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ABSTRACT : Two field experiments were carried out at El Qasr
farm, Marsa Matrouh governorate, North Western Coast of Egypt,
during 2000/2001 and 2001/2002 seasoms, to study the effect of four
irrigation depths (mm) (I;: without supplemental irrigation (Rainfall
only), I;: supplemental irrigation by 60 mm/fad, I;: supplemental
irrigation by 90 mm/fad and 1: supplemental irrigation by 120 mm/fad),
three adding times of supplemental irrigation (A;: sowing, A;: tillering
and A;: after 15 days from full heading) and two fertilizer regime (Fy: no
fertilizer and F: NPK fertilizers, ie. 31 kg N + 22.5 kg P,Os + 24 k20O/
fad) on Yield, its components, protein % and protein yield of wheat
cultivar Sakha -8. o

The maximum value of water use efficiency (1.28 and 1.17 Kg
grains/m’ water) was obtained by Fy+A;+i; treatment in the first and the
second season, respectively. The treatment Fy+A+l, gave the highest
value of grain yield (1188.1 and 11413 Kg/fad), number of spikes/m’
(227.7 and 2093), crop index (64.2 and 59.24 %) and protein yield
(15034 and 144.71 Kgffad) in the first and the second season,
respectively. The highest value of protein percentage (13.95 and 13.75 %)
was recorded by FytA;Hl treatment in both seasons, but was not
significant. ‘
Key words: Cultivar Sakha-8, Rainfed, NPK fertilizers, water use

efficiency, irrigation depth, harvest index, biological Yield.

INTRODUCTION increased demands of this crop, due
' to the fast growth in human

Wheat is considered the most population, make maximizing Wheat
important cereals in Egypt, the production in Egypt under limiting
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factors is aim. In the North. West

Coast of Egypt the rainfall is low
(average of the last 50 Years is 133
mm/year) and the soil texture is
sandy loam.

The present investigation is
designed to study the effect of
supplemental irrigation, -adding. times
of supplemental irrigation and NPK
fertilizers on wheat productivity
under these conditions. Soil water

availability is considered to be the’

main factor limiting crop production
in the Mediterranean—type climate of
West Asia and North Africa (Zhang
et al, 1998). The grain Yield and
Yield components of Wheat
- increased significantly by NPK
application a 90Kg N+50 Kg
P,05+30 Kg K;O/ha (Mishraetal e
al., 1994). Adding 120 Kg N + 40
Kg P,Os + 25 K;OMha increased
“significantly No. of spikes'm row
length, grain weight/spike, grain
yield and water use efficiency
compared non-fertilizer (Singh and
Bhan, 1998). Application NPK
 fertilizers at rate 90 Kg N+15 Kg
P0s +25 Kg K/ha increased
significantly grain yield, straw yield
and 1000 grain weight of Winter
wheat compared with the control

(Singh et al., 2002). Irrigation wheat

~ prior to heading increased the grain
yield of wheat even when water input
was limited for crop production

(Misra and chaudhary 1985). - The
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irigated = treatments  increased
significantly grain Yield, Yield
attributes . (spike length, 1000 grain
weight and harvest index) compared
with unirrigated treatments (Kumar
et al, 1994). Oweis et al (1997)
reported that in Syria, large increases
in crop yields of wheat were obtained
with the application of limited water
in conjunction with rainfall.

The aim of this study is
enhancing Wheat productivity in
North Western Coast of Egypt under
Rainfed conditions by knowledge the
optimum time to - apply limited

amounts of water as supplemental

imigation with NPK fertilizers to
obtamtheb&stpmduchvuyofwheat.

MATERIALS AND METHODS

Two field experiments were
conducted at the Desert Research
Center (D.R.C.) experimental farm
at El Qasr, Marsa Matrouh
governorate, North Western Coast
of Egypt, during two .successive
seasons 2000/2001 and.2001/2002,
respectively. The experimental soil
type was sandy loam in texture.
The soil pH was 8.1 and E.C was
4.13 ds/m.
The treatments were arranged in a
split-split plot design in three
replications. The main plots were
occupled with NPK fertilizer regime,
ie. (F1) no fertilizers and (F;) NPK
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‘24 kg k;0/fad). The sub plots were
‘occupied with adding times of
supplemental irrigation treatments,
ie. (A;) sowing, (A;) tillering stage
(70 days after sowing) and (Aj3) after
15 days from full heading (110 days
after sowing). The sub--sub plots
were * occupied with . irrigation
treatments -as depth (mm), .ie. (Iy)
without - supplemental irrigation
(Rainfall only), (I;) supplemental
irmigation by 60 mm/fad, ()
supplemental imgation by 9o
mm/fad and (I4) supplemental
irrigation by 120 mm/fad.

The rainfall received during the

CTOp s¢ason was 107.9 mm and 120.8
~mm in the first and the second
~ seasons, respectively. The' atea of the
experimental unit was 45. m’ (3x 15
m). Number of rows was 20 /plot, 15
cmapartandlengthoflSm The soil
was fallow in the summer before
planting Wheat in both seasons.

Agricultural practices for wheat
were carried out as followed: “wheat
grains were drilled at a seed rate of
35kg/fad and grains were planted on
December 10" for both seasons.
With respect to NPK fertilizers (F»),
Calcium  super-phosphate  (15%
P,0s) fertilizer was added during soil
preparation at a rate of 150kg/fad in
both seasons. Both half ammonium
sulfate (20.6%N) and potassium
sulfate (48% K;O) were applied at
sowing and remaining ammonium
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sulfate and potassium sulfate top-
dressed before tillering stage at a rate
of 150kg/fad and  SOkg/fad,
respectively in both seasons. The

“ crop was harvested on. 23 April 2001

and 1 May 2002 in the first and the
second seasons, respectively.

Data were statistically analyzed
usmg the appropriate analysis of
variancé*according to Gomez and

"Gomez (1984), and L.S.D at 5 %

was used to compare between
means. Three inner square meters

were  harvested from three
replicates at. harvest and the
following  measurements  and

readings were recorded: - Number
of spikes and tillers /m?, number of
grains and spikelets /spike, spike
length (cm), weight of 1000 grains
(g), Grain yield (kg/fad), straw and
biological yield (kg/fad), tillering
index (%), crop and harvest index
(%). Water use efficiency (kg/m’)
was measured for grain yield as
follows: WUE (water use efficiency)
= grain yield (kg/fad) / a mount of
total water reccived . (m’/fad),
moreover grain protein percentage
was determined by the new kjeldahle
method as outlined by the A O.A.C.
(1980) after drying grains at 70 C for
24 hours, then Protein yield (kg/fad)
which was measured as follows:
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protein yield (kg/fady= grain yield
(kg/fed) x protein percentage.

RESULTS AND DISCUSSION

Data in table (1) and (2) show the
response of wheat yield, its
components and chemical
composition to fertilizer regime,
irrigation adding times and
supplemental n'nganon on number of
spikes and tillers/m?, number of
grains and spikelets/spike,
length (cm), weight of 1000 grains
(g), grain and straw yield (kg/fad),
biological yield (kg/fad), tillering
index (%), crop and harvest index
(%), water use efficiency (kg/m’),
protein content (%) and protein Yield
(kg/fad) in the first and the second
. seasons, mpectwely

characters in both seasons,
except, straw yield in both seasons,
tillering index, harvest index and
protein percentage in the first season
only. Nitrogen fertilizer is considered
the most effective elements on the
plant growth, its increase cell

turgidity and cell elongation so, dry -

matter and growth characters
increase. Boquet and Johnson (1987)
reported that a large part of the
increase in yield of wheat due to
nitrogen application resulted from
increased fertile tillers per hectare,
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similar results were obtained by

- Singh and Bhan (1998) they reported

that sink capacity of the plant is
dependent mainly: on vegetative -
growth of plant, vigorous vegetative
growth increased due to application
of nitrogen and supply of
photosynthates for formation of
tillers and spikes of wheat.

NPK fertilizers increased yield
and yield attributes markedly
compared to without fertilizers
(control). Singh and Uttam (1993)
found that the highest grain and straw
yield of wheat were obtained with
application of 60 kg N+ 30 kg P,Os +

- 30 kg K;O/a, Similar results were

obtained by Mishraetal et al (1994)
they indicated that the grain yield and
yield components of wheat increased
significantty by NPK application at
9 kg N+ 50 kg P,Os + 30 kg
K;O/ma. NPK fertilizer regime (F>)
surpassed no fertilizer treatment (F;)
in protein Yield (kg/fad) may be due
to the increment in grain yield and
protein percentage. These results are
in harmony with Boquet and Johnson
(1987) they reported that nitrogen
fertilizer did not affect grain protein
content but increased total protein per
hectare by increasing yield of winter
wheat. Also, Nakhtore and Kewat
(1989) indicated that wheat grain
protein content increased from 13.8
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% with no fertilizer to 14.5 % at
NPK fertilizers (120+60+40 kg/ha),

mpechvely

lrrigation adding times had
markedly effect on yield, yield
components, protein % and protein
yield of wheat.

Irrigation adding time at tlllenng
stage gave the hlghest values in
number of spxkes/m number - of
tillers/m? and Biological yield (in the
first season), number -of grains and
splkelets/spikd sp:ke length, weight
of 1000 grain, grain yield, crop and
harvest index, water use efficiency

and protein yield compared with'

irrigation adding time at 'sowing or

aﬁerlSdaysﬁomﬁJllheadmgm'

both seasons. The superiority in yield
and yield components of irrigation
adding time at tillering stage (A;)
over irrigation adding time at sowing
stage (A;) or irrigation adding time
after 15 days from full heading (A;)
treatments may be due to the

irrigation at tillering stage is .
considered the most important stage .

effecting on the yield and its
components. Misra and chaudhary
(1985) showed that irrigation wheat
prior to heading increased the grain
yield of wheat even when water input
was limited for crop production, this
advantage was mainly due to the
decp rmoot system supporting the
plants during the dry post-heading
period, lrrigation wheat in this way
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probably forces the roots to draw
water from deeper soil layers. Similar - -

results are in harmony with Sharma - -

et al (1990). Irrigation adding time at .
sowing stage caused the highest

straw yield (in both seasons) and .

biological . yield (in the second
season). These results may be due to
the effective role of irmigation to
increase  number  of tillers,
consequently straw yield. o

Irrigation adding time after ‘15
days from full heading (A3) gave the
highest tillering index and protein

percentage in both seasons. These ..

results may be due to decrease in ;..
number of tillersm’ compared with
(A9) and (A;). Conceming protein
percentage the increase in protein
percentage may be due to expose
plants to water stress for long time

unulaﬁerhwdmgso,protempercent“ '

increased. Eck (1988) obtamed' -
. Yield, y1eld components, protein

. % and protein yield i.e. grain, straw --

and biological yield, number of
spikes and tillers’m?, number of -
grains and spikelets/spike, spike
length, weight of 1000 = grains,
tillering index, crop and harvest
index, water use efficiency, protein .
content and protein yield affected:
significantly by  supplemental
irrigation treatments viz., l; (non
irrigation), L (60 mm/fad), I; (90
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mm/fad) and I; (120 mnv/fad) in both
seasons. The highest values of
-mentioned characters were obtained
by adding 120 mm/fed (Is) except,
tillering index and water use
“efficiency (in the first season), straw
yield (in the second season) and
protein percentage (in both seasons).
Adding 60 mm/fad (I;) caused the
maximum straw yield in the second
season only. Non-irrigated treatment
(1;) gave the highest value of protein
percentage (13.32 % and 13.01 %) in
both seasons. Adding 90 mm/fad (1)
recorded the highest value of water
. use efficiency. The superiority of (L)
in the yield and its components in
both seasons may be due to
increment in number of spikes and
tillersm?, number of grains and
spikelets/spike, spike length, weight
of 1000 grains which reflected on
grain and biological yield, crop and
harvest index and protein Yield
(table 1 & 2).

’lhmemlltsmaybeduetothe
benefit water functions in plant
growth, which can be summarized as
follows: 1- a major constituent of
physiologically active tissue, 2- a
solvent in which salts, sugars and
other solutes move from cell to cell
and organ to organ and 3- an
essential for the maintenance of the
turgidity  necessary for cell
enlargement and growth,

Salem, et. al.

consequently dry matter and growth
characters. Kumar er al (1994)
indicated that the irrigated treatments

increased significantly grain yield,
yield attributes (spike length, 1000
grain weight and harvest index)

compared ‘with unirrigated
treatments. Singh and Bhan (1998)
reported that the increase in wheat
yield attributes was due to more
water supply at higher IW /CPE ratio
and could be due to increase in cell
turgidity, better opening of stomata
and finally increasing the partitioning
of photosynthesis to sink.

. Concerning the highest water use
efficiency which recorded by I
(90 mm/fed), this result may be due
to adding limited water which force
plant to better use of water on grain
yield relative to I; (120 mm/fad).
Similar results were obtained by
Zhang et al (1998).

. The differences between I, and L4
in straw yield did not reach to the
level of significant although the
highest value recorded by L, in the
second season only, this result may
be due to adding limited water 60
mm/fad which force plant to gave
more tillers, but was given lower
grain yield so, straw yield was high.
Conceming protein percentage, non-
imigated treatment (I;) gave the
highest value of protein percentage.
These results may be due to exposed

‘plants to water stress all the season,
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and followed by I in the first and the
second seasons. Parihar and Tripathi
(1989) obtained similar results.

Protein yield was highest by
L4 as a result to the increase in grain
yield and protein percentage.

Data in table (3) & (4) show that
the significant interactions between
fertilizers regime and irrigation
adding times treatments at harvest on
number of spikes'm?, number of
tillers/m? (in the second season),
number of grains/spike, grain and
biological yield, straw yield (in the
first season), tillering index, crop
and harvest index (in the first
season), water use efficiency and
protein yield in both seasons.

The highest values of number of
spikesm’, number of grains per
spike, grain and biological yield,
water use efficiency and protein yield
in the first and the second seasons
were obtained by (F2) NPK fertilizers
+ (A;) irrigation adding time at
tillering stage. The maxunum value
of number of tillers/m’ in the second
season was obtained by (F») NPK
fertilizers + (A;) irrigation adding
time at sowing stage. The highest
value of straw yield in the first
season was obtained by (F>) + (A)).
The maximum value of tillering
index was obtained by (F1) +(A3) and
(F2) + (A3) in the first and the second
seasons, respectively. The highest
values of crop and harvest index in
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the first season were obtained by (F)
+(Ag).

Data in table (5) and (6) show that
the interactions between fertilizers
regime and supplemental ungauon
treatments at  harvesting. . were
sxgmﬁcantly on number of splkes and
tillers/m?, grain and straw yield,
biological yield, tillering and . crop
index in the first season, harvest
index, water use efficiency, protein
percentage (in the first season) and
protein Yield in both seasons. The
highest values of number of spikes
and ullets/m grain yield, straw yield
and crop index (in the first season),
biological yield, harvest index and
protein Yield were obtained by (F,)
NPK fertilizers + (1) supplemental
irrigation treatment by 120 mm/fad
In both seasons. Adding (F2) + (I)
caused the highest straw yield in the
second season. The maximum values
of tillering index (in the first season)
and water use efficiency (in both
seasons) were obtained by (F2) + (Iz).
The highest wvalue of protein
percentage was recorded by (F) +
(I) in the first season. Hooda and
Agarwal (1987) obtained similar
results. Singh and Bhan (1998)
reported that number of spikes/m
row length, grain weight/spike, grain
yield and water use efficiency were
favorably affected by increased
irrigation and nitrogen levels.
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Data in table (7) and (8) show that
the significant interactions between
imigation adding tmes (A)
treatments and  supplemental
imrigation (I) treatments at wtmg
on number of spikes and tillers/m",
number of grains and splkelets/splkc
(in the first season), spike length (in
the first season), grain and straw
yield, biological yield, tillering index
(in the second season), crop and
harvest index, water use efficiency,
protein percentage and protein Yield
in both seasons. The maximum
values of number of spikes and
tille’m’, grain yield, crop and
harvest index and protein yield were
recorded by (Ao) imigation adding
time treatment at tillering stage + (L)
supplemental irrigation treatment by
120 mm/fad in both seasons.

The maximum values of number
of grains/spike, number of
spikelets/spike and spike length in
the first season were obtained by (Ay)
+ (Iy). The highest value of straw
yield was recorded by (A,) imrigation
adding time at sowing stage
treatment + (Iy) supplemental
irrigation treatment by 120 mm/fad
in the first season and was recorded
by (A1) + (I3) in the second season.
Adding (A)) + (I) gave the
maximum value of biological yield
in both seasons, The maximum value
of tillering index was recorded by
(A3) + (Iy) in the second season only.
The highest value of water use
efficiency was recorded by (A;) +

~ Salem, et. al.

(1) in both  seasons. The maximum
value of protein percentage was
recorded by (A;) + (Iy) in both
Seasons.

Data in table (9) and (10) show
that the interactions between
fertilizers regime (F), imigation
adding times treatments (A) and
supplemental irrigation treatments (I)
were significantly on number of
spikes and ftillers/m?, grain yield,
straw yield (in the first season),
biological yield, tillering index, Crop
and harvest index, water use
efficiency and protein yield in both
seasons. Adding (F2) + (Ag) + (L)
gave the highest valus of number of
spikes and tillersm’, grain and
biological yield, crop and harvest
index and protein Yield in both

seasons, The maximum value of -

straw yield was recorded by (F2) +
(Ap) + (Iy) in the first season only.
The highest value of tillering index
was obtained by (F2) + (A1) + ()
and (F2) + (A3) + (L) in the first and
the second seasons, respectively. The
highest value of water use efficiency
was recorded by (F2) + (Ag) + () in
both seasons.

The promising treatment from the
three factors as interactions were the
combination between F, + Ay + 14 in
grain and biological yield and the
most yield components in both
seasons.



Table (1): Effect of NPK fertilizer (F), adding times (A) and supplemental irrigation (I) on grain Yield ,Yield
attributes, protein % and protein yield of Sakha-8 wheat cultivar during 2000/2001 growing season.

L, Number Namb Slih Wﬁtﬁ Straw  Biolegical Tillering Crop Harveast W.U. E
Characters of of of of length Yﬂd Yield Yield index index % index kg/m® Protein % Protein yield
npik:nl tillers/ grains/ spikelets (cm) .rlh (® kyifad ky/fad ky/fad % % Kg/ fad
' m®  spike / .
Treatments spiks : .
F4 12008 17678 23.16 1436 7.53 33.69 54721 1560.4 2107.6 68.44 3435 25.34 0.73 126 69.05
Fa 146.26 22034 25 1478 783 3477 651,99 1636.7 22888 65.19 38.56 27.34 0.85 13 84.07
L.8.D.05 1063 19.42 0.37 0.18 0.02 0.59 14.98 NS 131.01 NS 3558 NS 0.017 NS 12.33
Aq 128.12 20099 2373 1433 7.66 3412 562.16 1724.1 2286.3 63.29 31.55 23.81 0.74 1208 67.92
Az 146.17 22081 2535 15.27 798 35.18 724.58 1586.5 2311.1 65.51 438 2994 094 12.69 91.07
Ay 12522 17383 2316 14.1 741 33.39 512.05 1485.1 1997.1 71.64 34.02 25.27 0.69 13.63 70.7
L.8S.D.O5S 69! 1213 0.25 0.1 0.11 0.15 19.6 91.81 107.86 429 1.39 0.73 .0.029 022 315
1y 7.3 12608 2013 1329 6.92 29.76 281.04 1061.2 13422 58.64 26.57 20.96 0.62 13.32 36.36
I 11923 18476 2356 1446 7.65 33.79 588.23 17143 2302.6 65.56 3438 2542 - 0,83 12.42 74.36
Is 15394 212,13 2558 14,96 71.96 3562 720.61 1765.7 24863 72.58 40.88 28.76 0.87 12.58 91.24
1 1882 27119 2706 1557 821 37.76 808.51 1853.1 2661.7 70.5 43.99 30.23 0.85 12.88 104.28
L8S.D.OS 645 1128 0.51 0.2 0.12 0.s 13.54 3n 399 3.78 098 0.52 0.022 0.07 18

F;: without NPX fertilizers.
I,: Without (S.1.) supplemental irrigation.

Fz: NPK fertilizers.  A;: sowing.  Aj: tillering stage.
I: S.1. by 60 mm/fed.

15: S.L by 90 mm/fed.

A;: after 15 days from full heading stage.
L: S.L by 120 mm/fed.

£00C (P)'ON 0€" 104 “say -ouly [ SrzvSvz
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Table (2) Effeqt of NPK fertilizer (F), adding times (A) and supplemental irrigation (I) on gram Yield ,Yield-

- attributes, protem % and protein yield of Sakha-8 wheat cultivar during 2001/2002 growing season.

R Numb Spike Weight of Grain Straw  Biological Tillering Crop Harvest WUE
Characters of of of of length 1000 Yield Yield Yield index index % index kg/m® Protein % Protein yield -

spikes/ tillers/ graina/ spikelets (cm) grains(g) kg/fad kg/fad kg/fad % % Kg/fad
. m? m? spike /
_ _Treatments spike .
Fy - 93.75 1554 20.16 1238 666 3151 50629 1695 22013 58.18 30 22 0.61 123 51.65
F,. 12308 18093 22.14 128 691 3269 619.67 1753.6 2401.1 66.08 3405 2441 074 1269  77.99
LS.D.OS5 84 1289 053 026 0.11 0.32 19.08 NS 36.9 6.41 2.04 045 0.024 0.21 745 .
Ay 106,85 17843 20.76 124 681 3201 52573 1875.6 24013 57.16 2735 2078 0.63 11.82 61.13
A; - 116.01 179.69 2252 1331 7.12 3305 68555 16378 23651 61.78 3972 2722 0.82 12.38 84.47
A 102.39 146.38 20.17 12.06 642 3124 477.65 1659.5 21372 6746 29 21.61 0.58 13.28 63.85
LS.D,05 304 729 022 013 009 0.17 789 18246 143.07 2.75 2.2 1.31 0.011 0.7 1.51
Iy 4844 9803 1723 1124 59 2766 201.28 12844 14857 4959 1807 13.74 04 13.01 25.11
h 893 149.46 20.61 1246 668 31.62 563.07 19047 24678 60.16 30.08 22.76 0.74 12.12 68.39
Is 125.72 186.76 22.64 1306 7.09 3352 69299 1873.7 25667 6687 3748 26.81 0.78 12.3 85.7
1 170.2 23841 24.12 1361 747 3561 79458 18344 26845 7191 4247 2951 0.79 12.56 100.08

LSD.O5 48 887 053 027 017 0.5 1059 11612 9546 291 1.49 071 0.016 0.09 1.43

1352

F\: without NPK fertilizers. F2: NPK fertilizers. Aj:sowing.  Ajy: tillering stage. Aj: after 15 days from full heading stage.
1;: Without (S.1.) supplemental irrigation. I: S.1. by 60 mm/fed. I5: S.1. by 90 mm/fed. Is: S.I. by 120 mnv/fed.



Table (3): Effect of the interaction between NPK fertilizer (F) and adding times (A) on grain Yield ,Yield
attrlbntesmrotem % and protein yield of Sakha-8 wheat cultivar during 2000/2001 growing season.

Nt Ni N ber Spike Wakhof Gruin Straw  Blological Tillering Crop Harvest W.U. E
Charscters of of of of length Yield Yield Yield .index index % index kg/m’ Protein % Protein yield
-plh:l ﬂllenl graina/ spikelets (cm) |nl- @ kgffsd kgfind kg/tad % % Kg / fad

m’ w spike !
Tresiaents _spike
F1 Al 10582 176.73 2292 1408 748 3356 5198 1631 21508 607 3102 2343 068 11.84 61.17

A2 127.72 19514 241 1507 785 3472 6353 1525 2160 6573 4055 2868  0.85 1248 79.23
A3 1267 15838 2247 1393 727 3281 4866 1526 20122 789 315 2392 066 13.48 66.75
F2 Al 15043 22524 2455 1458 7.83 3468 6046 1817 24219 6588 3208 2419 079 1232 74.66
A2 16462 24648 266 1547 811 3565 8139 1648 24623 653 4705 312 104 12.9 10291
A3 123.73 189.28 2386 1427 755 3397 5375 1445 19821 6438 3653 2662 072 13.79 74.64
LS.DOS 977 NS 036 NS NS NS 2772 1298 15254 6.06 197 104 0.041 NS 4.46

F;: without NPK fertilizers.  Fa: NPK fertilizers.  A;:sowing.  Aq: tillering stage.  Aj: after 15 days from full heading stage.
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Table (4): Effect of the interaction between NPK fertilizers (F) and adding Times (A) on grain Yield ,Yield

' attrlbutes, protem % and protein yield of Sakha-8 wheat cultivar during 2001/2002 growing season.

! ber Spike Weightof Grain Straw Bioloﬁul Tillering Crop- Harvest W.U. E
Characters of of of of  length 1000 Yied Yield index imdex% index kg/m’ Protein % Proteln yield
spikes/ tillers/ grains/ splllelet! (cm) graims(g) kg/fad kg/fad - kdhd % % Kg/ fad
) m’ m? spike
Treatments sp_lk_e
F1 Al 8384 15769 1992 12,18 6.69 3136 4776 1840 23176 5095 2593 19.58 0.57 11.61 54.83
A2 9853 16291 21.17 131 698 3258 597 1563 2160.1 58.13 3785 2627 0.72 1223 723
A3 9888 14559 1941 1185 63 306 4443 1682 21262 6546 2623 20.16 054 13.07 57.83
F2 AY 12985 199.17 216 1261 693 3267 5739 1911_“ 24851 6338 2877 2199 0.69 12.04 67.44
- A2 13348 196.48 2388 1352 7.26 3353 7741 1713  2570.1 6543 4159 2818 091 12.54 96.64
A3 1059 147.16 2094 1227 654 3188 Sll.1 1637 2148.1 6945 31.77 23.07 0.63 13.49 69.88
LS.D.O5 43 1031 032 NS NS NS 11.16 NS 20233 3.89 NS NS 0.016 NS 213
Fy: without NPK fertilizers.  F,: NPK fertilizers.  A,:sowing.  Aj: tillering stage.  Aj: after 15 days from full heading stage.
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Table (5): Effect of the interaction between NPK fertilizers (F) and supplemental irrigation (I) on grain Yield,
Yield attributes, protein % and protein yleld of Sakha-8 wheat cultivar during 2000/2001 growing

season.

Number Number Number Number Spike Weightof Grals  Straw  Biolegical Tillering Crop Harvest W.U.E
Characters of of of of lemgth 1000 Yield Yield Yield index index% index  kg/m’ Protein % Proteln yieMd
spikes/ tillers/ graing/ spikelets (cm) grains(g) kg/hd ky/'fed kg/tad % % Kg/ fad
m? m?  spike / )
Treatments 8
F1 L 6812 99387 19.) 13.11 679 29.14 2887 1060 13485 6813 2733 2145 0.64 13.05 36.7
I; 98.74 154.14 2267 1424 749 3327 5308 1640 21712 6537 3257 24.27 0.75 12.22 66.11
I, 1347 19262 2463 1476 1738 351 633.5 1718 23513, 6991 3698 2691 0.76 124 79.24
I, 178.74 260.38 2624 1533 806 3727 7359 1824 25596 7036 4053 28.73 0.77 12.72 94.15
F2 Iy 7448 1523 21.17 1347 1704 3037 2734 1063 13359 49.15 258 2047 0.6 13.6 36.02
I; 139.71 21539 2444 1468 781 3432 6457 1788 2434 6575 36.19 26.56 091 12.62 82.62
I, 173.19 231.64 2652 15.17 811 3613 8078 1814 26214 752 4477 3061 097 1277 103.24
I, 197.66 282.01 2788 158 836 3824 8811 1883 27637 7064 4746 31.73 0.92 13.03 114.41
LS.DOS 912 1596 NS NS NS NS 19.15 4769 5642 535 1.39 0.73 0.031 01 2.54

F;: without NPK fertilizers.  Fa: NPX fertilizers. I;: Without (S.1.) supplemental irrigation. I: S.I. by 60 mm/fed.

I;: S.I. by 90 mm/fed . L: S.I by 120 mm/fed.

£00Z (£)'ON 0" 104 “say ISy [
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Table (6): Effect of the mteractlon between NPK fertilizers (F) and supplemental irrigation (I) on grain Yield ,Yield

attrlbutes proteln % and protein yield of Sakha-8 wheat cultivar during 2001/2002 growing season.
ber Numb Spike Weightof Grain Straw Blolopal -Tillering Crop Harvest WUE

Characters of of of of length 1000 Yield Yield 'Yield .. . index index % index kg/m® Protein % Praotein yield
splhesl tillers/ grainy lpllulets (cm) grains(g) kg/fad ky/fad keg/fad . % % Kg/ fad
nt m? spike
Trea -Eg
Fi I, 4382 9369 159 11 579 2692 1848 1398 1583.1 4705 1565 11.74 0.36 12.78 2287

I, 71.78 12863 1971 1226 656 31.1 507 1782 2289.2 56.09 2924 2214 0.67 11.95 60.93
I; 103.63 16849 21.76 1286 697 3298 602 1756 23584 .6124 3504 256 0.68 12.12 72.76
I, 155.78 230.78 2329 134 732 3504 731.3 1843 25745 6834 4008 2853 0.72 12.37 90.04
F2 I, 53.06 10238 1857 1148 6.01 2839 2178 1171 ' 13884 5213 2049 1574 043 1323 2735
I 106.82 17029 2151 1266 6.8 3214 6191 2027 26464 6424 3092 2339 0.8l 12.28 75.84
Is 147.81 205.02 2353 1326 7.22 3406 784 1991 2775 7249 3991 2802 0.88 12.48 98.63
I, 184.63 246.05 2494 1381 7.61 3617 8579 - 1826:..27945 7548 44.87 3048  0.85 12.75 110.12

L.S.D.05 684 1255 NS NS NS NS 1497 1642 135 NS NS 1 0.022 NS 2.03
F: without NPK fertilizers.  Fj: NPK fertilizers. I;: Without (S.1.) supplemental irrigation. I: S.I. by 60 mm/fed.
I;: S.I. by 90 mm/fed . I4: S.IL by 120 mm/fed.



Table (7): Effect of the interaction between adding time (A) and supplemental irrigation (I) on grain Yield ,Yield

attnbntu, protein % and protein yield of Sakha-8 wheat cultivar during 2000/2001 growing season.
Namber Spike Weightof Grain  Straw mcnl Tillering ™ Crop  Harvest W.U.E

Characters  of by leugth 1000  Yield - Yied index  index % index  kg/m’ Proein % Proleinyield
o wiles/ dllery/ grain spikelets (cm) graiea(p) kpfed . kyfted W % % Kg/fad
v o’ m®  spike / . o
Treatments _ spike C :
AM ly 6233 11582 2027 1333 7.05 2938 260.04 1063 1323 5639 2451 1966  0.57 13.25 3443
f; 12552 20791 2328 14.13 757 3375 521.18 18297 23509 60.6 2824 2187 074 11.43 . 60.87

Is 135.68 189.78 25.Q5 1457 179 356 68049 19252 26057 7062 3535 26.13 0.82 11.6 80.33
L 18895 29043 2633 153 812 3775 78692 20787 28658 6554 381 2757 083 ° 1205 96.03
A2 by 757 138 2052 1347 688 3028 29295 10652 13582 5755 27.64 2161 0.65 13.27 36.97
1, 12245 186.83 2487 1525 808 3488 709.63 17346 24442 657 41.07 29.09 1.01 12.27 88.39
ls 181.65 2533 2722 16 837 3658 900.1 1757.1 26572 7171 5106 3362 1.08 12.45 112.34
la 204.87 305.12 288 1638 858 3898 99565 17893 27849 6709 5541 3545 1.04 12.75 126.58
A3 ly 7587 12443 1962 13.07 682 296 290.12 10553 13454 6199 2756 216 0.64 13.45 3767
I 109.72 159.55 2252 14 73 3275 533.88 15787 21126. 7037 33.83 2528 0.76 13.55 73.83
Is 1445 19332 2447 1432 76 3467 58123 16149 21962 7534 3621 2653 0.7 13.7 81.05
ls 170.78 218.03 2605 1502 792 3653 64297 16914 23343 7886 3847 2767 067 13.82 90.24
LS.D.O5 1117 1954 089 035 021 NS 2345 584 69.1 NS 1.7 0.9 0.038 0.12 3.11
Ay: sowing. - Ay: tillering stage. Aj: after 15 days from full heading stage. Ii: Without (S.1.) supplemental irrigation.
I: S.I. by 60 mm/fed. Iz S.1 by 90 mm/fed . L: S.I. by 120 mm/fed. T
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Table (8):

Effect of the interaction between adding times (A) and supplemental irrigation (I) on grain Yield ,Yielc
attnbut&s, protem % and protein yield of Sakha-8 wheat cultivar during 2001/2002 growing season.

r

r

Numb

Spike Weightof Grain

Straw  Biclogical Tillering Crop

Harvest WUE

Characters ! of of of of length 1000 Yield Yield Yield index index % index lq/m Protein % Protein yield
spikes/ tillers/ grains/ spikelets (em) grains(g) kg/fad ky/tad ky/fad % % Kg/ fad
m? m? spike I
Treatments spike

Al ly 4568 9238 172 112 6 2732 19224 12898 1482 4944 1647 13.15 0.38 13 24.12
la 9635 180.53 2032 12.18 6.6 31.57 49897 20483 25473  52.15 2429 193 0.66 11.2 56.18

Is 1151 183.35 22.18 1285 7.05 335 64793 20831 2731 608 3149 2372 0.73 11.38 74.42

Lk 17025 25745 2333 1335 76 3567 763.8 20812 2845 6627 37.15 2697 0.76 11.73 89.82

A2 by 49.52 102.15 1797 11.55 6.03 282 20522 12405 14457 4861 19.11 1439 041 12.93 254
I 9153 14745 2197 1327 7.08 3273 68542 18845 25699: 61.65 37.15 2693 09 12 §2.46
Is 139.26 211.15 2428 1398 7.55 3458 87482 18029 26777 65.68 4834 3245 0.99 122 107.76
la 18372 258.02 2587 1445 782 36.68 976.77 16235 27669 71.18 5428 3511 0.97 124 122.26

A3 b 5012 9957 16.53 1097 567 2745 20638 1323.1 15294 50.73 1862 1368 041 13.1 2581
I 8002 1204 1955 1192 635 30.57 50483 17183 22862 6669 288 2207 0.66 13.15 66.52

Iy ~ 122.8 16577 2147 1233 6.68 3247 55623 17352 22914 7412 326 2426 0.63 13.32 749

Ie 156.63 199.77 23.15 13.02 698 3447 643.17 17985 24416 7828 3599 2643 0.64 13.55 88.17
LS.D.05 838 1537 NS NS NS NS 1834 201.12 16535 504 258 1.23 0.027 0.16 2.48

Aj: sowing. Ay: tillering stage. A;: after 15 days from full heading stage. I;: Without (S.L.) supplemental irrigation.

Iy: S.I. by 60 mm/fed.

I3: S.I. by 90 mm/fed .

1¢: S.I by 120 mm/fed.



Table (9): Effect of the interaction between NPK ferti

on grain Yield ,Yield attributes, protein

lizers (F), adding times (A) and supplemental irrigation (I)
% and protein yield of Sakha-8 wheat cultivar during

2000/2001 Eowingjeason.
by Spike Weightof Grain ,.Straw . Biological Tillering Crop Harvest W.UE
Characters of - of of of length 1000 Yield Yield'  Yield index index % index *  kg/m’ Protein % Protein yield
spikge/ silers grains/ spikeless (cm) grains(g) kgfad Lkgffad  kffed % e % Kg/ fad
m? m? spike
Treatments Jﬂbv i . : ’
F. A. 1. 5767 874 19 13.1 69 287 27357 10784 1352 66.08 2538 20.26 0.6 13 3494
1. 836 14999 2247 1397 737 3323 3929 17232 211608 5764 2287 1856  0.56 11.2 44.57
ls 93.03 16893 2443 143 717 351 619.67 17869 240653 56.1 3476 258 0.75 1135 70.93
1. 18897 3006 2577 1497 797 372 79293 19355 272846 6298 4106 2908 0383 11.8 94.26
A, & 7077 10333 195 133 677 29.77 30133 1006.7 '1308.03 6843 2996 2304 0.66 129 37.16
la 10253 17227 23.77 1497 1797 344 70003 :1667.6 2367.57 59.75 42.11 296 0.99 12.1 85.79
s 155.53 22224 257 1583 823 3617 7365 16974 243392 7027 4349 30.3 0.89 1225 91.15
l. 18203 28273 2743 162 843 3853 803.23 17271 253031 6445 4662 31.78 0.84 12.65 102.82
Ar L 7593 10887 188 1293 67 2897 29117 1094.2 138533 69.89 2666 21.05 0.64 13.25 37.99
la 1101 140,17 2177 138 7.13 3217 49947 15304 202982 7872 3272 24.66 0.71 13.35 67.98
la 15553 186.7 23.77 1413 743 3403 5442 16692 221339 8335 327 24,63 0.66 13.6 75.65
. 16523 197.8 2553 1483 7.77 3607 6115 18086 242009 83.66 339 2532 0.64 13.7 85.38
Fs A § 67 14423 21.53 1357 72 3007 24652 10475 1294 46.7 ~ 23.63 19.07 0.54 13.5 33.92
1 16743 26583 241 143 7.77 3427 64947 19362 258565 63.57 336 2519 092 11.65 77.18
Iy 178.33 210.63 25.67 1483 8.1 36.1 . 741.32 2063.5 280481 .85.13 3595 2645 0.89 11.85 89.74
l. 18893 280.27 269 1563 827 383 7809 2221.8 3003.05 68.11 3514 2606 082 12.3 97.8
A, I 8063 17267 21.53 13.63 7 308 28457 11237 14083 46.67 2533 2018 063 13.65 36.78
o 14237 201.4 2597 1553 82 3537 71923 1801.6 252082 7165 4003 28.58 1.02 1245 90.99
ly 207.77 284.37 2873 1617 85 37 1063.7 18167 288044 73.15 5863 3694 1.28 12.65 133.54
. 2217 3275 3017 1657 873 3943 11881 18515 3039.58 69.73 642 39 12 1.24 12.85 150.34
A I 758 140 2043 132 693 3023 289.07 10165 130551 54.1 2845 22.15 0.64 13.65 3735
1. 10933 17893 2327. 142 747 3333 5683 1627.1 -21954 6203 3494 2591 0.8 13.75 79.68
|3 133.47 19993 25.17 145 737 353 61827 1560.7 217894 6733 39.71 2843 0.74 13.8 86.45
176.33 238.27 2657 15.2° 8.07 37 67443 15742 22486 7406 43.04 3001 0.7 1395 95.1
,D_L 158 2764 NS NS NS NS 3316 8259 9772 926 24i 1,27 0.054 NS 4.4

£002 ?r)'ON € 10A “s2Y "8y [ 3120307

Fi: thhout NPK fertilizers.
1;: Without (S.1.) supplemental irrigation.

F2: NPK fertilizers, A;: sowing.
I: S.I. by 60 mm/fed.

A tillering stage.
Ly: S.I by 90 mm/fed .

As: after 15 days from full heading stage.
I4: S.I. by 120 mm/fed.

6SET
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Table (10): Effect of the interaction between NPK fertilizers (F), adding times (A) and supplemental irrigation (I)

on grain Yield ,Yield sattributes, protein % and protein yield of Sakha-8 wheat cultivar during

2001/2002 growing season.

Number Number Number Numb Spike Weightof Greia Straw  Bielogical Tillering Crop Harvest W.U.E

Characters of of of of leagth 1080  Yield = Yield Yied index index% index  kg/m’ Prowein % Protein yield
lpll':’ﬂl ul'l::-:l W:plh lplhlcﬁ/ (cm) graime(g) kpitad Ig/ind kg/tad % % Kg/fad

Treatments _spike :
F. A. I. 399 838 1573 1087 583 2657 18948 14404 16299 4763 1508 1166 037 127 2351
L 603 1312 1953 121 65 309 36543 19477 231313 4621 1934 1582 048 11.05 41.1
. 7303 15133 216 1263 693 33  S581.33 19409 252227 4862 3074 2312 066 112 65.6
L 16213 26437 228 1313 7.5 3497 77417 20309 28051 6134 3855 2771 077 11.5 89.08
A I, 4413 9803 164 114 593 276 18343 13378 152127 4555 1663 1213 036 12.7 2247
I 7443 13047 2087 1293 693 324 6795 1665.1 234457 5704 4109 2904 08 119 8113
Is 11743 18877 22.87 13,77 74 341 71287 16151 232793 6224 4437 3066 081 12,05 85.82
l. 15813 23437 2453 143 7.67 362 81227 16343 244657 6768 4931 3325 0.8 12.25 99.8
Av b 4744 9917 1557 1073 56 266 1815 14166 159807 4797 1524 1143 036 1295 2263
l. 806 12423 1873 1173 623 30 4762 17337 22099 6501 2729 2155 063 129 60.57
Is 12043 16537 208 1217 657 3183 51183 17132 2225 7287 3001 2301 038 13.1 66.88
h 14707 1936 2253 1277 68 3397 60747 18644 24719 76 3237 2463 0.6 1335 8123
F» A. L 5147 1009 1867 1153 6.17 2807 195 11392 13342 5124 1787 1463 038 133 2472
l 1324 22987 211 1227 67 3223 6325 2149 278147 5809 2924 2278 083 1135 7126
Iy 15717 21537 2277 1307 7.7 34 71453 22252 2939.73 7297 3223 2431 08 1155 8324
I, 17837 25054 2387 1357 7.7 3637 75343 21314 288483 712 3575 2623 074 1195 9035
A I 5491 10627 1953 117 613 288 ~ 227 11431 13701 5167 2159 1666 045 1315 . 2833
I, 10863 16443 2307 136 1723 3307 69133 21039 279527 6626 332 2482 091 121 879
Is 16109 233.53 257 142 7.7 3507 10368 19908 3027.53 69.12 5231 3425 117 1235 12971
I« 2093 28167 272 146 797 37.17 11413 .16127 30873 7467 5924 3698 113 1255  144.71
Ar T, 528 9997 175 112 573 283 23127 12296 146083 5349 2201 1594 045 13.25 28.99
. 7943 11657 2037 12.1 647 3113 53347 1829 236247 6837 3031 2258 07 134 7247
s 12517 11617 2213 125 68 331 60063 17573 23578 7537 35.18 2551 068 13.55 82.93
20593 23.77 1327 7.7 3497 67887 17325 241137 8057 396 2824  0.67 13.75 95.1

Iy 1662
_LS.DO5 1185 2174 NS NS N NS 2593
F): without NPK fertilizers. Fa: NPK fertilizers.  A;: sowing. A tillering stage. Aj;: after 15 days from full heading stage.
I;: Without (S.1) supplemental irrigation. I S.1. by 60 mm/fed. I S.I. by 90 mm/fed . 1,: S.L by 120 mm/fed.
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