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Table 1. Average of maximum and minimum temperature, monthly radiation and total monthly precipitation at
the time of experiment and 40 years ago in Gorgan (19672007)
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Fig. 1. Leaf area index in the days after planting for faba bean
o the amount observed in the two varieties of France, Barecat for different interarow space and — the values predicted by the
model indicates (A: interrow space of 8 cm, B: interrow space of 15 cm).
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Table 2. Coefficients of logistic model to predict peak leaf area index for the interrow space of 8 and 15 cm
Coefficients a, b and ¢ production are the rate leaf area, time required to achieve maximum leaf area index
and speed reduced leaf area, respectively
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Table 3. The coefficients a, b and x0 are in the Twopiece functions fitted to data Leaf
area index against green leaf dry weight
RMSE (Root mean square error) and R?is the coefficient of regression.

RMSE R? Xo+xSE

b2+SE b1+SE

1.05 0.98 50.35+6.19

212.3+ 3.36 309.1+£12.15

A Ol cgy0) Jol doye s Giulel ol mls
& Sr S Gis e sl e @ el AN
Ar 02 o)y pes A el g adk
& Sr S Gis S sl e @ re LYY
(Y Jgaz) aily
(2011) pus5 5,50 ,o Bakhshande et al, (2011)
, Zainali et al, (2016) w55 o,50 ,o Torabi et al,
3 bgw 3,90 ,0 Nehbandani et al, 2013) 5 &, 5,90
SIS S s b S gl (a3ls ) ogi ol
abaly oy sl ol onl b o,S sslinal slaSses als

Al

odddilo (6 yhwed dlae ydu A, Jad glaml o

a> o cpl jo aS o] Sl o pelasl S 4 aig o
U”‘ B AW LaS.....u ‘SLQ:S).') Sl )A/Ls thj).v 0)45 C.]a.u;
059 Blie ;0 S e (iol38l Cod (aitiin 5 S30 al> e
)lw]wSu_?).: )9 )‘J.a.a L: Lﬁduy é—e‘j 0 w‘M ujj.:
0)934.: ‘UL°) wb\f L: Lo‘ AJGA ..\.Jj.v ‘5’M Aj)J C.]a.u;
ghw gals JJo 4 cud cpl w@dle ad g 9,8 5l o
S ddles wiile digy ;S50 laplasl & Sz bole Larass
oobol o (F S8) a8 oo oy oS ccanSlls alas 5l L3 oy



WAY Jlo F5 lois Audr [ 31 Qg SR 3 /...y b s 1510 5 oS!

Olseds 1, +/AA e e L (LA=125.3LDWL)
Sy 50 Sy oghe Gn by, Geog sl dole (e
25,5 By ay (LDW) wigy j0 5y Sas (59 9 (LA)
O L0 GblE o sadesld il sla Jow cglas

Sl @ plgioe |y S 0jg pln 50 S p gl slaosls
eSS o pd Slpsd Ogl jebires 5 S g el
@lizes (LS o Sy a4 ad, fad Job o Sz bobe

Sl Cees

90,000 -
80,000
70,000
60,000
50,000
40,000

30,000

Leaf area(cm2/m2)

20,000

10,000

A sladae 5l S p SS9 b Sp gl pals G
Rahemi et al, (2006) Jto (sl .ol oo ooliiwl 5
Sharrett & baker (1985) « s Jao S 5l 0555 sy
Jae 5l o, sl Payne et al, (1991) 5 axig sy
doles 5 #55 5w 1, Hammer et al, (1993) 5 oz ,.2
!y Akramghaderi et al, (2004) .ais,5 oolaxwl g
P S Si 539 b S gl So kgl by o
SY¥sls 5l (98, aw g cllS &b Jkez) 4y oS o G
o ol ol o g eolaiul b Jgew S,

100

150

200 250 300 350

Leaf dry weight (g/m2)

&) lod plod' 50 ML ol 50 Sy &S 59 31 (MU plgreas S b -F S5
Do o Hlid |y Joe Jawgd oo o ius polie — g cilises slo )| S5 5 Lo las )0 ododnliv polio ¢

Fig. 2. Leaf area index as a function of dry weight leaves in the faba bean plants in all treatments
+Value observed in treatments and different repetitions and — indicates values predicted by the model.
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Table 4. The coefficients a and b and the amount X0 in the Twopiece functions fitted to data Leaf area index against
Shoot dry weight
RMSE (Root mean square error) and R?is the coefficient of regression.

RMSE R? Xo+SE

b2tSE bi1+SE

1.08 0.95 4.33+0.84

82.6 +3.62 137.7+8.50

alold 9 iz LgLag.b,{o) Oy alols k.;‘)'.’ g &Lcu)] ).3|).3
il vgg (gl e BB e lise slacans, (s,
50 alize o, o dold slrosls sl plplo (F Jgux)
Ss5 @l S plalejl ol o sy (5 dbold ol ples
v b_;ljs &b Ol 50 (F Jguz) o eols i3l (O dlole)
g gLl oy )0 (Y g 50 g pete Sl g S
ol 428 ,5 J108 (X ¢ e L)

Bl il 3l e Ggmd e g oled O jg0d
o5lasl b awslie ,o a3 glis )| (6 ,u805l0l a8 il L(F JSCi)
S @S 5 S ookl ol Syl 655
odeylis oS dalllas (pl s GBS 4y 0405 colaiul Sy
5 Lsw 59, ,» Nehbandani et al, 2013) a5 sl ixs
(2013) g4y 5,6t al, Akramghaderi (2004)
aS 00,5 edaliwe wssls slssl YBL (g4, Zainali et al,
i aj)_: C.E_w ‘5‘)_: o_»_wl.‘.a o.\.\.»SMy ol..j &Lo.w)‘
gz Jdo an gl )l sl eola ol L Sy mbas 3,90 axl
shlo Lo g, 500 du camd pYL gllas Silay o .Sl
Alos Sl <8

kol 4Bl ;0 0,5 dlowi b juw S 0 mlaw abayly
e ol Jdoa Sl @b el @l (b5l e
ol A8l j3 0,5 olasy 9 Sy mrhaw (o dlal) aogi (6l
S99 dmo, 30 Jaizl e jo Lacays, s alold yuzen
Sl @ cplply g )b s ao )b il mhaw o e,
ool o ooy il Al o (s, (g9, Alald 2 (ol
LaalS) i (g9, Aol il b oo # Jgus =
5,3 e Zainali et al, 2016) .ol o (2ol38l (o515
L oo S 4,155 55 Lsew ,o Nehbandani et al, 2013)

S g by GRTD oo e 15T 258l

\Al

Zainali et ) , o ldllas s b @llas (> ol b
al., 2013; Zeinali et al., 2016; Nehbandani et al.,
L S o s (i &80 55 anlllae ol 50 (2013
So— (=89 5|yt (o bty S S (39 5l ooliul
gy Sl 5 Seas gl eslanal b S mhaw oS
e s S agl] bl S ) w35 35500 LS
@l plol S (s sl 9 N S i (39 9 S
G S ojlasl 48 Cily am g 4SSl s b andl (5 A0
Pl Las o SLi2 ()9 4 o & JS S22 (9
S it Sy b g 0395 S 03 Slax sl 29 B0
Lok o Sis o9 5l daid 51 Jolie [0 0955 o plool
S o g S8 50905V ogdle g ool
(Zainali et al., 2013) coul 168 55 diges o>

355l sl slaSSss aols 5 Torabi et al, (2011)
3 ddg 5 S oole 1l b lais 4y aigy S xlaw
3,9 ,o Tsialtas et al, (2008) .as,S solaiwl 545
L S pS,b olS w0 Retta et al, (2000) g 08,050
Siod (bl 5 b (g Sy SYlan ool
03995 S 09 9 S g G ) (YL Sl
Slslass ass S (35S aSer (g, slil J§Sas
bls, g (gl b o slaalslen 1 55 %o ks
sl JS5 Sis Gj9 L g S St 059 b S e
(2004) 4y ylg5 oo oyl aloz 5l a8 Wilos S oolazwl v,
,o Zainali et al, (2016) ., ,» Akramghaderi et al
(2006) 4 pa—5 ,o Bakhshande et al, 2011) .= )3
5,5 oLl 0455 ,0 Rahemi et al,

g gLWHIL juw Sy haww Al
L)l b aig 10 o S mhaw dlaly arogs jslaiea
S 0lp (255 5l @l ple b avslie jo Jlg &b 45
&l clpo Glaabl 050> ) p b (F JSK0) 090 ls 55 5
A o\.\_woobuq)b_; @‘5_: &v‘y w‘,.a R aS o u“M
C.Ia_w 5 f“;é) 99 0 4_?9.3 &Lm)‘ J.glﬁ 0 ujﬁ C“a'“’ Lngwlo
o Lol ceilas 092 (5 5lo mre DS ws 00 Jlazs!

59 uj)_: C.]a.w LgL&on‘J L o..\..i‘.»oé‘ou.i‘.v)").g LS"?" b"?" w‘ro



WAV Jlo (Y5, Al /o) 3 g GBGIBGH /... 1 gxdaw (o 150 3 oS!

4,500
4,000 ~ ®
3,500
3,000
2,500
2,000

1,500

Leaf area{cm2/plant)

1,000

500

0 5 10 15 20 25 30 35 40

plant dry weight (g)

Glizo o) (695 9 (ywr abold (S g1 g ail 18 18 90 ;0 MBL oLS j0 ai gy KB (459 3 (MU Glecar S o - T ST
Do (LS Ty Joe fawgh ool oty polie —— g iz 5ol S5 5 o jled plad jo cadionnlive polic @

Fig. 3. Leaf area index as a function of dry weight plant in the faba bean plants in all treatments
e Value observed in treatments and different repetitions and — indicates values predicted by the model.
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Table 5. Coefficient b and the value of R? in the power relationship between Leaf area and plant height Bean in two
inter and intera row spacing
RMSE is the root mean square error

Fogilo A ) (59 abols
interarow space (8 cm)

(o b)) o)y oo alold

RMSE R? b+SE
interrow space (cm)
1.02 0.95 1.57+0.009a 25
1.09 0.94 1.61+0.016b 50
1.32 0.98 1.71+0.011c 75

Folo 1B o) 59, abold
interarow space (15 cm)

1.30 0.90 1.69 +0.016a 25
1.50 0.92 1.77 +0.009b 50
1.50 0.98 1.77 +0.010b 75
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Table 6. Coefficient (b) in the equation y = x° for leaf area of plant in front of the node number per stem in two intera
row space
RMSE (Root mean square error) and R? is the coefficient of regression

(;».0‘50(.--:) &35 69) alold

RMSE R? b+SE .
Distance on rows (cm)
1.0 0.98 2.40 £0.014a 8
1.64 0.95 2.53 £0.011b 15
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A: interrow space 8 cm; B: interrow space 15 cm

A: interarow space 25 cm, e: interarow space 50 cm, m: interarow space 75 cm. Dotted line: the values predicted by the
model at a interarow space 25 cm, continuous line: the values predicted by the model at a interarow space 50 cm, Dash
(interrupted): the values predicted by the model at a interarow space 75 cm)
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Fig. 5. Leaf area per plant as a function of the number of nodes (or leaves) the stem described by the equation y=x"
Dotted line: The interrow space of 8 cm; Continuous line: the interrow space 15 cm; e The amount observed in the two
different Barecat and France and the interrow space 15 cm; A The amount observed in the two different Barecat and
France and the interrow space 8 cm
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Introduction

Since the leaves are the main source of production of photosynthetic substances in plants, dry matter
production and crop yield potential is largely depend on the leaf surface, and many environmental
changes affect growth and yield through changes in leaf area. Hence, green leaf area per plant and leaf
area index measure in almost all studies of crop physiology to understand the mechanism of yield
alteration. However, measurement of leaf area compared with other traits such as plant height and total
plant dry weight is very difficult, precise instruments and spend more time and cost. Therefore, according
to the allometric relationships in plants, extensive studies were done to find the relationship between leaf
area and other plant traits that their measurement is easier, faster and cheaper, and does not require
expensive equipment. Allometric relationships in plants reveal changes in the growth of an organ of plant
than to all or another part or organ of plant. The leaf area in plant as main source of photosynthetic
substances closely associated with the growth and yield. Thus, it is usually measured for justifying
variations of the growth and yield. Due to the difficulty, timeconsuming and requires devices to measure
leaf area, an alternative approach for measuring the leaf area is the use of allometric relationships between
leaf area and traits that their measuring is easy and quick and requires no expensive equipment. This study
aimed to obtain the allometric relationships between green leaf area and a number of vegetative attributes
such as number of leaves per main stem, green leaf dry weight, total dry weight of vegetative parts of
plant. Allometric equations was used successfully to calculate leaf area in various crops such as cotton,
wheat, chickpea, faba bean, peanuts, soybean and sweet sorghum. The effects of three factors cultivar,
inter and intrarow spacing on the allometric relationships were examined.

Materials & Methods
This experiment was conducted using two cultivars of faba bean (a conventional, Barecat and a new

cultivar, French), three interrow spacing (25, 50 and 75 cm) and two intrarow spacing (8 and 15 inches) in
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a randomized complete block design with 4 replications in the farm of Gorgan University of Agricultural
Sciences and Natural Resources during 20102011 growing season. Sampling to measure the green leaf
area and leaf dry weight and other vegetative traits during the growing season was carried out with
intervals of 7 to 15 days (depending on the temperature and rate of plant growth). Different mathematical
functions were fitted to the data to obtain allometric relationships. To compare the accuracy of the
equations, coefficient of determination (R?) and root mean square error (RMSE) were used. Higher
coefficient of determination, and lower coefficient of variation and root mean square error reflects the
higher accuracy of the equation to describe allometric relationships.

Results & Discussion

According to the results of this experiment, the relationship between leaf area and leaf dry weight and
total plant dry weight in faba bean was not affected by cultivar, inter and intrarow spacing, statistically.
Thus, an equation was fitted to leaf area data against leaf dry weight or total plant dry weight in all
treatment (both cultivars and all inter and intrarow spacing). Also, results of this study showed that the
relationship between green leaf area and leaf dry weight as well as number of nodes per main stem has
higher coefficient of determination (0.98 for green leaf dry weight, and 0.98 and 0.95 for node number
per main stem in 8 and 15 cm intrarow spacing, respectively) and lower the root mean square (1.05 for
green leaf dry weight, and 1.08 and 1.064 for node number per main stem in 8 and 15 cm intrarow
spacing, respectively) than other traits.

Conclusion

Since the relationship between green leaf area and green leaf dry weight per plant had a higher
coefficient of determination (0.98) as well as smaller root mean square (1.05) than other traits including
leaf number per main stem, as well as the ease of measuring the green leaf dry weight, it is suggested that
the relationship between leaf area and leaf dry weight (a segmented relationship) is used to estimate green
leaf area during the growing season in faba bean. Also, this relationship can be used to predict faba bean
leaf area with sufficient accuracy in the simulation models.

Keywords: Allometric relationships, Faba bean, Leaf area, Leaf dry weight, Plant height



