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Monitoring of SustAffor field trials 

 

A large set of data from SustAffor f ie ld tr ia ls has been gathered. Hereby we present the 
main var iables measured and equipment ut i l ized. 

 

Sustaffor project: novel techniques and field trials 
The aim of SUSTAFFOR is to conceive, produce, develop and on-f ie ld val idate novel 
techniques aiming at improving afforestat ion / reforestat ion projects from an 
environmental,  technical  and economic point of v iew, as wel l  as to explore the synergies 
between them.  
 
These novel techniques aim at mit igat ing the negat ive effect of drought and compet i t ive 
vegetat ion, whi le minimiz ing the need for maintenance. They include a new generat ion 
of soi l  condit ioners and innovat ive mulching models,  e i ther biodegradable or reusable: 
 

   
New so i l  

cond i t i oner  w i th  a  
new comp lex  o f  
hydro-absorbent  

po lymers  
(Ter raCot tem 
In te rnac iona l )  

Recyc led  rubber  
based  mu lch  an t i -

UV,  reusab le  in  
success i ve  t ree  

p lan ta t ions .  
1 .5  mm th i ck  

(EcoRub)  

Woven ju te  c lo th  
t rea ted  w i th  fu ran  
b io -based res in  fo r  
inc reased l i f e t ime,  

100% 
b iodegradab le  
(La  Ze lo i se )

New b iopo lymer -
based  semi - r ig id  

p la te ,  100% 
b iodegradab le  

(DTC)  

New b iopo lymer -
based  f rame 100% 

b iodegradab le ,  
fused  to  a  

commerc ia l l y  
ava i l ab le  b io f i lm  

(DTC)

 
This third newsletter  presents the monitor ing performed dur ing the f irst  and second 
vegetat ive per iod (2014-2015), at 8 f ie ld tria ls ,  compris ing almost 4,000 experimental  
trees, instal led in NE Spain, across a range of four s ignif icant ly contrasted cl imat ic areas 
(Semiarid, Mediterranean Cont inental,  Mediterranean Humid, Montane), described in 
Newsletter 2.   
 
The monitor ing consist in four act iv it ies: 

A.  Environmental data 
B.  Tree performance & f itness 
C.  Soi l  sampl ing 
D.  Mulch degradat ion sampl ing 
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A.  Environmental monitoring of Sustaffor field trials (CTFC & EDMA Innova) 
 
The environmental monitor ing focuses on the most re levant variables regarding tree 
performance, including those that may be affected by the treatments appl ied. The 
fo l lowing table shows the l is t  of variables gathered and the method of monitor ing. 
 

Variable Equipment Monitoring points and periodicity 
Air  temperature Thermometer  

5 sampl ing po ints 

Cont inuous logg ing weather s tat ion  

(DAVIS Vantage Pro2) 

Prec ip i tat ion P luv iometer 

Radiat ion Tota l  rad iat ion 

UV rad iat ion UV rad iat ion 

Wind speed Anemometer 

Re lat ive humid i ty Hygrometer 

So i l  temperature Hobo Pendant 64 k 
(252 un i ts) 

6 sampl ing points  (2 depths) per weeding 
t reatment 

Hour ly  logg ing 

So i l  humid i ty 

IMKO Tr ime-P ico T3 
TDR & Tecanat access 

tubes 

(294 tubes) 

3 sampl ing points  per treatment 

9 measurements dur ing dry per iod  

 

Weather  stat ions in Medi terranean cont inenta l  & Montane condi t ions 
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Soi l  mois ture measurement equ ipment: IMKO TDR probe with read ing dev ice;  d i f ferent moments 
of  so i l  mois ture measurement at  two depths  

 

So i l  temperature equipment:  HOBO Pendant 
thermometer;  data logger bu i l t - in  

Thermometer  and opt ica l  s tat ion for data 
downloading  
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B.  Tree monitoring (CTFC) 
 
The monitoring of tree performance consists in the following variables and methods: 
 

Variable Measurement method Sampled trees and periodicity  
Surv iva l  and 
p lant  v igor V isua l  assessment A l l  f ie ld t r ia ls ,  a l l  t rees 

June,  October 
Growth in 

d iameter  and 
he ight 

Dig i ta l  ca l iper  and 
measur ing tape 

A l l  f ie ld t r ia ls ,  a l l  t rees 
Apr i l  2014 ( in i t ia l  s i ze) ,  October 

Leaf water 
potent ia l  Pressure Chamber 

F ie ld t r ia ls  3,  5 and 7;  6 t rees per t reatment 
Ju ly ,  August 

 
Needle re la t ive 
water  content 

Weight ing f resh & dry 
needles 

F ie ld t r ia ls  1 and 2;  8 trees per  t reatment4  
Ju ly ,  August 

Nutr i t ion 
s tatus SPAD-meter 

F ie ld t r ia ls  3 ,  4 ,  5 and 7;  6 trees per  treatment 
Ju ly ,  August 

 

Spec i f ic  Leaf  
Area Scanner /  prec is ion sca le 

F ie ld t r ia ls  3 ,  4 ,  5 and 7 
August 

 

B iomass 
a l lometry 

Dry b iomass of :  aer ia l  
part ,  coarse roots ,  f ine 

roots;  root  length & width 

F ie ld t r ia ls  1 ,  2 and 3 
Apr i l  ( in i t ia l  a l lometry) ,  November 

 

Measurement of  basa l  d iameter with e lectron ic 
ca l l iper ,  communicated wi th a tab let  by b luetooth Height  measurement with measur ing tape 
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Leaf  water potent ia l  measurement wi th pressure chamber  

 

Portab le SPAD-meter Scanned walnut  leaf  for  SLA ca lcu lat ion 
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Steps in biomass al locat ion study: pul l ing out of a tree, root washing, measurement of 

root system dimensions and aspect of scanned roots 
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Biomass a l locat ion study: separat ion of a tree in four components: needles, aer ia l  part ,  
coarse roots (>2mm), f ine roots (<2mm). The dry weight of each component is 
calculated. 
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C.  Soil monitoring (CTFC & CNRS) 
A prel iminary sampl ing (6 samples x 8 f ie ld tr ia ls) was performed in Apri l  2014, a iming 
at character iz ing the most re levant physical  and chemical features: Total  organic carbon, 
carbonates, texture and pH. In November 2014, a new soi l  sampl ing was done, for 
character iz ing the effect of the di f ferent treatments in soi l  features.  In 5 f ie ld tr ia ls  s ix 
digs were sampled with a cyl indr ica l  core sampler, down to 30 cm depth. The obtained 
cores were div ided in s itu in three depths: 0-10, 10-20 and 20-30 cm. Each sample (dig 
x depth) was stored separately, and sent to laboratory. 

            
Soi l  samples gather ing 

 
To rat ional ize the number of analyses to implement,  the s ix samples from each f ie ld tr ia l  
were merged into three composed repl icates (17 treatments x 3 repl icates x 5 sampled 
plots x 3 depths), with a f inal  amount of 765 samples to be analysed in the laboratory. 

 
Procedure for composit ing samples 
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In the laboratory, samples were air-dr ied to constant weight,  and s ieved through a 2 mm 
mesh. A subsample of the s ieved soi ls  was f inely ground for analys ing the main 
indicators of chemical fert i l i ty that are expected to be affected by the treatments 
appl ied, as shown below: 
 

 Analysis Methodology 
1 Tota l  organic  carbon Mebius (Soon & Abboud, 1991) 
2 Extractab le organic carbon Extract ion wi th K2SO4  (Ciavat ta et  a l . ,  1991) 
3 Tota l  N Dry combust ion in  a ThermoQuest CHN ana lyzer
4 Extractab le ammonium Extract ion wi th K2SO4  (Baethgen & Al ley,  1989) 
5 So lub le n i t rate Extract ion wi th K2SO4  (Cata ldo et  a l . ,  1975) 
6 Ava i lab le phosphorus Olsen (Olsen & Sommers,  1982).  
7  N and C reca lc i t rance Ac id hydro lys is  (Rov i ra & Va l le jo ,  2002)  

8  Molecu lar  character izat ion of  so i l  
organ ic matter  

Thermochemolys is  wi th TMAH 
(Grasset et  a l .  2009) 

 
Propert ies 3-6 are indicators of soi l  fert i l i ty and main nutr ients avai labi l i ty,  which are 
l ikely to be l imit ing for plant growth. The rest of propert ies ref lect another s ide of soi l  
fert i l i ty which is  re lated to soi l  b iochemistry: they are re lated to the avai labi l i ty of  
substrates that may be used as source of carbon and energy by soi l  microf lora: fungi,  
bacter ia,  actynomycota. These propert ies are expected to result in a higher abundance 
of labi le substrates and, because of the increased microbia l  act iv ity,  in a higher 
abundance of microbial-der ived biochemical indicators.  
 

   
             Soi l  samples s ieving                       Analys is of total  organic C 
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Potentia l  of thermochemolysis as an interest ing analyt ical  tool for SUSTAFFOR 
One object ive of Sustaffor soi l  study is  to fo l low the biochemical  changes of soi l  organic 
matter (SOM) subjected to var ious treatments (soi l  condit ioners and mulching).  An 
analyt ical  technique al lowing the analyses of both mulches / soi l  condit ioners and SOM is 
required. However SOM is composed from complex molecular structures which are 
di f f icult  to ident ify.  
Under proper condit ions (high temperature, >400ºC, and inert atmosphere such as N2 or 
Ar),  tetramethylammonium hydroxyde (TMAH) breaks polymeric mater ia ls into smal ler 
fragments, often (albeit  not necessar i ly) the monomeric br icks that bui ld the 
macromolecules.  These smal ler fragments become methylated, which makes them 
res istant to further oxidat ions or secondary react ions. These methylated fragments are 
re leased into a stream of either N2 or Ar,  cropped in a cold chloroform bath, 
concentrated and injected into a gas chromatograph / mass spectrometer system for 
their ident if icat ion and quant i f icat ion. 
 

 
Scheme of the experimental  setup of Thermochemolys is with TMAH 

 
Thermochemolys is (thermally assisted hydrolys is and methylat ion) has been appl ied to a 
wide var iety of polymeric organic mater ials,  inc luding complex and intractable samples 
( i .e.  soi ls  and sediments) or synthet ic polymers ( i .e. acrylates) (Shadkami and Hel leur,  
2010) for their  rapid structural character izat ion. In SUSTAFFOR, the use of TMAH-
thermochemolys is wi l l  be focused to two main purposes: 
 a) To detect in the soi l  traces of the appl ied mulches, thus al lowing character iz ing the 
possible accumulat ion of their decomposit ion products in soi ls.  
 b) To obtain a wide picture of the biochemical composit ion of soi l  organic matter,  with 
special  emphasis in dist inguishing plant-derived from microbial-der ived compounds. The 
proport ion between them is an indicator of the degree of microbial  reworking of plant 
debris (main or ig inal source of soi l  organic matter).  
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Mulch degradation monitoring (CENTEXBEL & CTFC) 
In order to est imate the service l i fe of both novel and reference mulching techniques a 
network of 3 mulch degradat ion tr ia ls  was instal led in Semiarid, Mediterranean Humid 
and Montane condit ions. Each tr ia l  consists on 10 models of each mulch type. 

  
Tr ia ls  of  mulch degradat ion study in Semiar id and Montane condi t ions 

Mulch degradat ion in funct ion of t ime wi l l  be evaluated at 6-month intervals (6, 12 & 18 
months outdoors). Each t ime, 1 sample per mulch model is  removed from the test s ite 
and sent to the research centres for evaluat ion. Simultaneously,  a set of units kept 
indoors are evaluated, in order to have a value of reference. 
The mater ia ls are evaluated: 

  Visual ly: mater ia ls are assessed visual ly for damage such as cracks, holes,  
deformat ion (shr inkage),  thermal damage due to melt ing. Also damage due to 
birds, rodents or animals is  registered. 

  Handl ing: mater ia ls are manipulated with smal l  forces to evaluate i f  a 
considerable shif t  in st i f fness, bri t t leness, etc.  is observed. 

  Mechanical analys is: samples that are st i l l  suff ic ient ly intact are tested for 
mechanical propert ies.  Especia l ly ul t imate strength and elongat ion at break are 
evaluated according to relevant standards for the specif ic products (foi l ,  woven 
cloth, rubber mats and injected plates). 

Changes in propert ies are reported as percentage of reduct ion in funct ion of t ime, 
unless a too harsh degradat ion is observed and handl ing for c lamping the materia ls in 
test apparatus is  no longer poss ible.  Once products reach this level of degradat ion it  is  
concluded that the groundcover is  at i ts  end of service l i fe.   
 
Artificial weathering 
In addit ion to the f ie ld tr ia ls  art i f ic ia l  weathering condit ions are appl ied to the same set 
of mater ia ls.  Q-UV test methodology us ing UVA and/or UVB i l luminat ion (ISO 4892-3) 
(see included f igures) is appl ied to the samples. The respect ive spectra of the l ight from 
UVA and UVB are presented below. L ight intensity in both cases is  0.76 W/m². In 
addit ion to the i l lumination, a lso temperature is ra ised to 60°C during the 4 h 
i l luminat ion cycle and 50°C dur ing the 4 hour dark cycle. The humidity in the test 
chamber is high result ing from water condensation on the samples dur ing the dark cycle 
per iod. 
After i l luminat ion at 500, 1000, 1500 or 2000 hours, the corresponding mechanical  
analys is is  performed in order to assess the degradat ion in propert ies.  According to this 
procedure the durabi l i ty of groundcovers dur ing real l i fe f ie ld tests along with art i f ic ia l  
durabi l i ty tests wi l l  be reported at the end of the evaluat ion period.  
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Art i f ic ia l  Weathering: comparison wavelength UVA lamp, and UVB lamp with sunl ight.  

 
 

 
QUV test chambers 

 
 
  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


