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ABSTRACT: This experiment was conducted in sugar beet seed research station of Firoozkooh to Evaluation
of Effects of management of agronomical factors on Sugar Beet Steckling Production and growth index
during in 2012-2013 growing seasons. The experiment design was a split plot factorial with  a randomized
complete block arrangement and four replications. Treatments consisted of three sowing dates (1 July, 20
July, 13 August) as main plots and four plant densities (10, 20, 30 and 40 plants per square meter) and three
levels of nitrogen (25% less than optimum, optimum and 25% higher than optimal) factorial were subplots.
Nitrogen treatments based on soil testing in first year included three net nitrogen 197.6, 247, and 296.4 kg N
ha-1 and 180, 225 and 270 kg N ha-1 in second year being split into two stages of early in the growing season
and one month after the first stage. A logistic and an expoliner model were used for describing the leaf area
variation pattern and the dry matter versus timing in various treatments of sowing dates, plant densities and
nitrogen fertilizer. According to the results of these models, leaf area index decreased with delay in planting
date.  The results of this study showed that, with early sowing and increase the amount of nitrogen fertilizer
maximum leaf area index and dry matter accumulation increased. The maximum value Wmax, in both years
was obtained from planting date of July 1 and nitrogen treatments, the amount of 25% higher than the
optimum. The treatment, planting date July 1, 10 plants per square meter and 25% higher than the optimum
amount of nitrogen had the maximum Stecklings of the appropriate size (100-150 g). The results showed that
treatment of plant density and the use of different levels of nitrogen in Steckling production, no significant
effect on the quantity and quality of seed. Therefore, to increase the yield of sugar beet seed production
earlier planting dates Steckling should be a priority. The results of this study showed the importance of
planting date is greater than the other treatments and in case of delay in sowing date, the possibility of
improving the production of stecklings with different treatments reduced. In other words, the use of different
treatments to improve the quality of the roots, at the time the will be result, that planted at the right time.

Keywords: Sowing date; plant densities; nitrogen; Steckling

INTRODUCTION

Sugar beet is one of the most important industrial plants
in Ardebil province. Products derived from this plant
have been used. Due to the increased use of chemical
fertilizers are used too much product. Therefore, it is
important to know the proper use of supplements. To
protect farmland and prevent poisoning Soil is
important Fertilizer is considered as a limiting factor for
obtaining high yield and quality (Ouda, 2002). Yield
potential of sugar beet (Beta vulgaris L.) depends upon
several factors. Intensity of solar radiation intercepted
by the canopy, temperatures at critical stages of growth,
and distribution of precipitation are the main limiting
growth factors (Kenter et al., 2006). It is well
documented that N is the nutrient limiting the most
sugar beet productivity (Hergert, 2010). Sugar beet
yield and quality are dramatically influenced by the

level of available N. Residual and fertilizer N levels
allowing adequate top growth and maximize root
growth and extractable sucrose concentration are
desired. However, sucrose yield decreases by over-
fertilizing sugar beet with more N than needed for
maximum sucrose production (Hassanin and Elayas,
2000). An adequate supply of N is essential for
optimum yield but excess N may result in an increase in
yield of roots with lower sucrose content and juice
purity. The application of too little N results in reduced
root yield. Contrary, high amount of applied N is the
cause of imbalanced partitioning of assimilates among
leaves and storage root, and lead to decrease of root
sucrose concentration. Its oversupply, increases also
concentrations of impurities, such as α-amino-N, K, Na,
in turn decreasing storage root quality (Hoffmann,
2005; Malnou et al., 2008).
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Therefore, the most important purpose of sugar beet
growers is to increase nitrogen use efficiency. Any
efforts towards fulfillment this objective requires to
take into account both N and other nutrients, especially
of P and K (Nikolova, 1999; Draycott and Christenson,
2003; Romer et al., 2004; Grzebisz et al., 2012).
Tsialtas and Maslaris (2005) said that the best process
for the root and sugar will be when the ratio of leaf
surface efficiency compared with nitrogen density is
between 3.99 and 3.88. A healthy canopy can be helpful
to the above process during the final stages of growth.
They also noticed that using 200 kg of nitrogen per
hectare results in better sugar beet production. Knowing
the chlorophyll of the leaf and indicator of the leaf
surface are precise methods to demonstrate the sugar
beet nitrogen and the evaluation of the harmful nitrogen
in feeding the plant. Kandil et al (2004) showed that
using nitrogen towards the end of the growing season
caused higher chlorophyll density in leaves, but had no
noticeable effect on the process of Radiation Use
Efficiency in late summer and fall. As a result, using
nitrogen at a later time caused the final weight of the
body to increase, but had negative effect on the process
of sugar quality. So the appropriate amount of
fertilizers in sugar beet fields is a critical decision.
Although 7-16 g steckling supply is required for the
initiation of sugar beet (Beta vulgaris L.) reproductive
growth and plant emergence (Balan et al., 1991), this
does not override the considerable effects of steckling
weight on the seed yield and growth trend of this crop.
Several studies have shown that the growth and seed
yield increase as the steckling weight increases (Saini et
al., 1977; Balan et al., 1978; Nicolau, 1978; Podlaski,
1987b). Plant density can be an important factor in
quantity and quality of sugar beet production. Leila et
al.(2005) reported that the best date to plant sugar beet
seeds is at the beginning of October in both sides of
ridges with 70 cm width and 25 cm distance on the
ridges (114,240 plants per hectare). Pospisil et al (2000)
found that increasing the plant density from 40,000 to
160,000 plants per hectare resulted in leaf surface
reduction in each plant. The growth of the sugar beet
plants is almost consistent. However, these results are
based on 120,000 plants per hectare. Using nitrogen as
a fertilizer during the flowering stage resulted in larger
surface areas of the leaves. However, the decrease in
steckling weight can be compensated by the increase in
planting density without any negative effects on the
seed qualitative characteristics (Balan and Zagorodnii,
1986). It is shown that the stecklings with the weights
of 200 g are appropriate for silage (in transplanting
method) and heavier stecklings (600 g) are damaged by
freeze (Korzhenko and Tretyak, 1980). Kockelman and
Meyer (2005) believed that all techniques in steckling
fields goal for an optimal top diameter of 2-4 cm and a
weight of 40-80 g and good nursery production should
results in 300,000-400,000 plantable stecklings in
hectare. The date of sowing and sowing density of basic
seed affect the result. The late sowing decrease the
average steckling weight and cause the production of

small plants which are not developed enough for
transplanting. They also say that early sowing dates in
France or Italy, end of July to beginning of August,
need high seeding densities of about 1.1 million
germinating seeds per ha to obtain a good number of
even-sized stecklings. With the row of width of 20-25
cm, spacing within the row is 3-5 cm. The fields good
preparing allow sowing depths of 1.5-2 cm. Basic seed
sowing should be ended by the end of August in order
to reach a high recovery of usable stecklings. In late
sowing, the planting rate should be reduced by about
10-20% cause the development of single plants with the
less competition between the plants. Balan and
Zagorodnii (1986) reported that the increase in
steckling weight (from 50-300 to 150-800 g) and
planting density (from 70 × 70 to 70 × 35 cm) led to an
increase in seed yield (1.83 and 2.37 t ha-1,
respectively) as well as affected plants growth
characteristics such as plant branching and hastened the
flowering period by 4-6 days. Podlaski (1987b) by
increasing density from 50 × 50 to 30× 30 cm reported
a decrease in seed yield from 34.2 to 13.3 g plant-1.
Also Bordei and Tapus (1981) indicated that the seed
yield increased from 0.71 (3 plants m-2) to 0.97 t ha-1 (5
plants m-2). Kaw and Mir (1975) studied the effects of
variation in planting density via changing row
interspaces (30, 45, 60 and 75 cm) and showed that the
maximum seed yield (1.60 and 2.52 t ha-1) was obtained
in narrower rows (30 and 45 cm, respectively).
Agronomical factors such as planting density, steckling
weight, harvesting date and method as well as the
application of chemical materials affected qualitative
characteristics of sugar beet seed-bearing plants through
affecting plants ripening uniformity (Bordei and Tapus,
1981). It has been shown that the increase in steckling
weight from 150 to 700 g led to an increase in seed
yield as well as seed germination rate (Podlaski, 1987a)
while Saini et al. (1977) found that the increase in
steckling weight did not affect the seed maturity and
germination rate and thousand-seed weight. Scott and
Longden (1973) reported that narrower row (25 cm in
comparison to 50 cm) caused an increase in seed yield
and germination vigor. But Lachowski and Howwicki
(1973) indicated that an increase in planting density did
not affect qualitative characteristics such as thousand-
seed weight and purity. Crop growth rate (CGR) is slow
at early growth stages because the plant cover is
incomplete and the plants absorb just a part of the solar
radiation. As the plants develop, their growth rate is
quickly increased because of the expansion of leaf area
and the penetration of less radiation through plant cover
to the soil surface. Maximum CGR (the steepest slope
in total biomass variations graph) is realized when the
plants are tall and dense enough to be able to maximally
utilize all environmental parameters (Radford, 1967).
The studies on lentil showed that such traits as
biological yield, harvest index as well as leaf area index
(LAI) and CGR can be used as indices for improving
seed yield of lentil (cited in Haghnazari et al., 2005).
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In a study on heritability and correlation of morpho-
physiological traits with yield and yield components of
bread wheat, Siahpoosh et al. (2003) indicated that out
of the studied physiological indices, net assimilation
rate (NAR) and leaf area duration (LAD) were effective
indices in increasing grain yield. In a three-year study
on linseed cultivars, Zajac et al. (2005) found a positive
relation between dry matter yield and growth indices
like CGR and LAD. Also, Mahdavi et al. (2006) and
Katsura et al. (2007) reported that rice grain yield can
be increased by selection on the basis of physiological
growth indices like LAD, CGR, relative growth rate
(RGR) and net assimilation rate.

MATERIAL AND METHODS

This experiment was conducted in sugar beet seed
research station of Firoozkooh to Evaluation of Effects
of management of agronomical factors on Sugar Beet
Steckling Production and growth index during in 2012-
2013 growing seasons. The experiment design was a
split plot factorial with a randomized complete block
arrangement and four replications. Treatments consisted
of three sowing dates (1 July, 20 July, 13August) as
main plots and four plant densities (10, 20, 30 and 40
plants per square meter) and three levels of nitrogen
(25% less than optimum, optimum and 25% higher than
optimal) factorial were subplots. Nitrogen treatments
based on soil testing in first year included three net
nitrogen 197.6, 247, and 296.4 kg N ha-1 and 180, 225
and 270 kg N ha-1 in second year being split into two
stages of early in the growing season and one month
after the first stage. Each plot consists of six rows of ten
meters and with row spacing of 50 cm. Irrigation was
performed after each planting date. First row, fourth
and sixth rows as margin, second and third rows for
destructive sampling for analysis and plant growth, root
and fifth were considered for the final harvest.
The growth pattern typically follows a sigmoid curve,
and the growth rate a bell?shaped curve. While the
sigmoid pattern can be represented piecewise using an
exponential, a linear and a convex equation sequentially
(e.g. Lieth et al., 1996), a more elegant way is to use a
curvilinear equation which gives a gradual transition
from one phase to the next. For example, based on
principles of light interception and leaf area expansion,
Goudriaan and Monteith (1990) derived as single
equation. The expolinear equation, for both the

exponential and linear phases of crop growth:

Where is w is mass, t is time, t0 is the moment at which
the linear phase effectively begins, and cm and rm are
maximum growth rate in the linear phase and maximum
relative growth rate (RGR) in the exponential phase,
respectively. Equation (2) gives a symmetrical sigmoid
pattern around time to + wmax/(2cm). To distinguish it
from the truncated equation, eqn (2) is referred to as the
symmetrical expolinear function. Alternative, but
simpler, functions that can produce two smooth
transitions in a single formula are the classical growth
functions.
To quantify the degree days, leaf area index was below
the growth of the logistics function (Norsworthy, 2004).
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Where is y is leaf area index, GDD: growth degree day,
y max: leaf area index maximum, a is parameter function,
b is time to reach 50 percent by the canopy is the leaf
area index.
Base temperature, the optimum temperature and the
temperature of the ceiling for sugar beet respectively 3,
20 and 35 c0 was considered.
Data analysis for leaf area and dry matter accumulation
with using the software SAS and The model parameters
are estimated using iterative optimization with help
PROC NLIN it is done. A logistic and an expoliner
model were used for describing the leaf area variation
pattern and the dry matter versus timing in various
treatments of sowing dates, plant densities and nitrogen
fertilizer.

RESULTS AND DISCUSSION

A. Leaf area index maximum (LAImax)
The trend of the leaf area index of sugar beet Steckling
logistic model able to describe the different treatments
for both years as well (Table 1).
Thomson and Siddique (1997) Stated that the plant leaf
area index changes versus time of a sigmoid reaction
follow. According to the model between the different
treatments in terms of maximum leaf area index was
statistically significant in both years. In the second test
the highest and lowest maximum leaf area index
planting respectively on 1 July and august 13. Thus,
leaf area index decreased with delay in planting. The
leaf area index in early growth was low and gradually
increased over time and with the development of the
plant. The time of maximum leaf area index (b) at
different planting dates were significantly different in
the two years together at both the time of maximum leaf
area index of the plant on 1 July, for the first year
1331.5 and in the second year of this time period1612.1
GDD after planting took place.
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Table 1: Parameters logistic model includes a (Parameter function), b (GDD to reach 50 percent by the
canopy leaf area index), LAImax (Leaf area index maximum), Root mean square (RMSE), RR (Restate ratio)
in describing the trend of LAI Steckling in planting dates in different years in 2012 and 2013.

Table 2: Parameters logistic model includes a (Parameter function), b (GDD to reach 50 percent by the
canopy leaf area index), LAImax (Leaf area index maximum), Root mean square (RMSE), RR (Restate ratio)

in describing the trend of LAI Steckling in planting dates in different years in 2012 and 2013.

Because of the close relationship that the biomass is
produced during the growing season, planting date
through compliance with seasonal changes in solar
radiation and temperature growth process, a special
effect on the leaf area (Theurer, 1979). Early sowing
date, growth rate leaves slowly increasing and this
would be the time it takes to reach the maximum of
biomass per unit area increases. Late planting fewer
opportunities to cover your plants to take advantage of
favorable days to operate and therefore less leaf area
index in delayed sowing of the crop to be timely
(Watson, 1947). The maximum LAI treatment was 40
plants per square meter in the first and second years
respectively 3.11 and 3.42. The lowest index was
observed at 10 plants per square meter in the first and
second years respectively 1.81 and 1.43 (Table 2). The
time of maximum leaf area index (b) at different

densities was not significantly different in the two years
since the first and second time respectively 1342.2 up to
147.5 and 1566.6 up to 1572.5 GDD after planting was
variable. At high densities because the plants produce
more leaves per unit area, as well as to be better able to
cover the field level and to form a closed canopy,
produced more leaf area. Increasing plant density, solar
energy use efficiency in corn has increased because of
the increase as the leaf surface (Mahlooji and Afiuni,
2004).
The results showed that among the different fertilizer
treatments LAImax there was a significant difference in
both years. In the years first and second maximum
levels LAImax in fertilizer treatment 25% more than
was optimal and its amount in first and second years
respectively 2.7 and 2.75.

Table 3: Parameters logistic model includes a (Parameter function), b (GDD to reach 50 percent by the
canopy leaf area index), LAImax (Leaf area index maximum), Root mean square (RMSE), RR (Restate ratio)

in describing the trend of LAI Steckling in planting dates in different years in 2012 and 2013.
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The lowest index In both years of treatment 20% was
less than optimal. It is well documented that N is the
nutrient limiting the most sugar beet productivity
(Hergert, 2010). Sugar beet yield and quality are
dramatically influenced by the level of available N.
Residual and fertilizer N levels allowing adequate top
growth and maximize root growth and extractable
sucrose concentration are desired. However, sucrose
yield decreases by over-fertilizing sugar beet with more
N than needed for maximum sucrose production
(Hassanin and Elayas, 2000). An adequate supply of N
is essential for optimum yield but excess N may result
in an increase in yield of roots with lower sucrose
content and juice purity. The application of too little N
results in reduced root yield. Contrary, high amount of
applied N is the cause of imbalanced partitioning of
assimilates among leaves and storage root, and lead to
decrease of root sucrose concentration. Its oversupply,
increases also concentrations of impurities, such as ?-
amino-N, K, Na, in turn decreasing storage root quality
(Hoffmann, 2005; Malnou et al., 2008).
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