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ABSTRACT

In the present investigation, 26 rice (Oryza sativa L.) cultivars viz., some locals, aromatics, high yielding variet-
ies (HYVs) and hybrids were evaluated for yield efficiency, Zn content in grains and also Zn recovery efficiency in
a strip plot design during the rainy (kharif) season for the consecutive 2 years (2009 and 2010) under varied Zn
application practices. Rice cultivars differed significantly in their yield and native Zn contents as well as recovery
of applied Zn allocation in grains, straw and roots. Grain and straw yields as well as harvest index of different cul-
tivars showed wide variations both with and without Zn applications. On an average, grain yields of different rice
cultivars increased by 29 and 22% with soil + foliar and only soil application of Zn, respectively. HYVs showed
highest yield efficiency followed by hybrid, aromatic and local cultivars, irrespective of methods of Zn fertilization.
The content of native Zn in whole rice grain was the highest in aromatics (27.8 mg/kg) followed by locals (26.3 mg/
kg), HYVs (23.0 mg/kg) and hybrids (22.0 mg/kg). Zinc content in whole grains increased significantly in all the
cultivars with Zn-application and the magnitude of increase was higher when Zn was applied as soil + foliar appli-
cation (118%) than soil application only (30%). Zinc concentration in milled grains increased to the extent of 29.5
and 119.5% upon soil application and soil + foliar application of Zn fertilizers. In rice bran and husk Zn concentra-
tion increased to the extent of 21 and 155% and 41 and 373% through soil and soil + foliar application, respec-
tively. Zinc-use efficiency varied from 0.53 to 2.83% with a mean value of 0.90% upon soil application of 20 kg Zn
as ZnS0O,.7H,0 and 1.89 to 4.80% with a mean value of 2.74% upon application of 20 kg Zn as ZnSO,.7H,0 with
two foliar spray @ 0.5% ZnS0O,.7H,O solution i.e. soil + foliar applied Zn increased the Zn-use efficiency, on an
average, three fold than with only soil applied Zn. Thus, soil + foliar application of Zn offers a useful means for en-
riching rice grain Zn concentrations irrespective of the cultivars tested and contributed towards enhanced Zn-use
efficiency by rice.

Key words : Grain yield, Milled rice, Rice bran, Rice cultivars, Soil plus foliar applied Zn, Zn content, Zn-

use efficiency

In modern agriculture micronutrients are becoming
deficient day by day dueto intensive cultivation with high
yielding varieties of crops using high analysis fertilizers,
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which not only reduces the crop productivity but also de-
teriorates the quality of produce. Micronutrient malnutri-
tion affects more than half of the world population particu-
larly in developing countries (Alloway, 2008) and in par-
ticular, Fe and Zn deficiency in human nutrition are wide-
spread in developing Asian countries including India,
where cereal grains are the staple food (Prasad er al.,
2014). Among the micronutrients, zinc deficiency iswide-
spread throughout the world particularly in lowland rice
fields causing decreased crop yields (Hazra et al., 1987,
Mandal et al., 2000) and nutritional quality (Shivay et al.,
2010; Shivay and Prasad, 2012; Impacet al., 2013). Gen-
eraly, the regionsin the world with Zn-deficient soils are
also characterized by widespread under nourishment from
Zn nutrition in livestock and human. Recent estimates in-
dicate that nearly half of the world population suffers from
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Zn deficiency (Cakmak, 2008). Rice isthe staple food for
more than half of the world population and plays an im-
portant role in satisfying daily calorie intake in devel oping
world (Maclean et al., 2002), but they are inherently very
low in Zn concentrations in grains, particularly when
grown on Zn-deficient soils (Mandal et al., 2000).

Nearly 50% of cultivated soilsin Indiaare low in plant
available Zn and, these soils are under intensive cultiva-
tion of wheat and rice with no or little application of Zn
fertilizers. In West Bengal, on an average, about 30% of
cultivated soils are deficient in plant available Zn (Singh,
2009). Zinc deficiency is most commonly corrected by
application of zinc sulphate (ZnSO,.7H,0) as of its high
solubility and low cost (Mollah et al., 2009; Fegeriaet al.,
2011). Two separate foliar application of 0.5% (w/v)
ZnSO,.7H,0 either before or after heading stage have
been found effective in doubling Zn concentration in grain
of the high yielding varieties of rice (Cakmak et al., 2010);
while application of 5 kg Zn/ha was found sufficient for
aromatic rice grown in rice-wheat cropping system under
north Indian belt (Shivay er al., 2010). Developing rice
variety with high Zn content through the process of
“biofortification” aims to combine high mineral content
with grain quality (Prasad et al., 2012) and agronomic
characteristics, such as high yield and pest and disease
resistance, and to ensure acceptability by farmers and con-
sumers (Graham et al., 2001).

In view of the discussion above, providing Zn to plants
(for example, by applying Zn-fertilizers to soil and/or to
foliar) appears to be important to ensure success of breed-
ing efforts for increasing Zn concentration in grains. Fer-
tilization strategy could be arapid solution to the problem
and can be considered an important complementary ap-
proach to the on-going breeding programs. Fertilizer stud-
iesfocusing specifically onincreasing Zn concentration of
grains (or other edible parts) are, however, very rare, al-
though alarge number of studies are available on the role
of soil and foliar applied Zn fertilizersin correction of Zn
deficiency and increasing plant growth and yield (Rengel
et al., 1999 and Cakmak, 2008). Therefore, screening of
elite cultivars containing higher content of this nutrition-
ally important element and assessing their Zn use efficien-
cies upon different modes of Zn fertilization has become
a high priority research for overcoming Zn related nutri-
tional disorders in human, plant and animal.

MATERIALS AND METHODS

The study was conducted in kharif season (summer) for
the consecutive two years (2009 and 2010) at the Central
Research Farm of Bidhan ChandraKrishi Viswavidyaaya,
Kalyani, West Bengal, Indialocated at 22°58.114" N lati-
tude and 88" 29.543' E longitude. The soils of the experi-
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mental plot had clay loam texture, pH 6.6 (Page et al.,
1982), organic carbon 8.9 g/kg (Walkley and Black,
1934), available Fe 215.8 mg/kg, available Mn 16.0 mg/
kg, available Zn 0.7 mg/kg (marginaly deficient in plant
available Zn as critical limit of available Zn for anaerobic
riceis 0.8 mg/kg) and available Cu 6.0 mg/kg (Lindsay
and Norvell, 1978). Twenty six popularly grown rice cul-
tivarsincluding two locals, four aromatics, seventeen high
yielding varieties (HYVs) and three hybrids with wide
genetic variation were raised with standard management
practices. The details of the rice cultivars used in the ex-
perimentation with their parentages are mentioned in
Table 1. Weather conditions like rainfall, maximum and
minimum temperature and relative humidity during the
crop growth period (June to September) were 1265 mm,
32.0°C, 26.3°C and 97% during 2009 and 987 mm,
32.6°C, 25.1°C and 94% during 2010, respectively. Paddy
seeds were grown in a nursery bed following standard
methods of nursery raising and transplanted to the main
field according to their crop growth duration. The seed
bed was saturated with water for first four days and then
water level wasincreased gradually up to 5 cm as the seed-
ling grows. Seedlings were transplanted to the main field
at an age of 25 days. Flooding method of irrigation was
applied depending on rainfall pattern during the crop
growth period to maintain water requirement. Three Zn
treatments, viz. no Zn (Zn ), @ 20 kg Zn/ha as zinc sul-
phate heptahydrate (ZnSO,.7H,0) as basal (Zn,) and @ 20
kg Zn/ha as basal + 2 foliar sprays of Zn—one at pre-flow-
ering and another at grain forming stage @ 0.5%
ZnS0,.7H,0 were imposed. Zinc fertilizer was applied in
soil at the time of land preparation through broadcast, fol-
lowed by surfaceincorporation. Treatments were imposed
in astrip plot design having three replications. Astherice
cultivars varied widely in their genetic make-up, initiation
of flowering was at different timesin the growing season,
therefore spraying was done at different days after trans-
planting according to theinitiation of flowering. NPK fer-
tilizers were applied as per the recommended dose in all
the plots of the experimental field (80:40:40). Half of the
dose of nitrogen was given at the time of transplanting and
the other half at tillering stage. The entire amount of Pand
K were applied at the time of transplanting (through
N:P,0,:K,0:10:26:26). The brown plant hopper
(Nilaparvata lugens) (BPH) and gundhy bug (Leptocorisa
acuta) have been observed as major pests of rice during
early crop establishing stage and milky stage, respectively.
The Imidachloprid @ 100 ml/haand Carbaryl @ 25 kg/ha
were used on the crop and found to be most effective
against BPH and gundhy bug infesting rice, respectively.

At maturity, the rice cultivars were harvested plot-wise
and representative samples of whole grains, straw and



September 2015]

roots were collected and subsequently processed for dry-
ashing in a muffle furnace at 475°C for 4 hour and then
the Zn concentration was measured by using an atomic
absorption spectrophotometer (GBC Avanta). Harvest in-
dex (HI) of different cultivarswas calculated asgrain yield
divided by biomass yield (grain yield + straw yield). The
zinc-use efficiency (ZnUE) or apparent Zn recovery was
calculated as Zn uptake in Zn treated plot subtracted from
control plot per unit amount of the said nutrient applied.

(Zn uptakein Zntreated  —  Zn uptake in control
plot in g/lha plot in g/ha)
ZnUE (%) = x 100
Amount of Zn fertilizer applied (g Zn/ha)

Wholerice grains of each cultivars were then de-hulled
and milled taking 100g samples each in amilling machine
(SATAKE, Japan). Partitioning of whole grains produced
three different components, viz., husk (lemma and palea
together), bran (embryo and aleurone layer) and white/
milled/clean rice. Zinc concentration of the constituent
parts are then analysed as mentioned previously. Analysed
data of the aforesaid experimental trial were also pooled
for the consecutive two years i.e. 2009 and 2010 are pre-
sented. Experimental design followed for statistical analy-
sisisstrip plot. All variables presented here are quantita-
tive in nature and large in number assumed to follow nor-
mal distribution. The hypotheses under test are equality of
means due to variety, Zn and their interactions.

RESULTS AND DISCUSSION

Grain and straw yields and harvest index (HI) of the rice
cultivars

Grain and straw yields aswell as HI varied significantly
among the tested cultivars. Externally applied Zn through
soil aswell as soil + foliar significantly increased the grain
and straw yieldsirrespective of the cultivars grown. Maxi-
mum grain yield was recorded with high yielding followed
by hybrid, aromatic and local cultivars (Table 2). On an
average, grain yield of rice cultivars varied from 1.08 to
3.53 t/hain locals and HY Vs respectively when grown
under control. Highest grain yield of 6.67 t/haas well as
lowest grain yield of 1.28 t/ha was recorded in ‘ Swarna,
ahigh yielding cultivar, and ‘Kalma 222', alocal cultivar
respectively with soil + foliar application of Zn. Applica-
tion of Zn asbasal (@ 20 kg Zn/ha) with 2 foliar spray @
0.5% ZnS0,.7H,0 showed a significant increase of grain
yield compared to only soil application as well as no Zn
treatment. Application of Zn through soil increased the
grain yield to the tune of 0.67 t/hai.e. 22% and as soil +
foliar increased the same to 0.88 t/hai.e. 29% respectively
over control. Increasing grain yield by 16.5% upon appli-
cation of 2.5 kg Zn/hawas reported by Bandara and Silva
(2000) while 15% increasein grain yield upon application
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of 5 kg Zn/ha was reported by Rahman ez al. (2008) and
Shivay et al. (2010). A significant increase in grain yield
upon Zn fertilization and its variations among the upland
rice cultivars was also reported by Fageria and Baligar
(2005).

Straw yield of therice cultivars also recorded a signifi-
cant increase upon Zn application, the magnitude being
higher with soil + foliar application of Zn than only soil
application. Highest straw yield was recorded in locals
(13.56 t/ha) followed by hybrids (11.35 t/ha), aromatics
(10.70 t/ha) and HY Vs (8.60 t/ha) upon soil + foliar appli-
cation of Zn fertilizers (Table 2). On an average, straw
yield of rice varied from 4.79 to 14.51 t/ha with a mean
value of 9.02 t/ha. Application of only soil applied Zn in-
creased the straw yield to the tune of 0.97 t/hai.e. 12%
over no Zn treatment; and application of soil + foliar spray
increased Zn to the level of 1.4 t/hai.e. 17% over the con-
trol.

Results also showed that application of Zn fertilizers
enhanced the transfer of photosynthates from shoot to
grain i.e. the harvest index (HI) of rice cultivarsincreased
upon Zn fertilizer application. The HI of the tested culti-
vars showed wide variations with following the trend
HY V> hybrid> aromatic> local (Table 2). The lowest HI
of 0.09 was recorded in “FR 43B’ and ‘Kalma 222, local
cultivarsin control and highest HI of 0.51 was recorded in
the cultivar ‘GB 1', aHYV with soil + foliar application
of Zn. Application of Zn both through soil and soil + fo-
liar caused asignificant increase in HI over control except-
ing of aromatic cultivars. On an average, about 6.5 to
7.5% increase in HI was found with application of soil and
soil + foliar application of Zn over the control.

Zn in whole grains, straw and roots of the rice cultivars

Content of native Zn inrice grain was higher in aromat-
ics (27.8 mg/kg) followed by locals (26.3 mg/kg), HY Vs
(23.0 mg/kg) and hybrids (22.0 mg/kg), respectively
(Table 3). On an average, Zn concentration in grains of the
tested cultivars varied from 17.3 to 75.3 mg/kg with a
mean value of 35.6 mg/kg. Results also showed that Zn
content in grain was significantly increased in al the cul-
tivars upon Zn application over control and the magnitude
of increase was higher with soil + foliar application
(118%) compared to only soil application of Zn (30%).
Cakmak (2008) and Pooniya and Shivay (2011) also re-
ported ~2.5 timesincrease in grain Zn content of rice upon
soil + foliar application of Zn. The highest grain Zn (75.3
mg/kg) was recorded in the cultivar ‘PNR 519, a high
yielding cultivar upon soil + foliar application of Zn and
the lowest (17.3 mg/kg) wasin ‘Khitish’, ahigh yielding
cultivar without addition of Zn i.e. control. Regarding
grain Zn content the different categories of the cultivars
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were also varied significantly and their relative efficiency
in this respect was higher with hybrid followed by HY'V,
local and aromatic respectively.

Results further revealed that enrichment of grain Znis
not only varied among the cultivars but also the methods
of Zn application. Cultivars efficient in grain Zn enrich-
ment were ‘PHB 71’, ‘Lalat’, ‘PNR 519', ‘PA 6444’ and
‘Triguna’ when Zn was applied as basal. However, Zn
content also increased in cultivar ‘PNR 519’, ‘GB 1,
‘Lalat, Rasi’ and ‘PHB 571, when Zn was applied as soil
+ foliar. Low Zn responsive cultivars regarding their grain
Zn enrichment upon Zn application were aso sorted out
and they were ‘ Badshabhog', ‘ Gobindabhog', ‘ Gayasura,
‘Kalma', ‘Bhudev’ and ‘Swarna’ . So, from the results it
can be opined that grain Zn enrichment efficiency of the
rice cultivars varied widely upon Zn applications owing to
their variation in genetic make-up. This is corroborated
with the view of Martinez ez al. (2010) and Phattarakul et
al. (2012).

Native Zn concentration in shoot of rice cultivars
(Table 3) followed the trend aromatics (38.9 mg/kg) = lo-
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cals (38.9 mg/kg) > HY Vs (31.7 mg/kg) > hybrids (30.6
mg/kg). Zn concentration in shoot varied from 22.8 t0 99.9
mg/kg with a mean value of 51.5 mg/kg. Application of
only soil applied Zn increased the shoot Zn concentration
to the tune of 11.4 mg/kg i.e. 34% over no Zn treatment.
Whereas, application of Zn through soil + foliar spray in-
creased Zn content to the level of 43.5 mg/kg i.e. 131%
over no Zn treatment. Variation of Zn concentration in
grains and shoots of the tested cultivars also showed a sta-
tistically significant relationship for methods of applica-
tion of Zn fertilizers.

Zn concentration in roots of the twenty six cultivars
varied from 41.2 to 236.2 mg/kg with a mean value of
149.4 mg/kg. Varietal differencesin root Zn content fol-
lowed the trend: locals (233.9 mg/kg) > aromatics (207.3
mg/kg) > hybrids (204.0 mg/kg) > HY Vs (202.6 mg/kg)
indicating that roots of the former cultivars could accumu-
late a significantly higher amount of Zn than the latter.
Application of Zn through soil and soil + foliar increased
the Zn concentration in roots to the extent of 2.25 and 2.5
times more respectively over control (Table 3).

Table 1. List of cultivars used for this experiment along with their IET No. and parentages

Type IET No. Parentage
Local
‘FR43B* - Indigenous improved

‘Kama 222’ - Indigenous improved

HYVs

‘ Sabital 8970 Pure selection from Boyan

‘IR 36’ 4555 IR 1561-228-1-2/IR 1737

‘Khitish’ 4094 Bulk/CR 115

‘ Satyd 7720 Telhamsa/Rasi

‘Triguna 12875 Swarna dhan/ RP 1579-38

‘Bhudev’ 14496 Pankaj/ IR 38699-493-1-2/ IR 41389-20-5
‘Swarna subl’ 7041 Basishthya/Masuri and incorporation of submergence tolerant gene
‘Samba masuri subl’ 11521 GEB 24/ TN 1/ Masuri and incorporation of submergence tolerant gene
‘ Satabdi’ 4786 CR 10-114/ CR 10-115

‘IR 64 9671 IR 5657-33-2-1/ IR 2061-465-1-5-5
‘Samba masuri’ 11521 GEB 24/ TN 1/ Masuri

‘Lalat’ 9947 OBS-677/ IR 2071/ Bikram/ W 1263
‘Swarna 7041 Basishthya/Masuri

‘GS2 Selection from Assam rice

‘GSY Selection from Assam rice

‘Rasi’ 1444 TN 1/ CO 29

‘PNR 519 9944 Tainan 3/ Basmati 370/PNR 417-3
Aromatic

‘ Gobindabhog’ Selection from local scented
‘Badshabhog’ Selection from local scented

‘PNR 546' 11347 PNR 125-2/ PNR 1300-2

‘Gayasura Traditional

Hybrids

‘KRH 2 15065 IR 58025A/ KMR-3

‘PHB 71’ - Released from Company

‘PA 6444 6444 Released from Company
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Partitioning of Zn in the grains (viz., husk, bran and
milled rice) of rice cultivars

Rice bran consists of outer coating on brown rice
mainly consists of embryo and aeurone layers where min-
eral nutrients viz., Zn and Fe are localized. Zinc and iron
are seldom capable to enrich seed endosperm due to pres-
ence of ferritin protein moieties in the outer layers like
embryo and endosperm (Stein et al., 2009). Results
showed that on an average, Zn concentration in bran of
rice cultivars varied from 26.7 to 111.4 mg/kg with amean
value of 54.4 mg/kg(Table 4). Such concentration of Znin
bran of rice grains was higher in aromatics (40.8 mg/kg)
followed by locals (38.1 mg/kg), HY Vs (33.0 mg/kg) and
hybrids (30.3 mg/kg). Results showed that application of
Zn in soil increased the Zn concentration in bran to the
level of 7.2 mg/kg (21%) over the control; whereas, soil +
foliar applied Zn increased its magnitude to the tune of
53.2 mg/kg (155%) than the control. The results, there-
fore, revealed that leaving bran from therice grains i.e. for
polished rice/ white rice caused a huge loss of Zn from
rice grains. It may be opined that consumption of white
rice would not alleviate Zn malnutrition (Chen et al.,
1998).

Zn concentration in milled rice grains (whiterice) var-
ied significantly not only among therice cultivars but also
within the different categories of the cultivars (Table 4).
On an average, Zn concentration in milled rice grains of
the tested cultivars varied from 15.3 to 61.2 mg/kg with a
mean value of 29.9 mg/kg. Such concentration was higher
with aromatics (22.0 mg/kg) followed by locals (21.9 mg/
kg), HYVs (19.5 mg/kg) and hybrids (18.6 mg/kg). Re-
sults also showed that Zn application caused a significant
increase in its amount over the control, irrespective of the
cultivars and the magnitude of increase was higher with
soil + foliar application of Zn (120.1%) than with only soil
application (29.8%). Results further showed that Zn con-
tent in milled rice among the different categories upon Zn
application was higher with hybrid followed by local,
HYV and aromatic (Table 4). Results, therefore, indicate
that soil + foliar application of Zn would be effective to
increase the Zn content in milled rice.

Application of Zn through soil as well as soil + foliar
spray showed a significant enhancement of Zn concentra-
tion in rice bran, rice husk (lemma and palea together) as
well asin milled rice (white rice or cleaned rice obtained
after removal of the bran layer). But such increase was
lower in the case of milled rice as compared to rice bran or
rice husk indicating an accumulation of Zn in the outer
layers of rice grain.

Zn uptake by rice grains, straw and roots
Results of uptake of Zn by grains, straw and roots of the
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tested rice cultivars showed almost a similar trend of re-
sults asthat of its concentration in same plant parts. On an
average, 60 and 190% increase in whole grain Zn uptake
was recorded upon soil application and soil + foliar appli-
cation of Zn. Such enhancement in straw and roots of the
tested cultivars were 49 and 157% and 262 and 270%,
respectively upon soil application and soil + foliar appli-
cation of Zn (Table 5).

Zn-use efficiency (ZnUE)

Results reveaed that ZnUE varied from 0.53 to 2.83%
with amean value of 0.90% upon soil application of 20 kg
Zn and 1.89 to 4.80% with a mean value of 2.74% upon
application of 20 kg Zn with two foliar spray of 0.5%
ZnS0,.7H,0 solution (calculated amount of Zn applied
was 942 g/hathrough foliar spray with basal application of
20 kg Zn) (Table 6). Cakmak (2008) also reported low use
efficiency of Zn (1.0-2.0%) in rice. The ZnUE of the
tested cultivars varied widely among themselves aswell as
within the different categories of the cultivars. Results
further showed that ZnUE was higher with hybrid fol-
lowed by HY'V, aromatic and local upon basal application
of Zn; while soil + foliar application, the said order was
hybrid > HYV > loca > aromatic (Fig. 1). On an average,
soil + foliar applied Zn increased the ZnUE three folds
than only soil applied Zn. So, from the results it can be
opined that use efficiency of soil applied Zninriceisvery
low (less than 1%) but its magnitude increased enor-
mously (about three fold) when soil + foliar application is
made due to modification in re-trang ocation process of Zn
via phloem. Results also revealed that the higher Zn-use
efficient cultivars upon soil application of Zn were:
‘Lalat’, ‘PA 6444’ ‘Swarna , ‘Gayasur’, ‘Bhudev’ and
‘Samba masuri subl’, whereas, upon soil+foliar applica-
tion of Zn they were: ‘Lalat’, ‘PA 6444, ‘GB 1', ‘ Samba

32 7 B Soil Zn [ Soil+faliar Zn
R 25 -
c
o
= —
£ 1.8
[
w
B
c 1.1 -
) % %
0.4 % . % .

HYV Hybrid Local Aromatic

Fig. 1. Zinc-useefficiency of therice cultivars upon different meth-
ods of Zn application.
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masuri subl’, ‘PNR 519’ and ‘ Satya . Mortvedt (1991 and
1994) reported that crop recovery of applied micronutri-
entsisrelatively low (5% to 10%) compared to macronu-
trients.

Percent use of applied Zn by root, shoot and grains
upon application of Zn through varied method

Utilization of applied micronutrients are generally very
low usually less than 2.0% upon conventional methods of
application commonly followed by the farmers in our
country. In the present study an attempt has been made to
get an insight view about Zn recovery by different plant
parts viz., root, shoot and grains for practical management
or efficient utilization of applied Zn by the crop. Results
revealed that root uptake of soil applied Zn varied from
0.39 to 1.05% with a mean value of 0.68%, while shoot
uptake and grain uptake varied from 0.29 to 2.50% and
0.06 to 0.33% with mean values of 0.69 and 0.21%, re-
spectively of the basally applied 20 kg Zn/ha(Table 6);
whereas, in case of soil + foliar application, the per cent
utilization of applied Zn was greater than only soil appli-
cation. In case of soil + foliar application, Zn utilization by
the shoot and grains varied from 1.20 to 3.75 and 0.22 to
1.69 with mean values of 2.09 and 0.65%, respectively.
Results further revealed that foliar application of Zn @
0.5% ZnS0,.7H,0 twice (~ 942 g Zn) with basal applica-
tion of 20 kg Zn/haincreased the per cent use of applied
Zn to the tune of 2-fold (204%) in both grains and straw
than only basal application of Zn fertilizers; where results
showed that foliar application of Zn only effected to in-
crease the per cent use of applied Zn by grains and straw
to the levels of 46 times than soil application of Zn. So,
from the results it can be opined that foliar application
could be a useful strategy to increase the use efficiency of
applied Zn.

Zinc malnutrition in humans is a serious problem and
enrichment of rice with Zn can solve this to a greater ex-
tent. Growing evidence is now available indicating that
aromatic and local rice cultivars are inherently rich in
grain Zn. Zn fertilizer strategies can provide an immediate
and effective option to increase grain Zn concentration and
productivity of rice, particularly in areas deficient in plant
available Zn. Such bio-fortified Zn tends to enrich the
outer layer of seed (embryo and aeurone) to a greater ex-
tent than the endosperm. Recovery of applied Zn could
also be enhanced through use of soil + foliar as well as
foliar methods of application of Zn fertilizers.
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