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Abstract

Introduction

Sunflower (Helianthus annuus L.) is an annual plant belonging to the genus Helianthus and
Astraceae (Kazi et al., 2002). Among abiotic stresses, drought stress is considered to be the most
influential type of stress in the production of oil seeds in the world and can greatly reduce
production on many arable lands. One of the primary effects of drought is the reduction of water
content of plant tissues (Ghanbari et al., 2016). Nutrient spraying is one of the common methods
of supplying nutrients to higher plants, whose efficiency is greater than soil fertilizer use when
soil conditions are poor (Hay and Porter, 2006). Mn, as an activating factor in many enzymes,
especially the enzymes involved in photosynthetic processes in plants. Manganese deficiency
reduces growth, causing necrosis, and early fall of leaves (Tewari et al., 2005). Zn acts as part of
the enzyme structure or as a cofactor. It is used to make RNA, DNA metabolism of
carbohydrates, oils and proteins (Shahrokhi et al., 2012). To investigate the effect of Zn Nano-
fertilizer in combination with Mn Nano-fertilizer on improving sunflower resistance under water
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deficit conditions by measuring changes in yield, yield components and biochemical properties of
sunflower were studied here to see the reults

Materials and Methods

This research was carried out as a factorial experiment in a randomized complete block design
with three replications in Lahijan Agricultural Jihad Research Farm in 2019. Factorial
combinations of four treatments of water deficit stress (15% (un-stressed control), 30% (mild
stress), 45% (moderate stress) and 60% (severe stress) of FC depletion) and four spraying
(Control (distilled water), Zn, Mn and Zn+Mn Nano-fertilizer) with 4 mg.I" concentration were
examined. Drip irrigation (T-tape) applied the row length in each experimental plot was 6 m, 50
cm apart. The distance between the plots and between the repetitions was 1 and 3.5 m,
respectively.

Results and Discussion

The results revealed that the interaction between irrigation regime and spraying was significant in
harvest index, peroxidase, seed protein, seed oil and oil yield; in other traits the main effects were
significant. Co-application of Zn and Mn Nano-chelates in panicle and stem diameter, grain
yield, photosynthesis rate and protein yield increased by 26.69, 29.77, 34.37, 61.30 and 57.17%,
respectively. Spraying of zinc and manganese nano-chelates also improved grain yield and
protein yield by 17.86 and 36.68%, respectively, under severe stress conditions.

Conclusion

In general, it can be concluded that the application of Zn and Mn Nano-fertilizers is effective in
increasing grain yield, protein and oil yield and photosynthesis under stress conditions and it is
very effective in resistance to sunflower plant by reducing the activity of stress enzymes and
reducing severe yield loss. Finally, co-application of zinc and manganese Nano-fertilizers
depending on the stress areas is recommended for optimal performance under drought stress
condition.
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Table 1. Physicochemical properties of the studied soil

Texture FC PWP S K P T.N o.M pH EC SD
% by volume mg.kg* % - dS.m?! cm
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Table 2. Analysis of variance (mean square) of effect of Zn and Mn nano-fertilizer on morpho- physiological characteristics in Sunflower (Helianthus annuus

L.) under different irrigation regimes

Stem

Capital

Photosynthesis

Seed Harvesting

Seed

Protein

S.O.V. df di - Catalase  Peroxidase . . . Seed ail . Oil yield
iameter diameter rate yield index protein yield

Block 2 0.05™ 0.74" 14.62™ 351.82m 0.54™ 0.03" 1.03" 292" 0.72" 0.04™ 55.96™

Irrigation Regime 3 0.83™ 21.04™ 104.52"  27291.28"™ 10.64™ 1.18™ 91.35™ 62.68™ 27.58™ 597.48™ 1232.39™

Spraying solution 3 0.30™ 23.72" 319.55™  13202.24™  9.08™ 0.60™ 68.75™ 95.50™ 80.26™ 580.99™ 309.40™

Irrigation regime x Spraying solution 9 0.003™ 0.26" 1.11m™ 259.42" 0.39™ 0.01m 2977 10.91" 1257 4.13"™ 82.62"

Error 30 0.002 0.32 1.32 169.39 0.07 0.007 0.29 0.41 0.69 2.39 9.00

C.V. (%) - 4.81 511 8.24 11.45 6.45 1.32 4.49 2.21 7.86 6.24

* and ** Represents a significance at a probability level of 5% and 1%, respectively, and ns; non-significant.

Table 3. Main effects of irrigation regime and Zn and Mn Nano-fertilizer on measured traits in Sunflower

Treatment Stem diameter Capital diameter Photosynthesis rate Catalase_ Seed yield Protein yield

(cm) (cm) (umolCO2.m2s?1)  (A.mgPro.min?) (Ton.ha'l) (Ton.ha?)

15% FC (Control) 1.40x0.042 12.11+0322 16.50+£1.372 76.47+7.66¢ 1.57+0.052 25.86x1.872

Irrigation regime 30% FC (Mild Stress) 1.21+0.04° 11.83+0.352 15.96+1.382 93.51+7.58°¢ 1.53+0.052 24.70£1.902
45% FC (Moderate Stress) 1.01+0.04¢ 11.09+0.44° 13.39+1.44° 127.96+8.88P 1.1940.07° 17.37+2.15°
60% FC (Sever Stress) 0.78+0.05¢ 9.17+0.45°¢ 10.05+1.39¢ 184.54+12.242 0.90+0.06°¢ 10.70£1.50¢
Control 0.92+0.07¢ 9.06+0.45°¢ 7.96x0.77¢ 158.97+16.622 1.05+0.09¢ 12.48+1.744

Spraying solution Zn Nano-Fertilizer 1.10+0.07° 11.43+0.35° 13.86+0.96° 122.39+11.77° 1.26+0.08° 17.72+£1.75°
Mn Nano-Fertilizer 1.07+0.06" 11.360.33" 13.50+0.94° 123.16+11.33° 1.28+0.08" 19.30+1.98°
Zn+Mn Nano-Fertilizer 1.31+0.07¢8 12.36+0.352 20.57+0.742 77.96+11.75°¢ 1.60+0.08? 29.14+2.07°

Means in each column followed by similar letter(s) are not significantly different at 1% probability level by the LSD test.
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Table 4. Interaction effects of irrigation regime and spraying solution on measured traits in Sunflower

Sprayin - . Peroxidase Harvestin Protein . Oil Yield
S%Iuét/ior? Irrigation Regime (A.mg Pro.min™) index ’ (%) Seed Qil (%) (Ton.hah)
—  15% FC (Control) 2.19+0.16° 40.87+£0.19* 13.43+0.66* 38.53+0.54° 52.93+0.52%
% 30% FC (Mild Stress) 2.45+0.25"  40.55+0.25* 12.83+0.60° 38.93+0.59° 52.06+0.607
8 45% FC (Moderate Stress) 3.31+0.37°  37.15+0.21° 10.57+0.42" 40.85+0.66° 37.19+2.12°
60% FC (Sever Stress) 5.34+£0.29°  31.77£0.54° 7.63£0.25° 43.45x+0.282 26.72+4.47°
5 15% FC (Control) 1.52+0.18° 43.09+0.33% 15.62+0.43* 36.34+0.44° 55.42+1.862
c 2 = 30% FC (Mild Stress) 1.74+0.15  42.69+0.33% 15.17+0.44% 36.67+0.46" 54.75+1.932
N S € 450% FC (Moderate Stress) ~ 2.28+0.17°  40.68+0.36" 13.08+0.52" 37.84+0.55" 41.87+1.36"
- 60% FC (Sever Stress) 3.65+0.14%  37.84+0.21° 10.85+0.10° 39.78+0.17% 36.63+1.08°
5 15% FC (Control) 1.76+0.13°  42.93+0.49% 16.72+0.41* 36.36+0.36° 56.65+2.72%
c 2 & 30% FC (Mild Stress) 1.97+0.11° 42.64+0.51% 16.38+0.40* 36.75+0.38° 55.75+2.522
= S E 45% FC (Moderate Stress) ~ 253+0.12°  40.69+0.44° 14.28+0.65° 37.87+0.22° 44.13+1.48°
- 60% FC (Sever Stress) 3.62+0.18%  37.76+£0.26° 10.72+0.16° 40.01+0.12% 36.59+0.77°¢
c 5 5% FC (Control) 0.67£0.10°  44,95+0.11* 19.23+0.45* 33.30+0.66% 60.85+1.24%
= 2 X 30% FC (Mild Stress) 0.92+0.08°  44.80+0.14® 18.97+0.47% 33.62+0.69° 60.52+1.39°
’% S g 45% FC (Moderate Stress) 1.26+0.10°  43.25+0.26° 17.84+0.22° 34.97+0.66 56.50+1.09°
- 60% FC (Sever Stress) 1.96+0.072  40.57+0.25° 15.75+0.25° 34.64+0.25° 40.43+2.62°

Means in each column followed by similar letter(s) are not significantly different at 5% probability level by the LSD test. (Slice on the

level of Spraying Solution). Mean+STDERR.
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