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Response of Sesame (Sesamum
orientale) to Applied Water Deficit at Certain Growth
Stages.
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Sesame (Sesamum orientale) plants were subjected to drought
stress at  different growth stages. The control plants were

irrigated at 4 days intervals, while the drought stress treatments
were irrigated at 8 days intervals for three weeks during the
vegetative stage (T1), flowering stage (T2) and seed growth stage
(T3). Yield at maiurity was measured in the four treatments. Plant
height and number of fruits were measured on 20 randomly
sampled plants for each treatment. Seeds were collected and
prepared for determination of total carbohydrates. protein and lipid
contents as well as fatty acid composition. Drought stress during

the three stages induced significant decreases in plant height, pod
numbers, weight of seeds. total proteins and oil content. Total
carbohydrates were significantly increased while fatty acid
composition was significantly affected under drought stress
conditions. T1 and T3 were the most sensitive stages to drought
stress while the T2 stage was the least sensitive. The data from this
study indicated that water stress during any growth stage is
detrimental to sesame plants and early and late season droughts
are more damaging than midseason drought. The effect of drought

stress on oil content and fatty acid composition has important
implications for the quality of sesame oil.

Key words: Carbohydrates. drought stress. fatty acids. growth

stages. irrigation. oil. protein. Sesame, yield
components.

Droughty conditions are implicated in causing low seed yield, poor
_grade and decreased germination. To optimize irrigation management
I terms of yield, it is necessary to establish which stages of gI'OW.th
are the most susceptible to water shortage. Moderate w.ater deﬁ.mts
during early vegetative development do not cause significant yield
loss and may even produce a slight yield advantage (Pallas et al,
1979; Sivakumar and Sarma, 1986). _

_ Stirling er qi. (1989) reported that late-season drought is more
detrimeng] to final pod yield in groundnut than early season drought(-l
fOught  stress decreased yield, seed weight, oil content an
Sermination percentage of soybean plant (Dornbos ef al., 1989). They
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also found that the linolenic and linoleic acid contents were reduced
whereas the oleic acid content was increased by the drought stress.

Mozaffari et al. (1996) measured responses to water stress of
eight sunflower hybrids. They found that water stress caused large
reductions in seed yield, biomass and period of vegetative growth.
Christiansen et al. (1998) examined the effect of drought stress at
various growth stages on yield components in Lupinus albus and
Lupinus angustifolius. They concluded that the yield component most
sensitive to water stress was pods/plant, while seeds/pod was less
affected. Granier and Tardieu (1999) found that reductions in final
leaf area and cell number in a given zone of the leaf varied mainly
with the timing of water deficit, with maximum effect for the earliest
deficits.

The assimilation of nitrogen in leaves of higher plants requires
both energy and carbon skeletons. Triose phosphate produced in the
leaves as a result of photosynthetic carbon assimilation can be used for
the synthesis of either carbohydrates or ketoacids (e.g. 2-
Oxoglutarate) via the anapleurotic pathway. 2-Oxoglutarate produced
in the cytosolis imported into the chloroplasts, where it may serve as
the acceptor for NH;" during amino acid synthesis. To meet the needs
of growth and development for both carbohydrates and amino acids
carbon partitioning is coordinated by a sophisticated regulatorj;
system. There are many points of reciprocal control between the
pathways of carbon and nitrogen assimilation (Champigny and Foyer
1992; Huber e al, 1992, 1994-a, 1994-b, Foyer er al,, 1996
However effective regulation eliminates the competition observed in
algae for available energy and carbon resources (Champigny ang
Foyer, 1992; Huppe and Turpin, 1994; Foyer et al., 1996).

Protein, oil contents and fatty acid composition could be
altered by environmental stress. Dornbos ef al. (1989) imposed
drought stress at seed fill stage of soybean plants. They concluded that
the effect of drought and high temperature stress on phospholipid class
and fatty acid composition has important implications for the quality
of soybean seed oil and lecithin.

The present study was conducted to investigate which stages of
sesame plant growth are the most susceptible to water deficit.

Materials and Methods

The experiment was conducted in the Botanica] Garden of
Faculty of Science, Suez Canal University, Ismailia, Egypt, 1999
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Pure seed of sesame (Sesamum orientale var. Giza 32) was obtained
from the Egyptian Ministry of Agriculture.

The field was prepared as broad beds (80 cm wide) with
furrows (30 cm wide) on either side of the bed. Sesame seeds were
planted on 29 June 1999. The field was irrigated to field capacity after
sowing,

The experiment was set up as a randomized complete block
design with four treatments, each with three replications. The four
treatments (Control, T1, T2 and T3) were the growth phases of the
crop during which irrigation was varied. See Table (1) for the
irrigation schedule.

Control: Continuous irrigation at 4 days interval from
emergence to maturity, (Uniform irrigation).

T1: Uniform irrigation for 21 days after sowing (DAS), then
irrigation at & days intervals for 3 weeks (vegetative phase) till the
start of flowering. Uniform irrigation thereafter.

T2: Uniform irrigation for 41 DAS, then irrigation at 8 days
intervals for 3 weeks (flowering phase) till the start of seed formation.
Uniform irrigation thereafter.

T3: Uniform irrigation for 63 DAS, then irrigation at 8 days
intervals for 3 weeks (seed growth phase). Uniform irrigation

thereafter.
TABLE 1. Schedule of irrigation treatments applied during the experiment.

Date DAS | Control Tl T2 T3
29 June-20 July 1999 0-21 Ul ul Ul Ul
24 July 25 Ul - Ul Ul
28 July 29 Ul I Ul Ul
1 August 33 Ul - Ul UI
5 August 37 Ul I Ul Ul
9 August 41 ul - Ul Ul
13 August 45 Ul Ul - Ul
17 August 49 Ul Ul l Ul
21 August 54 Ul Ul - Ul
25 August 59 ul Ul I Ul
29 August 63 Ul Ul - Ul
2 Sept. 67 Ul Ul ul -

6 Sept. 71 Ul Ul ul |

10 Sept. 75 Ul Ul Ul -

14 Sept. 79 Ul Ul Ul I

18 Sept. 83 ul ul ul .

22 Sept. 87 ul ul ul ul
26 Sept. 9l ul Ul ul ul

DAS: days after sowing. UL uniform irrigation.  I: irrigation
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Final yield measurements (91 DAS): .Yield at maturity wag
measured from the four treatments. Plant height and the number of
fruits were measured on 20 randomly sampled plants for each
treatment. Seeds were collected and prepared for measurements of
total carbohydrates, protein and lipid contents, as well as, for fatty

acid composition.

Total carbohydrates: _ .
Total carbohydrates were extracted in test tubes containing dry

seeds plus 5 ml of 2.5 N HClL. The tubes were placed in a boiling
water bath for 3 hours. The samples were analyzed by the method of
Hedge and Hofreiter (1962) using glucose as standard.

Total protein:
Total protein was extracted from the seeds with 1M NaOH.

The extracts were centrifuged and an aliquot of the supernatant was
analyzed for protein by the method of Lowry et al. (1951) using
bovine serum albumin as standard.

Lipid content:

Lipid content was measured using the method of Folch ef al.
(1957) with some modifications. The seeds were extracted with
chloroform: methanol (4:1). The extracts were bulked, filtered and
reduced to dryness under vacuum at 35°C, The resultant material was
reported as lipid content.

Investigation of fatty acid composition:

_Fatty acid analysis of sesame lipid was carried out by
sapomﬁcathn with 10% KOH in methanol (Karawya, 1988) followed
by methylation according to Munshi, (1987). The resulting fatty acid
methyl esters were injected into a gas liquid chromatograph Philips pu
4500, adapted with a computing integrator Philips pu 4815 and a 10%
QEGS column. The following conditions were used: flow rate
nitrogen 30 ml/min., hydrogen 30 ml/min., and air 300 ml/ min.,

injection temperature 240°C, detector temperature 280°C,
programmed 70°C-190°C/ min.

Statistical analysis: Significant differences were identified with
student’s t-test (Underwood, 1997).
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Results
Yield:
Table (2) summarizes the plant he
and weight of seeds/20 plant.

The data show that uniform irrigation led to significantly
greater plant height, pod numbers and weight of seeds in comparison
to the other treatments. The data showed that sesame was the most
sensitive to drought during the T1 and T3 periods. The T2 period

(flower initiation to beginning seed stage) was less sensitive to
drought.

ight, number of pods /plant,

Total carbohydrates:

Total cartohydrate content of the seeds increased significantly
by drought imposed at the T2 period while it decreased highly
significant by drought at the T3 period (Table 3).

Total proteins:

Drought exposure at the T2 period had no significant effect on
protein contents of sesame seeds while drought at the T1 and T3

periods induced a highly significant decrease in total proteins
(Table 3).

Oil content:

The three drought treatments significantly decreased the oil

content of sesame seeds however T2 drought had the smaller effect
(Table 3).

Fatty acid composition:
' The changes in fatty acid composition of seeds of sesame
plants grown in the presence and absence of drought are 1.1sted in
Table (4). 1t was found that drought during the Tl stage m.duced
significant increases in palmitic and oleic acid and a highly s.lgn.lﬁcax}t
increase in erucate acid. However, high significant decrease in linoleic
acid and non-significant effect on linolenic acid percentage were
observed. Drought during T2 stage exhibited highly significant
increases in oleic and erucate acids content and highly significant
decrease in linoleic acid content. The data also show that dr‘ought
during T3 stage induced highly significant increase in eurcate acid and

highly significant decrease in palmitic, oleic, linoleic and linolenic
acids,
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Discussion

Yield: The data in Table (2) show that sesame plants are mogt

sensitive during the T1 stage. This corresponds to the vegetative stage.
These results are in agreement with those obtained by Stansell and

Pallas (1985).

TABLE 2. The influence of water deficit at several growth stages on sesame
plant height, and components of yield at final harvest.

Wt. of seeds/20
Treatment Height (cm) No. of pods/plant ST
Control 100.2+4.4 29.60.9 108.1+8.7
Tl 72.542.3" 16.4+0.5 37.5+1.4"
T2 84.4+2.6 26.8+0.8 63.2+4.3"
T3 70.2+3.2° 15.2+0.7 22.0+1.5"

-The data represent the mean +SE of 20 plants.
" Significantly different from control (Student’s unpaired t-test. P<0.05).
“Highly significantly different from control (Student’s unpaired t-test. P<0.01).

In the present study water deficit during the vegetative stage
caused the plants suffer severe vegetative damage, including some
plant mortality. Water was insufficient to sustain vegetative growth

and fruits development, resulting in severe yield and quality
depression.

TABLE 3. The influence of water deficit at several growth stages of sesame
__plant on total carbohydrates, total protein and oil content of seeds.

Treatment Total carbohydrates Total protein % of oil
(mg/100g dry wt.) (mg/100g dry wt.) |  content
Control 4000£130 563£6 736.0£0.6
Tl 4325430 275+9" 27.240.6'
_ & 2514 57549 32.40.5'
Troan 2500+58 601+3" 23.6:0.4 |

: present the mean +SE of three reni
__S:gruﬁmmly different from control Chias

i : ik Student’ i 2 5
Highly significantly different fropy (Student’s unpaired t-test, P<0.05).

control (Student’s unpaired t-test, P<0.01).

The present d :
e ooserved in the Ta-’:all’esrlilcw that the most damaging drought effect

the seed f; : Od: which corresponds to the beginning of
61 DAS isz;fltllon] t?- the beginning the maturation stages. Sesame at
°VaP0tl'anSpiraﬁ0¥1 ;a ed and approaching the period of maximum

mand. As a result, initiation of drought at this
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time resulted in a rapid depletion of soil water accompanied by severe
wilting. These data are in accordance with those obtained by Stansell
and Pallas (1985).

Moreover, Nageswara ef al. (1985) and Pallas et al. (1979)
found that water deficit during the pod-filling phase are more
damaging to yield than drought during the pod addition phase. The
decrease of peanut productivity under water stress could be ascribed to
the” decrease in auxin, gibberellins, cytokinins and increases in growth
inhibitors (El-Meleigy et al., 1999).

Carbohydrate and protein contents:

The present data show that drought periods during early and
late stages of sesame plant growth caused the greatest changes in
carbohydrate and protein contents of sesame seeds. These changes
could result from prolonged periods of drought that decrease the
availability of water for transport-associated processes and lead to
changes in the concentrations of many metabolites. This may be
followed by disturbances in amino acid and carbohydrate metabolism.
Yancey et al. (1982) and Girousse e! al. (1996) found an increase in
the synthesis of compatible solutes such as certain amino acids (e.g.
Proline), sugars and sugar-alcohols, and glycine betaine. Drought
induces complex changes in carbon and nitrogen metabolism resulting
from water deficits and from modifications in the availability of
nutrients (Talouizite and Champigny, 1988; Larsson ef al, 1991;
Beyrouty e/ al., 1994). Water deficit favored starch breakdown in C3
species (Fox and Geiger, 1985) but caused accumulation of starch in
maize (Foyer ef al, 1998). There was also a substantial increase in
free glucose in droughted maize leaves, which may indicate that
considerable starch turnover is favored under conditions of water
deficit.

Carranca ef al. (1999) found that legumes derived more than
60% of their N from the atmosphere under favorable soil conditions,
but the proportion was reduced when the availability of soil moisture
was constrained .

Acclimatization to drought requires responses that allow
essential reactions of primary metabolism to continue and enable the
plant to tolerate water deficits. In the complex interplay of naturz}I
conditions, water deficit is unlikely to occur alone, since \yater deficit
affects the acquisition of essential nutrients such as nitrogen and
phosphorus (Talouizite and Champigny, 1988; Larsson etal., 1989 &
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1991: Beyrouty et al, 19?4). Indeed, drought-induce_d‘nitroge‘n
deﬁc{ency was found to limit recovery of photosynthesis in prairie
grasses once water was restored (Heckathf)m etal., 1997) o

Carbohydrate-mediated repression of transcription of
photosynthetic genes, such as thos_e coding fqr the large and sma]|
subunits of Rubisco, is a possible mechanism of control whep
carbohydrate accumulates in leaves (Krapp ef al., 1993; Sheen, 1994,
Graham, 1996; Koch, 1996). This may occur in water-stressed maize
leaves following several days of water stress and provides at least a
partial explanation for the reduction in photosynthetic capacity,
Depletion of essential nutrients, particularly.I\.IO§' can also cause
changes in gene expression and enzyme activity in stress situations
(Scheible et al., 1997-a, 1997-b). They are nevertheless indicative of
the overall shift in carbon and nitrogen metabolism that occurs as a
result of drought.

Oil content and fatty acid composition :

The present study shows that drought stress significantly
decreased the oil content of sesame seeds and had a highly significant
effect on fatty acid composition of the seeds. These results are in
agreement with those obtained by Dornbos e al. (1989), who found
that fatty acid composition of soybean plants was altered by drought
and high temperature. They found that greater proportion of 16:0 and
[8:0, and lower proportion of 18:2 and 18:3, were present in seeds
exposed to high temperature and severe drought. More linolenic acid

and less palmitic acid were present in the phosphatidylinositol
fraction.

TABLE 4. The influence of water deficit at several growth stages of sesame
plant on fatty acids composition of seeds.

e—

— % of Fatty Acids —
Treatment P(l?;r;e(t)xc Oleic C18:1 Lci:nlosl'ezic Lig?::gic Erucic C24
Control  [17.1+0p 10.1 ¢ ' ' 02 |
Tl 20.7 01" 14,1 1 g::‘ 32:? f gg“ gg i 8.; ;3:3 ;W__
T2 17.1+0,] £09°590z0 ;

5 - 17.740.57D6.6+0.975.9£0.5 P28+0.7
127401755+ 00" 23.0+0.9"R2+0.1" [52.1+£0.7 |

3 Tg:: :?ft‘:a ;ep;‘ese'nt the me;"TSETfthree replicates
c .

“Hgighly s?;, ggeff it ffom contro] (Student’s unpaired t-test, P<0.05). |
ntly different from control (Students unpaired t-test, P<0.01). |
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The effect of drought on oil content and fatty acid composition
of sesame seeds may be caused by a reduced metabolic activity due to

a decline in P od water content. This possibility was previously
proposed by Musingo ef al. (1989).

Conclusion

‘This study indicates that water stress during any growth stage is
detrimental to sesame plants and early and late season droughts are
more damaging than midseason drought. The effect of drought stress
on oil content and fatty acid composition has important implication for
the quality of sesame oil. Drought increased the saturated fatty acids
and decreased the unsaturated fatty acids and this decreaszes the quality
of sesame oil.

References

Beyrouty, C.A.; Grigg, B.C.; Norman, R.J. and Wells, B.R. (1994).
Nutrient uptake by rice iIn response to water management.
J. Plant Nutr., 17,39-35.

Carranca, C.; Varennes, A.; Rolston, D. and De-Varennes (1999).
Biological nitrogen fixation by fababean, pea and chickpea
under field conditions, estimated by the 15N isotope dilution
technique. Eur. J. of Agron., 10(1), 49-56.

Champigny, M.L. and Foyer, C.H. (1992). Nitrate activation of
cytosolic protein kinases diverts photosynthetic carbon from
sucrose to amino acid biosynthesis. Plant Physiol., 100, 7-12.

Christiansen, J.1.; Jornsgard, B.; Petersen, T.and Als, F. G. (1998).
Effect of drought stress on yield components in Lupinus albus
and Lupinus angustifolius. 3" European confrence on grain
legumes. Opportunities for high quality, healty and added value
crops to meet European demands. Valladoid, Spain, 14-19
November 1998, 312-313.

Dornbos, D.L.; Mullen, R.E. and Hammond, E.G. (1989).
Phospholipids of environmentally stressed soybean seeds.
J. Amer. Oil Chem. Soc., 66 (9),1371-1373.

El-Meleigy, E.A; Hassanein, R.A.and Abdel Kader, D.Z. (1999).
Improvement of drought tolerance in Arachis hypogaea L. pl?nt
by some growth substances. 1. Growth and Productmty.
Bull. Fac. Sei., Assiut Univ., Egypt. 28(1-D), 159-185.

Folch, J.; Lees, M. and Stanley, G.H.S. (1957). A simple method for
the isolation and purification of total lipids. J. Bio. Chem.,
226,497-502.

Desert Inst. Bull., Egypt, 50, No. 1 (2000)

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

72 DINA Z ABDEL-KADER AND AMAL A H SALEH
Fox. T.C. and Geiger, D.R. (1985). Osmotic response ol")su(gur beet

‘ leaves at CO; compensation point. Plant Physiol., 80,1..3 )-2‘41 |
Foyer, C.H.; Champigny, M.L.; anad.icr, M.H. and Pcrrar!o, S.
" (1996). Partitioning of photosynthetic carbon: the role of nitrate
activation of protein kinases. /n P. Shewry, N. Halfo.rd, R.
Hooley, eds, Protein Phosphorylation in Plants". Proceedings of

the Phytochemical Society of Europe. Clarendon Press, Oxford,
UK, pp 35-51.

Foyer, C.H.; Valadier, M.H.; Migge, A. and Becker, T.W. (1998).

- Drought-induced effects on nitrate reductase activity and mRNA

and on the coordination of nitrogen and carbon metabolism in
maize leaves. Plant Physiol., 117,283-292.

Girousse, C.; Bournitrateville, R. and Bonnemain, J.L. (1996)..
Water deficit-induced changes in concentration in proline and

some other amino acids in the phloem sap of alfalfa. Plant
Physiol., 111, 109-113.

Graham, LA. (1996). Carbohydrate control of gene expression in
higher plants. Res. Microbiol., 147, 435-594.

Granier, C. and Tardieu, F. (1999). Water deficit and spatial pattern
of leaf development. Variability in responses can be stimulated

using a simple model of leaf development. Plant Physiol.,
119,609-620.

Heckathorn, S.A; De Lucia, E.H. and Zielinski, R.E. (1997). The
contribution of drought-related decreases in foliar nitrogen
concentration to decreases in photosynthetic capacity during and
after drought in prairie grasses. Physiologia plantarum, 101,
173-182.

Hedge, J.E. and Hofreiter, B.T. (1962). ‘Estimation of Total

Carbohydrates” In: Carbohydrate chemistry. 17 (eds Whistler
RL and Be Miller JN) Academic Press, New York.

Huber, J.L.; Huber, S..C.; Campbell, W.H. and Redinbaugh, M.G.
(1992). Comparative studies of the light modulation of nitrate

reductase and sucrose-phosphate synthase activities in spinach
leaves. Plant Physiol., 100, 706-712.

Huber, J.L.; Redinbaugh, M.G.; Huber, S.C. and Campbell, W.H.
(1994 -a). Regulation of majze leaf nitrate reductase activity

involves both gene expression and rotein phosphorylation.
Plant Physiol., 106, 1667-1674. g PO

Desert Inst. Bull., Egypt, 50, No. | (2000)

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

SEED COMPOSITION RESPONSE OF SESA ME....

73
quber, S-C: Bachmann, M. and Huber, J.L, (1994 -b). Post-
7. translational regulation of nitrate reductase activity: arole for

Ca®" and 14-3-3 proteins. Trend Plant Sci,, 1,432-438,
Huppe, H-C. and Turpin, D.H. (1994). Integration of carbon and

nitrogen metabolism in plant and algal cells. Annu. Rev., Plant
Physiol.: Plant Mol. Biol., 45, 577-607.

Karawya, M.S.  (1988). ‘Column Chromalography, Gas

Chromatography and Lipid Chromatography” 1% ed. Cairo
Univ., p. 115-116.

Koch, K.E. (1996). Carbohydrate-modulated gene expression in
plants. Annu. Rev., Plant Physiol., Plant Mol. Biol., 47, 509-510.

wrapp, A Hofmano. Bl 3chafer, <. aud Stitt, M. {i393;.
Regulation of the expression of rbeS and other photosynthetic
genes by carbohydrates: a mechanism for the "sink-regulation"
of photosynthesis. PlantJ., 3, 817-828.

Larsson, C.M.; Larsson, M.; Purves, J.V. and Clarkson, D.T.
(1991). Translocation and cycling through roots of recently
absorbed nitrogen and sulphur in Triticum aestivum during
vegetative and generative growth, Physiologia plantarum, 82,
345-352.

Larsson, M.; Larsson, C.M.; Whitford, P.N. and Clarkson, D.T.
(1989). Influence of osmotic stress on nitrate reductase activity

in wheat (Triticum aestivum L.) and the role of abscisic acid.
J. Exp. Bot., 40. 1265-1271.

Lowry, O.H,; Rosebrough, N.J.; Farr, A.L. and Randall, R.J.
(1951). Protein measured with Folin-Phenol reagent. J. Biol.
Chem., 193,265-387.

Mozaffari, K.; Arshi, Y. and Zeinali-Khanghah, H. (1996).
Research on  the effects of water stress on some
morphophysiolo

gical traits and yield components of sunflower
(Helianthus annuys L.). Seed and Plant, 12 (3),24-33.
Munshj,

S.K. (1987). "Determination of Fatty Acids". In:" Manual in

Modern Analytical Techniques in Agricultural Biochemistry".
%)E% Sadarshan Singh) Punjab Agricultural University Ludhiana
» 266.

Musingo, M.N.; Basha, T.H.; Sanders, R.J. Cole and Blankenship,
P.D, (1989). Effect of drought and temperature stress on peanut
(drachis p,

Ypogaea L.) seed composition. J. Plant Physiol.,
134,710-715, :

Desert Inst. Bull., Egypt, 50, No. 1 (2000)

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

74 DINA Z. ABDEL-KADER AND AMAL A.H. SALEH

Nageswara Rao, R.C; Sarder, S.; Sivakumar, M.VK.,
Strivastava, K.L. and Williams, J.H. (1985). Effect of water
deficit at different growth phases of peanut. 1. Yield responses,
Agron. J., 17,782-786.

Pallas, J.E.; Stansell, J.R. and Koshe, T.J. (1979). Effects of
drought on florunner peanuts. Agron. J, 71, 853-858.

Scheible, W.R.; Gonzilez-Fontes A.; Lauerer, M.; Miiller-Rober,
B.; Caboche, M. and Stitt, M. (1997-a). Nitrate acts as a signal
to induce organic acid metabolism and repress starch
metabolism in tobacco. Plant Cell, 9, 783-98"

Scheible, W.R.; Lauerer, M.; Schulz, E.D.; Caboche, M. and Stitt,
M. (1997-b). Accumulation of nitrate in the shoot acts as a

signal to regulate shoot-root allocation in tobacco. Plant J., 11,
671-91.

Sheen, J. (1994). Feedback control of gene expression. Photosynth.
Res., 39, 427-438,

Sivakumar, M.V.K. and Sarma, P.S. (1986). Studies on water
relations of groundnut (Arachis hypogaea L.) to timing of

irrigation. 1. Development and growth. J. Exp. Bot., 40,1143-
1153.

Stansell, J.R. and Pallas, J.R. (1985). Yield and quality response of

florunner peanut to applied drought at several growth stages.
Peanut Sci., 12,70-72.

Stirling, C.M.; Ong, C.K. and Black, C.I. (1989). The response of

Groundnut (4rachis hypogaea L.) to timing of irrigation. J. Exp.
Botr., 40,1145-1153.

Talouizite, A. and Champigny, M.L. (1988). Response of wheat

Sefrfllings to short-term drought with particular respect to nitrate
utilization. Plant Cell Environ., 11, 149-155.

Underwood, A. J. (1997). ‘Experiments in Ecology". their logical

desjgn flnd interpretation using analysis of variance. Cambridge
University Press, Cambridge.

Yancey, P.H.; Clark, M.E.; Hand, S.C.; Bowlus, R.D. and Somero,

C.N. (1982). Living with water stress: evolution of osmolyte
system. Science, 217, 1214-1222.

Received 5/4/2000
Accepted 11/11/2000

Desert Inst. Bull., Egvpt, 50, No. 1 (2000)

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

SEED COMPOSITION RESPONSE Of SESAME

(Sesamum orientale) a5 iy c\s 2, Ha
A gal Jal ja die plal) air,

Gua 2aal QU g cpatal) 05 L
o = Aol (o pld S8 s — oLl Sy s

U_amaaguﬁalﬁmuu_ﬂwlqugmﬁ
gl Lr‘-d-\,:_g - T3; T2; T1 ¢ Jg st Ay S el
CBll—ee Ll ¢ sliaall N Abl xy i JS il ailall (5l
Ba abad 3305 504 pll Aild IS utlall 0 CuilkE Calaal)
P25 (T2) Jlasyrs s s (T1) (s pzmalt gaii 5 5
(T3) 5,4 gais g

ot Bl JS dlaal e (J gumndl s 3

olbfa s, Ly Aoy il )bl Luld cala
oalaa¥l (5 g,

289 0 (o5 ¢ AN @l a4y K1
3 - ol dgadl
P il pad) s i a3 Aad yall kel
Dot i s gina Gl 5 i 5 2000 S Sl
uLL“““ Alsas 254 59 Gl . Ll axe ¢ Ll
T g 5y 5 0N 2, 0 Al § 2y ¢ 2D

A Aol o8 i Lot i Ly Al Alaled
La.'\._y.! G-‘JY| dlaledl)

3 e\l Ggina ol g SN 5
el gl Ay, 2 s yal el L gins
| I AT S g AN Ol el U gina Gl
ol s

s T1 s TS < P NGRS IS SV
W'Q‘aﬁu":ysdummm,\ by, T3 4, T2
L S e g Gl o il Y Dl i
d-tiy, ol Al Ll aaY) 231 s il psanil
C e g e ) e Bt gadl istea)

. ; W ! .»\-\\"
Desert Inst. Bull,, Egupt, S At}

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

