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ABSTRACT: Proline is a naturally accumulated in many higher plants
including cotton. Field studies suggested that proline may enhance cotton
yield under salinity conditions. Thus, two pot experiments were conducted at
the Agricultural Experimental Station of Agricuitural Research Center
{A.R.C.) in Giza to evaluate the effects of proline application on cotton in
response to salinity stress. Seeds of Giza 90 cultivar were sown in pots of 40
cm in diameter on April 1 and 4% in 2005 and 2006 seasons. After complete
emergence of seeding, thinning was carried ouf leaving one plant / pot. After
50 days from sowing plants were irrigated with saline solution of NaCl at
concentration of 0, 4000, 8000 and 12000 ppm followed by tap water
alternately during the whole season. Conirol pots were jrrigated with fap
water. At the start of flowering all pots were sprayed once with proline
solution at 4 concentrations i.e, 0, 5¢, 70 and 100 ppm.

The obtained results showed that:

Saline treatments decreased significantly plant height, No. of nodes and
Fruiting branches, leaf area, dry matter accumulation of roots, stem and
leaves. Also, it reduced the contents of non-reducing and total soluble
sugars as well as the uptake of K', Mg®* and Ca® in cotton leaves, and oil %
and protein % in seeds. However, sharp increases were observed in proline
contents and chloroplast pigments in leaf. So, the reduction in yield and yield
components were observed in both seasons.

Spraying proiine soiution on cotton plants grown under normal and saline
conditions increase all growth parameters and some chemical contents of
leaves i.e., chiforophyils A and B, carotein, reducing, non-reducing and total
soluble sugars, proline as well as uptake of K', Mg® and Ca®™. Also,
percentages of oil and protein in seeds. Proline application resulted
significant increases in No. of flowers and bolls per plant, boli setting, lint %,
bolf weight, seed index and seed cotton yield / plant.

The interaction between salinity and proline applications showed that proline
application reduced the extent of the harmtful effects of salinity on growth,
chemical composition of leaves, seeds and yield of cotton plants.
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INTRODUCTION

Salinity is one of the major environmental factors which adversely affects
cotton plant growth and development as well as final yield performance. Low
precipitation, high surface evaporation, irrigation using satine water and poor
cultural practices are among the major contributors for increasing salinity.
Traditional methods for reclamation of saline soils such as leaching are not
only difficult but also expensive and need more time-consuming. However,
leaving the soil un-cropped for fong time has uneconomic effects for
growers. So, using special management practices to minimize the adverse
effects of soil salinity on plant growth led to test some untraditional
treatments such as application of amino acid proline, which represent an
acceptable mean in this respect. Proline plays an adaptive role in the
tolerance of plant cells to salinity by increasing the concentration of cultural
osmotic components in order to equalize the osmotic potential of the
cytoplasm. {Ashraf and Foolad, 2007). The harmful effects of salinity on
growth and yield components of most genotypes of cotton were investigated
by several investigators (Kamel et al., 1995 ; Badran, 2006 and Ashraf and
Foolad, 2007). Rathert (1983) evaluated the effect of salinity stress on
carbohydrate metabolism and minerals in two Egyptian varieties. Kamel ef al.
{1995) and Badran (2006) stated that increasing salinity mcreased leaf Na’, Ct’
and proline concentrations, and decreased the uptake of K*, Ca** and Mg

Proline has been exogenously applied to a variety of crops in an effort to
improve salt stress tolerance and yield. in rice plants grown under salt
stress, accumutation of proline in the leaf was seemed to be a symptom of
. salt injury rather than an indication of salt tolerance (Lutts et al., 1999).
Similarly, assessment of proline accumulation and distribution during shoot
and leaf development in two sorghum genotypes, contrasting in salt
tolerance suggested that proline accumulation was a reaction to salt stress
(de-Lacerda ef al. 2003). Under salt stress, tobacco cuiltivars accumulated
greater amounts of proline significantly reduced the level of free radicals and
improved tolerance to 200 mm NaCl {Hong et al. 2000). Thus, the main goal of
this study was tc evaluate the potential use of proline o enbhance yield and
salinity tolerance in cotton.

MATERIALS AND METHODS

Two pot experiments were carried out at Giza in Coftton Physiclogy
Section, Cotton Research Institute, A.R.C. to investigate: does Foliar applied
proline affect endogenous proline and growth yield of cotton plants grown
under saline conditions.

Seeds of cotton cv. Giza 20 were sown in pots of 40 cm. in diameter, filled
with clay loam soil. Sowing dates were April 12 and 4 in 2005 and 2006
throughout the two experimental seasons, respectively. All pots received
adequate amounts of nitrogen fertilizer at a rate of 60 Kg N / fed. In split
application, one after thinning and the other was applied two weeks after
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that. Watering was carried out using tap water for 50 days after sowing,
hence forward plants were Irrigated with- saline solution of 4000, 8000 and
12000 ppm NaCi followed by tap water alternately during the whole season.
Uintreated pots (control) were irrigated regularly with tap water. At start of
fiowering all pots were sprayed with proline at 4 concentrations, i.e., 0, 50, 70
and 100 ppm. Each treatment (16 treatments) consisted of 10 pots, 5 pots in
which were used for daily flower counting.

Characters Studied:

Growth Characters:

Final plant hight {cm), No. of main stem nodes, inter-node length (cm), No.
of fruiting branches / plant and dry matter (roots , stems and leaves in gram).
Yield and yield components:

No. of flowers f plant , No. of open bolls / plant , boll shedding % , boll
weight {gm), seed index (gm) and seed cotton yield / plant (gm).

Chemical constituents:

Samples of the fourth leaf from the plant apex were taken after 15 days
from proline application to determine pigments conc. According to Araon
(1949), Sugars (A.0.A.C., 1975), proline (Bates et al., 1973), nutrient contents
(Chapman and Praft, 1961). However, oil and protein contents were
determined in seeds according to the methods described in A.0.A.C. (1975).

All data were subjected to the statistical analyses outlined by Snedecor
and Cochran (1981), using the least significant differences (LSD} for means
comparison.

RESULTS AND DISCUSSIONS

Soil analysis and level of salinity:

The Soil analysis presented in Table (A} show that the value of PH
recorded a little decrease at the end of the season associated with the
increased salinity level.

Tabie (A): Chemical analysis of the soil im'gited with saline water.

Time of | 39 | nacL Anions, meg /L Cations, meg/ L I

sampling | %8Pt | ‘pom | - | s0," | HCO; | €Oy | Na® | k* | mg* {cam| B¢ | PH

g::v‘i';; 0-45| 0 |90 |1500| 5- { — [ 916 | 070 | 50 | 1490 |0.601| 8.3
0 100 | 1542 | 5. -] 956 | 076 | 51 | 152 | 0.64 | 8.4

After | - ["4000 1150 | 260 | 6.2 - {71765 085 | 43 | 52 |3.10 1 7.85

Harvest 8000 121.0 | 6.01 | 60 - 312 | 090 | 21 | 3.01 | 3.31 | 7.95
12000 | 22.0 | 8.49 | 8.00 | - | 3466 | 040 | 1.38 | 1.05 | 4.87 | 7.25

This might be due to the increase in electrical conductivity. On contrary,
Ec increased parallel to the increase in salinity, which reached 4.87 (3116
ppm)} indicating that the soil tended to be saline.
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I. Growth and Dry Matter production:
A. Salinity:

Data presented in Table (f) reveal that irrigation of cotton plants with
saline water exhibited an inhibitory effect on vegetative growth represented
by plant height, No. and length of internodes, No. of fruiting branches, leaf
area [ plant as well as dry matter of roots, stem and leaves. Concerning the
effect of salt conc,, results showed that growth parameters significantly
affected by increasing salinity conc. However, the decrease in plant height as
a result of increasing salt conc. is mainiy may be due to the decrease in
number and length of internodes / plant. Simitar results were attained by
Kameli et al. (1995} and Badran (2006), who added that salinity may increase
osmotic pressure of soil solution and decrease water absorption by root
system and this may exert its effect on biosynthesis of hormones
responsible for cell elongation. On the other hand, the marked decrease in
dry mater production of ail plant organs may be due to that reduction in
photosynthesis activity and consequently reduce carbohydrate formation
which requires to build up a new plant organs. The other expected causes of
this reduction as described by Kent and Lauchli, {1985) describe that the
reduction could be due to the shrinkage of cell confents, reduced
development and differentiation of tissues, unbalanced nutrition, damage of
memhranes and disturbed avoidance mechanism. High sodium and chloride
conc, Could suppress the uptake of K*, Ca** and NO* and ultimate the
growth (Gorham and Wynjones, 1993 and Javaid ef a/, 2005) added that the
other possible reason of reduction ih dry matter accompanied with
increasing level of salinity may be the reduced of leaf emergence, leaf
expansion and final leaf area.

B. Proline effect:

It is clear from data presented in Table (1) that foliar application of proline
had a significant increase on alf studied growth characters as compared with
control in both seasons under normal or sajine conditions except the dry
weight of ieaves in 2005 season. The pronounced increase in vegetative
growth due to spraying proline may he a result of a corresponding increasea
in photosynthesis pigments, photosynthesis rate and carbohydrate content.
Hare and Cress (1997) showed that proline plays role as an osomolytes for
osmotic adjustment, buffering cellular redox potential (under stress
conditions). It also may cause cytoplasmic acidosis and maintaining
appropriate NADP'/NADPH ratios compatible with metabolism.

C. Interactions:

The interaction exerted significant effects on leaf area and dray matter of
roots, stem and leaves in two seasons, and No. of internodes and No. of
fruiting branches per plant in 2006 season (Table, 1).
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Table (1): Effect of different levels of salinity water

Giza 90 cultivar.

irrigation and proline appiication on growth of cotton

No. of
Salinity ] proline | Plantheight | | N9 | interade fruting | e emp? Dry welght / piant (g)
(em} I stem Length (cin}| branches/ Stem and
(A) (B) plant branch Roots Leaves

2005 | 2006 | 2005 | 2006 | 2005 | 2008 | 2005 | 2008 | 2006 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006
00 ppm 453 401 18.0 16.0 2,61 2.50 833 | 7.82 600 598 6.48 6.03 435 | 427 | 6.06 | 7.34
Pro. 50 ppm | 47.0 41.0 18.5 17.0 2.54 2.42 8.90 ; 810 873 800 654 | 650 455 | 435 | 6.74 | 7.61
Controf T0 ppm { 472 42.2 19. 0 17.0 2,48 2,48 9.11 900 | 1680 850 7.49 6.90 473 | 480 | 7.61 8.30
100ppm | 487 | 463 | 196 | 183 | 265 | 253 | 990 | 9.30 | Zri0 690 | 879 | 7.0 | 496 | 470 | 863 | 860
Mean 47.1 42 4 18.8 17.07 | 2.55 2.48 9.06 | 8.58 B665.75 | 634.5 7.32 8.63 464 | 448 | 7.26 | 7.98
00 ppm 30.6 25.3 13.3 1.7 2,30 216 500 | 4.00 415 343 3.00 3.34 2.60 2,00 | 3.00 3.08
Pro. 50 ppm | 37.0 254 14.8 13.5 2.50 2.47 540 | 4.50 424 363 3.26 3.20 2.89 218 | 318 319
4000 ppm 70 ppm 38.1 288 15.4 14.0 2.52 2.1 580 | 4.90 434 424 4.29 390 | 349 | 262 | 447 | 420
100 ppm 39.2 309 15.9 15.9 2.46 2.05 6.10 | 5.30 500 434 5.61 4.00 390 | 263 | 471 4,90
Mean 36.20 28.8 14.8 13.57 2.44 212 560 | 4.67 | 443.25 | 391.0 4.04 3.61 3.22 2,35 | 3.83 3.84
00 ppm 20.2 16.4 10.86 2.09 1.91 1.80 410 | 3.67 314 251 2.31 2.00 2.40 1.83 | 2.26 2.67
Pro, 50 ppm | 234 1886 11.2 10.00 2.08 1.86 4.33 3.90 324 311 2.44 2.13 262 ) 190 | 297 } 290
£000 ppm 70ppm | 245 19.8 1.4 10.60 2.14 1.87 480 | 4.00 351 324 317 2.90 263 1 200 | 3.25 | 2.98
100 ppm | 266 | 20.9 | 12.0 { 14.00 | 2.20 | 190 | 492 | 450 | 354 | 350 | 3.40 | 300 | 255 | 2.10 | 3.87 | 3.00
Wean | 23.7 | 18,93 | 1.3 | 10.17 | 2.08 | 1.85 | 4.53 | 401 | 335.75 | 309.0 | 2.83 | 2.60 | 2.50 | 1.88 | 3.08 | 2.88
00 ppm | 16.50 | 14.5 | 9.0 | B.08 | 1.83 | 1.79 | 2.33 | 2.0 | 242 | 210 | 2.92 | 131 | 2.96 | 1,09 | 2.34 | 2.50
12000 |Pro.50ppm| 1810 | 166 | 95 | 83 | 180 | 179 | 260 | 230 | 295 | 242 | 249 | 190 | 282 | 136 | 237 | 260
PPm 70 ppm | 19.20 18.9 10.% 103 130 183 290 | 270 300 265 3.00 2.10 2.89 182 | 283 2.80
100 ppm | 20.00 | 197 | 10.6 | 10.4 | 2.00 | 1.89 | 300 ! 200 | 316 | 200 | 343 | 2.0 | 297 | 1.88 | 2.82 | 298
Mean 18.45 [ 17.42 8.80 9.52 1.90 1.82 2.70 2.50 576 2518 | 2.31 2.05 278 164 | 254 | 2.72
G0 ppm | 282 241 12.7 11.2 21 241 49 4.4 393 50 347 | 347 283 | 222 3.42 | 3.080
(B} Pro. 30 ppm | 314 26.4 13.5 12,5 23 21 53 4.7 429 379 3.68 3.43 3.20 245 | 3.81 4.08
0 ppm | 323 27.6 1.8 13.0 23 2.1 8.7 5.2 441 415 4.19 3.95 3.95 2.76 4.49 | 4.57
100 ppm | 33.6 29.5 14.5 13.7 2.3 2.1 6.0 5.5 469 441 5.23 4,24 | 360 2.83 5.01 4,87
Ay 185 ] 22 | 198 | 160 | U5 | 04 | 04 | 08 | a7 45 | 101 ] 08 1025 | 07 | 028 | 0.71
L.S.0D. {B) 1.70 19 1.45 0.96 N.S. N.S. o7 0.8 51 56 1.02 0.5 0.40 0.8 N.S. 0.03
AxB NS. | NS, | NS | 193 ! nNs | NS [ NS | 16 | 108 | 100 | 207 12 110 ] 12 | 153 | 147
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li. Chemical constituents:

Data presented in Table (2) show that all chemical constituents of cotton
leaf and seeds were significantly affected by salt and proline conc. as well as
their interaction.

A. Salinity:

Results showed the significant increases in chlorophylis (a) and (b) and
carotenes in leaves under different levels of salinity. The increase in total
chlorophyll is mainly due to the increase in chlorophyll (a} rather than
chlorophyll (b). In this concern, Ahmed ef al. (1989) pointed out that water
stress increased the amount of chlorophyll indicating a weakening of its
bonding with protein complex. However, the significani decrease in
carbohydrate contents was observed with increasing salinity levels. The
reduction in sugars may be due to the reduction in uptake of K*, Ca™,
photosynthesis rate and increasing photorespiration under water deficit
(Javaid and Khalil 2005). Such results were confirmed by Alia et al. (2007),
who reported that salinity conditions decreased reducing and total soluble
sugars in cotton leaves. Results also showed, the significant increase in
proline content was recorded under salinity conditior.s as compared to its
content in control ones. The values of increasing % in proline were 192, 207
and 285 % under 4000, 8000 and 12000 ppm NaCl, respectively as compared
to the control level. The obtained results in this study are in accordance with
findings reported by Kamel! et al. (1995), Badran (2008) and Ashraf and
Foolad (2007). The increase of proline content in salt-stressed cotton leaves
may be due to the increase of protein hydrolysis as result of increasing the
activity of hydrolytic enzymes (Nayyer and Walia, 2003), and/or to the
increase of proline biosynthesis. Proline play as osmosis regulatory role as
well as a protective function for enzyme in the cytoplasm by binding water to
proteins and thus maintained their hydration (Stewart and Lee, 1974).

Result showed that increasing salting level stimulate the uptake and
translocation of Na® and CI into leaves, on other hand, displacement of K*,
Ca® and Mg? High sodium conc. displaced Ca® from the plasma-lemma
resuiting in loss of membrane integrity and effilux of cytosolic K hence
potassium concentration in leaves decreased may be attributed to potassium
sefectivity for absorption (Jeschke, 1984). However, the increase of chloride
may be due to presence of high conc. of chloride in the substrate at high
salinity. This show that the capability of cotton genotypes to maintain a low
CI" conc. may be an important reason for their salt telerance. It is assumed
that successful osmotic adjustment and a better ionic balance regarding Na',
K* and CI in salt tolerant varieties contributed towards their better growth
performance under saline conditions (Javaid and Khaiil, 2005).
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Table (2): Effect of different levels of salinity and proline application on chemical constituents of cotton

4

leaves.
Total | Reducing | NOP P m. mol f g dry wt,
Salinity Treatments Chl. Ch. Total | Carot | soluble sugar RS. roline oil Protein
mgigm | mglgm ClL 5
14 8) A B Chl. | ene. sugar mgigm Dry | Fresh wit % %
mglgm Dry wit. wit. i K Na Ca Mg

Goppm | 352 | 228 | 576 | 0.35 | 2000 17.00 3.00 372 17 |0.04] 406 | 044 |003] 20.3 22.60

Pro. 50ppm | 385 | 261 | 646 | 0.37 | 2110 17.30 3.80 472 18 (004 418 | 052 [003( 204 | 2299

Contro Toppm | 3.88 | 290 | 678 [ 038 | 2190 17.90 4.00 6.24 18 |o03| 480 | 085 loo1| 208 23.00
100ppm | 440 | 382 | 822 | 0352 | 2230 1800 | 4.30 712 20 [0.03] 490 | 092 Joo1| 21.0 | 2310

Mean 381 | 264 | 681 | 041 | 21433 17,65 3.78 5.45 182 |[0.03] 443 | 063 |0.02 | 2065 | 2292

00 ppm 361 | 254 | 6.5 | 0.38 | 18.10 1453 | 457 B85 130 |2.50 | Z.00 | 041 |280| 17.30 | 18.09

Pro. S0ppm { 382 | 279 | 681 | 039 [ 2000 14.60 540 | 17.06 160 |230| 230 | 044 [210| 1780 | 4920

4000 ppm 7oppm | 3.85 | 291 | &7¢ | 0.4 | 20.60 15.00 560 | 1843 | 170 j210| 232 | o045 l136( 1780 | 41850
100ppm | 480 | 381 | 86t [ 083 | 2110 15.10 6.00 19.7 170 (148} 250 | 052 [1.80] 1800 | 2113

Mean 402 | 3.01 | 702 | D.44 | 0.2 14.80 539 | 1596 1.57 (2.22| 2.28 | 046 1218 17.60 | 18.71

80 ppm | 3.72 | 269 | 642 | 0.40 | 17.27 9.85 742 9.36 D.90 | 2.50]2.0021 | 0.3¢ | 2.85 | 16.50 | 18.29

Pro. Soppm | 338 | 289 | 887 | 041 | 18.00 9.90 840 | 1837 | D96 (260! o© 040 12501 1680 | 1875

8000 ppm Toppm | 405 | 292 | 5907 | 047 | 1290 1030 | 8.60 | 1940 | 087 j243] 220 | 041 |240| 1740 | 1888
to0ppm | 410 | 390 | 800 [ 057 | 1930 10,50 g80 | 2018 | 1.00 |240] z28 | 042 |200] 1730 | 18as

Mean 396 | 3.0 | T.06 | 048 | 1836 10.13 823 | 1847 | 0.85 |2.67| 2.15 | 04D | 2.38 | 16.85 | 18.70

00 ppm | 3.893 | 2.80 | 673 | 046 | 943 3.10 803 | 1947 | 070 [3.410| 180 | 0.22 |8.30 | 1574 | 17.57

42000 |Pre-50ppm | 385 | 250 | 685 {048 | 870 350 8.20 | 41990 | 073 |3.00] 195 | 032 |298] 1600 | 1829
7oppm | 438 | 310 | 745 | 088 | 990 170 620 | 2084 | 074 |280% 1988 | 032 |288| 4610 | 1Bm8

ppm 100ppm | 441 | 400 | 441 | o658 | 1080 4,10 850 | 2384 | 077 |zse| 201 | 636 |287| 1530 | 1s88
Mean 447 | 320 | 7.37 | 0.62 | 8.83 3.50 823 | 21.00 | ©.73 |2.86] 1.8 | 0.31 | 288 | 16,03 | 1844

00 ppm 370 | 2.60 | 5.30 | 040 | 16.40 1.0 5.30 10.3 145 | 211] 2.49 | 037 |2.30| 17.50 | 18.40

@ |Fro-S0ppm i 390 | 280 | G570 | 043 | 17.20 11.30 580 § 150 127 [183| 264 | 042 |190| 17.70 | 1880
7oppm | 400 | 300 | 700 | 047 | 17.80 11.70 5.10 16.2 130 |187| 278 | o048 [174| 1780 | 2010

j00ppm | 420 | a0 | 811 | 055 | 18.30 1190 | 540 17.7 137 [183] 293 | 056 !1.65, 18.20 | 20.50

A 0.16 | 0.18 | 24 | D03 | 113 112 0.24 0.44 0.03 |003| 013 | 0.02 |0.00 170 0.24

LS.0. (B) 024 | 014 | 027 | 003 | o098 0.90 0.27 0.37 003 [004] 009 | 002 [040| 1.23 0.18
AxB 049 | 029 | 058 | 018 ] 140 1,30 0.3% 074 216 [011] 018 | 003 |04 220 0.25
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B. Proline effects:

It is clear from data presented in Table (2) that foliar application of proline
had significant increases in total chlorophylis, carbohydrate contents and
jons of K, Mg®* and Ca® in cotton leaves. Results showed also that proline
application resulted in marked increase in endogenous proiine content in
leaves (45.6 - 71.8 %) of treated plants as compared to confrel. Qil and
protein contents increased also significantly owing to proline application. In
addition fo the observations of Stewart and Lee (1974), proline may be a
good storage of N because of its metabolic proximity having already
conversion to glutamic acid, which considered a key compound in N
metabolism. Furthermore, the conversation of proline to glutamic acid, two
equivalents of NADPH are produced, making proline already available source
of energy and reducing power. So, the increases in chiorophylls, carotene
and carbohydrate in leaves, oil and protein in seeds, due to proline
application could be attributed to increasing N and K in leaves. The
importance of such two elements (N, K) are well confirmed for healthy growth
of plants (Sangakkara et a/., 2000). However, the obtained results in this
study correspond with the findings of Ashraf and Foolad (2007), who
reported that exogenous application of proline enhance endogenous level of
it and improve different characters of plants grown under water stress
conditions.

C. Interaction:

Results showed that the interaction between proline and salinity exerted
significant effects (Table, 2) on chlorophyll, carbohydrate, ions (K', Na’, CI,
Ca”) and proline contents in cotton leaves. Similar results were obtained for
oil protein in cotton seeds, The highest contents of proline (23.8 mg) was
observed when it applied at 100 ppm under salinity at 12000 ppm, the lowest
value (4.7 mg) was recorded for 50 ppm proline and nomal condition
{salinity zero}. Such results were supported by the findings of Badran (2006).
On the other hand, Na* and CI confents in leaves were increased by
increasing salinity fevel, compared to controi, while appiying proline tended
to reduce their concentrations. In this concern, Badran {2006) demonstrated
that chioride salinity decreased the uptake of N, P, K and Ca by cofton plants
comparing to control.

lli. Yield and Yield Components:
A. Salinity :

Data presented in Table (3) revealed that salinity resulted in significant
reduction attributed with increasing levels of salinity as compared with the
control in yield components {No. of flowers and bolls / plant, bolf weight,
seed index, lint % and seed cotton yield / plant). However, the significant
increase of shedding % was markedly observed. The relative higher
production of flowers and the relative lower production of bolis showed that
salinity enhanced shedding of bolls born on cotton plants. Shedding
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Table (3): Effect of different levels of salinity water irrigation and proline applicatiecn on yield and yield

components in Giza 90 cultivar.

Salinlty Treatments | No. of flowers / Shedding No. of open Boll welght Seed index L% f’;::g f:g‘:‘?
ptant % bolls I plant {gm) {gm) gm)
A} (8}

2005 2006 2005 2008 2005 2006 2005 2006 2005 2006 2005 2006 2005 2006
00 ppm 19.20 16.80 23.10 25.30 13.00 12.00 2.05 1.96 a.80 8.89 37.97 8.2 26.65 23.57
Pro.50 ppm 19.60 17.30 22.80 2340 13.00 1210 2.20 1.84 8,90 8.92 38.51 37.87 28.00 23193
Control 70 ppm 20.01 18.20 2210 22.20 14,00 12.63 2.0 2.00 9.24 B.98 38.32 38.00 30.80 28,27
100 ppm 20.30 19.30 22,00 22.10 14.60 13.34 230 242 . 5.38 9.01 39,88 38.30 33.00 28.29
Mean 19.78 17.90 22.45 2317 13,658 12.51 218 2,00 §.10 8.95 38.92 37.64 29.41 25.26
00 ppm 13.60 13.00 27.01 27.30 8.90 8.80 172 1.68 B.00 B.20¢ 36.31 35,07 15,30 13.80
4000 Pro.60 ppm 13.90 13.30 28.90 2T.00 10.40 16.04 1718 1.83 B.43 B.AS 3r.e7 36.09 18.40 18.38
o 70 ppm 14.10 13.90 26.30 2810 11.40 10.37 1.80 1.87 B.58 B.48 38.51 37.81 20.1 19.41
pa 100 ppm 14.30 14.45 26.10 26.00 11.20 10.83 1.91 1.80 8.64 B.60 38.81 37.84 20.90 20.87
Maan 13.87 13,66 28.68 26.60 10.40 10.03 1.79 1.82 8.41 8.43 37.90 6.82 18.85 18.04
00 ppm 11.80 10.60 33.30 33.00 6.50 7.59 1.70 1.41 7.2T .91 33.48 32.38 11.20 10.51
8000 Pro.50 ppm 12.10 11.10 32,80 32.60 8.10 8.30 §.72 1.67 7.35 7.00 36.07 36.48 13.80 13.87
m 70 ppm 12,30 11.40 3z10 32.30 g70 8.86 1.73 1.67 7.41 742 36.06 35.54 15.30 14.96
PP 100 ppm 12.45 12,40 32.00 32.10 9.50 9.43 1.76 1.71 T.58 7.30 37.54 36.07 16.72 16.12
Mean 12,11 1190 32.5¢ 12.50 8.20 8.57 1.72 1.61 7.40 7.08 35.78 34.86 14.28 13.86

COppm 900 8.80 48,00 44,30 6.90 §.20 1.14 1.28 8.12 8,91 31,60 30,30 6.72 6.78

12600 Pra.&0 ppm 9.0 .00 43.90 43.90 712 7.08 1.35 1.24 843 612 32.58 31 B8O &80 847
ppm 70 ppm 9.90 9.13 42,30 43,30 7.30 7.00 1.68 1.3 6.53 £.30 3321 32.00 .00 10.66
P 100 ppm 10.00 8.70 42.00 43.00 7.60 7.33 1.60 1.62 £.80 B8.48 3270 32.60 11.97 11.87
Mean 9.55 8,18 43.3 43.62 6.48 6.64 1.41 1.44 8.52 8.20 32.52 31.82 9.82 9.69
00 ppm 13.35 12.30 3210 32.50 8,57 8.40 1.7 1.8 7.6 7.8 34,80 33.50 14 96 137
(®) Pro.56 ppm 13.73 12.68 31.60 31.70 8.66 9.40 1.7 1.7 7.8 1.6 36,20 35.30 17.47 16.40
70 ppm 14,08 13.16 30.70 31.00 10.27 9.70 1.8 18 8.0 7.7 36.80 38.70 18,27 17.60
100 pprn 14.26 $3.78 30.50 30.8 10.72 16.2 1.9 1.8 8.1 7.8 37.20 36.20 20.90 19.20

(A) 0.40 0.20 1.30 1.5% 112 1.78 0.2% 0.27 0.33 0.5t 134 0.27 3.32 4.51

L.8.D. (B) 1.80 3.00 1.10 1.42 0.80 145 0.40 N.S. 017 0,29 1.50 1.40 2.92 281
AxB N.5. N.S5, N.S. N.S. 1.90 N.S. N.5. N.S. 0.49 0.58 N.S. N.S. N.S. N.S.
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percentages ranged from 22.4 to 43.6 % in two seasons, according to salinity
level.

The harmfui effects of salinity on cotton plant growth as well as chemical
contents resulted in reduced yield and yield components. The reduction in
vield ranged from 28.5% to 66.6% in two seasons, which may attributed to the
increase in the osmotic pressure of soil solution, which reduces the ability of
plants fo absorb water and nutrients. These resulfs are in good accordance
with the findings of Ronde et al. (2000) Radwan et al. (2002} and Badran
(2006).

B. Proline effect:

As shown in Table (3), foliar application of proline resulted in significant
increase in yield and yield components in two seasons, except of boll weight
in 2006 season. However, applying proline under notmal and different levels
of salinity tended to increase the No. of flowers and bolls / plant, boll setting,
lint %, boll weight and seed cotton yield / plant. it is worth to note that 100
ppm of proline was superior as compared with other conc. (50, 70 ppm)
under normal and salinity conditions. The increases in seed cotton yield
were 16.7 * 19.7 %, 28.8 * 28.5 % and 37.9 ‘ 40.1 % when proline applied at 50 *
70 and 10C ppm, respectively in both seasons (2005 and 2006) Such
increases are mainly due to the improving of proline on growth characters
(Table, 1) as well as enhancing the chemical contents (Table, 2). In additional
to proline's function as osmolytes, thus restoring turgor pressure and
refiving the requirement for additional osmolytes, and protect plants from
stress through different courses, including contribution to detoxification of
reactive oxygen species, protection of membrane integrity, and stabilization
of enzyme / protein (Yancey ef al., 1982 and Bohnert and Jensery, 1996).

C. Interactions:

The interaction between salinity and proline exerted significant effects
only on seed index in both seasons and number of bolls / plant in 2005
season {Table, 3). The positive effects of proline in all traits were more
pronounced under salinity conditions, especially when it used at 160 ppm
under various fevels of salinity as compared to control. This could be due to
that proline had a positive effects on enzyme and membrane integrity along
with adaptive rofes in mediating osmotic adjustment in plants grown under
stress conditions (Ashraf and Foolad, 2007).
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