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Abstract. In order to evaluate the effects of planting date and plant density on phyllochron, yield and active ingredients content of 
milk thistle (Silybum marianum L. Gaertner) in Guilan, Iran, two field experiments were carried out at Rasht and Roudbar regions in 
a factorial layout based on a Randomized Complete Block Design with 3 replications. Effects of planting dates (Sep. 23, Oct. 12 and 
Nov. 1, 2010-2011) and plant densities (4, 6 and 8 plants m-2) on plant characteristics including; phyllochron, plant height, number of 
capitols per plant, main capitol weight, mean weight of secondary capitols, number of seeds were evaluated. Main primary and 
secondary capitols-1 1000 seed weight, silibin content, antioxidant activity of seed extract, seed and silibin yield ha-1. Results showed 
that the effect of planting date on plant characteristics was more extinguishable than plant density. The interaction effect of location 
and planting date on most plant characteristics was significant. Effect of planting date and plant density and their interaction effect 
on phyllochron were significant, too. The shortest time of phyllochron was obtained from second planting date (Oct., 12) and 4 
plants m-2 at Roudbar field (7.7 days per phyllochron). The maximum silibin content and seed extract antioxidant activity in both 
Roudbar and Rasht were obtained in first planting dates (Sep. 23) (1.79 and 1.49 mg g-1 DW and 75.4 and 65.14%, respectively). In 
general, for two places, mean values for most plant characteristics were relatively higher in Roudbar in first planting date (Sep., 23) 
in comparison with Rasht field. 
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Introduction 
 
Milk thistle (Silybum marianum L. Gaertner), is herbaceous 
annual or biennial plant from Asteraceae family, native to the 
Mediterranean climate, and has spread widely over Europe 
and is commonly grown in countries of the Mediterranean 
region. It has become cultivate in the hot, dry areas of south-
ern Europe, Africa, China, Australia, South America and in 
many parts of north America as well as west of Asia (Carrier 
et al. 2002, Karimzadeh et al. 2001, Shokrpour et al. 2007, 
Tumova et al. 2006). 

Milk thistle has been cultivated as a medicinal plant 
(Karimzadeh et al. 2001, Shokrpour et al. 2007, Tumova et al. 
2006). With increased demand, some wild species are over-
exploited and a number of agencies therefore, recommend 
that wild species be brought into cultivation systems 
(Schippmann et al. 2002). At present time, 80% of the world’s 
population relies largely on plant based drugs for their 
health: (Anonymous, 2002). Importance of milk thistle is for 
their flavonolignans which is mainly exist in the fruits that 
known as silymarin. The dried fruits contain 1-4% silymarin 
(Shokrpour et al. 2007, Tumova et al. 2006). It is a mixture of 
at least three flavonolignans including silibin, silychristin 
and silydianin. The silymarin flavonolignans are of consid-
erable pharmacological interest to their strong antihepato-
toxic and hepatoprotective activity and it has an antioxidant 
to decrease liver damage caused by anti-HIV drugs. Silibin is 
main component of silymarin that consist of 20-30% from to-
tal flavonolignans (Hammouda et al. 1993, Karimzadeh et al. 
2001, Shokrpour et al. 2007). 

Biosynthesis of silymarin in milk thistle is result of inter-
action between genetic and environmental factors (Martin et 
al. 2006). Comparison between silymarin and silibin contents 
of breeding seeds from Hungary, wild types from Germany 
and Chalous (Iran) prior to cultivation and after that, 
showed that climatic variability caused relatively high varia-

tion in metabolite contents of the seeds (Omidbeigi 1998). It 
has been shown that row spacing has significant effect on 
seed yield, diameter of main capitols, number of capi-
tols.plant-1, 1000 seeds weight, plant height and silymarin 
and silibin content of the seeds (Karimzadeh et al. 2001). 

It has been reported that planting date significantly al-
ters phyllochron by affecting phenologic stages of plant 
(Baker et al. 1986). Delay in planting date reduced phyl-
lochron slowly as one month delay in planting date, reduced 
5-7 number of leaves in wheat (Petroczi & Matuz 2002).  

In Iran, milk thistle is distributed in different geographi-
cal regions (Shokrpour et al. 2007), but there are no reports 
concerning for cultivation of this plant. The objectives of this 
experiment were to study the effect of different planting date 
and plant density on phyllochron, seed yield and silibin con-
tent of milk thistle in two locations in the northern part of 
Iran. 
 
 
Materials and Methods 
 
Field experiment 
Seed of milk thistle (Silybum marianum L.) was used in this experi-
ment provided from Medicinal Plants Research Station, Karaj, Iran. 
The experiment was carried out in two locations, Rasht (37˚12' N & 
49˚39' E, -7m below sea level) and Roudbar (36˚ 48' N & 49˚ 25' E, 
488m above sea level) Guilan, Iran. Plants were grown in three plant-
ing dates (Sep., 23 with mean air temperature 25.2 and 23.9°C; Oct., 
12 with mean air temperature 20 and 18.1°C and Nov., 1 with 10 and 
12.3°C with mean air temperature in Roudbar and Rasht, respec-
tively) and three plant densities (4, 6 and 8 plant.m-2) in factorial lay-
out based on randomized complete block design with 3 replication. 
Seeds of milk thistle were sown in plots 3×3 m with 50 cm constant 
spaces on rows and 50, 35 and 25 cm spaces between rows with 4, 6 
and 8 plant.m-2 respectively. The effects of planting dates and plant 
densities were measured on plant height, number of capitols.plant-1, 
mean weight of main and secondary capitols, number of seeds in 
main and secondary capitols, 1000 seeds weight, silibin content, an- 
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tioxidant activity of extract, seed and silibin yield.ha-1. Phyllochron 
estimated until the end of growth period at intervals (per 7-10 days 
in cold season and per 4-5 days in warm season). At any sampling, 
number of leaves of5 plants per plot, were counted at 1 cm in length. 
No any seedlings were emerged in third planting date (Nov. 1) in 
Rasht due to heavy rainfall and water logging. 

 
Silymarin extraction and Silibin analysis 
Five grams of air-dried, ripe achenes were ground to fine powder 
and defatted in 30 ml petroleum ether in a hot water (50°C) in 3 
stages. The samples were dried in 50°C. Extraction was carried out 
by 30 ml methanol in 50°C. Methanol was evaporated in a rotary 
evaporator in 30°C. The concentrated sample was then dried in 40°C 
for 48 hours. Samples were solved in 1 ml methanol and centrifuged 
in 10000 rpm for 10 minutes using a refrigerated centrifuge. Super-
natant of the centrifuged samples were then filtered through dispos-
able 0.45µm filter. 

 
Flavonolignan analysis 
Flavonolignan content was quantified using HPLC [(Breeze system, 
Waters, Ma. USA), Binary pump (1525), UV-detector (Waters Dual 
Absorbance 2487, 280 nm), symentery C18 column (4.6×150 mm) with 
a flow rate of 1ml min-1 and the mobile phase consisted of methanol 
and water (Karimzadeh et al. 2001 with little modification). 

 
Antioxidant activity of extract 
Antioxidant activity of extract was measured using 950µl DPPH 
0.1N, plus 50µl extraction solution kept in dark for 30 minutes. Ab-
sorption rate was measured in 517 nm using spectrophotometer 
(JENWAY- 6405, UV/Vis, UK). 

Analysis of variance carried out using SAS 9.1 and MSTATC and 
mean comparison performed using Tukey's test. 
 
 
Results 
 
Rasht experimental field data's 
Planting date had a significant effect on plant height, main 
capitol weight, mean weight of secondary capitols, number 
of seeds in main and secondary capitols, 1000 seed weight 
and antioxidant activity of extraction. Mean comparison 
showed that planting on Sep., 23 performed better plant 
characteristics than Oct., 12 (Table 1). 

Highest plant height (61.7 cm), main capitol weight (2.9 
g), mean weight of secondary capitol (2.3 g), number of 
seeds per main capitol (53.6) and secondary capitols (28.4), 
1000 seed weight (24.1 g) and antioxidant activity of extract 
(65.1%) was obtained in first planting date (Sep., 23). Plant 
density and interaction of planting date × plant density had 
no significant effects on plant characteristics. Effects of plant-
ing date and plant density and their interaction were also 
significant on phyllochron. Shortest time for phyllochron ob-
tained in second planting date (Oct., 12) (9.17 days per phyl-
lochron). 
 
Roudbar experimental field data's 
Planting date had significant effect on some plant character-
istics but plant density had just significant effect on number 
of capitol per plant and seed yield (Table 2). Highest plant 
height (144.2 cm), number of capitols per plant (10.7), mean 
weight of secondary capitols (5.94 g), number of seed per 
secondary capitols (128.4), silibin content (1.87 mg g-1 DW), 
antioxidant activity of extract (75.4%), seed yield (1405.6 kg 
ha-1) and silibin yield (1.31 kg ha-1) was obtained in Sep., 23 
planting date (Table 3). Results showed that in 4 plant m-2 

treatment, number of capitols per plant (10.1) and seed yield 
(1408 kg ha-1) were highest (Table 3). The effects of planting 
date and plant density and their interaction were also sig-
nificant on phyllochron in Roudbar field. Shortest time for 
phyllochron obtained from second planting date (Oct., 12) 
(8.27 days per phyllochron). 

Results of combined analysis showed that planting loca-
tion had significant effect on plant height, number of capitols 
per plant, mean of main and secondary capitols weight, 
number of seeds per main and secondary capitols, 1000 
seeds weight, silibin content, antioxidant activity of extract 
and seed yield ha-1. Effect of planting date significantly al-
tered some of plant characteristics (Table 4). Interaction ef-
fect of planting date × plant density just was significant on 
phyllochron and plant height. The maximum plant height 
was obtained in first planting date (Sep., 23) and 8 plant m-2 
treatment (110.2 cm). The shortest time of phyllochron ob-
tained in second planting date (Oct., 12) and 4 plant m-2 (8.15 
days per phyllochron). 

Interaction effect of location per planting date was sig-
nificant on phyllochron, plant height, mean weight of main 
and secondary capitols, number of seeds per main capitols, 
1000 seed weight and silibin and seed yield ha-1 (Table 5). In-
teraction effect of location per plant density was significant 
on phyllochron and seed yield ha-1, too. The maximum seed 
yield obtained in Roudbar in 4 plant m-2 density (1512 kg ha-

1). The maximum seed yield (1406 kg ha-1) and silibin yield 
(1.31 kg ha-1) obtained in first planting date (Sep., 23) in 
Roudbar (Table 5). 

Results showed that delay in planting date reduced in 
phyllochron and increased the leaf appearance. Shortest time 
for phyllochron obtained in second planting date (Oct., 12) 
and 4 plant m-2 in Roudbar field and 7.7 days in triple inter-
action effects (data's have not shown). 
 
Analysis of silibin content of the seed in wild type plants 
Silibin content of the seeds was measured in three samples 
from wild type plants collected in both locations, separately 
(Table 6).  

Results showed that the silibin content of the seeds in 
Roudbar wild type plants was higher than those in Rasht. 
Mean of silibin content of the seeds was 0.07 mg g-1 DW in 
wild type plants in Roudbar and 0.06 mg g-1 DW in Rasht. 
 
 
Discussion 
 
Results of the present experiment for each location showed 
that the effect of planting dates on most plant characteristics, 
were significant. It seems that delay in planting enhanced 
leaf appearance rate and reduced phyllochron in milk thistle. 
Growth and development of each single leaf was also af-
fected in higher plants populations and increased the time 
for leaf appearance due to competition between plants and 
limited available photo assimilates for each plant. It has been 
reported that delay in planting time in autumn, increased 
leaf appearance rate and decreased phyllochron in chrimson 
clover (Butler et al. 2002). Reduction in phyllochron may be 
considered as a mechanism for plant survival, but this may 
lead to reduction in seed yield, too. It has reported that 
planting date may alter phenology and phyllochron under 
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Table 1. Analysis of variance for plant characteristics of milk thistle in planting date and plant density treatments in Rasht region. 
 

Mean square 

S.O.V. d.f Plant 
height 

No.  
capitols 

per plant 

Main 
Capitol 
weight 

Weight of 
secondary 

capitols 

No. seeds 
per main 
capitol 

No. seeds 
per  

secondary 
capitols 

1000 
seed 

weight 

Silibin 
content 

Antioxi-
dant  

activity of 
extract 

Silibin 
yield  
ha-1 

Seed  
yield  
ha-1 

Phyl-
lochron 

Block 2 0.224ns 0.0878ns 0.138* 0.0696ns 1.457* 0.023ns 0.0124ns 0.051ns 0.059* 0.0039ns 0.0072ns 0.057** 
Planting date (T) 1 2.069** 0.0885ns 0.433** 0.585** 3.357** 0.651* 0.064** 0.0163** 0.155** 0.0707ns 0.0197ns 1.99** 
Plant density (D) 2 0.079ns 0.0112ns 0.0168ns 0.0097ns 0.089ns 0.184ns 0.005ns 0.0044ns 0.015ns 0.0102ns 0.012ns 1.902** 
T×D 2 0.223ns 0.0702ns 0.046ns 0.0148ns 0.311ns 0.049ns 0.019ns 0.062ns 0.033ns 0.0037ns 0.0158ns 0.033** 
Error 10 0.061 0.036 0.023 0.041 0.195 0.119 0.0052 0.046 0.008 0.0287 0.004 0.0038 
C.V (%) - 6.89 13.43 12.43 18.31 13.82 12.28 2.55 18.4 2.34 19.1 6.68 0.649 

 

ns: Non-significant 
* and **: Significant at 5% and 1% probability levels, respectively 

 
 

Table 2. Analysis of variance for plant characteristics of milk thistle in planting date and plant density treatments in Roudbar region. 
 

Mean square 

S.O.V. d.f Plant 
height 

No.  
capitols 

per plant 

Main 
Capitol 
weight 

Weight of 
secondary 

capitols 

No. seeds 
per main 
capitol 

No. seeds 
per  

secondary 
capitols 

1000 
seed 

weight 

Silibin 
content 

Antioxi-
dant  

activity of 
extract 

Silibin 
yield  
ha-1 

Seed  
yield  
ha-1 

Phyl-
lochron 

Block 2 0.3285** 0.2425** 0.0267ns 0.0051ns 0.457** 0.140ns 0.0078* 0.0283ns 0.0071ns 0.0022ns 0.0303** 0.0464** 

Planting date (T) 2 0.2308** 0.2214** 0.0368ns 0.1447** 0.051ns 1.289** 0.0028ns 0.315** 0.279** 0.4001** 0.022** 2.121** 
Plant density (D) 2 0.2055ns 0.1142** 0.0192ns 0.0379ns 0.028ns 0.108ns 0.0025ns 0.0037ns 0.0008ns 0.0092ns 0.0183* 1.443** 
T×D 4 0.0208ns 0.0408ns 0.0113ns 0.0038ns 0.024ns 0.018ns 0.0021ns 0.0163ns 0.0192ns 0.0259ns 0.0022ns 0.616** 
Error 16 0.0171 0.0149 0.0242 0.0112 0.070 0.112 0.0014 0.0265 0.0446 0.0386 0.0034 0.0049 
C.V (%) - 2.56 6.11 8.30 6.19 5.18 7.01 1.26 18.04 5.26 23.98 5.49 0.791 

 

ns: Non-significant 
* and **: Significant at 5% and 1% probability levels, respectively 

 
 

Table 3. Mean comparisons of plant characteristics of milk thistle in planting date and plant density treatments in Roudbar region. 
 

Planting date Phyllochron 
(days) 

Plant  
height  
(cm) 

No.  
capitols   

per plant 

Weight of 
secondary 
capitols (g) 

No. seeds per 
secondary 
capitols-1 

Silibin 
content  

(mg g-1DW) 

Antioxidant 
activity of  
extract (%) 

Silibin  
yield  

(kg ha-1) 

Seed  
yield  

(kg ha-1) 
Sep., 23 9.149 b 144.2 a 10.7 a 5.94 a 128.4 a 1.87 a 75.4 a 1.31 a 1405.6 a 

Oct., 12 8.27 a 135.9 a 7.2 b 5.87 a 121.5 a 0.95 b 62.1 b 0.64 b 1206.7 ab 

Nov., 1 9.07 b 119.9 b 7.3 b 3.87 b 83.6 b 0.53 b 58.8 b 0.35 b 1055.0 b 

Plant density          
4 Plant m-2 8.44 a  10.1 a      1408.0 a 

6 Plant m-2 9.24 c  7.7 b      1164.0 ab 

8 Plant m-2 8.81 b  7.4 b      1095.0 b 
 

Means in each column followed by similar letter(s) are not significantly different using Tukey's test 
 
 

Table 4. Combined analysis of variance for plant characteristics of milk thistle in planting date  
and plant density treatments in two location (Rasht and Roudbar). 

 

Mean square 

S.O.V. d.f Phyl-
lochron 

Plant 
height 

No.  
capitols 

per plant 

Main 
Capitol 
weight 

Weight of 
secondary 

capitols 

No. seeds 
per main 
capitol 

No. seeds 
per  

secondary 
capitols 

1000 
seed 

weight 

Silibin 
content 

Antioxidant  
activity of  

extract 

Silibin 
yield 

Seed  
yield 

Location (L) 1 5.664** 22.92** 3.71** 4.026** 4.103** 34.83** 42.5** 0.099** 0.365** 0.214* 0.002ns 0.164** 

Block (B) 4 0.042** 0.22** 0.109* 0.079ns 0.037ns 0.867** 0.049ns 0.009ns 0.035ns 0.045ns 0.005ns 0.017* 

Planting date (T) 1 5.37** 1.385** 0.381** 0.152* 0.232** 1.86** 0.0509* 0.019* 0.320* 0.461** 0.084ns 0.0001ns 

Plant density (D) 2 2.996** 0.024ns 0.026ns 0.001ns 0.004ns 0.012ns 0.023ns 0.0003ns 0.0002ns 0.008ns 0.003ns 0.002ns 

T×D 2 0.322** 0.196* 0.062ns 0.052ns 0.019ns 0.268ns 0.063ns 0.011ns 0.028ns 0.004ns 0.003ns 0.013ns 

L×T 1 0.102** 0.735** 0.038ns 0.292** 0.359** 1.505** 0.183ns 0.048** 0.149ns 0.015ns 0.443** 0.035* 

L×D 2 0.051** 0.061ns 0.092ns 0.03ns 0.033ns 0.102ns 0.239ns 0.007ns 0.01ns 0.012ns 0.017ns 0.024* 

L×T×D 2 0.272** 0.052ns 0.019ns 0.017ns 0.002ns 0.082ns 0.018ns 0.012* 0.034ns 0.041ns 0.005ns 0.007ns 

Error 20 0.0056 0.042 0.027 0.028 0.024 0.141 0.09 0.003 0.039 0.032 0.037 0.005 
C.V(%)    - 0.819 4.68 9.53 10.68 10.71 8.98 7.7 2.01 18.77 4.45 21.5 6.61 

 

ns: Non-significant 
* and **: Significant at 5% and 1% probability levels, respectively 
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Table 5. Mean comparisons of plant characteristics of milk thistle in each location per planting date. 
 

Location  Planting 
date Phyllochron Plant height 

(cm) 

Weight of 
main capitol 

(g) 

Weight of 
secondary 
capitols (g) 

No. 
Seeds per main 

capitol 

1000 seed 
weight (g) 

Silibin yield 
(kg ha-1) 

Seed yield 
(kg ha-1) 

Roudbar Sep., 23 9.149 b 144.2a 6.78a 5.94a 139.9a 24.8a 1.309a 1406a 

Roudbar Oct., 12 8.27 a 135.9a 7.38a 5.87a 137.9a 25.6a 0.644b 1207ab 

Rasht Sep., 23 9.84 c 61.7b 2.93b 2.31b 53.6b 24.1a 0.988ab 800c 

Rasht Oct., 12 9.17 b 35.2c 1.32c 0.82c 21.7c 21.2b 0.863ab 955bc 
 

Means in each column followed by similar letter(s) are not significantly different using Tukey's test 
 
 

Table 6. Silibin content of the seeds  
of wild type plants in two locations (Rasht and Roudbar). 

 

Roudbar Silibin content 
(mg g-1 DW) Rasht Silibin content 

(mg g-1 DW) 
Sample1 0.062 Sample1 0.05 
Sample2 0.065 Sample2 0.056 
Sample3 0.084 Sample3 0.072 

 
 
controlled and field conditions (Baker et al. 1986); delayed 
planting reduced phyllochron gradually in wheat plant (Pet-
roczi & Matuz 2002). According to the results, delayed plant-
ing, enhanced the rate of leaf appearance but had no any en-
hancement effect on silibin content of the seeds, although it 
may provide better over wintering capacity for plant. Ac-
cording to the results of the soil analysis of the experimental 
site, the soil of the Roudbar field contained clay loam (32% 
clay, 32% sand and 36% silt) that may provide better edaphic 
condition for milk thistle growth rather than silty clay loam 
(33% clay, 13.5% sand and 54% silt) soil in Rasht field. Aver-
age rainfall was much higher in Rasht, especially at October 
to January and April (203.4 mm at Roudbar and 975.7 mm at 
Rasht) that imposed unfavorable conditions due to clay and 
heavy texture of soil in Rasht. There was not significant 
thermal difference during growth duration of plant between 
two locations (around 2 to 3 degree centigrade). Milk thistle 
is well adapted to a wide range of environmental conditions, 
but it seems to take advantage of the sunny hours and radia-
tion rate that were distinctly higher in Roudbar. Thus the 
differences in some traits between two place could be related 
to suitable edaphic, light and temperature conditions of hilly 
environment of Roudbar that provide better conditions for 
milk thistle growth. It has been reported that different fla-
vonoids synthesis in milk thistle seeds vary concerning to 
climate (Martin et al. 2002, Shokrpour et al. 2007). Results of 
the recent experiments showed that plant variety and envi-
ronmental conditions may alter phenols concentration and 
environmental factors have more effect on flavonoids con-
centration rather than their components distribution (Vila-
nova et al. 2009). In milk thistle seeds, flavonolignans depo-
sition starts at the middle of flowering stage and increase 
gradually along with seed development and ripening, so at 
the end of flowering stage, seeds contain more content of 
silymarin (Carrier et al. 2002, Martin et al. 2006). 

Further experiments should be focused on the precise 
mechanism of the effects of climatic and edaphic conditions 
and planting date on growth, yield and active ingredients 
content of milk thistle in a wide range of soil and air tem-
peratures. In addition, the adaptation of wild type popula-

tions of milk thistle in the experimental region could be con-
sidered for breeding programs. 
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