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ABSTRACT- The effect of 10-year continuous saffron cultivation on physical and
chemical properties of a silty clay loam soil was investigated in a research farm of
College of Agriculture, Shiraz University, Shiraz (52 ° 331 E Longitude and 29° 36& N
latitude), Iran. This farm was irrigated with different regimes (100% of saffron's
potential evapotranspiration (ETp), 75%ETp, 50%ETp) including rain fed treatment
under two irrigation methods (basin and furrow irrigation). The results showed that the
values of electrical conductivity, sodium adsorption ratio, Arsenic, Boron and soil bulk
density of soil in the root zone increased significantly, but the final infiltration rate
decreased significantly compared to the original soil. The value of pH in 100%ETp and
T5%ETp treatments decreased and in 50%ETp and rain fed treatments increased
compared to the original soil. Corms under high irrigation treatment had more weight up
to a 6-year cultivation. However, after that, the corm weight declined to levels equal to
or less than the low irrigation treatment cases. The number of total corms increased up to
6 years of cultivation and decreased after that. So, the continuous saffron cultivation
causes some undesirable change in soil chemical and physical properties, which become

pronounced after 6 years of cultivation.

INTRODUCTION

Saffron (Crocus sativus L.), is the most expensive spice
widely used for its aroma and coloring properties
(Rangahau, 2003). It has been used as a sedative and
analgesic drug in traditional medicinal preparations
(Riffaldi et al., 1994). Recently, it has been shown that
saffron has distinct anti-cancer activities (Nair et al.,
1991). Saffron is grown in several countries including
France, India, Iran, Italy, Spain and Pakistan. In Iran,
saffron is grown in the eastern part of the country,
primarily in Razavi Khorasan, and Southern Khorasan,
provinces. This plant is reproduced by corm. Corms are
3 to 5 cm in diameter and each corm produces 6 to 9
leaves. Saffron plant dormancy occurs in summer and it
flowers in autumn. Flowering period is 20 to 30 days.
After flowering, saffron's green leaves appear. Saffron
is a semi- tropical plant and is adapted to a mild winter
and hot dry summer. Saffron is resistant to the cold
climate and prefers fertile land with loamy soil texture
and a pH level between 7 and 8 (Sampathu et al., 1984).
Saffron is irrigated only during the winter months;
therefore, it does not compete with other crops for water
when they usually need irrigation during the summer.
By continuous saffron cultivation, saffron yield is
decreased and usually the field is not used again for
saffron cultivation. This phenomenon is called
allelopathy that is an issue which requires additional
research. In this case, change in soil physical and
chemical properties should be investigated. Many
scientists investigated the effects of different crops on
physical and chemical properties of soil. For example,
Chalak Haghighi (2002) considered the effect of
Lentiformis cultivation on soil properties in two regions

of Fars province in Iran (Chalak Haghighi, 2002). The
results showed that cultivation of this plant increased
potassium, phosphorus, nitrogen, and organic matter of
soil and also increased soil fertility. Bowman et al.
studied the salt meadow in Fort Collins, USA, and the
results showed that the vegetation density was related to
soil physical characteristics (Bowman et al., 1985).
Biswas et al. (1957) studied the physical, chemical and
morphological properties on cultivable and non-
cultivable saffron's soil (Biswas et al., 1957). Results
showed that the amount of calcium carbonate of the soil
that was under saffron cultivation was lower and the
values of manganese and copper in cultivable soil
surface layer were higher than the same layer of non
cultivable soil. Qarai and Beigi (1995) reported that the
probable reason for the soil becoming unsuitable after a
period of saffron cultivation can be a change in
physicochemical and biochemical properties of soil or
the major change in the population of microorganisms
of soil (Qarai and Beigi, 1995). Azizi Zohan and
Sepaskhah (2002) stated that the unsuccessful saffron
cultivation after one cultivation period can be due to
allelopathic effects or accumulation of special salts in
the root zone (Azizi Zohan and Sepaskhah, 2002). Jalali
stated that after one period of cultivation, saffron cannot
be cultivated in the same soil for several years (Jalali,
1962). The objective of the present study was to
investigate the effect of 10-year continuous saffron
cultivation under different irrigation treatments on
physical and chemical properties (bulk density, water
infiltration rates, electrical conductivity (EC), acidity
(pH), sodium absorption ratio (SAR), concentration of
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carbonate, bicarbonate, Arsenic and Boron) of a silty
clay loam soil. Also, the change in weight and number
of saffron corms under different irrigation treatments at
10-year saffron cultivation was investigated.

MATERIALS AND METHODS

Study Area

Fars province is located in the southern part of I. R.
Iran, at 50° 300J to 55° 3801 E Longitude and 27° 30@
to 31 °42(7 N latitude, with an arable land area of 1.32
million km? (Fig. 1). The Zagros mountain range, with a
north-west to south-east direction, extends towards the
central parts of the province. Elevations in the north are
higher than 3900 m above MSL, but in the southern
region generally elevations are usually lower than 500m
above MSL. Shiraz is located in the central part of Fars
province at 52 ° 3371 E Longitude and 29° 36 N
latitude. Shiraz has arid and semi-arid climate, the
average annual rainfall of which is about 380 mm and
its mean annual temperature is 18 °C.

This study was conducted for 2 years, which
followed the 9™ and 10" years of saffron cultivation at
Badjgah Agricultural Experiment Station, College of

Table 1. The mean air temperatures in Badjgah

Agriculture, Shiraz University (I. R. of Iran). Badjgah
is located at 16 km north of Shiraz at 52 © 46[]
longitude, 29 ° 500J latitude, elevation is 1810 m above
MSL and mean annual rainfall is approximately 420
mm. This region is semi-arid and the mean air
temperature for the months January to December is
shown in Table 1.

The soil texture is silty clay loam. Some of the
chemical and physical properties of uncultivated soil are
shown in Table 2. The total area of the experimental
field was 768 m? consisting of 24 m? plots.

(g Persian (’.1:1‘//(.!k

Fig. 1. Study site location

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean temperature (°C) 3.4 3.5 6.9 10.7 157 203 23.8 238 205 154 10.2 5.9
Table 2. Some chemical and physical properties of uncultivated soil

EC Organic COs* HCOs Phosphate AS B B FC PWP
(dS/m) Matter  (mgkg")  (mgkg?) (mgkg") (mgkg?) (mgkg) (grem) -
0.5 8 1.9(%) 0 4.2 0.239 8 0.576 1.34 0.39 0.135
Two irrigation methods (basin and furrow
irrigation), under different amounts of irrigation water A2B4 A1B3
(100% of saffron’'s potential evapotranspiration (ETp), A2B3 A1B1
75% ETp, 50% ETp and rain fed), with random
. . . . . A2B2 Al1B2
experimental design blocks in a factorial experiment
with four replications were used. Fig. 2 shows the A2B3 A1B4
schematic diagram of the experimental field. Basin and A2B4 A2B1
furrow _irrigation_ methods were shown yvit_h Al and A2, A1B1 A1B3
respectively. Different amounts of irrigation water
including 100% ETp, 75% ETp, 50% ETp and rain fed A283 Al1B3
were shown with B1, B2, B3 and B4, respectively. AlB4 A2B1
Saffron corms were planted in late October and early A2B2 A2B4
November 2000 by using 3.8 gr corms at a rate of 4.8 t ALB2 ALB1
hal. The cultivation depth was 15 to 20 cm. In two
years of study (2008 and 2009), growing period started A1B2 A2B1
at late October and ended at early May. Animal manure A1B4 A2B3
was added to each plot at the rate of 22.5 t ha™ .The A1B1 A2B4
animal manure contained approximately75% moisture, AZD2 ALE3
28% organic carbon, 12% ash (DW), 5.9 pH, 0.78%

Ca, 0.5% K, 1.3% P, 0.4% Mg, 32 ppm Cu, 340 ppm Fe
andl ppm As.

Fig. 2. Schematic diagram of the experimental field
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First irrigation was applied on 12 October followed
by additional irrigations at 24 days intervals. Some
chemical properties of irrigation water are shown in
Table 3.

Determination of the weight and number of saffron
corms

Previous studies measured the weight and number of
saffron corms under different irrigation treatments for
the 1 to 8 years cultivation and the 9" and 10™ years
measurements were made in this study. The weight of
corms was measured by digital balance; then, they were
divided into the weight groups of less than 4gr, between

Table 3. Some chemical properties of irrigation water

4gr and 8gr and more than 8gr and the number of corms
in each group were determined.

Soil sampling and analyses

In July 2008 and 2009, two different soil depths (0-30
and 30-60 cm) were sampled from all plots and also
from non-cultivated soil around the experimental plots
as a control treatment. Soil samples were air-dried, and
sieved through a 2-mm sieve before the analysis.

Dry bulk density

The undisturbed soil samples were taken by using a
core sampler of a 150-cm® volume; then, dry bulk
density was determined by using the core method
(Blake and Hartge, 1986).

C (ds m?) pH CL (meg L) Phosphate (mg L) COs* (mgL?) HCO* (mgL?) AS(mgL?') B(mgL?)
0.679 7.65 1.7 9.88 0 4.7 1.2 0.576
Dry bulk density water intake (Bondurant, 1957). In that study,

The undisturbed soil samples were taken by using a core
sampler of a 150-cm® volume; then, dry bulk density
was determined by using the core method (Blake and
Hartge, 1986).

Soil infiltration equation

Knowledge of soil infiltration equation is essential for
solving problems involving irrigation, drainage, and
ground water recharge. Soil infiltration equation in
basin irrigation was measured with double ring
infiltrometers consisting of two concentric rings. The
rate of water infiltration was measured in the inner ring
while the level of water was maintained at
approximately the same level in the outer ring to reduce
the amount of lateral flow from the inner ring. The
diameter of the inner ring was 340 mm and the outer
diameter was 560 mm. The ring height was 300 mm and
was driven into the ground to 50 mm depth. The water
level was kept at or above 60 mm depth; the difference
in height between the inner and outer rings was kept to a
minimum. The rate of fall of the water level in the inner
cylinder was measured at 1, 5, 10, 15, 30, 45 and 60
minutes and at 30-minute intervals thereafter. The
process was stopped once a steady state infiltration rate
had been achieved. The duration of each test was from
6.5 to 8.5 hours. Then, the measurement data were fitted
to the Kostiakov equation (Kostiakov, 1932) for each
plot in the study area which was irrigated by basin
irrigation method.

The double ring infiltrometer method is not suitable for
measuring infiltration in a furrow. Infiltration from a
furrow occurs around the wetted perimeter, and a
significant portion of the total infiltration moves
laterally through the furrow sides rather than vertically
downward. Recognizing this problem, Bondurant
developed a blocked furrow method for measuring

Bondurant used the blocked furrow method for
determining the furrow infiltration equation (Bondurant,
1957). Then, the measurement data were fitted to the
Kostiakov—Lewis equation (Kostiakov, 1932; Lewis,
1937) for each plot in the study area which was irrigated
by furrow irrigation method. Kostiakov-Lewis and
Kostiakov equations for furrow and basin irrigations are
as follow, respectively:

Z1= kt*+bt
Z2 = kt¢

Where Z1 is the infiltrated water in the unit of furrow
length (cm™ cm™), Z2 is the infiltration water in basin
(cm®), t is infiltration time (min), k and a are

experimental coefficients and b is final infiltration rate
(cm¥cm min').

Kostiakov- Lewis equation (D)

Kostiakov equation 2

Soil pH and electrical conductivity (EC)

The pH was determined using a 1:5 (v/v) soil-water
suspensions according to USDA method. The electrical
conductivity was measured with a conductivity meter using
a 1:5 (v/v) soil-water suspension (Rhoades, 1982).

Determining soil sodium absorption ratio (SAR)

The soil sodium absorption ratio (SAR) was calculated
by the following equation:

SAR=Na*/[(Ca** + Mg**)/2]%5 3)
Where Na*, Ca**, and Mg** are the concentrations of
Sodium (Na), Calcium (Ca), and Magnesium (Mg) in
saturation extract of soil, meq L.

The concentration of Na was determined by flame
photometer model. The concentrations of Ca, and Mg
were determined by titration with EDTA (Chapman and
Pratt, 1961).
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Determining soil bicarbonate

The concentration of bicarbonate was determined by
titration with sulfuric acid 0.01 normal in the presence
of methyl orange (Chapman and Pratt, 1961).

Determining the arsenic concentration of soil

The soil was sun dried for 4 days and dried in closed
oven at 105°C for 24 hr. Then 5 ml of 65% Nitric acid
was added to 0.5 g of soil samples and were placed on
heating block and the temperature was raised to 70 ° C.
After being heated for 50 minutes at this temperature,
the samples were allowed to get cool. Then, 2.2 ml of
concentrated perchloric acid and 3 ml of H,SO, were
added and the tubes were heated again at 155°C.
Heating was stopped when the dense white fumes of
perchloric acid appeared. The samples were cooled and
diluted to 25 ml with distilled deionized water and
filtered through filter paper (Whatman, No.1). Total
arsenic was determined by atomic absorption
spectrophotometer (HG-AAS, PerkinElmer, Germany)
by using matrix-matched standards (Welsch et al.,
1990). The concentration of arsenic in saturation extract
of saffron corms, animal manure and irrigation water
was also determined in this research.

Determining the boron concentration of soil

The soil samples were air dried and then passed through
a 100 mesh sieve. About 1 g of powdered samples of
soil was taken and ignited for 40 min. About 6 g
Na,CO3 was added and then this mixture was ignited for
40 min again. After that, the samples were cooled to
room temperature and 50 ml water was added. Then, 20
ml of 4 N HySO, was added in order to complete
dissolution of solid. This solution was diluted with
ethanol to 100 ml and evaporated to 20 ml in a water

bath. About 2 ml of buffer solution (25 g ammonium
acetate, 1.5 g EDTA disodium salt, 40 ml distilled
water, and 12.5 ml acetic acid) and 2 ml of azomethine-
H solution (0.45 g azomethine-H in 100 ml 1% ascorbic
acid) were added to 1 ml of this solution. The mixture
was Kkept at room temperature for 40 min. The
absorbance of solution was measured at 420 nm by
UV/vis spectrophotometer. The guantitative
determinations were obtained using calibration curve. A
calibration curve was prepared using different
concentrations of aqueous boron standards.

RESULTS AND DISCUSSION

Final soil infiltration rate and soil bulk density

In this study, the effect of different amounts and
methods of irrigation in soil final infiltration rate (fo)
and soil bulk density were studied. As Table 4 shows,
the value of fy in furrow irrigation was significantly less
than that under basin irrigation due to more saffron
corms under furrow irrigation and; therefore, more soil
compaction in this treatment. In both methods of
irrigation, the value of fy in 100%ETp treatment showed
a sharp decrease. Soil bulk density in furrow irrigation
was higher than that under basin irrigation and
significantly increased by increasing irrigation water.
Similarly, Ranjan et al. analyzed the results of an 8-year
experiment on a silty clay loam soil to determine the
influence of fertilizer application on some soil
properties (Ranjan Bhattacharyya et al., 2007). Their
results showed that steady state infiltration rate under
fertilized soil was higher than under unfertilized. Celik
showed that bulk density in cultivated soil was higher
than that in uncultivated soil (Celik, 2005).

Table 4. The effect of different amounts and methods of irrigation on soil final infiltration rate (fo), (cm sec™) and soil bulk

density (pb), (gr cm3)

method Irrigation amount
Control Dry land 50%ETp 75%ETp 100%ETp
Furrow fo 0.018¢ 0.017c €0.015 0.012¢c 0.004d
Basin 0.040 a 0.036 a 0.03 b 0.028 b 0.012 ¢
Furrow l4e 1.543d 1.655 ¢ 1.790 b 195a
Basin po 1.321f 1422¢ 1.533 d 1.692¢ 1.87b

In each row and column and for each factor, values with different letter(s) are significantly different (p<0.05)

Fahong, et al. expressed that in furrow irrigation, the
porosity of soil under wheat cultivation is higher than that
in basin irrigation (Fahong et al., 2004). Therefore, the
bulk density of soil in furrow irrigation is less than that in
basin irrigation. However, Masri and Ryan declared that
the bulk density of soil which is cultivated by
Mediterranean wheat under furrow irrigation is higher
than that under basin irrigation (Masri and Ryan, 2006).

Soil infiltration equation

The Kostiakov—Lewis and Kostiakov equations were
used to determine the soil infiltration for different
irrigation treatments in furrow and basin irrigation,

The results are shown in Table 5. The results show that
the coefficient of equation (k) in both Kostiakov and
Louis Kostiakov equations increased by decreasing the
amount of irrigation water due to more crack in soils
with low applied irrigation water and caused increased
soil infiltration in such a treatment at the beginning of
infiltration measurement.

Soil pH
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The pH of soil was significantly lower in 100% ETp
and 75% ETp treatments when compared to non-
cultivated soil (Table 6). The decline in soil pH at these
treatments may have been caused due to the addition of
animal fertilizers that contained organic forms of N or
ammonium and the resulting nitrification that released
H* ions (Brady and Weil, 2002). At 50% ETp and dry
land, the soil pH values increased significantly when
compared to original soil pH. It also increased
significantly with increased soil depth for both

100%ETp and 75%ETp treatments. This increase in pH
was associated with increased carbonate level of soil
and less weathering as soil depth increased. In this case,
Riffaldi et al. showed that long term maize cultivation
did not appear to have caused any adverse effect on soil
pH (Riffaldi et al., 1994). Malo et al. showed that long
term cultivation caused significant reductions in surface
soil pH and also soil pH increased significantly with
increasing soil depth (Malo et al., 2005).

Table 5. The Kostiakov and Louis Kostiakov equations for basin and furrow irrigation treatments.

Irrigation method

Irrigation amount

Control Dry land 50% ETp 75% ETp 100% ETp
Basin Z7=5.31 0% Z7=4.63 0% Z=3.81 1040 Z7=2.54 1037 Z7=1.33 0%
Furrow 7=3.36t055+0.018t Z=3.2t>47+.017t Z=2.42t048+0.015t Z=2.17t%6°+0.012t Z=1.19t%4+0.004t

Table 6. The effect of different soil sample depth and different amount of irrigation on chemical properties of soil

Irrigation tretment

Property Depth of soil 100%ETp 75%ETp 50%ETp Dry land Original soil
0-30 (cm) f7.35 d7.6 a8.2 a8.35 b7.93

pH 30-60 (cm) e7.5 c7.82 a8.25 as4 b7.96
0-30 (cm) d2.3 c2.87 b3.57 ad.73 €0.566

EC (ds/m) 30-60 (cm) d2.36 2.93 b3.49 24.68 €0.56
0-30 (cm) c3.23 c3.8 b4.88 a5.91 e1.204

SAR 30-60 (cm) 3.6 c3.9 b5.3 a5.51 €0.966
0-30 (cm) a4.8 b4.5 c4.25 d4.0 c4.3

HCO3

(ma kg 30-60 (cm) a5.1 b 4.52 c43 da.l c4.42

In each row and column and For each factor, values with different letter(s) are significantly different (p<0.05)

Electrical conductivity

The agricultural system greatly affects soil’s electrical
conductivity (EC) with irrigated soils having a higher
EC than soils maintained as dry land (Kiriiwa et al.,
1998). The water applied in irrigation system adds some
electrolytes to the soil and also irrigated agriculture uses
large quantities of fertilizer; therefore, they cause a
major salinization (Corwin et al., 2006). The results
obtained in this study indicate that the EC of cultivated
soil was higher than that of original soil and by
decreasing the irrigation water, the EC of soail
significantly increased. The value of ECs increased with
increased soil depth, but the results were not significant
(Table 6).

Sodium absorption ratio

As shown in Table (6), the sodium absorption ratio of
cultivated soil was significantly higher than that of non-
cultivated soil (original soil) due to the use of fertilizer
and because of an increase in sodium concentration of
soil, which also reflects one of the main environmental
impacts of irrigation in cultivated soil. However, by
increasing the irrigation water which led to an increase

in soil leaching, the SAR of soil decreased significantly.
By increasing soil depth, the values of SAR increased
although the differences were not significant. Increase
in sodium concentration of soil causes undesirable
effects in soil physical properties such as reduction in
soil permeability, aeration, porosity, soil hydraulic
conductivity (Tedeschi and Dell'aquilla, 2005) and
increased runoff and erosion (Masri and Ryan, 2006).

Soil bicarbonate

The amount of HCO3™ shows the degree of soil alkalinity.
In this study, by decreasing the amount of irrigation, the
bicarbonate level of soil decreased and the differences
were significant. However, the values of bicarbonate
increased by increasing soil depth and the differences
were not significant. Biswas et al. studied the physical,
chemical and morphological properties on cultivable and
non-cultivable saffron soil (Biswas et al., 1957). The
results showed that the amount of calcium carbonate in
the soil that was under saffron cultivation was less and
the value of manganese and copper in cultivated soil
surface layer was more than the similar layer of non
cultivated soil (Table 6).
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There was no significant difference between the
values of pH, EC, SAR and HCOg in different irrigation
methods (basin and furrow). Therefore, these values
were not shown in Table 6.

Arsenic and boron

As it is shown in Table 7, the concentration of soil
arsenic was about 9 mg/kg, and increased significantly
by increasing the irrigation water. However, the
differences between the values of arsenic by increasing
soil depth were not significant. By increasing the
amount of irrigation, the density of saffron corms also
increased. Therefore, corms of saffron could play an
important role in aggregation of arsenic contents in soil
under saffron cultivation. In this study, the
concentration of arsenic in saturation extract of saffron
corms in the tenth year of cultivation and in animal
manure and irrigation water were 1.2 microgram per
gram, 0.6 and 1.2 (ppb), respectively. The concentration
of AS in saturation extract of corms can verify their role

in aggregation of arsenic contents in soil. The
concentration of boron increased by increasing the
irrigation water; however, these differences were not
significant. Arsenic and boron are toxic environmental
pollutants. According to previous research, long term
irrigation with AS and contaminated groundwater
increased its concentration in crops (Imamul Hugq et al.,
2003). At higher concentration levels, AS is toxic to
most crops. It has been shown that AS decreased in
shoot growth (Abedian and Meharg, 2002) and caused
lower fruit and grain yield (Carbonel Barrachina et al.,
1995; Ullah, 1998). Weiping Chen et al. also showed
that after 100 years of continuous cultivation, the soil
Cd content of the plow layer increased from the
background level (Weiping et al., 2009). Riffaldi et al.
also showed that after one year, fertilization increased
the available P and soluble S contents as well as the
heavy metal level, without causing toxic concentration
in soil (Riffaldi et al., 1994).

Table 7. The effect of different soil sample depths and different values of irrigation on Arsenic (AS) and Boron (B) of soil (mg

kg?)
Irrigation treatment
Property Depth of soil sample 100%ETO T5%ETO 50%ETO Dry land Original soil
0-30 (cm) alé.8 b15 c13.64 d11.85 €9.16
As 30-60 (cm) al7 b 15.28 c13.73 d11.94 e 8.83
0-30 (cm) a0.995 a1.139 a0.961 b 0.651 b 0.576
B 30-60 (cm) a 0.657 a 0.886 b 0.644 b 0.688 b 0.605

In each row and column and for each factor, values with different letter(s) are significantly different (p<0.05)

Number and weight of saffron corms at different
cultivation periods

Fig. 3 and 4 show the total weight of saffron corms
(heavier than 8 gr, between 4-8 gr and less than 4gr) at
different cultivation periods. Production of saffron
corms with weigh greater than 8 gr needs more space
and soil nutrient. Furthermore, reproduction of saffron
corms in different years of cultivation increases
competition for growing space and attracting soil
nutrient. Therefore, the number and weight of saffron

corms with weight more than 8gr decreased from the
first to the tenth years of cultivation. However, after 6
years of cultivation, this decrease was sharp since the
adverse effect of undesirable change in soil physical and
chemical properties was added to the above mentioned
reasons. The number and weight of saffron corms
between 4-8 gr and less than 4 gr increased up to 5 and
6 years of cultivation and after that decreased due to
some undesirable change in soil physical properties.

40 -
<
< 35 4p .
= O Weight of total
£ 30 _ corms>8gr
[72]
£ 254
= -
8 20| Eweight of total
S corms between 4-
£ 15 8gr
2
o 10 .
= Oweight of total
5 ’-L” corms<4gr
0 L LR T L T LT LR T
12345678 910
Years of cultivation

350
e
s 300 -
=3 @ Number of total
5 250 - corms by weight
o
» of>8gr
2 200 -
53
== 1509 = Number of total
8 100 A corms by weight
kS of between 4-
b 50 - [ [ 8gr
o
g o LI Aol ol A1
P 123 456 7 8 910

Years of Cultivation

Fig. 3. Total weight of saffron corms at different cultivation
periods

Fig. 4. Total number of saffron corms at different cultivation
periods
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Fig. 5 shows the relationship between weights of total
corms at different years of cultivation under different
irrigation treatments. As this figure shows, the weights of
total corms decreased from the first to the tenth years of
cultivation. Additionally, the weight of corms, under high
irrigation treatment up to 6 years of cultivation, was more
than that in low level of irrigation treatment and after
that, it was equal to or for some cases, it was less. The
weight of total corms under 100%ETp, 75%ETp,
50%ETp and dry land treatments decreased each year
with averages of 7%, 5%, 6% and 11%, respectively,
compared with the previous year up to 6 years of
cultivation. However, after that, the weight of corms
showed sharp decline (23.8%, 16.9%, 12.7% and 9.8%,
respectively, for 100%ETp, 75%ETp, 50%ETp and rain
fed treatments) each year compared to the previous year.
Fig. 6 shows the relationship between the numbers of
total corms at different years of cultivation under
different irrigation treatments. The number of saffron
corms under 100%ETp, 75%ETp, 50%ETp and dry land
treatments increased each year with the average of 14%,
11.3%, 6.4% and 8.4%, respectively, compared with the

revious year up to 6 years of cultivation. However, after

that, it decreased each year with averages of 26.6%,
17.3%, 8% and 2%, respectively, compared with the
previous year. These results indicate that the continuous
saffron cultivation causes some undesirable change in
soil chemical and physical properties. These changes,
up to 6 years of cultivation, cannot play an important
role in decreasing the saffron yields; however, after that
these changes are significant.

Fig. 7 and 8 show the number and weight of total
corms under furrow and basin irrigations, respectively.
As these figures show, total number of corms under
furrow irrigation is higher than that under basin
irrigation; however, the weight of total corms under
furrow irrigation was lower than that under basin
irrigation. The results show that under furrow irrigation,
the production of saffron corms is higher than that under
basin irrigation; however, in furrow irrigation, the
weight of saffron corms is low and these corms cannot
play an important role in the flowering and production
of saffron.
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= 2 m75%ETO
=
é 20 O50%ETO
e ORainfed
é 15
<
S 10
G
5 5
D
= 0

12345678910
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600 B 75%ETO
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200
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100

0
12345678910
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CONCLUSIONS

The value of fo in furrow irrigation was less than that
under basin irrigation. In both methods of irrigation, the
value of fo in 100%ET, treatment decreased sharply in
comparison with other treatments. By increasing
irrigation water, the bulk density of soil increased
significantly. Soil bulk density in furrow irrigation was
higher than that under basin irrigation. The pH of soil
was significantly lower in 100% ETp and 75% ETp
treatments when compared with non-cultivated soil. At
50% ET, and dry treatment, the soil pH values increased
significantly when compared with the original soil. The
EC of cultivated soil was higher than that of the original
soil and by decreasing the irrigation water, the EC of
soil significantly increased. The sodium absorption ratio
of cultivated soil was significantly higher than that of
the non-cultivated soil. The bicarbonate in soil
decreased by decreasing the amount of irrigation and the
differences were significant. The values of bicarbonate
increased by increasing soil depth; however, the
differences were not significant.
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