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ABSTRACT

Two field experiments were carried out at the Experimental Farm of Rice
Research and Training Center (RRTC), Sakha-Kafr El-Sheikh, Egypt, during 2010 and
2011 summer seasons. The objective of this research was to investigate the effects of
NPK fertilizers with rice straw compost on growth and grain yield, as well as water
productivity (WP) and nitrogen use efficiency of Egyptian hybrid rice cultivar (EHR1)
under different irrigation regimes. A split plot design, with four replicates, was used in
all experiments. The main plots were devoted to three irrigation regimes; namely,
continuous flooding (CF) and irrigation to 5 — 6 cm depth three (3-) and six (6-) days
after disappearance of surface water (DADSW). The sub-plots were occupied by six
fertilizer treatments; namely, zero fertilizer (T1), 100% of recommended NPK fertilizer
(T2), application of two t/h rice straw compost + 25% NPK (T3), 50% NPK (T4), 75%
NPK (T5) and 100% NPK (T6).

The main results indicated that CF and 3-DADSW treatments registered
significant and higher values of growth attributes, grain yield and most of its attributes,
as well as protein content and N-uptake, compared with 6-DADSW treatment, except
for number of days to 50% heading and unfilled grain (%).

Dry matter, LAI, plant height and grain yield and most of its attributes, as well
as protein content and N-uptake, were significantly enhanced by the application of
100% NPK, along with rice straw compost at two t/ha (T6), which was at per with T2
(100% NPK) and T5 (75 % NPK + 2 t/h rice straw compost). Under all irrigation
regimes, application of NPK fertilizer, either alone or with rice straw compost,
recorded higher grain yield and WP than the control treatment.

CF consumed the highest amount of irrigation water, while, application of 3-
and 6-DADSW tended to decrease the amount of water used. Furthermore, 3-
DADSW recorded the highest WP (0.84 and 0.86 kg/m®) and the minimum grain yield
reduction (4.59 and 6.41 %) with water saved about 11.55 and 11.12 % compared to
CF in both seasons, respectively.

Generally, under the same experimental conditions, it was concluded to use 3-
DADSW irrigation with adding 75% NPK, along with rice straw compost at two t/ha for
reasonable grain yield and high WP, as well as it could decrease chemical fertilizer
input by 25 % from the present recommended application without decreasing rice
grain yield.

Keywords: Hybrid rice, irrigation regimes, NPK fertilizers, compost and water
productivity.

INTRODUCTION

The availability of water for agriculture, in particular for rice production,
is threatened in many regions of the world, not only by limitations to water
resources, but, also, by increases in urban and industrial demand (Wopereis
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et al., 1994). Growing rice with less water, while, maintaining its high grain
yields, is one of the major objectives in rice research to date. Rice, following
wheat, is the major staple food for the large and growing population of the
Egyptians, and the major using of water, with approximately 25.15 % of water
requirements used in Egyptian agriculture, is used for rice production (Ainer
et al., 1999). The high water demand of irrigated lowland rice mainly arises
from keeping a permanent layer of water on the field (Borrell et al., 1997).
Therefore, new ways must be sought to produce more rice grain yield with
less water (Guerra et al., 1998). There are different irrigation regimes for
reduction of entering water to rice field, such as saturation of farm soil instead
of a layer with deep 3-5cm water (Dong et al., 2004), irrigation after some
days of disappearance of water from farm level and increasing irrigation
intervals (El-Refaee et al., 2008). One way for increasing water use
efficiency, in rice growing, is alternating wet and dry irrigation (AWDI)
method; viz., irrigation to submerge to a particular depth after disappearance
of ponded water, in which rice fields are not kept continuously submerged,
but, are allowed to dry, intermittently, during the rice growing stages. The
beneficial effect of this irrigation practice was water saving and grain yield
improvement in rice cultivars (Jayakumar and Krishnasamy, 2005).
Intermittent irrigation regimes have been developed in some rice-production
regions in attempts to reduce volumes of irrigation water and save water,
where, Masian and Vijaykumar (1993) found that applying 5 cm of water at
two days after disappearance of ponded water (DADPW) did not significantly
reduce grain yield, but, it saved considerable water and had the highest water
use efficiency, compared to continuous submergence. Peng et al., (1994)
reported that intermittent application of irrigation water, 1-5 days after the
disappearance of applied standing water, saved 25 — 50 % of the irrigation
water, as compared to the continuous submergence of fields, without any
adverse effects on rice grain yield.

In recent years, although chemical fertilizers have widely spread
throughout the world, fertilizer cost and concern for sustainable soil
productivity and ecological stability, in relation to chemical fertilizer use, has
emerged as an important issue (Aulakh and Singh, 1997). However, it is now
realized that, in fields under intensive monoculture, which receive heavy
applications of chemical fertilizers alone, there is a slow decline in
productivity. This decline occurs even in irrigated paddy fields (FFTC, 1998).
Sustainability in crop yield and soil health could be achieved by the
application of mineral fertilizers, along with organic fertilizers. Dobermann and
Fairhurst (2002) reported that rice straw was the only organic material
available in significant quantities to most rice farmers and about 40 % of the
N, 30 to 35 % of the P, 80 to 85 % of the K and 40 to 50 % of the sulfur (S),
taken up by rice, remained in vegetative plant parts at crop maturity.
Therefore, use of rice straw compost in agricultural soils has been an
increasing interest due to the possibility of recycling valuable components,
such as organic matter, N, P and K. The application of organic materials, like
farmyard manure, poultry manure and residual crops compost are
fundamentally important in that they supply various kinds of plant nutrients,
including micronutrients, improve soil physical and chemical properties and,
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hence, nutrient holding and buffering capacity, as well as, consequently,
enhance microbial activities (Raikar, 2007). In addition, organic matter,
continuously, releases N as plant needs it. N is the most limiting nutrient in
irrigated rice systems, but, P and K deficiencies are, also, the constraints
increasing grain yield for consecutive planting of rice. An advantage of farm
application of organic materials is that they usually provide a number of
nutritive elements to crops with little added cost. Experience in tropical Asian
countries, generally, shows that organic farming alone does not supply
enough nutrients and organic fertilizers need to be supplemented by a basal
dressing of chemical fertilizer (Siavoshi et al., 2011). Prasad and Sinha
(2000) found that the farmyard manure (FYM) or FYM + crop residues could
substitute 50 % NPK for wheat production and their residual effect was
equivalent to 50 % of the recommended dose of NPK, as a chemical fertilizer
on grain yield of succeeding rice crop. To meet the current shortage of
chemical fertilizers, caused by energy crisis and socioeconomic constraints, it
has become desirable to conserve crop residues and organic manure and
recycles them into the soil to increase the efficiency of soil nutrients.

Where water is more limiting than land, it has been argued that water
productivity becomes more important than yield or ‘land productivity’ (Tuong
and Bouman, 2003). Substantial yield and water productivity gains are
possible with the application of appropriate nutrients in combination with
optimum water management adapted to the target environments.

Thus, the objective of the present research was to evaluate the effect of
NPK rates with rice straw compost addition, on growth and grain yield of
EHR1 hybrid rice cultivar under different irrigation regimes, as well as to
determine water productivity and nitrogen use efficiencies.

MATERIALS AND METHODS

Two field experiments were conducted during 2010 and 2011 summer
seasons at the Experimental Farm of Rice Research and Training Center
(RRTC), Sakha-Kafr El-Sheikh, Egypt. The research was aimed to study the
effect of NPK fertilizers with rice straw compost on growth and grain yield as
well as water productivity and nitrogen use efficiency of HER1 Egyptian rice
hybrid cultivar under some irrigation regimes. The average meteorological
data (from May to September) of the experimental sites were 32.5 and 31.9
°C for maximum temperature, 18.8 and 17.3 °C for minimum temperature,
63.2 and 64.4 % for relative humidity and 6.78 and 6.98 mm/day for pan
evaporation in the two successive seasons. A split-plot design, with four
replicates, was used in all experiments. The main plots were devoted to three
irrigation regimes; namely, continuous flooding (CF) and irrigation to 5-6 cm
depth three days (3-) and six (6-) days after disappearance of surface water
(DADSW). The sub-plots were occupied by six fertilizer treatments, as
follows:

T1- Zero fertilizer (control).
T2- 100 % of the recommended NPK fertilizers.
T3- 25 % of the recommended NPK fertilizers + rice straw compost (2 t/ha).
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T4- 50 % of the recommended NPK fertilizers + rice straw compost (2 t/ha).
T5- 75 % of the recommended NPK fertilizers + rice straw compost (2 t/ha).
T6- 100% of the recommended NPK fertilizers + rice straw compost (2 t/ha).

The recommended doses of NPK fertilizer were 165 kg N/ha (in the
form of Urea, 46.5 % N) for nitrogen, 35.5 kg P,Os/ha for phosphorus and 57
kg K,O/ha for potassium. According to treatments, the total P and K fertilizers
were applied as a basal dose and incorporated into dry soil of the plots. The
dose of N fertilizer was applied in three equal splits (as basal, top dressing at
panicle initiation and late booting).

All experiments were preceded by barley (Hordeum vulgare L.). The
experimental soil was clay and the chemical analysis is shown in Table 1.
Compost was prepared at the Gemaza Agricultural Research Station, using
organic materials, rice straw, as a main component, and, subsequently
applied and incorporated into dry soil of the experimental plots, according to
treatments. The chemical composition of composted rice straw is presented,
also, in Table 1.

Table 1. Chemical properties of the experimental sites before planting
and chemical composition of rice straw compost.

Soil Composted rice straw
Properties 2010 2011 | Average | Properties | 2010 2011 | Average
PH C (%) 28.8 30.0 29.4
Organic matter fés 18'635 18'620 N (%) 1.7 1.8 1.75
(%) . ; : CIN ratio 16.94 16.67 16.80
. 495 510 503
Available N (ppm) 14.0 12.0 13.0 P (%) 15 1.4 1.45
Available P (ppm) 30'0 33'0 31'5 K (%) 1.8 1.8 1.8
Available K (ppm) Zn (ppm) 51 50 50.5

Seeds of EHR1 rice cultivar, at a rate of 24 kg/ha, were soaked in
sufficient water for 24 hours and, then, incubated for another 48 hours to
enhance germination. Pre-germinated seeds were broadcasted, in the
presence of water, after puddling the nursery. The experiments were sown on
13" and 8" of May in the two successive seasons. Zinc (Zn So,) as well as all
other cultural practices, were applied as recommended for the nursery. All
plots, with an area of 30 m? (5 x 6 m) each, were transplanted with two to
three, thirty days old, seedlings at 20 cm distance among hills and rows.

To avoid lateral irrigation water movement and more water control,
each main plot was separated by two-meter wide ditches. Water pump,
provided with a calibrated water meter, was used for all water measurements.
Water productivity (WPg was calculated as the weight of grains per unit of
water used (kg grains/m” water).

Number of days to 50 % heading was recorded in each sub-plot. Plant
samples were randomly collected, from all treatments, at heading stage to
estimate dry matter production and leaf area index (LAI). At harvest, plant
height was estimated and total number of panicles, of ten random hills, were
counted and, then, conformed to numbers/m®. Ten random panicles were
collected from each sub-plot to estimate panicle length, number of total
grains/panicle, unfilled grain percentage, panicle weight, 1000-grain weight
and sink capacity (grains number per field unit area). Panicle density was
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estimated as the number of grains per panicle divided by panicle length
(Futuhara et al., 1979). Grain and straw yields were randomly measured from
an area of 12 m? (3 x 4 m) and adjusted to 14 % moisture content. Improved
Kjeldahl methods of A.O.A.C. (1970) was used to determine the nitrogen
content in grains, and, then, multiplied by the factor of 5.95 to estimate the
crude protein in rough grains (Black et al., 1965). Nitrogen use efficiency was
calculated by using the following formulae (Ladha et al., 2005).

1- Apparent nutrient recovery (ANR) of added N:

(N uptake (kg N/ha) treatment - N uptake (kg N /ha) control)

Applied N (kg/ha) treatment

ANR =

2- Agronomic efficiency (AE) of added N:
(Grain yield (kg/ha) treatment - Grain yield (kg/ha) control)

AE (kg grain / kg N applied) =
Applied N (kg/ha) treatment

The analysis of variance was carried out, according to Gomez and
Gomez (1984), using GENSTAT 5™ Edition Computer Program. Means were
compared, using the least significant difference (LSD) at 5% probability level.

RESULTS AND DISCUSSION
1- Growth attributes:

The results, in Table 2, revealed that the growth attributes; viz., number
of days to 50 % heading, dry matter production (DM), leaf area index (LAI)
and plant height were significantly influenced by irrigation regimes. The
irrigation regimes caused a significant difference in the number of days to 50
% heading (Table 2). It was less at CF (99.8 and 100.5 days), as compared
to 3-DADSW (100.1 and 101.6 days) and 6-DADSW (101.3 and 102.3 days)
in both seasons, respectively. Sikuku et al., (2010) found that the rice plants,
watered daily, took the least days to attain 50 % flowering, while plants
watered after every six days, which were the most stressed plants, took the
longest duration to attain 50 % flowering. Dry matter production (1191 and
1294 g/mz), LAI (6.38 and 6.57) and plant height (104.9 and 104.2 cm)
showed the highest values at continuous irrigation (CF), followed by irrigation
to 5-6 cm depth three days after disappearance of surface water (3-DADSW),
in the two successive seasons. However, the lowest values were observed at
6-DADSW (irrigation to 5-6 cm depth six days after disappearance of surface
water). Meanwhile, the differences in LAl between CF and 3-DADSW
treatments were statistically insignificant in both seasons. The reduction in
DM and LAI might be attributed to the reduction in plant height, number of
tiller, total leaf area, death of the lower leaves and plant growth, in general, as
affected by less available water. However, the increased plant height might
be attributed to the significant effect of water in encouraging the cell division
and elongation. Also, it might be due to favorable root growth and higher
mobility of N in soil solution and its absorption by plant roots and,
consequently, resulting in higher vegetative growth. Kato et al., (2006)
reported that total dry matter (TDM) increased with increasing water supply.
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These results are in agreement with the findings of Chandrasekaran (1996)
and Jayakumar and Krishnasamy (2005).

Table 2: Number of days to 50 % heading, LAI, dry matter production
and plant height of EHR1 rice cultivar as affected by irrigation
regimes and NPK fertilizers during 2010 and 2011 seasons.

Character | Number of days LAI Dry matter , Plant height
to 50 % heading production (g/m°) (cm)
Treatment 2010 2011 | 2010 [2011| 2010 2011 | 2010 | 2011
Irrigation regimes (l):

CF 99.8 1005 | 6.38 | 6.57 | 1191 1294 |104.9 | 104.2
3-DADSW 100.1 1016 | 6.23 |6.50 | 1134 1239 |100.9 | 101.8
6-DADSW 101.3 102.3 | 5.50 | 5.42 930 955 88.5 | 90.6
LSD (5 %) 1.1 0.8 0.27 | 0.25 34 28 2.8 2.2

NPK fertilizers (T):

T1 99.8 100.5 | 4.90 | 4.96 849 915 87.4 | 87.7

T2 101.0 102.6 | 6.50 | 6.67 1234 1295 |103.6 | 103.6

T3 99.8 100.7 | 5.59 |5.53 922 989 94.3 | 93.1

T4 100.3 101.3 | 6.15 | 6.40 1013 1080 97.7 | 99.5

T5 100.5 1016 | 6.43 | 6.61 1216 1308 |101.8 |103.9

T6 101.2 102.2 | 6.66 | 6.82 1278 1383 |104.0 | 105.3
LSD (5 %) 1.0 0.9 0.37 | 0.46 54 58 2.5 2.8

Interaction (I x T) NS NS NS | NS NS * NS NS

CF = Continuous flooding, DADSW = Days after disappearance of surface water. T1 =
Control, T2 = 100% NPK, T3 =25 % NPK + 2 t/h compost, T4 = 50 % NPK + 2 t/h
compost, T5 =75 % NPK + 2 t/h compost and T6 = 100 % NPK + 2 t/h compost. * =
Significant at 0.05 level. NS = Not significant.

Data in Table 2, also, revealed that growth attributes (number of days
to 50 % heading, DM production, LAl and plant height) were significantly
affected by combination between composted rice straw and NPK rates.
Maximum values of all studied traits were noted in plants treated with 100 %
NPK + 2 t/ha of compost (T6), followed by adding two t/ha of compost in
combination with 75 % NPK (T5) and 100 % NPK alone (T2), without
significant differences among each other. While, the minimum values of such
traits were obtained by the control treatment (T1). The increase in plant
height, in response to application of organic compost with chemical NPK
fertilizers, was probably due to enhanced availability of major nutrients. The
available nutrients might have helped in enhancing leaf area, which, thereby,
resulted in higher photo-assimilates and more dry matter accumulation.
These results are supported by the findings of Swarup and Yaduvanshi
(2000), Yadana et al., (2009) and Siavoshi et al., (2011).

The interaction between irrigation regimes and NPK fertilizers
significantly produced the highest DM production (1483 g/mz) in the
combination of CF, with applied 75% NPK + 2 t/ha compost (T5), but, the
lowest value (701 g/mz) was produced in 6-DADSW with control treatment
(T1), in 2011 season (Table 3).
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Table 3: Dry matter production (g/mz) of EHR1rice cultivar as affected
by the interaction between irrigation regimes and NPK
fertilizers in 2011.

Irrigation regime NPK fertilizers
T1 T2 T3 T4 T5 T6
CF 1048 1466 1101 1197 1483 1470
3-DADSW 995 1397 1066 1127 1421 1432
6-DADSW 701 1020 799 917 1022 1269
L.S.D (5%) 94

CF = Continuous flooding, DADSW = Days after disappearance of surface water. T1 =
Control, T2 =100% NPK, T3 =25 % NPK + 2 t/h compost, T4 = 50 % NPK + 2 t/h compost,
T5=75 % NPK + 2 t/h compost and T6 = 100 % NPK + 2 t/h compost.

2- Grain yield and its attributes:

Grain yield and its attributes (number of panicles/mz, panicle length,
total number of grains/panicle, sink capacity, panicle density, panicle weight,
1000-grain weight and straw yield) were significantly higher under CF over
the irrigation at 6-DADSW (Table 4). However, the grain yield and most of its
attributes, with 3-DADPW, was at par with CF. On the other hand, unfilled
grain percentage increased with increasing number of days after
disappearance of surface water up to six days. These results are in
accordance with those reported by Pirmoradian et al., (2004) who indicated
that water stress caused an increase in percentage of unfilled grains. The
highest values of grain yield were recorded by CF (11.33 and 11.53 t/ha),
followed by 3-DADSW (10.81 and 10.82 t/ha), without significant differences
in aforementioned characters. However, the lowest values (8.13 and 8.56
t/ha) were obtained by 6-DADSW. The increased grain yield, with CF, could
be ascribed to increased grain yield attributes (Table 4). Also, such results
might be interpreted by the fact that available water enhanced the production
and transportation of the dry matter content to panicles, resulting in more
grain filling and weight, as well as higher grain yield. However, increased
grain yield with 3-DADSW might be due to better aeration and root system
associated with higher mobility and absorption of inorganic N in soil solution,
which increased the uptake of nutrients and contributed to favorable growth
attributes, which, in turn, had resulted in higher grain yield attributes. On the
other side, the results indicated that, exposing rice plants to less available
water with 6-DADSW, caused significant reduction in grain yield. This holds
true since all grain yield attributes were affected by such conditions. These
results are in agreement with those obtained by Masian and Vijaykumar
(1993), Peng et al., (1994), El-Refaee (2002) and Jayakumar and
Krishnasamy (2005).

The effect of application of NPK fertilizers and composted rice straw,
on grain yield and its attributes of EHR1 rice cultivar, was presented in Table
4. Grain yield and its attributes were significantly higher in organic and
mineral fertilizer application than control treatment.
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The maximum values of humber of panicles/mz, panicle length, total number
of grains/panicle, sink capacity, panicle density, panicle weight, 1000-grain
weight and straw yield were noted in plants treated with 100 % NPK + 2 t/ha
rice straw compost (T6), followed by 75 % NPK + 2 t/ha rice straw compost
(T5) and the recommended dose of NPK fertilizers (T2), with no significant
differences among each other in grain yield and most of its attributes.
However, the minimum values of all such traits were obtained by control
treatment (T1) in both seasons. The lowest significant unfilled grains
percentage was obtained during both seasons from T2, T5 and T6
treatments. This might be due to a decrease in number of abortive kernels
per panicle, as a result of integrated use of nutrients (Jilani, 1988). The
maximum grain yield, in 2010, was observed in T6 (11.60 and 11.81 t/ha),
followed by T2 (11.16 and 11.39 t/ha) and T5 (11.11 and 11.27 t/ha).
Whereas, the minimum grain yield (7.17 and 7.05 t/ha) was obtained by the
control treatment (T1) in both seasons, respectively. Such result supported
the finding, in a long-term experiment, by Man et al., (2003) who found that
rice grain yield, in treatment of rice straw after decomposition (6 t/ha),
combined with 50 % recommended rate of chemical fertilizer (NPK), was not
significantly different from treatment of 100% recommended rate of chemical
fertilizer application. The grain yield of rice in the treatment of 75 % NPK + 2
t/ha rice straw compost (T5) was statistically the same with that of 100% NPK
alone (T2), indicating that rice straw compost could substitute 25 % of
recommended dose of NPK in rice production. It could be attributed to
enhancing the availability of plant nutrients and improvement in soil physical
properties by rice straw compost incorporation. The beneficial effect of
organic fertilizer, also, could be attributed to continuous mineralization and
release of nutrients from the organic manure, compared to the application of
NPK alone. These results are in line with the findings of Mondal et al., (1990)
and Usman et al., (2003).

The effect of the interaction, between irrigation regimes and NPK
fertilizers, was significant with respect to panicle length only in 2010 season,
as well as grain yield, but was highly significant in the and yield in 2010
season (Table 4). Panicle length recorded its maximum value (25.00 cm) with
CF and T5 (75 % NPK + 2 t/ha rice straw compost). While, the lowest value
(19.35 cm) was obtained from the combination between 6-DADSW and T1
(Table 5). The results showed that application of organic and chemical
fertilizers had a significant effect on panicle length under all irrigation
regimes. These observations were apparently due to the availability of more
nutrients to the rice plant following the fertilizer application, relative to the
control treatment.

Under CF, T6 produced the maximum grain yield (12.66 t/ha), followed by
T2 (12.59 t/ha) and T5 (12.16 t/ha), without significant differences in
aforementioned characters. The same trend was found under 3-DADSW
treatment, where, T6 was followed by T2 and T5 and produced the maximum
grain yields (Table 5). However, 6-DADSW treatment, under zero fertilizer,
gave the lowest grain yield (5.57 t/ha). In fact, nutrients fertilizer was much
needed to compensate the unavailable water effect under increasing days
after disappearance of surface water up to six days. The best combination, to
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produce the maximum straw yield (13.40 t/ha), was CF and T2 (Table 5).
However, zero fertilizer under 6-DADSW treatment, gave the lowest straw
yield (9.16 t/ha).

Table 5: Panicle length, grain yield and straw yield of EHR1hybrid rice
cultivar as affected by the interaction between irrigation
regimes and NPK fertilizers in 2010 season.

Panicle length (cm) |  Grainyield (tha) |  Straw yield (t/ha)
NPK Irrigation regimes
fertilizer 3- 6- 3- 6- 3- 6-
CF  |papsw pabsw “F  |papswipabsw ©F | pabsw pabs
T1 2225 | 2163 | 19.35 | 823 | 7.72 | 557 | 12.16 | 10.39 | 9.16
T2 24.80 | 24.90 | 21.03 | 12.59 | 11.92 | 8.96 | 13.40 | 12.92 | 10.54
T3 23.35 | 21.38 | 20.33 | 10.71 | 10.09 | 6.17 | 12.50 | 11.09 | 10.25
T4 23.90 | 23.25 | 20.90 | 11.63 | 11.17 | 8.76 | 12.57 | 11.80 | 10.58
5 25.00 | 24.93 | 20.98 | 12.16 | 11.72 | 9.45 | 12.78 | 12.65 | 11.14
T6 24.90 | 24.85 | 21.65 | 12.66 | 12.27 | 9.86 | 12.99 | 13.02 | 11.22
LSD (5%) 1.13 0.90 0.69

CF = Continuous flooding, DADSW = Days after disappearance of surface water. T1 =
Control, T2 = 100% NPK, T3 = 25 % NPK + 2 t/h compost, T4 = 50 % NPK + 2 t/h
compost, T5 =75 % NPK + 2 t/h compost and T6 = 100 % NPK + 2 t/h compost.

3- Nitrogen uptake and N use efficiency:

Significant differences were observed in the N-uptake and protein
content, in both seasons, as well as apparent nutrient recovery (ANR) and
agronomic efficiency (AE) of nitrogen, in the second season, due to different
irrigation regimes (Table 6). CF conditions recorded significantly higher
protein content (6.40 and 6.41 %) and N-uptake (126.0 and 123.5 kg/ha),
followed by 3-DADSW treatment. However, 6-DADSW treatment recorded
the lowest values of N-uptake and protein content in both seasons,
respectively. The ANR values were 54.8, 55.3 and 37.0 % and AE values
were 37.25, 36.96 and 26.23 kg grains/kg N applied for CF and 3- and 6-
DADSW, respectively. This might be due to increased grain yield and
comparative increase in uptake of nitrogen. This, in turn, attributed to better
availability of nutrients due to efficient water management. Similar findings
were observed by Belder et al., (2005), Jayakumar and Krishnasamy (2005)
and El-Refaee et al., (2008).

The data, concerning N-uptake and protein content, clearly indicated that
both characters significantly increased in all chemical fertilizers treated plants
as against untreated plants (control), as shown in Table 6. The maximum
values of protein content (6.86 and 6.46 %) and N-uptake (137.5 and 128.3
kg N/ha) were observed in plants treated with 100% NPK + 2 t/ha compost
(T6), followed by 75 % NPK + 2 t/ha compost (T5) and 100% NPK alone, with
no significant difference between each other, in the two respective seasons.
The other treatments decreased N-uptake and protein content and the
maximum decrease was noted in the control treatment (T1), while, the
minimum decrease was that for 2 t/ha compost fertilizer in combination with
25 % NPK (T3). N-uptake and protein content were higher with the
application of NPK fertilizers, which might be due to the increased root dry
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weight that caused more nutrient uptake, especially N. Also, compost (as an
organic fertilizer) increased the fertilizer use efficiency and improved the
physical and chemical properties of soil, hence, making better utilization of
nutrients and might, also, be a reason towards increased grain yield. ANR
and AE, due to nitrogen fertilization, were presented in Table 6. In the first
season, the efficiency of absorption of applied N evaluated, as ANR, was the
highest (77.2 %) when rice straw compost, at 2 t/ha, was combined with
added N at 25 % of recommended dose (T3). However, in the second
season, the highest value of ANR (62.6 %) was recorded by application of
50% NPK + 2 t/ha compost (T4). On the other hand, it was lower (35.9 and
40.7 %) when 100% NPK was used alone in both seasons, respectively. This
means that, in rice field, N applied to rice had a recovery of 35— 77 %, while
the remaining 23 — 65 % of applied N remained in the soil and rice straw
compost. El-Refaee et al., (2008) reported that N applied to rice had a
recovery of 20 — 50 %. Agronomic efficiency (calculated as kg dry grain per
kg of N applied) varied from 26.28 to 77.21 kg grains per kg of N applied with
T2 and T4, in the first season, and it varied from 24.15 to 44.02 kg grains per
kg of N applied with T2 and T4, in the second season, respectively. The AE
was improved by incorporation of rice straw compost at 2 t/ha with 25 and 50
% NPK fertilizer. The improved AE, with added compost at 2 t/ha
combinations with 25 and 50 % NPK, reflected the greater RE, compared
with 100% NPK alone or with 2 t/ha compost.

Table 6: Protein content, N-uptake, apparent nutrient efficiency (ANR) of
added N and agronomic efficiency (AE) of EHR1 rice cultivar
as affected by irrigation regimes and NPK fertilizers during
2010 and 2011 seasons.

Character Protein N- uptake ANR (%) AE (kg grgins/kg N
content (%) (kg/ha) applied)
Treatment 2010| 2011 | 2010 2011 | 2010 2011 2010 2011
Irrigation regimes (l):

CF 6.40| 6.41 | 126.0 | 1235 | 58.7| 54.8 38.50 37.25
3-DADSW 6.14| 6.05 | 1134 | 1119 | 56.8| 55.3 39.76 36.96
6-DADSW 543| 5.09 79.8 70.7 | 52.1| 37.0 38.64 26.23
LSD (5 %) 0.29| 0.78 8.2 16.2 | NS | 10.1 NS 10.71

NPK fertilizers (T):

T1 475| 473 57.3 58.0 - - - -

T2 6.44| 6.21 1244 | 117.2 | 40.7| 35.9 26.28 24.15

T3 5.52| 5.30 89.1 81.1 | 77.2| 55.9 61.46 44.02

T4 5.82| 6.18 105.0 | 109.7 | 57.8| 62.6 77.21 40.60

T5 6.56| 6.23 1253 | 117.8 | 55.0| 48.3 34.03 31.80

T6 6.86| 6.46 1375 | 128.3 | 48.6| 42.6 28.85 26.81
LSD (5 %) 0.23| 0.82 6.4 146 | 6.7 | 13.3 5.61 5.65

Interaction (I x T) ** NS ** NS * NS NS **

CF = Continuous flooding, DADSW = Days after disappearance of surface water. T1 =
Control, T2 = 100% NPK, T3 =25 % NPK + 2 t/h compost, T4 = 50 % NPK + 2 t/h
compost, T5 =75 % NPK + 2 t/h compost and T6 = 100 % NPK + 2 t/h compost. **, * =
Highly significant and significant at 0.01 and 0.05 levels, respectively. NS = Not
significant.
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Incorporation of rice straw compost affected the loss of added N from the
plant-soil system, indicating the importance of immobilization and re-
mineralization of added N in the presence of the incorporated composts.
Roberts (2008) reported that the highest nutrient use efficiency always
occurred at the lower parts of the yield response curve, where fertilizer inputs
were the lowest. These results are in line with the findings of Shahnawaz et
al., (2009).

The interaction between irrigation regimes and NPK fertilizers had a
highly significant effect on the protein content and N-uptake in 2010 (Table
6). The data, in Table 7, indicated that protein content and N-uptake were
significantly increased due to each increase in NPK level up to 100 %NPK +
compost (T6) under all irrigation regimes. The added 100 %NPK + compost,
under CF, recorded the maximum value of protein content (7.35 %) and N-
uptake (160.11 kg N/ha), however, 6-DADSW and control treatment (T1)
gave the minimum value of protein content (4.06 %) and N-uptake (36.16 kg
N/ha).

Data in the same table, also, indicated that ANR and AE of added N
were significantly affected by the interaction between irrigation regimes and
NPK fertilizers in 2010 and 2011 seasons, respectively. The maximum value
of ANR (79.3 %) was obtained with added 25% NPK + compost under 6-
DADSW. While, CF recorded the maximum value of AE (60.06 kg grain/ kg
N) with the same NPK fertilizer treatment. On the other hand, the minimum
value of ANR (34.1 %) and AE (14.54 kg grains/ kg N) were obtained by the
combination between 6-DADSW with added 100% NPK alone and 25 %
NPK+ compost, respectively.

Table 7: Protein content, N-uptake, apparent nutrient efficiency (ANR)
and agronomic efficiency (AE) of EHR1rice cultivar as affected
by the interaction between irrigation regimes and NPK

fertilizers.
Protein content | N-uptake (kg N/ha) ANR (%) AE (kg grains/kg N)
NPK (2010) (2010) 2010 (2011)
fertilizer Irrigation regimes
3 6 3 6 3 6 3 6
CF |papswipapsw| <" Ipapswipapsw]| ©F |papswipapbsw| T |paDswipaDsw|

T1 520 | 499 | 406 | 7259 | 63.04 | 36.16 - - - - - -
T2 722 | 631 | 579 |155.10{125.71| 9248 | 50.0 | 380 | 341 | 2642 | 2547 | 20.56
T3 565 | 549 | 542 |103.68| 94.75 | 68.89 | 754 | 769 | 79.3 | 60.06 | 57.46 | 14.54
T4 595 | 592 | 559 |118.22|109.97| 86.65 | 55.3 | 56.9 | 61.2 | 41.18 | 41.91 | 38.73
5 705 | 689 | 574 |146.44|13507| 9433 | 59.7 | 582 | 47.0 | 31.72 | 32.36 | 31.33
T6 735 | 726 | 597 |160.11|152.08/100.39| 530 | 540 | 389 | 26.85| 27.59 | 25.98
LSD (5%) 044 12.24 128 1354
CF = Continuous flooding, DADSW = Days after disappearance of surface water. T1 =
Control, T2 = 100% NPK, T3 =25 % NPK + 2 t/h compost, T4 = 50 % NPK + 2 t/h
compost, T5 =75 % NPK + 2 t/h compost and T6 = 100 % NPK + 2 t/h compost.

4-Water relations:

Data in Table 8 showed that the amounts of water input, before staring
irrigation treatments, for land preparation of both nursery and permanent
field, raising nursery for thirty days and through ten days after transplanting
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and before treatments application were 4170 and 3860 m®ha in 2010 and
2011 seasons, respectively. The previous period (forty days) was considered
a blank for all treatments.

Table 8: Amounts of water applied (m3/ha) in rice field before starting
irrigation treatments during 2010 and 2011 seasons.

Period 2010 2011
Land preparation of the nursery 250 210
Seedling raising (30 days) 350 290
Preparation of permanent field 2300 2110
Ten days before starting treatments 1270 1250
Total 4170 3860

Comparing the different treatments of irrigation (Table 9), it was
observed that CF received the highest amounts of water throughout the
season (14550 and 14120 m3/ha), as expected, while, the lowest amounts
were received by irrigation as 6-DADSW (11395 and 11235 m3/ha) in 2010
and 2011 seasons, respectively. There were no large variations in the
amounts of irrigation water input due to the stable conditions; namely,
temperature, relative humidity and evaporation rates in both seasons.

Water saved, due to increasing the intervals, compared to CF, ranged
from 11.55 to 21.68 %, in the first season, and from 11.12 to 20.43 %, in the
second season, for 3- and 6-DADSW, respectively (Table 9). Irrigation at 6-
DADSW might, considerably, reduce irrigation water input, compared with
continuous flooding. But, at the same time, grain yield was significantly
decreased.

Table 9: Total water used, water saved and grain yield reduction as
affected by irrigation regimes during 2010 and 2011 seasons.

Total water used o Grain yield
(m¥h) Water saved (%) | o4 ction (%)
2010 2011 2010 2011 2010 2011

CF 14550 14120 - - - -
3-DADSW 12870 12540 11.55 11.12 4.59 6.41
6-DADSW 11395 11235 21.68 20.43 27.98 25.63
Average 12938 12632 16.62 15.78 16.29 16.02
CF = Continuous flooding, DADSW = Days after disappearance of surface water. T1 =

Control, T2 = 100% NPK, T3 =25 % NPK + 2 t/h compost, T4 = 50 % NPK + 2 t/h
compost, T5 =75 % NPK + 2 t/h compost and T6 = 100 % NPK + 2 t/h compost.

Irrigation
regimes

Among different tried irrigation schedules, the application of 5-6 cm
irrigation water (3-DADSW) was considered the best water productivity (WP)
(averaged 0.84 and 0.86 kg/ms) in the first and second seasons, respectively
(Table 10). The high values of WP, in 3-DADSW, were caused by the
extremely high grain yield, which, statistically, was the same as that obtained
from CF, and low water inputs in this treatment (Table 9). Masian and
Vijaykumar (1993) found that maintaining 5 cm of water yielded the most rice
grain yield in the experiment, but required the highest amounts of water.
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Applying 5 cm of water at two days after disappearance of pounded water
(DADPW) did not significantly reduce grain yield, but it saved considerable
water. It, also, had the highest water use efficiency among treatments. Other
treatments consumed less water than CF, but significantly yielded less.
Wardana et al., (2010) found that intermittent irrigation technique saved water
up to 55% without affecting yields, resulting in a 2-3 times higher water
productivity. Similar findings were reported by Cao et al., (2002) with savings
up to 36%, and Bindraban et al., (2006), with water savings up to 50%, for a
range of experimental conditions.

Regarding the effect of rice NPK fertilizer on WP, data observed that
WP, over irrigation reglmes ranged from 0.56 to 0.55 kg/m (with T1) and
from 0.90 to 0.93 kg/m (with T6) in both seasons, respectively (Table 10).
Under all irrigation regimes, application of NPK fertilizers, either with rice
straw compost or alone, recorded higher WP than the control treatment. High
WP, with NPK application, was associated with high grain yield. The mean
WP could be increased to reach its maX|mum values under 3-DADSW
treatment with T6 (0.95 and 0.99 kg/m) followed by T2 (0.93 and 0.95
kg/m ) and T5 (0.91 and 0.93 kg/m ). However, the maX|mum values, under
6-DADSW, were recorded by T6 (0.86 and 0.89 kg/m ), followed by T5 (0.83
and 0.87 kg/m ). On the other hand, under CF, the maX|mum values were
recorded when T2 (0.87 and 0.91) and T6 (0.87 and 0.91 kg/m ) were used,
in the two successive seasons.

Table 10: Water productivity (kg/ms) as influenced by irrigation regimes
and NPK fertilizer during 2010 and 2011 seasons

Irrigation regimes

NPK fertilizers 2010 2011
CF 3 & Average| CF 3 & Average
DADSW | DADSW DADSW | DADSW
Tl 057 | 060 | 051 | 056 | 059 | 0.60 | 0.47 | 0.55
T2 086 | 093 | 0.79 | 0.86 | 091 | 095 | 0.85 | 0.90
T3 074 | 0.78 | 054 | 069 | 0.77 | 0.82 | 0.67 | 0.76
T4 080 | 087 | 0.77 | 081 | 0.84 | 0.88 | 0.82 | 0.85
T5 084 | 091 | 0.83 | 0.86 | 0.88 | 0.93 | 0.87 | 0.89
T6 087 | 095 | 0.86 | 090 | 092 | 099 | 0.89 | 0.93
Average 078 | 0.84 | 0.72 | 0.78 | 0.82 | 0.86 | 0.76 | 0.81

CF = Continuous flooding, DADSW = Days after disappearance of surface water. T1 =
Control, T2 = 100% NPK, T3 = 25 % NPK + 2 t/h compost, T4 = 50 % NPK + 2 t/h
compost, T5 =75 % NPK + 2 t/h compost and T6 = 100 % NPK + 2 t/h compost

Generally, under the same experimental conditions, it could be
concluded that using irrigation 3-DADSW, with added 75 % NPK, along with
rice straw compost 2 t/ha might gave a reasonable grain yield and high WP,
as well as it could decrease chemical fertilizer input by 25% from the present
recommended application rate by using two tons of rice straw compost
without decreasing grain yield.
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Table 4: Grain yield and its attributes of EHR1 hybrid rice cultivar as affected by irrigation regimes and NPK
fertilizes during 2010 and 2011 seasons.
Number of . Total . Sink . . . Lo .
Character anicles/ Panicle | number of | Unfilled capacit Panicle Panicle |1000-grain |Grain yield | Straw yield
P m2 length (cm)| grains/ | grains (%) (xrl)OOO)y density | weight (g) | weight (9) (t/ha) (t/ha)
panicle
Treatment 2010{ 2011|2010 {2011|2010|2011|{2010|2011 (2010|2011 {2010 |2011|2010 (2011|2010 (2011 |{2010|2011 | 2010 | 2011
Irrigation regimes
(:

CF 537.7|554.2124.03|23.17(180.6|173.0( 6.39 | 5.19 | 98.0 | 96.4 | 7.51 | 7.47 | 4.20 | 4.44 |25.08|24.49(11.33|11.53|12.73|12.82
3-DADSW 522.6|538.5|23.49|22.81(178.3|165.1| 6.42 | 6.04 | 94.0 | 89.5| 7.60 | 7.24 | 4.12 | 4.21 |24.40|24.51|10.81{10.82|11.98 |12.26
6-DADSW 450.1|476.0{20.70|20.69(162.3|145.0( 8.19 | 6.76 | 69.1 | 69.5| 7.35 | 7.00 | 3.95 | 3.59 (23.73|23.93| 8.13 | 8.56 |10.48|10.37
LSD (5 %) 2711483054046 | 56 | 56 |157]/080| 44 | 88 | NS |0.28|0.16|0.15|0.46|0.52 ]| 0.60 | 0.74] 0.23 | 0.39

NPK fertilizers
Mm:

T1 389.4|424.2|121.08|20.48(152.9|142.7| 9.58 | 7.77 | 60.1 | 61.0 | 7.26 | 6.96 | 3.51 | 3.42 |23.65|23.70| 7.17 | 7.05 |10.57|11.00

T2 549.8|575.2|23.58|23.16(178.2|167.2| 5.27 | 5.74 | 98.7 | 96.7 | 7.57 | 7.20 | 4.45 | 4.34 |24.79|24.34|11.16(11.39|12.29|12.30

T3 485.5|486.2|21.68|21.15(156.8|152.0( 7.59 | 6.91 | 72.2 | 74.3 | 7.24 | 7.18 | 3.69 | 3.92 [24.42|23.94| 8.99 | 9.59 |11.28|11.19

T4 514.4|517.1|22.68|22.08(159.7|156.7| 6.00 | 5.72 | 87.7 | 81.1 | 7.48 | 7.10 | 4.04 | 4.03 |24.40|24.44|10.52{10.70|11.65|11.85

T5 542.5|542.3|23.63|22.71({177.4|170.0( 5.82 | 5.23 | 96.9 | 92.1 | 7.51 | 7.50 | 4.34 | 4.32 |24.46|24.52|11.11|11.27|12.18|12.12

T6 566.2|592.5|23.80(|23.77(187.4|177.8| 6.75 | 4.63 |106.5(105.9| 7.88 | 7.49 | 4.52 | 4.43 |24.71|24.90(11.60(11.81|12.41|12.42
LSD (5 %) 37.1|26.2|066|071| 6.0 |140[1.70]|095] 73 | 7.2 |0.36| NS |0.17]0.21]0.66|0.48|0.47|0.47]0.42]0.39

Interaction (I xT) | NS | NS * NS | NS | NS | NS| NS| NS | NS|NS|NS|NS|NS|NS|NS * NS ** NS

CF = Continuous flooding, DADSW = Days after disappearance of surface water. T1 = Control, T2 = 100%
compost, T4 =50 % NPK + 2 t/h compost, T5=75 % NPK + 2 t/h compost and T6 = 100 % NPK + 2 t/h compost. **, * = Highly significant
and significant at 0.01 and 0.05 levels, respectively. NS = Not significant.

NPK, T3 =25 % NPK + 2 t/h
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