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Many have reported that iron (Fe)
deficiency anemia is a worldwide
problem (WHO 1996, IFPRI 1999).
It has also been reported that most
of the Fe intake of people comes
from cereals (Senadhira et al
1998). To improve Fe nutrition of
rice consumers, grain Fe
concentration must not only be
increased, it must also be in a
form available to consumers of
rice (Welch et al 2000, Glahn et al
2002). Glahn et al (2002) found
that bioavailability of Fe in rice
varied with genotype and that it
was not correlated with grain Fe
concentration. Furthermore, it has
been reported that polishing
increases the bioavailable Fe of
rice grain in all varieties (Prom-
u-thai et al 2004). Polished rice is
more commonly consumed in
urban areas, but hand-pounded
rice is still eaten by people in
remote highland villages.
(Wooden mortar and pestle are
used for pounding.) Therefore,
useful information may be
obtained by measuring bio-
available Fe in the rice that people
actually eat.

This study set out to
determine the bioavailability of Fe
in hand-pounded rice from Tee
Cha Village, Sob Moei District,
Mae Hong Son Province,
northern Thailand. Samples of six
rice varieties were collected from
seven individual households
from the village. Exactly 1 g of
each rice sample was evaluated
for bioavailability of Fe by using
in vitro digestion/CaCO2 cell
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culture model in six replications,
with unpolished rice variety
Nishiki as the control (Glahn et al
2002). Ascorbic acid was added to
the samples at 200 mM to increase
the bioavailable Fe (Glahn et al
1999). Grain Fe concentration was
analyzed by inductively coupled
plasma (ICP) and phytate
concentration was measured by
high-performance liquid chroma-
tography (HPLC) (Lehrfeld 1994).

Grain Fe concentration of
hand-pounded rice from Tee Cha
was found to be highly variable
(see table). The hand-pounded
varieties with grain Fe
concentration >10 mg g–1 were
Bue Po Lo, Bue Kee (B), Bue Tolae,
and Bue Kee (F). Bue Po Lo, Bue
Kee (B), and Bue Kee (F) had a
higher grain Fe concentration
than Bue Tolae. On the other
hand, grain Fe concentration of
hand-pounded Bue Kaset, Bue
Goa, and Bue Bang was <10 µg
g–1. Bue Goa and Bue Bang had a
higher grain Fe concentration
than Bue Kaset. Furthermore,
phytate concentration of hand-
pounded rice was also highly

variable (see table). It was lowest
in Bue Goa and Bue Bang and
highest in Bue Po Lo, Bue Tolae,
and Bue Kee (F). Others had
intermediate values. However,
there was no correlation between
grain Fe and phytate concen-
tration in all hand-pounded rice
varieties.

Bioavailability of rice grain
Fe in the village varied among
different varieties (see figure).
Three varieties (Bue Po Lo, Bue
Tolae, and Bue Goa) had a higher
Fe bioavailability than the
standard Nishiki. It was highest
in Bue Po Lo, lowest in Bue Goa,
and intermediate in Bue Tolae. On
the other hand, four varieties [Bue
Kee (B), Bue Kaset, Bue Kee (F),
and Bue Bang] had lower
bioavailable Fe than Nishiki.
There was no correlation between
bioavailability of Fe and grain Fe
as well as phytate concentration
in rice grain.

Hand-pounded rice is in
between unpolished and polished
rice in terms of degree of
polishing. Some of the aleurone
layer is retained in the pounding
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process. It has been reported that
unpolished rice contained high
grain Fe concentration but low
bioavailable Fe because of the
presence of an inhibitor in
unpolished grain (Glahn et al
2002). However, this study found
that varieties Bue Po Lo and Bue
Tolae had high grain Fe
concentration and bioavailable
Fe. Furthermore, Bue Goa had
low grain Fe concentration but
high bioavailable Fe. The rice
eaten by people in the village was
either Bue Po Lo (high Fe
concentration and bioavailable
Fe) or Bue Bang (low Fe
concentration and bioavailable
Fe). Bue Po Lo had almost three
times the bioavailable Fe than Bue
Bang. Therefore, those who eat
this hand-pounded variety may
have better Fe nutrition than
those who eat Bue Bang.
However, rice is normally eaten
with side dishes that may affect
the bioavailability of the Fe
consumed. For example,
consumption of a bioavailable Fe
promoter substance, such as
ascorbic acid, increases the
bioavailability of Fe, but
consumption of an inhibitory

substance, such as phytic acid,
decreases the bioavailability of Fe
(Glahn et al 1999). Nevertheless,
with everything else constant,
eating rice with higher grain Fe
content and higher Fe availability
should contribute toward better
Fe nutrition in people. The other
rice variety that was almost as
good as Bue Po Lo in this respect
is Bue Tolae. Considerable
variation exists in both
concentration and bioavailability
of Fe in rice normally eaten by
people in the highland of
northern Thailand. The high level
of grain Fe and the high
bioavailability of Fe in some local
rice varieties may already be
contributing toward improved Fe
nutrition of some highland
people.
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In many arid and semiarid
regions of the world, sodic
groundwater is the main or only
source of irrigation and its use
poses a threat to improved rice
and wheat production. Appli-
cation of gypsum as a soil or
water amendment is commonly
recommended to offset the
deteriorating effects of these types
of water. However, organic
amendments have also been used
to alleviate the adverse effects of
soil sodicity on crop growth.
Long-term nutrient management
strategies developed so far for
improving rice-wheat production
on sodic lands are potentially
applicable to areas having good-
quality underground irrigation
water. Since rice-wheat is the
most commonly practiced crop
rotation system in the Indo-
Gangetic plains, improving its
productivity, particularly in areas
with poor-quality groundwater,
is a major challenge. We inves-
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tigated the long-term effects of
sodic irrigation water (residual
sodium carbonate [RSC] 8.5 meq
L–1 and sodium absorption ratio
[SAR] 8.8) with and without
gypsum as a soil amendment and
organic (farmyard manure [FYM]
and pressmud) and inorganic
fertilizer use (N, P, K, and Zn) on
soil properties and yields of rice
and wheat.

An 8-yr field experiment
(1994-2001) with a wet-season rice
(Oryza sativa L.) and winter-
season wheat (Triticum aestivum
L.) cropping system was
conducted by CSSRI at the Bhaini
Majra Experimental Farm,
Kaithal. The experimental site
(29.80° N, 76.45° E) is about 250
m above mean sea level. The
experimental soil is classified as
Aquic Natrustalfs with illite as a
dominant mineral. Surface soil
(0–15 cm) is sandy loam (52%
sand, 25% silt, and 23% clay), with
pH 8.6, SAR 29.0, organic carbon

0.4%, available P 14.8 kg ha–1,
available K 275 kg ha–1, and CEC
10.2 cmol kg–1. There were 10
treatments (Table 1) replicated
four times in a randomized
complete block design. The last
two treatments with pressmud
(T9 and T10) were included
starting in 1997. The N, P, K, and
Zn doses as per treatments (120
kg N, 26 kg P, 42 kg K, and 4.5 kg
Zn ha–1) were applied as urea,
single superphosphate, muriate
of potash, and zinc sulfate,
respectively. The experiment was
continued with the rice-wheat
cropping sequence in the fixed
layout each year during the 8-y
period. The crops were irrigated
with groundwater as and when
required.

The 5-d-old seedlings
(three hill–1) of rice cultivar Jaya
were transplanted in standing
water (5 + 1 cm) in the first week
of July each year at 20 × 15-cm
spacing. One-third of N and full
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doses of P, K, Zn, gypsum, FYM,
and pressmud were added at the
time of transplanting. The
remaining N was broadcast into
equal splits at 3 and 6 wk after
transplanting. The crop was
harvested in the third week of
October each year. Grain yield of
rice was computed to 14%
moisture content and straw yield
on an oven-dry basis.

Wheat cultivar HD2329
was sown in the second week of
November each year at a row
spacing of 20 cm. One-third of N
and full doses of P and K were
applied during sowing. The
remaining N was topdressed in

two equal splits at 3 and 6 wk
after sowing. The crop was
harvested in the second week of
April each year. Grain and straw
yields of wheat were recorded on
an oven-dry basis.

The continuous use of
fertilizer N alone (120 kg ha–1)
significantly improved grain
yield of rice and wheat over the
control (no fertilizer, Tables 1
and 2). Mean yield increased by
49.1% for rice and 73.2% for
wheat. Phosphorus applied at 26
kg ha–1 each to rice and wheat
significantly improved yields,
with the mean increase being 0.76
and 0.64 t ha–1, respectively.

Potassium applied at 42 kg ha–1

to both crops had no significant
effect on yields. Zinc application
improved the yield of rice but the
effects were significant only in
1997 and 1998. The NPK fertilizer
with either 10 t FYM ha–1 or 5 t
pressmud ha–1 (T6, T7, and T9)
recorded significantly higher
yields over the years than NPK
alone (T4). The residual effect of
FYM, gypsum, and pressmud on
wheat yield has been significant
since 1997. Though yields of both
crops improved further when
gypsum was applied with FYM
or pressmud (T8 and T10), the
differences were not significant
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Highly weathered soils that are
acidic, deficient in nutrients, and
rich in sesquioxides occur in 11.7
million ha in India (Prasad and
Biswas 2000) and in 0.75 million
ha in Orissa (Sahu 1993). Rice is
grown in low- to medium-
elevation land with this type of
soil and crops adjacent to leached
upland often suffer from Fe
toxicity associated with interflow
of water from the upland. The
mechanism by which the
interflow exhibits iron toxicity in
rice is uncertain, but it appears to
involve dilution of plant nutrients
and upsetting of the plant’s ability
to exclude toxic Fe rather than an
inflow of large amounts of
dissolved Fe (Van Breemen and
Moormann 1978). Amelioration
of Fe toxicity in rice through
different means has been studied
elsewhere (Van Breemen and
Moormann 1978, Sahu et al 2001,
Sahrawat et al 2001).

To study the comparative
efficacy of various amendments
for amelioration of Fe toxicity
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under these conditions and
interactions with climate and
genotypes, field experiments
were conducted in the 1999, 2000,
and 2001 wet seasons (WS) at the
OUAT Central Research Station.
The soil is an Aeric Haplaquept
derived from highly weathered
materials with pH 5.0, CEC 5.1
cmol (p+)- kg–1, 0.39% organic C,
11 ppm Olsen’s P, 58 ppm
NH4OAc K, 412 ppm DTPA-
extractable Fe, 1.0 ppm Zn, and
35 ppm Mn. The treatments

included eight amendments such
as application of lime (0.5 and 0.25
lime requirement), fly ash (20 and
10 t ha–1), K (66 kg ha–1), Zn (10
and 5 kg ha–1), and foliar spray of
MnSO4 (0.6%). One no-
amendment treatment was
included. Two rice varieties,
Mahsuri (tolerant of Fe toxicity)
and Jajati (susceptible to Fe
toxicity), were used. The
experimental design was a split
plot with rice variety as the main
plot and amendments as
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over treatments T6, T7, and T9.
The differences in rice and wheat
yields over the years have risen
primarily because of erratic
rainfall and its impact on the SAR
of the soil (Tables 1, 2, and 3).
Continuous irrigation with sodic
water and inorganic fertilizer use
for 8 y slightly decreased soil pH
and SAR from initial values of 8.6
and 29.0 to 8.50 and 18.7,
respectively. However, treat-

ments involving the use of
gypsum, FYM, and pressmud
significantly decreased soil pH
and SAR and improved soil
organic C and available N, P, K,
and Zn over inorganic fertilizer
treatments and the control (Table
3). The results suggest that rice
and wheat productivity and soil
fertility can be sustained by the
integrated use of gypsum, FYM,
or pressmud with the recom-

mended NPK dose in areas
having sodic underground water.
Pressmud, a byproduct of sugar
manufacture and a cheap
alternative to gypsum, offers
opportunities to Indo-Gangetic
farmers to efficiently use poor-
quality groundwater and
improve rice-wheat productivity
and soil fertility.
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subplots, replicated three times.
All the treatments received 80 kg
N, 18 kg P, and 33 kg K ha–1

applied in two equal splits at
transplanting and 25 d after
transplanting. Urea, single
superphosphate, and muriate of
potash were the sources of N, P,
and K, respectively. Nitrogen was
applied in three splits (25% at
transplanting, 50% at mid-
tillering, and 25% at panicle
initiation). All the P was supplied
at transplanting and a foliar spray
of MnSO4 was given at mid-
tillering.

Symptoms of Fe toxicity
appeared in the control treatment
25 d after planting the susceptible
variety. Symptoms were reddish
brown spots on the tips of the
lower leaves, with bronzing
spreading over the entire leaf.

Bronzing symptoms were
scored at 40 DAT following the
Standard evaluation system for rice
(IRRI 1980). These symptoms
decreased with the application of
the different amendments
(Table 1). Application of Zn and
lime at higher doses resulted in
minimum toxicity. Jajati gave
higher toxicity values than
Mahsuri.

Grain and straw yield
(Tables 2 and 3) of both varieties
increased with application of the
different amendments. Appli-
cation of Zn showed the highest
yield because of antagonism
between Zn and Fe.

Except for straw yield in
2001, Mahsuri produced higher
yield than Jajati.

Fe concentration in leaves
(Table  4) was higher in the
control treatment. A minimum
concen-tration of Fe in leaves was
observed in the Zn treatment,
followed by the lime treatment.
Jajati showed a higher Fe
concentration in leaves than did
Mahsuri.
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The N2-fixing cyanobacteria play
a vital role in the maintenance of
soil fertility and sustainability.
Immobilization of these cyano-
bacteria in soil matrices could
improve their growth, nitro-
genase activity, and ammonia
excretion level (Kannaiyan et al
1994). The present experiment
aimed to quantify the amount of
N transferred from immobilized
cyanobacteria to rice seedlings
using the 15N dilution method.

The cyanobacteria cul-
tures—Anabaena azollae (AS-DS-
SK) and Nostoc muscorum
(DOH)—were immobilized in
polyurethane foam (PUF) and
sugarcane waste (SCW) based on
the physical entrapment
principle. Two g of 10-cm-sided
bits of PUFs, washed well in
distilled water, were placed into
a 250-mL conical flask containing
100 mL of N-free BG-11 medium
and sterilized. The SCW (bagasse)
was cut into 2.5-cm bits, soaked
in 0.05% NaOH for 1 h, washed
several times with distilled water
until free of alkali, and finally
soaked in distilled water. Ten
grams of bits were placed into a
250-mL conical flask containing
100 mL of N-free BG-11 medium
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and sterilized. The actively
growing cultures were inoculated
to a final concentration of 0.05 OD
at 750 mm. The flasks were
incubated in a growth chamber at
3,000-lux light intensity with 12-
h day/night cycle at 24 ± 1 ºC. The
1-mo-old immobilized and free-
living cultures were used in this
study.

The hydroponic rice
culture (cultivar ADT36) in N-

free medium (Watanabe 1977)
was inoculated with 0.5 g cell
equivalent of free-living, PUF-,
and SCW-immobilized cyano-
bacterial cultures. The 15N urea
(10% 15N atom excess) was
applied at 5 mg L–1 at weekly
intervals. The hydroponic rice
culture was carried out in a
growth chamber at 3,000-lux light
intensity with 12-h day/night
cycle at 24 ± 1 ºC. After 1 mo, the
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total N content of rice seedlings
was estimated by the Kjeldahl
method and 15N/14N was
determined using the Micromass
622 VG ISO gas mass
spectrometer. The percent N
derived from fertilizer (15Ndff)
and cyanobacteria (15Ndfc) was
calculated following the
procedure of Pruden et al (1985).

Inoculation of cyano-
bacteria, either as immobilized or
free-living along with urea,
significantly increased N content
and N uptake of rice seedlings
(see table). Among the cultures,
N. muscorum (DOH) immobilized
in SCW with 15N urea recorded
the highest N content and N
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uptake of rice seedlings. The rice
seedlings receiving the
immobilized culture have
recorded higher N accumulation
than the free-living cultures. In
particular, the SCW-immobilized
N. muscorum (DOH) contributed
significantly higher N to rice
seedlings (25.84%) than the other
(see figure) by way of N2 fixation,
thereby recording a high N
transfer efficiency. The results
revealed that 16–28% of N can be
added to rice seedlings by
immobilized cyanobacteria in the
presence of urea as fertilizer N
(Valiente et al 2000).

T1 = A. azollae (AS-DS-SK) (free); T2 = A. azollae (AS-DS-SK) (PUF); T3

= A. azollae (AS-DS-SK) (SCW); T4 = N. muscorum (DOH) (free); T5 =
N. muscorum (DOH) (PUF); T6 = N. muscorum (DOH) (SCW); T7 = 15N
urea. (All treatments received 15N urea uniformly as uninoculated
control.)

% Ndff and %Ndfc were calculated as follows (Pruden et al 1985):

                       Percent 15N atom excess in inoculated plant
% Ndff =                                                                                            × 100
                       Percent 15N atom excess in uninoculated plant

% Ndfc = 100 – %Ndff
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In temperate regions, rice is
cultivated as a summer crop.
However, several million
hectares in temperate and high-
altitude areas cannot be planted
with modern rice varieties
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because of low-temperature stress
at different stages of plant
growth. Low temperatures below
15 °C during the vegetative stage
cause leaf discoloration, reduce
tillering, and delay heading

(Rutger and Peterson 1979).
During the reproductive stage,
low night temperature causes
sterility, leading to a 20% yield
loss (Li et al 1997, Kwon et al
2002). In South Korea, low-

���

���

��

��

��

��

��

��
�� �� �� �� �� �� ��

�
 !�� �
 !��

�
 
!	�"#	!

��	��$	���



$$���������

temperature stress is the main
limiting factor for rice
productivity. The main challenge
is to identify appropriate
solutions to low-temperature
stress in rice. This study has been
undertaken to evaluate 69
advanced breeding lines of the
International Rice Research
Institute (IRRI) along with five
Korean rice cultivars using the
c o l d - w a t e r - t e m p e r a t u r e
irrigation facility developed at the
Chuncheon substation of NICS,
RDA, Republic of Korea, to
identify promising cold-tolerant
genotypes for use as donors in
their temperate rice improvement
program through molecular
genetics and breeding research.

The 69 IRRI lines consisted
of 51 new plant types (NPT) and
18 bred for high-altitude areas
(HAA) of the Philippines. Korean
rice cultivars Jinbubyeo and
Odaebyeo were used as cold-
tolerant checks and Saesbeolbyeo
was the cold-sensitive check. The
IRRI breeding lines, along with
Korean varieties, were planted in
single rows each and consisted of
40 plants at a spacing of 30 cm ×
15 cm. Irrigation water
temperature was normal until
tillering stage. Water temperature
regimes ranging from 17, 18, 19,
and 25 °C were set and
continuous flowing water of 5-cm
depth was maintained from
tillering to maturity. Leaf

discoloration was scored during
the vegetative stage and data on
four agronomic traits—culm
length (cm), panicle exsertion
(cm), panicle length (cm), and
spikelet sterility (%)—were
collected at the end of the stress
period for the selected 12
breeding lines. Traits were
evaluated using the Standard
evaluation methods of rice (RDA
1995).

Of the 69 IRRI breeding lines
tested at four temperature
regimes, five NPT lines and two
lines adapted to HAA did not
express leaf discoloration. The
plants stayed green throughout
the growth period. The remaining
62 IRRI lines were highly
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sensitive to low temperature,
showing leaf discoloration and
poor agronomic traits, and were
not considered for data analysis.
The performance of the four
agronomic traits showed direct
correlation with temperature
regime. The temperature regimes
of 17 °C and 18 °C had severely
affected the normal expression of
agronomic traits on all rice
genotypes. Therefore, we have
considered 19 °C water tempera-
ture as the critical temperature for
the identification of cold-tolerant
genotypes. In this temperature
regime, the breeding lines
IR61727-4B-1-1-1 and IR61660-
121-4-4-2 did not show a
significant reduction in the traits

during the stress period (see
table). The reproductive-stage
low-temperature stress caused
high sterility of spikelets in all
lines, except IR61727-4B-1-1-1 and
IR66160-121-4-4-2, which had
13% and 21% sterility,
respectively, compared with the
cold-tolerant japonica varieties
Jinbubyeo (6%) and Odaebyeo
(17%) (see table). Low tempera-
ture had a negative effect on the
development of panicles. As a
result of low-temperature stress,
62 IRRI breeding lines had
degenerated panicles (see figure).
The breeding lines IR61727-4B-1-
1-1 and IR66160-121-4-4-2 were
identified as the most promising
genotypes for cold tolerance. The

results demonstrated that these
breeding lines represent a new
source of tolerance for low-
temperature stress that could
broaden the genetic base of
temperate rice cultivars grown in
Korea. These two genotypes may
also be suitable for boro rice
cultivation in the eastern regions
of India and Bangladesh.
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2002. Relationship between genetic
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In present-day agriculture, even
though yield of cereals has
increased in harmony with
population growth (Bockman
1997), long-term productivity of
the soil, particularly in rice fields,
has been neglected. To cope with
this situation, an attempt was
made to replenish the depleted
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soil N in every season by growing
azolla with rice. Under a space-
sharing method, a separate space
is allotted for rice and azolla. The
aim is to offer enough space for
the simultaneous growth of azolla
in the field and to realize benefits
from this approach—effective
nutrient turnover, weed control,

and more sunlight for rice.
The field experiments were

conducted during the wet season
(Oct 2001-Jan 2002) in the
wetlands of TNAU. The experi-
mental soil (Vertic Ustochrept)
was clay (68.6%) and has a pH of
8.2, electrical conductivity 0.66 dS
m–1, organic C 0.62%, 242 kg

"��������������
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available N ha–1, and 1,440 kg total
N ha–1.

Medium-duration cultivar
CO 43 (derivative of Dasal and
IR20) was raised using four
methods of space sharing (see
Table 1 for details) and four levels
of N (0, 112.5, 150, and 187.5 kg
ha–1 as urea) in a split-plot design.
Fertilizer N was applied in four

equal splits (0, 25, 45, and 65 d
after transplanting) (DAT).
Azolla (A. pinnata) was inoculated
at 3 DAT and maintained in
floodwater until a week before
harvest. No herbicide was used.
Hand weeding was done at 25
and 45 DAT. Core samples of
surface soil (7.5-cm-diam core up
to 15-cm depth) were analyzed by

procedures outlined for organic
carbon by Walkley and Black
(1934), for available N by Subbiah
and Asija (1956), and for Kjeldahl
N by Bremner (1965).

At harvest, when com-
pared with the rice-azolla dual-
culture method (M1), the 2:1
space-sharing method with high
rice density (M3) exhibited a
significant improvement in N
uptake and, consequently, grain
and straw yield (Table 2).
Furthermore, there was greater
buildup of organic C (+ 0.10%),
available N (+10 kg ha–1), and
total N (+ 53 kg ha–1) in the
postharvest soil over M1.

The beneficial effects of
azolla observed in this study can
be attributed to its preferred
adaptability in the rice ecosystem
and capability to fix substantial
biological N2 (Shrestha and Ladha
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1996). The azolla biomass would
have also decomposed rapidly
and supplied N to the rice crop
(Roger and Ladha 1992, Kumar
and Kannaiyan 2001).

Azolla grown in an
exclusive 0.5-m strip alternating
with a 1-m strip of rice in the 2:1
rice-azolla space-sharing method
benefited the crop and soil more
than did the dual system. It has
increased soil available N, total N,
and organic C at the end of the
crop season. This may have
resulted from the continuous
deposition of senescing tissues of
azolla from the azolla mat that has
covered the entire floodwater
space well before panicle
initiation. As a consequence of
this fertility enhancement,
nutrient uptake of rice was
hastened substantially, enabling
the crop to adequately respond to
applied N even at low levels.

Thus, a large grain yield was
achieved at the 150 kg N ha–1 level
itself (5.27 t  ha–1) under M3, which
could otherwise be obtained only
by applying 187.5 kg N ha–1 under
the conventional M1. With this, a
saving of 37.5 kg fertilizer N ha–1

has been realized. The 400-kg
yield increase recorded under M3

over the M1 yield of 4.9 t ha–1 at
150 kg N ha–1 level was purely the
effect of azolla growth in the
exclusive space.

These space-sharing
methods have shown some scope
for bringing about an effective
biological N2 fixation and a soil N
enrichment system by allowing
adequate and exclusive space for
azolla in the rice-growing season
itself. For the most part of the
crop-growing period, azolla that
covers the floodwater surface as
a thick mat would help reduce
weed growth. This translates into

increased rice yield with no
additional cost to farmers.
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In spite of being tolerant of boron
(B) deficiency (Savithri et al 1999),
flooded rice suffers from this
nutritional disorder in Pakistan
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(Chaudhry et al 1977) and
elsewhere (Shorrocks 1997).
Though appreciable rice yield
increases with B application in

Pakistan were initially observed
about three decades ago
(Chaudhry et al 1977), it is only
recently that this micronutrient
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disorder has received attention. In
2002, we studied the relative
response to B application of the
two most popular Basmati rice
cultivars grown in the country.

Five multilocation, non-
replicated field experiments
(treated as five replications) were
carried out in a randomized
complete block design in the
traditional rice-growing areas of
Punjab Province, using Basmati
385 and Super Basmati. Soil in the
experimental field was alkaline
(pH 7.9–8.8), calcareous (CaCO3

equivalent, 1.5–5.7%), nonsaline
(EC, 0.3–1.5 dS m–1), and low in
organic matter (0.8–1.8%).
Extractable nutrients were 7.8–
14.0 mg P kg–1, 102–200 mg K
kg–1, and 0.7–2.5 mg Zn kg–1.
Available B in the soil ranged
from 0.21 to 0.42 mg kg–1.

The experimental treat-
ments consisted of the control (no
B application) and 1.0 kg B ha–1

as borax, applied before
transplanting. In all experiments,
basal fertilization—120 kg N ha–1

(urea), 44 kg P ha–1 (diammonium
phosphate), and 10 kg Zn ha–1

(zinc sulfate)—was done. Crop
management was the same in all
treatments. The experimental
data collected were plant height,
number of productive tillers,
number of filled grains panicle–1,
B concentration in flag leaves at
heading and in mature grain, and
grain and straw yields. Total
milled rice and head rice were
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determined and rice grains were
analyzed for kernel length,
breadth, and thickness;
elongation upon cooking and
bursting upon cooking; and alkali
spreading value.

Boron application subs-
tantially increased grain yield in
both cultivars (Table 1). The yield
increase of Basmati 385 was 25%
over that of the control and 20%
in Super Basmati but the dif-
ference was not statistically
significant for the better cultivar.
Plant height, number of pro-
ductive tillers, and grain weight
of both cultivars increased with
B application; the yield increase
was primarily the consequence of
reduced panicle sterility (Table 1).
Boron concentration in control
plant leaves of both cultivars was
less than the critical B level of 6
mg kg–1 (Jones et al 1991).

Moreover, B concentration in the
mature grain appeared to be a
good indicator of the B nutritional
status of plants. Total B uptake by
both rice cultivars was doubled
with B fertilization, but B-use
efficiency (i.e., the fraction of
fertilizer B taken up by the
aboveground plant parts) was
<2% (Table 1).

Milling return and head
rice recovery greatly improved
with B application in both
cultivars (Table 2). Desirable
cooking traits such as elongation
ratio, bursting on cooking, and
alkali spreading value were
likewise attained (Table 2). Thus,
adequate B supply appears to be
a prerequisite for obtaining
optimum yields of good-quality
Basmati rice. Considering grain
yield increases alone, B use was
highly cost-effective, with a
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value-cost ratio of 55:1 in Bamati
385 and 41:1 in Super Basmati.
Improvements in milling return
and grain quality were added
advantages of economic signi-
ficance.

This study shows that B
deficiency-induced panicle steri-
lity is a major cause of yield
reduction in B-deficient soils.
Boron application not only
enhances crop productivity but
also improves grain quality.

Therefore, in B-deficient situa-
tions, rice growers are encou-
raged to include B in their ferti-
lizer use program.
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SM. 1977. Response of rice varieties
to field application of
micronutrient fertilizer. Pakistan J.
Sci. Ind. Res. 19:134-139.

Jones JB Jr, Wolf  R, Mills HA. 1991.
Plant analysis handbook. Athens,
Georgia (USA): Micro-Macro
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The high N deficiency of Indian
soils and the concomitant high N
requirement of the rice crop make
recovery of applied N crucial.
Only 18–40% of N is recovered
because of heavy losses through
various means and lack of
synchronization of crop
requirement with N application,
resulting in lower physiological
efficiency (Natarajan and
Pushpavalli 1994). To match N
supply with crop demand, a leaf
color chart (LCC) based on leaf
chlorophyll content and leaf N
content has been used, along with
fertilizer application dictated by
soil nutrient status and what has
been recommended. Testing of
these types of technologies
requires farmers’ participation.
This study aimed to evaluate
different N scheduling practices
in rice.

Field experiments were
conducted during 2002 kharif in
the predominantly rice-growing
areas of Haryana. There were
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three different sites—Teek
village, Kaithal District (site I);
Krishi Vigyan Kendra, Kaithal
(site II); and Rampur Thery, Sirsa
(site III). Soil in the experimental
fields was sandy clay loam,
slightly alkaline (pH 8.0–8.6), low
in available N (148–175 kg
N ha–1), medium in available P
(10.6–12.8 kg P ha–1), and high in
available K (315.4–415 kg K ha–1)
at all sites. Sixteen treatment
combinations comprising four N
scheduling practices (recom-
mended practice, soil test-based,
farmers’ practice, and LCC-
based) and four varieties (IR64,
HKR126, PR114, and PR106) were
laid out in a randomized block
design with three replications.
For recommended and soil test-
based fertilizer application
practices, 150-26.4-49.8 kg NPK
and 150-17.6-0 kg NPK ha–1 were
applied in each plot as full P and
K and with 1/3 N before
transplanting and 1/3 N each at
3 and 6 wk after transplanting

(WAT). A survey on existing
farmers’ practices showed that
most farmers used 195 kg N and
25.3 kg P ha–1 and this was used
as a base in this study (full P; 22.5
kg N basal and 57.5 kg N each at
15, 30, and 45 DAT). In LCC-
based fertilizer application (14–54
DAT), a critical value of 4.0 was
taken as a signal for applying N.
If the means of all LCC readings
remain <4.0, then 23 kg N ha–1 as
urea was applied. In this practice,
26.4 kg P as single super-
phosphate and 49.8 kg K ha–1 as
muriate of potash  were applied
as a basal dose in each plot before
transplanting. At 44 DAT, an LCC
value of >4.0 was recorded in
HKR126 and PR106 at all sites
(Table 1); hence, a fertilizer dose
of 23 kg N ha–1 was omitted.
Therefore, total N applied was 92
kg ha–1 in HKR126 and PR106 and
115 kg ha–1 in PR114 and IR64.

Nitrogen scheduling as per
the farmers’ practice recorded the
highest grain yield, followed by

Savithri P, Perumal R, Nagarajan R.
1999. Soil and crop management
technologies for enhancing rice
production under micronutrient
constraints. In: Balasubramanian V
et al, editors. Resource manage-
ment in rice systems: nutrients.
Dordrecht (Netherlands): Kluwer
Academic Publishers. p 121-135.

Shorrocks VM. 1997. The occurrence
and correction of boron defiency.
Plant Soil 193:121-148.
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recommended and soil test-based
fertilizer application, but all these
practices were statistically on a
par with each other and found to
be significantly superior to LCC-
based fertilizer application at all
three sites (Table 2). The percent
increase in grain yield under the
farmers’ practice, recommended,
and soil test-based fertilizer
application over LCC-based
fertilizer application was 16.0,
12.2, and 10.8 at site I; 21.8, 20.2,
and 19.2 at site II; and 15.1, 14.0,
and 13.2 at site III, respectively.

HKR126, PR114, and PR 106
were statistically on a par with
each other and significantly
superior to IR64 at all sites
(Table 2). At site I, HKR126
recorded a 15.7%, 5.9%, and 7.1%
increase in grain yield over IR64,
PR114, and PR106, respectively,
while that at site II was 23.8%,
4.4%, and 5.0%. At site III, PR106
produced 19.6%, 0.8%, and 3.4%

higher grain yield than did IR64,
HKR126, and PR114, respectively.

Results indicated that,
although the N dose under the
farmers’ practice was 45 kg ha–1

higher than the recommended
and soil test-based fertilizer
application, this increased N level
did not have any significant
beneficial effect on the growth
and yield of the rice crop. The
slower growth and lower yield
associated with LCC-based N
application suggest that a basal
dose of N may have a distinct
advantage and must be applied
for better tillering, faster growth,
and ultimately higher yield.
Further, the use of the LCC for
scheduling N application may not
be uniformly applicable to all
varieties that differ in inherent
leaf color,  thereby necessitating
individual/group standar-
dization.

���������
Natarajan K, Pushpavalli R. 1994.

Strategies for higher nitrogen use
efficiency in lowland rice. Indian
Fert. Sci. Ann. p 93-103.
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Flash flooding affects more than
30 million ha of rainfed lowland
rice area in South and Southeast
Asia, of which 6.2 million ha are
in India alone. Partial to complete
submergence can be experienced
any time during the growing
season. The majority of rice
germplasm cannot tolerate
complete submergence and, if
any survives, it tends to elongate
and push its leaf tips above the
water surface to avoid
submergence. However, this
mechanism is not suited for flash-
flood conditions because
excessive elongation causes the
stem to become weak and to
lodge. The situation worsens if
the land becomes inundated
within a week or so after the first
inundation. Identification of
nonelongating, submergence-
tolerant cultivars with better
agronomic traits is useful for
breeding to develop new varieties
and for direct use by farmers if
these cultivars produce
comparatively higher and more
stable grain yield.

During the last 3 years, we
had screened more than 6,000 rice
germplasm accessions collected
from different parts of India. In
addition, improved germplasm
provided through collaborative
projects between CRRI and the
International Rice Research
Institute was also screened for
submergence tolerance. The
objective was to identify
submergence-tolerant rice
cultivars comparable with
international check FR13A
(locally known as Dhalaputia).
Though FR13A was identified as
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a submergence-tolerant cultivar a
few decades ago, varietal
development using it as a donor
has not, so far, been successful
because of its poor combining
ability in hybridization. Identi-
fying new materials with
tolerance for submergence but
with a better plant type would be
useful for breeding and for other
purposes, so that farmers in this
fragile environment could
improve their living conditions.

The experiments were
carried out during the wet
seasons of 2001 and 2002.
Genotypes were direct-seeded
with a spacing of 20 × 15 cm.
Three seedlings hill–1 were
maintained by thinning 10 d after
germi-nation. Twenty-one-day-
old seedlings were submerged for
12 d under 80 cm of water,
followed by normal conditions
with 5–10 cm of standing water.
Survival counts were taken
visually after 10 d of withdrawal
of submergence. Floodwater pH,
temperature, dissolved oxygen
and carbon dioxide concen-
tration, and light penetration
were determined at 30 and 60 cm
of water depth.

To determine the yield
potential of selected lines, an
experiment was conducted under
shallow rainfed lowland
conditions where water depth
varied from 0 to 40 cm. The
experiment was conducted using
transplanted seedlings with 20 ×
15-cm spacing. N, P, and K
fertilizers were applied at 60-30-
30 kg ha–1 in the form of urea,
single superphosphate, and
muriate of potash.

Light intensity at 30- and
60-cm water depth varied from
58% to 63% and 41% to 45%,
respectively. Oxygen concen-
tration at the same water depth
was 2.2–3.0 ppm at 0600 h and
4.9–7.2 ppm at 1730 h, whereas
the concentration of carbon
dioxide was 0.016–0.024 mol m–3

and 0.011–0.015 mol m–3 at 0600 h
and 1730 h, respectively. The
temperature did not vary greatly;
it was 26.8–32.0 oC throughout the
experiment. The pH of the water
was about 7.00 + 0.18.

Survival percentage was 0–
10% for susceptible rice cultivars
IR42, Sarala, Durga, and Tulasi.
However, % survival varied from
75% to 88% for tolerant cultivars.
In general, elongation due to
submergence was more in
susceptible cultivars (see table).

To compare the yields of
the selected submergence-
tolerant cultivars under normal
conditions, another experiment
was conducted under favorable
rainfed lowland conditions with
seven photoperiod-sensitive rice
cultivars, plus three checks.
Check cultivar Durga outyielded
the other cultivars (see figure).
However, the survival of this
cultivar was only 10%. On the
other hand, grain yield of the
other two check varieties, Sarala
and Tulasi, was below or equal to
that of submergence-tolerant
lines CR2006-7 and CR2003-13.
The submergence-tolerant
traditional lines FR13A and
Kalaputia gave lower yields.

CR2003-13 and CR2006-7
were selected from breeding
materials provided under the
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CRRI-IRRI collaborative shuttle
breeding program for eastern
India and are being tested in
farmers’ fields and in national
coordinated trials. Both lines have
IR53508-B2-4-1-3-3 as one of the
parents, which inherited its
submergence tolerance from
FR13A through BKNFR76106-16-
0-1. In rainfed lowland flash-
flood-prone areas, yields were
low, ranging from 0.5 to 1.0 t ha–1.
These two cultivars could help
increase and stabilize rice
productivity. Unlike FR13A, the
three landraces—Khoda,
Khadara, and Kusuma—are
awnless. The regeneration
capacity of Khoda and Khadara
is better than that of FR13A. The
new submergence-tolerant
landraces would be useful for
breeding new cultivars tolerant of
submergence.
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Basmati rice varieties are in
demand because of their long,
slender, aromatic grains with
intermediate level of amylose,
which upon cooking exhibit high
volume expansion. India has
established a monopoly in
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exporting Basmati rice, which
fetches a price two to three times
higher than that of regular rice.
In 1999, about 0.5 million t of
Basmati was exported, giving the
country Rs 30 million in foreign
exchange earnings.

The cropping sequence
Basmati rice-wheat is common
but Basmati rice-sunflower was
found to be more remunerative.
To achieve high yield and to
improve quality, N is a major
factor considered in all types of
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environment. Low N may not
lead to realization of maximum
yield potential, and high N may
lead to lodging, increased
incidence of insect pest attack,
and lower quality. N is usually
applied at 60 kg ha–1, but research
shows that Basmati tends to lodge
at this level of applied N. Green
manuring (GM) is likewise a
common practice, but data on the
response of Basmati rice to
different levels of N with or
without GM in different cropping
sequences are scanty.

Field studies were
conducted from 1997 to 2001 at
the PAU research farm to
establish the optimum N
requirement of Basmati rice in
different cropping sequences. The
experiment, laid out in a split-plot
design, studied three cropping
systems (fallow-Basmati rice-
wheat, GM-Basmati rice-wheat,
and GM-Basmati rice-sunflower
[main plots] and four N levels (0,
20, 40, and 60 kg ha–1) [subplots]).
Treatments were replicated three
times. Green manuring was
achieved by incorporating exactly
50-d-old Sesbania aculeata
(dhaincha) and 30-d-old
seedlings of Basmati 386 were
used for transplanting. All other
recommended practices were
followed for growing Basmati
and the other crops. Soil was
sandy loam, with pH 7.22, EC 0.11
dS m–1, OC 0.27% (Walkley and
Black 1934), available N 106.5 kg
ha–1 (Subbiah and Asija 1956), P
(Olsen et al 1954) 51.5 kg ha–1, and
K (Merwin and Peech 1950) 128.1
kg ha–1. Yield of Basmati (adjusted
at 18% moisture content) was
recorded at harvest. Lodging
percentage was also recorded in
the different treatments.

Nitrogen application
substantially increased the mean
grain yield (1997-2000) of Basmati

up to 40 kg N ha–1 in the fallow-
Basmati-wheat sequence, but
application of 60 kg N ha–1

reduced Basmati yield (Table 1).
Compared with the 0 N
treatment, the mean grain yield of
Basmati increased by 0.31, 0.40,
and 0.23 t ha–1 at doses of 20, 40,
and 60 kg N ha–1, respectively.
But, in the GM-Basmati-wheat
and GM-Basmati-sunflower
sequences, application of N at all
levels substantially reduced grain
yield of Basmati. Across seasons,
it decreased from 2.6 t ha–1

(control) to 2.1 t ha–1 at 60 kg N
ha–1 in the former and from 2.7 t
ha–1 (control) to 2.1 t ha–1 at 60 kg
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N ha–1 in the latter. When main
yield was considered, irrespective
of cropping sequence, application
of N at 20 kg ha–1 increased the
grain yield of Basmati, but
application of N at a level higher
than this decreased it. When yield
of Basmati was considered,
regardless of N application, it was
found that maximum yield was
obtained in the fallow-Basmati
rice-wheat, followed by GM-
Basmati-sunflower and GM-
Basmati-wheat cropping. The
increase in grain yield with N
application in the first sequence
was associated with the increase
in yield-attributing characters—
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grains per panicle, panicle
weight, test weight of grains, and
low lodging percentage. The
decrease in Basmati yield in the
other two cropping systems was
mainly attributed to lodging of
Basmati (Table 2). Chopra et al
(2000) reported that Basmati seed
yield increased with N
application up to 40 kg ha–1;
thereafter, it decreased with an
increase in N application. Similar
results were reported by Singh
and Pillai (1994). The
incorporation of GM in the GM-
Basmati-wheat sequence
improved the yield of wheat. The
mean yield of wheat increased
from 4.47 t ha–1 in fallow-Basmati-
wheat to 4.77 t ha–1 in the GM-
Basmati-wheat system. This
could be due to the addition of N
and the mobilization of other
nutrients from the soil to the
plant.

With N application,
lodging increased from 14.3% to
80.3% in fallow-Basmati-wheat,
from 76.3% to 92.7% in GM-
Basmati-wheat cropping, and
from 70.3% to 92.7% in GM-
Basmati-sunflower when N was
increased from 0 to 60 kg ha–1.
Incorporation of GM added about

Merwin HD, Peech M. 1950. Exchange-
ability of soil potassium in the
sand, silt and clay fractions as
influenced by the nature of the
complementary exchangeable
cations. Soil Sci. Soc. Am. Proc.
15:125-128.

Olsen SR, Cole CV, Watanabe FS, Dean
LA. 1954. Estimation of available
phosphorus by extraction with
sodium bicarbonate. Circular no.
939. Washington, D.C.: United
States Department of Agriculture.
p 19.

Singh SP, Pillai KG. 1994. Response of
nitrogen in semidwarf scented rice
varieties. Int. Rice Res. Notes
19(4):16-17.

Subbiah BV, Asija GL. 1956. A rapid
procedure for estimation of
available nitrogen in soils. Curr.
Sci. 25: 259-260.

Wackley A, Black IA. 1934. An
examination of the Degtjareff
method for determining soil
organic matter and proposed
modification of the chromic acid
titration method. Soil Sci. 37:29-38.
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60 kg N ha–1, increasing the height
of Basmati plants and making the
crop more succulent. Lodging
occurred and resulted in low
yields in both cropping sequences
where GM was used.

It may therefore be
concluded that beneficial
response to N application in
Basmati rice may be expected
only up to 20 kg N ha–1 in the
fallow-Basmati-wheat cropping
sequence and that, where GM is
used, there is no need to provide
N to Basmati rice.
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