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ABSTRACT

Two field experiments were carried out 1t a private farm at Shandaweel
region during 2005 and 2006 seasons to study the effect of withholding irrigation
at different growth stages [i.e. withholding irrigation at 45 days afler sowing (I,).
withholding irrigation at 60 days after sowing (I,). withholding irrigation at 90
days after sowing (I3) and without withholding irrigation (I,}] on four sesame
varieties [i.e. Gizay; (V)), Toshky, (V;), Shandaweel; (V1) and Sohags (V)] The
effect of the previously mentioned factor on yield, vield components and crop
susceplibility factor were studied.

Results of two seasons indicated that significant interaction effects were
found between irrigation treatments and sesame varieties for seed yield (kg/fed).
seed weight /plant (g), 1000-seed weight (g). length of fruit (cm), number of
capsules/plant, and oif yield. The best interaction effeci for all characters was
obtained from the treatment [; with the variety V..

Resuits indicated that maximum values of oil vield were obtained from
the third treatment (withholding 90 days after sowing).

The interachion effects were found between irngation treatments and
scsame variety (capsule development stage with Shandaweel;).

Results cleared that the Shandaweel; variety was the most tolerant to
water stress compared with the other varieties under study

In general, seed development and branching stages are the most tolerant
stages to water stress for sesame planis. Sesame Shandaweel; CV with I,
(withholding 90 days after sowing) recorded maximum sesame yield as a result of
decreasing wilt discases percentage

INTRODUCTION

In Egypt, oil production covers only about 10% of the annual requirements.
which is far self-sufficiency. Thus, it is recessary t0 increase the yield of commercial
cultivars. in order to narrowing the gap between production and consumption.
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Elemery et al. (1997) studied the influence of irrigation number and
harvesting date on the quality of sesame seeds of four genotypes. They indicated
that weight of 1000 seeds and seed yield/ fed were improved by increasing the
number of irrigation from 5 to 6 times (15 day intervals). El-Serogy et al. (1998)
determined the optimai time of terminal irrigation and harvesting date of some
sesame varicties, They indicated that higher growth measurements of sesame
were recorded from 6 irrigations and harvesting after 105 days from sowing. They
added that water use efficiency was increased by 6 irrigation, delaying harvest
date for Giza-32 variety from 90 to 105 days after sowing in both season. Ghosh
et gl. (1997) found that among irrigation treatments, seed yield was highest (0.76
t/ha) with irrigations at branching, flowering and pod development (30, 50 and 70
days after sowing). El-Tantawy et al (2003) found that average actual
evapotranspiration (ETa) values varied between 38.17 and 4730 cm/ fed. The
ETa values increased with decreasing interval between irngations. Methew and
Kunju (1993) showed that sesame seed yield increased with increasing number of
irrigation. El-Serogy et al. (1997) and Metwally er al. (1984) indicated that seed
oil percentage increased with increasing water availability 1o the crop. Rao and
Raju (1991) studied in field trail, 7 irrigation treatments designed to give
moderate or severe evapotranspiration deficits (ETd) at vegetative, reproductive
or ripening growth stages. Seed yicld decreased with increasing water stress and
lowest with ETd at the reproductive stage (0.56 t/ ha).

MATERIALS AND METHODS

Tow field experiments were cartied out in a private farm at Shandaweel
region (Sohag Governorate), Egypt, on some sesame varieties during 2005 and
2006 seasons to study the effect of water stress on water relations, seed yield.
yicld components and its refation with wilt diseases.

Spiit plots design with three replicates was used. The plot area was 1/42
fed. The nine plois were devoted to irrigation treatment and the sub plots were
sesame varietics. Sowing date was cultivated in May 17" and 18" in 2005 and
2006 scasons respectively.

The description of the experimental treatments was irrigated as follows:-
Main plots: Irrigation treatments:
1- 1,: Withholding irrigation at the 45™ day after sowing (Branching stage).
2. I,: Withholding irrigation at the 60" day after sowing (Flowering stage).
3- I : Withholding irrigation at the 90" day after sowing (Capsule development
stage).
4- 1, Control (irrigation each 15 days).
Sub-plots: scsame varietics:
1- Giza-32 variety.
2- Toshky-1 variety.
3- Shandaweel-3 variety,
4- Sohag-3 variety.

The soi! moisture constants and meteorological data of Shandaweel
Agricultural Research Station are shown in Tables (1) and (2), respectively.
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Table (l) S()ll monsture constants at Shandaweel area (Soha Govemorate}

Soil Depth | (Lo \ A;’:‘.l::;" Bulk Density
(cm) % % (g/ em’)
01-15. 35.04 . 20.59 126
15 - 30. 31.21 . 17.31 1.30
30 - 45. 2711 . 14.02 134

Table (2);: Meteorological data at Shandaweel Agricultural Research Station
in 2005 and 2006 seasons.

Where: T.max., T.min. = maximum and minimum lcmperatures °C;, W.8 = wind
speed (m/ sec); R H. = relative humidity (%): 8.8 = actual sun shine
(hour); S.R = solar radiation (cal/ cm¥ day).

Characters Studied:

I Crop water use parameters:

1.1, Sesame evapotranspiration estimated by some ET formulae (Potential
evapotranspiration or ET crop):

Three methods of calculating peotential evapotranspiration were
compared in this study, namely: (A) Modified Penman and (B) Doorenbos and
Pruitt methods, as described in the “WATER MANAGEMENT UTILITIES”
model (Zazueta and Smajstrla, 1984) and (C) Penman-Monteith as described in
the “CROPWAT"” model (Allen ef al, 1998).

A- Modified Penman method:
Penman equation is given as:
ETp= A(Ra/L}+y Ea
Aty
Where:
ETp = daily potential evapotranspiration, mm/day.
A = slope of saturated vapor pressure curve of air. mb/°C.



1512 Annals Of Agric. Sc., Moshtohor, Vol. 44(4), 2006

= pet radiation, cal/cm?/day.

= jatent heat of vaporization of water, about 58 cal/cm’.
= 0.263 (ea-ed) (0.5 + 0.0062 u).

= average vapor pressure of air, mb.

= vapor pressure at dew point temperature, mb.

= wind speed at a height of 2 meters, km/day.

= psychometric constant = 0.66 mb/°C.

-e.r..'g_ggn-'g

Table (3): Date of sowing and harvesting for different varieties used in the
trail during 2005 and 2006 seasens.
i Characters Sowing date Harvesting date
2005 2006 2005
26/9
12/9
17/52005 18/5/2006 15/9
18/9
19/9
519
17/5/2605 18/5/2006 U9
12/9
9/9
31/8
17/5/2005 1/9
4/9
27/9
13/9
17/5/2005 18/5/2006 15/9
17/9

Where:
I, = withholding irrigation at the 45™ day after sowing.

I, = withholding irrigation at the 60" day afier sowing,

I, = withholding irrigation at the 90" day after sowing.

1, = control (irrigation each 15 day)

Vg = Giza;;, Vz = Toshkyl, Vy= Shandaweel, and V,= Sohag;

B- Doorenbos and Pruitt method:
Doorenbos and Pruitt (1977) adapted the Makkink (1957) radiation
formula to predict potentiai ET as follows:
ETp=b W (Rs/L)-0.3

Where:
ETp = daily potential evapotranspiration, mm/day.
b = adjustment factor based on wind and mean relative humidity.

W = weighting factor based on temperature and elevation above sea level.
Rs = daily total incoming solar radiation, cal/cm?/day.
L = Jatent heat of vaporization of water, cal/cm?/day.

The factors b and W could be obtained from Tables (Doorenbos and
Pruitt, 1977).
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C- Penman Maonteith method:
Penman Monteith method used in CROPWAT model (Smith, 1991) and

described by Allen er al. (1998) is given as:

_ 0. 408 A (Rn - G) + ¥ [900/(T +273)] U2 (es - ea)

ETo
A+y(1+0.34U2)

Where:
ETo = reference evapotranspiration, mm/day
Rn = pet radiation (MJm7d™")
G = soil heat flux (MJm?d")
A = slope vapor pressure and temperature curve (kPa °C")
Y = psychrometric constant (kPa °C"y.
U; = wind speed at 2 m height (ms™),
€.C, = vapor pressure deficit (kPa).
T = mean daily air temperature at 2 m height (°C).

The input parameters needed to calculate ETo using the CROPWAT
model are air temperature, relative humidity, sunshine hours and wind speed.

1.2. Comparison with the actual ET;

ET crop values estimated by Modified Penman, Penman Monteith, and
Doorenbos- Pruitt methods were compared to the estimated ET ones to clarify the
efficiency of the studied methods in calculating the ET crop values.

I Yield and growth parameters:
1. Seed yield (kg/fed).
2. Seed weight/plant (g).
3. 1000-seed weight (g).
4. Number of capsules/ plant.
5. Length of fruting zoon (cm).

Il Chemical analysis;

Sced oil percentage. A harvest time, seed samples were collected to
determine seed oil percentage according to the Standard Methods of A O AC.
(1990), using Soxlhlet apparatus and hexane as solvent. .

HII Crop susceptibility factor (Cs):
Crop susceptibility factor was calculated as described by (Hiler and
Clark, 1971) as follows:
Cs=Ym -Yj
Where:
Ym = potential yield without withholding irrigation.
Yi = yield under withholding irrigation.

Statistical analysis:

Data were statistically analyzed according to Snedecor and Cochran
(1980). Average values from the three replicates of each treatment were
interpreted using the anatysis of variance (ANOVA).
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RESULTS AND DISCUSSION

L Crop water use parameter
1.1 Sesame evapotranspiration estimated by some ET formulae (Potential
evapotranspiration or ET crop):

Values of ETo and ET crop mm/month estimated by Modified Penman,
Penman Monteith and Doorenbos-Pruitt for the coatrol treatment (14 treatment)
and Monthly K¢ values (FAQ No.33) are shown in Table (4). In 2005, seasonal
ET crop values were 598.7, 599.0 and 526.2 mm for Modified Penman, Penman
Monteith and Doorenbos-Pruitt formulae, respectively. In 2006, ET crop values
599.2, 614.4 and 5254 mm for the same respective formulae. It is clear that
Penman Monteith gave the maximum values in the two seasons. While,
Doorenbos-Pruitt formula recorded the lowest ones,

Table (4): Monthly ETo and ET crop for Modified Penman, Penman
Monteith and Doorenbos-Pruitt formulae for some sesame
varieties in 2005 and 2006 seasons,

Season 2008
Modified Penman Doorenbos-
Peaman Monteith Pruitt
K¢ ETo ET ETo ET Eto ET
crop crop crop
Month mm/ | month | mm/ | month | mm/ | Month
May 0.4 105.3 42.1 104.0 416 914 36.5
June 08 2256 | 1805 | 2328 | 1862 | 1986 158.9
July t.0 2241 | 2241 | 223.8 | 2238 | 2000 | 200.0
August 08 2142 | 1714 | 2120 | 1696 | 1910 152.8
September 0.5 86.1 430 83.1 41.5 70.9 354
Scasonal 0.7 855.3 | 598.7 | 855.7 | 599.0 | 751.7 | 526.2
Season 2006
May 04 104.7 41.9 111.6 44.6 9]1.2 365
June 0.8 2277 | 1822 | 2406 | 1925 | 1998 159.8
July 1.0 2189 | 2189 | 2272 | 2272 | 198.1 198 i
August 08 2133 ¢ 1706 | 2105 | 168.4 | 1897 1518
September 0.5 91.5 45.8 878 439 Nns 359
Seasonal 0.7 856.1 | 599.2 | 877.7 | 6144 | 7506 | 5254

1.2 Comparison between different methods of calculating potential

evapotranspiration

ET crop / Actual ET (estimated last year under the same conditions for this
experiment) values are shown in Table (5). Average ratios of the two scasons of
1.15, 1.17 and 1.0} were recorded with Modified Penman, Penman Monteith and
Doorenbos-Pruitt formulae, respectively. It is clear that Doorenbos-Pruitt formula
was superior in calculating ET crop for sesame in Upper Egypt (i.c. Shandawecl
region) due to their least difference from the actual ET value compared to those

of the other formulae,
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Table (5): Ratios of ET crop estimated by different formulae to the estimated
ET for some sesame varieties in 2003 and 2006 seasons.

2 ' 2 Average
Formulae ET . ET . ET .
crop Ratio crop Ratio crop Ratio |

| Modified Penman 5987 | 1.15 599.2 1.15 599.0 1.15 |
| Penman Monteih 5990 | 1.15 i
| Doorenbos& Pruitt 5262 | 1.01
Estimated ET 5219

{_

IL Growth, yicld and yield component parameters:

Secd yield (kg/ fed), sced weight/plant (g), 1000-seed weight (g), length
of fruit (cm) and number of capsules/ plant were significantly affecied by
different irrigation treatments, (see Table 6 and 7). The maximum values were
obtained from the treatment I, followed by I, in both studied seasons. The
application of I, treatment (withholding irrigation at the 90™ day after sowing)
increased sesame yield by 5. 19.5 and 30.7% as compared with I,, I, and L, ones,
respectively in the first scason. In the second season, the corresponding increases
were 5.8, 28.0 and 27.0%, respectively.

Regarding varieties, it is clear the significantly affected seed yield. The
maximum values of all characters under study were obtained for V, (Shandaweel,
cv.). The increase in sced yield for V; in 2005 reached about 25.9, 7.3 and 9.3%
as compared V,, V; and V,, respectively. However, in 2006 the increase in seed
yicld using V; reached about 35.2, 5.4 and 5.6% compared with the same
respective varieties. This may be due to decreasing irrigation water in this period
caused decreasing wilt diseases percentage.

Significant interaction effects were found between irrigation treatments
and sesame varicties for seed yield (kg/fed), seed weight/plant (g), 1000-seed
weight (g) and length of fruit (cm), number of capsules/plant. The best interaction
effect on all characters was obtained from the treatment I with the variety V.

In this connection, Jana ef af. (1995) studied effect of irrigation on yield,
consumptive use and consumptive use efficiency of scsame crop. Sesame was
cither irrigated or not irrigated at 4- to 6- leaf stage, at branching, at flowering and
at the seed development stage. The highest seed yield (1.28 t/ ha) and oil (0.52 ¢/
ha) were obtained by 3 imrigations, applied at the branching, flowering and seed
development stages.

LI Chemical analysis
QOil yield

Results in Table (7) show the effect of different irrigation treatments on
oil yicld as an average of two growing seasons. Results indicated that average oil
yield values were 349.5, 290.1, 368.4 and 265.4 for I}, I, 1; and L, respectively.

The maximum values were obtained from treatment 1, (withholding
irrigation at the 90™ day afier sowing)
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These results may be duc to exposing scsame planis (0 waler siress
especially during translocation of the sugars from the leaves to seeds, increase seed oil
content. In this connection, Dutia et al. (2000} studied response of summer sesame to
different levels of irrigation, Treatments comprised: one irrigation at the branching
stage; two wrrigations (one each at branching and capsule-development stages; and
three irrigations (one each at the branching, flowering and capsule-development
stages). In scsame (S indicum) increase in the levels of imgation from 1 to 3
increased all growth attributes and yield components, three irrigations, onc each
applied at branching, flowering and capsule-development stages recorded the highest
yield (seed + oil), followed by two irrigations (branching + flowering).

Table (6): Seed yield (Kg/fed), Seed weight/plant (g), 1000-secd weight (p) and
length of fiuit (cm) for some sesame varieties as affected by irrigation

egimes and its relation with wilt diseases in 2605 and 2006 seasons.
Seed weight| 1000-seed Length of |

/plant(g) | weight (g) fruit (cm)

2005 | 2006 | 2005 | 2006 | 2005 | 2006

14.75115.85] 3.70 | 3.98 |134.50
22.43{22.38| 465 | 438 {176.25
22.13(25.38| 480 | 4.48 [162.75
2122122.75| 473 | 430 [172.00
20.14{21.59] 4471429 [161.38
1133[1538] 403 | 4.05 [125.00
1 ) .50(19.10(20.75]| 4.53 | 4.23 |152.50
2 . 25(2020122.15| 4,58 | 4.35 |163.50
18.60[18.251 4.68 | 4.33 |146.25
1732[19.13] 4.46 | 4.24 [136.81
1443{1650| 4.03 | 4.25 |139.25
I ) .50[25.58(27.38] 4.60 | 4.70 [176.00
o . .50|27.23]|29.88 ] 4, 4,78 118125
25.98[25.73] 4. 4.60 |167.50
23.31[24.87] 4. 4.58 |166.00
1028]12.35| 4. 3.95 (14625
18.80§ 20.5 | 4. 4.15 [188.75
19.88121.00| 4. 4.30 |193.50
18.88] 18.5 { 4. 430 |176.75
16.96|18.21] 4. 418 {17631
12.69]15.15] 3. 4.06 [136.25
21.48(22.75] 4. 4.37 [173.38
22.36| 246 | 4. 4.45 [175.25
21.73(21.31! &, 4.38 |165.63
162.62

Irr. 21,02 9.896 0714 0.584 0.085 0.075 4.303
LSD 5% var. 21.02 9.896 0.7i4 0.584 0.085 0.075 4.303 3.932
Irr.xVar. 68.19 7229 $.630 4.020 0320 0200 17.50 14.99

III Crop susceptibility factor (Cs):
With respect to crop susceptibility factor as shown in Table (7), it is
clear that through branching stage, the variety of V, (Sohag 3} recorded that
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highest tolerance 1o shortage of water, while the variety of V, (Giza 32) was the
most sensitive to waler stress in this stage in both seasons. As to withholding
imrigation at flowering stage (60 day after sowing), V, (Sohag 3) was the best
resistant to water stress in this stage as compared with the other varieties under
study. However, V; (Giza 32) was the most sensitive to water stress in the
flowering stage in both seasons. At capsules<deveiopment stage, results cleared
that the variety of V, (Sohag 3) was the most tolarent 1o water shortage in this
stage as compared with the other varieties. while V, (Giza 32) is the most
sensitive variety 10 water shortage.

Table (7): Number of capsulev/plant, oi} yield/ fed (kg) and crop
susceptibility for some sesame varieties as affected by irrigation
regimes and its relation with wilt discases in 2005 and 2006

No. of Capsules | Oil yield / fed

/ptant (kg susceptibility

factor (Cy)

2005 2005 2006

6575 [ 10750 [ 25493 | 3473
225.00 | 246.25 | 310.08 | 429.03
290.25 | 255.00 | 336.18 | 457.83
163.75 | 191.25 | 344.28 | 427.00
196,19 | 200.00 | 311.36 | 387.56
57.00 | 87.50 | 209.25 | 239.15
157.25 | 200.00 | 266.03 | 30615
192,25 | 240.00 | 296.73 | 427.20
141,25 . 261.10 | 314.90
Average [36.94 | 175.63 | 238.28 | 321.85
9275 | 11500 | 250.33 | 311.05
24500 | 246.25 | 32833 | 349.78
283.25 | 25000 | 3779 | 47523
16825 | 183.75 | 324.48 | 428.93
Average 200,25 | 198.75 | 370.26 | 416.24
67.75 | 77.50 | 184.50 | 218.90
1945 | 180.00 | 243.05 | 314.65
2125 | 218.75 | 246.68 | 351.40
15025 | 152.50 | 223.35 | 343.40
16175 | 157.19 | 224.39 | 30637
1 70.81 | 96.88 | 224.72 | 250.9
| Average 205.44 | 218.13 | 286,87 | 37415
| 244.56 | 240.94 | 314.39 | 427.04
15588 | 17563 | 2883 | 378.56 | 6.
169.17 | 182.89 | 278.58 | 357.0 ] 9.

LSD5%  Irr. 8504 3831 11946 2945 1378 1637
Var. 8504 3831 11946 2945 1378 1637
TrexVar 3732 2814 45170 4121 5220 5420
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