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Abstract: A field experiment was conducted during 2004-2007 to evaluate the salinity tolerance of Rubia
tinctorum (madder) by using two planting method (seed planting and root cutting). The experimental design
was randomized complete block with four levels of irrigation water salinities, EC (2, 7, 14 and 17 dS/m) and threei

replications. Tolerance of R. tinctorum to soil salinity (EC ) was evaluated by piece-wise linear and sigmoidale

functions. The results showed that fresh and dry root yields were decreased with increasing EC  in bothi

planting methods. At EC  of 2 dS/m, fresh and dry root yields of root cutting method was significantly higheri

than seed planting method, but there were no significant differences between the two methods at other ECi

levels. Both planting methods exhibited good tolerance to soil salinity. The threshold values of R. tinctorum
to EC  were 3.88 and 3.90 dS/m for seed planting and root cutting methods, respectively, according to lineare

response function, while the slopes of linear function were 2.38 and 3.37, respectively. The 50% yield reduction
EC  values were 26.94 and 19.01 dS/m for seed planting and root cutting methods, respectively, according toe

sigmoidal response function. Based on the results, R. tinctorum may be classified as moderately tolerant.
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INTRODUCTION In recent years, increased attention has been paid to

Madder (Rubia tinctorum L.) is a perennial production.  Cultivation  of  salt tolerant crops,
herbaceous plant and a member of the Rubiaceae family particularly those that are indigenous to local arid
[1]. It has been cultivated since ancient times for its value conditions is a viable option for sustainable utilization of
and importance as an industrial crop as well as its saline land and water resources and conserving fresh
medicinal properties. The madder tops can be used as water for conventional salt sensitive crops or urban
forage which are harvested in the first and second year of sector. R. tinctorum has been regarded as a salt tolerant
cultivation. R. tinctorum roots are harvested in the third crop by local farmers, however, the limited scientific
year and are highly valued for its high content of literatures on its salinity tolerance are based on Petri dish
anthraquinone pigments [2]. They have been used for and pot experiments [6, 7]. Recently Khorsandi and
dyeing textiles since 2000 B.C. [3]. The use of R. tinctorum Banakar [8] reported that R. tinctorum was salt tolerant at
root as herbal medicine has been reported by Hazara et al. germination stage and suggested 12 dS/m as the salinity
[4] and Khalil et al. [5]. Madder is indigenous to southern threshold value at this stage. The results of a sand culture
Europe, Middle East, Central Asia, Mediterranean region experiment suggested that R. tinctorum is salt tolerant
and North Africa [1, 6]. Iran is known internationally as a during the vegetative stage and saline waters of up to at
main producer of R. tinctorum. It used to be cultivated in least 10 dS/m maybe used at this stage [9].
northwest, central part and south of the country. At Madder is cultivated by either seed or root cutting
present, it is mainly cultivated in some parts of Yazd planting methods. Results of a pot experiment showed
province (central region of Iran), an arid and desert type that at low salinity levels (1.5 and 5 dS/m) forage and root
region with scarce and saline water resources [6]. dry  weights of  R.  tinctorum were significantly higher in

the use of saline soil and water resources for crop
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root cutting method than seed planting method; while at space between plots and 3 m between blocks. According
higher salinity levels planting method did not significantly to the local farmers routine, farmyard manure was
affect either forage or root productions [9]. The scientific incorporated in the top 15 cm soil layer prior to planting,
literature on salinity tolerance of this plant on a full at the rate of 50 t/ha. The land was disked and leveled,
growth period and under actual field condition is rare and after which the experimental plots were prepared
inconclusive. Therefore, the main objective of this study accordingly.
was to investigate the salinity tolerance of R. tinctorum The plots were planted to healthy seeds and root
under  field  condition  with its complete growth cycle. cuttings of R. tinctorum (local cultivar of Esmat) on late
This could have practical implications for irrigation March, 2004. Seeds were planted at the rate of 300 Kg/ha
management of this crop with saline waters. To our in small holes (about 7 cm depth). After placing 20-25
knowledge, the effects of cultivation method on salinity seeds,  the  holes  were covered with fine aeolian sand.
tolerance of this crop have not been investigated under The distance across and between the rows were 25 cm.
the field conditions. Thus, a further objective of this Root cuttings were planted at the rate of 6 t/ha. Trenches
study was evaluation of planting method on salinity of 20 cm deep and 25 cm apart were made. Root cuttings
tolerance of R. tinctorum. This can serve as a of 20-30 cm length, with 5-6 healthy buds in each cutting,
management tool for cultivation of this crop in saline were placed horizontally at the bottom of the trenches and
lands. then covered with soil.

MATERIALS AND METHODS based on the routine practices by local Madder farmers.

A field experiment was conducted during 2004-2007 with 10 cm of 2 dS/m water for the next four weeks. After
at National Salinity Research Center (NSRC), Yazd; Iran, seedling emergence the irrigation was stopped for 45 days
to evaluate the effects of irrigation water salinity and in order to obtain proper establishment. During the
planting method on root production of Rubia tinctorum summer seasons, the plants were irrigated every 12 days
in full growth period. The local climate is hot and arid, and at winter seasons they were irrigated only twice, each
with very high evapotranspiration potential, low rainfall, time with 10 cm of appropriate saline irrigation waters.
high wind erosion potential. The soils in this region are Irrigation method was border irrigation. In each of the
generally calcareous and natural saline lands are three years of the experiment, after about 6 months of the
widespread. In addition, poor irrigation management has start of growing season, the plant tops were turned yellow
led to secondary salinization of many agricultural lands. and dried out, at which time, the plots were covered with
In general, the local climatic is harsh and desertification is 5 cm of a mixture of fine sand and composted farmyard
a huge threat to agricultural lands. The underground manure to protect the roots from winter freeze. No plant
water resources are of poor quality, some with salinities pests were observed during the course of the experiment,
exceeding 19 dS/m. but weed growth was evident during early spring each

The experimental design was randomized complete year, which were removed by hand and did not cause any
block  with  four  levels  of  irrigation  water salinity (EC ) damages to R. tinctorum.i

(2, 7, 14 and 17 dS/m), two planting methods (seed The effective rooting depth of R. tinctorum is 60 cm.
planting and root cutting) and three replications. The Local farmers commonly dig the soil up to this depth by
experimental field was under fallow for two years before special long blade shovels to harvest the roots. On late
the start of the experiment. At the time of planting soil November 2007, the roots were harvested to the depth of
salinity was 5.5 dS/m (Table 1), which was appropriate for about 60 cm from the whole plot areas and their fresh
R. tinctorum  at  germination  and  establishment  stages weights were recorded. Root dry weights were measured
[8,  9].  Experimental  plots were 3×4 m and there was 1.5 m after drying the roots at 70°C for 48 hours.

Cultural  practices  of  this  field experiment were

After planting of R. tinctorum, the plots were irrigated

Table 1: Selected physical and chemical characteristics of the soil at experimental site
P Soil Particles (%)
------------------ ----------------------------------------

Depth (cm) Ec  (dS/m) pH OC (%) Total-N (%) ppm K Sand Silt Clay Soil Texturee

0-60 5.5 7.77 0.03 0.003 10.2 225 88 3.7 8.3 Loamy Sand
Ec : Electrical Conductivity of the saturated soil paste extract OC: Organic Carbone
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Salinity of the soil at the experimental site was Root Yield: The results indicated that irrigation water
monitored at two depths (0-30 and 30-60 cm) prior to salinity (EC) and planting method effects on fresh and dry
harvesting the roots at the end of the experiment. Three root yields of R. tinctorum were highly significant and
composite soil samples from irrigation water salinity plots significant, respectively (Table 3). However, the
were collected. Soil electrical conductivity (EC ) was interactive effects of salinity and planting method weree

determined by Resistivity Bridge on a saturated paste not significant. This means that R. tinctorum displayed
extract [10]. Tolerance of R. tinctorum to soil salinity was similar responds to irrigation water salinity regardless of
evaluated  by piece-wise  linear   model  [11]  and the planting method.
sigmoidal  model  of  van Genuchten and Hoffman [12]. Regardless of the planting method, increase in EC
The piece-wise linear model is: levels from 2 to 17 dS/m decreased mean fresh and dry

Y  = 100 – [b(EC  – a)] both planting methods fresh and dry root yields werer e

where Y  = relative yield (%); EC  = the mean electrical salinity (Table 4). In seed planting method fresh root yieldr e

conductivity of a saturated-soil extract from root zone; a decreased significantly from 76.50 t/ha in EC  of 2 dS/m to
= salinity threshold (dS/m) and b = the slope of Y 47.67 t/ha in EC  of 17 dS/m, a reduction of 37.7%, whiler

reduction in % per dS/m [11]. The sigmoidal model is: the fresh root yield reduction in root cutting method was

Dry root yield reductions were 29.6 and 42.9% in seed

where   Y    =  the  yield   under   nonsaline   conditions; waters were not significantly different in both plantingm

C = average salinity of the root zone (dS/m); C  = average methods,   but   were   significantly lower   than  control50

salinity of the root zone the reduces the yield by 50% (2 dS/m) (Table 4). These results imply that R. tinctorum
(dS/m) and P = an empirical constant [12]. Using the exhibits good tolerance to highly saline irrigation waters
above   equations    the    relative    dry    root    yields  of by both planting methods. 
R. tinctorum were estimated based on soil salinity for Fresh and dry root yields of R. tinctorum were
both planting method. significantly affected by planting method. They were

Statistical data analysis consisted of analysis of significantly higher in root cutting method than seed
variance (ANOVA) and Duncan's Multiple Range Test planting (Table 4). The yield increase was 11.4 and 10.6%
(DMRT) at 5% probability level. The tests were carried for fresh and dry root weights, respectively.
out using SAS software package [13]. At EC  of 2 dS/m, fresh root yield of root cutting

RESULTS AND DISCUSSION method. Although, the fresh root yields were consistently

Soil Salinity of the Experimental Site: Although the EC method, but there was no significant differences betweeni

levels were 2, 7, 14 and 17 dS/m, the average EC  of the the two methods at other EC  levels (Table 4). The samee

root zone at the experimental site at the end of the trend was observed with dry root yields as well.
experiment were 4.57, 8.29, 13.91 and 15.51 dS/m, Tabatabaei et al. [14] has reported that fresh root yield is
respectively (Table 2). Therefore, EC  of the plots irrigated higher with root cutting method and recommended thise

with lower EC (2 and 7 dS/m) were higher than EC , while method for heavy textured soils and high salinity soilsi i

EC  of the plots irrigated with higher EC (14 and 17 dS/m) and irrigation waters. However, Namjouyan et al. [15]e i

were slightly less than EC . EC  of the 0-30 cm layer was reported that there is no significant difference in rooti e

lower  than  the second layer in all instances, which is yields by the two methods. The results of this experiment
reasonable due to leaching of salts from first to second showed that in general regardless of irrigation water
layer. These results indicated that in fact, the actual salinity, fresh and dry root yields are significantly higher
salinity that R. tinctorum encountered during the growing with root cutting method. However, considering the
season was not equal to the EC . Plants respond to irrigation water salinity, there is no significant differencei

salinity of soil solution rather than irrigation water. in root yields with EC  of 7 and above and only at low
Therefore, salt tolerance of R. tinctorum was evaluated salinity irrigation water fresh and dry root yields are
against soil salinity. significantly  higher  with  root  cutting  method  (Table 4).

i

i

root yields by 40.1 and 36.8, respectively (Table 4). In

decreased significantly with increasing irrigation water

i

i

42.3%. The same trend was observed with dry root yield.

planting  and   root    cutting   methods,  respectively.
Fresh and dry root yields at 7 and 14 dS/m irrigation

i

method was significantly higher than seed planting

higher in root cutting method than in seed planting

i

i
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Table 2: Saturated paste extract electrical conductivity (EC ) of the soil at the end of experimente

EC  (dS/m)e

Irrigation water ----------------------------------------------------------------------------------------------- Average root zone
salinity (dS/m) Depth (cm) Rep 1 Rep2 Rep 3 Mean salinity (dS/m)
2 0-30 3.76 3.89 4.24 3.96 4.57

30-60 4.48 5.16 5.87 5.17
7 0-30 6.91 7.13 7.36 7.13 8.29

30-60 11.21 8.23 8.92 9.45
14 0-30 12.15 12.89 13.02 12.69 13.91

30-60 14.47 14.35 16.55 15.12
17 0-30 13.13 14.38 14.69 14.07 15.51

30-60 15.92 16.94 17.97 16.94

Table 3: Results of ANOVA test for the characteristics measured in the experiment
Root Production (t/ha)
------------------------------------------------------------------------------------

Variables Degrees of Freedom Fresh Weight Dry Weight
Block 2 4.52 * 9.29 *
Irrigation Water Salinity (S) 3 39.46 ** 28.95 **
Planting method (P) 1 8.90 * 7.74 *
S ×P 3 0.59 ns 1.93 ns
*, **: significant at 5 and 1 percent probability levels, respectively.
ns: Not significant

Table 4: Effects of irrigation water salinity and planting method on root production by R. tinctorum
Irrigation Water Salinity (dS/m)†

----------------------------------------------------------------------------------------------------------------------------
Planting Method 2 7 14 17 Mean
Fresh Root Yield (t/ha)
Seed planting 76.50 a 63.20 b 52.77 bc 47.67 c 60.03 A
Root cutting 88.03 a 69.17 b 59.43 bc 50.77 c 66.85 B
Mean 82.23 A 66.19 B 56.10 C 49.22 D
Dry Root Yield (t/ha)
Seed planting 17.93 a 15.93 b 13.60 b 12.63 c 15.03 A
Root cutting 21.40 a 17.43 b 15.43 b 12.23 c 16.63 B
Mean 19.67 A 16.68 B 14.52 C 12.43 D
† All mean comparisons are according to DMRT at 5% probability level. At each row, the means with the same Latin letter are not statistically different than
each other. At each column, the means with the same Greek letter or capital Latin letter are not statistically different than each other.

Therefore, if the irrigation water salinity is higher than 2 the slope of seed planting was lower than root cutting
dS/m, there would be no difference between the two method by about 1 unit. The actual dry root yields of the
planting method and the farmers may choose either two planting methods were not significantly different than
method by considering the economics of production and each other, except at low EC  of 2 dS/m (Table 4).
market values. Under low salinity levels, based on the However, the difference in the slope shows that by each
observed actual root yields, root cutting method may be unit of increase in EC , the decline in relative dry root yield
recommended. will be more with root cutting planting method. This

Salt  Tolerance  of  R. tinctorum: The piece-wise linear tolerance by seed planting method.
and  sigmoidal  dry   root   yield   response   functions  of
R. tinctorum to soil salinity (EC ) were evaluated (Fig. 1e

and 2). The salinity threshold and slope of R. tinctorum
by seed planting method was 3.88 dS/m and 2.38%,
respectively (Fig. 1), while by root cutting method they
were 3.90 dS/m and 3.37, respectively (Fig. 2). The
threshold values were very close for the two methods, but

i

e

shows that R. tinctorum probably exhibits better salt

The salinity that results in 50% yield decline is a more
useful comparison between genotypes than a linear rate
of decline [16, 17]. Therefore, it may be assumed as a
baseline for relatively acceptable yields. The results of
sigmoidal yield response function showed that the ECe

values  that  resulted  in  50%  relative   yield  reduction
(i.e.  50% relative dry root yield) were 26.94 and 19.01 dS/m
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Fig. 1: The piece-wise linear salinity response function Fig. 2: The sigmoidal salinity response function fitted to
fitted to relative dry root yield of R. tinctorum by relative dry root yield of R. tinctorum by two
two planting method planting method

for seed planting and root cutting methods, respectively where cultivation of other common agricultural crops not
(Fig. 2). These results indicated that soil salinity tolerance economically feasible. In fact production of R. tinctorum
of R. tinctorum is higher under seed planting method, with 18 and 20 dS/m irrigation waters by local farmers
which is in line with the results of piece-wise linear yield have been reported [18], a condition at which common
response function. agricultural crops do not produce any yields.

Mass [11] has compiled salt tolerance of 69 crops to
soil salinity. Madder (Rubia tinctorum) is not listed in ACKNOWLEDGEMENTS
that compilation due to lack of research on field
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