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Abstract: High concentrations of micronutrient boron mayusa significant
yield losses in wheat. One of the consequencesaiss boron in wheat is root growth
suppression. The objective of this study was toestigate the levels of root growth
suppression during germination in the presenceiftdrdnt concentrations of boric acid
(O-control, normal boron supply, 50 (B 50), 100X80) and 150 (B 150) mgsBO5/l).
Twelve wheat cultivars, developed at the Instinftéield and Vegetable Crops in Novi
Sad, were included in the analyses. The cultivarsahstrated significant differences
with respect to root growth suppression at boraeattmnents. The genotypes were
separated by hierarchical cluster analysis in tigtirtt phenotypic groups. The roots of
cultivars Nevesinjka, Rapsodija, Milijana, Helemal&onata are boron tolerant, whereas
KoSuta, Partizanka, Simonida, Kantata, Sofija, Badeand Pesma are sensitive to excess
boron.
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Introduction

High concentrations of soil boron may interruptvgitoand development of
wheat and other higher plants. The most frequempgyms of boron toxicity in
cereals include chlorosis and necrosis extendimgnadard from leaf tips (Cartwright
et al., 1984), delay in development, reduced shoot gramthplant height (Pautt
al., 1988) and root growth suppression (Huang and &@mah990). Consequently,
significant yield losses due to excess boron haea lobserved in cereals (Cartwright
et al., 1984; Paulkt al., 1990; Avci and Akar 2005).

Furthermore, salinity aggravates boron toxicity gioms, especially in arid
and semi-arid regions. Moreover, salinity may ireyield reduction due to boron
toxicity even in soils not exceedingly high in bor@rieve and Poss 2000; Wimmer
et al., 2002; 2003). Saline soils, such as solonchaksalodetz, occur frequently in
Vojvodina (Miljkovi¢ 1960).

As soil amelioration is difficult to achieve and aRpensive short-term
solution, the development of boron tolerant cultivia the best approach in solving
the problems related to boron toxicity (Nadel., 1997). Genetic variability among
wheat genotypes in response to excess boron maksgle the development of
high-yielding boron tolerant cultivars (Nable 1988jang and Graham 1990; Kra-
ljevi¢-Balali¢ et al., 2004).

The objective of this study was to investigaterdgponse to excess boron in
12 high-yielding wheatTfiticum aestivum L.) cultivars developed at the Institute of
Field and Vegetable Crops in Novi Sad.

Materials and Methods

The experimental material included twelve highdiimj wheat cultivars
developed at the Institute of Field and Vegetabigp€in Novi Sad (Pesma, Bale-
rina, Sofija, Kantata, Simonida, Partizanka, KoS8tanata, Helena, Milijana, Rapso-
dija, Nevesinjka). The material was chosen withaime to determine whether there
was a variability regarding boron tolerance amamgektic wheat genotypes.

The trial was conducted by the method proposed tlgntachumeet al.
(1995), including germination of 1200 wheat kernpkxr genotype, growth of
seedlings on filter paper soaked with different@@trol, normal boron supply, 50 (B
50), 100 (B 100) and 150 (B 150) mgB®s/l) concentrations of boric acid solutions
and the assessment of root growth suppressiondetron treatments. The length
of the longest seedling root was measured andssanple included 50 seedlings, in
5 replications.

The kernels have been surface sterilized prior éomgation, pre-
germinated at % for 48 hours and at 38 for 24 hours. Seedlings have grown
in dark, at 18C, for eleven days. Both control and treatmenttsmhs included
0.5 mM Ca(NQ@)x4H,0, 0.0025 mM ZnSgx7H,O and 0.015 mM EBOs.

Selection criterion for boron tolerance was roabwgh suppression at
treatments as compared to control (RGS-%, cont6j=@&nd cultivars were
separated by hierarchical cluster analysis interanit and sensitive groups. ANOVA
method was performed and mean values and standand ef the mean were
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calculated for the analyzed traits. All calculasipimcluding grouping by hierarchical
cluster analysis, were performed using STATISTICAsbftware package.

Results and Discussion

As root growth suppression (RGS) is a pronouncedpsym of boron
toxicity in wheat, twelve analyzed NS wheat cultszavere divided into boron
sensitive and boron tolerant groups on the basiaveffage RGS at boron
treatments (B 50, B100 and B150) as compared todhtol.

The grouping was performed by hierarchical cluatedysis and two distinct
groups were noticed. Cultivars Pesma, BalerinajjeéGdfantata, Simonida, Parti-
zanka and KoSuta were classified as boron sensitivée cultivars Sonata, Helena,
Milijana, Rapsodija and Nevesinjka may be consifleseboron tolerant. Both boron
tolerant and sensitive groups were divided intoessdvsub-groups, implying
differences in the levels of boron toxicity tolezaror susceptibility within groups.
For example, cultivar Pesma itself makes up onekigter in the sensitive genotype
group, which might be recognized as a sub-clusteveoy sensitive genotypes
(Diagram 1.). The variability detected within theogp of 12 NS wheat cultivars
confirms that boron toxicity tolerance in wheat has been bred at the Institute of
Field and Vegetable Crops in Novi Sad. It also icod the very wide genetic
variability, at least with respect to toleranceskezess boron, of the material that has
been used in wheat breeding programs.
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Diagram 1.Cluster analysis diagram for root grostppression at boron treatments
(average) in twelve NS wheat cultivars

ANOVA was performed in order to examine differenicegheat root length
under normal (RL O-control) and excessive (RL 50, 10, RL 150-treatments)
boron supply. Average root growth suppression atrbtreatments (RGS) was also
included in ANOVA calculations.
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ANOVA did not reveal significant differences betwegroups of tolerant
and sensitive genotypes regarding RL 0, althoughrdit varied significantly within
both groups. The interval of variation was 3.8 amiforon sensitive and 4.9 cm for
boron tolerant genotypes (Table 1.). This sugdbatgoot length of wheat optimally
supplied with boron per se does not indicate bttamance or susceptibility. This is
in accordance with the results reported on whehari@chumest al., 1995) and
barley (Rehmat al., 2006).

Table 1. Root length in the control (RL 0), boroeetments (RL 50, RL 100, RL 150)
and root growth suppression (RGS-average for trewatish in groups of boron sensitive
(S) and boron tolerant (T) NS wheat genotypes

genotype group RL O RL 50 RL 100 RL 150 RGS
Pesma S 12.5 10.8 9.6 5.7 30.7
Balerina S 14.9 11.4 10.4 9.9 28.0
Sofija S 13.4 11.6 9.8 7.8 27.2
Kantata S 11.1 11.1 7.3 6.3 25.2
Simonida S 12.4 12.1 8.4 7.4 245
Partizanka S 14.6 13.5 11.6 8.4 23.3
KoSuta S 11.4 10.7 8.5 8.1 20.2
mean 12.9 11.6 9.4 7.7 25.6
SE of mean 0.3 0.3 0.3 0.3 1.4

F-values from ANOVA (within group of boron senséigenotypes)
7.49% 2.02 ns 9.36* 10.17* 0.85 ns

Sonata T 10.3 10.6 9.3 55 16.9
Helena T 12.5 12.2 10.7 8.0 16.8
Milijana T 11.6 10.9 10.9 7.6 15.6
Rapsodija T 13.8 13.6 11.6 9.7 15.2
Nevesinjka T 15.2 16.3 13.1 9.2 14.8
mean 12.7 12.7 11.1 8.0 15.8
SE of mean 0.4 0.5 0.3 0.3 1.6

F-values from ANOVA (within group of boron tolerag¢notypes)

18.11* 18.75** 8.57* 23.34* 0.07 ns
F-values from ANOVA (between groups)

0.26 ns 4.59* 16.69* 0.66 ns 21.31*

ANOVA demonstrated significant differences in ritgth between groups
at treatments B 50 and B 100. However, groups lefant and sensitive wheat
cultivars did not differ significantly in root letigin the B 150 treatment. Therefore,
it may be unnecessary to treat wheat seedlingshwithn concentrations that are as
high as 150 mg ¥BO-/I.

Root length in boron treatments varied signifigantithin both groups,
being in conformity with expectations, considerihg variation in root length within
groups under normal boron supply. The only excaptas RL 50 in the sensitive
genotype group.

There were no significant differences in root gfowuppression (RGS)
within groups of sensitive and tolerant genotyp®SOVA detected significant
differences between groups, which was also thectagpheesult, as the grouping was
performed by hierarchical cluster analysis.
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Boron tolerant wheat cultivars (Sonata, Helena,ijia, Rapsodija and
Nevesinjka) identified in this trial can be expéaitfor the purpose of creating new
high-yielding cultivars that can grow and yield looron-laden soils. However, the
range between boron toxicity and deficiency is owaer than that for any other
element (Eaton 1944). For wheat, soil boron comatohs below 0.5 ppm mean
deficiency, however, only a few ppm may be exceséiauet al., 1994). There is a
guestion if, for the same genotype, tolerance tegxboron at the same time means
inefficiency in boron utilization, or in other wardsusceptibility to boron deficiency
(Paullet al. 1993, Punchana 2003). Therefore, the genoty@eadatikrized by longer
roots at B 50 treatment with regard to control g@anNevesinjka) may be boron
inefficient. Considering the 0 to 15.9 ppm B ratigat was reported for 1,600 soil
samples symmetrically distributed in Vojvodina (Midaet al., 1993), cultivars
Helena, Milijana and Rapsodija may be recommendedgood starting material for
breeding boron tolerant wheat genotypes. Howewerder to examine the impact of
various environmental factors, the cultivars hawebé previously tested in field
conditions.

Conclusions

Twelve NS wheat cultivars were divided by hierazahtluster analysis into
boron tolerant and sensitive groups on the basiserfige root growth suppression at
three boron treatments. Cultivars Pesma, BaleBofija, Kantata, Simonida, Parti-
zanka and KoSuta were classified as boron senstBeeata, Helena, Milijana,
Rapsodija and Nevesinjka may be considered as talsyant.

Because longer roots at treatment B 50 as compmuehtrol (normal boron
supply) were measured for cultivars Sonata and gilgke, they may be boron
inefficient. Therefore, cultivars Helena, Milijaaad Rapsodija may be recommended
as a good starting material for breeding boromaoke in wheat.

Prior to crossings, the results of this laboratdat have to be confirmed in
field conditions.
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TOLERANCIJA 12 NS SORTI PSENICE NA SUVISAK BORA
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Rezime

U koncentraciji vi5oj od optimalne mikroelement ooZe uzrokovati zna-
¢ajne gubitke prinosa pSenice. Jedan od nepovdadfieikata bora na pSenicu je redu-
kcija rasta korena. Naklijavanjem na filter papitaviazenom rastvorima ;BO;
koncentracija 0, 50, 100 i 150 mg/l ispitan je stepedukcije rasta korena kod 12 so-
rti pSenice poreklom iz Instituta za ratarstvovntarstvo u Novom Sadu. Utiena je
znaajna varijabilnost ispitivanih sorti u pogledu rkdie rasta korena u prisustvu
suviSka bora. Hijerarhijskom klaster analizom j@3eno grupisanje genotipova na
osnovu fenotipske glosti za dato svojstvo i tene su dve fenotipske grupe. Sorte
Nevesinjka, Rapsodija, Milijana, Helena i Sonatdsgpoljile tolerantnost na suvisak
bora, dok je korenov sistem sorti Ko3uta, Partiaa8kmonida, Kantata, Sofija, Bale-
rina i Pesma osetljiv na visoke koncentracije cslegnenta.
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