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Abstract

Background and Obijectives: Leaf Area Index (LAI) is one of the most important structural
parameters in agricultural, range and forest ecosystems and variation of energy, water, and gases are
tightly coupled to LAI. According to the novelty of LAI research in Iran, this study aimed to evaluate
different direct ground-based methods for determining LAL.

Material and Methodology: This research has been done by literature reviews by using internet
databases. There are two main categories of procedures to measure LAI: ground-based and remote
sensing methods, and ground-based methods divided into direct and indirect (estimation) methods.
Findings: Although, in the past two decades, the tendency to use indirect ground-based as well as
remote sensing methods for estimating g LAI has increased, but for reasons such as needing semi-
sophisticated and sophisticated instruments and lack of free access to satellite images in the greater
part of the world, caused the direct ground-based methods for calculating LAI has been widely used.
Moreover, the high precision and accuracy of direct ground-based methods compared to direct
ground-based and remote sensing methods is another reason for preferring direct ground-based
methods.

Discussion and Conclusion: The results of this study showed that the Litter Trap method could be
the most efficient method for measuring LAI, and we proposed this method in future research,
concerning very less destruction to nature as well as high accuracy and precision.

Keywords: Litterfall Collection Method, Model Tree Method, Planimeter, Leaves Weight to Leaves
Area Ratio, Point Quadrat Method.
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Table 1- Global measurement of average value of leaf area index (LAI) based on landscape
classes (reference: 7)
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Table 2- Disadvantages (-) and advantages (+) of direct and indirect methods for determining
leaf area index (reference: 32)

Ode

e e S by, s (5L b9
Sl 5l iy =) 589 -) ) el
S Sl apulos Y S 5l e iy by L -V
Canlyz! BB Slal @ g & ol cdo b (5 5ol ) Ll
sy o)las Gl 5 S5 wliie yo 1] Ozl S g5 515 51 ot R

TP 5 VE DY) o apog B 09 ke 55 5 YU
g9 oduTxo PGS W S!jw sJ,alS é’aﬁ dl“’uf’ﬁ) as gl}ui
Partially-) ;> culop sla sy, 5l wiie anie,
Py S Yoare 5 355 0 oxlizl (destructive methods
5 dle | S mhas (a3l 5 alad 1) (L350 sl
aBls sz jshie cpl 4 (YY) s oo puesd S0 S 4
L&:sj).: S L))5 9 ol &Lﬁ )Ja.t Oy940 ;‘,é)o )‘ kJJM
by &5 W se olad gl jgye (TA) 990 o0 (5 S o5l
aniboe LA 6 Solail jo (3g; cniGss 5o slo
G993t 3,5 2LS idg 00 o 3l S Judo 4 oS
YY) adyle

Jae c350 (b,

Seolans Sl e B8 5,0 paiged el Jow sy i,
B 8550 S (o3 0 &S (Kl g, s
oo Cls @b 5l LAL Jlade o1 50 a8 canl iyl
28l g Ry Gl esdiee s pSeslail (s 5l Sy
dole i o al (K 5l 7, s e a8 gl
UL",)Q m.\.o“‘ Cowdy LAI dde LJ"‘)"L"’ 9 ML!GA Jio
S0 el alin (JKix 5l 2 s g K S
Jb i &0 QT 3 glis e sty o5 Jlws Ko
ol ol (BB Wil oo 550 min U aw 5l (5510 paiges cal
SreS w0 BS Glime (o PS 6l0 pdiged 4 S by,

Ygame Syl 50 005uS jebay gy ol @lidS

5 olnl gledSr o Clids g5 Gl (o9 by @ axgi b
LA i 12 05505 5L 0,00 lajlpl 5 by lads
@lie (nl 51 Baw ieeiitns slaghy, (o9 FESS (eizes
el LA Jlaie (romd e dites slag, lgil (o) 2

@275 I pdiged b
9935 o0 plonl S sS gohin )0 (o0 B )l paiged By,
el gl (FOrest Standy sogs ,o ob; Koo (5,3
2 ol ade 4 &5 cwl Ko SOl e o)
S ope g LAL Jlade (o o515 @isS g5 oiile Slasein
I8 035 g s 5 ol S5 B glme clacaond
oS Csl plongi jo ol SKed 3l jshaie (YY) conl LS
€55 5 A plp 5 glis )l i Ll 5l oo Sy s
Oloz slrosgs wiile il aiils po 4y ol calid oS
93 LAL Jlaie 5,075 lp (b9, onl 0o (V) S pgiom
P9y 5o )1 D92y Sy Ludls g JelS il Lol )
() B e sy als (JS ey
3 Sy alat gl g snd cusly, (ke U lazas o
Ngammo Gy Ghgy onl &5 web oo 6 pSejlail olfinle;]
Slod S &jgo 4y imle jo (le gy s shpslaS
S5 mdaw 0 o2 gy ol (YO ¢ Y AY) 0sd oo colaiul
5 5 s 5 el Ll LB 0355 s 55 o 5 S5
595 xpSeilul 5wl Wl g o srse ol
ool b lalS gl b, ol (o Voo oyl pled



)KA.Q 9 69&[.0

28 S poste Al Gl 0 by, orl peizee (F)
Sl praso 08 4l o )ls LAD gaslons 1o (655t
OO Sy (GBS0 oy b s slaSy olulid
Al GBS Sp UKL i eizer 5 s Sl
ol 45 el o s S gl o (slapanslS ) e
(7)) 0t 4ty 5wl b b im0 ba,
Faly by

g b g I Ay & Sy mhaw ) onl o
s5tws bawgs S Colue s 5 uens IMAGE-J 15310 5
VAOA Jlo 3 gy crl 5 (FO) 05doe s o D
Sy a8 el 5L5 s, cpl 5o (FF) el 0als glayl (oM
e 539, 5 0B Gpslaez S 50 (LS iy
g ) S e sbdiges @S jo (FA 5 FV) cuul LFcd,
- o Langs olSigloj] )0 a5 g Jliide 2LS
2 9 3k <o B o 4 a5 whoe el S e e
5 8505 6ol 35 gy cnl ejepel ml S iz
b (FA) ool oad o] sl oy by (sloolSiws
BLS (b 5 @ e Jn slacliias 5l eslan
oS AR N Welee S Sy ghe 5 4,
gy clie Lo a5 el cpl e M U slaoliws
Oz slp g Sl @5 slaai b g SeS slaS L alS
Orzed 5 S o dlael (Iyn sl cle 4 (2550
(0 5 ¥ FA) el ool BB 8 b0 ol el )|
Sy s 42 (39 Sad 5 o0l

ere S8 b olayailis g S p maw (g; ol 5o
a5 b il gl 5 (b )led Ll slasi 5 0595 a5 0002
gl 4 0jg alal) Byl 5l g 998 e et plaS o jlad
@ S 0 sakly D9l Gl Sl ke Sy
O 3 Biug; bl 4z )0 (LS ol 4 din I e
S 559 Ot sl 5l Vgena 5 (F0) ol logi 53 waisS
Sy ghe 2D e oSS Sy phe LSS
Syl glhad cpaiz (g, ol 5o (Q)) Sed e oolatul

S ool Gl b e g 485 1) L 5500 BLS ABgy

VWFV o0 Lao VFe ) Jlo Froylods o) basme 5 Ll aslibad K

- Jler Gla Sz 5 lag) S Sz 50 (izmen 5 55)siS
o2 (YY) cle 13 colatnl 8,90 ol SKen o 4
Jedo am o5 oS15 L ol sl ids jo (s, ol ez
wz e (M) o)ls g3k 9l S (6 S aiged ;o gpe
Sl ol a5 cel oads bl ole 8y L ojg
sl 55l 5ol sloslis JSiz 9,0 ol o b Sz
039 el alnliy 5 9l LAD Jlae asi 3 5 (1) [idigygl
Kz Sl (Lo ,0 0sd oo oolsnl &yas a4y g, ol
5 Wl 0l gl g Fadk a8 ke el gl
- oo s Jolse ol ol a5 (FF) Wyl i glailginl (glass
S oglae (S 5l ) ol ye o LAL jlade a5 540
sl JKim S5l ol s

slabaiis Sl yolS” g

gl e3e VAYY Jlo o 5L ondgl sladais <l jolsS™ g
Foghe S olal 4 Sk e Su Ghgy cnl o (Fe) a8
a2 5l Sy Gl ceo)d G5l o igoges Djgo 4,
o8 loslidl S (g5, a5 oSy 3l 0 S,
s 4 o330 S5y 2 00b S yslanz GlaS y olasi Wy o0
B Ve a g o pdiged oy, cnl 5o (FY) Canl by ules
5 b olad 3lasd (10,5 asedin b s <ol 5L5 alai Yo+
355 SLOje ooled Sl gez) (3L Lails, 5l ooz
LAL Jlade ((hingl npad p peedl Sy o 03,8
b oS aes oo glid Oldllas (FY 5 FY) 05d o0 anulxs
Ot QLSS GRnel mhe 4 Cund 4z )0 OVID s
S QU0 Abnzl mhe 4 Cuni 423 FY By S
Lo o Uialas «SB mhaw (55, » ool ol 0 Sy o5y
Sy ol 51 5ok alss 5o g Col S5 0550 550 4
5 7) anil e ;500 Gl 0 4 by e Yl S mhaw (5,
Sy ghe @b & Spote sl sl Gy, onl (FF
5 (0) ol caslin Jlos (3l 5 bl aile) aiil oo 53
2 pedins 6 S o3l hgy (e |y hey (ol i ciRg )
2 G Kb leases o gl )| L) glags o sla il

Wlos,S b SiSdes 5 i Gblie slapiumusS]



5 oLy Sy ol 4 (S b Y ali sl o405 5929
el b Ygame 5 3l iz o 50 olis)0 Sy i) Oliee
QL) Sy olul azya g Wgd oo Hie Sz 50 (6 fhope
l slul il St OS5 S B Ol s 555
Lls,l iy ali olass (Fe 9 OA) 05d o0 5T ,5 laals
waxie SYlie g oyls bezl oKes gaz 0 L ool
Wglite slaimg 10 5 iyl o le wglaie 1) o] slows
() 20e YT ((DA) sae aws ((BY) sae S o5 iy ali olass
L5 a5l S iy ali g, el Glug o (09) vae £F
ol Gloyaaml 5 0o oyme slagsy; 4 Cumd (5528
FeS edde S0 5 S slagls, b alie o S
w2 1y gy cnl 5 ooliinl e iz pd (F) 5 YA) Cunl
Ope )0 IS (6 dpogi (LS50 ST b g 03y mhaw o
2 Ol 5l (B 305 392 g L Gl laals (S 1S
2l 5 50 SpedY cladls ols 13 e 45 Wlossie oyl
oS Jo s ) sl ol sy el (s,
I ¢Y) cSudly L (FY) phae )b paiges b Ko
oy ol sbcws IS p Ao Gl s 0 S
s & Jlos S o o cul by Slils
Sy e Jolse 09 wald g9 Vb ayied Sy
e slaaiss 5 w)ls (Sslite 4325 £ 5 wilie slaaiss
9 328 GLaS BV B oo oy i Jlo 4w B ole a0
AU ISE ORIV BX SUNPUR TIRE JRNNNIN S O\
ooty] s 45 353 2l it laais 5l 5 Sglite i
ok 5o a5 cenl 55 cplpln g LAL Jlade o415 5o
355 IR ep Sy9e 5 JB S Al wliss Sl
Sldlas 51 g bwn o by, ool WYL oo g s (09)

L
Sl gy 3l ool 4 (ial,S ] ans g5 45 Al sz L
LA jlaie 5,505 50 530 5l ioni § (shoe) aiins ol

Solliws 4 Lo e LYo 4 Ll ol 4Bl il

e (6 S ojluil jslate 4 (e Slahs,

S s 3 039 ) 25 S5l a5 B+ Vgoms diges
g et (Bl Lges l ol ]y S 4 e
Oder Js 4 gy al LOY) e s e (LS idgy
Gl 53 el 1555 5 (2L (o0 55 423 5l eni; oS
Ggai 3l 00308l g Jlany (Sis oSy cunl o i)
e s pSojlail sllas 51 G wigh laz (nje 51 J3 U5 S
sl a5l e Al Js @ i) cnl o9 axuls LA
oolaiwl euS bla 5l g lawn jo w,lo YL céo b Jloous
S OBy el e diged Gl Sl LOY) ssdi e
o0zl Gl Glecwnd oS, a5 155 oy Cownl
S aw ols o Zb oYL slocwend b anslis o
Wisd syslaer gl sl slecend L ST Wl
dalgs Cowdy oBly Hlade 5l i sawel cuwas LAI jlude
bl glaced gadS 5l cwl i clply (00) wl
23d & pslenz Sy

SpetY als b,

2 S gpslaer wauSyliE S5, slbal o
29955 0 ol e (yslaer mhaw Sy L b ol
Jod gz 5o obe );“—‘ 3 Qu )L‘*") ol sl slecle
2 5 05850 plil LG i 5o o lasjslaez nl (58
Gy ol OF) 855 e ol b Sy olo 53 5 Lo Al
(B0 3 YA) ol conlin 008 55 5 oyt sl Ui (ol
o e pley a5 wils Jlo o ol 090 Ko oS 1y
251 a8le) jretipen oSz 3y e i
s 573 ol Jlo IS 5 45 al S & (S psiiom
a8 W 5 anim 5 pole; )l Sred¥ ol 5l eslind
L LAL jloie oS p¥ ali g, 50 .(VA) 958 o0 Cgmme
slrali ;o Sgzge L0 Sy s (5glaex jl eolanul
S5 Sy leals glaslel, g e 0,90 S iV
oy i 5l sloglasl shls 5wl e Lo a4 osles Lo
Y 5 (O3 5 OA DY BF 1 JSbpye &ygo 4 Vgars) diind
B 35 el (e el 51 (6 e £l 50 1 byl o

Sy sloali sl 5 slaws b Ll o sasine [S5sy



)KA.Q 9 69&[.9

4- Chen, J. M. (1996). Optically-based

10

methods for measuring seasonal
variation of leaf area index in boreal
conifer stands. Agricultural and Forest
Meteorology, 80, 135-163.

Breda, J. (2003). Ground based
measurements of leaf area index: a
review of methods, instruments and
current  controversies. Journal of
Experimental Botany, 54(392), 2403-
2417.

Rahbarisisakht, S., Moayeri, M. H.,
Hayati, E., Sadeghi, S. M. M., Kepfer-
Rojas, S., Pahlavani, M. H., Kappel
Schmidt, 1., & Borz, S. A. (2021).
Changes in soil’s chemical
biochemical properties induced by
road geometry in the Hyrcanian
temperate forests. Forests, 12(12),
1805.

Asner, G. P., Scurlock, J. M. O., &
Hicke, J. A. (2003). Global synthesis
of leaf area index observations:
implications for ecological and remote
sensing studies. Global Ecology &
Biogeography, 12, 191-205.

Sadeghi, S. M. M., Van Stan Il, J. T,
Pypker, T. G., & Friesen, J. (2017).
Canopy hydrometeorological
dynamics across a chronosequence of
a globally invasive species, Ailanthus
altissima (Mill.,, tree of heaven).
Agricultural and Forest Meteorology,
240, 10-17.

Maass, J. M., Vose, J. M., Swank, W.
T., & Martinez-Yrizar, A. (1995).
Seasonal changes of leaf area index
(LA in a tropical deciduous forest in
west Mexico. Forest Ecology and
Management, 74, 171-180.

Potter, C., Bubier,J., Crill,P.,, &
Lafleur, P. (2001). Ecosystem
modeling of methane and carbon

and

VIV 0 o VF Y Ll o)l iy L g oyl asliluad

WYy

Glojlgale pglai 4y g yiwd pas g ald iy g b don el

Jeip aS Cewl 00l o (Lo blas 5 i 40 ), O e 4

ey Slaby) GV Come g B uizes bl aidl

GrSelail o lans, ol o 7yl s o e

Ol w25 4z )3 a5 Gogy (LS Olsie 4 il oo o5 oY

pole 50 9)0te lagtagh 5 sl SWl Jlows Sk @
Yl Ko 50 0,8 8 pddse oolaiul 050 (b

moilail o gy ol @B (7Y 50) 3t sladls ) 65,

5 QWLSA OL@r.m...: RGO EPRW A.ul.: LAI w.ha_lm.a ‘5;

6L{bd..l.a WLA Slows 9 .)Lu‘ SS9y 2 ‘)5,_‘25 59 QS'T duwﬁf

oy LAI J..\.E.o Lg/.:fo)‘l..\.;‘ 3 Y9, w‘ 3 S oo b

1-

el
Sadeghi, S. M. M., Attarod, P., Van
Stan, J. T., & Pypker, T. G. (2016).
The importance of considering rainfall
partitioning in afforestation initiatives
in semiarid climates: A comparison of
common planted tree species in
Tehran, Iran. Science of the Total
Environment, 568, 845-855.
Watson, D. J., (1947). Comparative
physiological studies in the growth of
field crops. I: Variation in net
assimilation rate and leaf area between
species and varieties, and within and
between years. Annals of Botany, 11,
41-76.
Sadeghi, S.M.M., Van Stan, J.T,
Pypker, T.G., Tamijidi, J., Friesen, J.,
& Farahnaklangroudi, M. (2018).
Importance of transitional leaf states
in canopy rainfall  partitioning
dynamics. European Journal of Forest
Research, 137, 121-130



Y

18-

19-

20-

21

22

23-

differences in leaf and petiole
characteristic and stand leaf area
index. Journal of Biomass and

Bioenergy, 28: 536-547.

Liu, Z., Chen, J. M., Jin, G., & Qi, Y.
(2015). Estimating seasonal variations
of leaf area index using litterfall
collection and optical methods in four
mixed evergreen-deciduous forest.
Agricultural and Forest Meteorology,
209-210, 36-48.

Gower, S. T., Kucharik, C. J.,, &
Norman, J. M. (1999). Direct and
indirect estimation of leaf area index,
fapar, and net primary production of
terrestrial ecosystems. Remote
Sensing of Environment, 70, 29-51.
Shen, L., Li, Z., & Guo, X. (2014).
Remote sensing of leaf area index
(LA) and a spatiotemporally
parameterized model for mixed
grasslands. International Journal of
Applied Science and Technology,
4(1), 46-61.

Jonckheere, 1., Fleck, S., Nackaerts,
K., Coppin, P., Muys, B., Weiss, B., &
Baret, F. (2004). Review of methods
for in situ leaf area index
determination: Part |, Theories,
Sensors and hemispherical
photography. Agricultural and Forest
Meteorology, 121(1-2), 19-35.
Campillo, C., Garcia, M. 1., Dazza, C.,
& Prieto, M. H. (2010). Study of a
non-destructive method for estimating
the leaf area index in vegetable crops
using digital images. HortScience,
45(10), 1459-1463.

Chason, J., Baldocchi, D., & Hutson,
M. (1991). A comparison of direct and
indirect methods for estimating forest
leaf area. Agricultural and Forest
Meteorology, 57, 107-128.

12-

13

14

15

16

17-

PN W0 Lgﬁfo)'l.xsl )914'.;4 A Se) 6“&9)

dioxide fluxes for boreal forest
sites. Canadian Journal of Forest
Research, 31, 208-223.

Breuer, L., Eckhart, K., & Frede, H.
G. (2003). Plant parameter values for
models in  temperate  climates.
Ecological Modelling, 169, 237-293.

Hakimi, L., Sadeghi, S. M. M., Van
Stan, J. T., Pypker, T. G, &
Khosropour, E. (2018). Management
of pomegranate (Punica granatum)
orchards alters the supply and pathway
of rain water reaching soils in an arid
agricultural landscape. Agriculture,
Ecosystems & Environment, 259, 77—
85.

Sadeghi, S. M. M., Gordon, D. A, &
Van Stan Il, J. T. (2020). A global
synthesis of throughfall and stemflow
hydrometeorology. In Precipitation
partitioning by vegetation (pp. 49-70).
Springer, Cham.

Johansson, T. (2002). Increment and
biomass in 26- to 91- year — old
European aspen and some practical
implication. Journal of Biomass and
Bioenergy, 23, 245-255.

Eriksson, H., Eklundh, L., Hall, K., &
Lindroth, A. (2005). Estimating LAl
in deciduous forest stands.
Agricultural and Forest Meteorology,
129, 27-37.

Arias, D. (2007). Calibration of LAI-
2000 to estimate leaf area index and
assessment of its relationship with
stand productivity in six native and
introduced tree species in Costa Rica.
Forest Ecology and Management, 247,
185-193.

Afas, N., Pellis, A., & Niinemets, U.
(2005). Growth and production of a
short rotation coppice culture of
poplar. Il. Clonal and year-to-year



JLOVI

30-

31

32

33-

34-

35-

36

solo

forest. European Journal of Forest
Research, 137(6), 759-770.

Sampson, D. A, & Allen, H. L.
(1995). Direct and indirect estimates
of leaf area index (LAI) for lodgepole
and loblolly pine stands. Trees, 9,
119-122.

Baldocchi, D. D., Hutchison, B. A,
Matt, D. R.,, & McMillen, R. T.
(1985). Canopy radiative transfer
models for spherical and known leaf
inclination angle distributions: a test in
an oak hickory forest. Journal of
Applied Ecology, 22, 539-555.
Bequet, R. (2011). Environmental
determinants of the temporal and
spatial variability of leaf area index in
Fagus sylvatica L., Quercus robur L.,
and Pinus sylvestris L. Forestry PhD
thesis, Antwerpen University, 119 p.
Sefidi, K., Copenheaver, C. A., &
Sadeghi, S. M. M. (2022).
Anthropogenic  pressures  decrease
structural complexity in Caucasian
forests of Iran. Ecoscience, 29(3),
199-209.

Wilhelm, W., Ruwe, K. &
Schlemmer, M. R. (2000).
Comparison of three leaf area index
meters in a corn canopy. Publications
from USDA-ARS / UNL Faculty, 71,
1179-1183.

Zhao, D., Xie, D., Zhou, H., Jiang, H.,
& An, S. (2012). Estimation of leaf
area index and plant area index of a
submerged Macrophyte canopy using
digital photography. PLOS One,
7(12), 1-10.

Villalobos F. J., Orgaz F., & Mateos
L. (1995). Non-destructive
measurement of leaf area in olive
(Olea europaea L.) trees using a gap

VIV 0 o VF Y Ll o)l iy L g oyl asliluad Vf

24- Brenner, A. J., Cueto Romero, M.,

25

26

27

28

29

Garcia Haro, J., Gilabert, M. A,
Incoll, L. D., Martinez Fernandez, J.,
Porter, E., Pugnaire, F. I., & Younis,
M. T. (1995). A comparison of direct
and indirect methods for measuring
leaf and surface areas of individual
bushes. Plant, Cell and Environment,
18, 1332-1340.

Levy, P.E., and Jarvis, P. G. (1999).
Direct and indirect measurements of
LAI in millet and fallow vegetation in
HAPEX-Sahel.  Agricultural  and
Forest Meteorology, 97, 199-212.
Atzberger, C., Darvishzadeh, R.,
Immitzer, M., Schlerf, M., Skidmore,
A, & Le Maire, G. (2015).
Comparative analysis of different
retrieval  methods for  mapping
grassland leaf area index using
airborne  imaging  spectroscopy.
International Journal of Applied Earth
Observation and Geoinformation, 43,
19-31.

Kalacska, M. E. R., Sanchez-Azofeifa,
G. A., Calvo-Alvarado, J. C., Rivard,
B., & Quesada, M. (2005). Effects of
season and successional stage on leaf
area index and spectral vegetation
indices in three Mesoamerican tropical
dry forest. Biotropica, 37(4), 486-496.
Ishihara, M. I., & Hiura, T. (2011).
Modeling leaf area index from litter
collection and tree data in a deciduous
broadleaf forest. Agricultural and
Forest Meteorology, 151, 1016-1022.
Deljouei, A., Sadeghi, S. M. M., Abdi,

E., Bernhardt-Romermann, M.,
Pascoe, E. L., & Marcantonio, M.
(2018). The impact of road

disturbance on vegetation and soil
properties in a beech stand, Hyrcanian



RN

47

48

51

52

A. (2017). A tool based on remotely
sensed LAI, yield maps and a crop
model to recommend variable rate
nitrogen fertilization for  wheat.
Advances in Animal Biosciences,
8(2), 672-677.

Donald, C. M., & Balck, J. N. (1958).
The significance of leaf area in pasture
growth. Herbal, 28, 1-6.

Sepaskha, A. R. (1977). Estimation of
individual and total leaf areas of
safflowers. Agronomy Journal, 73,
1027-1032.

Olfati, J. A., Peyvast, G., Shabani, H.,
& Nosratie-Rad, Z. (2010). An
estimation of individual leaf area in
cabbage and broccoli using non-
destructive  methods. Journal of
Agricultural Science and Technology,
12, 627-632.

Daughtry, C. (1990). Direct
measurements of canopy structure.
Remote Sensing Reviews, 5, 45-60.
Nyakwende, E., Paull, C. J, &
Atherton, J. G. (1997). Non-
destructive determination of leaf area
in tomato plants using image
processing. Journal of Horticultural
Science, 72, 225-262.

Khayamim, S., Mazaheri, D., Banayan
Aval, M., Gohari, J., & Jahansoz, M.
R. (2004). Investigating  the
physiological and  technological
characteristics of sugar beet at
different levels of density and nitrogen
fertilizer. Research and Development
in Agriculture and Horticulture, 60,
21-29. (In Persian)

Kouchaki, A.R., & Sarmadnia, G. H.
(1998). Physiology of Agricultural
Plants, Mashhad University Press,
Mashhad, 400 p. (In Persian)

37-

38

39

40-

41

42

43-

44-

45-

PN W0 Lgﬁfo)'l.xsl )914'.;4 A Se) 6“&9)

inversion method. Agricultural and
Forest Meteorology, 73, 29-42.

Jones, D. A., O’Hara, K. L., Battles,
JJ., & Gersonde, R.F. (2015). Leaf
area prediction using three alternative
sampling methods for seven Sierra
Nevada conifer species. Forests, 6,
2631-2645.

Abasi, L. (2014). Estimating the leaf
area index of the Oak stand in the
control and logged forests of Baneh,
Master's  Thesis,  University  of
Kurdistan, 77 p. (In Persian)
Schauvliege, M. (1995). C-
accumulation in old stands of the
Aelmoeseneie forest. Master Thesis,
Universities Gent, Faculteit van de
landbouwkundige en  Toegepaste
Biologische Wetenschappen, 99 p.
Levy, E. B., & Madden, E. A. (1933).
The point method of pasture analysis.
New Zealand Journal of Agricultural
Research, 46, 267-279.

Goreneveld, D. P. (1997). Vertical
point quadrat sampling and an
extinction factor to calculate leaf area
index. Journal of Arid Environments,
36, 475-485.

Nizinski, J. J., & Saugier, B. (1988). A

model of leaf budding and
development for a
mature Quercus forest. Journal of

Applied Ecology, 25, 643-655.
Dufréne, E., & Breda, N. (1995).
Estimation of deciduous forest leaf
area index using direct and indirect
methods. Oecologia. 104, 156-162.
Zheng, G., & Moskal, L. M. (2009).
Retrieving leaf area index (LAI) using
remote sensing: theories, methods and
sensors. Sensors, 9, 2719-2745.
Bourdin, F., Morell, F. J., Combemale,
D., Clastre, P., Guérif, M., & Chanzy,



)KA.Q 9 69&[.9

59

60

62

63-

64-

Proceedings of the 13" Biennial
Southern  Silvicultural ~ Research
Conference. Gen. Tech. Rep. SRS-92.
Asheville, NC: U.S. Department of
Agriculture, Forest Service, Southern
Research Station. 71-75 p.

Nazari, M., Sadeghi, S. M. M., Van
Stan Il, J. T., & Chaichi, M. R. (2020).
Rainfall interception and redistribution
by maize farmland in central Iran.
Journal of Hydrology: Regional
Studies, 27, 100656

McShane, M. C., Carlile, D. W., &
Hinds, W. T. (1993). The effect of
collector size on forest litter-fall
collection and analysis. Canadian
Journal of Forest Research, 13, 1037—
1042.

Jurik, T. W., Briggs, G. M., & Gates,
D. M., (1985). A comparison of four
methods for determining leaf area
index in successional hardwood
forests. Canadian Journal of Forest
Research, 15, 1154-1158.

Battaglia, M., Cherry, M. L., Beadle,
C. L., Sands, P. J., & Hingston, A.,
(1998). Prediction of leaf area index in
Eucalypt Plantations: effects of water
stress and  temperature.  Tree
Physiology, 18(8-9), 521-528.

Cutini, A., Matteucci, G., &
Mugnozza, G. S. (1998). Estimation of
leaf area index with the Li-Cor LAl
2000 in deciduous forests. Forest
Ecology and Management, 105, 55—
65.

Mussche, S., Samson, R., Nachtergale,
L., De Schrijver, A., Lemeur, R., &
Lust, N. (2001). A comparison of
optical and direct methods for
monitoring the seasonal dynamics of
leaf area index in deciduous forests.
Silva Fennica, 35, 373-384,

53-

54-

55-

57

58-

VIV 0 ao VF Y Ly e o)l iy L g oyl asliliad 8

Pourhashemi, M., Eskandari, S.,
Dehghani, M., Najafi, T., Asadi, A., &
Panahi, P. (2012). Biomass and leaf
area index of Caucasian Hackberry
(Celtis caucasica Willd.) in Taileh
urban forest, Sanandaj, Iran. Iranian
Journal of Poplar Research, 19(4),
609-620. (In Persian)

Rahmani, R., Ghorbani, S., &
Naghash ~ Zargaran, M. (2014).
Measurement and modelling litter
biomass and leaf area index using
allometry in a Beech-Hornbeam stand
in the mid-elevation of the Hyrcanian
region, Iran. lranian Journal of Forest
and Poplar Research, 22(4), 687—701.
(In Persian)

Neumann, H. H., Den Hartog G. D., &
Shaw, R. H. (1989). Leaf-Area
measurements based on hemispheric
photographs and leaf-litter collection
in a deciduous forest during autumn
leaf-fall.  Agricultural and Forest
Meteorology, 45, 325-345.

Hashemi, S. F., Hojati, S. M., &
HosSeini Nasr, S. M. (2012). Soil
chemical properties, amount of
litterfall and nutrients recycling into
Caucasian elm, maple and ash
plantation stands at Darabkola
Experimental Forest Station. Iranian
Journal of Poplar Research, 20(4),
645-655. (In Persian)

Bouriaud, O., Soudani, K., & Breda,
N., (2003). Leaf area index from litter
collection: impact of specific leaf area
variability within a beech stand.
Canadian Journal of Remote Sensing,
29(3), 371-380.

Dewey, J. C., Roberts, S. D.,, &
Hartley, 1., (2006). A comparison of
tools for remotely estimating leaf area
index in loblolly pine plantations.



