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ABSTRACT

This study was performed to evaluation of interaction of silicon application and irrigation on
agronomic and physiologic traits of safflower at 2018 and 2019. The experiment was conducted
as a split plot factorial based on randomized complete block design with 3 replications. The
irrigation was main factor (0, 2 and 4 times during growth) and the sub-factor were silicon foliar
application (at three levels: 0, 1 and 2 mM) and three safflower cultivars (Goldasht, Padideh and
Golmehr). The studied traits were: number of seeds per boll and 1000-grain weight, number and
weight of boll, number of lateral branches and branch diameter, plant weight and total plant
weight, floret yield, grain yield, chlorophyll a and b, proline and antioxidant enzymes. According
to results, treatments had significant effects on studied traits at 5 or 1% statistically level. 2 and 3
times irrigation led to 7 and 24% the increasing of seed yield in compare to control, respectively.
It was obtained that 1 and 2mM silicon led to 25 and 15% the increase of seed yield in compare
to control. Interaction between treatments showed that the highest seed yield (5009 per m?) was
observed by Goldasht cultivar under 4-time irrigation and 2mM silicon. Therefore, it can be
suggested that Goldasht with 2 mM silicon be used to reduce the effects of dehydration.

Key words: Irrigation, Safflower, Silicon, Agronomic traits.
RESUMEN

Este estudio se realiz6 para evaluar la interaccion de la aplicacion de silicio y el riego en rasgos
agronomicos y fisiolégicos del cartamo en 2018 y 2019. El experimento se realiz6 como un factorial de
parcela dividida basado en un disefio de bloques completos al azar con 3 repeticiones. El riego fue el
factor principal (0, 2 y 4 veces durante el crecimiento) y el subfactor fue la aplicacion foliar de silicio (en
tres niveles: 0, 1 y 2 mM) vy tres cultivares de cartamo (Goldasht, Padideh y Golmehr). Los rasgos
estudiados fueron: numero de semillas por cépsula y peso de 1000 granos, nimero y peso de capsula,
namero de ramas laterales y didmetro de rama, peso de la planta y peso total de la planta, rendimiento del
florete, rendimiento de grano, clorofila ayb, prolina y enzimas antioxidantes Segun los resultados, los
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tratamientos tuvieron efectos significativos en los rasgos estudiados a un nivel estadistico del 5 0 1%. El
riego 2 y 3 veces condujo a un aumento de 7 y 24% en el rendimiento de semillas en comparacion con el
control, respectivamente. Se obtuvo que el silicio de 1 y 2 mM condujo a un aumento de 25 y 15% del
rendimiento de la semilla en comparacién con el control. La interaccion entre tratamientos mostré que el
cultivar Goldasht observé un rendimiento de semilla mas alto (500 g por m2) bajo riego por 4 tiempos y
silicio 2 mM. Por lo tanto, se puede sugerir que se use Goldasht con silicio 2 mM para reducir los efectos
de la deshidratacion.

Palabras clave: Riego, cartamo, silicio, rasgos agronémicos.
1. INTRODUCCION

Understanding plant responses to irrigation and drought stress is essential; also there is a need to
know possible physiological mechanisms of damage and drought avoidance for the genetic
improvement of crops. Between plants, safflower, a strongly tap-rooted annual plant from the
family Asteraceae, is native to the Middle East. It is resistant to saline conditions and to drought
stresses (Eslam, Monirifar, & Ghassemi, 2010) but it depends on the growth stage when the plant
is facing stress. For example, Saini and Westgate (2000) pointed out that all of the reproductive
subphases of safflower are sensitive to water deficit. Water stress during early reproductive
growth stages reduces seed and/or flower numbers per capitulum. Ebrahimian, Seyyedi, Bybordi,
and Damalas (2019) reported that seed yield reduction in safflower was mainly due to a reduction
in seed weight and a reduction in seed number capsules. Drought stress disrupts the normal
transportation of solutes, causes electron leakage, and triggers the production of reactive oxygen
species (ROS), which create oxidative injury (Hussain et al., 2019), Rapid activation of
enzymatic and nonenzymatic ROS-scavenging systems mediates drought tolerance characteristics
in plants. Ghaffari, Tadayon, Nadeem, Cheema, and Razmjoo (2019) mentioned that drought
stress caused a significant up-regulation in leaf proline content, malondialdehyde (MDA) content,
hydrogen peroxide (H202) content, ascorbate peroxidase, catalase, and peroxidase enzymatic
activities in sugar beet . However, it was determined that application of some elements such as
silicon can be effective in reducing the effects of stress. At this order, Gong, Chen, Zhao, Chen,
and Zhou (2008) showed that silicon had significant effects on defense of wheat against oxidative
stress under drought. Chen, Yao, Cai, and Chen (2011) mentioned that silicon application was
useful to increase drought resistance of rice through the enhancement of photochemical
efficiency and adjustment of the mineral nutrient absorption in rice plants. Gunes, Pilbeam, Inal,
and Coban (2008) concluded that applied Si alleviates drought stress in sunflower cultivars by
preventing membrane damage, although the cultivars showed genotypic variation in response to
applied Si. Gunes, et al. (2008) reported that in sunflower cultivarsthe CAT activity was
significantly decreased by drought stress, but supplemental Si increased it. In general, SOD and
APX activities of the cultivars were increased by drought and decreased by application of Sattar
et al. (2019) reported that foliar applied silicon improved water relations, stay green and
enzymatic antioxidants activity of wheat in heat stress. The adversative impacts of drought
stresses can be alleviated via different agricultural practices such as application of crop
establishment or application of plant nutrients for maintaining a suitable level of water in plant
leaves due to osmotic adjustment and stomatal conductance performance, consequently
improving plant growth and productivity (Seleiman, 2019). So, at this research we evaluated the
effects of silicon and irrigation interaction on three safflower cultivars.
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2. METHODOLOGY

The experiment was conducted as a split plot factorial based on randomized complete block
design with three replications and at two years. The irrigation was main factor (control (0), 2 and
4 times during growth) and the sub-factor were silicon foliar application (at three levels: 0, 1 and
2 mM) and three safflower cultivars (Goldasht, Padideh and Golmehr). The experiment was
carried out on a land area of 1953 square meters, the length and width of each plot were 27 and
3m, respectively, and the distance between the two adjacent plots was 3 meters. Irrigation in
control treatment was rainfed and 2 times irrigation done at stemming and budding stages, also 4
times treatment applied at stemming, budding, flowering, seeding. The studied traits were:
number of seeds per boll and 1000-grain weight, number and weight of boll, number of lateral
branches and branch diameter, plant weight and total plant weight, floret yield, grain vyield,
chlorophyll a and b, proline and antioxidant enzymes. A spectrophotometer was used to measure
chlorophyll, Light absorption at 645 and 663 nm was measured by spectrophotometer and Bates
et al. (1973) method was used to measure proline. Peroxidase activity was measured using the
method of Chance and Mahley (1955), also, Catalase enzyme activity was measured using a
modified method of Abedi, (1984). Data were analyzed by SAS software and compared by means
of Duncan's multiple range test at 5% level.

3. RESULT AND DISCUSSION
3.1. Number of seeds per boll

According to analysis of variances it was founded that cultivar had significant effects on number
of seeds per bollat 5% statistically level (Table 1), also, Interaction between irrigationxsilicon at
1% and irrigationxsiliconxcultivars showed significant effect at 1% statistically level on Number
of seeds per boll (Table 1). The irrigation treatments including 2 and 4 times led to 21 and 13
percentages the increase of Number of seeds per bollby the compare to rainfed treatment. Results
of Istanbulluoglu (2009) showed that safflower was significantly affected by water stress during
the sensitive late vegetative stage Between cultivars, the highest means of number of seeds per
bollwith 21.4 value obtained by Padideh cultivar. In relation to interaction treatments, the highest
means of number of seeds per bollwith 41.7 value observed by padideh cultivar under 2 times
irrigation and zero silicon (Table 2), also with rainfed and 2mM silicon showed lowest Number
of seeds per boll (Table 2).

3.2. 1000 seed weight

According to analysis of variances it was founded that effect of irrigation treatments and cultivar
had significant effects on 1000seed weight at 1% statistically level (table 1), also, Interaction
between irrigationxcultivars, showed significant effect at 5% statistically level on 1000seed
weight (Table 1).

The 2 and 4 times irrigation treatments led to 7 and 5 percentages the increase of 1000seed
weight by the compare to rainfed treatment. According to results Tayebi, Afshari, Farahvash,
MASOOD, and Nezarat (2012) the impact of drought stress on plant dry weight and leaf dry
weight, plant height, number of branches and sub-shrubs, capitul in plant and seed in capitul as
well as seed yield was significant. Between cultivars, the highest means of 1000seed weight with
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37.6 value obtained by Goldasht cultivar. In relation to interaction treatments, the highest means
of 1000seed weight with 44.3g value observed by Goldasht cultivar under 4 times irrigation and
1mM silicon (Table 2), also with 4 times irrigation and 2mM silicon showed lowest 1000seed
weight (Table 2). Ashrafi and Razmjoo (2010) showed that drought stress reduced the amount
safflower yield in all cultivars.

3.3. Number of boll

According to analysis of variances it was founded that effect of irrigation treatments and cultivar
had significant effects on number of boll at 5% statistically level (Table 1), also, Interaction
between irrigationxsilicon and siliconxcultivars, showed significant effect at 5% statistically
level on Number of boll (Table 1). The irrigation treatment including 4 times led to 19
percentages the increase of Number of boll by the compare to rainfed treatment. The 1 and 2mM
of silicon showed 7 and 10 the increase of number of boll the compare to control treatment.

Silicon is an important micronutrient for healthy and competitive growth of all cereals including
rice in Asia (Brunings et al., 2009). Role of silicon in plant health and growth has been
investigated in silicon accumulating crops and it seemed significantly effecting (Jinab, Solond, &
Varietel, 2008). Research evidences proved that adequate uptake of silicon (Si) can increase the
tolerance of agronomic crops especially rice to both abiotic and biotic stress (Ma & Takahashi,
2002). Between cultivars, the highest means of Number of boll with 465.0 per m? value obtained
by Goldasht cultivar.

In relation to interaction treatments, the highest means of Number of boll with 780 per m? value
observed by Goldasht cultivar under 4 times irrigation and 2mM silicon (Table 2), also padideh
with rainfed and zero silicon showed lowest Number of boll (Table 2).

3.4. Boll weight

According to analysis of variances it was founded that effect of irrigation treatments and cultivar
had significant effects on Boll weight at 1% statistically level (Table 1), also, Interaction between
siliconxcultivars, irrigationxsiliconxcultivars showed significant effect at 1% statistically level
on Boll weight (Table 1). The irrigation treatments including 2 and 4 times led to 40 and 17
percentages the increase of boll weight by the compare to rainfed treatment.

Between cultivars, the highest means of Boll weight with 2.57g value obtained by Goldasht
cultivar. In relation to interaction treatments, the highest means of Boll weight with 5.97 value
observed by cultivar under 4 times irrigation and 2mM silicon (Table 2), also with rainfed and
zero silicon showed lowest Boll weight (Table 2).

3.5. Branch Number

According to analysis of variances it was founded that effect of silicon and cultivar had
significant effects on branch number at 5 and 1% statistically level, respectively (Table 1), also,
Interaction between irrigationxsilicon, irrigationxcultivars, siliconxcultivars,
irrigationxsiliconxcultivars showed significant effect at 1% statistically level on branch number
(Table 1). The 1 and 2mM of silicon showed 18 and 9 the increase of branch number the compare
to control treatment. Between cultivars, the highest means of branch number with 258 per m?
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value obtained by Goldasht cultivar. In relation to interaction treatments, the highest means of
branch number with 312 per m? value observed by Goldasht cultivar under 4 times irrigation and
1mM silicon (Table 2), also Padideh with rainfed and zero silicon showed lowest branch number
(156 per m?) (Table 2). Eslam, et al. (2010) reported the significant decrease in the number of
seeds per capitulum, 1000-seeds weight, harvest index, and seed and oil yields under water deficit
conditions, it seems that drought during the seed filling stage decreases seed and oil yields,
mainly through their components.

3.6. Plant weight

According to analysis of variances it was founded that cultivar had significant effects on plant
weight at 1% statistically level (Table 1), also, Interaction between irrigationxsilicon,
irrigationxcultivars, irrigationxsiliconxcultivars showed significant effect at 5% statistically level
on Plant weight (Table 1). Between cultivars, the highest means of plant weight with 157 cm
value obtained by cultivar. In relation to interaction treatments, the highest means of plant weight
with 172 cm value observed by cultivar under 4 times irrigation and 2mM silicon (Table 2), also
Padide with rainfed and zero silicon showed lowest plant weight (Table 2).

3.7. Seed yield

According to analysis of variances it was founded that effect of irrigation treatments and cultivar
had significant effects on Seed yield at 1% statistically level (Table 1) and silicon treatment had
significant effect at 5% statistically level. The irrigation treatments including 2 and 4 times led to
7 and 24 percentages the increase of Seed yield by the compare to rainfed treatment. The 1 and
2mM of silicon showed 25 and 15 the increase of Seed yield the compare to control treatment.
Between cultivars, the highest means of Seed yield with 330 g.m value obtained by Goldasht
cultivar.

In relation to interaction treatments, the highest means of Seed yield with 500 g.m* value
observed by Goldasht cultivar under 4 times irrigation and 2mM silicon (table 2), at rainfed
condition highest seed yield (434 g.m™) obtained by Goldasht cultivar with 1mM silicon
treatment and at 2times irrigation treatment the highest seed yield (407 g.m™) optained by
Goldasht cultivar with 2mM silicon treatment, so, this cultivar had yield stability under stress and
non-stress conditions. Movahhedy-Dehnavy, Modarres-Sanavy, and Mokhtassi-Bidgoli (2009)
evaluated drought stress on yield of safflowers and they reported the decrease in seed yield, total
biomass, number of capitula per plant and plant height each growing season by withholding
irrigation at various growth stages. Based on the results of Omidi (2009), interruption of
irrigation at seed development stage has less effect on seed yield but can save irrigation water in
safflower farms.
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Table 1. analysis of variances for agronomy traits in responses to irrigation, silicon and cultivar

S.o.V df:d number per boll 1000seed weight Boll numberBoll weighBranch number Plant weight Seed yield
Year 1 205.6 " 199.59 " 75358 ™ 12.29™ 59704* 832.0™ 71871™
Rep(Year) 4 35.70 34.65 12993 2.134 6991 144.4 12478
Drought 2 51.92 246.96** 49691*  15.21**  10169™ 210.1™  88931**
Yearxdrought 2 76.15™ 73.92"™ 26745 4553" 20761* 308.1™ 26619™
Error a 8 21.63 21.00 7598 1.294 4237 87.54 7562
Silicon 2 83.55* 22.65" 16028  0.792" 4487* 171.7™  37401*
YearxSilicon 2 52.49 ™ 26.43"™ 16028"™  0.916" 2869 " 182.9™  27768"™
Drought xSilicon 4 66.41* 11.97™ 22585*  0.658 ™ 2094 " 231.4*  19947™
Yearxdrought xSilicon 4 42.55™ 21.42"M 10200  0.742" 2243 148.2"™ 22509 ™
cultivar 2 133.0%* 66.99%* 27029%  2.321*%*  8443** 463.5**  61.83**
YearxCultivar 2 51.415 25.89 ™ 17485"  0.897™ 3263"™ 179.1™  27201™
Drought xcultivar 4 37.70 26.86* 12822"  0.658™ 2393 185.8* 19947 "™
Siliconxcultivar 4 161.5%* 12.08"™ 18796*  2.818** 1740 126.88"™ 18134™
Yearxdrought xcultivar 4 26.918 30.527 " 9154™  0.470™ 1708 ™ 104.49™ 20627 "
YearxSiliconxcultivar 4 47.002 23.666 " 20035™  0.946"™ 1623 " 171.66™ 26181™
Drought xsilicinxcultivar 8 90.94** 14.24" 10418"™  1.587** 2053 ™ 165.7*  16774™
Yearx drought xsiliconxcultivar 8 36.63™ 12.30" 11001™  0.542" 2991* 144.05™ 16887 "
Error b 96 21.42 10.79 7285 0.374 1360 74.64 11334

ns, *and** show no significant and significant at 5 and 1% statistically level
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Table 2. Mean comparison for studied traits in response to experiment treatments

irrigation ~ silicon  Cultivars  Seed 1000 seed weight (g) Boll number/m? Boll Branch number/m? Seed Plant
per weight yield weight
boll @ (g/m?) @
0 0 Goldasht 17.0 bcde 35.4  bcde 390 bcd 2.73  bcde 242 abc 221.0 abcd 2018 defg
Padideh 16.0 bcde 259 fgh 280 d 1.83  cdef 156 ¢ 179.3  bed 1275 fg
105 de 28.3 defgh 453  bcd 099 f 188 bc 1312 «cd 1558 defg
1 Goldasht 20.6  bcde 36.3 abcd 361 bcd 2.85 bcd 228 abc 4346 ab 3611 cdefg
Padideh 18.6  bcde 26.5 fgh 444 bed 220 cdef 237 abc 216.9 abcd 2832  cdefg
17.7  bcde 30.0 cdefg 420  bcd 151  cdef 252 abc 2214 abcd 3295 cdefg
2 Goldasht 18.4 bcde 34.1 Dbcdef 438 bcd 1.72  cdef 258 ab 2840 abcd 2761  cdefg
Padideh 19.7  bcde 27.1 efgh 468  bcd 251  bedef 216 abc 2542  abcd 1416 fg
93 e 258 fgh 351  bed 1.09 ef 196 bc 954 d 2017  defg
2 0 Goldasht 16.7  bcde 36.1 abcd 461  bed 3.01 bc 222 abc 280.9 abcd 4550  bcde
Padideh 417 a 30.8 cdefg 318 cd 583 a 199 bc 354.1 abcd 7002 ab
13.0 bcde 28.1 defgh 420  bcd 1.19  def 180 bc 153.7  bed 1493  efg
1 Goldasht 13.5 bcde 408 ab 462  bcd 391 b 262 ab 1955 bed 4053  cdefg
Padideh 21.3  bcde 250 gh 330 bcd 297 bc 264 ab 169.0 bcd 2844  cdefg
159 bcde 31.6 cdefg 324 bcd 152 cdef 197 bc 162.8  bcd 1178 g
2 Goldasht 19.3  bcde 38.1 abc 372 bcd 3.01 bc 246  abc 407.4 abc 3626  cdefg
Padideh 159 bcde 27.5 defgh 420  bcd 1.79  cdef 258 ab 1320 cd 1280 fg
22.7  bcd 32.3  bcdefg 476  bcd 1.22  def 255 abc 329.1 abcd 7984 a
4 0 Goldasht 18.0 bcde 33.4  Dbcdefg 369 bcd 1.68 cdef 257 ab 218.1 abcd 5583 abc
Padideh 22.8  bcd 30.7 cdefg 387 bcd 1.84  cdef 244  abc 269.4 abcd 1714  defg
11.7 cde 26.9 efgh 552 b 141  cdef 234  abc 1729 bed 4380 bcdef
1 Goldasht 16.4  bcde 443 a 552 b 2.01 cdef 312 a 436.6 ab 3142  cdefg
Padideh 19.1 bcde 29.7 cdefg 528 bc 1.73  cdef 240 abc 311.8 abcd 3748  cdefg
23.7 bc 28.5 defgh 486  bcd 1.64 cdef 279 ab 3459 abcd 1714  defg
2 Goldasht 248 b 405 ab 780 a 2.28 cdef 300 a 500.6 a 4641  bed
Padideh 18.3  bcde 30.0 cdefg 312 cd 1.84 cdef 186 bc 180.7  bcd 5783 abc
135 bede 205 h 377 bed e 189 be 1002 d %13 g

303



3.8. Total Chlorophyll content

According to analysis of variances it was founded that effect of irrigation treatments and silicon
had significant at 5% statistically level and cultivar had significant effects on total chlorophyll
content at 1% statistically level (Table 1), also, Interaction between irrigationxcultivars,
irrigationxsiliconxcultivars showed significant effect at 5% statistically level on total chlorophyll
content (Table 1). The irrigation treatments including 2 and 4 times led to 9 and 8 percentages the
increase of total chlorophyll content by the compare to rainfed treatment. The 1mM of silicon
showed 5% the increase of total chlorophyll content the compare to control treatment.

Between cultivars, the highest means of total chlorophyll content with 3.62mg/gfw value
obtained by Goldasht cultivar. In relation to interaction treatments, the highest means of total
chlorophyll content with 4.2 mg/gfw value observed by Goldasht cultivar under 4 times irrigation
and 1mM silicon (Table 2), also with 4 times irrigation and 2mM silicon showed lowest total
chlorophyll content (Table 2).

3.9. Proline

According to analysis of variances it was founded that effect of irrigation treatments was
significant at 1%, silicon and cultivar had significant effects on proline at 5% statistically level
(Table 1), also, Interaction between irrigationxcultivars, and irrigationxsiliconxcultivars showed
significant effect at 5% statistically level on proline (Table 1). The irrigation treatments including
2 and 4 times led to 41 and 61 percentages the decrease of proline by the compare to rainfed
treatment. The 1 and 2mM of silicon showed no significant effect on proline. Between cultivars,
the highest means of proline with 0.10 value obtained by Goldasht cultivar. In relation to
interaction treatments, the highest means of proline with 0.16 value observed by Goldasht
cultivar under rainfed treatment and 0 silicon (Table 2), also with 4times irrigation and 3mM
silicon showed lowest proline (Table 2). Crusciol, Pulz, Lemos, Soratto, and Lima (2009)
reported that proline concentrations in potato increased under lower water availability and higher
Si availability in the soil, which indicates that Si may be associated with plant osmotic
adjustment. Water deficit and Si application decreased total sugars and soluble proteins
concentrations in the leaves.

3.10. Catalase activity

According to analysis of variances it was founded that effect of irrigation treatments was at 1%
statistically level, silicon and cultivar had significant effects on catalase activity at 5%
statistically level (Table 1), also, Interaction between irrigationxsilicon, irrigationxcultivars,
irrigationxsiliconxcultivars showed significant effect at 5% statistically level on catalase activity
(Table 1). The irrigation treatments including 2 and 4 times led to 24 and 36 percentages the
decrease of catalase activity by the compare to rainfed treatment. The 1 and 2mM of silicon
showed 40 and 69 the decrease of catalase activity the compare to control treatment. Between
cultivars, the highest means of catalase activity with 0.21 (U/g of protein) value obtained by
cultivar. In relation to interaction treatments, the highest means of catalase activity observed by
with rainfed and zero silicon (Table 2), also with 4times irrigation and 2mM of silicon showed
lowest catalase activity (Table 2).
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3.11. Peroxidase activity

According to analysis of variances it was founded that effect of irrigation treatments and cultivars
had significant effect at 1% statistically level, silicon had significant effects on peroxidase
activity at 5% statistically level (Table 1), also, Interaction between irrigationxcultivars,
irrigationxsiliconxcultivars showed significant effect at 5% statistically level on peroxidase
activity (Table 1). The irrigation treatments including 2 and 4 times led to 24 and 53 percentages
the decrease of peroxidase activity by the compare to rainfed treatment. The 1 and 2mM of
silicon showed 42 and 65 the decrease of peroxidase activity the compare to control treatment.
Between cultivars, the highest means of peroxidase activity with peroxidase activity with 0.78
U/g of protein value obtained by cultivar.

In relation to interaction treatments, the highest means of peroxidase activity with 1.75 U/g of
protein value observed by cultivar under rainfed and zero silicon (Table 2), also Goldasht with
4times of orrigation and 2mM silicon showed lowest peroxidase activity (Table 2).

Nolla, de Faria, Korndoerfer, and da Silva (2012) reported the use of silicate resulted in more
resistant and productive rice plants, especially under water stress. Even under greater water
availability conditions, the use of silicate resulted in greater rice yield. The results of
Karmollachaab, Bakhshandeh, Gharineh, Telavat, and Fathi (2013) showed a positive effect of
silicon on wheat plant under stress conditions that were higher than when the plant is under no
stress condition. Gunes, et al. (2008) by research on influence of Silicon on Sunflower Cultivars
under Drought Stress reported that the CAT activity was significantly decreased by drought
stress, but supplemental Si increased it. In general, SOD and APX activities of the cultivars were
increased by drought and decreased by application of Si. The nonenzymatic antioxidant activity
of the cultivars was significantly increased by Si under drought stress.

It ermined that the foliage applied Si under water deficit conditions stimulated plant growth and
photosynthetic attributes, water relations, transpiration rate, and chlorophyll contents. In addition,
an increase in antioxidants enzymatic activity was recorded under water deficit conditions (Sattar
et al., 2020). It founded that Si is able to positively modulate nitrogen metabolism and
antioxidant enzyme activities in sunflower plants in order to alleviate the harmful effects of stress
(Conceicéo et al., 2019), Water-stress alleviation and yield improvement by Si application was
attributable to partly improved osmotic adjustment and antioxidant activity as well as to more
favorable water status under stress conditions (Maghsoudi, Emam, Ashraf, & Arvin, 2019).

4. CONCLUSIONES
Based on the present work, it can be concluded that applied Si alleviates drought stress in
sunflower cultivars by preventing membrane damage, although the cultivars showed genotypic

variation in response to applied Si. In drought stress condition, best cultivar was Goldasht with
434.69 seed yield under 1mM silicon treatment.
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