ISSN : 0974 - 7435 Volume 8 Issue 5

LioSechn o/oyy

A Tudian Goarnal
—==> FyLL PAPER

BTAIJ, 8(5), 2013 [670-675]

Sudy on indirect method deter mination of typical wetland canopy
LAI, South China

Yan Wenhong', Gao Hao!, Ouyang Jinjin?*
1Schooal of Economy and M anagement, Hunan I nstitute of Scienceand Technology, Hunan Yueyang 414006, (CHINA)
2School of chemical engineering, Hunan I nstitute of Scienceand Technology, Hunan Yueyang 414006, (CHINA)

ABSTRACT KEYWORDS
LAI (leaf areaindex Leaf Arealndex,) isthe study of green plant atmosphere LAI,
02/CO2 exchange, water cycle and water loss, solar energy utilization Canopy;

Indirect method;
Carbon sequestration;
South China.

efficiency and conversion of the important basic work. Through the gap
ratio (gap-fraction)principle, LAI digital imaging indirect method are
described systematically. Through the determination of the South China
different typical wetland canopy 9 observation points, theleaf areaindex,
extinction coefficient, radiation through the characteristic index coefficient
of community canopy. And by measuring height LAI characteristics of
different stages of secondary forest. The CI110 digital canopy imager
(Digital Plant Canopy Imager Cl 110) method to reduce human error. Also
discusses the reasons of south China typical single and mixed forest of
mountain rain-forest in LAI than in LAl minor. And the canopy LAI of
different types of comparative analysis. The results provide scientific
basis for the study of atmospheric environment effect for Hainan coastal
vegetation. © 2013 Trade Sciencelnc. - INDIA

PREFACE ing and mastering the plant canopy gaps and balance.

Inaddition, LAI and biomassaccumulation areclosaly

LAI (leaf areaindex) in 1947 by theWatsonisde-
fined as “leaf area per unit land area”. LAl on plant
many important ecol ogical processes, including total
NPP, transpiration and PAR through canopy penetra-
tion, isvery important inf¥!. LAI can provide quantita-
tiveinformation structureand energy conversionfor the
description of the canopy surface materia, aamosphere
02/CO2 exchange, is to estimate the parameters of
plant canopy function, whichisthemost important en-
vironmenta and ecological system structure parameter
of @, LAl isanimportant index of dynamic understand-

related, isclosely related with thevarious sca e ecosys-
tem productivity. Quantitativeanayssof LAl isanim-
portant ecologicd parametersof energy exchangeprop-
ertiesof theearth, theresearchersalso suggest that it
betheforest pressure of thereferencevaluel®.
Ingenerd, theleaf areameasurement method has
two categories. direct method and indirect method. The
direct method isby getting al of theleaveswere mea-
sured or area— weight ratio to obtain results [4. The
direct method issimple,but requiresalarge amount of
manpower, the plantsare destructive, time-consuming,
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but also need to repeat the work to reduce sampling
error. Theindirect method measurement method does
not cause damageto the plant. The contact frequency,
Wilson and Reeve Warren in 1959 by testing leaf to
measurethe LAI®. In 1972 Bonhomme and Char-
ter initiated by light penetration ratio calculation
method of canopy |eaf areaindex. Itstheoretical basis
isthe canopy light radiation, thefitting relationship
and superposition status of canopy leavesand light
with quantitativefactor. Lang arguesthat for the con-
cave and convex leaves, define LAl asthe unit of
land area on plant photosynthetic active
radiation(photo-synthetically activeradiation, PAR)
thetotal interception arearatio isdefined asthe abil-
ity to expressthe vertical projection areaon unit land
areaor the maximum projected areahas better. Be-
cause PAR total interception area also reflectd®
physi cal meaning and connotation of ecological plant
canopy. LAl isadimensionless parameters, dynamic,
with the changes of leaf number change. In addition,
growth and plant species of plant |eavesits charac-
teristics, externa environment condition and artifi-
cia management mode. Different definitionsand as-
sumptionsplusLAl resulted inthedifference of LAI
value measurement. After the maturity of technology,
through the software and computer interfaceto the
LAI directly inthefield of measurement. After test-
ing, in addition to coniferousforest,indirect method
isused on various vegetation types can reflect the
real situation. Dueto the climax rainforest treestall
structureiscomplex, thedirect method of LAI esti-
mation isnot operable. In this paper, through canopy
digital imaging technol ogy of indirect method mea-
surement of typical wetland South ChinaLAl of the
canopy,and the correlation analysis.

THEBASIC SITUATION

A survey of research destination

Select Hainan Wanning Shi Mei Bay in order to
study. Take off the southeastern coast of Shi Mei
Bay in Hainan Island. In 1980 the establishment of
Vatica hainanensisforest naturereserve. Itismainly
secondary forest, asmall amount of theorigina green
rainforest. Asaresult of ahard material corrosion,
thereign of Qing Emperor Guangxu carved stone

tablet, the period of the Republic of Chinaintwo
people with agun parade. The Vatica mangachapoi
forest strip, about 50 metersfrom thecoast tidal line.
Vatica hainanensis forest at an altitude of 6-12
meters,thetotal areaof 14234 acres. The core area
of 4784 acres. Wanning green forestry tropical rain
forest single branch. Inthe original state areamore
than 1000 mu. Isaunique soil climax . Arerarein
theworld.

The Shi Me Bay islocated intropical northaong
the. Genusof tropical marinemonsoon climate, year-
round hot, no cold and frost, with an average annual
temperature of 24.50C, lighting rate of 50%, about
2230 hours. For many yearsthe average annual pre-
cipitation 2032mm, rainfall concentrated in the 5-10
month,precipitation throughout the year accounted for
89%. Thecoasta beach distribution isadvanced ma-
rine new sand deposition and modern beach sediments.
Thelithology islight yellow, gray white sand, thickness
1.5-8m. Water depth of 2-5M, isatypical South China
wetland.

Sampleselection

Kind of homogeneous, experimenta test with con-
tinuity. Need to have alarge enough area, so as not
to affect the scattering of light. Try to avoid conifer-
ousforest. The 9 observation points: 3 plantation,
respectively (Cocos nucifera) forest coconut, betel
nut (Areca catechu) forest, mango (Mangiferain-
dica) forest, 6 natural forest, respectively isthe sea
side bushes, crown height, crown height 3M sec-
ondary v. mangachapoi forest 6m secondary
v.mangachapoi forest, crown height 9m secondary
v.mangachapoi forest theoriginal climax, greentree
layer, original climax v.mangachapoi forest (green
forest and shrub layer climax,treelayer. And uniform
distribution. So the observation point on the ground
and the height of 1.5m). 3 times each point acquisi-
tion of digital image. Bush plant Cerbera manghas,
Clerodendruminerme, greenforest characteristics
of plant there textilis (Vatica hainanensis) fruit
(Mischocarpus sundaicus), handle, section nine
(Psychotriarubra), (Salacia grandiflora),(Randia
spinosa) mountain, (Uvaria grandiflora),in the
sampl e sel ection coversfrom the coast to the gradi-
ent of hilly canopy.
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TESTINGPRINCIPLEAND METHOD

Radiation and extinction coefficient, LAI.

Thecanopy layer of light radiation interceptionis
the solution and key factors aregrowth and production
capacity. Accordingtothe Beer rule, therdationshipin
theilayerinthelight emissonintengty of li andlesf area
index of thefollowing®:

I, =1, )

k astheextinction coefficient, Li for leaf areaindex
(LAI), radiationintensity 10 for canopy outside. The
canopy extinction coefficient and LAI control of light
attenuation degree. Theextinction coefficient of deter-
mination of thedistribution of thebladeangleto calcu-
late. If thedirect very time-consuming for blade mea-
surement, can be based onthe spherical, cylindrical or
conica surfacebladeditribution caculation*. In 1986
Campbell isproposed based onthegenera formulaof
sphericd angledigtribution.

Gap ratio (gap-fraction) and canopy structure

Their relationship asearly as 1953 by Mons Wil-
son. Forest gap and canopy leavesthan P zenith angle
andazimuthanglerdationshipr:

D= e—kevyL/cose @)

Thearrangement positionin spaceof extinction co-
efficient kand ledf. If canopy leaf arrangement isran-
dom, thenthegapinlarge sampleswith small probabil-
ity event. Can satisfy the Poi sson distribution (Poisson).
The calculation of K can be obtained through corre-
spondingformula

Conversion
Theangled, light radiation through theratio of Pi

and |leaf areaindex, extinction coefficient hasthefol-
lowingrelationship:

Nj
-InP, =j§fjkij €)

L =J§lfj (4)

Theformulaof L for canopy leaf areaindex. fj for
leaf areaindex | leaf inclination angle. SeriesN aredi-
vided intoleaf inclination angle. Extinction coefficient
K; incertain zenithanglethetai, leaf angleis;.

BioTechnology —

Inthej leaf stage, the extinction coefficient K, and
thezenith angleand the mean | eaf angl e60a,

k; = cosa; (0.d”90-a) ©)
1+ 2t -

k; = cosa, W (Qiy90—aj) (6)

y= cos’l(cot a; cot e, ) ()

Cl110and fied using themethod

In this paper, the field was measured by CID
company Cl110 digital plant canopy image analyzer.
Composed of fisheyeimage acquisition device, por-
table computer and canopy anaysis software. Soft-
warefor digital processing of the acquired images,
including the proportion of the sky, transmission co-
efficient for radiation penetration, radiation coeffi-
cient.

The user determines the spatial rangeto be ob-
served according to the zenith and azimuth angl e set-
tings. Inthe planedirection azimuth vaues of 0~3600,
thevertical direction perpendicular to planedirec-
tion from the val ues of 0~900. So will thewholeim-
ageisdivided into anumber of areas(see Figure1).
In the cal culation,according to the actua situation and
needs can choose different sectorsand grid. Then
the software on the basis of forest gap than the con-
version mode of selected areasof thevisible sky pixe

azimut 920 zenith
' 90
0
0
180 ﬁ 0
\ / 360

270
Figurel: Gridsand sectorsfor analyzing fish-eyeimages
count. According to the matrix transformation.

Finally,the cal culated dataincludeleaf areaindex, dis-
tribution, mean|esf angle, extinction coefficient, radiation
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penetration coefficient. isthecommunity observation pointshavedigital image
representative (Figure2 and Figure 10). Fromthedigi-

RESULTSANDANALYSIS tal canopy of view, thereisablank imagein coastal

scrub. Mainly because of the natural community plant

Theresultsof experiment. speciesand uneven distribution of theformation of the

blade. Irregular betel nut, Coconut Community com-
portant foundation. To select the typical community, munityimageformingmessivevisiblesky partisaueto

uniformity and canopy components, In order toensure atificid sngleforest, denst.yof artificia control.
the accuracy of the calculation procedure. Imageac-  Canopy LAl and related index.

quisitionfromfisheyeprobehemisphere. Thefollowing TheLAl vaueisnot high. TABLE 1 for calcul ated

Digital imageand theresults obtained aretheim-

Figure?2: Digital canopy image of Areca catechu Figure3: Digital canopy image of Cocosnucifera

Figure5: Digital canopy imageof coastal shrubs

Figure 6 : Digital canopy image of Vatica hainanensis Figure 7 : Digital canopy image of Vatica hainanensis
secondary forest(height 3m) secondary forest(height 6m)
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Figure 8 : Digital canopy image of Vatica hainanensis
secondary forest(height 9m)

Figure 10 : Digital canopy image of Vatica hainanensis
climax community(total)

theindex resultsshowed that: LAl isthesmallest betel
nut forest 1.664, followed by the shrub communitiesin
1.808. Theother two artificial community coconut trees
and mango trees arerespectively 2.081, 2.233, LAI.
Climax v.mangachapoi forest LAl was the highest,
3.554. Thetreelayer, shrub layer of 3.261 0.2933m,
6m, 9m Vatica hainanensis. LAl are respectively
2.073,2.743, 3.177. Vatica hainanensisforest in the
development process, the LAl and thewoodsarehighly
related, but thereisno linear relationship. Slope betel

Figure9: Digital canopy imageof Vatica hainanenssclimax
community(treelayer)

nut forest plantations, with thelatitude and secondary
v.mangachapoi forest LAl ishuge.

Fromthe LAl data, thetypica wetland forest | eaf
areaindex isdigtribution. LAl dongwiththeeevation
increasing. Characteristics of canopy inascending or-
der: shrub - coconut forest - mango forest secondary
v.mangachapoi forest - theorigina greenforest, inthe
1.868 to 3.554 range. But on the d opes of thebetel nut
plantation asspecid case. Manua control isnot repre-
sentative,

DISCUSSION AND CONCLUSION

Not inthedirect method, theindirect method simi-
lar to canopy digital imaging techniquefor determina
tion of LAI hasobvious advantages: fast, no damage,
no plant needsalargenumber of artificid. Inparticular,
has astrong practical field detection of tall trees. In
addition, thismethod can implement continuous deter-
mination. Inthe selection of sampling points, determi-
nation of the seasond variationsincommunity LAl Sg-
nificantly different stages. In addition, to consider the
optical reasons.

TABLE 1: LAI and relativeindexesof Vatica hainanensisforest with variousheight and communitiesaround

Community I I m I\ A\ VI VI Vi X
LD 0.68 0.77 0.86 0.81 0.90 0.93 0.94 0.96 0.97
TR 0.22 0.17 0.12 0.27 0.16 0.10 0.10 0.06 0.04
TD 0.31 0.24 0.12 0.22 0.13 0.09 0.08 0.05 0.04
K 0.97 0.84 0.97 0.97 0.97 0.97 0.97 0.97 0.97
LAI 1.664 1.808 2.233 2.081 2.073 2.734 3.177 3.261 3.554

I Areca catechu community; |l coastal shrubs; |11 Mangifera indica community; IV Mangifera indica community; d! Vatica
hainanensis secondary forest(height 3m); V Vatica hainanensis secondary forest(height 6m); VI Vatica hainanensis secondary
forest(height 9m); VII Vatica hainanensis climax community(tree layer); VIl Vatica hainanensis climax community(total)
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Inthe specific operation of instruments, field test
image, carefully selected communitiesand test points.
Distribution plotsfor homogeneous species. Test points
aboveavoid obstacle. On coniferousforest to consider
theerror determination. Theimageca culated, correctly
setting thethreshold isvery crucia ,range 1% - 100%.
Different communitiesand different measurement time
threshold.To just cover al thebladeshall prevail. To
avoid glare. Light reflection and refraction will cause
misunderstanding digital pixel. Thecaculationresultis
lower than theactual value. Can beset up to diminate
thiseffect, or by timeselectionto avoid errors.

South ChinaWetland canopy LAI from thegradi-
ent, numerica vauefrom 1.664t03.554. Fromtheshore
line, tothelow hillsindevation. A continuouslinear in-
creasetrend of distribution. Thesinglefeature of tropi-
ca rainforestsin Vatica hainanensisforest for 3.554
LAI. Presented with Barbour L.W. tropical rainforest
LAI valuesof 11-1212 difference. Research and Ren
resultsdiffer with*d, Themainreasonis isauniquetype
of Vatica forest in the forest. According to thefield
sample records show. Vatica hainanensisforest isa
forest. The highest Vatica hainanensisclimax treefor
21m. According to the 1990 Arnold Newman re-
port, tropica rainforest tree height up to 60m. In
Sarawak, the highest record of thetreeis84m. Inaddi-
tion, thevertica structurecan bedividedinto 3 layersof
green forest. Instead of mixed forest of 5 layer. Leaf
bladegreenforest LAl mainly camefromthetreelayer,
itscontribution rateis 92%. V atica hainanensisforest
surrounding shrubsL Al 1.808. Betel nut forest planta
tion,aminimumof 1.664 LAl Artificia forest LAl isfar
lower thantheorigind rainforest and secondary forest.
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