


RESULTS AND DISCUSSION

A. Growth characters

Means of growth characters for each of the two flax
strains supplied with three microelement treatments and
seeded at six rates in 1989/90 and 1990/91 seasons are

presented in Table 4 and 5.

1. Plant height

Results showed that means of plant height continued
to increase as the plant advanced in age until the last

sampling date for the two strains in both seasons.

The results indicated that the differences between
the two strains in plant height were not significant at
the first, second and third stages, while at the fourth
stage there was a significant difference in both
seasons. However, S; (19/31) was higher than S, (2419/1)

in plant height at all growing stages {Table 4 and 5}.

The difference in plant height at the end of the
growing season is mainly due to the difference in the
genetical constitution of the two strains. Many
investigators found marked differences in plant height
among different flax strains {(El-Farouk et al., 1982;
El-Kalla and El-Kassaby, 1982; Salama, 1983; Momtaz et

al., 1989 and Kineber, 1991).
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Table 4. Effect of strains (S), microelements (M) and seeding rates (R) on growth characters of flax plants in 1989/90 season.

Strains Microelements Seeding rates

Days

from Characters LS.D. §1 52 L.S.D. Mi M2 M3 ,

sowing Sig. 1% 5% 19/31 2419/1 Sig 1% 5% Zn Cu Control Sig. % RI R2 R3 R4 RS R6

55 days Plant height (cm) N.S. - - 3847 4673 . - 428 4663 4520 H4A6 s 1.64 4325 4361 4373 4443 4463 4496
Dry weight per plant (gm) NS - - 025 028 N.S. - - 025 025 024 * 000 026 025 024 023 022 022
(Stem dry wt./Total dry wt.) x 100 * - 293 3470 37138 - - 226 3696 33198 31.64 " 389 3330 3321 3401 23506 3642 38%4
Leaves dry wi./Total dry wt.) x 100 N.S. - - 3946 3915 * - 234 36.85 4065 3585 . 1.59 4081 4014 3944 3923 3850 3810
Roots dry wt. /Total dry wt.) x 100 N.S. - - 24.59 23.03 NS - - 21,53 2118 2207 * 355 2511 2475 240% 2366 2232 2122

75 days Plant height {cm) N.S. - - 62.57 5963 * - 427 6345 5951 5893 . 407 5597 5686 3873 5937 6137 6271
Dry weight per plant (gm) N.S. - - 030 035 NS. - - 032 032 031 " 010 041 038 036 034 032 0B
{Stem dry wt./Total dry wt.)x 100 N.S. - - 44.04 4320 N.5. - - 4650 4506 4529 NS - 48.16 4899 4935 4951 5036 5034
Leaves dry wt./Total dry wi.}x 100 N.S. - - 30.25 3299 NS - - 31.15 3191 31719 * 151 3191 31.80 31.63 31.58 3051 286l
Roots dry wi. /Total dry wt.) x 100 N5 - - 2261 2134 N.S. - - 2109 2175 2109 NS - 2361 2353 2268 2253 2116 20.76

95 days Plant height (cm) N.8. - - 9162 8971 * - 304 9327 9086 B993 b 321 B9.55 $9.76 9013 9042 9164 5250
Technical stem length (cm) . - 2.09 7580 7041 . - 173 7498 7421 7214 * 192 7312 7315 7320 7400 7414 7505
Dry weight per plant (gm) N.S. - - 113 124 N.&. - - 124 124 123 . 018 128 118 105 104 102 LOY
(Stem dry wt./Total dry wt.)x 100 NS - - 50.69 50.20 N.8. - - 5140 5088 5004 NS - S1.67 5249 5307 5405 5415 5313
Leaves dry wt./Total dry wt.) x 100 N.S. - - 2763 2798 N.5. - - 2782 2893 2867 * 199 3037 2960 2817 2775 2715 2679
Roots dry wt. /Total dry wiyx 100 N8 - - 2090 2026 NS - - 2022 2067 2087 N.S. - 21,10 2098 2041 2042 2028 2018

il5days  Plant height (em} » - 361 99.46 9247 had 456 282 9573 9166 BE30 * 282 9662 9683 9679 9746 9868 990
Technical stem length {cm} * - 311 8123 7282 * - 1.56 8157 BO.E3 79.62 . 163 7922 7929 79.34 8222 8259 B298
Dry weight per plant (gm) NS - - 137 155 N.8. - - 157 146 140 * 026 168 168 142 135 130 120
No. of capsules per plant A 726 363 1479 2214 NS - - 1833 1845 18.64 . 418 2254 1997 1965 1713 1793 1572
No. of upper branches per plant . - 067 563 622 NS, - - 696 661 626 - 049 699 668 592 585 535 521
(Stem dry wt./Total dry wt ) x 100 * - 276 5144 5211 N.5. - - 5511 5460 5434 NS . 53.69 5562 5573 56.14 5656 5689
Leaves dry wt./Total dry wt.) x 100 N.5. - - 2890 2992 * - .15 2752 2863 2512 . 142 2882 2808 2797 2784 2768 2694
Roots dry wt. /Total dry wiyx 100 NS - - 17.72 1187 N.8. - - 17.10 1707 1785 NS - 18.03 1881 1792 1755 1729 1717
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Table 5. Effect of strains (S), microelements (M) and seeding rates (R) on growth characters of flax plants in 1990/91 season.

No. of Strains Microelements Seeding rates

Dayvs

from Characters LSD. S1 52 LS.D. Ml M2 M3 LSD.

soOWing Sig 1% 5% 19/31 24191 Sigg 1% 5% Zn Cu Control Sig. 5% Rl R2 R3 R4 RS R6

55 days Plant height {erm) NS, - - 46.38  37.69 . - 427 4481 4113 4236 * 152 4123 4145 41.69 4242 4155 4287
Dry weight per plant {gm) NS - - 0.23 .23 N.S. - - 022 022 022 * 00z 013 €12 012 011 011 011
(Stem dry wt./Total dry wt.) x 100 . - 262 4042 4320 * - 126 3648 3616 3319 e 398 3883 4021 4191 4249 42 42,99
Leaves diy wt./Total dry wt.) x 100 N.5. - - 29.78 28.06 . - 261 3139 3245 3082 . 1.63 34.0% 3132 3026 31.07 30.16 29.6%
Roots dry wi. /Total dry wt.)x 100 NS - - 2865 28.59 N.5. - - 2822 2314 2881 . 373 3023 28,13 2728 2603 2586 2531

75 days Piant height {cm) N.8. - - 6065 5295 . - 493 6008 5947 5686 * 399 5380 5476 5447 5648 5949 6071
Dry weight per plant (gm) NS - - 023 030 N.5. - - 027 026 026 * 007 032 030 028 264 022 020
(Stem dry wi./Total dry wt.) x 100 N.5. . - 4212 4104 NS - - 1218 3923 3923 N3 - 38.34 3893 3914 4032 4056 4099
Leaves dry wt./Total dry wt.) x 100 N.S. - - 31.50 3386 N.S. - - 3214 3319 3271 . 242 3343 3326 3277 3238 3131 3032
Roats dry wt. /Total dry wi ) x 100 N.S. - - 2615 2518 N.S. - - 2722 2713 2667 NS . 2684 2779 2553 2696 2752 27.1%

95 days Plant height (cm) NS - - 88.96 BG6.46 * - 3.35 90586 89507 8759 * 293 %7.08 8718 8743 3758 B943 9045
Technical stem length (em) * - 233 7235 6813 * - 1.87 7283 7237 7096 » 194 7124 7160 7178 7211 7231 7314
Drv weight per plant {gm) NS - - 115 116 NS - - 116 116 115 . 006 112 111 104 103 101 101
(Stomm dry wiTotel dry wi )y 100 NS - aw3s 411 NS - - 407 4863 475R NS . 4714 4756 4763 4812 4949 S0.82
Leaves dry wt./Total dry wi. ) x 100 N.8. - - 2895 282 N.5. - - 28,59 2897 2957 . 152 3028 2968 2968 2922 2891 2832
Roots dry wi, /Total dry wt.) x 100 NS5 - - 21.81 21.85 N.S. - - 2145 21,70 2183 N.5. - 2239 2319 2255 2220 2073 2026

115 days Plant height (cm) * - 331 §6.79 90352 his 396 284 9015 8814 8518 * 261 9425 9433 9461 9534 9578 9694
Technical stem length {cm) * - 221 7912 7682 . - 198 8029 7941 7672 * 1.5 7608 7724 78358 7T9.01 8044 B1.3%
Dry weight per plant (grm) N5 - - 1.77 185 NS - - 182 1.82 1.80 . 015 152 151 143 132 132 1.31
Ne. of capsules per plant o 619 371 1374 2108 N.5. - - 1725 1732 1754 * 402 2131 1893 1880 1803 1479 1463
No. of upper branches per plant * . 045 579 639 N.5. - - 678 638 632 . 051 69 669 582 595 53 528
(Stern dry wt./Total dry wi.)x 100 * - 137 3168 5231 N.5. B - 5445 5487 5415 N.8. - 5265 5429 5471 5584 35611 5634
Leaves dry wt./Total dry wt.) x 100 * - 281 2509 2862 * - 1.12 2603 2692 2478 * 133 2763 2740 2666 2626 2607 259
Roots dry wt. /Total dry wt.) x 100 N.E. - - 1752 1745 N.S. - - 1706 1776 1763 N5, - 17.65 1766 1767 1747 17.05 1661
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stages in both seasons, which were 49.21 and 93.21 cm
in the first season, and being 46.16 and 90.31 cm, in
the second season, respectively. In the second stage
the highest values were 63.58 and 60.72 cm in both
seasons recorded with the combination of 53 supplied

with Zn and seeded at 2000 seeds/mZ2.

The tallest plants in the fourth stage was recorded
with 87 (19/31) plants supplied with Zn and seeded at
1500 seeds/m? in both season, with an average of 102.80
and 97.69 cm in 1989/90 and 1990/91 season,

respectively.

2. Technical stem length

This character was recorded only at the third and
the fourth stages of growth as shown in Tables (4 and

5).

The results indicated that there were significant
differences between the two studied strains in
technical stem length in both seasons, and S5; (19/31)
was higher than S, (2419/1) at the third and fourth
stages. Results reported by Yousef (1968) , El-Farouk et
al., (1982), El-Kalla and El-Kassaby (1982), Salama
(1983 and 1988), El-Kady (1985), Momtaz et al., (1985),
Hella et al., (1986), El-Kady et al., (1988), Sorour et
al., (1988) and Kineber (1991) showed also marked

differences in technical stem length of the different
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Table 6. Summary of interaction effects among strains (8), microelements (M) and seeding rates (R) on growth characters of flax plants in 1989/90 season.

No. of days Characters SxM Highest SxR Highest MxR Highest SxMxR Highest
from sowing value value value value
$5days  Plant height (cm) N$(8,xZn) 4637 NS (S, x2000) 4540 NS(Znx1750) 4623 N§ (8, xZnx 1730) 49.21
Dry weight per plart {gm) NS(S,xCu) 024 NS(S;x1000) 024 NS(Cux750) 022 NS (S, X Cu x 750) 0.25
(Stem dry wi/Total dry wi) x 100 NS(S,x2Zn) 4LI2 NS(S;x1250)  40.82 NS (Znx1250) 41.58 NS (S;xZnx1250) 4176
Leaves dry wi/Total dry wi) x 100 NS (S, xCu) 4122 NS (S, x750) 42.13 NS (Cux1000) 4161 NS (5, xCux 750) 41.86
Roots dry wt. /Total dry wt) x 100 NS (S,xCu) 25.42 NS (8, x 750) 26.22 NS (Cu x 750) 23.52 NS (8, xCux 730) 2633
75days  Plant height (cm) NS(S,xZn) 57.58 NS (S, X2000)  62.28 NS (Znx2000)  63.13 NS(S,xZnx2000)  63.58
Dry weight per plant (gm) ¢ (S,xZn) 041 NS (S, x750) 0.40 NS (Zn x750) 035 NS (S, x Zn  730) 0.40
{Stem dry wt./Total dry wi) x 100 NS ﬁwu xZn) 52.14 NS (S,x1250) 51.88 NS (Zax1250) 51.05 N8 (85 x Zn x 1250) 5261
Leaves dry wt./Total dry wt) x 100 (S,xCu)  33.59 NS(Sx750) 3336 NS(Cux750) 3232 NS (S3x Zn x 750) 32.67
Roots dry wt. /Total dry wt.) x 100 NS(S;xZn) 2159 NS (S, x1000) 2171 NS (Znx 1000y 2228 NS (8| x Cu x 1000} 22.91
95days  Plant height (cm) NS (S,x2n) 9239 NS (S, x1750)  92.53 NS(Zax1750) 93.00 NS (§,x2nx1750)  93.21
Technical stemn length (cm) N§(§;xZn) T NS (5, x1300) 73.21 * (Znx 1500) 7593 NS (8, xZnx 1500) 73.61
Dry weight per plant (gm) NS(S,xCu) 120 NS (S, x 750) .22 NS (Cu x 750) 1.267 NS (S, x Cu x 750) 1.27
(Stem dry wi./Total dry wi.) x 100 NS (8;xZn) 3510 NS(5,x1250) 34.52 NS(Znx1250) 53.71 NS (8, x Zn x 1230} 55.42
Leaves dry wt/Total dry wi) x 100 NS (S5 x Cu) 29.39 NS (5, x 750) 3121 NS (Cux750) 2978 NS (S, x Cu x750) 137
Roots dry wt. /Total dry wt.) x 100 NS (S5, xCu) 21.43 NS (S, x1000)  20.83 NS (Cux1500) 2133 NS (8, x Cux 1000) 21.69
115 days Plant height (cm) NS (8 xZn) 102,05 NS (5, x1500) 102.15 NS(Znx 15060) 100.25 NS (5, xZnx1500) 102.80
Technicai stem length (cm) NS (§; xIn) 8235 NS (§; x2000)  81.58 * (Znx 1300} 83.45 NS (8, x Zn x 1500) 8.13
Dry weight per piant (gm) * (S;xZn) 1.70 NS (5, x 750) 1.68 NS (Zn x 750) 1.64 NS (8, x Zn x 750) 168
Nutnber of capsules per plant NS($.xZn) 2300 NS(S,x750) 2383 NS(Znx750)  23.90 NS (S, x Zn x 750} 2391
Number of upper branches per plant NS (§,xCu) 627 NS (85 x 750) 6.88 NS (Zn x 750) 6.65 NS (S, x Zn x 750) 721
(Stemn dry wt./Total dry wt.} x 100 NS(S,xZn) 36.53 NS (5,x1250) 56.36 NS (Znx 1250)  56.09 NE(5; xZnx 1250) 56.74
Leaves dry wt./Total dry wi.) x 100 N8 (8,xCu) 29.84 NS (5, x 750} 30.41 NS (Cu x 750) 2826 NS (8, xCux750) 30.51
Roots dry wt. /Total dry wt.) x 100 NS (S;xunw.) 1764 * (84, x1000) 18.87 NS (Cuxi000) 17.56 17.91

NS (8, x untr x 1000)
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Table 7. Summary of interaction effects among strains (S), microelements (M) and seeding rates (R) on growth characters of flax plants in 1990/91 season.

No. of days Characters SxM Highest SxR Highest MxR Highest SxMxR Highest
from sowing value value value value
55days  Plant height (cm) NS (S8, xZn) 4526 N8 (8, x2000) 4222 NS (Znx 1750) 45.66 NS (8§, xZnx 1750) 45.16
Dry weight per plant (gm) NS(S,xCu) 024 NS(S,x1000) 020 NS (Cu x 750) 0.19 NS (S, x Cu x 750) 0.25
(Stem dry wt./Total dry wt)) x 100 NS(S;xZn) 4257 NS (S, x1000)  42.82 NS (Znx1000) 4222 NS(S;xZnx1000)  43.19
Leaves dry wt./Total dry wt.) % 100 NS (S]xCu)  34.56 NS (S;x750) 3412 NS(Cux1000) 34.56 NS(S;xCux750) 3536
Roots dry wt. /Total dry wt) x 100 NS(S,xCu)  30.13 NS(S;x750) 3011 NS(Cux750) 3023 NS (S,xCux750) 3071
75days  Plant height (cm) NS (8, xZn) 60.18 NS (8, x 1000) 60.61 NS (Znx 1000)  60.53 N8 (8, x Zn x 1000) 60.72
Dry weight per plant (gm) * (S,x2Zn) 033 NS (8, x750) 0.29 NS (Zn x 750) 031 NS (S, x Zn x 750) 0.31
(Stem dry wt./Total dry wi.) x 100 Ns($,xZn)  43.18 NS(S;x1000) 4179 NS (Znx 1000)  40.19 NS(S;xZnx1000)  43.81
Leaves dry wt./Total dry we.) x 100 * (S,xCu) 3398 NS (S;x 750) 3367 NS(Cux750)  33.13 NS (S5% Cu x 750) 33.89
Roots dry wi. /Total dry wt.) x 100 NS(S,xZn) 2699 NS (8, x 1000) 27.86 NS (Znx 1000) 2643 N8 (8, x Cu x 1000) 27.93
95 days  Plant height (em) NS(S;xZn) 8996 NS (8 x 1750) 88.99 NS(Znx1750) 89.96 NS (§; xZnx 1730} 90.31
Technical stem length (cm) NS(8;xZn) 72.83 NS (8, x 15300} 7236 * (Znx 1500) 73.86 NS (8, xZnx 1500} 73.31
Dry weight per plant {(gm) NS (8, xCu) 116 NS (8, x 750) 1.11 NS (Cux 750) 1.15 NE (8, x Cu x 750) 1.16
(Stem dry wt./Total dry wt.) x 100 N§(S,xZn) 35117 NS (8, x 1060) 50.26 NS{Znx 1000) 49.22 N8 (8, x Zn x 1000) 52.37
Leaves dry wt./Total dry wt.) x 100 N§(S,xCu) 29.54 N8 (8, x 750) 30.24 NS (Cu x 750) 30.57 NS (8, x Cux 750) 30.71
Roots dry wt. /Total dry wt.) x 100 NS(§;xCu) 2286 NS (§; x 1000} 2235 NS (Cux 1500) 2551 N8 (8, x Cux 1600) 22.9%
115 days Plant height (cm) NS(8;xZn) 93.47 NS (8, x 1500) 94.98 NS (Znx 1500) 9234 NS (8, xZn x 1500) 97.65
Technical stem length {cm) NS(S;xZn) 77.55 NS (S, x2000)  79.25 * (Znx1500) 8165 NS (S;xZnx1500)  80.94
Drv weight per plant (gm) * (S,xZn) 200 NS (S, X 750) 134 NS (Zn x 750) 1.41 NS (S, X Zn x 750) 1.53
Number of capsules per plant N§(S,xZn) 19.17 NS (5, % 750) 21.35 N8 (Znx 750) 18.43 NS (8; xZnx 750) 21.92
Number of upper branches per plant NS (§,xCu) 6.28 NS (8, x730) 6.68 NS (Znx 750) 6,88 NS (8, x Zn x 750) 6.99
(Stem dry wt./Total dry wt.) x 100 NS (8, xZn) 55.57 N8 (8, x 1000) 55,76 NS (Znx 1000)  55.35 NS (8, x Zn x 1000) 56.63
Leaves dry wi./Total dry wt.) x 100 NS (8, x Cu) 2872 NS (8, x750) 28.43 NS (Cux7350) 27.63 N8 (8, x Cux730) 28.91
Roots dry wi. /Total dry wt.) x 100 N8 (8, xuntr.) 17.53 NS (5, x1000) 17.76 NS{Cux [000) 17.65 NS (8; xuntrx 1000)  17.81
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genotypes.

Microelement application significantly affected
technical stem length at poth third and fourth stages
in both seasons. Zinc application significantly
increased technical stem iength compared with cupper
and untreated check. Results reported by Kadry (1981)
showed that Zn or Cu application had no significant
effect on technical stem length. ©On the other hand,
Bottini (1964) and Stetsenko and Chepikov (1970) found
that growth characters of flax were positively affected

by Zn and Cu application.

There was an upward trend in technical stem length
with increasing plant population, and the differences
between treatments reached the significant level
comparing the lowest seed rate with the highest one. In
other words, differences in technical length were only
significant between the two extremes of seed rate.
Similar results were also recorded by El-Hariri (1964),

El-Nakhlawy et al., (1978) and Hella et al., (1986).

Results in Tables (6, 7, 8 and 9) showed that there
was no significant effect for all interactions on
technical stem length except the interaction between
microelements and seeding rates at the third and the
fourth stages in both seasons, which had significant

effect.
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Generally, the highest wvalues were obtained by the
combination of plants supplied with zinc and seeded
at 1500 seed/m?, being 75.93 and 83.45 cm at the third
and fourth stages, respectively in 1989/90 season. The
corresponding values in 1920/91 were 73.86 and 81.65

cm.

3. Dry weight per plant

Means of dry matter accumulation (dry weight per
plant) for each of the two strains supplied with three
microelement treatments and grown at six seeding rates
in 1989/90 and 1990/91 successive seasons are presented

in Tables (4 & 5).

Dry weight per plant continued to increase as the
plant advanced in age until the last growth stage for

the two strains in both seasons.

The results showed that dry weight per plant at all
growth stages was not significantly different for the
two strains. Results showed that S, (2419/1) plants
insignificantly outweighed S; (19/31) plants at all

growth stages.

Many investigators found marked differences in dry
weight per plant in different genotypes (Momtaz et al.,

1979b; Nasr El1-Din, 1983 and Zahran et al., 1984).
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Table 8. Effcct of interaction between microclements (M) and seeding rates (R) on technical
stem length (cm) afier 95 days from sowing in 1989/90 and 1990/91 seasons.

Microclement treatments

Seeding rales Zn Cu Control Mean Zn Cu Control Mean
{seeds/m?)

1989/90 1990/91
750 7419 7479 7038 73.12 71.93 71.78 70.01 7124
1000 7483 73.72 7090 73.15 7270 7189 7021 71.60
1250 7491 7373 096 73.20 7287 7191 7041 7173
1500 7593 73.92 7215 M0 73.86 7203 7099 7211
1750 7531 7408 73.03 7414 7276 7298 7119 7231
2000 7530 7463 75.22 75.05 7286 7361 7295 7314
Mean 7498 7421 7214 7283 7237 70.96
LS.D, (0.05 leveh MX R = 1.89 1.91

Table 9. Effect of interaction between microelements (M) and seeding rates (R) on technical
stem length (cm) after 115 days from sowing in 1989/90 and 1990/91 seasons.

Microelement trealments
Seeding rates Zn Cu Control Mean Zn Cu Control Mean
(sceds/m?)
1989/90 1990/91

750 79.79 79.25 17862 79.22 77.13 17650 7461 7T6.08
1000 79.81 79.39 71809 79.29 78.92 7809 7481F 77.24
1250 79.91 7997 7814 7934 8082 79.80 7512 78.58
1500 8345 80.14 7871 8222 8165 79.71 7587 79.07
1750 83.26 8291 8160 38859 81.63 8087 7892 80.44
2000 83.19 8329 8256 8298 81.64 8151 80.99 8138
Mcan 81.57 8033 79.62 80.29 794l 76.72

L.S.D. (005 leve) Mx R = i.59 1.55
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Microelement application failed to exert any
significant effect on dry weight at alil growth stages
in both seasons, at the same time, microelement
application insignificantly increased dry weight per
plant compared with untreated plants. This result may
be due to the improvement in plant growth due to

micronutrients, (Stetsenko and Chepikov, 1970).

There was a downward trend in dry weight per plant
with increasing plant population. The differences were
significant at all stages of growth throughout the two
seasons. The reduction in dry weight per plant at
higher plant densities may be due to the competition
among plants to obtain their requirements from water,

light and nutrients.

These results were in harmony with those mentioned
by El-Hariri (1964); Obeid et al., (1967); Momtaz et

al., (1982); Nasr E1-Din (1983) and Hella (1983}.

Results in Tables (6, 7, 10 and 11) showed that the
interaction between strains and microelements had
significant effect on dry weight per plant at the
second and fourth stages in both seasons. The highest
values were 0.414 and 1.695 gm at the second and fourth
stage, respectively in 1989/90 season, and were
produced by the combination of S, supplied with zinc.

Corresponding values were 0.331 and 1.998 gm in 1990/91
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season and were obtained by the same combinations. All
other interactions did not significantly affect this

character.

4. Percentage of stem dry weight to total dry weight per plant

Data in Table (4 and 5) indicated that percentage
of stem dry matter to total dry weight per plant
continued to 1increase as the plant advanced in age
until the fourth stage at 115 days after sowing

throughout the two growing seasons.

There were no significant differences between the
two strains in this character at the second and third
stages while at the first and fourth stages the
difference was significant in both seasons. S,(2419/1)
strain showed higher percentage of stem weight compared
with S; (19/31) at the first and fourth stages.
Opposite trend was observed where S; (19/31) recorded
higher percentage of stem dry weight at the second and
third stages in both seasons. Results obtained by
Momtaz et al., (1979b), Hella (1983) and Nasr El-Din
(1983) showed marked differences in different plant

organ percentages to total plant dry weight.

It is also evident that no significant effect was
detected due to microelement application on percentage

of stems to total dry weight at all growth ages in both
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Table 10. Effcct of the interaction between strains (S) and microclements (M) on dry weight
per plant {gm) after 75 days from sowing in 1989/90 and 1990/91 scasons.

Dry weight per plant (gm) after 75 days

Microclement- 81 S3 Mean 5; Sy Mcan
treatments _

1989/90 1990/91
Zn 0.228 0.414 0.321 0.207 0.331 0.269
Cu 0313 0.321 0.317 0.243 0.283 0.263
Control 0.297 0.325 0311 0.247 0.271 0.259
Mean 0.27% 0.353 0.232 0.295
L.8.D. (0.05 level) for 8 x M 0.01 0.02

Table 11. Effect of the interaction between strains (S) and microelements (M) on dry weight
per plant (gm) after 115 days from sowing in 1989/90 and 1990/91 scasons.

Dry weight per plant (gm) after 115 days

Microclement S S2 Mean 5 5y Mean
{reatments

1989/90 1990/91
Zn 1.315 1.695 1.505 1.644 1.998 1.821
Cu 1.400 1.524 1.462 1.849 1.781 1815
Control 1.387 1.429 1.408 1.820 1.772 1.796
Mean 1.367 1.549 1.771 1.850

L.S.D. (0.05 level) for S x M 0.29 0.17
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seasons, except at the first stage (55 days after
planting). Zinc application significantly increased
stem weight percentage compared with Cu and untreated
plants. Other investigators, however, showed that
application of Zn or Cu favourably affected flax growth
(Bottini, 1964; Stetsenko and Chepikov, 1970 and Abo-

El-Soad et al., 1975).

With regard to effect of seeding rates on stem
percentage, results indicated that there were
insignificant differences in both seasons except at the
first growth stage. 1t was observed that the percentage
of stems increased as the seeding rate increased. This
increase might be due to the decrease in number of
upper branches at higher plant densities. These results
were in harmony with those obtained byMOmfd'ZefaL;

(1982) ; Nasr El-Din (1983), on flax in Egypt.

Data in Tables (6 and 7)., showed that no
significant differences were obtained in percentage of
stem to total dry weight per plant as affected by the
interaction between treatments under study at all
sampling dates in both seasons. Such result indicates
that each experimental factor acted independently in

affecting this character.

Generally, at the first and second stages, the
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combination of S,(2419/1) supplied with zinc

and seeded at 1250 seeds/m? produced the
highest values in stem percentage which recorded 41.76
and 52.61%, respectively, while the combination of S;
(19/31) supplied with Zn and seeded at the same seed
rate produced the highest values being 55.42 and 56.74%
at the third and fourth stage, respectively in 1989/90
season. The corresponding values in 1990/91 season were
43,19, 43.81% in the first and the second growth
stages, respectively, which were obtained by the
combination of S, (2419/1) supplied with Zn and seeded
at 1000 seeds/m?. While the combination of 5; {19/31)
supplied with 2Zn and seeded at the same seed rate
produced the highest values of dry stem percentage
being 52.37 and 56.63% at the third and fourth stage,

respectively.

5. Percentage of leaves dry weight to total dry weight per plant

The preéent results in Tables (4 and 5) indicated
that leaves dry weight percentage to total plant weight
gradually decreased as the plant advanced in age till
the last sampling date in both seasons. The differences
in leaves dry weight percentage between strains were
not significant with the exception of the fourth
sampling date at 115 days from planting in 1890/91
season. S, (2419/1) was higher than 5; {(19/31) in leaves

dry weight percentage at the fourth stage. This
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increase might be due to the increase 1in number of
upper branches at the end of growing season. Many
investigators found marked differences in number of
upper branches among different flax strains (El-Farouk
et al., 1982; El-Kalla and El-Kassaby, 1982; Salama,

1983; Momtaz et al., 1989 and Kineber, 1991).

There were significant differences in leaves dry
weight percentage due to microelement application at
the first and the fourth sampling dates after 55 and
115 days from sowing 1in both seasons. Data indicated
that the effect of Cu surpassed Zn and check treatment
in increasing leaves dry weight percentage at the first
stages, whereas at the fourth stage Cu as well as 2Zn
were superior to the control treatment in their effect
on this trait. The favourable effect of Cu and Zn may
be due to their effect on the synthesis of chlorophyll
material in treated plants (Bottini, 1964; and

Stetsenko and Chepikov, 1970).

With regard to seeding rate effect on leaves
percentage it could be noticed that this effect was

significant at all growth stages in both seasons.

Percentage of leaves increased with decreasing
seeding rate at all sampling dates in both seasons.
such trend is mainly due to the increase in stems dry

weight percentage with the increase in seeding rate,
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consequently leaves percentage should follow an
opposite trend. Also, higher plant population could
lead to the reduction of dry matter in leaf portion as
a result of natural defoliation of leaves formed under
shading conditions. These results agree with those
reported by Momtaz et al., (1982) and Nasr El-Din

(1983).

There was no significant effect of the interactions
between the experimental factors on leaves percentage
except the interaction between strains and microelement
at the second stage (75 days from sowing) in both
seasons. From Tables (6, 7 and 12), it is evident that
the highest values of leaves percentage were obtained
by the combination of S; (2419/1) supplied with cupper,
being 33.59 and 34.98% in the first and second season,

respectively.

6. Percentage of roots dry weight to total dry weight per plant
Tables (4 and 5) indicated that percentage of roots
dry weight to total dry weight per plant gradually

decreased as the plants advanced in age.

Roots percentage of both strains did not
significantly differ at al sampling dates in both

seasons.

Microelements had no significant effect on roots
dry weight percentage at all sampling dates as well as

in both seasons.
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Table 12. Effect of the intcraction between strains (S) and microelements (M) on leaves dry
weight to total dry weight percentage after 75 days from sowing in 1989/90 and
1990/51 seasons.

leaves dry weight to total dry weight percentage afier 75 days

Microclement Sy S Mean Sy Sy Mean
treatments
1989/90 1990/91

Zn 30.21 32.09 31145 30.50 33.79 32.14
Cu 30.23 33.59 3191 32.40 33.98 33.19
Control 30.30 33.28 31719 31.60 31.82 32.71
Mean 3025 32.99 31.50 3386

L.S.D. (0.05 level) for S x M 209 2.19

Table 13. Effect of the interaction between strains (S) and seeding rates (R) on roots dry
weight to total dry weight percentage after 115 days from sowing in 1989/90

season.

Seceding raics Strains
(sceds/m?)

51 Sy Mean
750 17.94 18.12 18.03
1000 18.75 18.87 18.81
1250 17.95 17.89 17.92
1500 17.49 i7.61 17.55
1750 17.05 17.53 17.29
2000 17.13 17.21 17.17
Mean 17.72 17.87

L.S.D. (0.05level) for Sx R 1.87
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Concerning effect of seeding rate on roots dry
weight percentage data indicated that there was a
significant effect on this trait only at the first

stage (55 days from sowing) in both seasons.

It was evident that a gradual and consistent
decrease in roots dry weight percentage was recorded

Wwith the increase in seeding rate at this stage.

There was no significant effect of the interactions
between the experimental factors on the roots dry
weight percentage, at all growth stages in both seasons
with one exception of strain and seeding rate
interaction at the fourth stage in 1989/90 season

(Tables 6, 7 and 13).

Results in Tables (13) showed that 353 (2419/1)
strain seeded at 1000 seeds/m? produced the highest

value being 18.87%, in 1989/1990 season.

7. Number of capsules per plant

This character was recorded on the last sample (115

days from planting) in both seasons.

Means of number of capsules per plant are presented
in Tables (4 and 5) for the first and second season,
respectively. Result indicated that in 1989/90 season
number of capsules per plant was slightly higher than

in 1990/91.
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Data showed that highly significant differences
were observed due to the effect of strains. S (2419/1)
surpassed S; (19/31) in number of capsules per plant in
both seasons. The significant effect of strains on this
character may be due to the different branching

behaviour of the two strains.

Results reported by El-Farouk et al., (1982},
Momtaz et al., (1989) and Kineber (1991) showed also
marked differences in number of capsules per plant of

the different genotypes.

The effect of microelement application on the
number of capsules per plant was not significant in

both seasons.

Reducing population density by means of seeding
lower rates increased significantly number of capsules
per plant in both seasons. The increase of capsules
number per plant with decreasing seeding rate may due
to the increase of number of basal and upper branches
per plant as the plant population density decreased.
These findings are in agreement with those obtained by

Momtaz et al., (1979b) and Hella (1983).

The interaction effects of the experimental factors
were not significant in both seasons as shown in Tables

(6 and 7).
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Generally, the highest values of this trait were
obtained by the combination of Sj (2419/1) supplied
with zinc application and seeded at 750 seeds/m?, being
23.91 and 21.92 capsules per plant in the first and

second season, respectively.

8. Number of upper branches per plant

Results recorded in Tables (4 and 5) indicated that
branches started to appear at the fourth age at 115

days after planting.

S, (2419/1) had significantly higher number of
branches per plant than S; (19/31) in both seasons.
This result may be due to the different branching
behaviour of the different genotypes and is in harmony
with those obtained by Spratt et al., (1963),; El1-
Farouk et al., (1982), El-Ganayni et al., (1985) and

Salama (1988).

No significant differences were obtained in number
of upper Dbranches per plant due to microelement
application in both seasons. Zinc and Cupper
insignificantly increased the number of upper branches
per plant compared with check treatment. These results
agree with those obtained by Abo El-Socad et al., (1975)

and Mourad et al., (1987).

Increasing seeding rate significantly reduced upper
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branches number in both seasons due to the severe
competition at dense planting. These results are 1in
agreement with those obtained by El-Hariri (1968),

Gubels (1978) and El-Ganayni et al., (1985) .

All interactions between the experimental factors
had no significant effect on number of upper branches
in both seasons as shown in Tables (6 and 7).
Generally, the highest values were obtained by the
combination of S, (2419/1) supplied with zinc and
seeded at 750 seeds/m?, being 7.21 and 6.99 branches

per plant in 1989/90 and 1990/91 seasons, respectively.

B. Yield and yield components

1. Straw yield and its related characters.

Tables (14 and 15) illustrated the straw yield and
its components for the two flax strains supplied with
three microelement treatments and sown under Six

seeding rates in 1989/90 and 1990/91 seasons.

1. Technical stem length

Means of technical stem length in flax in the two
successive seasons as affected by strains, microelement
treatments and plant density are shown in Tables (14

and 15).

Results indicated that there was a significant

difference between the two flax strains under study in
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increase in technical stem length of 11.1 and 8.9% in
the first and second season, respectively. These
results are in harmony with those obtained by El-Hariri
(1968), Nasr El1-Din (1983), El-Haroun and Shaaban

(1984) , Hella et al., (1986) , Zeidan (1989) and Khalil

(1990) .

Data in Tables {16 and 17) showed that all
interactions, 1i.e. strains X microelements, strains X
seeding rate and strain X microelements x seeding rate,
had no significant effect on technical stem length in
both seasons. Generally, the highest technical length
in 1989/90 season was 89.75 cm obtained by Si {19/31)
treated with zinc and seeded at 2000 seeds/m?, while in
1990/91 season it was 85.43 cm produced by S; (19/31),

untreated with microelements and sown at 2000 seeds/m?.

2. Length of top capsule zone

Means of length of top capsule zone in the two
successive seasons as affected by strains,
microelements and seeding rates are presented in Tables

(14 and 15}.

Statistical analysis revealed that there was a
significant difference between the two strains under
study. S, (2419/1) recorded higher mean values (20.71
and 19.44 cm) while S; (19/31) produced lower mean

values (16.22 and 14.61 cm) in the first and the second
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Seasol; respectively. The present results are in
agreement with those obtained by El-Farouk et al.,

(1982), El-Kady (1985) and Salama (1988).

Results indicated that there were no significant
differences among the mean length of top capsule zone
as affected by the microelements in both seasons. Zinc
gave the highest values being 18.51 and 16.12 cm in the
first and second season, respectively compared with
cupper and untreated check. Similar result was obtained
by Nasr El-Din (1983). On the other hand, El-Shimy et
al., (1986) and Mourad et al., {1987) recorded
significant increase in this character by foliar spray

with zinc.

With respect to seeding rate, data showed
significant differences in the 1length of top capsule
zone as affected by seeding rate. The lowest density
(750 seeds/m?) produced the highest values (19.98 and
16.89 cm) while the minimum values of this character
(16.98 and 14.46 cm) were obtained from sowing at 2060

seeds/m?2.

Generally, there was a gradual reduction in this
character with increasing plant density. This finding
is in agreement with those obtained by El-Ganayni et
al., (1985), Hassan and El-Farouk (1987) and Zeidan

(1989) .
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pata in Tables (16 and 17) indicated that all
interaction effects, i.e., strains X microelements,
strains x seeding rates, microelement x seeding rates
and the second order interaction, strains b4
microelements x seeding rates}) were not significant on
this trait. In general, the highest value (20.78 and
18.85 cm in 1989/90 and 1990/91, respectively) was
obtained by S, (2419/1) sprayed with zinc and seeded at
1000 seeds/m? in 1989/90 and by untrated plant seeded

at 1750 seeds/m? in 1990/91 season.

3. Stem diameter

Averages of stem diameter of flax x plants in the
two successive seasons as affected by strains,
microelements and seeding rates are presented in Tables

{14 and 15).

Results showed significant differences between the
two strains concerning stem diameter. S; (2419/1) gave
higher values in the two seasons (2.46 and 2.42 mm)
than S; (19/31) which gave the lowest measurement being
2.33 and 2.29 mm in the first and second seasons,
respectively. The above mentioned results are in
harmony with those obtained by El-Farouk et al.,
(1982), El-Kady (1985), Hella et al., (1986) and Salama

(1988) .
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stem diameter in the first season was 2.56 mm recorded
with S, (2419/1) untreated with microelements and sown
under 750 seeds/m?, whereas in the second season the
highest wvalue was 2.43 mm produced by untreated S

(2419/1) plants seeded at 1000 seeds/m?.

4. Number of basal branches per plant

Mean values of basal branches per plant recorded in
Tables 14 and 15 indicated that there was a significant
difference between the two strains under study, where
$; (19/31) produced higher number of basal branches per
plant (2.01 and 1.39) than the other strain S; (2419/1)
which recorded 1.75 and 1.12 basal branches per plant
in the first and second season, respectively. The
present results are in harmony with those obtained by
Salama (1988) who reported marked differences between

flax strains in this character.

Regarding microelement application, zinc and cupper
insignificantly increased the number of basal branches
per plant compared with untreated check. The favourable
effect of microelement may be due to the accelerationg
of cell division and to improvement of growth in

treated plants, (Stetsenko and Chepikov, 1970).

Seeding rate effects on this trait were
significant. Results showed gradual reduction in number

of basal branches per plant when plant density
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increased from 750 to 2000 seeds/m* in the two
successive seasons. This means that the narrow distance
between plants resulted in fewer number of Dbasal
pbranches per plant, as a result of increase in
competition between plants. The present results are in
agreement with those obtained by Salama (1988) and

Zeidan (1989).

Data presented in Tables (16 and 17) showed that
all interaction combinations between the experimental
factors had no significant effect on number of basal
branches per plant in both seasons. In general, the
highest value of this trait was recorded with §;
(19/31) plants supplied with Zn sown at 750 seeds/m? in
1989/90 season, being 2.24 basal branches per plant,
whereas in 1990/91 season, basal branches number per
plant reached a maximum value of 1.48 resulting from 35,
(19/31) plants supplied with zinc and seeded at 1000

seeds/m?.

5. Straw yield per plant

Average of straw yield per plant in the two
successive seasons as affected by strains,
microelements and seeding rates indicated that there
was a significant difference between the two strains in
straw yield per plant, (Tables 14 & 15). Plants of 5;

(19/31) were higher in mean values, being 2.32 and 2.18
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gm in the first and second season, respectively as
against 2.25 and 2.00 gm for S (2419/1). Many
investigators found marked differences in straw yield
per plant among different flax strains (Salama, 1988;
Sorour et al., 1988; Hella et al., 1989; El-Gazzar,

1990 and Kineber, 1991).

The superiority of S, over S, in straw yield per
plant is mainly due to the its superiority in technical

stem length and basal branches numbers per plant.

The effect of spraying plants with the two
microelements on straw yield per plant was
insignificant in both season. The two microelements
insignificantly increased this trait compared with
untreated check. Results reported by Kadry (1976 and
1981) and Nasr El-Din (1983) showed that Zn or Cu
application had no significant effect on straw yield
per plant. On the other hand, these results disagreed
with those reported by Bottini (1964), Stetsenko and
Chepikov (1970), Porokhnevich and Bykov (1972), Abo El-
Socad et al., (1975), El-Shimy et al., (1986) and Mourad

et al., (1987).

Results showed that there was a gradual decrease in
straw yield per plant with increasing plant density.
There were significant differences between 750 seeds/m?

which produced the highest wvalue of straw yield per
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plant and the rates of 1500, 1750 and 2000 seeds/m?.
Growing 2000 seeds/m? produced the lowest value of
straw yield per plant. These results are in agreement
with those obtained by Hella et al., (1986), Hassan and
El-Farouk (1987), Salama (1988) and Zeidan (1989). The
present result 1is mainly due to the increase 1in
competition among growing plants at dense population,
which decreased length of top capsule zone, stem
diameter and number of basal branches per plant.
Consequently, straw yield per plant 1is markedly

reduced with the increase in population density.

The interaction effects on this character were not
significant with all combinations, 1i.e., strains X
microelements, strains x seeding rates, microelements Xx
seeding rate, with an exception of the three factors
interaction which showed a significant effect in both

seasons (Tables, 16, 17, 18 and 18).

Results in Tables (18 and 19) show that the highest
straw yield per plant in 1989/90 was 2.50 gm recorded
with S; (19/31) supplied with Zn and seeded at 750
seeds/m?, while in 19920/91 season the highest wvalue was
2.35 gm resulting from S; supplied with Zn and seeded

at 1250 seeds/m?.
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s¢ason.
Microelement Sceding rates (seeds/m®)
Strain treatments Mean
750 1000 1250 1500 1750 2000
5 Zn 2.50 2.46 2.41 2.26 2.23 2.20 2.34
Cu 2.49 2.45 2.40 2.25 2.22 2.19 233
Control 2.45 2.38 2.24 2.22 2.21 2.18 228
Mean 2.48 243 2.35 224 2.22 2.19 2.32
Sq Zn 2.43 2.40 2.36 2,30 2.27 2.23 2.33
Cu 2.41 2.38 2.35 2.29 2.26 2.23 2.32
Control 2.30 2.27 2.22 2.19 2.07 1.57 2.10
Mean 2,38 2.35 231 2.26 220 2.01 2.25
Over all means Zn 247 243 2.39 228 225 222 2.34
of microclements Cu 2.45 2.42 2.38 227 2.24 221 2.33
Control 2.38 233 223 221 2.14 1.88 2.20
Over all mean of seeding rate 243 2.39 233 2.26 222 2.20
L.5.D. at 0.05 level for
SxM = NS
SxR = NS
MxR = NS
SxMxR = 025
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Table 19. Effect of the second order interaction on straw yield per plant (gm) in 1990/91

scason.
Microclement Sceding rales (sceds/m?)
Strain treatmentls Mean
750 1000 1250 1500 1750 2000
St in 2.35 2.21 2.24 2.20 2.17 2.15 221
Cu 2.25 2.20 222 2.17 2.15 2.13 2.19
Control 2.27 2.13 2.20 2.17 2.04 2.05 2.14
Mean 2.29 2.18 2.2 2.18 2.12 2.11 2.18
Sy Zn 2.25 2.19 2.13 2.07 1.99 1.96 2.10
Cu 2.24 2.18 2.11 1.97 1.94 1.92 2.06
Control 2.20 2.11 1.58 1.72 1.71 1.67 1.83
Mean 2.23 2.16 1.94 1.92 1.88 1.85 2.00
Over all means Zn 2.28 2.20 2.19 2.14 2.08 2.06 2.16
of microelements Cu 2.27 2.19 2.17 2.07 2.05 2.03 2.13
Control 224 2.12 1.89 1.95 1.88 1.86 1.99
Over all mean of seeding rate 2.26 217 208 205 200 1.98
L.8.D. at 0.05 level for
SxM = NS
SxR = N§
MxR = NS

SxMxR
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6. Straw yield per feddan

Means of straw yield in tons per feddan in the two
successive seasons for each of the two strains supplied
with microelements and seeded with six seeding rates

are recorded in Tables (14 and 15).

Data showed that there was a significant difference
between the two strains. S; (19/31) significantly
outyielded S, (2419/1) in both seasons with regard to
straw yield per feddan. The differences reached 0.15
and 0.40 t/fed., being 4.2 and 12.2% in the first and

second season, respectively.

The superiority of S; over S, in this trait 1is
mainly due to its higher technical stem length, number
of basal branches per plant and straw yield per plant.
Consequently, straw yield per feddan 1is markedly
increased. The present results are mainly due to the
differences in flax genetical make up of the tested
strains and are in agreement with those obtained by
Nazif (1958), Momtaz et al., (1985), El-Kady et al.,
(1988) , Salama (1988), Hella et al., (1989), Momtaz et

al., (1989) and Kineber, (1991).

With regard to foliar spraying with microelements,
the results indicated that there were insignificant

increases due to supplying plants with zinc and cupper.

Zn and Cu application increased straw yield per

feddan by 0.03 and 0.02 tons compared with untreated
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plants in 1989/90 season, respectively. The
corresponding increases in 1990/91 season were 0.03 and
0.01 ton per feddan. These results are in agreement
with those obtained by Stetsenko and Chepikov {1570),
Abo El-Soad et al., (1975}, Kadry (1981), Nasr El-Din
(1983) and Mourad et al., (1987). On the other hand,
El-Shimy et al., (1986) found that 2n significantly
increased straw yield. The results of technical stem
length and straw yield per plant followed the same
pattern of response as that of straw yield per feddan.
Since the straw yield per feddan depends upon straw
yield per plant x number of plants per unit area. The
favourable effect of microelements on the straw yield
per feddan is mainly due to the increase in straw yield
components i.e., technical stem length , number of

basal branches per plant and straw yield per plant.

Data recorded in Table (14 and 15) indicated that
there were significant differences among the six plant
population densities in both seasons. The straw yield
per feddan increased as seeding rate increased up to

2000 seeds/m?2.

The significant differences were only between the
lowest rate of 750 seeds/m2 (Rl treatment) and the
rates of 1250, 1500, 1750 and 2000 seeds/m?. The
increase in seed rate from 750 to 1000, 1250, 1500,

1750 and 2000 seeds/m? increased straw yield per feddan
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by 3.5, 12.9, 15.4, 18.2 and 18.9%, respectively 1in
1989/90 season. The corresponding increases were 2.4,

8.4, 14.1, 16.5 and 17.5% in 1990/91 season.

Moreover, the differences betWeen the higher seed
rates of 1500m 1750 and 2000 seeds/m? (R4, RS and R6
treatments) did not reach the level of significance in
the two seasons. Similar conclusions were obtained by
El-Hariri, (1968), Sin et al., (1975), Momtaz et al.,
(1982) , Zahran et al., (1984), Balass et al., (1986),

Hella et al., (1986), Salama (1988) and Khalil (1990).

Straw yield per feddan depends upon its components
and is the result of number of plants per feddan x
straw yield per plant. As the number of plants per unit
was decreased, straw yield per plant increased, but the
increase resulting from straw yield per plant is
smaller than the decrease resulting from the reduction
in number of plants per unit area. Also, with regard to
growth character it could be observed that the
reduction in dry matter per plant with increased
seeding rate was not great enough to counteract the
increase in number of plants per wunit area. This
explains why the straw yield per feddan increased with
the increase in number of plants per unit area but not
with the increase of stem percentages recorded with

low plant population.
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was decreased, straw yield per plant increased, but the
increase resulting from straw yield per plant 1is
smaller than the decrease resulting from the reduction

in number of plants per unit area. Also, with regard to

growth character it could be observed that the

reduction in dry matter per plant with increased
seeding rate was not great enough to counteract the
increase in number of plants per unit area. This
explains why the straw yield per feddan increased with
the increase in number of plants per unit area but not
with the increase of stem percentages recorded with

low plant population.
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Table 20. Effect of the interaction between strains (S) and seeding rates (R) on straw yield
per feddan (t) in 1989/90 season.

Seeding rates Strains
(seeds/m?)

Sy Sy Mean
750 3.25 3.11 3.18
1000 336 3.22 3.29
1250 j68 3.50 3.59
1500 3.82 3.52 3.67
1750 381 3.71 3.76
2000 3.80 3.76 3.78
Mean 362 347

LSD (005level)forSxR 0.18
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Statistical analysis showed that all interaction
combinations did not significantly affect straw yield
per feddan, except that between strains x seeding rates
which were significant in 1989/90 season at 5% level
only, (Table 16, 17 and 20). The highest straw yield
per feddan in 1989/90 (3.82 tons) was produced by S,

(19/31) planted with 1500 seeds/m?.

Generally, the combination of S; supplied with Zn
and seeded at 1500 seeds/m? produced the highest straw
yield in 1989/90 season, being 3.57 ton per feddan. The
corresponding value in 1990/91 season  was 3.35
ton/feddan resulting from S; (19/13) supplied with Zn

and sown at 1750 seeds/m?.

il. Seed yield and its related characters

Mean values of seed yield and its components in the
two successive seasons as affected by the two strains,
supplied with three microelement treatments and seeded
at six seeding rates are presented in Tables (21 and

22).

1. Number of capsules per plant

Results indicated that there was a significant

difference between the two strains in both seasons.

S, {2419/1) had higher mean values (14.936 and

12.02) which significantly surpassed S; (19/31) by
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5.75¢ and 11.89% in 1989/90 and 1990/91 season,
respectively. In this connection, spratt et al.,
(1963), Kumar and Singh (1967), Salama (1983}, El Kady
(1985) , Momtaz et al., (1985) , Salama (1988), Sorour et
al., (1988), Hella et al., (1989) and Kineber (1991)
found also marked differences among flax strains in

this character.

As for microelements application, data showed
significant differences in both seasons. Zinc and
cupper application significantly increased number of
capsules per plant by 18.57 and 14.97% in 1989/90
season while in 1990/91 season, it was increased by
7.90 and 2.87% over the untreated check. Results
reported by Abo El-Soad et al., (1975) and Mourad et
al., (1987) indicated that zinc application increased
number of capsules in flax plant. On the other hand,
Sorour et al., (1984) obtained insignificant effect for

zinc application on this trait.

There was a gradual reduction in the number of
capsules per plant with increasing plant population
density. The differences were found to be significant
in both seasons. The highest values were 15.99 and
10.98 in the first and second season, respectively
which were obtained by the lowest rate (750 seeds/m?},

whereas the highest density (2000 seeds/m?) gave the
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lowest values of this characters (13.72 and 8.38
capsules per plant) in both seasons. This reduction in
the number of capsules per plant with increasing plant
density is due to the competition among growing plants
at dense population. This result- was in harmony with
those obtained by El-Hariri (1964), Alberchtsen and
Dybing (1973), Zahran et al., {(1984), El-Ganayni
(1985), Hella et al., (1986), Salama (1988) and Zeidan

(1589} .

The statistical analysis of the data which is
presented in Tables (23, 24, 25 and 26} showed that all
interaction combinations i.e., strains x microelements,
strains x seeding rates, microelement x seeding rate
and the three factors interaction had no significant
effect on number of capsules per plant in both seasons,
with two exceptions of the interaction between strain x
seeding rate and strain x microelements x seeding rates
in the first season. Results in Table (25) showed that
the highest number of capsules per plant in 1989/90
season was 16.52 obtained by S, seeded at 750seeds/m-Z.
The second order interaction in 1989/90 season (Table
26) showed also that the highest value was 18.90
capsules per plant resulting from S, (2419/1) plants

supplied with zinc and seed at 750 seeds/m?.
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Table 25. Effect of the interaction between strains (S) and seeding rates (R) on number of
capsules per plant in 1989/90 season.

Secding rates Strains
{sceds/m?)

51 Sy Mean
750 15.46 16.52 15.99
1000 14.75 15.19 14.97
1250 14.62 14.76 14.69
1500 13.33 14.55 13.94
1750 13.22 14.52 13.87
2000 13.22 14.22 13.72
Mean 14.10 14.96

L.S.D. (0.05 level) for Sx R 0.85
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Table 26. Effect of the second order interaction on number of capsules per plant in 1989/90

scason.
Microeclement Sceding rates (sceds/m?)

Strains trcatments Mean

750 1000 1250 1500 1750 2000
S1 Zn 1636 1564 1551 1422 1411 1411 14.99
Cu 1556 1445 1434 1323 1312 1329 14.00
Control 1449 1416 1401 1254 1243 1226 13.32
Mean 15.47 14.75 14.62 13.33 13.22 13.22 14.10
Sy Zn 1890 1789 1593 1589 1581 15.61 16.52
Cu 1761 1625 1588 1563 1559 1511 16.01
Control 13.02 1243 1241 1213 1216 1194 12.35
Mean 16.51 15.19 1476  14.55 14.52 14.22 14.96
Over all means Zn 17.63 1627 1575 1506 1496 14.86 15.76
of microelements Cu 16.59 1535 1499 1511 14.36 14.20 15.10
Control 1376 1330 1321 12.34 12.30 12.10 12.84

Over all mean of seeding rate 15.99 14.97 14.69 13.94 13.87 17.32

L.S.D. at 0.05 level for

SxM = NS
SxR = 0.85
MxR = NS

SxMxR= 3169
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2. Number of seeds per capsules

Concerning the two strains, data in Tables {21 and
22) showed significant difference between them in
number of seeds per capsule. Higher values {(5.71 and
6.73 seeds) were obtained by S, (2491/1}), which
surpassed Sy (19/31) by 20.14% and 14.86% in 1989/90
and 1990/91 season, respectively. These results are in
agreement with those obtained by Spratt et al., (1963),
Kumar and Singh (1967) and Hella et al., (1987) and
Salama (1988) who reported marked differences in this

trait among the tested flax genotypes.

The effect of spraying flax plants with the two
microelements on number of seeds per capsule was
insignificant in both seasons. Zinc and cupper
application caused slight increase in number of seeds
per capsule, but the increase was below the significant
level only in the second season. The increases were
0.40 and 0.34 for Zn and Cu, respectively. While in the
first season untreated plants had the highest number of
seeds per capsules compared with Z2Zn and Cu. In this
respect Mourad et al., (1987) found that in increased

number of seeds per capsule in flax plant.

Data in Tables (21 and 22) revealed that there were
significant differences in number of seeds per capsule

due to the seeding rate in both seasons.
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Generally, number of seeds per capsule was
gradually decreased with increasing plant density. This
behaviour was due to that more plants were grown per
unit area and the competition among plants for
nutrients, water and light has been increased.
Consequently a reduction in seeds number per capsule

was associated with dense population (2000 seeds/m?).

The highest values in this character were 5.71 and
6.41 in 1989/90 and 1990/91 seasons, respectively.,
which were obtained by the lowest density (750

seeds/m?) .

The statistical analysis of the data, presented in
Tables (23 and 24) showed that all interaction
combinations i.e., strains X microelements, strains x
seeding rates, microelements x seeding rates and the
three factors interaction had no significant effect on
this trait. In general, the highest values in number of
seeds per capsule were 6.64 and 6.44 seeds which were
obtained by S, for untreated plants and seeded at 750
seeds/m” in 1989/90 season, and by S, (2419/1) supplied
with cupper and seeded at 1000 seeds/m? in 1990/91

sSeason.

3. Number of seeds per plant

Data in Tables (21 and 22) indicated that there was

a significant difference between the two strain; S;
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Table 27. Effect of the second order interaction on number of sceds per plant in 1989/90

season,
Microelement Seeding rates (seeds/m?)
Strains treatments Mean
750 1000 1250 1500 1750 2000
S1 Zn 8662 8053 7621 5626 5485 5081 67.55
Cu 8242 7831 7741 56,15 35272 4912 66.02
Control 8149 71.20 6277 5028 4825 40.77 59.12
Mean 83.51 76.08 72.13 54.23 51.94 46.90 64.23
Sy Zn 103.63 9773 9382 8894 7199 7047 87.76
Cu 9874 9584 9193 8895 70.82 06921 85.92
Control 95.26 9329 8938 8560 67.07 65.40 82.67
Mean 9921 95.62 91.71 87.83 69.96 68.36 8545
QOver all means n 95.13 89.13 85.02 72.60 63.42 60.64 T7.66
of microelements Cu 90.58 87.08 8467 T12.55 61.77 5917 75.97
Control 88.38 8225 76.08 67.94 57.66 53.09 70.90

Over all mean of seeding rates 9136 8615 8192 7103 6095 5763

L.S.D. at 0.05 level for

SxM = NS
SxR = NS
MxR = NS

SxMxR= 1721
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(2419/1) showed higher average in this character,
bearing 21.22 and 20.15 seeds more than 5 {(19/31) in
the first and second season, respectively. Many
investigators found marked differences in number of
seeds (Kumar and Singh, 1967; Salama, 1983 and 1988;

Hella et al., (1989) and Kineber, 1991).

The effect of spraying flax plants with the two
microelements on the number of seeds per plant was
insignificant in both seasons. Data showed that zinc
and cupper application produced slight increases, being
6.76 and 5.06 in the first season and 9.09 and 5.33 in
the second season compared with untreated check. These
results are in harmony with those obtained by Mourad et
al., (1987) . It could be indicated that foliar
application with zinc and cupper seemed to accelerate

cell division and to encourage seed production in flax.

Regarding plant density, data showed significant
differences 1in this character among the different
seeding rates under study. The highest mean values were
91.36 and 68.48 seeds per plant which were obtained by
the lowest rate (750 seeds/m?) in the first and second
season, respectively. The difference was highly
significant between the lowest rate and the three
highest rates (1500, 1750 and 2000 seeds/m?) which

produced 71.09, 60.95 and 57.63 seeds per plants 1in
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1989/90 season, and 52.12, 49.91 and 47.18 seeds/m?,
respectively in 1990/91 seascn. Generally, there was a
gradual reduction in the number of seeds per plant with
increasing plant density. That is mainly due to the
increase in competition among flax plants at dense
seeding. Similar conclusions were obtained by Salama

(1988) and Zeidan (1989).

From the results presented in Tables (23, 24 and
27), the effects of all first order interaction
combinations were not significant on this trait, while
a significant effect of the second order interaction
was evident in the first season. The highest number of
seeds per plant was 103.63 in 1989/90 season resulting
from S, (2419/1) supplied with zinc and seeded at 750
seeds/m?. Whereas in 1990/91 season the highest number
of seeds per plant averaged 84.61 and was produced by

S, supplied with zinc and seeded at 1000 seeds/m?.

4. Number of upper branches per plant

Results presented in Tables (21 and 22) indicated
that there was a significant difference between the two
strains under study. S, (2419/1) surpassed $4(19/31) by
1.71 and 1.10 branches per plant in 1989/90 and 190/91

season, respectively.

The significant effect of strains on this character

may be due to the different branching behaviour of the
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strains. Many investigators found marked differences in
number of upper branches among different flax strains
(Spratt et al., 1963; El-Farouk et al., 1982; El-Kalla
and El-Kassaby, 1982; Salama, 1983; Momtaz et al., 1989

and Kineber, 1991;.

Microelement application significantly affected
number of upper branches per plant in both seasons.
Zinc and cupper caused increases in this character,
being 2.32 and 1.96 in 1989/90 season; and 1.88 and
1.18 in 1990/91 season, over the untreated control,
respectively. This result indicates that foliar
application with zinc and cupper seemed to accelerate
both cell division and elongation. Similar results were
obtained by Abo El-Soad et al., (1975) and Mourad et
al., (1987). On the cother hand, Sorour et al., (1984)
found insignificant effect on the number of upper

branches per plant due to microelements application.

There was a downward trend in number of upper
branches per plant with increasing plant population.
Data showed that the differences were highly
significant, especially between the lowest rate (750
seeds/m2?) and the highest rate (2000 seeds/m?). The
increase in upper branches number per plant was 22.48
and 28.50% due to seeding 750 seeds per m? compared
with 2000 seeds/m? in the first and second season,

respectively.
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This reduction in number Qf upper branches per
plant with increasing plant density was due to the
competition among plants with those obtained by El-

Ganayni et al., {1985) .

The statistical analysis of the data presented in
Tables {23, 24, 28 and 29) indicated that all
interaction combinations i.e. strains x microelements,
strains x seeding rates, microelements x seeding rates
did not reach the level of significance, whereas the
second order interaction was significant in both
seasons. The highest numbers of upper branches per
plant were 27.23 and 23.98 in the first and second
seasons, respectively and recorded with S, supplied

with Zn and seeded at 1000 seeds/m?.

5. Seed yield per plant

Means of seed yield per plant are presented in
Tables 21 and 22. Results showed highly significant
difference in seed vyield per plant between the two
strains in both seasons. 53 (2419/1) significantly
surpassed S; (19/31) in this character by 19.74 and

15.63% in 1989/90 and 19290/91 season, respectively.

The significant effect of strain on this character
may be due to the different number of capsules, number
of seeds and number of upper branches per plant of the

two strains. Many investigators found marked
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Table 28. Effect of the second order interaction on number of upper branches per plant in

1989/90 season.
Microelement Seeding rates (seeds/m?)

Strains treatments Mean

750 1000 1250 1500 1750 2000
S1 Zn 2436 23.63 2259 21.84 2113 19.46 22.17
Cu 2381 2291 2283 2136 2161 19.11 21.94
Control 2368 2399 2235 18.69 18.13 17.17 20.67
Mcan 2395 23.51 22.59 20.63 20.29 18.58 21.59
59 Zn 2723 2512 2521 2394 2360 2196 24 .51
Cu 2662 2451 2466 2381 2351 20.93 24.01
Control 24.84 2195 2144 2104 2102 18.05 21.39
Mean 2623 23.86 23.77 2293 221 20.32 23.30
Qver all means Zn 7577 2438 2390 2289 22.37 20.71 23.34
of microelements Cu 2522 2371 23.75 22.59 22.56 20.02 22.98
Control 2426 2297 21.80 19.87 19.58 17.61 21.02

Over all mean of seeding rate 25.09 23.67 23.18 21.78 21.50 19.45

L.S.D. at 0.05 level for

SxM = NS
SxR = NS
MxR = NS

SxMxR= 366
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Table 29. Effect of the second order interaction on number of upper branches per plant in
1990/91 season.

Microelement Seeding rates {seeds/m?)

Strain treatments Mean
750 1000 1250 1500 }750 2000

S1 Zn 2298 1895 1798 17.01 1685 1589 18.28
Cu 2291 1828 1766 1672 1661 1587 18.01
Control 2266 1686 1659 1640 1637 1555 1741
Mean 2285 1803 1741 1671 16.61 1577 17.90
Sy Zn 2398 2112 2001 1931 1892 18.68 20.34
Cu 2296 2062 1933 1763 1756 1717 19.21
Control 2197 19.07 1739 1559 1551 1512 17.44
Mean 2297 2027 1891 1751 1733 1699 19.00
Over all means Zn 2348 2004 1899 1816 1789 1729 19.31
of microelements Cu 2294 1945 1849 1718 1709 1652 18.61
Control 22,32 1797 1699 1599 1594 1534 17.43

Over al] mean of seeding rates 2291 1915 1816 1711 1697 1638

L.S.D. a1 0.05 level for

SxM = NS
SxR = NS
MxR = NS
SxMxR= 3521
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differences in seed yield per plant among different
flax strains, (Gupta et al., 1964; Hermant, 1966; Kumar
and Singh, 1967; Yousef, 1968; Momtaz et al., 1977 and
1980; Salama, 1983; El-Kady, 1985; Momtaz et al., 1985;

Salama, 1988 and Hella et al., 1989) .

As for microelement application, data showed
insignificant effect on seed yield per plant in both
seasons. Zinc and cupper increased seed yield per plant
by 0.03 and 0.01 gm in 1989/90 season and by 0.02 and
0.03 gm in 1990/91 season, respectively, over the
untreated control. This increases reached 4.5 and 6.1%
in the first season, and 3.1 and 4.7% in the second one
for %n and Cu, respectively. These results are in
agreement with those obtained by Abo El-Scad et al.,
(1975) ; Nasr El-Din (1983) and Mourad et al., (1987).
on the other hand, results reported by Spratt and Smid,
(1978) showed that 2Zn or Cu application had no

significant effect on seed yield per plant.

Concerning the seeding rates, analysis of variance
indicated significant differences in seed yield per
plant between the lowest rate (750 seeds/m?) producing
the highest values being (0.78 and 0.63 gm in the first
and second season, respectively, when compared with the
two highest rates (1750 and 2000 seeds/m?). Generally,

there was gradual reduction in this character with




98

increasing plant population density. This reduction was
due to the decrease in the number of upper branches,
capsules and seed per plant with the increase in
seeding rates. Results reported by Gubbels (1978} ;
Hella et al., (1986); Salama (1588) and Zeidan, {(1989)

showed similar conclusion.

Data in Tables (23 and 24) showed that all
interaction combinations and the three factors
interaction had no significant effect on seed yield per
plant in both seasons. The highest values where 0.79
and 0.70 gm which were obtained by 53 (2419/1) supplied
with Zn and seeded at 750 seeds/m? in 19839/90 season

and at 1000 seeds/m2? in 1990/91 season.

6. Seed yield per feddan

Mean values of seed yield per feddan in flax in the
two successive seasons for each the two strains as
affected by microelement application and seeding rates

are presented in Tables (21 and 22}.

Results indicated that there was a highly
significant difference between the two strains under
study in both seasons. 5 (2419/1) significantly
outyielded S,(19/31) by 2.4% in 1989/90 season and by
2. 47% in 1990/91 season. The superiority of S, (2419/1)
in seed yield per feddan over S5 (19/31) is quite

expected since S, (2419/1) surpassed S; (19/31) in seed
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yield components such as number of capsules, seeds and
upper branches per plant as well as number of seeds per
capsule and seed yield per plant. The present results
are mainly due to the differences in the genetical make
up of the tested strains and are in agreement with
those obtained by Nazif (1958), Vasilica (19786),
Kenaschuk (1977), Robles (1979), El-Farouk et al.,
(1982), El-Kalla and El-Kassaby (1982), El-Kady et al.,
(1988) , Salama (1988), Sorour et al., (1988), Hella et

al., (1989) and Momtaz et al., (1989) .

As for microelement application, data showed
insignificant differences in both seasons. Zinc
application produced insignificant increase in seed
yield per feddan of 0.86 and 0.54% over untreated check
in the first and second season, respectively. Cupper
caused a slight increase in seed yield in both seasons
(1.21 and 0.69%) but such increase was below the level
of significance. The present result is mainly due to
the favourable effects of 2Zn and Cu on seed yield

components.

These results are in harmony with those obtained by
Batagin and Beiyankina (1968) , Chepikov and
Shchetinina, (1970), Stetsenko and Chepikov (1970},
Shekhawat et al., (1971}, Abo El-Soad et al.,(1975) and

Mourad et al., (1987). On the other hand, Dasture and
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Bhalt (1965), Spratt and Smid (1978}, Kadry (1981) and
Soroure et al.,(1984) obtained insignificant effect of
microelement application on this character.

Concerning seeding rates, progressive significant
. e -

“ -
increases inlgeed yield per feddan ‘Wwere obtained with

I —

increasing seeding rates. The differences between the

three higher seeding rates were insignificant.

It is clear that sowing at 1500 seeds/m? produced
the highest economic yield, being 683.08 and 673.18 kg
in the first and second season, respectively, compared
with the lowest rate (750 seeds/m?) which produced

632.13 and 622.19 kg.

Similar findings were reported by El-Hariri (1968),
vasilica (1974), Sin et al., (1975), Momtaz et al.,
(1981), Zahran et al., (1984), Gulerie and Singh
(1985), Tabara et al., (1987) and Salama (1988). On the
other hand, different results were obtained by
Liefstingh and Blink (1972) and Hella et al., (1986)
who reported that seed yield per feddan decreased with

increasing seeding rates.

bata in Tables 123 and 24 showed that the
interaction effects on this trait were not significant
in all combinations 1i.e., strains x microelements,

strains x seeding rates, microelements x seeding rates
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and the three factors interaction, i.e., strains X

microelements X seeding rates.

Generally, the highest seed yield per feddan was
produced in both seasons by the combination of Sy
(2419/1), supplied with 2n and seeded at 1500
seeds/m?2. Seed yield per feddan was 687 and 675 kg/fed.

in the first and second seasons, respectively.

7. Seed index (1000-seed weight)

Averages of seed index in gram for each of the two
strains, treated with two microelements and planted at
six seeding rates in both seasons are presented in

Tables (21 and 22).

As regards the two strains, data indicated a highly
significant difference in seed index. Sy {2491/1)
recorded higher value which surpassed S; (19/31) by
16.89 and 17.86% in the first and second season,
respectively. Many investigators reported significant
differences among strains in seed index (Kumar and
Singh, 1967; Remussi et al., 1967; Momtaz et al., 1980;
Salama, 1983; El-Kady, 1985; El-Kady et al., 1988;
Salama, 1988; Sorour et al., 1988; Hella et al., 1989

and Momtaz et al., 198B9).

The effect of spraying flax plants with the twoe
microelements on seed index was insignificant in both

seasons. Zinc and cupper producedglight increases over
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untreated check. The favourable effects of micro-
elements on seed yield and its components might be due
to the progress in plant growth and the effect on some
physiological processes in plant. This result is in
harmony with those obtained by Abo El-Soad et al.,

(1975) and Mourad et al., (1987).,

In respect of the seeding rates effect on seed
index, analysis of variance indicated that there were
insignificant differences among the different
treatments. Generally, there was a gradual reduction in
seed index with increasing plant population density.
This reduction may be due to the competition among
plants grown at dense population. This result was in
harmony with those obtained by El-Farouk (1968). On the
other hand, results reported by Alberchtsen and Dyling
(1973) and Momtaz et al., (1982) indicated that seeding

rates did not significantly affect seed index.

Results presented in Tables (23 and 24) showed that
all interaction combinations had no significant effect
on seed index in both seasons. In general, the highest
seed index was 9.47 gm in the first season which was
the result of combining S, (2419/1) x 2Zn x 750
seeds/m?, whereas in the second seasons S; (2419/1)
supplied with Cu and seeded at 750 seeds/m? recorded

the highest seed index which was 9.20 gm.
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lil Technological characters

Tables (30 and 31) illustrated the technological
characters for the two flax strains supplied with three
microelement treatments and sown under six seeding

rates in 1989/90 and 1990/91 seasons.

1. Fiber yield per plant (gm)

Results indicated that there was a significant
difference between the two flax strains under this
study. Plants of S; (19/31) yielded more fibers (0.29
and 0.27 gm) than those of S, (2419/1) which yielded
0.20 and 0.18 gm in the first and second season,
respectively. The difference in fiber yield per plant
between the two strains is mainly due to the difference
in straw yield per plant. results of the present study
are in accordance with those obtained by El-Kady
(1985), Salama (1988), El-Gazzar (1990) and Kineber

(1991).

With respect to microelement applications data
recorded in Tables (30 and 31) indicated that there
were no significant differences in the fiber yield per
plant due to microelements in both seasons. However,
zinc and cupper insignificantly increased fiber yield
per plant by 7.4% in 1989/90 season and 8.0 and 4.2%,
respectively, in 1990/91 season. The favourable effect

of microelements on fiber yield per plant might be due
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to their effect in increasing straw yield per plant.
These results are in harmony with those obtained by
Stetsenko and Chepikov (1970), Sen'kov (1974) , Nasr El-

Din (1983) and Mourad et al., (1887).

Concerning the effect of seeding rates, data showed
a downward trend in fiber yield per plant with the
increase in seeding rate. The differences were
significant and the lowest rate produced the highest
values (0.32 and 0.27 gm) in both seasons. Fiber yield
per plant showed the same previous trend of straw yield
per plant concerning its response to seeding rate.
Similar results were recorded by Salama (1988) and

Khalil (1990).

The 1interaction effects between all experimental
factors i.e., strain x microelements, strains x seeding
rates, microelements x seeding rate and the three
factor interaction on fiber yield per plant were not

significant.

Results in Tables (32 and 33) show that the highest
fiber yield per plant in 1989/90 was 0.33 gm recorded
with S; (19/31) supplied with 2Zn and seeded at 1000
seeds/m?, while in 1990/91 season, the highest value
was 0.24 gm resulting from S; (19/31) supplied with Cu

and seeded at 750 seeds/m?.
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2. Fiber yield per feddan (kg)

Means of fiber yield per feddan in flax in the two
successive seasons as affected by strains, micro-
elements and plant density are shown in Tables {30 and

31).

Results indicated that there was a significant
difference between the two flax strains with regard to
fiber yield per feddan in both seasons. S; (19/31)
significantly outyielded S5; {2419/1) in both seasons.
The differences reached 112.86 and 117.86 and 117.86
kg/feddan, being 24.35 and 29.27% in the first and

second season, respectively.

The superiority of S; over S, is mainly due to its
higher straw yield per feddan. The present results are
mainly due to the differences in the genetical make up
of the tested strains and are in agreement with those
obtained by Vasilica (1976), Momtaz et al., {1980), El-
Farouk et al., (1982), Salama (1983}, Abd El-Raocuf et
al., (1983), El-Kady et al., (1988), Salama (1988),
Sorour et al., (1988), Momtaz et al., {1989), El-Gazzar

(1990) and Kineber (1991).

With regard to foliar spraying with microelements,
the results indicated that there were insignificant
increases in fiber yield by supplying plants with zinc

and cupper.
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Zinc and cupper application increased fiber yield
per feddan by 10.86 and 3.74 kg per feddan compared
with untreated plants in 1989/90 season, respectively.
The corresponding increases in 1990/91 season were 12.1
and 8.75 kg/fed. for Zn and Cu, respectively. The
favourable effect of microelements on the fiber yield
per feddan is mainly due to the increase in straw yield
per feddan. These results were in harmony with those
mentioned by Shchetinina and Chepikov (1966) , Batagin
and Beiyankina (1968), Chepikov and Shchetinio (1968)
and (1970), Stetsenko and Chepikov (1970), Sen'kov
(1974) and Kadry (1981) who obtained insignificant

increase in fiber yield by microelements application.

Data showed that there were significant differences
in fiber yield per feddan due to the different plant
population densities in both seasons. The fiber vyield
per feddan increased as seeding rate increased up to
2000 seeds/m?. Generally, results showed that there was
a gradual increase in fiber yield per feddan with

increasing plant density.

The increase in seed rate from 750 to 10000, 1250,
1500, 1750 and 2000 seeds/m’ increased fiber yield per
feddan by 5.2, 11.2, 12.9, 13.6 and 13.6%, respectively
in 1989/90 season. The corresponding increases Wwere
5.4, 7.4, 10.3, 10.8 and 11.4% in 1990/91 season. It is

worth mentioning that the differences between the
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higher seed rates of 1500, 1750 and 2000 seeds/m? (R4,
R5 and R6é treatments) did not reach the level of
significance in the two seasons. The response of fiber
yield per feddan to seeding rate showed a similar trend
as that of straw yield per feddan. Consequently, the
present result is quite expected. Similar findings were
obtained by Vasilica (1974), Balass et al., (1986},

Salama (1988) and Khalil (1990).

Tables (32 and 33) indicated that all interaction
combinations i.e., strains X mnmicroelements, strains X
seeding rates, microelements x seeding rates and the
three factors interaction were not significant on fiber
yield per feddan in both seasons. Generally, the
highest fiber yield per feddan was 469.38 kg in the
first season which was the result of growing S,
supplied with Zn and seeded with 1750 seeds/m?, whereas
in the second season the highest yield 429.69 kg/fed.
which was produced by S; supplied with Cu and seeded

with 1500 seeds/m?.

3. Fiber length (cm)

Mean values of fiber 1length of flax in the two
successive seasons as affected by strains,
microelements and seeding rates are presented in Tables

(30 and 31}.

Bnalysis of variance showed that the strains
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significantly differed in this character in both
seasons. 5S4 (19/31) produced significantly taller
fibers than S, (2419/1) by 3.57 and 4.46 cm in the
first and second season, respectively. The difference
in fiber length between the two strains is mainly due
to the differences in the genetical make up of the two
tested strains. Also, $5;(19/31) plants were higher in
technical length than S, ones and consequently taller

fibers were produced,

The present results are in agreement with those
obtained by El-Farouk et al., (1982), Salama {1983 &
1988), Hella et al., (1986), El-Kady et al., (1988) ,

El-Gazzar {(1990) and Kineber (1991).

Concerning the effect of foliar spraying with
microelements on the fiber length, data indicated that
there were significant differences among the three
microelement treatments in the two successive season.
Zzn and Cu application significantly increased fiber
length by 2.41 and 1.93 cm compared with untreated
plants in 1989/90 and 1990/91 season, respectively. The
corresponding increases in 1990/91 seasons were 2.60
and 2.43 cm for Zn and Cu, respectively. The favourable
effect of microelements of fiber length is mainly due

to the increase in technical stem length.

These finding coincide with those obtained by




113

Batagin and Beiyankina (1968), Chepikov and Shchetinina
(1968), El-Shimy et al., (1986) and Mourad et al.,

(1987} .

Regarding seeding rates, results showed gradual
increments in fiber length when seeding rate increased
from 750 to 2000 seeds/m? in both seasons. It was also
observed that the differences between the rates of
1500, 1750 and 2000 seeds/m? did not reach the level of
significance in the two seasons. The increase in fiber
length attributed to the increase in plant density is
due to the increase in competition and consequently,

flax plants tended to elongate searching for light.

Results reported by El-Hariri (1968), Momtaz et
al., (1981), Hella et al., (1986), Zeidan (1989) and

Moustafa (1990) showed similar findingg&in this respect.

Results presented in Tables (32 and 33) showed that
the interaction effects on this character were not
significant for all combinations in both seasons.
Generally, the combinations of S; (19/31) plants
supplied with Zn and seeded at 1750 sees/m? produced
the tallest fibers in 1989/90 season being 75.58 cm.
The corresponding value in 1990/91 season was 69.50 cm
produced from S; (19/31) supplied with Cu and seeded at

1750 seeds/m?.
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4. Long fiber percentage

Average of long fiber percentage for each of the
two strains supplied with two microelements and seeded
at six seeding rates for the two successive seasons are

presented in Tables (30 and 31).

Concerning the two strains, analysis of variance
showed a significant difference between them in long
fiber percentage. S; (19/31) significantly surpassed S;
(2419/1) by 9.76 and 9.35% in 1989/90 and 1990/91
season, respectively. The present results may be due to
the differences in the genetical constitution of the
two tested strains and are in agreement with those
obtained by El-Kalla and El-Kassaby (1982), Salama

(1988) , Momtaz et al., (198%) and El-Gazzar {1990} .

As for microelement application, results showed
insignificant effect on this character in both seasons.
Zn and Cu application caused slight increases in long
fiber percentage being 0.08 and 0.19% higher compared
with untreated plants in 1989/90 season, respectively.
The corresponding increases in 1990/91 season were 0.49
and 0.42 for Zn and Cu, respectively. These results
indicate that foliar application with zinc and cupper
seemed to accelerate both of cell division and cell
elongation in flax plants. In this connection, El-Soad
et al., (1975) and Mourad et al., (1987) found similar

results, while Kadry (1981) recorded insignificant
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effect for microelements application on this trait.

Regarding plant density, results showed gradual
increments in long fiber percentage with the increase
in seeding rates from 750 to 2000 seeds/m?. It was
observed that the differences between 1500, 1750 and
2000 seeds/m? did not reach the level of significance
in the two seasons. These results are in harmony with
those obtained by Momtaz et al., (1981), Zahran et al.,

(1984), Salama (1988) and Moustafa (1990).

Results presented in Tables (32, 33, 34 and 35)
showed that the effect of all first order interaction
combinations i.e., strains x microelements, strains x
seeding rates, microelements x seeding rates were not
significant on this trait in both seasons, whereas the
second order interaction had a significant effect on
long fiber percentage. Results in Table (34} showed
that the highest wvalue of long fiber percentage in
1989/90 season (14.39%) was obtained by S; (19/31)
supplied with 2Zn and seeded at 1500 seeds/m2?. The
second order interaction in  the second season,
presented in Table (35) showed also that the highest
value (14.40%) was obtained by $; (19/31) supplied with

Zn and seeded at 2000 seeds/m?.

5. Fiber fineness

From Tables (30 and 31) results indicated that
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there was a significant difference between the two
strains under this study in both seasons. §; (19/31)
had finer fibers than S, (2419/1) which produced the
highest mean values in N.m. (196.87 and 195.97), while
S, (2419/1) produced only 161.40 and 159.64 N.m. values
in 1989/90 and 1990/91 season, respectively. The
present results are mainly due to the differences in
the genetical constitution of the tested strains. It is
worthy to note that S; (19/31) is considered as a dual
purpose variety, while S, (2419/1) is an o0il type.
Similar results were obtained by El-Farouk et al.,
(1982), Salama (1988), Hella et al., (1986), El-Kady et
al., (1988), El-Gazzar (1990) and Kineber (1891) who
reported marked differences in this trait among the

tested flax genotypes.

Concerning the effect of spraying flax plants with
the two microelements on fiber fineness, results
revealed significant differences among  the three
treatments (Zn, Cu and untreated). Microelement
application produced finer fibers compared with
untreated check. Zinc and Cupper increased N.m. values
of flax fibers by 4.9 and 4.2% over the contreol in
1989/90 season, respectively. The corresponding
increases in 1990/91 season were 4.4 and 3.9% for 2Zn

and Cu application, respectively.
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Table 34. Effect of the second order interaction on long fiber percentage in 1989/90 season.

Microelement Seeding rates (sceds/m?)

Strains treatments Mean
750 1000 1250 1500 1750 2000

Sy Zn 13.89 1391 1392 1439 1431 1431 14,12
Cu 1388 1382 1383 1428 1432 1423 14.06
Control 13.57 13.70 13.80 14.15 1424 1415 13.94
Mean 1378 1381 1385 1427 1429 1423 14.04
kD) Zn 1189 11.78 12,15 1322 1325 13.16 12.58
Cu 1178 1156 1226 132% 1423 1409 12.86
Control 11.13 1167 1268 1260 1341 1394 12.57
Mean IiLs0 1167 1236 1301 1363 1373 12.67
Over all means Zn 12.89 1285 13.04 1381 13.78 13.74 13.35
of microelements Cu 12.83 1269 1305 1375 1428 14.16 13.46
Control 1235 1269 1324 1338 1393 1405 1327

Over all mean of seeding rates 1269 12,74 13.11 1364 1395  13.98

L.S.D. a1 0.05 level for

SxM = NS
SxR = NS
MxR = NS

SxMxR

fl

1.76
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Table 35. Effect of the second order interaction on long fiber percentage in 1990/91 season.

Microelement Seeding rates (seeds/m?)

Strains treatments Mean
750 1600 1250 1500 1750 2000

51 Zn 13.78 1399 1382 1421 1432 1440 14.09
Cu 13.76  13.89 1373 1416 1426 1429 14.02
Control 13.53 1385 1193 1396 1405 1439 13.62
Mean 13.69  13.91 13.16  i4.11 14.21 14.36 13.91
Sq Zn 1169 1196 1283 1366 1351 13.13 12.80
Cu 11.62 1189 1276 13.52 1346 13.21 12.74
Control 1140 1200 12,57 1251 1254 1278 12.30
Mean 157 1195 1272 1323 13.17 1304 12.61
Over all means Zn 1274 1298 1333 1394 1392 1377 13.45
of microelements Cu 1269 1289 1325 1384 1386 1375 13.38
Control 1246 1293 1225 1324 1330 13.59 12.96

Over all mean of secding rates 1263 1293 1294 1367 1369 1370

L.S.D. at 0.05 level for

SxM = NS
SxR = NS
MxR = Ns

SxMxR= 130
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These results are in harmony with those obtained
by Batagin and Beiyankina (1968), Lesik and Sen'kov
(1974), Abo El-Scad et al., (1975), Kadry {1981) and
Mourad et al., (1987). On the other hand, Sorour et
al., (1984) and El-Shimy et al., (1986) recorded
insignificant effects of microelement treatments on

this trait.

Concerning plant density, results showed gradual
increments in fiber fineness when the seeding rate
increased from 750 to 2000 seeds/m? in both seasons. It
was observed that the differences between 1500 and the
higher seeding rates (1750 and 2000 seeds/m? () did not

reach the level of significance in the two seasons.

The lowest value of N.m. (167.51) was obtained from
sowing 750 seeds/m? while the highest mean (199.91) was
produced by seeding 2000 seeds/m? in 1989/90 season.
The corresponding values in 1990/91 season were 166.36

and 196.10 for 750 and 2000 seeds/m2?, respectively.

The present results may be due to the production of

thin plants by sowing at the highest seeding rates.

These results are in agreement with those obtained
by Momtaz et al., (1981), Hella et al., {1986) , Hassan
and El-Farouk (1987), Salama (1988), Zeidan (1989) and

Moustafa (1990}.
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Results presented in Tables (32 and 33) showed that
all interaction combinations, i.e. strains X
microelements; strain % seeding rates; microelements Xx
seeding rates and the second order interaction of
strains x microelements x seeding rates were not
significant in both seasons. Generally, the combination
of S; (19/31) plants supplied with Zn and seeded at
2000 seeds/m? produced the finest fibers in 1989/90,
being 202.96 N.m. The corresponding mean of N.m. 1in
1990/91 season was obtained by the combination of 8,
(19/31) plants supplied with Cu and seeded at 2000

seeds/m?, being 201.54.

6. Oil percentage

Average of o0il percentage in flax seeds in the two
successive seasons as affected by the two strains,
microelements and seeding rates are presented in Tables

{30 and 31).

Analysis of variance showed that the two strains
were significantly different in their o¢il content in
both seasons. S; (2419/1) significantly contained
higher values of o0il percentage in flax seeds, being
42.17 and 42.18% in the first and second season,
respectively. The corresponding values of S; (19/31)
were 39.95 and 39.89% in 1989/90 and 1990/91 season,

respectively. The present results are mainly due to the
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differences in the genetical constitution of the tested
strains which indicated that S; (19/31)is considered as
a dual purpose variety, and S5j (2419/1) as an oil
variety. The results are in agreement with those
obtained by Gupta et al., (1964), El-Shamma and El-
Hasan (1969), Salama (1983), Momtaz et al., (1589), El1-

Gazzar (1990) and Kineber (1991).

With regard to spraying plants with microelements,
data indicated that there were insignificant
differences among microelements treatments in both
seasons. Zinc and cupper insignificantly increased oil
percentage by 1.40 and 1.12 in 1989/90 season,
respectively. The corresponding values in 1990/91
season were 1.30 and 1.22, respectively. The present
result is mainly due to the favourable effect of
microelements on the photosynthetic productivity in

plants.

Similar results were obtained by Batagin and
Beiyankina (1968), Chepikov and Shchetinina (1968), Abo

El-Soad et al., (1975) and Kadry (1976).

Regarding seeding rates and its effect on this
character, the statistical analysis revealed that there
were insignificant differences among the different
plant densities. Generally, oil percentage decreased

gradually as seeding rate increased from 750 to 2000
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seeds/m2 in both seasons. In this respect, El-Hariri
(1968), Shehata and Comstock (1976), Momtaz et al.,
(1981), Hella et al., (1986), Tabara et al., (1987),
Zeidan (1989), Khalil (1990) and Moustafa (1990)

reported similar results.

Data in Tables (32 and 33) showed that the effect
of all interaction combinations 1i.e., strains x
microelements; strains x seeding rates, microelements x
seeding rates and the second order interaction among
strain x microelements x seeding rates were not

significant on o0il percentage in both seasons.

Generally, the combination of S, (2419/1) supplied
with 7Zn and seeded at 1000 seeds/m? produced seeds
contained the highest o0il content being 41.74 and

41.69% in the first and second season, respectively.

7. Oil yield (kg/feddan)
Means of oil yield per feddan of the two successive
seasons as affected by strains, microelements and

seeding rates are presented in Tables (30 and 31).

Results indicated that there was a highly
significant difference between the two strains under
study in both seasons. S, (2419/1) significantly
outyielded S; (19/31) by 7.5 and 7.8% in the first and
second seasons, respectively. The superiority of S5;

surpassed S; in seed yield per feddan as well as o0il
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content in seeds. The present results are in agreement
with those obtained by Salama (1983), Momtaz et al.,
(1985), Sorour et al., (1988), El-Gazzar (1990) and

Kineber (1991).

As for microelements application, data showed
insignificant differences in both seasons. Zinc and
cupper application produced insignificant increase in
0il yield per feddan of 4.17 and 3.22% over untreated
check in the first season, respectively. The
corresponding increases in 1990/91 season were 4.3 and
3.6%, respectively. The present result is mainly due to
the favourable effects of Zn and Cu on seed yield per
feddan and on oil content in flax seeds. These results

are in harmony with those obtained by Kadry (1981).

Concerning seeding rates, progressive significant
increases in oil yield per feddan were obtained with
the increase in seeding rate up to 2000 seeds/m? in the
two seasons. The highest values of oil yield per feddan
were obtained by sowing at 1750 seeds/m?, being 283.43
and 280.83 kg/fed. in the first and the second season,
respectively. This character is closely related to the
seed yield per feddan and the o0il percentage in flax

seeds and consequently, it is quite expected.

Similar results were obtained by Thimmoppa et al.,

(1983) and Salama (1988). On the other hand, Moustafa
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(1990) reported insignificantly effect of seeding rates

on this trait.

Tables (32 and 33) showed that the interaction
offects on this characters were not significant with
all combinations i.e., strains x microelements, strains
x seeding rates, microelements X seeding rates and the
second order interaction among strains x microelements
x seeding rates. Generally, the highest o0il yield per
feddan was produced in both seasons by the combination
of S, (2419/1), supplied with Zn seeded at 1750
seeds/m?. 0il yield per feddan was 286.84 and 285.57 kg

in the first and second seasons, respectively.

C. Anatomical studies

1. Different stem tissue areas (mm?)

Estimation of different stem tissue areas for the
two flax strains as affected by microelements and
seeding rates in the two successive seasons 1989/90 and
1990/91 are presented in Tables (36 and 37) and

illustrated in Figures (1, 2, 3, 4, 5, and 6}).

In relation to the two strains under study, results
showed that the flax strain 2419/1 was superior to the
strain 19/31 in total cross section, cortex and Xylem
areas by 34.6, 26.7 and 21.7 mm?, respectively in
1989/90 season. The corresponding differences in

1990/91 season were 32.6, 28.4 and 22.3 mm® for the
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total Cross section, cortex and Xxylem areas,

respectively.

Oon the other hand, S; (19/31) recorded higher
measurements in fiber and pith areas, being 10.8 and
43.8 mm? in 1989/90 season, while in 1990/91 season,
the areas were 9.9 and 41.7 mm? for fiber and pith,

respectively.

The difference§ in the area of stem tissues between
the two strains p¥e mainly due to the difference in

their genetical constitution.

Many investigators found marked differences in the
stem tissue areas in different genotypes (Ivanova and
Matveev, 1960; El-shimy, 1975; Refai, 1975; Hella, 1983

and Hella et al., 1989).

Regarding microelements application effect on the
tissue areas of flax stems, it could be noticed that Zn
and Cu caused an increase in the different tissue areas
compared with the untreated check in both seasons. Zn
produced increases over the untreated check by 2.5,
2.5, 2.7, 1.7 and 1.0 mn? for total cross section,
cortex, fiber, xylem and pith areas, respectively, in
1989/90 season. The corresponding increases in 1990/91

season were 3.1, 2.2, 2.1, 1.0 and 2.5 mm? .
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The increases obtained over the untreated check by
cu application were 1.5, 1.4, 2.0, 1.3 and 0.4 mm?® for
the total c¢ross section, cortex, fiber, Xylem and pith
areas, respectively in the first season, while in the
second one, the increases Wwere 2.3, 1.1, 1.8, 0.7 and
2.6 mm?. This result may be due tO that microelements

application increased stem diameter in flax plants.

Similar results were obtained by Porokhnevich and
Bykov (1972), Nasr, El1-Din (1983), El-Shimy et al.,
(1986) and Mourad et al., (1987), who mentioned that
microelements nutrition caused an increase in stem

diameter of flax.

Concerning the seeding rates, data indicated that
the lowest plant density (750 seeds/m?) produced the
highest values of the different tissue areas compared
with the other rates, i.e., 1500 and 2000 seeds/m? in
both seasons. The differences between plants seeded at
the lowest density and that which seeded at the highest
density were 49.7, 12.5, 0.50, 18.2 and 7.8 mm? for the
total cross section, cortex, fiber, =xylem and pith
areas, respectively, in 1989/90 season. The
corresponding differences in 1990/91 season Wwere 47.9,
7.0, 1.1, 26.9 and 4.3 mm?*. This superiority in the
tissue areas of stems in plants seeded at the lowest

density is mainly due to the increase in stem diameter
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of these plants. Similar results were obtained by Hella

(1983) and El-Shimy et al., (1992).

IL. Stem tissue area percentages per Cross section

Estimates of different stem tissue areas as a4
percentage of the corresponding total cross section
area for two flax strains as affected by microelements
and seeding rates in the two successive seasons 1989/90

and 1990/91 are presented in Tables (38 and 39}.

Results indicated that 353 (19/31) ranked first in
its percentaqges of fiber, pith areas and fiber/xylem
being 7.67, 31.11 and 19.35%, respectively, in 1989/90
season. The corresponding percentagagin 1990/91 season
were 7.14, 30.06 and 18.44 for fiber area percentage,
xylem area percentage and fiber/xylem percentage,

respectively.

Some investigators obtained differences in tissue
area percentages among different genotypes (Hella, 1989

and Sabh, 1989).

For microelements application, data showed that in
and Cu produced the highest percentages of fiber area,
pith area and fiper/xylem in both seasons. Zinc
increased these characters by 1.60, 0.23 and 3.98% in
comparison Wwith the untreated check in the first

season. While in the second one, the increases Were
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1.23, 1.13 and 3.11% for fiber and pith areas and
fiber/xylem percentage, respectively. Moreover, Cu
increased fiber area percentage by 1.21 and 1.06% in
the 1989/90 and 1990/91 season, respectively.
Fiber/xylem percentage increased as affected with Cu
spraying by 2.91 and 2.71% in the first and second

season, respectively.

With regard to seeding rate effects on the tissue
area percentages, data indicated that the highest plant
density recorded the highest percentages of fiber area,
pith area and fiber/xylem, being 7.38, 25.9 and 19.67%
respectively in 1989/90 season. The corresponding
values were 7.54, 25.08 and 18.88% for fiber and pith
areas and fiber/xylem, respectively. Similar results

were obtained by Hella (1983) and El-Shimy, (1992).

111. Microscopic studies and fiber index

Number of fiber cells per bundle, number of bundles
per cross section, number of fiber cells per Cross
section and fiber index for the two flax strains as
affected by microelements and seeding rates in two

successive seasons are presented in Tables (40 and 41).

Data obtained indicated that S; (19/31) had higher
numbers of fiber cells per bundle, number of fiber
pundles per cross section and number of fiber cells per

cross section, than the other strain S, (2419/1) by 3.9,
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cells per cross section, respectively. Cupper increased
the number of fiber cells per bundle by 1.4 and 2.1
cells in 1989790 and 1990/91, respectively, also,
increased number of bundles per cross section by 0.7
and 1.2 bundle in the two successive seasons.
Whereupon, the number of fiber cells per cross section
increased by Cu application when compared with
untreated check, this increase was 48.7 and 70.1 cells

in the first and second season, respectively.

With regard to fiber index, data indicated that
microelements favourably affected this trait in both
seasons. Zinc and Cupper application increased fiber
index values by 2609.8 and 1752.6 mm?, respectively
over the wuntreated check in 1989/90 season. The
corresponding increases in 1990/91 season were 1968.8

and 1537.9 mm® for Zn and Cu, respectively.

It could be concluded that foliar applications with
zn and Cu seemed to accelerate cell division and to
encourage fiber cells production in flax stems. Other
investigators, however, showed that application of Zn
or Cu favourably affected flax growth (Bottini, 1964;
Stetsenko and Chepikov, 1970 and Abo El-Soad et al.,

1975) .

Concerning seeding rates, results showed that the

highest plant density produced the highest number of
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fiber cells per bundle, number bundles per cross
section and fiber cells per cross section 1in both
seasons. The number of fiber cells per bundle in stems
of plants seeded at 2000 seeds/m? were 20.6 and 19.9
cells in 1989/90 and 1990/91 season, respectively. In
relation to number of bundles per cross section, means
were 27.1 and 25.9 bundle per cross section of plant
stems seeded at the highest plant density in the first
and second season, respectively. Whereupon, the number
of fiber cells per cross section increased in stem of
plants seeded at 2000 seeds/m?, being 558.3 and 515.4

cells in the two successive seasons.

Flax stems of plants seeded at the highest rates
recorded the highest means of fiber index than those
seeded at lowest rate by 6.88 and 6.06% in 1989/90 and
1990/91 season, respectively. Similar results were

obtained by El-Shimy et al., (1992).

Generally, it can be concluded that the flax strain
(19/31) was superior to the other one (2419/1}) in fiber
area per cross section, fiber ratio, fiber/xylem
percentage, number of fiber cells per cross section and

fiber index.

Concerning microelements application effects, zinc
ranked first for increasing most of anatomical

manifestations followed by cupper and the lowest mean




SUMMARY

Flax (Linum usitatissimum L.) Crop is grown 1in
Egypt as a dual purpose type " fiber and seeds", and
its yield and gquality are affected by many factors such

as varieties, microelements and seeding rates.

Therefore, this study was carried out to
investigate the effect of those factors on growth,

yield and quality of fibers in flax.

Two field experiments were carried out at EIl-
Gemmeiza Agricultural Research Station, ARC in 1989/90
and 1990/91 seasons, to evaluate two promising flax
strains, S. (19/31), "released as Giza 7", and S.
(2419/1): grown under different microelement treatments
and different seeding rates in relation to growth,
yield and yield components, in addition to anatomical

and quality characters.

A split-split plot design with four replications
was carried out in both seasons, the main plots were
devoted for the two strains. The sub~-plots were
assigned to the three microelement treatments 1i.e.,
zinc, cupper at 250 ppm concentration and untreated
control and the sub-sub plots for the six seeding rates

i.e., 750, 1000, 1250, 1500, 1750 and 2000 seeds/m?.

The main findings of the present investigation

could be summarized as follows:
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A: Growth characters

1.

s, (19/31) plants were taller than S, (2419/1)
plants, particularly at the later stages of
growth. Also, $; plants had higher technical stem

length compared with 5, ones.

No significant difference was detected with
regard to dry weight per plant between the two
strains. However, So plants insignificantly

outweighed S; plants at all stages of growth.

With regard to percentage of different plant
organs to total dry weight it was observed that S5,
plants had higher stem dry weight percentage at
fourth stage of growth, whereas S; plants recorded
higher leaves dry weight percentage, but no
significant difference was detected in roots dry

weight percentage.

Also S, plants had higher number of upper
branches and number of capsules per plant compared

with S; plants.

. Zinc application significantly increased plant

height at all growth stages, stem dry weight
percentage {at early stages of growth}. Cupper
application increased leaves dry weight percentage

at early and later stages of growth.
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B. Yield and yield components

I Straw yield and its related characters

1.8y (19/31) plants were significantly superior to 3;
(2419/1) plants with regard to technical stem
length; and produced greater number of basal
branches per plant and higher straw yield per
plant and per feddan, whereas S, plants were
higher in length of top capsules zone and stem
diameter. S; outyielded 5; in straw yield per
feddan by 4.14 and 12.16% in the first and second

season, respectively.

2. Zinc application insignificantly increased
technical stem length. Also, Zn and Cu in general
and 2Zn in particular insignificantly increased
length of top capsule zone, stem diameter, number
of basal branches per plant, straw yield per plant

and per feddan.

3. Increasing seeding rate significantly increased
technical stem length and straw yield per feddan,
but significantly decreased length of top capsule
zone, stem diameter, number of basal branches and

straw yield per plant.

4, The effect of interactions between the

experimental factors was only significant between:
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strain x mnicroelements on straw yield per feddan
in the first season and among strains X
microelements x seeding rates on straw yield per

plant in both seasons.

Il Seed yield and its related characters

1.

2.

S, (2419/1) plants were significantly superior to
Sy (19/31) with regard to number of capsules per
plant, number of seeds per capsules and per plant,
number of upper branches per plant, seed)ﬁekb@lant

and per feddan, and seed index.

Such results indicate the superiority of S5jp in
seed production where it outyielded S; by 2.40 and
2.47% in the first and second season,

respectively.

Microelements application had no significant
effect on all seed vyield components. However,
slight and insignificant increases in seed yield
and its components were observed due to Zn and Cu

application.

. Increasing seeding rates significantly reduced

seed yield components. On the other hand, seed
yield per feddan significantly increased as a
result of increasing seeding rate. The seed yield

per feddan was increased by about 58 kg per feddan
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due to increasing seeding rate from 750 to 2000

seeds/m? in the two seasons.

. The effect of the interaction between strains and

seeding rates was only significant on number of

capsules per plant in 1989/90 season.

Also, the second order interaction significantly
affected number of capsules per plant {in the
first season), number of seeds per plant (in the
first season) and number of upper branches per

plant in both seasons.

Il Technological characters

1.8, (19/31) plants were significantly superior to S;

(2419/1) plants in fiber yield per plant and per
feddan, fiber length, long fiber percentage as
well as fiber fineness. On the other hand, S5;
plants were significantly superior to S; plants
with regard to oil percentage as well as oil yield

per feddan.

S; outyielded S, in fiber yield per feddan by 24
and 29%, respectively, in the first and second
season, whereas S, outyielded S; in oil yield by
7.5 and 7.8%, respectively in 1989/90 and 1990/91

Seasons.




