J. Agric. Sci. Mansoura Univ,, 34 (10): 10263 - 10279, 2009 A

EFFECT OF MISSING IRRIGATION, MINERAL AND
BIOFERTILIZERS ON SUNFLOWER IN NORTH NILE DELTA
REGION

Awad, M.M./" ; E. A. Moursi @ and F.Sh. Sedeek!"

"oil Crops Dept., Field Crop Research institute, A.R.C.; Giza, Egypt
mSoil, Water and Environment Research Institute, A.R.C.; Giza, Egypt

ABSTRACT

A field trail was conducted at Sakha Agricultural Research Station, Kafr El-
Sheikh Governorate, during the two successive growing seasons 2007 and 2008 to
study the effect of missing irrigation at growth stages regime, application of mineral
and biofertilizers on sunfiower yield, yield components, chemical composition and
some water refationships. The experimental design was a split plot design with 4
replicates. The main treatments are irrigation treatments which are irrigation as
recormmended (control), missing one ifrigation at 8 pairs of leaves, missing one
irrigation when flowering bud is formed, missing one irrigation during flowering stage
and missing one irrigation after completeness of flowering and seed setting. Submain
treatments are fertilization, 1- control treatments (without fertilizer), 2- 30 kg Nffed. into
two equal doses, 3- Azotobacter + 15 kg NAfed., 4- Azospirillium + 15 kg Nffed. and 5-
Azotobacter + Azospiriium + 15 kg Nfed.

The obtained results can be summarized as follows:

Water stress for sunflower at any growth stage increased seed yield, plant
height, head diameter, 100 seed weight and oil yield, but oil percentage decreased.
Concerning with fertilization effect splitting mineral fertilizer (urea) into two equal
doses gave the best results under the present work.

The highest seasonal values for consumptive use and water applied were
recorded under non-stressed treatments (control) but the lowest values recorded
under treatment (E). Concerning fertilization effect the highest values recorded under
non-fertilized treatment but the lowest were under treatment (5). For water utilization
efficiency the lowest value recorded under non-stressed treatments but the highest
was under treatment {C). Regarding to, fertilization effect the lowest value recorded
under non-fertilized plants but the highest was under treatment (2).

INTRODUCTION

Sunflower is a main edible oil crop in Egypt and all over the world.
There is a great reduction in its production which reaches about 90%, also,
there is a wide gap between oil production and consumption so, great efforts
should be implemented to overcome this problem and save the increasing
requirements for population from oil. Sunfiower is a good crop to be cuitivated
in new lands, that, it can be grown under a high level of salinity up to 2000
ppm under more due care with drainage system, therefore, this crop can be
grown under a great variety from soils. This crop has a lot of properties
besides above mentioned ones. It can be planted three times a year because
it can grow under different climatic conditions. Also, it considers one of the
most important crop for oil production its seeds contain a high percentage of
oil that may be reached 40 to 45% and this oil has good physical and
chemical characters. it has a high nutritional value because it contains a high
percentage of protein.
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The problem of limited water supply is becofning meore and more
urgent in Egypt due to the following features of water status. Arable land in
Egypt is nearly entirely dependent on Irrigation.

There is an increasing demand for water because of increasing
Egypt's population which reached 82 million (an estimation of 2008). The
water per capita share became less than 900 m Iyear which is considered
below the water poverty level of < 1000 m® (El-Quousy, 1998). Imigation is the
main sector in water consumption comparing with the other sectors since it
consumes about 85% of Egypt’s water share. Under these conditicns making
rationafization for irrigation water on farm level is becoming a must. One of
these methods to achieve this aim are (1) determination of irrigation water
applied and (2) irrigation according to growth stages to identify the most
critical stage for water deficit.

So, the main objectives of the present study were to study the effect
of impact irrigation according to different growth, stages, mineral and
biofertilizers application on yield, and yield components of sunflower.

This investigation aims at determination of water requirements of
sunflower, determination of water consumptive use for the studied crop,
specification of the most critical growth stages from irrigation point of view,
role of amount and timing of irrigation water on some chemical characters,
estimation of some water efficiencies and studying’role of mineral and
bicfertilizers application on sunflower vield, its components and guality.

MATERI!ALS AND METHODS

A field trail was carried out at Sakha Agricultural Research Station
during the two successive seasons 2007 and 2008 with the aim of studying
the effect of irrigation according to growth stages, application of mineral and
biofertilizers on sunflower yield, its components, some chemical characters
and some water relationships. The sunflower cultivar was Sakha 53 which
was planted on 19, 21 May 2007/2008, respectively and harvesting dates
were on the first week of September in the two growmg seasons,
respectively. The station is situated at 31° N latitude, 30° 75 E longitude. It
has elevation of about § metres above sea level (MSL). /
A.Chemical and physical properties of the soil:

Chemical properties were determined according to Black ef al
(1965). Physical properties such as field capacity (F.C.) was determined at
the site. Permanent wilting point (P.W.F) was determined according fo James
{1988) and soil bulk density was determined according to Vomacil {1957). All
cultured practices were applied as recommend for the crop in the studied
area except the studied parameters.

The experimental design was split plot where the main and submain
treatments were randomly assigned as:

Main treatments (irrigation Submain treatments (fertilizatlon):

treatments): 1. Control treatment, (zero N)

A. lrrigation as recommended 2. 30 kg Nffed. into two equal doses
{control). (recommended}

B. Missing one irrigation at 8 pairs 3. Azotobacter + 5 kg N/fed.
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of leaves. 4. Azosprillium + 15 kg Nffed. and
C. Missing one irrigation when 5. Azotobacter + Azosplnuum + 15
flowering bud is formed, kg Nffed.

D. Missing one imigation during
flowering stage, and
E. Missing one irrigation after
completeness of flowering and
" seed setting.
The area of main plot (irrigation treatment) is 52.5 m?{10.5 m 1ength .
5 m width) and the area of sub main treatment (fertllazatlon) is 105 m* (3'm
length * 3.5 m width).
Data collection:
1. Irigation water applied (mfed.)
The irrigation water applied was calculated according to Israeisen
and Hansen Formula (1962);
q=0.0226 D? h*

g = lrrigation flow rate cm’,

h =  Average effective head and

D = Inside diameter of the pipe, cm. The amount of water applied for
each plot was calculated by using this formula:

a=q*'T
Where
a = Water volume/plot m®,
q = imigation flow rate and
T = total recorded time for each plot,; minute.
2 Water utilization efficiency (W.UL.E):
{W.Ut.E) was calculated according to Michael (1978).
WULE = —
_ Wa
Where:
W.UL.E. = Water utilization efficiency (kg/m®),
Y = Total yield produced, kgffed. and
Wa = Total water applied, m™/fed.
3. Water consumptive use {C.U):

Water consumptive use was calculated based on soil moisture
depletion (SMD) according to Hansen ef al. (1879).

Gu=SMD= Z'{'-‘(B 4 *Dbl*Dl)

=t 100
Where: o .
w = Water consumptive use {¢m) in the effective root zone (60 cm).
Di = Soillayer depth (15 ¢ 3) )
Dbi = BSoil buik density {g/cm”) for this depth.
B4 = Gravimetric soil moisture percentage before irrigation..
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9, Gravimetric soit moisture percentage after irrigation

i Number of soil layers (1-4).

Qil content (%):

Qil content was determined as described by the A.0.A.C. method

{1990), using petroleumn ether {40-60°C) in soxhlet apparatus yield and yield

components.

Seed yield, kg/ffed.

Plant height, cm.

Head diameter, cm.

Weight of 100 seeds (g),

Qil percentage (%)-

X Oil yield, kg/fed.

Table (1):Mean values of chemical characteristics for the experimental

site before cultivation in the two growing seasons.

Soll depth| EC SAR Soiuble cations Soluble anions -
{em) |dSim Ca” [ Mg" | Na | K | COs [HCO,[ Crf | SO,
0-20 1.15] 5.4 | 1.9 2.1 7.3 0.1 0.0 4.5 5.8 | 27
20-40 [128]| 529 [ 1.8 25 7.8 0.1 0.0 45 55 | 23
40-60 ]1.34)| 558 | 20 | 280 | 870 | 0.1 0.0 4.5 6.1 3.1

Tabie {2):Some water constants.

Smawn

Solf depth, cm. F.LC% PW.P. % AW% bd gfem”

0-15 48.35 - 26.28 22.07 . 1.08
15-30 41.11 22.34 18.77 1.19
30-45 36.07 19.60 16.47 1.22
45-60 35.39 19.23 16.16 1.36

Where:

F.C. = Soll filed capacity (%)

PWP = Permanent wilting point (%)

AW. = Soil available water (%

bd = Soil bulk density (g/cm’).

RESULTS AND DISCUSSION

1.Seed yield (kgffed.):

Data presented in Table (3} showed that skipping one irrigatiori at
any growth stage increased the mean values of seed yield in the two growing
seasons. The lowest seed vield kg/fed. was recorded under non-skipping
irrigation {control treatment) and it was 743.0 but the highest mean value was
recorded under treatment (C) and it gave 847.3 kg/fed. Decreasing seed yield
under control treatment comparing with the other irrigation treatments might
he due to increasing amount of applied water under these conditions which
has a bad effect on soil properties, causing, decreasing soil aeration,
consequently, the rate of root respiration decreases and amount of nutrients
uptake will decrease by leaching sail nutrients under increasing the amount of
applied water. Therefore, forming weak plants with light seeds weight will be
obtained comparing with the other irrigation treatments. These results are in a
great agreement with those obtained by Paul W. Unger {1982).
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Table (3):Effect of missing frrigation, mlneral and biofertilizers on seed yield of sunflower grown in heavy clay soils
during the two growmg Seasons.

Fertilization 2 ) 3 4 5
rrigation treatments 1t gnd 1" g"d g ond e ond 1=t ond Mean
treatments season | season | season | season | season | season | seasoh | season | season | season
A 480 f 476g | 9750 | 1020b | 725 cde | 750 def | 755 cde | 775 def | 710 cde | 755 def | 743
B 490 f 525q | 1260a | 1255a | 750 cde | 7565 def | 735 cde | 755def | 685de | 720 def | 793
C 490 f 500g | 1258a | 1265a | 825¢c { 850de | 7/5cde| 800 def | 840c | 870cd | 847.3
D 485f 480g | 1090b ! 1095b | 730 cde | 740 def | 745 cde | 780 def | 755 cde | 775 def | 767.5
E 500 f 500g | 970b | 980bc | 660 ¢ 690f | B10cd | 720 def | 785cde | 780 def [ 750.5
Mean 491 ¢ 496¢ | 1110a | 1123a | 738b | 757 b 764 b 7860 755b | 782b 780.2
Overall mean for the ‘ ]
two growing seasons 493.5 | 1116.5 747.5 775.0 | 768.5

) Whare:
g A = Traditional irrigation as recommended.
~ B =Missing one irrigation when 8 pairs of leaves are formed,
C = Missing one irrigation when flowering pods are formed,
D =Missing one irrigation during flowering time and
E =Missing one irrigation after completeness flgwering.
Where:
1 = Confrol treatment (without any addiion of fertilizers).
2 = Applying 30 kg N unit into two equal doses.
3 = Azotobacter + 15 kg Nifed.
4 = Axsopricllum + 15 kg Nffed.
5 = Azotobacter + Azospirfilum + 15 kg Nifed.
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They concluded that making §lr¢s9 for sunflower plants gave & good
seed yield comparing with full irrigation. Data in the same {able showed that
the mean vaiues of sunflower seed yield were clearly affected by fertilization
treatments, where seed yield was increased by adding mineral- and
biofertilizers comparing with control treatment (without adding fertilization}
which gave the lowest mean value and it was 483.5 kg/fed. The highest mean
value was recorded under treatment (2), with applying ;30 kg N unit into two
equal doses and the mean value was 1116.5 kg/fed. These results are in a
great harmony with those obtained by E-Ahmer ef al. (1980) who reported
that application of 30 kg Nffed. significantly increased seed yield.
2.Piant height {cm):

Data in Tabie {4) illustrated that plant heigfit were completely affected
by both irrigation and fertilization treatments. The shortest plants were
recorded under non-skipping irrigation treatment (control) and it is 149.86 cm.
On the contrary, the tallest plants were recorded under treatment (E} and the
value was 153.61 cm. Decreasing plant height under control treatment might
be due to increasing the amount of irrigation water, so, it helps nutrients to be
leached and ran away from the effective root zone, therefore, the amount of
nutrients will be decreased so, upright movement for plants will be reduced
and formed short plants. Also, this crop is more sensitive for irrigation,
therefore, it needs irrigation with more due care. These resuits are in a great
satisfaction with those obtained by S.A. Ouda et al. (2006). Who reported that
yield and vield components were improved by reducing amount of applied
water.

Regarding fertilization treatments, the shortest piants were recaorded
under control treatment {without fertilization) and it is 149.15 cm. On the other
hand, the taliest plants were recorded under treatment (2) and the vaiue is
155.0 cm. These results might be due to spiitting nitrogen dose into two equal
doses giving a great opportunity for plants to take their nutritional
requirements, These results are in a great harmony with those results
obtained by Abou Ghazala ef al. (1996} who concluded that the most
economic fertilization treatments for the maximum vield, vield components in
the north Delta region were 30 kg Nffed., 15 P,Osffed. and 241 kg K;Offed. .
3.Head diameter:

Data in Table (5) illustrated that the mean vaiues of head diameter
were increased under all irrigation treatments (skipping one irrigation at any
growth stage) comparing with control {irrgation without skipping) where the
smallest head were recorded and # is 13.73 cm. On the contrary, the biggest
heads were 14.05 cm which recorded under imigation treatment (E).
Increasing sunflower head diameter under skipping one irrigation at any
growth stage comparing with continuous irrigation might be due to that under
skipping irrigation plants penetrate their roots in the soil to take their
nutritional needs with a great amount so, formed strong plants with good
head diameter comparing with control treatment where plants take. their
nutritional requirements without exerting any effort. Forming plants with little
head diameter. These results are in a great harmony with those obtained by
Paul W. Unger 1982).
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Table (4):Effect of missing irrigation, mineral and biofertilizers on sunflower plant height grown in heavy clay soils
during 2007 and 2008 seasons.

Fertilization] 1 2 3 2 5
Irrigation foatmentsy 2~ ™ 2™ L b N 1" 2 " 2™ Mean
m?b“.m SQASON | Season | season season S6350N Sas0n saason Season s02s0n s8as0n
A 14636 | 144.0] | 148.7ae| 159.0ad | 147.0de | 150.7hi | 14B.3b=s| 154.3¢c1f | 147.ade |153.0 e-h| 149.86
B 151.7a | 153 e-h | 148.0a-e | 151.7 ghl | 148.0a-s | 160.7 abc |149.0 ae | 158.0 e | 147.7 cde |153.0 e-h| 152.18
c 149.0 -] 148.01 | 148.3b-6 | 160.3a-d | 148.0b-e | 152.0§j |14B.0be| 154.3efg | 151.0ab |152.3 e-h] 15112
D 148.3 b-e |150.7 d-g| 149.3 a-a | 162.0 a-d |1489.3 b-e| 157.0h |149.0a-6| 1530 e-h | 148.3be | 1567.7 a-f | 152.45
3 1483 b-6[153.7 e-h| 148.7ad| 184.0a | 150.0ad| 160.7 abc |150.7 abc]| 157.0 b1 | 150.0a-d | 153.0 et | 153.61
Mean 148.7a | 1406¢ | 1488a | 161.23a | 148.3a | 156.7b | 140.0a | 1543b | 149.9a | 155.1b | 151.96
Overall mean for the .
oo s8RSONS 149.15 155.0 1520 151.85 152.0
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Table (5): Effect of missing irrigation, mineral and blofertilizers on sunflower head diameter grown in heavy cle=ay

soils during the two growing seasons.

Fertitization} 1 2 4 ] ‘
igation reatments’ 2™ T 2 ™ 2™ Rl 1 2% | Mean
treatments S0ason [season | season | season | season | season | season | season | season | season

A 13.2cd | 13.3¢c |13.3bcd]| 14.9abc | 13.7a-d| 13.8abc |13.7a-d]| 14.3abc | 13.0d [14.1abc| 13.73
B 14.2ab| 13.2¢c |13.4bcd| 15.6a [13.5a-d| 14.0abc [13.9a-d} 14.5abc | 13.3 bed [14.8 abec| 14.04
C 14.0abc[13.4 bc [13.3 bed| 15.2ab {13.7a-d| 143abc | 13.0d | 14.1abc | 13.3 bed [14.5abc| 13.88
D 13.2cd | 13.2¢c | 13.2cd | 153a | 14.2ab | 144abc |13.3bcd] 15.0abc | 13.2cd |14.5abc| 13.95
E 13.0d {13.4bc|13.5a-d| 154a |13.8a-d] 147abc |13.7ad| 13.3abc | 14.3a 15.4a (14.05a

Mean 13.5a [ 13.3¢ | 13.3a 15.3a 138a 143 b 13.5a 14.4 b 134a |14.6ba| 13.94

Overall mean for the ‘ . ]
two growing 13.4 14.3 14.05 13.95 14.0
50a80Ns
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Concerning with, fertilization treatments the smallest heads of sunflower
were increased by applying fertilization (both mineral and biofertilizers)
comparing with control (non-fertilized) recording the lowest mean value. The
highest mean value is 14.3 cm was recorded under treatment (2) (splitting
nitrogen into two equal doses) instead of one dose. These findings are in a
great harmony with those obtained by Vijayakumar and Ramesh {2005). They
reported that splitting application of nitrogen resuited in improving yield and
yield components comparing with full basal appiication.

4.100 seed weight {g):

Data presented in Table (6) showed that the mean values of 100
seed weight were increased by skipping irrigation at any growth stage
comparing with control treatment (continuous irigation) where the lowest
mean value was 5.32 {g). On the contrary, the highest mean value was
recorded under (treatment C} and it is 5.73 (g). These findings are in a great
harmony with those obtained by Teama and Mahmoud (1994). Concerning
with, fertilization, the lowest mean value was recorded under non-application
fertilizers and it is 5.27 {g). On the other hand, the highest mean value was
recorded under treatment (2) and it is 5.73 (g). These results are in a great .
harmony with those obtained by Kill (2004).
5.0il percentage (oil %): _

Data in Table (7) showed that both imigation and fertilization
treatments revealed a significant difference in values for oil percentage, The
mean values were rather similar in the two growing seasons. These findings
are in a great harmony with those obtained by Ouda ef al. (2006) and
Vijayakumar and Ramesh (2005).
6.0il yield {kgHed.): :

Presented data in Table (8) showed that the mean values of oil yield
were increased by skipping one irrigation at any growth stage comparing with
control treatment (continuous irrigation) where the lowest mean value was
recorded and it is 260.16 kgffed. On the contrary, the highest mean value is
323.90 kg/fed. and it was recorded under treatment {c). These results are in a
great harmony with those obtained by Paul W. Unger (1982) who reported
that making skipping irrigation at any growth stage gave good properties
comparing with full irrigation during the whole growing season.Conceming
with fertilization effect on vil yield, the lowest mean value was recorded under
control treatment (non-application of fertilizers) and it is 188.5 kg/fed. but the
highest mean value was recorded under treatment (2) and it is 426.04 kg/fed.
These resuits are in a great harmony with those obtained by Abou-Ghazala ef
al. (1996), who concluded that the most economic fertilization treatments for
the maximum seed vield and yield components in the north Delta region were
30 kg Nffed., 15 kg PZOy‘fed and 24 kg K;Offed.

Water consumptive use {m*/fed.):

Data in Table 9 illustrated that the seasonal values of consumptrve
use were affected by missing imigation under the same fertilization
treatments. The highest seasonal values were recorded under control
treatment (A) (irrigation as recommended) and the values are 2240.09 and
21204.62 m*fed.
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Table (6): Effact of missing Irrigation, mineral and biofertilizers on sunflower 100 seed weight (g) grown in heavy clay

soils during the two growing seasons.

Fertllization| 1 2 3 4 5
jrﬂgaﬂon reatmen"( 1st‘ 2116 1II 2nd "t znd 1:! 2nd 151 znd Mean
treatments Season |Season | Sseason | Season | 50as0n | sSeason | $easOn | Season | SeasON | SeaAson
A 597 abc| 4.571 [5.127 547a-f [577ad}| 5.00d-i |547¢c-g| 493e-i | 557b-g [ 530b-i] 532
B 5.80 a-d |5.07 570af] 567ad | 6.30a | 510c-h {573a-e| 5.60a-e .13 ab 5.50 a-e| 5.66
[+] 6.13ab ] 4.70hi | 830a | 577abc | 6.23a | 537b-f {5.70af| 573abc | 570a-f {5.63b-f] 573
[n) 523d-g|4.80ghi|5.33d-g| 583ab | 5.10fg | 587 a-d [590abc| 5.67 a-d | 597 abc |5.63a-e| 5.51
E 557 b-fl4.871i |5.90abc| 6.13a 507¢g | 557ae | 497g | 550a-e ] 500g [570a-d] 543
Mean 574a { 480c | 568a | 577a 569a 534b 5552 549b 5.67 a 55ab | 5.52
Overall mean for the . )
two growing 5.27 573 5.52 5.52 5.59
s$easons

‘e 19 "W ‘pemy
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Table (7): Effect of missing irrigation, mineral and biofertilizers on su nﬂower oit percentage grown in heavy clay
soils during the two growing seasons.
Fortilization] 1 2 3 4 5
igation reatments| 1" 4nd " ond ™ ond 1 one = ond Mean
treatments season season| season | season | season | season | season | season | season | season
A 38.1 38.3 38.4 38.5 38.9 398.9 38.7 38.7 38.2 38.3 [38.5ab
B 38.6 38.7 38.4 384 388 38.8 379 | 382 38.5 385 138.48b
c 38.3 384 38.3 38.4 38.7 38.8 38.5 38.7 38.3 386 |38.5ab
D 37.7 38.0 38.6 38.6 38.8 38.8 38.4 38.4 38.4 38.5 |38.42c¢
E 37.8 36.1 38.6 38.7 38.9 38.97 38.6 38.7 38.4 38.4 {38.52a
Mean 38.1 383 38.46 38.52 38.82 38.85 38.42 | -38.54 38.36 3g.46 [38.48D
Overall mean for the ' ;
rowing seasons 38.24d 38.40b 3.84a 38.48b 3B4lc
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Table (8): Effect of missing irrigation, mineral and biofertilizers on sunflower oil yield kg/fed. grown in heavy

soils during the two growing seasons.

clay

Fertilization] 1 2 3 4 5 _
rrigation reatments " P 1 P 1= gnd n e 1% gnd Mea mmmn
treatments s9ason |season | season | season | season | season | season | season | season |season |
A 186.74 | 181.77 | 37448 | 392,70 | 281.85 | 291.75 | 291.89 | 300.18 271.30 | 288.91 | 260. 1= §
B 188.18 | 203.18 | 450.53 | 481.50 | 291.00 | 292,53 | 278.77 | 288.16 263.47 | 277.20 | 304D
C 187.83 | 192.00 | 483.20 | 485.34 | 204.90 | 320.80 | 20860 | 309.33 321.89 | 336.11 {323.9C D a
D 182,97 | 182.40 | 420,27 | 42267 | 282.20 | 287.12 | 286.07 | 299,52 200.23 | 298.38 | 285.1=d
E 189,33 | 19067 | 374.30 | 37539 | 256.77 | 257.18 | 312.70 | 313.47 30110 | 301.44 | 287.2=% ¢
Mean 187.00 | 190.00 | 420.56 | 431.52 | 281.34 | 256168 | 293.61 | 302.13 201.40 | 300.41 | 298.9 ¥ C
Overall mean for the . -
two growing 188.5e 426.04 a 286.51d 29787b 29591 ¢
seasons

1B 18 NN ‘Pemy



GLZ0}

Table (9): Sunflower consumptive use m’/fed. and by cm. under water stress, mineral and biofertilizers application
in heavy clay solls in the two growing seasons.

Fertilization] 1 3 4 5 Ji
eatments| . : Seasona
Jrrigation mffed.| cm miffed. cm _m*Mfed. cm m'ifed. cm miifed. cm m’Hed.
treatments
1" growing season
A 497.97 19.0 487.02 11.60 442.08 10.53 42243 10.06 380.61 9.30 2240.09
B 416.44 9.92 399.79 9.52 314.45 7.49 319.19 7.60 292.95 6.98 1742.82
C 385.99 9.19 385.73 9.18 353.18 8.41 327.34 7.79 285.14 6.79 1737.38
D 401.27 8.55 387.36 9,22 349.82 8.33 334,20 7.96 304,67 7.25 1777 42
E 374.68 8.92 368.32 8.77 326.62 7.18 318.83 7.59 284 .45 6.77 1672.9
Seasonal 2076.35] 56. 57 2028.22 48.28 1786.13 42.54 1722.09 41.0 1657.82 | 37.08
2" growing season :
A 498.63| 11.87 486.42 11.58 L 436.34 10.39 410.07 9.76 373.16 B.88 2204.62
. B 426.38] 10.15 403.55 .61 . 340.29 8.10 323.21 7.70 298.57 7.1t 1792.0
C 30639 9.44 301.96 9.33 360.30 8.58 340.34 8.10 314.46 7.49 1803.45
D 404.41 9.63 391.44 9.32 356.31 ‘8.48 338.00 8.05 312.46 7.44 1802.71
E 382.51 9.11 375.39 B.94 - 336.30 8.01 324.03 7.72 290,427 8.91 1708.65
Seasonal 2108.32] 50.2 2048.76 48,78 1829.54 43.56 173574 41.33 1589.07 37.83
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On the contrary, the lowest seasonal values were recorded under
treatment (E) and the values are 1672.9 and 1708.65 m 3fed. in the first and.
second seasons, respectively. Increasing the seasonal values of consumptive
use under treatment (A) might be due to increasing number of irrigations and
consequently amount of applied water as a result of increasing transpiration
through plant surface and evaporation from the soil. Decreasing the seasonal
values under treatment (E) might be due to less water requirements for plants
were decreased comparing with other irrigation treatments. These results are
in a great harmony with those obtained by Doorenbos ef al. (1979). Who
reported that values of seasonal consumptive use for sunflower in semi arid
regions are varying between 60 and 100 cm dependlng upen climate and
available soil moisture.

Data in the Table (9) showed that fertilization treatments have a great
effect on values of consumptive use. The highest values were recorded under
control treatment (1} and the values are 2076.355 and 2108.32 m %fed. On
the other hand, the lowest values were recorded under treatment (5) arid the
values are 1557.82 and 1589.07 m’ffed. in the first and second growing
seasons, respectively. :

Irrigation water applied (mffed.):

Sunflower is a summer crop, which grows in Egypt under irrigation
condition. Amounts of irrigation water (1.W) appiied throughout the seasons
for different treatments are presented in Tabie 10. The highest season values
for (L.W) were recorded under control treatment (A) and the values are
3733.49 and 3674.36 m’ffed. but the lowest values were recorded under
treatment (E) and the values are 2788.17 and 2847.75 m*/fed. in the first and
second growing seasons, respectively. These results are in a great harmony
with those obtained by Dubbelde ot al. (1982) who concluded that total crop
wgter use for sunflower under semi arid conditions varied from 1033 fo 4019
m"ffed.

Data in the same Table showed that fertilization treatments affected
the values of irrigation water applied where the highest values were recorded
under control treatment (treatment 1) and the values are 3460.59 and
3513.87 m*fed., but the lowest values were recorded under treatment(s) and
the values are 2596 36 and 2648. 45 m°ffed. in the first and second growing
seasons, respectively.

Water utilization efficiency (W.UL.E) kg/m®:

Presented data in Table 11 showed that the mean values of (W ULE)
increased by skipping irrigation at any growth stage comparing with control
which recorded the lowest mean values and they are 0.99 and 1.04 kg/im’.
On the other hand, the highest mean values were recorded under treatment
(C) and the mean values are 1.46 and 1.44 kg/m® in the first and second
growing seasons, respectively. This might be due to increasing seed vyield
under this treatment in comparison with the other irrigation treatments.
Decreasing mean values of (W.Ut.E) under control treatment might be due to
increasing amount of water applied under this treatment.
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' Table (10): Amount of water applied of sunflower crop as affected by
water stress and application of mineral and biofertilizers in

heavy clay soils in the two growing seasons.
Fertilizatio
. al:memg 1 2 T 3 - 4 5 Seaasonal
. . m Hed.
Irrigation treatmen ,
1™ growing sedson
A 82.9.95] 811.7 | 736.77 | 704.05 [ 651.02 |3733.49
B 684.07 | 666.32 | 524.08 | 531.98 | 488.25 | 29047
C 643.32 | 642.85 | 588.63 | 545.57 | 475.23 [2895.63 |
D 668.78 | 6456 | 583.03 | 557.17 | 507.78 [2962.37
E 624.47 | 613.87 | 544.37 | 531.36 | 474.08 1 2788.17

Seasonal m™/fed. 3460.59 | 3380.37 | 2976.88 | 2870.15 | 2596.36
2™ growing season
831.05 1 810.7 | 727.23 | 683.45 | 621.53 | 3674.36
710.63 | 672.58 | 567.15 | 538.68 | 497.62 [ 2986.66
660.65 | 653.27 | 600.5 [ 567.23 | 524.1 [3005.75
674.02 | 652.4 | 593.85 | 563.48 | 520.77 |3004.52
83752 | 625.65 | 560.5 ' 540.05 | 454.03 [ 2847.75
Seasonal mffed. 3513.87] 3414.6 | 3049.23]2892.89 | 2648.45

Fertilization treatments also have a great effect on the mean values
of (W.ULE) in the two growing seasons. The lowest mean values were
recorded under control treatment and the mean values are 0.72 and 0.71
kglm3. On the confrary, the highest mean values were recorded under
treatment (2) and the mean values are 1.71 and 1.66 kg)‘m3 in the first and
second growing seasons, respectively. This might be due to increasing seed
yield under this treatment in comparison with the other treatments,

M| O] O 0 2>

Table (11): Water utilization efficiency (W.UL.E) kglm3 of su?nﬂower crop
as affected by water siress and application of mineral and
biofertilizers in heavy clay soils in the two growing seasons.

Fertlllzatioq
treatmen ’
Irrigation 1 2 3 4 5 Mean
treatments
' 17 growing season
A 0.59 1.20 0.98 1.07 1.08 0.99
B 0.71 1.90 1.43 1.38 1.40 1.36
c 0.76 1.96 1.40 142 1.77 1.46
D 0.73 1.69 1.25 1.34 149 4 1.30
E 0.80 1.78 1.36 1.47 1.63 1.41
Mean 0.72 1.71 1.28 1.34 148
2™ growing season
A 0.57 1.26 1.03 1.13 121 1.04
B 0.74 1.86 1.33 1.40 1.45 1.36
Cc 0.76 1.94 1.41 1.41 1.66 1.44
o] 0.71 1.68 1.25 1.38 1.49 1.30
E 0.78 1.55 1.18 1.50 1.45 1.29
Mean 0.71 1.66 1.24 1.36 1.45
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