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EFFECT OF MOISTURE DEFICIT AND
FERTILIZATION ON SUNFLOWER CROP GROWN
UNDER CALCAREOQOUS SOIL CONDITIONS

Seidhom, S.H.
Soil Physics and Chemistry Department, Desert Research Center,
El-Matareya, Cairo, Egypt.

he current work was carried out during summer

season 2003 in the agricultural experimentul station
of the Desert Rescarch Center at Maryut, Alexandria
Governorate, Egypt. The study intends to evaluate the
influence of soil moisture deficit, NPK fertilizor levels
and their interaction on the yield and yield components of
sunflower. Soil moisture content, soil temperature. actual
evapotranspiration (ETa), water saving. ler  use
efficiency (WUE), investment ratio (IR) und crop
coefficient (Kc) of sunflower grown under calcireous soil
conditions were estimated.

The treatments include: three soil moisture deficit
levels from available soil water: (D, =30 % . D.=45 %
and D; = 60 %) converted to irrigation intervals, three
levels of NPK fertilizer (F;: N = 45, P,0Os = 45 & K,0 =
24 kg/fed), (Fa: N = 55, P,05 = 60 & KO = 48 kg/fed)
and (Fx: N = 65, P,0s = 75 & K,0 = 72 kg/fed) with four
replicates for cach treatment. Irrigation water amounts
were calculated according to  Penman ~Monteith
equation. The results were analyzed statistically. The
obtained results can be summarized as follows:

The highest deficit level with the minimum
fertilizer level (DsF)) gave the highest IR value, water
saving value and fertilizer efficiency. Using of moderate
or high doses of water and fertilizers seems to be
unadvisable in spite of getting profitable IR value due to
cconomical aspects.

Increasing soil moisture deficit to D; associated
with NPK level of F, lead to a negative significant
relation with actual evapotranspiration and positive
significant one with soil temperature. On the other hand,
both crop coefficient and soil moisture content show
positive significant relation with decreased soil moisture
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deficit to D, with fenilization treatments F; and F,

tively. _
rcspchmi:irw significanl increase of waler use cl'ﬁ::mn_.:;,r
with increasing soil moisture deficit to Dy and with
fertilization by F; and F;, respectively. . 1

It is recommend to irrigate at high soil moisture
deficit of 60% and usc the lowest level of NPK fertilizer
(F,) to obtain the highest water use efficiency, inili_n] and
modified investment ratio and irrigation water saving of
sunflower for areas have the same conditions as for the

studied one.
Keywords: irrigation scheduling, soil moisture deficit, NPK, sunflower.

Sunflower (Helianthus annus, L.) is one of the promising oil crops in Egypt,
which could help in increasing oil production. Doorenbos and Kassam
(1979) reported that, in suitable climates, good seed yiclds under frrigation
are between 2.5 and 3.5 ton/ha (1.05 1o 147 tonffed). The water
requirements of sunflower vary from 600 to 1000 mm, depending on climate
and length of total growing period (140 days). Evapotranspiration increases
from establishment 10 flowering, and can be as high as 12 to 15 mm/day.
The crop coefTicient (Kc) is 0.3 - 0.4 during the initial stage (20 to 25 days),
0.7 -= 0.8 during the crop establishment stage (35 to 40 days), 1.05 - 1.2
during the mid-season stage (40 to 50 days), 0.7 — 0.8 during the late-season
stage (25 to 30 days) and 0.4 at maturity or harvest stage. The yield response
to water was 0.25, 0.5, 1.0, 0.8 and 0.95 for differemt stages and scasonally,
respectively, They found that irrigating sunflower for high production, seil
water depletion should not exceed 45 % of available soil water. They
rcpoq:q that the water utilization efficiency for harvested yield of seeds
containing 6 1o 10 percent moisture is about 0.3 10 0.5 kg / m’.

| Several invcslfgnlurs found that consumptive use of different crops
increased by increasing amount of irrigation water or shortening irrigation
intervals, as  soil mni?lum stress decreased. But water use efficiency
:;ﬁ;‘:;‘rsi::; lillﬂtr;:l_llng the amount of irrigation water and increasing
2005). als, (Rizk, 2002; Seidhom et al., 2002 and El-Dosouky et al.,
.. Barsoum and Salem (1993) stated that

significant positive effect on sunflower plant ch:r::llgrsl{at“ﬁ:rlﬂcsrlsﬂrsﬁ
increasing rate of Pand K with Zn caused significant increases in vield and

1arac .

plant CI. ters at harvest. The highest sced yield/fed was nblﬂincdrb 60 k
P;05 with 48 kg K.O as alfected by 0.5% Zn, Also many I|1'.-'r:s'l“llir Ian
rtpm:l:d that s!.lnﬂu_wnr seeds yield and s cnmpunentls responded IDE:WFK
fertilitizers [Tnpnlhl and Kalra, lgEl: EI"SH_‘(L‘.I‘] el ﬂ‘l_' 1084 IIPI'Id El-Guyar el
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al., 1990). El-Sersawy et al. (1993) found that the yield of sunflower seed
was significantly correlated with the improved soil physical and
microbioloical properties. Highest production was achieved under soil
moisture depletion of 60% and 48 kg P;0;/ fed.

However, as soil temperature is considered as one of the important
factors as soil water in relation to plant growth it has been included in the
work. Khalifa (1992) found that the temperature effects decreased with
increasing water content. Persson and Berndisson (1998) concluded that
waler content increased with increasing soil temperature and the temperalure
dependence of the bulk electrical conductivity. Campbell et al. (1995)
reported that when the soil was initially dry , the temperature increase more
rapidly.

The influence of soil moisture deficit, NPK fertilizer levels and their
interactions on yield and yield components, soil moisture content, soil
temperature, actual evapotranspiration and water use efficiency and crop
coefficient of sunflower grown under calcareous soil were investigated. This

trial was to get high yields of this summer fodder plant and to detect how (o
increase its productivity.

MATERIALS AND METHODS

The current work was carried out during summer season of 2003 in
the agricultural experimental station of the Desert Research Center at
Maryut, Alexandria Governorate, Egypt. The study inlends to evaluate the
influence of soil moisture deficit, NPK levels and their interaction on the
yield and yield components of sunflower. Soil temperature, soil moisture
content, actual evapotranspiration and water use efficiency, water saving and
crop coefficient of sunflower grown under calcarcous soil conditions were
investigated. In general, the arca is characterized by the Mediterranean
climates, which have dry hot summer and relatively cold winter.
Meteorological data for about 30 years were collected from the Climatic
Atlas of Egypt (1996). Also, meteorological data for the cultivated season
were collecled [rom Lthe meteorological station site as altitude, latitude and
longitude are about 13 meter as.l,, 31°22 N and 29°27 E., respectively, to
compute polential evapotranspiration (ETo) rates using Penman - Monieith
equation (Allen er al., 1998).

The study was conducted in a split-split-plot design with four
replicates, including 36 plots. The treatments include three soil moisture
deficits from availoble soil water (D =30 % , D; =45 % and Dy = 60 %)
converted to irrigation intervals (Dorrenbos and Pruitt, 1977), three levels of
NPK fertilizer (F: N=45,P=45 & K=24 kg ffed), (Fx N=55,P=60 &
K = 48 kg /fed) and (Fy: N = 65, P =75 & K = 72 kg/fed), with (D, F,
treatment considered as the control in this area). Each plot was 3.0 x 3.5 m
with 6 ridges. Sunflower seeds (C. V. Zhar El-Hayaa) were sown al a rate of
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2 .26 th in 2001 season, 12 plants per ridge, 30 cm apan
:I:lifl;f# l;;.:‘:ttt:::hc nlELw;* Alter 25 days from sowing, scedlilngs were
thinned to one plant per pit. The conventional agricultural practices were
used for cultivating sunflower plants (24000 plant/fed.). '

During the preparation of seed bed superphosphate was applied at the
rates of 45, 60 and 75 kg P;0y/fed., nitrogen as amonium sulphate (20.6 %
N) was added at rates of 45, 55 and 65 kg Nifed in three equal doses after 25,
45, and 60 days from planting, and potassium sulphate (48 % K;O) at rates
of 24, 48 and 72 kg K;O/fed in two equal doses after :'.5 and 45 days from
planting. lrrigation water amounis calculated according 1o Penman -

Monteith equation. : Lol
Some physical and chemical soil characteristics of the studied soil site

were determined according to Richards (1954), and the obtained results were
recorded in tables (la and b).

TABLE (1n). Some physical propertics of the soil of the experimental site.

Molsture Available soil

Particbe vire Parich i
hanl Bulk . coutent 4 Infileration rare
; disinbution % [Tevlurejdensily | | ity I'oensity (welght basi4) witer
class | (g %)
o (CoanefFincle fo femy [BEM) Field [Wilting] % |mv|nu B Class
wand Juand™ ¥ capacily] point (W) cm

In |46 |20) 24 [SCL] 228 | 140 | Y006 | 2632 | 1320 [13.09) R4 | 435 |Moderate
A |47 i8] 20 |SCL| 226 | 139 | 3850 | 2661 | 1247 |12.14] 1826

10 |48 |16] 28 |SCL) 225 | 137 (3201 | 2723 | 140) |13.204 1808

B |48 (17] 27 (SCL | 230 | 138 | 4130 | 2743 | 142] 1322 1783
5 C L Sandy cluy kam

zslzs|e2|d

TABLE (1h). Some chemical properties of the soil of the experimental sile.

- : Eachangeable
Sunl e (O gan PI_' EC Soluble catiions (mei| Solublé anions [me) CEC Cabins
depily | matier | T ldsm mief | (g )
im f._ — ] lﬂl:l [ﬂ'lfl‘“-ﬂ‘iﬂ‘i |
Ca™ WM™ Na® | K* [CTRTHCOD | S0, | 1 2™ | Mg Na® K"

Ml 12 065 |TTHS2200 1708 371061 03 26l I081126% X006 [K 320378 42
:L; 33 ] 032 TWNAERDDIN Y IR0 0s RS | 230 [0 M40 1942 (R1M28T(T.00[1 3]
W1 32 | 4o racfare|ore|zen sy _ |2 [osofiin| 1962 [re3|200fr s
rﬂ = |

30 7 058 IILII!!-TIIJ-]JI'II].?ELH — | e iy 2024 I.I}i?lll-ﬂ'flﬂ

pH = il reaction EC » eheotngal eonductivity CLLU = ¢calion enchange capacity

The chemical analysis of irrigation water is shown in 1able (2) and
revealed that this water belongs to high salinity, high sodium, i.e., Cs Si
water (Richards, 1954).
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TABLE (2)., Chemical amalysis of the irrigation water of Maryul
research station.

™os |lecC Soluble cations (mag/l) Soluble anions (mag/Th

pH ppm :LSF;H AR Class

ca | Mg | mat | x* | cO” [ ooy | so° | Cf

78 | 4387 | 6AS | 941 | 1246 | 1576 | 3536 | D70 o 1924 | 1450 | 3476 [CS.

pil = sonl reaction E.C. = clectrical conductivity TDS, = Total dissolved solids
S.A.R = Sodium adsorption ratio mqfl = m equivalent per liter

The amounts of irrigation water were calculated as follows:

D. =(EToxkcxD)+LF)Ea (Doorenbos and Pruitt, 1977)

Where:

D .. = Applied irrigation water (mm)

ETo = Potential evapotranspiration {(mm/day) using the average of 30
years for the meteorological data collected from the Climatic
Atlas of Egypt (1996).

Kc = Crop cocfficient from Allen et al. (1998).

L.F = Leaching fraction (assumed 20 % ) .

Ea = lmrigation system efficiency (assumed GO %).

D = Root depth (m).

Irrigation water amounts shown in table (3) were added by surface
irrigation method in which the water amounts were controlled by V-notch
equipment installed on the water inlet of the main irrigation channel, while
both sub-mains and laterals were open ditches,

Three soil moisture deficit from available soil water: D1 =30 %, D2 =
45 % and D3 = 60 % converied to irrigation intervals by using irrigation
scheduling program (Table 3).

i=((p.Sa)D)/(ETc -Pe) (Docrenbos and Pruitt, 1977).
Where:

i = interval between two irrigations (days).

p = applied fraction of available soll water.

Sa = tolal available soil water (mm/m).

D = rooting depth, (m)

ETe = (ETo) ke = maximum crop evapotranspiration (mm)

Pe = effective rainfall (mm)

TABLE (3).Irrigatlon water applied and Irrigation scheduling of

sunflower grown at Maryut arca.
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lrvigation intervals

Sunflower | Planting date (26/5/2003) lengation watcr amounts

(dil)‘ﬁ) Periods
Rout . ]
o . Deficit|Defici|Deficit (days) fm'/fed| mm/m
Stages  [Months| ETo | Ke | depth 0% X 45 % | 60 % 1 day m’ / fed iday mm/m

(m)
N Moy 160610301 021 6 | 9 | 12 | 5 |305|1527]| 073 [ 364
Aritial 20 dayf—re= 1040 | 03 | 6 | 9 | 12 | 15 | 6.87 |103.12] 1.64 |24.55
velopmend June | 682 | 075 | 05 | 5 | 8 | 11 | 15 |21.48]322.25] 512 | 76.73
8
8

3S day July | 644 | 100 [ 0.6 5 10 | 20 [32.46(649.15] 7.73 |154.56
July | 644 | 105 | 0.7 0O 11 11 139,76 |437.37[ 947 |I08.13
Aug. | 642 | 110 | 08 G 9 12 24 [47.46 |1138.96 11.30 [271.18
Aug. | 642 1 075 | 09 | 10 15 20 7 136.40)|254.81( 8.67 | 60.67
s Sep. | S3K | 040 | 10 | 18 18 18 I8 [18.08325.38( 4.30 | 77.47

Mid. 15 day

_ Sep. - - - - - - 12 - -
At harvest Oct. - . " - " . 3 N = > s
115 day Ave | 635 | 0.72 | 0.63 - - - 130 |25.70[3246.301 6.12 |772.93

Soil temperature was determined before every irrigation at 12 a.m. in
various depths: 5, 10 and 15 cm with thermocouple instrument.

To delermine water consumption, soil moisture content was
gravimetrically determined every irrigation and hence the crop water
consumptive use was calculated by the following equation:

ETa=(M., % - M., %) x d, x D x 1000
(Doorenbos and Pruitt, 1977)

Where:

ETa = actual evapotranspiration (mm).

M.: = Moisturc content after irrigation (%).

M., = Moisture content before irrigation (%).

dy = Bulk density of soil (g/cm’)

D = Active root depth (mm).

At harvest, after 130 days from sowing of sunflower plants, the yield,
and yield components were recorded and determined.

Water use efficiency as kg/m’ was calculated by dividing the crop yicld
by the amount of actual scasonal evapotranspiration (Giriappa, 1983). Crop
coefficient was calculated by dividing the actual evapotranspiration (ETa) by
potential evapotranspiration (ETo) calculating from meteorological data for
the cultivated season (Yaron er al. 1973).

Data were subjected to the analysis of variance of the split-split-plot
design according to the method described by Snedecor and Cochran (1989).

Investment Ratio (IR) was calculated as the product of dividing
outputs by inputs in LE.

RESULTS AND DISCUSSION

Soil Moisture Content
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:[)illﬂ presented in table (4) show safe distance of all values away from
the wilting point, also the data reveal highly significant effect for soil
moisture .del'u:il. NPK levels and (heir interactions on soil moisture content.
So, as soil moisture content increased by decreasing soil moisture deficit, in
the order of D, (30%) > D; (45%) > D; (60%) and as fertilization dose
increased the soil moisture content decreased in the order of F>Fy>Fa.
TABLE (4). Average of soil molsture content % before irrigation under

sunflower grown in Maryut region.

Treatments May | June | July | Aug Sep Oct. ,:Lﬁ;frﬁlq.
Active ool depth. em 20 40 1] & 60 60
DI 1603 | 1753 | 1790 | 1764 IRG63 | 17.73 1758 a
Soil moisture D2 1432 | 1597 ) 1674 ] 1613 17.76 | 1821 1652 h
deficin Nl 1289 § 1495 | 1564 | 1508 1700 | 18340 15.66 ¢
lju qu LN
Fl 1643 | 1681 | 1726 17.16 1843 IR 80 1747 a
. F2 1286 | 1543 | 1624 | 1543 17.15 | 17.55 15.74 ¢
NPR ferilizel———1"1395 | 1620 | 1678 | 1626 | 1780 | 1798 1650 b
LSD uﬂm maw
Fl 1748 | 1805 | 1815 18.22 19.29 18.70 18.31
DI =3% F2 1498 | 1693 | 17468 i6 34 1797 16E1 16 KD
F3 1564 | 1760 | VTHT 17.75 1864 17.66 i7 353
Fl 1649 | 1678 | 1722 1700 | IR25 | IRBO 1742
N2=45% 2 1272 1509 | 1619 15 45 17.25 17 £} 15.76
F3 1376 ] 1605 | 1682 | 1594 1779 | IR0 16 3%
Fi 1533 | 1559 | 1642 | 1635 1781 1891 1672
D3 = (0% F2 JORR | 1432 ) 1486 | 1390 1621 18.00 1470
F3 1246 1 1495 | 1566 | 1509 169 | 1823 15.57
LsD Inlﬁrmhﬂmeﬂﬂ 0052 *»
a. b, ¢, lctters indicated 1o significant dillerences between Lreatments.
** = signaficant at 0.01 *+* = significant at 0.001

Concerning the interaction effect, the highest soil moisture content
was obtained by adding N=45,P=45 & K = 24 (F,) unit under irrigation
water at low soil moisture deficit of 30% (D).

However, the effect of both treatments; i.e. moisture deficit and
fertilization level, are quite contra verse, so as both soil moisture deficit and
fertilization levels increased more dryness before imrigation could be
achieved. This could be explained by the apparently active plant growth due
to fertilization did not accompanied by needed water so soil moisture content
decreased under these conditions.

Similar results were obtained by Khalifa (1992), Barsoum and Salem
(1993), El-Sersawy er al. (1993), Campbell er al. (1995) and Persson and
Berndisson (1998).

Soil Temperature
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Instantly, it is important to note that the difference in soil temperature
by = 1 °C is equal to & 237 Mega cal / fed to 20 cm depth for soil having
1.41 g/em’ bulk density and 0.2 cal / g heat capacity.

Data presented in table (5) show that variations for soil temperature
extends from top to 15 cm. depth, this, in fact give impression for success of
treatments in harmonizing soil moisture so soil temperature as well. Data
also reveal that highly significant effect and significant differences between
both individual soil moisture deficits, NP ¢cm K levels and their interactions
with soil temperature at all depths (0-5 cm), (5-10 cm) and (10-15 e¢m). So,
soil temperature increased by increasing soil moisture deficit, in the order of
D, (60%) > D, (45%) > D, (30%), but no significant difference between D,
and D,. Regarding the effect of NPK levels on soil temperature, it was in the
order of F;>F;>F,. with significant differences between F; and F, only.
Concerning the interaction cffect, the highest soil temperature was observed
with F, under 60% soil moisture deficit (D).

TABLE (5). Soil temperature (°C) at different depths before irrigation
under sunflower grown at Maryut region.

Trvatmunty Sonl setiperstare T e § cndepth Soil tesrpersture “C at 10 cmdepth Soil tenperstune “C ot 15 cm dep

\Ll'l::‘ "":{;:" May | Jun | 50 | Aug | Sep [ Oxe | Season | May | Jon | Jul | Aug | Sep | Oct | Season | May [ Jun | Jul | Avg | Sep | Oct [ Seawn

Sl D1 |27 20|27 1ed2% €200 HOU2R 43[29 15[ 29 12 b[26:71]26 $0§27 RS[2K 23127 04 2T 62| 27.52 15[25. 43125 52[26. 3 1]27.12|20.57[26 3126 21
gurkste] 2127 74027 7129 89129 07)28 6712939 24 €7 b|27 2227 16[28 50028 S(02K, 13|27 §S[27 89 b)2S 9228 KT)26,49]27 I8[26 79126, 52|26.50 b
defr | DV 18 Waf19 65120 $9029 BA[29 52129 13[20 42 o 27.832R 14128 74[29 3428 97]28.08) 28 60 u[26 51]20 80{27.63025.06[27 59[27 31[17 31 4
LSD 51%* (63 010~
- 1 [IR000% 1)) $7000 50129 221 28 0318 46 2 [27.57[27.3828 46]24 9)[28. 6x128 39 2K 24 2|26 23] 26 cu26.83)127. 7527 31 [17.0412650 4
k:.l.lﬂ F2 {27 40828 12129 34028 9628 3128 2042w 45 226 95[17 ::.1\1.'7( 4[28 01127 73[27.77 b[25.66{25 09]26.71]127.25{26.68[26 31/ 26 a5 1
1V 2T TG28 200 41129 31128 K5|28 S6{2K J0ah27 24]17 2328 32K £6]28 3 1[28 03]24 01ah[28.0a026.12[26 R3] 27 $1]26. 96 26.64{ 26 68

LsD 039 (.26 * 021
Lr1_Jiaof2y 2o a2l 042K 64014 35| 28 01 Jam.0926 94127 92 2s a2k 10f27 82] 3771 12580025, 66126.45]27.23[26 7¢{ 20 40] 2640
2'”’ P2 136 8e27 0428 70{04 RO(28 2817.95] 2703 [26 302666127 66[23 03]27.70[27.45 2731 [25.10(25. 39926, 18]27.01]26 23]26 12| 2602
i £ (27 ]2 222k e |28 BA28 408 18] 28012 |26 62[26 79027 99[28 21(27.90[27.62] 27 85 [15.40025 S1]26.30027 12[26 58] 20 1] 2620
P 26 13007 15[ n020 252911128 82| 26 86 [17.00(27 54:1( $0128 93[28 50128 28] 2825 126.29]26.2127.0827.76]27 20{26.03] 26 W) |
“n 12|27 3307 44[29. 00128 66|24 30028 021 25 26 |26 K2(26 B4[28 dKTIR 15[27.77)27.409] 27 99 |25 54]28 5&{20. 10827, 11264526 18] 24 14
17|27 287 wa |20 ka2 tolas a9f28 1) 28 64 f27 23[27.02(28 a2k 41 [24.0627 78] 2784 [25 9425 3326 38[27.27[16 72] 24 0] 2042

o V1 128 s4f 2 asbo sofw 0320 93029.61 29 71 128 01 [27 64[23 87120 as]29. 37[20 ca| 2K 74 [26 e8]26 3627 13028 267 0727 60] 27 56
("-n' o L2 10029 5620 41[20.@329 1128 k1] 2018 [27.66008 17[24 62[28 08128 s4{28 28] 28 41 [26 3527 01]27 85[27.76]27.20{26 03] 27 18
13 |2R 8124 81]29 46129 99|27 53029 23] 29.40 X7 82{28 3728 74]29. 32028 98|26 69 28 68 [2650{x7 o1]27 ws[28 T6lr7c0l27 2] 27 41

LSD Imtermtin 010 { 016* 013*

a, b, ¢, letters mdicated to significant differences between treatments,

LSD Inieraction between D and F * = significant at 0.08 ** = significant a1 0.01

These findings may be due to decreasing cvaporation which
enhancing soil water storage, thereby increasing chemical and biological
processes. All these processes will increase soil temperature, so changing the
energy balance towards maintaining sufficient heat energy for growth
processes. Generally, soil temperature decreases gently with increasing soil
depth. Increasing salinity lead to increasing heat energy which consumped in
water movement and damping the moisture movement. Similar results were
obtained by El-Nawawy (1986), Khalifa (1992), El-Sersawy er al. (1993),
Campbell ef al. (1995) and Persson and Berndtsson (1998).

Yicld And Yield Components
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_ Concemning the effect of soil moisture defici
yield and yleld components of sunflower plants, data in table {6) show
hlﬂlr significant efTeet for total fresh yield, straw yield, oil content % , head
se p weight, head weight, 100-seed weight, seed yield, biological yield/plant
and oil yield. In brief, growth parameters, yield and yield components for
sunl‘l-:._'n:arflr |_:||II:_|nt.t.i liﬂ'crl.‘-'l.ﬂ:d by increasing soil moisture deficit, the common
magnitude of soil moisture defici
D1 (30%), | are in order of D3 (60%) > D2 (45%) >

: R:gurdmg the effect of NPK levels on growth parameters and the
yield and yield components of sunflower, data in table {6) show significant
effect for all crop characteristics, yield and yield components and head seed
weight. The effect of NPK on fresh yield, straw yield and biological
yield/plant can be arranged in the order of F3>F25F1, In brief, the highest
vilue were commenly associated with high soil moisture deficit (Dy=60%)
under applying N = G5, P = 75 and K = 72 kp/fed.

TABLE (6). Yield and yield components of sunflower grown in Maryut

[ on growth parameters,

region.
Head | 1% | yieras | e otveit | Tout | Seed | suaw
Treaimmenia weiliL, .::M. plas | e, | % I;‘:\I yeid, | yelid | yewm
gm em | P | om sonfed | sontfed | wn'ted
Dl adb 00 b [ 700 | 21aeTh 15300 | Mo [ 200 30 | VRION [Dan| 20adb
i v 679 73 b | A T7wh | 297 i0ha] 169 40 1| SU8T ) 4inatah | S4eha (100040 Va10s
oy i 746 1ha | U0 (270 T8a IRV 0 s| 291 a | VO RAa | 4790 | 1 00Ra] Vidha
LD TEC T T O TN T Y [T T
¥l g2 oo (B rvh [P0 S0 n] ARt el Vi dMe | vdmie | s1s7e [ovab] Viele
NFK (3] 12910 | W ldm [248 AN 4] IT) 0OM 4 T2ifra | Ve | da02e J10moa | YWl e
Femiliner [ TiadRTa | W w (AR IRaliBRaT ] Vibdb | Ji9AT R ) 84750 | LOUDb] 14630 |
T R T T TS CEE T T el e
T sooso | 713 [isaso faeeas | wan | o | sen foe | 2vas
Il =M% (] ST | A3 | FielY ) P800 ) Yo | W3 el 1 hiy 0 TR
5 040 | s (el | we | Mo | wetg (oses | tois
(] i | R09 | MNASO | 16 | N 29 Wi 6 L] 1l SRk 1A
= 5% 2] Toasn | w0F | Iupind | ihTS ) ARG ) VSAED | 4349 i 1417
[ 05075 | 9ma f2ves | 17278 | et | vies | a5 | o | v
Fi o | o0 [asisafimrs [ vpin | anda | s | imm | vase
1) = 6% [ o820 ooz | ETASO | 1RO ) AMID ) MRMED | 4 Rbh 1.3 Yrbd |
] e | joon | JeE2 | gmITA [ NRAA | NG | 4 WW | papR | AT
151 Imirra ﬁ::hl‘hﬂﬂl I siage |osie | gare | osore | eagee | 1is4e | aorse | oo | ooese
o
a, b, ¢, letters indicated to significant differences between treatments,
ns = non significant * = significant a1 0.05 ** = gignificant at 0.01

*** = gignificant at 0.001

On the other hand, the effect of NPK on 100-seed weight, seed yield,
oil % . il yleld, head seed weight and head weight are in Ehc‘nrdcr :31'
F2>F3>F). The highest value are obtained under high soil moisiure deficit
(Dy=60%) and applying NPK at rates of 55, 60 and 48 kg/fed, respectively.
The significant diflerences were existed between F, in one side and F; and F,
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on the other one, while almost significant differences between F; and F,
exist. This may be due to the high basic nutritional requirements of this crop.

For convenience, significant interaction effect and significant
differences has been found for the interaction between soil moisture deficit,
and NPK levels on the yield and yicld components of sunflower plants.

For instance, the data in table (6) show somehow untraditional relation
between crop yield and soil moisture level as many investigators agreed with
the importance of avoiding sharp dryness of calcareous soils due to
consistency and nutrients immobilization problems of such soils under dry
conditions (El-Gayar er al., 1990 ; Khalifa, 1992 and Barsoum and Salem,
1993). The data reveal significant differences between D treatment in one
side with D, and D; on the other, while insignificant between D, and D,.

These increases with increasing soil moisture deficit could be
attributed to the partial aeration increment in the upper part of the root zone.,
which is essential to crop growth. Also, the excess wetting of the topsoil may
have resulted in leaching out of some nutrients from the root zone. One of
the expected reasons for increasing yield with increasing soil moisture
deficit is the ability of CaCO; to dissolve with increasing salinity in
irrigation water, so it has a buffering action under these conditions especially
with the sensible amount of organic matter the soil depth table (1 b), El-
Nawawy (1986). This also attributed with damping the water movement,
which maintain favorite conditions to soil solution adsorption. These results
were similar to those reported by Barsoum and Salem (1993) and El-
Sersawy et al. (1993).

Actual Evapotranspiration (ETa)

Data presented in table (7) reveal highly significant effect of soil
moisture  deficit, NPK levels and their interactions on actual
evapotranspiration of sunflower plants. Actual evapotranspiration decreased
by increasing soil moisture deficit, in the order of D, > D, > D; .

Regarding the effect of NPK levels on ETa, the values are in the order
of F;>F;>F, |, with highly significant differences among them. However, the
highest resulted value has been recorded for D, F, treatment. However,
referring to table (6) it can be noticed that there is a good relation between
crop components especially these concerning oil yield and F; level, which
may indicate favorable nutritional conditions compared to F, and F; levels.

Concerning the interaction effect, the lowest actual evapotranspiration
observed by adding F, under irrigation water at high soil moisture deficit of
00% with highly significant interaction effect.

TABLE (7). Monthly actual evapotranspiration (m¥/fed) of sunflower
grown in Maryut region.
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ETa
Trealments May| Jun Jul. Aug. | Sep Ot mbi'_rn:‘l MEJ;“ mm/Scason
Sail Nl [ 58] 3n6 56 [ad000 [ 43506 | 23379 [ 21 B7| 1764 |8 286a 420 04
molstine o2 41 90| 377,30 1554 70| 42471 | 230140 1R 50 jad86])] 264 b 9253
deficit (1R} 189 1159 | 51002 [3ease | o M| 17.21] 148789 ] 239¢ 354 2
LED 2011 .
Fl w07 31569 | 50433 ] 33819 ] 17086 {14 43 137267 2l4¢ 12611
NPK Fi 5230|420 07 |6 07 492,72 26737 |2 08| 139662 | I080 45] 58
fertilirer F 1545/ 36401 | 5663 (41644 (210802007 163141 ) 266D 38843
150D 26 M0 it
Fi 12730 32640 486 P8 [ 35720 { 164 86 ] 15.14] 148101 112 3530
1 = }0% F2 saetl 455006k 87 52809 | 302 7R [ 2018 ) 205TRD| 3R 48097
Fi S0 34] 378 05 | 6d6 24 41050 | 23304 [ 2228 [ 17504 187 416.584
Fl 38.13) 31563 | 49108 | 147.24| 195,24 | 1440 159188 | 216 33140
N2=45% Fi §373%| 444,72 | 628 28 | 48532 | 269 %1 [ 21 .13 190i.19) 106 452 b
M 256137157544 069 441 .57 | 2204511972 | 1642 B1] 2168 353 5]
Fl 2665 20505 [ 4349331004 | 15077 [ 1368 124222 1.9% 5T
Nl =60 F2 aroil 3 o ser o7 (46774 | 22982 1994] 173077 | 218D 41208
F MmN T O e £ 392
L5132 1migraction belween 15.21 e
D and F

o b, ¢, letters indicated to sigmficant differences between treaiments.
we o gipnificant at 0.001

This trend due to the amount of water available to plants in addition to
the higher evaporation from the wet rather than dry soil surface and 1o the
higher transpiration from plants as well as the amount of water needed for
plant growth, development and building of plant tissues and organs. Similar
results were obtained by Barsoum and Salem (1993), El-Sersawy et al.
(1993) and Rizk, (2002).

Water Saving
The modified amounts of irrigation waler were calculated as follows:
D, =(ETa 4LF)/Ea (Doorenbos and Pruitt, 1977)

Where:

D ;. = Applied irrigation water (mm)

ETa = actual evapotranspiration {(mm/day)

L.F. =Leaching fraction (assumed 20 % ) .

Ea = Irrigation system efficiency (assumed 60 %).

From the data of actual evapotranspiration, table (7) it is clear that
there are some trealments giving water saving values for the applied water
for imigation purpose, while the rest give higher consumption values than
applied. The achieved values for water saving differ greatly among
ireatments which ranged between 264.94 as minimum and 761.87 m’/fed as
maximum (Table 8).

TABLE (8). Water loss (+) or water gain (+) of sunflower crop grown in
Maryut region.
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, Ivigation actunl Modified  [Water loss (-)
Moisture NPK water applied [evapotranspiration| irmigation water |or waler gain
deficu lestilizer mVfed m¥fed m¥/fed (+) m¥ffed
Fl 3246.30 148391 2967.83 +278.47
D1 = 30% 12 3246.30 2057.89 4115.78 -809.48
F3 3246.30 1750.74 3501.49 -255.19
Average 3246.30 1764.18 3528.37 -282.07
Fl 3246.30 1391.88 2783.76 +402.54
D2 = 45% 12 3246.30 1901.19 3802.38 -556.08
F3 3246.30 1652.82 3305.64 -59.34
Average 324630 1648.63 3297.26 -50.96
Fl 3246.30 1242.22 2484.43 +761.87
D3 = 60% F2 3246.30 1730.77 3461.55 -215.25
F3 3246.30 1490.68 2981.36 +204.94
Average 3246.30 1487.89 2975.78 +270.52

Generally, F, treatment indicates sensible water saving values which
increased with increasing deficit level from D, to D;, while F coincides with
clear high water consumption (which could be compensated by the near sub-
surface water level) which decreased gradually with increasing deficit level
from D, to D;. F; treatment indicate special trend as it translocation from
over using for D) and D, to water saving with Ds. Meanwhile, the amount of
water that has been saved in each treatment expected to accumulate along
the growth period by a manner, which could deviate the deficit level from
the applied limit.

Water Use Efficiency of Sunflower (W.U.E.)

Data presented in table (9) reveal highly significant effect and
significant differences for both solely soil moisture deficit, NPK levels and
their interactions on water use efficiency of sunflower plants. However,
water use efficiency of seeds, oil and yield of sunflower increased by
increasing soil moisture deficit, in the order of Dy > D > D,. While for NPK
levels, the values in the order of Fy>F;>F, with few exceptions for F; and F,
values for seed and oil.

Concerning the highest water use efficiency value it was obtained by
adding F, level under irrigation with the highest soil moisture deficit of 60%
(D).

This increase in W.UE. is due to: a) the decrease of actual
evapotranspiration at high soil moisture deficit (Dy) and, b) the
correspondent high yield. So, it is suggested that these practices activate both
water and nutrient consumptions by roots of plants which increased cro
yield, thus increased W.U.E. These findings arc in harmony with Barsoum
and Salem (1993), El-Sersawy er al. (1993), Rizk (2002), Scidhom er al.
(2002) and El-Dosouky et al. (2005).
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TABLE (9), Water use efficiency (kg/m’) of sunflower grown in Maryut
reglon.
Trealmeniy Oil Secd Total yield
D 0.165¢ 0536¢ 2.159¢
Soll moisture D2 0198 b N6 h 1698b
dafick Dy | 02432 0742 32102
LSD 0.021%* 0057%** 03254+
F1 0.224a 0717 a 106 a
o Retiliaer 7] 0.189b 0586 b 2348 ¢
] 0198 b 0625b 2770
LSD 0013** 0041%** 0.08%**
Fl 0.1%9 0623 2474
D1 =30 F1 0.147 0473 | 847
F 0.166 0537 2.261
FI 0.221 0.708 3019
D2 = 45% 2 0189 0.590 2347
P 0159 0597 2769
Fi 0,263 0319 1679
D3 = 6% F2 0230 0695 2811
PR 0.240 0,740 3280
LS50 Imeraction between T und F 0007w Qo222 (TS Rl

a. b, ¢, ketiers indicated 1o significant Aillercnces between teatments.  **® = significant a1 ()]

For instance, water use efficiency is an absolute value that means it is
not dependant on any economic values, such as yields prices and irrigation
costs. So, the most beneficial use of this value is a comparative value for the
better options for using water, especially when water suffer from shortage, 1o
produce a group of crops under certain conditions. However, the investment

ratio (IR) may be more reliable in verifying the economics of producing any
certain crop.

Economical Assessment

The economical evaluation of the experimental findings in any
research is of a greal importance depending on the net return of such
wreatments, which could encourage the farmer to use, or not. The values of
investment ratio (IR) are ‘lustrated in table (10). From the table it is clear
that using the combination of irrigates at the best treatment of soil moisture
deficit (60%) and adds F1 levels of NPK fertilizer (N = 55, P =60 & K=48
kg/fed) gave the best values of I R of sunflower crop.

TABLE (10). Initial and modified inputs, outputs llems and investment
ratio (IR) of sunflower yield grown in Maryut region.
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pr— DI D2 B2
[ieomomal ol management (T T | P P ] B | 0] P2 ]
hldl'm‘}f“ﬂ““‘- 1000 1000|1000/ 1000 | 1000 100011000 100.0] 1000
o
Sceds, Lived | 1000] 1000 1000] 1000 | 1000 | [00.0 11000 1000} 1000
Cultivation, LEffed | 600 | 60.0 | 60.0 | 600 [ 600 | 600 | 600 f 600 | 600
Imgation, LE/Ted | 8115 [8115[8115] 8115 [BI1S[B1ISRIISIBIIIIBIIS
Modified imesion. |7420{1028.9]8754| 6959 | 9506 | 8264 |621.1 8654 ) 745 3
lrﬂplml_;b:!m'- 540.0|5400|540.0] 3600 | 3600 | 360.0 | 300.0| 3000 3000
]
E Mineral fertilizer, ol|1soo|1800]2100
3 LEAed 1500|1200 2100| 150.0 | 180.0 | 2100 | 150
E quﬁmLFIj':umu. 400 | 400 | 400 | 400 | 400 | 400 [ 400 | 400 | 400
< | Pesteonwol, LEffed [ 400 | 400 | 400 | 400 | 400 | 400 [ 300|400 [ 400
% [ Weed control, LEAfed | 400 [ 400 [ 400 | 400 | 400 | 400 [ 400 ] 400 | 400
- Machines, LE/fed | 1200{1200(1200] 1200 | 1200 1200 [1200]1200]1200
Fuel LEAed _ [100.0]1000]1000] 1000 | 1000 | 1000 [ 1000]1000( 1000
Harvesting. LE/fed | 90.0 | 900 [ 900 | 900 | 900 | 900 | 900 | 900 | 900
Crop transpet, LEfed | 400 | 400 | 400 | 400 | 400 | 400 | 400 ) 400 | 400
Emt{: ;:;ml- 3000|3000 { 300.0| 300.0 | 3000 | 300.0 | 300.0 | 300.0 | 300.0
Total input, LEAfed (2531 52561 5[2591 5] 2351 5[2381.5|2411 52291 5[2321.5]2351.5
Modfied fout 190t 1462 of2778.902655 4] 2235.9 |2520 6 |2426.4 2101.1[2375 42285 3
2 Yield keffed  [3671.0[3800 0[1958 0] 4230.0[4539.0]4576.0|4570.0{4866.0]4890 0
E Price. LEAg | 095|095 |095]| 095 [ 095 | 095 | 095 | 095 | 005
i Total price, LE/fed |M87 513610 0]37060.1] 4018 5 4312 1 [4347.2[4341 5|4622 7]3645 5
3 Net income. LE/fed_| 956 0 [1048.5]1 168 6] 1667.0 1930 6] 1935 7]2080 042301 2]2204 0
Madified ,
3 ™ l1oas sf 301 {1104 17826 | 1791.5 ] 1920 8 2240 3247 3023602
Invesiment ratio, LE/JLE PIR| 14 Juas ) o Lokl [ 1eo [igo 00 10K
Maodified investment tatio, LEZILE] 142 ] 130 [ 142 [ 160 [ 171 [ 139 [ 207 195 | 209

The IR values calculated two times, table (10) as one for the planned
amount of irrigation water, while the other with actually consumed amounts
S0, the result and IR values can be discussed as follows: .

Alll:uuugh all treatments gave IR values exceed the national rate (1.25)
yet selecting appropriate treatments can be based On some econ nd |
aspects as waler saving referring to the scarcity of water resources 'Umm;
lnFulllr.:p.n: minimum_fertilization referring (o (he global inte i mf‘d
mmunlzmgjllc uses of agrochemical so, maximizing the rllml iy f
currency unil (LE). Therefore, the recommended treatments ¢ ncberclurn g
in ascending order as D.I:‘, < D/F}, D|F, < D,F, < DiF,, D,F :ﬂD 5 u{rrgm;lz:cd
E-;:_I = Erf;;lr{luh“-‘};:;; "t T.:]n_ be conclude the following :hal tJh:: higlic:r.u'

values among ﬂ;I rn:.':t e aengAHION limes, table 3) gave the highest IR

. ments especially with minimum f, ilizati -

so this treatment DyF, achieve al| environmenal nccdsc:;!i::z;:t;?lle‘:jml:j' b4
a clore.
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On the other hand more fertilization application (D4F; and D;Fy) contribute
with:
I- Smaller IR value (in spite of exceeding national IR rate).
2- More hazardous effects expected from agrochemical uses.
3- Small water saving or even more consumption of water without
relative net achieved profit.

The highest water application rate (D, = 30% = 18 imigation times)
coincides with the lowest IR values even with high fertilization levels (F;
and F,), which contribule to actual overuse watering.

The moderate deficit level (D; = 45% = 12 irrigation limes)
contributes to moderate IR values. However, the lowest fertilization level
(F,) it gives the highest IR value and amount of water that saved along the
experiment lime, while other two levels (F; and Fy) coincide with overusing
of water. In all casas, as mentioned before, these overused amounts may be
derived from the near sub-surface waler lable.

Crop Coefficient ( Ke ) of Sunllower

Data presented in table (11) reveal that highly significant elfect of soil
molsture deficit, NPK levels and their interactions on crop coefficient of
sunflower plants. Crop coefficient of sunflower increased by decreasing soil
moisture deficit, the magnitude are in order of D, > Dy =Dy

Regarding the effect of NPK on crop coefficient of sunflower, the
highest values corresponding by the second level (Fy) of NPK and the lowest
values comresponding by the First level (Fy), the magnitude are in order of
F]:-"F}:F'Fp
TABLE (11). Crop coelficient (Ke) of sunflower grown in Maryut

region.

Treaimenis May June July Aup Sep Ot Seasom Ke

ni 017 043 | 076 | 052 034 0.4} 048 a

Soil moistune [F3] .33 044 | 0ns | 051 034 0.3 044 b

deficit (B3] .30 n4o | 06l n4s | 024 0.34 D40 e
LS50 [T

Fi nn D37 | 060 | 040 | 035 018 036¢e

- F [ET] 050 | o6 | 059 N n4% 052n

NPK fernitizes G 036 | 042 | 067 | 0%0 | 032 | 039 | DA4b
l_g" 0.007e**

Fi 026 o3 | 070 | 043 N4 .30 0%

DI = 30% Fl 045 053 | OB | 0&A3 | 045 nss ns57

(] 040 n4s | 0T nso | 034 a4d 048

Fl 022 n37 | 058 | 041 0 028 0.6

02 =45% F2 N4l ns2 | 078 058 0 40 D4l nsl

A 0.4 04l 065 ns3 0,34 0 nds

Fi n.i 034 ns: | an (5] nn TEH

D3 = G0% (] 0.3 0.4 D70 | 056 | OM 039 047

3 02 040 | o6l 044 0.29 0.35 040
LT3 Dsieraction between 1) and F 00 ===

3. b, ¢, letters indicated 1o sgnificant differences between eatments.  *** w significant at 0 001
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Concerning the interaction effect, the highest crop cocfﬁcicpt of
sunflower was obtained by adding (F;) under irrigation lowest soil moisture
deficit 30%. This may be duc to increasing the cxposcc} water surface for
evaporation as the soil catches more water much longer time thys. increasing
actual evaporation and crop coefficient. Also, increasing Sﬂl_'"“y '_Cﬂd o
CaCO; solution which damping of water movement and buffering action for
nutrients and salinity (El-Nawawy, 1986). These findings agreed with Allen
et al. (1998), Seidhom er al. (2002) and El-Dosouky er al. (2005).

CONCLUSION

It is suggested to irrigate at high soil moisture deficit 60% and usc the
lowest level of NPK fertilizer F; to obtain the highest water use efficiency,
initial and modified investment ratio (1.89 and 2.32 LE/ investment L[-'j)‘und
irrigation water saving (1681 m*fed.) of sunflower at the same conditions
these should be carefully evaluated to the studied area.
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