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Introduction

Optimum vyield production under rainfed cultivation directly depends on the amount of rainfall and moisture
storage in the soil. The tillage system directly influences soil moisture retention as well as the soil’s physical and
chemical properties. Selecting the appropriate tillage system can significantly impact crop yields. Oilseeds are
particularly important among crops, representing the second-largest food reserve in the world after grains. These
products are rich in fatty acids. Today, the oil extraction and production industry is one of the most strategic
industries in most countries. Iran has vast arable land and favorable conditions for cultivating oilseeds. However,
according to available statistics, over 80% of the country's oil needs are met through imports. Given the increasing
demand for higher-quality oil products and the challenges posed by climate issues, such as recurring droughts,
cultivating and developing crops with lower water requirements and greater resilience appears to be a promising
solution. Implementing effective management practices and appropriate fertilizers aligned with conservation
agriculture could help increase crop yields while maintaining and improving long-term soil quality. To explore the
potential of oilseed cultivation, an experiment was conducted to examine the effects of tillage and fertilization on the
yield and yield components of safflower under rainfed conditions.

Materials and Methods

This experiment was carried out as split plots based on random complete blocks design, with three replications
under rainfed conditions. The treatments included tillage systems (conventional tillage, reduced tillage, and no-
tillage) as the main factor and NPK fertilizer (a mixture of urea, triple superphosphate, and potassium sulfate) at four
levels of zero, 33, 66, and 100% as a secondary factor. Potassium and phosphorus fertilization and 50% of nitrogen
fertilizer were used at the same time as planting, and the remaining 50% of nitrogen fertilizer was used four months
after planting. Each block had three main plots; the distance between each block was 3 meters, and between the
main plots was 2 meters. In each main plot, four sub-plots were created, and the distance between the sub-plots was
1 meter. The area of the main plots was 21 x 15 meters, and the area of each sub-plot was 4.5 x15 meters. The
amount of seed used for safflower was 25 kg per hectare. The safflower seeds were sown in 5 rows and planted at a
distance of 50 cm and a distance between plants of 10 cm. At all stages of planting, maintenance, and harvesting,
agricultural management followed the traditional practices of the study area, as performed by the local farmers. The
final sampling, or harvesting, was carried out manually at the physiological maturity stage. Before conducting
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variance analysis, a normality test was performed on the data. In this research, the LSD test was used to compare the
mean at the 5% probability level, Excel software was used to draw graphs, and SAS 9.4 software was used to
analyze the data.

Results and Discussion

The research showed that the traits examined, including leaf area index, dry matter content, thousand seed
weight, seed yield, and biological yield, were affected by the tillage system, fertilizer, and their interaction effect.
The highest safflower seed yield of 195.6 g/m? was obtained from the fertilizer ratio of 33% and conventional
tillage, and the lowest seed yield of 116.2 g/m? was obtained from no-tillage and no fertilizer use. The results
indicated that the conventional tillage system outperformed both reduced tillage and no-tillage systems. In reduced
and no-tillage systems, the changes in the leaf area index of the safflower plant were similar, with the 100%
fertilizer application under reduced tillage having a more pronounced effect compared to no-tillage. Additionally, in
the absence of fertilizer in the no-tillage system, the leaf area index was lower. Fertilizer application increased the
plant's biological yield, but its impact was greater under conventional tillage compared to reduced and no-tillage
systems. Applying 33% of the required fertilizer in the conventional tillage system resulted in the highest biological
yield for safflower, leading to a 94% increase in biological performance compared to the control.

Conclusion

In most of the examined traits, the application of 33 and 66% of the fertilizer requirement caused the best results,
and the 100% fertilizer ratio left adverse effects, which indicates the lower fertilizer requirement of this cultivar in
the studied conditions compared to cultivars in other regions. Since the research was conducted in rainy years,
conventional tillage was better than low tillage. It is suggested that this plant's production amount be evaluated
under different irrigation conditions and moisture limitations so that tillage systems and management methods can
be examined and selected more carefully.
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Table 1- The meteorological parameters in meteorological stations in Kermanshah Province
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Month Rainfall amount (mm) Minimum temperature (°C) Average temperature (°C) Maximum temperature (°C)
ot October 125.3 6.8 12.3 17.7
»1 November 104 34 7.4 11.6
«> December 415 -1.3 4.5 10.2
ook January 96.3 -0.5 5.4 11
Sawl - February 79.1 0.1 6.5 12.2
o9 March 194.8 47 104 16.2
Cudgasd)l  April 175 6.6 16.7 24.4
b3 May 0 13 26 34
» June 0 16.6 29.9 387
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Table 2- The results of physical and chemical properties of soil at a depth of 0 to 30 cm

e s, | o oS e o6 G B sl
(ds/m) pH Soil text : Total Nitrogen Organic carbon Available Phosphorus  Available Potassium
oil texture
(%) (mg/kg)
0.86 7.4 clay loam 0.097 12 480
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Table 3- The results of variance analysis of the effect of treatments on leaf area index, dry matter, thousand seed weight, seed
yield and biological yield of safflower

Ol o (ke
Sources of variance of Mean square
Ol kS qlia Sy ol s ool I3 5 039 Wl a,Slas gt 3ySkas
- Thousand seed . - : .
Leaf area index Dry matter weight Seed yield Biological yield
ok 2 0.018 ns 3990.2 ns 16.32 ns 17446.53 ns 19791.18 ns
Block
‘5’:’9&5 2 3.236 ** 285413.4 ** 254.33 * 833773.6 ** 4349977.8 **
Tillage
ol sl 4 0.034 15.82 22784.9 318122.6
Whole-plot error
b?g_ 3 1.886 ** 92698.3 ** 110.42 ** 365973.9 ** 16217824 **
Fertilizer
. > X“””JF_ 6 0.153 * 22897.2 ** 36.22 ** 64150.2 ** 3068633.9 **
Tillage x Fertilizer
e ol 18 0.04 6.68 7864.5 247383.9
Split-plot error
A - 7 6.4 5.8 102

Coefficient of variation (%)

s I3 iz BMIBINS 5 o xe duoyd gty 9 S o )3 ity * ¥
**and * significant at 1% and 5% and ns, not significant respectively.
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Figure 1- The trend of safflower leaf are index changes in tillage and different fertilizer ratios a) conventional tillage, b)
reduced tillage and c) no tillage
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Figure 2- The results of the interaction effects of tillage and fertilizer on the maximum leaf area of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD=0.19). Also, the
error bars show the variability of the data and the closeness to the average).
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Figure 3- The trend of changes in safflower dry matter in tillage and different fertilizer ratios a) conventional tillage, b)

reduced tillage and c) no tillage



YOO8  (Carthamus tinctorius) 5,15 o ,Sloe 1321 g 3 ,5hos ol 53 oll y1 20045 9 657351 w3l oy 3]y K08 g oloyy

9200 B conventional tillage

800 1 a
700 +

SLiA oale
Dry matter (g/m?)
tn
[
=
|
T

Oreduced tillage Ono tillage

395 Ehuj

Fertilizer level (%0)

S5 SUis 03l 3 395 9 (6559 B e O 51 gl € UGS
Siee das clalgs pioman (LSD=5£Y/+0) 13l o a0 p3 B Jloin] pxdaws ;3 LSD 9051 bawgs I sime B3] aximd yLis ygiw o 40 glie g )
(w3 oo i 1y (uSSkeo a4y (S35 9 Wodld (6l puss
Figure 4- The results of the interaction effects of tillage and fertilizer on dry matter of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD= 61.05). Also,
the error bars show the variability of the data and the closeness to the average).
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Figure 5- The results of the interaction effects of tillage and fertilizer on thousand seed weight of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD= 3.37).
Also, the error bars show the variability of the data and the closeness to the average).
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Figure 6- The results of the interaction effects of tillage and fertilizer on seed yield of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD=
2.73). Also, the error bars show the variability of the data and the closeness to the average).
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Figure 7- The results of the interaction effects of tillage and fertilizer on biological yield of safflower

(Different letters in each column show a significant difference by the LSD test at the 5% probability level (LSD= 5.66).
Also, the error bars show the variability of the data and the closeness to the average).
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