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Abstract

In order to investigate the effect of climate on factors affecting the percentage of sugar
extraction from sugar beet, an experiment was conducted in a randomized complete block
design in two regions with cold and hot and dry climates in the 1402-1403 crop year, focusing
on the Rukh region of Torbat Heydariyeh. The results of this study indicated that sugar beet
cultivars showed significant differences in the factors under study. So that the highest
extraction efficiency in cold climates is related to Fernando and Betashield 505 cultivars with
89.69 and 89.45 percent, respectively, and in warm climates is related to Marino and Fernando
cultivars with 88.38 and 88.26 percent, respectively. In terms of the amount of impurities
present, the lowest sodium content in cold climates is found in Fernando and Betashield 505
cultivars with 1.73 and 1.94 percent, respectively, and in warm regions, Cactus and Fernando
cultivars with 1.16 and 1.24 percent, respectively. The lowest potassium content is found in
Fernando cultivars with 4.21 and Marino with 4.43 in cold climates, and in Marino cultivars with
4.53 and Cactus with 4.73 in warm climates. The amino nitrogen content in cold climates was
2.34 and 2.40 in Betashield and Betaseed 505 cultivars, respectively, and 2.25 and 2.35 in
Carta and Betashield cultivars, respectively. In terms of alkaloid content, Canaria and Marino
cultivars had the lowest percentages in warm climates, 2.73 and 3.13 percent in cold climates,
and Carta and Canaria cultivars had the lowest percentages in warm climates, 2.10 and 3.56
percent, respectively. Also, the lowest molasses sugar content in cold climates was in the
Fernando cultivars with 1.70 and Betashield with 1.80, and in warm climates it was in the
Cactus cultivars with 1.70 and Fernando and Marino with 1.71.
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1. Introduction

Sugar beet (Beta vulgaris L.) is an industrial plant that is used as a raw material in
sugar factories. Therefore, its technological value or quality is a distinguishing feature
and indicator that has a special economic value in the sugar industry [1]. Today, the
value criterion of sugar beet in the industry is the amount of sugar that can be extracted
from it, and the purchase of this raw material is based on technological quality. The
amount of molasses sugar and the three harmful elements sodium, potassium, and
nitrogen present in the root are considered to be the most important factors in
determining the quality of sugar beet [2]. The presence of these elements prevents
sugar from crystallization during the sugar extraction stage [3]. Given the limitations of
land and water in production, in order to approach the self-sufficiency limit in sugar
production, it is necessary to increase the yield per unit area and its quality (the amount
of extractable sugar) [4]. The technological quality of sugar beet is a complex
combination of physical and chemical aspects in the root that affect the processing of
sugar production in sugar factories [5]. Agronomic and climatic factors affect the
technological quality of sugar beet. One of the parameters affecting the quantitative
and qualitative production of this product is the effect of cultivars, which has been
investigated in this study.

2.Research method

This research was conducted in the 1402-1403 crop year in two different climatic
zones, cold and hot dry, on an area of 2 hectares in a randomized complete block
design with 14 treatments. Planting was done with a six-row pneumatic device and
irrigation was done with a pressurized and tipped device. In each treatment, the
distance between plants in the row was 20 cm and the planting depth was about 2 cm
with a density of about 85,000 plants per hectare. Maintenance operations including
irrigation, fertilization, control of damaging agents, thinning and weeding were carried
out at the same time and in the same manner. After completing the phenological stages
and completing the growth period, the experimental samples were harvested
separately for each experimental variety and the samples were taken to the laboratory
of Torbat Heydariyeh Sugar Company.

In the laboratory, a completely separate pulp sample was prepared for each cultivar
from the harvested roots and immediately frozen after coding. After freezing, the
samples were sent to the laboratory of the Khorasan Province Agricultural Research
and Services Company located in Mashhad for qualitative analysis And using the
Betalyzer device, traits including determining the percentage of gross sugar (grade),
the amount of sodium, potassium and amino nitrogen were measured, and the results
were used to calculate the amount of molasses sugar, the percentage of white sugar
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(extractable sugar) and the efficiency of the percentage of extractable sugar (extraction
coefficient).

The molasses sugar content was calculated in percentage and the sodium, potassium
and amino nitrogen contents were calculated in milliequivalents per gram of sugar beet
pulp. Since the theoretical value of molasses constituents does not match the practical
results, the equation of Brunswick et al. was used in this experiment to calculate
molasses sugar [6]. Sugar percentage (SC) was measured by polarimetry using a
saccharimeter, sodium (Na) and potassium (K) by flame photometry, and harmful
nitrogen (a-amino-N) was measured by water number using a betalyzer. Other traits
were calculated using the following formulas [7].

MS=0.12 (K+ Na) +0.24 N+ 0.4 (1)

In this relation, k is the amount of potassium, Na is the amount of sodium and N is the
amount of harmful nitrogen in milliequivalents per 100 grams of root. Also, the
extractable sugar percentage or white sugar percentage (WSC) is calculated from the
following equation [8].

WSC=SC-MS—-SFL (2

In this equation, SC is the sugar percentage or sugar content, MS is the molasses
percentage, SFL is the factory standard error, which is usually taken to be 0.6.

The net sugar yield (WSY) is calculated using the following equation:
WSY=RYxWSC  (3)

In this equation, RY is the sugar beet root yield and WSC is the percentage of white
sugar or extractable sugar.

The sugar extraction coefficient (ECS) is also calculated from the following equation

[9].
ECS = (WSC + SC) x 100 (4)

In this equation, WSC is the extractable sugar percentage and SC is the sugar
percentage.
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3.conclusion
3.1 Pol

Among similar cultivars cultivated in the two climates, the highest sugar beet yield
in the tropical region is related to the Betashield and Betaseed 505 cultivars with
20.40 and 19.10, respectively, and in the cold region it is related to the same
cultivars with 20.10 and 18.75 (Chart 1).
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5 ndo | hield o) a

m Cold Climate| 19.1 | 16.4 | 18.1 | 20.4 | 17.1 | 16.95| 16.8
® Hot Climate | 18.75| 16.3 | 17.8 | 20.1 | 17.5 | 17.85| 16.5
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Chart 1. Comparison of sugar beet cultivars in two different climates

3.2.Potassium (K)

Based on the results, the cultivars Canaria and Betashield 505 had the highest
levels of harmful potassium in the warm region with 6.65 and 5.63, respectively, and
the cultivars Betaseed 505 and Canaria had the highest levels of potassium in the
cold region with 6.91 and 5.85, respectively, among the cultivars studied (Chart 2).
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u Cold Climate| 6.91 | 5.79 | 421 | 4.81 | 4.63 | 4.43 | 5.85
u Hot Climate | 547 | 495 | 521 | 5.63 | 4.73 | 4.53 | 6.65

Seed variety
m Cold Climate m Hot Climate

Chart 2. Comparison of harmful potassium percentage in two different climates
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3.3. molasses sugar (Ms)

Impurities in sugar beet, including nitrogenous compounds, especially amino acids,
sodium and potassium, increase sugar waste in the form of molasses. According to
the study, the Canaria variety has the highest amount of molasses with 2.21 in the
cold region and 2.30 in the warm region, and the Fernando and Cactus varieties
have the lowest amount of molasses with 1.70 and 1.70, respectively (Chart 3).
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do jeld g

m Cold Climate| 2.13 1.98 1.70 1.80 1.95 1.87 2.21
® Hot Climate | 1.79 2.17 1.71 1.88 1.70 1.71 2.30

Seed variety
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Chart 3. Comparing the amount of harmful molasses in two different climates

3.4. Amino nitrogen (NA)

The highest amount of harmful nitrogen in the warm region is related to the Cactus
and Canary cultivars with 3.50 and 3.04 percent, respectively, and in the cold region
is related to the Cactus and Karta cultivars with 2.97 and 3.04 percent, respectively.
(Chart 4).
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BTS505| Karta Fernan BgtaSh Cactus |Marino Cargy
do jeld a

u Cold Climate| 2.4 279 | 246 | 234 | 297 | 2.65 | 2.46
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m Cold Climate ® Hot Climate

Chart 4. Comparison of amino nitrogen levels in two different climates
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3.5. Alkaloid (ALC)

The highest percentage of alkaloids in the cold region was for the cultivars Karta
and Betaseed 505 with 4.36 and 4.16, respectively, and in the warm region it was
for the cultivars Cactus and Fernando with 6.79 and 6.25, respectively (Chart 5).
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BTS505| Karta Fe;:an Be:dsm Cactus | Marino | Canaria

u Cold Climate | 4.16 4.36 3.86 3.69 3.26 3.13 298
u Hot Climate | 5.69 2.10 6.25 4.29 6.79 4.48 3.56
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m Cold Climate m Hot Climate

Chart 5: Comparison of the percentage of harmful alkaloids in two different climates

3.6. Sodium (N)

Sodium is one of the non-sugar compounds that can reduce the purity of syrup and
increase sugar waste in the form of molasses. In this study, among the varieties
studied, the highest amount of harmful sodium was found in the varieties Karta and
Canaria with 3.43 and 2.72 respectively in the warm region and in the varieties
Canaria and Cactus with 3.04 and 2.33 respectively in the cold region (Chart 6).

BTS505| Karta Fernan BetaShi Cactus | Marino|Canaria

do eld
® Cold Climate| 2.24 1.97 1.73 1.94 2.33 2.26 3.04
» Hot Climate 1.42 3.43 1.24 1.86 1.16 1.58 25/

Seed variety

m Cold Climate m Hot Climate

Chart 6: Comparison of harmful sodium percentage in two different climates
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3.7. Sugar extraction coefficient or extraction efficiency

The sugar extraction coefficient has an inverse relationship with the amount of root
impurities, such that increasing the amount of sodium, potassium, and harmful nitrogen
in the root reduces the sugar extraction coefficient. Increasing root impurities reduces
sugar extraction by preventing sucrose crystallization And increasing the amount of
molasses will lead to higher efficiency, which will lead to greater productivity for sugar
extraction. In this study, the highest extraction efficiency in cold climates is related to
Fernando and Betashield cultivars with 89.69 and 89.45 percent, respectively, and in
warm climates is related to Marino and Fernando cultivars with 88.38 and 88.26

percent, respectively (Chart 7).
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Chart 7: Comparing the yield of similar varieties in two different climates
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4. Discussion
According to the results obtained in this project, a comparative chart of harmful
elements in 7 similar varieties that were studied in two different climates and weather
conditions is as follows (Charts 8 and 9).

Harmful elements

BTS505 KARTA FERNAND@ETASHIELD CACTUS MARINO CANARIA
Seed Variety

mK mNA =N ©ALC mMS

Chart 8: Comparison of harmful elements of cold climates
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Chart 9: Comparison of harmful elements of hot climates
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