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Introduction

Rice (Oryza sativa L.) has become a highly strategic and priority crop in approxi-
mately half of the global population with regard to procuring energy, proteins, and
vitamins (IRRI, 2008). It is mainly cultivated in Asian countries under a hot humid
climate in both tropical and temperate regions. Rice is regarded as the major source
of food in Iran (population 77 million; 46 kg per capita/year), with an average annual
domestic production of 2.35 million tons of paddy rice grown on 539.000 hectares
and an annual consumption of 3.5 million tons (Ahmadi et al., 2014). It is projected
that Iran needs to produce 5 million tons of rice by 2035 to achieve self-sufficiency
(Akhgari, 2010). The recent rice crisis proves again that a sustainable increase in rice
production is crucial for food security in the rice-growing countries of Asia (IRRI,
2008). Hybrid rice technology is a key strategy for increasing rice production and
maintaining self-sufficiency and food security (Dorosti, 2009). These rice varieties
give about 15-25% more yield than improved inbred rice in farmers’ fields (Xie, Har-
dy, 2009). Its potential for enhancing rice production and productivity has motivated
many countries, like Iran, to exploit this technology. The hybrid rice program in Iran
was launched at the Rice Research Institute of Rasht at the beginning of 1987 through
establishing a collaborative project together with the International Rice Research In-
stitute (IRRI, 2008), Philippines, as the major factor contributing to the remarkable
success of hybrid rice technology in Iran (Dorosti, 2009).

Providing efficient quantities of nutrients needed by plants, in particular the es-
sential elements, is one of the most important factors of crop management (Youse-
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fi, Zandi, 2012). Crop production can be increased through application of fertilisers
containing these elements (Shen et al., 2013). Increasing the concentration of essential
elements in plants assigns an important role in improving the quality of food products
and improves the health of society (Tavakoli et al., 2014). Dwindling water resources,
intermittent droughts, low fertility of agricultural lands, the lack of available nutrients,
and their low accessibility to the organic resources are among barriers to accessing
proper operation in the field of agriculture (Shirani Rad, Zandi, 2014). Fageria (2013)
reported that nitrogen is one of the essential elements required for plant growth. Crop
plants assimilate nutrients not only through their leaves but as well as the other shoot-
ing parts, like young panicles, stems, and flowers. Fresh and swiftly expanding leaves
are more streamlined in absorption of foliar-sprayed nutrients from their upper/ low-
er surfaces than those of fully matured ones (Mondal, Al-Mamun, 2011).

Nitrogen contributes to grain filling through elevating this element content in
leaves and to sink size through increasing the hull size and mitigating the number of
degenerated spikelets (Singh et al., 2014). Liu et al. (2014) declared that consuming
nitrogen fertiliser in a proper time sequence helps to eliminate excessive use of it.
Due to the high solubility of nitrogen fertilisers, proper timing of nitrogen application
is assumed to be very pivotal in better efficiency of nitrogen use and less loss of this
element to the environment (Fageria, 2013). In their study on Aman rice, Bhuyan et
al. (2012) demonstrated that foliar application of N fertiliser in a bed planting method
increased yield attributes, such as grain yield, the number of panicles per square me-
ter, the number of grains per panicle, 1000-grain weight, and water use efficiency for
biomass and grain production much more than the conventional methods. Singh et al.
(2014) suggested that foliar feeding of rice by inputting higher doses of nitrogen fertil-
iser enhanced the growth dynamic, biomass partitioning, and chaffy grain. However,
in their study, nitrogen use efficiency remained unaffected. Furthermore, the yield of
rice and components were found to have less attribution to foliar application of urea
fertilisation (Hasanuzzaman et al., 2009).

The highest crop in canola was recorded by foliar spraying of nitrogen at the stem
elongation or right before the flowering stage (Tousikehal et al., 2011). Azarpour et al.
(2011), in their study on rice crops, reported a consecutive enhancement in yield as a
result of adding nitrogen to the soil. Although foliar spraying during mead-season had
a positive effect on the grain yield of rice crop (Brown, Petrie, 2006; Asadi et al., 2014),
the same result in grain protein was noticed exclusively when spraying was done at
active tillering and booting stages (Asadi et al., 2015).

In recent decades, agricultural products have mostly relied on the utilisation of
chemical inputs, which in itself has detrimental effects on the environment (Zandj,
Basu, 2016). Comparatively, the soil application of nitrogenous fertiliser does not
appear to be a better method, because it causes the plants to absorb the nutrients
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much slower, and large quantities will be required for normal growth in contrast to
the smaller ones of the same generally required for foliar application (Mondal, Al-Ma-
mun, 2011). In particular, the effectiveness of foliar feeding is augmented when the
canopy microclimate is occupied by high levels of leaf sources (Akhgari, 2010). Due
to the limited or inconclusive information on the efficiency of the foliar application of
urea fertiliser on yield attributes and the yield of hybrid rice grown under moderate
conditions, it was decided to conduct this research.

The aim of the study was to examine the influence of foliar application of urea fer-
tiliser at active tillering and booting stages on the yield of hybrid rice O. sativa ‘Bahar
1" and finding out the optimum concentration of urea fertilisation for the maximum
yield of rice under moderate climatic conditions. It was hypothesised that different
concentrations of foliar application of urea fertiliser would receive more palatable ni-
trogen fertiliser use efficiency than conventional fertilising method.

Materials and methods

The field experiment was conducted in Talesh County, Guilan-Iran in 2014, at latitude
48°37'N and longitude 54°48'E, with 45 m of altitude. The climate, according to Koep-
pen classification, is Mediterranean with mild winters and warm-humid summers.
Most precipitation occurs in late summer and early spring. Soil pH was determined
using glass electrode in a 1: 2.5 soil/water suspension. Available phosphorus (P) in the
soil samples was computed by leaching the soil with 0.002 N sulfuric acid (1 soil: 200
H_SO, suspension, w/v) and agitating it for at least half an hour and filtering it through
Whatman filter paper No. 42. Available P in the extract was determined spectropho-
tometrically at the wavelength 690 nm (Ravikumar, Somashekar, 2013). Leaching the
soil sample with 1IN ammonium acetate at pH 7.0 (w/v), keeping it for overnight,
filtering it through Whatman filter paper No. 42, and brining the volume up to 100 ml
with distilled water, the exchangeable K* in soil could be extracted after the method
followed by Britzke et al. (2012). The filtrate (sample) containing K was then used
for the flame photometric determination of potassium. The soil analysis showed that
the texture of the experimental site (0-25 cm) was silty clay with 0.71 dS m™ EC; 6.6
pH (H,0); 2.21% organic matter; 20.1 mg kg™ available phosphorus; 127 mg kg™ ex-
changeable potassium, and 0.238% total nitrogen.

The experiment was laid out in a two-factor randomised complete block design
(RCBD) with three nitrogen treatments (N, N, , N, kg N ha") and two application
times (at tillering and booting stages), and it was replicated three times. Each plot was
3x4 m in size. Urea fertiliser (CO(NH,),), as the best source of actual nitrogen (46%
N) for aerial application (Norton, 2011), was considered for foliar spraying (Control
or no N fertilisation, 10 kg N ha' = 22 kg urea ha, 20 kg N ha' = 44 kg urea ha™)

83

| Jeyeg, “] AJES BZAIQ 8914 PLGAY UBIURI| JO SJUBLOLIOD S} PUB PlalA U0 ain Jo ,Bulpaa), JBjo} J0 83uaN|jul 8y



Hamid Dorosti, Katarzyna Mozdzen, Peiman Zandi, Morteza Siavoshi

using a single-nozzle hand sprayer. The urea spray volumes were prepared by mixing
5 kg of urea in 100 L of water (i.e. 5% urea solution) as per treatment (Asadi et al.,
2014). The plots were sprayed during late afternoon hours when the wind speed was
less than 12 km hr'.

The hybrid rice variety of ‘Bahar 1’ was used that was bred through combining
a cytoplasmic male sterile line and a restorer line (IR58025A / IR42686R) (Dorosti,
2009). Fertiliser recommendations for experimental plots were based on soil surveys.
Basal fertilisers of nitrogen (50 kg N ha), triple superphosphate (160 kg TSP ha™'),
and potassium chloride (50 kg KCI ha") were applied right before transplanting. An
additional amount of potassium chloride (50 kg KCI ha') was applied at the max-
imum tillering stage. Crop cultivation was carried out on April 14", and when the
seedlings height was about 25 cm in early May (on May 5"), they were transferred
(three seedlings per hill and 25%25 cm spacing) to the main field of transplantation.
Weeds (Butachlor 4 L ha') and pests (Diazinon 5% granule) were controlled by
adopting conventional methods of the region. All records were taken during the plant
growth.

At maturity, after eliminating the marginal lines on both sides of each plot, all
plants in the harvest area (6 m?) were selected and cut at above ground level. The crop
was harvested at a grain moisture content of about 20-25% wet basis. Grain yield was
calculated as kg ha™ at 14% moisture content. The rice panicles in the final-harvest-
ing area were counted, and their average was reported as the number of panicles per
square meter. The number of grains per panicle was computed from the randomly
selected plants in each plot. For the same samples, twenty panicles from each plot were
randomly chosen. The main panicle fertility percentage was measured based on the
grain number in the main panicle and the number of sterile (non-fertile) flowers. The
filled/fertile grains were then randomly selected from the grain samples correspond-
ing to each plot and the mean weight of 10 replications of 100 grains multiplied by 10
reported as 1000-grain weight (g).

The experimental data were subjected to statistical verification with Fishers anal-
ysis of variance (ANOVA) using the SAS 9.1 statistical software package. Means were
separated based on multiple range test of Duncan (MSRT) at a 0.05 probability level.
Bar graphs were depicted using Excel (Microsoft, Redmond, WA, United States).

Correlation coefficients of Pearson were calculated on the traits studied for the
correlation analysis. The R package ‘Corrgram’ was employed to display the cor-
relations between the selected traits by using a ‘correlogram’ (Asters et al., 2014).
A correlogram was a direct visual display of the matrix of Pearson coefficients that
were estimated from the experimental data. By this method, correlations between
traits were displayed by grouping traits that have similar characteristics, and the
values and signs of the correlations were visualised schematically in numbers and
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Tab. 1. Plant parameters of Iranian hybrid rice Oryza sativa L. ‘Bahar 1’ as affected by foliar spraying of
nitrogen fertiliser and timing of application

Mean Square

Sourc'e . df 1000 grain P.ar.ucle Grain Panicle Grain yield
of variation weight [g] fertility rate numb.er per nurr{ber per (kg ha")
[%] panicle unit area
R 2 0.03 ns 7.03 ns 22294 ns 31.26 ns  202632.62 ns
A 2 0.26 ns 364.38** 1999.83** 9151.98%*  5126514.14**
linear A 1 0.15ns 671.36** 3957.53**  16642.17** 10076519.95**
quadratic A 1 0.36 ns 57.39* 42.13ns  1661.78*  176562.32 ns
B 2 0.04 ns 45.6* 23.36 ns 421.16 ns  1256327.58*
linear B 1 0.07 ns 47.46% 11.20 ns 650.4 ns 2266943.83*
quadratic B 1 0.001 ns 11.74 ns 35.52 ns 19191 ns 24571134 ns
AxB 4 0.16 ns 7.32 ns 24.77 ns 24.80 ns 84789.78 ns
error 16 0.17 11.93 136.21 128.83 320634.79
CV [%] - 1.94 5.19 6.88 4.59 9.59
Treatments Experimental Means
Foliar application at till- A, 22126 a73.70 c15401 21130 ¢5101.10
ering (A) A, a2l1.10 b 64.50 b 171.49 b 258.35 b 6020.90
kg ha' A, a2l44  b4le7  al8367  a272l1l 26597.60
Foliar application at B, 22134 16399 a169.74  b29336  b5484.20
booting (B) B, a2l1.26 a67.47 a168.01 a251.02 ab 6041.00
kg ha' B, a2121  a6819  al7l.32  a251.38 26194.00

3

Notes: * - p < 0.05,** - p < 0.01, ns - p > 0.05; df - degrees of freedom, R - replication, A - tillering effect,
B - booting effect; AxB - represent interaction terms between the treatment factors; CV [%] - coefficient
of variation, means in each column, down-parts of table 1, followed by the different letters are significant-
ly different (p < 0.05) according to Duncan test; A1, B1: Control or no N fertilisation, A2, B2: 10 kg N ha!
~ 22 kg urea ha', A3, B3: 20 kg N ha'! = 44 kg urea ha™*

colour-coded pie graphs. The pie graphs were filled in proportion to the Pearson
coefficient values, counter clockwise for negative correlations (in red) and clockwise
or positive correlations (in blue).

Results and Discussion

Panicle number per unit area
In this study, the number of panicles per unit area, being the most important com-
ponents of grain yield, was strongly influenced by the time of fertilising, in a way
that the foliar spraying of urea fertiliser at the tillering stage showed a highly signif-
icant effect (p < 0.01), while it left no effect at the booting stage (Tab. 1). The result
would likely reflect the superior impact of urea fertiliser at the time of tillering in
improving the number of reproductive units per unit area. Generally, the number of

85

| Jeyeg, “] AJES BZAIQ 8914 PLGAY UBIURI| JO SJUBLOLIOD S} PUB PlalA U0 ain Jo ,Bulpaa), JBjo} J0 83uaN|jul 8y



Hamid Dorosti, Katarzyna Mozdzen, Peiman Zandi, Morteza Siavoshi

productive panicles per plant is determined during the reproductive phase (Singh
et al., 2014). This indicates the hypothesis that most of the nitrogen foliar-sprayed
at booting was utilised for improving the fertility rate of panicles rather than their
quantity (Dorosti, 2009).

The interaction effect of foliar feeding of urea at different stages of tillering and
booting was found to be non-significant on the number of panicles. A comparison of
means associated with the tillering stage showed that, by gradual increasing of urea
fertiliser application, the number of panicles per unit area increased as well. The high-
est (272.1) and the lowest (211.3) number of panicles belonged to those of plots en-
riched with 20 and 0 kg of N per hectare (Fig. 1, Tab. 1). It is suggesting that the plant
behaviour is completely proportional to the amount of urea being applied at tillering,
and that the relationship between the number of panicles per unit area and the rate of
urea fertiliser is slightly of a quadratic equation. In other words, nitrogen application
up to level of 10 kg ha! drastically enhanced the number of panicles by 22%, and any
further application contributed to only a 5% increase in panicle number, indicating
that an extra N input was utilised for other processes (Liu et al., 2016). In support to
our findings, Kazemeini and Ghadiri (2005), Peng et al. (2010) and more recently Cao
et al,, (2013) documented a noticeable decrease in photosynthetic N use efficiency
under an elevated use of N fertiliser.
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Fig. 1. Influence of foliar applied N fertiliser (0 kg N ha™ 10 kg N ha' =~ 22 kg ureaha *, 20 kg N ha' ~ 44
kg urea ha) on panicle number per square meter; urea was applied in solution with 5% dry matter basis;
Significant differences between the treatments in tillering and booting stages are indicated with asterisks
(* - p<0.05,** - p<0.01, ns - p>0.05, Duncan multiple range test); The error bars denote the standard
deviation (+ SD) of the mean value; n = 6
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Grain number per panicle
Foliar spraying of urea in the tillering stage significantly (p < 0.01) and linearly affected
the number of grains generated in each panicle, while it had no effect on this trait dur-
ing the booting stage. In other words, the number of grains in panicles of those plants
receiving foliar spray of N, by the booting stage, did not differ significantly from that
of untreated check plants, suggesting that the N fertiliser was exploited for other pro-
cesses, such as improving panicles quality. The number of grains per panicle is mainly
associated with the factors influencing the growth parameters right before the initi-
ation of pollination process. Accordingly, any defect in these requisite factors could
likely reduce the grain number per panicle (Dorosti, 2009). Thus, the availability of
nitrogen through foliar spraying of urea prior to the formation of panicle could be the
main reason for its effectiveness in increasing the grain number per panicle. A com-
parison of mean values shows that the highest number of grains per panicle (183.6)
was achieved by the application of 20 kg N ha™ at the tillering stage, followed by 10 kg
N ha'!, and the lowest value (154) was recorded in the untreated (non-sprayed) check
plants (Fig. 2, Tab. 1). Liu et al. (2016), in their study on yield of lowland rice receiving
N fertilisation treatment, concluded that the increase in the number of grains per pan-
icle was in extremely close association with nitrogen application rate under constant
submerged condition.

*k
200 1 ' = 1
1

2 L L L L

[

2150 - pui

=

o

“Ea (-3

5} o) © - ]

= o o = i - c

28 B B B B B

g 3 = oo 2 0 =
—

g 50

6]

0
OkgN 10kgN 20kg N OkgN 10kgN 20kgN
ha-t ha-! ha-! ha-t ha-t ha-t
Tillering Booting

Fig. 2. Influence of foliar applied N fertiliser (0 kg N ha™ 10 kg N ha' = 22 kg urea ha"', 20 kg N ha™
~ 44 kg urea ha!) on grain number per panicle; urea was applied in solution with 5% dry matter basis;
Significant differences between the treatments in tillering and booting stages are indicated with asterisks
(* - p<0.05,** - p<0.01, ns - p>0.05, Duncan multiple range test); The error bars denote the standard
deviation (+ SD) of the mean value;;n =6
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Panicle fertility rate
The data shows that the panicle fertility percentage (seed setting) was significantly
different according to the timing of urea spraying (Fig. 3). A comparison of means
regarding the levels of nitrogen fertiliser at the active tillering stage shows that the
number of filled grains in the panicles decreased by increasing the amount of urea
fertiliser. The maximum value of fertile panicles were recorded in untreated check
plants (73.7), followed by 10 kg N ha (64.5), which was on par with 20 kg N ha™
(61.47) (Tab. 1). A notable reduction in the fertility percent of panicles was observed
in return for enhanced N application in the tillering stage, which might be due to an
increased number of infertile (or non-productive) tillers and panicles per unit area
(Akhgari, 2010). Srividya et al. (2010) pointed out that an excess application of N
input could increase the number of chafty (unfilled) grains or sterile spikelets in a rela-
tively high responsive manner to N fertilisation in comparison with optimum N dose.
Urea spraying at the booting stage also had a significant effect on the percentage of fer-
tile panicles (p < 0.05). The number of filled grains in the panicles was increased in line
with the increased level of urea fertiliser. Urea application that augment plant nitrogen
before heading (at booting stage) can be highly effective in giving rise to the number
of filled grains and/ or spikelets (Kamiji et al., 2011). Fertiliser levels of 10 and 20 kg
N ha', being on par with each other, was better than no spraying and revealed the ap-
propriate timing for N application at this stage. Interaction between foliar feeding of
N and developmental stages of tillering and booting was found to be non-significant.
Mingotte et al. (2013) believed that, if the N fertiliser supplementation is applied in the
period that the spikelets initiated differentiation in the panicle, the plant itself does not
encounter any problem regarding N deficiency, especially when initiating flower pri-
mordia, and hence it will produce more filled grains. Singh et al. (2014) demonstrated
that the number of unfilled (sterile spikelets) rice panicles could be multiplied with
the excess application of nitrogen as compared with the optimum N level. Indeed,
a further increase in N levels decreases the physiological nitrogen-use efficiency by
reducing the nitrogen content in leaves to be remobilized during grain feeling (Cao et
al., 2013; Kant et al., 2011).

Thousand grain weight
Thousand grain weight (TGW) is a complex quantitative genetic trait for rice and is
one of the three key factors that influence the grain yield (Wei et al., 2014). The grain
weight is a highly stable varietal character (Fageria et al., 2011) that is determined
during the ripening phase. There was no influence of urea fertilisation on TGW (p >
0.05) at both the growth stages (tillering and booting). Under urea fertiliser treatment,
TGW varied from 21.1 to 21.44 g (tillering stage; average value of 21.3 g) and from
20.26 to 21.34 g (booting stage; average value of 21 g) (Tab. 1). Fageria et al. (2011) re-
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Fig. 3. Influence of foliar applied N fertiliser (0 kg N ha’> 10 kg N ha'! = 22 kg urea ha’, 20 kg N ha' =
44 kg urea ha') on panicle fertility percentage; urea was applied in solution with 5% dry matter basis;
Significant differences between the treatments in tillering and booting stages are indicated with asterisks
(*-p<0.05** - p<0.01,ns - p>0.05 Duncan multiple range test); The error bars denote the standard
deviation (+ SD) of the mean value;;n =6

ported TGW of lowland rice genotype ‘BRSGO Guar’ varied from 21.1 to 24.6 g, with
an average value of 23.0 g. Similar results were also documented in those of previous
studies that reported the lack of influence of soil (Azarpour et al., 2011) and foliar
(Asadietal, 2011, 2014) application of nitrogen on TGW between the genotypes test-
ed. Sarwa et al. (2011) also stated that thousand-grain weight depends on the genetic
constitution and is less affected by growing conditions. The natural conditions and
environment are believed to have more interference in determining grain quantity
(seed size) rather than inherent factors (Wei et al., 2014).

Grain yield
In the present study, the grain yield was significantly and linearly affected by various
foliar N fertiliser levels at both the tillering (p < 0.01) and booting (p < 0.05) stages,
while no interactive effect was noticed among the different combination treatments
(Fig. 4, Tab. 1). The differences in the grain yield were largely because of variations
in the yield components, including the number of grains per panicle, the number of
panicles per unit area, panicle fertility percent, and thousand-grain weight (Hasanuz-
zaman et al,, 2009). The comparison of means at the tillering stage revealed that the
grain yield was increased by applying the amount of N fertiliser from 0 to 20 kg ha .
The treatment 20 kg N ha resulted in the highest rice grain yield (6597 kg ha™),
which was followed by 10 kg N ha' (6020 kg ha'). This dose was found to be superior
to 10 kg N ha! treatment and control. The lowest grain yield was observed in untreat-
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ed/ unsprayed check plants. The linear increase in grain yield with increasing foliar
N fertiliser rates may be associated with more grain, panicle, and/or tiller number
produced per plant (Tab. 1). Furthermore, the positive and significant relationship
between the grain yield and the number of panicles per unit land area at harvest
time (Xu et al., 2015) might be an indicative of this result. There was a significant
and linear increase in grain yield with increasing N rates with urea in the booting
stage. In other words, grain yield was significantly improved in a linear fashion when
N rates increased from 0 to 20 kg ha’ by urea fertilisation. Maximum grain yield
was achieved at 20 kg N ha (6194 kg ha™), which was on par with 10 kg N ha™
treatment (6041 kg ha). The increase in grain yield may be attributed to the high
fertility percentage of panicles in return for increasing N rates during the booting
stage. Mingotte et al. (2013), working with nitrogen topdressing, obtained the highest
rice yield when foliar N application was made before the crop was headed (panicle
differentiation). Our results are consistent with recently released investigations in
terms of the existence of a noticeable increase in grain yield after foliar spraying of N
fertiliser in maximum tillering (Asadi et al., 2011, 2014) and booting stages (Asadi
etal., 2014, 2015).

Correlations between the examined traits

To determine if there were associations between all the tested traits, correlation
analysis was performed on mean values derived out of ANOVA analysis, and the
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Fig. 4. Influence of foliar applied N fertiliser (0 kg N ha™ 10 kg N ha’! = 22 kg urea ha'', 20 kg N
ha' = 44 kg urea ha') on grain yield as kg ha'; urea was applied in solution with 5% dry matter
basis; Significant differences between the treatments in tillering and booting stages are indicated
with asterisks (* - p < 0.05, ** - p < 0.01, ns - p > 0.05, Duncan multiple range test); The error bars
denote (+ SD);n =6
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correlation matrices were visualised schematically by using R package ‘Corrgram’
(Fig. 5). Correlations displayed in a correlogram were organised in the order that
traits having similar characteristics were grouped together. The colour-coded pie
graphs were reflected in the upper triangle, and the values and signs of the Pear-
son coefficients were represented schematically with the correlation coeflicients and
the 95% confidence intervals displayed in the lower triangle. Yield related traits, i.e.
grain yield (GY), and grain number per panicle (GN.P) were found positively correlat-
ed to each other with a coeflicient being at least 0.9 (p < 0.05). GN.P were also noticed
to be correlated to panicle number per square meter (PN.SM; : 0.72; p > 0.05) and
thousand grain weight (TGW; : 0.39; p > 0.05), and negatively correlated with panicle
fertility rate (PFR; r: -0.88; p < 0.05). No significant association was recorded for TGW.
As per correlation coefficients results associated with PFR, our study showed a close/
direct association between the number of chaffy grains and GN.P, which suggested
that the mitigation of grain number per panicle is likely involved in enhancement of
fertility rate.

Conclusions

Nitrogen is believed to be the most constraining factor on crop production in many
of the world’s agricultural regions, and its efficacious adoption is indispensable for
the frugal sustainability of cropping systems. Moreover, the dynamic nature of this el-
ement and its inherent tendency for loss from soil-plant systems creates a challenging
and peerless space for its optimal management. Foliar fertilisation technique may also
be a good alternative to the convectional soil application to avoid the risk of fixation
or leaching of nutrients.

These results clearly showed that foliar-applied urea at active tillering could have
a better performance once applied at higher concentrations (= 44 kg urea ha'). As an
instance, the grain number per panicle and panicle number per unit area increased to
about 19.26 and 28.78%, respectively, compared with those of untreated check plots.
Plants fertilised with a lower dose of urea (10 kg N ha"'~ 22 kg urea ha™) in the boot-
ing stage gave the more appropriate performance for both the panicle fertility rate and
grain yield. In other words, high N fertiliser application exceeding 10 kg ha in the
boot stage has likely resulted in a considerable decline in N use efficiency and could
lead to an increased N loss risk. Thousand-grain weight was not appreciably affected
by urea fertilisation timing, since it is mostly governed by genetic constitution.

Although, the different concentrations of urea fertiliser at two stages of growth
were used, further investigations relying on timing and other concentrations are need-
ed to be undertaken in different agro-ecological regions.
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Fig. 5. Correlogram display of correlation matrices for experimental data (Grain yield: GY, Thou-
sand grain weight: TGW, Panicle fertility rate: PFR, Panicle number per square meter: PN.SM; Gran
number per panicle: GN.P); The pie graphs are filled in proportion to the Pearson’s coeflicient values,
clockwise for positive correlations (in blue) and anti-clockwise for negative correlations (in red); The
numbers are Pearson coefficients with 95% confidence intervals
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Abstract

Because of waterlogged conditions in rice cultivation, much of the surface-broadcasted urea dissolves in
paddy water and is unreachable to the rice crop for this reason. A field experiment was conducted to esti-
mate the influence of urea fertilisation on yield and yield components of hybrid rice ‘Bahar 1’ Three doses
(N, N,,» N, kg N ha™') of nitrogen from urea sources were foliar-sprayed once at active tillering and booting
stages. Grain yield, the number of panicles per unit area,and the number of grains per panicle in the tillering
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stage of rice were significantly (p < 0.01) increased in a linear fashion when N rates increased from 0 to 20 kg
ha. The rate of panicle fertility was negatively/positively influenced with increasing N rates in the tillering
and booting stages, respectively, indicating the creation of more number of non/partial productive tillers
per hill in the vegetative stage than in the reproductive stage. In line with panicle fertility (%), the grain yield
was also significantly affected by N treatments with urea fertilisation in the booting stage. Maximum grain
yield was obtained with the application of 20 kg N ha™! at both the tillering and booting stages. Foliar spray-
ing of urea at tillering (20 kg N ha') and booting (10 kg N ha™') stages had a pronounced effect on achieving
higher yields as compared to other combinations. The study suggests that foliar application of urea for hy-
brid rice cultivation might have a potential role in improving nitrogen use efficiency.

Key words: Oryza sativa L. ‘Bahar 1’, foliar spraying, urea fertilisation, grain yield
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Wptyw ,,dozywiania” dolistnego mocznikiem na plon i jego skfadniki iranskiego
mieszarica ryzu Oryza sativa L. ‘Bahar 1’
Streszczenie

Ze wzgledu na podmokte warunki upraw ryzu, wigkszos¢ powierzchniowej transmisji mocznika rozpuszcza
si¢ w wodzie gruntowej i z tego powodu nie jest osiagalna dla uprawy ryzu. Przeprowadzono do$wiadczenie
polowe w celu oszacowania wplywu nawozenia mocznikiem na wydajnoé¢ i sktadniki plonu mieszaica
ryzu Oryza sativa L. ‘Bahar 1" Trzy dawki azotu (N, N, N, kg N ha™), pochodzace z zasobéw mocznika,
byly rozpryskiwane na liScie ryzu jednorazowo, przed stadiami krzewienia i tworzenia liscia flagowego. Plon
ziarna, liczba wiech na jednostke powierzchni i liczba ziaren przypadajacych na wieche w fazie krzewienia
ryzu wzrastaly istotnie (p < 0,01) w sposéb liniowy, gdy dawki azotu (N) wzrastaty od 0 do 20 kg ha™. Poziom
plodnoéci wiechy byt odpowiednio uzalezniony od wzrostu dawek azotu (N) w stadiach krzewienia i two-
rzenia liscia flagowego; wskazujac na utworzenie wickszej liczby czesciowo nieproduktywnych na wierz-
cholku zdzbel w stadium wegetatywnym niz w stadium generatywnym. Z kolei, z plodnoscia wiech (%),
plon ziarna byt takze istotnie uzalezniony od azotu (N) poprzez traktowanie mocznikiem w stadium two-
rzenia liscia flagowego. Maksymalna wydajnos¢ plonu ziarna uzyskano przy aplikacji 20 kg N ha! w obydwu
stadiach: krzewienia i tworzenia li$cia flagowego. Opryskiwanie liSci mocznikiem w fazach krzewienia (20
kg N ha) i tworzenia lidcia flagowego (10 kg N ha) mialo wyrazny wplyw na uzyskiwanie wyzszych plo-
n6w, w poréwnaniu z innymi kombinacjami. Badania wskazuja, ze dolistne zastosowanie mocznika w upra-
wie mieszancow ryzu moze odgrywaé potencjalna role w poprawie efektywnoséci wykorzystania azotu.

Stowa kluczowe: Oryza sativa L. ‘Bahar 1), spryskiwanie dolistne, nawozenie mocznikiem, plon ziarna
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