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ABSTRACT 
 
 The use of organic fertilizer made from agricultural waste regenerate natural resources and reduces the 
consumption of fossil energy as well as phosphorus (P) and potassium (K) deposits. To Study this issue, the 
seed yield and essential oil of Milk thistle were investigated under sowing dates and fertilizing systems over two 
growing seasons (2009, 2010) in the south east of Iran. The experiment was conducted as split-plot arrangement 
in randomized complete block design with four replicates. Treatments were included three sowing dates (1 
September, 15 October 2010 and 1 March 2011) as main plot and different fertilizing systems [Control, CF (100 
kg.ha-1 N and P), CBF (Phosphate bio-fertilizer), OF (15 t.ha-1 manure only) and COF (10 t.ha-1 manure + 50 N 
and 50 kg.ha-1P) as sub plots. Delayed sowing date obviously resulted in a significant reduction in fruit per 
inflorescence in all fertilizer treatments especially in late sowing date. The highest oil content (29.12 %) and 
content of silymarin (2.15 %) observed under two earlier sowing date at CBF fertilizing system. The highest P 
content (0.17%) obtained in CBF in all sowing dates followed by OF in two earlier sowing dates and COF in 
late sowing. Delayed sowing date consistently resulted in a significant increase in shoot Zn and Mn 
concentration in all fertilizing treatment. It is concluded that the highest seed yield and essential oil obtained 
from the earliest sowing date whereas decreasing trends were observed with delay in sowing. 
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Introduction 
 
 Medicinal and aromatic crop production is well 
interested in Iran due to market demand in recent 
years. A considerable number of medicinal and 
aromatic plants are locally adapted and considered as 
native to arid zones of the world [7], thus these 
regions support a high portion of plants rich in 
secondary compounds. Plants rich in essential oils, 
gums and mucilage are more abundant in arid zones 
than in humid habitats [7]. Silybum marianum (L.) 
Gaertn. (Asteraceae) is an annual or biennial plant, 
native to the Mediterranean area, which has now 
spread to other warm and dry regions. Silybium 
marianum is used traditionally as a hepaprotective 
agent and supportive treatment of liver disorders. 
Fruits of Silybum marianum contain flavonolignan 
compounds, silymarin, which silybin is the main 
constitute [13,14]. 
 An important management factor in the 
production of all crops is the sowing date. A change 
in sowing date leads to significant changes in 

weather parameters and consequently the 
performance of the crop. Besides crop management, 
the physical environment has profound influence on 
growth, biomass partitioning and oil accumulation of 
Milk thistle. In Iran, the highest Milk thistle yields 
were harvested from sowing in September [22] and 
In Hungary, in March or early April and  from April 
1 to April 22 [4,6]. According to those authors, in 
Milk thistle, the total average daily air temperature 
from the formation of capitol to the harvest had a 
significant effect on silymarin content. Delayed 
sowing date causes the plant to reach the 
reproductive phase quickly at higher temperatures, 
which decreases the seed yield. To provide 
economically sustainable yields, nutritional elements 
must be present in sufficient quantities in soil, and 
they must be available for root uptake.  Nitrogen and 
phosphorus are essential nutrients for plant growth 
and development [8]. In agricultural fields of Iran, 
the extensive use of manufactured chemical 
fertilizers has increased crops productivity but 
compromised quality especially for medicinal and 
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aromatic plants which are not acceptable for export. 
To increase the crops quality especially, organic 
fertilization is more acceptable than chemical 
fertilizers [18]. Organic cultivation can guarantee the 
quality of medicinal plants such that medicinal plants 
consumers prefer to use the organic plant 
components [16]. Organic fertilizers are excellent 
sources of nutrients for crop production and 
improving physical and chemical properties of soil 
[10]. It has been shown that addition of organic 
matter improved soil properties such as aggregation, 
water-holding capacity, hydraulic conductivity, bulk 
density, the degree of compaction, fertility and 
resistance to water and wind erosion [12]. 
Microorganisms are important in agriculture in order 
to promote the circulation of plant nutrients and 
reduce the need for chemical fertilizers as much as 
possible. Plant growth-promoting rhizobacteria 
(PGPR) are able to exert a beneficial effect upon 
plant growth. P-solubilizing bacteria may be 
important for plant nutrition by increasing P uptake 
by the plants, and playing a significant role as PGPR 
in the bio-fertilization of crops. To date, little is 
known about the effect of certain cultivation 
practices on Milk thistle in Iran. The objective of the 
present study was to examine the effects of sowing 
date, phosphate bio-fertilizer (BPB) and different soil 
fertilizing system (Chemical, rganic and integrated) 
essential oil content of Milk thistle and to find out 
whether sufficient and high quality yields of the Milk 
thistle crop can be produced without chemical 
fertilizers but only with the sources allowed by 
organic farming rules under Iran conditions. 
 
Materials and methods 
 
Plant material and growing conditions: 
 
 The Milk thistle (Silybum marianum L. Gaertn) 
was grown in field experiments carried out at the 
Vali-e-Asr University, Iran (latitude: 30◦ 23’ N; 
longitude: 55◦ 5’ E; elevation: 1750 m) during the 
2009–2010 growing seasons. Previous crop was a 2-
year fallow, the soil was a sandy loam (11% clay, 
40% silt). The basic properties of the soil and the 
cow dairy manure were as table 1. Climate in this 
region is classified as Mediterranean with average 
annual rainfall is about 155 mm; precipitation falls in 
winter as rain and mainly occurs between Decembers 
to January. Long term annual maximum, minimum 
and mean temperatures are 40, -8 and 18.5 ºC, 
respectively. Maximum and minimum temperatures 
and precipitation of this growing season is shown in 
Table 2. Seeds were obtained from the Iranian Jahad 
Medicinal Plant Research Center which was 
collected from the Khorasan Province in north east of 
Iran. Seeds were sown at a density of 6 plants/ m2 on 
1 September (P1), 15 October 2010 (P2) as fall 
sowing and 1 March 2011 (P3) as spring sowing 
using a 6-row planter with 50 cm row spacing. Five 

different sources of fertilizers were applied consisted 
of no chemical and organic fertilizer application,100 
kg.ha-1N and P, seed inoculation with phosphate bio-
fertilizer combined with 100 kg.ha-1N and 50 kg.ha-

1P, 15 t.ha-1 cattle manure only, 5-10 t.ha-1 cattle 
manure combined with 50 kg.ha-1N and P, as 
indicated C, CF, CBF, OF and COF, respectively. 
Half of the chemical nitrogen fertilizer was applied 
as urea at growth stage (GS) (5th leaf emerged) and 
the remaining at flowering. The bio-fertilizer 
supplied by Green Bio-tech Co. consisted of two 
kinds of phosphate solubilizing bacteria 
(pseudomonas putida (strain p13)) and Bacillus 
lentus (strain p5). They were originally isolated from 
agronomic soils in Iran.  For seed inoculation 
according to instruction, 50 gr of Milk thistle seed 
inoculated with 1 gr BPB and immediately planted. 
Seeds were sown 3 cm depth, with row spacing of 50 
cm. The plots were organized in a randomized 
complete block design with four replicates arranged 
as split-plot, where the main plots corresponded to 
the sowing dates and the sub-plots were different 
sources of fertilizers.  
 
Phenophase, plant sampling: 
  
 Within each sub-plot, two plants were randomly 
tagged and their phenological development 
monitored. The occurrence of a phenophase was set 
when it was reached by the 50% of the monitored 
plants. Two adjacent rows with a length of one meter 
were sampled within each plot. The whole samples 
were oven dried at 80 ◦C for 48 h and their dry matter 
(DM) was determined. After flowering, two whole 
main shoots were randomly sampled from each sub-
plot, leaves, stems, and capitols were separated; 
capitols were hand threshed and grains were counted. 
For each plant component, DM was determined after 
oven drying at 80 ◦C for 48 h. Grain DM was 
determined on subsamples (ca. one-third of the 
whole sample weight). Milk thistle capitol were 
collected handy when about 30% of flower heads had 
developed the pappus. Harvests occurred on July 11 
and 23, 2010 (with the two earlier dates 
corresponding to plants from the earlier sowing 
date). The plant materials collected were further 
cleaned with a fanner, and achenes were dried at the 
50 ◦C to 8% moisture content. During vegetation and 
after harvest, the following measurements and 
determinations were made for each plot or plants 
from each plot: for every two randomly selected 
plants, plant height before harvest, number of capitol 
per plant, number of achenes per flower head on the 
main stem and number of lateral branches, achene 
yield and thousand grain weight. 
 
Analyses of macro and micro nutrition contents: 
 
 Oven-dried materials of above ground materials 
of each replication were used to analyze macro and 
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micro nutrition contents. Then, 0.5 g of dried 
samples of each replication was ground and ashed at 
550 ºC in a porcelain crucible for 6 h, separately. The 
each white ash was taken up in 2 M hot HCl, filtered 
into a 50-ml volumetric flask, and finally made up to 
50-ml with distilled water. Calcium, Mg, Fe, Mn, Zn 
and Cu were measured with atomic absorption 
spectrophotometer (GBC Avanta ver.1.33). The 
phosphorus content was determined by Olsen method 
[24], after the wet digestion of plant samples 
concentration was measured. 
 
Chemical analyses: 
 
Determination of oil concentration: 
 
 Chemical analyses were conducted on whole 
achenes. The total oil concentration was determined 
using the Soxhlet method [3]. Milled grains (10 g) 
were packed in a paper extraction thimble and the oil 
was extracted using 300 ml of petroleum benzene (bp 
40–60 ◦C; Merck Chemical Co., Germany) in a 
Soxhlet extractor for 4 h, after which the solvent was 
evaporated. Oil was filtered and dehydrated using 
Whatman no. 2 filter paper, anhydrous sodium 
sulphate, Buchner funnels, suction flasks and a 
vacuum pump. 
 
Determination of silymarin: 
 
 Determination of silymarin was performed in 
accordance with the Varma method [32]. Five grams 
of ground Milk thistle fruits were placed in blotting 
paper cores. The extraction was performed for 10 h 
using the Soxhlet apparatus with petroleum ether. 
The samples were dried at 50◦C in vacuum oven for 2 
hours and then silymarin were extracted by 300 ml 
methanol at 80◦C for 16 hours. The extract solutions 
were placed on a rotary evaporator, and dried at 50◦C 
under vacuum oven for 5-6 hours to measured 
silymarin [32]. 
 
Statistical analysis: 
 
 Experimental data were analyzed with the SAS 
9.1 software. All data sets were tested for a normal 
distribution and the variance homogeneity (P <0.05). 
In case of homogeneous sample variances, means 
were compared by Duncan tests. 
 
Results: 
 
Morphological characteristics: 
 
 The results indicated that sowing date, fertilizing 
system and their interaction had significant effects on 
all evaluated traits. Means comparison of some 
morphological characteristics of Milk thistle at 
different sowing dates and fertilizing system are 
presented in Table 1. The highest values for plant 

height, number of capitol per plant, number of lateral 
branches were obtained from the earliest date of 
sowing (1 September 2009). Delayed sowing 
consistently resulted in a significant reduction in 
plant height and number of capitol per plant (Table 
1). This reduction at the latest sowing date compared 
to earlier sowing date was about 77 to 74 % for plant 
height and 86 to 76% for number of capitol per plant 
(Table 1). Plant height and number of capitol per 
plant significantly increased with application of 
different types of fertilizers especially in COF and 
CBF compared to the control (Table 1). The highest 
number of lateral branches (7.2), number of capitol 
(18.8), biological yield (17855 t.ha-1) and 1000 grain 
weight (20.96 gr) belonged to first sowing date and 
using COF followed by second sowing date and 
using CBF; however, there was no significant 
difference between two earlier sowing dates in 
herbage biomass and 1000 seed weight. Across all 
sowing dates, the highest 1000 fruit weight were 
observed in OF (21.65 gr) and COF (22.11 gr). 
Considering no seed formation in C and OF at late 
sowing date, the lowest 1000 fruit weight were 
obtained in COF (12.58 gr), CBF (12.44 gr) and CF 
(12.72 gr) at late sowing date. Different fertilizing 
systems variously affected number of fruit per 
inflorescence in each sowing date. The highest 
number of fruit per inflorescence (155) observed in 
COF at first sowing date followed by CBF and CF in 
first sowing date. Considering no seed formation 
seed in C and OF at late sowing date, delayed sowing 
obviously resulted in a significant reduction of fruit 
per inflorescence while using different kind of 
fertilizers especially in late sowing. No increase was 
observed in number of fruits per inflorescence using 
fertilizers at late planning (Table 1).  
 
Seed yield and essential content: 
 
 Results showed that sowing date and fertilizing 
system and their interaction significantly affected 
content of oil, content of silymarin, yield of 
silymarin and fruit yield. Herbage biomass and 
harvest index were only affected by sowing date and 
fertilizing system (Table 1). Milk thistle produced 
more seed and biological yield as well as harvest 
index in two early sowing dates. Results showed that 
the highest herbage biomass (17.8 t.ha-1) and (15.3 
t.ha-1 ) belonged to the earliest sowing date and COF 
with different trend in two later sowing dates and 
other fertilizing system as well as control, 
respectively. The highest seed yield (2.62 t.ha-1) was 
observed in COF following by CBF and CF in the 
first sowing date following by second sowing date. 
No seed formation in C and OF fertilizers was 
observed in late sowing date and the lowest seed and 
biomass yield were recorded in late sowing date. 
However harvest indices were significantly higher in 
CBF and COF and two earlier sowing dates with the 
same trend. Using fertilizers apart from the kind of 
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fertilizer increased seed yield, herbage biomass and 
harvest index compared to the control. Delayed 
sowing date decreased seed oil content and content 
of silymarin (Table 2). The highest oil content (29.12 
%) and content of silymarin (2.15 %) were measured 
in two earlier sowing date at CBF fertilizing system, 
which may be due to seed filling under lower 
temperatures in early spring. Apart from C and OF 
fertilizing system, at late sowing date, unlike oil 
content, content of silymarin were consistently 

constant compared with two early sowing date in C, 
CF and COF fertilizing system (Table 2). Yield of 
silymarin was also significantly affected by sowing 
dates and fertilizing system interaction. The highest 
yield of silymarin (51.2 kg.ha-1) obtained in CBF 
(51.2 kg.ha-1) and COF (49.3 kg.ha-1) and the least 
(less than 20 kg.ha-1) in no fertilizing system in two 
early sowing date while, yield of silymarin was less 
than 3 kg.ha-1 in late sowing date (Table 2).  

 
Table 1: Mean comparison of plant height (Cm), Number of lateral branch (NB), Number of inflorescence per plant (NI), 1000 fruit weight 

(gr), Herbage biomass (Kg.ha-1), Harvest Index (%), Mg (%) and Cu (Mg.kg-1 Dm) under different plant height and fertilizing 
systems. 

Cu 
 

Mg 
 

Harvest 
Index 

Herbage 
biomass 

1000 fruit 
weight 

NI NB Plant 
height 

Treatments 

       Sowing dates 
21.1 b 0.57 b 10.1 a 17885 a 20.96 a 18.8 a 7.2 a 122 a 1 September 
21 b 0.5 c 10 a 14142 b 20.6 a 14 b 5.9 b 107 a 15 October 

26.2 a 0.71 a 1.78 b 1257 c 16.5 b 4.5 c 2.3 c 27 b 1 March 
       Fertilizing system 

18.5 d 0.5 d 4.64 d 7716 e 13.92 c 7.9 b 4.1 c 70 c C 
22.7 c 0.6 bc 7.96 b 10717 c 18.06 b 9.8 b 5 b 89 ab CF 
23.4 b 0.6 bc 8.52 a 12520 b 17.88 b 12.6 a 5.4 ab 93 a CBF 
24.5 a 0.65 b 6.68 c 9193 d 15.2 c 8.7 b 4.9 b 81 b OF 
24.7 a 0.78 a 8.68 a 15328 a 18.7 a 13.9 a 5.7 a 94 a COF 

In each column, means with similar letters are not significantly different (P≤0.05, Duncan Multiple Range Test). 
 
Table 2: Interaction effect of sowing date (P) and different fertilizing system on number of fruits per inflorescence (NI), Oil content (%), 

Silymarin (%), Yield of silymarin (kg), Fruit yield (Kg.ha-1). 
Yield of silymarin Silymarin Oil content Fruit yield NI Treatments 

17.9 f 1.97b 26.8 e 908 g 98.2 g P1C 
34 c 1.82c 27.9 dc 1871 c 133.7 b P1CF 

51.2 a 2.16a 29.1 a 2374 b 137.5 b P1CBF 
29.3 d 2.01 b 26.5 e 1468 d 124 d P1OF 
48.3 a 1.84c 28.5 bc 2624 a 155 a P1COF 
13.2 g 1.97b 26.5 e 674 h 97.7 g P2C 
25.9 e 1.86c 27.6 d 1368 e 114 e P2CF 
38.9 b 2.15a 29.1 ab 1807 c 128 c P2CBF 
24.1 e 2b 26.1 e 1204 f 106  f P2OF 
48.1 a 1.99b 26.5 e 2416 b 127 c P2COF 

 0 0 0 0 P3C 
0.8 h 2.04 a 14.9  f 38.7 i 75.2 i P3CF 
0.9 h 2.12 a 15.9  f 45.2 i 83 i P3CBF 

0 0 0 0 0 P3OF 
1.3 h 2.15 a 15.1  f 62.7 i 87.5 i P3COF 

In each column followed by the same letter are not significantly different at 5% level by Duncan test. 

 
Characteristics of nutrients uptake by Milk thistle 
with different fertilization in sowing dates: 
 
 Results showed that Mg and Cu content were 
affected by both sowing date and fertilizing system 
(Table 1). The Mg and Cu content showed different 
responses in three different sowing dates. The 
highest Mg content (0.78 %) obtained in COF 
followed by CBF and OF in late sowing date, while it 
was significantly lower with different trends in two 
earlier sowing dates. Results also indicated that P 
content was affected by fertilizing system and the 
interaction of sowing date and fertilizing system. The 
highest P content (0.17%) obtained in CBF in all 
sowing dates followed by OF in two earlier sowing 
dates and by COF in late sowing. Contrary to Mg, Ca 
content was significantly higher in earlier sowing 

dates with different responses in relation to different 
fertilizing system. The highest Ca contents in sowing 
dates of 1 September, 15 October and 1 March were 
obtained in CBF (2.01 %), COF (1.92 %) and OF 
(1.47 %), respectively. Shoot Zn, Mn and Fe 
concentration of Milk thistle were significantly 
(P<0.01) affected by sowing date, fertilizing systems 
and their interaction (Table 3). Delayed sowing 
consistently resulted in a significant increase in shoot 
Zn and Mn concentration in all fertilizing treatments 
as the highest Zn and Mn concentration were 
observed in OF, COF followed by CF and CBF in 
late planning date in 1 March (Table 3). Contrary to 
late sowing date, no significant differences were 
observed in Mn concentration between fertilizing 
systems compared to the control in two earlier 
sowing dates. Similary, the highest Cu concentration 
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(24.7 mg.kg-1 DM) observed in OF followed by COF 
(24.5 mg.kg-1 DM) and in late sowing (26.2 mg.kg-1 
DM). Results also indicated that the highest Fe 
concentration in all fertilizing systems was obtained 
in COF followed by OF, CBF and CBF in three 
sowing dates, respectively. In all micro elements 
measured as well as Mg, the highest concentration 
occurred in late sowing. 

 Capitol of early-planted plants received more 
GDD than plants that were planted at late season 
(Table 4). GDD requirement to flowering stage 
reduced from 1460 to 1106 when sowing was 
delayed beyond 15 October to 1 March. Harvesting 
was performed at 249, 219 and 132 DAP from early 
to late sowing.  
 

 
Table 3: Interaction effect of sowing date (P) and Different fertilizing system on shoot. P (%), Ca (%), Fe (Mg.kg-1 Dm), Mn (Mg.kg-1 Dm) 

and Zn (Mg.kg-1 Dm) content. 
Zn Mn Fe Ca P Treatments 

18.5 ghi 24.3 d 167.8 e 47.1de 0.08 ef P1C 
15.2 j 40.1 bc 272.7 dce 77.1 bc 0.07 ef P1CF 

22.5 gh 37.8 bcd 267.4 dce 67.1dc 0.13 c P1CBF 
34.5 d 35.6 bcd 209.3e 87 fg 0.15 ab P1OF 
29.2 e 40.9 bc 326.8 dce 91.1 ab 0.09 ed P1COF 
17.6 ij 22.6 d 179.1 e 77.1 bc 0.07 ef P2C 

19.3 ghi 39.8 bc 245.3 dce 58.1 dc 0.07 ef P2CF 
21.6 ghi 37.2 bcd 282.8 dce 102 a 0.17 a P2CBF 
31.1 de 35.9 bcd 232.8 dce 88 fg 0.13 bc P2OF 
28.1 ef 40.9 bc 315.1 dce 92.1 ab 0.1 de P2COF 
19.8 hi 30.1 dc 214.6 de 66 g 0.05  f P3C 
24.7 fg 65.4 a 385.5 bc 13.1 f 0.06  f P3CF 
40.1 c 48.1 b 373.9 dcb 16.2  f 0.17 a P3CBF 
70.4 a 61.8 a 543.8 a 36.1 e 0.11 dc P3OF 
58.3 b 71.1 a 504.4 ab 47.1 de 0.08 ef P3COF 

In each column followed by the same letter are not significantly different at 5% level by Duncan test. 

 
Table 4: Heat units a (GDD) and Days requirement for each phonological stage of Milk thistle in different sowing dates. 

Sowing dates  
1 March 15 October 1 September  

DAY GDD DAY GDD DAY GDD Phonological stages 
10 122 10 96 7 143 Germination 
67 1002 (880) 123 897   (801) 152 1180 (1037) Stem Appearance 
23 1460 (458) 27 1106 (239) 25 1426 (246) Flowering 
12 1740 (280) 39 1567 (431) 41 1836 (510) 50 % seed ripening 
20 2197 (457) 20 1868 (301) 24 2338 (402) Harvesting 

132 2197 219 1868 249 2338 Total 
a Heat units were calculated as ∑([daily high temperature + daily low temperature]/2)-5˚C 

 
Table 5: Correlation Coefficients (r) of milk thistle characteristics and silymarin content and yield. 

Yield of silymarin Silymarin content Yield of silymarin 
Oil content -0.45** 0.35** 

1000 seed weight -0.54 * 0.35 * 
Fruit yield -0.42** 0.55** 

Harvest index -0.35 * 0.35 * 

 
Discussion: 
 
 Medicinal plant production is mainly dependent 
on ecological conditions. In this respect, monitoring 
and management of environmental parameters is 
very critical [17]. Results presented in this study 
demonstrated that sowing date had a significant 
effect on all the agro-morphological characteristics 
of Milkthistle studied in this study. The highest 
values for traits measured were obtained from the 
first sowing date (1 September) whereas late sowing 
dates all showed decreasing trends. Early sowing 
caused a significantly higher seed yield probably due 
to longer period of lateral branches and inflorescence 
development (Table 1). Therefore with early sowing 
(1 September and 15 October) and due to longer 
growth season and probably less high temperature 
stress, Milk thistle had optimum growth and 

development which may result in higher yields. 
Since Milk  thistle  is a long-day plant, it seems that 
longer day length in early spring caused a more quick 
development to flowering compared to the late-
sowing. Our results are in accordance with the results 
of Omidbeygi et al., [22], Andrzejewska and 
Sadowska [5] and Foldesi and Barsi [11] who found 
a decreasing trend in yield and yield components by 
delayed sowing in Milk thistle. In the latest sowing 
date, very few plants survived and only a few flowers 
were produced in each remaining plant (Table 4). In 
this regard, Omidbeygi et al., [23] reported that 
autumn-sown plants of Milk thistle produced 
significantly higher flowers yield compared to 
spring-sown plants. Results showed the relatively 
higher impact of sowing date on essential oil and 
silymarin content compared to the fertilizing systems 
(Table 2). This is supported by the significantly 
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lower temperature (Table 2) recorded during the 
grain filling period under early seeding conditions. 
The grain filling period for early-planted Milk thistle 
occurred during the cooler days of late March to 
early April, whereas at late-seeded, grain filling 
period coincided with the warmer days of mid Jun to 
late July. This may be the reason why no seed 
formed in C and OF fertilizing systems at this sowing 
date. Our results are in accordance with those of 
Omidbaigi et al., [22,23] who found that autumn-
sowing combined with late flowering led to the 
highest oil yield and silymarin content and in 
contrast to the results of Andrzejewska et al., [4] who 
found that plants sown in spring reached higher oil 
content due to slower flower development. 
Differences between our results and Andrzejewska et 
al., [4] could be caused by genotypic differences and 
the complete difference in climate condition in 
Europe and Middle East. In our study, autumn 
sowing is definitely favored because of the high 
relative humidity and low temperature caused by 
autumn rains which are advantageous for Milk thistle 
growth (Table 2). However, high temperature and 
low relative humidity in spring (Table 2) caused a 
decreasing trend in essential oil content for our late 
sowing date (1 March) (Table 5). Several studies 
demonstrated that environmental conditions had no 
or only slight influence on essential oil yield as well 
as on silymarin content 11,9,4,13,23] while the 
response of the different fertilizing systems to these 
conditions was much more sever. In our study, high 
temperatures and relatively long days at flowering by 
a delay in sowing produced less silymarin content 
and silymarin yield compared to earlier sowing dates. 
Our results agree with data for other oilseed crops 
showing increases inoil yield as temperature 
decreases during seed development [20]. Results 
from this study suggested that there is a tradeoff 
between seed yield and seed oil content. Early 
seeding resulted generally in higher grain yield and 
higher seed oil content. Similar results with grain 
yield and oil content were found for Milk thistle [22]. 
Moreover, comparing the effect of different growing 
sites (Poland and Iran) on the essential oil content in 
Milk thistle, we could mention that no special trend 
could be demonstrated in this case. However, 
essential oil content was formed in somewhat larger 
amounts under warmer, sunnier Iranian conditions. 
Sowing at the 1 September and 15 October had 
recorded higher oil content and silymarin yield 
(Table 2) which might be due to the development of 
several branches with more leaves and flowers per 
plant (Table 1). Results showed that application of 
organic manure combined by bio-fertilizer (CBF) 
followed by (COF) significantly increased plant 
height, number of lateral branches, number of 
inflorescence per plant, 1000 fruit weight, fruit yield, 
harvest index and yield of silymarin in two early 
sowing date compared to the control (Table 1, 2). It 
has been shown in earlier studies that the addition of 

organic matter or application of chemical fertilizer 
combined with organic manure improves soil 
properties such as aggregation, water holding 
capacity, hydraulic conductivity, bulk density, the 
degree of compaction, fertility and resistance to 
water and soil erosion. These soil factors positively 
affect the growth and development of plant roots and 
shoots [15,10,12]. Inoculation of phosphate bio-
fertilizer (CBF) along with all fertilizing systems 
significantly increased oil content and content of 
silymarin and Phosphorous (P) concentrations in two 
earlier sowing dates and this effect was more 
considerable in low level fertilizer application, which 
are involved in reduction of phosphate sulobilizing 
bacteria activity in rich phosphor soils (Table 2, 3). 
Phosphate solubilizing bacteria can increase seed 
yield of Green gram [21] and Sorghum [2]. 
Correlation analysis showed that there is significant 
negative relation between silymarin content and oil 
content, 1000 fruit weight, HI and fruit yield which is 
in agreement with the results of Andrzejewska et al., 
[4] except for oil content. Correlation analysis also 
showed that yield of silymarin had a significant and 
positive association with fruit yield, 1000 fruit 
weight and oil content. As a result, higher oil content 
and fruit yield of Milk thistle can lead to lower 
silymarin content and higher silymarin yield per unit 
area (Table 5). Harvest index tended to increase 
while using chemical and organic or their 
combination compared to the control, although it was 
the highest in CBF and COF in 1 September and 15 
October sowing dates, respectively (Table 3). Results 
also indicated that the highest Ca, Mg, Fe, Zn, Mn 
and Cu concentration in all sowing dates belonged to 
CBF followed by COF although, there were 
significant decrease in Ca concentration in late 
sowing date. It seems that inoculation of phosphate 
bio-fertilizers (CBF) along with COF which are 
involved in increasing phosphate solubilizing 
bacteria and better micro flora activity could have 
positive effect on Ca solubilizing in soil. These 
results are also supported by Yazdani Biouki et al. It 
is also resulted that the highest microelement 
concentrations were observed in late sowing date 
plant probably due to short growing season and less 
biomass which increase microelement content in 
shoot which is suggested by Shahriaripour et al., [29] 
in pistachio. The positive effects of organic manure 
and chemical fertilizers on seed yield and oil content 
are in agreement with previous reports for other 
medicinal plants, such as, Catharanthus roseus [27], 
Cynbopogon winterianus [31], Pogostemon cablin 
[26], Plantago ovata [25], Ammi majus [1], P. cablin 
(Blanco) Benth [30]. The significant increase in 
silymarin content and oil content by the application 
of chemical fertilizers combined by bio-fertilizer 
(CBF) are also supported by Yazdaninia et al., [33] 
and Kozera and Nowak [19]. They reported 
significant increase in silymarin content by the 
nitrogen application of 120 and 80 kg ha−1. In 
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another study, Geneva et al., [14] reported that the 
application of phosphorus 30kg ha−1 significantly 
increase the silymarin content in Milk thistle. 
 
Conclusion: 
 
 Four conclusions emerged from this study: (i) 
the sowing date has a more pronounced effect on 
growth, yield, essential oil content and main essential 
oil compounds of Milk thistle compared to different 
fertilizing systems; (ii) the highest growth and 
production for Milk thistle were obtained from the 
first sowing date (15 September) so that decreasing 
trends were observed with delay in sowing; (iii) the 
delay in sowing caused less silymarin production due 
to high temperature and shorter growing season; and 
(iv) the content of silymarin is genetically controlled, 
but their quantity depends on external factors. 
However, it seems that CBF and COF have a 
relatively high positive effect on essential oil and 
silymarin content compared to fertilizing systems. 
The practical conclusion to be drawn from the 
experiment is that, on the basis of the data, it should 
be possible to produce higher yields of Milk thistle in 
Iran with selecting conscious sowing date and 
fertilizing system. This study provides new 
knowledge for cultivation of Milk thistle in Iran. 
However, as far reaching conclusions cannot be 
drawn just from the data of a single year, it should be 
emphasized that the results of this study have to be 
repeated. As oil content between different sowing 
dates and fertilizing systems are very variable, it is 
important that the growing conditions be optimized 
for each sowing dates.  
 
Abbreviations:  
 
 C- no fertilizer, CF- 100 kg.ha-1 N and 100 
kg/ha-1 P, CBF- Phosphate bio-fertilizer, OF- 15 t.ha-

1 manure only and COF- 10 t.ha-1 manure + 50 kg.ha-

1N and 50 kg.ha-1P. 
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