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The field experiment was executed to evaluate the impact of various irrigation
and establishment methods on yield and water use efficiency in rice during
Kharif 2018. Split plot design was used in the experiment which consists of three
irrigation treatments in the main plot and five rice establishment treatments in
the sub plot. The results revealed that, higher yield parameters like number of
panicles/m? (364.83), number of grains per panicle (73.98), number of filled
grains per panicle (60.29) were recorded with maintenance of saturation up to
panicle initiation (PI) and flooding after PI. Manual transplanting among rice
establishment methods recorded significantly higher test weight (25.04 g), grain
yield (5253 kg/ha) and harvest index (0.45). Whereas, mechanical transplanting
recorded significantly higher number of grains per panicle (74.61) straw yield
(7939 kg/ha). Among different irrigation methods, alternate wetting and drying
up to PI followed by flooding after PI recorded significantly lower total water
usage (94.94 cm) and higher water use efficiency (52.39 kg/ha-cm). Among rice
establishment methods, mechanical transplanting recorded significantly lower
total water usage (117.81 cm) and higher water use efficiency (48.80 kg/ha-cm).
Interaction between alternate wetting and drying up to PI followed by flooding
after PI and mechanical transplanting recorded lower total water usage (81.88
cm) and also recorded higher water use efficiency (68.75 ha-cm).
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Introduction

Rice (Oryza sativa L.) is grown on 164.19 million
ha worldwide. China produced 211.86 million
metric tonnes of paddy rice in 2020, whereas India
produced 178 million metric tonnes (FAOSTAT,
2021). India produces 178 million tonnes of rice in
an area of 44 Million ha which constitutes about
35% of area and 40% of production of the food
grain in the country. It is a staple food of about
65% of the country’s population, which itself
indicates its importance in the food security of the
country (Kumar et al., 2018). Rice is ranked second
in terms of cultivated area. Rice is the primary
source of calories for 40% of the world's population
(Sain, 2020). Rice crops outnumber all other cereal
crops in terms of calorific value. Rice is a rich

source of carbohydrate; consisting of protein, fat as
well as vitamin B complexes like niacin, riboflavin,
and thiamine. The grain of rice constitutes water
12%, starch 75-80%, and protein only 7% with a
full complement of amino acids. Its protein, due to
its higher lysine concentration (~4%), is highly
digestible (93%) with a high biological value (74
percent) and a protein efficiency ratio (2.02%—
2.04%). Minerals such as calcium (Ca), magnesium
(Mg) and phosphorus (P) together with some traces
amount of copper (Cu), iron (Fe), manganese (Mn)
and zinc (Zn) are present (Verma et al., 2018).

To meet the rising demand for rice the global rice
production needs to increase by 116 million tons by
2035 (Yamano et al., 2016). India's rice demand is
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expected to reach 140 million tonnes by 2025
(Hugar et al., 2009). To meet this goal, rice
productivity must increase to 3.3 tonnes ha'! from
the current level of 2.2 tonnes ha! (Anjani ef al.,
2014).

The proportion of water used for irrigation is
predicted to decrease by 10 to 15% during the next
two decades (Dhawan, 2017). As a result, the only
way to save water for expanding irrigated
agriculture is to adopt efficient water usage
technology that also conserves soil health,
sustainability, and economic stability
(Subramaniam et al, 2013). An irrigation
management approach known as Alternate Wetting
and Drying (AWD) has been discovered to cut
down on water use in rice systems (Lampayan et
al., 2015). Transplanting and manual weeding
become prohibitively expensive due to a lack of
irrigation water and a labor shortage during peak
seasons. As a result, the global area under
transplanted rice has decreased in recent years. As a
result, there is a need to investigate alternative crop
establishment methods in order to boost rice output
(Farooq et al., 2011). This can be achieved by using
several rice establishment techniques such as direct
seeded rice, broadcasting, mechanical transplanting,
and drum seeded rice, among others. Timely
planting/seeding is made possible by mechanical
transplanting or direct seeded rice (Malik et al.,
2019).

Material and Methods

The experiment was conducted at C-Block, Zonal
Agricultural Research Station, V. C. Farm,
Mandya, University of Agricultural Sciences,
Bangalore to study the impact of various irrigation
and establishment methods on yield and water use
efficiency in rice during Kharif 2018. The
experimental area was geographically positioned at
76° 82' East Longitude and 12° 57" North Latitude
with an altitude of 756.80 metre above mean sea
level. Considering the nature of factors under study
and the convenience of agricultural operation, the
experiment was laid out in split plot design,
assigning three irrigation management practices
viz., continuous flooding, maintenance of saturation
up to panicle initiation (PI) followed by flooding
after PI and Alternate wetting and drying (AWD)
with five sub plot rice establishment treatments,

viz., Drum seeded rice, Broadcasting of sprouted
rice, Semi dry rice, Mechanical transplanting and
Manual transplanting. The whole field was divided
into three blocks each representing a replication.
Irrigation water management

Ii: 5 £ 2 cm of standing water was maintained
throughout the crop growth stage.

I: The plots were kept under saturated condition (2
cm of water at each irrigation) up to panicle
initiation stage. Later, after panicle initiation, the
same plots were completely flooded with 5 + 2 cm
standing water.

I3: The main principle behind this method is to
irrigate the plots when hair-line crack appears on
the soil surface. The plots were irrigated at 5 to 6
days interval with 5 cm water.

Irrespective of treatments, water was applied to the
main plots with the help of PVC pipes and the
quantity of water applied was measured at each
time by using water meter. Application of water
was stopped seven days before harvesting of the
crop to facilitate easy harvesting.

Irrigation water

Total water used (cm): The total quantity of
irrigation water applied to each treatment was
measured using water meters. The effective rainfall
received during the crop growth period and the soil
moisture contribution was added to the irrigation

water and expressed in cm.
Total water = Irrigation water + Effective rainfall + Soil
moisture

Table-1: Irrigation water given and total water

~ | Irrigation water given (cm) -~
¢ B iz
2| == 2 &
£ = 8 4=
- S« | Rt R2 R3 Mean ]
S S £ s
e = > =
= [S-4 =<
I 29.57 | 153.7 | 164.9 1346 | 151.0 | 180.66
I 29.57 | 86.89 | 87.23 7829 | 84.13 | 113.70

I 32.07 | 7549 | 62.05 46.60 | 61.38 | 93.45

requirement as influenced by different irrigation methods

Water Use Efficiency (kg ha-cm™): Water use
efficiency (WUE) is the yield of marketable crop
produced per unit of water used (cm). It was
worked out by using the following formula and was
expressed as kg ha-cm™.
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WUE = Marketable yield (kg ha™!) / total water used (cm)

Water requirement (cm): Total water requirement
of the crop is calculated by adding the effective
rainfall in the crop growth period and the irrigation
water given to each treatment (Table 1).

Results and Discussion

Number of panicles/m?

Higher number of panicles/m? was recorded with
maintenance of saturation up to panicle initiation
(PI) followed by flooding after PI (364.83) which
was on par with continuous flooding (357.50) and
alternate wetting and drying up to PI followed by
flooding after PI (354.83) as mentioned in Table.2.
However, the results were non-significant, there as
on behind lesser number of panicles/m? in alternate
wetting and drying may be due to the unfavorable
condition created with drying of rhizosphere during
panicle tillering period and panicle initiation stage.
These results are in conformity with reports of
Hemlata (2015).

Among establishment methods, broadcasting of
sprouted rice recorded more number of panicles/m?
(428.33) and was significantly superior over rest of
the methods (313.33 to 367.22). This might be due
to the synchronization in maximum tillering period
and optimum nutrient supply as confirmed by
Sowmyalatha (2015).

Number of grains per panicle

Maintenance of saturation up to panicle initiation
(PI) followed by flooding after PI recorded
significantly higher number of grains per panicle
(73.98) than alternate wetting and drying up to PI
followed by flooding after PI (69.11) and
continuous flooding (65.94) (Table.2). Lower
number of total grains per panicle recorded in
continuous flooding indicates that the depth of
water can be reduced to greater extent without
disturbing crop performance with respect to total
number of grains per panicle. The results were in
conformity with Kishor (2016).

Among establishment methods, higher number of
grains per panicle (74.61) was with mechanical
transplanting method followed by manual
transplanting (71.89) and was significantly higher
as compared to rest of the methods (62.61 to
70.51). Alternate wetting and drying up to PI
followed by flooding after PI in mechanical

transplanting recorded higher number of grains per
panicle (86.35) which was closely followed by
continuous flooding in broadcasting of sprouted
rice (85.87) and were significantly superior over
rest of the interactions (56.43 to 77.12). Higher
number of total grains per panicle recorded by
mechanical transplanting might be due to the
availability of more space within the panicle to
accommodate the individual seeds resulting in well-
developed seeds (Sowmyalatha, 2015).

Number of filled grains per panicle

Number of filled grains per panicle is tabulated in
Table.2. Among establishment methods drum
seeded rice recorded significantly higher number of
filled grains per panicle (66.08) over rest of the
methods (51.02 to 59.86). Lower number of filled
grains per panicle was recorded by semi dry
method (51.02) might be due to excessive growth
during vegetative phase which led to nitrogen
dilution in reproductive phase, which in turn
reduced spikelet differentiation and hence reduced
number of filled grains per panicle. This was in
accordance with the findings of Saharawat et al.
(2010).

Among interactions, maintenance of saturation up
to panicle initiation (PI) followed by flooding after
PI in drum seeded rice recorded significantly higher
number of filled grains per panicle (76.48) as
compared to rest of the interactions (44.37 to
69.28). This may be due to the early establishment
of crop and early grain filling period which
coincided with the nutrient supply and hence higher
uptake of available resources like nutrients,
moisture etc. The results are also in conformity
with findings of Sanjay et al. (2018).

Test weight (g)

Continuous flooding recorded significantly higher
test weight (24.51 g) as compared to other methods
(24.10 to 24.11) as mentioned in Table.2. Different
irrigation methods had significant effect on test
weight. The possible reason may be due to the
effect of irrigation methods on number of grains per
panicle and per cent chaffyness and this result is in
confirmation with the study of Shantappa (2014).
Manual transplanting among  establishment
methods recorded significantly higher test weight
(25.04 g) over rest of the methods (23.05 to 24.55
g). Among interactions higher test weight (25.19 g)
was recorded in alternate wetting and drying up to
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Table 2: Yield parameters as influenced by irrigation management practices and establishment methods in

rice
Number of NO'. of NO'. of filled Test weight
Treatments . » | grains per | grains per
panicles/m . . (®
panicle panicle
Irrigation methods (I)
I1: Continuous flooding 357.50 65.94 56.60 24.51
I2: Maintenance of saturation up to panicle
initiation (PT)followed by flooding after PI 364.83 73.98 60.29 24.11
Is: Alternate wetting and drying up to PI
followed by flooding 3+2cm 354.83 69.11 56.90 24.10
S.Em+ 3.83 0.87 0.96 0.08
CD (p=0.05) NS 3.42 NS 0.32
Rice establishment methods (E)
Ei: Drum seeded rice 320.28 70.51 66.08 24.55
E2: Broadcasting of sprouted rice 428.33 66.93 53.81 24.34
Es: Semi dryrice 366.11 62.61 51.02 24.22
E4: Mechanical transplanting 367.22 74.61 58.86 23.05
Es: Manual transplanting 313.33 71.89 59.86 25.04
S.Em+ 3.88 1.30 1.02 0.05
CD (p=0.05) 11.32 3.80 2.98 0.14
Interaction
LE: 376.67 74.88 67.52 24.64
LE: 407.50 85.87 60.85 24.73
LE; 343.33 60.96 52.11 24.70
LE4 370.00 62.99 48.75 23.42
LEs 290.00 63.41 53.76 25.08
L2E: 274.17 74.45 76.48 24.37
| P Dp) 440.83 58.51 56.21 24.12
LE; 402.50 61.44 50.35 24.60
2E4 366.67 74.51 58.56 22.61
I2Es 340.00 77.12 59.84 24.84
LE: 310.00 62.19 54.24 24.63
LE:2 436.67 56.43 44.37 24.17
Es3 352.50 65.44 50.61 23.36
E4 365.00 86.35 69.28 23.13
GEs 310.00 75.15 65.97 25.19
S.Em+ 7.12 2.20 1.85 0.11
CD (p=0.05) 19.61 6.57 5.16 0.24

PI followed by flooding after PI with manual
transplanting and was on par with continuous
flooding with manual transplanting method (25.08
g) which were significantly superior over other
interactions (22.61 to 24.73 g). In alternate wetting
and drying, aeration was found to reduce the above
and below ground competition for water, solar
radiation and nutrients. In continuous flooding,
plants did not experience any kind of stress during
grain filling period. In case of manual transplanting,
the transplanted seedlings absorbed moisture,

nutrients and solar radiation more effectively hence
more photosynthate was accumulated in grains.
Similar result was reported by Rajesh and
Thanunathan (2003).

Grain yield (kg/ha)

Data tabulated in Table.3 shows that the interaction
of alternate wetting and drying up to PI followed by
flooding after PI and manual transplanting
produced a higher grain yield (5745 kg/ha) and was
statistically similar to interactions of alternate
wetting and drying up to PI followed by flooding
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after PI with mechanical transplanting (5613
kg/ha), maintenance of saturation up to PI followed
by flooding after PI with manual transplanting
(5202 kg/ha), and continuous flooding with semi-
dry rice (5189 kg/ha). The former therapy, on the
other hand, was significantly superior to the
remainder of the interactions (4093 to 5104 kg/ha).
It could be because seedlings were planted before
the third phyllochron, resulting in faster crop
establishment and a longer tillering period,
resulting in greater yield characteristics and thus
yield in transplanted rice. The early establishment,
growth, and development of the crop, as well as
irrigation methods, may be responsible for the
increase in grain production in semi-dry and drum
seeded rice. Shantappa's conclusions are supported
by these results (2014).

Straw yield (Kg/ha)

Mechanical transplanting produced a much greater
straw production (7939 kg/ha) than the other
establishment  methods (5685 to 6509
kg/ha)(Table.3). In comparison to the rest of the
interactions, the interaction between alternate
soaking and drying up to PI followed by flooding
after PI and mechanical transplanting produced
significantly greater straw production (9569 kg/ha)
(5430 to 7191 kg/ha). The increased absorption of
solar radiation in the plant tissues, which increased
the rate of photosynthesis and hence the
accumulation of more photosynthates in the above
ground biomass and creation of more dry matter,
could be the reason. These findings are consistent
with Satyanarayana and Babu's (2004) and
Shantappa's findings (2014).

Harvest index

Significantly higher harvest index (0.45) was
recorded in manual transplanting followed by semi
dry rice and drum seeded rice (0.44) as compared to
other establishment methods (0.40 to 0.42) as
mentioned in Table.3. This might be due to the

higher grain yield obtained by the former
treatments. Similar result was reported by
Shantappa (2014).

Total water used (cm)

Total water consumed is tabulated in Table.3 and it
depicts that the continuous flooding (186.79 cm)
was substantially higher than maintenance of
saturation up to PI followed by flooding after PI

(118.63 cm) or alternate wetting and drying up to
PI followed by flooding after PI (118.63 cm) (94.94
cm). Due to the restriction of seepage and deep
percolation losses by irrigating once every 5 to 6
days when hair line cracks appear on the soil
surface and maintaining water level up to
saturation, the maximum irrigation water saving
was observed under alternate wetting and drying up
to PI followed by flooding after PI followed by
saturation method. Shantappa's observations are
supported by the findings (2014). Drum seeded rice
used the most total water (145.31 cm), followed by
sprouted rice broadcasting (144.20 cm), and was
much better than the other establishing methods
(117.81 to 131.76 cm).In comparison to the
remainder of the interactions, the interaction
between continuous flooding and establishment
methods like drum seeded rice and broadcasting of
sprouted rice used significantly more total water
(196.09 and 196.09 cm, respectively) (81.88 to
184.09 cm). The interplay of alternate wetting and
drying up to PI, followed by flooding after PI, and
mechanical transplanting, however, resulted in
lower overall water usage (81.88 cm).

Water use efficiency (kg/ha-cm)

Among methods of irrigation, higher water use
efficiency (52.39 kg/ha-cm) was recorded in
alternate wetting and drying up to PI followed by
flooding after PI method as compared to
maintenance of saturation up to PI followed by
flooding after PI (41.43 kg/ha-cm) and continuous
flooding (26.42 kg/ha-cm) and is represented in
Table.3. Water use efficiency was significantly
higher in mechanical transplanting (48.80 kg/ha-
cm) closely followed by manual transplanting
(44.38 kg/ha-cm) as compared to rest of the
establishment methods (30.98 to 41.94 kg/ha-cm).
Among interactions, interaction between alternate
wetting and drying up to PI followed by flooding
after PI and mechanical transplanting recorded
higher water use efficiency (68.55 kg/ha-cm) over
rest of the interactions (23.12 to 61.10 kg/ha-cm).
The higher water use efficiency was mainly
attributed to the increased grain yield besides water
saving by reducing seepage and percolation losses
in mechanical transplanting when alternate wetting
and drying up to PI followed by flooding after PI
was followed (Bouman and Tuong, 2001, Elamathi
et al. 2012 and Pandian, 2012).
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Table 3: Grain yield, straw yield, harvest index, total water used and water use efficiency (WUE) as
influenced by irrigation management practices and establishment methods in rice.

Grain Straw Harvest ;l;(;aei WUE
Treatments yield yield Index used (kg/ha-

(kg/ha) (kg/ha) (cm) cm)
Irrigation methods (I)
Ii: Continuous flooding 4916 6121 0.45 186.79 | 26.32
I2: Maintenance of saturation up to
panicle initiation (PI)followed by
flooding after PI 4828 6389 0.43 118.63 41.43
Is: Alternate wetting and drying up to
PI followed by flooding 3+2cm 4849 6954 0.41 94.94 52.39
S.Em+ 190 264 0.01 4.03 2.03
CD (p=0.05) NS NS NS 15.78 7.95
Rice establishment methods (E)
E1: Drum seeded rice 4749 5976 0.44 145.31 3431
E:2: Broadcasting of sprouted rice 4197 5685 0.42 144.20 30.98
E3: Semi dry rice 4953 6331 0.44 128.20 41.94
E4: Mechanical transplanting 5171 7939 0.40 117.81 48.80
Es: Manual transplanting 5253 6509 0.45 131.76 44.38
S.Em+ 121 180 0.01 1.47 136
CD (p=0.05) 354 525 0.03 4.29 3.96
Interaction
LE: 4932 6279 0.44 196.09 25.13
LE: 4544 6159 0.42 196.09 23.12
LE; 5189 5548 0.49 184.09 28.33
LE4 5104 7191 0.42 171.59 29.68
LEs 4811 5430 0.47 186.09 25.85
LE: 5137 5502 0.48 134.80 38.10
LE: 3953 5433 0.42 134.80 29.32
L2E3 5050 7004 0.42 110.80 | 45.57
LLE4 4797 7057 0.40 99.97 47.96
LEs 5202 6949 0.43 112.80 46.19
LE: 4177 6148 0.40 105.04 39.70
LE: 4093 5464 0.43 101.71 40.49
LE;3 4619 6442 0.42 89.71 51.92
BE4 5613 9569 0.37 81.88 68.75
LEs 5745 7148 0.45 96.38 61.10
S.Em+ 267 385 0.02 4.63 2.92
CD (p=0.05) 614 910 NS 7.44 6.87
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Conclusion

Alternate wetting and drying up to PI followed by
flooding after PI method of irrigation up to panicle
initiation followed by flooding 3 + 2 cm among the
irrigation methods, mechanical transplanting or
semidry method among rice establishment methods
and Alternate wetting and drying up to PI followed
by flooding after PI method of irrigation in
mechanical transplanting and manual transplanting
among interactions can be recommended due to
higher yield parameters, grain yield, straw yield and
WUE.
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