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ABSTRACT 
In order to study the application of zeolite on quantitative and qualitative characteristics of carela medicinal plant under 

deficit irrigation, a factorial experiment was conducted in a completely randomized design with three replications in a 

greenhouse at the Agricultural Institute, University of Zabol during 2018. Experimental factors included deficit irrigation in 

three levels, (90, 70 and 50 % F.C.), and four levels of zeolite (0, 20, 30 and 40 g/kg of soil). The results showed that 

application of zeolite increased fresh and dry fruit weight, fruit diameter and fruits number per plant and deficit irrigation 

had a decreasing effect on the mentioned traits. Application of zeolite at all levels of deficit irrigation increased plant length, 

fruit length, fruit yield, chlorophyll a, b and carotenoid, vitamin C and alkaloids, so that the highest amount of these traits 

was obtained from 40 g/kg zeolite. In general, application of zeolite was helpful in reducing the adverse effects of deficit 

irrigation on carela's quantitative and qualitative traits. 
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Table 1. Results of variance analysis effect of zeolite and deficit irrigation on carela morphological traits. 
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27.13**  
16.93**  

17.75**  
111.28**  

11.59**  
2009.02**  

1443.0** 
2 Deficit irrigation 

24.51**  
45.85**  

10.05**  
83.20**  

15.76**  
209.61**  

30514.99**  
3 Zeolite 

1.08**  
0.28ns  

0.16ns  
7.12**  

0.25ns  
17.30ns  

519.18*  
6 Deficit irrigation 

0.22  0.151  0.136  0.273  0.027  14.58  176.86  24 Error 

5.48  3.97  8.56  5.00  6.12  6.57  4.84  - C.V (%) 
*� ** � ns :7�  =$1�1 U��)1�@G9 ��� �� _8f 5 � 1 2B�� � 325 U��)1 �@G9���.   

*, **, ns: significant difference at 5% and 1% a level and no significant difference, respectively  
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Table 2. Mean comparison interaction effect of 

zeolite and deficit irrigation on carela morphological 
characteristics.  
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7.55cd 8.60e 220.33g 0 
90 9.23b 12.20c 245.67ef 20 

11.08a 14.75b 310.33c 30 
12.25a 19.57a 359.33a 40 
7.09de 7.19efg 225.00fg 0 

70 8.17bcd 8.08ef 259.67e 20 
8.77bc 10.01d 287.33d 30 
11.30a 13.75b 335.67b 40 
5.80f 6.30g 181.67h 0 

50 6.29ef 7.05fg 244.67ef 20 
7.72cd 7.78ef 285.00d 30 
8.35bc 10.12d 338.33ab 40 

D$R4�$9 �"?8 �� �� �� ����  U��)1 �r�?K9 a�e 6� C<�2e
�@G9 .24��24 2B�� v@E f_8 �� (���  

In each column means followed by at least a common letter, are not 
significantly different at 5 % level.  
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Table 3. Mean comparison effect of zeolite and deficit 

irrigation on carela morphological characteristics 
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5.53a 7.87a 71.31a 11.08a Deficit irrigation 90(%) 
4.30b 6.81b 57.54b 9.52b Deficit irrigation 70 (%) 
3.10c 5.91c 45.45c 8.75c Deficit irrigation 50 (%) 
3.13d 8.44a 41.89d 7.37d Zeolite (0) 
3.80c 7.3b 50.48c 8.77c Zeolite 20 (g/kg) 
4.77b 6.39c 63.17b 10.37b Zeolite 30 (g/kg) 
5.53a 5.33d 76.87a 12.63a Zeolite 40 (g/kg) 

 �@G9 U��)1 �r�?K9 a�e 6� C<�2e �� ���� D$R4�$9 �"?8 �� ��
.24��24 2B�� v@E f_8 �� (���  

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

significantly different at 5 % level.  
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Table 4. Results of variance analysis effect of zeolite and deficit irrigation on carela physiological and biochemical 

traits. 
Mean of squares 

df Source of variation 
Alkaloid vitamin c Carotenoid Chlorophyll b Chlorophyll a Proline 

2.74** 
193.35** 

7.14** 
15.18** 

51.42** 
1.65** 

2 Deficit irrigation 

2.02** 
554.78** 

4.06** 
10.37** 

53.92** 
1.29** 

3 Zeolite 

0.063** 
2.514** 

0.147* 
1.84** 

22.29** 
0.228** 

6 Deficit irrigation 

0.0038 0.648 0.043 0.039 0.213 0.021 24 Error 

4.07 1.12 6.22 3.27 3.04 10.45 - C.V (%) 

*� ** � ns : =$1�1 7��R4�$�  U��)1�@G9 ��� �� f_8  X�	?e�5 � 1 2B�� � 325 U��)1 �@G9���.   

*, **, ns: indicate a significant level of 5% and 1% and no significant difference, respectively.  
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X�2A 5 .7Q��P9 D$R4�$9  � %$!"#� C��P?9 �Z�;  (��$�:  ��U�)B 6�^"!"�-$I � ���$	$
"$� +��   
Table 5. Mean comparison interaction effect of zeolite and deficit irrigation on carela physiological and biochemical traits 

Deficit irrigation  
(%) 

Zeolite 

(g/kg) 

Proline 

(mg/g) 

Chlorophyll a 

(mg/g FW) 

Chlorophyll b 

(mg/g FW) 

Carotenoid 
mg/g FW) 

vitamin c 

(mg/100 g) 

Alkaloid 
(OD.g-1.DW) 

 0 1.15cdef 11.75g 5.43ef 3.17de 67.5f 0.66j 

 20 1.09def 14.97e 6.15d 3.71c 72.7e 0.89b 
90 30 0.947ef 17.80c 8.02b 4.36b 78.2c 1.11gh 

 40 0.909f 20.76a 9.43a 5.26a 84.2a 1.47e 

 0 2.05b 12.11g 5.18fgh 2.60gh 61.8h 1.04h 
70 20 1.28cd 18.77b 5.28fg 3.006ef 69.6f 1.17g 

 30 1.09def 15.42de 5.74e 3.44cd 75.1d 1.67d 

 40 1.12def 19.45b 7.61c 4.12b 80.8b 2.13c 
 0 2.49a 9.81h 4.65i 2.14i 57.7i 1.28f 

50 20 2.03b 11.82g 4.87hi 2.29hi 64.2g 1.76d 
 30 1.38c 13.77f 5.9gh 2.74fg 72.2e 2.29b 

 40 1.16cde 15.77d 5.46ef 3.18de 76.4cd 2.62a 

8 �� ��.24��24 2B�� v@E f_8 �� (��� �@G9 U��)1 �r�?K9 a�e 6� C<�2e �� ���� D$R4�$9 �"?  
In each column means followed by at least a common letter, are not significantly different at 5 % level.  
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