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Abstract   A field experiment was conducted at

Hyderabad during kharif 2014 to study the water man-

agement for different methods of rice (Oryza sativa

L.) cultivation in puddled soils. The treatments were

direct seeding with drum seeder (DS), transplanting

with machine (MTP) and conventional transplanting

(CTP) as main treatments and four irrigation regimes

(irrigation of 5 cm, when water level falls below 5 cm

from soil surface in field water tube, irrigation of 5 cm,

when water level falls below 10 cm from soil surface in

field water tube, irrigation of 5 cm at 3 days after dis-

appearance of ponded water and recommended sub-

mergence of 2–5 cm water level as per crop stage).

Significantly higher (20%) number of panicles were

recorded by machine transplanting as compared to

drum seeding and was on par with conventional trans-

planting. Different rice cultivation methods did not

show significant influence on panicle length, filled

and unfilled grains panicle–1 and test weight. MTP

recorded significantly higher grain and straw (6088

and 6954 kg ha–1, respectively) yields over DS method

(5308 and 6295 kg ha–1, respectively) and was on par

with CTP method (5926 and 6886 kg h–1, respectively).

Among different irrigatiopn regimes recommended

submergence of 2–5 cm water level (I
4
) recorded sig-

nificantly higher grain and straw yield (6148 and 7039

kg ha–1, respectively). Machine transplanting recorded

significantly higher gross returns (Rs 82,880  ha–1),

net refurns (Rs 50,035 ha–1), and B : C (2.54) ratio over

CTP and DS. However, CTP (Rs 44,088 ha–1)  was

found on par with MTP in terms of recording net re-

turns. Among different irrigation regimes significantly

higher filled grains (306) panicle–1 and panicle weight

were recorded with recommended submergence of 2–

5 cm water level as per crop stage than irrigation of 5

cm submergence with 10 cm drop of water level in the

field tube and was on par with irrigation of at 5 cm,

when water level falls below 5 cm from soil surface in

field water tube and irrigation of 5 cm at 3 DADPW.

Higher gross returns (Rs 83706 ha–1) were obtained

with recommended submergence of  2–5 cm water

level  and net  returns (Rs 47245 ha–1) and B:C (2.48)

ratio was significantly higher with irrigation of 5 cm at
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3 DADPW than recommended submergence and was

on par with irrigation of 5 cm when  water falls below

5 cm form soil surface in field water tube (Rs 44986

ha–1).

Keywords   Different methods of rice cultivation, Yield

attributes, Yield, Economics.

Introduction

Rice (Oryza sativa L.) is the most important staple

food crop for more than half of the world population,

including regions of high population density and rapid

growth. Transplanting is the most dominant and tra-

ditional method of establishment in irrigated low land

rice. The area under transplanted rice in world is de-

creasing due to scarcity of water and labor. So, there

is need to search for alternate crop establishment

methods to increase the productivity of rice [1]. Un-

der such circumstances the mechanical transplanting

of rice has been considered most promising option,

as it saves labor, ensures timely transplanting and

attains optimum plant density that contributes to high

productivity. The water use efficiency of rice is much

lower than other crops. On an average, more than

5000 liters of water are used to produce on kilogram

of rice. In irrigated wet seeded rice culture, water use

efficiency on the farm can be increased by applying

only the amount of water needed. Among the differ-

ent methods of water-saving irrigation, the most

widely adopted is alternate wetting and drying AWD

irrigation method [2].

Materials and Methods

A field experiment was conducted during kharif 2014

at Rajendranaga, (17o32´ N 78o40´ E and 542.6 m above

mean sea level) Hyderabad, Telangana. The experi-

mental field was sandy loam in texture with a pH of 8.5

and EC of 0.56 dS m–1, low in organic carbon (0.41%)

and available nitrogen (166 kg ha–1), high in available

phosphorus (82 kg ha–1) and potassium (361 kg ha–1).

The experiment was laid out in strip-plot design with

three different rice cultivation methods as main plot

treatments viz., Direct seeding with drum seeder (DS)

(M
1
), Transplanting with machine (MTP) (M

2
) Con-

ventional transplanting (CTP) (M
3
) and four treat-

ments as sub-plot treatments viz., Alternate wetting

and drying (AWD) of 5 cm, when water level falls

below 5 cm from soil surface in field water tube (I
1
),

AWD of 5 cm, when water level falls below 10 cm from

soil surface in field water tube (I
2
),  irrigation of 5 cm

at 3 days after disappearance of ponded water

(DADPW) (I
3
) and recommended submergence (RS)

of 2–5 cm water level as per crop stage (I
4
). Each indi-

vidual plot was separated with  providing buffer chan-

nels for proper maintenance of the treatments. The

irrigation water measured with the help of water meter.

In different rice cultivation systems sprouted

seeds were sown with manually operated rice drum

seeder. It drops the seeds at 20 cm apart in continu-

ous row. In conventional transplanting 25 days old

rice seedlings were transplanted, with 2 seedlings per

hill–1 with spacing of 15 cm × 15 cm and machine trans-

planting 17 days oild rice seedlings raised separate in

trays were transplanted, Kobota (NSP-4W) at 30 cm ×

12 cm spacing. The crop was fertilized with 120 kg N,

60 kg P
2
O

5
 and 40 kg K

2
O ha–1.

Results and Discussion

Yield attributes

Number of panicles (m–2)

Different rice cultivation methods and irrigation re-

gimes had significant influence on number of panicles

m–2 (Table 1). The data on panicles m–2 of various

treatments indicated that among the cultivation sys-

tems machine transplanting recorded significantly

higher (20%) number of panicles (290 m–2) as com-

pared to drum seeding (241 m–2) and was on par with

conventional line transplanting (278 m–2). The increase

in panicles m–2 with machine transplanting (MTP) and

conventional transplanting was mainly due to opti-

mum plant population and plant geometry that re-

sulted in even distribution of light, moisture and nu-

trients among rice plants in unit area leading to mani-

festation of ideal growth and yield attributes. These

results are in agreement with findings of Singh et al.

[3]. Drum seeding method produced significantly less

number of panicles (241 m–2) over other methods of
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Table 1. Yield attributes of rice as influenced by different systems of cultivation and irrigation regimes.

                                                                                                                                                                              1000

                                                                                 Number of   Panicle       Fielld        Un filled       Panicle        grain

                                                                                   panicles      length        grains          grains         weight        weight

     Treatments                                                                m–2          (cm)         panicle–1     panicle–1         (g)              (g)

Main plots - systems of cultivation (M)

M
1
- Direct seeding with drum seeder (DS) 241 23.4 276 29 2.8 11.7

M
2
- Transplanting with machine (MTP) 290 23.5 287 29 2.8 11.8

M
3
- Conventional transplanting (CTP) 278 23.8 300 27 2.8 11.5

SEm ±   5  0.2   9  1 0.1  0.2

CD (p=0.05)  21  NS  NS NS NS  NS

Sub plot - Irrigation regimes (I)

I
1
- Irrigation of 5 cm, when water level falls below 288 24.2 300 28 2.8 11.5

     5 cm from soil surface in field water tube (AWDI)

I
2
- Irrigation of 5 cm, when water level falls below 217 22.9 262 33 2.5 11.9

    10 cm from soil surface in field water tube (AWDI)

I
3
- Irrigation of 5 cm at 3 days after disappearance 270 23.6 284 29 2.9 11.8

     of ponded water (DADPW)

I
4
- Recommended submergence (RS) of 2–5 cm 304 23.6 306 23 3.1 11.5

    water level as per crop stage

SEm ±   6  0.3   6  1 0.1  0.2

CD (p=0.05)  22  NS  22  3 0.2  NS

Interaction of different systems of cultivation and irrigation regimes

Irrigation regimes at same level of systems of cultivation

SEm ± 13.6  0.4  18 2.0 0.2 0.3

CD (p=0.05)   NS  NS  NS  NS  NS  NS

Different systems of cultivation at same level of irrigation regimes

SEm ±  16  0.5  20 2.4 0.2 0.4

CD (p=0.05)  NS  NS  NS NS NS NS

rice cultivation.

Recommended submergence of 2–5 cm water

level as per crop stage (I
4
) registered significantly

more (40%) number of panicles (304) m–2 compared to

AWDI of 5 cm when water falls below 10 cm from soil

surface and on par with alternate wetting and drying

irrigation (AWDI) of 5 cm, when water level falls be-

low 5 cm from soil surface in field water tube (I
1
) (288

panicle m–2). There was no significant difference be-

tween AWDI of 5 cm when water level falls below 5

cm from soil surface in field water tube (I
1
) and

Irrigarion of 5 cm at 3DADPW (I
3
) (270 panicles m–2).

Significantly lesser number of panicles was recorded

under AWDI of 5 cm, when water level falls below 10

cm from soil surface in field water tube with 217

panicles m–2 than rest of the irrigation treatments.

Reason for lower number of panicles m–2 was that

plants had suffered from moisture stress; hence plants

were unable to extract more nutrients from deeper layer

of soil under moisture deficit conditions which ulti-

mately led to poor growth and lesser number of tillers.

Similar results were also observed earlier [4, 5].

Panicle length (cm)

Different rice cultivation systems did not show influ-

ence on panicle length (Table 1). However CTP re-

corded higher panicle length (23.8 cm) compared to

MTP (23.5 cm) and DS (23.4 cm). Similar findings were

reported by Gill et al. [6].

The panicle length of rice did not vary signifi-

cantly either due to different irrigation regimes. How-

ever AWDI of 5 cm, when water level falls below 5 cm

from soil surface in field water tube registered  lengthier
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Table 2. Yield, gross returns, net returns and B:C ratio of rice as influenced by different systems of cultivation and irrigation

regimes.

                                                                                                                                          Gross            Net

                                                                                                       Yield (kg ha–1)            returns         returns         B:C

     Treatments                                                                               Grain          Straw        (Rs ha–1)       (Rs ha–1)     ratio

Main plot - systems of cultivation (M)

M
1
- Direct seeding with drum seeder (DS) 5308 6295 72291 39799 2.25

M
2
- Transplanting with machine (MTP) 6088 6954 82880 50035 2.54

M
3
- Conventional transplanting (CTP) 5926 6886 80685 44088 2.21

SEm ±  139   81  1871  1695 0.06

CD (p=0.05)  546  317  7346  6653 0.22

Sub plot - Irrigation regimes (I)

I
1
- Irrigation of 5 cm, when water level falls below 5751 6872 78329 44986 2.36

     5 cm from soil surface in field water tube (AWDI)

I
2
- Irrigation of 5 cm, when water level falls below 5379 6204 73236 42993 2.43

    10 cm from soil surface in field water tube

I
3
- Irrigation of 5 cm at 3 days after disappearance 5817 6732 79205 47245 2.48

     of ponded water (DADPW)

I
4
- Recommended submergence (RS) of 2–5 cm water level 6148 7039 83706 43339 2.07

    as per crop stage

SEm ±   96   68  1304   939 0.04

CD (p=0.05)  334  236  4511  3249 0.14

Interaction of different systems of cultivation and irrigation regimes

Irrigation regimes at same level of systems of cultivation

SEm ±  239  182  3220  3054 0.10

CD (p=0.05)   NS   NS    NS    NS  NS

Different systems of cultivation at same level of irrigation regimes

SEm ±  238   23  3202  3022 0.10

CD (p=0.05)   NS   NS    NS    NS  NS

panicle of 24.2 cm, followed by RS of 2–5 cm water

level as per crop stage (I
4
) 23.6 cm and irrigation of 5

cm at 3 DADPW (I
3
) with 23.6 cm. Lower panicle length

of 22.9 cm was registered under AWDI of 5 cm, when

water level falls below 10 cm from soil surface in field

water tube (I
2
) might have caused moisture stress to

rice plant, at panicle initiation stage resulting in re-

duced panicle length but not significant difference

between irrigation regimes. Rezaei et al. [7] also re-

ported similar observations of reduced panicle length

under stress.

Number of filled grains

 panicle–1

Different rice cultivation systems and interaction ef-

fect of systems of cultivation and irrigation regimes

did not influenced significantly the number of filled

grains panicle–1. However significant differences of

filled grains panicle–1 was recorded in among irriga-

tion regimes (Table 1).

Number of filled grains (300) panicle–1 noted was

higher with CTP method followed by machine trans-

planting (287) and drum seeding (276) among differ-

ent systems of cultivation. Similar results were re-

ported earlier [8, 9].

Among different irrigation regimes, significantly

higher filled grains (300) panicle–1 were recorded with

RS of 2–5 cm water level as per crop stage (I
4
) which

was on par with AWDI of 5 cm, when water level falls

below 5 cm from soil surface in field water tube (I
1
)

and irrigation of 5 cm at 3 DADPW (I
3
) but these

treatments had significantly higher than AWDI of 5

cm submergence with 10 cm drop of water level in the

filed tube. The difference between RS and with 5 cm
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drop of water level in the field tube and irrgiation of 5

cm at 3 DADPW was very less (only 6 and 22 grains

panicle–1 respectively) but very high difference (44

grains panicle–1) was observed with irrigation with 10

cm drop of water level in the field tube. Deficit irriga-

tion during crop growth affected partitioning of dry

matter at grain filling stage and resulted in significant

reduction in number of filled grains panicle–1 due to

moisture stress for certain days due to cyclic witting

and drying. These results are in accordance with the

earlier findings [4, 5].

Number of unfilled grains panicle–1

Though there was statistically not different, more

number of unfilled grains panicles–1 was observed in

drum seeding (29) and MTP (29 grains panicle–1) than

CTP (27 grains panicle–1). These results are corrobo-

rate with observations by Shantappa [9].

Among different irrigation water management

treatments AWDI of 5 cm with 10 cm drop of water

level in the field tube (I
2
) recorded significantly higher

number of unfilled grains panicle–1 (33) over rest of

the treatments. Unfilled grains recorded with AWDI

of 5 cm, when water level falls below 5 cm from soil

surface in field water tube (I
1
) (28 grains panicle–1)

and irrigation of 5 cm at 3 DADPW (I
3
) (29 grains

panicle–1) was found on par with each other. Signifi-

cantly lower unfilled grains (23) over rest of treat-

ments were recorded with RS of 2–5 cm water level as

per crop stage (I
4
). These results were in close con-

formity with the earlier findings [4, 10].

Panicle weight (g)

Higher panicle weight was observed in CTP (2.85 g)

followed by MTP (2.82 g) and DS (2.79 g). Although

statistically not different among methods. These find-

ings were supported by results earlier [8, 11].

Among different irrigation regimes, significantly

lower panicle weight was recorded under AWDI with

10 cm drop of water level in the field tube (2.5 g panicle–

1) than rest of irrigation regimes. Significantly higher

panicle weight was observed with RS of 2–5 cm water

level as per crop stage (I
4
) (3.1 g) and was on par with

AWDI with 5 cm which water level in the field tube

falls below 5 cm from soil surface (I
1
) (2.8), irrigation

of 5 cm at 3 DADPW (I
3
) with (2.9 g). This might be

due to that optimum soil water balance without any

wide fluctuations and higher nutrient uptake due to

better availability of nutrients which lead to higher

dry matter in panicles in recommended submergence

of 2–5 cm. Similar results were also observed earlier

[5, 12].

Test (1000) grain

weight (g)

The test weight of rice did not vary significantly ei-

ther due to different rice cultivation systems or due

to irrigation regimes or due to interaction effect. (Table

1) and average test (1000 grain) weight ranged from

11.5 to 11.9 g among different treatments, as the test

weight of variety is genetically inherent character did

not influenced by cultivation systems and irrigation

regimes. Similar results were also observe earlier [7,

13].

Economic analysis

Gross returns (Rs ha–1)

MTP recorded significantly higher gross returns (Rs

82,880 ha–1) over CTP (Rs 80,685 ha–1) and DS (Rs

(72,291ha–1) and DS Rs 72,291 ha–1) (Table 2). This

was due to higher grain and straw yield under MTP

than DS and CTP. These results are in accordance

with the earlier findings [14].

In different irrigation regimes conventional prac-

tice of irrigation RS of 2–5 cm water level as per crop

stage (I
4
) recorded significantly higher gross returns

(Rs 83,706 ha–1) compared to AWDI with 5 cm drop of

water level in the field tube (Rs 78,329 ha–1) and AWDI

10 cm drop of water level in field water tube (Rs 73,236

ha–1) and was on par with at 3 DADPW (Rs 79,205

ha–1). This was due to higher grain and straw yield

under recommended submergence of 2–5 cm water

level as per crop stage than other irrigation treatments.

These results are in accordance with the earlier find-

ings [15]. Significantly lower gross returns were re-

corded with 5 cm submergence with 10 cm drop of

water level in field water tube compared to rest of the

treatments.



2108

Net returns (Rs ha–1)

Among different cultivation methods, MTP was found

economically best as it registered higher net returns

(Rs 50,035 ha–1) over other cultivation methods. How-

ever, transplanting in conventional method was found

on par to MTP with net returns of Rs 44,088 ha–1.

Significantly lower net returns were obtained in DS

(Rs 39,799 ha–1) and was on par with CTP. Higher net

retuurns in MTP mainly due to higher grain and straw

yield which resulted in higher gross returns compared

to other methods. In turn the cost of cultivation was

lower with MTP compared to CTP. This could be due

to labor saving of around 24 man days ha–1 in MTP

over CTP. Zahide et al. [16] found that the advantage

with mechanical transplanters was that one can trans-

plant without searching for laborers which ultimately

means that the cost of cultivation was reduced.

Though there was lower cost of cultivation due to

DS, the net returns were lower in due to low gross

returns as a result of lower grain yield compared to

CTP. These results are in accordance with the earlier

findings [14, 17].

Among different irrigation regimes, irrigation of

5 cm at 3 DADPW recorded significantly higher net

returns of Rs 47,245 ha–1 followed by irrigation of 5

cm, when water level falls below 5 cm from soil sur-

face in field water tube (Rs 44,986 ha–1) than RS of 2–

5 cm water level as per crop stage (43,339 Rs ha–1) and

AWDI of 5 cm, when water level falls below 10 cm

from soil surface in field water tube (Rs 42,993 ha–1).

This was mainly due to higher grain and straw yield

resulting in higher gross returns and lesser cost of

cultivation in irrigation of 5 cm at 3 DADPW followed

by AWDI of 5 cm when water level falls below 5 cm in

field water tube compared to RS of 2–3 cm as per crop

stage. Recommended submergence of 2–5 cm water

level as per crop stage recorded higher cost of culti-

vation (Rs 40,367 ha–1) compared to AWDI of 5 cm,

when water level falls below 5 cm from soil surface in

field water tube (Rs 33,343 ha–1), irrigation of 5 cm at 3

DADPW (Rs 31,960 ha–1) and irrigation of 5 cm, when

water level falls below 10 cm from soil surface in filed

water tube (Rs 30,243 ha–1). This was because of higher

number of irrigation given to recommended submer-

gence of 2–5 cm water level as per crop stage treat-

ment (31 irrigations) as compared to irrigation of 5 cm,

when water level falls below 5 cm from soil surface in

field water tuber (25 irrigations). These results are in

accordance with findings of Dass et al. [15]. Signifi-

cantly lower net returns were recorded with irrigation

of 5 cm when water level falls below 10 cm from soil

surface in field water tuber (Rs 42,993 ha–1) die to

lower gross returns as a consequence of lower grain

and straw yield compared to other treatments.

Benefit: Cost ratio (B:C ratio)

B : C ratio is the basic agrionomic criteria to decide

economic returns and was calculated based on gross

returns divided by cost of cultivation of respective

treatment combination. Machine transplanting among

different systems, recorded higher B : C ratio (2.54)

over drum seeding method (2.25) and conventional

method transplanting (2.21). The higher benefit cost

ratio in MTP was attributed to higher net returns with

reduced cost of cultivation as these was labor saving

of about 14 men days ha–1 over manual transplanting.

The cost of machine transplanting was Rs 32,845 ha–

1 with 35 labores. Were as manual transplanting cost

was Rs 36,598 ha–1 with 49 labores. These findings

are in conformity with [18].

Significantly higher B : C ratio (2.48) was obtained

under irrigation of 5 cm at 3 DADPW over RS of 2–5

cm water level as per crop stage (2.07) and was on par

with AWDI of 5 cm, when water level falls below 10

cm from soil surface in field water tube (2.43). The

higher benefit cost  ratio was attributed to higher net

returns with reduced cost of cultivation compared to

other irrigation regimes. These results are in accor-

dance with findings of  Dass et al. [15].

Conclusion

Machine transplanting produced higher yield, yield

attributes, gross, net returns and B: C ratio compared

to direct seeding with drum seeder and conventional

transplanting systems of cultivations. Direct sowing

with drum seeder produced significantly lower

growth, yield and yield attributes, gross and net re-

turns compared to other systems of cultivations. Rec-

ommended submergence of 2–5 cm water level re-

corded significantly higher number of panicle m–2,

filled grains, grain and straw yield was on par with
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irrigation of 5 cm when water falls below 5 cm from

soil surface in field water tube. Gross and net returns

and B : C ratio was significantly higher with irrigation

of 5 cm at 3 DADPW and was on par with irrigation of

5 cm when water falls below 5 cm from soil surface in

field water tube.
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