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Abstract: In order to evaluate the effects of dual inoculation of Azotobacter and Mycorrhiza with nitrogen and
phosphorus levels on some traits of spring safflower, this study was carried out in the form of factorial in a
randomized complete block design with three replications in experimental field of Farahan University in Markazi
province of Iran during spring seasons of 2006 and 2007 years. Inoculation of Azotobacter (with and without
inoculation: A , A ) and Mycorrhiza (with and without inoculation: M , M ) with nitrogen and phosphorus0 1 0 1

levels [F = N + P  (kg ha ), F1= N + P  (kg ha ), F = N + P (kg ha ) and F = N + P  (kg ha )] have been0 0 0 50 25 2 100 50 3 150 75
1 1 1 1

studied. Results indicated that treatment Y A M F  with oil yield (426.8 kg ha ) and treatment Y A M F  with2 0 1 3 1 0 1 0
1

oil yield (218 kg ha ) were significantly superior to the other treatments and according to calculated,1

inoculation seeds in planting date with Azotobacter and Mycorrhiza to cause increase oil yield about 3.84
percent in compare with control treatment. Results from the present study indicated that grain yield and yield
components of safflower have been affected significantly by the inoculation with Azotobacter and Mycorrhiza,
because these bio-fertilizers can fix the atmospheric nitrogen and increase phosphorus availability in soil and
enhance absorb elements by plant. 
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INTRODUCTION the world [4]. Particularly, consumers have demanded

The main oil seed crops of Iran are canola, sunflower, safflower, canola and sunflower oils. The seeds contain
soybean and cotton. They cover largest of the total oil 35-50% oil, 15-20% protein and 35-45% hull fraction [5]. 
seed production of the country. Farmers in Iran don’t Integrated plant nutrient supply system (IPNS) is a
produce safflower (Carthamus tinctorius L.) in a large system of crop nutrition in which plant nutrient needs are
scale because it does not have high grain yield and with met through a pre-planed use of inorganic fertilizers,
a low oil content, almost cultivar to exist have long organic manures, green manures, recyclable wastes, crop
duration in growth period to compare another oil seed residues and biofertilisers. Azotobacter is used as a
crops were planted in country. Safflower can also be biofertilizer in the cultivation of most crops. Azotobacter
grown successfully on a soil with poor fertility and in is an obligate aerobic diazotrophic soil-dwelling organism
areas with relatively low temperatures [1]. Safflower has with a wide variety of metabolic capabilities, which
been grown for centuries, primarily for its colorful petals include the ability to fix atmospheric nitrogen by
to use as a food coloring and flavoring agent, for converting it to ammonia. Azotobacter naturally, fixes
vegetable oils and also for preparing textile dye in the Far atmospheric nitrogen in the plant rizosphere. Vesicular-
East, Central and Northern Asia and European Caucasian Arbuscular Mycorrhiza (VAM) is one of the most
[2]. It has also received considerable interest recently as important microbes of soil that form symbiotic
a forage plant [3]. Vegetable oil is one of the fundamental associations with most of the terrestrial plants on the
components in foods and has important functions earth. Most of the experiments have indicated that VAM
regarding human health and its nutritional physiology. was able to alter water relation of its host plants. Effects
The demand for vegetable oils for food purposes has of VAM on morphology, metabolism and protective
entailed a considerable expansion of oilseed crops all over adaptation of host plants in the condition of drought

healthier oils, naturally low in saturated fat such as olive,



Number of AM positive segmentsRoot colonization (%) = 100
Total number of segments observed

×
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stress. Mechanism which VAM can enhance resistance of population 10  number per each ml, Mycorrhiza (Glomus
drought stress in host plant may include many possible interaradices), (with and without inoculation) with
aspects: (i) VAM improves the properties of soil in population 250 - 300 of fungus active organs for each
rhizosphere; (ii) VAM enlarges root areas of host plants seed planted and used combination of different rate of
and improves its efficiency of water absorption; (iii) VAM nitrogen and phosphorus in 4 levels: [F = N + P  (kg
enhances the absorption of P and other nutritional ha ), F = N + P (kg ha ), F = N + P (kg ha ) and
elements and then improves nutritional status of host F = N + P  (kg ha )] on spring safflower (cv. IL-111).
plant; (IV) VAM activates defense system of host plant Urea (0, 50, 100 and 150 nitrogen kg ha ) was used; It
quickly; (V) VAM protects against oxidative damage was broadcasted to the plots meanwhile. Treble
generated by drought; (VI) VAM affects the expression of superphosphate (0, 25, 50 and 75 P O  kg ha ) was
genetic material [6]. More and more experiments have banded at seeding time. The plants were thinned after
indicated that VAM was able to alter water relations and completing emergence in the 6 leaf stage as keeping on
played a great role in the growth of host plant in the rows about 5 cm. In harvest stage, the two middle rows
condition of drought stress, compiled the existing were used for sampling and measured parameters such as:
literature on plant water relations, drought and VAM height of first branch, number of unfertilized boll per plant,
symbiosis [7]. VAM symbiosis improved absorption number of boll per plant, number of grain per boll, Harvest
capacity and increased the growth of its host plant, which index, content and oil yield and Mycorrhizal colonization
was proved in sugarcane, mung bean, apple, orange, root were assessed. Grain yield in each plot measured with
wheat, tomato and wild jujube [8]. There is a great 14% humidity. Assessment of root colonization and spore
correlation between nutritional status of plant and its population one hundred root segments were examined for
drought resistance, while VAM changed the nutritional each sample. The stained roots were observed under a
status of its host plant. P concentrations may affect host compound microscope. A root segment was considered
water balance, but it is often fixed in soil and not available as AM positive if it showed any fungal bodies like
to plant. Phosphates produced by VAM fungi play an mycelium, vesicles and arbuscules. Percent of root
important role in translating fixed or insoluble into soluble colonization was calculated as follows: 
P, which can be used by plant freely. At the same time,
hyphae are also important ways of P transported in soil.
Other elements such as Zn and Cu can also not flow freely
in soil [9]. The absorption of Ca, Si, Ni, Co etc was also
reported increased by VAM symbiosis [10] It is still
accept by many that VAM enhance resistance of high
stress of host plants by improving their nutritional status.
The present investigation was therefore undertaken to
assess the influence of different combinations of fertilizers
and biofertilizers on spring safflower in Markazi province
of Iran.

MATERIAL AND METHODS

This experiment was conducted in experimental field
of Islamic Azad University, Farahan Branch at (34 °30° N,
40° 41° E Long and 1779 m height from sea level) in
Markazi province in springs of 2006 and 2007. The soil
texture was loam. The experimental design was used a
factorial arrangement in a randomized complete block with
three replications. Each plot consisted of 4 rows, 5 m long
with 50 cm spaced between rows and 5 cm distance
between plants on the rows. Plant density was 40 plants
per m . Treatments were include three agent: Azotobacter2

chrococum (with and without inoculation) with

8

0 0 0
1 1 1
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3 150 75
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1
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1

Statistically of the result was done by using
MSTAT-C program. Means were compared using the
Duncan’s Multiple Range Test (DMRT) at 5% level of
probability. Correlation was calculated between oil yield
and other plant characters.

RESULTS AND DISCUSSION

Root Mycorrhizal colonization: A variety of studies
suggest that water extraction by plant roots can be
enhanced when they are infected by Arbuscular
Mycorrhiza (AM) fungi. Mycorrhizal coloization
fluctuated from 8.7 to 14.4 % and it was not correlate with
grain yield or its components [11]. In this study
Mycorrhizal coloization fluctuated from 3.33 in treatment
(Y A M F ) to 38.3% in treatment Y A M F  and it was2 0 1 3 1 0 1 2

correlate (-r=0.58 ) with  oil  yield  and  with  grain  yield**

(-r=0.50 ) too. The main effects of year, inoculate with**

Mycorrhiza and fertilizers of treatments were significantly
on Mycorrhizal coloization, except main effect of
Azotobacter. A study was carried out to determine the
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effectiveness of the arbuscular Mycorrhizal fungus Harvest index: The highest and lowest harvest index
(AMF) Glomus Intraradices on the growth of nine over all treatments obtained in (Y A M F ) with average
hybrids of grain sorghum and five genotypes of safflower, 38.1 % and (Y A M F ) with average 22.8 % respectively.
in soil with deficient N (9 mg kg ), P (11 mg kg ) and Therefore, (Y A M F ) was more successful than another1 1

organic matter (1.4 %), using plants that were and were treatment in transport of assimilate from sources to plant
not inoculated with AMF. Chlorophyll, plant height, dry sinks and it producted highest harvest index. One of
biomass, root dry weight and Mycorrhizal colonization benefit effects of Mycorrhiza is on plants photosynthesis,
were measured. Mycorrhizal colonized sorghum plants in a way that VAM plants often display higher rate of
showed a significant (p=0.01) increase in  plant  height, photosynthesis than non- Mycorrhiza plants counterparts
dry  biomass  and root dry weight in comparison with do, which is consistent with VAM effects on stomata
non-colonized plants. Mean Mycorrhizal colonization conductance. Azotobacter could not effect significantly
reached 37.5%. Chlorophyll rate showed a differential on characters such as; harvest index, hectolitre weight,
response between the sorghum hybrids where only root dry weight and root Mycorrhizal colonization.
‘Patron’ and ‘83G66’ showed no significant increases. In Maybe, the reasons of no success at inoculation with
the safflower genotypes, Mycorrhizal colonization Azotobacter to increasing of this trait, interaction effects
registered 36.8% on average and significantly increased and eating between meals with native races of
plant height (p=0.001) and dry biomass (p=0.05), with Azotobacter in soil, soil pH and lack of enough time for
respect to the non-colonized plants [11]. Association of arrived to highest efficiency of Mycorrhizal colonization
arbuscular Mycorrhizal (AM) with agricultural crops was activity. Most of the researchers reported that VAM
assessed at four agro-ecological zones [AEZ-28 symbiosis increased the units of photosynthesis and so
(Joydebpur), AEZ-9 (Jamalpur), AEZ-11 (Ishurdi) and as to increase the rates of photosynthetic storage and
AEZ-23 (Hathazari)] of Bangladesh during 1999-2000. export at the same time [7]. It has been proved that
Mainly cereals, pulses, oilseeds, vegetables and spices concentration of chlorophyll in VAM plants was higher
crops were selected for assessment. The average AM root than their control NM plants. Therefore, it can product
colonization in all crops differed among the locations larger grains and enhance economical yield. Harvest index
during both years. Average colonization (in two years of of safflower cultivars under water stress condition ranges
study) was maximum (43.3%) at AEZ-9 (Jamalpur) and from 23.4 - 28.4 % [14]. In another research reported,
minimum (38.8%) at AEZ-28 (Joydebpur). A considerable harvest index of safflower cultivars ranges from 18.5 to
variation was also observed in average spore population 23.5 % [15].
among different AEZs. Higher average spore number Number of boll per plant: inoculation with
(157.4/100 g soil) was recorded at AEZ-23 (Hathazari) and Mycorrhiza and Azotobacter did not significantly affect
minimum (98.8/100 g soil) at AEZ-28 (Joydebpur). The the number of boll per plant. But, effect of use fertilizers
spore number varied within and between the zones [12]. was significant at 1% level probability. Therefore, if

Results from the present study are indicated that oil enough nutrients are in around of plants root, plants can
yield has been affected significantly by the inoculation absorb higher amount of macro and micro elements and
with Azotobacter and Mycorrhiza at 5% level probability. product more boll per each plant. Treatment Y A M F
In other words, the Azotobacter and Mycorrhiza by with average 7.16 has higher and Y A M F  with average
increased of activity themselves could bring proper 3.53 has lower boll per plant among all of treatments.
amount of nitrogen and phosphor for feed plants in Results were reported by [15,14] showed which fluctuate
rhizospher. Use combination of nitrogen and phosphorus boll per plant from 6.5 to 20.8 and from 17.6 to 25.7. it was
levels was significantly on oil yield at 1% level correlated with number of grain per boll (r=0.25*), oil yield
probability. Highest and lowest oil content were obtained (r=0.74**), harvest index (r=0.62**) and (r=-0.53**).
in treatment Y A M F  with average 32.1 % and treatment Number of unfertilized boll per plant: The main2 0 1 0

Y A M F  with average 24.2 % respectively. Oil content effects of inoculation with Azotobacter, Mycorrhiza and1 0 0 2

and fatty acid synthesis of crops are influenced by a lot fertilizer apply were significantly at 1% on this trait. The
of factors such as genotype, ecology, morphology, interaction effect of Azotobacter, Mycorrhiza and using
physiology and management [(timeliness of field different rates of nitrogen and phosphorus was
operations, variety, plant density, fertilization etc.), [13]. significantly at 1% probability level, too. The highest and
Safflower oil content can be changed from 27.4 to 35.2 % lowest number of unfertilized boll per plant obtained in
and 32 to 40 under growth condition different [14,15]. Y A M F   with average  1.46 and Y A M F  with average

2 0 1 1

1 1 0 1

2 0 1 1

2 1 1 0

1 0 1 1

1 0 0 3 2 0 1 2
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Table 1: Soil properties of experimental field
Years Soil Clay Silt Sand Available Available Total Organic EC Depth

texture % % % K(mg kg ) P ( mg kg ) N % carbon % T.N.V pH Mmos. cm (cm)1 1 1

First Loam 25 30 45 400 9 0.040.05 0.38 10.0 7.8 1.0 0-30
Second Loam 25 32 43 390 9.3 0.39 10.1 7.6 0.9 0-30

loam 200 -300 10 -15 0.1< <1.0 10.0> 6.5-7.5 2.0> Optimum

Table 2: Mean comparison of main effects of dual inoculation of Year, Azotobacter, Mycorrhiza with  nitrogen and phosphorus levels on safflower (var. IL-111)
Height of first No. of unfertilized No. of No. of Mycorrhizal Harvest Oil content Oil yield 

Treatment branch (cm) boll plant boll plant grain boll colonization (%) index (%) (%) (kg ha )1 1 1 1

Y (First year) 50.2 a 0.63 a 4.57 b 21.4 a 21.4 a 25.8 b 26.7 b 270.4 b1

Y (Second year) 48.5 b 0.53 b 5.90 a 22.2 a 7.91 b 35.3 a 28.4 a 360.2 a2

A (-Azotobacter) 49.0 b 0.62 a 5.22 a 22.0 a 14.8 a 30.4 a 27.7 a 308.7 b0

A (+Azotobacter) 49.5 a 0.53 b 5.24 a 21.6 a 14.5 a 30.7 a 27.4 a 321.8 a1

M (-Mycorrhiza ) 49.2 a 0.61 a 5.30 a 21.2 b 14.0 b 29.8 b 27.2 b 309.9 b0

M (+Mycorrhiza ) 49.5 a 0.55 b 5.17 a 22.4 a 15.4 a 31.3 a 27.9 a 320.6 a1

F (N +P ) 48.7 b 0.41 d 4.60 c 19.6 b 16.2 b 30.6 a 30.7 a 285 c0 0 0

F ( N +P ) 48.5 b 0.51 c 5.30 b 22.1 a 17.6 a 30.3 a 27.5 b 306.9 b1 50 25

F ( N +P ) 50.0 a 0.60 b 5.37 b 22.4 a 14.7 c 30.1 a 25.9 c 335.9 a2 100 50

F ( N +P ) 50.2 a 0.80 a 5.67 a 23.0 a 10.1 d 31.1 a 26.0 c 333.3 a3 150 75

Means which have at least one common letter are not significantly different at the 5 % level using (DMRT).

Table 3: Mean comparison  of  interaction  effects  of  dual  inoculation  of  Azotobacter and Mycorrhiza with nitrogen and phosphorus levels on safflower
(var. IL-111)

Height of first No. of unfertilized No. of No. of Mycorrhizal Harvest Oil Oil
Treatment branch (cm) boll plant boll plant grain boll colonization (%) index (%) content (%) yield (kg ha )1 1 1 1

Y  A 49.56 b 0.73 a 4.52 b 21.51 ab 21.88 a 26.10 c 26.90 b 263.3 b1 0

Y  A 50.98 a 0.53 b 4.62 b 21.30 b 21.08 a 25.60 c 26.63 b 277.5 b1 1

Y  A 48.45 c 0.52 b 5.93 a 22.56 a 7.79 b 34.81 b 28.55 a 354.1 a2 0

Y  A 48.62 bc 0.54 b 5.81 a 22.00 ab 8.04 b 35.85 a 28.24 a 366.2 a2 1

Y M 50.22 a 0.66 a 4.69 b 20.80 c 20.38 b 24.98 d 26.45 c 268.4 c1 0

Y M 50.32 a 0.60 b 4.45 b 22.01 ab 22.58 a 26.73 c 27.08 c 272.3 c1 1

Y M 48.35 b 0.56 c 5.19 a 21.69 bc 7.62 c 34.73 b 27.96 b 351.4 b2 0

Y M 48.72 b 0.49 d 5.88 a 22.86 a 8.20 c 35.92 a 28.84 a 368.9 a2 1

A M 48.89 a 0.65 a 5.28 a 21.49 bc 12.92 c 29.29 c 27.32 bc 303.8 b0 0

A M 49.13 a 0.60 b 5.17 a 22.58 a 16.75 a 31.62 a 28.13 a 313.6 ab0 1

A M 49.68 a 0.57 c 5.32 a 21.00 c 15.08 b 30.42 b 27.08 c 316.0 ab1 0

A M 49.91 a 0.50 d 5.17 a 22.29 ab 14.04 b 31.03 ab 27.79 ab 327.7 a1 1

Y F 49.63 b 0.33 f 4.16 e 17.87 d 26.08 a 25.69 b 29.77 b 226.4 e1 0

Y F 49.65 b 0.44 e 4.60 d 23.01 ab 27.00 a 25.38 b 26.70 d 273.0 d1 1

Y F 50.67 ab 0.75 b 4.76 cd 22.39 a-c 20.25 b 25.76 b 25.24 e 298.8 c1 2

Y F 51.13 a 1.00 a 4.76 cd 22.35 a-c 12.58 c 26.58 b 25.34 e 283.3 cd1 3

Y F 47.95 cd 0.48 d 5.03 c 21.52 bc 6.41 e 35.60 a 31.65 a 343.6 b2 0

Y F 47.50 d 0.58 c 6.00 b 21.21 c 8.25 d 35.40 a 28.38 c 340.8 b2 1

Y F 49.38 b 0.44 e 5.98 b 22.57 a-c 9.25 d 34.58 a 26.74 d 373.0 a2 2

Y F 49.30 bc 0.61 c 6.59 a 23.82 a 7.75 de 35.72 a 26.82 d 383.3 a2 3

A F 48.68 bc 0.45 e 5.66 d 19.58 c 16.50 b 30.88 ab 30.63 a 260.9 c0 0

A F 48.72 bc 0.48 e 5.10 c 22.82 ab 16.17 b 29.90 bc 28.24 b 309.7 b0 1

A F 49.97 b 0.60 c 5.53 ab 22.61 ab 18.33 a 29.17 c 25.97 c 339.5 a0 2

A F 48.66 bc 0.96 a 5.61 a 23.13 a 8.33 d 31.86 a 26.07 c 324.7 ab0 3

A F 48.90 bc 0.36 f 4.53 d 19.80 c 16.00 b 30.41 a-c 30.97 a 309.1 b1 0

A F 48.43 c 0.54 d 5.50 ab 21.40 b 19.08 a 30.88 ab 26.83 c 304.1 b1 1

A F 48.50 b 0.59 c 5.21 bc 22.35 ab 11.17 c 31.17 ab 26.02 c 332.2 a1 2

A F 51.78 a 0.65 b 5.74 a 23.03 a 12.00 c 30.44 a-c 26.10 c 341.9 a1 3

M F 48.45 c 0.41 f 4.66 c 19.60 c 16.33 b 30.02 bc 30.52 a 285.1 d0 0

M F 49.23 a-c 0.52 d 5.31 ab 21.26 b 16.17 b 28.80 c 27.58 b 307.0 cd0 1
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Table 3: Continue

Height of first No. of unfertilized No. of No. of Mycorrhizal Harvest Oil Oil
Treatment branch (cm) boll plant boll plant grain boll colonization (%) index (%) content (%) yield (kg ha )1 1 1 1

M F 49.35 a-c 0.73 c 5.55 ab 21.33 b 12.25 c 29.86 bc 24.92 e 325.2 a-c0 2

M F 50.11 ab 0.78 b 5.68 a 22.78 ab 11.25 c 30.73 ab 25.78 de 322.3 bc0 3

M F 49.13 bc 0.40 f 4.53 c 19.78 c 16.17 b 31.27 ab 30.89 a 284.9 d1 0

M F 47.92 c 0.50 d 5.28 b 22.96 a 19.08 a 31.98 a 27.49 b 306.8 cd1 1

M F 50.70 a 0.46 e 5.20 b 23.93 a 17.25 b 30.48 ab 27.07 bc 346.5 a1 2

M F 50.33 ab 0.83 a 5.67 a 23.38 a 9.08 d 31.57 a 26.38 cd 344.3 ab1 3

Means which have at least one common letter are not significantly different at the 5% level using (DMRT).

Table 4: Mean  comparison  of  interaction  effects  of  dual  inoculation  of Azotobacter and Mycorrhiza with nitrogen and phosphorus levels on safflower
(var. IL-111) 

Height of first No. of unfertilized No. of No. of Mycorrhizal Harvest Oil Oil
Treatment branch (cm) boll plant boll plant grain boll colonization (%) index (%) content (%) yield (kg ha )1 1 1 1

Y A M 49.21bc 0.81 a 4.58 b 21.02 bc 16.83 c 25.22 de 26.58 e 262.8 c1 0 0

Y A M 49.92 ab 0.65 b 4.46 b 22.00 a-c 26.92 a 26.98 c 27.21 c-e 263.7 c1 0 1

Y A M 51.23 a 0.50 d 4.80 b 20.57 c 23.92 b 24.73 e 26.31 e 273.9 c2 1 0

Y A M 50.72 a 0.55 c 4.45 b 22.02 a-c 18.25 c 26.48 cd 26.95 de 281.0 c2 1 1

Y A M 48.57 bc 0.50 d 5.98 a 21.95 a-c 9.00 d 33.36 b 28.06 bc 344.8 b2 0 0

Y A M 48.33 c 0.54 c 5.88 a 23.17 a 6.58 e 36.26 a 29.05 a 363.5 ab2 0 1

Y A M 48.13 c 0.63 b 5.85 a 21.43 bc 6.25 e 36.11 a 27.86 b-d 358.0 ab2 1 0

Y A M 49.10 bc 0.45 e 5.89 a 22.56 ab 9.83 d 35.59 a 28.63 ab 374.4 a2 1 1

A M F 48.33 c-e 0.46 f 5.01 ef 19.58 f 14.17 ef 29.65 c-f 30.08 ab 265.2 d0 0 0

A M F 49.87 b-c 0.43 fg 5.01 ef 21.45 c-f 15.50 de 28.36 ef 28.85 bc 318.0 a-c0 0 1

A M F 49.43 b-e 0.83 c 5.71 a-c 21.45 c-f 11.83 f-i 27.61 f 24.77 h 330.7 a-c0 0 2

A M F 47.92 de 0.90 b 5.38 b-e 23.47 a-d 10.17 hi 31.54 a-c 25.58 f-h 301.3 c0 0 3

A M F 49.03 b-e 0.44 f 4.31 g 19.58 f 18.83 c 32.11 ab 31.17 a 256.5 d0 1 0

A M F 47.57 e 0.54 e 5.18 c-f 24.18 a 16.83 cd 31.44 a-d 27.63 cd 301.4 c0 1 1

A M F 50.50 a-c 0.38 gh 5.35 b-e 23.77 a-c 24.83 a 30.74 a-d 27.17 de 348.3 a0 1 2

A M F 49.40 b-e 1.03 a 5.85 ab 22.80 a-d 6.50 j 32.17 ab 26.55 d-f 348.0 a0 1 3

A M F 48.57 c-e 0.36 h 4.31 g 19.62 f 18.50 c 30.40 a-e 30.97 a 305.0 c1 0 0

A M F 48.60 c-e 0.61 d 5.61 a-d 21.07 d-f 16.83 cd 29.24 d-f 26.32 d-g 296.0 c1 0 1

A M F 49.27 b-e 0.63 d 5.38 b-e 21.22 d-f 12.67 fg 32.12 ab 25.07 gh 319.7 a-c1 0 2

A M F 52.30 a 0.66 d 5.98 a 22.10 a-e 12.33 f-h 29.92 b-e 25.98 e-h 343.2 ab1 0 3

A M F 49.23 b-e 0.36 h 4.75 fg 19.98 ef 13.50 e-g 30.43 a-e 30.62 a 313.2 bc1 1 0

A M F 48.27 c-e 0.46 f 5.38 b-e 21.73 b-f 21.33 b 32.51 a 27.35 de 312.3 bc1 1 1

A M F 50.90 ab 0.55 e 5.05 d-f 23.48 a-d 9.66 i 30.21 b-e 26.97 d-f 344.7 ab1 1 2

A M F 51.25 ab 0.63 d 5.50 a-e 23.97 ab 11.67 g-i 30.97 a-d 26.22 d-g 340.5 ab1 1 3

Means which have at least one common letter are not significantly different at the 5% level using (DMRT) 

Table 5: Mean  comparison  of  interaction  effects  of  dual  inoculation  of  Azotobacter and Mycorrhiza with nitrogen and phosphorus levels on safflower
(var. IL-111) 

Height of first No. of unfertilized No. of No. of Mycorrhizal Harvest Oil Oil
Treatment branch (cm) boll plant boll plant grain boll colonization (%) index (%) content (%) yield (kg ha )1 1 1 1

Y A M F 49.1 b-h 0.46 jk 4.60 lm 18.80 f-i 18.3 gh 23.5 ij 29.2 c-g 222.0 jk1 0 0 0

Y A M F 50.5 b-e 0.40 kl 4.26 l-n 23.03 a-e 23.3 f 25.5 g-j 28.0 e-i 291.7 f-h1 0 0 1

Y A M F 49.6 b-h 1.26 b 4.93 i-l 19.07 f-i 12.0 jk 23.0 j 24.1 n 268.7 g-j1 0 0 2

Y A M F 47.5 e-h 1.13 c 4.53 lm 23.20 a-e 13.6 ij 28.7 ef 24.9 l-n 269.0 g-j1 0 0 3

Y A M F 49.7 b-h 0.41 kl 4.00 mn 18.27 g-i 34.3 b 28.3 e-g 30.2 a-d 218.0 k1 0 1 0

Y A M F 48.6 c-h 0.33 lm 4.53 lm 24.60 ab 25.3 ef 24.8 h-j 26.7 h-l 252.3 h-k1 0 1 1

Y A M F 51.6 b-d 0.40 kl 4.80 j-m 24.53 a-c 38.3 a 27.4 f-h 26.2 i-n 315.0 d-g1 0 1 2



Am-Euras. J. Agric. & Environ. Sci., 12 (8): 1035-1041, 2012

1040

Table 5: Continue

Height of first No. of unfertilized No. of No. of Mycorrhizal Harvest Oil Oil
Treatment branch (cm) boll plant boll plant grain boll colonization (%) index (%) content (%) yield (kg ha )1 1 1 1

Y A M F 49.6 b-h 1.46 a 4.53 lm 20.60 d-h 9.66k-m 27.4 f-h 25.6 j-n 269.3 g-j1 0 0 3

Y A M F 50.3 b-f 0.26 mn 3.53 n 17.33 hi 31.6 bc 24.5 h-j 29.9 b-e 230.3 i-k1 1 0 0

Y A M F 50.1 b-g 0.56 i 5.00 h-l 22.87 a-e 28.3 de 22.7 j 25.5 k-n 273.7 g-i1 1 0 1

Y A M F 49.0 c-h 0.66 gh 5.06 g-l 20.97 c-g 20.0 g 27.0 f-h 24.3 mn 285.3 f-h1 1 0 2

Y A M F 55.4 a 0.53 ij 5.60 d-j 21.10 b-g 15.6 hi 24.6 h-j 25.3 k-n 306.3 e-g1 1 1 3

Y A M F 49.3 b-h 0.20 n 4.53 lm 17.07 i 20.0 g 26.4 f-i 29.6 b-f 235.3 i-k1 1 1 0

Y A M F 49.2 b-h 0.46 jk 4.60 lm 21.53 a-g 31.0 cd 28.4 e-g 26.5 h-m 274.3 g-i1 1 1 1

Y A M F 52.4 b 0.70 fg 4.26 l-n 25.00 a 10.6 j-l 25.5 g-j 26.1 i-n 326.0 d-f1 1 1 2

Y A M F 51.9 bc 0.86 d 4.40 lm 24.50 a-c 11.3 jk 25.5 g-j 25.4 k-n 288.3 f-h1 1 1 3

Y A M F 47.5 e-h 0.46 jk 5.43 e-k 20.37 d-i 10.0 k-m 35.7 ab 30.9 a-c 308.4 e-g2 0 0 0

Y A M F 49.2 b-h 0.46 jk 5.76 c-h 19.87 e-i 7.66 l-n 31.1 de 29.7 b-f 344.3 b-e2 0 0 1

Y A M F 49.2 b-h 0.40 kl 6.50 a-c 23.83 a-d 11.6 jk 32.1 cd 25.3 k-n 392.8 ab2 0 0 2

Y A M F 48.2 e-h 0.66 gh 6.23 b-e 23.73 a-d 6.66 m-o 34.3 bc 26.2 i-n 333.7 c-f2 0 0 3

Y A M F 48.3 d-h 0.46 jk 4.63 k-m 20.90 d-g 3.33 o 35.9 ab 32.1 a 295.1 f-h2 0 1 0

Y A M F 46.4 h 0.75 ef 5.83 b-g 23.77 a-d 8.33 k-n 38.0 a 28.5 d-h 350.4 b-e2 0 1 1

Y A M F 49.4 b-h 0.36 l 5.90 b-f 23.00 a-e 11.3 jk 34.0 bc 28.0 e-i 281.6 a-c2 0 1 2

Y A M F 49.1 b-h 0.60 hi 7.16 a 25.00 a 3.33 o 36.9 ab 27.4 g-k 426.8 a2 0 1 3

Y A M F 46.8 gh 0.46 jk 5.10 f-l 21.90 a-f 5.33 no 36.2 ab 31.9 a 379.6 a-c2 0 0 0

Y A M F 47.0 f-h 0.66 gh 6.23 b-e 19.27 f-i 5.33 no 35.7 ab 27.0 h-l 318.3 d-g2 0 0 1

Y A M F 49.4 b-h 0.60 hi 5.70 c-i 21.47 a-g 5.33 no 37.2 ab 25.7 j-n 354.0 b-e2 0 0 2

Y A M F 49.2 b-h 0.80 de 6.36 b-d 23.10 a-e 9.00 k-m 35.2 ab 26.6 h-l 380.1 a-c2 0 0 3

Y A M F 49.1 b-h 0.53 ij 4.96 h-l 22.90 a-e 7.00 mn 34.4 bc 31.5 ab 391.1 ab2 0 1 0

Y A M F 47.2 e-h 0.46 jk 6.16 b-e 21.93 a-f 11.6 jk 36.6 ab 28.2 d-i 350.3 b-e2 0 1 1

Y A M F 49.4 b-h 0.40 kl 5.83 b-g 21.97 a-f 8.66 k-n 34.5 a-c 27.7 f-j 363.5 b-d2 0 1 2

Y A M F 50.6 b-e 0.40 kl 6.60 ab 23.43 a-e 12.0 jk 36.3 ab 26.9 h-l 392.7 ab2 0 0 3

Means which have at least one common letter are not significantly different at the  5% level  using (DMRT) 

Table 6: Correlation coefficients between traits
Trait 1 2 3 4 5 6 7 8
HFB 1.00
NUBP 0.03 1.00 ns

NBP 0.19 -0.03 1.00 ns  ns

NGP 0.10 -0.06 0.25 1.00 ns  ns  **

MC 0.25 -0.31 -0.53** -0.14 1.00  **  *  ns

HI -0.40 0.11 0.62 0.18 -0.62** 1.00 ** ns  **  ns

OC -0.30 -0.46 -0.15 -0.27 -0.11 0.32 1.00 **  ** ns  ** ns  **

OY -0.06 -0.07 0.74 0.49 -0.58 0.69 0.09 1.00 ns  ns  **  **  **  **  ns

1: Height of First Branch; 2: Number of Unfertilized Boll per Plant; 3:
Number of Boll per Plant; 4: Number of Grain per Plant; 5: Mycorrhizal
Colonization (%); 6: Harvest Index; 7: Oil Content (%); 8: Oil Yield

0.36 respectively. The Mycorrhiza fungi can cause
increasing roots growth and P absorbtion in plants and
decreasing number of unfertilized boll per plant. The
number of unfertilized boll per plant was recorded in
treatment inoculation with Mycorrhiza (average: 0.55) and
treatment without Mycorrhiza condition (average: 0.61) in
safflower cultivars. Enlargment of root areas and its
efficiency of water absorption, the main absorption
apparatus of Mycorrhiza extension hyphae with a
diameter of 2-5 mm can penetrate soil pore inaccessible to
root hairs (10-20 mm) and so absorb water that is not
available to non-Mycorrhizal plants [10]. 

Height of First Branch: The main effect of Azotobacter,
was significantly on height of first branch at 5%
probability level and main effect of using different rates of
nitrogen and phosphorus was significantly at 1%
probability level, too. Results showed that treatment
Y A M F  with height of first branch average 55.4 cm and1 1 1 3

treatment Y A M F  with average 46.4 cm were2 0 1 1

significantly superior to the other treatments. The study
of evaluated parameters varied greatly among the
cultivars. The cv. Remzibey was found to be superior than
the other two cultivars with its higher seed yield (1648 kg
ha ), oil content (28.0 %) and oil yield (480 kg ha ).1 1

However, head diameter (2.34 cm), seed per head (33.0),
1000 seed weight (41.8 g), palmitic (11.0 %) and  stearic
(2.8 %) acid contents of cv. Dinçer and linoleic acid
content (75.6 %) of cv. Yenice were higher than those of
cv.  Remzibey [16]  Previous  literature  reports  cite  seed
yield  of  safflower  ranging  from  1168 to 3325 (kg.ha )1

(8-18-19-4-20). Thus, the lowest and highest yields
observed in the current study are somewhat similar those
found in the preceding works. The success of safflower
introduction in new areas will largely depend on the extent
of  improvement  made  in yield and oil content [17,18].
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Results from the present study indicated that grain yield, 9. Li, X., H. Marschner and H. George, 1991. Acqyisition
yield components of safflower have been affected of phosphorus and copper by VA Mycorrhizal
significantly by the inoculation with Azotobacter and haphae and root-to-shoot transport in white clover.
Mycorrhiza, because these bio-fertilizers can fix the Plant and Soil, 136: 49-57.
atmospheric nitrogen and increase phosphorus 10. Gong, Q., D. Xu and C. Zhong, 2000. Study on
availability in soil and enhance absorb elements by plant.
According to calculated, seed inoculation at planting date
with Azotobacter and Mycorrhiza increased oil yield
about 3.84 %.
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