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ABSTRACT

Beet curly top Iran virus (BCTIV) is one of the factors causing leaf curl disease in tomato plants. Most tomato
cultivars have been grouped as susceptible and some moderate resistant to BCTIV. In addition, the level of minerals
varies between susceptible and resistant plants in response to plant pathogens. In this study, the level of key minerals
was evaluated using ICP-MS in both susceptible and moderately resistant tomato cultivars in response to infection by
BCTIV; based on a completely randomized design. Results showed that among five tested minerals including ion,
phosphorus, potassium, calcium and magnesium, the level of potassium was higher in Super Chief, the moderately
resistant cultivar, compared to that of Grosse Lisse, as the susceptible cultivar. In addition, the level of potassium
accumulation in leaf tissues increased significantly (P<0.05) after virus infection in Super Chief. In contrast, the level
of iron was higher in the susceptible cultivar, Grosse Lisse, compared to that of moderately resistant cultivar and the
iron level was decreased significantly (P<0.05) in this cultivar after virus infection. Therefore, tomato plants with
higher potassium content or capability of accumulating this mineral after virus infection showed resistant/tolerant
phenotype to BCTIV infection. In addition, the appearance of yellowing symptom in the young leaves of Grosse
Lisse can be explained by the reduction of iron in the infected plants.
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Figure 1. Disease symptoms in tomato plants infected with beet curly top Iran virus. A: Super Chief cultivar infected

with BCTIV that shows a mild leaf curling symptom and light thickening of leaves, B: Healthy Super chief cultivar,

C: Grosse Lisse cultivar infected with BCTIV that show yellowing, severe leaf curling and small leaves. Yellow
tissue in young leaves is shown with an arrow, D: Healthy Grosse Lisse cultivar.
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Figure 2. Electrophoresis of PCR products amplified by specific primers for the coat protein of Beet curly top Iran
virus in both susceptible and moderately resistant tomato cultivars 21 days after inoculation. Lanes 1-3 and -6
represent healthy and infected Grosse lisse, respectively. Lanes 7-9 and 10 to 12 represent healthy and infected Super
Chief, respectively. Lane 13 shows amplification of coat protein gene in a positive contol.
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Figure 3. Comparision between the infecion rates of Beet curly top Iran virus in Grosse Lisse and Super Chief
cultivars. Error bars show the standard deviations.
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Table 1. Analysis of variance for the effects of Beet curly top Iran virus infection on the concentration of minerals in leaf

Source of Mean of Squares

variation df K Ca Mg P Fe
Cultivar 1 0.0596284 0.0006394™ 0.0021007™ 0.00029897™ 59583/02"
Infection 1 0.047034" 0.0079196™ 0.0032373"™ 0.01544103" 56889.864™
Cultivarx Infection 1 0.009257" 0.0014317 ™ 0.0002982" 0.0428393™ 68232.8
Error 1 0.004036 0.008406 0.0012094 0.0040362 423.58
Coefficient of variation 7.2 10.0 9.1 7.2 17.6

*
,

Sl ge BT deg pac 5 1) 910 e j0 o e BSI NS g s e
** ns: Significantly difference at 5% and 1%, and non-significant differenc, respectively.
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Table 2. Comparison of means between the effects of tomato cultivars on minerals concenterations

Cultivar K Ca Mg P Fe
% mg/kg
Super Chief 1.6502 a 0.9199 a 0.3997 a 0.8922 a 187.32a

Grosse Lisse 1.4275b 0.8985 a
Means with the same letter are not statistically different

0.3579 a 0.8764 a 46.39 b

e sl yaie Sl gy (Sogll pobe 5 o) Bl il 5eSile dglio ¥ Jpur
Table 3. Comparison of means between the effects of tomato cultivars and virus infection on minerals concenterations

; K Ca Mg P Fe
Cultivar % ek
Super Chief Infected 1.8354 a 0.8448 a 0.3554 a 0.9104 a 5294 a
Healthy 1.5575b 0.9575a 0.4219 a 0.8595 a 39.84a
Grosse Lisse Infected 1.4762 bc 0.8759 a 0.3409 a 0.7241 a 43.06 a
Healthy 1.3783 c 09178 a 0.3750 a 1.060 a 331.58 b

Means with the same letter are not statistically different

o jaie opl lie p B joise by Sz Jlnl
$2)5 slealis e oS ol Gl s al ) 2
olS sogdl oz slacdl jo ool e ials b
SO olesdr paly Gl uioren el g e
Cool usme ol a4 oS Cwglie Sily Siles
&0 e 9 oS 55 pare (l Y Ol 45555k
ol Caglio b gliee (Sogll 5l G O i
SRl

ol 5 (ShpolS 09,5 oBile;] Jotuws
9 )5‘“" ‘Lm}“’-;-c :\’)’U e S8 6‘)—1 ul.?u) olKisls

20,5 o Slo,ud

REFERECNES

ERCLE
@ oS Cen GLLS Gaieee 3l (S (SparsS
sl doni5g IS dapalng gll cpsls cde
[EY P A S RS PO S LR @ (2 I B CURPR PR YW
By Sz S Sgbiee  CadS
oS Sl @logegns Giiete Sl S 9,0
axgS alex 3l e (LS slo,lns 5l o9,
Gharouni Kardani etal., ) cosl oo 3155 5,8

O9R9

Solow opl 4 (SyaxgS alize slagd, (2007
polie Cand 4 b ol 5l Gglite [2iSTy (cwg g
o2 opl ,o (Khoshnazar, 2015) wws oo oylis
Wy ol 08 93 0w (2108 Sloyaie (e

o9 B eizmed 5 (54 g5 pglie o

1. Agrios, G. N. (2005). Plant Pathology. (5" ed). Academic Press.

2. Bian, X., Thomas, M. R., Rasheed, M. S., Saeed, M., Hanson, P., Barro, P. J. D. & Rezaian, M. A.
(2007). A recessive allele (tgr-1) conditioning tomato resistance to geminivirus infection is associated
with impaired viral movement. Phytopathology, 97, 930-937.

3. Binet, M. N., Humbert, C., Lecourieux, D., Vantard, M. & Pugin, A. (2001). Disruption of
microtubular cytoskeleton induced by cryptogein, an elicitor of hypersensitive response in tobacco

cells. Plant Physiology, 125, 564-572.



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

VY0 ol 9 5mb oF 8)Leds Y 5590 oyl ) (Si50alS idls YA

Bush, D. S. (1995). Calcium regulation in plant cells and its role in signaling. Annual Review Plant
Physiology Plant Molecular Biology, 46, 95-115.

Chapman, H. D. & Pratt, P. F. (1961). Method of analysis for soils, plant and waters. Soil Science,
93, 68.

Eini, O., Sahraei, G.E. & Behjatnia, S.A.A. (2016). Molecular characterization and construction of an
infectious clone of a pepper isolate of Beet curly top Iran virus. Molecular Biology Research
Communications, 5, 101-113.

Epstein, E. & Bloom, A.J. (2005). Mineral metabolism- mineral nutrition of plants: Principles and
perspectives (2nd ed.). Sinauer Associates, Inc.

Fatahi, Z. B., Behjatnia, S. A. A., Afsharifar, A., Hamzehzarghani, H. & lzadpanah, K. (2012).
Screening of sugar beet cultivars for resistance to Iranian isolate of beet severe curly top virus using
an infectious clone of the virus. Iranian Journal of Plant Pathology, 48, 111-121 (In Farsi).

George, M.S,, Lu, G. & Zhou, W. (2002). Genotypic variation for potassium uptake and utilization
efficiency in sweet potato (Ipomoea batatus L), Field Crops Research, 77, 7-15.

Ghanbari, M., Eini, O. & Ebrahimi, S. (2016). Differential expression of MYB33 and AP2 genes and
response of TY resistant plants to beet curly top Iran virus infection in tomato. Journal of Plant
Pathology, 98, 555-562.

Gharouni Kardani, S., Heydarnejad, J., Zakiaghl, M., Mehrvar, M., Kraberger, S. & Varsani, A.
(2013). Diversity of Beet Curly top Iran virus isolated from different hosts in Iran. Virus Genes, 46,
571-575.

Graham, D. R. & Webb, M. J. (1991). Micronutrients and disease resistance and tolerance in plants,
In: F.R. Mortvedt, L.M. Shuman & R. M., Welch (Ed.), Micronutrients in Agriculture. (pp. 329-370)
Wisconsin.

Heydarnejad, J., Hosseini Abhari, E., Bolok Yazdi, H. R. & Massumi, H. (2007). Curly top of
cultivated plants and weeds and report of a unique curtovirus from Iran. Journal of Phytopathology,
155, 321-325.

Huber, D. M. & Graham, R. D. (1999). The role of nutrition in crop resistance and tolerance to
diseases: Fundamental Mechanisms and Implications. In: Z. Rengel (Ed.) Mineral Nutrition of Crops
Food Products. (pp, 169-206) The Haworth Press.

Khoshnazar, F. & Eini, O. (2016). Response of tomato cultivars to agroinfection with beet curly top
Iran virus. Journal of Crop Protection, 5, 473-482.

Lecourieux, D., Mazars, C., Pauly, N., Ranjeva, R. & Pugin, A. (2002). Analysis and effects of
cytosolic free calcium increases in response to elicitors in Nicotiana plumbaginifolia cells. Plant
Cell, 14, 2627-2641.

Lecourieux, D., Ranjeva, R. & Pugin, A. (2006). Calcium in plant defense-signaling pathways. New
Phytologist, 171, 249-269.

Marschner, H. (1995). Mineral Nutrition of Higher Plants. (2" ed.) Academic Press.

Ohashi, Y. & Matsuoka, M. (1987). Localization of pathogenesis-related proteins in the epidermis
and intercellular spaces of tobacco-leaves after their induction by potassium salicylate or tobacco
mosaic-virus infection. Plant Cell Physiology, 28, 1227-1235.

Pound, G. S. & Welkie, G. W. (1958). Iron nutrition of Nicotiana tabacum L. in relation to
multiplication of tobacco mosaic virus. Virology, 5, 371-381.

Rouhibakhsh, A., Priya, J., Periasamy, M., Hag, Q. & Malathi, V. (2008). An improved DNA
isolation method and PCR protocol for efficient detection of multicomponent of begomovirus in
legumes. Journal of Virological methods, 147, 37-42.

Schachtman, D. P. & Shin, R. (2006). Nutrient sensing and signaling: NPKS. Annual Review in Plant
Biology, 58, 47-69.

Singh, R. (1970). Influence of nitrogen supply on host susceptibility to tobacco mosaic virus
infection, Phyton-Annales Rei Botanicae, 14, 37-42.

Zafar, Z.U., Athar, H. R. & Ashraf, M. (2010). Responses of two cotton (Gossypium hirsutum L.)
cultivars differing in resistance to leaf curl virus disease to nitrogen nutrition. Pakistan Journal of
Botany, 42, 2085-2094.

Zhang, Z. X., Tian, L., Duan, B., Wang, Z. & Li, Z. (2007). Differential responses of conventional
and Bt-transgenic cotton to potassium deficiency. Journal of Plant Nutrition, 30(77), 7-15.


http://www.sciencedirect.com/science/journal/03784290

