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ABSTRACT

Drought stress is one of the most important abiotic stresses limiting wheat production. To improve the growth
and yield of wheat under drought stress, a factorial experiment was performed based on a randomized
complete block design with three replicates in the research greenhouse of the University of Tehran.
Experimental treatments included irrigation at two levels (well-watered and drought stress) and vitamin foliar
application at four levels (control, thiamine, pyridoxine, and thiamine+pyridoxine). The results showed that
drought stress reduced the relative water content of flag leaves by 21%. The use of vitamins increased the
amount of this trait compared to the control treatment. The chlorophyll number (SPAD) of flag leaf increased
under drought stress, but the use of vitamins had no significant effect on this trait. Drought stress had an
increasing effect on leaf free proline content and foliar application of thiamine and its combination with
pyridoxine, respectively, increased this trait by 53% and 32% compared to treatment without foliar application
under drought stress conditions. Also, the percentage of electrolyte leakage and malondialdehyde content of
flag leaf under drought stress increased by 31% and 103%, respectively. Vitamins reduced the amount of
malondialdehyde and had no significant effect on the percentage of electrolyte leakage. Drought stress also
reduced wheat grain and biological yields. Foliar application of vitamins showed an additive effect on these
traits compared to the control treatment. The highest grain yield per plant was obtained in treatments of
pyridoxine (1.1 g) and its combination with thiamine (1.2 g).
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Table 1. Irrigation and vitamin treatments applied in the experiment

Vitamin Foliar Application

Irrigation

Control (no vitamin)
Thiamine (vitamin B1)

Pyridoxine (vitamin B6)

Thiamine + Pyridoxine

Normal Irrigation (80% FC)
Drought Stress (40% FC)
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Table 2. Analysis of variance of thiamine and pyridoxine foliar application on some physiological traits
of wheat grown under well-watered and drought stress conditions

Mean Squares (MS)

S.0.v DF Relative
Water NSL:DrI:bZr ijgrle‘;af Proline Ell_eecf;clr(c;gete Malondialdehyde
Content
Irrigation (1) 1 209412 39.527™ 2.48™ 2914.66™ 982.02™ 294.56™
Vitamin (V) 3 172.00™ 0.279"™ 7.96™ 29.74" 55.55" 4.65"
| *V 3 50.3" 3.596™ 3.94 32.85" 64.27"™ 1.83m™
Error 16 27.56 1.483 5.25 9.00 87.37 1.38
CV (%) 6.82 2.34 9.18 21.29 20.18 11.43

20> Ko g gy Jloin] gaw 53 )b sne g 45 xe i iy 4 FF 5 * NS
ns, * and **: non-significant and significant at 5% and 1% of probability levels, respectively
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Table 3. Mean comparison of irrigation regimes effects on some physiological traits of wheat

Mean

Irrigation Relative Water SPAD
Content (%) Number

Flag Leaf Electrolyte Malondialdehyde
Area (cm?)  Leakage (%)  (nmoles.g* F.W)

Well-watered 86.26+1.47 50.68+0.39
Drought stress 67.58+2.49 53.25+0.34

25.27+0.59  39.92+2.31 6.76+0.18
24.62+0.74  52.71+2.82 13.77+0.53

PSS (Soielsnied Slao (B g5y melg (LSl sl Sl (aSle aglis Y Jgor
Table 4. Mean comparison of vitamin foliar application effects on some physiological traits of wheat

Mean
Vitamin Relative Water Flag Leaf Electrolyte .
Treatments Content NSuPr)r?bZr Area Leakage '(\f]ﬁ:gfeds'a'_‘feﬁ 3\//3‘)3

(%) (cm?) (%) 9"

No Vitamin 71.38+6.11° 51.78+1.01  25.07£0.71  46.19+3.08 11.3£1.742
Thiamine (T) 82.61+3.57¢  51.78+0.82  25.2+0.89  50.55+3.24 10.26+1.68%
Pyridoxine (P) 73.45+4.81°  52.20+0.56  23.37+0.88  43.4316.43 10.37£1.79%

T+P 80.25+4.04*  52.10+0.67 26.14+1.08  45.09+4.93 9.15+1.29°

25,105 (5ol o sime BB il siien S pie By, shls gm0 50 4 Sla Sl
Means in the same column followed by a similar letter(s) are not significantly different

40 -
g 35 a No Vitamin
w Thiamine

30 A ab S
- I be = Pyridoxine
g 25 c m Thiamine + Pyridoxine
5201 L
315 -
£ 10 1
S 5 dddd
* S |

Normal Stress

Irrigation

PSS olil el meling o3 Jale 5 (6 )lel Blie 1) S
Figure 1. Interaction effects of vitamins foliar application and irrigation regimes on the free proline of
wheat leaves
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Table 5. Analysis of variance of the effect of thiamine and pyridoxine foliar application on plant height,
yield, and yield components of wheat grown under well-watered and drought stress conditions.

Mean Squares (MS)

S.0.V DF Plant Grain Yield Number of Thousand Biological
Height Grain per Spike  Kernel Weight Yield
Irrigation (1) 1 813.170™ 3.0012™ 12.743™ 3.698™ 3.9878™
Vitamin (V) 3 4,717 0.0398" 0.151" 0.069" 0.2392"
| *V 3 2.021m™ 0.0115™ 3.615ns 3.076™ 0.1269"
Error 16 3.474 0.1554 0.042 2.250 0.0547
CV (%) 3.10 8.96 4.84 2.57 9.00

o> K g i Jlein] g 53 )l e g I me pé a4 FF g * NS

ns, * and **: non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 6. Mean comparison of irrigation regimes effects on plant height, yield, and yield components of

wheat.
Means
I . Grain Number of Thousand Biological
Ifrigation Plant Height Yield Grain per Kernel Weight Yieglld
(cm) (g.plant?) Spike (9) (g.plant)
Well-watered 66.01+0.59 1.45+0.034 24.91+0.59 58.73+0.32 3.00+0.10
Drought stress 54.37+0.47 0.75+0.034 12.52+0.56 57.94+0.48 2.18+0.06

P53 Shos (sl g o ,Shas gy i) s moling SBb Jslome 1 il slin Y Jpur
Table 7. Mean comparison of vitamin foliar application effects on plant height, yield, and yield
components of wheat.

Means
Vitamin Plant s Number of Thousand . . .
Treatments Height Grain Y|_el|d Grain per Kernel Weight Biological I'eld

(cm) (9-plant™) Spike © (g-plant™?)

No Vitamin  59.10+2.30 1.04+0.13"  17.89+2.40° 58.22+0.54 2.34+0.13"
Thiamine (T)  61.18+2.69 1.0420.18° 17.63+3.16° 58.41+0.71 2.52+0.24%
Pyridoxine (P)  60.53+2.96 1.10+0.17%°  18.81+2.97% 58.44+0.42 2.79+0.23%
T+P 59.93+2.80 1.21+0.16% 20.53+2.812 58.27+0.80 2.71+0.212

25,15 (5ol o sime BB ol siien S pie By s shls gm0 50 4 Sla Sl
Means in the same column followed by a similar letter(s) are not significantly different.

5 Oeels 5wl azlse a5 L (S s
Ce b eeSensm
Ot g il S o Slos g 0ol (Sufsls 5
DS 9y Sjled o aigy po alls 5 Slee i
sanlive (p,5 VIY) uols b )] oS5 9 (5 YY)
4 S gy 9 el Sl oolaiul (S by o

O S A e e @S eSS O)se

Slhe (S p o6y,

Lo cyaling ol 31 by, sl uls Layaling

(Sas 5 lpd o pasS Ghele b g 08 (s,

il 2 L s Slides oS Cwl (5902

3 eleerdsn 9 (il d (Sjglsdee Do
Sy plosil lasome iliee Lyl

REFERENCES

1.

5 o
G5 4 LS caslie (il byl 5 S
el CebB L plend Slge (S 005 ((S2S
St AL gl sl ol (Saus
O a8 s o Sl A e S e 9 el
Gy SEF G5 e SIS aly oo baeling
wdalcawsds mls wlol p oS Laas 1) saiS
alo e s onslosl (Ki3 A 45 0 akia
5 S e 2 Gl (alf el S (o948l
Cuid oy «Spooll dgn clgie il
2ebie dapllisagglle slgime g Lag udg xSl

50 Cod digy (S 55 0,5 bes g il o ,Slos puiren

Alghabari, F., Ihsan, M. Z., Hussain, S., Aishia, G., & Daur, I. (2015). Effect of Rht alleles on wheat

grain yield and quality under high temperature and drought stress during booting and anthesis.
Environmental Science and Pollution Research, 22(20), 15506-15515.

Alimohamadi, M., Rezaei, A., & Meibodi, A. M. (2007). Evaluation of physiological traits and yield

of ten cultivars of bread wheat in two irrigation regimes. Journal of Science and Technology of
Agriculture and Natural Resources, 12, 107-120.



YY

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

V\F. Y )l.e,‘\ Al E)Lo..fa HF 3)5»5 sulfl scl)) uLﬁLj ‘A5J.c

Asensi-Fabado, M. A., & Munné-Bosch, S. (2010). Vitamins in plants: Occurrence, biosynthesis and
antioxidant function. Trends in Plant Science, 15(10), 582-592.

Boghdady, M. S. (2013). Efficiency of pyridoxine on the growth, yield, seed quality and anatomy of
Egyptian lupine (Lupinus termis Forssk.). Australian Journal of Basic and Applied Sciences, 7(1), 448-
456.

Cervilla, L. M., Rosales, M. A., Rubio-Wilhelmi, M. M., Sanchez-Rodriguez, E., Blasco, B., Rios, J.
J., Romero, L., & Ruiz, J. M. (2009). Involvement of lignification and membrane permeability in the
tomato root response to boron toxicity. Plant Science, 176(4), 545-552.

Das, T., Meena, M., Mandavia, M. K., & Sapre, S. S. (2015). Influence of NaCl salt stress on
physiological, biochemical changes and isoenzyme pattern in wheat (Triticum aestivum L.) genotypes.
Research in Environment and Life Sciences, 8(4) 825-828.

Dehgan, M., Balochi, H., Yadavi, A.R., & Safikhani, F.A. (2017). Effect of foliar application of
brassinolide on grain yield and yield components of bread wheat (Triticum aestivum L.) cv. Sirvan
under terminal drought stress conditions. Iranian Journal of Crop Science, 19(1), 40-56. (In Persian)
Desouky, S.A. (1995). Effect of some organic additives on salinized Chlorella vulgaris. Ph.D. Thesis,
Assiut University, Egypt.

Dionisio-Sese, M. L., & Tobita, S. (1998). Antioxidant responses of rice seedlings to salinity stress.
Plant Science, 135(1), 1-9.

El-Shazoly, R. M., Metwally, A. A., & Hamada, A. M. (2019). Salicylic acid or thiamin increases
tolerance to boron toxicity stress in wheat. Journal of Plant Nutrition, 42(7), 702-722.

Emam, Y. and Niknejad, M. (2011). An introduction the physiology of crop yield. Shiraz University
Press. 571p. (In Persian)

Esfandiari, E., & Mahboob, S. (2013). Plant biochemistry. Amidi press. Tabriz. 243p. (In Persian)
Esfandiari, E., Shahabivand, S., & Javadi, A. (2016). Physiology of environmental stresses in plants
(abiotic stress). Maragheh University Press. 204p. (In Persian)

Fattahi Neysiani, F. (2007). Effect of foliar application of pyridoxine (vitamin B6) on various
physiological traits of maize under water stress. M.Sc Thesis. Faculty of Agriculture, Tarbiat Modares
University, Iran. (In Persian)

Friedrich, W. 1987. Thiamin (vitamin B1, aneurin). In: Handbuch der vitamine, (pp.240-258). Urban
and chwartzenberg.

Ghaffar, A., Akram, N. A., Ashraf, M., Aharaf, Y., & Sadig, M. (2019). Thiamin-induced variations
in oxidative defense processes in white clover (Trifolium repens L.) under water deficit stress. Turkish
Journal of Botany, 43(1), 58-66.

Goyer, A. (2010). Thiamine in plants: Aspects of its metabolism and functions. Phytochemistry, 71(14—
15), 1615-1624.

Guttieri, M. J., Stark, J. C., O'Brien, K., & Souza, E. (2001). Relative sensitivity of spring wheat grain
yield and quality parameters to moisture deficit. Crop Science, 41(2), 327-335.

Hamada, A. M., & Khulaef, E. M. (2000). Stimulative effects of ascorbic acid, thiamin or pyridoxine
on Vicia faba growth and some related matabolic activities. Pakistan Journal of Biological Sciences,
3(8), 1330-1332.

Hammad, S. A. R., & Ali, O. A. M. (2014). Physiological and biochemical studies on drought tolerance
of wheat plants by application of amino acids and yeast extract. Annals of Agricultural Sciences, 59(1),
133-145.

Heath, R. L., & Packer, L. (1968). Photoperoxidation in isolated chloroplasts: I. Kinetics and
stoichiometry of fatty acid peroxidation. Archives of Biochemistry and Biophysics, 125(1), 189-198.
Huang, S., Zhang, J., Wang, L., & Huang, L. (2013). Effect of abiotic stress on the abundance of
different vitamin B6 vitamers in tobacco plants. Plant Physiology and Biochemistry, 66, 63-67.
Jacobs, B. C., & Pearson, C. J. (1991). Potential yield of maize, determined by rates of growth and
development of ears. Field Crops Research, 27(3), 281-298.

Jamshidi, A., Ahmadi, A., Karimi, M., Motesharezadeh, B. (2020). Evaluation of some growth and
physiological responses of Chia (Salvia hispanica L.) to various moisture regimes. Iranian Journal of
Field Crop Science, 50(4), 99-110. (In Persian)

Kaya, C., Ashraf, M., Sonmez, O., Tuna, A.L., Polat, T., & Aydemir, S. (2015). Exogenous application
of thiamin promotes growth and antioxidative defense system at initial phases of development in salt-
stressed plants of two maize cultivars differing in salinity tolerance. Acta Physiol Plant, 37, 1741-1752.
Khan, M., & Khan, N. A. (2001). Response of mustard and wheat to pre-sowing seed treatment with
pyridoxine and basal level of calcium. Indian Journal of Plant Physiology, 6(3), 300- 305.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

------- PS5 (Suielpsed Slio (B 90 Shes S gy g el 8L e 5 (A vt

Kojié, D., Pajevi¢, S., Jovanovié-Galovié, A., Puraé, I., Pamer, E., Skondri¢, S., Milovaca, S., Popovi¢,
7., & Grubor-Lajsi¢, G. (2012). Efficacy of natural aluminosilicates in moderating drought effects on
the morphological and physiological parameters of maize plants (Zea mays L.). Journal of Soil Science
and Plant Nutrition, 12, 113-123.

Leflon, M., Lecomte, C., Barbottin, A., Jeuffroy, M. H., Robert, N., & Brancourt-Hulmel, M. (2005).
Characterization of environments and genotypes for analyzing genotype environment interaction:
Some recent advances in winter wheat and prospects for GTL detection. Journal of Crop Improvement,
14(1-2), 249-298.

Lone, N. A, Khan, N. A., Hayat, S., & Azam, Z. M. (1999). Evaluation of effects of some B-vitamins
on root development of mustard. Annals of Applied Biology, 134, 30-37.

Marco, F., Bitrian, M., Carrasco, P., Rajam, M. V., Alcazar, R., & Tiburcio, A. F. (2015). Genetic
engineering strategies for abiotic stress tolerance in plants. In Plant biology and biotechnology (pp.
579-609). Springer Science.

Modares Sanavi, S.A., Panahi, M., Khatamian, A.S., & Ghanati, F. (2014). Laboratory methods and
modern techniques in crop sciences. Zanjan University Jihad Publications. 196p. (In Persian)
Mooney, S., Leuendorf, J. E., Hendrickson, C., & Hellmann, H. (2009). Vitamin B6: A long known
compound of surprising complexity. Molecules, 14(1), 329-351

Nikolaeva, M. K., Maevskaya, S. N., Shugaev, A. G., & Bukhov, N. G. (2010). Effect of drought on
chlorophyll content and antioxidant enzyme activities in leaves of three wheat cultivars varying in
productivity. Russian Journal of Plant Physiology, 57(1), 87-95.

Osborne, S. L., Schepers, V., Francis, D. D., & Schlemmer, M.R. (2002). Use of spectral radiance to
estimate in-season biomass and grain yield in nitrogen and water-stressed crop. Crop Science, 42, 165-
171.

Paquin, R., & Lechasseur, P. (1979). Observations on a method of dosing free proline in plant
extracts. Canadian Journal of Botany, 57(18), 1851-1854.

Proebsting, W. M., Maggard, S. P., & Guo, W. W. (1990). The relationship of thiamine to the Alt locus
of Pisum sativum L. Journal of Plant Physiology, 136(2), 231-235.

Rao, P. G., & Mallikarjuna, K. (1978). Cytokinin-like behaviour of some b vitamins in bougainvillaea
spectabilis willd., and green gram (phaseolus radiatus L.). Current Science, 47(18), 686-688.
Rharrabtia, Y., Royo, C., Villegas, D., Aparicio, N., & Garcia Del Moral, L.F. (2003). Durum wheat
quality in Mediterranean environments I. Quality expression under different zones, latitudes and water
regimes across Spain. Field Crops Research, 80, 123-131.

Rustioni, L., & Bianchi, D. (2021). Drought increases chlorophyll content in stems of Vitis interspecific
hybrids. Theoretical and Experimental Plant Physiology, 33(1), 69-78.

Sahu, M. P., Solanki, N. S., & Dashora, L. N. (1993). Effects of thiourea, thiamine and ascorbic acid
on growth and yield of maize (Zea mays L.). Journal of Agronomy and Crop Science, 171(1), 65-69.
Sayed, S. A., & Gadallah, M. A. A. (2002). Effects of shoot and root application of thiamin on salt-
stressed sunflower plants. Plant Growth Regulation, 36(1), 71-80.

Sharma, S., Villamor, J. G., & Verslues, P. E. (2011). Essential role of tissue-specific proline synthesis
and catabolism in growth and redox balance at low water potential. Plant physiology, 157(1), 292-304.
Siani, H. S., & Aspinall, D. (1981). Effects of water deficit on sporogensis in wheat. Annals of Botany,
43, 623-633.

Szabados, L., & Savouré, A. (2010). Proline: A multifunctional amino acid. Trends in Plant
Science, 15(2), 89-97.

Tunc-Ozdemir, M., Miller, G., Song, L., Kim, J., Sodek, A., Koussevitzky, S., Narayan Misra, A.,
Mittler Ron., & Shiantani, D. (2009). Thiamin confers enhanced tolerance to oxidative stress in
Arabidopsis. Plant Physiology, 151(1), 421-432.

Uzilday, B., Turkan, 1., Sekmen, A. H., Ozgur, R. E. N. G., & Karakaya, H. C. (2012). Comparison of
ROS formation and antioxidant enzymes in Cleome gynandra (C4) and Cleome spinosa (C3) under
drought stress. Plant Science, 182, 59-70.

Walton, J. K., & Seddon, D. (1994). Free markets and food riots: The politics of global adjustment.
John Wiley & Sons. 396p.

Wang, J. Y., Turner, N. C., Liu, Y. X,, Siddique, K. H. M., & Xiong, Y. C. (2017). Effects of drought
stress on morphological, physiological and biochemical characteristics of wheat species differing in
ploidy level. Functional Plant Biology, 44(2), 219-234.

Zavarian, A., Yousefirad, M., & Asghari, M. (2013). Effect of seed preparation by pyridoxine on
germination indices of Milk thistle (Silybum marianum L.) under drought stress. In: The first national



Yo VEY o o) 5,Led OF 5,00 ol nl el LS pole

conference on agricultural sciences with emphasis on abiotic stresses, 18-19 Sep., Payam Noor
University, Nagadeh, Iran, pp. 27-32. (In Persian)

50. Zhu, J. K., (2002). Salt and drought stress signal transduction on plants. Annual Review of Plant
Biology, 53(1), 247-273.



