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Impact of water supply on photosynthesis, water use and carbon
isotope discrimination of sugar beet genotypes
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Abstract

Improvements in drought tolerance of crop plants require research focused on physiological processes. In 2002 and 2003 pot experiments with
sugar beet were conducted in a greenhouse. Two (2002) or three (2003) different genotypes were subjected to three watering regimes (100, 50 and
20% of water holding capacity). Gas exchange, chlorophyll fluorescence and water-use efficiency (WUE) as parameters of possible relevance for
drought stress tolerance in sugar beet were investigated. It was studied whether13C discrimination (�) is suitable as an indirect measure for WUE
of sugar beet.

DM yield, photosynthesis rate, transpiration rate and stomatal conductance decreased with increasing severity of drought stress. In contrast,
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nternal CO2 partial pressure remained relatively stable and effective quantum yield of photosynthesis was reduced only under severe dro
oints at non-stomatal inhibition of photosynthesis. Different sugar beet genotypes showed significant differences in DM yield, but in
etween genotype and water supply did not occur, indicating that genotypic differences in drought tolerance did not exist. In accor

hat, drought-sensitivity of gas exchange and chlorophyll fluorescence was the same in different genotypes.� was higher in the leaves than
he taproot. Reductions in� in drought-stressed plants corresponded to about 24% higher WUE. Differentiating between plant organs,

was negatively correlated with WUEL whereas taproot� and WUET were unrelated.� was therefore proven to be a sensitive indicato
ater availability during the growing period. However, similar as other parameters relevant for drought stress tolerance it requires invns

n broader genetic material of sugar beet to detect genotypic differences.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Low water availability is one of the major causes for crop
ield reductions affecting the majority of the arable land around
he world. As water resources for agronomic uses become more
imiting, the development of drought-tolerant cultivars gains in
mportance (Bruce et al., 2002; Ober, 2001). In commercial vari-
ties of sugar beet considerable variability for drought tolerance

n terms of yield and quality has not been found so far (van der
eek and Houtman, 1993; Bloch and Hoffmann, 2005). Gen-
rally, a number of mechanisms can contribute to an improved
rought tolerance of crop plants, including morphological char-

Abbreviations: DM, dry matter; WUE, water-use efficiency; WUEi, instan-
aneous WUE (or leaf transpiration efficiency); WUEL, leaf DM-based WUE;

UET, taproot DM-based WUE;�, carbon isotope discrimination; PAR, pho-
osynthetic active radiation; WHC, water holding capacity
∗ Corresponding author. Tel.: +49 551 505 62 60; fax: +49 551 505 62 99.

E-mail address: hoffmann@ifz-goettingen.de (C.M. Hoffmann).

acteristics like deep rooting or metabolic regulatory mechan
like osmotic adjustment. Also the use of physiological tr
is very relevant for crop improvement in dry environme
However, little research is done on direct effects of stress
tors on physiological processes affecting dry matter produc
The investigation of mechanisms of drought tolerance in s
beet therefore requires research focused on physiologica
cesses such as photosynthesis, assimilation and degradat
translocation mechanisms (van der Beek and Houtman, 1993).

When plants encounter water deficit, there is a decline in
tosynthesis. This can be due to a reduction in light interce
as leaf expansion is reduced or as leaf senescence is a
ated. But it can also be attributed to reductions in C fixa
per unit leaf area as stomata close or as photo-oxidation
ages the photosynthetic mechanism (Bruce et al., 2002). Much
of the reduction in CO2 assimilation under water deficit is d
to stomatal closure (Arnau et al., 1997). In plants, higher stom
atal conductance increases CO2 diffusion into the leaf thereb
favouring higher net photosynthetic rates which could in

161-0301/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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increase biomass production and thereby crop yield. Genotypic
differences in stomatal conductance can be linked to variabil-
ity for drought resistance (Blum et al., 1989); e.g. accessions
of Oryza with higher stomatal conductance under stress were
shown to maintain leaf elongation better than other genotypes
(Liu et al., 2004). In contrast, in barley (Arnau et al., 1997) or
okra (Ashraf et al., 2002) significant genotypic differences for
stomatal conductance were not found. In sugar beet, data on the
drought-sensitivity of gas exchange of different genotypes are
lacking.

Part of the effect of drought on photosynthesis can also be
attributed to direct inhibitory effects of water deficiency on
CO2 fixation (Sharkey and Seemann, 1989). As photosystem
II appears to be particularly sensitive to a number of stress
factors, chlorophyll fluorescence is used as a tool in revealing
stress response mechanisms and in quantifying these responses
(Bolhár-Nordenkampf and̈Oquist, 1993). An increase in fluo-
rescence emission and therefore a decrease in effective quantum
yield characterizes a decrease of the overall photosynthetic capa-
bility of the plant. Chlorophyll fluorescence has been used by
plant breeders to quantify rapidly the response of different vari-
eties or lines to certain stresses.Ranalli et al. (1997)have
shown the potential use of chlorophyll fluorescence as a tool
for screening drought tolerance of potato germplasm. Also in
sugar beet chlorophyll fluorescence has been used to assess the
response of different genotypes to drought stress (Clarke et al.,
1 en
o tress
c stres
f

trat-
e ions
( ry
m
I omi-
c ngle
l rim-
i 4)
D ate
a f
1 -
t eed
I
p
p ssur
i n th
t
a n
e bean
( d
R
L ,
1 ,
1
s -use
e vari-
e iety

(Tsialtas and Karadimos, 2003). However, data on the correla-
tion between WUE and� in sugar beet are lacking.

The aim of this study was to determine gas exchange, chloro-
phyll fluorescence and water-use efficiency as parameters of
possible relevance for the detection of drought stress tolerance
in sugar beet. Genotypic differences in drought stress tolerance
are expected to be related to differences in these parameters. It
was studied whether� is suitable as an indirect measure for
WUE of sugar beet.

2. Materials and methods

2.1. Plant material

Pot trials were conducted in 2002 and 2003 in the green-
house. The vegetation period was from May to November 2002
and from March to August 2003. Pelleted, pregerminated seeds
of Beta vulgaris L. were sown in 30 L plastic pots (40 cm in
height and 32 cm in diameter) containing 42 kg of medium
sand. In order to obtain uniform plant establishment, seedlings
were thinned from 12 to 2 per pot after emergence. The sub-
strate was additionally covered with 1 kg of coarse quartz sand
to prevent evaporation. Plants received optimal nutrient supply
according toWinner and B̈urcky (1977), split into four appli-
cations of a nutrient solution. Each pot was supplied with a
total of 5315 mg N, 2610 mg P, 6884 mg K, 2000 mg S, 590 mg
N and
m
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993; Mohammadian et al., 2003). However, results have be
btained in field studies only where the impact of drought s
annot be separated from simultaneous effects of other
actors.

Higher water-use efficiency (WUE) is mentioned as a s
gy to improve crop performance under water-limited condit
Araus et al., 2002). WUE usually is defined as the total d
atter produced by plants per unit of water used (Boyer, 1996).

nstead of total dry matter, WUE can also refer to the econ
ally valuable part of the crop only or to the water use of a si
eaf. A relationship between WUE and carbon isotope disc
nation was first described byFarquhar and Richards (198.
uring uptake of CO2 from the atmosphere plants discrimin
gainst the heavier carbon isotope13C. The discrimination o
3C (�) is calculated as the13C/12C ratio in plant material rela
ive to the value of the same ratio in the air on which plants f
t is linked to the plants’ capability to reduce the CO2 partial
ressure in the intercellular spaces. The smaller the CO2 partial
ressure inside the plant in comparison to the partial pre

n the atmosphere, the less the plants discriminate betwee
wo isotopes (� more positive) and the greater is WUE (Ehlers
nd Goss, 2003). The correlation between WUE and� has bee
xtensively studied in several field crops including common
Phaseolus vulgaris L.) (Ehleringer, 1990), wheat (Farquhar an
ichards, 1984; Condon et al., 1990), peanut (Arachis hypogea
.) (Wright et al., 1994), barley (Hordeum vulgare L.) (Acevedo
993) and cowpea (Vigna unguiculata [L.] Walp.) (Ismail et al.
994). These studies suggest that genetic variation in� may be
ufficient to be useful as a selection tool for improved water
fficiency. In a study comparing 20 commercial sugar beet
ties,� in the leaves was only marginally affected by var
s

.

e
e

a, 1820 mg Cl, 7985 mg Ca, 1750 mg Mg, 100 mg Fe
icroelements.

.2. Water regimes

Water supply was varied in three levels, according to
control), 50 and 20% of water holding capacity (WHC). Wa
ontent at maximum water holding capacity was determine
he amount of water retained by representative samples
ubstrate at pF 1.8, determined gravimetrically by subseq
rying of the samples at 105◦C for 24 h. Water regimes we

mplemented 6 (2003: 9) weeks after sowing. Adjustment o
ntended water contents was accomplished on a weight
very second day.

.3. Genotype selection

Two (2002) or three (2003) genotypes ofBeta vulgaris L.
ere grown. The selected genotypes were expected to
ent a wide range of drought tolerance as they comprise
ommercial German variety Cynthia (A), a variety which
een successful over years in the Italian sugar beet cultiv
nd is regarded as drought tolerant (Dorothea, B) and the h
I0097 which is putative drought susceptible due to reduc

n the root system (C).

.4. Harvest

Plants were harvested 24 and 20 weeks after sowing in
nd 2003, respectively. Harvest dates corresponded to 34- (
nd 28-leaf stage (2003) for the control plants. Drought-stre
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plants had about 6 (50% of WHC) or 10 (20% of WHC) leaves
less. The number of replications per treatment amounted to 6
in 2002 and 5 in 2003. The pots were arranged completely ran-
domized.

At harvest, plants were separated into taproot and leaf (includ-
ing crowns, i.e. the uppermost part of the taproot where leaves
emerge, morphologically being part of the shoot). Taproots
were washed, taproot and leaf fresh mass were determined and
mashed samples of both fractions were oven-dried at 105◦C for
24 h in order to determine the dry matter (DM) content.

2.5. Measurements

CO2/H2O gas exchange and radiation intensity were mea-
sured using the portable porometer CIRAS S/N 110 (Combined
Infrared Gas Analysis System, PP Systems, GB). Net photosyn-
thesis rate, stomatal conductance, internal CO2 partial pressure
and transpiration rate were determined at the tip of recently
fully-expanded leaves avoiding major veins. The leaf cuvette
(PLC N, PP Systems, GB) covered a leaf area of 4.5 cm2. The
reference air stream had a flow rate of 5 cm3 s−1 at 20◦C and
1 bar air pressure. Its CO2 concentration and water content were
set to 350 ppm and 99% of the ambient air at the time of the
measurement. The photosynthetic active radiation (PAR) was
determined by a sensor on the leaf cuvette. Measurements were
m

pho
t yll
F ence
p e-
s

(

w me-
d r
a

p-
r g a
i any

DELTApluscoupled via Conflo-III interface to an elemental ana-
lyzer NC 2500 (CE Instruments Rodano, Milano, Italy). The
measuring principle was described in detail byWerner et al.
(1999). Carbon isotope effects are calculated as:

δ13C = [(Rsample− Rstandard)/Rstandard] × 103

with RsampleandRstandardbeing the13C/12C ratios of the sam-
ple and the standard Pee Dee Belemnite, respectively. Carbon
isotope discrimination was calculated as:

� (‰) = (δair − δplant)/(1 + δplant × 1000)

whereδ13C of air CO2 is −8‰.

2.6. Water-use efficiency

Water-use efficiency was calculated in two different ways: (1)
from gas exchange measurement data dividing instantaneous net
assimilation by instantaneous transpiration rate (WUEi) and (2)
by integrating over the vegetation period dividing accumulated
dry matter by cumulative water use (WUE). The latter was cal-
culated for total DM and for leaf and taproot DM separately.

2.7. Statistics

An ANOVA was carried out with the program SAS ver-
sion 8.1 (SAS Institute Inc., Cary, NC, USA) using the
G nge
t nces
( (step-
w form
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W n.

3

d of
1 eek-
o t and
l nd

T
T d wa

2
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2 110.
64.6
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n.s.

T d 18 * or
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ade on sunny days with a low cloud cover.
Leaf chlorophyll fluorescence was measured using the

osynthesis yield analyzer MINI-PAM (Portable Chloroph
luorometer, Walz, Effeltrich, Germany). The used fluoresc
arameter was�F/F ′

m (effective quantum yield of photosynth
is), which is calculated as:

F ′
m − Ft)/F

′
m

ith F ′
m being the chlorophyll fluorescence signal at its inter

iate maximum andFt being the steady state signal (Schreibe
nd Bilger, 1987).

13C discrimination (�) was determined for leaf and ta
oot material in 2002. Carbon isotopes were analyzed usin
sotope mass spectrometer Finnigan MAT (Bremen, Germ

able 1
aproot and leaf dry weight of sugar beet as affected by genotype (G) an

Water supplya Genotype

Taproot dry weight (g per plant)

A B C

002 100 175.5 151.9
50 95.0 76.6
20 22.9 15.4

W*** ; G** ; W × G

003 100 125.7 121.0
50 69.6 72.5
20 10.1 9.1

W*** ; G** ; W × G

reatments started at 6 (2002) or 9 (2003) weeks after sowing and laste
< 0.05, 0.01 or 0.001, n.s. = not significant.
a % of water holding capacity.
-

n
)

LM procedure. Ryan–Einot–Gabriel–Welsch multiple ra
est (REGWQ-test) was used to detect significant differe
α = 0.05) among means. The REGWQ-test is a sequential
ise) multiple comparison procedure and there is no uni
SD for all comparisons but the critical difference depend

he number of means to be compared. The relationship be
UE and� was described with a linear regression functio

. Results

Drought stress (50 or 20% WHC) imposed for a perio
8 (2002) or 11 (2003) weeks on 6- (2002) or 9- (2003) w
ld sugar beet plants led to significant reductions in taproo

eaf dry weight (Table 1). Genotype A had both higher leaf a

ter supply (W)

Genotype

Leaf dry weight (g per plant)

A B C

74.7 70.3
49.4 47.9
22.2 19.8

W*** ; G n.s.; W× G n.s.

9 58.0 56.5 44.7
33.9 33.3 29.3
12.3 13.2 13.0

W*** ; G** ; W × G*

(2002) or 11 (2003) weeks. Significant differences are indicated with *, **** for
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Fig. 1. Gas exchange and chlorophyll fluorescence parameters of sugar beet as affected by genotype (G) and water supply (W) (WHC, water holding capacity).
Pot experiment 2003, means± S.D. from measurements on July 31st, August 1st and 5th. Significant differences are indicated with ** or *** forα < 0.01 or 0.001,
n.s. = not significant.

taproot dry matter than genotype B, and genotype C had the
lowest dry matter production. Reductions in taproot and leaf DM
due to drought stress were similar in all genotypes. A significant
interaction between genotype and water supply occurred only
for leaf dry weight in 2003.

Gas exchange data are presented from the 2003 experiment,
when three genotypes had been compared. Results from the com-
parison of two genotypes in 2002 were similar. Photosynthesis
rate, transpiration rate and stomatal conductance of all sugar beet
genotypes decreased with increasing water deficit (Fig. 1). Inter-
nal CO2 partial pressure was slightly decreased under moderate
drought (50% WHC), whereas instantaneous WUE (WUEi) and
effective quantum yield of photosynthesis were decreased only
under severe drought (20% WHC). The effect of the genotype
and the interaction between genotype and water supply were
non-significant for all parameters measured. As a mean of all
genotypes, leaf DM concentration amounted to 13.5, 18.0 and
26.5% under 100, 50 and 20% of water holding capacity, respec-
tively, at the time of the gas exchange measurements (data not
shown).

Data on water-use efficiency (WUE) calculated as integrated
values of the entire vegetation period are presented from the
2002 experiment only, when13C discrimination was also deter-
mined. When based on total plant dry matter, WUE increased
with increasing severity of drought stress (Fig. 2). While leaf-
based WUE was higher for stressed plants as well, taproot-based
WUE was not distinctly affected by water supply. In tendency,
genotype A obtained higher WUE than genotype B in all treat-
ments.

� was higher (more negative values) in leaf than in taproot
dry matter (Fig. 3) and decreased with decreasing water supply.
Genotypic differences for� were not significant. There was
no relationship between taproot� and WUET, but leaf� was
negatively correlated with WUEL (Fig. 4). Here, the regression
was almost identical for both genotypes.

4. Discussion

In these experiments, different moisture contents of the sub-
strate were chosen to simulate sufficient water supply as well
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Fig. 2. Water-use efficiency (WUE) of sugar beet as affected by genotype (G) and water supply (W) (WHC, water holding capacity). Treatments started at 6weeks
after sowing and lasted 18 weeks. Values are based on total DM (left), taproot DM (middle) and leaf DM (right). Pot experiment 2002, means± S.D. Significant
differences are indicated with * or *** forα < 0.05 or 0.001, n.s. = not significant.

Fig. 3. 13C discrimination (�) in taproot and leaves of sugar beet as affected by genotype (G) and water supply (W) (WHC, water holding capacity). Treatments
started at 6 weeks after sowing and lasted 18 weeks. Pot experiment 2002. Vertical bars indicate±1 S.D. Significant differences are indicated with *** forα < 0.001,
n.s. = not significant.

as stress conditions of different severity. It was not possible to
maintain the moisture contents constantly at the target values by
watering every second day. The plants dried the soil as time pro-
gressed and there was probably also a gradient in water content
from the top of the pot to the bottom. However, these conditions
represented distinctly different water availability, and a certain
spatial and temporal variation in water content appeared proba-
bly in all treatments likewise. Furthermore, no attempt was made
to quantitatively relate the changes in growth or physiological
parameters to specific changes in soil water potential.

4.1. Plant growth and photosynthesis

Drought stress significantly reduced taproot and leaf dry mat-
ter production of the plant. These reductions in dry matter were
associated with changes in various parameters of photosynthe-
sis. Gas exchange was strongly affected under drought stress.
The photosynthesis rate continuously decreased with increasing
severity of stress. This decrease could be explained by reductions
in stomatal conductance, which reduced CO2 diffusion. How-
ever, internal CO2 partial pressure remained relatively stable,

Fig. 4. Relationship between water-use efficiency (WUE) and13C discrimination (�) in taproot and leaves of two sugar beet genotypes. Pot experiment 2002.
Significant differences are indicated with *** forα < 0.001, n.s. = not significant.
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particularly under severe drought it was similar to that observed
in well-watered plants. Thus, reduced stomatal conductance is
not supposed to be the major cause of reduced photosynthesis,
and the effect of severe drought stress on photosynthesis has
to be attributed also to non-stomatal effects (Kirkham, 1990).
Generally, the severity of the stress appears to be important in
determining whether non-stomatal factors affect photosynthe-
sis, as inhibition of mesophyll activity (non-stomatal inhibition
of photosynthesis) in addition to stomatal closure occurs only
during severe or prolonged stress.

In accordance with that, effective quantum yield of photo-
synthesis was reduced only under severe drought. In sugar beet,
damage of the photosynthetic pathway under water deficit was
also reported byClarke et al. (1993)andMohammadian et al.
(2003). Clover et al. (1999), in contrast, did not observe an effect
of drought on chlorophyll fluorescence of sugar beet leaves and
attributed findings of damage of the photosynthetic pathway to a
premature senescence of drought stressed leaves. In the present
experiment, however, leaves chosen for chlorophyll fluorescence
measurements were relatively young and of a uniform develop-
mental stage in all treatments, so that an effect of premature
senescence is rather unlikely. Further experiments have to be
conducted to examine the influence of drought sequentially for
young and older single leaves under conditions of different stress
severity.

Genotypic differences for parameters of photosynthesis were
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drought stress occurs at the expense of absolute yield perfor-
mance. Differences in WUE may therefore need to be combined
with other crop traits to be of practical value for crop improve-
ment in dry environments.

Genotype A obtained higher DM in all treatments and hence
used the water more efficiently than genotype B. However, the
lack of interaction between genotype and water supply for WUE
suggests that genotypes, which are most productive under well-
watered conditions will also be superior in dry environments.

WUEi values, obtained by short-term gas exchange mea-
surements, were not clearly affected by water supply and did
therefore not appropriately describe the effect, which appeared
when integrated values of the entire vegetation period were used.
Often the relationship between short-term gas exchange effi-
ciency and the actual water-use efficiency for the whole growing
season is poor, because there is a number of factors affecting dry
matter accumulation but not gas exchange (Boyer, 1996). For
example, the biomass production of a plant is not only deter-
mined by photosynthesis but also by respiratory losses at night.
It is altered by temperature and the molecular composition of
the dry matter. Gas exchange determination for short times dur-
ing the day does not detect these additional factors. Therefore,
although rapid and convenient, gas exchange measurements are
not suitable to reliably assess differences in WUE.

4.3. 13C discrimination
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ot detected. Therefore, variation in yield performance cou
xplained rather by differences in leaf DM, which was hig

n genotypes with higher taproot dry weights. However, y
eductions under drought were the same in all genotypes, w
s in accordance with the lack of genotypic differences for
itivity of the photosynthetic apparatus.

.2. Water-use efficiency

Although no genotypic differences in parameters of p
osynthesis under stress were found, genotypes may dif
ater-use efficiency. Generally, dry matter production and w
se of crop stands are closely related and the relatio
etween cumulative water use and yield, characterized b
ater-use efficiency (WUE), is to a large extent indepen
f the level of water supply and water use (Ehlers and Gos
003). However, in the present study the relationship betw
ater use and yield was modified by water supply. As a m
f both genotypes in the 2002 experiment, WUE amounte
.0, 7.3 and 7.4 g total DM per L H2O for control, moderate an
evere drought, respectively, which is in a similar range as v
eported for sugar beet byClover et al. (2001), Dunham (1989
rRoth et al. (1988). Increased WUE values under drought h
een described byBrown et al. (1987)andClover et al. (2001)as
ell. The higher efficiency of water use under stress is due t

act that drought-stressed plants wilt far more than unstre
lants and wilting invariably occurs in times when the satura
eficit of the atmosphere is large. Therefore, the plant as

ates only in times when the saturation deficit is small and h
oses less water for every carbon molecule fixed (Clover et al.
001). However, the increase in the efficiency of water use u
h

n
r
p
e
t

s

d

-

r

13C discrimination (�) was higher in sugar beet leaves th
n the taproot. Differences in� between plant organs have be
eported for various species (e.g. peanut,Hubick and Farquha
989; canola,Matus et al., 1995) but reasons for these fin

ngs have not been clearly established. According toZhao e
l. (2004)products of secondary metabolism, such as roots
rain, usually have lower� values than primary photosynthe
roducts, such as leaves.Brugnoli and Farquhar (2000)sug-
ested that possible reasons for explaining these differe

nclude: (1) fractionation during export, phloem loading
nloading and transport of carbohydrate from photosynthe
torage organs and (2) different chemical composition of
erent organs. For example, a higher content of lipid and li
ay lead to a relative depletion in13C, while higher cellulos

ontents lead to a relative enrichment.Farquhar and Richard
1984)found lower� in wheat grain as compared to leaf ma
ial, which was attributed partly to the higher nitrogen con
f the grain. The formation of carbon skeletons for some am
cids involves phosphoenolpyruvate carboxylation, which
riminates in favour of13C. However, this possibility does n
atch the present results as� was lower in the sugar beet ta

oot although its amino nitrogen content is about two-fold lo
ompared to the leaf and crown fraction (Mäck and Hoffmann
004).
�was lower in drought-stressed plants than in plants sup

ufficiently with water. Reductions in� under drought hav
een reported for many plant species, e.g. for wheat (Sayre e
l., 1995), white clover (Hogh Jensen and Schjoerring, 199),
oybean (Kao and Tsai, 1998), peanut (Craufurd et al., 1999)
nd rice (Pinheiro et al., 2000). For sugar beet leaf,Tsialtas
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and Karadimos (2003)found lower� values when plants were
grown in a drought-prone area compared to those from a less
arid climate. In our experiment, the relationship between� and
water availability was proven for both leaf and taproot material.

A negative correlation between� and WUE was first
described byFarquhar and Richards (1984)for wheat genotypes.
In the present study genotypes did not significantly differ in�

values. However, variation in� and in WUE was provoked by
the different water regimes. A negative correlation occurred only
between leaf� and WUEL, whereas for the taproot there was
no relationship between� and WUE as WUET at final harvest
was not distinctly affected by water supply.Zhao et al. (2004)
similarly reported on a weakening of the correlation between
WUE and� in upland rice through the inclusion of root dry
matter in addition to aboveground dry matter.

In a first attempt to use� in sugar beet research,Tsialtas
and Karadimos (2003)did not find a relation between leaf�

and sugar beet fresh root yield. However, under water deficit the
productivity of a crop is determined also by its water-use effi-
ciency for which� seems to be a reliable predictive criterion. Its
practical application in sugar beet improvement under drought
stress requires genetic variability. However, this is likely to be
found only within a broader genetic base of the sectionBeta.

5. Conclusion
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