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ABSTRACT

Two field experiments were conducted at the Farm of Sakha Agricultural
Research Station, Sakha,Kafr- ELsheikh, Egypt during Y)Y and Y:-)Y summer
seasons. The study aimed to find out the proper nitrogen levels of drill seeded rice of
Giza'Y4 rice cultivar under prolonged irrigation interval. The experiment was
performed in strip-plot design with four replications. The horizontal plots were devoted
to three irrigation treatments; continuous flooding (CF) every ¥ days, irrigation every 1
and % days. The nitrogen levels Viz; +, Y)Y+, V12 and YY+ kg Nha  were distributed in
the vertical plots. The main results revealed that the growth characteristics as well as
grain yield and its attributes were significantly affected by the irrigation intervals in
both season of study. flag leaf area, leaf area index,chlorophyll content, plant height,
number of tillers/m-', number of paniclesm-‘,number of filled grains panicle", A
grain weight, grain yield tha” and straw yield tha” were decreased as irrigation
intervals were prolonged up 4 days in the two seasons of study. On the other hand,
the period from sowing to heading was prolonged and sterility% was increased.
Harvest index wasn't affected by irrigation intervals in both seasons. Both irrigation
intervals of CF and 1 days were at a par regarding rice grain yield of both seasons of
study while, panicles number/m-" and filled grainspanicle" showed the same pattern
in Y+ 1Y season. Water use efficiency was found to be optimum with irrigation interval
of 1- days, with water save % amounted to be 1,4¥- o,YA, Meanwhile, prolonged
irrigation interval up to 4 days gave the highest of water save %( YA,A-Y4,07) and yield
reduction.Increasing nitrogen level up to YY+ kg Nha" significantly increased all
studied traits without significant differences with those produced by Y1¢ kg Nha™ in
most assessed traits and rice grain yield in both seasons of study. On controversy,
sterility% significantly decreased as nitrogen level was increased up to \'tcnghaJ
while beyond the latter level the sterility% started to slightly increase. Increasing
nitrogen level clearly increased water use efficiency.The interaction effect had
significant effect on flag leaf area, leaf area index, plant height, number of tillersm™,
number of paniclesm™, filled grains number/panicle, sterility%, Y- ::-grain weight,
grain and straw yields in both seasons of study. The interaction effect had no
significant effect on heading date, chlorophyll content and harvest index in both
seasons.The interaction effect came to confirm that the irrigation every 1 days with
Yle kg Nha™ was being to be effective in increasing water use efficiencies, water save
and maintain reasonable grain yield.Under prolonged irrigation interval, increasing
nitrogen level could relief the harmful of water stress.

It could be concluded that the nitrogen level of V1o kg Nha" and irrigation
every 1-day is relevant for drilled Giza ‘Y4 rice variety providing high water use
efficiency with high yield and reasonable water save percentage.
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INTRODUCTION

Irrigated rice crop is increasingly facing water scarcity. More progress
has been made for water saving with more rice production.Furthermore,
water efficient irrigation regimes for rice have been tested, advanced, applied
and distributed in different regions in Egypt, particularly, under newly
reclaimed saline soil. Because of continued population growth and economic
developments, the demand for fresh water to meet industrial and domestic
needs has increased in Egypt. Therefore, it is expected that, in near future,
less water will be available for rice growing.Tabbal et al.(Y++Y) reported that
reduced water inputs and increased water productively of rice grown just
under saturated soil conditions were compared with traditional flooding rice.
Khafaga et al.(Y:+V)and Zayed et al.(Y++V) stated that continuous flooding
and watering at 1 days intervals were comparable regarding, rice growth,
yield attributing traits and grain yield, but the irrigation interval of 1 days gave
the highest value of water use efficiency and water productivity. Moreover,
Anbumozhi et al.(Y42A), EL-Kholy et al.(*%4%), El Refaee et al.(Y:+°) and
Majied. (Y+)Y) came to similar results. Khafaga et al.(Y++1) found that the
percolation losses and evapotranspiration (ETa)were increased by increasing
ponding water depth

Water and nutrients availability are two major constraints in rice fields
in Egypt. Both stresses interact and contribute to low rice productivity. Many
Egyptian farmers are shifting rice establishment method from transplanting in
puddle soil to direct seeding in either puddle soil or dry soil after dry tillage
because the latter requires less labour, time, drudgery and cultivation cost
(El-Ekhtyar, Y++tand Farooq et al.,Y-+4 and Y:))). Direct seeding requires
only Y¢/ of the total labour requirement of transplanted rice (Ho Nai-
KinandRomli Y+ +Y) and Y4Zof the total cost of transplanted rice production
without any yield loss. Drill seeding, a variant of direct seeding, is sowing the
seeds in rows at specified seed rate, depth, and covers those with soil under
dry or moist condition. This method of rice establishment substantially
reduces labour requirement, improves emergence of seeds, and reduces
lodging to less than :7 (Bakkeret al., Y+ Y).Nitrogen fertilizer management
in direct-seeded rice cultivation is important and a challenging task to achieve
high yield and increased N use efficiency (NUE). In general, N uptake is less
than ¢+7 of the total N applied in rice cultivation (Ladha et al., Y+ +°). The low
level of N utilization is due to high N losses through volatilization, de-
nitrification, runoff, and leaching. Application of N not synchronized with plant
need leads to high N losses, low yield, and poor grain quality. Nitrogen
uptake patterns over the growing season depend on the availability of soil N,
timing of fertilizer application, and amount of fertilizer N available (Ladha et
al., Y++2). Increasing nitrogen rates from ‘Ye. — Y1e kg Nha-\ significantly
increased rice growth, yield and yield attributing characteristics of drill seeded
rice (Ali et al.,, Y)Y and EI- HabitHowida et al., Y+'¥). Zayed et al. (Y++7)
found that NUE was higher with low nitrogen levels and was lower with
increasing nitrogen level. El-Refaee et al.( Y:+A) indicated that significant
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amount of irrigation water can be saved was small yield reduction if rice field
was irrigated every % days using %2 kg Nha’ .

Information on nitrogen use efficiency(NUE), water use
efficiency(WUE) andnitrogen ( N) balance under intermittent irrigation
management approach rice are imperative in making sound fertilizer
recommendations that reduce N losses, save water and maintain potential
yield of drill-seeded rice. Research findings on NUE and N balance in paired
and single-row planting methods in drill-seeded rice are, however, meager.

This paper presents the results of a field study conducted to evaluate
the various irrigation intervals (irrigation intermittent system) and five N
management strategies on crop and water productivity and N use-efficiency.

MATERIALS AND METHODS

Two field experiments were conducted at Sakah Agricultural
Research Station Farm during summer seasons of Y+)Y and Y+ Y¥.Soil texture
of the experimental sites is classified as clay soil and its chemical analysis
was presented in Table). New released variety Giza Y% was used in this
study .The experiment was laid out in strip plot design with four replications.
The horizontal plots were devoted to three irrigation intervals; continuous
flooding with irrigating every Y days (CF), irrigation intervals every 1 and 9
days. Meanwhile nitrogen levels; +<YY+«V1e and YY+ kg N ha-) in the form of
urea (£17) were allocated in the vertical plots. Soil samples were taken before
land preparation at the depth of :-¥+ cm from the soil surface.The soil
samples were completely mixed, dried and grounded, and then physically
and chemicallycharacteristics were analyzed according to Black et al.
(Y4719).Results of analysis in both seasons are shown in Table V.

Table V: Physical and chemical analysis of the experimental sites.

Character Yoy Yoy
Physical analysis:

Sand (%) ‘1,0 Vo,0
Silt (%) YA, AKFR
C|ay (%) 00,0 o0¢,0
Soil texture Clayey Clayey
Chemical analysis:

E.C. (ds/m) V,Ao V,A
Organic matter (%) YA VLAY
pH Aot Aol
Available N (ppm) YA Y4
P (ppm) Ve Vo
K (ppm) Yo. v
Fe (ppm) £,00 o,
Zn (ppm) .44 Voo

The phosphorus and potassium fertilizers were applied in the forms
of calcium super phosphate (V2,2 % P.0.) and potassium sulphate(¢A%k:O )
in the rates of YV kg PyO. and °-kyOha’'repectively. Nitrogen in the form of
urea (£7,° % N) was added into three equal splits, /¥ at Yo, ¢+ and Y° days
after sowing at the above nominated levels. The experimental sites were well
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tillage. The seeds of VY kg ha-' were mechanically drilled at rows of 'Y cm
spaces and Y cm below soil surface on May,° in the two seasons. The weeds
were controlled chemically using Saturn ©+7 at V.o liters ha-) into Yo liter
waterha-) and sprayed at four days after drilling. The drilled soil was flashy
irrigated every 1 days interval after sowing for Yo days. Zinc fertilizer at the
rate of Y¢ kg ZnSO:ha-) was mixed with sand and manually broadcasted at
the beginning of flooding. Then, the irrigation treatments were applied as
aforementioned. Each Irrigation treatment was tightly surrounded by deep
ditches with ¥ m wide and Y m depth to isolate each other. The plot size was
Yem'(Ym width* °m length).

At heading stage, plant samples from area of AYom” (+»Y¢ m length
*+,YYm width) from each plot were taken to estimate days to heading, flag
leaf area(cm*), leaf area index (LAI)) and chlorophyll content (SPAD
value)according to Yoshida et al.(Y4VY). Leaf area index is the ratio between
the leaf area (cm*) of the plant divided by ground area occupied by the
plants (cm') and chlorophyll content was estimated by chlorophyll meter
(Model Li Y+ L)

At harvest, plant of the area of ~,W°mr(\’icm length x)Yecm width)
from each plot were counted to determine number of tillers m-" and number of
panicles m™ and the plant height (cm) was measured. Ten main panicles
from each plot were packed to determine number of filled grains panicle "
sterility% and )+ » «-grain weight (g).

The plants in the central rows of Y- m" of each plot were harvested,
dried, threshed, then grain and straw yields were determined at ‘¢ %
moisture content and converted into t ha” as well as harvest index.

The volume of irrigation water applied in each plot was measured by
a calibrated water meter with water pump . The amount water before
treatments application (the first Yo days period of drilled rice growth was
recorded as well as water required for irrigation treatments of all experiments.
Water use efficiency was calculated according to Michael (Y3VA).

All data collected were subjected to standard statistical analysis
following the proceeding described by Gomez and Gomez () 4A¢) using the
computer program (MSTAT). The treatment means were compared using
Duncan's multiple range test Duncan (Y4¢°). * and ** symbol used in all
Tables indicate the significant at ¢Z and )7 levels of probability, respectively,
while, NS means not significant.

RESULTS AND DISCUSSIONS

Effect of irrigation intervals

Data furnished in Table Y revealed that the irrigation intervals
significantly influenced the studied growth parameters under such conditions
in both seasons. Prolonging irrigation intervals up to nine days severely
declined growth of Giza ‘Y4 rice variety in Y)Y and Y:)Y seasons,
respectively. The intermittent irrigation interval of 1 days slightly affected rice
growth. It is clear that the continuous flooding gave the highest means of
tested rice growth characteristics, flag leaf area, leaf are index and
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chlorophyll content in both seasons (Table Y). On the other hand, the
prolonged irrigation interval of % days produced the minimum values of
growth parameters in the first and second seasons, respectively. The
irrigation every % days gave the longest period from sowing to heading.Water
stress increased osmotic pressure resulted in high water potential inside plant
cells, low water content, low photosynthesis rate and low metabolism
process. Furthermore, the water stress might affect cell division and
elongation resulted short plants, narrow leaves leading to small leaf area
index and flag leaf area. Low water content of leaf induced by water stress
might destroy chlorophyll pigments resulted in low chlorophyll content led to
low photosynthesis and dry matter production. Water stress might increase
antioxidants releasing in plant cell which damaged the cell membranes and
the protein shrinking as a result of water imbalance. Under water stress, the
respiration rate might be increased resulted in more water and energy losses
against anabolism and ultimately induced starvation and very low growth rate.
Water stress might also affect rice roots growth and its capability of nutrient
and water absorption. The water stress affected plant phenology because
the recovery period after each cycle of stress and watering resulted in
delaying or accelerating heading date based the intensity of water stress and
rice variety in self. Similar data had been reported by El-Ekhtyar (Y::¢),
Zayed et al. (Y- V), and Majid (Y+Y).

Results of variation analysis show that measured properties ofplant
height, tillers number, panicles number, number of filled grains panicle-),
sterility%, and weight of Y.+ grain have a significant difference in irrigation
intervals. Prolonging irrigation intervals up to 4 days significantly diminished
the yield attributes giving the lowest values of these properties. The
continuous flooding (CF) gave the highest values of number of tillers, number
of panicles, filled grainspanicle-' and Y- :+-grain weight without significant
differences with those produced by 7%-irrigation interval in the first season
regarding the first two traits (Tablec&4). Meanwhile, the CF treatment gave
the lowest values of sterility% in both seasons (Table®&%). In the second
season, both irrigation intervals of CF and 1-day were at the same level of
significant regarding sterility %. Since water stress significantly might be
restricted rice growth and other metabolism processes of rice plants as well
as increasing catabolism against anabolism that resulted poor yield attributes.
Similar results under drill seeded rice had been reported by El-Ekhtyar (Y« £)
and Alietal.(Y+ Y).

Data inserted in Table 'Y showed that the irrigation intervals had
significant effect of grain and straw yields in both seasons. On the other way,
the irrigation intervals didn't show any significant effect of harvest index in the
Y«)Y and Y«Y seasons. The CF treatment gave the highest values of grain
and straw yields in both seasons. Interestingly, the irrigation treatments of CF
and 7-days interval were statically placed at the same group regarding the
grain and straw yields in both seasons. Thereby, the irrigation interval of 1
days could be recommended under current water shortage and tolerant
varieties such as Giza V4 as well as drill seeded rice. The minimum values
of rice grain yield were produced when rice plants were irrigated every 4 days
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in both seasons of study (Table'Y). Water stress significantly restricted yield
components particularly, plant population/unit area, bearing tillers number m-
Y, and panicle characteristics involving, filled grains, weights of panicle and
individual grain. Furthermore, the water stress might be affected panicle
peduncle elongation, assimilates translocation due to more exertion of ABA
which blocks this translocation, affecting current photosynthesis resulted in
low grain filling rate. In addition, water stress might affect the root system
growth and its ability of nutrient and water uptake resulted in shoot growth
inhibition and ultimately declined rice grain yield. Similar results were
claimed by El-Ekhtyar(Y+ + £),Majid (Y+)Y)and Aliet al.( Y+ Y).

Table Y:Effect of irrigation intervals and nitrogen levels on heading
date, flag leaf area, leaf area index and chlorophyll content of

Giza VY4 rice cultivar during Y:YY and Y:\Y seasons.
Leaf chlorophyll

Treatments d:teeaé(cjl!]ygs) Flag leaf area(cm’) irhzz;?liiﬁ) cont(;:‘/r;}u(gPAD
YOAY[ Yo v | Yoy Yo YOY [ Yo | Yoy Yot

A:Irrigation intervals

Continuous a,3b| 9+,%¢ | Yi,eYa | YE,YAa | 3,0%a | L,Yta | YvYéa | YY,eta

flooding(CF) a¢,5a| AY,Ab | YY,4tp | Yr,¥ip | AYa | LYéh | ¥Y,.YD | TV,e¢b

Irrigation every * days|qs vl at,va | Vv,¥Ye | VV,evc | e,eth | e Yh | YV,ai¢ | YV,Yve
Irrigation every % days
F. TeSt * *%k *% *% *%k *%k *%k *%k

B: Nitrogen levels (kg Nha)
. a.,Ad| AMYe | YVieve | vt,aac | g,Ave | g.aed | YALYYC | YV,AYG

VY. aY,4¢c| AY,'pb | Y, AVp | YY,YVp 0,0Ab o,¥ic | ¥V,+¥b | Y4,4Ab
Vle 0,¥p| 4¢,7a | YV,Yra Y¥,Afq 1,Ya LYVYD | ¥Y,Y4a | ¥),Yva
YY. a,0al 40, | Y¢,\va Y¢,1Ya AR EFY LYYa | YY,AAa | YY,.0q
F. Test * * *% *% *% *% *% *%
A x B Interaction: N.S| N.S *x *x xx xx NS NS

Means: followed by the same litter (s) are not significantly different, according to
DMRT.*** and N.S.: Significant at +,+¢ and +,+\ levels and not significant, respectively.

Table ¥: Effect of the interaction betweenr irrigation intervals and
nitrogen levels on flag leaf area (cm )of Giza ‘Y4 rice cultivar
during Y+\YY and Y:\Y seasons.

Irrigation intervals
. Yoy Yoy
Nitrogen  levels Irrigation | Irrigation Irrigation | Irrigation
-\ . .
(kg Nha™) Continuous 9 9 Continuous 9 9
: every 1 every 4 : every 1 every 4
flooding flooding
days days days days
. V4, Yef Ya,Ae \Y,1Yg VA, £4gh V4,0¥fg VY, €]
VY. YY,40¢d YY,\4d YV, YAf YY,ivde YY,Vde VY, ¥h
yie Y1,7Aa Y&, 0pc YA, 4 ef YV,Veab Y¢,A¢d 14,£Afg
YY. YV,¥oq Ye,Y¥ab 14,¢Ve YY,Ma Y1,V1be 14, ¥Yf

Means: followed by the same litter (s) are not significantly different, according to DMRT.



J. Plant Production, Mansoura Univ., Vol. ¢ (%), June, r.1¢

Table ¢:Effect of the interaction between irrigation intervals and
nitrogen levels on leaf area index(LAI) of Giza V4 rice cultivar
during Y+YYand ¥Y:'¥ seasons

Irrigation intervals
. Yoy Yoyy

N|trogeq levels Irrigation | Irrigation Irrigation | Irrigation
(kg Nha') Continuous 9 9 Continuous 9 9

: every 1 every 4 : every 1 every 4

flooding flooding
days days days days

. °,Y¥fg °,\ g AT °,Y1e o, . Yef £,Yvg
Y. 1,+4¢cd o,avd £,19h 1,YVbe 1A [Ar;
V1o L ¢lab L, ¢Ybe o,oVef 1,04p 1,00phc °,7Ad
YY. Y,\Va Y, Ya o,Vide Y,YYa v,V4a o,v4id

Means: followed by the same litter (s) are not significantly different, according to DMRT.

Effect of nitrogen levels:

Nitrogen treatments significantly influenced the growth; heading date,
flag leaf area, leaf area index (LAI) and chlorophyll content of rice in the two
study seasons (Table Y). The measured growth parameters significantly
responded to nitrogen up to YY:- kg and there were progressive
improvements on growth of rice. Both nitrogen levels of Y1e and YY - were put
at one group of significant. The lowest values growth properties were
recorded with zero nitrogen appllcanon while the highest values were with
higher nitrogen level of YY+ kg Nha'. This could be owing to low available N
status of the soil and ion imbalance under drill seeded rice because hlgh
plant density. It was observed that increasing nitrogen level up to YY+ kg ha"
significantly retarded heading.As seen in Table Y, none of nitrogen
application shortened the period from sowing to heading giving early heading
date, under current drill seeded rice. Zayed et al.( Y+ +¢) claimed that both low
nitrogen availability accelerates the heading and shortened the vegetative
period resulted in less dry mater production at pre-heading that might be
produced low grain yield .Similar results were indicated by El-Habet, Howida
etal.(Y-V).

Plant height and number of tiller m" were significantly increased as
nitrogen levels mcreased up to YY« kg N ha (Table ). The higher nitrogen
level of **~ kg N ha’ "recorded the highest values of plant height and tillers
number m™, while the lowest values of them were produced by non-nitrogen
fertilizer. Nltrogen fertilizer treatments had significant and positive impact on
yield attrlbutes in both seasons (Tables®&4). Increasing mtrogen level up to
YY. kg Nha' significantly increased panicle numbers m~ and filled grams
panicle”’, but the increment in )+ ++- grain weight was up to V1e kg ha'.
However, increasing nitrogen rates up to YY+ kg ha’ reduced ) - +-grain
weight without significant mean with that of Y1e kgNha™. The rate of Y¥+ kg
ha failed to lower the number of unfilled grains % comparing only with its
proceeding rate of Y1° kg Nha™. The latter nitrogen level of Y1ekgNha' gave
the lowest values of sterility% in both seasons (Table ).

The zero nitrogen application exerted the highest values of sterility%.
In the two season of study, the nitrogen of YY+ and Y1° kg Nha™ levels were
at apar regarding panicles number and filled grains /panicle. At the same
time, the treatment of zero nitrogen application recoded the lowest values of
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yield attributes. The improvement of the yield attributes as a result of
increasing nitrogen levels might due to increase translocation of
photosynthesis from source to sink during grain filling as well as improving
rice growth traits and grain filling. That might be due to stimulate the vigorous
growth superficial roots ,increased the synthesis of cytokinins ( mainly
Zeatian ) in roots, and delayed the appearance of the absesic acid (ABA)
peak in both leaves and filling grains.High ratio of Zeatian /ABA enhanced the
synthesis of RNA, which resulted in protein synthesis for carbon assimilation
and transportation (Yang and Sun., Y44Y). Zayed et al.(Y:+Y) and El-
Habat,Howidaet al.(Y * YY) reached similar results.

The nitrogen levels significantly improved and affected rice grain and
straw yields as well as harvest index in the first and second seasons,
respectively (Table'Y). The grain and straw yields gradually increased as
nitrogen levels were increases up to YY+ kgNha'. For rice grain yield, the
nitrogen level of YY-kgNha' gave the highest values of grain yield W|thout
significant differences with those released by nitrogen level of Y1e ngha
both seasons of study(Table)Y). The maximum values of straw yield were
exerted by higher nitrogen level in the two seasons of study. Harvest index
recorded its highest value with nitrogen level of chgNha without any
significant differences with those produced by nitrogen level of Y+ kg Nha™
in the first and second season(TableY). It seems that the higher nitrogen
level +f YY+ kg Nha was being ineffective in improving harvest index since it
failed to produce more grain against straw. Moreover, increasing nitrogen
beyond ‘YickgNha' significantly reduced the harvest index in the two
seasons of study (Table Y¥). The lowest values of yields and harvest index
were recorded when rice plants didn't receive any applied nitrogen. A
significant higher grain yield at the highest level of nitrogen was obtained
,might be owing to better N uptake leading to greater dry matter production
and its translocanon to the sink .Increased panicle numbers hill”, filled grains
panicle - " and grain weight were mainly responsible for the mcreased yield at
this level of nitrogen. Majid (Y+)Y) and El-Habet,Howida et al.(Y+Y) came to
similar results.

Table ¢: Effect of |rr|gat|on intervals and nitrogen Ievels on plant height, number
of tillersm™ and number of panicles m- of Giza YV4 rice cultivar
during Y+ V¥ and Y+ Y seasons.

Treat t Plant height(cm) Number of tillersm-" | Number of panicles m-'
reaiments YoV Yoy YoV Yoy Yoy Yoy
IA:Irrigation intervals :

Continuous flooding(CF) aY,Aa 4Y,va ¢4¥a ¢AYa 4. £¢AVa
Irrigation every 1 days 4,Yb i+,0p £YAb ¢14p iVla £1p
Irrigation every % days M, Ye AV,Ac £YVe Ve iYop FARY
F. Test *% *% *% *% *% *%
B:Nitrogen levels (kg Nha™):

. Ao,vd Ag,4¢ ravd Tvic ravd Tvec
e a.,Ye AN, YD £loc iovp Ye 3
V1o aY,op av,la £41p ta £4Yp ¢AAQ
YY. 1¢,4a aY,Aa °\Ya £dAa 0.4 £4va
F. Test *% *% *% *% *% *%

IAX B Interaction: ** ** * * * *
Means: followed by the same litter (s) are not significantly different, according to
DMRT.*** and N.S.: Significantat +,+»¢ and +,+\ levels and not significant, respectively.
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Table 1:Effect of the interaction between irrigation intervals and nitrogen levels
on plant height (cm) of Giza V94 rice cultivar during Y:YY and Y«\¥

seasons
Irrigation intervals
. Yoy Yoy
Nitrogen levels Irrigation | Irrigation Irrigation | Irrigation
-\ . .
(kg Nha™) Continuous 9 9 Continuous 9 9
: every 1 every 4 : every 1 every 4
flooding flooding
days days days days
. AA g Ao, £ AY,Y AY,de At,Vg AY,'h
Y. iY,ede a9, vef AV, h 4.,Yd Ad,d ATLYF
yie 1¢,Ype 4Y,Ad q.,0f 4y, ¢p AY,AD a.,vd
YY. 40,Aq io,Yab av,ved 40,va av,4p av,Ye

Means: followed by the same litter (s) are not significantly different, according to DMRT.
Table V:Effect of the interaction between irrigation intervals and

nitrogen levels on number of tillers/m-" of Giza V% rice
cultivar during Y'Y and Y+ ¥ seasons

Irrigation intervals
) Yaory Yory
Nitrogen levels Irrigation | Irrigation Irrigation | Irrigation
-\ . .
(kg Nha™) Continuous 9 9 Continuous 9 9
- every 1 every 4 - every 1 every 4
flooding flooding
days days days days
. £V 1f vivg Yirh t.og TiAe vYif
VY. t4Ye ¢AYed YO f ¢ATp toc £Yaqd
V1o °YYp oyop I E2Y=) °\Ya °o.4a toYc
YY. EAF] EARY6) ¢vid °YYa oVéq {oAC

Means: followed by the same litter (s) are not significantly different, according to DMRT.

TableA:Effect of the interaction between irrigation intervals and nitrogen levels
on number of panicles m~ of Giza V¥4 rice cultivar during Y:\Y and
Y.\¥ seasons.

Irrigation intervals
Nitrogen Yory AKRRS
levels k . Irrigation | Irrigation . Irrigation | Irrigation
- (kg Continuous 9 9 Continuous 9 9
Nha ) : every 1 every 4 : every 1 every 4
flooding flooding

days days days days
. £VYf Yaef Y"\\’g f{Ye Yave YYAaf
Y. ¢4cd £vad £V Vf tMp soic £YAd
Vo oY.ab °\Ybc téle oVa o.Ya £¢4c
Y Y. ovag °\Yab ivid ovig °oVVa foc

Means: followed by the same litter (s) are not significantly different, according to DMRT.

Table %: Some yield components of Giza ‘Y4 rice cultivar as influenced by
irrigation intervals and nitrogen levels during Y+VY and Y+ \Y seasons

Number of filled Sterility Y+ v-grain weight
Treatments grains/panicle percentage (9

Yoy Yoy Yory Yory Yoy Yory
A. lIrrigation intervals
Continuous flooding(CF) ARRRRF:] VoA Aa °,'b £,Y4b YV,\Ya YV,vda
Irrigation every 1 days YV, Ve g,¢p £,AYC £,A¢h ¥Y1,¢49p Y1,0Yp
Irrigation every % days i.,¢p AL AC T,£4a TL,i\a Ye, i Y&, A
F. Test *% *% *% * *% *%
B.Nitrogen levels (kg Nha')
. At,od v4,Yd 1,.Ya °,AVa Yo,¥ac Yo,%oc
AR av,ic iy,ec o,0¢h °,¢Vbh Yo,Ach Y1,.Yb
V1o V\Y,4b V. A,AD ¢,44q £,47¢ Y1,0va Y1,%a
YY. \Y+,va VYA, Ya °,YY¢ o, Ac Yi,oY¥a Y1,043
F. Test *% *% *% *% *% *%
/A x B Interaction: ** ** ** ** ** **

Means: followed by the same litter (s) are not significantly different, according to DMRT.
** and N.S.: Significantat +,+¢ and +.+\ levels and not significant, respectively.
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Table ‘:.:Effect of the interaction between irrigation intervals and
nitrogen levels on number of filled grains/panicle of Giza V4
rice cultivar during Y+VY and Y:\Y seasons.

Irrigation intervals

Yoy Y Yoy
Nitrogen‘ levels Irrigation | Irrigation Irrigation | Irrigation
(kg Nha™) Continuous|'" 'Y 9 Continuous| 'Y 9

. every 1 | every ¢ - every 1 | every ¢
flooding flooding

days days days days
. H,vg AN YH Ve av,¢g va,4j o, €
Y. V.Y, Ve V.o,0(d AY, 0] yeo,td aY,%g AY,oh
) \YY, éc \YY,.C qA,Yf Y\, ¢ YA b 41, vf
YY. YYA,d3 \Yo,th yeo,1d \Yo,1a YY1, Mg VoY, e

Means: followed by the same litter (s) are not significantly different, according to DMRT.

Table YY: Effect of the interaction between irrigation intervals and
nitrogen levels on sterility percentage of Giza ‘Y% rice
cultivar during Y:YYand Y:\Y seasons.

Irrigation intervals
. Yoy Yoy
N|trogen‘ levels Irrigation | Irrigation Irrigation | Irrigation
(kg Nha') Continuous| 'Y 9 Continuous| 'Y g
. every 1 | every ¢ . every 1 | every 4
flooding flooding
days days days days
. °,Yve °,Ad V,sVa °,Ycd °,0Yc 1,Ata
\AK °,) ef °,Yee L, Ybe ¢,94d °,v+d 1L,YYb
Yo £,YYg ¢,9Vh LY ¢,0ve £,YYe 1,+Yb
YY. £,Aofg £,Y4h 1,0Yp £,Ye £,YVe 1,9Va

Means: followed by the same litter (s) are not significantly different, according to DMRT.

Table VY. Effect of the interaction between irrigation intervals and
nitrogen levels on ‘:.+.-grain weight (g) of Giza V% rice
cultivar during Y'Y and Y+ ¥ seasons

Irrigation intervals
. Yoy Yoy
Nitrogen levels Irrigation | Irrigation Irrigation | Irrigation
-\ . .
(kg Nha™) Continuous 9 9 Continuous 9 9
- every 1 every 4 - every 1 every 4
flooding flooding
days days days days
. Y1,)de Yo,otef Yi,ivg Y1,Yacd Yo,Vide Y¢,9Yef
Y Y1,A4bcd Y1,¥Acd Y§,Ydg YV, \Ybe Y1,¢4¢d Y¢,e1f
yio YA+ Ya Y1,4Ypbc Yi,Vig YA, Y¥a YV, \be Y&, f
YY. YV,¢¥ab YV, ¥be Yo, tfg YV,0¢ab YV, .opc Yo,V Aef

Means: followed by the same litter (s) are not significantly different, according to DMRT.

The interaction effect:

Variation analysis of data indicated that the interaction between
irrigation intervals and nitrogen levels had significant effect on flag leaf area
and leaf area index in both seasons. The combinations of CF with N level of
Y¥. kg Nha gave the highest values of both mentioned traits. Contrary, the
lowest values of them were with the combination of zero nitrogen application
and irrigation intervals of 2 days in both seasons (Tables ¥ and ¢). The three
combinations of CF with)1e kg Nha', CF withYY+ ngha" and 1 days with

%‘.
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YY. kg were at the same level of significant in the first season, while, in the
second season, the couple combinations of CF withYY+ kg Nha™ and * days
with YY. kg showed similar pattern in both traits (TableY). Moreover, under
long irrigation interval of 4 days the higher nitrogen level of YY kg Nha" was
being effective in relieving the effect of water stress on plant
growth.Furthermore, nitrogen application at the higher rate could ameliorate
the undesirable effect of water stress of prolonged irrigation interval of 4 days
by developing extensive root growth, large leaf area, more dry matter
production and considerable net photosynthesis. The well root growth
induced by higher nitrogen level under prolonged irrigation interval of 4 days
enable stressed rice plants to take an adequate water and nutrient keeping
health growth. At the same time supplying plant by an adequate nitrogen
could delay early aging in the terms of senescence happened by water stress
ensuring optimum growth and yield even with water stress.

Data listed in Tables &Y indicated that the interaction between
irrigation intervals and nitrogen levels had significant effect on plant height
and tlllers number in both seasons. The combination of nitrogen level of YY.
kg Nha™ and contmuous flooding produced the highest values of plant height
and tillers numberhill” in both seasons without any significant differences with
those produced by the same nitrogen level with irrigation interval of 1 day in
in Y-\Y and Y+Y¥, respectively. The lowest means of plant height and tillers
number were recorded when rice plant irrigated every 4 days under zero
nitrogen level in both seasons of study. That means increasing nitrogen
could alleviate the stress effect of water on growth (Majid, Y+ Y)

The interaction between |rr|gat|on intervals and nitrogen level had
significant effect on number of pamclem , number of filled grains panicle”,
sterility%, and ) -+ +-grain weight in both seasons of study. The combination
of CF and nitrogen level of YY: kg Nha™ produced the highest value of
panicles number without significant differences with those produced by the
same nitrogen level under 1-day interval (TablesA). The worst comblnation
was zero nitrogen level with 4-days mterval As for, filled grains panlcle the
lowest values of filled gramspamcle were obtained by the combmatlon of
zero nitrogen level and 4-days interval in both seasons (Table':). The
combination of higher nitrogen level of YY+ kg Nha' with CF and -days
interval gave the highest values of filled grainspanicle” in the first and second
seasons, respectively. The lowest mean of sterility% was recorded with the
combination of higher nitrogen level of YY« kgNha' with CF, while the
maximum values of sterility% was recorded when rice plants didn't receive
any nitrogen under the irrigation interval of 4 days(Table)"). Regarding Y+ «-
grain weight, the highest means of )« + --grain weight was recorded when rice
plants were fertilized by the nitrogen level of Y1e kg Nha™ under continuous
flooding in both seasons (Table'Y).The last Comb|nat|on statically came at
the same group with the combination of YY+ kg Nha" under continuous
flooding. The lowest means of )::.-grain weight were produced by the
combination of zero nitrogen level and interval of 4 days in both seasons of
study (Table)Y). Majid (Y+Y) reported similar findings.
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The interaction between irrigation intervals and nitrogen level had significant
effect on grain and straw yields in Y)Y and Y:\Y seasons, respectively
(Table)£). The combination of CF irrigation treatment and nitrogen level of
Vle kg Nha’ gave the highest values of grain yield in both seasons (Tables
V¢), while, the combination of YY+ kg Nha' and 1 days interval gave the
highest value of straw yield in the two seasons of study (Table‘e). Data
analysis variation indicated that the combinations of CF with Yi¢ and
Yy ~ngha", and 1-days interval with the same two levels were placed at the
same category of significant. The rice straw yield recorded its highest value at
the combination of YY:kgNha' and I-days interval in both seasons
(Table)£&Y°). Grain and straw yields recorded their lowest means at the
combination of zero nitrogen application and 4-days interval in the two
seasons of study. From current deliberations, the increasing nitrogen level up
to YV+ kg could combat the harmful of water stress induced by prolonged
irrigation interval of 4 days. Similar data had been claimed by Majid (Y+Y).

Table \¥: Effect of irrigation intervals and nitrogen levels on grain yield,
straw yield and harvest index of Giza ‘Y4 during Y«'Y and
Y.\V¥ seasons.

. . . . Harvest index

Grain yield (tha') | Straw yield (tha
Treatments Y ( ) Y ( ) (HI)

Yoy Yoy YoV Yoy YOy Yoy
IA. Irrigation intervals
Continuous flooding AYag AATg 11,443 'Y\ Ya £Y,Y1 Y, Y
Irrigation every 1 days Aeta A WVa VY, Aa \Y,YYa £y,)4 £Y,YY
Irrigation every % days 1,Y4b 1,¥op 4,YYp 4,¢Ab Y T4,AY
F. Test *x *x *x xx NS NS
B.Nitrogen levels (kg Nha™".):
Control °,\Ac °,YYC v,¥Yd v,AYd Y4,4v¢ fa,00C
K v,4ep A Vb VY, ¢ YY,Y4¢ £Y,YVa £),Y4g
Vle 9,'Ya LREFY \Y,YVp \Y,i4Vp | £Y,)4a £Y,4%a
YY. 4,1 q,¢0 \¥,YAa \Y,%¢a | £+,4vp ¢v,Ap
F. TeSt *% *% *% *% *% *%
IAX B Interaction: ** ** * * NS NS

Means: followed by the same litter (s) are not significantly different, according to DMRT.
** and N.S.: Significantat +,+¢ and +.+\ levels and not significant, respectively.

Table ‘¢:Effect of the interaction betweeq irrigation intervals and
nitrogen levels on grain yield (tha )of Giza ‘Y4 rice cultivar
during Y+VY and Y: )Y seasons.

Irrigation intervals
. Yoy Yoy
Nitrogen — levels Irrigation | Irrigation Irrigation | Irrigation
-\ . .

(kg Nha™) Continuous 9 9 Continuous 9 9

- every 1 every 4 - every 1 every 4

flooding flooding
days days days days

. o,¢tef o,vif £, AAf o1 ef °,"\fg £,Vig
). 4,V0p AYYD °,4ve 4,\Yp ANVYD 1, Yde
yio EAL) 4,47 1,70d V.,00q Vi, \Ya 1,vid
YY. Ve,V éa Ve,YYa V,1Y¢c Yo,V Aa V., ¢0 V,YYc

Means: followed by the same litter (s) are not significantly different, according to DMRT.
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Table Ye: Effect of the interaction between irrigation intervals and
nitrogen levels on straw yield (tha”) of Giza VA rice cultivar
during Y+Y¥ and Y:\¥ seasons.

Irrigation intervals
Nitrogen levels (kg Yoy Yoy
Nha™) Continuous | Irrigation Irrigation | Continuous | Irrigation Irrigation
flooding |every " days|every 4 days| flooding |every 1 days|every % days

. V,ATh v,aYh V,Y4h V,aVf A YF vV, 4f
e VY, ¥vd 'Y, d Aig VY, EYC VYT 1,\ve
\ie \Y,Vipe \Y,YYC 4,v1f \Y,AD \Y¥,04p 1,YAe
YY. \Y,9AD \V¢,AVa VY, YAe Ve,Yeh Vo,V 1a Y1,0vd

Means: followed by the same litter (s) are not significantly different, according to DMRT.

Water relations

Data listed in Table 'V refer that irrigation intervals had marked
variation in total applied water, water save% and water use efficiency in both
seasons. The continuous flooding (CF) had the highest values of total applied
water, while the prolonged irrigation interval of 4 days recorded the minimum
values of total applied water. The irrigation interval of 2 days gave the
maximum amount of water save and the CF treatment gave the least amount
of water save. The intermittent irrigation interval of 1 days clearly mediated
the two irrigation treatment intervals in amount of water save. Interestingly,
the highest mean of water use efficiency was obviously recorded by the
irrigation interval every 1 days with slightly yield reduction. The prolonging
irrigation interval every 3 days gave the highest value of yield reduction and
water save%, but it gave the lowest values of water use efficiency.
Therefore, irrigation interval every 1 days could be recommended under drill
seeded rice based on water use efficiency and other water relations (Tables
V1 and ‘V).Similar data had been reported by Zayed et al. (Y:+Y)and Majid

(YY),

Data in Table YA showed that the tested nitrogen levels markedly
varied in their effect of water use efficiency in both seasons. The lowest
values of water use efficiency were produced by zero nitrogen level, while the
highest values of water use efficiency were produced by the highest nitrogen
level of YY+ kg Nha™. It was observed that the combination of nitrogen level of
YY.kgNha' and irrigation interval of % day gave the highest values of water
use efficiency in both seasons (Table YA). Furthermore, under both irrigation
intervals of 1 and 4 days, increasing nitrogen level linearly increased water
use efficiency up to YY- kg Nha'. At the same time, under continuous
flooding the increasing water use efficiency was recorded up to only Y1e kg
Nha" and the water use efficiency was decreased with high nitrogen level of
Yy ~ngha". Similar data was claimed by Majid(Y 1 Y).

From going discussion, it could be concluded that application of
nitrogen at the rate of Y1e and/or YY+ kg Nha™ was found to be optimum for
rice growth; yield and water use efficiency as well as water save allied with 1
days irrigation intervals for drilled Giza V4 rice variety. The increasing
nitrogen level up to YY+ kg Nha™ showed ability to relief the undesirable effect
of water shortage under prolonged irrigation interval keeping high yield and
reasonable WUS as well as water save even with water stress plus the others
drill-seeded rice's advantages.
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Table Y1: Water use for Y¢ days before starting irrigation treatments
s \ . . . s \
m ha- ., water use through irrigation treatments m ha- and
total water usedm'ha-' during Y+\YYand Y:)Y seasons.

Water used Water used
Total water used
Irrigation treatments before trough treatments (m'ha”)
s -\
9 treatments (mha’)
Yoy Yoy Yoy Yoy Yoy Yoy
Continuous flooding (CF) A0VAY | AEYE,T | IVELO,Y | VYV
Irrigation every 1 days YAAT,0 | YVYa0,A [ AToAE | AVIAY | VYogg,a | VYoYg,)
Irrigation every 4 days YYA,e Yeey,A [ Yeavy,. AAYY,1

Table'V:Some water relations of Giza ‘YY¥% cultivar as affected by
irrigation intervals under drill-seeded rice during Y'Y and Y« \¥

seasons.
I Total water Grain yield Ylel(_j Water saved Wa_&tgr use
Irrigation (m'ha’) (tha") reduction (%) efflc:lencyv
treatments (%) (WUE kgm™)
Yoy Yoo [yayyavryay[yaarfyaryryar|yary| vory
Continuous
YY£.0,Y | IYYY ., € | A,Yag | AAT - - - - LYea | a,YaYe
flooding (CF) a a
Imigation eVery| yya.¢ o [ yyoye,y [ Aona |Atval v,1Y | Y06 | var | ova | ovey | over
1 days
Imigation every| vy . | aaryv,n | 1,vap | 1,rep | YA 5 [YAEY [ VA4 [ Va0 | o ave | 4uge
4 days
Table ‘A:Effect of the interactionbetween irrigation intervals and
nitrogen levels on water use efficiency during Y+'Yand Y« \¥
ARR R Yaory
“g;g)en levels (kg Continuous Irer\llge?th‘n Irrigation Continuous | Irrigation Irrigation
flooding dayys every Y days | flooding |every 1 days |every ¢ days
Control AR v,e08 L EAE v, E0A e L EAY
VY. L YTA ., Vot v,04% Yt vy Yy
\ve AN ALY Ly VL ATY AA «,MA0
YY. AVY L AE v,Yov L ATY GAWA «,YAe
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