PLS 59 eS| (g (oole aloxo
\yay ‘50 9 ¥ o)l.mﬁa ‘ﬂ.hé JLM:

Ol s alg oMwl 3131 ol Kiils

3 00l b (g 59 pd Alidko T glaw Cadd g0 (SO g (S143 9y culod 6)37)3
< 9 slod

¢ 03l ke oyl f"él.uf & n‘&\él.'..» Aoz 6906 Lo e

ROV 2y gyl 0/ ol s )b

B S o ade glaclhes 3651 ke a0 OF 535 5550 sl ol G5 5 e 55 (gokins L s (0s) glai35, Salda aS Ll

2 e S glosle Jue 3l Gl gadlas 53 il e 6305 Cueal Ghls (it O SIS G me 3 b 1 olS A, Rl @
laosls oy 4 Jo A5 o3linal oS (SlaS 2 glsss alha 551 0 s slateas (ol o o o S 5 0lS S Ol sles 3D
Saol3 oS (S g psn b oSl Sl as e 3 WWAY 5 ATAY ladle b oS wle 55 glassie (bl SO a bsy e
Gliss Culds (gileand L3 e 33 5 SIS ols ol El LS bzl 5 il N P e X LV R
0557 2508 b 508 Gladip &8 ol o g st Sl s axrlse 03500 23S L bk & Jald Cod 505 sbS
Sa s sl b e B e 35 5 1 Jue L3 OF dlest 5 (NND 03528 €dis yasla b ome (o b 5l Lo g 4l ge
BV O3, 29meS O slajles sl 10555 Calta ol (S o3Il 5 o (3luannd 3lie o S0ke o (ormd M 230
ssle VU T 33 s a0 candllan cpl 3 eslinad 350 Jis copl bl 3 doys 0 6 Y/A (05550 35maS b slaslass (6l 5 duss Y/0

Aol e sl Culda o e AL sladde s eslitel Gy sl a8 (Sl 63555 slaesls 4 ozl 5L 5 0o g

(jjx.? oo g8 ¢@-)Acla.w‘6jj.}\ O Z‘_;.\:.ls ‘5\.&:3“5

doee .S 5 gl Sl esliwl b guS S, slas, calda 5)_,],.. Sl oesle Jue AVAY Lslnde 5 GlAS £ Ol £ oo I

MY Y L alE (6595 50 S

Ol hgtin chgtio 53 b o201 DULS Sl 5 ol 055 (olys QLS (550551 6l 58 (5l -

banayan@um.ac.ir : S 5 xSl Gy (DL J s =0l cdgiin (g w533 ol8Sls LS ol 5 ey os 8 Ll =Y
Ol e g gn b o8l UL ol 5 elys0s 5 HLils Y

Ol s gt g 3 o801 ol g 05,8 slal 8


mailto:banayan@um.ac.ir

AVl /o Je/ ALS (6550 5 523 ST aloms

Y

OLr 5 Sdsh) el st S b il e ke g
45 5 s sy Tl WJde &8 ol Jls g (Yoo
ol sladl e 55 Roo Aols 5 6oks o5 Slaesls
ol S jete Waiss, SAS bl G855y » s b olS
Al 3 dadie 655 cpl 5o (Yo Qs 5 JsxlS) ol
w oS ode S a4 plaes jskea bdys, 04 L
by 5355 o ilatne @Bl Bym O Ay sl
A3 oS gl sl Ol a G anlp b T S
13 GRS a8 Sl 0T )l e 25t e w85
S B L B8 s s M Ogpedhara Ol
G50 g e dle CB 5 ol ) e ol
Ll Ob ol Jds 4 bdde cpl laisss sileang
sladae 53 syl 4 b codamy sles 085 Gbaas, 5 Sl
FE) Wl K13 ooliond 350 (5SS el 63,008
Y oL
4 3L Ok Ll e oS Glosle ladis axw 5 00l
S (g3lwand 1y olS glas s, culha ol 63555 laesls
Sore F03 olS SN G pae G 5, bl sk
Cgr 1y losle Jue ((IV40) OLKas 5 (gbme LS s
Sposles @Sl 1 eslinad b olS 5,5 Olse 3550 5
Glos Ml sboe s Lol 4 pze e s sal sty
050 oS G Ol e plae s el S,
Goole Sladis ane g D0 A s bl aly Ll
L N ol gaalllas 3 olS (slass Cols (gileand
O 5 Ghoms o g ol yme Jo 5l s SHIL L
S35 aals olS (1, Sl (S3loand s skea ((IF40)

.3\}34 oslaiul L;J.;ls wﬁ

Ly g 3l ge
]

S 2 G5 e 35l g eslinal 3550 do Sl
e g S ol S Ole sles DMl Sl eslizal L
e T8 OLas 5 o by I s ol 31 i
Colda :)}Tﬂ sskes ol gdlae js cl el el
ol @algdn Je (855 2 ) ot Sl S gl
Wb S o e

S e 5 oS S palls (6 T ) S,
Lol b (Gaay ol s sl (okis b )

Zbﬁjb)jiﬂﬁjé@bjlu.}@\

4adis

53 Ol et ol IS Aos T Sl i ol b s
N LK 5 55) A oo Dm0 25 OLS W5
sskied b oS Lledde opl  Oldialils 31 6ok a0l
gl 3 (Sl i 5L sose O el ) 0liabl J g
Of i s axlpe Of 35S L &S LG L3 ke
335 AL el 5slis Sl 4wl elatl o
P 1-t EPC SCSIN NP G P R R CORN
53 a 1l Gl Sl slols YevomYeor gladle fob
4 pliws S ghea (oplply (Yer8 SV, ) b Rl A 5
53 el odnl laaas (b1 W ode aih ool
3 8hee et 2l spdoe e 51 SIS eslind e
OLGar 5 V) 555 axlse SRl L 5 el OlS
QLS G5 5 s 1 Oxle, Sl 4 (1444
e glaws Gy Sl e b L) 9L’;T Skt (25
(VA O 5 53) LiL o Sl

GR 5 ey ey Ly (Os) slass, <ol
Gl Colie Sl ads pees 4 s el sl OLS
S odd (b Bl lade 5 gldST (g bl Olse
S 555 o eslinal (il 5 el oS S 035 oS
solea iy Calha sl ol by (TOY DL
O me T (ramen 5 25 oS Gose e Slaand
OLer 5 5) Lok o sa520 «o3lES laptunn S 5
S sladde Sl el b glass, culds g i (Yoot
s s 5 e el 4 bl ol (S
woze 53 Slaiey b [ Se slags Seslul sl Kl
DB eyl e p05 3 Slas Calda 33 e O e
ssea Solp sladle GFl geas s (bows o)h
5 L) whas bzl 5 Hb 0T sileags
YY)

Sileand pskea Lol Sy 5o 5l ol gadle b
e SLS e Sl b Olge 4 olS Glass, ol
R O TR - TS IS - CINCW PR E P EIF
ol (T OLan 5 JsmlS) sls 55 08 Lakiss, Od Sk
SLS e 4 Cond adils) i JUS1s Gl 5 SR
Qs 5 okl Sppo 5 0 534S ile Jaoms
ol b S e i 1 gl gl i i g
ol 5 (An) Ll s Ole ol edaline  Siees

b om Bl ey SO sy 22 st &S sl



s 3_,16@3}.5:@\@;‘)5}%MC}JQ_#M}JSLSU&KI!&\&)‘})Q\MJ)}TI!

Sl Ol Ol bl o(Dyp) of Ll Hlis s
JLid s 8 ead (Ba) (Bly sl JLis 5 (B) gLl sl
S alome 5 salaily Sl eslinal b 5 @) gLl
17.27T, }
)

e, =0.6108exp | ——=—2_
: P [Ta +273.3

s Ta s (JUL5LS) gLl b JLad B daly cpl 53 &S
)L>'u. )Llé c;ﬁ‘\ﬁa}y\.o J.J:L;dn (b\;ubkw 4\>.)>> 1};5 Q)\J}

A3 8 3550 0 A ey 3l eslizal b 5 (Ba) a3l
e, = RH Xe
* 100, °

S b RH 3 JKMLJ)LS = Ba ) pl s

W)

S oy ol eslizad U (Pa) jauwd] jlid .ol (o)) s
25 ale (8 5l

293-0.0065Z ]5'26
@)

P, =101.3
( 293

jlwiw)\ZjJ&g;;WﬂPa‘a@b@\);

&y g s S s

5 OV 0L 5 Ghame Loy sl sleiny e s
s S 0be glos Ml ol garlllas 5o pizes
oS S Sl Celha 5 Bya sl shiee & e
ard gl Slosart b b e sl Ad el
u“b’u‘ 25 ikl 038 B 4 30 Sl oS S,
The b gl sde el oS Pl Loalie
Gl 30 4 |y 01 Ol o ilises 3lpe 51 48 Sl o gras
N S T S I R R e T e
Sl S5 ol sbas 0,5 o Ky Ja 5 OF Caa 53 2 oS
L 5 43,8 o3limal (T4 OIS 5 (gioms) 55 03
(K g0 B S 68 Saadl glanl I eslizl
O JSK8) A i 530S sladiy sl 3

ialasl glaesls
ey Sl bl

cbdle b wadlas pl 4 bgye glasyse olisbsl
GRS gy (530S pasls oL Sl eslizad L A TAY 5 ATAY
L) dgte g R Glide s
08 abdlar sk (Jlad adds NN 5 4 YT oLl e

Sl ¢ e 444 Ll)acla«)'l gLl (B ad3s YA 5 ax o

R,=(-a)R+AR

2 g 2 ) sl phas Rs aly ool 55 S
5 (G0 » e J53) Wb e palls wiats AR (a6
Gl 5 laion A3l o Bl 5550 mlaw sl o @
Sleba sl heslinal b oms 555 S5 5 Gy 5 minlS
D3 eslinal 3)5e (V galal) o5 2SSl galasly il s
(Yort dag) cs 8
R, =R,| A+ B(Hsj 4]
-

Ao 2 538 sy ) miads Ry wdaly il 5o S
e 2 33K s 1 liss miati Ra d(l 5 s
TV s A= T ke G e a5 B A
Slele sl Hs (OYAM ( Moe s 5 g 0le) B=
(Voo o) Al o (Ssl) S5 b L s 0T

25 galaly el b (AR) il 750 palls pinis
(V48 O San 5 58) 135 5550

R
AR = (0.4 +0.6 —SJ(gaaT: —&,0T})
R
° )

r,,,q..,..:; 55) 6.,\:.&)? :M b J:5|J> Rso cd@\) u’i‘ BE PLY
SHeS 80 b mr e I (Slo sy s
g!"j':j)‘ Olal Q:UO‘;,]@ ’J)"C]a“’;MSS ;IL»«.T‘
el 31 sl U (Ruo) (s 3 ity ST 3o
((VA8A L 5 5:8) 555 ol 413

Ro=(A+BR, |

Sl g Wslae S oslind b o el SallS
884 OS5 58) s 8 5,50 (0 gabal )

£, =0.92x10°T?
(0)

25 gl Sl esliad L (B) 85 5,85 e ule 53
(VY OLan 5 518) s fds S slaiss) Sylia o
ExP,
g, = o
P V)
E (b mehe) S o leins Sulha G cadaly opl 3 oS
ST by L3 oS Dip (il e e) S G55 e
Gl sl e (Sl 4hS) il jLis Pa 5 (UKLl 4lS)
S dsade e S s Sulla 03,51 s
3o 53 el p e e e gl el sl e

WY () 00000/00



AV Lle /o o/ (ALS (6550 52 58 51 alors

Sl letss S ) Jsdr s «linlosl opl s eslizad

S IYAY els gla s b les 5 OF gleesls gailale

ol 0 ds I Y J gl s 55 YTAY

<8

.‘9.&5 6\.&43_,.3 <y

sy Slilasl s eslizal 3,40 slales -V Jgd

s

GUSa 53 0,508 035,58 3,08 Slie (mpe o 02 63) (S5 S35 )l ol o

T1-1392
T2-1392
T3-1392

T1-1393
T2-1393
T3-1393

0
Vo Y/6 Cligus 11 vy

Yo

Vo Y/0 sy ray

VAT G AYRY ol gla b 5o slsp 5 O laesls saibale (Kile —Y Jpu

Rs (MJ m d'l) RHavg (%) P (mm) Tmin (OC) Tmax (OC) Tavg (OC)* oo s Jad

Y/
Yo/4
YVA

\$

YY/0
Y1/0
YV/Y

Yo/)

Y\V/0 YVA A\ val YA Ye/q [GRUNES|
YY/\ o/t \4/0 YY/4 ARYA% sls
\YqY
Yy . Yy\/X YAl YAV I
Yo/t Y/e \A/A An Yo/4 315,
YV/¢ YV/\ \o/0 AVAS ARTAN [GRUNER|
Yo ‘ \4/¥ YE/A YV sls
\Yay
Vo . Yov Yo/ YA o
Yoy . \4/¥ Yo/0 YV/E sls e

3 § 3o P (Pl ool s sabale wﬁ.l._.n Tmin GSle Sl s salale J:.<.,L:A Tmax W)l 4y galale u,.f;l.:a Tave *
Al e ey b galale Sl Rs 5 s by galale . KLs RHave wlale

solle Kle ol F Sl s MY L Bl ol
AUl asL ) SIS ol amyn MV Ly Sl

e gl Sl Lkl a4 (el YoV



Y] 3_,16@3}.5:@\@;‘)5}%MC}JQ_#M}JSLSU&KI!&\&)‘})Q\MJ)}TI!

Shedlams msss By 5 A o3y 13 5500 S
WS S A S Se S S BB e e
55 256 6) Imaged v1.50a oK1, 3les 53 i
L g s S 6,180 (http://imagej.nih.gov/ij/ ...
Ad L6 5 ol S by slapl S s Gl S
Lol 51 K s Sais s o Sle Hlais 5 Las g
Shis 53 5S0ke Glon o (Y JSE) A5 S sl
Stz U e sl oy Ad S 5 WS S,

A dwls Vo gl

B
Albedo,, = —=

Paper 0o

BLear «5 50 oo 631 o 5 AlDRAOrel calaly ol 55 48
Sy o Ske Bpaper 5 olS S Sz s oSk
LS n e ol oo e 53 il Ad LS

/ 13 S deslows 55 (salal; Sl eslinad

Albedo,,, = 0.65x Albedo,., o)

Sde gfj.: yh LS}"\'JY g_,.if.a AIbedOabs sq.hg\) u;\ BE)

b o AL B sl o s /N0 Ul

‘;""’A (‘.\3‘ 059 5 chale 6;:50}‘.&5‘
IS gladis ol il 05 Shle ) sl
Ld 3g B bl Ol eslinal b ol i Lo ol
0500 denS] 5 o s Aol 51 b gloie Jav 5 e 5
Ois i chle (Y)Y OLes 5 53) Jux“;)?r.@ Ll
DS ol b S ) sl el ean sladsel
s vl.x.?l Oisy chle o Sl Gles e gl

sler s g.j sesls

Casby 5ol G sw s ol Az 4 b e glbeesls
weather ol 5 glaass Yo by glaesl 5o (s
sl (www.wunderground.com) underground
ol glsesls s OIS e 53 e Jeolid= 53 s S
L syl e ab0sss Gk 3l Gl s Ll s
Sl 5 Bla= w4 bae gailisy el ol adle
Slelo aldad 5 ol Zasby (EOL Olpe dsp Sl a2
el s 4 g JPCR PP IS I &L:ﬂ

S sl b LAy ey sbeeslel (besl 55 a5

035 55 30038 5 Al b s Lold) il slaclles
(e b e e 5 o2 2508 S 55 005 L baast lS
(SIS Do Sl b s s 5 S S s
@ gl Cer) petle Voo, ) Aol il L
O o 3l e LS S ﬂ(cjﬁ‘):ﬂ 0> Gy V/0 (,S\J;
G g (i S sl JelS sud 5L Ol s by
SlOs S &S A s S ek s B S G
a3, VoS a3 50 e 10 x 0 L S b5lul le
A 53 e Bl 00 Glaam o (2,8 5 e ¥ sl L2
BT T O R . ML QRUPT
S 5l Ao (T sl 5 A eslizad S Glad
plnil LSS s o e Slos sl L bl L
S e a jaglacie S WS, b by us
aw ol u:il-‘jjzf")’ adllas 550 Glajlas LAS s
e S oS PSS Yo 500 00) &350 S e
SSsh #b LB s a8 sy (055585 dess £ L el
oo ol 53 oa s b 5T S5 e b sl Sls
£ G b Olsen Glad a5l sy 05555 S
Ay b an & a3 S LT L Obejpn ol K =5 S
Soge a ol 355 (soll il 51y 03555 30 sl

.Mc@%%fﬁdoﬂwéo)\ﬁbch«ﬁé)‘)}

S psles 5 16555 Salds (g xS 05100

SoSeslul sk & (LI-1600) Lo LG 2oy 3 3l
35 g, Soilll s eslizal 58 el gl colis
43l an 8 SWlS ST Sl eslinad b bl ol 51 s 5
350 i b e Seslul pl ki S S se sl s sl
S WS STl YV Gl s Y glag b) ol
NREPIE AL S SN G W SERE NP Vch £

ca 5 S sl liss, Culte (58 o3Il L ol s
R I I T T e
oozl b 5 s L) s (6,805 e 3 Opole il
L g, Seslll g3l Sl S

NS RUTEN] QR I SPIp
odd Wl iy Gb S s ol s sl
Jhzes s ol eslazad Lo (YY) J(.U_,f by


http://imagej.nih.gov/ij/
http://www.wunderground.com/

AV Lle /o o/ (ALS (6550 52 58 51 alors

"

Albedo,,=(134.57/255)=0.528

Albedo;;=(0.65%0.528)=0.34

0

~

M 9
Max 255
Mode: 255 (15883)

ﬂ]ﬂ]ﬁgﬂ@l@] valuewid

coustwdl2

Min: 255
Max 255
Mode: 255 (7550)

ust| Copy | Log |[Live] Ros |

L
Jeoms )35 Gry 3 eslitel b 508 S 55l b 5550 - S5

e 21,8 b5l s shateas oslinl 350 (slalme —F Ui

e al,ls

e

< ol

Ee

Js LB

RE< ./ ;d>+/a0

RE> .\ ;d> /40

vNe >

>0 ,d> /80

Y >RE

RE> /v ,d> /0

Yo >

oSl i ) (YN O 5 53 ,VE) il eslizad
5 S5 RE) s slex —Y (RMSE) s s
Wgedos) (@) Cgalos Glal Lastls Y (Yerg olKes
Rl Obe B 05 S5 (R b =t 5 (VAAY
bog Spm 55w edd GSell 5 eld (Sleand
b 53 Jae 5 235 o) 50 SigmaPlot 11.0 153,
e oL oty s e 1~ ModelMaker 3.0 3l s
Lo g b s o8V Jsd) 5 sbaobas 5l eslizad
Hdea S ) (Yot O 5 JS sl OLKen 5 IS sl

RCR S S P IS P

Jde (0 gl S) (il
S 2 0355 ¢SS Y0NSl 51 e iy
sl o el & (T3-1393 L e VTAT JL
ATAY Jle pomen 5 e cpl L3 andlae sy slasles

A oslinal g xia Ol (6505 ladi e Ad, 55 Shes

8 byl sskiea eslinul 5y g bl slaasls
Ja
s ook leand pslie Ole 3l oLl osbkues

sobl Sl axls 1S Gliss, Coldas el (5, Se3ll



v gﬂdb}}.e:u&w\\;‘ﬁ);}ﬁ\lJt»c}b_wwjﬁdugﬂé\djj})@lhb)}TI!

Ll 4 s AS g et (SSd) 555550 5 541
S osge 53 (VY OLKer 5 05w lam)) Sl ol
Obe o Sl Lasis LB Ly, bdes Slidsw
Gl s o Glgsedsb o S e 51 A5G
4 (Y8 ol e p3) Bledd 58 pate (lijls 3525 alS
gl o5 S Rl o 055,55 35S Wl Ol
3 S, LIS Slde Ol e Glakaly oS |z 58 0 S
(sl Ve 5 000) obS Glapsad b 3 L5 S
Ol bl (Y8 il e 3) Sl el edalia
Os s S pae 8IS Samd 53 505 S 5 sl o
L oaxlse OLLS ol s oS s cod e cpl @ 015 o )
Sy 08 5005 e Jds IS Dals s 51 s 4 05580 35S
S S e A 5 (T L) e

S S ) 255 el 5 el (S0 55

oy mls
$ ol o

385 S ol o dle s (Sile ks Ly,
b S osbar 8 5l 0L ()ls el gos ilies Glag b 5o
Msgmn ssbar sl oyl O3 2 Jlde LIS
S sl oo Al 5 Sle (X JK3) col ials
SUomg 5o W B YE 5D (uls phises seys0 S 55 U
OSs s ijl:srm $V0r 00 O3 slie gl (eiS
Dlde 4y polie b s /YN 5N GV L Gl CS S
b o3 #13 OLLS Gl s gl etd 518 (Sl
Sy (Ve OLes 5 Kdpn) (N4 o) A2, Jas
RS VoS Y

bl e wblu miats ol 5l ke s
ANVE )0 e 23) A3k o o Ol & o s s
see p ol 550 oS 5y Sl 2 Tl b

0.35 +34DAS
. B41DAS
0.3
; g oh A49DAS
. [ * c X 55 DAS
%, 0.25 X a 45 L K62 DAS
J - ®53DAS
P02 X b
”‘) ® 3
--..}‘ X ¢
0.15
e
0.1 ° -
0.05
0 50 100 150 200 250 300

e o p S50 U o yldee

23 408 51 ey 555 DAS) (615 4k e e glagm b 5 1S Sy gl Gu o e 53 Kl 055585 50,8 ST Y s

(51 13 ime YT A3 0 Jlazml s 53 LSD 0 g03 bl sl oy s (5o 5l (5,15 24 505 G sb 2

53 O5sis eSS Yor 58 L uS gS , glas)
e 5 oS b ol b s s folb s
oalS s Ll a 05550 35meS &S WS 55155 (1440)
g olS S glass, cola
Sl b oalis (laiss, Solde oS J g8 Jelse
O3 slom ) dulad g @i 1) ol sy 5 Goa0 oS Lites
T desly loals Ol et Slidss (YY) e

Nﬁ‘MMJAL;JS%JTCM“ p}j;i‘l;(,au'Aij

GCSTRREE
bzl ple 5o (gols i 5e Josl b s sl &
Sl Colda Al 5 Gl 55,0 5,08 Hlie il 53l
b (b JSK8) SBL il ls axe jsbay suS S
JS 53 508 e laisas e Al g3 o SSle (el
PSS Yo 5000 00 slaleas lp (sols pased goss3
VA 5 TUY YLl o oSs O

ol VGl s b e e



AVl /o Je/ ALS (6550 5 523 ST aloms

A

rlse O3o 0 35S L a8 SIS (Terd L2 6) 1 el
Wils Slal s G5 035 a8 8 SIS L alis 5o dies
Sy (Yot b2 8) dsl o (6 7S (godiiS slasb glls
(e (00 S S Lol IS (YY) OKes
S Oia 8 slde oS L edalie olasles o sl (glads,

i3 g s S 3L s

Y OLas 5 SR sl edgs  Gpu b s
Ol 3 saS el s calts Gl el il
Aoy OSs te U 4 Olg e b 055,55 3,08 Olge
Ol el Ly B L oS |z oals Cad ol ol g0y
T sy oz 53 5 e SIB LS by O s
Ay EalS Corge 03550 25 WAL dal ssg oS IS

oS Loy gl ole 5 of Ol ials Dl 5 oty

100 *34DAS
3 W41 DAS
3 90

* 2 * 3 * 2 AAOTIAS

)
> 30 | | H
3 e X55DAS
I 7 % X 62 DAS
_}) 70 Ab 2
'f 60 c ‘b X a @53 DAS
._'1\ ¢
.i: 50 Xb
':J . ®
s 40 ‘
F L

30 ® -

20

0 50 100 150 200 250 300

e o p S50 U o yldie

BL) ewsls J"u""éj}) :‘DAS) 6)‘5,345}«3&3}55&6\3@)\3 BL }JS ‘_;LmS/,; 6‘45)"5) é-‘l"M Jle 3 win\,ﬂjuj}}f :ﬁ)\s J;L. -£ JS.&

(X510 515 g S| A 53 0 Sl c‘n..a ;5 LSD Q_,.aﬂ bl wlie OBy~ L 6"“C):§5L:‘ (S5 i ged G)U A

40 *+34DAS
W41 DAS
38
¢ A49DAS
3:) 36 b X 55 DAS
. ® -
W34 X 62 DAS
E X a 053 DAR
Y32 K b
_1} ¥ e X a
o 30 X e A b :
2 A o
28 [ Y H 2 1
* 3 * 2 *
26
24
0 50 100 150 200 250 300

o o 0 550 Uos i 5 2,0 liis

Gl 2 5o (Bl 5l ey S5 :DAS)L;).\JQA}_,.«SM‘;\A@JUJ:}JS S slos Al g3 5Kk 03548 s I ST -0 Jre
(L5105 1 e SN 453 0 Sz abans 3 LSD 05031 ol carlin g b (Lo il <515 26 905



4 gﬂdb}}.e:u&w\\;‘ﬁ);}ﬁ\lJt»c}b_wwjﬁdugﬂé\djj})@lhb)}TI!

S GLLE CiS L nlaby (YN E oyl ) L
s S Ol ol i ol S sl oo
(YVE 30, i 23) 203 2575 el gl S1pn )l >
SAL as Wlos S oo i ilwand gladie (Jls Olge &
Sl a3 Ol e 23 VLS 3T o 3 il
Olgen & Ol Joad b 55 15 Loyl 5 Jlod G T sl

(YN ‘:JL}}._;—J.%)@) sls Jals ;\;JZLA a3 )

Jie (0 gawl 1) ol s
JRPRCANTSRRICNTRTCL LA PIE £} DINCHVS NN
) A Jeols S s 05 p SRS Yor b8
Lyl 5 5y ool pesdle (T3-1393 5 T3-1392 sl les
Ghdopt ptals 5 Sl ) el ol 5 O
53 58 ek L) B s e ITAY LS b s (NG
ooyl sl T3-1392 s 5l zay T3-1393 L
4 bgye baesls leslinad b (glasy, colta Joe el
S s O35 pSuks Yor L) T3-1393 L
S P ISP I FVINCI JUR ARCISPWER G} U\ s WS
Coslie S Llodss S GL1 Y Jodr 55 Jbe opl el
5 Gl sdls S () e mlaw 4 S Sl
3 S sl s Gl s S sl (1Y40) OliKen
oslinad 350 V=T s 53 el (5158 (800e Slde il )
ool ol eslimad b el s 4 Ll (MY ) 23S
Sl ezalg 5o onlals 3L Al sl die slast e
Ole Ol oS s eslinal (golde 1 S gl
Ll Calda godd (iluand 5 odd (6 ,So3ll p3lia
S e e sl e JME ey il w
) Jia il y (sl eslinal 3550 Jles Ealasl (slaesls
o J&s & by nslie el cs & (T3-1393 L
338 S (E) SukS (Cp) s oL S b (p)
5 oeldy SV Sl S5 4 (0) e e Olind
OLan 5 5s) ((YNY) OLan 5 sl 3 (YY) O,

L L3l (YY) On 5 osalg s 5 (T41Y)

»5/,3 sl

Glagl 53 S gles dle 53 o Sle ok S L5,
ol b 5 bl oS sl OLE (sls e il
Lo ol 53 (B8 5l g 555 £) 5 TE) (6l i pes
SOl s b gre Rl e 0558 B ae 1
IS 02 S les Wl g (Kl o VL 5 (0 JS2) as S,
PSS You S sy ol a4 Ghate (G5 paised 052
Al 55 0o coulad b 53 S S3lys S s 035 %
uﬂ-i,ﬁiﬁ}wjﬁ)uf)%ﬁw))))‘)ﬁgﬁdu>
52 O35 e SAS YO 5100 00 b bl gl oS
:\jfdu'l..ﬂ a5 Yo/4 5 YoV Y4V L Alecd s a oS
033,58 3,08 Sl gams 55 505 S sles SRl
e RIS T s S Ol e 1
S Sl S i GRSk 4 e oS (7 ISS) 055 58
Sl b pd e Sl el g2

Sl e s Sl s il bl
ol Sl (ol psed goss b s aS sl LS (0 K2)
P <) hime i gadal, Sl 5,50 glasles
Coils sy 53 SS 5 ss T s 5 Les 0L (0.0001
O JSK) cal Gl S sles T ol AL
G gl el 5 S gles Obe gdal) (nl e dle
JK8) 55 (P <0.0001) s pne e galaly K oojso
508 Ll A S Gl Salba Rl el (Y
Dol ams Al came Al (B S 0555
Gt )3 IS G 5 Dl a5l oS Ll (S
oIl (0 JS2) il Rl O3 e RIS
Srsles p oMl s il Al l 51 S Wl
@b Jie Olsea il o3 glaiiss culta B 1 S8
OB 53 LS sl 0L (V 571 gl S8 G S w52
ST s s s aals ) e il a el el
S s b e Sl ol S ol am s 040 S sles
s S sbos slaysy calds 5o ilpl a=ly +/\ s 3l
ol plals b dalpr ialS ol S sl am s /Y
0o i O pan SMie il gams 53 S ol o e
Loy ki $5A Sl SRl carse (7 IS
ol 03 0T Sl a3 3, Y Bl 5 58 oS,
(0 )

3y i S35 O 3 e sl (5oL s

g S 3l ials 51 RSk Ol GekiSomn



AVl /o Je/ ALS (6550 5 523 ST aloms

45

Al
L 40
K
w35
¥
y 30
3,
“w
A 25
y=-54.671x+44.419
20 R2=0.87
P<0.0001
15
0.05 0.15 0.25 0.35 0.45
Sy addl
45
g
40
K
35
¥
H 30
3,
“w
A 25
y=-60.57%+44.437
20 E2=0188
P<0.0001
15
0.05 015 0325 0.35 0.45
T e L
45
40
‘;’)
v 35
v
Y 30
3
3,
w25
¥ =-59.804x +43.202
20 R2=0.85
P<0.0001
15
0.05 0.1 015 02 025 03 035

Sl o 2

O3/ r;:lzs Vor (&) ,bSa o B3y r;f}u 00 (AN slasles 53 39S Sy ol o 5 Syl 4z Ole galal, 1SS

JUSa 55 055 7 p S S YOu (2) 5,18 s



\al Sﬂ‘_;u:jle:w...«wojjj:ﬁdQl.:mcjla_w;»u’j,‘.féufﬁélqj)‘j)g;iu.ﬁs)ﬂﬂ

45 45

- A
40 - 40
2 35 3,) 35
5 y=-01728x+41.760
' R2=0291 )
4 30 P < 0.0001 3030
al N
v X
3 34
7, 25 Y, 25
", . .
3 = y=-0.1188x+ 37 143
20 20 R2=0.82
P < 0.0001
15 15
0 30 &0 20 120 150
o (.-...::Lj.of_ e io.,.l_q.a"eL_.a) 21[.)-.;;” ;_,ll,%o 150 (asli posa e s o ) a0, el
45
<
40
2
35
.\l]‘
A 30
N
2
o 25
2 ¥=-02341x+47.732 *
20 R2=092
P< 0.0001
13
0 30 60 120 150

Gl s e 2 ;.-._a:L_.a?%L.J;J, Calde
03578 p S S 100 () LS 55 03578 p S 8kS 0 (A lajlass 52 55 S S glais) Salda 5 oyl a5 Ols sl -V S

S s 05 5 r)f,L_S Yor (2) 5 )k 50

O¥Ar dlo 5T 51 ke s 059 5 p A5 Yor L) T3-1393 L (sl 1455, Culitn Jue (el gla el )by =Y Jgur

JlA2a L
A M) o pn o 4 olS Sy Saliyny T oo slin
/4 S sl e o
AN e e sl o
V/YYE kg m3) (p) 18 S
\RERViAS kgt KD Cp) s b5 s b
@) baw Sl
/A 25 S,
/A0 & e
0/ x MY+ W M2 K*) (0) o5 g Olizul ool

Colta ol (5,83l 5 el (giluwand olie Sle o ol geld giluand ol Koo Sk S

+V/0¥ L5 o(T3-1393 L) wls Lles s sl
/ Sy deo)d
e 51 255 5 ot Ol Jls me S 3 g5 o5 e
Soa b e 5 e s b b e 0 S
> 4 /40) el Gl Lastls 030 VU s & (0 Jsi)
Jae (RE < 1Y) s gllast 035 ool oIl oo 55 5 (d

s Sl 6l s (6,83l slie Blis 3 (514,
5 okd 6 Seilul pslis Ol oS sl 0l (T3-1393 L)
Sy Sep el (lis Sule gedd (gleand
Cogo 4 4 s Ml A JS2) RE= v/A8) s
O/ (el (6, 8ol Sl = o (iluand M)

(("' Y ‘L,\b&.a.b 9 j.))ylf) fJ},ﬁSJA Mbu ol LSJ:§°).\‘)‘3‘



AVl /o Je/ ALS (6550 5 523 ST aloms

\Al

oSl 5 edd gleand  pslie Ol Sl Sl
gl s S 03 ke WY LS Ll G el
bt 3 dde oL &8 w S amd cpdizes ol (ol

2o shlas ke oS G

\ 100

1 y=12562x-15415
) 20 RZ=0.94

3 80

\f 70

3 60

;f 3 50

3 40

3

3 30

by 20 **
i3

) 10
' 0

GBS Glass, culle iluand 53 o Sl LIS
(U dsa) <l (T3-1393 5les) el Ll ol 58
Sheslizal b 35 O0F40) OLen 5 sdome @l cpl A2 3

S 38 SIS A dae 8 UJTJJ. skiedy Jdbo e

‘e
*
t
* et
+*.
«*
25
*
»
*
*
»
W
o
*

0 10 20 30

50 60 70 80 90 100

(ol o o 20 U-A.A_;J._.ﬁ' s g Sejll gl alie

S

(1_3'1393 )Lz.:?) ;ﬁ""""} )\.Q.:'i ‘5‘}3 j.\S ‘5LA~S/J.3 &5‘4‘.’334‘ ;.ll.u ‘5«.\..5‘: ‘_;ﬂfajh\}l 9o ‘5)1..»4:....5‘: qu.a CJL:A 6@') -A Jg.i

GekasOlil & hle ot g S5 Obe W el 5 0
5 Sl oS S 055 5 USs Shle 3wty Rl
s Ok O350 lle LIl bl oS (6o see bt S
5 ere3) 35,5 o 3551 ABl e ol i 035 5l e
Ol AT Jle Jlesl a0 by e glaesls L0448 (o 1Sen
sl Jlest u,..J (S13 4 505 6&@)U ol s aS Ksls
St U5 Qe s r;ﬁs YOor U 05 md olade uslisl b
S dadr) 8l Rl ls pme S s 50ST 2l g8 el
Yor sles 535U alse el O3s clile & ol
Corse &S oy GhU Bl GSs s 05555 0SS
Chle plply wd sxS Kix Oiy Sl a0 ol
S ks 03 Sl Sl Ol 4 e onl 0355
Jsd) 035 arlone OF (Sloe » 05528 0085 2t ls 5 A
Gl LB 635 S Ay Juad b Sl 4 g LR
B3 eSS V0r 500 bl 0555 i [l
oSle olie 5 A (8 ) At sdalie IS

L s S L s bayles ol gl /AL 50

Dlde oS olasles s gl Cole gileans 5 shea
T Glasles im) s (amils Dl 51 a8 a0l 055
colaa (T2-1393 5 T1-1393 (T2-1392 1392
WJde amsly sla el 5l eslinal Lol (g5lwancd slais )
A.p.buu..a;-\...n As S s (NND 055 20 wdss jaxls o
OLLS 53 0550 35S Lasdd Cogr o oo o) 055
Ol 5l Ol e s (Ve OLKan 5 (9b3) el
Ay ead (b olS O3 Candy e s Olpe
ol olie oS e (YY) sman S) 55 eslital J geaes
503 axlse 03555 35S L olS (el K 51 a8 el
Ll o Cose alsfe 2SRl s 508 S o
Saeslie Guyb 51 05550 448 atls (Vo)) (psieg S)
350 SS L3 Dla s Slee Chle LolS 05 a8 8l chile
ST RSTPLeS
Sl Pl 05 xSl SBlE i el
Oloy 5 Cumbge 3 oS ol oS glgn plail 035 25 S
sl e S O Sl 4 plaes Corge e



vy Sﬂ‘_;u:jle:w...«wojjj:ﬁdQl.:mcjla_w;»u’j,‘.féufﬁélqj)‘j)g;iu.ﬁs)ﬂﬂ

sl 31 Gy cilizus (slass) 53 05555 I8 aF U 5 (2ln PN 03555 Sl ol jen 44U Lalsn oIl K22 055 S0l dmlio —2 g
AY Jlo Sabesl slejlas

. " 2l ol 055 % ~Lle *Vd\,ﬁrw i O3
Qo950 dpdss jasls g
(4s,3) @m?)
523) BI3) 523) 523) 533 523) 523) 523) 523) S8 O35 oMde
IANSTS! LY 555 1

vy Ve 01 Vv Ve o1 Vv Ve o1 £y (kg hat)
a\l Valt /04 Valy /30 /Ay 2 /40 VAny Yo:C  Y\.C  YYoC TC 0
/A /A0 VAL VA \/YY \/YY VYo /AN oedb o\zvb vib Ab Voo

\ | \ \ \/0 V/0 A Y/ Tela leva Y4ha \eAQ Yor

| Ao s ) JL&:;—!CEM): (LSD) Dl g Dl Bl [)}aﬂ bl wlia &J}fl{éuﬁgﬂ Ot A 53 plsn (:U.}\ S O lef.'*

Ll s e
100 *
100 *~
' =
El 50 : . o3 4 00 A 3
3 a0 - 3 20 ¥
EN * = -t
) Fo :’? 70
D1 eo D3 s -
.i' 5 % % -
i %o 3% 50 AP A
W o4 W
13 13 40 o %
3 7 30 3 - 30
4 20 Yol ol 1 20 y=11274x-10302
i, o kN E2=0.34
5 10 ) 10
- o] - o]
o 10 20 30 40 50 60 70 80 90 100 o 10 20 30 40 50 60 70 80 90 100
PRy 1 Jon des) 30 (8 3o ST (ST e o R &y g S aes) s (& puTa Ml (Sl de s e lan
(il [EvER
100
L 3
4 -
100 . 3 o0 D)
j; Q0 c * i 30 R
2 g0 ) 70
:?“ L 3
{J 70 - } &0 *e
% &0 o T 31 % 50 sest ’
ERAE IS v
m - w% 3 240
3 ¥ 40 * @ =
K g 5 30
3 30 % y .
> . L 20 . =1.1225% - 6.5428
Y 20 v=0.91172+8.8789 2 e
» R2=0.89 ! 10 e
) 10 3,
3 »
» oo o0
0 10 20 30 40 S50 &0 F0 80 90 100 0 10 20 30 40 50 &0 VO 80 90 100
(adli o g e 3 J e o) sis (5 Sesiiil glaise, Calia (adls 3 mamn e 3 J o) b (5 Sejlll gl p, alda
100
*
-
3 S0 .
J) *
3 20 4
3
3 o .
¥ *
}. 80 -®
3w s o
e T :
1 F o4 * .
= = *
&4 30 ».
B 20 y=13654x-28977
N 1o R2=0.95
5
FY) s}

0 10 20 30 40 50 60 70 30 20 100

(adli o oo o 3 o ol e (5 oS3l (5100505 Zulda

T1- (C) T2-1393 (&) T1-1393 (- ssles ol slase) Culdn ol dﬁfa}‘.\}l 5ok giluand palie Sle gddal, -4 JS.J':
T3-1392 () 5 T2-1392 (5) 1392



AVl /o Je/ ALS (6550 5 523 ST aloms

\%2

Shis 8 T3-1392 jles gl p 508 oS Glass, colda
J3a) 351 5 sl (ol il il s e b OT 035 55
ol (Sileand Gljay Culds o Kle o s S
Sy deoys I s T3-1392 Jls s eds (6,83l
ol Yo w3s L die o5 ol O Sl Sl Gdlastl !
SMie Bl 5168 Gl cul U3 1 50 e lass
Sl )ls s Jled b alie ol 5 055 20 b as
Ll 03 S
o) Mlessyy axlse 05,50 35S L &S bl 53
OS5 p Z5ks Vor 5 00 O35z i Lo glasles
o (T1-1393 5 T1-1392 ol bs gl Jd oI
Syt olew (T2-1393 5 T2-1392 la,les &l
5 odd Gleand palie S0ke o e SVl LV Jsu)
T1-1392 clales 3 @lass, Culdn ol (5, 8ol
0 L a5 4 (T2-1393 5 T1-1393 [T2-1392
3l Je C)Lol Loemlaly s doys +1/4Y 5 —8/V0 +Y/AY
LS pboles 5o O5sm a8 atls Sl eslinad G b
Calts oV Td 235 b ke 55 Lo s 4l ge 03550 55008

3305 S3lwand |y 508 S sl

dde (i el
T1- T3-1392 T2-1392 T1-1392 .lates s
ol Jue seeluel ke o T2-1393 5 1393
wolie Ole s 05 S5 bl S eslinad sl
sl Ol sl Calds ol (5, Se3lll 5 ol (gluans
Wdhe amslael gl eslinal 550 glajles sl s &S
LA JSK2) col anils sy oslie onl Ol ([Son5 (gabaily
Ola ot OS5 R (o o 035 W 235 0!
P Ll e eld (Sl 5 el (leand ol
&S asda |y @l Colls ileand 3 Jdbe LTS
b Ol i3 me OMl lajlas sled s L oSST e
Lo Tae 51 20 5 ot b ot O S5 T 5l o0
Osor S5 b sl L 5 (0 ) s o2y K 40 S
(0 Jsd) i edalin Odetl 0l (T1-1393 jles e
52 A oIS i s 58 B LBl Gl s el
ekl sl Gl gl e glead
(Fer8) OLKer 5 JSsinl by il s clajbus
Skl axls gbus o B S 513 sl s, (7 Jsdx)
Siloand 53 Jle G (RE) s llas 5 (d) wosalss

S B s et b 815 Salha edd (5 S eIl g e ks ($3luand alie Ol oS O e S Tos 3 (258 5 o ()bl mlie =0 Jgu
(Slaalin slaw N) S 4 K bt T

P s tse sl gl b 05 S5
Ao BT r Soee

(w3 (KW (Rt (B
/egoY et /4870 Y/44Y1 gy YATY C/ANY AIAVA hY T1-1392
Jeent /2 eAD YVYVY Y/VYYA V2 A 4 o VAYY A Ay T2-1392
VAR AR LYAMCE LYARNRY eg Y/ to VY0 —YAAWY aY T3-1392
/h0N4 VRRATA V/AALE Y/0\V1 [VEt? £/ (VAR RV ) Ay T1-1393
et Y VLY Y/00\+ V¢ A7ACY VYA -0/04V hY T2-1393
e e Ve 0/104s et Y/VYE AT RS TV AT hY T3-1393

8l sl leg 5 (T3-1393) il s slews 53 Jhe 1,1 o5l 5 akine 4 eslizl 3,90 g bl sla yasla 51 lawds -1 g

(Slaalie slans N 5 O geds s Blkil Lol 1 (s glas RE (s Ol o 5 Kke Hd (RMSE) (e )l 5L0)

i (2,8 d RE RMSE n Ses
e AV AT v Ay T1-1392
NPT /A AR WY 1 T2-1392
ol /a1 " At 1 T3-1392
e /41 /o 4/¢1 e T1-1393
NP /44 RN o/m 1 T2-1393
ol Ay /e 0/4 it T3-1393




Vo Sﬂdm,ﬂuwﬂwoj}ﬁ;A;smcjlm@aj,\sémfﬁéij@m;)}u

b o sl (Sl ilia leand s OF LTS
5oeld leand ol (80le o e Sl 3L
358 Lolajled L3 lass, Salhs gedd (g Seslul
b8 et Ol e e nlpls 2 o3 0 B YA LS 035 0
oS &5 ol i o or caddlls opl 5o oLl 2sse Je S
25008 31 a8 Jald Cod en 5 o0 axlse 055,35 s peS L

Sloss, colis YL cis L ocudlys S G’.) OS5 5

S domii
Ole los Bt low p ((IT40) OLISen 5 (s
G aslp g 1 esle s e S5l S,
Pl LG A o Geadlas 53 s sl sl oS
il [ haaay OF 5l g de 535 2 Sy SNl
G gy G0 als oS a8, glass,s Colta

OS5 55mS Oy Lyl d gl lanl Je ol 555 eslanal

5 dhe cwlie s 5 Sole S ay50 0 1 508 saS

Solpl ol WJpol Jew o3l g3l « ol <;'<:‘”'T‘J

Cola o cne g3leand gladde s eslanal (gl e

Ui adi jatla 5loeslitad U e 5 A3 iy
(ol alge 03555 35S b olS aS Jal 5 ) (NND)
Sl S sileans 5 dae QL s S oLl
b Sl 3 3 0l b ool 03,5 Jks (5146535 e sl WDl 5eeS Ok dal gl IS S
slos 5 S glos s ol amm s Sl i 4 Jde ol YL olie Ole Ol Aoy Y0 BV LS sSsba o
e L I I ol

sprs s Solis el Sl 5 edd (iluand

@L'..A
aL:f BLIBEE x_éj.an &_J)\S 9 aJ.'?},a J\}A 4J§ J..:bj O.J'?A gY VSlJS 9 ujjjz,.s olises leﬂ.w Q‘Jj\ AYAA vj)’w éﬁaﬁ-" ) .l.tuéfl&
ATY-1EE AY (Sl 5 Liass (Calendula officinalis L.) [l aiwes 25,0

(N Ol ol 255 5 bl a5 .S o glos (S o3Ikl 3l eslined L ol & a5 Olsme 350 5 AFAr L 38 3 odlple g (s
Nio—Vov

Bannayan, M. and S. Sanjani. 2011. Weather conditions associated with irrigated crops in an arid and
semi arid Environment. Agricultural and Forest Meteorology, 151: 1589-1598.

Borlaug, N. E. 2009. Foreword. Food Security, 1: 1-11.

Christos, A. D. 2011. Nitrogen nutrition index and its relationship to N use efficiency in linseed.
European Journal of Agronomy, 34: 124-132.

Davies-barnard, T. 2014. Geoengineering of the Climate System. In: Issues in Environmental Science and
Technology, Hester, R.E. and Harrison, R.M. (Eds). The Royal Society of Chemistry, 38: 105-130.
Defraeye, T., P. Verboven, D. Derome, J. Carmeliet and B. Nicolai. 2013. Stomatal transpiration and
droplet evaporation on leaf surfaces by a microscale modelling approach. International Journal of Heat

and Mass Transfer, 65: 180-191.

Fageria, N. K. 2009. The use of nutrients in crop plants. Boca Raton, FL, CRC Press, p. 430.

Gallardo, M., C. Giménez, C. Martinez-Gaitan, C. O. Stockle, R. B. Thompson and M.R. Granados. 2011.
Evaluation of the VegSyst model with muskmelon to simulate crop growth, nitrogen uptake and
evapotranspiration. Agricultural Water Management, 101: 107-117.

Gao, Q., P. Zhao, X. Zeng, X. Cai and W. Shen. 2002. A model of stomatal conductance to quantify the
relationship between leaf transpiration, microclimate and soil water stress. Plant, Cell and
Environment, 25: 1373-1381.

Gerosa, G., S. Mereu, A. Finco and R. Marzuoli. 2012. Stomatal conductance modeling to estimate the
evapotranspiration of natural and agricultural ecosystems. In: Irmak A. (Ed.), Evapotranspiration-
remote sensing and modeling. InTech press, China.

Gorski, K. M. 2013. Albedo project. https://sites.google.com/site/albedoproject/home, last access: 4
February 2013.

Hollinger, D. Y., S. V. Ollinger, A. D. Richardson, T. P. Meyers, D. B. Dail, M. E. Martin, N. A. Scott, T.
J. Arkebauer, D. D. Baldocchi, K. L. Clark, P. S. Curtis, K. J. Davis, A. R. Desai, D. Dragoni, M. L.
Goulden, L. Gu, G. G. Katul, S. G. Pallardy, U. Paw, K. T. Schmid, H. P. Stoy, P. C. Suyker and S. B.



AVl /o Je/ ALS (6550 5 523 ST aloms Vi

Verma. 2010. Albedo estimates for land surface models and support for a new paradigm based on
foliage nitrogen concentration. Global Change Biology, 16: 696-710.

Jacob, J., M. Udayakumar and T. G. Prasad. 1995. Mesophyll conductance was inhibited more than
stomatal conductance in nitrogen deficient plants. Plant Physiology and Biochemistry, 17: 55-61.

Justes, E., B. Mary, J. M. Meynard, J. M. Machet and L. Thelier-Huches. 1994. Determination of a
critical nitrogen dilution curve for winter wheat crops. Annals of Botany, 74: 397-407.

Katul, G., S. Manzoni, S. Palmroth and R. Oren. 2010. A stomatal optimization theory to describe the
effects of atmospheric CO; on leaf photosynthesis and transpiration. Annals of Botany, 105: 431-442.

Lal, M., K. K. Singh, G. Srinivasan, L.S. Rathore, D. Naidua and C.N. Tripathi. 1999. Growth and yield
responses of soybean in Madhya Pradesh, India to climate variability and change. Agricultural and
Forest Meteorology, 93: 53-70.

Lopez, A., F. D. Molina-Aiz, D. L. Valera and A. Pena. 2012. Determining the emissivity of the leaves of
nine horticultural crops by means of infrared thermography. Scientia Horticulturae, 137: 49-58.

Naithani, K. J., B. E. Ewers, E. Pendall. 2012. Sap flux-scaled transpiration and stomatal conductance
response to soil and atmospheric drought in a semi-arid sagebrush ecosystem. Journal of Hydrology,
464-465: 176-185.

Pohlert, T. 2004. Use of empirical global radiation models for maize growth simulation. Agricultural and
Forest Meteorology, 126: 47-58.

Polhamus, A., J. B. Fisher and K.P. Tu. 2013. What controls the error structure in evapotranspiration
models? Agricultural and Forest Meteorology, 169: 12-24.

Qiu, G. Y., T. Yano and K. Momiic,. 1998. An improved methodology to measure evaporation from bare
soil based on comparison of surface temperature with a dry soil surface. Journal of Hydrology, 210:
93-105.

Richardson, A. D., T. F. Keenan, M. Migliavacca, Y. Ryu, O. Sonnentag and M. Toomey. 2013. Climate
change, phenology, and phenological control of vegetation feedbacks to the climate system.
Agricultural and Forest Meteorology, 169: 156-173.

Stockle, C. O., J. Kjelgaard and G. Bellocchi. 2004. Evaluation of estimated weather data for calculating
Penman-Monteith reference crop evapotranspiration. Irrigation Sciences, 23: 39-46.

Uddling, J., M. Hall, G. Wallin and P. E. Karlsson. 2005. Measuring and modelling stomatal conductance
and photosynthesis in mature birch in Sweden. Agricultural and Forest Meteorology, 132: 115-131.
Willmott, C. J. 1982. Some comments on the evaluation of model performance. Bulletin of the American

Meteorological Society, 63: 1309-1313.

Yu, Q., Y. Zhang, Y. Liu and P. Shi. 2004. Simulation of the stomatal conductance of winter wheat in
response to light, temperature and CO; changes. Annals of Botany, 93: 435-441.

Zhang, L., L. Gao, L. Zhang, S. Wang, X. Sui and Z. Zhang. 2012. Alternate furrow irrigation and
nitrogen level effects on migration of water and nitrate-nitrogen in soil and root growth of cucumber
in solar-greenhouse. Scientia Horticulturae, 138: 43-49.

Zhou, J., C. Wang, H. Zhang, F. Dong, X. Zheng, W. Gale and S. Li. 2011. Effect of water saving
management practices and nitrogen fertilizer rate on crop yield and water use efficiency in a winter
wheat-summer maize cropping system. Field Crops Research, 122: 157-163.

Zhu, X. G., S. P. Long and D.R. Ort. 2008. What is the maximum efficiency with which photosynthesis
can convert solar energy into biomass? Current Opinion in Biotechnology, 19: 153-159.

Ziadi, N., G. Belanger, A. Claessensa, L. Lefebvrea, A. N. Cambourisa, N. Tremblayb, M. C. Nolina and
L. E. Parentc. 2010. Determination of a critical nitrogen dilution curve for spring wheat. Agronomy
Journal, 102: 241-250.


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBoQFjAAahUKEwi8v9XO_ZHJAhUFThQKHWjYAMs&url=http%3A%2F%2Fjournals.ametsoc.org%2Floi%2Fbams&usg=AFQjCNHIi6zN_6Rq6BWnEfd5I1GV168qdQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBoQFjAAahUKEwi8v9XO_ZHJAhUFThQKHWjYAMs&url=http%3A%2F%2Fjournals.ametsoc.org%2Floi%2Fbams&usg=AFQjCNHIi6zN_6Rq6BWnEfd5I1GV168qdQ

v ;fﬂ‘_;b:)'\e:w,.«lbojjj:gd;mc}k.ﬂ@jﬁéufﬁélau‘)‘j)g;il.u:)ﬂﬂ

Estimation of the leaf stomatal conductance in pumpkin under different

nitrogen levels using leaf temperature
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Abstract

Since stomatal conductance (gs) couples the crop photosynthesis and transpiration, estimation of gs is
important for adopting management practices which can increase crop growth through efficient use of
water. In the current study, a simple model based on temperature difference between crop leaf and a
reference surface was used for estimation of the leaf stomatal conductance. The model calibrated and
validated using two years field experiment data with pumpkin carried out during 2013 and 2014 at
Research Farm of Ferdowsi University of Mashhad. Results showed that model had a very good
performance and very accurately simulated pumpkin leaf stomatal conductance under conditions without
nitrogen deficiency. Under nitrogen deficient conditions, by using the nitrogen nutrition index (NNI), the
good or very good performance and accuracy were obtained from the model. The relative difference (RD)
between simulated and observed values of average of stomatal conductance during the growing season
was ranged from 1.1% to 2.5 for non-nitrogen deficient treatments and from 2.8% to 5% for nitrogen
deficient treatments. The accuracy and simplicity of the model and its low input requirements make it

suitable for use in stomatal conductance based crop growth models.
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