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Abstract—The investigation was conducted to study dry matter
production and partitioning of assimilates in sugar beet. This study
was undertaken during 2010 at the farm of Khorasan Agric. Res.
Center located in southern west of Mashhad, Iran. Ten different
genotypes of sugar beet i.e. 461, 419, 7617, 8090, 436, 428, 231, 474,
7233-P12 and Kahriz were compard using a Randomized Complete
Block design with 4 replications. Results showed a slow increment in
dry matter production in early season followed by a rapid and almost
constant phase and finally another period of slow growth. The
genotypes under study were divided into two groups (by Cluster
analysis) namely, Low yielded and High yielded genotypes based on
dry matter production. Foliage dry matter was higher than roots during
50 days after emergence but it changed in favour of roots later on so
that the growth of roots dominated foliage parts of crop. This pattern
were continued for about100 days after emergence. Since then almost
the whole produced dry matter were diverted to roots by the end of
season. Root/Shoot ratio were linearly increased during the growth
season, and it was higher in high yielded genotypes. Sugar yield were
increased with a linear trend in different genotypes about 100 days
after emergence till harvest time. Significant difference between
various genotypes from Harvest Index point of view were not
recorded.

Keywords—Genotype, Harvest Index, Partitioning of Assimilates,
Sugar beet .

I. INTRODUCTION

The sugar yield in sugar beet is a function of the total dry
matter accumulation and the ratio of the allocation of
photosynthetic material to root growth and sugar storage in it.
There is relatively little information about the mechanism for
distributing dry matter between different parts of the plant.
According to researchers, several factors such as length of day
and genotypes are effective on dry matter allocation patterns
(18). The ratio of the distribution of material to the roots and the
organs during the growing season leads to different growth
stages in sugar beet. Several researchers have identified three
distinct stages of vegetative growth for sugar beet as follows
(14,15). The first stage is that leaf growth is dominant. The
second stage is mainly focused on root growth, and the third
stage, during which sugar is stored in the root. Milford (1973)
has identified two stages for the growth of sugar beet. The
primary stage consists mainly of leaf growth and the subsequent
stage in which root growth predominates. According to this
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theory, there are no separate stages for root growth and sugar
storage. In the first two weeks of sugar beet growth there is a
slight increase in dry matter accumulation. Initially, leaves form
the main component of the plant. After that, the rate of
accumulation of dry matter in all parts of the plant is faster. The
leaf dry matter is almost linearly increased by the tenth week.
Root growth rate increases slowly until the 6th week, and then
the accumulation of dry matter in the root is greater than the sum
of leaves and petioles. This process continues until the root
weight is more than the weight of the shoots (1,12). werker et al.
(1995) found that the growth trend is sigmoid or S-shaped, so
that, following the rapid increase in dry weight, the rate of
accumulation of dry weight decreases. Milford et al. (1988)
stated that in different experiments there is a significant
difference in the ratio of dry matter transferred to the root at the
beginning of the growth season. This suggests the absence of a
completely definite linear trend for the relationship between
root and total dry matter at this stage. However, in the next
stages of growth, the major part of the dry matter production is
allocated to the root. Scott and Jaggard (2000) found that over
the past years, with improvements in breeding, Sugar beet
harvest index has increased from 48% to 55%. The aim of this
research was to study the pattern of production and allocation of
photosynthetic material in sugar beet.

This experiment was conducted in 2010 at the Agricultural
Research Center of Khorasan, southeast of Mashhad, Iran. The
latitude of the experiment was 36°12" N and its longitude is 59°
40'E and its elevation is 985 meters above sea level . After land
preparation and fertilization, seeding was done by seeding
machine on May 26th. Regular irrigation was carried out every
8 to 10 days, and at four to six leaves stage, seedlings were
thinned 20 cm apart. During this experiment, 10 genotypes of
sugar beet including 461, 419, 7617, 8090, 436, 428, 231, 474,
7233-p12 and Kahriz were compared in a randomized complete
block design with four replications. Each plot consisted of 8
rows with a length of 12 meters, spaced 50 cm from each other.
The sampling began three weeks after the emergence and
continued every two weeks at one square meter.

In each sampling, fresh weight and then dried weight were
recorded separately. To measure the leaf area, the measuring
device (AT model) was used. After the fifth sampling, a pulp
sample was prepared to evaluate the quality of the roots. The
final harvest was from two rows of 5 meters in length, late in
November. The root samples were analyzed by betalyzer and
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the percentage of sugar by polarimetric method and harvest
index were calculated from the following formula (Scott and
Jaggard, 2000):

Harvest index = (sugar yield / total dry matter) x 100

For better comparison, the genotypes were clustered by
cluster analysis. Data were analyzed by SPSS, MSTATC, and
Excel software.

I1l. RESULTS

The genotypes were divided into two groups of "low yielded"
and "high yielded" in terms of total dry matter production. The
first group consisted of 461, 8090, and 428 genotypes with the
least yield, and genotypes 419, 7617, 436, 231, 474, 7233-p12
and Kahriz formed the high yielded group (Fig. 1). The two
groups had a significant difference in terms of root dry matter
and total dry matter. The difference in mean dry matter of the
two groups was 256 g/m2 (Table 1).
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Fig. 1. Sugar Beet Genotypes Grouping Based on Cluster Analysis

TABLE1. MEAN OF SOME TRAITS IN HIGH-YIELDED AND LOW-YIELDED SUGAR BEET GENOTYPES

Genotypes Total Dry Weight Root Dry Weight Shoot Dry Weight Sugar Yield Harvest Index Maximum LAI
groups (@m?) (g/m?) (@m?) (@m?) %
Low-Yielded 1836 ° 1560 2 2762 11232 61.272 341°
b b a b a a
High-Yielded 2092 1830 262 1310 62.61 3.02

Means within each column and year followed by the same letters are not significantly different (Duncan 5%)

As shown in Fig. 2, unlike to the shoot dry weight, the trend
of changes of the root and total dry weight was sigmoid. The
trend of changes in the distribution of dry matter between root
and shoot showed that in early growing season, photosynthetic
materials were mainly sent to the shoot (Fig. 3).
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Fig. 2 Changes in root, shoot and total dry matter of sugar beet
during the growing season
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Fig 3. Percentage of root and shoot dry matter relative to
Total dry matter during the growing season

After about 50 days of emergence, root growth has increased
over the growth of the shoot. This continued until late August
(about 100 days after emergence), after which almost all of the
dry matter produced was fed to the root. The root dry weight at
this stage was about 80% of the total dry weight of the plant, and
at harvest time this ratio was 90%. In terms of average final dry
weight, a significant difference was found between low yielded
and high yielded genotypes, but the difference between these
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two groups was statistically negligible in terms of shoot dry
matter (Table 1). The trend for the leaf area index is shown in
Fig. 4.
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Fig. 4. Changes in Leaf Area Index during the growing season
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Differences between low yielded and high yielded genotypes
were significant in terms of root to shoot dry weight ratio (Table
1). This ratio increased linearly to time by up to 100 days after
emergence. This process continued until the end of the season.
This ratio was about 0.6 in the first month and reached more
than 1 in the first week of August (75 days after emergence) and
ultimately fluctuated between 5.49 to 9.28 at the time of harvest
(Fig. 5).
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Fig. 5 Sugar Beet root to shoot dry matter ratio during the growing
season
The trend of sugar yield changes during sampling (from about
100 days after planting) is shown in Figure 6.
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Fig. 6 Change in Sugar Yield of sugar beet genotypes during the
growing season
In terms of sugar yield, low yielded and high yielded
genotypes were significantly different (Table 1). The results
showed that, as the dry matter increased, the sugar yield also

increased (Fig. 7). The harvest index varied between 59.09%
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and 68.03%. According to this index, the difference between
genotypes was not significant (Table 1).
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Fig. 7 Change in Sugar Yield relative to total dry matter during the

growing season

IV DISCUSSION

As shown in Fig. 2, in the early stages of growth, the
accumulation of dry weight is slow because of the distance
between plants, the slow growth of small leaves and
consequently, the limitation of light absorption (8). After this
stage, with the completion of leaf cover, there is a direct relation
between the production of dry matter and the amount of light
received (3,9). The results of a 13-years experiment at the
Broms Barn Research Institute of England indicate that the time
to reach the maximum leaf area index is the main factor causing
different yields in different years (11).

The results of this study showed that from mid July (50 days
after emergence), root growth was dominant in shoot growth
and after this stage there was a sudden increase (Fig. 2). Terry
(1968) stated that growth of the root slowly increases until about
six weeks after emergence, and after that, the accumulation of
dry matter in the root increases from the sum of the leaves and
the petiole, thus developing separate stages for growth Leaf and
root growth. Green et al. (1986) stated that the transition from
one stage to another may be due to the shortening of the day. On
this basis, it is expected that the rapid root growth takes place in
a short time period or at a certain stage of the plant growth
period. However, some other reports indicate that, as plant
growth, a gradual phase change occurs in the allocation of dry
matter to the root, and no sudden transition occurs at a definite
stage (8,16).

It seems that the discrepancy regarding the change in the
sudden phase of the dry matter allocation, according to what
happened in this study, is related to the growth of the shoots. So
that in the case where the growth of the shoot is significantly
reduced for any reason, there is a sudden phase change. And in
cases where the shoots continues to grow due to the lack of
restrictive conditions, it is not detectable phase change. In the
conditions of this experiment, relatively high temperatures and
subsequent drought stress can be a factor in reducing the growth
of the shoots and changing the phase in the allocation of
materials to the root. With regard to the factors affecting the
predominance of root growth, we can point to Milford et al.
report (1988 ). According to this, changes in temperature and
nitrogen content can explain differences in the time of change in
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dominance, as well as the proportion of total dry matter that is
subsequently allocated to the root. Terry (1968) stated that at
higher and lower temperatures than the optimum temperature of
plant growth (24 ° C), the root grows more rapidly than the
shoots, and this is probably due to the availability of more
materials for root growth, resulting in the slow growth of shoots.

As shown in Figure 7, sugar yield increases with increasing
total dry matter. This result is consistent with the results of other
experiments (6,19). Terry (1968) reported that sugar yield has a
close correlation with root dry weight, and this relationship is
independent of temperature and radiation. He also stated that
the uniform relationship between root sugar content as well as
root dry weight, to the total dry weight of the plant indicates that
root growth and sugar storage are controlled by a
genotype-dependent mechanism.

It seems that the difference in root to shoot ratio can be a
factor in the difference in sugar yield of genotypes, because the
mean of this ratio for the high- yielded group was 1.34% higher
than the mean for the low-yielded group (Table 1). Loach
(1970) stated that cultivars that have a higher root-shoot ratio at
the end of the growing season absorb photosynthetic materials
more quickly. It is assumed that plants that absorb more
photosynthetic material at a faster rate also have a larger root for
sugar storage.

The average harvest index in the experiment was more than
60%, with a significant difference with the values for the new
cultivars in other countries (55%). The relative increase in the
harvest index, was due to the lack of consideration of fiber roots
and also the fallen leaves during the growing season.
Considering leaf losses, which is about 10% of the total dry
weight of the plant (7), the harvest index will be closer to the
numbers given for other countries.

The absence of a significant difference between harvest index
of different genotypes (Table 1) indicates that the determinant
factor of sugar yield in this experiment is the total dry matter.(
Because Sugar yield = Harvest index x Total dry matter). These
results are contradictory with the results reported by Scott and
Jaggard 2000. This researchers, by comparing old and new
cultivars, stated that in spite of receiving almost identical light
and producing the same biomass (23.4 t/ ha), the cultivars had a
difference of 1.9 t/ ha in terms of sugar yield. The higher yield
of sugar in the new cultivar was due to the higher allocation of
dry matter to the root after July and the higher harvest index
(56.4% in comparison with 49.5% for the older variety).

V CONCLUSION AND RECOMMENDATIONS

Considering the important role of root and total dry matter in
determination of sugar yield and the lack of significant effect of
harvest index, it is expected that increasing root and total dry
matter through crop breeding and farm management will
increase sugar yield.

https://doi.org/10.17758/EARES.EAP 1117246

258

REFERENCES

Abdollahiyan Noghabi, M. 1371. Investigation of Changes in
Quantitative and Qualitative Parameters of Sugar Beet Growth in
Different Planting Dates. Thesis Master of Science (MSc). Faculty of
Agriculture, Tarbiat Modares University.

Green, CF, LVVaidyanathan, and JD lvins (1986) Growth of sugar-beet
crops including the influence of synthetic plant growth regulators. J.
Agric. Sci. Camb., 107: 285-297 .
https://doi.org/10.1017/S0021859600087098

Koocheki, A. and a. Soltani .1375. Sugar Beet Farming (translation).
Mashhad University Press.

Loach, K (1970) Analysis of differences in yield between six sugar beet
Varieties. Annals of Applied Biology, 66: 217-223 .
https://doi.org/10.1111/j.1744-7348.1970.tb06427.x

Milford, GFJ (1973) The growth and development of the storage root of
sugar beet. Annals of Applied Biology, 75:427-438.
https://doi.org/10.1111/j.1744-7348.1973.tb07991.x

Milford, GFJ, FN Thorne (1973) The effect of light and temperature late
in the season on the growth of sugar beet. Annals of Applied Biology, 75:
419-425

https://doi.org/10.1111/j.1744-7348.1973.tb07990.x

Milford, GFJ, TO Pocock, J Riley (1985a) An analysis of leaf growth in
sugar beet. Il . Leaf appearance in field crops Annals of Applied Biology,
106: 173-185

https://doi.org/10.1111/j.1744-7348.1985.th03106.x

Milford, GFJ, KZ Travis, TO Pockock, KW Jaggard, W Day (1988)
Growth and dry matter partitioning in sugar beet. J. Agric. Sci. Camb.,
110: 301-308.

Scott, RK , KW Jaggard, RA Dunning (1985) A review of research at
Broom's Barn experimental station 1979-84 . British Sugar Beet Review,
53(3): 20-26.

Scott, RK, KW Jaggard (2000) Impact of weather, agronomy and
breeding on yields of sugar beet grown in the UK since 1970. J. Agric.
Sci . Camb., 134: 341-352.

Spitters, CJT, H Vankeulen, DIWG Van Kraailingen (1989) A simple &
universal crop growth simulator: SUCROS 87 In: R Rabbinge, S A
Ward, and HH Laar (eds) Simulation and systems management in crop
protection Simulation Monographs 32, pudoc,Wageningen,PP 147-181.
Terry, N (1968) Developmental physiology of sugar beet | The influence
of light and temperature on growth. J . Experimental Botany, 19:
795-811.

https://doi.org/10.1093/jxb/19.4.795

Theurer, JC (1979) Growth patterns in sugar beet production. J. Am.
Soc. Sugar beet Technol, 20: 343-367.
https://doi.org/10.5274/jsbr.20.4.343

Ulrich, A(1952) The influence of temperature and light factors on the
growth and development of sugar beet in controlled climatic
environments. Agron .J ., 4: 66-73.
https://doi.org/10.2134/agronj1952.00021962004400020003x

Ulrich, A (1955) Influence of night temperature and nitrogen deficiency
on the growth, sucrose accumulation and leaf minerals of sugar beet
plants. Plant Physiol OGY , 30: 250-257.
https://doi.org/10.1104/pp.30.3.250

Werker, AR , KW Jaggard, CR Webb (1995) Some simple models to
describe and analyse the growth of sugar-beet crops. proceedings of the
international Insitute of sugar- Beet Research 58th congress. Dijon,PP
545-549.

Werker, AR, KW Jaggard, MF Allison (1999) Modelling partitioning
between structure and storage in sugar beet: Effects of drought and soil
nitrogen Plant and Soil, 207: 97-106.
https://doi.org/10.1023/A:1004444128026

Wilson, JB (1988) A review of evidence on the control of shoot: root
ratio, in relation to models Annals of Botany, 61: 433-449.
https://doi.org/10.1093/oxfordjournals.aob.a087575

[19] Wyse, RE (1979) Parameters controlling sucrose content and yield of
sugar beet. J. Am. Soc. Sugar beet Technol., 20: 368-385.

[1]

[2]

(3]
(4]

[5]

(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]


https://doi.org/10.1017/S0021859600087098
https://doi.org/10.1017/S0021859600087098
https://doi.org/10.1017/S0021859600087098
https://doi.org/10.1111/j.1744-7348.1970.tb06427.x
https://doi.org/10.1111/j.1744-7348.1970.tb06427.x
https://doi.org/10.1111/j.1744-7348.1973.tb07991.x
https://doi.org/10.1111/j.1744-7348.1973.tb07991.x
https://doi.org/10.1111/j.1744-7348.1973.tb07990.x
https://doi.org/10.1111/j.1744-7348.1973.tb07990.x
https://doi.org/10.1111/j.1744-7348.1973.tb07990.x
https://doi.org/10.1111/j.1744-7348.1985.tb03106.x
https://doi.org/10.1111/j.1744-7348.1985.tb03106.x
https://doi.org/10.1111/j.1744-7348.1985.tb03106.x
https://doi.org/10.1093/jxb/19.4.795
https://doi.org/10.1093/jxb/19.4.795
https://doi.org/10.1093/jxb/19.4.795
https://doi.org/10.5274/jsbr.20.4.343
https://doi.org/10.5274/jsbr.20.4.343
https://doi.org/10.2134/agronj1952.00021962004400020003x
https://doi.org/10.2134/agronj1952.00021962004400020003x
https://doi.org/10.2134/agronj1952.00021962004400020003x
https://doi.org/10.1104/pp.30.3.250
https://doi.org/10.1104/pp.30.3.250
https://doi.org/10.1104/pp.30.3.250
https://doi.org/10.1023/A:1004444128026
https://doi.org/10.1023/A:1004444128026
https://doi.org/10.1023/A:1004444128026
https://doi.org/10.1093/oxfordjournals.aob.a087575
https://doi.org/10.1093/oxfordjournals.aob.a087575



