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Extended abstract

Introduction

Drought stress is the most influential factors affecting crop yield particularly in irrigated agriculture in
arid and semiarid regions. This stress induces various biochemical and physiological responses in plants
as a survival mechanism (Tas and Tas, 2007). Drought stress have a direct impact on the photosynthetic
apparatus, essentially by disrupting all major components of photosynthesis including the thylakoid
electron transport, the carbon reduction cycle and the stomatal control of the CO2 supply, together with
an increased accumulation of carbohydrates, peroxidative destruction of lipids and disturbance of water
balance (Allen and Ort, 2001). It breaks down the balance between the productions of reactive oxygen
species (ROS) and the antioxidant defense system causing the accumulation of ROS which induces
oxidative stress to protein, membrane lipids and disruption of DNA strands (El Tayeb, 2006). Several
strategies have been developed in order to decrease the toxic effects caused by severe water limitation
on plant growth. Among them the use of vermicompost and nano silicon play a key role in yield
improvement. The aim of this study was to investigate the effects of vermicompost and nano silicon
application on yield and some physiological and biochemical traits of safflower under irrigation
withholding conditon.

Materials and methods

In order to study the effect of vermicompost and nano silicon on yield and some physiological and
biochemical traits of safflower (Carthamus tinctories L.) under irrigation withholding conditon, an
experiment was conducted as factorial based on randomized complete block design with three
replications in research farm of University of Mohaghegh Ardabili during 2019-2020. Factors
experiment were included irrigation levels (full irrigation as control, irrigation withholding in 50% of
heading bud and flowering stages as severe and moderate water limitation respectively) according with
55 and 65 BBCH code, foliar application nano silicon (foliar application with water as control,
application of 25 and 50 mg.]* nano silicon) and application of vermicompost (no application of
vermicompost as control, application of 4 and 8 t.ha'). Vermicompost was purchased from the Gilda
corporation. The safflower cultivar "Padideh"” was used in the experiment with plant density of 40 seeds
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m-2. Chlorophyll and carotenoids were obtained based on method of Arnon (1967). The quantum yield
was measured by the uppermost fool expanded leaf using a fluorometer (chlorophyll fluorometer; Optic
Science-0OS-30 USA). For this purpose, the plants adapted to darkness for 20 minutes by using one
special clamp then the fluorescence amounts were measured in 1000 (UM photon m2s), and calculation
was performed using following formula (Arnon, 1967):

@PSII = (Fm-Fo)/Fm
OPSII; quantum yield amount of photosystem II, Fm or maximum fluorescence after a saturated light
pulse on plants adapted to darkness and Fo, the minimal fluorescence in the light adapted, which was
determined by illumination with far-red light. To measure the enzyme activity, 0.2 g of fresh tissue was
crushed by using liquid nitrogen and then one ml of buffer Tris-HCl (0.05 M, pH=7.5) was added.
Obtained mixture centrifuged for 20 min (13000 rpm and 4 °C), then supernatant was used for enzyme
activity measurements. Catalase, Peroxidase and Polyphenol Oxidase activity was assayed according to
Karo and Mishra (1976). Also, the evaluation of protein carried out by Bradford (1976) method, 0.2 g of
plant tissue was squashed with 0.6 ml extraction buffer and was centrifuged at 11500 rpm for 20 minutes
at 4 °C. The supernatant was transferred to the new tubes and centrifuged for 20 minutes at 4000 rpm.
To measure the protein amount, 10 ul of obtained extract was added to 5 ul Bradford solution and 290
ul extraction buffer and the absorbance rate was read at 595 nm.
Statistical analysis: Analysis of variance and mean comparisons were performed using SAS ver 9.1
computer software packages. The main effects and interactions were tested using the least significant
difference (LSD) test at the 0.05 probability level.

Results and discussion

The results showed that application of the highest nano silicon level under full irrigation increased
chlorophyll a and chlorophyll b (74 and 145% respectively) in comparison with no application of nano
silicon under irrigation withholding in heading bud stage. Means comparison showed that irrigation
withholding in booting bud at the highest vermicompost level increased proline and soluble sugars
content (149 and 99% respectively) and antioxidant enzymes activity such as catalase, peroxidase and
polyphenol Oxidase (103, 82 and 94% respectively) in comparison with no application of vermicompost
under full irrigation. Also, the highest vermicompost level under full irrigation increased chlorophyll a,
quantum yield and grain yield (61, 62 and 119% respectively) in comparison with no application of
vemicompost under irrigation withholding in heading bud stage.

Conclusion
It seems that the application of vermicompost and nano silicon can increase grain yield of safflower

under water limitation conditions due to improving physiological and biochemical traits.
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Table 1. Result for vermicompost analysis
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Table 2. Physical and Chemical Characteristics of experimental farm soil
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Table3. Atmospheric parameters during the period of safflower growth (Source; Ardabil Meteorology Department)
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Table 4. variance analysis the effects of nano silicon and vermicompost on chlorophyll content, enzymes activity, Fv/Fm,

proline, soluble carbohydrate, grain yeild and oil percentage of safflower under irrigation withholding conditon

4% adudyls b by s JS Juds ks

o &Ll Chlorophyll  Chlorophyll Total e Jotre glanid
S.0vV Ol i 2l df a b Chlorophyll Proline soluble sugars
Replication S 2 15.14™ 3.518™ 33.20™ 51.62™ 5770.33™
Irrigation (1) sl 2 5.75™ 1.704™ 13.63™ 45.61™ 734487
Vermicompust (V)  CowgeoS 0y 2 5.79" 6.33™ 24.21™ 53.68™ 2498.32™"
Nanosilicon (N) OF kgl 2 2.57™ 4311 13.56™ 8.36™ 330.6™
1*V CowguoS 2059 X kel 4 0.063™ 0.0148 " 0.138 " 0.834™ 49.21™
I*N o5kl X gyl 4 0.087" 0.054™ 0.072 " 0.201 6.50 "™
VAN yoSabawgili XCawgroS c0)9 4 0.0209 ™ 0.0152 " 0.057 ™ 1.695™ 171"
ISVS *N U X Camgead 5009 X )L 8 0.0021 " 0.0048 " 0.0059 ™ 0.042" 0.033 ™
Eror w3l oldl 52 0.0259 0.021 0.090 0.166 12.24
CV% I JUUE IR 7.1 5.7 7.3 4.7 12.4
Table 4. Continued aolsl ¥ Jous
4y ) o Slos ey hoyd
8ol G 3 gy oS sogleS &l 5 ySlos oil
S.oVv Ol gl df CAT POD PPO Fv/Fm grain yield percentage
Replication JSS 2 33369.5™ 11584.71 7446.04™ 059" 2567682.7" 876.65™
Irrigation (1) sl 2 639214 6985.96™ 4321.64™ 0.093™ 3965509.8"™ 154.52™
Xf)rmi“’ml’““ CowgaeS 0y9 2 2645277 3143937 3417.117 0.272" 3020812  19.77"
Nanosilicon (N) O5bowgil 2 493.76™ 539.88"™  774.21™ 0.033™ 63783.5" 1.72™
1*V CowguoS 2059 X skl 4 44.32™ 32.31™ 35.12" 0.006™  19240.8™ 1.26™
I*N o55abewgib X gyl 4 8.38 ™ 5.55 M 7.95™  0.0003" 17634"™ 0.066 ™
VAN aSakwsil XCawgmoS 09 4 19.07 ™ 61.94™ 22.62™  0.0008™ 211 0.104 s

O rlmogli XCwgeS s Xl g gogans  0p3m  023™ 000012 44917  0.028"
I*V*N
Eror holojlobdl 52 18.49 14.25 1177 000059  5955.3 0.208

CV% A JUUE " IR 6.06 5.15 7.06 7.13 10.33 5.69

** *

Qe )8 Ko g i Jliol maw o ls pxe gl pxe pf S 5 4T 9T NS
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
CAT: Catalase; POD: Peroxidase; PPO: Polyphenol Oxidase
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Fig. 1. Means comparison the main effects of irrigation levels, vermin compost and nano silicon on total
cholorophyll content of safflower
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Table 5. Means comparison the effects of irrigation and vermicompost on chlorophyll a, proline and soluble
carbohydrate content, activity of CAT, POD and PPO enzymes, Fv/Fm, grain yeild and oil percentage of safflower

under irrigation withholding conditon

Sl odan Jedgslsa Jolo lanis el STy
Treatments Proline Chlorophyll a soluble sugars CAT POD
MggrFW e mg gt FW----eeeee s OD pg protein min--------
11xV1 1.26+5.94 3. 81+ 0.935 62.23 + 11.58 64.6+ 30.21 85.96 +17.31
11xV2 1.20+4.62 0.974+3.27 54.94 +10.54 55.73+26.5 74.83 £14.71
11xV3 3.62 +0.765 2.73+0.711 46.74 £ 9.11 49.01 £ 25.66 68.19 +14.13
12xV1 6.74 +1.43 0.813+3.32 71.25+13.57 79.21 £33.53 101.46+ 20.43
12XV 5.26 + 1.37 2.84 +0.689 12.07+62.9 29.45+68.32 88.3+17.36
12xV3 4.11+0.871 0.617+2.37 53.52 £10.43 59.98 + 28.75 16.68+80.46
13xV1 9.03+1.93 2.72 +0.683 98.32+18.72 37.25+£99.8 122.1 + 24.59
I3xV2 7.13+£1.89 2.34+0.59 86.81 + 16.65 86.03 + 32.74 162.6 + 20.89
13xV3 5.53+1.17 1.97 + 0.515 73.85+ 14.39 32.35+£75.4 20.07+96.83
LSD 0.385 0.152 3.31 4.067 3.57
Table 5. Continued aoldl .0 Jou

sl ST B3 (50955155 3 Shone 415 5 Slac by w0y

Treatments PPO OD Fv/Fm grain yield Oil percentage
g protein mint kg.ha %

11xV1 69.58 + 14.76 0.17+0.837 1825.51 + 368.8 29.62 +5.48

11xV2 59.69 + 12.22 0.14+0.697 1703.74 + 344.32 5.37+29.096

11xV3 10.92+50.84 0.585 + 0.122 305.41+1511.36 5.28+28.62

12xV1 82.11+17.42 0.754 + 0.152 297.2+1478.93 28.077 £5.18

12XV 70.43 +14.43 0.635+0.127 1418.42 +286.59 26.66 +4.94

12xV3 59.99 + 12.88 0.515+0.115 272.61+1335.77 25.61+4.73

I3xV1 98.81 + 20.97 0.663 £ 0.133 1004.03 £202.84 4.63+25.13

13xV2 84.76 £17.36 0.588 + 0.119 937.06 £189.37 2439+ 4.51

13xV3 72.2 £15.5 0.515 + 0.106 831.25 £167.97 4.33+23.46

LSD 3.245 0.022 72.99 0.431

...xj)l..xj LSD og.A}" uuL.:l).g ‘5)|QL5;J.A &5)L°T e OFw y2 50 wlie g_'95)> L SLQJ&LA
FolSe 50 i A ol cui i 4 Ve 5 V2 Vi a0 4aSS al> o 10 g)lol gl 5 20l5 al> e jo gLl alad  JolS g Lo s a:I3 512 s

CegaS 05 SIS pas 5 LS o (o
I1, I2, and I3 indicate full irrigation, irrigation withholding at flowering and irrigation withholding at heading bud stage,
respectively; V1, V2 and Vs indicate application of 8 ton/ha, 4 ton/ha and no application of vermicompost, respectively.

Means with similar letters in each column are not significantly different based on LSD test
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Table 6. Means comparison the effects of irrigation and
nano silicon on Chlorophyll a and Chlorophyll b content

b lous Chlorophyll a Chlorophyll b
Treatments Jedgs 52 Jrdo A5 b
------------- T R e ——
11XN1 3.64 +0.95 2.08 £ 0.655
11XN2 3.22 +0.900 0.607+1.48
11XN3 0.825+2.95 1.29 £0.485
12%XN1 0.832+3.16 1.87 +0.587
12XN2 0.781+2.8 1.46 +0.564
12XN3 0.718+2.57 0.512+1.047
13%XN1 0.693+2.65 0.508+1.56
13%XN2 2.31 +£0.647 0.468+0.974
N3xN3 0.562+2.09 0.848 +0.425
LSD 0.152 0.137

2 St gl BB gt o 50 alise B> L sla:Siles
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11, 12 and Iz indicate full irrigation, irrigation withholding at
flowering and irrigation withholding at heading bud stages,
respectively; N1, N2 and N3 indicate application of 25 mg.I-
1,50 mg.I"* and no application of nano silicon, respectively.

Means with similar letters in each column are not
significantly different based on LSD test.
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Table 7. Means comparison the effects of vermicompost
x nano silicon on proline content and activity of
peroxidase enzyme

s Louss ofon HloesTy
Treatments Proline POD
ug.gt FW OD g protein min
V1xXN1 7.63+2.18 108.93 +27.18
V1xXN2 2.09+7.29 102.69 + 25.62
V1xN3 1.905 +6.79 97.2 £24.43
V2xN1 6.77 £1.98 91.67 £22.87
V2xN2 5.53+1.588 89.59 £22.35
V2xN3 4.7 £1.35 88.12 £21.98
V3xN1 4.64 £1.33 86.9 +21.68
V3xN2 4.43 +1.268 83.84 £20.92
V3%xN3 4.207 £1.207 74.73 £18.64
LSD 0.385 3.57

2 S bl BB g 0 alie By b sle el
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N1, N2 and N3 indicate application of 25 mg.I1, 50 mg.I* and
no application of nano silicont, respectively. V1, V2 and V3
indicate application of 8 t.ha, 4 t.ha™ and no application of
vermicompost, respectively.
Means with similar letters in each column are not
significantly different based on LSD test
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