
Acta agriculturae Slovenica, 115/1, 39–52, Ljubljana 2020

doi:10.14720/aas.2020.115.1.973	 Original research article / izvirni znanstveni članek

The response of the sugar beet (Beta vulgaris L.ssp. vulgaris var. altissima 
Döll) genotypes to heat stress in initial growth stage

Mohammad MALMIR 1, Rahim MOHAMMADIAN 2, 3, Ali SOROOSHZADEH 1, 3, Ali MOKHTASSI-
BIDGOLI 1, Somayeh EHSANFAR 1

Received November 28, 2018; accepted January 2, 2020.
Delo je prispelo 28. novembra 2018, sprejeto 2. januarja 2020.

1	 Tarbiat Modares University, Faculty of Agriculture, Department of Agronomy, Tehran, Iran
2	 Sugar Beet Seed Institute, Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran
3	 Corresponding author, e-mail: r_mohammadian@hotmail.com, soroosh@modares.ac.ir

The response of the sugar beet (Beta vulgaris L.ssp. vulgaris 
var. altissima Döll) genotypes to heat stress in initial growth 
stage

Abstract: The continuous trend of global warming and 
increasing interest toward cultivating sugar beet (Beta vul-
garis L. ssp. vulgaris var. altissima Döll) in tropical regions 
led us to conduct this study to investigate the effect of high 
temperature on sugar beet at initial growth stages. Thirty one 
genotypes were incubated at two temperatures (20 °C and 
30 °C) in laboratory for germination test. The same genotypes 
were assessed for physiological parameters at 30 °C in green-
house, too. Increasing temperature decreased germination in-
dices with a high variability among the genotypes. Seed vigor 
index and seminal root length were decreased higher than 
other indices. The genotypes with higher greenness index had 
higher total dry mass, leaf area and leaf temperature depres-
sion (LTD), and those with higher seed vigor index indicated 
great quantum efficiency of PSII (Fv/Fm) values. ‘S1-92521’ 
produced high records in both laboratory and greenhouse 
experiments. Although ‘S1-92521’ showed good tolerance in 
both laboratory and greenhouse experiments, totally, sugar 
beet genotypes had different performance at two experi-
ments. According to the results, seed vigor index could be 
used as a screening tool in laboratory, and LTD and Fv/Fm 
were considered as good criteria for screening heat-tolerant 
genotypes in greenhouse. 

Key words: genotype screening; heat stress; leaf tempera-
ture depression; Fv/Fm; seed vigor index

Odziv genotipov sladkorne pese (Beta vulgaris L. ssp. vulgaris 
var. altissima Döll) na vročinski stres v začetnih fazah rasti 

Izvleček: Naraščajoči trend globalnega segrevanja in vse 
večji interes za gojenje sladkorne pese (Beta vulgaris L. ssp. 
vulgaris var. altissima Döll) v tropskih območjih so privedli k 
izvedbi te raziskave, v kateri je bil preučevan učinek visokih 
temperature na sladkorno peso v začetnih fazah rasti. 31 ge-
notipov je bilo inkubiranih pri dveh temperaturah (20 °C in 
30 °C) v laboratoriju za kalitvene teste. Na istih genotipih so 
bili v rastlinjaku ocenjeni fiziološki parametri pri temperaturi 
30 °C Povišanje temperature je zmanjšalo indekse kalitve z 
veliko spremenljivostjo med genotipi. Indeks vitalnosti semen 
in dolžina semenske korenine sta se bolj zmanjšala kot dru-
gi indeksi. Genotipi z večjimi indeksi zelenosti so imeli ve-
čjo celokupno suho maso, večjo listno površino in večji upad 
temperature listov (LTD), genotipi z večjimi indeksi vitalno-
sti semen so pokazali velike vrednosti kvantne učinkovitosti 
PSII (Fv/Fm). ‘S1-92521’je imel velike vrednosti vseh merje-
nih parametrov tako v laboratoriju kot v rastlinjaku. Čeprav je 
imel genotip ‘S1-92521’ dobro tolerance na visoke temperatu-
re tako v laboratoriju kot v rastlinjaku, so imeli drugi genotipi 
sladkorne pese zelo različne odzive v obeh poskusih. Glede 
na rezultate bi lahko indeks vitalnosti semen uporabili kot 
primerno orodje za preiskušanje genotipov v laboratoriju, pa-
rametra LTD in Fv/Fm pa sta se izkazala kot dober kriterij za 
preiskušanje genotipov na visoke temperature v rastlinjaku. 

Ključne besede: preiskus genotipov; vročinski stres; upad 
listne temperature; Fv/Fm; indeks vitalnosti semen
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1	 INTRODUCTION 

Production of sugar beet (Beta vulgaris L. ssp. vul-
garis var. altissima Döll) is often limited by environmen-
tal conditions including insufficient water, heat, freezing 
temperatures and salinity. These conditions lead to de-
creasing the rates of photosynthesis and canopy expan-
sion (Yang et al., 2017; Zandalinas et al., 2018). Unfor-
tunately, global warming has caused a rise in the world’s 
temperature, and changed the climate in many areas of 
the world including regions with sugar beet plantations. 
However, if some genotypes of sugar beet can be proved 
to be tolerant to high temperature, cultivation of this 
plant will be less limited due to the climate change. So, 
there is an interest in summer cultivation of sugar beet 
and cultivation of sugar beet in tropical regions (El-Kholi, 
2008; Ober & Rajabi, 2010). In addition, maximum tem-
perature in semi-arid regions makes it urgent to breed 
cultivars for high temperature conditions (Karandish et 
al., 2017). However, there has not been much research 
and development on heat stress tolerance in this crop.

Seed germination is one of the crop’s characteristics 
that can be used to assess its establishment in field. Physi-
ological processes in germination influence plant metab-
olism and performance in later stages are mostly affected 
by abiotic stresses (Gratani et al., 2000; Liu and Huang, 
2008; Wang et al., 2008; Silva et al., 2010). High tempera-
ture declines germination as well as seedling growth and 
survival (Beckage & Clark, 2003; Arx von et al., 2013; 
Fahad et al., 2017). Seed viability and vigor directly af-
fect the performance of seeds and vegetative growth that 
finally determine the crop yield (TeKrony & Egli, 1991). 
Seed vigor determines the potential of a rapid and uni-
form emergence and development of normal seedlings 
under field conditions (Baalbaki et al., 2009).

It has been proved that heat tolerance at germina-
tion time is positively correlated with later growth phases 
in cotton (Ashraf et al., 1994). However, there are no 
information about screening criteria of sugar beet geno-
types under high temperature, and also the correlation 
of tolerance at germination time with growth in later 
growth stages. Biological process such as photosynthesis, 
is the most sensitive process that is influenced by high 
temperature (Buchner et al., 2015; Marias et al., 2017). 
High temperature induces inhibition of photosynthesis, 
especially PSII activity through declining electron trans-
port activity (Havaux, 1993; Murakami et al., 2000). The 
quantum efficiency of PSII (Fv/Fm) which represents 
plant nutrient and health status is related to chlorophyll 
concentration (Mohammadian et al., 2003; Kumar et al., 
2017), and has a positive relationship with CO2 fixation 
and dry matter production (Sharma et al., 2015). In addi-
tion, greenness index and dry mass are important when 

plants are screened for heat tolerance (Joshi et al., 2007; 
Nagar et al., 2015; Zhou et al., 2015). 

Stomata have a vital role in plant cycle due to CO2 
and water vapor exchange between plant and atmosphere 
(Miner et al., 2017). Stomata closure and increasing leaf 
temperature are happening under high temperatures 
(Rizhsky et al., 2002; Zandalinas et al., 2018) and drought 
stress (Mohammadian et al., 2003). Canopy temperature 
with a potential to be a tool for indirect selection of toler-
ant genotypes to drought and heat (Reynolds et al., 2009) 
is consistently negatively correlated with yield (Reynolds 
et al., 1994; Gutierrez et al., 2010; Pinto et al., 2010), and 
leaf temperature depression (LTD) represents the plant 
water status (Mohammadian et al., 2001; Balota et al., 
2008; Webber et al., 2017).

Early growth stages of plants are important, because 
a good seedling establishment leads to a better growth 
and leaf expanding in later stages of growth. As the can-
opy is responsible for getting the sun light which is nec-
essary for photosynthesis, the sooner a plant canopy is 
constructed, the more yield the plant will produce (Mo-
hammadian et al., 2005). Early growth stages are more 
sensitive to abiotic stresses than the other stages as they 
have an important role in plant adaptation and can be 
used for germplasm screening (Munns & Tester, 2008; 
Carpýcý et al., 2009; Pandey & Penna, 2017; Shelke et al., 
2017). Screening of genotypes tolerant to specific stresses 
at early growth stages is rapid, inexpensive and less labo-
rious (Grzesiak et al., 2003; Bafeel, 2014). 

There are researches on combined effects of heat 
and drought stress on sugar beet, but the effect of heat 
stress, alone, on sugar beet has not been investigated yet. 
Furthermore, researches lack any study on differences 
among sugar beet genotypes with regard to heat toler-
ance. So, this study aimed to investigate the followings by 
using parameters that are changed under the influence of 
heat stress: (1) assessing the effect of high temperature on 
some sugar beet genotypes at germination and seedling 
establishment stages, (2) determining if genotypes which 
were tolerant to high temperature in laboratory are heat-
tolerant in greenhouse as well and (3) identifying reli-
able tools for screening tolerant genotypes in heat stress 
conditions.

2	 MATERIAL AND METHODS

This study was conducted in 2015 at Sugar Beet Seed 
Institute (SBSI), Karaj, Iran. A fundamental germination 
test was conducted by four sugar beet (Beta vulgaris L. 
ssp. vulgaris var. altissima Döll) cultivars (Aria, Paya, FD-
415 and Rosaflor) at nine constant temperatures (20, 23, 
26, 29, 32, 35, 38, 41 and 44) in order to determine a tem-
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perature that can affect the growth of sugar beet. Results 
of this experiment showed that germination percentage 
and seed vigor index of these cultivars decreased severely 
at 30(data are not shown in this article). In addition, av-
erage temperature of the hottest month of Iran, July, in 
regions of spring cultivation of sugar beet is around 30. 
Based on these two reasons, 30 was selected as a temper-
ature suitable for screening sugar beet genotypes under 
high temperature. This stage was followed by laboratory 
and greenhouse experiments using some sugar beet gen-

otypes which were selected in a way that they were ge-
netically different (different origins) as much as possible.

2.1	 LABORATORY EXPERIMENT

This experiment was conducted as factorial in 
a completely randomized design with four replica-
tions. The experimental factors included 31 genotypes 
of sugar beet and two constant temperatures (20, as 
control, and 30). Characteristics of the genotypes are 

Genotype Poloidy Monogerm/ MultIgerm Origin Characteristic Resistance/Tolerance to
419 Diploid Monogerm Iran O-type -
7112 Diploid Monogerm Iran O-type -
31714 Diploid Monogerm Iran O-type Rhizomania
110-7-8 Diploid Multigerm Iran Half-sib Drought stress
111-52-25 Diploid Multigerm Iran Half-sib Drought stress
S1-92685 Diploid Multigerm Iran Inbred line Rhizomania
S1-92747 Diploid Multigerm Iran Inbred line Rhizomania- Beet cyst nematode
S1-92748 Diploid Multigerm Iran Inbred line Rhizomania- Beet cyst nematode
S1-92749 Diploid Multigerm Iran Inbred line Rhizomania- Beet cyst nematode
S1-92750 Diploid Multigerm Iran Inbred line Rhizomania- Beet cyst nematode
S1-92751 Diploid Multigerm Iran Inbred line Rhizomania- Beet cyst nematode
SB27-H-1 Diploid Multigerm Iran Half-sib Rhizomania- Beet cyst nematode
SB27-H-2 Diploid Multigerm Iran Half-sib Rhizomania- Beet cyst nematode
SB27-H-3 Diploid Multigerm Iran Half-sib Rhizomania- Beet cyst nematode
SB33-H-1 Diploid Multigerm Iran Half-sib Rhizomania- Beet cyst nematode
SB33-H-2 Diploid Multigerm Iran Half-sib Rhizomania- Beet cyst nematode
SB33-H-3 Diploid Multigerm Iran Half-sib Rhizomania- Beet cyst nematode
S1-92521 Diploid Multigerm Iran Inbred line Rhizomania- Rhizoctonia
S1-92615 Diploid Multigerm Iran Inbred line Rhizomania- Rhizoctonia
S1-92006 Diploid Multigerm Iran Inbred line Rhizomania- Rhizoctonia
S1-92039 Diploid Multigerm Iran Inbred line Rhizomania- Rhizoctonia
S1-92128 Diploid Multigerm Iran Inbred line Rhizomania- Rhizoctonia
7233-P.29 Diploid Multigerm Iran Pollinator population Salt stress
DR1-HSF14-P.35 Diploid Multigerm Iran Half-sib Drought stress
Fodder beet Diploid Multigerm Iran Pollinator population -
O.T 607 Diploid Monogerm Iran O-type Cercospora
S1-24 Diploid Multigerm Iran Inbred line Rhizomania
SB26 Diploid Multigerm Iran Pollinator population Rhizomania- Beet cyst nematode
SB36 Diploid Monogerm Iran Pollinator population Rhizomania
SHR01-P.12 Diploid Multigerm Iran Pollinator population Rhizomania
SHR02-P.4 Diploid Multigerm Iran Pollinator population Rhizomania

Table 1: Properties of used sugar beet genotypes
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shown in Table 1. Sugar beet seeds, provided from SBSI, 
were washed for four hours based on 2010 edition of 
International Seed Testing Association (ISTA) instruc-
tion (ISTA, 2010). The seeds were then disinfected with 
Carboxin-Thiram 75 % WP (2 g l−1). To test the germi-
nation indices, fifty seeds, 3.5-5 mm in diameter, were 
individually placed between the folds of pleated filter 
paper sheets code 3014 (Schleicher and Schuell, Dassel, 
Germany). After placing the seeds, the pleated filter pa-
pers were covered with an additional sheet of filter pa-
per and were sprayed by 60 ml of distilled water. Then, 
they were placed in plastic germination boxes of 20 × 
15 × 7 cm dimensions (l × w × h) which were incubated 
in a dark seed germinator at abovementioned constant 
temperatures. After 7 days of incubation, germination 
indices, length of seminal root, shoot and seedling 
(total length of shoot + seminal root) were measured 
for normal seedlings. Seed vigor index was calculated 
based on Eq (1) (Agrawal, 2003). 

Seed vigor index = Germination (%) x Seedling length (cm)  (1)

2.2. GREENHOUSE EXPERIMENT

This experiment was conducted as completely 
randomized design with 5-10 replications. All exam-
ined genotypes at laboratory experiment, were used in 
greenhouse experiment. The goal of this experiment 
was to compare the reaction of sugar beet genotypes 
to high temperature (30) during early growing stage. It 
also aimed to investigate if the genotypes which were 
tolerant to high temperature in laboratory were heat-
tolerant in greenhouse, too. Sugar beet seeds were sown 
in plastic pots of 20 15 cm (h d) dimension filled with 
farm soil (organic matter = 1.48 %; EC = 1.07 dS m−1), 
and put at a steady temperature (30. The temperature 
of greenhouse controlled automatically during the ex-
periment. Ten seeds were cultivated in each pot, and 
the number of seedling emergence was counted when 
the second leaf appeared. At this stage, all seedlings but 
one were removed so that just one seedling remained in 
each pot which continued growing to 4-6 leaves stage. 
All measurements on the leaves were conducted at 4-6 
leaves stage. In order to avoid any changes in leaf tem-
perature, plants were irrigated through drop irrigation 
whenever needed.

Measurements of photosynthesis and photosyn-
thetic characteristics were performed on third and 
fourth leaves using a portable photosynthesis system 
(Li-6400, Li-CorInc, Lincoln, NE., USA) in the open 
system mode (the leaf chamber was configured to track 
the temperature, humidity, and illumination conditions 

of the growth chamber) between 11:00 and 14:00. Data 
were taken when net photosynthetic rate reached the 
steady state. Net photosynthetic rate (An), transpira-
tion rate (E), stomatal conductance (gs) and vapor pres-
sure deficit (VPD) were measured on fifth leaves of five 
replications from each genotypes. Water use efficiency 
(WUE) was calculated using Eq. (2):

WUE=An/E				                   (2)

Leaf temperature depression (LTD) was calculated 
from Eq (3). Air and canopy temperatures were deter-
mined using a portable photosynthesis system (Li-6400, 
Li-Cor Inc, Lincoln, NE., USA).

LTD (°C) = Leaf temperature – Air temperature    (3)

Greenness index was measured for the middle part 
of the third or fourth leaves using SPAD, Minolta SPAD-
502 chlorophyll meter (Minolta camera Co. Ltd., Osaka, 
Japan).

The stomatal samples were collected at 30 on a sun-
ny day during 10:00–11:00 am. Samples were taken from 
the middle parts of adaxial and abaxial surfaces of the 
third or fourth leaves, at a similar position for all geno-
types, after applying a colorless nail polish on the area. 
For the stomata to be observed clearly by microscope, a 
transparent nail polish was smeared on the abaxial and 
adaxial surfaces at the middle of the leaves. The slides 
of the leaf epidermal fingerprint with the transplant nail 
polish method (Bin et al., 2008) were observed by an op-
tical microscope (Olympus DP72, Olympus Inc., Japan). 
The stomatal pore length (SPL), stomatal pore area (SPA) 
and epidermal cell density (ECD) were measured with 
Image-Pro Express software (Olympus Inc., Japan). Sto-
matal density (SD) was calculated using Eq. (4) (Xu & 
Zhou, 2005; Xu et al., 2009).

SD = stomata/(epidermal cells + stomata) × 100    (4)

The stomatal pore area index (SPAI) is defined as 
the total stomatal aperture area per unit of leaf area and 
is calculated from Eq. (5) (Zheng et al., 2013):

SPAI=Stomatal average density × stomatal pore 
area per stomata × 100			                (5)

Chlorophyll fluorescence parameters were assessed 
using a portable stress meter (Walz GmbH Eichenring, 
691090 Effeltrich, Germany). Minimal fluorescence, 
F0, and maximal fluorescence, Fm, were measured in 
30 min dark-adapted leaves. Variable fluorescence (Fv 
= Fm-F0) and quantum efficiency of PSII (Fv/Fm) for 
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dark-adapted leaves were calculated as well (Maxwell & 
Johnson, 2000).

Each plant was separated into root, leaf and petiole 
parts after being harvested at 4-6 leave stage (36 days af-
ter seeding). Measuring leaf area was done immediately 
afterwards using a leaf area meter (Delta- T Devices LTD, 
Burwell, Cambridge, England), followed by measuring 
fresh and dry mass of the mentioned parts (being dried 
in an oven at 85°C for 48 h).

2.3. DATA ANALYSIS

The PROC UNIVARIATE within SAS v9.1 software 
(SAS Institute Inc., Cary, NC, USA) was used for data 
analysis, and residuals were distributed normally. Sig-
nificant differences between the means were determined 
through the least significant difference (LSD) test at the 
0.05 probability level. The protected least significant dif-
ference (protected LSD) was used to compare the means 
of main effects for the treatments whose effects were 
statistically significant at p < 0.01 or p < 0.05 as the F-
test indicated. In addition, principal component analysis 
(PCA) were performed by XLSTAT 2016.

3	 RESULTS

3.1	 LABORATORY EXPERIMENT 

There was a significant difference between geno-
types based on measured traits. As shown in Figure 
1A, 15 genotypes were ranked as susceptible and ‘S1-
92521’ was the most tolerant to high temperature, re-
garding seed germination (Figure 1A). Seed vigor in-
dex declined as the temperature rose (Figure 1B). With 
regards to seed vigor index, 24 genotypes were sus-
ceptible to high temperature. This trait did not change 
significantly in four genotypes and increased in three 
genotypes (S1-92521, SHR01-P.12, and O.T.607) (Fig-
ure 1B). All measured parameters at 20 °C and 30 °C are 
presented in supplemental data (supplementary mate-
rial, not presented ).

In 83.87 % of sugar beet genotypes, there was a de-
crease in seminal root length at 30 compared to control 
(20), while the seminal root length of 6.45 % of geno-
types increased and that of 9.68 % of genotypes did not 
change considerably (Figure 1C). The highest decrease 
and increase in seminal root length at 30, compared to 
that at 20, was observed for ‘SHR02-P.4’ (56.40 %) and 
‘SHR01-P.12’ (13.81 %), respectively (Figure 1C). Geno-
types which were not affected by heat stress significantly 
included S1-921258, S1-92521 and 111-52-25.

Genotypes S1-92747 and SHR02-P.4 had the highest 
increase and decrease in length of shoot at 30 compared 
to 20, respectively (Figure 1D). At 30, 23 genotypes pro-
duced longer shoot compared with the length of shoot at 
20, and three had a decreasing trend in the length of their 
shoot (Figure 1D). The seedling length of almost half 
sugar beet genotypes tested in this experiment decreased 
at 30, with ‘SHR02-P.4’ (34.42 %) showing the lowest 
amount of relative seedling length at 30 (Figure 1E).

3.2. GREENHOUSE EXPERIMENT 

Sugar beet genotypes showed different performance 
under high temperature in greenhouse. The highest 
emergence percentage (88 %) was observed in ‘S1-92521’ 
with no significant difference from ‘SHR01-P.12’, ‘S1-
92128’, fodder beet, ‘S1-92685, S1-92039’, ‘SHR02-P.4’ 
and ‘7233-P.29’. The lowest emergence percentage were 
observed in ‘DR1-HSF14-P.35’ (49 %), ‘O.T.607’ (53 %), 
‘S1-92749’ (56 %), ‘S1-92615’ (57 %), ‘7112’ (57 %) and 
‘111-52-25’ (59 %) (Table 2).

The highest value of greenness index belonged to 
‘S1-92747’ (34.99), whereas ‘DR1-HSF14-P.35’ (21.36) 
had the least value (Table 2). ‘SB-33H-3’, ‘S1-92749’, ‘S1-
92039’ and ‘S1-92750’ indicated high values of greenness 
index with no significant difference from ‘S1-92747’. 

The maximum Fv/Fm value belonged to ‘DR1-
HSF14-P.35’ (0.627), which had no significant differ-
ence from 20 of other genotypes, whereas ‘SB26’ (0.370), 
which was not significantly different from ‘S1-92615’ and 
‘SB-33-H-1’, showed the lowest record of this trait (Table 
2). 

The minimum values of leaf, root, petiole and 
whole plant fresh mass were observed in ‘S1-92006’ 
(3.32 g), ‘S1-92750’ (0.60 g), ‘S1-92006’ (1.70 g) and ‘S1-
92006’ (5.72 g), respectively. ‘DR1-HSF14-P.35’ had the 
maximum value of the above-mentioned traits exclud-
ing root fresh mass whose maximum value belonged 
to ‘S1-92521’ (Table 2). According to the results, ‘S1-
92521’ produced the most values of leaf, root and whole 
plant dry mass, and the highest petiole dry mass (0.95 
g) belonged to ‘SB33-H-2’ (Table 2). The lowest values 
of leaf, root, shoot and total dry mass were attained for 
‘S1-92128’ (0.25 g), ‘S1-92006’ (0.10 g), ‘S1-92006’ (0.13 
g) and ‘S1-92006’ (0.52 g), respectively (Table 2). The 
highest leaf area was produced by ‘S1-92039’ (383.2 
cm2) while the lowest value (100.41 cm2) was observed 
in ‘S1-92747’ and ‘S1-92006’ (Table 2).

A high variability of the SD was observed among 
the sugar beet genotypes. The lowest SD belonged to 
‘O.T.607’ (68.37 stoma mm-2) (Table 3). On the con-
trary, genotypes with high SD values (Table 3) were 
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in the order of S1-92749 (223.74 stoma mm-2), SB27-
H-3 (211.33 stoma mm-2), SB26, 7112 and 419 (192.67 
stoma mm-2).The least value of ECD was obtained for 
‘O.T.607’ (366.7 epiderm mm-2). ‘419’, and ‘SB26’ (1274.1 
and 1106.3 epiderm mm-2, respectively) showed the 
highest ECD amount with significant difference from 
other genotypes (Table 3). Sugar beet genotypes had 
significantly different SPA values (p < 0.01). Genotypes 
7233.P.29, 111-52-25, S1-92685, SB27-H-1, S1-92751, 
DR1-HSF14-P.35, fodder beet, S1-92039, O.T.607 and 

SB33-H-2 showed higher SPA values compared to other 
genotypes. The least SPA value was observed in ‘SB26’ 
(31µ m2) (Table 3). The highest and the lowest SPAI 
was observed for ‘S1-92749’ (0.742 %) and ‘S1-92750’ 
(0.260 %), respectively (Table3).

There was a significant difference (p < 0.01) 
in An between the first and the last ranks of sug-
ar beet genotypes) (Table 3). Genotypes S1-92685 
(15.24 mmol m-2 s−1) and S1-92748 (14.57 mmol m-2 s−1) 
showed the highest values of An and were significantly 

Figure 1: Relative germination (a), relative seed vigor index (b), relative seminal root length (c), relative shoot length (d) and 
relative seedling length (e) changes in sugar beet genotypes at 30 in comparison to 20. Solid fill columns, no fill columns (with 
5% change) and pattern fill columns respectively indicate increasing, steady and decreasing trend of the traits at 30.
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different from other genotypes at 30 regarding this trait 
(Table 3). The lowest amount of An was obtained for 
‘111-52-25’ (29.65 mmol m-2 s−1). Stomatal conduct-
ance (gs) (p < 0.001) of ‘S1-92006’ and ‘S1-92615’ (0.09 
and 0.07 mol m-2 s−1, respectively) indicated the high-
est values and the minimum level of this trait was re-
lated to ‘S1-92521’ (0.02 mol m-2 s−1), with no signifi-
cant difference from 18 of other genotypes (Table 3). 
The best WUE was observed in ‘S1-92006’ (0.0130 %) 
which had no significant difference from ‘S1-92615’, 
‘S1-92748’, ‘SB36’, ‘SHR01-P.12’, and ‘S1-92039’. On the 
other hand, the minimum WUE value belonged to 
‘S1-92521’ (0.0036 %) and ‘111-52-25’ (0.0038 %) (Ta-
ble 3). ‘SHR02-P.4’ (0.635) produced the highest value 
of LTD. The least value for LTD was obtained from 
‘S1-92521’ (-0.639) (Table 3). Also in case of VPD, 
‘S192006’ (3.57 kPa) and ‘SB27-H-2’ (4.22 kPa) had 
the highest and the lowest values, respectively (Table 
3).

In order to have a better assessment of sugar beet 
genotypes based on important measured traits, the 
PCA was performed. The PCA revealed that two first 
components together accounted for 56.82 % (38.23 % 
and 18.59 %, respectively) (Figure 2). Genotypes 
placed in the upper quarter on the right (S1-92039, 
DR1-HSF14-P.35, 7233-P.29, 110-7-8, S1-92749, S1-
92685, 7112, SB27-H2 and SB33-H-2) had a high 
leaf area, total fresh mass, total dry mass, Fv/Fm and 
greenness index. On the other hand, genotypes placed 
in the upper quarter on the left (S1-92006, S1-92615, 
S1-92748, SHR01-P.12, SB36, S1-92751 and 419) had 
high values of LTD, WUE, gs and An. Also it was re-
vealed that leaf area, total fresh mass and total dry 

mass were not related to WUE, gs and An. However, 
Fv/Fm was positively related to all of these six traits.

4	 DISCUSSION

This study was conducted to determine the toler-
ant genotypes of sugar beet in high temperature, as 
well as investigating the suitable criteria for screening 
tolerant genotypes. According to the results, in labo-
ratory experiment, ‘S1-92521’, ‘111-52-25’, ‘SHR01-
P.12’, ‘O.T. 607’, fodder beet, ‘7233-P.29’ and ‘SB26’ 
demonstrated a better performance, compared to the 
other genotypes, almost in all traits in high tempera-
ture (Figure 1). Records of ‘S1-92521’, ‘111-52-25’ and 
‘SHR01-P.12’, in 30 were higher than those in 20, or 
did not change significantly (Figure 1). Specifically, all 
measured traits of ‘S1-92521’ showed higher records 
in 30 except seminal root length which did not change 
significantly. Similarly, except germination percent-
age, which did not change significantly, all traits of 
‘SHR01-P.12’ improved in 30 compared with 20. There 
was not a significant change in any of the measured 
traits of ‘111-52-25’ either. Genotypes O.T. 607, fod-
der beet, 7233-P.29 and SB26 performed well in all 
of the traits, too, except in the case of seminal root 
length which decreased in 30. In ‘SB26’, a decline in 
germination percentage was observed as well which 
can be compensated through planting more seeds. 
Genotypes with poor performance in laboratory ex-
periment included 110-7-8, SB33-H2 and SHR02-P.4 
(Figure 1). In most of the genotypes, seminal root 
length was negatively affected by heat stress, but con-
cerning the whole seedling, this loss was, to some ex-

Figure 2: Biplot of the first and second principal component (PC) axes for greenness index (GI), leaf area (LA), leaf tempera-
ture depression (LTD), net photosynthesis (An), photochemical efficiency of PSII (Fv/Fm), stomatal conductance (gs), total dry 
mass (TDM), total fresh mass (TFM) and water use efficiency (WUE) traits on sugar beet genotypes at 30. 
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tent, compensated by increasing shoot length under 
high temperature (Figures 1C, 1D, 1E).

According to the results, two of the traits could 
be good criteria for screening tolerant genotypes to 
high temperature, seed vigor index and seminal root 
length. Genetically difference among the genotypes 
is a criteria to select a trait as a screening tool for 
stress tolerance (El-Hendawy et al., 2007). In the pre-
sent study, by increasing the temperature, high differ-
ences among the genotypes were observed regarding 
seed vigor index and seminal root length (Figures 1B, 
1C). In other words, almost all of the genotypes showed 
decreased records under heat stress, and just a few of 
them could show an increase or maintain without a 
significant change (Figures 1B, 1C). At this point, by 
having a more precise look, it can be seen that seed 
vigor index could be a better screening criteria rather 
seminal root length. Because genotypes which showed 
a better or unchanged seed vigor, generally had a good 
record in other measured traits in the laboratory ex-
periment, too (like ‘7233-P.29’ and ‘O.T.607’), but this 
was not observed in the case of genotypes with a bet-
ter or unchanged seminal root length (like ‘S1-92750’ 
and ‘S1-92128’) (Figure 1). Seed vigor index has been 
considered as a screening criteria in previous studies, 
too (ISTA, 2014). Seed germination factors and seedling 
properties have been considered as evaluation criteria 
in breeding programs that worked on environmental 
stresses such as drought stress (Sadeghian & Yavari, 
2004).

In greenhouse experiment, high amounts of leaf 
area, total fresh mass and total dry mass which were 
accounted for plant yield, were observed in ‘S1-92521’, 
‘S1-92039’, ‘SB33-H-2’ and ‘SB27-H2’ (Table 2). Two 

other genotypes, S1-92747 and S1-92749, also showed 
high records for total dry mass and greenness index as 
well as quantum efficiency of PSII (Table 2, Figure 2). 
The potential of multivariate analysis technique such 
as PCA for the identification of tolerant genotypes to 
environmental stress has been shown in different crops 
such as rice (Cha-um et al., 2009), sugarcane (Cha-um 
et al., 2012), tomato (Juan et al., 2005), peanut (Liu et 
al., 2012) and soybean (Shelke et al., 2017). PCA identi-
fies the probable grouping and establishment of rela-
tionships among variables (Martínez-Calvo et al., 2008; 
Sarabi et al., 2016). Regards lack of significant relation-
ship between stomatal indices and gas exchange param-
eters maybe due to small number of samples (McElwain 
et al., 2016), we did not use stomatal characteristics in 
PCA. According to the PCA analysis, WUE and gs pro-
duced the most variance among the genotypes, and the 
least was related to greenness index and Fv/Fm (Fig-
ure 2). Furthermore, there was a positive relationship 
among total dry mass, total fresh mass, leaf area, green-
ness index and Fv/Fm (Figure 2). This implies that with 
more quantum efficiency of PSII, indicating less stress 
inside the plants, photosynthesis got more efficient, 
and consequently more assimilate were produced. Fv/
Fm had a positive relationship with WUE, gs and An, 
as well, indicating that more tolerance caused the net 
photosynthesis to rise (Figure 2). There is a positive 
relationship between gs and An, showing that increas-
ing stomatal conductance leads the An to rise (Urban et 
al., 2017). Stomatal conductance and An, did not show 
much relation with the yield parts of the plants, total 
dry mass and leaf area which could be because of the 
fact that these traits were measured instantaneously. In 

Figure 3: Relationship between WUE and An (a) and gs (b) in sugar beet genotypes (n = 31). ** indicate significant correlation 
at p < 0.05 and 0.01, respectively
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addition, it might be due to the increasing of transpira-
tion under high temperature. 

High VPD values of ‘S1-92749’, ‘S1-92039’, ‘S1-
92521’ and ‘SB27-H2’ resulted higher total dry mass and 
leaf area; while, the least values of mentioned traits ob-
served from ‘S1-92006’ and ‘SB36’ (Figure 2). Difference 
between the leaf and air temperatures (LTD) showed 
a negative relationship with yield parameters and also 
with VPD and a positive relationship with WUE, gs 
and An (Figure 3). This indicates that under high tem-
perature, tolerant plants could maintain their stomata 
open resulting in cooling the leaves as a consequence of 
transpiration. Stomatal conductance to CO2 is strictly 
proportional to stomatal conductance to water (Gilbert 
et al., 2011). Gas exchange reaction to temperature was 
related to the interaction effect of some parameters like 
internal plant water status and VPD (Chaves, 1991). 
In addition, it has been mentioned that high tempera-
ture causes rising in gs (Killi et al., 2017). By increasing 
VPD, we witness an increase in stomatal conductance 
and leaf transpiration and consequently the mobility of 
water and nutrient in the plant (Caird et al., 2007). It 
has been well established that plants regulate rates of 
transpiration and photosynthesis in parallel, maintain-
ing a balance between gs and An (Lawson et al., 2011). 
High positive correlation between canopy tempera-
ture depression and stomatal conductance has been 
observed in sugar beet (Mohammadian et al., 2001; 
Fukuoka, 2005). Under stress-free conditions the water 
transpired by the plants evaporates and cools the leaves 
(González-Dugo et al., 2006; Schauberger et al., 2017). 
In the present study, plants could maintain their tran-
spiration because of the VPD and because the plants 
were not in shortage of water, as sufficient water was 
supplied for them. However, LTD of sugar beet geno-
types was varied (Table 3). It was clear that sugar beet 
genotypes had different ability for cooling their leaves 
under high temperature.

In order to choose a screening criteria for heat tol-
erance in the sugar beet genotypes, the level of reaction 
to heat stress should be taken into consideration, as it 
was done in the laboratory experiment. High reaction 
intensities among the genotypes were observed in leaf 
area, total dry mass, gs, An and LTD among which the 
first two traits need destructive harvest most of the time, 
so it is better not to choose them as criteria. Stomatal 
conductance (gs) and net photosynthetic rate (An) are 
not suitable either, because according to the PCA, they 
were not related to the yield parameters like total dry 
mass (Figure 2). Leaf temperature depression (LTD), 
however, could be considered as a screening criteria for 
heat tolerance, because it does not show the two weak-
ness point mentioned above. Temperature difference 

between leaves and air has been considered as a screen-
ing criteria in previous studies as well (Reynolds et al., 
2009). Canopy temperature depression was selected as 
a suitable screening tool for selecting drought-tolerance 
cultivars of wheat, because there was a genotypic varia-
tion for it, and also it was directly correlated with grain 
yield (Thapa et al., 2018). Quantum efficiency of PSII 
(Fv/Fm) could be considered as a good screening crite-
rion for heat tolerance, because it was positively related 
to gs, An, WUE and yield parameters (Figure 2). Quan-
tum efficiency of PSII (Fv/Fm) has been introduced 
as a tool for early detection of heat (Zhou et al., 2015) 
and drought stress (Mohammadian et al., 2003). It was 
observed that Fv/Fm, shoot fresh mass, shoot dry mass 
and root dry mass of tomato genotypes decreased un-
der heat stress conditions (Zhou et al., 2015). Also, Fv/
Fm had decreased in sugar beet by drought stress (Mo-
hammadian et al., 2003). In addition, possibility of us-
ing biomass, canopy temperature depression, greenness 
index and Fv/Fm for precise screening in heat-tolerant 
wheat genotypes has been proved (Joshi et al., 2007; 
Nagar et al., 2015). 

A similarity was observed between the perfor-
mance of some genotypes under high temperature in 
laboratory and that in greenhouse. Genotype S1-92521 
showed a good performance in high temperature in 
both experiments in all traits (Figure 2 and Table 2 and 
3). On the other hand, ‘SB-27-H-1’, ‘S1-92006’ and ‘111-
52-25’ performed poorly in both laboratory and green-
house experiments, especially in yield traits, leaf area 
and total dry mass. However, other genotypes did not 
show any noticeable similarity in their reaction to heat 
stress between laboratory and greenhouse experiments. 

5	 CONCLUSION

The present study investigated the sugar beet gen-
otypes behavior under high temperature condition as 
well as identifying good screening tools at germination 
and early growth stages (4-6 leave stage). A high vari-
ation was observed among the genotypes in the pre-
sent study, which is a valuable feature for breeding pro-
grams. Based on important traits, ‘S1-92039’, ‘S1-92521’, 
‘SB33-H-2’, ‘S1-92747’, ‘S1-92749’ and ‘SB27-H-2’ were 
tolerant genotypes to high temperature in greenhouse. 
The only genotype which showed a good tolerance in 
both laboratory and greenhouse experiments, was S1-
92521. Three genotypes, 110-7-8, SB33-H3, and SHR02-
P.4, did not perform well in neither of the two experi-
ments. So, in general, except for ‘S1-92521’, we could not 
say the genotypes which performed well in laboratory 
could also tolerate high temperature in greenhouse. In 
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laboratory experiment, seed vigor index was chosen as 
a good screening tool for selecting heat-tolerant geno-
types. In greenhouse, LTD and Fv/Fm were considered 
as beneficial non-destructive screening tools to find tol-
erant sugar beet genotypes to high temperature at early 
growth stages.
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