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ABSTRACT 

In order to investigate some characteristics of German chamomile (Matricaria chamomilla) under water stress and 
application of  mycorrhizal, an experiment was performed in factorial arrangement within a completely randomized 
design with four replications in research greenhouse of the Faculty of Agriculture at Yasouj University. The first 
factor was osmotic potential at three levels (zero, -4 and -8 bar), the second factor was the application of arbuscular 
mycorrhizal fungus Funneliformis mosseae at two levels (with and without the use of fungi) and the third factor was 
cultivars at two levels (Bodegold and Soroksari). The studied traits included: (relative water content, soluble sugars, 
proline content, total chlorophyll, plant height, number of flowers per plant, Shoot dry weight, dry weight of flowers 
and harvest index). The results showed that osmotic potential at -4 and -8 bar caused a significant reduction in traits 
such as total chlorophyll, relative water content, plant height, number of flowers per plant, dry weight of shoot, dry 
weight of flowers and index harvested, but the amount of soluble sugars in the leaves and the content of proline 
increased. Mycorrhizal application increased the amount of these traits. Also, inoculation of mycorrhiza plants under 
drought stress conditions significantly increased proline content and soluble sugars of both cultivars. The results 
showed that the key trait of flower yield and yield components under drought stress and application of mycorrhiza in 
Soroxari cultivar showed more increase than Budgold cultivar. In general, application of mycorrhiza in both cultivars 
increased drought stress resistance in German chamomile. 
 
Keywords: Chamomile, chlorophyll, cultivars, osmotic potential, proline. 
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Table 1. Results of variance analysis effect of osmotic potential, mycorrhiza and cultivar on physiological traits of 
german chamomile. 

  Mean of squares 

Source of variation d.f. 
Total chlorophyll 

(Chl a+b) 
Relative water content Total soluble sugars Leaf proline 

Osmotic potential 2 13.99** 650.56** 36248.39** 136.50** 
Mycorrhiza 1 1.89** 4.17ns 2693.25** 16.54** 
Cultivar 1 0.75** 170.06** 753.58** 30.56** 
Osmotic potential× Mycorrhiza 2 0.08** 44.47** 419.88** 1.12** 
Osmotic potential× Cultivar 2 0.09** 180.64** 79.14** 0.04** 
Mycorrhiza× Cultivar 1 0.0007ns 31.47** 6.87ns 0.44** 
Osmotic potential× Mycorrhiza× Cultivar 2 0.006ns 11.15ns 17.11ns 0.43** 
Error 36 0.005 7.01 7.40 0.006 

C.V (%) - 4.09 4.32 2.92 1.32 

ns �*  � **-! L
4 4 �3Z( @��g4 �&M.�3Z( @��g4 � ��� N�	Ff� d5" �� ���5  �1     .8r��  
ns, * ,**: Non-significantly difference and significantly difference at 5% and 1% probability level, respectively. 
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Table 2. Mean comparison interaction effect of osmotic potential and cultivar on total chlorophyll content, relative 
leaf water soluble sugar of german chamomile. 

Osmotic potential 
(bar) 

Variety 
Total chlorophyll 

(mg g -1FW) 
Relative water 

content (%) 
Total soluble sugars  

(mg g-1 FW) 

0 
Bodegold 2.49b 80.96b 38.62b 
Soroksari 3.05a 91.61a 44.40a 

-4 
Bodegold 1.41b 56.71b 89.10b 
Soroksari 1.75a 67.75a 115.13a 

-8 
Bodegold 0.78b 36.10b 128.81b 
Soroksari 1.07a 49.54a 141.96a 

<
[.�
( �&F"  � �� .8.��8. %��� �3Z( @��g4 8r�� n3� N�	Ff� d5" �� �_ F?( ` f X� :,�8f �! ����  
In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 

  

 N�8V3 . � %�	"� :
R.�F� :!�^F(  J� <
[.�
( -R��^(����&���(  ! ���
( :
'� >1 �:1 %�&F6( �MR. G/ D ! � %��83, 

N&>6( D ! �.�	*/ -.&!�!.  
Table 3. Mean comparison interaction effect of osmotic potential and mycorrhiza on total chlorophyll content, 

relative leaf water content and leaf soluble sugars of german chamomile. 
Osmotic potential 

(bar) 
Mycorrhiza 

Total chlorophyll 
(mg g -1FW) 

Relative water content 
(%) 

Total soluble sugars 
(mg g-1 FW) 

0 
without 2.59b 84.69b 36.04b 

with 2.95a 87.88a 46.93a 

-4 
without 1.42b 60.03b 97.11b 

with 1.73a 64.43a 107.12a 

-8 
without 0.89a 42.46a 133.98a 

with 0.91a 44.18a 136.79a 

( �&F"  � ��<
[.�
 ����  :,�8f �!X� 3Z( @��g4 8r�� n3� N�	Ff� d5" �� �_ F?( ` f� ���% .8.��8. 

In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
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Table 4. Mean comparison interaction effect of 

cultivar and mycorrhiza on leaf relative water content 
of german chamomile.  

Variety Mycorrhiza 
Relative water 

content (%) 

Bodegold 
without 58.30b 

with 60.51a 

Soroksari 
without 62.66a 

with 63.69a 
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In each column means followed by at least a common letter, are not 

significantly difference at 5% probability level. 
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Figure 1. Mean comparison interaction effect of osmotic potential, cultivar and mycorrhiza on leaf proline content of 

german chamomile. 
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Table 5. Results of variance analysis effect of osmotic potential, mycorrhiza and cultivar on traits and harvest index of 
german chamomile. 
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Osmotic potential 2 556.43** 8653.73** 1.09** 0.32** 43.031** 
Mycorrhiza 1 471.50** 385.33** 0.083** 0.02** 11.198** 
Cultivar 1 638.31** 1004.67** 0.015** 0.0064** 0.322 ns 
Osmotic potential× Mycorrhiza 2 2.62ns 31.66* 0.017** 0.0036** 38.108** 
Osmotic potential× Cultivar 2 747.81** 48.62** 0.148** 0.0009** 4. 273** 
Mycorrhiza× Cultivar 1 14.38** 0.75ns 0.0068** 0.000005ns 2.553** 
Osmotic potential× Mycorrhiza× Cultivar 2 1.30ns 11.92** 0.0058** 0.0037** 1.567** 
Error 36 1.59 0.007 0.0001 0.00009 0.135 

C.V (%)  4.61 1.34 2.25 4.58 4.95 

ns �*  � **-! L
4 4 �3Z( @��g4 �&M.�3Z( @��g4 � ��� N�	Ff� d5" �� ���5  �1     .8r��  
ns, * ,**: Non-significantly difference and significantly difference at 5% and 1% probability levels, respectively. 
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Table 6. Meam comparison interaction effect of 
osmotic potential and cultivar on plant height of 

german chamomile. 
Osmotic potential (bar) Variety Plant height (cm) 

0 
Bodegold 10.55b 

Soroksari 17.70a 

- 4 
Bodegold 9.60b 

Soroksari 12.62a 

- 8 
Bodegold 2.60b 
Soroksari 9.17a 
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3Z( @��g4 8r�� n3� N�	Ff�� ���% .8.��8. 

In each column means followed by at least a common letter, are not 

significantly difference at 5% probability level. 
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Table 7. Mean comparison interaction effect of 

cultivar and mycorrhizal on plant height of german 
chamomile. 

Variety Mycorrhiza Plant height (cm) 

Bodegold 
without 5.95b 

with 9.21a 

Soroksari 
without 8.66b 

with 17.66a 
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In each column means followed by at least a common letter, are not 

significantly difference at 5% probability level. 
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Table 8. Mean comparison interaction effect of osmotic potential, cultivar and mycorrhiza on shoot dry weight, leaf 

and flower and harvest index of german chamomile. 
Osmotic potential  

(bar) 
Cultivar Mycorrhiza 

Shoot dry weight  
(g plant -1) 

Flower dry weight plant  
(g plant -1) 

Harvest index 

0 

Bodegold without 0.67d 0.33c 8.37c 
with 0.72c 0.38b 10.74a 

Soroksari without 0.83b 0.34c 8.36c 
with 0.88a 0.48a 8.70b 

-4 
Bodegold 

without 0.47d 0.19b 7.41b 
with 0.56b 0.23a 8.09a 

Soroksari 
without 0.54c 0.19b 7.27c 

with 0.76a 0.27a 7.03d 

-8 
Bodegold without 0.33b 0.04c 3.41d 

with 0.37a 0.06b 3.60b 

Soroksari without 0.14d 0.04c 7.53c 
With 0.19c 0.08a 8.52a 
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In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
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Figure 2. Mean comparison of  interaction effect of osmotic potential, cultivar and mycorrhiza on number of flowers 

per plant of german chamomile 
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