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ABSTRACT

The present study was carried out at the Experimental Farm of Sakha Agricultural Research Station,
Kafr El-Sheikh, Egypt, during 2017 and 2018 rice growing seasons to study the behaviors of four rice
genotypes under three dates of sowing. These rice genotypes were the new Egyptian red rice line NRL 54,
Giza 177, Giza 178 and Black rice. The results showed that rice plants sown on May 1% or May 15"
surpassed those sown on the late date of sowing (May 30") in days to heading, plant height, number of
tillers/plant, number of panicles/plant, panicle length, panicle weight and grain yield per hectare. While, rice
plants sown on May 15" or May 1% surpassed those sown on the late date of sowing (May 30" in thousand
grain weight, number of filled grains/panicle and number of spikelets/panicle. Plants of promising line NRL
54 produced the highest grain yield in the two seasons. While, Black rice variety produced the lowest grain
yield in the two seasons. It can be concluded that the first two dates of sowing (1% May and 15" May) were
the most suitable dates of sowing. While, the promising rice line NRL 54 can be sown on May 30" without
yield reduction. The line NRL 54 is more tolerant to delay in sowing date than Black rice variety. Generally,
the rice line NRL 54 could be recommended to be sown from May 1% to May 30™. The tolerance of NRL 54
to late sowing gives it an advantage for time isolation.

Keywords: red rice, sowing dates, grain yield, yield and its attributes, Oryza sativa L.

INTRODUCTION

Rice plays an important economic role, being the
staple food and the main source of income for many people
in agricultural countries, Phan et al. (2018). Rice is one of
the most important crops in Egypt. Therefore, several
research studies have been conducted to study the effect of
sowing dates on rice productivity, Abou khalifa and Awad-
allah (2016).

Nowadays, special rices are required to be
disseminated to satisfy the needs to high nutritional rice
value. From these are Black rice and colored rice. From the
colored rice, a genotype was named as red rice in some
countries, Masni and Wasli (2019). Cultivated red rice
genotype is completely different from the weedy genotype,
Masni and Wasli (2019).

Red rice is a source of carbohydrates, proteins,
beta-carotene, antioxidants and irons, Becker and Frei
(2004) and Ratih Sandrakirana (2016). Global demand for
healthy food and high-quality rice has increased recently.

Red rice consumption has increased due to its
health benefits. Red rice has met the concepts of
productivity and quality that emerged to supply the
demands for products that improve the eating pattern of
consumers. some food industries are based on red rice,
particularly for nutritive food products and baby food
products, Masni and Wasli (2019). Antioxidants are the
most important properties of red rice. It is used in making
breads, colored pasta, vinegar, drugs, and cosmetics,
Patindol et al. (2006). Procyanidins are the main
compounds with antioxidant activity of red rice, Oko et al.
(2012). As in Malaysia, the limited domestic production of
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red rice depends on the supply of imported red rice in the
country, Masni and Wasli (2019).

The potentiality of different rice varieties varies
greatly due to cultivation at different dates, Ganajaxi et al.
(2001). Also, the optimum time for planting is a major
factor in rice productivity. By knowing it, we can indirectly
determine the soil temperature and weather conditions
appropriate for rice during different stages of development,
Ashrafuzzaman et al. (2009). A better knowledge of the
genetic behavior of rice genotypes under different sowing
dates would help to classify and identify varieties that
would be grown successfully under late sowing dates. The
objective of the present investigation was to study the
optimum planting date and genetic behavior of four rice
varieties and lines under three sowing dates through the
studied characters.

MATERIALS AND METHODS

A field experiment was conducted in 2017 and
2018 seasons at the Farm of Sakha Agricultural Research
Station, Kafr El-sheikh, Egypt to study the performance of
four rice genotypes, namely; Giza 177, Giza 178, Black
rice and NRL 54. NRL 54 is one of developed special rice.

There are two types of this line, colored (red) and
white. The white type was cultivated in this experiment
along with other genotypes. These four genotypes were
sown at three sowing dates, May 1st, May 15th and May
30th. This aimed to investigate the performance of these
genotypes under three sowing dates.

The soil of the nurseries was well prepared and
fertilized with N, P and K fertilizers as recommended and
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regularly irrigated. The slight wet leveling was done and
the pre-germinated seeds were broadcasted. Zinc sulphate
was applied immediately before seed broadcasting
( seeds were soaked 24 hr and incubated 48 hr ). The
herbicide, Saturn 50% was applied after 4 days from
broadcasting the seeds to control the weeds as
recommended RRTC (2011).

The permanent filed area was identified and well
prepared, fertilized with single super phosphate (15%
P,Os) at the rate of 36 P,Os/ha, potassium sulphate (48%
K,0) at the rate of 57 K,O/ha and nitrogen fertilizer in the
form of urea (46.5%N) at the rate of 165 kg N/ha for each
date of sowing and immediately irrigated. The slight wet
leveling was done in each sub-plot. The sub-sub plot size
was 15 m? (3x5) and the weeds were chemically controlled
using Saturn 50% after transplanting as recommended in
the three dates of sowing under study in the two seasons.

The randomized complete block design (RCBD)
with three replications for sowing date separately.

Monthly temperature is shown in Table 1 according
to Sakha Meteorological Station.

Table 1. Mean temperature (maximum and minimum)
starting from May, 1 up to October, 30 during

2017 and 2018.
Temperature (°c)

Month 2017 2018

Max. Min. Max. Min.
May 30.6 25.8 312 238
June 325 28.1 32.6 253
July 34.2 29.0 34.2 254
August 339 28.3 33.9 25.2
September 325 259 328 235
October 28.7 24.0 29.5 20.6

Studied characters:

A. Growth characters:

1- Days to heading: determined as number of days from

date of sowing up to 50% heading of plants in each plot.

2- Plant height (cm): length of the tallest plant measured

from soil surface to the tip of the panicle at maturity.

3- Number of tillers/plant: Five plants were randomly
selected from each plot. The number of tillers was
counted and the average number of tillers / plant was
recorded at harvest.

B-Yield and its attributes:

1- Number of panicles/plant: Number of panicles at
harvest was counted in five plants, and then the average
number per plant was computed.

2- panicle length (cm) was measured from the base of
panicle up to the tip of the main panicle at complete
maturity.

3- Number of spikelets/panicle: five panicles were
randomly selected from each sub plot and number of
spikelets were counted and the average number of
spikelets/panicle was calculated.

4- Panicle weight (g): the main panicles of five plants
were randomly selected from each sub plot and average
of panicle weight was calculated.

5- Spikelet fertility (%0): From each plot, five main
panicles were randomly selected before harvesting.
Number of filled spikelets were isolated from the total
spikelets and the ratio of fertile spikelets (filled grains)

were counted and the rest were sterile. Spikelet fertility
was calculated according to the following equation :

No. of fertile spikelets per panicle

Spikelets fertility (%) = x 100

No. of total spikelets per panicle

6- Number of filled grains per panicle: five panicles
were randomly selected from each sub plot and number
of filled grains per panicle were counted and the
average per panicle was calculated.

7- One thousand grain weight (g): Weight of one
thousand of rough grains was estimated in sub plot
after harvesting in grams.

8- Grain yield (t/ha): Ten square meters from the center
of each plot were manually harvested, then gathered in
bundles and left in the field for air dry. The weight of
each bundle was recorded (grains + straw). Then, the
air dried bundles were mechanically threshed and grain
weight per 10 m? was recorded. The moisture content
was adjusted to 14% moisture using portable moisture
meter according to Yoshida (1981). The weight of
grain yield were transformed to tons per hectare.

C-Grain quality characters:

Hulling percentage, milling percentage and head

rice percentage were estimated according to Adair (1952),

using the following equations :
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FRough rice Wi
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Statistical analysis:

The obtained data were subjected to analyses of
variance according to randomized complete block design
(RCBD) with three replications for each sowing date, then
the combined analysis among sowing dates was performed
to obtain the effect of interaction between sowing dates and
rice genotypes, according to Gomez and Gomez (1984).
All statistical analyses were performed using “MSTATC”
computer software package according to Russell (1986).

RESULTS AND DISCUSSION

A. Growth characters:
1- Days to heading:

Days to heading of rice plants as affected by
sowing dates, genotypes and their interaction in 2017 and
2018 seasons are presented in Table 2. Data indicated that
days to heading reached to the maximum when the tested
genotypes were cultivated on May 1% followed by May
15", while sowing at May 30" gave the lowest value.
Because of the rice plants is short day plants, so rice
sowing on long days cause an increase of days to heading.
On the other side, rice sowing under short days reduced its
duration (number of days to heading). The results were in
the same trend in the two studied seasons. The previous
results are in close agreement with those obtained by
Ningaraju et al. (2015), Metwally et al. (2016) and Mervat
Osman (2019). Plant development depends on temperature
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and requires a specific amount of heat to develop from one
point to another in its life cycle. Temperature is a key
factor in the timing of biological processes, and hence the
growth and development of plants, Parthasarathi and
Jeyakumar (2013). Higher air temperature (maximum and
minimum) and lower diurnal variation in temperature are
more suitable for early heading in rice varieties, Sridevi
and Chellamuthu (2015).

The rice genotypes under study revealed a
significant difference on days to heading in the two
seasons. Plants of Black rice variety recorded the lowest

values of days to heading in the two seasons. While, plants
of Giza 178 variety recorded the highest values in the two
seasons. As for varietal differences in their number of days
to heading, data revealed that Giza 178 rice cultivar gave
highest number of days from sowing to heading and came
in the first rank followed by NRL 54 rice line, Giza 177
and black rice variety, which came in the second, third and
fourth rank, respectively, in the two seasons. It could be
attributed to the differences in their genetic structure. These
results are similar to those obtained by Ningaraju et al.
(2015) and Mervat Osman (2019).

Table 2. Number of days to heading, plant height and number of tillers/plant of some rice genotypes as affected by

sowing dates in 2017 and 2018 rice seasons

Characters Days to heading (day) Plant height (cm) No. of tillers/plant
Treatments 2017 2018 2017 2018 2017 2018
Sowing dates (S)
May, 1 94.40a 93.040a 108.40a 107.70a 19.85a 19.97a
May, 15 92.05b 90.80b 105.90b 107.10a 18.83b 18.61b
May, 30 90.68c 89.59c 100.40c 102.30b 17.96¢ 16.43c
L.S.D at 5% 0.64 0.51 1.10 121 0.30 0.40
Rice genotypes (G)
Giza 177 92.02c 90.44c 98.63b 101.50b 18.72b 18.30c
Giza 178 97.52a 95.8% 97.67b 97.08d 22.83a 21.89%
Black rice 84.73d 84.08d 98.90b 99.11c 15.02¢c 14.49d
NRL 54 95.23b 94.17b 124.40a 125.20a 18.94b 18.65b
L.S.D at 5% 0.68 0.52 1.63 147 0.56 0.35
Interaction
S X G *% *% ** ** ** **

Number of days from sowing up to heading as
affected by the interaction between the tested rice
genotypes and heading dates is presented in Table 3. Data
revealed that combination of each of the tested genotypes
under study with the first date of sowing (May 1%)
surpassed both the second and third dates of sowing when
combined with the same tested genotypes. The best
combination was detected when Giza 178 rice cultivar was
sown on May 1% followed by May 15" and May 30". On
contrast, the lowest number of days from sowing to
heading was found when black rice variety was sown on
May 30™. The other combinations came in between. It can
be observed that the duration of black rice was strongly
reduced under the last date of sowing (May 30"). The
differences in the durations among the tested genotypes
under the three dates of sowing under study might be due
to genetic background. The previous results are in
agreement with those obtained by Ningaraju et al. (2015)
and Mervat Osman (2019). The growth period showed an
increasing trend for early planting dates and a lower trend
for late planting dates, Maiti and Sen (2003).

2- Plant height (cm) :

Plant height of the rice genotypes as affected by
sowing dates, genotypes and their interaction in 2017 and
2018 seasons are presented in Table 2. Sowing date
significantly influenced plant height in the two studied
seasons. Rice plants sown on either May 1% or May 15"
were taller than those sown on the latest date (May 30") in
the two studied seasons. There were significant differences
between sowing at May 1% and May 15" in plant height. It
might be due to the exposure of the genotypes to the same
climatic condition under the two first dates of sowing.

These findings are in agreement with those reported
by Metwally et al. (2012) and Mervat Osman (2019). This
might be due to the longer vegetative growth stage, which
leads to increase the height. The length of the vegetative
phase of rice has gradually decreased due to the delay in
the date of planting, which led to a decrease in the height of
the plant. The studied genotypes revealed significant
differences in plant height in the two seasons. Plants of
NRL 54 rice restorer line recorded the greatest height.
While, plants of Giza 178 variety recorded the lowest ones
in the two seasons.

Data in Table 3 clarified that the combinations for
each of the tested genotypes with each of different dates of
sowing under study tended to cause decreases in plant
height under medium and late dates of sowing, except Giza
177 rice variety which gave the tallest plant when
combined with medium date of sowing (May 15"). It
might be due to the suitability of temperature to that
cultivar Giza 177 on May 15" date of sowing for the cell
division and elongation, consequently increase the height
of Giza 177 compared to other genotypes. The
combinations of the other genotypes with the three sowing
dates caused a decrease in plant height under medium and
late sowing because of the change in the temperature under
the different dates of sowing, which cause a reduction in
plant height under late sowing because of unsuitable
temperature during the vegetative growth stage of Giza
178, Black rice and NRL 54. These findings agree with
those reported by Ashrafuzzaman et al. (2009) and Bashir
et al. (2010). Variations in plant height between different
rice genotypes under different sowing dates were also
obtained by Khavse et al. (2015) and Metwally et al.
(2016).
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Table 3. Number of days to heading, plant height and number of tillers/plant as influenced by the interaction

between sowing dates and rice genotypes in 2017 and 2018 seasons

Genotype Days to heading (day) Plant height (cm) Number of tellers/plant
2017 2018 2017 2018 2017 2018
May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May,
1 1 ¥ 1 1 3HP® 1 15 303 1 1B 3B® 1 15 30D 1 1B D
Giza 177 9367e 92.03f 90.37g 91.67d 90.33¢ 89.33f 99.6d 102.3c 94.0e 98.0d 1065¢c 999d 184d 19d 188d 195d 184e 17.0f
Giza 178 99.67a 96.03bc 96.87b 98.33a 94.67b 94.67b103.0c 99.0d 91.0f 99.8d 100.0d 914f 243a 224b 21.8b 240a 22.1b 19.6d
Black rice 8803h 8503i 8111j 87.07g 84.10h 81.07i 104.3c 983d 94.le 1055¢ 97.6d 94.2e 164e 153f 134g 160g 145 126i
NRL 54 96.23bc 95.10cd 94.37de 95.10b 94.10bc 93.30c 126.5a 124.2b 122.4b 127.6a 124.20 1236b 20.3c 18.7d 17.8d 204c 19.1d 16.5fy

3. -Number of tillers/plant:

Number of tillers/plant of the tested rice genotypes
as affected by sowing dates, rice genotypes and their
interaction in 2017 and 2018 seasons are presented in
Table 2. Sowing dates substantially influenced number of
tillers/plant in the two seasons. Number of tillers/plant
reached to the maximum under May 1%, followed by May
15" while rice cultivated on May 30" significantly
decreased in number of tillers/plant. It might be due to the
unsuitable climatic condition specially temperature during
vegetative stage when rice was cultivated on May 30"
(latest date under study). These finding are in agreement
with those of Metwally et al. (2016) and Mervat Osman
(2019). High temperature provides more rice tiller buds,
while, increases number of tillers per plant. Optimum
temperature for rice tillering is 25-31°C. The rice tillering
rate increases as the temperature increases, Sridevi and
Chellamuthu (2015).

Data in Table 2 indicated that there were significant
differences among the tested genotypes in number of
tillers/plant in the two studied seasons. Giza 178 cultivar
produced the greatest number of tillers/plant followed by
NRL 54 rice line in the two seasons. On contrast, Giza 177
gave lower tillers, while, Black rice gave the least tillers
per plant. These differences could be attributed to the
differences in genotype genetic structure. These findings
are in agreement with those of Bashir et al. (2010) and
Metwally et al. (2016).

The interaction between sowing dates and rice
genotypes in number of tillers/plant during 2017 and 2018
is presented in Table 3. Data clarified that number of
tillers/plant for each of the tested genotypes tended to
decrease under May 15" and the latest date of sowing
(May 30™) compared with early sowing date (May 1%)
when combined with the same tested varieties in the two
seasons. This could be attributed to the changes in climatic
conditions, specially temperature during the vegetative
stage under the different dates of sowing specially the date
of May 30". This because the vegetative growth stage is
exposed to the high temperature in June and July, as the
temperature ranged between 35 and 40 ‘C that cause a
decrease in number of cell division and its elongation. The
previous results are in agreement with those obtained by
Metwally et al. (2012).

B-Yield and its attributes:
1- Number of panicles/plant:

Panicle number/plant of the tested rice genotypes as
affected by sowing dates, genotypes and their interaction in
2017 and 2018 seasons are presented in Table 4. Sowing
dates substantially influenced panicle number/plant in the
two seasons. Rice genotypes sown on the first date (May
1% and second date (May 15") produced more panicle

number/plant than those sown on the third date which gave
the lowest values in this respect in the two studied seasons.
These findings are similar to those reported by Bashir et al.
(2010) and Metwally et al. (2012).

The tested rice genotypes significantly varied in
panicle number/plant in the two seasons. Giza 178 rice
variety produced the highest number of panicles/plant
followed by Giza 177 variety, while Black rice variety
gave the least panicles per plant in the two studied seasons.
The increases in panicle number/plant may be due to
increase in tiller number/plant. The interaction between
sowing dates and rice genotypes had a significant effect on
panicle number/plant in the two seasons (Table 5). Data
revealed that combination of each the tested rice genotypes
under study with first date (May 1%) surpassed both the
second and the third dates of sowing when combined with
the same genotypes in number of panicles/plant, except
Giza 177. This variety responded more and gave higher
number of panicles/plant when cultivated on May 15" in
the two studied seasons. The greatest panicle number/plant
was obtained by sowing Giza 178 variety on the first date
in the two seasons. The lowest panicle number/plant was
obtained by found with Black rice variety on the late
sowing date in the first and second seasons. The increase in
number of panicle/plant for all the tested genotypes under
study might be due to the suitable climatic conditions
(temperature, relative humidity, number of hours/day and
solar radiation) during the different stages of rice, which
led to cause an increase in the growth of tillers and panicle
primordial initiation, consequently increase number of
panicles/plant when the tested genotypes are cultivated
during May 1% and May 15™,

Dawadi and Chaudhary (2013) found highly
significant number of panicles per meter” in early sowing
and attributed it to suitable environmental conditions which
enabled the plant to improve its growth and development
as compared to late sowing dates.

2- Panicle length (cm);

Panicle length of tested rice genotypes as affected
by sowing dates, genotypes and their interaction in 2017
and 2018 seasons is presented in Table 4. Sowing dates
significantly influenced panicle length in the two seasons.
Rice genotypes which sown on May 1% or May 15
produced taller panicles than those sown on the late date of
sowing (May 30™ in the two studied seasons. These
findings are in agreement with those reported by Metwally
et al. (2012) and Mervat Osman (2019). Data in the same
Table showed that NRL 54 red rice line recorded the
highest value of panicle length followed by Giza 178
variety, while Black rice variety recorded the least length
of panicle in the two seasons.

Data in Table 5 indicated that combination of rice
genotypes with the two first dates of sowing (May 1% and
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May 15") in the length of panicle surpassed May 30" when
combined with the same varieties in the two studied
seasons. The tallest panicle was found when NRL 54
promising line combined with both May 1% and May 15"
without any significant between them, followed by Giza
177 rice variety when combined with the same two dates
of sowing (May 1% and May 15"). On the other side, the
lowest length of panicle was observed when Black rice
cultivated under May 30" It can be easily observed that
there was not any significant differences between the first
and second date of sowing when each of the variety was
combined with each of the studied date of sowing in the
two studied seasons. It could be attributed to the suitable
climatic conditions for the growth of panicles under the
period of May 1% up to May 15" only then tended to
decrease under May 30",

3- Panicle weight (g);

Data in Table 4 clarified that the weight of panicle
tended to decrease under medium and late date of sowing;
May 15" and May 30". The heavier panicles were found
under May 1% followed by May 15" while May 30" caused
a reduction in weight of panicle. It might be due to the low
temperature during the grain filling process as a result to a
decrease in photosynthesis and its products (assimilates)
when rice is cultivated on late sowing (May 30"). As for
varietal differences, data in the same Table (4) indicated

that NRL 54 promising line produced the highest weight of
panicle followed by Black rice, while Giza 177 gave the
least and Giza 178 came in between. It might be due to the
differences in their genetic structure. Similar trend was
found by Nahar et al. (2009).

The interaction between the tested rice genotypes
and different dates of sowing in panicle weight in 2017 and
2018 rice seasons is presented in Table 5. Data clarified
that cultivation the of genotypes under the first date of
sowing (May 1%) surpassed the other dates of sowing and
gave the greatest values of the weight of panicle, except
Black rice which gave its heavier panicle under May 15" in
the two studied seasons. The greatest weight of panicle was
obtained when NRL 54 promising line was cultivated on
May 1% followed by May 15". On contrast, the lowest
weight of panicle was found when both Giza 177 and Giza
178 rice varieties were cultivated on May 30". The
increase in the weight of panicle when the tested genotypes
were cultivated on May 1% and May 15" might be due to
the suitable climatic conditions at the period which caused
an increase in their growth and photosynthesis with its
adequate amount of products (metabolites or amulets) that
are translocated to the panicle and completely fill most of
spikelets consequently increased weight of panicle per
plant. These findings are similar with those reported by
Mervat Osman (2019).

Table 4. Yield and its attributes of some rice genotypes as affected by sowing dates in 2017 and 2018 rice seasons

No. Of Panicle Panicle No. Of No. of filled  1000-grain Grain vield
Treatments panicles length weight  spikelets/pani Fertility (%)  grains Weight (t/hg)

/plant (cm) (9) cle panicle

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018

Sowing dates (S)
May, 1 1828a 17.86a 24.10a 2369 4.74a 48la 1848b 1825b 91.72c 91.31c 169.3b 166.3b 2491b 2532a 1006a 1043a
May, 15 17.34b 1690b 2387a 2351a 4.38b 441b 190.7a 190.7a 9466a 9503a 180.1a 1816a 2582a 2547a 9.83a 9.92b
May, 30 16.32c 1590c 2090b 2240b 360c 3.71c 1674c 164.8c 9259 93.17b 1540c 152.5c 2540ab 24.20b 8.76b 8.36¢
L.S.D at 5% 029 017 039 051 011 026 325 512 07 067 421 544 082 020 069 027
Rice genotypes (G)
Giza 177 1713b 16.71b 22.32c 22.36c 392c 328d 1345d 133.6d 9452a 94.65a 127.0d 127.6d 28582 2859 997c 994c
Giza 178 2143a 2091a 2355b 2391b 349%c 353c 1822b 184.2b 9257c 939% 168.7b 1729 21.04d 20.21d 10.37b 10.46b
Black rice 1427d 1382c 19.72d 19.96d 362b 390b 157.0c 1524c 93.48b 93.19c 1469c 142.1c 24.76c 24.17c 563d 5.29d
NRL 54 1642c 16.10b 26.24a 2656a 656a 652a 250.1a 247.2a 914d 90.84d 2286a 224.6a 27.12b 27.01b 1224a 12.18a
L.S.D at 5% 054 056 040 038 025 023 360 335 059 065 391 428 092 025 041 028
Interaction
SXG ** ** ** *k *k *k *k *% *k *k *k *% * *k ** *k

Table 5. Number of panicles/plant, panicle length and Panicle weight as influenced by the interaction between
sowing dates and rice genotypes in 2017 and 2018 seasons

Genotype No. of panicles/plant Panicle length (cm) Panicle weight (g)
P 2017 2018 2017 2018 2017 2018
May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May,
1 15 3¢ 1 15 3®¥ 1 15 30 1 15 30® 1 15 30 1 15 30
Giza 177 16.7d 17.8c 16.9cd 164cd 174c 16.3cd 2327d 2286d 2082f 2261d 22.17d 2231d 3.64e 343e 2.80f 3.65¢ 3.34ef 2.86g
Giza 178 227a 21.1b 20500 223a 206b 1990 2427hc 24.34b 2203 2424c 2381c 2368c 4.25¢ 34le 2.82f 4.27d 342ef 2.92g
Black rice 152ef 144f 1269 152d 14.0e 123f 2095f 2097f 17259 2067e 2102 182f 3.72¢ 4.18d 2.95f 4.17d 4.40d 3.15fy
NRL 54 18.0c 16.0de 15.2¢f 17.6c 156d 151d 2790a 273la 235cd 27.26a 27023 253% 7.34a 6.52b 5.83c 7.17a 6.48b 5.90c

4- Number of spikelets/panicle;

Number of spikelets per panicle of rice genotypes
as influenced by three dates of sowing namely May 1%,
May 15" and May 30" is presented in Table 4. Data
revealed that cultivation the tested genotypes on May 15"
produced the greatest number of spikelets and came in the
first rank followed by May 1%, while cultivation rice on
May 30" gave the lowest number of spikelets. It might be
due to the optimum climatic conditions during flowering
period which gave also the tallest panicle (panicle length in
Table 6). These results are similar to those obtained by
Bashir et al. (2010) and Mervat Osman (2019).

As for varietal differences in number of spikelets,
data in the same table indicated that NRL 54 rice line gave
the highest number of spikelets followed by Giza 178 rice
variety, while Giza 177 variety gave the lowest values in
this respect in the two studied seasons. This could be
attributed to genetic background.

Regarding to the interaction between the tested rice
genotypes and different dates of sowing in Table 6, data
showed that combination between genotypes under study
with the date of May 15™ surpassed the other two studied
dates and produced the highest number of spikelets, except
Giza 178 which gave its highest number of spikelets when
combined with May first. It might be due to the suitable
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temperature and number of hours per day with other
climatic conditions during reproductive stage which cause
an increase in panicle length consequently increase number
of spikelets /panicle. The highest number of spikelets were
found when NRL 54 rice line was cultivated under the
three dates of sowing followed by Giza 178 when
combined with the first date of sowing (May 1%). On the
other hand, the lowest number of spikelets was observed
when Black rice was cultivated under either May 1% or
May 30™. It means that Black rice is sensitive to both day
length and temperature. It can be easily observed that the
optimum date of sowing was May 15™ due to its sensitivity
to day length. These findings agree with those obtained by
Mervat Osman (2019).

5- Spikelets fertility (%6) :

Fertility percentage, number of filled grains/panicle,
1000-grain weight and grain yield (tha) of the rice
genotypes are presented in Table 4. Data showed that the
genotypes sown on May 15" produced the greatest fertility
percentage followed by May 30" while May first gave the
least fertility percentage in the two studied seasons. The
increase in fertility percentage under May 15" might be
due to the suitable temperature and day length through the
different stags of rice that resulted in optimum growth and
enhanced in photosynthesis and its products with adequate
amount of metabolites which fill most of the high number
of spikelets. In other words, sterility decrease by May 30™.
While, on May first the trend tended towards the opposite
way. These results are similar to those obtained by Khavse
et al. (2015) and Metwally et al. (2016).

As for the varietal differences, data in the same
table indicated that Giza 177 variety produced the greatest
fertility percentage followed by Black rice variety because
of the low number of spikelets with component enough of
metabolites, so the most of spikelets were completely
filled. The other tested varieties came in between. These
findings are similar with those reported by Nessrin Abd EI-
hamed (2009) and Mervat Osman (2019). Among the
climatic factors that affected the fertility of rice spikelets, in
addition to the grain yield, the main factor is air
temperature, Chuan-gen et al. (2007).

Regarding to the interaction between genotypes and
dates of sowing in 2017 and 2018 rice seasons, data in
Table 6 revealed that combination of Giza 177 variety with
May 30" and Giza 178 variety with May 15" produced the
highest fertility percentage followed by Giza 177 and
Black rice varieties when combined with May 15". On
contrast, the lowest fertility percentage was found when
NRL 54 rice line was combined with May 30". It may be
due to that NRL 54 produced a huge amount of spikelets
with less amount of metabolites due to low temperature
and short day which cause a decrease in photosynthesis
and its metabolites. These findings are in agreement with
those reported by Khavse et al. (2015), Metwally et al.
(2016) and Mervat Osman (2019).

6- Number of filled grains per panicle:

Number of filled grains per panicle of the tested
rice genotypes as affected by different dates of sowing is
presented in Table 4. Data indicated that cultivation the
genotypes under study on May 15" was the best date of
sowing gave the greatest number of filled grains / panicle,
followed by May first, while sowing date of May 30" gave
the lowest number of filled grains / panicle and came in the
last rank in the two studied seasons. It might be due to the

suitable temperature through the different stages of rice
specially during filling period which the maximum
temperature was 33.9°C and the minimum was 28.3°C. So,
the date of sowing (May 15") is best which came an
increase in both filling rate and percentage consequently
increase the number of filled grains / panicle. These results
are agreement by Metwally et al. (2012) and Mervat
Osman (2019). Regarding to the varietal differences in
number of filled grains/panicle, data in the same table
showed that NRL 54 promising line produced the greatest
number of filled grains/panicle, followed by Giza 178 rice
variety, while Black rice and Giza 177 variety came in the
last rank. This could be attributed to the differences in the
genetic structure. Variation in number of filled
grains/panicle among different rice genotypes under
different sowing dates was also found by Metwally et al.
(2012) and Mervat Osman (2019).

Number of filled grains/panicle as affected by the
interaction between rice genotypes and dates of sowing is
presented in Table 6. Data indicated that combination of
each of the tested rice varieties sown on May 15" produced
the highest number of filled grains/panicle followed by
May first when combined with the same varieties. On the
other side, combination of each of the varieties under study
with May 30™ gave the lowest values in this respect in the
two studied seasons, except Giza 178 variety which gave
the highest number of filled grains/panicle under either
May 1% or May 15" while under May 30" gave fewer
filled grains. The highest number of filled grains/panicle
was found when NRL 54 rice line was sown on May 15"
followed by May 1%, while gave its low number of filled
grains/panicle when sown on May 30™. On contrast, the
lowest number of filled grains/panicle was observed when
Giza 177 variety was combined sown on May 30". The
other combinations came in between. The increases in
number of filled grains/panicle when the tested genotypes,
specially NRL 54 rice line, might be due to the suitable
climatic conditions specially temperature (see Table 6)
with the effect of the tested dates of sowing in number of
filled grains / panicle.

7- One thousand grain weight (g):

Data in Table 4 revealed that 1000-grain weight
was significantly affected by the different dates of sowing
under study. The date of May 15" produced the greatest
1000- grain weight, followed by May 1%, while the date of
May 30" gave the lowest. The increases in 1000- grain
weight might be due to the suitable climatic conditions
which caused an increase in plant growth (plant canopy) as
a result to the increase in photosynthesis and its product
(metabolites). The great amount of metabolite translocation
to the panicles and completely fill the spikelets
consequently increase weight of 1000-grain. Similar trend
was found by Nahar et al. (2009) and Bashir et al. (2010).
Concerning to varietal differences in 1000-grain weight,
data in the same table indicated that Giza 177 variety
produced the greatest weight of 1000-grain followed by
NRL 54 promising line. On the other hand, the lowest
value of 1000-grain weight was observed with Giza 178
rice variety. This could be ascribed to the differences in the
genetic structure of the genotypes under study.

Data in Table 7 showed significant differences in
1000-grain weight due to the interaction between the rice
genotypes under study and the tested dates of sowing. Both
Giza 177 variety and NRL 54 rice promising line produced
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the highest 1000-grain weight when sown on the three
dates of sowing without any significant differences
between them. Also, Black rice variety gave the same
value when sown on May 15" followed by the same
variety when sown on May 30"™. On the other hand, the

lowest 1000-grain weight was found when Giza 178
variety was sown on May 15" in the first season of study.
Similar trend was found by Nessrin Abd El-hamed (2009)
and Bashir et al. (2010).

Table 6 . Number of spikelets/panicle, spikelet fertility percentage and number of filled grains panicle as influenced
by the interaction between sowing dates and rice genotypes in 2017 and 2018 seasons

No. Of spikelets/panicle

Spikelet fertility (%0)

No. of filled grains panicle

Genotype 2017 2018 2017 2018 2017 2018
May, May, May, May, May, May, May, 1 May, May, May, May, May, May, May, May, May, May, May,
1 15 30 1 15 30 'T 1530 1 15 30 1 15 30 1 15 30
Giza 177 13B9f 1475 11729 1364f 1425f 1228y 9117y 9530hc 97052 092de 95980 9704 1266f 1407e 1138y 1231fy 140% 11929
Giza 178 2260 1898 1542 20760 1902c 1548 900h 9606ab 9161ef 8087ef 9B16a 93%c 1824c 1823c 1412 1866c 1867c 1455
Black rice 1485 1723d 1503e 1405f 1801d 1365f 940d 9%5d 9143ef 9342c HA15c 9200d 1396 1637d 1374e 1313f 1695d 1256fy
NRL 54 2/94a 25322 2478a 2464a 2498a 24532 9168«f 9224e 9027ch 9100d 9183d 8967f 2286eh 23362 2237h 2243 22052 2200b

Table 7. One thousand grain weight and grain yield/plant as influenced by the interaction between sowing dates

and rice genotypes in 2017 and 2018 seasons

1000-grain weight (g) Grain yield/plant
Genotype 2017 2018 2017 2018
May,1 May, 15 May,30 May,1 May, 15May, 30 May, 1 May, 15 May, 30 May, 1 May, 15 May, 30
Giza 177 28.36a 29.0la 28.38a 2855ab 28.93a 28.29b 10.21c 10.25¢ 9.44d 10.53d 10.34d 8.97e
Giza 178 21.36cd 20.46d 21.30cd 20.56f 20.406f 19.6g 10.23c 11.89b 9.00d 11.24c 11.07c 9.08e
Black rice 22.67c  26.59b 25.00b 25.00d 25.40d 22.1e 6.77e 5.12f 5.00f 6.83f 4.95g 4.0%h
NRL 54 27.23ab 27.19ab 26.90ab 27.15¢c 27.07c 26.81c 13.04a 12.07b 11.59b 13.12a 12.11b 11.31c

8- Grain yield (t/ha):

Grain yield of different rice genotypes as
influenced by various dates of sowing is presented in Table
4. Data indicated that the two first dates (May 1% and May
15" gave the greatest grain yield, while May 30" gave the
lowest value in this respect in the two studied seasons. The
increases in grain yield when the tested rice was sown on
either May 1% or May 15" could be attributed to the
suitable climatic conditions through the different stages of
the tested rice genotypes specially temperature which
ranged between 30.6 up to 33.9 through May 1% up to
August, 30" (See Table 1) resulted in increase the other
yield components as humber of panicles, panicle length,
panicle weight, number of filled grains/panicle and 1000-
grain weight, consequently increase grain yield. On the
contrast, the decrease in grain yield when cultivation the
tested rice genotypes at May 30" might be due to the
decrease in the mean temperature which ranged between
32.5°C up to 28.7°C through September and October
months (see Table 1). At that time, the photosynthesis and
its products (metabolite or assimilates) tended to decrease
resulted in a reduction in filling consequently decrease in
grain yield. Similar results was obtained by Bashir et al.
(2010), Metwally et al. (2016) and Mervat Osman (2019).

High vyield in early sowing was ascribed to
increased cumulative mean value of temperature as well as
sunshine hours owing early sowing, more number panicles,
more number of filled grains/panicle and higher grains
weight, Dawadi and Chaudhary (2013).

As for varietal differences in grain vyield, data
clarified that NRL 54 rice line produced the greatest grain
yield, followed by Giza 178 rice variety. On the other side,
Black rice produced the lowest grain yield, while Giza 177
variety came in between. This could be attributed to genetic
background. Variation in the grain yield of different rice
genotypes has been reported by Metwally et al. (2016).

The interaction between the different genotypes and
the various dates of sowing is presented in Table 7. Data

revealed that cultivation all the tested genotypes on either
May 1%, or May 15" gave higher grain yield than the date
of May 30" when combined with the same genotypes. It
might be due to the suitable climatic conditions specially
temperature for all the tested genotypes through its
different stages when sowing on either May 1% or May
15", The greatest grain yield was obtained from NRL 54
rice line when combined with first date of sowing (May
1%), followed by the same variety when cultivated on both
May 15" and May 30" as well as Giza 178 when sown on
with May 15" without any significant differences among
them. While, the lowest value of grain yield was found
when Black rice was combined with May 30". Similar
trends were reported by Metwally et al. (2012) and Dawadi
and Chaudhary (2013).

C-Grain quality characters:

Hulling, milling and head rice percentage of tested
genotypes as affected by different dates of sowing are
presented in Table (8). Data demonstrated that each of
hulling, milling and head rice percentage reached to the
maximum values under the last date of sowing (May 30™)
and came in the first rank, followed by both May 15" and
May 1% which gave nearly the same values in this aspect in
the two studied seasons. These results are similar to those
obtained by Nessrin Abd El-hamed (2009).

As for varietal differences in hulling, milling and
head rice percentage, data in the same table clarified that
Giza 177 variety gave the highest values in both hulling
and milling percentage followed by NRL 54 rice line,
while Black rice variety gave the least in the two seasons.

It can be also observed that Giza 178 variety
produced the greatest head rice percentage followed by
Giza 177 variety, while Black rice gave the lowest value in
this respect in the two studied seasons. It could be
attributed to the differences in their genetic constitution.
These findings are agreed with the obtained by Nessrin
Abd El-hamed (2009).

Data in Table 9 indicated that combination of each of
the tested genotypes with the date of May 30" surpassed the
other dates of sowing and produced the highest percentage
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of hulling. The greatest value was found when Giza 177
variety combined with the May 30" followed by May 1% and
May 15" when combined with the same variety. On the
other side, the lowest hulling percentage was observed when
Black rice variety combined with date of May 1%. These
results are hold true in the two studied seasons. Variation in
the hulling percentage of different rice cultivars have
reported by Nessrin Abd El-hamed (2009).

Data in Table 9 revealed that combination of both
Giza 177 and NRL 54 with all the tested dates of sowing
surpassed either Giza 178 or Black rice when sown under
the same dates of sowing. The greatest milling percentage
was observed with Giza 177 variety cultivated under May
15" or May 30" without any significant differences
between them in the two studied seasons. The increases in
both hulling and milling percentages in the grains of Giza
177 variety might be due to the little number of
spikelets/panicle with adequate amount of metabolites
which cause an increase in filling percentage and result in
an increase in the starchy endosperm that minimize the thin

and weight of hull consequently increase both hulling and
milling percentage. Variation in the milling percentage of
different rice cultivars have been reported by Nessrin Abd
El-hamed (2009).

Data in Table 9 revealed that combination of Giza
178 when cultivated under the May 30" date of sowing gave
the highest values. The greatest head rice percentage was
observed Giza 178 variety cultivated under May 30" without
any significant differences them in the two studied seasons.
The increases in head rice percentage in the grains of Giza
178 variety might be due to the formation of starch layers. If
the layer of starch were compacted (without spaces among
the layers), so the grain would be more strength, in this case
the head rice % well be high. On the other side, the lowest
head rice percentage was observed when Black rice variety
combined with the three dates of sowing under the study.
These results are hold true in the two studied seasons.
Variation in the head rice percentage of different rice
cultivars have reported by Nessrin Abd El-hamed (2009).

Table 8 . Percentage of hulling, milling and head rice of some rice genotypes as affected by sowing dates in 2017

and 2018 rice seasons

Hulling (%) Milling (%) Head rice (%)
Treatments 2017 2018 2017 2018 2017 2018
Sowing dates (S)
May, 1 79.85b 79.67b 70.41b 70.34b 62.16a 61.91b
May, 15 79.74c 79.71b 70.44b 70.27b 62.24a 62.07b
May, 30 80.78a 80.79a 71.21a 70.96a 62.39 62.43a
L.S.D at 5% 0.36 0.32 0.39 0.44 0.22 0.36
Rice genotypes (G)
Giza 177 82.85a 82.87a 75.10a 75.14a 64.67b 64.21b
Giza 178 79.56¢ 79.22¢c 70.03¢c 69.94c 65.17a 64.91a
Black rice 77.7d 77.69d 66.61d 66.42d 54.90c 55.62d
NRL 54 80.39%b 80.44b 71.00b 70.58b 64.31b 63.80c
L.S.D at 5% 0.46 0.47 0.34 0.36 0.38 0.40
Interaction
S X G ** ** *%* **k *%* **

Table 9 . Percentage of hulling, milling and head rice as affected by the interaction between sowing dates and
genotypes in 2017 and 2018 seasons

Hulling (%0) Milling (%) Head rice (%)

Genotype 2017 2018 2017 2018 2017 2018

May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May, May,

1 15 30 1 15 30 1 15 30 1 15 30 1 15 30 1 15 30

Giza 177 823%h 822 833% 826/ 8244b 8351a 738lb 7574a 7576 7380b 7560a 7600a 6548hc 66000 6254g 65550 6480c 6229f
Giza 178 T7921ef 7844fy 8L0c 7850e 7816e 8lc 6975 693e 710lcd 6962d 6921d 7098c 63%<f 6483d 66682 6300 64.77c 6696
Black rice 775/ 7787ch 7765ch 7763 7784 T7i6le 6727f 65%h 6662y 672le 6583f 6622f 5483h 54.76h 5513h 5510h 55879 55909
NRL 54 79.77ce 803600 8104c 7983d 804lad 8L02c 7082d 7073d 7145¢c 70.70c 7043c 7062c 6439 6333f 6521c 6397d 6285ef 6457ad

Black rice, because it tolerates the late sowing, while,
Black rice yield is highly reduced by late sowing.
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