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ABSTRACT 

A field experiment was conducted at the Instructional farm of the College of Agriculture, 

Chiplima, Sambalpur, Odisha during the kharif season of 2012 and 2013 to investigate the 

effect of nursery management on seedling vigour and post flood survival of rice (Oryza sativa 

L.) under submergence. The experiment was laid out in a split-plot design having sixteen 

treatment combinations  with four levels of nutrient management viz. the farmers’ practice of 

25 kg N, recommended dose of nitrogen at 80 kg, 75% of the recommended N at 60 kg and 

125% of recommended dose of N at 100 kg N ha
-1

with 40 kg each of P2O5 and K2O ha
-1

in 

main plots and the combination of two levels of seeding density (40 and 60 g m
-2

) in nursery 

and two ages of seedling at transplanting (30 and 40 days) in sub plots with three replications. 

Twenty five kg of N was applied through FYM at 5 t ha
-1 

in all the nutrient management 

treatments including the farmers’ practice. The test variety in the experiment was ‘Swarna 

sub1’. From the experimental findings it revealed that application of N:P2O5:K2O at 100:40:40 

kg ha
-1 

in the rice nursery produced the highest dry matter production, root and shoot length 

and leaf area seedling
-1

 in nursery and  was comparable with application of N:P2O5:K2O at 

80:40:40 kg ha
-1

 (25 kg N ha
-1

 from FYM at 5 t ha
-1

). The lower seeding density of 40 g m
-2

 

and seedlings of 40 days old registered significantly higher dry matter production, shoot 

length and leaf area seedling
-1

 in nursery than the higher seeding density of 60 g m
-2

 and 

seedlings of 30 days old respectively. The highest survival of plants after de submergence in 

the main field was recorded with application of N:P2O5:K2O at 80:40:40 kg ha
-1

 (25 kg N ha
-1

 

from FYM at 5 t ha
-1

) which was significantly higher than all other nutrient treatments. The 

lower seeding density of 40 g m
-2

 and seedlings of 40 days registered significantly higher post 

flood survival % than the higher seeding density of 60 g m
-2

 and seedlings of 30 days old, 

respectively in both the years as well as in pooled over years. 

Key words: Age of seedling, nursery management, nutrient management, rice, seeding 

density, submergence, survival. 

 

INTRODUCTION 

Nearly 12 million ha rice area in India are flood prone during the kharif season, both in rainfed and 

irrigated ecosystem and half of this area gets flooded almost every year. Flash flooding or 

submergence is more serious if it occurs early, starting from the germination stage when the crop is 

directly seeded. Most of the high yielding rice varieties do not have tolerance to continuous 

submergence for more than 4-5 days, and a longer period of submergence causes serious crop loss. 

However, submergence-tolerant rice contains the submergence 1 (SUB1) gene that allows it to survive 

10–14 days of complete submergence and to renew growth when the water subsides. The availability 

of tolerant varieties provide more opportunity for developing and validating proper management 

options for flood prone condition which could further boost and stabilize the productivity of these 
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varieties (Ram et al., 2009). Post flood survival and subsequent plant establishment are major 

challenges in flood prone areas, which many often depend upon the seedling vigour at the time of 

transplanting. Therefore proper nursery management will enhance the survival and yield of 

submergence tolerant rice after submergence in the field. Practices such as balanced nutrition, 

optimum seeding density in the nursery, proper seedling age and careful handling at transplanting 

have been reported to mitigate the adverse effects of floods and other abiotic stresses following 

transplanting (Ram et al., 2009; Bhowmick et al., 2014; Sarangi et al., 2015). With these background 

comprehensive field experiments were carried out in the experimental site of College of Agriculture, 

Chiplima, Samabalpur, Odisha to study the effect of nutrient management, age of seedling and 

seeding density in nursery on performance of the Swarna sub1 variety of rice under submergence 

situation during kharif 2012 and 2013.  

 

MATERIALS AND METHODS 

Field experiments were carried out in the experimental site of College of Agriculture, Chiplima, 

Samabalpur, Odisha. The field experiments comprising of  four nutrient management treatments such 

as farmers’ practice of 25 kg N ha
-1

 with no P2O5 and K2O (N1), N:P2O5:K2O at80:40:40 kg ha
-1

 (N2), 

N:P2O5:K2O at60:40:40 kg ha
-1

 (N3), N:P2O5:K2O at 100:40:40  kg ha
-1

 (N4)  allotted in the main plot 

and the combinations of seeding density in nursery and age of seedling at transplanting each at two 

levels in sub-plot were conducted in a split-plot design with three replications. Four sub plot 

treatments were the combinations of 40 g m
-2

 seeding density (D1); 60 g m
-2

 seeding density (D2); 

transplanting of 30 days old seedling (T1) and transplanting of 40 days old seedling (T2). In each 

nutrient management treatment 25 kg N through 5 t ha
-1

 of FYM was applied including in the farmers’ 

practice and remaining N along with full P and K were applied through chemical fertilizer. The 

experimental site is situated in the sub-humid subtropical region with average annual rainfall of 1400 

mm, concentrated mostly in the months of June to October. The geographical position of the 

experimental plot is 20
o 

21' N latitude and 80
o 

85' E longitude with an altitude of 155 m above mean 

sea level. The soil at the experimental site was of loamy sand type. Field experiments were carried out 

on rice crop of cultivar Swarna sub1, which is a high yielding,  lodging resistant and medium duration 

(145 days) variety developed by IRRI. Field experiments for the rice crop were designed as per split 

plot design with three replications for each treatment. The experimental area was divided into 48 plots 

of 5 m  4 m each for the field experiment. The size of the nursery plots were 2 m
2
. Experiment was 

conducted in the kharif (wet) season during the years 2012 and 2013 in order to evaluate the effect of 

nutrient management, age of seedling and seed density in nursery on performance of the crop under 

submergence situation. The crop was completely submerged for 15 days from 10
th
 day after 

transplanting. Data on the dry weight of seedling was recorded at 10, 20 days after sowing and at 

transplanting, whereas the shoot and root length and leaf area seedling
-1

 at transplanting were 

recorded and presented in the table. Survival % of the plant was recorded at 7 days after de-

submergence.  

RESULTS AND DISCUSSION 

Dry matter accumulation of rice seedling in nursery 

Application of nitrogen at 100 kg ha
-1

 (N4) in rice nursery registered significantly higher dry matter 

accumulation seedling
-1

 at 10 DAS than the farmers’ practice of 25 kg N (N1) in both the years and 

when pooled over the years. All other main plot treatments were statistically at par with N4 in both the 

years but significantly lower than N4 when pooled over the years (Table 1).  
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Table 1. Dry matter accumulation of rice seedling in nursery as influenced by nursery 

management 

Treatments  Dry matter accumulation (g plant
-1

) 

10 DAS 20 DAS At transplanting 

2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled 

Nutrient Management (N) 
N1 0.056 0.056 0.056 0.274 0.283 0.279 0.797 0.781 0.789 

N2  0.068 0.065 0.067 0.336 0.344 0.340 1.142 1.107 1.125 

N3 0.063 0.065 0.064 0.313 0.322 0.317 0.934 0.907 0.921 

N4 0.071 0.070 0.071 0.347 0.358 0.352 1.193 1.157 1.175 

S.Em.(±) 0.003 0.002 0.001 0.007 0.009 0.004 0.035 0.031 0.017 

LSD 

(P=0.05) 0.010 0.007 0.004 0.025 0.032 0.013 0.120 0.108 0.052 

Seeding density (D) 
          

D1 0.067 0.066 0.066 0.323 0.333 0.328 1.070 1.040 1.055 

D2 0.063 0.062 0.062 0.312 0.320 0.316 0.963 0.936 0.950 

S.Em.(±) 0.001 0.001 0.001 0.004 0.006 0.004 0.020 0.015 0.012 

LSD(P=0.05) 0.003 0.004 0.002 0.011 NS 0.010 0.058 0.045 0.035 

Age of seedling (T) 
T1 0.043 0.045 0.044 0.208 0.216 0.212 0.874 0.850 0.862 

T2 0.086 0.083 0.085 0.427 0.438 0.432 1.160 1.126 1.143 

S.Em.(±) 0.001 0.001 0.001 0.004 0.006 0.004 0.020 0.015 0.012 

LSD 

(P=0.05) 0.003 0.004 0.002 0.011 0.019 0.010 0.058 0.045 0.035 

However, as the growth progressed, the data recorded at 20 DAS and at transplanting showed that the 

main plot treatments receiving 100 kg N ha
-1

 (N4) produced higher dry matter at 20 DAS and at 

transplanting in both the years as well as in pooled data which was significantly higher than all other 

main plot treatments except the treatment receiving the recommended dose of nutrient (N2). 

Application of higher dose of nitrogen in the nursery increased the nitrogen availability and uptake by 

the seedlings which in turn increased the production of photosynthates and also the dry matter 

accumulation. Panda et al. (1991) also indicated the higher dry matter accumulation with application 

of 100 kg N ha
-1

 in the nursery as compared to other lower levels of nitrogen. 

Among the sub plot treatments lower seeding density (D1) of 40 g m
-2

 recorded significantly higher 

dry matter accumulation than the higher seeding density of 60 g m
-2

 (D2) irrespective of growth stages 

and years except at 20 DAS in the year 2013.  The same trend was also noticed in pooled data. Age of 

seedling also played an important role in dry matter accumulation of rice seedlings.  The seedlings of 

40 days gained significantly higher dry matter at 10 DAS than the seedlings of 30 days both in year 

2012 and 2013 and also in pooled over the years.  Similar findings were observed at 20 DAS and at 

transplanting also. This was simply because of earlier sowing and spending more time in nursery by 

the older seedlings as a result they are capable of exploiting the benefits of FYM. Similar results were 

also reported by Pervin et al. (2010). 

Root length of rice seedling at transplanting  

The nitrogen levels in nursery influenced seedling root length significantly in both the years and also 

in pooled over the years (Table 2).  The root length was the lowest in farmers’ practice of 25 kg N 

through FYM @ 5 t ha
-1

 and increased with increase in nitrogen levels and was the highest at 100 kg 

N ha
-1

 (N4) in both the years and also in pooled data.  The treatment receiving 80 kg N ha
-1

 was the 

second in order and was at par with 100 kg N (N4) in 2012, 2013 and in pooled data. Application of 
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higher doses of nitrogen might have increased the nitrogen uptake, which enhanced the meristematic 

activity and cell division leading to production of more root length. This was in agreement with the 

findings of Lal and Roy (1996). 

In the sub plots, the seeding density and age of seedling did not have significant influence on the root 

length in both the years as well as in pooled data.  However seeding density of 40 g m
-2

 was always 

superior to seeding density of 60 g m
-2

. Similarly seedlings of 40 days (T2) produced more root length 

as compared to seedlings of 30 days (T1) in the year 2012.  Similar findings were observed in the year 

2013 and in pooled data also. This might be due to the fact that in lower seeding density, the evenly 

distributed and wider spaced seedlings were capable of absorbing more quantity of nutrient, water and 

other growth factors leading to more vigorous growth, ultimately the higher root length. This result 

corroborated the findings of Lal and Roy (1996). 

Shoot length of rice seedling at transplanting  

Application of nitrogen at all levels in the main plots  registered higher shoot length than farmers’ 

practice of 25 kg N through FYM @ 5 t ha
-1 

(N1) (Table 2). The highest shoot length was recorded at 

100 kg N ha
-1

, which was statistically at par with 80 kg N ha
-1

 (N2) in the year 2012 and 2013.  The 

pooled data indicated that the shoot length produced with application of 100 kg N ha
-1

 was 

significantly higher than all other main plot treatments. Similar findings were observed by Bhowmick 

et al. (2014). 

Among the sub plot treatments, the seeding density in nursery did not have significant influence on 

shoot length in the first year.  However, it affected significantly in the second year and also in pooled 

over the years.  Lower seeding density of 40 g m
-2

 (D1) registered higher shoot length than the higher 

seeding density of 60 g m
-2

 (D2) in both the years and also in pooled over the years.  However, the 

difference in shoot length was statistically significant in the year 2013 and in pooled data.  

Table 2. Root and shoot length and leaf area of seedling at transplanting as influenced by 

nursery management 

Treatments Root length(cm) Shoot length(cm) Leaf area( cm
2
 seedling

-1
) 

 2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled 

Nutrient Management (N) 

N1 8.0 7.8 7.9 27.7 26.7 27.2 19.9 18.9 19.4 

N2  10.7 10.2 10.5 29.8 28.8 29.3 23.9 23.0 23.4 

N3 9.7 9.4 9.6 29.0 28.0 28.5 21.2 20.2 20.7 

N4 11.0 10.6 10.8 31.3 30.1 30.7 24.7 23.4 24.0 

S.Em.(±) 0.38 0.37 0.19 0.66 0.61 0.33 0.86 0.78 0.42 

LSD 

(P=0.05) 1.30 1.28 0.59 2.30 2.10 1.01 2.96 2.71 1.28 

Seed density (D) 

D1 10.1 9.7 9.9 30.0 29.0 29.5 23.5 22.4 22.9 

D2 9.6 9.3 9.5 29.0 27.8 28.4 21.4 20.3 20.8 

S.Em.(±) 0.24 0.24 0.17 0.43 0.39 0.27 0.22 0.33 0.16 

LSD 

(P=0.05) NS NS NS NS 1.13 0.76 0.63 0.95 0.47 

Age of seedling (T) 

T1 9.8 9.3 9.5 28.6 27.5 28.1 21.6 20.6 21.1 

T2 10.0 9.6 9.8 30.4 29.3 29.8 23.2 22.2 22.7 

S.Em.(±) 0.24 0.24 0.17 0.43 0.39 0.27 0.22 0.33 0.16 

LSD 

(P=0.05) NS NS NS 1.24 1.13 0.76 0.63 0.95 0.47 
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The older seedling of 40 days (T2) produced significantly higher shoot length as compared to younger 

seedlings of 30 days (T1) in both the years as well as in pooled over the years. The older seedlings 

remained for more time in the field and might had absorbed more nutrients from the FYM as 

compared to younger seedlings because of the slower and late availability of nutrients from the 

organic matter. This confirmed the findings of Pervin et al. (2010). 

Leaf area of rice seedling
-1

 at transplanting  

Leaf area seedling
-1

 was the highest with application of 100 kg N ha
-1

 in the main plot which was 

significantly higher than all other main plot treatments except the treatment receiving 80 kg N ha
-1

 

(N2) in the first year.  Similar trends were noticed in the 2
nd

 year and also in pooled data. The 

beneficial effect of higher doses of nitrogen in recording higher leaf area could be attributed to the 

greater availability of N, thereby inducing production of more soft tissues of leaves leading to their 

elongation. This result corroborated the findings of Lal and Roy (1996). 

Seeding densities affected leaf area significantly irrespective of the year of study and pooled over the 

years.  It was indicated that lower seeding density of 40 g m
-2

 (D1) recorded significantly higher leaf 

area than the higher seeding density of 60 g m
-2

 (D2) in both the years and in pooled data. Age of 

seedling at transplanting also had significant impact on leaf area of rice in both the years and also in 

pooled data.  Older seedlings of 40 days (T2) appeared to be beneficial in recording significantly 

higher leaf area than the younger seedlings of 30 days (T1) during both the years and pooled over the 

years. Older seedlings were capable of exploiting the benefits of FYM because of earlier sowing and 

spending more time in nursery. These results confirmed the findings of Lal and Roy (1996) and 

Sarangi et al. (2015). 

Post flood survival  

The post flood survival per cent varied significantly with different levels of nitrogen application in 

nursery in both the years as well as in pooled over the years (Table 3). The farmers’ practice of 25 kg 

N through FYM alone at 5 t ha
-1 

recorded significantly lower survival than that of the treatments 

which received nitrogen at different levels (N2, N3 and N4). During the first year the survival was the 

highest with application of 80 kg N ha
-1

 which was significantly higher than that of all other nutrient 

treatments except 60 kg N ha
-1

. But in the year 2013, the survival rate with application of 80 kg N was 

at par with 100 kg N.  Whereas in pooled data, application of 80 kg N a
-1 

recorded significantly higher 

survival than that of all other nutrient treatments. It was interesting to note that the survival % 

decreased both at lower level of nitrogen i.e. 60 kg ha
-1

 (N3) and at higher level of nitrogen i.e. at 100 

kg ha
-1 

(N4). This was because of combined application of balanced chemical fertilizers along with 

FYM supplied the nutrient to the rice seedlings in a balanced and sustained manner which increased 

seedling vigour in the form of root and shoot length and leaf area at transplanting and higher dry 

matter production. These robust seedlings were capable of sustaining the ravages of flood due to more 

carbohydrate content at the time of flooding and also having quick regeneration ability as explained 

by Bhowmick et al. (2014).    

The lower seeding density of 40 g m
-2 

(D1) and seedlings of 40 days old (T2) registered significantly 

higher survival % than the higher seeding density of 60 g m
-2 

(D2) and seedlings of 30 days old (T1), 

respectively in both the years as well as in pooled over the years Availability of wider space and 

greater accessibility to the growth factors with lower seeding density might have facilitated in the 

production of healthy and robust seedling. Similarly, the older plants having more matured tissue and 

sachharides content survived under submergence avoiding the damage from flood (Ram et al., 2009). 
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Table 3. Effect of nutrient management in the nursery, seeding density & age of seedling on post 

flood survival of Swarna sub1 variety of rice 

Treatments 
Survival % 

2012 2013 Pooled 

Nutrient Management (N) 

N1 9.116 (83.6)* 9.10 (82.5) 9.136 (83.0) 

N2  9.782 (95.2) 9.724 (94.1) 9.753 (94.6) 

N3 9.536 (90.5) 9.472 (89.2) 9.504 (89.9) 

N4 9.459 (89.0) 9.605 (91.8) 9.532 (90.4) 

S. Em (±) 0.074 0.056 0.035 

LSD (P=0.05) 0.255 0.195 0.108 

Seeding density (D) 

 

D1 9.562 (91.0)  9.555 (90.9)  9.558 (90.9)  

D2 9.409 (88.1)  9.398 (87.9)  9.404 (88.0)  

S. Em (±) 0.036 0.029 0.023 

LSD (P=0.05) 0.104 0.086 0.066 

Age of seedling at transplanting (T) 

 

T1 9.402 (88.0)  9.392 (87.8)  9.397 (87.9)  

T2 9.569 (91.2)  9.561 (91.0)  9.565 (91.9)  

S. Em (±) 0.036 0.029 0.023 

LSD (P=0.05) 0.104 0.086 0.066 

*- Figures in the parenthesis shows the original value and the data were transformed to Square root of 

(X + 0.5) 

CONCLUSION  

Application of N:P2O5:K2O at 80:40:40 kg ha
-1

 (25 kg N ha
-1

 from FYM at 5 t ha
-1

) in  nursery along 

with the seeding density of 40 g m
-2

  and transplanting of 40 days old seedlings may be recommended 

for the higher dry matter production, root and shoot length and leaf area seedling
-1

 in nursery and 

higher post flood survival under flash flood condition. 
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