Juaol! axo >
wibibidl§ a8yl dunls

gl yarlaid dond sl 4 baal| Judd middi Gyl gl
Ol sl Jhowi (b oo b dupitausdal] (el gy

ol 200 G Sl

tueii ) Gl
bt 0 o

| il
ol il A Joum ] (Gl i O [0 g Gui

okt o i

902024 =R1445



duadal)

-

1daDAl)
dbadlas 4 LUl Pinus brutia Ten. Sy nsuall alie e duhall 2da Cupl
dalusally cadaylly Caladl Gyoll jaadiy 48)50 daluaad) dody ol Caagy (Shad) Jladi lgas
s ) Hall Byl ladnaly (dabise GUES 8 Al yisiall jladl GhsY dadadd)
Bibaall e @yhally dfidially SU Gaeatl) il alasialy @lliXSy 5ydlie 8y dadiall clibad)
ORIV 8 (e Lgillha Anlal) ket Wl o3a & haall A el Gl GHhall 028 (0 4)laallg
clgall s3gl Aalsiny) slasly culylall Alasy
CUES @iy due (30) (e 22022 ale Pl salial e dlia il Ll o3 il
g lE ¥y de IS jacall (ggice die Sl ciluld ials (e sie (1006) dalusass dibii
Dladl Jaa dla i HLas) s LS lpacs et sy Ul (mjes bl 5 ¢ Uiy S
Al JS (e dafy clids EDG ) 2Ll Jola assds ae Bl 03g] £ 581 a0 Gl g Aipal
) Al e @l Lgtag Lol oyl sl 28T aa GhsY) Cre godll 138 2uja% Lebas 58
Cligall i (DAY adl) lids (e 4ils IS g5l Joha lacigio lua e Sad sl
)28 Lgiag Al (3hsl (e 35 (150) J dandasall dalosall cjad Glld aang (yel) il A5
Byaill S Galad) 9355 cada )l (i) a8 GlIAS el (3150 ALK dpaa ) dalisdl)
@by (il duladlly Lleal) Sllall DA (e cdahall b dadiiel) Gl A8l il
iBle yelal dudysl) dalud) Juls of ang sl jualic oS Gay @Bl SLall Julal
Laalill dobaanl) e addn HladY) oo Al 5305 (g lad) G clilall xs dpuse
LS 4 aniall 4800 Aalesall Jds o oSy Il Aalesal Bansl Lacally Slaid
Ao Glall O3l Gy AN e Gudaby 138y ¢ yadiall ZEES 525 dajag (abdiy A4kl
b Gl (sl s aaly LS 1aag dpase A8e Copelal Cim HladV) o cililial
Clileaally yaiiall (35 Lonacd) daleaally ymoiial) @l 6 jla a5 ¢ L)y o badll agiag
(Stategraphics) galin 4 dabiall Labiaal) jlasi¥) 3yl cllaC cuandiul aaly « lady) o
saawiall £dlean¥) Ganliall Wylas) a3 Al c¥aleall (e degana ) 4DIA (e Lileags (635

r b WS culs



duadal)

WTDTREE 5aafsl) sai) 3 calall ¢l ealea
Aaboall ok DA (re oSarg Byaill dugaall LESH (e DS oy sV 3l s
Ao psl) Aalsal) (Mly ol (30530 iladl (il padion L saley Ll plasials (31,0 duadaud)
) Aledd) ) Jeagill 5 gl 13l
WTDTREE = -0.605947 + 0.129557*(H-1.3)2 + 1.31506*SP
R’=0.77 S.E=3.2931 M.A.E=2.46164
(WTHA) dalual) sasgl sgiall il Y ciladl ¢jsl) alas2
Pls e paiane (< (goall DA pe deliiall (gguall ghal) iVl Gl Jaa
Aiyra (B 10 GAY) Lngloradl) Slaleal) Caling ) 28LaaYls ¢ Fgual) uSiilly el clblee
) Jasill o3 Gl jaliall sagh Al Aabial) July yuadi (iapad Ly yum 2ay cilall 351l
;359 Alsladl)
WTHA =-2723.05 + 47.2633*(H) 2 + 10.1113*N
R>=0.74 S.E=1598.65 M.A.E=1218.94
(SA) sl 3hsY Lahull dalual) Ualas
e LD e Jias Al gl Ganlia) aal aaf sl GlhsY Loadacd) dalisd) 2e3
lgsd sati ) LS pe ADle g dundad) Anlinalld ¢ Lfiaall Wgas iy Byaidll jolaiy sl
1Y) Aabaall N deagill o5 clgd 2 ) jskaty sai e g Al ladY) ells
SA = 141.802 - 0.250007*N + 0.020072*WTHA
R’=0.86 S.E=23.346 M.A.E=18.5922
(SA1) dalual) 3aagl ysiuall jladl 3)Y dadacd) daluall dslas
o2a Al (& 355 gl (8 (e a1 GlsY danand) daliaad) i (eds daaal )
Dl Ly a3 iy Slad¥) oda Al e clalSatly st s i ol ol aladl)
(V) Asleall ) Jeagill 3 Gy aliad) o3 Liges Lyl Uyg yum
SA, = 5805.46 +9.3955*WTHA
R’=0.95 S.E=6039.12 M.A E=4561.42



duadal)

Leaf area index (LAI) fgnl snsiall jlady 48,90 daluall Juls
lehlisg SaiV) dugn ddjnal Longlond) cuyriall wal 2l $8)00 dalosall Jobs 2ny
A5V Asladd) M Jeagill 23 13 Liaall Lo salg
LAI=0.757489 + 0.00475331*SA - 0.16596*SP
R’=0.88 S.E=0.10794 M.A.E=0.0780925
58 (e Lghaliig Lilla iy o) giall jalia 4 el dlaall DA (g (Sag
A Sl
Al pladd) Cydida
g5 oo liall yadl) (o adine i Gl aladial DA (e Clydiall sda (ol
ool (ATCGIS) gelin alasiuls cilydizall sdgs Lalall cialedl Ciluas (sentinel-2)
23 131 Lgalis) by Aatiaall saill pilse ¢y A3laall SIS Anlall ket Y b clysl) A
) e alaa) alae) DA e cilyigall o2 e alaie Yl 48l dalad) Jls dlael 2
(NDVI) L) sl dunadall ClBBUAY) jdige AN dabocall July sl
LAI =2.40159-34.6505*NDVI + 159.204*NDVI*2
R’=0.74 S.E=0.22377 M.A.E=0.164652
(RVI) Sl el dad yi3a AWy 48,51 dabical) Jula
LAI =-0.598472 + 1.13841*RVI
R>=0.74 S.E=0.106885 M.A.E=0.0830816
(GNDVI) slpzadd) dliil) ddae 3 duapdal) CABEAY) jdida AV 48, 1) dalawal) Sl
LAT =-0.99298 + 10.1345*GNDVI
R’=0.73 S.E=0.17834 M.A.E=0.144846



duadal)

(VIg) sad¥) alil) eladl) jdiga A8 4By gl) Aalual) Jula
LAI = exp(0.206868 + 9.55714*Vlg)
R’=0.67 S.E=0.136138 M.A.E=0.11481
(SAVI) Usnall Ll Sl ol pdige AV A8) 60 Aalusal) (s
LAI=-0.282114 + 3.094*SAVI + 10.1809*SAVI*2
R’=0.69 S.E=0.187677 M.A.E=0.14482



Summary

Summary

This study was conducted on Pinus brutia Ten. growing in Dohuk
Governorate, northern Iraq, with the aim of estimating the leaf area index and
estimating the dry and wet weight and surface area of leaves of Pinus brutia
Ten. trees growing at different densities, using ground inventory methods and
collecting field data directly and also using remote sensing techniques
represented by indirect methods, and comparing these methods, as well as to
know the changes in these vegetation covers and monitor them by

administrators to make decisions towards the sustainability of these resources.

This study took field data during the year 2022 from (30) samples with
different densities and an area of (1006) square meters, and measurements
were taken of the diameter at breast height for each sample, the total height,
the height of the crown center, the width of the crown, and the number of
trees and their age. Subject tree was chosen to represent the sample trees, and
the number of branches for this tree was calculated, with the crown length
divided into three layers, a branch was taken from each layer, stripped of it
leaves, taking its wet weight, from which secondary samples were taken to the
laboratory, in addition to calculating the average branch length for each of the
three layers of the tree. The samples were dried until the weight was stable,
then the surface area of (150) sample leaves was estimated, and from there the
total surface area of the tree leaves was estimated, then the total wet weight
and dry weight of the tree and also for all samples used in the study were
estimated. Through field data, laboratory analysis, and methods of graphical
analysis of the relationships between the composition of the sample elements,
it was found that the leaf area index showed an inverse relationship with the
distances between trees, and that increasing the distance between trees
reduces the crown coverage of trees and thus is reflected in the leaf area index

of the stand. At low densities, it decreases and increases with increasing stand
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density. This also applies to the relationship between the dry weight of leaves
and the distances between trees, as it showed an inverse relationship, and this
was also clear for the relationship between the dry weight of leaves and the
average diameter and height of the trees in that stand, as well as the surface
area of the leaves of the stand and the distances between trees. We also used
the various regression methods available in the Stategraphics system, through
which we reached a set of equations that were tested using multiple statistical

standards and were as follows:

Dry weight equations for leaves of one tree (WTDTREE)

Tree leaves are a large part of the tree’s biomass, and the surface area of
the leaves can be estimated using their weights. The dry weight of the leaves
1s usually used to estimate the leaf area index. For this purpose, the following

formula was chosen.
WTDTREE = -0.605947 + 0.129557*(H-1.3)2 + 1.31506*SP
R?=0.77 S.E=3.2931 M.A.E=2.46164

The dry weight equation of Pinus brutia Ten. tree leaves per unit area

(WTHA)

Tree leaves represent the vital part that interacts with the tree cover on a
continuous basis through the processes of transpiration and photosynthesis, in
addition to various other physiological processes. Therefore, knowing the dry
weight is necessary for the purpose of estimating the leaf area index for these

arboreta. Therefore, the following equation was chosen:
WTHA =-2723.05 +47.2633*(H)2 + 10.1113*N
R’=0.74 S.E=1598.65 M.A.E=1218.94
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The surface area of tree leaves equation (SA)

The surface area of tree leaves is one of the most important vital
measurements through which we can infer the growth and development of the
tree and estimate its future growth. The surface area has a relationship with
the densities in which these trees grow, which indicates the growth and

development of the crown in them. The following equation was chosen:
SA =141.802 - 0.250007*N + 0.020072*WTHA
R’=0.86  S.E=23.346 M.A.E=18.5922

The equation of the surface area of Pinus brutia Ten. tree leaves per unit
area (SA)

The importance of estimating the surface area of tree leaves lies in the
fact that 1t affects the productivity of these trees, and that any change causes
changes and repercussions on the productivity of these trees. Therefore,
studying it is necessary to monitor the vitality of these trees, and the
following equation was also chosen:

SA, = 5805.46 +9.3955*WTHA
R’=0.95  S.E=6039.12 M.A.E=4561.42

Leave area index of Pinus brutia Ten. trees (LAI)

The leaf area index is one of the most important biological variables to
know the vitality, activity, and future growth of trees, so the following

equation was chosen:
LAI=0.757489 + 0.00475331*SA - 0.16596*SP
R’=0.88 S.E=0.10794 M.A.E=0.0780925

Through the above equation, it is possible to monitor Pinus brutia Ten.

arboreta and evaluate their condition and activity from time to time.
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Vegetation cover indicators

These indicators are calculated by using a satellite data derived from
Sentinel-2 satellite and calculating the equations for these indicators using the
ArcGIS software for the purposes of monitoring changes in plant covers as
well as comparing different growing sites and their degrees of production.
Therefore, the leaf area index has been prepared based on these indicators by

preparing the following equations:

Estimating the area index as a function of the Normalized Difference
Vegetation Index (NDVI)
LAI =2.40159-34.6505*NDVI + 159.204*NDVI*2

R’=0.74 S.E=0.22377 M.A.E=0.164652

Leaf area index as a function of ratio vegetation index (RVI)

LAI=-0.598472 + 1.13841*RVI
R’=0.74 S.E=0.106885 M.A.E=0.0830816

Leaf area index as a function of the Green Normalized Difference
Vegetation Index (GNDVI)
LAI =-0.99298 + 10.1345*GNDVI

R’=0.73 S.E=0.17834 M.A.E=0.144846

Leaf area index as a function of the green vegetation index (VIg)
LAI = exp(0.206868 + 9.55714*VIQG)

R’=0.67 S.E=0.136138 M.A.E=0.11481

Leaf area index as a function of the Soil Adjusted Vegetation Index
(SAVI)
LAI=-0.282114 + 3.094*SAVI + 10.1809*SAVI*2

R*=0.69 S.E=0.187677 M.A.E=0.14482



