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ABSTRACT

An experiment was conducted at New Delhi dusing rainy season of 2001 and 2002 on aerobic rice (Oryza sa-
tiva L..) cultivated on raised-beds under different soil-moisture regimes (field capacity, 20 and 40 kPa tensions).
The yield was considerably less on raised-beds, varying from 12-24% at field capacity to 40-46% in beds irrigated
at 40 kPa soil-water tension compared with the direct-seeded flat land at 20 cm row spacing. Nitrogen in the form
of nitrate was dominant in raised-beds (>23%) compared with ammonical form in flat land, and the proportion of ni-
trate also increased in beds (3-10%) with the increase in soil-moisture stress. Cultivar ‘Pusa 44’ on raised-beds did
not withstand soil-moisture stress, which was reflected in further rapid reduction in its yield by 23-40% when mois-
ture-stress was built-up at 40 kPa tension compared with that at field capacity. The nitrogen content in grain and its
uptake also decreased significantly by more than 21 and 42% with the imposition of moisture stress from field ca-
pacity to 40 kPa tension. It is necessary to develop special aerobic lowland rice cultivar which can compensate the
space left for furrows by producing more number of productive tillers, and can withstand soil-moisture stresses at

varying degrees by profuse root growth and proliferation.
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Efficient management of irrigation water in rice (Oryza
sativa L.) cultivation without any reduction in production
level is a prime concern. Recently aerobic cultivation of
rice on flat unpuddled land or on raised-beds under vary-
ing soil-moisture regimes is emerging rapidly. Rice is
grown mostly in lowland irrigated puddled ecosystem.
This system of growing rice requires huge quantity of ir-
rigation water for land preparation and for maintaining
continuous submergence throughout the growth period.
This practice has the lowest water productivity, viz. 3,000-
5,000 litres for producing 1 kg grain (Bouman, 2001), in
comparison with all other cereals. Besides high water re-
quirement, this practice also destroys the soil physical
structure, which affects the cultivation of the following
wheat crop (Hobbs et al., 2000). As water is becoming
scarce all around, direct dry seeding either on flat land or
on raised-beds is gaining immense popularity in most of
the rice-growing areas of Asia (Borrel et al., 1997; Hobbs
and Gupta, 2003). Bed planting of rice is relatively a new
concept, where rice crop is grown on the ridges and irriga-
tion is given in the furrows like other upland crops viz.
wheat, maize etc. Several researchers have pointed out that
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bed-planting system improves water and nutrient distribu-
tion and efficiency, and gives higher yields. Mechanized
operations reduce the labour requirements and improve
the seeding and weeding practices (Hobbs and Gupta,
2003). There are reports that stress-free bed-planted rice
system requires 37-40% less irrigation water than that of
puddled transplanted rice, but the yield declines by 5 to
50% or more (Hobbs and Gupta, 2003; Kukal ez al.,
2005). Most of the current research on bed planting sys-
tem has been focused on wheat crop and whatever little
work has been catried out on rice crop is confined to sav-
ing in irrigation water and yield aspects of stress-free beds.
Howeyver, very little information is available so far regard-
ing the performance of bed-planted, direct-seeded rice
when soil-moisture tension or stress conditions at different
degrees are imposed. Therefore, the present study was
aimed to investigate the crop growth and grain yield of
rice crop and the behaviour of nutrient (nitrogen) move-
ment on raised-beds under different soil-water regimes. An
attempt was also made to compare the performance of
bed-planted rice with that of flat-land system of produc-
tion.
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MATERIALS AND METHODS

The experiment was conducted during rainy (kharif)
season in 2001 and 2002 at the research farm of Indian
Agricultural Research Institute, New Delhi (altitude 228
m, 28°36 N, 77°12 E). The climate of the area is semi-arid
with average annual temperature 25°C and average annual
rainfall 650 mm. The experiment in 2002 was conducted
at a different location on the farm than in 2001 because of
the problem of access to irrigation water experienced in
2001. Soil properties, however, were comparable. Both
the soils were classified as Typic Haplustept, with loamy
texture, medium in organic C and low in available N (186-
215 kg/ha) and medium in P (15-23 kg/ha) and K (339-
341 kg/ha) in the surface layer. The soils were neutral in
reaction (pH 7.3-8.2) with bulk density 1.53-1.64 Mg/m?,
and had available water content 16-18%. The ground-wa-
ter table was more than 4 m below the soil surface
throughout the crop-growth season at both the sites.

The experiment consisted of four non-puddled treat-
ments. All the treatments were replicated four times in a
plot size of 10 m x 7 m in randomized block design. The
treatments were: FLDSR: dry-seeded rice on flat land (row
spacing 20 cm); RBDSR . dry-seeded rice on raised-beds
(bed width 37 c¢m, furrow width 30 cm and depth 22.5 cm,
row spacing on the beds 20 cm, with 47 cm between the
paired rows on the beds), irrigated to keep the soil in the
furrows at fiela capacity; RBDSR, : same as RB  but ir-
rigated wher the soil water tension at 20-cm depth in the
centre of the beds reached above 20 kPa (monitored with
installed tensiometers); and RBDSR,;: same as RBDSR
but irrigated when the soil water tension at 20-cm depth in
the centre of the beds reached above 40 kPa (monitored
with installed tensiometers).

Rice was sown mechanically by a bed planter-cum-seed
drill in the raised-bed treatments @ 60 kg/ha in two rows
spaced 20 cm apart on the beds, leaving 47 cm space be-
tween the rows across the furrows. To compare the perfor-
mance of rice on raised-beds with that of dry-seeded flat
land treatment (FLDSR), rice was sown manually @ of 60
kg/ha in rows regularly spaced 20 cm apart and plots were
~ irrigated as frequently as required to maintain the root
zone close to field capacity throughout the growing sea-
son. In the raised-bed treatment, irrigation water was ap-
plied in the furrows. In all the plots the amount of applied
irrigation water was measured with a flow meter installed
in flexible hoses.

Application of 13.1 kg P-and 50 kg K/ha was made to
all the treatments uniformly. Nitrogen was applied @ 120
kg/ha in three split applications, viz. 50% basal, 25% at
tillering and 25% at flowering. Micronutrients, Zn
(ZnSO,) and Fe (FeSO,) were applied basal @ 25 and 50
kg/ha, respectively. Composite soil samples were collected
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at the beginning of the experiment from both the sites. The
samples were air-dried, ground to pass through 2 mm
sieve for determining various physico-chemical character-
istics and 0.5 mm sieve for determination of organic car-
bon. Rice variety ‘Pusa 44’ was used for the experiment.

From all the plots 2 row sections of 50 cm each were

- -sampled at different stages of growth, viz. maximum

tillering, panicle initiation , flowering and physiological
maturity. Of these samples, the dry weight of leaves, stems
and panicles was determined after oven drying for 3-5
days at 60°C until a constant weight was reached. The
height of main tillers in 2 rows of each plot was measured
before harvest. Tillers were counted at the time of harvest-
ing from 1 m?area with the help of 1 m x 1 m quadrant.
Grain yield of each plot was recorded from 6 m? area at
14% moisture content and then converted on hectare basis.
Water-use efficiency was calculated as weight of grains
over cumulative amount of irrigation water inputs used
during the crop-growth period.

RESULTS AND DISCUSSION

Biomass accumulation

The change in row spacing from 20 cm (FLDSR) to
that on raised-beds (RBDSR ) significantly decreased the
biomass production throughout the growth period (Table
1). Nearly 35% area was left unsown in RBDSR , which
caused decline in biomass production at panicle initiation
(PI) and flowering stages by 15 and 30% in 2001, and 30
and 15% in 2002, respectively, compared with closed-
space treatments (FLDSR). The corresponding decrease at
grain filling and harvest was more than 15% during both
the years. When the beds were subjected to soil-moisture
stress of 20 and 40 kPa tension (RBDSR,; and RBDSR 0>
biomass production further declined considerably and the
effect was more pronounced from PI to harvest. At PI
stage of growth, biomass production in RBDSR, and
RBDSR  treatments declined further by 15 and 30% in
2001, and 12 and 16% in 2002, respectively, compared
with beds irrigated at stress-free condition (RBDSR ).
This decline in biomass production in the former can be
attributed to Iess plant population per unit area, which also
reflected in lower LA, panicles/m? and other growth-at-
tributing paramaéters. It was also due to the deleterious ef-
fect of soil-moisture stress on growth contributing charac-
ters, viz. inhibition of cell division and cell enlargement,
optimum leaf production, decline in leaf area and en-
hanced leaf senescence, leading to reduced canopy photo-
synthesis as well as reduction in plant height, tillering den-
sity and other associated parameters (Yoshida, 1981;
Nieuwenhuis et al., 2002). ‘Pusa 44’ used in the experi-
ment is a traditional lowland rice cultivar. Therefore, un-
der aerobic conditions it could not perform well in bed as
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well as flat-planted system, and when moisture stress was ’é\
imposed, its performance declined further. However, in all m F CTEL8RESE =28 x88
the treatments, biomass accumulation increased with ad- § §D e e o mn T oo o
vancement in the stage of growth. The rate of increase was <
very rapid from PI stage to flowering stage, but thereafter E . o o w oo N e oo
up to harvest it increased at a slower rate. -t ;: %‘ f3z8egg gx2q9¢ezs
)
Growth and yield attributes ©
The effect of establishment technique was negligible on
plant height, as was evident from the non-significant '§ = Fea88% 2989
change observed in bed-planted rice (RBDSR ) compared &2 TR agaxvee
with flat-land rice (FLDSR) at similar moisture regime g s
(Table 1). However, the effect of soil-moisture stress in -
decreasing the plant height in bed-planted rice irrigated at s 5 o o o o o e
20 and 40 kPa tensions (RBDSR,, and RBDSR, ) was 52 g9 22 Szg9g¢g¢s
quite visible, especially in RBDSR,, where the plant M
height decreased by 11-14% compared with the stress-free
treatment on beds (RBDSR ) in both 2001 and 2002. 2 ;‘3 ~ N ="y O~ .o
Panicles/m? were significantly affected by the method E % g &rFg€g°Y frpegg~*+¢
of establishment as well as the moisture stress imposed on g .
beds. Changing the row spacing from 20 cm (FLDSR) to E| 5
20-47-20 cm in bed-planted (RBDSR ) rice significantly % % %Ei IfR¥ae—~¥Y d9gz-g— ¢
reduced the number of panicles/m?. When beds were irri- % = - T -
gated at 20 (RBDSR, ) and 40 kPa (RBDSR ) tensions, o | 7
the number of panicles/m?declined further by more than 7 el E
and 13% in 2001 and 2002, respectively. It could be at- g % § § § § me g2 se % <
tributed to stress at tillering, which reduced the number of g1 3 I8 2
tillers and panicles/hill and also increased the mortality of g A ‘
productive tillers (Lu et al., 2002). %: e
Though the number of spikelets/panicle was unaffected 5| & gﬂg < % é Sz 22332
by the method of establishment, evident from a similar E A=~ = emee
number under bed (RBDSR ) and flat land (FLDSR), the §
moisture stress on bed-planted rice significantly decreased = 7 9N2Qeg DUFQ A
the production of spikelets/panicle. Compared with 4 2 e o R et
RBDSR , the number of spikelets production/panicle de- g T
clined under RBDSR, and RBDSR by 9 and 16% in 5| g
2001, and 8 and 13% in 2002, respectively. Several work- EQ‘ &g o O N M~ 0~ O OV~ M~ —
ers also endorsed similar views that if moisture stress pre- 2| 8 g = 3; E ENES - 8 S 3 & «
vails between panicle initiation and flowering, there will 'c% Lj
be a sharp decline in spikelets/panicle and thus the num- £ Elw
ber of grains/panicle (Nieuwenhuis et al., 2002). E 3 g SQLEXnNe T IQLQQ
The effect of moisture stress on bed-planted rice - | 8|3 IR M
showed a linear relationship of decreasing trend in spikelet 5 £ 2
fertility with the increase in magnitude of moisture stress. .§ 2 o £
Compared with RBDSR , it decreased in RBDSR, by 3- = g :é U ®me Y9 A~
* 11% and again in RBDSR, further by 7-11%, during both 5 - T d ¥oeoaa
the years. However, bed-planted rice (RBDSR ) with § _ =
moisture regime similar to that of FLDSR did not show 2 3 3
any decline in fertility percentage of spikelets. Thus it _E g 8 2 ;'DL 8 R 8 H E
shows that soil-moisture stress had significant impact on ﬁ E o g8 % g o o5 H 5 E A
decreasing the fertility percentage of spikelets rather than 2 g —_ é % % % w0 é % g % ©n O
the method of establishment techniques. Nieuwenhuis et sl & § (%
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al. (2002) had opined that if moisture stress persisted at
flowering or early physiological maturity stages, it in-
creased the sterility of spikelets, resulting.in a sharp reduc-
tion in percentage of fertile spikelets, number of grams/
panicle and even 1,000-grain weight.

Harvest index did not vary significantly, irrespective of
the establishment method. In the bed treatments, HI did
not decline when the soil-water tension increased from
field capacity (RBDSR ) to 20 kPa tension (RBDSR, ).
Only when the soil was allowed to dry out to 40 kPa suc-
tion (RBDSR ), it decreased by more than 25% compared
with RBDSR ,,in 2002 (Table 1).

Although it is generally believed that 1,000-grain
weight is the most stable varietal character because grain
size is rigidly controlled by the size of the hull (Yoshida,
1981), in the present investigation different soil-moisture
regimes had significant impact on this relatively stable
yield-controlling parameter. Raised-beds irrigated at 40
kPa tension (RBDSR ) showed a reduction of 8.3% com-
pared with stress-free treatment on beds (RB ).
Nienwenhuis et al. (2002) asserted similar views of reduc-
tion In 1,000-grain weight under moisture stress.

Grain yield

The establishment technique affected the grain yield
significantly (Table 1). It was the highest in flat land
(FLDSR) with 20 cm row spacing. A change in the row
spacing in dry-seeded rice from 20 cm (FLDSR) to 20-47-
20 cm raised-beds at similar water regime (RBDSR ) de-
creased the yield by 12 and 24% during 2001 and 2002
respectively. In the bed treatments, grain yield further
declined significantly in the treatments with increased soil-
moisture stress from near continuous saturation
(RBDSR ) to 20 kPa (RBDSR,} and 40 kPa (RBDSR, )
tensions. The corresponding reduction of grain yield in
RBDSR,, and RBDSR, in comparison with RBDSR
was 4-19 and 23-40%, respectively during 2001 and 2002.
The RBDSR ,, treatment recorded the lowest grain yield of
2.27 t/ha in 2001 and 2.50 t/ha in 2002.

This decline in yield under bed-planted rice was caused
apparently by wider spacing, which was not compensated
by more number of tillers or panicles (Borell et al., 1997).
The effect of wider spacing was also reflected by lower
leaf-area index (LAI) and biomass production throughout
the growth period. Imposition of soil-water tension on
RBDSR,, and RBDSR , treatments certainly ran the risk
of yield reduct1on because of possible effect on the yield-
attributing characters of the crop (Lu ez al., 2000;
Nieuwenhuis et al., 2002). It appears that the cultivar was
unable to compensate the yield reductionin the raised-
beds planting treatment under wider spacing (RBDSRs).
Moreover, ‘Pusa 44’ might not be suited for aerobic con-
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ditions, leading to rapid decline in its yield with increase
in soil-water tension.

Differences in water-use efficiency (WUE) with respect
to irrigation water use among the treatments were rela-
tively minor in absolute terms except in raised-beds irri-

-gated at 40 kPa tension (RB,)), which recorded the lowest
WUE during both the years (Table 1). There was a decline
in WUE by 4 and 24% in RB,, compared with the treat-
ment with highest WUE (RB, ) during 2001 and 2002, re-
spectively. The lower WUE in RB40 was mainly due to
significant reduction in grain yield (22-38%) compared
with that in stress-free bed treatment (RB )

Nitrogen content and uptake

The grain N content in the grain was significantly
higher (13-21%) in bed-planted rice (RBDSR ) compared
with that in flat land (FLDSR) with similar stress-free soil-
moisture regime (Table 2). However, with the imposition
of moisture stress, there was a significant reduction in
grain N content by more than 8 and 21% in the beds irri-
gated at 20 (RBDSR, ) and 40 kPa (RBDSR ) tensions
compared with stress-free beds (RBDSR ) during both
the years. The higher grain N content in the bed-planted
rice (RB) compared with that on flat land (FLDSR) was
due to the application of nitrogen between the ridges on
the beds. Straw N content however, did not show any sig-
nificant variation among the treatments except RBDSR , ,
where moisture stress decreased the N uptake in the grain
and thus remained significantly higher in the straw. The
range of values obtained for grain N content in the present
investigation closely matched the values as reported by
Marr et al. (1999).

Table 2. Grain and straw nitrogen content and uptake of rice at
harvest

Grain N Straw N GrainN Straw N Total N
(%) (%) uptake  uptake  uptake
(kg/ha)  (kg/a) (kg/ha)

Treatment*

2001
FLDSR 133 054 5590 5864 11455
RBDSR,, 151 051 4853 4553  94.06
RBDSR,, 136 054 4231 4224 8455
RBDSR,, 112 051 2810 3475 6285

SEms 002 001 037 030 025
CD (P=005) 0.05 NS 118 095 085

2002
FLDSR 128 051 5360 5007 103.67
RBDSR,, 154 054 5733 4382  10L15
RBDSR,, 142 058 4282 4572 8854
RBDSR,, 122 047  27.64 3778 6541

SEms 0.02 002 032 050 041

CD (P=0.05) 0.05 0.05 1.04 1.27 1.31




December 2007]

Total N uptake by grain at harvest was significantly less
(13%) in bed-planted (RBDSR ) compared with flat-land
(FLDSR) rice during 2001, but in 2002 both FLDSR and
RBDSR  had similar uptake (Table 2). The raised-beds .
irrigated at 20 kPa tension (RBDSR, ) had a significant -
lower grain N uptake by 13% in 2001 and 25% in 2002
compared with stress-free beds (RBDSR ). There was a
further reduction (> 26%) when the beds were irrigated at
40 kPa tension (RBDSR ). Total straw-N uptake also re-
flected a similar pattern of reduction in N uptake in wider
space beds (RBDSRs) compared with close-space flat
land (FLDSR) and a continuous decline in beds with in-
crease in soil-moisture tension (RBDSR,, and RBDSR, ).

The pattern of total N uptake by grain and straw re-
vealed a close relationship with the total biomass accumu-
lation at harvest. Reduction in plant population per unit
area and imposition of moisture stress further in raised-
beds (RBDSR,  and RBDSR ;) reduced the root weight
density as well as number of productive tillers in beds, and
thereby reduced the total N uptake by grain and straw
compared with that in N stress-free flat bed (FLDSR)
(Padhi, 1999).

Soil N content
Profile distribution of soil NH,*-N content up to a depth

Ammonical-N (kg/ha)
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of 90 cm was studied at maximum tillering and flowering
stages of rice growth (Fig. 1). At tillering stage, raised-
beds (RBDSR ) had 10 %less NH,*-N content in the sur-
face layer (0-15 cm) than in flat lands with similar mois-
ture regimes (FLDSR); the differences in reduction were
significant throughout the depth of the profile. Again, on
imposition of soil-moisture stress, RBDSR, and
RBDSR , treatments showed a further decline in the NH,*-
N content, particularly in the surface (0-15 cm) and imme-
diate subsurface layers (30-45 cm). In both the seasons, in
RBDSR,, treatment the soil NH,*-N content declined by
more than 20 %in the surface layer (0-15 cm) compared to
RBDSR  (at 0-15 cm, RBDSR : 73.6, RBDSR,: 68.1
and RBDSR : 58.1 kg/ha). With increase in the period of
dryness, a decreasing trend of total profile NH,*-N content
was observed among the treatments. However, irrespective
of the treatment, soil NH,*-N content gradually decreased
along with increase in depth.

As at tillering stage, at flowering also a similar trend of
NH,*-N was observed among the treatments i.e. FLDSR
recorded the highest, followed by RBDSR , RBDSR
and RBDSR , respectively (Fig. 1). However, the amount
of NH,"-N content was lower than at tillering stage of
growth irrespective of the treatment. However, the NH,*-
N content at flowering stage was higher than that of PI

Ammonical-N (kg/ha)
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Fig. 1. Ammonical nitrogen content under different treatments at tillering and flowering stages of rice
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. 2. Nitratc-nitrogen content under different treatments at tillering and flowering stages of rice
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stage in 2001 due to the application of urea just 10 days
before heading. The reduction of NH,"-N content at later
stages of growth was due to rapid uptake by the crop.
Tripathi et al. (1997) had also reported low soil NH,*-N
content during the dry season in lowland rice. This is be-
cause of the presence of wetter water regimes, which
favour retention of NH,*-N content, thus retarding its con-
version into nitrate form. Similar findings of continuous
decline in soil NH,"-N content from early stages of crop
growth to later stages were also reported by Das ef al.
(1998). Lower NH,_*-N content under aerobic treatiments
were due to rapid oxidation of NH,*-N to NO,-N (Aulakh
and Singh, 1997).The degree of reduction in NH,*-N un-
der RBDSR, and RBDSR  treatments showed a close
association with the period of exposure to the aerobic con-
ditions, being lowest in the RBDSR,, There was a de-
crease in NH,*-N content with the increase in degree and
duration of dryness, as evident from the RBDSR treat-
ment.

Contrary to the NH,™-N content of the soil, the distribu-
tion of NO, -content in its profile reflected a reverse trend.
Compared with FLDSR, the RBDSR  treatment had sig-
nificantly higher NO,-N content (> 23%)in the surface
(0-15 c¢m) layer. The NO,-N content increased further in
RBDSR,, and RBDSR  treatments by more than 3 and
10% respectively compared with RB . The prolonged
aerobic conditions that persist under raised-beds (espe-
cially in RBDSR, | and RBDSR ) promoted rapid oxida-
tion of the applied inorganic N, which in turn accelerated
the nitrification process, thereby resulting in accumulation
of NO,-N in the soil.

Depth-wise distribution of NO,-N content showed a
gradual decreasing pattern up to a depth of 30 ¢ among
the treatments, beyond which no regular pattern was ob-
served in raised-beds, but a continuous decrease was ob-
served in flat lands (FLDSR) (Fig. 2). However, in both
raised-beds and flat lands, the surface layer (0-15 cim) had
the highest accumulation of NO,-N form, primarily due to
the prevalent aerobic environment. Katyal et al. (1987)
also reported higher NO,-N content (up to 70% of applied
N) at surface layers (0-30 cm). Raised-bed treatments had
also significantly higher total profile NO,-N content (up
toa depth of 90 cm) compared with FLDSR treatment,
which decreased gradually with advancement in the stage
of growth. This could be attributed to rapid uptake by the
crop at later stages of growth. “Application of fertilizer in
the form of urea at early stages of growth along with slow
uptake rate favoured greater accumulation of NO,-N in
the soil compared with that at later stages of growth.

It was concluded that bed-planted rice with.wider spac-
ing reflected a significant decline in grain yield production
compared with normally spaced aerobic flat-land rice. The
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cultivar ‘Pusa 44 was unable to compensate for loss in
yield in beds for the reduced area due to furrows as well as
moisture Stresses.
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