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In vi tro eval u a tion of bo ron tol er ance in wheat 
(Triticum aestivum L.) ge no types
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Sum mary: Wheat tol er ance to high bo ron con cen tra tions was de ter mined us ing ma ture em bryo
cul ture. The test ing was per formed on a mod i fied MS nu tri ent me dium to which bo ric acid was
added in two con cen tra tions: 15 mM and 30 mM. The con trol me dium con tained no ex cess bo ric
acid. The ex per i ment in volved 14 Ser bian va ri et ies. Af ter one month of cul ti va tion cal lus fresh
weight (CFW) was mea sured and re duc tions of fresh cal lus weight (RFCW) at bo ron (B) con cen tra -
tion of 15 mM in re la tion to the con trol were cal cu lated. The ge no types dif fered sig nif i cantly ac -
cord ing to their re ac tion to dif fer ent B con cen tra tions. Six ge no types had RFCWs be low 50.0 %,
while eight ge no types had RFCWs above 50.1 %. Cultivars Nevesinjka and Pesma were con sid ered
the most tol er ant ge no types, while cultivars Balada and Vila were the most sen si tive. The re sults
con firmed that dif fer ences in ge no type re ac tions to ex cess B are vis i ble at the cel lu lar level and
that they may serve as a se lec tion cri te rion.
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In tro duc tion

Bo ron is one of the seven microelements
es sen tial for plant growth and de vel op ment.
Its def i cit in higher plants causes mor pho log -
i cal and phys i o log i cal changes, which may re -
duce yields of crop plants (Lazarevi} et al.
2003, Ziaeyan & Rajaie 2009). The range be -
tween op ti mal and ex cess B con cen tra tions
in plants is small. Long-term fer til izer ap pli -
ca tion or anthropogenic pol lu tion bring
about B ex cess rel a tively quickly, even in
plants that re quire in creased B amounts,
such as sugar beet and spin ach (Nable et al.
1997).

Grow ing tol er ant plant spe cies and iden -
ti fi ca tion of highly tol er ant ge no types are the
best ways to over come the prob lems caused
by high B con cen tra tions in the soil (Torun et 
al. 2006). In cor po ra tion of B tol er ance into
ex ist ing high-yield ing cultivars and de vel op -

ment of new spe cial-pur pose cultivars could
sig nif i cantly in crease pro duc tion po ten tials
of re gions in which bo ron-rich soils oc cupy
large ar eas.

Con ven tional meth ods used in breed ing
pro grams for plant eval u a tion for B tol er ance 
are la bor in ten sive and prone to ex per i men -
tal er ror. In spite of these lim i ta tions, no ta ble 
suc cess has been achieved in wheat breed ing
for tol er ance to ex cess B (East wood et al.
2004). How ever, it is of ten con sid ered de sir -
able to have a con trolled-en vi ron ment
screen ing sys tem, in which plant re ac tion
could be eval u ated uni formly and rap idly.
Meth ods of in vi tro cul ture are fre quently
used as sup ple ment to clas si cal breed ing
meth ods for tol er ance to abiotic stresses
(Huang & Gra ham 1990, Stoddard et al.
2006).

In an at tempt to find a rapid method for B 
tol er ance eval u a tion in a large num ber of
wheat ge no types, in vi tro zy gotic em bryo
cul ture was used in this study. The ob jec tives
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of the study were: (1) to de ter mine the ef fect
of dif fer ent B con cen tra tions on cal lus
growth, (2) to check if it is pos si ble to de ter -
mine dif fer ent lev els of B tol er ance at the cel -
lu lar level in wheat ge no types and (3) to as -
sess the ap pli ca bil ity of the method in wheat
breed ing for tol er ance to high B con cen tra -
tions.

Ma te ri als and meth ods

In vi tro test

In this study 14 wheat (Triticum aesti -
vum L.) cultivars (Pobeda, Nevesinjka, Vene -
ra, Renesansa, Balada, Ljiljana, Kantata, So -
nata, Simfonija, Rapsodija, Pesma, Cipovka,
Vila and Balerina) were an a lyzed. The ma te -
rial for em bryo iso la tion was bi o log i cally ma -
ture wheat seeds, which had been soaked in
dis tilled wa ter for four hours. Sur face ster il -
iza tion was done with Clorox (5.25 % so lu -
tion of NaClO) di luted with four parts of ster -
ile dis tilled wa ter for 30 min utes. The em -
bryos were iso lated to gether with the
scutellum and rinsed (3x) in Clorox di luted
with nine parts of ster ile dis tilled wa ter. Af ter
rins ing, the em bryos were im mersed in a so -
lu tion of strep to my cin (250 mg l-1) and pen i -
cil lin (600 mg l-1) for 30 min utes.

Af ter ster il iza tion and iso la tion, the em -
bryos were placed onto a mod i fied MS
(Murashige & Skoog 1962) nu tri ent me dium. 
The me dium con tained the stan dard MS min -
eral so lu tion, 0.6 % agar, 3 % su crose, and it
was sup ple mented with the fol low ing growth 
reg u la tors: 2.4-dichlorophenoxyacetic acid
(2.4-D) - 1.5 mg l-1; naphthylacetic acid (NAA) 
- 0.5 mg l-1, thi a min - 0.5 mg l-1 and glutamine
- 150 mg l-1. Bo ric acid was added to the me -
dium in two con cen tra tions, 15 mM and 30
mM, while the me dium for con trol group
con tained no ex cess bo ric acid. The ex per i -
ment was con ducted in five rep li ca tions.
Each rep li ca tion con sisted of one tube
(10x100 mm) con tain ing two em bryos. Fresh 
cal lus weight (FCW) was mea sured af ter two
months of cul ti va tion. The en tire ma te rial
was cul ti vated in a growth cham ber, at con -
stant tem per a ture (25-27 oC), 1.500 lx and a
16/8h light/dark photoperiod.

Data pro cess ing

All re sults were pro cessed in the sta tis ti -
cal pro gram Statistica 7 (StatSoft, Inc. Cor po -
ra tion, Tulsa, OK, USA). Be fore ap ply ing the
anal y sis of vari ance, ho mo ge ne ity was ver i -
fied by Hartley, Cochran and Bart lett tests. If
the tests in di cated as nec es sary, ap pro pri ate
data trans for ma tions and ad e quate vari ance
analysis models were applied.

Re duc tion of fresh cal lus weight (RFCW)
on the me dium with 15 mM bo ric acid, com -
pared against the con trol, served as an in di ca -
tor of ge no type tol er ance to ex cess B. Re duc -
tion was cal cu lated by the formula:

RFCW = 100 -
 FCW(15 mM) x 100

FCW(con trol)

where:
RFCW - re duc tion in fresh cal lus weight
FCW(15 mM) - fresh cal lus weight at the

me dium with 15 mM bo ric acid
FCW(con trol) - fresh cal lus weight at the

con trol me dium

Re sults and dis cus sion

Ta ble 1 shows the re sults of mea sure -
ment of fresh cal lus weight of the 14 wheat
ge no types from the in vi tro test. Af ter the
trans for ma tion the ho mo ge ne ity of the vari -
ances was achieved and the trans formed data
were used in the anal y sis of vari ance (Fac to -
rial ANOVA). The growth of cal lus tis sue, ex -
pressed by FCW, was found to be un der
highly sig nif i cant ef fects of the ge no type, the
me dia with the dif fer ent B con tents, and their 
in ter ac tions (Tab. 2).

The pres ence of ex cess B in the nu tri ent
me dium in hib ited the growth of wheat calli.
When av er age val ues for the 14 ge no types are 
con sid ered (Fig. 1), a sig nif i cant re duc tion of
FCW in re la tion to the con trol group can be
noted al ready in the first treat ment, i.e.,
when 15 mM bo ric acid was added to the me -
dium. The av er age FCW of 13.7 mg, in the
me dium with15 mM bo ric acid, was a re duc -
tion by 61.1 % in re la tion to the con trol. Fur -
ther in crease of bo ric acid con cen tra tion to
30 mM, caused an even higher in hi bi tion of
FCW. The av er age FCW of 6.7 mg, at this B
con cen tra tion, was a re duc tion by 81.0 % in
re la tion to the con trol.
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Tab. 1. Fresh cal lus weight (FCW) of 14 wheat ge no types at dif fer ent treat ments: 1 - con trol me dium
with out ex cess B, 2 - with 15 mM bo ric acid and 3 - with 30 mM bo ric acid; and re duc tion of
fresh cal lus weight (RFCW) at the con cen tra tion of 15 mM bo ric acid

Tab. 1. Sve`a masa kalusa (SMK) kod 14 genotipova p{enice na razli~itim tretmanima: 1 - kontrolna
podloga bez suvi{ka B, 2 - sa 15 mM borne kiseline i 3 - sa 30 mM borne kiseline; kao i redukcija 
sve`e mase kalusa (RSMK) na koncentraciji od 15 mM borne kiseline

Tab. 2. Fac to rial ANOVA for ef fects of ge no type ("Var. 1"), bo ron con cen tra tion ("Var. 2") and their in -
ter ac tion ("Var. 1" * "Var. 2") on fresh cal lus weight of 14 wheat ge no types

Tab. 2. Fartorijalna ANOVA za efekat genotipa ("Var. 1"), koncentracije bora ("Var. 2") i njihove
interakcije ("Var. 1" * "Var. 2") na sve`u masu kalusa kod 14 genotipova p{enice

Most of the tested ge no types re acted in ac -
cor dance with the av er age re ac tion. How ever,
five ge no types (Venera, Renesansa, So nata,
Simfonija, Rapsodija) showed no sig nif i cant
dif fer ence in FCW be tween the con trol and
the me dium with 15 mM bo ric acid (Fig. 1),
mainly be cause of their poor cal lus ing abil ity
al ready on the con trol me dium (Tab. 1).

A com par i son of ge no type re ac tions to
the ap plied B con cen tra tions showed that
high cal lus growth in hi bi tion oc curred in all
ge no types with the B con cen tra tion of 30 mM 
(Fig ure 1). Ob vi ously, this con cen tra tion was

not suit able for ge no type rank ing based on
their tol er ance to ex cess B. The av er age re ac -
tion of the ge no types to both B con cen tra -
tions also showed not to be suf fi ciently dis -
crim i nat ing. There fore, the ge no type re ac -
tion to 15 mM bo ric acid was used as an ac -
cept able in di ca tor of tol er ance to B ex cess
(Tab. 1). Since the data on RFCW were ex -
pressed in percents, trans for ma tion was per -
formed prior to sta tis ti cal anal y sis. The
One-Way ANOVA in di cated that there is
highly sig nif i cant genotypic ef fect on RFCW
(Tab. 3).
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No.
Br.

Ge no type
Genotip

FCW / SMK
(mg) RFCW / RSMK

(%)
1 2 3

1 Pobeda 72.7 20.0 9.3 72.5

2 Nevesinjka 82.4 45.5 8.8 44.7

3 Venera 13.1 4.8 3.9 63.0

4 Renesansa 20.9 11.3 3.9 45.6

5 Balada 44.5 5.7 15.6 87.1

6 Ljiljana 20.2 6.6 4.4 67.4

7 Kantata 29.1 7.3 5.7 74.8

8 So nata 16.7 9.4 3.4 43.7

9 Simfonija 20.7 17.9 5.5 13.5

10 Rapsodija 13.4 8.0 2.6 39.9

11 Pesma 29.6 16.7 7.2 43.5

12 Cipovka 31.0 13.5 6.2 56.4

13 Vila 59.8 12.5 10.6 79.1

14 Balerina 38.5 12.7 6.4 66.9

Mean / Prosek 35.2 13.7 6.7 57.0

Ef fect / Efekat SS Df MS F P

In ter cept 28873.83 1 28873.83 1877.125 0.000**

"Var. 1" 9161.23 13 704.71 45.814 0.000**

"Var. 2" 12343.52 2 6171.76 401.234 0.000**

"Var. 1" * "Var. 2" 6647.10 26 255.66 16.621 0.000**

Er ror / Gre{ka 646.04 42 15.38



Fig. 1. Ef fect of dif fer ent bo ron treat ments (1 - con trol me dium with out ex cess B, 2 - with 15 mM
bo ric acid and 3 - with 30 mM bo ric acid) on fresh cal lus weight (FCW) of 14 wheat ge no types.

Ver ti cal bars de note 0.95 con fi dence in ter vals.
Graf. 1. Uticaj razli~itih tretmana borom (1 - kontrolna podloga bez suvi{ka B, 2 - sa15 mM
borne kiseline i 3 - sa 30 mM borne kiseline) na sve`u masu kalusa (SMK) kod 14 genotipova

p{enice. Vertikalne linije ozna ~avaju 0,95 in ter val poverenja.

Tab. 3. One-Way ANOVA for ef fect of ge no type on 
re duc tion of fresh cal lus weight (RFCW) of 
14 wheat ge no types

Tab. 3. Jednofaktorijalna ANOVA za efekat
genotipa na redukciju sve`e mase kalusa
kod 14 genotipova p{enice

Ef fect /
Efekat

SS Df MS F P

In ter cept 67846.83 1 67846.83 9216.528 0.000**

Ge no type/ 
Genotip

3904.80 13 300.37 40.803 0.000**

Er ror /
Gre{ka

103.06 14 7.36

For ma tion of FCW was af fected by ge no -
type’s tol er ance to ex cess B as well as by its
cal lus ing abil ity in in vi tro cul ture, ex pressed 
at the con trol me dium. Be cause of that, the
clas si fi ca tion of ge no type into the cer tain tol -
er ance level was cor rected de pend ing on its
cal lus ing abil ity on the con trol me dium.
Thus, out of seven ge no types which should

be clas si fied as the tol er ant, ac cord ing to the
RFCW val ues be low 50 % (Fig. 2), only two
ge no types (Nevesinjka and Pesma) ex pressed 
suf fi cient level of B tol er ance. The other ge -
no types from the tol er ant group (Renesansa,
So nata, Simfonija, Rapsodija, Cipovka) had
low cal lus ing abil ity on the con trol me dium
and their level of B tol er ance should be
checked by other meth od ol o gies.

The an a lyzed ge no types were found to
ex hibit dif fer ent cal lus ing rates on the con -
trol me dium and dif fer ent re ac tions to the
ap plied con cen tra tions of bo ric acid. In the
ma jor ity of ge no types fresh cal lus weight de -
creased sig nif i cantly with in crease in the bo -
ric acid con cen tra tion, both with re spect to
the con trol and be tween groups. The ob -
tained re sults are in agree ment with the re -
sults that Huang and Gra ham (1990) ob -
tained for wheat, Ismail (2003) for corn and
peas, Molassiotis et al. (2006) for ap ple and
Rajaie et al. (2009) for lemon.
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Fig. 2. Re duc tion of fresh cal lus weight (RFCW) of 14 wheat ge no types at the con cen tra tion 
of 15 mM bo ric acid. Ver ti cal bars de note 0.95 con fi dence in ter vals

Graf. 2. Redukcija sve`e mase kalusa (RSMK) kod 14 genotipova p{enice pri koncentraciji 
od 15 mM borne kiseline. Vertikalne linije ozna~avaju 0,95 in ter val poverenja

The in vi tro cul ture test showed sig nif i -
cant dif fer ences among the ge no types re -
gard ing their tol er ance to in creased B con -
cen tra tions. This con firmed ear lier find ings
that dif fer ences in ge no type re ac tion to the
toxic ef fect of B are vis i ble at the cel lu lar level
and that they may serve as a se lec tion cri te -
rion (Mouhtaridou et al. 2004, Kondic-Spika
et al. 2006, Kondic-Spika et al. 2007, Mar ti -
nez-Ballesta et al. 2008).

The ob tained re sults on tol er ance lev els
of in di vid ual ge no types are in agree ment
with the study of Kraljevic-Balalic et al.
(2002) who de ter mined B con cen tra tion in
leaves of 30 wheat ge no types at the head ing
stage. They con cluded that cultivars Neve -
sinjka, Kalyan Sona and Pe king 11 may serve
as ad e quate sources of tol er ance to ex cess B
as well as par ent com po nents in breed ing
pro grams. Our find ings about the cultivar
Nevesinjka are in full agree ment with their re -
sults, as well as with the re sults of Brdar et al.
(2008).

Cultivar Pobeda was char ac ter ized as sen -
si tive ge no type in our study, as well as in the
study of Brdar et al. (2007). Au thors Kra lje -
vic-Balalic et al. (2002) clas si fied this cultivar
in the group of me dium tol er ant ge no types.
Dif fer ent con clu sions about the level of tol er -
ance of some ge no types could be ex plained
by dif fer ent meth od ol o gies, phys i o log i cal
stages, B con cen tra tions ap plied and the time 
of anal y sis, dif fer ent se lec tion cri te ria used in
the stud ies, or by the ex per i men tal er ror ob -
tained in one of the stud ies.

There are many ad van tages of us ing in vi -
tro cul ture as a method for B tol er ance
screen ing. It is rapid and pro duces an ob jec -
tive met ric value that can be sta tis ti cally an a -
lyzed. The method is also re pro duc ible and,
as it is con ducted un der con trolled en vi ron -
ment, it is not sub ject to sea sonal vari a tions
which in flu ence glass house and field ex per i -
ments. The method of in vi tro em bryo cul -
ture en ables a uni form and rapid as sess ment
of plant re ac tion to stress and it could be rec -
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om mended for screen ing a large num ber of
ge no types for breed ing pur poses. Just a small 
num ber of po ten tially tol er ant ge no types, se -
lected in in vi tro test, should be checked in a
filed ex per i ment, in or der to con firm or re -
ject the ob tained re sults.
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In vi tro evaluacija tolerantnosti genotipova p{enice 
(Triticum aestivum L.) prema boru

Ankica Kondi}-[pika, Borislav Kobiljski, Milica Marjanovi}, Nikola Hristov
Institut za ratarstvo i povrtarstvo, Maksima Gorkog 30, 21000 Novi Sad

Izvod: Tolerantnost p{enice prema visokim koncentracijama bora ispitana je primenom
kulture zrelog embriona. Testiranje je vr{eno na modifikovanoj MS hranljivoj podlozi, kojoj je
borna kiselina dodata u dve koncentracije: 15 mM i 30 mM. Kontrolna podloga nije sadr`ala
bornu kiselinu u suvi{ku. Eksperiment je izveden na 14 sorti p{enice proizvedenih u Srbiji.
Posle mesec dana gajenja na podlogama izmerena je sve`a masa kalusa (SMK) i izra~unata
redukcija sve`e mase kalusa (RSMK) na podlozi sa 15 mM borne kiseline, u odnosu na
kontrolu. Genotipovi su se zna~ajno razlikovali u pogledu njihove reakcije na razli~ite
koncentracije bora. [est genotipova imalo je RSMK ispod 50,0 %, dok je osam genotipova
imalo RSMK iznad 50,1 %. Sorte Nevesinjka i Pesma ocenjene su kao najtolerantnije, dok su
sorte Balada i Vila bile najosetljivije na prisustvo bora u podlozi. Rezultati su potvrdili da su
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reakcije genotipova p{enice na suvi{ak bora vidljive i na }elijskom nivou, te da se ova reakcija
mo`e koristiti kao selekcioni kriterijum za procenu tolerantnosti na bor.
Klju~ne re~i: p{enica, suvi{ak bora, tolerantnost, zreli embrioni
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