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ABSTRACT

Excess of boron in soil and irrigation water is g@es constrain to crop production in many areathef
World as well as in Turkey. A pot experiment was eafout with to screen safflower cultivars in order t
investigate the effects of boron toxicity stresseanly growth and ions composition. Three safflowdtic
vars Carthamus tinctorius cv. Balci, Yenice, Remzi Bey) were grown in pots eimihg alkaline and po-
tassium rich soil, additionally supplemented with408, 16, 32, 64 and 128 mg kdoron. Chlorophyll
content of all cultivars decreased with excessiv@tdevels. Plant height, shoot fresh and dry wesigr
nificantly increased at 4 mg Kgboron level followed by sharp decline with the otlreatments. Boron
content of cultivars increased and the highest amaas observed at 128 mg kdporon level. Sodium
content of all cultivars gradually increased witlergmse in B concentration. Whereas, potassium alhd c
cium content reduced with increased B. Phosphoraotenb of all cultivars were least at 128 mg kg loro
level. Results revealed that cv. balci appearemlevant to boron in soil up to 32 mgk@nd can be rec-
ommended for growing and breeding material for barcm soils of Central Anatolia.
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INTRODUCTION

Boron (B) is an important micronutrient that isrequired for reproductive organs and also for flowe
found in very low quantity mainly in the cell wallsing and seed set.
and reproductive organs and regulate the plant Excessive B can inhibit plant growth and produc-
growth. Availability of B is essential for plants @l tivity in arid and semi arid environment [Metwaby
stages of growth. Boron has important role in sugial. 2012]. B toxicity is a chronic problem of sod$
transport [Tariq et al. 1993] and provides intggtd  Central Anatolian region where under ground water,
cell wall structure and their functions including-l water from streams or rivers near geothermal areas
nification and cell wall synthesis [Brown et al.0Z). and earthquake faults (Aksaray, Kizilcahamam,
It also plays an important role in carbohydraterfar Haymana etc. and its surrounding areas etc.) gontai
tion, respiration, phenol, indole acetic acid (IA#)d B in toxic amounts with more than 10 mg kd
ribose nucleic acid (RNA) metabolism [Ayvaz et alconcentration [Gezgin et al. 2002]. A report by
2012]. However, relatively more quantity of B isGezgin et al. [2002] revealed the availability of
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0.01-63.90 mg Kg and 0.012-13.70 mg@'IB in soil cultivated under Central Anatolian (hot Mediterra-
and water, respectively, in the samples colleatechf nean/dry-summer subtropical climatic; Koéppen-
seven different provinces of Central Anatolia. Fur-Geiger classification: Csa) conditions. To ourtbes
thermore, continuous application of fertilizers eonknowledge, there is no report to date which pravide
taining B, fly ash released by electric power m@antinformations about B requirement by safflower.
surface mining and industrial application have alsThe study was designed with aim to screen the saf-
increased B levels in the soils [Kabata-PendiadR00 flower cultivars to B toxicity at early growth s&gn
Boron is relatively immobile in plant, and itsorder to find the best cultivar for B rich soils ©&n-
excess cause malfunction in growth. Boron toxicittral Anatolia region.
can affect nearly all crops that have differentgen
of tolerance. Excessive amount of B exert negatinMATERIALS AND METHODS
effect on number of plant species like reduced
photosynthetic  efficiency in sunflower leavesExperimental design and growth conditions
[El-Shintinawy 1999], reduced chlorophyll contenti  Turkish safflower cultivars ‘Balci, ‘Yenice’ and
cotton older leaves [Ahmed et al. 2008], decreas¢tRemzi Bey' were grown under controlled tempera-
fresh and dry matter and increased B concentrafionture (24 +1°C), humidity (45%) and 16 h light photo
sunflower shoots [Day 2016a, 2016b], decreastperiod in greenhouse conditions. The soil usedhén t
height and shoot growth [Paull et al. 1990] andigel experiment was clay in texture (sand/clay; 23 :b,
in development of wheat [Paull et al. 1988], dedry weight) with 12.0 g kg organic matter (Walkley-
creased yield of radish [Tariq and Mott 2006], téena -Black), 1.1 g kg total nitrogen (Kjeldahl), 11 mg Ky
[Eraslan et al. 2007], rice [Koohkan et al. 2008§la sodium bicarbonate (NaHGRavailable P, 71.5 g kY
barley [El-Feky et al. 2012]. Boron toxicity alsash calcium carbonate (CaGp 0.18 mg kg B and
an impact on uptake of other micro or macro ele250 mg kg' amonium acetate (NJDAc)-extractable
ments such as K, Ca, Mg and Na concentration [TaiK (rich in potassium). The pH of the experimental
and Mott 2006] in plants. soil was 7.9 (1 : 2.5 soil/water) with a saturation
Safflower Carthamus tinctorius L.) is an impor- extract of 0.19 dS m electrical conductivity (EC).
tant oil seed crop of Central Anatolia that caertale The water used in the experiment was analysed
drought, which is the common feature of the regiotaccording to Maxfield and Mindak [1985] and found
Some part of Central Anatolia region is under thre:B free with 47.5 mS ch electrical conductivity (EC)
due to B toxicity and considered as the major cowvalue (WTW 3.15 conductivity meter). The soil char-
straints for crop production. Leaching of B fronil so acteristics were determined according to methods
profile or application of some organic compounds tdetailed in Page et al. [1982].
immobilize is an expensive way of decreasing Blleve Pots made from polyvinyl chloride (17.0 cm deep
of soil and plants can also be used to overcome tx 16 cm top diameter x 11 cm bottom diameter and
problem that show different tolerance range [Melapproximately 2.3 L in volume) lined with polyethyl
wally et al. 2012]. Safflower could be used to somene bags were filled with 2 kg air-dried experina¢nt
extend in reducing B level of soil in Central An&to soil. After application of respective doses of boas
The factors affecting B content in plant include EH;BO;dissolved in water, basal doses of nitrogen (N)
concentration, moisture, soil type (pH, organicterat and phosphorus (P) were also applied at the rate of
content, texture, and alkalinity/calcareousness) ail00 and 50 mg Kg dissolved in water, respectively,
plant species [Kabata-Pendias 2001]. Under thewere left to dry. Thereafter, the soil in each pais
circumstances, screening of suitable safflowerevarimixed uniformly to get uniform distribution of B dn
ties to B provides an alternate to grow B tolerarother nutrients prior to sowing. Each pot filledthwi
plants without significant reduction in yield. Fur-soil was planted with four seeds. Each treatmerst wa
thermore, it is possible to check the B toxicity orreplicated five times with one plant per replictitat
uptake of P, Ca, K, Na and B by safflower cultivarwas maintained after thinning. Plants were grown fo
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8 weeks after emergence and water content of the sversity) and the significance of differences among
was maintained at 70% of field capacity by irriggti treatments was tested using the Duncan’s Multiple
with B free water during the experiment. Range Test at the 0.01 probability level.

Sampling and measurements RESULTS

After 8 weeks of growth in the greenhouse, chlo-
rophyll content index (CCl) was estimated with Results on CCI clearly deflected the clear impact
a hand-held chlorophyll meter (CCM-200 plus, Opti(P < 0.05) of B levels on all cultivars that was gradu
Sciences Inc., Tyngshoro, MA, USA). Five matureally decreased with the increased B level for cv.
leaves from each plant were selected and measuRemzi Bey and cv. Yenice compared to control
with  CCM-200 plus [Al-Shatti et al. 2014]. Five treatments. Contrarily, increased CCI contents were
repetitions were made for sampling to avoid chlorcrecorded up to 8 mg B Kytreatment in cv. Balci
plasts movement and measurements were made eifollowed by sharp decline. The lowest chlorophyll
in the morning at 8.00-9.00 Turkish Standard Timeontent values for all cultivars were obtained at
Plant height of the shoots were measured at the €128 mg B kg treatment. Comparing cultivars, cv.
of the experiment just before harvesting the plants Balci was more responsive to B compared to other

Harvested shoot samples were washed twice Wicultivars and showed maximum CCI value on all B
deionized water and shoots were weighed by usiiconcentrations (fig. 1).
sensitive electronic balance to obtain fresh wedaght All safflower plants showed survival when ex-
the shoots. Thereafter, shoots were immediateposed to all B concentrations used in this study.
placed individually in paper bags and left to dnan  Although, plant showed survival at highest B treat-
oven at 70°C for two days followed by measuring thment (128 mg Kkd), it resulted in significant reduc-
dry weight of the shoots. Dried samples were grourtion in plant growth for all cultivars. Among culti
into fine powder and kept in the dark at room tenvars, cv. Balci responded better at higher conaentr
perature until analysis. tion of 128 mg B kg and yielded plant height of

Boron (B), phosphorus (P), potassium (K), cal- 10.3 cm compared to cv. Remzi Bey and cv. Yenice
cium (Ca), and sodium (Na) ions analyses. The which were 8.7 cm and 3.51 cm, respectively. Con-
ground samples were weighed as 500 mg and therarily, maximum longer shoots were obtained at
were incinerated with the dry-ash method in a reuffl4 mg kg B from all cultivars. Comparing cultivars,
furnace at 500°C for 6 h. The ash was dissolved cy. Yenice produced shorter shoots on all me-
0.1 M hydrochloric acid (HCI) and the nutrientsdiums supplemented with different B concentrations.
(B, P, K, Ca and Na) were analysed using ICP-OE|n general, shoot length ranged 10.3-31.6 cm for
(Perkin Elmer Optima 2100 DV; Waltham, MA) ascyv. Balci, 8.7-25.5 cm for cv. Remzi Bey and 3.5—

described by Cikili et al. [2015]. 20.6 cm for cv. Yenice (tab. 1).
The addition of B exerted positive effects on
Analysis of data shoot fresh weight and dry weight when applied at

The experimental layout consisted of completelthe rate of 4 mg B Kd. Maximum fresh weight was
randomized factorial design with three safflowerecorded 7.77, 6.90 and 5.73 g plaftab. 1) for cv.
cultivars (Balci, Yenice and Remzi Bey), and seveBalci, cv. Remzi Bey and cv. Yenice, respectively.
B levels (0, 4, 8, 16, 32, 64 and 128 mg‘l)chhis Whereas, maximum dry weight for Balci, Remzi Bey
experimental plan generated 21 treatments. Eaand Yenice was scored 0.80, 0.77 and 0.59 g plant
treatment was replicated 5 times and consisted respectively (tab. 1). It was also interesting tien
5 plants (replications). Data of the experimentewverthat both fresh and dry weight at 4 mg B kgyas
subjected to analysis of variance (ANOVA) usingelatively more than control. Results also revealed
MSTAT-C package program (Michigan State Unithat further increase of B concentration (8kgd
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Table 1. Growth parameters of safflower cultivars affectediifferent boron levels

Cultivar Added B Plant height Fresh weight Dry weight
(mg kg*) (cm) (g plant’) (g plant’)
0 27.0 b* 7.27 a* 0.77 a*
3l6a 7.77 a 0.80 a
8 24.4 bc 481b 0.43 cd
Balci 16 215cd 2.74 cd 0.27 ef
32 16.9 ef 2.63cd 0.25 ef
64 16.6 ef 1.21 ef 0.12 fgh
128 10.3 gh 0.68 f 0.07 gh
20.1 de 5.70b 0.51 bc
255b 6.90 a 0.77 a
8 19.8 de 342c 0.25 ef
Remzi Bey 16 18.5 de 2.55cd 0.22 efg
32 17.7 def 2.06 de 0.19 e-h
64 17.5 def 1.07 ef 0.12 fgh
128 8.7h 0.31f 0.04 h
0 17.8 def 476 b 0.52bc
20.6 cde 5.73b 0.59b
8 18.8 de 494 b 0.46 bc
Yenice 16 16.2 ef 4.60 b 0.45 bc
32 13.7 fg 2.98 cd 0.29 de
64 11.6 gh 2.18 de 0.24 ef
128 3.5i 0.31f 0.04 h

Different letters above columns indicate significatevels of means according to Duncan’s Multipéeée Test.
*-P<0.01

and above) was detrimental and resulted in reducshowed the same trend of increased content with in-
fresh and dry weight which showed decreased pattecrease of B concentration and maximum content was
with increased B concentration irrespective oficult scored 3905.8 mg Kyfor Balci and 1324.0 mg kg
var type. Negative impact of B on fresh and drfor Yenice at 128 mg K@, respectively. Contrarily,
weight was at peak when used at 128 mdg.kg maximum Na content by Remzi Bey cv. was re-
Mineral constituents of the plants. Results on B corded 2117.0 mg kbat 64 mg B kg
content of plants showed positive corelation with B K content of the cultivars decreased with the in-
doses which increased with increased B concenticreasing levels of added B that was recorded less t
tion with maximum content at 128 mg B kdreat- control for all cultivars. The minimum K content sva
ment for all cultivars. Among cultivars, maximum Bobtained from cv. Balci at 128 mg B Rgreatment
content (1835.2 mg kO was obtained from cv. and scored as 27.8 g RgThe Ca content of the cul-
Remzibey followed by cv. Yenice (1247.0 mg§g tivars declined with increase of B concentratiothwi
and cv. Balci (861.7 mg kY at 128 mg kgt of B. minimum content was recorded by the application
Results on Na content for cv. Balci and cv. Yenicof B up to 128 mg Kd. Ca content ranged 11.3-8.1,
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Table 2. Content of different nutrients of safflower cultisarnder different boron levels

Cultivar Added_P B L Na L K . Ca_ ) P .
(mg kg") (mg kg") (mg kg") (9 kg) (9kg) (9 kg)
0 55.5 g* 566 h* 67.7 abc* 11.3 abc* 3.2 b—e*
4 65.0 g 645 gh 60.2 a—e 9.8 efg 3.1cde
8 88.9¢g 780 fgh 65.2 a—d 9.4 fgh 3.1b-e
Balci 16 116.7 g 870 fgh 68.8 ab 8.1 hij 3.4 bed
32 229.6 f 1230 c-g 62.8 a—d 8.2 hij 3.5 bed
64 796.4 c 930 e-h 60.1 a—e 8.4 hij 2.6 de
128 861.7 c 3906 a 2789 73] 1.2f
0 55.2¢g 1025 d-h 721 a 10.4 b—f 3.2 b-e
4 76.9 ¢ 1750 bc 59.6 a—e 11.0a—e 3.4b-e
8 86.5¢g 1151 c-h 71.0a 10.2 cf 3.2b-e
Remzi Bey 16 1214¢g 1285 c—g 68.0 abc 9.9 ef 3.4 b-e
32 258.4 ef 1620 bcd 67.7 abc 10.0 def 3.6 bed
64 549.6 d 2117b 45.4 f 8.5 g-j 3.9 ad
128 1835.2 a 1557 b—e 46.0 ef 7.7 ij 2.9de
0 53.9¢ 753 fgh 69.2 ab 122 a 48a
4 70.6 g 780 fgh 53.9 cf 10.8 b—e 49a
8 86.5¢g 1180 c-h 55.8 b—f 11.5ab 4.4 ab
Yenice 16 1335¢g 888 fgh 58.6 a—f 10.2 c—f 4.3 abc
32 326.8 e 880 fgh 55.3 b—f 11.3 a—d 3.7 ad
64 473.4d 725 fgh 52.6 def 9.4 fgh 3.3b-e
128 1247.0b 1324 c—f 57.8 a—f 8.7 ghi 2.1¢ef

Different letters above columns indicate significaevels of means according to Duncan’s Multipéaée Test. * P < 0.01
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Fig. 1. Chlorophyll content index (CCI) of safflower cultigaunder different boron levels
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10.4-7.7 g kg dry weight and 12.2-8.7 g Kgdry 4 mg B kg™ Inhibited growth by B toxicity can lead
weight, respectively, for cv. Balci, Remzi Bey ancto multiple biotic and abiotic stresses that is tiein
Yenice. Results on P content of the shoots showreason of decrease in shoot fresh and dry weight: S
variable effects of B with respect to cv. type. Tigh- lar reduction in shoot fresh weight with the incieg

est P content was noted for cv. Yenice at 4 mg B kclevel of B was also observed in tomato and pepper
treatment with an average value of 4.9 g'Ktpb. 2). [Eraslan et al. 2007]. Reduction caused in shasthfr
Comparing cultivars, P content of Yenice cv. waweight by toxic B levels could be due to inhibition

relatively high up to 32 mg B k§concentration. cell growth and multiplication. A similar response
dry weight to excessive B has been reported in tvhea
DISCUSSION [Metwally et al. 2012] and cotton [Ahmed et al. 800

However, application of 4 mg B Kghad positive

Diversities among the cultivars for all the studieceffects on both fresh and dry weight compared te co
characters were observed under different B treaBnertrol treatment for all cultivars.
The chlorophyll content index showed differences In our study, higher levels of B resulted in higher
among cultivars that changed and decreased with B accumulation in plants but the variation was geno
increasing levels of B. Decrease in CCl at higlelled type specific in agreement with Atalay et al. [2D03
B especially at 128 mg kKhmight be due to accumula- B content in shoots of cv. Balci was recorded lower
tion of high B concentration in the old mature kesv than other genotypes at 128 mg’kB application to
that also led to necrosis on leaf edges. This niight soil. It was reported earlier that B content in the
due to introduction of B into the transpirationestm shoots of tolerant genotypes is lower than non-
that accumulates at the end of the stream [Tanadta éolerant genotypes [Nable et al. 1997, Reid ang Fit
Fujiwara 2008] that led to the excessive productibn patrick 2009]. It was further noted that accumolati
reactive oxygen species (ROS) causing damage of low B in some plants is due to the ability ofupd
cells in leaves and subsequently to cell deathi-Sinto limit B uptake by roots and carry it to shod&e[d
larly, negative effect of B on chlorophyll synttesias and Fitzpatrick 2009]. This study reports higher ac
also observed in potato by Ayvaz et al. [2016] and cumulation of B with the higher B treatments which
barley by El feky et al. [2012]. are in line with the studies of Karabal et al. [2])0

Low chlorophyll results in low photosynthesis ancRuiz et al. [2003], Cervilla et al. [2007] and Kerfz
that affects plant growth negatively. Results stweniowska [2008] on other plants.
that decreased CCI at 128 mg B kgeatment led to High levels of B concentration in soil led to sig-
the minimum plant height for all cultivars. ToX& nificant increase in content of Na in shoots. Hogrev
levels can also cause physiological and metaboNa content in safflower cultivars differed with in-
problems related to genotoxicity thus limiting crofcreasing level of B. The gradual increase in Na con
productivity. But genotoxic impact of B is unclear.tent showed contradiction to the findings of Taail
Ayvaz et al. [2016] highlighted the genotoxic evide Mott [2006] who reported decreased Na content in
with inhibited multiplication of cells and elongati of radish plant with increasing B levels. Contrarily,
shoots. Increasing B levels up to 8 mg'ika beyond enhanced Na concentration with increasing lev@ of
were even toxic for cv. Balci, Remzi Bey and Yenicis reported for peanut [Cikili et al. 2015].
was even toxic for cells that subsequently hadthega  The concentration of K in shoots decreased sig-
impact on plant height. Similarly, reduction in mla nificantly at 128 mg B Kd. Results also reveal that
height was noted at high concentration of B indarl the reduction of K in all cultivars differed witHne
[El Feky et al. 2012] and cotton [Ahmed et al. 2008 level of B. The system regarding K-B synergism is

As plant height was affected by increased lbased on enhanced K uptake with the increasing
concentration, shoot fresh and dry weight was al<B levels that caused Ca concentration depression
decreased with increased B concentration abobecause of the antagonistic effect [Lopez-Lefelire e
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al. 2002, Tarig and Mott 2006, Ahmed et al. 200¢B toxic soils that have similarities to soil we dse
Tarig et al. 2010]. Our results are contradictary tthe experiment (alkaline and including high avail-
above mentioned reports about the role of toxio B iable K). However, there is need to do more extensiv
K uptake and accumulation. The possible reaswork on B uptake and its impact on accumulatioB of
might be the difference of plant type, concentratio and other minerals in the safflower.
substrate or culture conditions used in this study.

Ca content of cultivars decreased significanttREFERENCES
with the increasing levels of B treatment. The axpl
nation of decreased Ca seems to be connected wilimed, N., Muhammad, A., Ahmad, F. (2008). Boron
the increase in Na content of cultivars due tohiigé toxicity in irrigated cotton Gossypium hirsutum L.).
B and Na. Consequently, it has negative impact on Pak.J. Bot., 40, 2443-2452.
Ca uptake and it reduces the quantity of Ca ions fihmed, N., Muhammad, A., Ahmad, F., Ullah, M.A,,
the root medium which is available for uptake bg th fig‘rga(')cr']’ (?ry 'I:‘q';tt'\g-rAF;rgzdoul;i)(-)Agﬂ:cin?gg’;ﬁogoleﬁ;
plant [Flowers 2004]; that results in formationRDS & oo cotion. Pak. J. Bot., 43(6), 2903-2910
with negative impact on growth parameters. Similer .

. . L . Al-Shatti, A., Redha, A., Suleman, P., Al-Hasan, R.
decrease in Ca cgnceqtrgt_lon with Incréasing Blseve (2014). The Allelopathic Potential @@onocarpus lan-
was also determined iNicia faba [Muhling et al. cifolius (Engl.) Leaves on DicotVigna sinensis L.),
1998] and cotton [Ahmed et al. 2008]. B and Ca have wonocot gea mays L.) and Soil-Borne Pathogenic
similarites such as low mobility, high extra- Fungi. Am. J. Plant Sci.,5, 2889-2903. DOI:
cytoplasmic concentration and growth alterationis du  10.4236/ajps.2014.519304.
ing deficiency [Bonilla et al. 2004]. It is well kawn  Atalay, E., Gezgin, S., Babgla, M. (2003). Bgday
that B deficiency causes abnormal changes in the Ca (Triticum durum Desf.) ve arpaHordeum vulgare L.)
metabolism of cell wall. Also, plants that were sup in vitro fidelerinin bor aliminin ICP-AES ile tespit
plied with inadequate quantity of B accumulated S-U-ZiraatFak. Derg, 17, 47-52.
higher Ca concentration in tissues [Ahmed et al1p0 AYvaz. M., Koyuncu, M., Guven, A., Fagerstedt, K.V.

. (2012). Does boron affect hormone levels of barldy c
The decrease of P concentent because of high fivars? Eurasia. J. Biosci., 6, 113-120.

B supply was observed in all cultivars. Decrease %{]\/az M., Guven, A.. Blokhina, O., Fagerstedt, K.V
P because of excess B was also reported in cotto (2016). Boron stress, oxidative damage and antmtid

[Ahmed et al. 2008]. On the contrary, increase N protection in potato cultivarsSglanum tuberosum L.).
P concentration due to high B supply was repomted i  Acta Agric. Scand., B-Soil Plant Sci., 66, 302-316,

tobacco by Lopez-Lefebre et al. [2002]. DOI: 10.1080/09064710.2015.1109133.
Bonilla, I., El-Hamdaoui, A., Bolafios, L. (2004). Bor
CONCLUSION and calciu_m increaskisum sativum seed germinaﬁon
and seedling development under salt stress. Plaiht S
. . 267, 97-107.
This study presents the screening of safflower c¥gown p.H., Bellaloui, N., Wimmer, M.A., Bassil.&, Ruiz,
to B stress in order to find the best cv. for Canma- J., Hu, H., Pfeffer, H., Dannel, F., Romheld, \O@2).

tolian region of Turkey. It is concluded that alisc Boron in plant biology. Plant Biol., 4(2), 205-223.

grow well on medium supplemented with 4 mg'kg Cenvilla, L.M., Blasco, B.A., Rios, J.J., Romero, Ruiz,

of B. On the basis of this conclusion, all thegs are J.M. (2007). Oxidative stress and antioxidants in to
suitable for the areas containing B around 4 mig kg Mato Solanum lycopersicum) plants subjected to boron
for cultivation. Furthermore, cv. Balci has thesles _ toXicity. Ann. Bot., 100(4), 747-756.

potential to accumulate B in shoots and it hasteibe &Ik Y-, Samet, H., Dursun, S. (2015). Mutual efteof
potential to tolerate B compared to other cultiveamd boron and zinc on peanuirachis hypogea L) growth

. ! and mineral nutrition. Com. Soil Sci. Plant Anal.,
could be grown under B contaminated soils up to 46(5), 641651,

_1 .
32mg kg~ These r_eSl-”tS suggested that bfilQ' Saay, S. (2016a). Determining the impact of excessive
flower cv. has potential to use for phyto remediatf boron on some growth characters and some nutriénts a
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