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Abstract . Water saturation deficit (WSD), amino acids, proline and protein content in the leaves were studied
in two Egyptian maize (Zea mays, L.) cultivars; Composite 5 and Giza 2 grown under 0, -2, -4, -6, -8, and
10105 MPa water potentials prepared from manitol. The study showed that WSD of the two cultivars
increased with warer siress but at different rates. The 1w cultivars showed also an equal daily increase in WSD
under the same water stress. In both cultivars, water stress lead to the accumulation of protein, amino acids and
proline, Higher rates of accumulation of proteins, amino acids and proline occurred ar Oto -2x1r® MPa in both
cultivars . Proline increased af rate higher than 15 mg/g D.W. per one MPa decrease in water potential and
about 8 mg/g D.W. per day of stress for both cultivars. According to the amount of accumulated proling in
response to water stress cv. Composite 5 cold be considered mare tolerant than cv. Giza 2.

Key words: Maize, (Zea mays. L. ¢vs. Composite § and Giza 2), water saturation deficit, (WSD), amino acids,
proline, and proteia.

Introduction

Waler stress has been reporled 1o induce a pronounced alterations in the metabolism of
nitrogenous compounds {e.g. 1-3]. Ahmed, et al. [4] reported that water stress resulted in
some disturbances in nitrogen metabolism. Protein synthesis is one of the biochemical
processes that are affected by water stress [e.g. 5-71. Interruption of both protein
synthesis as well as proteolysis has becn reported in stressed plants [8, pp. 53-88].
However, anabolic activities are usually more severely affected than catabolic activities
[9). Chen, et al. 10 and Barnelt and Naylor [11] stated that a considerable hydrolysis of
proteins may occur in water stressed plants which is always accompanied by varied
increments in amino acids. Accumulation of amino acids under drought stress was
reviewed by [12, pp. 609-635; 13, pp. 205-259; 14]. This accumulation may be important
in plant adaptation by dry environment [15; 16]. Alse, adaptation to water siress is
closely associated with proline accumulation [14].
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Plant sensitive to imposed water siress have been investigated by many workers [e.g.
17-19]. The association between susceptibility and water saturation deficit and nilrogen
metabolism still needs exploration.

The present work was therefore designed to study the correlations between medium
water potential, water sawrativn deficit and nitrogenous compounds, induced by manntol.

Materials and Methods

Grains of maize (Zea mays, L. Cultivars Composite 5 and Giza 2) were obtained
from the Ministry of Agriculture, Cairo, Egypt.

Grains of maize were germinated ai 28°C in dark in 9 cm in # diameler glass Petri
dishes on discs of filter paper (Whatman No. 1} moistened with mannitol solutions of
approgpriate water potential as described in [20]. The seedling in pots (25 cm X 35 ¢cm) in
the greenhouse. When the seedling were well established after 10 days or seedlings at the
first leaf stage were subjected to 0, -2, -4, -6, -8 and -10 x 105 MPa water potential
treatments using mannitol solution as described in {20].

Growth and water saturation deficit

After three days of treatment solulions of mannitol as described before, five leaves
were harvested cvery day for 7 days and washed with distilled water. Leaf samples were
weighed as fresh weight (F.W.) then they were immersed in distilled water for 24 hours
and then removed to determine the saturated weight (S.W.). After that the saturated

leaves were dried in an oven at 60°C for detcrmining the oven constant dry weight
{D.W.).

The equations for calculation of waler saturation deficit (W.S.D.) and relative
turgidity (R.T.) as follow:

WSD = [(S.W. -F.W.)AS.W. —D.W.] x 100
RT. = [(FW. -D.W./(S.W. - D.W.)] X 100

Nitrogenous components

‘The rest of the leaves were dried to a constant weight at 60°C and ground to powder
using grinder. An equal weights of the dry powder were analyzed for their contents of
amino acids using the method of Ya and Tunekazu [21], of proline using the method of
Bates, et al. 1221, and of proteins using the method of Lowry, efal. [23).

Total free amino acids

Free amino acids were determined by the method described by Ya and Tunckazu
(21]. An a liguot of 0.1 mi planl extract was heated in a test tube with 1.9 mi of
ninhydrine citrate buffer-glycerol mixture in a boiling water bath for 12 min and cooled
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at room temperature. Then the tube was well shaken and the optical density rcad at 570
., The blank was determined 0.1 ml distilled water and a standard curve obtained with
0.005 10 0.2 mM g glycine.

Free proline

These was estimated using the acid ninhydrine method as described by Bates, et al.
122]. Two ml of water extract were mixed with 10 ml of 3% agueous sulfosalicylic acid.
Two ml of this mixture was allowed 1o react with 2 ml acid ninhydrin-reagent and 2 ml
of glacial acetic acid in a test tube for onc h at 100°C; the reaction was terminated by
cooling the mixture in an ice bath. The reaction mixture was extracted with 4 ml (cluene,
and mixed vigorously for 15 to 20 s. The chromatophore - containing tolucne was
aspirated from the aqueous phase, warmed to room temperature, and the ahsorbance read
al 520 nm using toluene as a blank. The proline concentration was determined from a
standard curve,

Protein

Dry samples collected during the growth study were analyzed for protein content
according to [23], after precipitating the protein with 15% TCA at 4°C.

Statistical analysis

Data were statistically analyzed using the least significant dilference and regression
analysis and correlations coeffectient tests.

Results and Discussion

In both cultivars of Zee mays, L. (cv. Composite 5 and cv. Giza 2), water saturation
deficit increased in response to the decrease in water potentials of the medium (Fig. 1).
This may indicate differential tolerance of the two cultivars to the decrease in water
potentials. The relationships between the water saturation deficit (WSD) and water
potential of the medium was linear and highly significant in both cultivars of Zea mays,
L.. under different water potentials. The water saturation deficit (WSD) increased greater
in ¢v. Composite 5 than in cv. Giza 2. In both cultivars of maize (cv. Giza 2 and cv.
Composite S)under zero WSD the potentials were 0.04 x 105 MPa and 0.4 x 105 MPa
respectively which indicated that in cv. Giza 2 increased ten times more than in cv.
Composite 5. Under zero water potential the results in Fig. | indicated a slight lower
WSD in cv. Giza 2 (0.273%) than in cv. Composite 5 (3.265%).

Water saturation deficit increased with days of both maize cultivars (cv. Composite
5 and cv. Giza 2) stress (Fig. 2). The incrense was greater under 4.04 % 10-5 MPa in both
maize cultivars. The relationships between WSD and days of treatment were highly
significant. The WSD percentages were; 4.45, 8,78 and 18.85 for cv. Giza 2 and 5.42,
9.06 and 18.35 for cv Compaosite 5 under 0.0, -2.02, -4.04 x 105 MPa respectively. This
showed more or less equal increasc in water saturation deficit in both cultivars of maize
under the same water potential.

The nitrogenous compounds (total free amino acids, free proline and proteins) were
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Fig. 1. Relationships between water potentlal of the medium (OP x 10°5 MPa) and water
saturation deficit (WSD) of Zea mays, L. cullivars (cv, Composite § and cv. Glza 2),

greatly higher in stressed than non-stressed (contral) plants of both maize cullivars
(Fig. 3). Total free amino acids and {ree proline incrcased with decrcasing water
potentigls of the medium in both cultivars. The increase in total free amine acids, free
proline and proteins appeared to be greater between (.0 and -3.0x10-5 MPa. Protein
decreased at lower water potentiat. The regression equations of the contents of the
nitrogenous compounds of the leaves of both maize cultivars subjected to water
potentials from 0.0 to -2.02x 105 MPa and from -4.04 to -i0x [0-> MPa (Table 1)
showed a decrease in the rate of total free amino acids and free proline accurnulation to
the half under lower water potential than at -2.02x10-5 MPa, Protein tended to
accumulate more than total free amino acids and proline in cv. Composite 5 than in cv.
Giza 2 under 0.0 to -2.02x 105 MPa. Henckel 18] found high protein synthesis in
stressed plants. Also, the rates of accumulation of amino acids and proline were mostly
parallel. The amount of proteins was higher than that amino acids and proline in all
treatments in cv. Composites 5 plants, while in cv. Giza 2 was only higher at 0.0 to
-2.02x10-> MPa. The amount of amino acids, proline and proteins were higher in cv.
Composite 5 than in cv. Giza 2. Protein increased at higher rates in cv. Compaosite 5 than
in cv. Giza 2 at 0.0 and -2.02x 10~ MPa. It decreased at equal rates in both cultivars at
water potential lower than -2.02x10°3 MPa,

In the first two days of stress, protein content increased in cv. Giza 2 under -4.04 x
105 MPa and under -2.02 x 10-5 MPa in cv. Composite 5 (Fig. 4). After that the amount
of proteins in both maize cultivars decreased with time of stress, Afier seven days of



a0

70

80

70

60

Response of Water Saturation Deficit ..., 111

Composite 5
%WSD

3

™ 0.0 “105MPa  y=4.30+1.12x r2=0.086*
—+ 202:05MPa y=2.36+6.70x r2=0.997"
L - 404.105MPa y=8.37 +5.98x r2=0.983"

Giza 2

| = 00 “10°MPa  y= 398+ 1.47x r2=0,931*
b 202-10%MPa  ym 4234 454y ro=0.983*
L ¥~ 4,044105MPa

y=11.16 + 7.60x r2=0.997*

Time {day)

Fig, 2. Relationships between the time of withstand in control, -2.02 and -4.04 > 10°° MPa water

potential and the water saturation deficit (WSD) of both Zea mays, L. cultivars cv.
Cowposile 5, Fig. 2(a), and cv. Giza 2, Fig. 2(b).
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Fig. 3. Relationships between water potential of the medinm (OP x 10°5 MPa) and the amounts
of amino ucids, proline and protein (mg/g D.W.) of Zea mays, L. cultivars {cv, Composite
5, Fig. 3(u) and cv.Giza 2, Fig. 3(b)).
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Table 1. Regression equations of protein, amino acids and proline of Zea mays, L. cultivars {cv.
Compasite 5 and cv. Giza 2) under (A) from 0.0 to -2.02 x 10°% MPa and (B) from -4.404 to 10.1
* 10 MPa water potential

Composite § Giza 2
Proteln
A y=160-5104x r=-04%7 ** A y=137- 668x 1=-0986**
B y=192- 7.13x r=-0604ns B y=142+ 07T r= 066705
Amino aclds
A y=102-2080x r=-0099 ¥+ B y=9% -27.70x r= 0998
B y=15%4-1100x r=-0989%* : B y=120-1020x r= 0986 **
Proline
A y=62 -3220% r=-09% ** B y=6l -2950x r=-0999**
B y=106-11530x r=-0994 ** B y=97 -1090x r=-0993 %

** highly significant (p 0.001)
ns nonsignificant

treatment the amount of protein in ¢v. Composite 5 was higher than the amount of
protein in unstressed plant at the beginning of the experiment. An increase in the rate of
protein synthesis in stressed maize culivars over control plants was observed by [24]
after the first 48 hours, and decreased as plants dry. It is notable that under stress
conditions both maize cultivars attains higher protein contents than control. Stressed and
unstressed ¢v. Composite 5 had higher protein content than cv. Giza 2 plants.

Total free amino acids and free proline (Fig. 4) increased with time in both maize
cultivars. Higher water potential stress treatment resulted in higher accumulation of the
two compounds in both cultivars. cv. Composite § accumulated higher amounts of total
free amino acids and free profine than in cv. Giza 2 during the time of experiment. The
increase in proline was more than 15 mg/g dry weight per one MPa decrease in medium
water potential and ahout & mg/g dry weight per day of siress in both cultivars. The
unstressed plants of both cultivars showed a slight increase in total free amino acids and
free proline with time.

Collectively under unstress conditions cv. Giza 2 slightly had greater amounts of
free proline and a lower water saturation deficit than cv. Composite 5. On the other hand,
proline accumulated at higher rate in cv. Composite 5 than in ¢v. Giza 2 and the
maximum: rate of accumulation was between 0.0 and -2.02 x 10-5 MPa. The calculation
of the percentages of difference in WSD and the amount of free proline between both
cultivars under each waler stress treatments indicated about 30% higher WSD and about
38% higher free proline in ¢v. Composite 5 than ¢v. Giza 2. This would indicate higher
accumuiation of proline by about 8%. Aloni and Rosenshtein [25} concluded that the free
proline accumulation at the time of dehydration signals drought stress in tomato plants.
The possible higher tolerance for cv. Composite 5 than for cv. Giza 2 could also be
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confirmed by the high amino acids and protein contents after seven days of stress
although the plant suffer from higher water saturation deficit.

1]

21

3

4

(5

16]

(7

i8]

9
[to]
(1]

13

[13]
[14]

1%

[16]

(173

References

Farghaly, K.A. “Some Aspects of Resistance to Heat and Drought in Plants under Natural Desert
Conditions.” Ph.D. Thesis, Assuit University, Bgypt, 1983

Imarmul-Hug, $.M. and Larher, F. “Osmoregulation in Higher Plants: Effects of Maintaining a Constant
Na:Ca Ratio on the Growth, lon Balance and Organic Solutes of NaCl swressed Cowpea (Vigna sinesis,
L.Y" 7. Pflanzenphysiol., 113 (1984), 163-176.

Migahid, M.M. “A Study of Drought Resistance of Plant Life-forms in the Meditemanean Desert of
Egypt.” PhD. Thesis, Alexandria University, Egypt, 1949.

Ahmed, A. M.; Radi, A.F.; Shaddad, M.A. and El Aayed. M.A, “Effect of Phytohormones on
Carbohydrate and Nirogen Metzholism of Some Drought Stressed Crop Plants,” Journal of Istamic Acad.
Sci., 2 (1989, 93-99.

Nir, L.; Poljakoff-Mayber, A and Klein, S. “The Effect of Water Stress on the Polysome Population and
the Ability to [ncorporate Aminc Acids in Maize Root Tips.” Isr. 4. Bor., 19 (1970), 439-462

Dhindsa. R.5. and Cleland, R.E. “Water Stress-and Protein Synthesis. 11 Interaction between 'Waler
Suess, Hydrostatic Pressure and Abscisic Acid on the Pattern of Protein Synthesis in Avena coleoptiles.”
J. Piant Physiol.. 57 (1975), 782-785.

Elhaak, M.A. and Migahid, M.M. Response of Gymnocarpos Decandrum Leaf Callus to Water Siress
ard ABA Application.” Delra J. Svience, 12, No. 5 {198%) 4184-4197.

Slatyer, R.O. “Physiclogical Significance Enzymes and Free Proline in Rice Varictics.” Phytorkem ., 16
(1977) 1355-1358 and “Internal Water Relations te Crop Yield.” [n: J.U. Eastin, F.A. Haskins, C.Y.
Sullivan, and C.H.M. Van Bavel (Eds), Physiological Aspects of Crop Yield. Madison; Amer. Soc.
Agron. Crop Sei., 1969,

Hsiao. T.C. "Rapid Changes in Levels of Polyribosornes in 7ca Mays in Response to Water Stress.™ J.
Blant Physiol., 46 (19703, 241-285..

Chen, D.; Kessler, B. and Manselise, 5.P. “Studics on Water Regime and Nitrogen Metabolism of Cirus
Seedlings Grown under Water Steess.” J, Plant Physiol., 39 (1964), 379-386.

Barnett, N.M. and Naylor, A.W. "Amino acid and Protein Mctabolism in Bermuda Grass During Water
Stress.” J. Plant Physiol.. 41 (1966), 1222-1230.

Stewart. G.K. and Larher. F. “Accumulation of amino acids and related compounds in relotion to
environmental stress.” In: B.J. Millin (Ed), The Bivchem. of Piamis, Vol 5. London and Orlando:
Academic Press, Inc. 1980

Wyn Jones, R.G. and Storey, R. “Proline.” In: L.G. Paleg and I>. Aspinull (Eds}, The Physiviogy und
Biochemistry of Drought Resistance in Planis. London and Orlando: Academic Press Iuc.. 1981,

Rhodes, D). “Metabolic Responses to Stress.” Tn: P.K. Stumpf and E.E. Conn (Eds), The Biochemistry of
Plants. a Comprehensive Treatise, Vol. 12. London and Orlando: Academic Press Inc., 1987,

Stewart, G.R_; Larher, F.; Ahmad, I. and Lee, 1.A. “Nitrogen Metaholism and Salt Tolerance in Higher
Plant Halophytes.” In: R.L. Jefferies and AJ. Davy (Eds), Erelogical Processes in Coastal
Environments. Oxford: Blackwell Scientific Publications, 1979,

Stewart, G.R. and Lee, J.A. “The Role of Proline Accumulation in Elalophytes.” Planra, 120 (1974), 27%-
289,

Chartes, C.A. and Todd, G.W. “Ribonucleotide Compositional Changes in Wheat Leaves by Warer
Stress.”™ Crop Science, 39 (1968), 319-321.



116

L18]
191

[20]
[21]
[22]
23]
[24]

{25]

Hameda El-Sayeed and M.A. Elhaak

Hencke!, P.A. "Role of Protein in Dirought Resistance ™ Canadian J. Botany. 48 (1970). 1235-1241.

Mali, P.C. and Mchta, 5.1.. “Effect of Drought on Enzymes and Free Proline in Rice Vadeties.”
Phytochem., 16 (1977), 1355-1358.

Thakur, P.S. and Rai, V K_"Water Stress Effects an Maize: Carbohydrute Metabolism of Resistance and
Susceptible Cultivars of Zea Mays, L. Biol. Plont., 22 (1980), 50-56

Ya, P.L. and Tunckazu, T, "An Improved Colerimetric Determination of Amino Acids with the Use of
Ninhydnin" Anaf. Biechem.. 14 (1960), 71-77,

Bates, L.S.; Waldem, R.P. and Teare, 1.1). “Rapid Determination of Free Pratine for Water-stress
Studies " Plant and Soil. 39 (1973), 205-207,

Lawry, D.H.; Rosenbrough, N.J.: Farr, AL, and Randail. R.J. "Protein Mcasurement with the Folin
Phenot Reagent.™ 1. Bial Chem. 193 (1951), 265-275.

Mamvitle, ] W._ and Paulsen, G.M. “Alterations of Protein Composition of Corn (Zea mays) Seedling
During Moisture Stress " Crap Science, 12(1972), 660-663.

Alani. B and Roscnstcin, G5 “Proline Accumulation: A Parumeter for Evatuation of Sensitivity of Tomato
Varieties to Drought Stress.” Physiol. Plant., 61 (1984), 231.235



Response of Water Saturation Deflelt ... 117

Limg el DA A Gangy W atdll o oaadl it
P EPEY (P HOPS AU FOP ROV

Tt il aget T ias
ol dael> séﬂfﬁ@ﬂf%ﬁswﬁﬂégﬂ]ﬁ
Unide ¢ latds daals fpj-l-"widiuj"—-;"_’

(21610 p2 V1 2l s at ve Oles Yi.,}ri-:)

ol ey A uLS,.LI, (WD) gL il jmall el i el el
N I SV P RCHIR SRS PR AN P PES TPV oGP QLR SN PR P [ O |
Ol cogbl  (Yipmy 8 o55) 5 rall 50l li o (negi b6 (MPa ™Y e X Vo A 05
e Y o Bt s B e i ) e ooy l) S ot
S U et 3 emald gl il ) (g glnie )31 e syt O ooy i sy
¢ (iy plly ol il a1y oy A0 CRSLN 0815 200 38 A ol s (0]
XYY S o e Y S 5 il ol ¥ 5 ks e 0 S it
A e plasanl Lie Sy plly ReaaWt (aLeYly s 0l 0815 Y dae B3l JIMPR Y
Oviinal ey 3l alojl ¥l oYl i (nly lf 28 OF Ll oy 1S il
Sy \ S ﬁry‘)ﬁuuu),ﬁ/rﬂ\od; Gl Cndy el Ol (Yasag @ qu)u\..:u|
wrswudv.,}wc-wp,sio PR LR PVER i R HE RV

Syl



