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Figure 1- The production process of leaves of corn in front of the cumulative thermal units (GDD)

4 observed values and the values predicted by the model shows
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Table 1- The coefficient a, phyllochron (phyll) and the x0 in the relationship between the number of nodes (or leaves) per

stem in front of the cumulative thermal units (GDD)
Percent root mean square error RMSE and R? are the coefficient of determination
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S Juoléu)bgf))blmbd\)y)b&))@awwugly:\.]a.‘l)
Jolio j3 S ppdaws glaosly 4y ey oyl 1 (Cawloais odls L zoLs)
slaBlis JSlgy Asles cubls 7y )l 90 51 S o dBlis (0 Sy dlass

dl)_) odwsodld w)l).: 6;19) ALY ero )I..\.aa Ldedld uu)l))

Sy g Busmd L Lo 2AD maw jd lueb] dgis wyp
o mime OS] 2gng pis 5 CudlS o)l g3 o Jb ize B3]
b uys Hliie o cuislS Fu )b o )0 dg calisee slapSTy oy



WAB (ybountl oY oylonds OF wlr oyl o815 Sleeiud oy 4 pids  YOA

5 Uil oS > &S dbyLis Pengelly et al,1999 (slaaisl P Sprew o o law dayly D93 oniad L cuslS Fu )b g
Sl Glaisay |y g S ppdaw (Slo dlee jl oolatall les o Y Joie) alises slaeSTy )3 (V) dolee (slive po Sy dlawi Ly aigy
(V) dholae b coyd (qwyp 28 (o kol dBlo )3 0,5 2lass L € > S pgdaw Gupte slp @ly @Y cd 4 (Y JS6
sf yabdy WS35 a4 o s cpl &S oblis cusls Fu )b g0 o g ssbmed g Sinclair, 1984 . wil o dlu )0 Sy dlass iladd
Go WSy L8l b cudls 7o)l 93 yo 43 g dgdiunly (gl cixe Sl (Bles) (od pe JaoSs 5l 50 Hammer et al, 1993

e 1S s gl a3 g ol e > Sy o Blis > S e iy

2S 03wl psS y 0w g bgus

A
10000 7  first planting date °
X 8
_i) 8000 - + 10
5 E
v L A 10
a € 6000 A
hal © A i
5 12
35 ¥
~ o
73. © 4000 1 4
N5 —_—
1 F °
\ — -
D 2000 8
0 T T T T T ! 12
0 5 4 6 8 10 12 14 16

Wl 308 slum

Node number in stem

10000 - .
second planting date

4, = 8000 -

7 £
v =

. €

~ © 6000 -

EN o
28
3 4000 -

7 O

LI

51‘ LE

D = 2000 -

0 T an T T T T T T

0 2 4 6 8 10 12 14
JS ol y Caown S111) Y=X" dslae dlwgds s ikiciogi Bl 59, (S50 L) 0,5 3lani jI b olgicds digy 1> S pygedans - JSUo
Jo gl o0l gy DU () bobd sawiosaline b cwaid JICI (sl o &0 o 43 digr o515 s L
Figure 2- Leaf area per plant as a function of the number of nodes (or leaves) the stem described by the equation y = xb (right

numbers figure represents the density of plants per square meter) observed geometric shapes of colored lines parts of the
projected by the model
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Figure 3- Effect of Plant Density coefficient b power equation y = xb
A : first planting date. : second sowing date
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Table 3- Coefficients logistic model to predict peak leaf area index for the first and second planting dates; coefficients a, b

and c to-order production rate of leaf area, leaf area index and the time required to achieve maximum speed lower leaf
surface. R2 is the coefficient of determination
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Table 4- The coefficients a and b and the amount X0 in function two-piece fitted to the dry weight of green leaf, green leaf

area index data
RMSE Root mean square error and the coefficient of determination R?
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Figure 6- leaf area index as a function of plant dry weight in corn sowing 9 June and 9 of July at densities of 4, 6, 8, 10 and 12

plants per square meter
# observed values of the density and several repeats and the values predicted by the model shows
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Table 5- coefficients a and b and the amount X0 in function two-piece fitted to the leaf level data in the vegetative parts of the
plant dry weight
RMSE Root mean square error and the coefficient of determination R?
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Figure 7- Leaf area per plant as a function of height in corn sowing 9 May and 9 June in all densities of 4, 6, 8, 10 and 12
plants per square meter
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Table 6- Coefficient b and the value of R” in the power relationship between leaf area and plant height of maize sowing 9 May

and 9 June in all densities of 4, 6, 8, 10 and 12 plants per square meter
RMSE Root mean square error and the coefficient of determination R?
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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 dependent 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 is
measured in almost all studies of crop physiology to understand the mechanism of yield alteration. However,
measurement of leaf area compared with the other traits such as plant height and total plant dry weight is very
difficult, need to precision 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 the other plant
traits that their measurement is easier, faster and cheaper, and does not require expensive equipment. Using these
relationships will be used to estimate plant leaf area with acceptable accuracy without measuring. Plant traits that
have high correlation with leaf area and usually use to estimate the plant leaf area are the number of leaves or
nodes per main stem, plant height, leaf dry weight and dry weight of vegetative parts of the plant. Allometric
equations was used successfully to calculate leaf area for various crops such as cotton, wheat, chickpea, faba
bean, peanuts, soybean and sweet sorghum.

This study was conducted to obtain the allometric relationships between green leaf area (cm” per plant) with
number of leaves or nodes per main stem, plant height, green leaf dry weight and dry weight of vegetative parts
of the plant (gram per plant), and investigating the effect of plant density and planting date on these relationships
in SC704 corn (Zea mays L.) hybrid.

Materials and Methods

This study was conducted at Gorgan University of Agricultural Sciences and Natural Resources farm located
at latitude 36° 51° N, longitude 54 °27° E and altitude of 13 meters above sea level in 2012. The experiment was
carried out in a randomized complete block design as factorial with three replications. The experimental factors
and their levels were, including plant density (4, 6, 8, 10 and 12 plants per square meter) and planting date (May
30 and June 30). Each plot was including 6 rows with 76 cm inter-row spacing and 6 m length. Corn hybrid
SC704, a common hybrid in Iran and Gorgan region, was used in this study. Plant sampling was carried out once
every 10 days from 15 days after planting to physiological maturity to measure leaf dry weight, plant green leaf
area, the leaf (node) number per stem, dry weight of total vegetative plant parts and plant height. Green leaf area
was measured using leaf area meter in laboratory. Plant samples were placed in an oven with 70 °C for 48 hours.
To obtain allometric relationships various mathematical equations fitted to green leaf area against mentioned
traits data. Fitting the functions to data and examining them was carried out in three steps: 1) Fitting function to
each of the plant density in each planting date, 2) Fitting a function to all plant densities in each of two planting
dates, separately, and 3) Fitting a function to all data. At each step, after fitting the functions and analysis of
coefficients, if the differences were not significant, the next step was used. Statistical analysis was done using
the software SAS and the graphs drew using Excel software.

Results and Discussion

The results showed that a non-linear segmented model can be used to describe the relationships between the
number of leaves per stem with cumulative thermal units (R’=0.94, RMSE =5.59%), and leaf area per plant with
leaf dry weight per plant (R*= 0.98, RMSE =6.54%) and plant dry weight (R’= 0.95, RMSE =11.25%) in all
plant densities and planting dates. Moreover, the results revealed that the effect of planting date and plant density
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on the phyllochron, time between the appearance of successive leaves on a shoot was not significant, and mean
of the phyllochron was 72.33 thermal units in all treatments. In addition, the findings of this study indicated the
significant effect of planting date and non-significant effect of plant densities on the relationship between leaf
area per 6plant and number of leaves (nodes) per stem. Therefore, two individual power equations with R?= 0.99
(Y=X***and Y= X"*¢ for the first and second planting date, respectively) applied to describe this relationship in
two planting dates. Similarly, a power equation (Y = X*'*, R?= 0.99) can be used to describe the relationship
between leaf area index and plant height in all planting dates and densities.

Conclusions

Findings of this study showed that the obtained functions to describe the relationship between the leaf area
have high accuracy to estimate green leaf area per plant. But among these relationships, relationships between
plant green leaf area with plant green leaf dry weight and plant height had higher coefficient of determination,
smaller root mean square, and subsequently higher estimation accuracy. Therefore, using these two traits, leaf
area can be estimated more accurately. Moreover, since the relationship between green leaf area with green leaf
dry weight per plant was more accurate than plant height, using this relationship in corn simulation models and
for fast and easy estimating of leaf area, especially when the leaf area meter is not available, is recommended.

Keywords: Allometric relationships, Corn, Leaf area, Vegetative characteristics



