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Table 2- Mean comparison of effect of different phosphorus fertilizers on photosynthetic pigment, fv/fm and soluble sugars of
safflower under water deficit condition

; () 35 . Sl Sl . - oo T
&l Y Sud 35 a5 b5 S5 by k5 wes)s & a5 Olomrgi]
Irrigation Barvar-2 Phosphorus Chlor;)phyll Chlm;)phyll Chl::gzhyll Carotenoids Chlo;';:)phyll Anthocyanin
(Kgha™) (mg g FW™) (pmol/g FW)
0 2.04b 2.12b 4.22b 1.11b 0.98a 0.283a
Sl b ey zuils pas 50 3.02a 3.38a 6.55a 0.70c 0.95a 0.246b
Without without
irrigation inoculation 100 1.55b 1.83b 3.40c 1.87a 0.84a 0.246b
withholding
N 0 3.69 3.28a 7.15a 0.82b 1.10a 0.290b
) 5*“1‘, 50 1.01b 1.41b 2.45¢ 1.21a 0.71b 0.330a
inoculation 100 1.25b 2.02b 3.21b 0.99ab 0.64b 0.270b
0 1.99a 2.80a 4.72a 0.70a 0.70b 0.240¢
o A . 50 2.06a 2.98a 5.10a 0.77a 0.68b 0.340a
29 @il pas
Water stress without
in the inoculation
X 100 2.26a 2.12b 437a 0.23b 1.02a 0.320b
vegetative
stage
N 0 3.38a 4.07a 7.63b 0.91b 0.81b 0.290b
) 5*“1‘, 50 1.01b 1.28b 2.20¢ 1.30a 0.66¢ 0.310ab
inoculation 100 4.04a 4.21a 8.78a 0.21c¢ 0.90a 0.313a
0 1.69¢ 2.36b 4.05¢ 0.66a 0.77b 0.230c
o2 A - 50 2.07b 3.08ab 5.16b 0.49 0.66b 0.240b
il il pae
Water stress without
in the inoculation
fower: 100 3.11a 3.16a 6.28a 0.74a 1.06a 0.260a
owering
stage
N 0 1.45b 1.88¢c 3.25b 1.94a 0.75a 0.190¢
) il ) 50 2.80a 3.52b 6.53a 0.279 0.76a 0.290a
inoculation 100 2.97a 4.05a 6.97a 0.274b 0.73a 0.230b

)5 gl sime SNST a0y Jloiol o 53 Jlize 31 (23050 (gl ool 1 itnn S jiio By (gl &5 ol Sl )kl sl s 2 g 5ty 5
Means in each column and irrigation treatment, followed by similar letter are not significantly different at 5% probability levels,using
LSMEANS Test
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Table 2- Continued
; a5 995 . g3 ggWd SigiggWd i giggWd 3
Ll > fv/f ; 1o ioile
S Y o5l b 395 e Foo s v/ifm S 9k iy
.. Flavi id Flav id Flav id
Irrigation Barvar-2 Phosphorus 270 nm 300 nm 330 nm Glucose Xlose Mannose
(kg ha™") (Abs/mg F.W.) (ng/g F.W.)
N 0 130.47¢ 91.60c 94.23¢ 0.42b 103.84b  62.07b  72.93b
ol gl e 5"“; "*‘; 50 196.30b 141.02b 15472b  0.6la 119.63a  69.63a  79.80a
. .. . withou
Without irrigation /o 12 tion 100 227.80a 168.60a 185532 0.64a 101.84c  61.80b  74.06b
withholding
N 0 112.62b 83.55¢ 89.43b  0.52b 11499  68.13¢c  82.75c
) @*"1‘. 50 128.66a 93.22a 100.52a  0.60a 127.46a  75.73b  88.89b
inoculation 100 115.22ab 86.22b 89.85b 0.52b 134.4la  79.86a  99.38a
N 0 138.42b 99.22¢ 106.01b  0.59a  95.40c  56.34c  67.07c
agy Aye 3 LD vcvﬁ g ;‘t 50 167.58a 113.52a 127.07a  0.62a 118.14b  69.68b  83.43b
Water stress inthe )\ 1ation 100 160.11c 110.78b 122.15c  0.53b  123.44a  73.59a  88.6la
vegetative stage
N 0 21791a 156.95a 168392  0.54a 173.68a 105.08a  124.09a
) 5“;1‘ 50 131.64b 98.56b 10591b  0.46b 131.76b  74.00b  85.97b
moculation 100 114.06¢ 89.28b 73.50c 0.41b  120.54c  72.50c  85.85b
] 0 123.47b 89.35b 92.27b 0.44c  106.0lc  65.57b  77.69b
.
ity dlsye 3 i vcvﬁlgm 50 216.77a 161.02a 174.66a  0.55a 108.78b  70.01a  83.57a
“ﬁ‘ter stress inthe ;00 lation 100 96.28¢ 70.19¢ 75.05c  0.51b  1164la  61.72c  73.02¢
owering stage
N 0 267.38a 190.69a 204232  0.38c 111.82c  67.0lc  79.63¢
) 5“;1‘ 50 78.16b 61.56b 74.86b 0.64a 130.73a  68.71b  81.75b
moculation 100 69.63¢ 89.53¢ 57.70c 0.55b 121.67b  78.13a  93.03a

)5 g fosime SNST a0y Sl o 53 Jlize 31 (23050 (gl ool 1 itonn S jiio By gyl &5 ol Silis )kl Hlosd s 2 9 5ty 5
Means in each column and irrigation treatment, followed by similar letter are not significantly different at 5% probability levels,using
LSMEANS Test
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Introduction

Drought stress is one of the most important and effective factors in agricultural practices in arid and semi-
arid regions of the world. The arid and semi-arid regions comprise more than 70% of the total area of Iran.
Reduction in chlorophyll concentrations has been attributed to the increase in chlorophyll degradation in water
deficit conditions and impairment in the enzymes activity responsible for the synthesis of photosynthetic
pigments. Under drought stress, maintenance of photosynthetic capacities and leaf chlorophyll are physiological
parameters which influence drought stress tolerant of crop. Phosphorus is one the most essential elements for
plant growth after nitrogen. However, the availability of this nutrient for plants is limited by different chemical
reactions especially in arid and semi-arid soils. Plant growth-promoting bacteria (PGPB) are soil and rhizosphere
bacteria that can benefit plant growth by different mechanisms. Given the negative environmental impact of
chemical fertilizers and their increasing costs, the use of PGPB as natural fertilizers is advantageous for the
development of sustainable agriculture. Inoculation of plants with native beneficial microorganisms may
increase drought tolerance of plants growing in arid or semi-arid areas.

Materials and Methods

In order to study the effect of biologic and chemical phosphorous fertilizer on photosynthetic pigments of
safflower cultivar (IL111), under water deficit condition, an experiment was conducted in 2012 at the Research
Field of the Faculty of Agriculture, Shahed University. The experimental design was split-factorial arrangement
in randomized complete block design with three replicates. The main factors were the three levels of irrigation
treatment: full irrigation (irrigation up to 50% soil moisture depletion relative to field capacity), water stress in
the vegetative and flowering stages (irrigation up to 75% soil moisture depletion relative to field capacity). The
sub-factors were the six treatments resulting from three levels of phosphate chemical fertilizer (0, 50, and 100 kg
ha™ Triple Super Phosphate), each at two levels of Barvar-2 bio-fertilizer (with and without inoculation with
Barvar-2). The applied biological fertilizer was in the type of the bacteria which release the phosphorus from soil
components and neutralize the soil pH. The commercial name of the biologic fertilizer is Barvar-2. The effective
gradients of the biological phosphorus fertilizer is comprised of two bacteria strains of pS (Bacillus lentus) and
pl13 (Pseudomonas potida) with 108 cfu (colony forming units) which have been screened from soil bacteria
populations. The bacteria strain pS (Bacillus lentus) dissolves P from soil mineral compounds while pl3
(Pseudomonas potida) separates P from soil organic compounds by exerting a variety of phosphatase enzymes.

Results and Discussion

The results showed that the highest amount of chlorophyll a, b and total chlorophyll obtained with
application of chemical phosphorus by 100 kg ha™ Triple Super Phosphate followed by inoculation with Barvar-
2 under water deficit condition at vegetation and flowering stages. At drought stress in flowering stage, use of
high level of phosphorus without inoculation with Barvar-2, had highest effect in terms of increasing amount of
chlorophyll a/b ratio, but at treatment of inoculation with Barvar-2, the highest amount of chlorophyll a/ b ratio
obtained with low level of chemical phosphorus by 50 kg ha™ Triple Super Phosphate. The means comparison
showed that highest amount of carotenoids, fv/fm, anthocyanin, flavonoids and soluble sugars obtained with
application of chemical phosphorus by 50 kg ha™ Triple Super Phosphate without Barvar-2 under water stress
condition at vegetation and flowering stages. The inoculation with Barvar-2 followed by chemical phosphorus by
50 kg ha!' Triple Super Phosphate significantly increased the amount of anthocyanin and soluble sugars of leaf
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under drought stress at flowering stage, while the amount of carotenoids and flavonoids, increased with Barvar-2
without using of chemical phosphorus.

Conclusions

Our experiment showed that application of chemical phosphorus fertilizer followed by inoculation with
Barvar-2 had huge effect on chlorophyll a, chlorophyll b, total chlorophyll, chlorophyll a/ b, carotenoids, fv/fm,
anthocyanin, flavonoids and soluble sugars under water stress condition at vegetation and flowering stages. The
highest amount of photosynthetic pigment such as anthocyanin, flavonoids, carotenoids and soluble sugars could
increases stress tolerance of safflower under water deficit condition. In general, the results of this experiment
showed that application of Barvar-2 followed by chemical phosphorus had effective role in improve of
qualitative traits of safflower under drought stress condition.
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