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Abstract. The present study was evaluated the application of humic acid (HA), which possess 

multifaceted biological action, and plant growth promoting rhizobacteria (PGPR) inoculation to improve 

the morphologic performance, yield and seed quality of safflower under different water regimes in the 

Eastern Anatolia region of Turkey. In a 2-year field trial, the two humic acid level (200 and 400 kg ha-1) 

and the two rhizobacterial strains (Bacillus megatorium M3 and Bacillus subtilis OSU142) in together 

with control treatments were evaluated under irrigated and rainfed conditions using randomized complete 

block design with a split-split plot arrangement. Bacterial strains and humic acid levels highly increased 

plant growth, seed and oil yields, and seed nutrient contents under irrigated and rainfed conditions. 

However, the combined application of the OSU142 strain with 400 kg HA ha-1 resulted in the greatest 

enhancement of safflower growth and yield under irrigated conditions, and seed and oil yields increased 

by 101.8 and 127.6% with treatment of 400 HA + OSU14 respectively. Moreover, the integrated use of 

humic acids and PGPR inoculation relatively showed additive effect in the growth and yields of safflower 

under rainfed conditions, and increased by 186.5 with treatment of 400 HA + OSU142 and 257.1% with 

treatment of 400 HA + M respectively. 
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Introduction 

Safflower (Carthamus tinctorius L.) is a dryland oilseed crop with a very long 

cultivation history. It is widely grown for food, medicinal, cosmetic and biofuel 

purposes over a wide range of geographical areas from Far East to American continent 

(Ekin, 2005). Nowadays, scientific interest in this species has gained importance as a 

result of mainly their utilization increase in human nutrition and non-food production 

due to their high-quality vegetable oil. In safflower oil, the major fatty acids are linoleic 

and oleic acids and their relative proportions determine the safflower oil’s functional 

properties and nutritional value (Cao et al., 2013; Rapson et al., 2015). On the basis of 

the nutritional value of safflower oil, oil quality, in fact, shows similarity to that of olive 

oil and is valued for human health reasons since the high unsaturated fatty acids 

(linoleic and oleic acids) contents leads to significant reduction in blood cholesterol 

levels (Dajue and Mündel, 1996; La Bella et al., 2019). In this regard, safflower would 

seem to be more favorable when compared to those of the oils of major oilseed crops 

such as sunflower, rapeseed, maize and soy commonly used for food and non-food 

sector in the semi-arid and marginal croplands of the world and central-eastern Turkey 

(Ekin, 2005; Kizil et al., 2008; Ozturk et al., 2008). In general, oilseed crops for 

application in the non-food sector, especially regarding biofuel research and 

development projects, have attract intensive attention in recent years in Turkey. In this 

regard, safflower appears to be more suitable as a dryland oilseed crop that can adapt 
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highly to chancing climate and soil conditions for the agriculture and biofuels industry 

among other widely cultivated crops (Nosheen et al., 2018). However, it is 

characterized by spiny nature and low seed yield which have devitalized farmers from 

taking on its cultivation in the many countries including Turkey in dryland farming 

(Ekin, 2005; La Bella et al., 2019). 

To maintain high yielding potential in safflower cultivation is firstly required water 

stress and soil fertility management in semi-arid and highland regions typically 

characterized by variable and unpredictable inadequate rainfall, poor moisture storing 

capacity of soils, large diurnal ranges in temperature and frequent strong winds (Ozturk 

et al., 2008). Due to readily deterioration of soil, water and other environmental 

resources in those regions compared to agriculture areas in different regions of the 

world, future food and energy demand and its created pressures are likely to further 

exacerbate the damaged soil health and effects of drought (Somerville and Briscoe, 

2001). Therefore, it is imperative to protect soil health and productivity and to enhance 

the water stress tolerance of crops under the changing environmental conditions. In 

particular, drought tolerance will likely become increasingly significant for producing 

steady yields in all oilseed crops under global climate change (Comas et al., 2013). 

Although the safflower is well adapted to dryland cropping system, its agronomic 

performance and seed quality is particularly dependent upon climatic factors such as 

temperature and rainfall in flowering and seed maturation stages, and is largely affected 

by water stress conditions in these periods (Weiss, 1983; Kumar et al., 2016; La Bella et 

al., 2019). There are yet no economically current technological vehicles to facilitate 

plant production under drought. But the introduction of novel techniques to increase 

water stress tolerance is crucial for increasing safflower oil-based food and biofuel 

production. In this context, the role of beneficial rhizosphere microorganisms is gaining 

premium importance in the development of climate change resilient agriculture and 

stress management. 

The rhizosphere of plants, the interface between plant roots and soil, is widely 

colonized by soil microorganisms (e.g. plant growth promoting rhizobacteria, PGPR). 

After inoculated on seed, PGPR can successfully colonize plant roots and improve plant 

growth directly by either releasing of plant growth stimulating compounds (e.g. 

phytohormones such as cytokines or auxins) or improving in nutrient uptakes (e.g. N2 

fixing, P-solubilizing or siderophore release increasing nitrogen, phosphorus and iron 

availability, respectively) or indirectly by decreasing the harmful effects of pathogens 

via synthesis of antibiotics. Thus, the plant-bacteria symbioses could stimulate plant 

growth and yield by reducing dependency on traditional fertilizers, enhance the plant 

tolerance to both biotic and abiotic stresses, and serve to keep soil productivity and 

environmental health. However, the density and structure of the rhizosphere bacteria in 

the soil are dictated by soil pH, organic matter content, water and nutrient availability 

throughout the root surface (Bossio et al., 1998; Drenovsky et al., 2004; Garcia-Pausas 

and Paterson, 2011; Backer et al., 2018). On the other hand, biogeographical patterns 

including topographic and climatic variations have also the powerful impacts on density 

of bacterial community (Kristin and Miranda, 2013). In the world, several PGPR 

species (Azotobacter, Azosprillum, Bacillus, Serratia, Enterobacter, Pseudomonas, 

Klebsiella and Variovorax) as rhizosphere-colonizing microorganisms were the subject 

of intense study in the field or laboratory in various areas of the many countries in 

recent years. In this context, it was generated valuable information on the various field 

crops, such as sugar beet and barley (Cakmakci et al., 200 2006), sugarcane (Silva et al., 
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2017), sunflower (Shadid et al., 2012), wheat (Rosas et al., 2009; Hungria et al., 2010; 

Rana et al., 2012; Chandra et al., 2019), rice (Lucas et al., 2009), bean (Hoyos-Carvajal 

et al., 2009), canola (El-Howeity and Asfour, 2012), maize (Thonar et al., 2017) and soy 

(Cassán et al., 2009). However, each plant’s responses to rhizobacteria cannot be 

expressed by admitted valid comprehension and this actually presents both an 

opportunity and a challenge. The capability of soil bacteria to reveal favorable effects 

on plant growth can be impaired under field conditions since other exterior factors come 

into play (Nelson, 2004; Backer et al., 2018; Chandra et al., 2019). Therefore, it has 

recently been demonstrated that the integrated use of humic substances and PGPR in 

agricultural practices could be envisaged as environmental-friendly technology to 

promote crop yield and quality. In addition, this sustainable agricultural approach can 

be a good means to enhance vegetable oil and biofuel production in water-deficit 

regions. 

Humic substances, consisting of soil organic matter decomposition, are of crucial 

important for plant physiology and environmental protection by improving structure and 

fertility of soils and their resistance to erosion. However, they are a valuable 

complementary of soil microbiota, since they have natural hormone-like structure and 

exhibit biological activities. In addition, humic substances are show capacity to regulate 

the uptake and transport of nutrients to plants, improve crop yield and plant resistance to 

stress and effect root hair formation and lateral root development. Due to humic 

substances have a complex structure, which explains their versatile biological activity, 

the studies have majored on their interactions and structure with plants and associated 

rhizosphere microorganisms such as PGPR in controlled laboratory experiments. 

However, critical assessments of such interactions under real field conditions are 

necessary to quantify the current benefits on productivity, in view of improving 

practical modern technologies for advanced and sustainable agricultural systems 

purposed in enhancing crop yield and quality. Some authors (Canellas et al., 2013; 

Esringu et al., 2016; Schoebitz et al., 2016; Silva et al., 2017) suggested that co-

application of humic substances and PGPR inoculation in several crop species grown 

under field conditions can increase significantly macro- and micro nutrient uptakes and 

root growth, which in turn led to the increase crop yield. Moreover, these authors 

reported that stimulation of biological activity by humic acid can further enhance 

nutrient cycling through the action of microorganisms. Another reason given for 

increased crop yield, was also attributed to be highly adaptation of plant to several stress 

conditions by integrated use of humic substance and PGPR (Nardi et al., 2009; Dobbss 

et al., 2010; Busato et al., 2012; Puglisi et al., 2013; Canellas and Olivares, 2014; 

Olivares et al., 2015). Previous studies also reported that inoculation of specific plant 

growth promoting bacteria species like N2-fixing Bacillus subtilis and phosphorus 

solubilizing Bacillus megatorium instead of chemical fertilizers can serve as an 

environmental friendly alternative application and improve plant nutrition by increasing 

N and P uptake by plants (Cakmakci et al., 2001; Esitken et al., 2003). But, up till now 

no data are present in respect of the use of this Bacillus strains in safflower plants. 

However, only limited data are available with respect to the use of Pseudomonas, 

Azosprillum and Azotobacter spp., which were used to increase nitrogen uptake 

(Mirzakhani et al., 2009; Soleymanifard and Sidat, 2011; Sharifi et al., 2017; Nosheen 

et al., 2018), root morphology (Nosheen et al., 2011), and protein quantity and quality 

of seeds (Nosheen et al., 2016) in safflower. 
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Safflower is an important oilseed plant that grows optimally in dry conditions, but is 

negatively affected by drought in the phenological periods (i.e. germination, stem 

elongation and branching, flowering), which are the most critical periods in terms of 

plant moisture requirement (Dajue and Mündel, 1996; Ekin, 2005). Thus, the combined 

use of humic acids and PGPR inoculation was explored as a possibility for improving 

agronomic performance of the safflower under irrigated and rainfed conditions in arid 

and semi-arid regions. 

Materials and methods 

Site characterization 

The safflower (Carthamus tinctorius L.) variety Remzibey-05 was investigated for its 

response to plant growth promoting rhizobacteria inoculation and humic acid 

application under irrigated and rainfed field conditions. The field experiment was 

carried out at the research farm located in Ahlat district (38° 46’ N and 42°30’ E with an 

altitude of 1722 m) in the Eastern Anatolia region of Turkey during the cropping 

seasons 2010 and 2011. The climate of experimental area is continental with 562.6 mm 

total rainfall in long-term average (1958-2017), concentrated in winter. Annual mean air 

temperature and relative humidity values are 9.3 °C and 63.8%, respectively. Maximum 

temperature is 22.8 °C in August and minimum temperature is -2.5 °C in January. The 

weather data were collected from weather station close to the fields (Table 1). In 2010 

and 2011 years, mean temperature values were 16.5 °C and 16.0 °C and amounts of 

rainfall were 291.0 mm and 269.4 mm, respectively. The soil of experiment site was a 

silt-clay-loam, including 1.60% organic matter and pH 7. total N 0.15 g/kg, 6.8% CaCO 

1.16 dS/m electrical conductivity (EC), 0.15 g kg-1 total N, 7.95 mg kg-1 available P, 

3.30 mg kg-1 available Mn, 196 mg kg-1 available K, 5.85 mg kg-1 available Fe, 1.44 mg 

kg-1 available Zn and 0.59 mg kg-1 available Cu. 

 

Plant material and experimental design 

Safflower seeds were obtained from the Transitional Zone Agricultural Research 

Institute, Republic of Turkey Ministry of Agriculture and Forestry. The Remzibey-05 is 

an early-maturing safflower variety with Turkey of origin, drought-tolerant, spiny, 

open-pollinated, yellow flower color, white seed color, 32-35% oil content, high-oleic 

oil type and approximately 1.00 t ha-1 dryland seed yield. The field experiments lay out 

was split-split plot design in randomized complete block with three replicates, with 

water regimes (irrigated and rainfed) as the main plot, humic acid (Control: without the 

addition of humic acid, 200 kg ha−1 and 400 kg ha−1) as the sub plots, and PGPR strains 

(Uninoculated control, Bacillus megatorium M3 and Bacillus subtilis OSU-142) as the 

sub-subplots. The humic acid doses were prepared by Agro-Lig™ (commercial 

products - 75% total organic matter, 65% total humic acid derived from leonardite, 22% 

max moisture, pH 3.5-5.5) in granule form. 

 

Bacterial strains, culture media and seed bacterization 

Gram-positive, non-pathogenic Bacillus subtilis OSU-142 and Bacillus megatorium 

M3 strains were kindly obtained from Atatürk University-Turkey. In the previous 

studies, strains used in this study were determined that they showed capacity to grow in 

N-free conditions, for hormones (IAA, GA3),1-aminocyclopropane-1carboxylate (ACC) 
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deaminase and siderophore production, and to solubilize phosphate and to N2-fixing 

(Cakmakci et al., 2001; Orhan et al., 2006). For the inoculation of safflower seeds, 

bacterial cultures were grown on nutrient agar for routine use. Subsequently, single 

colony was transferred to 500 mL flasks containing nutrient broth. The cultures were 

incubated on a rotating shaker (150 rpm) overnight at 28 °C aerobically, and then 

bacterial suspensions were diluted to final concentration at cell density of 1 x 109 colony 

forming unit ml−1 by sterilized and distilled water (sdH2O). Safflower seed surface was 

disinfected by dipping first in 3% (v/v) sodium hypochlorite for 3 min and then 95% 

ethanol for 1 min. After surface disinfection, the seeds were washed 3–4 times with 

sdH2O. Approximately, 5 g sugar (50 mg mL-1) was added to each Erlenmeyer flasks, 

and the surface-sterilized seeds were soaked separately in this suspension. The seeds 

were treated with the bacteria in the flasks by shaking at 80 rpm for 2 h. For the 

uninoculated control, seeds were treated with sterile nutrient broth supplemented with 

sugar. After shaking, the seeds were taken out and air-dried on sterile Whatman filter 

paper sheets overnight. 

 
Table 1. Mean, maximum and minimum temperature (°C), monthly rainfall (mm) and 

relative humidity (%) trends in the experimental site (Ahlat, Turkey) during 201 2011 and 

long-term average (LTA: 1958-2017) 

Year Month Tmean (°C) Tmax (°C) Tmin (°C) Rainfall (mm) 
R. Humidity 

(%) 

2010 

April  7.3 14.5 3.4 154.4 71.0 

May 11.4 16.9 7.3 106.2 65.8 

June 18.3 24.7 11.9 28.0 50.4 

July 22.8 29.3 16.1 1.8 37.3 

August 22.5 29.2 15.7 0.6 35.6 

Season (M/T)* 16.5 22.9 10.8 291.0 52.0 

Yearly (M/T) 10.9 16.6 5.2 399.0 59.6 

2011 

April  6.9 11.0 3.3 159.0 71.0 

May 11.2 16.6 6.7 90.0 69.1 

June 17.6 23.6 11.5 15.6 52.1 

July 22.3 28.9 15.8 3.2 41.3 

August 22.0 28.4 15.4 1.6 40.4 

Season (M/T) 16.0 21.7 10.5 269.4 54.8 

Yearly (M/T) 8.6 13.7 4.0 566.6 56.4 

LTA 

April  6.9 11.4 2.8 87.1 69.4 

May 13.1 17.0 7.1 70.2 65.0 

June 18.9 23.3 11.2 28.7 55.6 

July 21.5 28.0 15.3 8.3 49.4 

August 22.8 28.3 15.4 5.7 47.7 

Season (M/T) 16.1 21.6 10.4 136.2 57.4 

Yearly (M/T) 9.3 14.2 4.5 562.6 63.8 

* M: Mean, T: Total 
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Main cultivation practices and measurement of morphologic and yield data 

The field experiment was carried out under rainfed and irrigated conditions. After soil 

was ploughed and harrowed, safflower seeds were sown at 40 cm row spacing on early 

April in both years. Overall, plant density was 40 viable seeds m-2 and sub-subplots area 

was 16 m2. At the start of the field experiment, a basal dose of N (urea) and P (Triple 

Super Phosphate), at rates of 300 and 150 kg ha- which might support root morphology 

and plant growth improvements in safflower (Nosheen et al., 2011), were applied to the 

plants. Humic acids were applied in the soil according to layout at sowing time and then 

mixed well in the soil. In the study, irrigation was applied based on the phenological 

periods (stem elongation and flowering), which are the most critical periods in terms of 

plant moisture requirement in safflower. This application called as supplemental 

irrigation, as a notion, refers to providing significant increases in yield by applying 

irrigation water in support of rainfall in plants grown under rainfall conditions as the most 

accurate approach in irrigation water management in the arid and semi-arid regions. In the 

study, the soil moisture has been allowed to fluctuate only at field capacity range, so soil 

water potential was controlled in the range between -10 and -20 kPa as indicated by 

Tensiometer at a depth of 15 cm below the soil surface in the irrigated treatment. Water 

was applied uniformly across all irrigated plots. Each of irrigations applied in the stem 

elongation (June) and flowering (July) growth periods represented a total of 

approximately 48 mm and 80 mm in 201 and 56 and 85 mm rainfall equivalent, 

respectively. Therefore, the total quantity of water received in irrigation conditions was 

419.0 mm and 410.4 mm in the five-month cycle in 2010 and 2011 years, respectively. 

Weeds were controlled by hand. Safflower plants were harvested at the physiological 

maturity in mid-August in both years. Seed moisture content was also below 8.00%. 

Morphologic and yield characterization were performed following the guide of 

International Plant Genetic Resources Institute for safflower. Each treatment was 

evaluated for 5 pre-harvest and 17 post-harvest traits. The pre-harvest traits were stem 

diameter (mm), plant height (cm), number (no.) of primary branches per plant, capitilum 

diameter (cm) and number (no.) of capitula per plant. Data was recorded for twenty 

healthy plants in each of 54 experimental plots. The post-harvest traits were number (no.) 

of seeds per capitulum, fertile and sterile seed percentage (%),1000-seed weight (g), seed 

oil and protein contents (%), seed, oil and protein yields (t ha-1) and mineral composition 

of safflower seeds (mg/kg). Plant height was measured as main shoot length from soil 

surface to the uppermost capitulum of the plant. Diameters of stem and capitilum were 

measured by digital caliper. The total number of capitula and branches was recorded as 

number of capitilum and primary branches per plant. Thousand seed weight was 

measured as seed weight of 1000 achenes from each of plants in grams. Seed yield was 

recorded at the harvest area of 7.2 m2 after removing the two rows border plants all 

around. Seed oil, protein and nutrient contents were analyzed in three replicates. Oil 

content was measured by Soxhalet extraction method using hexane as solvent. Protein 

content in seed samples was calculated from nitrogen using the conversional factor of 

6.25 and determined by the Kjeldahl method for nitrogen content measurement in 

safflower. Magnesium (Mg), potassium (K), calcium (Ca), phosphorus (P), zinc (Zn), 

manganese (Mn), copper (Cu) and iron (Fe) contents in seed samples were determined by 

wet-digesting the ground seeds using HNO3:HClO4 (6:2 v/v) by Advanced Microwave 

Digestion System. Subsequently, mineral nutrients composition was evaluated by 

Inductively Coupled Plasma Optical Emission Spectrometry (iCAP 6000 SERIES, ICP 

Spectrometer) as per manufacturer’s instructions. 
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Statistical analysis 

In order to reveal if data are suitable for normal distribution and homogeneity, the 

Kolmogorov-Smirnov normality and Bartlett homogeneity tests were used. Afterwards, 

analysis of variance (ANOVA) was used to compare the effects of water regimes, 

humic acids and PGPR treatments interactions for 2 years using PROC GLM of SAS 9. 

Mean comparisons were conducted using Duncan multiple comparison test (DMRT). 

All the experiments were performed in three replicates and data were presented as 

descriptive statistics (means; n = 3). Since there were no significant year x treatment 

interactions for the tested most traits (p < 0.05), 2-year data were combined and used for 

the mean comparisons. 

Results 

Analysis of pre-harvest morphologic traits 

The analysis of combined ANOVA showed significant differences by the tested 

factors (humic acids and PGPR inoculation) under both irrigated and rainfed conditions, 

as pointed by variations in multiple biometric characteristics of safflower growth 

(Table 2). Results from analysis of pre-harvest morphologic traits indicated that plant 

height significantly differed between soil moisture conditions. On average, the highest 

plant height was recorded in irrigated conditions. Plant height significantly (P < 0.01) 

increased with increasing doses of humic acid. Likewise, inoculations of OSU142 and 

M3 significantly (P < 0.01) increased plant height by 26.20 and 15.57%, over that of the 

uninoculated control, respectively. Significantly (P < 0.01) interactions were observed 

for W x HA, W x P, HA x P and W x HA x P (Table 2). 

The mean values for the W x P and W x HA interactions (Table 3) revealed that, for 

both irrigated and rainfed conditions, the OSU142 strain and the 400 kg HA ha-1 

treatment had the highest values for plant height, over their respective control 

treatments. Similarly, the interaction of HA x P (Table 4) indicated that humic acid and 

rhizobacterial inoculation increased the plant height, with 400 kg HA ha-1 and the 

OSU142 strain being the most effective. Moreover, there was significant (P < 0.01) W x 

HA x P interaction (Fig. 1) for plant height, and the highest plant height was recorded 

for plants treated with 400 HA + OSU142 in irrigated condition maintaining an increase 

of 47.8%, compared to their respective non-HA uninoculated control. 

Significant differences (P < 0.01) in the stem diameter and number of primary 

branches per plant of safflower were observed for water regimes, HA, and PGPR 

inoculation (Table 2). Irrigation and HA applications considerably increased the both 

stem diameter and number of primary branches per plant of safflower, with the highest 

values noted for the 400 HA ha-1 treatment. PGPR inoculation also significantly 

increased stem diameter and number of primary branches, with higher values noted for 

OSU142 (Bacillus subtilis) than for M3 (Bacillus megatorium) and the uninoculated 

control. In addition, there were significant (P < 0.01) W x P and HA x P interactions for 

the stem diameter of safflower (Table 2). Mean values for the W x P interaction 

(Table 3) suggested that the highest stem diameter (7.97 mm) was for the OSU142 

strain under irrigated conditions maintaining an increase of 22.7%, over their respective 

control treatment. The interaction of HA x P (Table 4) revealed that, for the 200 or 400 

HA + OSU142 and the 400 HA + M3 treatments had the highest values for stem 

diameter (7.5 7.39 and 7.50 mm, respectively). 
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Table 2. Pre-harvest morphological traits of safflower affected by humic acid application 

and bacterial inoculation under different water regimes (means of the combined years)1 

 
Plant height 

(cm) 

Stem diameter 

(mm) 

No. of 

branches/plant 

No. of 

capitula/plant 

Capitilum 

diameter (cm) 

WATER REGIMES (W) 

Irrigated 73.8 a 7.39 a 9.5 a 11.6 a 2.51 a 

Rainfed 59.5 b 5.64 b 5.9 b 8.5 b 2.28 b 

HUMIC ACID (HA) 

0 59.7 c 5.97 c 6.9 c 7.8 c 2.24 c 

200 68.2 b 6.58 b 7.8 b 10.6 b 2.42 b 

400 72.0 a 7.00 a 8.5 a 11.8 a 2.53 a 

PGPR STRAINS (P) 

Uninoculated 58.0 c 5.78 c 6.8 c 8.6 c 2.29 c 

OSU142 73.2 a 7.15 a 8.5 a 11.5 a 2.51 a 

M3 68.7 b 6.60 b 7.7 b 10.1 b 2.40 b 

SIGNIFICANCE 

Source df Mean square 

Year (Y) 1 288.12* 1.13ns 21.87* 32.34** 0.0800ns 

W 1 5532.67** 82.51** 347.76** 251.16** 1.52** 

Y x W 1 28.83 * 0.08ns 0.71ns 0.46ns 0.0003ns 

HA 2 1417.95** 9.60** 22.83** 156.20** 0.74** 

Y x HA 2 16.83* 0.12ns 0.22ns 0.87ns 0.0001ns 

P 2 2199.35** 17.24** 23.93** 75.69** 0.41** 

Y x P 2 6.39ns 0.02ns 0.19ns 0.84ns 0.0016ns 

W x HA 2 74.41** 0.01ns 0.11ns 4.50** 0.07** 

Y x W x HA  2 19.68* 0.11ns 0.28ns 0.46ns 0.0005ns 

W x P 2 299.87** 1.34** 0.06ns 4.69** 0.02** 

Y x W x P 2 0.27ns 0.07ns 0.17ns 0.21ns 0.0010ns 

HA x P 4 62.72** 1.49** 0.25ns 1.37** 0.009* 

Y x HA x P 4 6.77ns 0.16ns 0.04ns 0.14ns 0.0013ns 

W x HA x P 4 45.01** 0.26ns 0.47ns 3.17** 0.004ns 

CV (%)  5.09 9.24 6.23 4.24 5.33 

1The means were obtained from combined analysis of variance. ns, *, and ** represent nonsignificant and 

significant at P ≤ 0.05 and P ≤ 0.01 according to DMRT, respectively. CV: coefficient of variations 

 

 

Number of capitula per plant and capitilum diameter for safflower were severely 

decreased by rainfed condition, whereas it increased with the application of HA and 

PGPR inoculation (Table 2). Furthermore, significant (P < 0.01) interactions were 

observed for W x HA, W x P and HA x P for these parameters. The W x HA and W x P 

interactions (Table 3) revealed that the highest number of capitula per plant and 

capitilum diameter for safflower was for the 400 kg HA ha-1 treatment and the OSU142 

inoculation under the irrigated conditions, whereas the lowest values were observed for 

the without HA control and the uninoculated control under rainfed conditions. Likewise, 

the HA x P interaction showed that OSU142 significantly enhanced number of capitula 

per plant and capitilum diameter in the 400 kg HA ha-1 treatment by 104.6% and 22.2% 

over that of without HA and the uninoculated control, respectively. Mean values for the 
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W x HA x P interaction (Fig. 2) suggested that the highest number of capitula per plant 

was recorded for plants treated with 400 HA + OSU142 under irrigated conditions 

maintaining an increase of 63.6%, whereas the plants submitted to rainfed condition 

showed considerably increase rate of 181.4% in number of capitula per plant in the 400 

HA + OSU142 treatment, over their respective control treatments. 

 

 

Figure 1. The interactive effect of water regimes, humic acids and PGPR on the plant height of 

safflower. Different letters along with water regimes, humic acids and PGPR treatments 

indicate significant differences in access treatment means from three replications tested at 

P ≤ 0.05 according to DMRT 

 

 

 

Figure 2. The interactive effect of water regimes, humic acids and PGPR on the number of 

capitula per plant of safflower. Different letters along with water regimes, humic acids and 

PGPR treatments indicate significant differences in access treatment means from three 

replications tested at P ≤ 0.05 according to DMRT 

 

 

Analysis of post-harvest seed traits 

The post-harvest seed traits of safflower (number of seeds per capitulum, thousand 

seed weight, and fertile and sterile seed percentage) were significantly (P < 0.01) 

affected by all the treatments (Table 5). Irrigation application considerably increased the 
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number of seeds per capitulum, thousand seed weight, and fertile seed percentage, 

whereas the highest sterile seed percentage was noted for the rainfed condition. HA and 

rhizobacterial inoculation increased all the seed traits of safflower, except for sterile 

seed percentage. Table 5 shows the significant (P < 0.01) interactions of W x HA, W x 

P, HA x P and W x HA x P for number of seeds per capitulum. 

 
Table 3. Interaction between humic acid (HA) and water regimes (irrigated and rainfed); 

PGPR strain and water regimes on pre-harvest traits of safflower 

Factors 

Plant height 

(cm) 

Stem 

diameter 

(mm) 

No. of 

capitula/ 

plant 

Capitulum 

diameter 

(cm) 

No. of seeds/ 

capitulum 

1000 seed 

weight (g) 

Seed yield 

(t ha-1) 

Oil yield 

(t ha-1) 

I R I R I R I R I R I R I R I R 

HA (kg ha-1) 

0 65.3 c 54.2 e 6.85 5.09 9.4 d 6.1 f 2.41 c 2.08 e 28.1 c 23.9 d 38.2 b 36.3 c 1.89 c 1.02 e 0.61 c 0.29 e 

200 76.5 b 59.8 d 7.47 5.68 12.4 b 7.4 e 2.54 b 2.31 d 34.4 a 24.4 d 41.5 a 38.8 b 2.83 b 1.37 d 0.99 b 0.41 d 

400 79.6 a 64.4 c 7.85 6.14 13.0 a 10.7 c 2.60 a 2.44 c 32.5 b 28.2 c 42.4 a 39.7 b 3.04 a 1.87 c 1.10 a 0.60 c 

PGPR STRAIN 

Uninoculated 62.4 d 53.6 f 6.51 c 5.06 e 10.4 c 6.8 e 2.43 c 2.15 e 29.6 b 24.0 e 39.2 36.8 2.09 c 1.15 f 0.69 b 0.33 e 

OSU142 80.1 a 66.4 c 7.97 a 6.35 c 12.6 a 10.4 c 2.59 a 2.42 c 33.2 a 28.5 c 41.7 39.2 2.92 a 1.82 d 1.01 a 0.57 c 

M3 78.9 b 58.4 e 7.70 b 5.52 d 11.8 b 8.5 d 2.52 b 2.27 d 32.1 a 26.2 d 41.3 38.8 2.75 b 1.41 e 0.98 a 0.46 d 

Means having different letters are significantly different at P ≤ 0.05 according to DMRT 

 

 
Table 4. Interaction between humic acid (HA) and PGPR strain on growth and yield of 

safflower 

HA 

(kg ha-1) 
PGPR strain 

Plant 

height 

(cm) 

Stem 

diameter 

(mm) 

No. of 

capitula per 

plant 

No. of seeds 

per capitulum 

Capitilum 

diameter 

(cm) 

Seed yield 

(t ha-1) 

Oil yield 

(t ha-1) 

Protein 

yield (t ha-1) 

0 

Uninoculated 54.1 h 5.37 d 6.5 f 24.8 b 2.16 f 1.20 f 0.35 f 0.15 f 

OSU142 65.2 d 6.55 b 8.8 d 27.0 b 2.32 d 1.68 d 0.52 e 0.23 d 

M3 60.0 f 6.00 c 8.0 e 26.2 b 2.25 e 1.48 e 0.49 e 0.19 e 

200 

Uninoculated 58.1 g 5.88 c 9.0 d 26.8 b 2.30 d 1.69 d 0.55 e 0.25 d 

OSU142 75.4 b 7.54 a 12.3 b 33.2 a 2.56 b 2.47 a 0.84 b 0.35 b 

M3 71.2 c 6.33 bc 10.4 c 31.7 a 2.41 c 2.03 c 0.71 c 0.27 c 

400 

Uninoculated 61.8 e 6.11 c 10.2 c 27.2 b 2.41 c 1.97 c 0.64 d 0.29 c 

OSU142 79.0 a 7.39 a 13.3 a 30.5 a 2.64 a 2.64 a 0.92 a 0.39 a 

M3 75.2 b 7.50 a 12.1 b 31.3 a 2.53 b 2.44 b 0.87 b 0.32 b 

Means having different letters are significantly different at P ≤ 0.05 according to DMRT 

 

 

The W x HA interaction (Table 3) revealed the highest number of seeds per 

capitulum for the 200 kg HA ha-1 treatment under irrigated condition, from that of the 

non-HA treatment. Conversely, it was also noted increased with increasing humic acid 

under rainfed condition. The W x P interactions means (Table 3) indicated the highest 

number of seeds per capitulum of safflower was noted for all the bacterial inoculations 

under irrigated conditions, whereas the plants inoculated with the OSU142 strain 

increased the number of seeds per capitulum under both irrigated and rainfed conditions 

by 12.2 and 18.8%, respectively, over their respective control treatments. Similarly, HA 

x P interactions means (Table 4) revealed that all the bacterial inoculations significantly 

increased the number of seeds per capitulum in all levels of HA treatment, from that of 

the control. In addition, mean values for the W x HA x P interaction (Fig. 3) revealed 
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that the applications of 200 HA + M3 and 200 HA + OSU142 under irrigated conditions 

resulted in the highest number of seeds per capitulum by increases of 41.4% and 36.5%, 

whereas the plants submitted to rainfed condition showed considerably increase rates of 

28.7% and 27.0% in number of capitula per plant in the 400 HA + M3 and 400 

HA + OSU142 treatments, over their respective control treatments. 

 
Table 5. Post-harvest seed traits of safflower affected by humic acid application and 

bacterial inoculation under different water regimes 

 
No. of 

seeds/capitulum 

1000 seed 

weight (g) 

Fertile seed 

percentage (%) 

Sterile seed 

percentage (%) 

WATER REGIMES (W) 

Irrigated 31.7 a 40.7 a 95.90 a 4.12 b 

Rainfed 26.3 b 38.3 b 94.36 b 5.67 a 

HUMIC ACID (HA) 

0 26.0 b 37.4 b 94.54 c 5.50 a 

200 30.6 a 40.6 a 95.14 b 4.85 b 

400 30.3 a 40.6 a 95.71 a 4.34 b 

PGPR STRAIN (P) 

Uninoculated 26.9 b 38.0 b 94.00 b 6.05 a 

OSU142 30.2 a 40.4 a 95.70 a 4.36 b 

M3 29.8 a 40.0 a 95.69 a 4.30 b 

SIGNIFICANCE 

Source df Mean square 

Year (Y) 1 0.68ns 1.14ns 1.18ns 2.15ns 

W 1 778.70** 165.51** 64.79** 64.68** 

Y x W 1 38.16* 0.63ns 0.99ns 0.98ns 

HA 2 240.04** 134.56** 12.13** 12.23** 

Y x HA 2 6.31ns 0.69ns 1.14ns 1.46ns 

P 2 113.34** 58.55** 34.49** 35.71** 

Y x P 2 11.35ns 0.45ns 4.22* 3.48ns 

W x HA 2 35.76** 9.67* 0.35ns 0.19ns 

Y x W x HA  2 9.04ns 1.90ns 0.43ns 1.71ns 

W x P 2 20.82** 0.06ns 0.38ns 0.13ns 

Y x W x P 2 1.23ns 3.77ns 1.75ns 0.91ns 

HA x P 4 25.67** 2.25ns 0.91ns 0.44ns 

Y x HA x P 4 4.36ns 1.34ns 0.99ns 0.67ns 

W x HA x P 4 17.46** 1.21ns 1.55ns 1.73ns 

CV (%) 6.76 5.06 8.19 13.8 

The means were obtained from combined analysis of variance. ns, *, and ** represent nonsignificant and 

significant at P ≤ 0.05 and P ≤ 0.01 according to DMRT, respectively. CV: coefficient of variations 

 

 

Significant differences (P < 0.01) in the 1000 seed weight, fertile and sterile seed 

percentage of safflower were observed for water regimes, HA, and bacterial inoculation 

(Table 5). A higher 1000 seed weight and fertile seed rate were noted for the irrigation 

treatment than for the rainfed condition. However, irrigation treatment induced a 

marked decline in sterile seed rate, with the lowest value noted for the rainfed 
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conditions. On the other hand, all HA and PGPR treatments enhanced the 1000 seed 

weight by 8.6 and 6.3%, respectively, over that of control (no HA or uninoculated). 

Similarly, fertile seed percentage significantly increased with increasing doses of HA 

and all the PGPR inoculations, whereas it considerably reduced the sterile seed 

percentage of safflower. The interactions between HA and PGPR were not significant 

for these parameters, but W x HA interaction was significant (P < 0.05) for 1000 seed 

weight only (Table 5). The highest values for 1000 seed weight were noted for all the 

HA doses under irrigated condition, maintaining an increase from 8.7 to 11.0%, 

compared to the control (Table 3). 

 

 

Figure 3. The interactive effect of water regimes, humic acids and PGPR on the number of 

seeds per capitulum of safflower. Different letters along with water regimes, humic acids and 

PGPR treatments indicate significant differences in access treatment means from three 

replications tested at P ≤ 0.05 according to DMRT 

 

 

Analysis of seed quality and yield traits 

Seed oil and protein contents were significantly affected by all the treatments 

(Table 6). Irrigation significantly (P < 0.01 and P < 0.05) increased the seed oil and 

protein contents, respectively. Seed oil content significantly (P < 0.01) increased with 

increasing HA doses, while the highest seed protein contents noted for both HA doses 

compared to control plants. Rhizobacteria inoculation significantly (P < 0.01) 

increased seed oil and protein contents, with the highest oil content noted for M3 and 

with a higher protein content noted for OSU142 than for M3 and the uninoculated 

control. 

Seed yield of safflower was significantly (P < 0.01) affected by water regimes, HA, 

and rhizobacterial strains (Table 6). For different water regimes, irrigation treatment 

induced a marked increase in the seed yield, with the lowest value noted for the rainfed 

conditions. Likewise, increasing doses of HA and PGPR inoculation (OSU142 > M3) 

increased seed yield (Table 6). Moreover, W x HA, W x P, HA x P and W x HA x P 

(P < 0.01) interactions were significant. The W x HA interaction (Table 3) revealed that 

the highest seed yield (3.04 t ha-1) was recorded for 400 kg HA ha-1 under irrigated 

condition, and the lowest yield (1.02 t ha-1) was recorded for the non-HA control under 

rainfed condition. The 400 kg HA ha-1 treatment significantly enhanced the seed yield 

by 60.8% and 83.3% under irrigated and rainfed condition, respectively, over that of 
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their respective non-HA control. The W x P interaction (Table 3) revealed that OSU142 

was a potential strain for improving seed yield under both irrigated and rainfed 

conditions, with highest yield (2.92 t ha-1) noted for the irrigation treatment. Similarly, 

the HA x P interaction (Table 4) showed that OSU142 in all the HA rates considerably 

increased seed yield by 105.8 and 119.8%, respectively, over that of the non-HA and 

uninoculated control. Moreover, the W x HA x P interaction (Fig. 4) revealed that the 

highest seed yield (3.37 t ha-1) was recorded for 400 HA + OSU142 treatment under 

irrigated conditions, with increase of 101.8% and followed by 400 HA + M3 (89.8%) 

treatment, compared to their respective control. However, the treatments of 400 

HA + OSU14 200 HA + OSU142 and 400 HA + M3 were resulted for the higher seed 

yields (2.1 1.95 and 1.91 t ha1) under rainfed conditions, with increases of 186. 163.5 

and 158.1%, respectively, compared to their respective control. 

 
Table 6. Seed yield and quality traits of safflower affected by humic acid application and 

bacterial inoculation under different water regimes 

 
Seed content (%) Yield (t ha-1) 

Oil Protein Seed Oil Protein 

WATER REGIMES (W) 

Irrigated 34.55 a 13.96 a 2.59 a 0.89 a 0.36 a 

Rainfed 30.47 b 13.47 b 1.44 b 0.44 b 0.20 b 

HUMIC ACID (HA) 

0 30.64 c 12.75 b 1.45 c 0.45 c 0.19 c 

200 32.93 b 14.10 a 2.10 b 0.70 b 0.31 b 

400 33.97 a 14.30 a 2.46 a 0.85 a 0.35 a 

PGPR STRAIN (P) 

Uninoculated 30.73 c 13.75 b 1.62 c 0.51 c 0.23 c 

OSU142 32.93 b 14.27 a 2.37 a 0.79 a 0.34 a 

M3 33.89 a 13.14 b 2.08 b 0.72 b 0.28 b 

SIGNIFICANCE 

Source df Mean square 

Year (Y) 1 21.78* 10.70ns 77.48* 15.33* 3.51ns 

W 1 450.18** 6.35* 2665.11** 436.21** 54.57** 

Y x W 1 0.83ns 0.01ns 0.57ns 0.82ns 0.14ns 

HA 2 104.62** 25.45** 756.79** 120.01** 20.56** 

Y x HA 2 0.08ns 0.44ns 0.59ns 0.09ns 0.006ns 

P 2 94.44** 11.75** 372.89** 58.81** 7.78** 

Y x P 2 0.24ns 1.35ns 0.15ns 0.08ns 0.10ns 

W x HA 2 1.50ns 0.94ns 15.69** 5.04** 0.35ns 

Y x W x HA  2 0.10ns 0.72ns 0.21ns 0.02ns 0.03ns 

W x P 2 3.49ns 8.33* 14.53** 2.50** 0.36ns 

Y x W x P 2 2.21ns 1.35ns 0.44ns 0.26ns 0.07ns 

HA x P 4 1.14ns 6.18* 10.21** 1.83** 0.06ns 

Y x HA x P 4 0.72ns 0.08ns 0.75ns 0.18ns 0.02ns 

W x HA x P 4 0.17ns 0.39ns 5.84** 1.42** 0.17ns 

CV (%)  5.95 8.86 5.53 7.54 9.15 

The means were obtained from combined analysis of variance. ns, *, and ** represent nonsignificant and 

significant at P ≤ 0.05 and P ≤ 0.01 according to DMRT, respectively. CV: coefficient of variations 
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Figure 4. The interactive effect of water regimes, humic acids and PGPR on the seed yield (t ha-1) of 

safflower. Different letters along with water regimes, humic acids and PGPR treatments indicate 

significant differences in access treatment means from three replications tested at P ≤ 0.05 

according to DMRT 

 

 

Results for the oil and protein yields showed trends similar to that seen for seed 

yield. Significant differences (P < 0.01) in the oil and protein yields of safflower were 

observed for water regimes, HA, and bacterial inoculation (Table 6). For different water 

regimes, the highest oil and protein yields were recorded for irrigated condition with 

0.89 and 0.36 t ha- respectively. The increasing doses of HA (400 HA > 200 HA) and 

PGPR inoculation (OSU142 > M3) significantly (P < 0.01) improved oil and protein 

yields (Table 6). Furthermore, significant (P < 0.01) interactions were observed in W x 

HA, W x P, HA x P and W x HA x P for oil yield. The W x HA interaction (Table 3) 

showed that the highest oil yield (1.10 t ha-1) was recorded for 400 kg HA ha-1 under 

irrigated condition, and the lowest yield (0.29 t ha-1) was recorded for the non-HA 

control under rainfed condition. Likewise, the W x P interaction (Table 3) revealed that 

OSU142 and M3 strains enhanced oil yield under both irrigated and rainfed conditions, 

with highest yield (1.01 and 0.98 t ha- respectively) noted for the irrigation treatment. 

Furthermore, the HA x P interaction (Table 4) showed that the highest oil yield was 

observed for 400 HA + OSU142 treatment. Moreover, the W x HA x P interaction 

(Fig. 5) revealed that the highest oil yields were recorded for 400 HA + OSU14 400 HA 

+ M3 and 200 HA + OSU142 treatments under irrigated conditions, with increases of 

127. 119.1 and 108.4%, compared to their respective control, whereas the treatments of 

400 HA + M3 and 400 HA + OSU142 were resulted in the higher seed yields under 

rainfed conditions, with increases of 257.1 and 226.5%, respectively, compared to their 

respective control. 

 

Elemental analysis of safflower seeds 

Macro- and micronutrients contents (P, K, Ca, Mg, Fe, Zn, Cu and Mn) of safflower 

seeds were significantly (P < 0.01) affected by water regimes, HA, and PGPR strains 

(Table 7). A higher P, K, Ca, Fe, Cu and Mn contents were noted for the irrigation 

treatment than for the rainfed condition, whereas rainfed condition induced a marked 

increase in Mg and Zn contents, with the lowest value noted for the irrigation treatment. 
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However, the seeds in both HA and PGPR treated plants generally had higher macro- 

and micronutrient contents compared to the control (no HA or uninoculated) plants. 

 
Table 7. Mineral composition (mg kg-1) of safflower seeds affected by humic acid application 

and bacterial inoculation under different water regimes 

 P K Ca Mg Fe Zn Cu Mn 

WATER REGIMES (W) 

Irrigated 4889.94 a 4536.54 a 2500.12 a 1339.86 b 58.01 a 38.48 b 16.49a 13.16a 

Rainfed 4449.45 b 4088.63 b 2287.45 b 1610.77 a 52.14 b 43.19 a 14.71b 12.15b 

HUMIC ACID (HA) 

0 4071.87 c 3775.07 c 2151.89 c 1327.10 c 50.01 c 39.71 b 16.23a 11.68c 

200 4842.96 b 4464.84 b 2431.53 b 1534.07 b 56.81 b 42.51 a 15.51b 12.87b 

400 5094.25 a 4697.72 a 2597.78 a 1564.77 a 58.47 a 40.28 b 15.06c 13.41a 

PGPR STRAIN (P) 

Uninoculated 4126.31 c 3732.09 c 1962.34 c 1201.17 c 47.87 c 36.94 c 16.58a 11.51c 

OSU142 4653.25 b 4688.32 a 2775.90 a 1696.44 a 64.16 a 41.37 b 15.44b 13.74a 

M3 5319.52 a 4517.35 b 2442.96 b 1528.34 b 53.28 b 44.21 a 14.78c 12.73b 

SIGNIFICANCE 

Source df Mean square 

Year (Y) 1 440755.39* 209896.62* 1572725.90* 152026.53* 82.88* 142.18* 25.49* 4.58* 

W 1 5238800** 5416687** 1219954** 1981519** 948.44** 597.18** 85.45** 27.55** 

Y x W 1 18198.74ns 46276.09* 11092.35ns 4048.25ns 0.58ns 1.00ns 1.72ns 0.03ns 

HA 2 10217855** 8289593** 1827926** 601632** 723.70** 78.69** 12.68** 28.29** 

Y x HA 2 21474.17* 2571.70ns 16159.02* 6990.01ns 2.36ns 8.18* 0.27ns 0.26ns 

P 2 13119598** 9361325** 6022263** 2283541** 2478.5** 484.90** 29.96** 45.08** 

Y x P 2 1539.32ns 9289.72ns 64407.37ns 13745.38* 0.53ns 0.20ns 1.88ns 0.009ns 

W x HA 2 1497ns 60ns 3502ns 236790** 44.24** 2.88ns 3.74** 0.05ns 

Y x W x HA  2 177.42ns 1748.94ns 15377.23* 2486.49ns 2.05ns 0.93ns 0.16ns 0.04ns 

W x P 2 14764ns 4269ns 168032** 34126** 17.84** 26.84** 0.44ns 0.34ns 

Y x W x P 2 2734.64ns 1991.92ns 1504.53ns 2727.04ns 1.50ns 0.38ns 0.74ns 0.17ns 

HA x P 4 15701* 29615** 93578** 22250** 126.21** 34.14** 1.32ns 1.49** 

Y x HA x P 4 13354.16* 6223.89ns 36666.32* 2255.49ns 0.90ns 1.29ns 0.41ns 0.11ns 

W x HA x P 4 33564** 1482ns 3891ns 18616** 30.61** 7.07** 1.33ns 1.54** 

CV (%)  4.53 4.49 5.64 7.88 5.15 5.97 5.09 7.66 

The means were obtained from combined analysis of variance. ns, *, and ** represent nonsignificant and 

significant at P ≤ 0.05 and P ≤ 0.01 according to DMRT, respectively. CV: coefficient of variations 

 

 

For macronutrient contents (P, K, Ca and Mg), the individual effects of all treatments 

were significant (P < 0.0 Table 7). All macronutrient contents increased with increasing 

doses of HA (400 HA > 200 HA), whereas the M3 inoculation noted for the highest P 

content, and the OSU142 inoculation noted for the highest K, Ca and Mg contents. For 

these parameters, significant interactions were observed in W x HA (P < 0.01) for Mg 

content, W x P (P < 0.01) for Ca and Mg contents, HA x P (P < 0.01 and P < 0.05) for all 

the macronutrients, and W x HA x P (P < 0.01) for P and Mg contents (Table 7). The W x 

HA interaction (Table 8) showed that the highest Mg content (1750.60 mg kg-1) was 

recorded for 200 kg HA ha-1 under rainfed condition, and the lowest value 

(1272.78 mg kg-1) was recorded for the non-HA control under irrigated condition. 
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Figure 5. The interactive effect of water regimes, humic acids and PGPR on the oil yield (t ha-1) 

of safflower. Different letters along with water regimes, humic acids and PGPR treatments 

indicate significant differences in access treatment means from three replications tested at 

P ≤ 0.05 according to DMRT 

 

 
Table 8. Interaction between humic acid (HA) water regimes (Irrigated and Rainfed); PGPR 

strain and water regimes on nutrient content (mg kg-1) of safflower seeds 

Factors 
Calcium  Magnesium  Iron  Zinc  Copper  

I R I R I R I R I R 

HA (kg ha-1) 

0 2074.44 2817.22 1272.78 f 1381.41d 54.25 d 45.78 e 37.14 42.29 17.06 a 15.40 c 

200 2520.21 3296.56 1317.56e 1750.60a 59.27 b 54.36 d 40.07 44.95 16.11 b 14.92 c 

400 2738.88 3481.12 1429.25c 1700.29b 60.68 a 56.28 c 38.25 42.32 16.30 b 13.82 d 

PGPR STRAIN 

Uninoculated 2133.98 e 1790.70 f 1100.67 f 1301.66e 51.65 d 44.10 f 33.71 e 40.16 d 17.54 15.63 

OSU142 2811.25 a 2740.54 b 1549.11c 1843.75a 66.74 a 61.59 b 39.87 d 42.87 b 16.20 14.68 

M3 2554.81 c 2331.11 d 1369.80d 1686.88b 55.82 c 50.74 e 41.89 c 46.55 a 15.74 13.83 

Means having different letters are significantly different at P ≤ 0.05 according to DMRT 

 

 

Likewise, the W x P interaction (Table 8) revealed that OSU142 strains enhanced Ca 

content of seeds under both irrigated and rainfed conditions, with highest value 

(2811.25 mg kg-1) noted for the irrigation treatment, whereas the highest Mg content of 

seeds (1843.75 mg kg-1) noted for OSU142 inoculation under rainfed conditions. 

Furthermore, the HA x P interaction (Table 9) showed that the highest K, Ca and Mg 

contents were observed for 400 HA + OSU142 treatment, whereas the highest P content 

noted for 400 HA + M3 treatment. 

Moreover, the W x HA x P interactions revealed that the highest phosphorus content 

was recorded for 400 HA + M3 under irrigated conditions, with increase of 56.3%, 

whereas the highest Mg content was recorded for 400 HA + OSU142 under rainfed 

conditions, with increase of 96.6%, compared to their respective control (Fig. 6a and b). 
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Table 9. Interaction between humic acid (HA) and PGPR strain on nutrient content (mg kg-1) 

of safflower seeds 

HA 

(kg ha-1) 
PGPR strain P K Mg Ca Fe Zn Mn 

0 

Uninoculated 3523.43 h 3207.32 h 1001.32 f 1627.45 g 38.48 h 33.97 f 10.09 d 

OSU142 3938.49 g 4108.40 e 1575.24 c 2629.59 c 61.26 c 41.12 c 13.02 b 

M3 4753.68 d 4009.47 f 1402.71 d 2198.62 e 50.31 g 44.08 b 11.93 c 

200 

Uninoculated 4274.58 f 3912.74 g 1303.02 e 2082.94 f 51.46 f 39.03 d 12.07 c 

OSU142 4755.06 d 4866.69 c 1720.93 b 2735.98 b 65.10 b 42.00 c 13.70 b 

M3 5499.22 b 4615.10 d 1578.16 c 2475.66 d 53.90 e 46.51 a 12.88 b 

400 

Uninoculated 4580.91 e 4076.21 e 1299.14 e 2176.64 e 53.68 e 37.82 e 12.35 c 

OSU142 4996.18 c 5089.85 a 1791.13 a 2962.11 a 66.14 a 40.97 c 14.50 a 

M3 5705.65 a 4927.46 b 1604.04 c 2654.58 c 55.61 d 47.07 c 13.37 b 

Means having different letters are significantly different at P ≤ 0.05 according to DMRT 

 

 

 
(a) 

 
(b) 

Figure 6. Phosphorus content (mg kg-1) (a) and magnesium content (mg kg-1) (b) in seed at 

humic acid treatments and rhizobacterial inoculation and their interaction under the irrigated 

and rainfed conditions. Different letters along with water regimes, humic acids and PGPR 

treatments indicate significant differences in access treatment means from three replications 

tested at P ≤ 0.05 according to DMRT 

 

 

For micronutrient contents (iron, zinc, copper and manganese), the individual effects 

of all treatments were significant (P < 0.0 Table 7). Iron and manganese contents 

increased with increasing doses of HA (400 HA > 200 HA), whereas the highest zinc 

and copper contents noted for 200 kg HA ha-1 and non-HA control, respectively. The 

OSU142 and M3 inoculations significantly (P < 0.01) increased contents of iron, zinc 

and manganese, whereas it marked decline in copper content with the highest value 

noted for the uninoculated control. For these parameters, significant (P < 0.01) 

interactions were observed in W x HA for iron and copper contents, W x P for iron and 

zinc contents, HA x P for iron, zinc and manganese contents, W x HA x P for iron, zinc 

and manganese contents (Table 7). The W x HA interaction (Table 8) showed that the 

highest iron (60.68 mg kg-1) and the lowest copper (13.82 mg kg-1) contents were 

recorded for 400 kg HA ha-1 under irrigated condition, whereas the highest copper 

content (17.06 mg kg-1) was recorded for the non-HA control under irrigated condition. 
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Likewise, the W x P interaction (Table 8) revealed that OSU142 strains improved iron 

content of seeds under both irrigated and rainfed conditions, with highest value 

(66.74 mg kg-1) noted for the irrigation treatment, whereas the highest zinc content of 

seeds (46.55 mg kg-1) noted for M3 inoculation under rainfed conditions. Furthermore, 

the HA x P interaction (Table 9) indicated that the highest iron and manganese contents 

were observed for 400 HA + OSU142 treatment, whereas the highest zinc content noted 

for 200 HA + M3 treatment. Similarly, the W x HA x P interactions (Fig. 7a, b and c) 

revealed that the highest zinc content was recorded for 200 HA + OSU142 under 

rainfed condition, whereas the highest iron and manganese contents were recorded for 

400 HA + OSU142 under irrigated conditions, with increases of 51.3 and 41.9%, 

respectively, compared to their respective controls. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 7. Zinc content (mg kg-1) (a), iron content (mg kg-1) (b), manganese content (mg kg-1) (c) 

in seed at humic acid treatments and rhizobacterial inoculation and their interaction under the 

irrigated and rainfed conditions. Different letters along with water regimes, humic acids and 

PGPR treatments indicate significant differences in access treatment means from three 

replications tested at P ≤ 0.05 according to DMRT 

Discussion 

In this two-year field study, humic acid (200 and 400 kg ha-1) and two rhizobacterial 

strains (Bacillus megatorium M3 and Bacillus subtilis OSU-142) were evaluated for 
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their effect on the growth, yield and quality of safflower under irrigated and rainfed 

conditions. The results indicated that humic acid and rhizobacterial inoculation under 

irrigated conditions significantly increased the growth and yield of safflower. However, 

the combined application of rhizobacterial strains and humic acid alleviated the negative 

effects of water deficit on growth and yield of safflower under rainfed conditions, 

thereby presented an improved strategy for the remediation of water stress in the 

safflower production in arid and semi-arid regions. 

Nowadays, worldwide studies are intensively maintained to isolate and characterize 

the PGPR strains for improving crop production in sustainable agriculture and several 

stress conditions. Many PGPR species, including Azotobacter, Azosprillum, Bacillus, 

Serratia, Enterobacter, Pseudomonas, Klebsiella and Variovorax etc., improve plant 

growth by releasing of plant growth stimulating compounds (e.g. phytohormones such 

as IAA, cytokines or auxins) or improving in nutrient uptakes (e.g. N2 fixing, P-

solubilizing or siderophore production) or enhancing in plant tolerance to both biotic 

and abiotic stresses (Glick, 1995; Nelson, 2004; Kristin and Miranda, 2013; Backer et 

al., 2018). In the present study, OSU-142 (Bacillus subtilis) and M3 (Bacillus 

megatorium) strains, having properties of which were mentioned above, were tested for 

agronomic performance of safflower in the field conditions. Between the tested two 

bacteria, the N2-fixing OSU-142 strain was determined the most effective in growth 

promotion (esp. plant height, stem and capitilum diameters, and number of capitula), 

and yields of seed, oil and protein in safflower. It was observed no difference between 

bacteria in terms of seed characteristics (e.g. number of seeds, 1000 seed weight, and 

fertile and sterile seed ratios) of safflower, whereas P-solubilizing M3 strain was 

showed the greatest performance in oil content improvement of seeds. Both of these 

strains have IAA and ACC deaminase production (Cakmakci et al., 200 2006), and 

these properties might be the cause of the noted plant growth promotion (Arshad et al., 

2008; Glick, 2014; Vejan et al., 2016; Chandra et al., 2019). This potential relationship 

is supported by Belimov et al. (2009) and Chandra et al. (2019) who observed that 

inoculations of pea and wheat with Variovorax sp., possessing IAA, ACC deaminase, 

and N2-fixing and P-solubilizing activities, significantly increased the shoot biomass of 

pea and yield characteristics of wheat. Similar effects of PGPR inoculation on plant 

growth promotion have been observed in the several studies in sugar beet and barley 

(Cakmakci et al., 200 2006), sugarcane (Silva et al., 2017), sunflower (Shadid et al., 

2012), wheat (Rosas et al., 2009; Hungria et al., 2010; Rana et al., 2012; Chandra et al., 

2019), rice (Lucas et al., 2009), bean (Hoyos-Carvajal et al., 2009), canola (El-Howeity 

and Asfour, 2012), maize (Thonar et al., 2017) and soy (Cassán et al., 2009). Moreover, 

the superior performance of OSU14 compared to that of M could be due to its N2-fixing 

ability converting atmospheric nitrogen (N2) into ammonia (NH3) or related nitrogenous 

compounds in soil, which helps the plant in nitrogen acquisition (Cakmakci et al., 200 

2006). Additionally, biological nitrogen fixation is considered to be an essential to 

plants because fixed inorganic nitrogen compounds are required for the biosynthesis of 

all nitrogen-containing organic compounds, such as amino acids and proteins, 

nucleoside triphosphates and nucleic acids. Hence, the greater nitrogen uptake by plants 

directly affects plant growth. In the study, the effect of M3 strain showing the higher 

performance in increasing oil contents of safflower seed could be due to its phosphate 

solubilizing ability, which one of the most important traits associated with plant 

phosphate nutrition. The previous studies also indicated that enhanced phosphate 

acquisition by phosphate solubilizing microorganisms positively affect seed oil 
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concentration of oilseed crops (Mirzakhani et al., 2009; Shahid et al., 2012; Sharifi et 

al., 2017; Nosheen et al., 2018; Chandra et al., 2019). 

In the current study, the humic acid and bacterial inoculation considerably increased 

the morphologic, seed and yield characteristics of safflower in the field conditions. The 

results revealed that morphologic characteristics, such as plant height, stem diameter, 

numbers of branches and capitula, and capitulum diameter, and yields of seed, oil and 

protein were significantly affected by both humic acid and bacterial inoculation, thus 

their highest values obtained from 400 kg HA ha-1 and OSU142 strain, respectively. 

Similarly, the seed characteristics and seed protein concentration of safflower treated by 

humic acid and bacterial inoculation significantly increased compared to control, but 

showed no difference between HA doses or PGPR strains. Overall, the enhanced 

safflower growth due to humic acids and PGPR might be attributed to their beneficial 

effects on the plant growth, which affects because of promotion of root morphology, 

nutrient uptake, and soil biological activity etc. (Schmidt et al., 2007; Puglisi et al., 

2013; Canellas and Olivares, 2014). The plants treated with 400 kg HA ha-1 exhibited 

considerably increased morphologic characteristics of safflower, which probably 

directly affected the root growth, especially lateral root emergence (Nardi et al., 2009), 

and indirectly improved photosynthetic rate, leading to increased growth and yield of 

safflower (Puglisi et al., 2013; Canellas and Olivares, 2014). This proposed explanation 

is supported by those of Canellas et al. (2013), who noted significantly enhanced the 

rate of net photosynthesis in maize in response to the increase of the humate 

concentration under greenhouse condition. Similarly, different endophytic rhizobacteria 

species have been also reported that increased the photosynthetic rate, stomatal 

conductance, transpiration velocity, water utilization efficiency in rice, which might 

support plant growth improvement (Chi et al., 2005). More recently, Schoebitz et al. 

(2016), Esringu et al. (2016) and Olivares et al. (2015) have reported significant growth 

and yield improvements in blueberry, Hungarian vetch and tomato, respectively, due to 

humates and PGPR inoculation under field conditions. 

Although the studies recently reviewed basic mechanisms and synergistic effects 

produced by integrated use of humic substances and PGPR on nutrient uptake, growth 

and yield of various crops under different stress conditions (Baldatto et al., 2010; Glick, 

2014; Esringu et al., 2016; Schoebitz et al., 2016; Silva et al., 2017; Olivares et al., 

2017), their effects has not been previously reported in safflower under different water 

regimes. In the study, the enhanced growth and yield of safflower might be due to 

similar synergistic effects of humic acids and PGPR under irrigated and rainfed 

conditions. Similar to the present results, humic substances widely reported to having 

potential as enhancer of PGPR efficiency (Esringu et al., 2016; Schoebitz et al., 2016; 

Silva et al., 2017). Cakmakci et al. (2006) observed a positive correlation among soil 

organic matter content, PGPR strains and growing stage, and reported that the effect of 

PGPR was greater in the high soil organic matter content, and at early plant growth 

stages than at the later. In the previous studies, it has also been notified that the 

combined use of PGPR and humic substances increased productions of maize grains by 

65%, tomato fruits by 87.1% and potato tubers by 140% under field conditions 

(Canellas et al., 2013; Olivares et al., 2015; Ekin, 2019). 

Safflower is an extensively branching oilseed plant, and dry matter accumulation in 

connection with seed yield depends not only on plant height but also on numbers of 

branch and capitula, and some morphological characteristics sensitive to water deficit 

stress (Dajue and Mündel, 1996). In the current study, the plant height, number of 
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capitula per plant and number of seeds per capitulum were the highest for safflower 

plants treated with integrated use of humic acids and PGPR under irrigated conditions. 

However, their effects noted for relatively higher for safflower yield characteristics than 

for irrigated plants under rainfed conditions. Under rainfed conditions, the combined 

use of humic acid and PGPR helped the safflower plants acclimatize to water-deficit 

(rainfed) conditions by improving a variety of morphologic and yield characteristics, 

including plant height, stem diameter, number of capitula, capitilum diameter, number 

of seeds, 1000 seed weight and fertile seed percentage, which cause for enhancing seed 

and oil yields. The improved safflower growth and yield by bacterial inoculation and 

humic acids under rainfed conditions might be correlated with the enhancement in plant 

tolerance to drought by increasing their water content, which can be attributed to the 

enhancement of root growth by humic substances and PGPR inoculation. In addition, it 

has also been reported that PGPR could enhance the plant growth under stress 

conditions by biosynthesis of phytohormones (IAA, GA, and cytokines), producing the 

enzyme ACC deaminase, fixing asymbiotic nitrogen, and solubilizing of phosphates and 

other nutrient elements (Glick, 2014). This proposed explanation is consistent with the 

results of Sahin et al. (2015), who stated N2-fixing, P-solubilization, and producing of 

IAA, GA and SA of PGPR has been basic factors improving nutrient uptake and growth 

of lettuce. They also reported that PGPR inoculation significantly increased growth and 

yield of lettuce plants under lower and well-watered conditions, and alleviated the 

harmful effects of lower irrigation conditions. Similar results were noted by Rubin et al. 

(2017) and Mutumba et al. (2018), who reported that plants were highly responsive to 

bacterial inoculation under well-watered conditions, but the effect was relatively higher 

under drought conditions. Other previous studies have also reported improving effects 

of PGPR inoculation on the yield and growth of different crops grown under drought 

stress (Vivas et al., 2003; Arkhipova et al., 2007; Marulanda et al., 2009; Sandhya et al., 

2010). 

In the current study, the interactive effect of humic acids and PGPR inoculation on 

nutrient contents of safflower seeds was studied in the natural field conditions. In 

general, the nutrient uptake of safflower plants except for Mg and Zn contents was 

lower in rainfed conditions, compared to the irrigated conditions. However, humic acids 

and PGPR inoculation considerable improved macro and micro nutrient contents of 

seeds except copper under both irrigated and rainfed conditions. In addition, K, Ca, Mg, 

Fe and Mn concentrations of the seeds noted for the highest for plants treated with 

OSU142 strain, whereas P and Zn concentrations in the M3 strain. In the study, the 

specialty of M3 strain highly responded to enhancing especially phosphorus and zinc 

uptake could be attributed to its P-solubilizing ability and affecting root growth and 

lateral root formation by producing plant hormones such as IAA in the rhizosphere 

(Cakmakci et al., 2001; Chandra et al., 2019). Likewise, N2- fixing ability and 

phytohormone production of OSU142 strain also might have been one of the main 

factors improving growth and mineral nutrient uptake of safflower. Moreover, the 

combined use of humic acids and PGPR also alleviated the harmful effects of water 

deficit conditions on the mineral nutrient uptake. Under rainfed conditions, the 

reduction in nutrient uptake may be due to a notable decrease in root cation exchange 

capacity of the plants, which can accumulate some ions, organic and amino acids to 

avoid harmful effects of abiotic stress conditions in dry environments (Sahin, 2015). 

Similarly, the reduction in copper content may be attributed to strongly retain in the soil 

after the application of humic acids (Rong et al., 2020). Nowadays, the applications of 
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humic acid and PGPR have been widely used to improve soil functions, to mobilize or 

immobilize cations and metal ions in soil, leading to increased nutrient uptake from 

soils (Rubin et al., 2017; Rong et al., 2020). In the study, the improvement in the 

nutrient concentrations of safflower seeds may be due to more effective mobilizing 

mineral nutrients from the soil because of enhanced excretion of organic acids through 

rhizosphere bacteria (Glick, 1995; Biswas et al., 2000; Chandra et al., 2019). Another 

possible reason for the improved nutrients from the PGPR is the roots enhancement by 

producing phytohormones, resulting in a larger root surface, and therefore, has positive 

effects on plant acquisition of nutrients and water (Vardharajula et al., 2011; Wang et 

al., 2012). In addition, an increase in zinc uptake because of root-induced changes (i.e. 

enhanced root growth, surface area and activity) in the rhizosphere after the application 

of PGPR has also been reported in lettuce (Sahin et al., 2015). More recently, many 

studies have reported that the integrated use of humic acids and bacterial inoculation 

would be provide the higher nutrient uptake and plant performance in the various stress 

conditions, and ultimately result in vigorous, well-established and healthy plants 

(Esringu et al., 2016; Silva et al., 2017; Olivares et al., 2017). Similarly, Baldatto et al. 

(2010) and Schoebitz et al. (2016) also reported that inoculation of PGPR in 

combination with humic substances increased root and shoot biomass of pineapple and 

blueberry plants, and nutrient contents increased by 80% K, 131% P and 132% N in 

pineapple, and 55% N and 56% K in blueberry, compared to uninoculated control. 

Conclusions 

In conclusion, the current study comprehensively evaluated the effect of humic acids 

(200 and 400 kg ha-1) and two promising Bacillus spp. strain on the growth, yield and 

quality of safflower under rainfed and irrigated field conditions. The study revealed that 

400 kg humic acid ha-1 with the Bacillus subtilis OSU142 strain was the most effective 

combination for growth, seed and oil yields, and seed quality of safflower under 

irrigated conditions. Moreover, the integrated use of humic acids and PGPR alleviated 

the unfavorable effects of water deficit under rainfed conditions, and presented an 

improving strategy for the remediation of water stress in the safflower production in 

arid and semi-arid regions. The present results suggest that the combined use of humic 

acids and PGPR can be used as a biotechnological intervention for the alleviation of 

water deficit stress in safflower production in the arid and semiarid regions. 
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