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Table 1- Analysis of variance (mean of squares) for quantitative and qualitative characteristics of Marian thistle under
drought stress and bio-fertilizers conditions
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Table 2- Mean comparision for simple effect of drought stress and bio-fertilizer on quantitative and qualitative

characteristics of marian thistle
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Table 3- Mean comparision of drought stress and bio-fertilizer intraction on quantitative and qualitative characteristics of

marian thistle

o o 35Skas Sl 039
ool ) . albalasi  ghs s oy
(el " P P Jgmls’ S KW KW KW
Ehicadb o ) Jsul 2 (o)5) ; Sosle 5
Drought Bio- 2 eF9S) g No. of 133;_ W‘Mj‘ Organic ‘”‘”’ oI
Stress (based  fertilizer (o= No. of d per Essential " =~ Proline Protein
field - e i seed i1 (%) T ()
c‘;‘; alceit ) seed ylgld If:rp;l)ll:u(:t capitule weight (%)
Y (kg.ha ) (g)
‘}f’”&'ﬁ. 994.00™ 7.67" 48.331 17.63 2.158 87.70 0.87° 11.29¢
Mycorrhiza
e 575 1003.33¢F 7.33i 56.67" 17.30i 1.53i 89.73 035 1167
Nitroxin
Y 9k olawsd
50 Rich 1033.33¢ 7.67" 55.67" 17.408 2.63¢ 89.67 0.64¢ 11.21
phosphate 2
oMy g ' ' ' '
Super 1000.00" 7.331 48.341 17.70! 2.43f 89.53) 0.604 11.52h
nitroplus
3 dpaspi g6 oon 5.00% 37.67 15.83k 1.20% 8773k 088 777
Control
‘}f’”&'ﬁ. 1183.33¢ 9.00f 69.33¢ 19.73f 3.174 92.33¢ 0.52f 13.91f
Mycorrhiza
e 575 1143.33¢ 9.33¢ 71.67¢ 20.34¢ 3700 91.77° 021  14.23¢
Nitroxin
Y 9k olawsd
70 Rich 1206.00° 9.00f 74.004 19.99¢f 3.61° 91.57¢8 0418 13.96f
phosphate 2
Mgy ygm
Super 1193.33¢ 9.674 72.334d 20.30d 3.39¢ 93.434 0.40n 13.98f
nitroplus
3 dpanpi 93933 6.33 59.00¢ 18.47" 2.08" 89.50  0.55  11.54
Control
‘}i)ﬁ*’ﬁ. 1266.67° 11.00°¢ 87.67% 23.072b 0.94" 94.07¢ 0.31 16.83b
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“.': ”M 1300.002 12.00? 81.67¢ 23.27° 1.04m 95.00? 0.04" 17.19°
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Y 9k olawsd
90 Rich 1280.00% 11.33b 84.67° 22.90b 1.43i 94.00°¢ 0.14! 16.104
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nitroplus
3 draneie 004 00¢0 8.67¢ 65.00 18.80¢ 0.87° 90.40" 031 13.23¢
Control
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* In the each column for intraction of treatments, similar letters indicate not significant at 0.05 probability levels.



IWAF s ) oylad A Al «(650bisS uilid pgs 4120 YA

5 395 9 (SWid (T byl Cod JUk Lo (o5 g (05 SS9 (o 00w (Sl Shumer —£ Joua
Table 4- Simple correlations between quantitative and qualitative characteristics of marian thistle under drought stress and

bio-fertilizer conditions
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»e vy ol 51> Ll 5Ll ‘_J adle .
Plant g Jowls 3 (ps5) &l jl3 i ° ey
" (s i . Organic .
charactristics X No. of capitule No. of seed per 1000- Seed Essential matter Proline
seed yield per plant capitule weight (g) oil (%) " (%)
(kg.ha™") (%)
Gy 50 Jonls sl
No. capitule per 0.96"
plant
Jswls b slaws
No. seed per 0.94" -0.54"
capitule
(05) 5 s 5 * *
1000- seed weight 0.94 -0.56 -0.57
(&
ol oy
o -0.04" -0.15™ -0.10% 0,19
Essential oil (%)
Jlodle o>
Organic matter 0.93" 0.91"" 0.89" 0.90"" -0.09"
%)
L)‘Jﬁ)i Lo yd -0.34ms 0.41ms _0.52* _0.53* 0.391s 0,451
Proline (%)
waf doyd 0.55" 0.49" 047" 0.48" 0,135 0.90™ 0. 55"
Protein (%)

I gre pf 9o S gy il zskaw j3 )b dme i 5 4 NS g ik ok
*, ** and ns: Are significant at 0.05 and 0.01 probability levels and non significant, respectively.
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V- Number of capitules per plant
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Introduction

Marian thistle (Silybum marianum L.) is a medicinal, herbaceous and annuals plant belongs to the Asteraceae
family which is used to treat liver disease. The essential oil of Marian thistle seeds is the type of flavonolignans
(phenols family) that forms 1.5 to 3% of its seeds weight. The important flavonoids found in the seeds of this
plant are silybin, silychristin and silydianin is known as silymarin compounds, that is yellow. Increasing the
desired compounds of medicinal plants is possible by cultivation techniques manipulation such as irrigation,
fertilization or photo-bioreactor systems. Water deficient is the most important factors limiting the growth and
yield of medicinal crops, especially in arid and semi-arid regions. Bio-fertilizers as an alternative in some cases
and in most cases as a complement to chemical fertilizers can help to ensure the sustainability of agricultural
production systems. Han et al. (2006) in the study of the effect of phosphate solubilizing bacteria (PSB), Bacillus
megaterium var. phosphaticum and potassium solubilizing bacteria (KSB), Bacillus mucilaginosus in nutrient
limited soil planted with pepper and cucumber stated that Rock P and K applied either singly or in combination
did not significantly enhance soil availability of P and K. PSB was a more potent P-solubilizer than KSB, and
co-inoculation of PSB and KSB resulted in consistently higher P and K availability than in the control. Rock P
with inoculation of PSB increased the availability of P and K, the uptake of N, P and K by shoots and roots, and
the growth of both pepper and cucumber. Similar but less pronounced results were obtained when rock K and
KSB were added concomitantly. Combined together, rock materials and both bacterial strains consistently
increased further mineral availability, uptake and plant growth, suggesting their potential use as fertilizer. The
present study was designed to evaluate the effect of bio-fertilizers inoculation and drought stress on quantitative
and qualitative characteristics of Marian thistle.

Materials and methods

This experiment was conducted in a split plot based on randomized complete block design with three
replications, at the Research Farm of Zabol University, during growing season of 2012 and 2013. Main plots
consisted of irrigation with 50, 70 and 90% field capacity and subplots including plant nutrition with nitroxin,
supernitroplus, rich phosphate II, mycorrhiza and non-use of bio-fertilizer. Plant traits such as seed yield (kg.ha-
1), the number of capitols per plant, the number of seeds per capitol, 1000-seed weight (g.plant™), essential oil
percentage, plant organic matter percentage, proline percentage and protein percentage of Marian thistle were
measured. For statistical analysis, analysis of variance (ANOVA), Duncan’s multiple range test (DMRT) and
simple correlation analysis were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).

Results and discussion

In this experiment, the effects of drought stress, bio-fertilizer and their interactions on all studied traits were
significant at the 1% probability level. The highest grain yield (1300.00 kg), the number of capitols per plant
(12.00 no.), 1000-seed weight (23.27g), plant organic matter percentage (95.00%) and protein percentage
(17.19%) belong to treatment of irrigation with 90% field capacity and nitroxin bio-fertilizer. The maximum
number of seeds per capitol (87.67) were obtained by irrigation with 90% field capacity and mycorrhiza bio-
fertilizer. Irrigation with 70 and 90% field capacity and nitroxin bio-fertilizer application were explained the
maximum and minimum of essential oil percentage (3.72%) and proline percentage (0.04%), respectively. The
number of capitols per plant was the most important component in determining grain yield. The use of bio-
fertilizers damped the effect of drought stress and improved qualitative and quantitative characteristics of Marian

10, 2 and 3- PhD student of Agroecology, Associate Professor, Department of Agronomy and Professor, Department of Plant
Breeding and Biotechnology, Faculty of Agriculture, University of Zabol, Iran, respectively.
(*- Corresponding author Email: ro_mohammadpour@yahoo.com)
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thistle.
Conclusion
Inoculation with nitroxin bio-fertilizer compared to the others could further amend drought stress and
improved the quantitative and qualitative characteristics of Marian thistle. Thus, it appears that in order to

achieve sustainable agriculture instead of chemical fertilizers is recommended.
Keywords: Bio-fertilizer, Dehydration stress, Medicinal plant, Milk thistle



