RESULTS AND DISCUSSION
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FIRST EXPERIMENT

A. Effect of Nitrogen Application Methodg

a. Straw characters

The mean values of straw characters of flax as affect-
ed by methods of N application in the three seasons of exper-
imentation are shown in Table 3,

1. Plaat height

Results showed that plant height at usrvesting time
wag not significantly affected by the different methods of ‘N
application. Such result was true in the three successive
seagons indicating the efficiency of moil application, soil
epray and foliar application as methods of applying N to flax,

Resulis showed insignificant increases in plant height
in the three experimental seasons when N was applied as goil
applicatiop. Such increases were, however, below the level of
significande. The means of plant height of the three seasonsg
were 73.90, 71.48 amd 70.43 em for soil applicationeoil spray
and foliar spray, regpectively,




-46=

It could be concluded that soil application of N
fertilizer wasg quite efficient as g method of application
under the experimental corditions,

2. Technical length

Results in Table 3 showed that technical length of
flax was not influenced by the different methods of N appl-
ication, In the three seasons, the three methods of N appl-
ication gave about the same effect on this character,

Similarly, soil application wag insignificantly sup-
erior to both soil Spray and foliar spray, On the average of
the three seasons, technical length was 64.6%, 62.46 amd
60.33 cm for soil application, soil spray amd foliar spray,
respectively, '

Such result ig expeécted since plant height was not
significantly affected by the methods of N application.

3. Straw vield

Similarly, straw yield of flax was not gignificantly
influenced by methods of N application..

The efficiency of the three methods used oould be
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arranged in a descending order in regard to their effect on
the siraw yield as follow# soil application, soil spray and
foliar spray, withoul significant differences in the three
geasons.

The overall average of the three succeseive seasons
ghowed that straw yields were 2121, 2084 and 1939 kg/fad.
for goil application, soil spray amd foliar spray, respecti.
ively'-

This result is mainly due %o the insignificant effect
of application methods on growth characters, namely, plant
height arnd technical length and agrees with those reported by
Maddens (1976) who found that straw yield of flax was not
affected by N application methods,

On the other hand, Mclvor (1975) showed that N rotated
into the soil in the fall was a better source of N for flax
leaving it on the surface.

It could be concluded that foliar application anmd soil
spray were not superior to the traditional soil application as
mthod of N applicatisn to flax in Egypt., It seehs that the
enzyme activity in the experimental soil {c¢lay loam) was quite
sufficient for converting urea to ammonium N that soil appli-
catiion was quite efficient as a methoed of applicationm.

In addition, the smmll area of flax leaves and narrow
leaf jsurface cannot retain a considerabl# amount of the spray
salution. Algo the growth habit of flax as a plant with a ~=




spreading root system in the upper scil layer enables e good
absorption of N applied,

b. Seed characters

Data on seed characters of flax as affected by methods
of application in the three successive seasons are ghown in
Table 4.

1. Iumber of fruiting branches per plant

Resul" 3 showed that number of fruiting bran:‘:‘ea / plant
was not significantly affected by methods of N application,
It was evident that in the threeexperimental seasons the three
methods of N applisation were equally effective, However, in-
significant differences in number of fruiting branches were
recorded as a result of different application methods, Soil
application showed better effect on this character than soll
and foliar spray, and soil spray wgs of better effect than
foliar spray. All differences in number of fruiting branches
were below the level of significance,

It could be concluded that soil application is quite
efficient as 2 method of applying N to flax, Foliar or soil
spray did not induce flax response to N fertilizer than did
Boil application.

2. Number of capsuleg per plant

Results showed also that the number of capsules/plant
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Table (3): Effect of nitrogen applicaiion methods
on straw characters of flax in the
. three experimental seasons.

Methods Plant Technical Straw
of N height length yiedd

Application cm om kg/fad.
1977_(_18 -

Soil application 77.44 a ' 67.50 a 2051 a

Soil spray 76.22 a 66.50 a 2026 a

Foliar spray 75.86 a 65.40 a 1962 a
1978 / 719

Soil application 70.03 a 6l1.52 a 1740 a

S0il .spray 66.43 a 58.11 a 1684 =

Foliar spray 64.67 a 54.93 a 1415 a
1979 / 80

Soil application 74.23 a 65.00 a 2573 a

Soil spray TL.79 e €2.78 e 2541 a

Poliar spray 70.76 a 60.65 =a 2439 =&




wag not significantly influenced by methods of N application
in the three successive seasons.

Soil application showed better effect on this charac-
ter than foliar spray, bui differences were too small to reach
the level of significanee.

These results are espectad since the number of fruit-
ing branches/plant was not significantly affected by methods
of application.

It could be concluded that soil application 1s 18n
effective method of N application under Egyptian conditions,

3. Seed index

Result s indicated that seed index was not significam=
ntly affected by methods of N application. In the three -
seasons, applying Nas soil application, soil spray or foliar
spray showed similar effect on seed index.

Tt could be concluded that soil application was guite
effective as a method of Napplication,

4. Seed yield

Results showed also that geed yield in the three ex-
perimental seasons was not significantly influexced by N app-
lication methods.
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It is observed from Table 4 that soil application
showed hetter effect on seed yield thansoil and foliar spray.
On the average of the three seasons, seed yisld of flax supp~
lied with N as soll application increased by about 3 % over
that obtained from the soil spray method.

Moreover, seed yleld of soil application method was
about 15 % more than that obtained from foliar application
method on the threZseasons averager However, these inereases
were below the sgignificant level.

The present results indicate that applying N by foliar
or soil spray showed no any advantage over the traditional so-~
il application method, Even, slight and insignificant increas-
es in seed yield were obtained when N was applied as soil app-
lication when compared with the other methods,

Similar resulis were also reported by Yermanos et al.
(1964), whereas Patel (1977) showed that ssed yields were
affected by methods of application,

In conclusion, soil application.could be recommended
as an effective method of N application for flax,

5. 0il percentage

Results indicated algo that oil percentage in flax
seed was not affected by application methods in the three
' peasons of experimentation,




Table (4): Effect of nitrogen application methods on seed

characters of flax in the three experimantal

seagons,

No of 8?:?0{ 0il

Methdds of fruiting No. of Seed J ~ 01l yield

N branches Capsules Index kg/ % kg/

Application /plant / plant g fad. fad,
1977 / 78

Soil application 10.0a 6.5 & 6.49a 735 a 38.45a 283 a

Soil spray 9.6 a 6.5 a 6.40a 711 a 38.24e 273 a

Foliar spray 8.2a 5.7 a 6.,34a 687 a 38,6%a 266 a
1978 / 79

Soil application 7.8 a2 5.4 a 7.26a 700 a 38.40a 270 a

Soil spray 7.1a 5.3 a 7.36a 694 a 38.44a 267 a

Foliar spray 6.5a8 4.6 a 7.39a 522 e 38,08a 198 a
1979 / 80

Soil application 9.1 a 5.6 a 6.8la 627 a 37.7la 237 a

Soil spray 8.7a 5.6 a 6,692 594 a 37.79a 225 a

Foliar spray 7.1 a 4,9 a 6.79a 588 a 37.88a 222aa

-

. . i
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application in the {hree successive seasons are shown in
table 5.

l, Fiber yviei.

Results showed that applying N to the soil either
in solid form or in spray solution in 1979/80 was significan-
tly superior to foliar application method. In 1979/80 results
indicated that fiber yield obtained from soil application and
soil spray methods exceeded that obtained from foliar applice
ation treatment by 8 and 5 %, respectively.

In 1977/78 amd 1978/79 seasons, the threemethods of
application were gimilar in their effect on fiber yisld. 1In
these two seasons soil application was of better effect on
fiber yield as compared with foliar spray, but differences
among means of fiber yield due to methods of application were
below the level of significance.

The means of fiber yield during the three seasons
could be arranged in a descending order in regard to N appl-
ication methods as follows: Soil application ( 277 kg/fad.),
s80il spray (267 kg/fad.) and foliar spray (250 kg/fad.).

It could be concluded that soil application is quite
effective as a method of applying N to flax under Egyptian
conditions, This method proved superior to foliar application
as well as soil spray.
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This result could be explained through the effect of
applied ¥ in increasing mineralization pracess of arganic soil
N in the presence of growing plant (Balbda, 1973).

In addition, soil application is quite efficient for
N absorption by flax root system, which is known to0 s pread
widely into the upper soil layer,Such condition enables an
adequate W uptake.

On the contrary, foliar application was less effect-
jve dus to th~ fact that flax leaves are nerrow and hence the
gurface subjacted to spray solution was not so great for ade~-
quate absorption of the soluble N. The low air temperature
and the high atmosphere humidity at the time of foliar appli-
cation are known as factors increasing vapour pressure surr-
ounding flax plants which in turn decrease the ability of
the foliage to absorb the applied N.

The present results are expected gince soil applica-
tion was relatively of better effect on straw characiers than.
foliar and soil spray.

Results reported by Kondrat'ev and Podkolzina (1968)
ghowed that urea applied to the soil was quite effective for
a high fiber yield. Also Karpova and Filippova (1974) reported
that band application of nitrofoska increased fiber yield.

2. Fiber percentage

Results shawed that the three methods of N
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application were similar in their effect on fiber percentage
in the three experimental seasons.

Soil application was generally of better effect than
foliar and soil spray but differences were not significant,

The means of the three seasons of fiber percentage
were 12,91, 12,76 amd 12,75 % for soil application, soil

spray and foliar spray, respectively.

In conclusion, methods of applying N had .o signi-
ficant effect on fiber percentage.

3. Fiber fineness

Results showed that fiber fineness was not signifi-
cantly affected by N application methods. These resulis were .
true in the three seasons of experimentation,

It seems that fiber fineness is mainly a genetical
character which is less influenced by envirommental factors.

On the other hand Kuznetsov and Edkov (1972) reported
that foliar application of N improved fiber duality of flax.
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Table (5): Effect of nitrogen application methods on fiber
characters of flax in the three experimental

seagons,
Methods Fiber . Fiber
of N yield Piber fineness
Application kg/fad. % Nm
1977 / 718
S0il application 263 a 12.83 a 291 a
80il spray 255 a 12.60 a 293 a
Foliar spray 249 a 12.70 a 292 8
1378 / 79
Soil application 205 a 11.83 a 284 a
Soil spray 196 a 11.79 a 283 a
Foliar spray 166 a 11.77 = 833 a
1979 / 80
Soil application 362 a 14,07 a 294 a
Soil spray 359 a 13.89 a 293 a
Foliar spray 294 a

335 b 13.79 a




B, Effect of Nitrogen Fertilizer Levels

a., Straw characters

Data on straw characters of flax as affected by N
fertilizer levels in the three seasons of experimentation are
shown in Table 6.

1, Plant height

Remi"*o showed that N inoreased significantly plant
height of Ji:.. plants in the three succesaive geasons,

Application of 10, 20 amd 30 kg N/fad. increased
plant height by 5.7, 6.45 and 11.88 cm over the control as an
overall average of the three seasons. '

It was clear that all differences mmong the averages
of plant heigh were significani except that between 10 and 20
kg N/fad. treatments in the three seasons. ‘

It could be concluded that N is an important element
for flax growth. The increase in .plant height is mainly due to
the effect of N as an essential element forcytoplast formation
‘meeded for tuilding, division, development and elomgetion -of . -
plant cells and meristemic tissuem that ers reeponsilhle for
the increase in plant height. e

: Similar results were reported by Canev (1961), BEl
Hariri (1968), El-Farouk (1968), Pande et al. (1970), Ies
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(1974), El-Nkhlawy (1975), Kadry (1976) amd Gad and El-Parouk
(1978) who found that N fertilizer increased plant height of
flax,

2. Technical length

Results indicated that N at all levels caused a
gignificant increase in technical length of flax in the three
succegsive seasons, Maximum technical length was obtained
when plants received the highest N level, namely, 30 kg N /
fad, .

On the average of the +three geasons, the application
of 10, 20 ard 30 kg N/fad. increased technical length by 4.79,
4.44 and 10.31 cm, respectively, over the control. It is clear
that no significant difference in technical length was recor-
ded between 10 and 20 kg NK/fad. in the three seasons.

It could be concluded that N significantly inocrsased
technical length of flax as a result of increasing plant
height

The effect of N on technical length is mainly due to
the increass in both nmumber and 1length of the internodes of
the main stem,

Several investigators reported also that N increased
technical length of flax (El-Hariri, 1968; El-Farouk, 1968;
El-Nichlawy, 1975; Kadry, 1976 and Gad a& El Farouk, 1978).




=60~

3. Straw yield

Results indicated that N significantly increased
straw yield during the three seasons of experimentation, The
highest straw yield wag obteined from the highest N level,
namely, 30 kg N/fad.

It was clear that in the first and second  seasons,
the 10 kg N/fad, gave no gignificant increase in stiraw yield,
The results showed also that in the three seasons, no signi-
ficant difference was drecorded between 10 amd 20 kg N/fad.
levels.

Application of 10, 20 amd 30 kg N/fad, increased
straw yield by 10, 12 and 26 % in 1977/78, 16, 24 and 50. %
in 1978/79 and 10, 12 and 25 % in 1979/80, respectively, as
compared with the control.

The overall average of the three successive seasons
showed that straw yield increased over the control treatment
by 11, 15 and 31 % when K was applied at the rate of 10, 20
and 30 kg N/fad., respectively.

It is clear that the highest increase in the ihree
geasgons resulted from the highest N level,

This result is expected sgince N significantly incr-
eased flax growth expressed in terms of plant height and
technical length.
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It could be contluded that N is fundamentally needed
for flax under Egypiian environment.

Several investigators reported that N caused an inc-
rease in straw yield of flax (Mansour, 1965;. E} Hariri, 1968;
El Parouk, 1968; Les, 1974; El . Nkhlawy, 1975; Markov, 1975;
Kadry, 1976; amd Gad a& El Farouk, 1978).

b. Sedd characters

Data on seed characters ag affected by N fertilizer
levels in the three successive seagons are shown in Table 7,

1. Number of frultling branches per plant

Application of N inrreased significantly mumber of
fruiting branches/plant in the three seasons,

- Significant increases in fruiting bra.nches" were only
obtained when N was applied at a rate of 30 kg/fad,

Increases in fruiting bdbranches number which resulted
from appling N at 10 and 20 kg/fad. levels were not signifi-

oant.

The response to the differemt N levels showed similar
trend in the three seasons.

The overall average of the three seasons showed that




Table (6): Effect of nitrogen fertilizer levels on straw
characters of flax in the three experimental
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seasgons.
N Plant Technical Straw yield
levels height length e
kg / fad. cm cm kg/fad, rel.
1977 / 718
Zexro 70.40 ¢ 61.95 ¢ 1797 ¢ 100
10 76.38 b 66.74 b 197% ve 110
20 77.03 b  65.71 be 2018 b 112
30 82.21 a T71.55 a 2261 a 126
1978 / 79
Zero 61l.13 ¢ 52.99 ¢ 1318 ¢ 100
10 66.55 b 57.73 b 1530 be 116
20 67.43 b 58,05 b 1632 b 124
30 73¢(07 a 63,95 a 1972 a 150
1979 / 80
Zero 66.26 ¢ 57.88 c 2254 ¢ 100
10 71.96 b 62.73 b 2478 b 110
20 72.68 b 62,39 b 2532 b 112
30 78.14 2 68.25 a . 2807 a 125




N application at 10, 20 and 30 kg/fad. increased mumber of
fruiting branches/plant over the control by 1.7, 2.4 amd
5.3, reapectively.

The increase in number of fruiting branches/plant
due to increasing N levels may be .attributed to the increa-
pe in meristemis + activity induced by N application,

It could be concluded that N stimlated plant .capa-
city in building up fruiting branches, Such result indicates
that I is an egsential element for flax,

Similar results were reported by E1l Hariri (1968),
Kondratowicz (1970), Pande et al. (1970) and El Nkhlawy(1975)
who found that the number of fruiting branches/plant increa-
sed due to N appiication.

2. Number of capsules per plant

The resulis showed also that capsule production in
flax increassed when received N fertilizer. Significant incr-
eases in capsule production were recorded when N was applied
at 20 ard 30 kg N/fad, in the first .and third seasons and
only at 30 kg/fad, in the second ssason.

The averages of the +three seasons showed that
nmapvers of capsules/plant were 3.9, 4.8, 5.7 and 7.9 at the
N level O, 10, 20 and 30 kg N/fad., respectively.




Such result is mainly due to the stimulating effects
of N on growth characters and number of fruiting branches.

Several investigators showed that N application inc-
reased the number of capsules/plant (El-Hariri, 1968; El--
Farouk, 1968; Prashar et al., 1968; Kondratowicz, 1970; Pande
et al., 1970; Al-Shamma and Jabro, 1972; Kadry, 1976 and Gad
& El1 Farocuk, 1978),

3. Seed index

Results showed that N application showed no marked
effect on seed index, Only in the third season, a aignificant
increase was recorded in seed index when N was applied at a
rate of 30 kg N/fad. In the first and second seasons, the
effect of N was below the level of significance.

Results reported by El-Hariri (1968), Kinro et al.
(1970), El Nkhlawy (1975) and Gad &El-Farouk (1978) showed
that N increased seed index in flax, whereas Al-Shamma and
Jabro (1972) and Kadry (1976) reported that seed index was
not influenced by N application.,

4. Seed yield

N fertilizer induced a significant increase in seed
yield during the three experimental seasonsa, The highesgt seed
yield was obtained when N was applied at the rate of 30 kg N/
fad, '
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Significant increases in seed yield were obtained
dhen N was applied at 30 kg/fad. in the first and third sea-~
gons and at 20 amd 30 kg N/fad. in the pecond meason,

Applying Nat 1G20enfd 3kg/fad. increased the seed
yield over the control by 6, 12 anmd 34 % in the first season,
11, 19 and 42 % in the second season and 7, 10 and 35 % in
the third season, respectively.

The average of seed yisld in the three seasons ing~
peased over the control by 8, 14 and 37 % when N was applied
at 10, 20 and 30 kg/fad., respsctidely.

The effect of N on seed yield might be due %o its
effect on growth, number of fruiting branches and capsules/
plant, This effect demonstrates the role of N as an esseni-
ial element needed for seed production in flax,

Several investigators reported that N increased flax
seed yield (E~Damaty and El-Kobbia, 1956; Gupta et al., 1961;
Horodyski and Pietron, 1962; Singh, 1966; El~-Hariri, 1968;.
El. Farouk, 1968; Mokhtar et al., 1970; Les, 1974; El-Nkhlawy,
1975; Kadry, 1976; Les et al., 1977; Gad and El-Farouk, 1978
anml Singh and Singh, 1978).

5. 011 percentage

Results in Tanle 7 indicated that oil percentage in
flax seed was not significantly affected by N level in the
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three succesgive seasons, Very slight increases were obtained
in oil percentage aa a result of applying N, particularly at
%he highest level, i.e., 30 kg N/fad, This N level increased
the oil percentage by 0.57, 0.57 and 0.41 % over the control
treatment in 1977/78, 1978/79 and 1979/80, respectively, when
received 30 kg N/fad. These increases were noi significant,

It could be concluded $that N had no effect on o0il
percentagg in flax seed,

Similar results were also obtained by Prased and
Biswas (1954), El~Damaty and El-Kabbia (1956), Mathur et al.
(1958), Khan et al. (1963), El-Faramawy (1968) and El-Hariri
(1968) who found that N applied at different levels nelther
increaged nor decreased cil percentage in flax seed.

On the other hand, Abdul Kareem (1966), Bingh (1968),
Pande et al. (1970), El-Nkhlawy (1975) and Gad and El-Farouk
(1978) reported that N increased oil percentage, whereas Gupia
et al, (1961), Dybing (1964), Yermanos et al. (1964), Sexena(1966)
Singh et al. (1968) ard Singh and Singh (1978) showed that N
application decreased oil percentage in flax seed.

6. 0il yield

0il yield of flax increased as a result of N applic-
ation, Such increase was mainly due ta the increase in seed
yield resulting from N application. '
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Applying N at 10, 20 and 30 kg/fad. imcreased aqil
yield by 9, 19 and 39 % over the control treatment, in the
first, second and third season, respectively.

It was evident in the three seasons that the maximum
average of oil yield resulted from 30 kg N/fad, level,

It could be concluded that oil yield significantly
increased by N application. The increase in oil yisld result-
ed from the increases in seed yield and oil percentage.

The present results are in good agreement with those
obtained by Shchibraev and Tyurin (1970), Cantar and Pesteamu
(1974) anmd Kadry (1976). .

On the other hand, Filipescu and Poparlan (1976)
reported that oil yield of flax decreased due to N fertilizer,

¢. FMiber characters

Data on fiber characters ag affected by N levels in
the three experimental eseasons are shown in Table 8,

1, Fiber yield

Results indicated that N at all levels significantly
increased fiber yield.Piber yield response to N levels showed
a aimilar trend in the three successive seasons.

Fiber yield increases over the control were 12, 18




-68-~

LET B $L2 B 00'8¢ ST B OZL ®26°9 B I'§ B 9°TT o€
91T q €22 B 29°LE OTT Q895 448°94q LS q9°g 02
801 q 912 8 LL°LE LOT q2L5 q€8°99q €% q 9°L 01
oot q 002 ® 65°LE TOT qQ €65 Q4 99 O ¥ q L°g 0ze7
0876LeT |
artT ¥ 962 8978 ehT  ® L9L 8 95°L 8§79 E 38T TTTTTT7G5E
22T q 82 8 ¥v°8C 6TT q6¥9 ® €p°L A 6°F q 6°9 0z
AR °q 2¢€2 B SY'8€ ITT 94 T09 ¥ 8T°L 6% q 8°9 0T
00T ° $02 B 68°Lf TOT 22V ® L0°L q 6°C q ¥°G oxez
8L78L6T
9T ® [g{ B 1g'8e VEL @ &r8 ® ¥ 9 @ 0°6  HILEIT - 0€
€11 q TL2 B y7°8C 2TT Q5L ®14°949°9 q 6 02
LOT q 852 B 9€°8¢ 90T Q699 ®ov°99q I°5 q G°g 01
00T q The g ¥2°8¢ 001 96829 BOF9I€Y q9°9 0I97
8L7LLeT
Ter v/ g tex cpeymy T mTiamd /o
110 xopuy -ngdes Furirnag  ‘pery /9
PTOTX TTO PIOTA pees  YOUCE TIOoR 3o oqt  olok /2

*guos Bag

TBrusmrIedxa 99IU3 aUj UT XBTJ JO SJI910BIBYD
P998E U0 STOAST JIIZTTTISF U3TOI4TU JO 319919 3 (L) a1q®L




-69-

anmd 36 % in 1977/78, 22, 32 and 66 % in 1978/79 and 14, 19
and 33 % in 1979/80, when N was applied at 10, 20 and 30 kg/
fad., reepsctively. ;All differences were significant except
those between 10 and 20 kg/fad. levels. )

On the three seasons average, the application of 10,
20 and 30 kg N/fad, csused an increase in fiber yield over
the control by 16, 23 and 45 %, respectively.

It could be concluded that N is an essential element
for fiber procuciion. Such rewult is due to the imcrease in
technical length and :straw yield of flax. It was also found
that N increased the phloem layer and +the amount of cellulose
precipitated in the secondary wall of the fiber cells (El~-
Hariri, 1968). -

Several investigators reported also that fiber yleld -
of flax increased by applying N fertilizer (El-Farouk, 1968;
El-Hariri, 1968; Deineka, 1974; Efremova, 1974; Novikov, 1975;
Gauca and Les, 1976; Kadry, 1976 and Gad and El~Farouk, 1978),

On the other hand, Chen (1960), Iovaisha (1975) and
Ies ard Popirlan (1975) found that fiber yield of flax decrea-
sed when received N fertilizer,

2. Fiber percentage

The sffect of N application on fiber percentags was
only significant in the first experimental season, Results in
Table 8 ehowed that N applied at 20 and 30 kg/fad. significa-
ntly increased fiber percentage as compared with the contrel '




in 1977/78 season.

In the secomd amd third seasons, N at all levels
showed no rignificant effecton fiber percentage, where all
increases in this character were not significant.

The overall average of the three seasons showed that
fiber percentage increased over the control by 0.34, 0.55 and
0.82 % when N was applied at the rate of 10, 20 and 30 kg/Fad.
regpectively.

Result s reported by Aukema and Friederich (1959},
Cantar and Pestearu (1974), Kadry (1976) andGad and Ei Farouk
(1978) showed that N increased fiber percentage.

Other investigators, however, showed that N decreased
fiber percentage (Konaratowicz, 1970; Xovaisha, 1975; Les and
Popirlan, 1975; Kondratowicz, 1977 and les et al., 1977).

3. Fiber fineness

Results showed that N application at all levels had
no significant effect on fiber fineness. It was clear that
fiber finencss is mainly a genetical character whish is less
affected by environmental factors. |

Several investigators reported also that fiber fine-
‘nesds was not affected by N application (Aukema and Friederich,
1959; El~Farouk, 1968; El-Hariri, 1968; El-Hkhlawy, 1975 and
Kadry, 1976).




~T1~

On the other hand, Buntush and Likhman (1972}, Kerpova
and Zinkevieh (1972) and Deineka (1974) reported that N ince,
reased fiber fineness of flax, whereas Chen (1960), Konaratow
icz (1970), Iovaisha (1975) amd Mikhailova and Mikhaiova (1976)
reported that fiber fineness wag adversely affected by N
application,
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Table (8): Effect of nitrogen fertilizer levels on fiber
characters of flax in the three experinmental

seasonsg.
N i Piber yleld Fiber Fiber
1gvels - % fineness
" kg/fad, kg/fad. rel. Nm.,
1977 / 78
Zero 220 ¢ 100 12.29 ¢ 294 a
10 247 b 112 12.52 be 292 a
20 259 b 118 12.84 ab 292. a
30 298 a 136 13.20 a 291 a
1978 / 79
Zero 145 ¢ 100 11.40 =a 285 a
10 177 b 122 11.77 a 284 a
20 192 b 132 11.85 s 282 a
30 241 a 166 12.17 = 282 a
1979 / 80
Zexro 300 ¢ 100 13.44 b 294 a
10 343 b 114 13.88 a 294 a
20 356 b 119 14.11 a 293 a
30 399 a 133 14,24 a 293 a
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¢. Effect of the Interaction Between Nitrogen Application
Methodg ard Niirogen Fertilizer lLevels

The statistical analysis of the data showed that
all characters studied, namely, siraw, seed and fiber charae
cters were not significantly affected by the interaction
between methods of application and nitrogen levela. Conseque-
ntly, all interactions data were excluded.

That was true in the three seasons of experimentat-
ion indicating that each experimental factor acted separasely
on the studied characters,

In conclusion applying N fertilizer by different
methods did not interact with the level of N application.
Himilarly, the different levels of N used affected straw,
geed and fiber characters independently regardless the meth-
od used for applying nitrogen.




SECOND EXPERIMENT

A. Effect of Nitrogen Fertilizer Forms‘

a, Straw characters

Data on straw eharacters of flax as affected by nit-
rogen forms in the three seasons of experimentation are shown
in Teble 9.

1. Planu height

Results indicated that plant height was not signifi-
‘cantly influenced by N forms in the three.isuccessive seasons,
All differences in: plark height were too slight to reach the
level of gignificamce,.

On the average of the three seasons, means of plant
height were 80,79, 79.69 and 76.14 cm for urea, ammonium nite
rate and ammonium sulphate, respectively.

The present resulty reveal that ths three N carriesrs
uged were of gimilar effect on flax growth experessed in ter-
ms of plant height,

Results reported by Shahine (1980) jeated that in
the first seamon (1978) the three N carriems used showed sim-
ilar effect on cotton plant height, whereas in the second
season (1979) smmonium sulphate was superior to ammonium .
nitrate.
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It could be concluded that N forms had no gignifica-
nt effect on flax plant height.

2. Technical length

Similarly, technical length of flax showed no signi~
ficant »ecponse to N form in the three experimental scasons.

Tk2 average of the three seasons showed that means
of technical length were 69.51, 67,81 and 65.68 om for ammon=-
ium nitrate, urea and ammonium sulphate, respectively. It is
clear that technical length followed similar trend as plant

height.

3. Straw yield

Results indicated that the three N carriers used,
nemely, emmonium sulphate, ammonium nitrate and wurea gave
gimilar effecis on straw yield of flax, This result was true
in the three seasons of experimentation irmdicating equal eff-
iciency of the three carriers for flax grown in Egypt. The
overall average of the three seasons showed that straw ylield
wag 2498, 2424 and 2388 kg/fad, for urea, ammonium nitrate
ard ammorium sulphate, respectively. Differences among the
averages of straw yield were below the level of significance.

It could be concluded that amide, ammonium, and nit-
rate N are quite efficient as N fertilizers ‘for flax grown in

Egypt.

Results reported by Danell (1952), Larsen (1962) and




Schnee and Ansorge (1969) showed also that different N forms
were of equal effect on straw yield of flax.

On the other hand, Tokuoka and Morooka (1939) amd
Kondrat'ev and Podkolzina (1968) reported that urea was of
better effect on straw yield of flax than the other N carre’
iers,

b. Seed charaaters

Data on seed characters as affected by nitrogen forms
in the three successive seasons are shown in Table 10,

1, Mumber of fruiting branches per plant

Results indicated that ammonium sulphate, ammonium
nitrate amd urea were of gimilar effect on number of fruit-
ing branches/plant in the three experimental seasons. However,
urea showed a better effect on thies character in the three
sugmessive seasons but differences were not great enough fto
reach the 5 %level of .significance,

The three years overall . average showed that
mumbers of fruiting branches/plant were 11,0, 9.9 ard 9.3 for
urea, ammonium nitrate and ammonium sulphate,

In conclusion, the three N carrisrs were of equal
efficiency on the number of fruiting branches/plant in spit
of slight and insignificant differences among the different
carriers.
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Table (9): Effect of nitrogen fertilizer forms on straw
characters of flax in the three experimental

Seaegons.

Nitrogen Plant Technical gstraw

fertilizer height length yielad

forms cm cm kg/fad.
1977 / 18

(NH4)2SO4 81.88 a 70.83 a 2305 a

NH; NO3 87.06 a 75.47 a 2193 a

CO(NHp) 5 83.90 a 71.63 a 2388 a
1978 / 79

(NH4)2 304 71.60 a 60.12 a 2203 s

NH, NO5 74.99 a 63.48 a 2240 a

CO (MNHz)2 75.84 a 62.62 a 2243 a
1979 / 80

(M ,),80, 74.95 & 66.09 a 2656 a

Ni4 KO3 80.31 a 69.59 a 2838 a

CO (FHs)»p 79.32 a 69.17 a 2862 a




Under similar experimentalconditions, Shahine (1980)
showed that cotton plants responded to the three sources of
N similarly.

2, Number of capsules per plant

Results indicated that no significant differences
among the averages of number of capsules/plant were obtained
when flax plants received ammonium sulphate, ammonium nitrate
and urea. These results were true in the three seasons of
experimentation. '

On the overall average of the three seasons number
of capsules/plant could be arranged in a descending order in
regard to the effect of N form as follows:6.9 for urea, 6.5
for ammonium nitrate and 6.2 for ammonium sulphate,.

Similerly, Shahine (1980) found that nunber of bolls
per cotton plant was not significantly afiected by the three
N forms used,

It could be concluded that amide, ammonium and nit-
rate N are cqually effective as N fertilizers for flax grown
in Egypt.

3. Seed index

Regults shcwed also that seed index was not signifi-
cantly affected by N forms during the thirne seasons,

-*
!

Such results are exmected since i Torms gave equal




effects on fruiting branches amd capsules numbdr/plant.

Shanine (1980), on cotton, found also that urea,
ammonium sulphate and ammonium nitrate were of similar effects
on seed index.

In conclusion, the three N carriers used were of
equal efficiency on seed index of flax,

4. Soed_yield

Results indicated clearly that seed yield of flax
wes not significantly affected by N fertilizer forms in the
geasona of experimentation.

The overall averages of the three seasons showed
that meed yields were 812, 808 and 817 kg/fad. when received
ammonium sulphate, ammonium nitrate and urca, rcspectively.

It is evident that the three N earriers used were
quite similar in their effect on seed yield of flax,

This result is expected since yield comporents, name=
ly, number of branches and capsules/plant and seed index were
not significantly influenced by N forma.

Similar rersults were also reported by El-Damaty aml
El Kobbia (1956) and Larsen (1962) who found that seed yield
of flax was noi affected by diflersni fowas of N veced.
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On the other hand, Kondrat'ev amd Podkolzine (1968)
ard Cantar and Pegteamu (1974) found that urea gave a helter
effect on flax seed yield than the other carriers, whereas
Lahola (1975) erd Maddens (1976), reported that urea was in-
farior to other N sources in its effedt on seed yiesld of flax,

5. 0il percentage

The three N forms were equal in thelr effect on oil
percentage in flax seed during the three seasons.

The overall average of the three seasons showed that
oil percentages werc 40.95, 40.87 and 40.78 % for ammonium
sulphate, ammonium ritrate and urea, respectively.

Similar resulits were also reported by El—Damaty and
El~Kobbia (1956) ho found that oil percentage in flax seed
was not influenced by N fertilizer form.

It could be concluded that the three forms used were
quite effective as N fertilizers for flax.

6. 0il vield

Similarly, cil yield was not influenced by N forms
in the three successive seasons.

Such result is expected since c¢il yield is dependant
upon geed yield and oil percentege, whi:n were not.affecled
by N forms.




Table (10):

=81~

Effect of nitrogen fertilizer forms on seed
characters of flax in the three experimental
seagons,

(%]

Nitrogen No. of ©No. of. Seed  Seed 0il 0il
fertilizer fruiting capsules index yield % yield
forms branches /ﬁlant g kg/fad. kg/fad,
/plant
1977 / 78
(NH4)2SO2 11.3a 7.5 a 6.56 a 903 a 41.26 a 373 a
NH4N03 11.4 a 8.8 a 6.6 a 877 a 41.22 a 362 a
co(m,), 12.2 a 8.3 a 6,75 a 916 a 41, 20 a 377 a
1978 / 79
(M,),50, 9.8a 6.6a 7.218828a40.73 a 337 a
NH4N03 9.4a 6.2a 7.24 a 838 a 10,84 a 342 a
Co (ﬂHz}z 11.8 a 6.7 a 7.22 a 849 a 40 77 a 345 a
1379 / 80
(NH4)2SO4 6.6 a 4.4a 6.84a 704 a 40.54 a 285 =
NH4H03 8.9 a 5.6 a 6.72 a 709 a 40.55 a 288 a
CO(MH,), 9.0a 5.8a 6.58 a 690 a 40.38 a 278 a
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The three N carriers produced about the same average
of 0il yield during the three seasons. '

In conclusion, amide , ammonium and nitrate N are of
equal efficiency for flax grown in Egypt.

¢. PFPiber characters

Data on fiber characters as affected by N forme in
the three experimental seasons are shown in Table 11,

1., Fiber yvield

_ Fesults indicated that fiber yield in the three succ-
essive seasons was not sgignificantly influenced by N fertili-
zer form.

On the three seasons average, fiber yilelds were 272,
282 and 280 kg/fad. for ammonium sulphate, ammonium nitrate
and urea, respectively.

It is clear that the three carriers were quite asimi-~
lar in their effect on fiber yield, indicating that these fer-
tilizers are quite suitable as N sources for flax under Egypt-
ian conditions. |

These results are mainly due to the similar effects
of the three N forms cn strew cheracters.

Th-
Tikhomirova {

= )
H

esent reaulis azree with thnorae obtained by
¢68), #ndrushkiv e+ a1. (1375,, ¥Maddens (1976)
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aml Bockstaeie (1977) who found no clear difference beiween
the averages of fiber yield as a result of applying different
N forms.

(n the cther hand, amide N was more effective than
the other forms for fiber flax (Kondrat'ev and Podkolzine,
1968).

2. Fiber percentage

Simiiorly, fiber percentage was not gignificantly
affected by I forms in the three successive seasons.

The Aifferences between the means of fiber percent-
age resulting from applying different N forms were below the
level of sgignificance.

The overall averages of fiber percentaege were 11,26,
11,57 anmd 11,12 % for ammonium sulphate, ammonium nitrate and
uree, resgpectively.

The present result is mainly due to the similer eff-
ect of the three N forms on straw characters as well as on
fibver yield.

Several investigators reported the superiority of
gome N carriers intheir effect on fiber percentage., Tokuoka
and Morooka (1939) found that urea gave the highest fiber per-
centage, wherees Szymanek (1962) showed tlm i sodium nitrete
produced the highest fiber percentage.
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Also, Cantar and Pesteamu (1974) reported that aque-
pus ammonia was superior to urea and ammonium nitrate in aff-
ecting fiber percentage.

3. Piber fineness

The three N forms were similar in their effect on
fiber fineness in the three experimental season Tadble 11.

_ However, ammonium sulphate produced the .finest fiber
in the three seasons, but differences in fiber fineness were
not significerns.

The averages of t{hree seasons, showed thai means of
fiber fineness were 380, 356 and 340 Nm for ammonium sulphate,
ammonium nitrate and urea, respectively.

Similar resule were smlao reported by Andrushkiv et al.
(1976), Lahola (1976) and Maddens (1976) who found that N escu~
roes were of similar effects on fiber fineness.
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Table (11): Effect of nitrogen fertilizer forms on fiber
characters of flax in the three experimental

seasons.

Nitrogen Piber . Piber Fiber
Fertilizer yield % fineness
forms kg/fad. Nm

1977 / 18
(NH,),50, 256 a 11.05 a 400 a
R 105 249 a 11.32 a 355 @&
CO(HH2)2 260 a 10.84 a 337 a
1978 / 719
(NH4)280 201 a 9.20 a 361 a
NH4N03 230 a 10.46 a 351 a
Co(IH,), 223 a 9.95 a 334 a
1373 / 80
(mi,),80, 358 a 13.52 a 380 a
R , NO - 367 a 12.93 a 363 a

CO(H,), 357 a 12,57 350 &




B, Effect of Micro-muitrients

a., Straw characters

-___-.—-—-—H—I——

Results for ths effect of micro-nutrients on plant -
height, technical length and gtraw yield of flax in the
three experimental seasons are ghown in Table 1lZ.

1. Plant height

Mirre-mutrients application had no significant effect
on plant height of flax in the three experimental seasons.
Such results cleared that Zn, Cu and Mn either alone or in
combinations did not exert any gignificant effect on flax
growth expressed in terms of plant height. '

It seems that the requirements of flax plants to
these micro-nutrients were enough in the experimental soil
that anyapplication was in excess of plant needs.

3imilar results were reported by Fahmy et al. (1973)
ani Kadry (1976) who found that micro~mutrients application
did not affect plant height of flax.

Other investigators, however, showed that application
of Zn, Cu arnd Mn either alone or in combinations favourably
affected flax growth (Bettini, 1964; Stetsenko apd Chepikov,
1970 and Abo-El-Saod et al. 1975}).
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2. Technical length

Applicatibn of Zn, Cu ard ¥Mn either alone or in com-
binations failed to show any significant effect on technical
length of flax in the three successgive seasons.

The differences among the averages of tedhnical
length resulting from micro-mutrient application were too
slight to reach the level of significance,

These results are mainly due to the insignificant
effect of micro-nuirients on plant height,

The present reeult agree with those reported by
Pahmy et al. (1973) and Kadry (1976) who found that Mn, Zn or
Cu application did not affect technical length of flax,

On the other hand, Bottini (1964) and Stetsenko and
Chepikov (1970) fourd that growth characters of flax were
positively .affected by Zn, Cu,and Mn application,

3. Straw yvield

Non of the three micro-nutrients used or their cam~
binations showed significant effect on straw yield of flax
during the three successive seasons,

It seems that micro-mutrients applied were an excess
. of plant needs that straw characters as well as siraw yield

- were not positively affeoted.
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Table {12) : Effect of micro-mutrients on
straw characters of flax in
thetlyxee experimental seasons.

Micro~- Plant Technical  Straw yield
nutrients height length '

cm cm kg / fed., rel.

1977/78
Zontrol 84,04 a 71.28 a 2357 a 100
m 81.57 a 73.28 a 2298 a 98
Ot 84,50 a 73.07 a 2343 & 99
L 83.5L a 71.83 a 2259 a 96
. S 85.34 & 74.48 a 2235 a 95
PARE NN} 86,28 a 73.96 a ‘2341 a 99

© Su+dn 85.00 a T72.74 a 2270 a 96 :
Cu+Zn+Mn 84.01 a 70.52 a 2259 a 96

1978/79
Control  T4.65 a 62,32 a 2125 a 100
Zn 74.86 a 62.80 & 2202 a 104
Cu 73.81 a 61.83 a 2159 a 102
Mn 75.77 a 62,31 a 2300 a 108

Zn+Cu 73.09 8 61,48 a 2197 a 103 . -

Zn+¥n 73.65 a 61,38 a 2265 a 107
Cu+Mn 74.69 a 62.43 a 2179 a 103
Zn+Cu+Mn 72.80 a 62,00 a 2402 a 113

1979/80
Comtrol  79.48 a 69.30 a 2859 a 100
Zn.’ 77.44 a  67.86 a 2785 a 97
Ca - 77.93 a 68.72 & 2611 a 91
Mn 78.12 a 68,02 a 2889 a 101
ZniCu 76.37 a 65.92 a 2754 a 96
Zn+Mn 77.14 a 67.74 & 2769 a 97
Cu+Mn 80.58 a 70.54 8 2742 a 96
a 68.17T a 2870 a 100

Zn+Cu+Mn  78.48 7
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Similar results were also reported by Fahmy et al.
(1973) and Kadry (1976) who found that Mn, Cu and Zn had no
significant effect on gtraw yield, whereas, Stetsenko aml
Chepikov (1970) and Abo E1 Saod et al. (1975) found that
- miero-mutrients resulted in increasing the straw yield.

Results reported by Porokhnevich and Bykov (1972)
ghowed that Zn application caused en increase in straw yield,
whereas Cu application decreasedr siraw yield.

b. Seed characters

Data on seed characters as affected by micro-nutrients
in the three experimental seasons are shown in Table 13.

1; Number of fruiting branches per plant

Results indicated that only in the first season micro-
mutrients significantly affected number of fruiting branches/
plant. In that season, some micro-nutrient treatments were sig-
nificantly superior than other treatments, For example, Zn +
Mn and Zn + Cu + Mn were sgignificantly superior to streatments
containing Zn, Cu and Zn + Cu. That indicates the Mn either
alone or in combinations was of superior effect on number of
fruiting branches/plant. It was algo clear that none of the
micro-mitrient treatments was significantly different from the
control treatment. ’

In the first season, treatments could be arranged in
a descending order inregard to their effect on mumber of fruit-
ing brarches as follows:




Zn + Mn, Zn + Cu + Mn, Cu + Mn, conirol, Mn, Zn, Zn + Cu and
Cu .

In the second and third seasons, all differences
among micro-nutrient treatments were not agignificant. It wase
obgerved in these seasons that Mn either alone or in combina-
tions with Cu or Zn was of better effects,

The overall average of the three seasons showed
also that Mn + Cu, Mn + Zn + Cu, Mn , Mn + Zn treatments
ranked as the first four treaiments followed by the conirol
then Zn, Cu and Zn + Cu.

It could be concluded that Mn seemed to have betier
effect on number of fruiting branches than Zn or Cu. This
affect reashed the significant level in one season out of th
three.

Fahmy et al. (1973) reported that number of fruiting
branches/plant was .ot affected by Mn application.

2. Number of capsules per plant

Results showed also that micro-mutrients showed sig-
nificant effect aon number of capsules/plant only in the firgt

: acasdh,

Preatments including Mn either alone or in combinat-

" ion were superior teo other micro-mutrients. Micro~-mutrient
' treatments in the firs% season could be arrenged in a ~ercn
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descending order in regard to their effect on number of cap-
sule s/plant as followe: . :

Zn + Mn, Zn + Cu + Mn, Cu + Mn, control, Mn, Zn s Zn + Cu
and Cu.

In the second and third seasons no significant .
effects for all micro-mutrients under study were detected,

On the overall average of the three seasons, the
treatments showed tha same trend as that in the first season
and were arrauled in a descending order as:

Cu +Mn+Cu+Zn+ Mn, Zn + Mn, Mn, Contirol, Zn, Cu andi Zn + Cu.

In conclusion, Mn was of better effeet than Cu and
Zn on mumber of capsuls/plant.

Sver rruulés are expected since similer recults were
obtained for the effect of micro-mutrients on number of frui-~
ting branches/»lant.

Resulis reported by kadry (1976) showed that rmumber
8f capsules/plant was not affected by Zn or Cu application,
whereas Abc -El-Saod et al., (1975) reporied that Zn increased
this charzeter.

3. Heed index

Results presented in Table 13 showed that all micro-
mtrient treatmerts ned no significant effect on seed index
in the thrce succesalve szasors.




A1l differences in this character were too slight to
reach the level of significance:

Siwilar results were also obtained by Fahmy ef al.
(1973), with ln, and Kadry (1976) with Cu and Zn.

Or the other hand, 3Chepikov and Shchetinina (1968)
Abo~ Il-Seod ef al. (1975), obtained marked increases in
seed index as a result of applying Cu and Zn, respectively.

4, Seed yield

Results showed that seed yield was not significantly
by micro-nutrient spplication in the three succeasive seasons,

Tone of the micro-mutrient treatments excrted signi-
ficant effect on seed yield in any season,

As an overall average of the three seasons, treat-
‘ments could bz arranged in a descerding order in regard to
their effoect on seed yield as follows:
Zn + Cu + M¥n, Cu + Mn, Zn + Mn, Zn + Cu, Mn, Control, Zn
amd Cu, |

T+ could be concluded that micro-mutrient application
was an exess of .plant needs under the experimantal conditions,

The present results asgree with those pbtained by
Dagtur ~ard Bhatt (1965), Fahmy et al. (1973), Kadry (1976)
and Spratt and Smid (1978).




On the other hand, Baryshpol (1962), Batagen and
Beiyankina (1968), Chepikov and Shohetinina (1968 and 1970),
stetsenko and Chepikov (1970) and Shekhawat et al. (1971)
ghowed that Cu increased geed yield of flax. Zimc was also
effective in increasing flax seed yield (Abo El Saod,et al..

1975). ‘
5. 0il percentage

0il percentage wasg significantly affected by micro-
mtrient application in the three successive seasons.

In th: three seasons, all micro-nutrient treatments
were gignificantly superior to the control treatmant in their
effect on oil percentage.

Increases in oil percentage over the control rapged
from 1.96 to 3.87 %, 2.17 to 3.82 % and 2.2 to 3.72 % in the
first, eecond and third season, regpectively.

In general, Mn and Cu either alone or in combination
jnduced highest increases in o0il percentage.

On the average of the three secasons, micro-mutrients
could be arranged in a descending order in regard to their
effect on oil percentage as follows:
7n + Cu + Mn ( 41.84 % ), Cu (41.83 %) Mn (41.81 %), Cu + Mn
(41.74 %), Zn +Mn (40.51 %), Zn + Cu (40.46 %), Zn (40.31 %)
and control (38.14 %).

It could e concluded that micro-nutrients




gignificartly increased oil percentage in flax seeds,

Such reeults might be due to the effect of micro-
mutrients on some physiological processes in plant,

Mn is a privileged ion in the activity of a great
scale of enzyme processes particularly in the fatty aeid
synthesisfrom acetyk-Co 4, (Street and Cockburn, 1972). Its
deficiency results in a lack in the formation of plasiid la-
mella as lipids due to the disturbance in lipid metabolism,
jts definiency also causez a blocking in the chlorophyll
formation, inhibition of phosphorylation.

Cu is nearly similar to Mn in its functions egpecia-
1ly those related indirectly %o the fat metabolism, photosyn~-
thesis process, chlorophyll formation and some vempiratory
enzymes (Amberger, 1974).

Similar results were also reported by Batagin and
Beiyankina (1968), Chepikov and Shchetinina (1968), Fahmy
et al. (1973) and Kadry (1976) who found that Cu and lin incr-
eased oil percentage in flax seed.

6. 0il yield

Results showed that oil yield markedly increased-as
a result of applying micro-nutrient in single as woll as in
different combinations,

The good effect of micro-nutrients on 0il yield
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ghowed nme significeant sffect on fiber yleld in the three
succesgive geasons,

It is ¢lear that fiber yield followed similar trend
as straw rield,

| It .xould be concluded that applying Zn, Cu and Mn
gither alone or in different combinations did not induce .
fiber yield increase.

Sinilar results were reported by Kadry (1976) who
found that Cu and Zn application had no effect on fiber :
yield of flax,

On the other hand several investigators showed
that Cu (Drozdov and Shcherbakov, 1955; Baryshpol, 1962;
Rodewald -and Ulbricht, 1963; Alesik and Chepikov, 1966;
Batagin and Beiyankina, 1968; Chepikov and Shchetinina, 1968;
and 1970; Stetsenko and Chepikov, 1970 and Sen'Kov, 1974), Mn
(Rodewald and Ulbricht, 1963; Batagin and Beiyanking, 1968
and Sen'Kov, 1974) and Zn (Sen'kov, 1974) imoreased fiber
- yleld of flax.

2. Fiber percentage

In the three succegsive seasons fiber percentage was
not aignificantly influenced by micro-nmutrient application.
Such result are expected since straw yleld as well as fibex
yield were not affecztcd by micro-mutrient application.

It could be concluded that fiber percentage did not




gignificantly respond fto micro~mutrient application.

These results agree with those reported by XKadry
(1976), working under similar experimental conditions.

On the other hakd Lesik and Senkov (1974), using Mn,
and Abo-El-Sacd et al. (1975), using Zn, showed that fiber

percentage increased as a result of micro-nutrient application,

3. Fiher fineness

Results in Table 14 indicated that applying Zn, Cu
and Mn either alone or in different combinations significan-
tly increased fiber finSness in the three successive seasons.
All micro-nutrient treatments significantly surpassed the
control treatment in the three seasons.

Results cleared that best results were obtained when
the three nmicro-mutrients were combined.

On the average of the three seasons treatments could be
arranged in a descending order in regard to their effect on
fiver fineness as follows:

Zn + Cu + Mn, Cu, Mn, Cu ~ Mn, Zn + Cu, Zn + Mn, Zn and +the
coptrol,

It could be concluded that fiber fineness was marked-
ly improved as a result of micro-mitrient applicatiom.

Results reported by Drozdov amd Shoherbakov, 1955;




Q0w

Table {14): Effect of misro-mutrients on fiber
oharapiers of flam in the three
exporimontal eeasons,

Micro~ Fiber yield Fiber Fiber

mitrients kg / fad. rel. % | " fineness
mn“
1977/78
Centrol 265 a 100 11.31 a 303 £
Zn 262 a 9 11,30 =& 352 e
Cu 257 a 97 11.02 a 385 b
Mn 243 a 92 10,74 a 372 ¢
Zn + Cu 234 a 88 10,41 a 363 od
Zn + Mn 273 a 103 11.64 a 355 de
Cu + in . 261 a 99 11.39 a 363 cd
Zn + Cu + Mn 245 a 93 10,74 a 411 a
1978/79
Cont>ol 216 a 100 10.35 a 285 ¢
Zn 224 a 104 10.24 a 335 b
Cu 195 a 90 8.98 a 374 ab
Mn 210 a 97 9.20 a 356 b
Zn + Cu 203 a 94 9.31 & 353 b
Zn + Mn 242 a 1l2 10.70 a 337 b
Cu + Mn 235 a 109 10.74 a 354 b
Zn + Cu + Mn 222 = 102 9.44 a 396 a
1979/80
Cortrol 361 a 100 12.67 a 293¢
Zn 261 2 100 13.11 a 352 b
Cu 359 a 100 13.82 a 403 abdb
Mn 374 a 104 13.03 a 372 b
7n + Cu 336 a 93 12,26 a 355 b
7n + Mn 369 a 102 13.34 a 354 b
Cu + Mn 359 a 100 13,06 a 3BT b
Zn 4+ Cu + Mn 367 a 102 12.79 a 428 a
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Batagin and Beiyankina, 1968; Chepikov and Shchetinina, 1968;
Stetsenko and Chepikov, 1970; Lesik and Sen'kov, 1974 and
Abo-El-Saod et al., 1975 (using Cu), Batagin and Belyankina
1968, (using Mn) and Iesik and Sen'kov,1974 (using Zn + Cu +
Mn) - showed that micro-nutrients increased considerably fiber

finenesg in flax,

On the other hand Kadry (1976) found that neither
Zn nor Cu exerted wsignificant effect on fiber fineness.
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C. Effect of The Interaction Between Nitrogen Forms and
‘Misro-mutrients

Results showed that in the three successive seasons,
all effects of the interaction between nitrogen forms and
micro-nmutrients on straw, seed and fiber cheracters were not
gignificant.

acted

Such result indicates that each experimental factorg

independently in affecting ithe studied characters.
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D, Effect of Nitrogen Forms and Micro-nutrients on Dry
Weight amd Chemical Content of Flax

I: Dry Weight Per Plant

Data on dry weight of flax as affected by N forms
amd micro-mirients at different growth siages in 1978/79
and 1979/80 seascns are given in Table 15 and Figures 1 and
2.

1.Effect of nitrogen forms

Results showed that N forms had a significant affect
on dry weight/plant at different stages of growth,

In both seasons, dry weight at earlier growth stage
(42 days) was favourably affected by ammonium nitrate.

With advanced growth (63 days), urea showed betier
effect on dry weight. With further advance in growth (84 days)
the three N carriers were of equal effect on dry weight. At
harvest, ammonium nitreate was superior in 1978/79 wiereas
urea was more .effective in 1979/80 on dry weight plant as
well as on dry weight of seeds/plant,

In conclugion N forms showed differsunt effects on
plant dry weight according to the stege of growth.

Such result may be due to the differences in the
rate of oxidaiion . and iranmfarmatiion processes of N pmun‘t’
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in the different carriers used.

Results reported by Kondrai'wv and Podkolzine {(1968)
indicated that urea was more efficient as N -carrier for flax.

On the other hand, ILahola (1976) found that urea re-
duced flax straw yield.

2. Effect of micro-nutrients

Results in Table 15 ghowed that micro~-nutrients had
gignificant effect on dry weight/plant in both seasons.

Micro-nutrient application inereased dry weight/
plant at 63 days in both seagons and at 84 days in 1979/80
seasons. At harvest the effect of micro-nutrients was not
gignificant.

1t was evident that the best results were obtained
when Zn and Mn were applied either alone or in combination.

Also, dry weight of flax gseed/plant significantly
jnoreased as a resull of micro-mutrient application in both
geasons. Highest seed dry weighte were obtained when Mn ard
Cu were applied.alone or when combinations of the three ele-
ments were used. |

The good effect of micro-matrients on dxry waight
may be due to the important function of Mn in plant metabolism
egpecially in chlorphyll synthesis, photosynthesis, activation
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of different enzymes and finally in phytochormane regulation
(Amberger, 1974).

Also Copper takes part in the developmeni of chloro-
plasts which are the centers of aumerous enzymes (Amberger,
1974).

3, Interaction effects

Results in Tadbe 15 showed that dry weight/plant was
significantly affected by the interaction ~between N forms
and micro-nuirients at 63 days in both seasons and at 84 days

in 1978/7S season.

Also, seed dry weight/plant was gignificantly affeced
ted by that interaction in both seasons.

Tt was clear that at 63 days, +%he highest dxy weight
/plant was achieved when urea was applied to plenis treatdd
with Zn + Cu in 1978/79 and Cu + Mn in 1979/80.

The lowest dry weight at 63 days was vwhen plants
were fertilized with ammonium nitrate and untreated with

" misro-nutrients,

The highest ssed dry woight/plant was when the $hree

‘micro-mutrients were applied in combimation to plants tneated

with ammonium nitraie in both seasons.

7 = b Pt 2 20 b gy LIV NLEB) P ] LTaw/aY aTa)
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II. Chemical Content

a, Nitrogen content

Data concerning the effect of N forms on N concentr-
ation as well as absolute amount of N (mg/plant) at different
growth stages in 1978/79 and 1979/80 seasons are shown in
Tablss 16 and L7 and Figures 3 and 4.

l., Effect of nitrogen forms

Results showed that N concentration in flax plants
decreased sharply and consistently with advanced growth,

The three N carriers used showed no clear differe-
nce in their effect on N concentration at the different stages
of growth indicating that the three N forms were gimilar in
affecting N comcentration in flax plants.

Also, N percentage in flax seed was not clearly aff-
ected by N forms in both seasons. N percentage in seeds ranged
from 3.38 % to 3.53 % in 1978/79 season and from 3.44 % to
3.63 % in 1379/80 season,

In regard to the abmolute amount of N (mg/plant) it
was clear from Table (17 that N forms had a significant effe-
¢t on N content in both seasonsg.

A% 42 days ammonium nitrate was significantly esuper-
lor to the other two carriers in both seagons. With advanced
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growth urea showed better effect, where N content (mg/plant)
significantly increased with urea application. That- .was
clear at 63 and 84 days from sowing in both seasons,

At harvest, ammonium nitrate was superior in 1978/
79, wherees urea ranked as first in 1979/80 season.

Similarly, maximum N content in seeds was obtained
when ammonium nitrate was used in 1978/79 and with urea in
1979/80 seaaon,

It could be concluded that no clear trend for the
superiority of a @ertain N carriler was observed in regared
to its effect on N content. Although results indicate a
varieble effect for N forms according to the stage of growth,

2. Effect af.nicyo-mutrients

Data for the effect of micro-nuirients on N concen-
tration as well as absolute amount of N (mg/plant) at differ-
ent growth stages in 1978/79 and 1979/80 seasorsare shown in
Tables 16 and L7 and Figure 4.

Results showed that N percentage in flax was markedly
.affected by micro-mutrient application, where N percentage in
plants increased as a result of micro-nuirient application.
Best results were obtained when these elements were applied
in combinations. '

As for the N content as mg/plant, results showed
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that micro-nutrients significantly increased N uptake by flax
plants in both seasons. A% 84 days from sowing, the highest N
uptake was achieved when Mn was applied. Other elements were
elso effective in increasing N uptake.

N content in flax seed (mg/plant) was favourably
affected by mnicro-nuitrient application in both seasons. A
combination of more than one element gave better resulis.

Resulis reported by Fahmg and Sayed (1966) indicated
that N content in flax was highest when Mn was applied, folle
owed by Cu and Zn. Fahmy et al. also found in (1973) that Mn
application increased chlorophyll a and b leading %o a greater
accumlation of N in flax plant,

"3, Interaction effects

Results in Table 17 indicated that the interaction
between N forms and micro-muitrients had a significant effect
on N conient (as mg/plant) at 63 and 165 days in 1978/79
seagon and at 63, 84 and 165 days in 1979/80 season,

Seed N content was also affected by this interaction
in 1978/79 season.

At 63 days the highest N content was obtained when
Cu + Mn were applied to flax treated with urea in both seasons.
The lowest N content was obtained when no micro-mitrientswere
applied to plants fertilized by ammonium nitrate in both
geasons,
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It was clear from Table 19 that ammonium nitrate in-
duced greater P uptake atearly stages of growth (42 days from
sowing). With advanced growth (at 63 days) the three forms
were equally effective, amd at 84 days -ammonium sulphate was
guperior to the other carriers in the 1979/80 season., At har-
vesting “ime urea had the best @ffect in 1979/80 season and
the threc forms were of similar effect in 1978/79 season,

P content of seeds(as mg/plant) was significantly
affected Ly N form in 1979/80 only where urea significantly
increased T s.oitent in seeds compared with the other two
forms,

Tn conclugion, N forms affected P uptake as a result
of affecting dry weight/plant.

Results reported by El-Damaty and El-Kobbia (1958)
ghowed that P c ontent in flax seed was not affected by XN
application.

2. Effect of micro-muirients
Results in Table 19 indidated that mic ro-mutrient
application increased P percentage in flax at ‘défferent
growth stages as well as at harvest.
It is clear that P percentage decreasad gradually
with advanced growth reaching its minimum values at’harwest as

a result of seed formation.

Micro-mutrient application increased P pércentage in
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geed only in 1978/79 season, Maximum increases were where Cu+
Mn and Cu were applied. '

As for P uptake by flax (as mg/plan®), micro-mutrienis
application significantly increased P content. Best results
wére obtained at 63 days where Zn was applied, With advanced
growth (at 84 days) P content reached its maxXimum where lMn
was applied alone or in combinations.

Generally, all micro-nutrients used induced greater
P uptake compared with the control.

P content in seeds (as mg/plant) was significantly
influenced by micro-nutrients. Maximuh P contents in peeds w

were when Cu andMn were used either alone or in combinations.

_ Results reported by Moraghan (1978) showed that P
contént in .flax was reduced by Zn application.

3. Interaction effects

Results in Table 18 indicated a significant interac-
tion effect for N forms and micro-mutrients on P uptake by
flax in both seasons.

At 63 days, the highest P content was -where Zn + Mn
were applied to plants fertilized with ammonium nitrate and
the lowest P content was where no micro-mutrients was used to
ammonium nitrade treatsd plants in 1978/79 season. In 1979/80
geason, the maximum P content at 63 days was with Zn and ammo-
niun sulphate and the minimum content was with no micro-. .
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Fig(5)-Effect of nitrogen forms on phosphorus
content (in mg/plant) at different stages of
growth in 1978/79 and 1975/80 seasons.
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mitrient application and ammonium nitrate carrier,

Algo P content (mg/plant) in seeds was significantly
influenced by N forms x micro-mutrients interaction in both
seasons, The highest P content in seeds was observed when Zn
+ Cu and ammonium nitrate were used in 1978/79 ard with Mn and
urea in 1979/80 season,

c¢. Potasgium content

Data for the effect of N forme on K concentration as
well as absolute amount of K (mg/plant) at different growth
stages in 1978/75 and L979/80 ssasons are shown in Tables 20
and 21 and Figures 7 and 8.

1, Effect of nitrogen forms

N forms showed no great effect on K percentage in
flax at-different growth stages in both seasons.

Also X concentration in flax seeds was about the same
ag a result of applying the three different forms,

The differences between the averages of K concentra-
tion due to different forms could not indivate a clear trend
for the superiority of a certain¥carrier.

In regard to K uptake by flax, resulis showed that
N forms had a gignificant effect . Such significant effect
wag mainly due to the effect oM forms on dry weight/Plant.
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1t was clear from Table 21 that ammonium nitrate g
was more effective at early stage of growth (42 days). with
advanced growth (at 63 and 84 days) the three N forme were of
similar effect on K uptake in both geasonsg, At harvegt, amme
onium nitrate induced higher K uptake in 1978/79 while urea
was the best carrier in this respect in 1979/80.

K content of geedsg (as mg/plént) was significantly
affected by N forms, Ammonium nitrate was superior in 1978/
79 season and urea wag more effective in 1979/80,

In conclusion N forms affected uptake as a result
of affecting dry weight/plant,

El Damgty and El-Kobbia (1958) stated that X content
in: flax seeds was not influemced by nitrogen application,

2. Bffect O:t.‘micro-rmt‘rienta

Results in Table 21 indicated that mic ro-mitrient g
‘had no great effect on Kk bercentage in bhoth seasons,

It is cleap that K percentage decreased gradually
with advanced growth reaching its lowest value at harvest as
a result of ¥ translocation into the seedg,

The micro-mutrient treatmenis had no effect on K
percentage in flax .cseeds in 1978/79 and 1979/80 as well,
However, the highest percenteges were with Cu + Mn (0.99 %)
in 1978479 Season:and ZN + Mn (0.84 %) in - 1979/80 season,
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d. Zine content

Data for the effect «.of N forms and micro-nutrients
on Zn concentration (ppm), as well as the absolute amount of
Zn (ug/plant) at different growth stages in 1978/79 and 1979/
80 seasons are shown in Tahles 22 and 23 and Figures 9 and
i10.

1., Effect of nitrogen forms

Data revealed that Zn concentration gradublly decr
eased with the advance in plant age., The highest values were
recorded at the first sample,

Results ghowed that N forms had no clear effect on
Zn concentration (as ppm) in flax at early stages as well as
at later gstages of growth. It wag observed that ammonium nit-
rate and ammonium sulphate gave the best effect at 165 days
from sowing, whereas Zn conceniration was higher in plantes
treated with ammopnium nitrate in both seasons.

As for Zn uptake by flax (as ug/plant) the results
showed that N forms affecked significantly Zn content at
different stages. In general, ammonium nitrate had hetter
effect at 42 as well as at 165 days from sowing, whereas urea
favourably affected Zn content at 63 days in both seasons.

Zn content in flax seed was significantly effected
by N forms in 1978/79 season only, where ammonjum nitrate in-
duced Zn uptake Ccompared with the other two carviers,




~130-

In conclusion, N forms affected Zn uptake by plants
through affecting dry matiar aceumilation in plant.

2. Effect of mmicro-nmutrients

Zn concentration in flax was clearly affected by Zn
application in both seasons and at different growth stages.

At 165 days , the highest Zn concentrations were
for plants treated with Zn + cu in 1978/7%ard Zn + Mn in 1979/
BO,

As for Zn content (as ug/plant), results showed that
in 1978/79 season significantincreases in Zn content were
only recorded at 165 days as a result of combining Zn applica-
tion with Cu,

In 1979/80 season, Zn content at different growth
sbages increase significantly when Zn was applied with Cu and
/ or Mn,

Zn content in seeds was also affected by microe
nutrient application in both seasons, The highest Zn content
in seeds was observed when Mn and Zn + Cu + Mn were used in
1978/79 season and when Cu ard Mn were applied either alone
or in combination with in . 1979/80 season.

In conclusion, micro-mitrient appllcation induced in
general Zn uptake by flax,

“Shchetinina anmd Chspikov (19669 reported that flax
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plants absorbed micro-mutrients throughout the vegetative
period and that Cu resulted in increasing the uptake of Zn.

Also Porokhnevich (1976) showed that the addition of
Zn and Cu caused an increase in 2n and Cu levels in seeds.

3, Interaction effects

Results indicated that Zn content in flax was . sig-
nificantly affected by the interaction between N forms and
micro-mutrients at 63 and 165 days in 1978/79 and at 63,
84 and 165 daya in 1979/80 season (Table 23). "

Alzo Zn content in seeds was signific antly affected
by the interaction between N forms and micro-mutrients in
1978/79 season ".only.

In 1978/79, it was observed that at 63 days, the
highest Zn content was obtained when Zn + Cu were applied to
plants, treated with wurea and the lowest =2n content was ob-
served when no wmicro-nutrients were applied to plants ferti-
lized with ammonium nitrate,

In 1979/80 season, the highest Zn content at 63 days.
was obtained when Mn was applied to plants treated with urea
and lowest content was when no micro-mutrients were applied
to plants treated with ammonium nitrate.

At 165 days, the highest Zn content was shown when
Zn + Cu were applied to plants treated with urea in both .

- v
-w

I e
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Beasons and lowest Zn contents were when ne aicro-nutrients
were applied to plants treated with urea inl978/79 and ammo-
nium nitrate in 1979/80,

@, Copper content

Data for the effect of N forms and micro-mutrients
on Cu concentration (ppm) as well as absolute amount of Zn
(ug/plant) at different growth stages in 1978/79 and 1979/80
8éasons are shown in Tables 24 amnd 25 and Pigures 11 and 12.

1. Effect of nitrogen forms

Data revealed that Cu corcentration was apparently
affected by N forms in both seasons,

At early stage of growth (42 days fronm sowing) ammo-
nium nitrate wag superior to the other two carriers in induce
ing Cu uptake by flax., With advanced growth ammonium sulphate
showed betier effect, particularly at 63 and 84 days from
sowing, and at harvesting time ammonium nitrate was more off-
active,

Cu concentration in flax seeds wasg highest when urea
was the nitrogen carrier in both 8c¢agons, followed by ammon-
ium sulphate, whereas the lovest COn concentration was when
ammonium nitrate wasg uged.

As for Cu content {aa ug/plant) it wag evident that
N forma showed significant effect in both seasons, In general,
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ammonium nitrate encouraged Cu uptake at 42 days in both sea-
sons, whereas at 63 . and 84 days the three carriers were
nearly of similar effect,

At harvesting time ammonium nitrate was significahi;
ly superior in 1978/79 and urea wasg more effective in 1979/80
where highest Cu uptake was precorded,

As for Cu content ( as ug/plant seed) highest cont-
ent was when ureca wms used in both seasonasa,

It could be concluded that ammonium nitrate and urea
encouraged Cu uptake by flax,

Results reported by Reuther (1957) indicated thet
plants receiving ammonium N responded to higher levels of Cu
than did plants receiving nitrate N, implying that Cu was
concerned with the utilization of ammonium N by plant.

2. Effect of micro-nutrients

Micro-muit¥ient application markedly increased Cu
concentration throughout the growing season,

The highest concentration were observed when Cu was
applied alone or in combinations with Zn and Mn.

Also Cu concentration in flax seed markedly increa-
ged with micro-nutrient application. The highest Cu comcntra-
tion in seeds was obtained when Cu + Zn were applied in both
seasons,
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At 63 days, the highest Cu content was obtained when
Zn was applied with urea in both seasons and the lowegt cont-
ent was obgerved when no micro-nutrients were applied to planta
fertilized with ammonium nitrate in both seasons.

4lso, Cu content in seeds wag influenced by N forms
X micro~nutrients in both seagons. The highest Cu content in
seeds was obtained when Mn was applied to plants feretlized
with urea in both seasons.

f. Manganese content

Data for the effect of N forms and micro-nutrients
on lneoncentration (ppm) as well as absolute ammount of Mn
(ug/plant) at different growth stages in 1978/79 anmd 1979/80
are shown in Tables 26 and 27 and Figures 13 and 14,

1. Effect of nitrogen forms

Data revealed that Mn comcentration gradvaly decrea-
ged with advance in plant age., The highest values were redorded
at the first sample,

Results indicated that N forms had:no marked seffect
on Mn concentration in both seagons. No clear trend could be
detected for the superiority of a cargﬁﬁ N form " throughout
the two growing seasons, *

As for Mn content (as ug/plant), results showed that
smpondum nitrate was more effective at 42 ard 84 days in both
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seapons and at 165 days in 1978/79 seaon.,

Also the highest Mnecontent in seeds (as ug/plant)
was recorded when ammonium nitrate was used in both seasons,

Such results indicate that ammonium nitrate encour-
aged Mn uptake by "flax plants in both seasons.

2. Effect of micro-nutrients

Regults showed that micro-nutrient application incr-
eagsed Mn concentration in flax at different growth stages as
well as in both seasons,

All micro~nutrient treatments induced higher Mn cont-
ent as compared with the untreated plants.

The highest Mn concentration were recorded when Mn
wag applied either alone or in combination with Zn and Cu.

Similarly, Mn comcentration in seeds markedly incr=~
eaged with micro-nutirent application in general and with
combinations including Mn in particular.

4s for Mn content (as ug/plant) results showed thai
micro-mutrient trectments gignificantly increased Mn yptake
by flax at different growth stages as well as in both seasons,

The highest Mn contents were generally recorded
when Mn was combined with Zn armd / or Cu.
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Also flax seeds contained higher Mn contents as a
result of applying micro-nutrient combinations, It is evident
that micro-mitrient treaiments were superior tot he control
treatment in regard to Mn content in flax seeds,

Results reported by ‘Shchetinina and Chepikov (1966)
showed that flax plants <obsor¥ed micro-elements throughout

the vegetative period.

3., Interaction effects

Reults indicated that in 1978/79 season'the inderac-
tion between .. forms and micro-nuirients had significant eff-

ect .on Mn content in flax at 63, 84 and 165 days form sowing,

In 1979/80 season, the interaction between N forms
and micro-nutrients significantily affected Mn content only at
harvest (at 165 days).

In 1978/7S9 seamon the highest Mn uptake at 63 days
was obtained, when Zn + Cu + Mn were applied to plants ferti-
lized with ammonium sulphate. The lowest content was observed
when no micro-muirients were applied to plants which fertili-
zed with ammonium sulphate.

At 165 days, the highest Mn contents were obtained
when Mn was applied to “plants treated with ammonium nitrate
in 1978/79 and when Zn + Cu were applied 10 plants treated
with urea in 1979/80 seascn.
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Results showed that Mn content (as ug/plant) in flax
geeds was ..significantly affected by the interaction between
N forms and micro-nutrients in both s easons. The highest Mn
content was obtained when Zn + Cu + Mn were applied to planta
fertilized with ammonium nitrate.

The lowest lin contents were noticed when ammonium
sulphate was combined with Zn application in 1978/79 season
and when Zn + Cu were used with the same N carrier in 1979/80

geagon.
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