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Abstract 
Water is one of the main important environmental factors limiting rice cultivation, in arid and semiarid regions like Iran. In order to evaluate 
the effect of growth inducers on sub-irrigation technology performance in rice water requirement, this field experiment was conducted as a 
factorial plot, based on completely randomized design with 6 replications, with two irrigation treatments (flooding and sub-irrigation with 
porous clay capsules), and two inducers (Mycorrhiza and salicylic acid) in 2016 at the research farm of GKU. Salicylic acid was used as seed 
treatment along with leaf spray in the concentration of 2 mM, two times in vegetative and reproductive growth. Mycorrhiza was used as root 
inoculation and was also mixed (20 gr.m-3) with the top 40 cm of soil. In this study, some morphological traits including plant height, the 
main panicle length, the weight of filled seeds, 1000-grain weight, weight of main panicle, the weight of whole panicles, grain yield, 
biological yield, water consumption, water productivity, water use efficiency and harvest index were measured, calculated,  and assessed 
after harvesting. Grain yield for flood irrigation method for salicylic acid, mycorrhiza and control treatments were 5170, 4710, and 4202 
kg.ha-1, respectively. While these values were 4985, 4807 and 4063 kg.ha-1 for subsurface irrigation method, respectively. The results showed 
that rice grain yield, biological yield and harvest index were not significant in two irrigation methods. But the water use efficiency and water 
productivity index in the subsurface irrigation system were significantly higher than the flood irrigation.  Finally, the near-saturated soil 
matic potential method was able to increase the subsurface irrigation efficiency compared to the flood irrigation method at rice culture. 
 
Keywords: Clay capsule, Growth inducers, Soil moisture content, Subsurface irrigation.  
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Table 1. Some of metrological properties of form May to September in 2016 based on Gonbad Kavous synoptic 

Station data 

Solar Time  

(Hrs) 
Min- temperature  

(ₒc) 
Max-temperature  

(ₒc) 
Relative humidity  

(%) 
ET 

(mm) 
Rain 
(mm) Month 

281 14.3 43.2 98 193 42.8 (May-June) 

288.5 20 45.9 95 240.1 6.4 (June-July) 
293.7 20.3 44.1 96 246.8 22.5 (July-August) 

275.9 15.4 39.9 96 198.4 13.6 (August-September) 
 878.3 85.3 Total 

 
Table 2. Some of physical and chemical properties of soil 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 
Soil texture 

K 

ppm 
P 

ppm 

N 

(%) 

O.M 

(%) 

T.V.V 
(%) 

pH 
EC 

(ds.m-1)
 

13 55 32 Si.Cl.L 414 12.3 0.11 1.6 10.2 7.6 1.1 

  

Table 3. The morphological and hydraulic properties of porous clay capsule (GB2) 

Outer diameter 

(cm) 
Inner Diameter 

(cm) 
Thickness 

(cm) 
Length 

Discharge (L.hr-1) 
25 kPa 50 kPa 80 kPa 100 kPa 

3.5 1.5 1.0 30.0 3.9 6.8 12.0 15.1 
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Figure 1. Implementation of subsurface irrigation for rice cultivation. A) Schematic design and insertion layout of 

porous clay capsule at 50 cm depth of soil. B) Addition of mycorrhizal inoculated soil to the plot. C) Transplanting 

stage and 50% spoke appearing. 
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Table 4. Mean square for morphological characteristics and yield and yield components under tow irrigation 

treatments (Flooding and subirrigation) and inducers (Mycorrhiza , Salicylic Acid and control). 
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0.003 ns 5.60** 8.60 ns 0.058ns 14.09ns 0.0001ns 12.25ns 252.81* 225.50** 9.82ns 1 Irrigation type (Ir) 
19.66** 2.008 * 196.33** 9.25** 899.15** 0.006ns 27.59ns 347.63** 248.69** 63.11ns 2 Inducer (In) 
0.46 ns 1.241 ns 12.53* 0.275 ns 50.15ns 0.001ns 10.64ns 29.64 ns 137.22** 3.37ns 2 (Ir) × (In) 
1.71  0.45 2.89 0.56 48.65 0.007 8.77 45.99 24.32 36.83 30 Error 
6.07 7.11 5.94 26.68 18.17 6.60 11.69 29.63 17.25 6.35  CV 
  

Continued table 4. Mean square for morphological characteristics and yield and yield components under tow 

irrigation treatments (Flooding and subirrigation) and inducers (Mycorrhiza , Salicylic Acid and control). 
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Figure 2. Mean comparison of simple effect of irrigation methods (flooding and sub-irrigation) on (A) Number of 

tillers per plant (LSD=4.32), (B) Number of fertile tillers (LSD=4.56), (C) Number of secondary panicles (LSD=0.43), 

(D) Water consumption (LSD=157.45), (E) Water productivity (LSD=0.11) and (F) Water use efficiency (LSD=0.053), 

in rice CV. Masum. means followed by similar letter are not significant at 5% probability level using least significant 

difference test (LSD) multiple range. 
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Table 5. Means comparison for simple effect of Mycorrhiza and Salicylic acid on yield component of rice 
Peduncle 

length(cm) 

Num. of 

spiklet/spike 

 Main panicle 

length (cm) 
Main panicle 

weight (g) 

Total panicle 

weight (g) 

Fertile  

tiller 
Tillers per 

plant 
Treatment 

20.817 b 9 b 24.158 c 1.78 b 28.423 b 16.80 b 23.517 b Control 

20.833 b 9.72 a 29.617 b 3.21 a 42.608 a 27.017 a 32.325 a Mycorrhiza 
23.042 a 9.7 a 32.058 a 3.38 a 44.111 a 24.833 a 32.917 a Salicylic Acid 

1.1 0.56 1.42 0.62 5.82 5.65 4.11 LSD (P<0.05) 

  
Continued table 5. Means comparison for simple effect of Mycorrhiza and Salicylic acid on yield component of rice 

Water Use efficiency 
(Kg.M-3) 

Water productivity 
(Kg.M-3) 

Water consumption 
(M3.ha-1) 

1000-grain weight  
(g) 

Filled  
grain /spike 

Unfilled grains  
(%) 

Treatment 
0.29 b 0.63 b 14648.83 a 18.385 b 772 b 0.46 a Control 

0.36 a 0.77 a 14065.58 b 24.572 a 1047.50 a 0. 22 b Mycorrhiza 

0.38 a 0.81 a 14100.08 b 26.513 a 1083.17 a 0.19 b Salicylic acid 
0.065 0.14 192.83 3.44 139.41 0.09 LSD (P<0.05) 

Means in each column and for each factor followed by similar letter are not significant at 5% probability level using least significant difference test (LSD) 

multiple range. 
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Figure 3. Mean comparison of interaction effect of irrigation methods and growth inducers on (A) Main panicle 

length, (B) Number of tillers per plant and (C) Water consumption in rice CV. Masum. means followed by similar 

letter are not significant at 5% probability level using least significant difference test (LSD) multiple range. 
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