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Extended abstract
Introduction
Safflower has been cultivated in different parts of Sistan and Baluchestan since ancient times and is
relatively tolerant of drought. It has many medicinal and food uses for the people of this region. Saravan
is also one of the arid regions of the country, so the cultivation of plants compatible with these regions
can be effective to improve agriculture in this region. Several studies have been shown that a small
amount of nutrients, particularly Zn and Mn applied by foliar spraying can significantly increase the
yield of crops Also, foliar nutrition is an option when nutrient deficiencies cannot be corrected by
applications of nutrients to the soil. It is likely therefore, in open-field conditions, where the factors that
influence the uptake of the nutrients are very variable, foliar fertilization is a privilege. Among the
micronutrients, Zn and Mn nutrition can affect the susceptibility of plants to drought stress. Zinc plays
an important role in the production of biomass. Furthermore, zinc may be required for chlorophyll
production, pollen function, fertilization and germination. Mn plays essential roles in the metabolism of
isoprenoids, chlorophylls, carotenoids and phenolics. External application of Mn2+ increases
photosynthesis, net assimilation, and relative growth and yield.

Materials and methods

this experiment was conducted to investigate different levels of irrigation and foliar application of zinc
and manganese sulfate in November 2020 in the research farm of Saravan Higher Educational Complex
as a split plot in a randomized complete block design with three replications. Experimental treatments
include three levels of irrigation, including: full irrigation, cessation of irrigation at the beginning of stem
emergence and cessation of irrigation at the stage of flowering, and three levels of foliar application with
zinc sulfate (three per thousand), manganese sulfate (three per thousand) and no foliar application.
Study traits include speed, plant height, number of branches, number of heads per plant, seed weight
per plant, head weight per plant, 100-seed weight, biological yield, grain yield and harvest index
(division of grain yield by biological yield by percent). Data analyzed was performed using SAS software
(version 9/1) and mean comparisons at the level of 5% probability were performed using LSD test.

Results and discussion
The results showed that the interaction effects of irrigation and foliar application in plant height,
number of branches, number of heads, 1000-seed weight, seed-per-plant weight, head-per-plant weight,
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biological yield, grain yield, harvest index and chlorophyll meter (SPAD) were significant (P< 1%). foliar
application with zinc sulfate increased grain yield more than three times in all irrigation treatments, also
grain yield in foliar application with zinc sulfate in non-interruption irrigation treatment (693 kg) Per
hectare was seven times higher than the conditions for stopping irrigation at the stage of stemming and
lack of foliar application (100 kg / ha). In all irrigation treatments, foliar application of zinc sulfate
Element was relatively superior to manganese sulfate and no foliar application. The highest grain yield
was observed in the treatments of non-interruption of irrigation, cessation of irrigation in flowering
stage and cessation of irrigation in stem stage, respectively. Was seven times the grain yield. In general,
foliar application of zinc sulfate can be used as an agricultural solution to increase yield and reduce the
effects of cessation of irrigation at the end of the growing season in safflower in Saravan climate. In
general, the results of this study showed that under different conditions of irrigation interruption, foliar
application of zinc sulfate and manganese can play an important role in mitigating the effects of drought
stress on safflower compared to no foliar application. Discontinuation of irrigation at the end of the
growing season in the stem and flowering stages reduced the seed yield of safflower compared to full
irrigation conditions. Zinc sulfate foliar application improved yield-related traits in this plant, zinc
sulfate foliar application increased grain yield about twice and in manganese sulfate foliar application
this increase was about 30% compared to non-foliar conditions. The highest correlation was observed
with number of heads per plant, head weight, seed weight per plant and number of branches. Due to the
alkalinity of the soil in dry areas and the non-absorption of these elements by the plant and the positive
effects of this element in relation to the defense system and photosynthesis of the plant, foliar
application of zinc sulfate Element is recommended for safflower in Saravan climate.

Keywords: Foliar application, Manganese sulfate, Safflower, Stop irrigation, Zinc sulfate
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Table 1. Level temperature and rainfall average during lentil growing season 2019-2020 and
long term average from 2010-2020 at Saravan region.

Lo S
olo Temperature (°C) Rainfall (mm)
Month 2019-2020 2010-2020 2019-2020 2010-2020
October 19.6 19.2 32 6.2
November 15.7 14.2 15 10.0
December 12.3 11.8 8 11.2
January 13.8 13.0 16 19.8
February 20.2 17.2 5.5 17.6
March 23.5 21.5 1 11.1
April 27.2 273 1 6.3
May 30.8 31.5 2 7.6
June 34.8 344 0 7.2
July 33.8 335 0 5.3
August 40.5 30.2 3 1.4
September 28.2 28.4 1 2.8
I ibeo 235 88

Mean of year
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Table 2. Soil physicochemical properties at the experimental location

sﬂ oolo
Soil texture  Potassium Phosphorous Manganese Zinc  matter  Nitrogen Ec pH
mg kg™ % dSm'™!
Loamy silt 92 13 0.961 0.348 0.2 0.02 2.9 8.6
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Table 3. Variance analysis of (MS) Safflower yield and yield components at different Irrigation regime and Spraying at

Saravan.
a0 Verr 039
sol3T e (e G Slasi il
o gl gwsy aslbolasi  Capitules per 1000 seed
Source of Variation oS gl A Spad Height  Branch/Plant plant weghit
Replication (R) s 2 0.11m 4.33m 3.06™ 7.90" 0.04"
Irrigation regime (I) ool akad 2 56.77  21.33™ 3.42m 6.37" 0.02m
Error a ol gl 4 2.05" 20.16™ 0.50" 8.17" 0.01™
Spraying (S) b= 2 97 1539.11™ 90.67" 105.12™ 0.53"
xS Shelmoxs el g8 4 121777 79.617 2.03" 3.18™ 0.21™
Error sErAebks 12 1.90 14 1.44 1.12 0.05
CV % Ol iy o 13 17 8 18 5
Table 3. Continued alsl .Y Jgus
Pl gl 5o @b i 3 Silos e
= G TP ER il
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Source of Variation b g weight/plant weight/plant yield Seed yield Index
Replication (R) HSS 2 0.71m 7.05" 22690.33" 690.19™ 8.31m™
Irrigation regime (I) Sl ks 2 93.88" 195.82"  861636.33™  82892.7" 21.52m
Error a ol gz 4 2.62" 1.11m 6150.83™ 2379.64™ 15.22m
Spraying (S) b delxe 2 368.41™ 1262.35" 5502994.3™  328517" 2.79"
IxS b Jglmox g ol a3 4 11.27* 25.59" 63950.33™ 10394.0™ 28.79™
Error SEHAsbks 12 1.31 2.70 8540.00 1198.44 12.66
CV % Ol gt g g 21 14 18 12 9
LS00 S g g e 53 )P 1) pae oS

ns, * and **; non significant, significant at 5% and 1% levels of probability, respectively
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Table 4. mean comparisons Safflower yield and yield components at different Irrigation regime and Spraying at

Saravan, 2020- 2021.

Slasy oy

) aila Voo 539
sk b slxo Al ew,l sl b 1000 seed
Irrigation Spraying Spad Height Branch Capitule weight
cm g
- o AS‘:"L’J}L’u pae d e c e be
al> Lol 62 76.64 5.42 5 25.6
LI Control
Sadlw YIS T
Cuttine e oW 59660 87660 6.16° ged 33.0°
utting of irrigation at Manganese Sulfate
flowering I
SR TES 67 100.52°  9.66 13.67° 31.6°
Zinc Sulfate
T il dslxe pas 62.33¢ 74¢ 5¢ 7.204 24.6°
> 0 50 5)lul alad Control
oS Fole oW oh 66 84.66%  4.66°  9.56* 32.0°
Cutting of irrigation at ~ Manganese Sulfate
flowering s Wee o 98330 112 142 30.6°
Zinc Sulfate
Bl dslro pos 59.62°¢ 804 4.66° 8.66 30.6*
Control
b ol Feolse gg660 7733 633 10.66° 29,3
Normal irrigation Manganese Sulfate
@S g 107330 120 15° 30.6°

Zinc Sulfate

il e 2o p0 O o ;3 LSD (5031 daugs o cme B osias lis gty 40 Sglitte g,

The presence of different letters in each column indicates a significant difference by the LSD test at the 5% level.
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Table 5. Mean comparisons Safflower yield and yield components at different Irrigation regime and Spraying at

Saravan, 2020-2021.
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The presence of different letters in each column indicates a significant difference by the LSD test at the 5% level.
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Table 6. Correlation coefficients between the studied traits of Safflower components at different Irrigation regime and

Spraying in Saravan, 2020-2021.
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