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EFFECT OF SOME GROWTH REGULATORS AND
NITROGEN LEVELS ON FLAX YIELD AND ITS QUALITY
By '
El-Gazzar, A.A.M. and Eman A. El-Kady
Field crops Res. Inst. Agric. Rescarch Center, Giza, Egypt

ABSTRACT

The present investigation was carried out at Sakha Agric.
Research Station Farm: during the two successive seasons of
2002/2003 and 2003/2004 to study the effect of two nitrogen levels
(35 and 70 kg N/fad) and some growth regulators i.e. GA; at 20,
40 and 80 ppm and JAA and NAA at 10, 20 and 40 ppm of each
one compared with the check treatment on yield and its
components and quality of flax plants (Sakha 1 cv.). This study was
laid out in a split plot design with four replications. The obtained
results could be summarized as follows:

The apptlication of 35 kg N/fad significantly increased stem
diameter, fiber yield per plant as well as per fad.. fineness and
strength of fibers, seed oil content in both seasons and seed ash
content in the first season. Increasing nitrogen levels from 35 up to
70 kg N/fad. significantly increased seed index in the second
season, seed yield/fad. In the first season, protein content and crude
fiber in both seasons of the study and total carbohydrate in the first
season. ' '

The concentration of GAs of 20 ppm gave the highest seed
protein content. Application of GA3; at 40 ppm increased
significantly straw and seed yields per fad., fineness and tenacity
fibers. While, the high level of GA3 (80 ppm) increased

significantly stem diameter, straw with capsule yicld/fad.. fiber
~ yield per plant and per fad., fiber percentage and fiber length in
both scasons. Spraying with [AA at 10 ppm increased significantly
seced index, seced protein content. While, the same rate {10 ppm)
from NAA gave the highest value Tor number of seed/piant in the
first season. Application of NAA at 40 ppm significantly incrcased
fruiting zone length and straw with capsule yield/fad..
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The interactions were significant for the following
characters technical length, stem diameter, straw with capsules
yield / fad., fruiting zone length , number of seeds/ plant and seed
yield / fad. in the frist season of study . while the characters of the
straw yield, fiber yield per plant and faddan, percentage, length,
fineness, strength of fibers and seed index were significant in both
seasons. -

Keywords: Flax, linseed, Linum usrratzssmumL nitrogen Jevels,
growth regulators.

INTRODUCTION

Flax (Linum usitatissmum, L.) is one of the most important
sources of fiber and seed oil. It plays an effective role in the
national economy due to its effect on the local industry and it may
contribute in increasing exports. But, it is difficult to increase the
cultivated area of flax as this well be in the account of the other
important winter crops i.e., wheat, sugar beet and clover. Increasing
the flax yield and improving its fiber and seed quality could be
achieved through the agricultural treatments and over-come such
shortage in flax production. The most important practices in this
respect is the determination of the optimum level of nitrogen in
relation to combination with the suitable plant growth regulators
and its optimum level. These compounds play an important role in
modern agriculture and used to increase the yield and improve
quality.

Several workers investigated " the effect of nitrogen
fertilization on flax yield and its attributes and reported a positive
response of flax plant to nitrogen fertilizer levels. Under Egyptian
conditions, Fayed (1992) and Abo-Shetaia ef al (1996) reported
that the highest values of straw, fiber and seed yields per fad. and
its components were obtained by adding 75 kg N/fad. while, oil
percentage was adversely affected by increasing nitrogen levels,
El-Kady er al. (1995) and El-Gazzar (2000) found that incrcasing
nitrogen level up to 60 kg N/fad. led to significantly increase of all
the studied parameters and its components. Kineber ef a/. (1997)
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and Mostafa et al. (2003) recorded that, increasing nitrogen level
from 20 up to 50 or 60 kg N/fad. significantly increased straw,
fiber, seed and oil yields/fad. and its components. EI-Gazzar and
Abou-Zaied (2001) and ElGazzar and Kineber (2002) stated that,
increasing N level from 30 or 40 up to 70 or 75 kg N/fad..
significantly increased fiber yield per plant, per fad. and fiber
quality and it increased straw with capsules yield/fad., seed
yield/fad. and its related characters.

Abo-El-Saod ef al. (1975) reported that applying 50 ppm
GA; and/or 3 rates of ZnSQOy as foliar sprays increased plant height
and number of basal branches/plant, applying 500 ppm Zn SQ4 +
GA; gave the highest yields of seed and straw and highest fiber
quality, seed oil percentage and long fiber was highest with 100
ppm Zn SO; + GA;. Shaaban er of. (1982) and Guleria and Singh
(1983) found that spraying with GAj3 at 25 ppm concentration
increased fiber fineness. While, 50 ppm concentration increased
" plant height, leaf dry weight/plant, seed yield and its components,
on the other hand, 100 ppm concentration gave higher fiber
tenacity with lower cellulose content and coarser fiber than
treatments without GAj3. Osman and Abu-Lila (1985) stated that
GA; and Cycocel at 25, 50 and 100 ppm show clear increase in
plant height and decrease in both number of fruiting branches and
number of capsules with GA;, while Cycocel show clear trend of
decreasing plant height, number of branches and capsules. GA; (at
25 and 50 ppm) slightly increased oil content and affected the fatty
acid composition of linseed oil. El-Shourbagy et o/ (1990), El-
Shourbagy et al. (1995) and El-Kady et al. (1997) concluded that.
GA; and JAA applied to flax could significantly increase straw.
fiber, seed and oil yields/fad. and its components. Fayed (1992)
reported that, Ethephon application significantly decreased plant
height, but it increased each of number of basal branches/plant,
capsules  number/plant. seeds number/capsule, 1000-seed
weight/plant as well as straw and fiber yield/fad. and oil
percentage. Wang et al. (1994) concluded that {Auxin Dongnong-
1) could increase flax yield and improve fiber quality. Fl-Azzouni
- (2003) and Hanafy er al. (2004) reported that using GA; as a foliar
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application at the rate of 100 ppm significantly increased straw.
fiber, oil and seed yields/fad. and its related characters.

Therefore, the main objective of this investigation was to
study the effect of nitrogen levels and growth regulators on yield
and quality of flax.

MATERIALS AND METHODS

Two_field trials were carried out at the Experimental Farm
of the Apgriculture Research Station, Sakha at Kafr El-Sheikh
Governorate, Egypt, during the two successive seasons (2002/2003
and 2003/2004). Split plot design was used with four replicates.
The main plots were assigned to two rates of nitrogen (35 and 70
kg/fad.) and the sub-plots were assigned to 10 treatments of growth
regulators distributed at random with the sub plots i.e. GA;
(Gibberellic acid) at 20, 40 and 80 ppm, IAA (Indole-3-acetic
acid) at 10, 20 and 40 ppm and NAA (Nephthalen acetic acid) at
10, 20 and 40 ppm in addition to the check treatment. The plot area
was 6m’ (1.5.x 4m)and the previous crop was maize (Zea mays,
L.) in both seasons. Sakha 1 flax cultivar was planted in 8 and 10
November in the first and second seasons, respectively by using
drill machine at the rate of 60 kg/fad. in rows 15 cm apart. The soil
of the experimental fields was clay in texture. |
The chemical analysis of the experimental soil was given in Table

(1.

Table (1): Some chemical propertics: of the experimental soil
fields in the two growing secasons (2002/2003 and

2003/204). -
. Secason
Variable 2002/2003 3003/2004
pH 8.10 8.00
Organic matter% 1.80 1.71
Available N ppm 33.60 33.11
Available P ppm 7.40 7.10
Available K ppm 503.00 508.00
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Phosphorus fertilizer was applied in the {form of super
phosphate at a rate of 15 kg (P20s)/fad. during land preparation.

Nitrogen fertilizer as urea (46.5% N) was added in two
equal doses (after 30 and 55 days from planting). The growth
regulators treatments were applied twice as foliar spray at 45 and
60 days from sowing. Tween 20 was used as a wetting agent at the
concentration of 0.5%. Check treatment was sprayed with water
containing only the wetting agent. The other agricultural practices
were carried out as recommended by the Ministry of Agriculture
and land Reclamation. At harvesting time, 10 individual plants
were randomly taken from each plot to determine plant characters.
Straw, fiber and seed yields per plot were determined and
calculated per faddan. Fiber fineness (N.m) and fiber strength
(R.K.M.} were determined according to the method described by .
Radwan and Momtaz (1966).Randomly seed samples were taken
from each plot and grounded to fine powder (pass through 2 mm
sieve) for chemical analysis; 1.e. moisture content, oil %, protein %,
ash % and crude fiber according to procedures out line by
A.0.A.C. (1990). Total carbohydrate was
calculated by difference.
Data collected included:
1. Straw yield and its related characters:

a: Technical stem length (cm) b: Stem diameter (mm)
c: Straw yield/plant (g) d: Straw yield/fad. (ton)
e: Straw with capsules yield/fad
2. Fiber yield and its related characters: '
a: Fiber yield/plant (g) b: Fiber yield/fad. (kg)
c: Fiber percentage ‘ d: Fiber length (cm)
¢: Fiber fineness (N.m) f: Fiber strength (R.K.M.)
3. Sced yield and its related characters: :
a: Fruiting zone length (cm) b: Number of capsules/plant
c: Number of seeds/capsules d: Number of seeds/plant
e: Seed index (g/1000 seed) f: Seed yicld (g/plant)

: Seed yield (kg/fad)

. Gross chemical composition of flax sced

(1S
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a: Moisture content b: Oil content
c: Protein content d: Ash content
e: Crude fiber ‘ f: Total carbohydrate

All data were subjected to the analysis of variance
according to the procedures outlined by Snedecor and Cochran
(1967). The mean value of treatinents were compared according to
Duncan Multiple Range Test (Duncan, 1955). All statistical
analysis were performed using analysis of variance technique by
means of MSTATC computer software package.

* RESULTS AND DISCUSSION

1. Straw yield and its related characters:

Data presented in Table (2) clearly show that straw yield
and its components were not significantly affected by nitrogen
levels except for stem diameter in the first season. In general, 35
kg N/fad. gave the highest stem diameter value. On the other hand,
adding 70 kg N/fad. gave the highest values for technical length in
the first season, straw yield/plant as well as per fad. and straw with
capsules yield/fad. But, the differences did not reach the level 5%
level of significance in both seasons. This may be due to that the
experimental soils had 33.6 and 33.11 ppm available N which is
equal to 33.0 kg N/fad. (Table 1). The amount added as the first N-
level (35 kg N/fad.) it becomes enough for the recommended N-
dose for flax growth and high yields. These results are in
acceptance with those obtained by Fayed (1992), El-Gazzar and
Kineber (2002) and Mostafa ef al. (2003). Growth regulators
significantly increased stem diameter and straw with capsules
yield/fad. in the first season and straw yield/fad in both seasons.
The highest means of stem diameter and straw with capsules
yield/fad. were found by using 80 ppm GAjand 40 ppm NAA.
Spraying with GAj3 at 40 ppm gave the highest values of straw
yield/fad. in both seasons. But, the differences in the second season
did not reach the 5% level of significance. It could be concluded
that the stimulating effect of the growth regulators on growth of
flax plants during the vegetative growth stages caused clear
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Table (2): Straw yield and its related characters on flax as affected by N-levels, GA;, IAA and NAA in 2002/2003 and
2003/2004 seasons. '

Eo:astiments

N-level kg/fad,

Control

Growth regulators

hucracnun.:’

Season Sig. Sig.
35 70 GAl} 1AA NAA
Technical  2002/2003| NS 711 78.6 NS 754 752 §1.7 783 772 76.7 79.6 78.8 749 809 *
length (cm) 12003/2004] NS 84.6 33.9 NS 844 839 852 826 83.7 85.4 83.5 824 86.0 849 NS
Siem diameter |2002/2003 * 1.96a 1.88b d i.6%b | "1.73b 1.93ab 2.1la 2.02a 1.91ab }1.93ab! 2.0la 1.82ab { 2.03a *
(mm} 2003720047 NS 2.23 225 NS 2.29 231 224 7| 233 2.2t 222 .2.27 2141 2.25 2.20 NS
Straw 2002/2003] NS 0.98 1.06 NS 1.08 089 .} 1.0] 115 1.02 0.87 1.09 1.13 0.89 1.09 -
yield/ptant (@) [2003/2004] NS 1.6] 1.69 NS 1.67 t.61 1.60 1.46 1.77 1.80 1.55 1.67 1.60 1.76 *
Straw yield/fnd|2002/2003) NS 288 295 * 2.800ab | 2.990ab | 32002 | 2.510c [ 2.950ab | 2.750abc 12.790hc| 2.860abc | 3.110a | 3.040ab hid
(ton) 2003/2004] NS 4.244 4,373 * 4,345bc | 4.118bcd | 4.587a | 3.947cd | 4.164bc | 4.216bed 14.337be| 4.365bc | 4.538a [4.473ab ¥
Straw with  [2002/2003) NS 4.530 4.670 * 4.370b | 4.790a | 4.620ab | 4.830a | 4.450b | 4.240b [4.700a| 4.4806b |4.670ab] 4.830:z *
capsules yield . .
(wied) 2003/2004] NS 6.620 6.666 NS§ 6.729 6.808 6.554 6.895 6.414 6.309 | 6.685 | 6405 6.764 | 6.869 NS

% &% und NS indicate P<0.05, P<0.01 and not significant, respectively,

Means foltowed by the same letter within rows are not significantly different at the 5% level using Duncan’s Multiple Range test.
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increases in plant height and dry matter accumulation and caused
an increase in straw yield and fiber yield. These data are in
agreement with the results obtained by Fayed (1992), El-Kady ef
al. (1997), El-Azzouni (2003) and Hanafy et al. (2004). This shows
that N-fertilizer levels and growth regulators levels act dependently
on the previous characters.

The interactions were significant for fruiting zone length
and No. of seeds/plant in the first season and seed index and seed
yield/fad. in both seasons. This shows that nitrogen fertilizer levels

and growth regulators levels act dependent by on the previous
characters.

2. Fiber yield and its related characters:

The results in Table (3) indicated that fiber yield per plant
in the second season, fiber yield/fad., fiber fineness and fiber
strength in both seasons of this study were significantly increased
under the application of 35 kg N/fad. These results may be due to
the experimental soil contain about 33 ppm available nitrogen
which is equal to 33 kg N/fad. (Table 1). This caused the first level
of nitrogen fertilizer (35 kgN/fad.) to complete the flax needs of
nitrogen and the high nitrogen level (70 kg N/fad.) exceeded the
plant needs and might led to high wood content compared to the
suitable N-level and increasing N-level led to clear increase of
lignin and bicteen than cellulose. These results are in agreement
with those obtained by El-Gazzar and Abou-Zaied (2001), EI-
Gazzar and Kineber (2002) and Mostafa er al. (2003).

Growth regulators significantly increased fiber vield per
plant and per fad., fiber percentage, fiber length, fiber fineness and
fiber strength in both seasons. Generally, all the concentrations of
GA3, 1AA and NAA in this study increased fiber yields and quality
compared with the control treaiment. The highest means of fiber
yields per plant, per fad.. fiber percentage and fiber length were
obtained by using 80 ppm GA3 and 40 ppm IAA while fibers
fineness and strength resulted from 40 ppm of GAj;. The trend of
results similar to those of straw yields and its components and
similar discussion could be cited. These results agree with those

1
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Table (3): Fiber yield and its related characters on

flax as affected by N-levels, GA;, IAA

and NAA in 2002/2003 and

2003/2004 seasons.

I L ) N-level kg/fad. ] - Growth regulators .
Constituents | Scason Sig. Sig. [ Control Interactions
. k1 70 GAl IAA NAA

Fiber yield [2002/2003; NS .23 0.20 . 0.20bc | 0.22b | 0.20bc 0.24a 1 0.20bc [ 0.22ab 0.23a 021b [ 0.20be | 4.23a ’
(2/plant).  2003/2004 ’ 0.258 0.22b * 022b | 023b § 023b 025a | 0226 | 0.23b 024 023b 1§ 0242 | 0.23b ’
Fiber yield  [2002/2003 * 615.0a | 390.0b | * 584.0d | 597cd | 610.00 619.0a | 595cd 601c 611.0b | 398.0cd | 602.1c [607.0bc *
(kg/fad)  |2003/2004 * 645.0a | 629.0b * 6304c | 637.5b | 6373b | 644.2a )634.0bc| 640.0ab | 637.8b | 635.4bc | 639.ab | 637.0b *
Fiber 2002/2003] NS 20.9 19.6 * 19.0b | 198h | 209a 21.4a 19.5b | 204ab -} 21.0a 199b | 20.1ab | 20.9a *
percentage  |2003/2004] NS 19.1 18.5 * 17.6b 17.6b 18.9a 19.0a | 18.0nb | 18.5ab 18.9a 18.0ab | 18.5ab | 18.23b *
Fiber length [2002/2003| NS 81.2 80.7 * 80.0b |808ab | B8l.0ab | 823z | 799b | 80.9ab 81.9a 80.0b ! 80.6ab | 8§20 .
(cm) 2003/2004] NS 88.6 87.7 * 87.3b | 87.7b | 88.6ab 89.2a | 87.8b | 883ab 89.1a 8700 | 8B.3ab | 89.0a *
Fiber fineness [2002/2003 * 2306a | 225.7b * 226,0b [228.2ab| 2293a | 230.2c¢ | 228.ab | 228.1ab | 228.3ab | 227.1b [228.2ab| 229.0u *
(M.m)  [2003/2004 ' 240.0a | 235.0b * 236.0c |238.0ab| 239.0n [ 238.0ab | 236.9b | 237.5b | 238.6ab [ 237.0b | 23776 [ 2380b [ ¢
Fiber strength {2002/2003 * 283 26.1b * 2600 [269ab | 289a 27.4sb | 26.4b | 27.0ab 28.4a 27.0ab [ 27.2ab | 27.4ab *
(RK.M.)  [2003/2004 * 37.0a 35.0b * 355b | 357b | 37.0a 36.0ab [ 35.7b | 360ab [ 36.3ab 356b | 36.0ab | 36.4ab *

*, ** and NS indicate P<0.05, P<0.01 and not significant, respectively,

Means followed by the same letter within rows are not significantly different at the 5% level using Duncan’s Multiple Range test.
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obtained by Abo-El-Saod efal (1975); Guleria and Singh (1983):
El-Kady et al. (1997); El-Azzouni (2003) and Hanafy et «l. (2004).
The interaction effect was significant for fiber yield and its related
characters in both seasons.

3. Seed yicld and its related characters:

Data in Table (4) showed that the increase of nitrogen levels
from 30 to 70 kg N/fad. increased seed yield per plant and per fad.
and its related characters. Such increases did not reach the level of .
significance in both seasons except for seed index in the second
season and seed yield/fad. in the first season. Such conclusion is in
harmony with that reported by Abo-Shetaia er al. (1996); El-Gazzar
and Abou-Zaied (2001) and El-Gazzar and Kineber (2002).

Growth regulators significantly increased fruiting zone
length and number of seeds/plant in first season and seed index and
seed yield/fad. in both seasons. The highest means of fruiting zone
length were found by using 40 ppm NAA and 80 ppm GAs.
Spraying with NAA at 10 ppm, 40 ppm, JAA at 40 ppm and GA; at
80 ppm gave the highest values of No. of seeds/plant,

The highest means of seed index of (9.98 and 9.96 g/100
seed) were found by using 10 ppm 1AA while, the highest seed
yield/fad. of (614.4 and 948 kg/fad) resulted from 40 ppm GA; in
both seasons. The effect of GA3, IAA and NAA concentrations on
increasing seed yield and its related characters was reported by
Abo-El-Saod et al (1975), El-Kady et al. (1997), Ei-Azzouni
(2003) and Hanafy et al. (2004).

The interactions were significant for fruiting zone length
and No. of seeds/piant in first season and seed index and seed
yield/fad. in both seasons.

4- Gross chemical composition of flax seed

Data presented in Table (5) show clearly that flax seed oil
content in both seasons and ash content in the first season were
significantly increased with adding 30 kg N/fad. The significant
increase in protein content, crude fiber in both seasons and total



Table (4):-Seed yield and its related characters on

fiax as affected by N-levels, GA;, IAA and NAA in 2002/2003 and 2003/20G4

SeaASons.
N-level kg/fad. Growth regulators
Constituents | Season Sig. Sig. Control Interactions
35 70 GAl 1AA NAA
Fruiting zone {2002/2003] NS 9.5 9.7 i 10.5ab 9.2b 5.lc It.1a | 9.5b 9.6 0.4b 19.4ab | 10.7ab 1:da b
length (cm) (200372004 NS 119 123 NS 13.4 129 12.2 9.2 1.9 { 132 129 1.3 .2 12.3 NS
Number of |2002/2003] NS 5.09 5.76 NS 5.55 4.36 5.30 5.62 4.56 4.91 6.02 6.15 5.02 525 NS
capsules/plant]2003/2004; NS 846 8386 NS 8.05 8.62 9.39 835 9.70 10.31 744 7.75 7.93 9.06 NS
Number of {2002/2003[ NS 4.5] 4.55 NS | 4.48 439 4.69 495 4.61 4.16 4.70 4,65 4.33 4.31 NS
seedsicapsule 2003/2004] NS 7.24 740 NS 7.15 7.30 7.25 734 7.57 119 729 7.50 7.38 4,62 NS
No.of (200272003 NS 233 26.8 * 26.9b 20.7¢ 26.4b } 274a | 21.6¢ 20.4c 27.5a 29.9a 2L.7¢ 27.7a (L
seeds/plant §2003/2004] NS 453 456 NS 48.0 45.6 49.7 429 50.1 522 384 383 393 49.7 NS
Seed index J2002/2003] NS 9.47 9.53 * 873 9.54c 9.61bc | 9.76b | 9.98a 9,580- 9.55¢ 8.83ab | 9.88ab | 9.50c¢ *
(2/100 seed) (200372004}  ** 9.61b 991a *”» 9.74bc | 9.74bc | 9.73bc | 9.770c | 9.96a | 9.6%¢ 9.69¢ 9.66c | 9.81b | 9.76bc -
Seed yicld [2002/2003] NS 0.22 0.25 NS§ 0.23 0.20 0.30 0.24 o2t 0.20 0.27 0.24 0.2i 0.26 NS
(g/plam)  [2003/2004] NS 0.44 0.45 N§ 0.46 0.47 0.49 0.40 | 0.49 0.51 0.39 0.39 041 | 08 NS
Seed yicld  [2062/2003 * 504.5b | 540.4n e 184.6cd | 491.4de | 614.4a [511.9bcd|515.8bcd| 533.2bcd | 436.9¢ | 551,70 | 546.7b¢ | 517.9bcd b
f tkg/fad)  |200372004] NS 866.1 900.9 b 764.21 8.}6.1:1 948.0a | 883.0¢ | 913b | 910.9b 818.0c ; 925.7ab [ 893.2¢ | 941.7a NS

*. ** and NS indicate P<0.05, P<0.01 and not siguiﬁcant.‘.respectively.

Means followed by the same letter within rows are not significantly different at the 5% level using Duncan’s Multipte Range test.
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Table (5): Gross cheinical composition of flax seed as affected by N-levels, GA;, IAA and NAA in 2002/2003 xud 2003/2004
scasons {(Percentage were calculated on dry matter weight basis).

¢ . . T N-level kgffad. . Growth regulators .

Cunstituents | Season Sig. Sig. Control Interactions
35 70 GAd IAA NAA

Moisture, 200272053 NS 53 5.19 NS 5.16 5.56 3H 517 5.08 496 | 517 | 5.6l 5.35 5.42 NS

200372004 NS 5.52 5.55 NS 565 f 554 539 | 519 5.16 551 | 584 | 554 | 569 5.87 NS

oil 20022003 * 42.41a 39.95b NS 40.60 d1.20 | .41.58 | 4135 | 41.75 | 41.34 |41.00{41.73 [ 4060 [ 40.63 NS

2003/2004 * 43.21a | 40.63b NS 41.80 41.32 42.69 | 42.11 | 4205 | 42.16 [42.08 |42.14 | 42.06 | 41.33 NS

Protein 200272003 * 191tk | 20.56a b 19.tlc 20.77a |9.4.'3b 19.54b | 20.632 | 19.79b |19.79b19.45b| 20.2%a | 19.66b NS

200372004 b 18.27b 21.01 b 19.10¢ 20.39a | 19.54b [ 19.8%ab| 20.38a | 19.47b |19.04¢|19.99a] 19.42b | 19.17¢ NS

2002/2003 * 4.07a 3.96b NS 3.98 4.04 3194 3.97 4.04 398 | 399 { 400 | 4.06 4.16 NS

Adh 2003/2004 NS 4.04 4.06 NS 3.95 4.09 4.07 4.06 4.16 4.10 | 4.07 | 4.03 398 398 NS

Crude fiber 12002720037+ 5.5.3b 6.30a NS 601 575 6.06 573 5.64 57 590 1 600 | 6.22 603 NS

2003/2004 . 5.37b 5.52a NS 5.96 5.63 5.51 5.40 5.40 548 | 517 | 5.14 | 528 5.51 NS

Fotal 200272043 * 34.23b 35.49a NS - 3596 | 34.09 3505 | 35,14 | 3358 | 34.39 (3556 |34.08] 3573 | 3544 NS

carbohvdrate [2003/2004 NS 3443 34,46 NS 15,05 3414 | 33.77 | 33.95 33.58 | 3411 [3430 _33.80 34.60 | 3551 N§

*, *+ and NS indicate P<0.05, P<0.01 and not significant, respectively,
Means followed by the same letter within rows are not significantly differcent at the 8% level using Duncan’s Multipte Range test.
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carbohydrate in first scason were ascertained by increasing nitrogen
up to 70 kg N/fad. These results are in harmony with those of El-
Gazzar and Abou-Zaied (2001) and El-Gazzar and Kineber (2002).
Nitrogen occurs in amino acids, purine and pyrimidine bases which
are essential for protein synthesis {Sadasivam and Manickam,
1991). A negative correlation was observed between the oil content
and protein content in flax seed. These results are in agreement
with those of Rai ef a/. (1990), Eman (2000) and El-Kady e al.
(2001). '

Foliar spraying with growth regulators levels significantly
increased flax seed protein content compared with the control
treatment. The low levels of GA3, IAA and NAA gave the higher
percentage of seed protein content in both season (Table 5). Chu
and Ho (1975) indicated that low concentration of IAA increased
protein synthesis. The obtained results were confirmed by those of
Popov and Ivanova (1966) and El-Beheery (1987).

The other seed contents (moisture, oil, ash, crude fiber and
total carbohydrate) were not significantly affected by growth
regulator treatments and the interaction between nitrogen fertilizer
and the concentrations of GAj3;, IAA and NAA (Table 5). These

results are in agreement with those obtained by Shaaban eral
(1982). _ :
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