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2- Epilepsy

3- Nervous disorders

4- Asthma

5- Bronchitis

6- Syphilis
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Table 1- Physical and chemical analysis of soil
(%) 1 dls0 ol o Ol g o Uy Had Ojes
(PH) 4w Organic matter (%) Calcium  Magnesium _ Soulphat Potassium  Phosphorus  Nitrogen
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Figure 1- Air temperature (in “C) of Shahrood region along the 2010 year
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Figure 2- The trend of cumulative shoot dry matter of indigo during the planting season on 28 June (A), 3 July (B) and 18
July (C) planting dates. Points are the measured data and lines are the fitted function
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Table 2- The coefficients of the three-parameter sigmoid equation fitted to the data of cumulative dry matter of indigo during
the growing season in different planting dates

CuiS g, (o200 Suid 3l ySTus) 2 cund) b A Oy Cg @Y ore2d j9,y 4 43) X Sl
Planting ) (&0 5o +1¥0 13 0 5) (s ((sroos Sis 23k 70 R®>  Probability)
(date a (Maximum dry matter b (Slope of X, (Cumulative degree days required to (level

accumulation) (g/0.25 m?) the line) reach 50% of dry matter accumulation)
June) sl 5 YA (0.0003)
18 179.92 (0.0001) 9773 731.86 (0.0001) 0.96 <0.0001
(July 3) 5\ 135.45 (0.0001) ((1)'2020%) 658.76 (0.0001) 0.91 <0.0001
18) ,5vv (0.0024)
duly 40.99 (0.0001) 71.72 509.34 (0.0001) 0.92 <0.0001

Numbers in parentheses indicate the standard error
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Figure 3- The trend of growth rate of indigo during the planting season on 28 June (A), 3 July (B) and 18 July (C) planting

dates. Points are the measured data and lines are the fitted function
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Table 3- The coefficients of the three-parameter Gaussian equation fitted to the data of cumulative dry matter of indigo

during the growing season in different planting dates

cuiS )b (e Sdd ol Sla)a ) b & iy S 03Y (202 9 4253) X Jloia ! g
Date ) (&30 50 +1Y0 y3 05) (s (ross Suid 23k 70 R®  Probability )
(planting a (Maximum dry matter b (Slope of X, (Cumulative degree days required to (level
accumulation) (g/0.25 mz) the line) reach 50% of dry matter accumulation)
18 ) sls)5 YA (0.008)
(Jun 34.38 (0.0002) 28292 1016.79 (0.0001) 0.99 0.0009
3) 5y (0.0238)
(uly 23.65 (0.0093) 182.67 729.02 (0.0003) 0.86 0.0481
18) ,s v (0.0057)
(uly 12.37(0.0027) 114.56 673.73 (0.0001) 0.94 0.0113

Numbers in parentheses indicate the standard error.

lisee Cudls g U 40 w3590 Sldo (e po wi'lg,o) byl 350 - Jgns
Table 4- Results of analysis variance (mean squares) of traits as affected by planting dates

¥ ple Mjlaayy S Sis Bl gi)l  Sjglem 5o
(Source of variance) (df) (Leaf dry weight) (Stem height) (Biological yield)
(Block) S5k, 2 377.32 0.52 9072.19
(Treatment) ,los 2 74289.06" 176.77° 1360017
(Error) lus 4 967.99 1.77 134372
(CV%) (30 2) s g o3 8.20 1.68 5.24

** Significant at p <0.01 s ) waw d)law'.u**
Notes. Df, Degree of freedom; CV, Coefficient of variation
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Figure 4- Effect of planting dates on indigo leaf dry weight
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Table 5- Correlation between leaf dry weight, plant height and biological yield of indigo

Bl gla )l S SUiS 439 S e 3,dos Sle
Stem height Leaf dry weight Biological yield Traits
1.00 S 3 Sas
Biological yield
1.00 0.91 Sr S s
Leaf dry weight
. Slo sl
1.00 0.92 0.99 e e
Stem height

* Indicates significance at 5% level
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Figure 5- Effect of planting dates on biological yield (A) and height (B) of indigo plant
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Introduction

A suitable planting date is an important management tool to determine the best match between phenological
stages of plant growth with the environmental factors affecting them. Indigo is known for the natural blue
colors obtained from the leaflets and branches of this herb. In addition to indigo dyes, it has been used
medicinally to purify the liver, reduce inflammation and fever and to alleviate pain. Determining the proper
sowing time for the sowing indigo plant is highly important that should be based on the climate of each region
separately. The objective of this research was to determine the effect of sowing date on growth and biological
yield of indigo plant in Shahrood region.

Materials and Methods

This experiment was carried out on randomized complete block design with three replications in the
experimental field of the University of Shahrood, Iran, in 2011. Treatments were three planting dates (18 June,
3 and 18 July). Plant density was 50 plants per square meter. The distance between the plants on and between
the rows was 10 and 20 cm, respectively. Sampling was conducted in six-stages (every 15 days) randomly in
0.25 m*. Equation 1 was used to calculate the growth rate.

firg =g X . ] ;
CGR = m (Equation 1) Y = === (Equation 2)

In this equation, W,: dry weight in the first sampling, W,: dry weight in the second sampling, SA: sampling
area (m™), t;: first sampling time, t,: is the second sampling time. To do this, three parameters sigmoid function
[Eq. 2], were fitted to dry matter accumulation variation during the season (Equation 2): In the equation 2: Y is
the cumulative dry matter content at any time (x) of growing season, b: is the slope of increasing and xo is the
time (in degree days) of reaching to 507, dry matter accumulation. Gaussian function parameter [Eq. 3] was

fitted to the crop growth rate data variation:
- I oee =
Y =asl-#FPE=RT) (Equation 3) GDD= EI (-‘““—m) — T (Equation 4)

In equation 3: Y value is crop growth rate at any time (x) of growing season, b: is the slope of increasing
and x0 is the time of reaching plant to the maximum CGR. In this study, instead of day, we used growing
degree days (GDD) according to Equation 4: In this equation Tp.: maximum daily temperature, Tp,:
minimum daily temperature, Tb: temperature of the plant, which was considered to indigo 10.27 °C (6). Fitting
equations and drawing diagrams were performed using Sigma Plot 10 version. Analysis of variance and
correlation between traits were performed using SAS software and means were compared using LSD test at the
5% level.

Results and Discussion

Results showed that (Figure 2a and Table 2) the earliest planting date (18 June) increased total dry matter
and crop growth rate about 4.41 and 3.59 folds compared to third planting date (18 July), respectively. In
addition, the highest GDD was recorded for the first sowing date (18 June). The results showed that the fastest
(38.34) and the lowest (12.37) growing rate was related to 18 June and 18 July planting dates, respectively
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(Table 3). Gupta (10) also stated that there was a significant correlation between sowing time and plant
biological yield, as with delay in sowing date plant dry weight has been decreased. Mean comparison results
showed that the lowest plant height was obtained at the early planting date (18 June) and the lowest of it was
seen in the late planting date (18 July) (Figure 5 B). In the first planting date (18 June), biological yield
increased 47.27% compared to the later planting date (18 July). In third sowing date biological yield decreased
significantly than first and second planting dates (Figure 5 A). Zhelgazkov et al. (21) on Coriandrum sativum
L. showed that the earliest cultivation increased the length of effective growth period and finally caused an
increase in fruit and biological yield. The reason for reduction of biological yield in delayed cultivation in
addition to shortening of growth season is related to coincidence of vegetative and reproduction period with
summer heat which resulted in severe reduction in the stem height, leaf dry matter and finally decreasing
biological yield. This result is in agreement with findings of Kacurik (14); he stated that the height, fresh and
dry flowers of the chamomile was reduced with delay in planting date.
Conclusions

In this study, the highest plant height, leaf dry weight and biological yield, was observed in 18 June sowing
date. According to our results may be both day long and especially temperatures during reproductive growth,
flowering and maturity are the limiting factors in above ground biomass formation. Based on our results,
sowing dates of 18 June was the best planting date for indigo plant in Shahrood region.

Keywords: Crop growth rate, Cumulative dry matter, Medicinal plant, Planting time



