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ABSTRACT 
The field experiment on was conducted in the PSB farm Sriniketan, Birbhum during dry 

season of 2015 and 2016 to evaluate yield performance of aerobic rice cultivars under 

irrigation regimes and seed priming. The experiment was laid out in split-plot design with 

main plots consisting of irrigation regimes i.e. I75: Irrigation at 75% of CPE, I100: Irrigation at 

100% of CPE, I150: Irrigation at 150% of CPE. The sub plots consisting of variety (V) x seed 

priming (SP) i.e. V1xSP1: Pyari x Hydropriming, V1 x SP2: Pyari x Zinc sulphate @ 4.5g /kg 

seed, V2 xSP1: CR-Dhan 201 x Hydropriming, V2 x SP1: CR-Dhan 201 x Zinc sulphate @ 4.5g 

/kg seed, V3 xSP1: CR-Dhan 204 x Hydropriming, V3 x SP1: CR-Dhan 204 x Zinc sulphate @ 

4.5g /kg seed. Result showed that Irrigation regime at 100% of CPE  (I100) and irrigation 

regime at 150% of CPE (I150) exerted significant effect on increasing the growth attributes 

such as plant height, number of tillers m
-2

, leaf area index, dry matter accumulation in shoot 

and crop growth rate over irrigation regime at 75% of CPE  (I75). The highest grain and straw 

yield were produced when crop receiving irrigation regime at 150% of CPE (I150) and it was 

par with irrigation regime at 100% of CPE (I100). Both the irrigation regimes were significantly 

greater values of grain and straw yield as compared to irrigation regime at 75% of CPE (I75).  

The percentage increase in grain yieldwith I150 and I100 over I75 was 41.0 and 41.8, respectively. 

Cultivar V2 (CR-Dhan 201) and V3 (CR-Dhan 204) recorded higher values of  growth 

attributes such as plant height, number of tillers m
-2

, leaf area index, dry matter accumulation 

in shoot and crop growth rate over cultivar V1 (Pyari). The highest grain and straw yield was 

obtained with cultivar V2 (CR-Dhan 201) followed by V3 (CR-Dhan 204) and cultivar V1 

(Pyari). Crop receiving zinc sulphate primed seed exerted significant effect on increasing the 

growth attributes such as plant height, number of tillers m
-2

, leaf area index, dry matter 

accumulation in shoot and crop growth rate over non primed seed of aerobic rice. The highest 

grain and straw yield were produced when crop receiving zinc sulphate primed seed over non 

primed seed of aerobic rice.  
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INTRODUCTION 

Rice is the staple food for more than half of the world’s population. It constitutes the major economic 

activity and a key source of employment and income for the rural population. The traditional irrigated 

lowland rice production needs continuous flooding and high water inputs. The food security of Asia 

depends largely on the irrigated rice fields. But rice is a profligate user of water, consuming half of all 

developed fresh water resources. Rice production involves submerged conditions, with approximately 

5- to 10-cm deep standing water throughout the crop growth period. Increasing scarcity due to 

increasing demand for water from various sectors threatens the sustainability of irrigated rice 

production and system and hence the food security and livelihood of rice producers and consumers. In 

Asia, 17 million ha of irrigated rice areas may experience “physical water scarcity’’ and 22 million ha 

may have “economic water scarcity’’ by 2025 (Tuong and Bouman, 2001).  So, calls for development 

of novel technologies that can reduce water requirement without experiencing yield losses. Hence  

several strategies are being pursued to reduce rice water requirements, such as saturated soil culture 

(Borrel et al., 1997), alternate wetting and drying (Li, 2001 and Tabbal et al., 2002), ground cover 

systems (Lin et al., 2002), system of rice intensification (Stoop et al., 2002), aerobic rice (Bouman et 

al., 2002), and raised beds (Singh et al., 2002). Aerobic rice is a new term coined by the International 

Rice Research Institute (IRRI), for high-yielding rice grown under nonflooded conditions in 

nonpuddled and unsaturated (aerobic) soil, which is responsive to nutrient supply, can be rainfed or 

irrigated, and tolerates (occasional) flooding (Bouman and Tuong, 2001). This concept is mainly 
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targeted for irrigated lowlands, where water is not sufficient for rice cultivation and suitable uplands, 

where facilities for supplemental irrigation are available (Belder et al., 2005). Earlier experimental 

studies reported aerobic rice yields up to 6.5 t ha
–1

 with 40 to 60 per cent water savings (Castaneda et 

al., 2002; Belder et al., 2005; Bouman et al., 2005; Zhang et al., 2009). Rice crop under aerobic 

situation could be successfully raised with 700 to 900 mm of total water in summer and during 

monsoon season the water utilization can be further reduced. By adopting aerobic rice cultivation 

method, the water can be saved to the tune of 35 to 45 per cent. The ecology for aerobic rice type of 

rice is intermediate between upland and favourable shallow low lands.  CR Dhan 200 / Piyari, CR 

Dhan 201, CR Dhan 202 and CR Dhan 204 are suitable for aerobic rice cultivation, released from 

National Rice Research Institute, Cuttack.  

Zinc plays some very important physiological roles during seed germination and seedling 

development (Cakmak, 2008). It is essential in protein synthesis, nitrogen metabolism- uptake of 

nitrogen, photosynthesis, chlorophyll synthesis, carbon anhydrase activity, plant growth regulators 

like auxins and gene expression (Broadley et al., 2007; Cakmak, 2000).  Zinc deficiency in human 

population occurs mostly in regions where cultivated soils are low in plant available Zn and where 

cereal-based foods are the major source of daily caloric intake. Nutrient priming has been proposed as 

a novel technique that combines the positive effects of seed priming with an improved nutrient 

supply. Seed priming with Zn can improve crop emergence, stand establishment, and subsequent 

growth and yield. Higher seed Zn contents may better resist invasion of soil-borne pathogens during 

germination and seedling development thus ensuring good crop stands (Marschner, 1995) and 

ultimately better yield. Seed priming substantially improved mineral (Zn and P) uptake and dry matter 

accumulation in barley and also enhanced water use efficiency by 44% in drought stressed plants 

(Ajouri et al., 2004). 

 

MATERIALS AND METHODS 

 

A field experiment was conducted on aerobic rice during dryseason of 2015 and 2016 at the Institute 

of Agriculture, Visva-Bharati, Sriniketan, Birbhum (20
0
39

/
N latitude and 87

0
42

/
E longitude with an 

average altitude of 58.9 meters above mean sea level). The main plots consisting of irrigation regimes 

i.e. I75: Irrigation at 75% of CPE, I100: Irrigation at 100% of CPE, I150: Irrigation at 150% of CPE. The 

sub plots consisting of variety (V) x seed priming (SP) i.e. V1xSP1: Pyari x Hydropriming, V1 x SP2: 

Pyari x Zinc sulphate @ 4.5g /kg seed, V2 xSP1: CR-Dhan 201 x Hydropriming, V2 x SP1: CR-Dhan 

201 x Zinc sulphate @ 4.5g /kg seed, V3 xSP1: CR-Dhan 204 x Hydropriming, V3 x SP1: CR-Dhan 

204 x Zinc sulphate @ 4.5g /kg seed.  

The experimental site has sub-humid and semi-arid tropical type of climate. The normal onset period 

of monsoon is in the third week of June and received an annual rainfall of about 1190 mm of which 

about 80% is received during a short span of three month from mid-June to mid-September and the 

rest between Octobers to May. The total rainfall received during the crop growth period was 65.9 mm 

and 9.1 mm during 2015 and 2016, respectively. The experimental soil was sandy loam in texture, 

acidic in reaction (pH 6.19), medium in organic carbon (0.51%) and low in available nitrogen (139.0 

kg ha
-1

), medium in available phosphorus (11.8 kg ha
-1

), low in available potassium (160. kg ha
-1

) and 

low in available zinc (0.483 ppm).  

The sowing of rice seed was done on in furrows made by trench hoe at 25 cm solid row spacing. 

Seeds were manually sown (hand dibbled) in 2-3 cm depth within row and covered with soil. 

Thinning and gap filling was done at seedlings 20 days after sowing (DAS) so as to maintain optimum 

and uniform plant population in all the plots.  

Recommended dose of phosphorus and potash fertilizer were applied @ 50 kg P2O5 ha
-1 

and 50 kg 

K2O ha
-1 

by using fertilizers like single super phosphate and muriate of potash, respectively. Full dose 

of phosphorus and half dose of potash as basal were applied in the rows about 4-5 cm deep before 

seeding and remaining half dose of the potash was top dressed at 60 DAS. The nitrogen in the form of 

urea were top dressed in three splits i.e.; half dose of nitrogen at 20 DAS and remaining half dose of 

nitrogen was applied in two equal split each at 40 DAS and 60 DAS. 
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For hydro-priming, tap water was taken and for zinc priming, zinc sulphate heptahydrate @ 4.5 g kg
-1

 

of rice seed was taken. Seed weight to solution volume ratio was 1:1.5 (w/v). Seeds were soaked in 

respective solution or water for 18 h at 25±2°C. Thereafter seeds were removed, given three surface 

washing. Afterwards, primed seeds were allowed to dry back to their original moisture content under 

the shade for one day and in the sun for two days to asses for the seed quality parameters. Untreated 

seeds were used as control treatment. 

I100: Irrigation at 100 % of CPE means quantity of irrigation water to be applied equal to what amount 

of water actually evaporated (measured from USWB Open Pan Class A Evaporimeter) during the 

irrigation interval and the time of irrigation is decided by visible symptom i.e initiation of rolling of 

tip of first top leaves (Parthasarathi et al., 2012).  

I75: 75 per cent of I100 

I150: 150 per cent of I100 

Plant height of rice was measured at harvest from the base of the plant at ground surface to the tip of 

the tallest panicle using a standard meter scale and was expressed in cm. The samples comprising of 

above ground plant parts were taken form 15 cm row length from second row in each plot at 75 DAS. 

These samples were dried in oven at a temperature of 65-70°C till constant weights were obtained. 

Average weight was calculated and expressed as dry matter accumulation in g m
-2

. The number of 

panicles were counted from one m
2
 area selected randomly and mean value was computed. Again ten 

panicles were selected randomly for counting of filled grains. 

Harvesting was done manually with sickles after leaving the border area. Net plots were demarcated 

at first from the portion of the plot kept for recording grain yield. Plants from the demarcated net plot 

area were harvested, tied in bundles and taken to the threshing floor for drying and threshing. The 

harvested plants were dried for 3–4 days to bring down the moisture content to around 14 %. The 

weight of the harvested plants after sun drying and before threshing was recorded. After threshing, the 

seeds were cleaned and sundried and their weight was recorded. The yields in kg plot
-1

were converted 

to kg ha
-1

. The experimental data recorded for various parameters under study were subjected to 

statistically analysed ANOVA given by Gomez and Gomez (1984) to draw a valid conclusion.  The 

variation in the treatments mean was tested by using critical difference (CD) values at 5% level of 

significance.  

 

RESULTS  

Plant height 

Plant height is one of the important growth parameters of any crop plant which influenced the yield 

attributing characters. Plant height increased gradually towards maturity irrespective of the different 

irrigation regime, cultivar and seed priming during both the years under study (Table 1). On the basis 

of pooled data, the maximum plant height was recorded with irrigation regime at 150% of CPE (I150). 

On the basis of pooled data, cultivars had no significant effect on plant height during both of 

experiment. On the basis pooled data, the maximum plant height was recorded with zinc sulphate 

primed seed over non primed rice seed at 75 DAS.  

LAI 

The results revealed that leaf area index increased steadily with advanced of crop age(Table 1).The 

maximum leaf area index was recorded in the crop receiving I150 (1.65) over irrigation at I100 (1.55) 

and I75 (1.23). At 75 DAS, CR-Dhan 201 and CR-Dhan 204 recorded significantly higher leaf area 

index (1.56 and 1.54) over Piary (1.33) whereas CR-Dhan 201 was at par with CR-Dhan 204 in 

respect of leaf area index. On the basis pooled data, the maximum leaf area index was recorded with 

zinc sulphate primed seed (1.58) over non primed rice seed (1.38) at 75 DAS.  

 

Dry matter 

The results revealed that maximum dry matter accumulation of the shoot was recorded in the crop 

receiving irrigation regime I150 at 75 DAS (566.9 g m
-2

) over I100 (563.0 g m
-2

) and I75 (504.2 g m
-2

). 

On the basis of pooled data at 75 DAS, cultivar CR-Dhan 201 (V2) recorded the maximum dry matter 

accumulation (567.4 g m
-2

) over CR-Dhan 204 (542.4 g m
-2

) and Piary (524.3 g m
-2

). Rice seed 

priming with zinc sulphate had a significant effect on the dry matter accumulation m
-2

(Table 1).  
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Number of panicles m
-2 

The average number of panicles m
-2

 in the experiment ranging from 267 to 326 irrespective of the 

different irrigation regimes, cultivar and seed priming involved (Table 2). In respect to irrigation 

regime, the results showed that the number of panicles m
-2

 on aerobic rice was significantly 

influenced by different irrigation regime during the experiment. The maximum number of panicles m
-

2
 (319.7) was recorded with irrigation regime I150 followed by I100 (316.8) but there was no 

significance difference between I150 and I100.  The highest number of panicles m
-2 

(306.7) was recorded 

with CR Dhan 204 which was at par with CR Dhan 201(302.4) whereas Pyari was recorded 

significantly lower panicles (296.5) than CR Dhan 204 but it was at par with CR Dhan 201. Rice seed 

priming with zinc sulphate had a significant effect on number of panicles m
-2

. 

 

Table1: Effect of irrigation regimes, cultivars and seed priming on plant height, leaf area index 

and dry matter accumulation at 75 DAS of aerobic rice  

 

 Plant height(cm) LAI DMA(g m
-2

) 

Treatments 2015 2016 Pooled 2015 2016 Pooled 2015 2016 Pooled 

Irrigation regimes 

I1 33.8 35.3 34.6 1.20 1.27 1.23 501.5 506.7 504.2 

I2 39.5 40.7 40.1 1.57 1.53 1.55 559.2 566.7 563.0 

I3 41.5 42.6 42.0 1.65 1.64 1.65 563.2 570.6 566.9 

SEm (±) 0.8 0.6 0.5 0.04 0.03 0.02 7.2 7.2 4.6 

CD (p=0.05) 2.5 1.8 1.4 0.13 0.08 0.07 21.9 21.9 14.5 

CV (%) 9.0 6.5 7.0 12.7 7.3 9.4 5.7 5.6 5.0 

Cultivars 

V1 37.1 38.8 38.0 1.32 1.33 1.33 520.9 527.5 524.3 

V2 39.5 40.2 39.9 1.57 1.56 1.56 563.9 570.7 567.4 

V3 38.2 39.5 38.9 1.53 1.55 1.54 539.0 545.7 542.4 

SEm (±) 0.8 0.8 0.6 0.08 0.07 0.05 3.6 3.6 2.6 

CD (p=0.05 NS NS NS NS 0.21 0.15 10.8 10.8 NS 

CV (%) 9.1 8.9 9.0 23.1 19.6 21.4 2.8 2.8 2.8 

Seed priming 

SP1 35.0 36.6 40.1 1.36 1.39 1.38 528.7 535.2 532.0 

SP2 41.6 42.5 42.0 1.59 1.57 1.58 553.8 560.8 557.3 

SEm (±) 0.8 0.8 0.5 0.08 0.07 0.04 3.6 3.6 2.1 

CD (p=0.05) 2.4 2.5 1.4 0.24 0.20 0.15 10.7 10.7 7.2 

CV (%) 9.1 8.9 7.0 23.1 19.6 21.4 2.8 2.8 2.8 

 

 

Number of filled grains panicle
-1 

The number of filled grains panicle
-1

 in the experiment ranging from 70.7 to 87.5 irrespective of the 

different irrigation regimes, cultivar and seed priming involved (Table 2). In respect to irrigation 

regime, the results showed that the number of filled grains panicle
-1

 on aerobic rice was significantly 

influenced by different irrigation regime during the experiment.  The maximum number of filled 

grains panicle
-1 

(86.0) was recorded with irrigation regime I150 followed by I100 (83.7). The highest 

number of filled grains panicle
-1 

(83.6) was recorded with CR Dhan 204 which was at par with CR 

Dhan 201(81.0) whereas Pyari was recorded significantly lowestnumber of filled grains panicle
-1

 

(76.6) than CR Dhan 204 but it was at par with CR Dhan 201. Rice seed priming with zinc sulphate 

had a significant effect on number of filled grains panicle
-1

. 

 

Grain yield (kg ha
-1

) 

In respect to irrigation regimes, the results indicated that grain yield on aerobic rice was significantly 

influenced by different irrigation during the experiment (Table 2). The highest grain yield (4689 kg 

ha
-1

) was recorded with I100 which was at par with I150 (4662 kg ha
-1

) and the lowest grain yield (3306 
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kg ha
-1

) was recorded with I75.  The highest grain yield (4611 kg ha
-1

) was recorded with CR Dhan 

201 but it was at par with CR Dhan 204 (4287 kg ha
-1

) and Pyari (3759 kg ha
-1

). The maximum grain 

yieldwas recorded with zinc sulphate primed seed (4483 kg ha
-1

) over non primed rice seed (3955kg 

ha
-1

).  

 

Table2:Effect of irrigation regimes, cultivars and seed priming on number of panicles, number 

of filled grains per panicle and grain yield of aerobic rice  

 

 No. of panicles m
-2

 No. of filled 

grainspanicle
-1

 

Grain yield (kg ha
-1

) 

Treatments 2015 2016 Pooled 2015 2016 Pooled 2015 2016 Pooled 

Irrigation regimes 

I1 267.5 270.7 269.1 70.7 72.2 71.5 3225 3386 3306 

I2 312.7 320.9 316.8 82.9 84.6 83.7 4487 4891 4689 

I3 313.1 326.3 319.7 84.5 87.5 86.0 4504 4820 4662 

SEm (±) 3.5 4.0 2.5 1.3 1.3 0.9 94 99 61 

CD (p=0.05) 10.7 12.2 8.0 4.1 3.9 2.7 282 297 192 

CV (%) 5.1 5.6 5.0 7.2 6.7 6.4 9.7 9.6 8.6 

Cultivars 

V1 292.8 300.2 296.5 75.6 77.6 76.6 3627 3891 3759 

V2 297.2 307.6 302.4 79.8 82.2 81.0 4451 4771 4611 

V3 303.3 310.2 306.7 82.7 84.5 83.6 4138 4435 4287 

SEm (±) 2.6 2.8 1.9 1.9 1.8 1.3 88 94 64 

CD (p=0.05 8.0 8.5 NS 5.6 5.5 NS 266 283 NS 

CV (%) 3.8 3.9 3.8 9.9 9.6 9.8 9.2 9.1 9.2 

Seed priming 

SP1 292.0 301.2 296.6 77.0 78.7 77.8 3817 4092 3955 

SP2 303.5 310.8 307.1 81.8 84.2 83.0 4327 4639 4483 

SEm (±) 2.6 2.8 1.6 1.8 1.8 1.1 88 94 53 

CD (p=0.05) 7.8 8.4 5.5 5.5 5.5 3.7 262 279 182 

CV (%) 3.8 3.9 3.8 9.9 9.6 9.8 9.2 9.1 9.2 

 

 

DISCUSSION 

The reduction in plant height at 75% of CPE (I75) irrigation could be due to decline in cell turgor that 

causes reduction in cell enlargement (Nayak et al., 2015). The reduction in plant height due to water 

scarcity resulted in low leaf water potentials and reductions in photosynthesis; photosynthetic activity 

declines because of decreased stomatal opening and the inhibition of chloroplast activity; this reduced 

the length of the internodes. The results are in conformity with the findings of Shekara et al. (2011); 

Nayak (2015) and Duary (2017). Irrigation at 100% of CPE and at 150% of CPE recorded higher dry 

matter accumulation. It might be due to effective uptake of water and nutrients with increase in 

amount of irrigation resulting in increasing the growth of plants coupled with possible reduction in 

transpiration rate and CO2 exchange resulted in increased production of photosynthates and their 

translocation to sink (Shekara and Sharanappa, 2010). This was in accordance with the findings of 

Maheswari et al. (2008) and Shekara et al. (2010). Lower dry matter might be due to lower production 

of tillering and plant height with irrigation at 75% of CPE (Duary, 2017). Among the tested cultivars, 

CR-Dhan 201 recorded the maximum plant height, leaf area index and dry matter production and crop 

growth almost throughout the growing period over other two cultivars. The increase in plant height 

with CR-Dhan 201 might be due to higher root proliferation which helps to uptake more nutrients 

particularly nitrogen from the soil. The usefulness of N on the growth attributes like plant height, leaf 

area and dry matter production of rice was also observed by Singh et al. (2006) and Nayak (2015). 

The higher plant height might be due to early establishment of aerobic rice. Ogbuehi et al. (2013) also 

reported that hydro priming had a positive effect on the plant height. Increase in plant height (Table 1) 
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might be attributed to internodal distance as reported by Kaya and Higgs (2002) with Zn application. 

The greater leaf area index (LAI) may attribute to significant increase in leaf expansion due to good 

germination and dry matter production of plants as affected by priming. Afzal et al. (2013) also 

reported that the leaf area index (LAI) was increased in maize by seed priming with Zn solution.  

Irrigation at I100 and I150 recorded higher number of panicles m
-2

, this might be due to high moisture 

management which promoted higher number of tillers m
-2

, dry matter production and nutrient uptake. 

This was in accordance with findings of Shekara et al. (2010) and Balamani et al. (2012). The higher 

number of filled grains panicle
-1

 with irrigation regime at I100 and I150  and this might has enhanced the 

supply of photosynthates from source to sink. The present findings are in close association with 

Shekara et al. (2010); Murthy and Reddy (2013) and Duary (2017). The higher grain yield of aerobic 

rice might be associated with increase in growth characteristics viz., plant height, LAI, dry matter 

production, number of panicles m
-2

 and filled grain panicle
-1

 was observed under higher irrigation 

regime i.e at I100 and I150. This might be due to favourable situation for efficient water and nutrients 

uptake which boost their growth and yield attributes through supply of more photosynthates towards 

the reproductive sink. This result was in corroborates with the findings of Maheswari et al. (2008); 

Sekhara et al. (2010); Mandal et al. (2013) and Duary (2017). Reduction of grain yield under 

irrigation  regime at 75% of CPE could be due to the significant reduction in photo synthetic rate 

resulting in reduced production of assimilates for growth of panicles and filling of rice grains; 

ultimately paddy yield was drastically decreased. This result was in corroborates with the finding of 

Sudhir et al. (2011). Among the tested aerobic rice cultivars, CR-Dhan 201 recorded higher yield 

attributing characters like number of panicle m
-2

 and number of filled grains panicle
-1

. The higher 

grain yield of aerobic rice with zinc sulphate primed rice seed might be due to increase in growth 

attributes which enhanced number of panicles and filled grains. This result is in line with the finding 

of Dey et al. (2014). The effect of seed priming on grain yield and its components is evidenced in the 

better and faster seedling establishment, earlier maturity that allow some escape from terminal 

drought and heat stress (Musa et al., 2001).  

 

CONCLUSION 

From the present investigations, it may be concluded that cultivar CR Dhan 201 needs to be irrigated 

at 100% of CPE and seed priming with zinc sulphate may be recommended for higher grain yield, 

water productivity and profitability on sandy loam soils of West Bengal under aerobic condition. 
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