  fencing	
  of	
  the	
  site.	
  
Compost	
  Feedstocks	
  

Feedstocks	
  chosen	
  for	
  this	
  project,	
  in	
  addition	
  to	
  the	
  water	
  hyacinth	
  include	
  poultry	
  
litter,	
  cafeteria	
  food	
  wastes	
  and	
  wood	
  chip	
  wastes.	
  Different	
  proportions	
  of	
  these	
  materials	
  
have	
  been	
  combined	
  and	
  composted	
  to	
  determine	
  which	
  feedstock	
  blend	
  will	
  have	
  the	
  greatest	
  
effect	
  on	
  the	
  destruction	
  of	
  hyacinth	
  seeds.	
  
Composting	
  and	
  Control	
  of	
  Hyacinth	
  Seeds	
  
	
   Because	
  of	
  the	
  lack	
  of	
  information	
  in	
  research	
  literature	
  on	
  the	
  temperature	
  at	
  which	
  
water	
  hyacinth	
  seeds	
  are	
  destroyed,	
  tests	
  are	
  being	
  conducted	
  in	
  University	
  laboratories	
  to	
  
determine	
  the	
  approximate	
  temperature	
  at	
  which	
  water	
  hyacinth	
  seeds	
  die.	
  Samples	
  of	
  
compost	
  containing	
  scarified	
  and	
  unscarified	
  water	
  hyacinth	
  seeds	
  are	
  being	
  monitored	
  for	
  
fifteen	
  days	
  in	
  temperature	
  chambers	
  that	
  are	
  held	
  at	
  120°	
  degrees	
  F,	
  135	
  degrees	
  F	
  and	
  150	
  
degrees	
  F.	
  Once	
  samples	
  are	
  held	
  for	
  fifteen	
  days,	
  seeds	
  are	
  tested	
  using	
  effective	
  germination	
  
procedures	
  to	
  determine	
  if	
  seeds	
  are	
  viable.	
  
	
   Composting	
  of	
  materials	
  takes	
  15-­‐30	
  days	
  with	
  piles	
  being	
  turned	
  every	
  five	
  days.	
  Blends	
  
of	
  feedstock	
  will	
  be	
  modified	
  to	
  maintain	
  temperatures	
  known	
  to	
  destroy	
  the	
  water	
  hyacinth	
  
seeds.	
  Once	
  decomposition	
  of	
  materials	
  is	
  achieved,	
  the	
  compost	
  will	
  be	
  tested	
  to	
  determine	
  
whether	
  water	
  hyacinth	
  seeds	
  have	
  been	
  destroyed.	
  Water	
  hyacinth	
  seeds	
  (if	
  not	
  fully	
  
decomposed)	
  will	
  be	
  extracted	
  from	
  the	
  finished	
  compost	
  and	
  tested	
  using	
  effective	
  
germination	
  protocol	
  to	
  rule	
  out	
  the	
  possibility	
  of	
  viability	
  in	
  the	
  processed	
  seeds.	
  



 
 

62 
 

	
   Additionally,	
  finished	
  compost	
  will	
  be	
  sampled	
  and	
  sent	
  to	
  a	
  certified	
  Seal	
  of	
  Testing	
  
Assurance	
  laboratory	
  to	
  test	
  for	
  viable	
  water	
  hyacinth	
  seeds	
  as	
  well	
  as	
  testing	
  the	
  quality	
  of	
  
compost	
  produced.	
  
Workshops/Demonstrations	
  
	
   A	
  series	
  of	
  workshops	
  and	
  demonstrations	
  will	
  be	
  conducted	
  for	
  interested	
  parties	
  from	
  
across	
  the	
  state.	
  These	
  workshops	
  will	
  cover	
  water	
  hyacinth	
  harvesting,	
  blending	
  of	
  feedstocks,	
  
building	
  compost	
  windrows,	
  testing	
  protocols,	
  and	
  best	
  management	
  practices.	
  
	
   If	
  the	
  composting	
  process	
  proves	
  unsuccessful	
  in	
  killing	
  water	
  hyacinth	
  seeds,	
  the	
  
workshops	
  will	
  be	
  adapted	
  to	
  focus	
  on	
  proper	
  composting	
  techniques	
  and	
  stock	
  ingredients	
  
that	
  should	
  not	
  be	
  included	
  in	
  composting	
  mix.	
  A	
  website	
  is	
  being	
  maintained	
  and	
  updated	
  
throughout	
  the	
  project.	
  A	
  final	
  report	
  on	
  the	
  results	
  of	
  the	
  study	
  will	
  be	
  prepared;	
  submitted	
  to	
  
the	
  Texas	
  Commission	
  on	
  Environmental	
  Quality,	
  and	
  made	
  available	
  through	
  the	
  River	
  Systems	
  
Institute.	
  
Project	
  Goals	
  and	
  Accomplishments	
  
	
  
Goal:	
  To	
  effectively	
  coordinate	
  and	
  monitor	
  all	
  technical	
  and	
  financial	
  activities	
  performed	
  
under	
  this	
  grant,	
  preparing	
  regular	
  progress	
  reports	
  and	
  maintaining	
  project	
  files	
  and	
  data.	
  

• Appropriate	
  structure	
  and	
  management	
  oversight	
  has	
  been	
  established	
  between	
  
the	
  principle	
  investigators,	
  Texas	
  State	
  University,	
  the	
  TCEQ	
  project	
  manager	
  
and	
  TCEQ	
  support	
  staff.	
  

• Five	
  quarterly	
  reports	
  and	
  five	
  quarterly	
  reimbursement	
  requests	
  have	
  been	
  
completed	
  and	
  submitted	
  to	
  TCEQ.	
  

• A	
  satisfactory	
  annual	
  TCEQ	
  contractor	
  evaluation	
  has	
  been	
  received	
  for	
  this	
  
project.	
  

• 	
  A	
  one	
  page	
  fact	
  sheet	
  for	
  this	
  project	
  has	
  been	
  completed	
  and	
  revised.	
  
• A	
  website	
  on	
  the	
  project	
  has	
  been	
  created	
  and	
  is	
  being	
  enhanced	
  (See	
  

www.rivers.txstate.edu/projects/new-­‐projects/compost_system.html).	
  
	
  
Goal:	
  Develop	
  and	
  operate	
  a	
  composting	
  facility	
  at	
  Texas	
  State	
  University	
  that	
  utilizes	
  
agricultural	
  and	
  other	
  waste	
  to	
  produce	
  compost	
  that	
  is	
  beneficial	
  for	
  the	
  environment.	
  
Finished	
  compost	
  will	
  be	
  utilized	
  on	
  University	
  property	
  after	
  tests	
  confirm	
  that	
  water	
  hyacinth	
  
seeds	
  have	
  been	
  destroyed	
  and	
  the	
  compost	
  is	
  safe	
  for	
  use.	
  

• A	
  composting	
  site	
  has	
  been	
  constructed	
  at	
  the	
  University’s	
  Muller	
  Farm.	
  The	
  five	
  
acre	
  site	
  provides	
  open	
  areas	
  for	
  the	
  compost	
  piles,	
  a	
  storm	
  water	
  collection	
  
pond,	
  an	
  improved	
  all-­‐weather	
  road,	
  electricity	
  and	
  supplemental	
  water,	
  and	
  is	
  
completely	
  fenced.	
  The	
  site	
  has	
  been	
  certified	
  to	
  comply	
  with	
  Texas	
  General	
  
Permit	
  requirements.	
  (See	
  attached	
  photos	
  in	
  Appendix	
  I).	
  

• Authorization	
  has	
  been	
  received	
  from	
  TCEQ	
  to	
  operate	
  a	
  compost	
  facility.	
  
• Sources	
  from	
  which	
  to	
  obtain	
  the	
  needed	
  feedstocks	
  have	
  been	
  identified	
  and	
  

agreements	
  reached	
  regarding	
  provision	
  of	
  feedstocks.	
  
• Compost	
  blend	
  ratios	
  of	
  25%	
  water	
  hyacinth,	
  15%	
  poultry	
  litter,	
  10%	
  food	
  waste	
  

and	
  50%	
  wood	
  chips	
  have	
  been	
  determined	
  to	
  provide	
  required	
  temperatures	
  
for	
  effective	
  decomposition.	
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• Students	
  assisting	
  in	
  the	
  composting	
  operation	
  have	
  been	
  trained	
  regarding	
  	
  safe	
  
and	
  effective	
  operation	
  of	
  equipment,	
  as	
  well	
  as	
  proper	
  procedures	
  for	
  
composting	
  materials.	
  

	
  
Goal:	
  To	
  monitor	
  compost	
  quality	
  from	
  various	
  feedstocks;	
  to	
  conduct	
  tests	
  to	
  determine	
  
proper	
  temperatures	
  for	
  destruction	
  of	
  water	
  hyacinth	
  seeds;	
  to	
  determine	
  composting	
  
feedstock	
  blends	
  best	
  suited	
  for	
  destruction	
  of	
  water	
  hyacinth	
  seeds	
  at	
  proper	
  temperature;	
  
and	
  to	
  test	
  the	
  quality	
  of	
  compost	
  and	
  confirm	
  the	
  destruction	
  of	
  water	
  hyacinth	
  seeds	
  from	
  
composting	
  process.	
  

• A	
  Quality	
  Assurance	
  Project	
  Plan	
  (QAPP)	
  has	
  been	
  submitted	
  and	
  approved.	
  One	
  
year	
  revisions	
  to	
  the	
  plan	
  are	
  currently	
  being	
  reviewed.	
  

• The	
  following	
  feedstocks	
  have	
  been	
  collected	
  from	
  noted	
  sources	
  in	
  compliance	
  
with	
  QAPP:	
  

o Water	
  hyacinth	
  –	
  Spring	
  Lake/	
  San	
  Marcos	
  River	
  
o Poultry	
  litter	
  –	
  Tyson	
  Foods,	
  Sequin	
  Texas	
  
o Food	
  waste	
  –	
  Texas	
  State	
  University	
  Cafeterias	
  
o Woodchips	
  –	
  Bartlett	
  Tree	
  Services,	
  San	
  Marcos	
  

• Nine	
  temperatures	
  chambers	
  have	
  been	
  purchased	
  and	
  initial	
  tests	
  run	
  to	
  
determine	
  temperatures	
  at	
  which	
  water	
  hyacinth	
  seeds	
  are	
  destroyed.	
  Initial	
  
tests	
  indicate	
  that	
  temperatures	
  at	
  135	
  degrees	
  F	
  and	
  above	
  will	
  destroy	
  water	
  
hyacinth	
  seeds.	
  Repetitions	
  of	
  the	
  initial	
  tests	
  are	
  being	
  conducted	
  to	
  verify	
  the	
  
initial	
  findings.	
  

• Tests	
  to	
  identify	
  an	
  effective	
  medium	
  in	
  which	
  to	
  germinate	
  water	
  hyacinth	
  
seeds	
  have	
  been	
  inconclusive;	
  none	
  of	
  the	
  mediums/techniques	
  used	
  resulted	
  in	
  
germination	
  of	
  water	
  hyacinth	
  seeds.	
  We	
  since	
  have	
  consulted	
  with	
  seed	
  bank	
  
experts	
  at	
  the	
  Lady	
  Bird	
  Johnson	
  Wildflower	
  Center	
  and	
  decided	
  to	
  use	
  a	
  
procedure	
  the	
  Center	
  has	
  found	
  to	
  be	
  highly	
  effective.	
  Preliminary	
  tests	
  have	
  
yielded	
  positive	
  results	
  in	
  germination	
  of	
  water	
  hyacinth	
  seeds.	
  

	
  
Goal:	
  To	
  provide	
  information	
  to	
  other	
  interested	
  parties	
  on	
  composting	
  techniques	
  for	
  invasive	
  
weeds.	
  

• A	
  presentation	
  on	
  our	
  project	
  and	
  a	
  demonstration	
  on	
  composting	
  techniques	
  
were	
  conducted	
  at	
  the	
  Earth	
  Day	
  celebration	
  held	
  at	
  Texas	
  State	
  University	
  on	
  
April	
  25,	
  2009.	
  Over	
  200	
  individuals	
  observed	
  the	
  demonstration.	
  

• Information	
  about	
  this	
  project	
  was	
  presented	
  at	
  the	
  12th	
  Annual	
  Texas	
  Recycling	
  
and	
  Sustainability	
  Summit	
  in	
  Galveston	
  on	
  August	
  31,	
  2009.	
  	
  Over	
  35	
  individuals	
  
attended	
  this	
  session.	
  

• A	
  presentation	
  was	
  made	
  at	
  Zilker	
  Botanic	
  Garden	
  to	
  the	
  Austin	
  Organic	
  
Gardening	
  Association	
  	
  with	
  approximately	
  60	
  individuals	
  attending.	
  

• Students	
  from	
  the	
  Organic	
  Gardening	
  course	
  at	
  Texas	
  State	
  University	
  visited	
  the	
  
composting	
  facility	
  for	
  a	
  hands-­‐on	
  demonstration	
  and	
  field	
  trip	
  in	
  October,	
  2009.	
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Summary	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Construction	
  of	
  the	
  compost	
  site	
  took	
  longer	
  than	
  anticipated,	
  resulting	
  in	
  some	
  delay	
  
in	
  initiating	
  this	
  project.	
  	
  The	
  original	
  protocol	
  identified	
  to	
  germinate	
  water	
  hyacinth	
  seeds	
  was	
  
more	
  difficult	
  to	
  implement	
  than	
  anticipated	
  and	
  did	
  not	
  consistently	
  result	
  in	
  germination	
  of	
  
seed.	
  	
  Consequently	
  further	
  consultation	
  with	
  seed	
  bank	
  experts	
  identified	
  a	
  much	
  simplier,	
  
and	
  based	
  on	
  preliminary	
  tests,	
  a	
  much	
  more	
  effective	
  protocol	
  for	
  seed	
  germination.	
  	
  The	
  
QAPP	
  has	
  been	
  revised	
  to	
  reflect	
  the	
  new	
  protocol.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  The	
  oven	
  seed	
  kill	
  tests	
  are	
  progressing	
  well	
  and	
  preliminary	
  indication	
  is	
  that	
  
temperatures	
  of	
  135	
  degrees	
  F.	
  and	
  higher	
  will	
  kill	
  water	
  hyacinth	
  seeds.	
  	
  The	
  original	
  ratios	
  for	
  
feedstock	
  blends	
  consistently	
  produce	
  temperatures	
  in	
  excess	
  of	
  135	
  degrees	
  F.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Compost	
  piles	
  are	
  being	
  constructed	
  and	
  maintained.	
  	
  Expectation	
  is	
  that	
  the	
  compost	
  
facility	
  will	
  be	
  operating	
  at	
  capacity	
  by	
  the	
  beginning	
  of	
  the	
  water	
  hyacinth	
  flowering	
  season	
  
next	
  spring.	
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Appendix	
  VI.1	
  –	
  Project	
  Photos	
  	
  

	
  
1. Compost	
  Site	
  Before	
  Construction	
  	
  

	
  
	
  

2. Compost	
  Site	
  After	
  Construction	
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3. Picture	
  of	
  Newly	
  Constructed	
  Catchment	
  Pond	
  from	
  Compost	
  Pad	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
   	
  
	
  

4. Carport	
  at	
  the	
  Compost	
  Site	
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5. Water	
  Hyacinth	
  Growing	
  near	
  the	
  Aquarena	
  Golf	
  Course	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
	
  

6. Water	
  Hyacinth	
  Collection	
  near	
  Sessoms	
  Creek	
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7. Water	
  Hyacinth	
  Collection	
  near	
  Sessoms	
  Creek	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
	
  

8. Dump	
  Trailer	
  Unloading	
  Chicken	
  Litter	
  from	
  Tyson	
  Foods.	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



 
 

70 
 

9. Food	
  Waste	
  Pickup	
  from	
  Commons	
  Cafeteria	
  

	
  
	
  

10. Food	
  Waste	
  from	
  Commons	
  Cafeteria	
  Pile	
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11. Compost	
  Pile	
  Construction	
  Using	
  Master	
  Recipe	
  	
  

	
  
	
  
	
  

12. Compost	
  Piles	
  using	
  Master	
  Recipe	
  December,	
  2009	
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13. Bobcat	
  Blend	
  Earth	
  Day	
  Compost	
  Outreach	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  


