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Extended abstract

Introduction

Safflower is an oilseed plant tolerant to water deficit, and have an important role in oil production.
Drought stress is the most important factor limiting crop yields in many parts of the world, including
Iran. Nitrogen plays a key role in plant growth and this role is highly related to the amount of water and
how it is distributed. Bacteria of the genus Azotobacter are one of the most important growth-promoting
bacteria in plants due to their abundance and extent of spread, which is able to improve the availability
of nitrogen. In areas where most rainfall occurs in winter and early spring, crops will face water
constraints at the end of the growing season. In such conditions, finding cultivars and lines that have
good performance in non-stress and drought stress conditions and have a suitable response to
Azotobacter and nitrogen fertilizer is of special importance.The aim of this experiment was to evaluate
the response of safflower genotypes to the application of Azotobacter and nitrogen fertilizer under
different moisture conditions.

Materials and methods

This experiment was carried out during two growing seasons (2015/2016 and 2016/2017), in Sarableh
Agricultural Research Station, Ilam Province. The factorial scheme 4 x 6 experiment was performed in
both years in a randomized complete block design with three replications under terminal drought stress
and non-stress conditions. The distance between these two environments was considered to be 10
meters so that the humidity of the two adjacent environments did not affect each other. Experimental
factors included seed inoculation with A. chroococcum using urea chemical fertilizer at four levels
[without using any N fertilizer source (control), seed inoculation with A. chroococcumalso without use
N fertilizer, seed inoculation with A. chroococcum + 50% N of urea fertilizer source, and 100% N of urea
fertilizer source], and six safflower genotypes (312-S6-697, P1-401478, PI-253895, PI-306974, Padideh,
and Sina).After harvesting and determining grain yield in both experimental conditions, stress tolerance
indices including stress sensitivity index (SSI), mean productivity (MP), tolerance (TOL), geometric
mean yield (GMP), stress tolerance index (STI) and Modified stress tolerance indices (MSTI) were
calculated. Statistical calculations of analysis of variance and mean comparisons were performed using
SAS 9.1 software. STATGRAPH software was used to principal component analysis and drawing biplot
diagrams.
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Results and discussion

The results showed that among the nitrogen source treatments, the highest percentage of grain yield
reduction with 48% in drought stress conditions compared to non-stress conditions was related to the
application of 100% nitrogen chemical fertilizer. This result shows that in drought stress conditions, the
application of 100% nitrogen fertilizer due to the increase of biological substances, causes an imbalance
between the roots and plant aerial parts in water absorption and water loss through transpiration by
aerial organs, which in Extremely serious damage to the economic sector of the plant.Azotobacter
inoculation + 50% nitrogen fertilizer application had the highest mean productivity index and the lowest
stress sensitivity index among nitrogen source treatments, although it was not significantly different
from other nitrogen source treatments. These results indicate that the use of Azotobacter in combination
with the application of 50% nitrogen fertilizer reduces the damage caused by drought stress in safflower.
Sina cultivar was the most tolerant genotype under drought stress under Azotobacter inoculation and
100% nitrogen fertilizer application. In conditions of inoculation with Azotobacter + 50% of nitrogen
fertilizer application, Sina and Padideh cultivars are located in the area of high production potential and
low drought sensitivity in the vicinity of vectors related to drought tolerance indices

Conclusion

Sina cultivar in inoculation treatment with Azotobacter and consumption of 100% nitrogen fertilizer,
Padideh cultivar in addition to Sina cultivar in combined application of Azotobacter + 50% nitrogen
fertilizer had the highest tolerance to terminal drought stress; Therefore, in selecting drought tolerant
genotypes, special attention should be paid to nitrogen source factor.

Keywords: Azotobacter, Biplot, Grain yield, Indices of stress tolerance
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Table 1.Physical and chemical properties of soil in experimental site
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90—
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2016-17 Clay Loam
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Table 3. Mean comparison of main Effects onstress susceptibility index, mean productivity and grain yield
under non-stress (Yp) and stress (Ys) in two growing Seasons and reduction of grain yield in drought stress

compared to non- stress

Factor

Jole Ye Ys R SSI MP

--------- [T (%) SR o
) NO 14494 769° 46 1.992 1494¢
03955 & N1 1619°¢ 868 46 0.982 1678
(Nitrogen source) N2 1967b 10722 45 0.96 2056*
N3 21032 1096? 48 1.012 21482
312-S6-692 1758¢ 8144 53 1.132 1694b¢
PI-401478 16144 8384 48 1.01b° 1646°
“ oea - c C be b

cwigis PI-253895 1703 916 46 0.98 1767
PI-306974 19972 1020P 48 1.03° 2018

(Genotype)

odydy 1867° 10176 45 0.96° 19512
Lo 1771¢ 11032 37 0.804 19892
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NO, N1, N2 and N3: without application of fertilizerand non-inoculation, inoculation with Azotobacterchorococum,
inoculation with Azotobacter chorococum+50% Nitrogen chemical fertilizer, 100% Nitrogen chemical fertilizer,
respectively; YP: grain yield non stress conditions,YS: grain yield drought stress conditions, R: reduction percentage of

grain yield in drought stress compared to non- stress conditions, SSI: stress susceptibility index, MP: mean productivity
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan

Multiple Range Test.
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Table 4.Mean comparison after slicing the interaction effects of nitrogen source and genotype on tolerance, geometric
mean productivity,modified stress tolerance and grain yield non stress conditions

Solowd oS 5

YP TOL GMP STI KiSTI KaSTI
Treatment combination
kg. h'!

312-S6-692 1480P 7802 1016P 0.325 0.68b¢ 0.54¢

PI-401478 12654 560° 941¢ 0.279¢ 0.60°¢ 0.55%

PI-253895 1383¢ 6702 992b 0.310b 0.504 0.56%

Nof PI-306974 15792 768 11302 0.4012 0.782 0.7220
odsuy 1515% 69920 11112 0.3888* 0.72eb 0.732b

Lo 1476P 601° 1136* 0.405* 0.68b 0.842

312-S6-692 1598P 8332 11045 0.384%¢ 0.80°° 0.65¢

PI-401478 1505°¢ 7432 1070° 0.361¢ 0.71¢ 0.65¢

PI-253895 1557b¢ 74020 1126° 0.400° 0.76b° 0.74°

N1 PI-306974 17122 792° 12532 0.4932 0.922 0.932b
oy 17292 789 12722 0.510* 0.932 0.982

Lo 1616° 610° 12742 0.510¢2 0.82° 1.122

312-S6-692 1902°¢ 1011° 13014 0.5324 1.13b¢ 0.88°¢

PI-401478 1764¢ 799¢4 12994 0.5354 1.09¢ 1.06¢

PI-253895 1865°¢ 814¢d 1396°¢ 0.617¢ 0.97¢ 1.25b

N2 PI-306974 2311 11582 16317 0.8372 1.682 1.472b
oduuy 20330 884¢ 1525 0.734° 1.29b 1.482b

Low 1929¢ 7034 1536P 0.745b 1.17% 1.67

312-S6-692 2051¢ 1148 13604 0.582¢ 1.32¢ 0.904

PI-401478 19234 1001b° 13314 0.560° 1.16° 0.95¢d

PI-253895 2006¢ 924¢ 1471¢ 0.682b¢ 1.26° 1.31b¢

N3 PI-306974 23842 1188 16882 0.896* 1.782 1.58%
LXVRY) 2190P 10232 1596P 0.80220 1.50° 1.52eb

Lo 2063¢ 7564 164120 0.8472 1.33¢ 1.892
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*NO: without application of fertilizer and non-inoculation, N1: inoculation with Azotobacter chorococum, N2: inoculation
with Azotobacter chorococum+50% Nitrogen chemical fertilizer, N3: 100% Nitrogen chemical fertilizer.

Yp: grain yield non stress conditions, TOL: tolerance index, GMP: geometric mean productivity, STI: stress tolerance
index, KiSTI: modified stress tolerance index in non-stress conditions, K2STI:modified stress tolerance index drought

stress conditions

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan

Multiple Range Test
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Table 5. Eigen values and eigen vectors, the results of principal component analysis based on values of the drought
tolerance indices and grain yield safflower genotypes under non-stress and drought stress in different nitrogen source

N1 N2 N3
Joladdge g0 adlie Joladdge g0 adlie Joladlge  pgo adlge
W First Second First Second First Second
Nitrogen source 09X & component component  component component  component component

Eigen value ohg polie 6.85 2.01 5.85 3.06 6.97 2.01
Proportion (%) e 76.21 2243 65.4 34.09 77.50 2235
Cumulative (%) 2028 dwoyd 76.21 98.65 65.04 99.14 717.50 99.86
Ye 0.78 0.61 0.85 0.51 0.73 0.68
Ys 0.98 -0.16 0.88 -0.45 0.96 -0.26
SSI -0.81 0.58 -0.26 0.96 -0.62 0.72
TOL -0.40 0.91 0.29 0.95 -0.22 0.97
MP 0.99 0.07 0.99 -0.04 0.99 0.06
GMP 0.99 0.08 0.99 -0.01 0.99 0.08
STI 0.99 0.08 0.99 -0.06 0.99 0.09
KiSTI 0.79 0.61 0.79 0.55 0.71 0.69
K>STI 0.97 -0.20 0.87 -0.48 0.95 -0.28

(59 055 Bpan do o Ve g (39,0 058 oy B+ it b el S Lg il b el o5 4 N3 9 N2 N1
w2l MP ¢ ez asls TOL ¢ 5 4y G b > a3l SSI Sz s bylys 5o 0 Sles1YSs 3 e Laslyls 5o ails o Slee :YD
On g Ll o andl sy s 4 Jeos pas Ll KUSTI ¢ s 4 Joos el SSTI oo Jgame cwiin (:Kke :GMP ¢ 50 540 Lawgio

Sead s byl s gl andl e 25 4 Jess el KoSTI

N1, N2 and N3 inoculation with Azotobacterchorococum, inoculation with Azotobacter chorococum+50% Nitrogen fertilizer,
100%Nitrogen fertilizer

Yp: grain yield non stress conditions, TOL: tolerance index, GMP: geometric mean productivity, STI: stress tolerance index,
KiSTI: modified stress tolerance index in non-stress conditions, K2STI: modified stress tolerance index drought stress
conditions
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Fig.2. Biplot diagram of drought tolerance indices in six safflower genotypes based on first and second
components in inoculation with Azotobacter chorococum.
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Fig. 3. Biplot diagram of drought tolerance indices in six safflower genotypes based on first and second
components in inoculation with Azotobacter chorococum+50% Nitrogen fertilizer.
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Fig. 4. Biplot diagram of drought tolerance indices in six safflower genotypes based on first and second

components in 100% nitrogen fertilizer.
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