[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

Temporal variability of growing period for rainfed agriculture- using fractal

analysis in Ghem-Shahr region in Mazandaran province
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Fig. 1. Location of the study area in Mazandaran province

sosbyeass pa, b LR <E) sE <R, S|
) g}bjaa)}.a QQELML:R1>E1}E2>R2;\
S Sl a8 Gl en dmloue gl ionen
a))bédflﬁ-)boﬁeﬁﬁ-syjég.\'ﬂ&\"
©303US Ll Olojlw (o 85« o oS- b 1
55 5 e 9 5 Al r 0553 Sl dote
s oalital (S, 053 GLL Sl dom Slale sl
L;L_AD Codgdoes é}.@ (a}.g,c.» » a}y\& .(Anon, 1978)
ﬁubﬂdu)géwujudfﬁjék
JHe (555U Sbasls Olojle (i b LOT 5,
Sl a8 :I;G:ZL.» 4,50 31 (Anon, 1996) d>s

..,\3‘5,5»66;'}.:\7-&3)0)53}\

dns b4 s bl Sl pelids 5 e 5 s
039 A Y B yoosde Jl.sy’zu.e osu.;.«\\ujtfljé

)3_)-:."'3-‘4-'-“-‘4_'&)4#\3 oU; Ol ead sz OLLS

5 S ldie 5 BLR, 3Ry La0T (SaU,L lis
0335 0Ll 5 3,5 AELEs 5By Clale fdley G,
T e s 4 5l 51 S0
t = intger [(Ry- (E1/2)) X 30/ [R, — Ry + (Eo/2) —
(Ev/2)] o)
..a,:d@@,;d,uubw’lafj),wjou;:t
0393 o h AL (WS 5 dals) SO dslas 5
sy el (Sk g8 Aa)
Ri<E /2 ,Ry<E,/2
S Aok )53 0LL Al (S o5 ls, ST
g dal
R>E /2 , Ry<E,/2
OIS oo b m 0053 OLL 5 f o nd Sl
23S ealizal s alal,
t = intger [(R;- E;) X 30])/ [Ri-Ry+E,-E, ] )t

.5%@&3,@J}‘obbj}\&jj)wﬂdbjl

1- Fractal Dimension

4SS Jal,—5 55 .(Burrough, 1981) &l sz
Aoy STl ol 53 detes 55 4 Sla) Slas
o s el S e g Jlej (6 S5 ST

\jul.laggwd\%ﬁ..&lg@dbj\id&a
5 e dels Al Ol ks ediasOlis il 2SOs

el o 58T Ol e odiasOlis Ail 255 Y w4 ,a


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.4.2.7
http://agrobreedjournal.ir/article-1-280-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

YWAO Oliwse ) b e)u‘rxhal?‘"o\ﬁlgp\)jr}u@”

A3 8 acloes IO sldes D

b eoys3dsb 5 edd; o) Job alows ol
WAY GAYFs cladlo HLeT 5l as S5 48 shilan
Sl oY DLl as sa ) sb 4 a5 Al ool
Y Jgds 53 WA Jlo 55 s e (slae) 93 dnlo
Ao Jgd joedd 41 B 9 s (Ll ol 4o
dlos ly =l Sl 5l 5 oSS 4 T S
RPN

aals 55 aS sl Ol adie los 4 b g e (slaesls
a0 jlaslale v ste glos asdllas 5550 Lo
U RCAINFCR B (NN PR R g I = W
Ol 1 (ola age) Jlw ole o 55 e 53 s K5k
0395 opl pl dil o 5 oS de Cllas L 5o 457 das oo
il e SLes C\_laj.}\ Ghyls el i a4 wloes Ui
sl wga § LAl 3 Sl s
OLHLSan 5 2,5 5 (Fischer et al,, 1998) ol ,Len
w5 8 Sy g0 53w Gblia s (Verheye et al., 1987)
Lo 5 45T okl o 095 ) A )y 093 (ol
.@‘a&dﬁ.&héﬂéuo‘)jé

b dmloes g VFOR Jlu Gl 5 45 505 O 28 4
lrols o sl ol oo 5 Doy g0 4 Ldjy 090
b bl B sl any b b g g 5 505 5

[(30.4 — 85.35) x 30]

2348 o) p 3y palas o OLM| SL Sl
rLiie 3 Ll o w35 KA Sl et sldbols
OIS oo by ladaly i 350 dal > Slej Alols
355 0Ly (oS Do 4 e e b b
9 iy oy Jsb ¢l ,m (Webster and Oliver, 2001)
¥kl 5l eslinal b L i aed b o sb 0 055 Jsb

:(Webster and Oliver, 2001) 55 Jf e

2
n-h(Z. -Z. ,)
y(n)= x —hl )
=1 2(n-h)
44,Zi+h)Zi L"\_u‘)_;::j A_Q.:v cu ’Y(h) 4_]@\) U-:‘)"
n-h "\"&L’G"h du) Aol )JJ_:A’I.A)U_E.A o5
S5 p 51 S ela i C i sl
b1y byl Ol ks 45 Weierstrass-Mandelbrot

h4—2D )‘

osleul «(Berry and Lewis, 1980) JSls
03 Lad i aed rﬁwl—ﬁ 23l ey L Ol e 0555
oﬂﬁ)bw;ﬂh)@u;wuﬁ)@&uﬁ
auly JUSTp b ol s vl 5 LG
:(Burrough, 1981) 5 " awsloes ¥ alasly alews
Slope= 4- 2D (f)
o&_w3 ;3 (Slope) L= b adaly ol s
D 5054 Loglag(year) 9 Log semivariance <olaie
!~ .(Eghball and Power, 1995) el JLSTI 5 dsy
Il FF sl LSl 1At 0555 J s alone

Ot 9 B aslie Sl il shte 4 s eslatal

—1648.5

[(30.4 —94.8 + 60.15 — 85.35)]

= =18.4 = 18 days
—89.6

1- Semivariogram
3- Lag

2- Semivariance
4- Penman


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.4.2.7
http://agrobreedjournal.ir/article-1-280-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

WO Jlo (gl Jawily G5 5 s 5 (bl Sledbl 4 =) J 5

YWAO Oliwse ) b e)u‘wal?‘"o\ﬁlsp\)jr}u@”

Tablel. Summary of meteorological and potential evapotranspiration (ET) data for 1980 in Ghaem-Shahr region
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Fig . 2. Variation of minimum temperature average during the selected period (1980-2005)


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.4.2.7
http://agrobreedjournal.ir/article-1-280-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

S5/ S50

34

)

(e

" Slpdiyo)9s Jsb S Dl i t_s‘“')f.”

S Y adslas Lyl 5 59,0 5 ddul glacle

tonl s Sl os 31t Sisbioy 93 UL

[(108.4 —39.15) x 30]

3355 g0 a8LSl (515 0) S ole oy 4 sluas

AT o Sz s 55 ,gs ¥ Jolas iy 093 gor~ 330

2077.5
= = 21.65 = 22 days

[108.4 — 28.5+552-39.15]  95.95

Il sl 03 s ol S ol g
(OO S ds dlw yo (msby by 0)55 |5
o ole Sl 31 Y LS 5 9 5 5 g2 Y
530 YPY fomamme 534S (il aslal (1YF4) dn,
4._5‘)‘ Y’J.g:;).) LUJ‘ &J‘i‘ §‘§‘J‘? 6\.& ‘.-.f d}b

el ol

Lol (Lawl) Adole by ay jg, sldss o6l

s (02303 3 A) (Sa5sk o)s3 OLL B 358 o8
le(jyu)a)j:‘)}_b&é;wwg.@?.u\{\'
ST e Ve s g oY slas) sl
0353 0l Sl ddyoy93 J b joeddo, 55
e syt gt s, § el a0l
3 Lo el Sg) amed bl G,

j‘j))")oudé‘))féj\j))"rdu\iéfu@u

250
E be: Ob e 0553 (Humid period)
g 200 A4, 095 p9%5  (Commencement of growing period
® d: S15,b 6,55 044 (Termination of rainfall perj
Za' 150 €: A, 0,45 OLL (Termination of growing/period)
5 ,
g ae: 43, 0,5 Job  (Duration growing pefiod)
3
S
w 1001 .. N, A
3 E ',A'—

2
g
g 500 /1 Tl e
< e
o

0 u L

uu'/\

s p _?;3 j__)f?\‘ o7

3

Month L

\VD‘\JLAJJJ.&).:J}JJ}L}%}LJ,,U}, S..é‘JfLSL“';_v S:.

Fig. 3. Illustration of humid and growing periods for 1980

G35 alous (Sl 3V (Glajs) sl ¥ dlolas 3L
4l DL diial Yo 53 VWWOR Jlo (6l 45 okd s
35 W sy s Jl 53 by ey a5 o

Ll oS J b

e slele o 5 osb e 055 Jsb a6l
aj_:\jQTCjJ_&rx_{a.L&)‘};jYUJ\&AJ&J&Q\;TJ

24;_15» S 4 0le OLT
[(90.2 —144.9) x 30]
t= = 9.85 = days
[90.2 -153.1+125.1-144.9]
odd 18 Y dslas b wdul 5 e slaole

V.‘


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.4.2.7
http://agrobreedjournal.ir/article-1-280-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

YWAO Oliwse ) b e)u‘rxhal?‘"o\ﬁlgp\)jr}u@”

0393 dyb Slaj Sblug aS 4 8 &y e WA Gladlo slas @l ddyoys J b aulons
auaslaﬁufﬁ,sgy,ﬂ”;d}b,u, sl S S B b gy s dalllae 5, 4
G LAY Jlo 515 s, 00 Jl FF (gl Slnlboe i
300
Growing period (day) (5s,) ds, 0,93
250
VAW e e WoWaVVaWiW e 2  aWiWanl
)
2 200
A}
-§ 150_ - a '..‘. » .-.. .’. '..-rl‘ . .
¢+ n ¥ .. Ay . e o0 g-0 L o
v ..,’ LE *ed * e Lt L f
100 -
50 Humid period (day) (53,) b 00,93
0 . T T ;
1340 1350 1360 1370 1380
Year

MMJJyM)J\V/\VdeU\V?' ij‘gf}bfa)j.ﬁd}b}ﬁ)a)}.ﬁd}b@bj&\jxjﬁ—fJgi
Fig. 4. Temporal variability of length of growing and humid periods in the study area for 1961-2004

JLW}:AJJSLS_»C,.T‘;JL»JJCU'}:}HJ};}JJA Y Jsde s 5 500 laoyss (sobeT (slaaasin
BESRAMERANS %;yg)bfjﬁja))bﬂu?f J)u\_a-@l_‘bd)}bl_qﬁg"_,_w\au\_&w)b-
s (295 Nsr s polie 5 L s e Ol

axdlae :)}AG\AJL«:JJ u}bfe o)p).u:) 69> J}b é)LoTéLAW—Y J)Ja-
Table 2. Statistics of humid and growing periods for 1961-2004

e Sl A oS b e oy e
Sk Oles Sy Sass
Parameters Minimum Maximum Mean Range CV(%) Skewness Kurtosis
Length of growing period Gay) Loy oyss dsb 220 245 232 25 20 0.85 1.5
Length of humid period (Gs)) osb e 0y55 dsb 108 145 124 37 35 0.72 2.3
A T bl s 8 o 5 () S Slr03l5 (655 Lol okl 4o dnloes (gL 3T

5 oS glilen 33,8 ks ke a JST S Sl i dad 4 S B8 Sy 0093 53
Sldie 51 JUST 5 dny 583 dcwloes g A3 Ol e tnloea 3l s ol ol 4510 S s Lag)T
ol o3l ul dlw &S Aol Ly (1) &I LS ol b a0 JS 53 0T pslie 45 Las ks e

! Aol ;»zu\—fJ Jolis s LagsT r;i)l_ii 3lae Sl


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.4.2.7
http://agrobreedjournal.ir/article-1-280-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

" Slpdiyo)9s Jsb S Dl i t_s‘“')f.”

widl
O 188 . 143 ®
3. 8 ° :
3 o o ‘}‘ c
38 a4 o B © 0 "% o0 Ll P o ® . .
‘2 ® o k] 1
L > oooooo o oo 000000 5 ;& © %t L0 o Py o oo ® o
. 94 o 2T e ®* ¢ .
3 E ¢ 3 E . ¢ ¢
[ o .
0 47 S 36 14
0 0
0.00 8.75 17.50 2625 3500 0.00 8.75 1750 26256 3500
Soluld alsls Siluldr alsls

Separation Distance

Separation Distance

() b o535 (o) iy a)55 Jsb sl Gloj ool b Jolie )3 Lok e polae -0 JSo

Fig. 5. Semivariances versus lag times: a: growing period, b: humid period

— 2273
2§ 1706 3
Iy E b 3,
¥ g s ,
f;& $ D-value=1.96 DQ
i £ 0.568] 3
3 § 0.000
" 0.00 0.38 0.77 1.15 153

Log (Separation Distance)

'g,z.m . .
© ; et ' m'ﬁ
‘1616 .
g

g 1077 D-value=1.99 wal
()

50539

o

~0.000

0.00 0.38 077 1.16 153
bt ot 0,8
Log (Separation Distance)

Dsem S 5 b5 i ol 1 () osbpe 0593 5 (L) iy 0555 sb (s JEST1 3 ey s =7 JSS

Fig. 6. D-dimension determination for (a) growing and (b) humid periods using regression slope

Sl Ol 48T das e QLS Gl ) A
Lt ;s bty I 51 sy 0555 5550 slaesss
155 S S o b Bl 3 a5 03
b 2508 5 J e S 5 5 (L3S 0L Lk
Al e Ceeal Ll WS g talS el g J guees
SV sb b sy gl addllan 5 50 ailie i
s i | (SAL Ol dle Jgb ST 55 5 ol
o Sl 50T Sl Ol i Js ol 2i G 25
3 o s (e 4 5 35 5a Al S0 Jl
= et i ol 3,8 )5 s ]
pLEaS Ol an LSS Gy, SLS
oled (oS 1y omes la e Sl Ol is Sl

.J‘)‘Kdﬂ d>e o

a)}:}.,\_&Ja)):d\ﬂdufl)é,\a{&:a}):JUT@u
Sy shilen .l ok 3l il & SE 5 b e
&l (D) JEST b s s oo L5 JST1 3 LT s
anllls 540 adlate j3 ol)5 OV s LSy 0593
YL e 5148 054 V/AF Cosb e 095 (6l 5 1/84
P P BT S RS NPT Ve
5l ames Sla it gl 45 IS5 Uy 0l
N3 s Lo 5 S Dl gt Ly J graes
(Eghball and Power, 1995; Eghball et al., 1993)
Sl Gt pl 53 68 55 JEST 3 das o aslons
dn S 5 sl ol 0T s ) Ay 093 U s
0,33 g dbyoy3 lpY sde 4 0T K55 5 US|

2yl e e sl aals o ST Ol s 51 OLid Cosb e

YA


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.4.2.7
http://agrobreedjournal.ir/article-1-280-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

YWAO Oliwse ) b e)u‘rxhal?‘"o\ﬁlgp\)jr}u@”

References

(Olgiol) e OT1 o aibate o go 1)) SV suamms gl (2] (oS 5 (A5 ls L5
02 VA Ol anis o&iils (i)l wlis )5 asbOLL

,;r,\_;fdlﬁ oyl 5 3,57 s oy edes OV guams ol Syl cnls ST L5l
.omf;ﬁcuwmusc,u ol iyl iy aebOLL . w5l LS O e i dibata
el gdail (gl O ml 3 Jgmeme oS 2g) 5 S5 e 55 s SOS o
oo ol syl i 8T 4abOL L 0l Oliwl S BT ailate odae SV guaes CiS Coi L
W65 b gle s S3osles
S Sl i 5 o b e (gl Sy Sl ST S o s
YOYV psler osled ania Jlu b mlie 5 (6555L8ST 053 5 p oo alres ST Slad s S5 5l soles

Anon. 1996. Agro-ecological Zoning. Guidelines. FAO Soils Bulletin No. 76. FAO. Rome. Iraly.

Anon. 1983. Guidelines: land evaluation for rainfed agriculture. FAO Soil Bulletin. NO: 52. Rome, FAO.
237pp.

Anon. 1978. Reports of the agro-ecological zones project. World Soil Resources Reports No. 48. FAO, Rome,
Italy.

Ayoubi, Sh., K. Mashayekhi, K. L. Sahrawat and L. Mohan Reddy. 2006. Temporal yield variability of
sorghum using fractal analysis under traditional and improved managements in Andra Pradesh, India, 17"
Triennial Conference. "Sustainability-Its Impact on Soil Management and Environment." Aug. 28" —Sept.
3", 2006 Kiel, Germany.

Berry, M. V. and Z. V. Lewis. 1980. On the Weierstrass-Mandelbrot fractal dimension function. Proc. Royal.
Soc. London A. 370: 459-484.

Burrough, P. A. 1981. Fractal dimension of landscapes and other environmental data. Geoderma. 294: 240-242.

Clarke, D, M. Smith and K. El-Askari. 1998. CropWat (4.2) for Windows: User Guide. University of
Southampton, UK.

Eghball, B. and G. E. Varvel. 1997. Fractal analysis of temporal variability of crop sequences: Implication for
site-specific management. Agron. J. 89: 851-855.

Eghball, B. and J. F. Power. 1995. Fractal description of temporal yield variability of ten crops in the United
States. Agron. J. 87: 152-156.

Eghball, B., G. D. Binford, J. F. Power, D.D. Baltensperger and F. N. Anderson. 1995. Maize temporal
variability under long-term manure and fertilizer application. Fractal analysis. Soil Sci. Soc. Am. J. 59: 1360-
1364.

Eghball, B., L. N. Mielke, G. A. Calvo and W. W. Wilhelm. 1993. Fractal description of soil fragmentation
for various tillage methods and crop sequences. Soil Sci.Soc. Am. J. 57: 1337-1341.

Fischer, G., E. de Pauw, H. Van Velthuizen, F. Nachtergaele, and J. Antoine. 1998. A provisional world
climate resources inventory based on the length of growing period concept. FAO/ Soil Resources,
Management and Conservation Service, (AGLS), FAO. Rome, Italy.

Kekem, A. J. V. 1984. A land evaluation study in the Mount Kulala Marsabit area. Northern Kenya. In:

V.ﬂ


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.4.2.7
http://agrobreedjournal.ir/article-1-280-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

e Gl M 053 J b Sle) S o)

Siderious W.(ed.). Proc. of the Workshop on land evaluation for extensive grazing. ILRI. Wageningen. The
Netherlands pp: 257-274.

Radcliff, D. J. 1981. The growing period in Angonia, province Tete, Mozambique, An ecological basis for crop
selection. Project FAO. Field Document 25. Ministry of Agriculture. Maputo, Mozambique.

Verheye, W. H., P. Vermeulen, Y. Houben, F. Smets and D. Wuyts. 1987. Definition and delineation of
agroclimatic zones in the European Community Commission of the European Communities, Directorate
General of Agriculture, Brussels.

Webster, R. and M. A. Oliver. Geostatistics for Environmental Sciences. John Wiley & Sons, New York.

LA


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.4.2.7
http://agrobreedjournal.ir/article-1-280-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-10-23 ]

[ DOR: 20.1001.1.15625540.1385.8.4.2.7 ]

YWAO Oliwse ) b e)u‘rxhal?‘"o\ﬁlgp\)jr}u@”

Temporal variability of growing period for rainfed agriculture- using fractal
analysis in Ghem-Shahr region, Mazandaran province

Sh. Ayoubi*

ABSTRACT

Ayoubi, Sh. 2007. Temporal variability of growing period for rainfed agriculture- using fractal analysis in Ghem-Shahr

region, Mazandaran province. Iranian Journal of Crop Sciences. 8 (4): 300-311.

The length of growing period (LGP) has been defined as the period of the year in which agriculture
production is possible from the viewpoint of moisture availability and absence of temperature limitations.
Temporal variability of growing period and its parameters are necessary quantifying and predicting some
information in agricultural and natural resources. This information can be effective in making decisions in
planting date and excess water requirement to access the potential yield in rainfed agriculture. In rangeland and
forest use of these data are also valuable in management and species selection. Fractal analysis can be used to
differentiate between short- and long-term variation for parameters collected in time and space. This study
conducted on climatic data collected from synoptic station of Ghaem-shahr located in Mazandaran province in
order to study temporal variability of growing period using fractal analysis. Climatic data were chosen to
calculate growing period and humid period length for 44 years since 1959 up to 2003. Then semivariances were
determined using variography analysis and log of semivariances VS. log lag (year) were plotted to calculate D-
dimension values for each of periods. The result of study showed that D-dimension values were 1.99 and 1.96
for LGP and length of humid period respectively. The high amount of D-values indicated that these periods
follow small-range variation during the time and had high fluctuation year to year. This information is valuable
for management purposes. The result of this study also indicated that fractal analysis can be used to studying

temporal variability of growing period over time.

Key Words: Growing period, Temporal variability, Fractal analysis, Ghaem Shahr, Semivariance.
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