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ABSTRACT

Two filed experiments were carried out at Giza Agric Res. Station, Agric Res.
Center, Giza, Egypt, during 2000/2001 and 2001/2002 seasons to investigate the effect
of four levels of Zinc (0, 5. 10 and 20 kg / fed) and mycorrhizal fungi on yield and quality
traits of three flax varieties (Sakha 1,Belinka and Bombay).

Data revealed significant differences among flax varieties of straw, seed yields
and their components as well as quality characters. Sakha 1 flax variety significantly
produced the highest values of straw yield and its components as well as the highest
fiber length, capsules number /plant, seed index, seed yield / plant, seed yield ffed oil
percentage and oil yield /fed. The application of 20 kg Zn /fed significantly increased
straw yield / plant and per fed, capsules number /plant, oil percentage, fiber percentage,
fiber fineness and fiber yield /fed. Whereas, seed yield / plant, seed yield /fed, seeds
number/ capsule, seed index, oil yield / fed and fiber length were significantly increased
by increasing Zinc level up to 10 kg / fed Varieties x Zinc levels interaction had a
significant effect on straw yield, seed yield, fiber yield and their components. Also,
varieties x inoculation interaction had significant effect on straw yield, seed yield and their
components and fiber yield. Varieties x Zn levels x inoculation interaction had a
significant effect on all studied characters. In general, it must be concluded that
cultivation of flax after maize or inoculation with VA mycorrhizal fungi with the application
of 10 kg Zn / fed gave the highest straw yield, seed yield and oil yield.

Keywords: Zinc, fertilizer, inoculation, VA mycorrhizal fungi, Flax.

INTRODUCTION

Flax (Linum usitatissimum L.) is an important crop in Egypt for its oil and
fiber yields. Improved yield and quality of flax could be achieved by using high
yielding cultivars as well as suitable cultural practices. Varietal differences
among flax varieties has been studied by many authors. EL Sweify and Mostafa
(1996) found that S.2419/1 (oil type) surpassed Giza 8 (dual purpose type) and
Belinka (fiber type) in straw and seed yields/ fed, while Belinka cultivar gave
higher mean values of technical length than Giza 8 and S.2419/1. Also, Abo-
Zaied (1997) evaluated four genotypes ie., Giza 7 and Giza 8 (dual purpose
types) and Viking and Ariane (fiber types). He found that Viking was significantly
superior to the other cultivars in plant height, technical length, fiber length, fiber
percentage, fiber fineness and straw yield/fed, while Giza 8 was significantly
superior in capsules number/plant, seeds number/capsule, seed index, seed
yield/plant and seed yield/fed. Whereas, Salama (1996) found that Giza 7 was
the best genotype in plant height and technical length, while Giza 8 (dual
purpose type) gave higher mean values of straw yield, capsules number, 1000 -
seed weight and seed yield/fed than Giza 7 (dual purpose type) and Ariane
(fiber type). The effect of zinc (ZnSO,) fertilizer on yield and its components of
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different flax varieties has received little attention in the literature. Abo-El Soad
et al, (1975) revealed that ZnSO, significantly increased seed and straw
yields/fed., capsule number per plant, 1000-seed weight and fiber fineness
when compared with the control treatment. Mourad et al., (1988) reported that
foliar spray with 900 ppm of ZnSO, increased plant height, length of fruit zone,
straw and seed yields/plant and per fed, seed number per capsule, and seed
index. Plants sprayed with 900 ppm ZnSO, produced the highest fiber quality
characters i.e., fiber length, fiber percentage and fiber fineness. Concerning the
effect of bio-fertilization with VA mycorrhizal fungi, Smith and Daft (1977)
noticed that when P and N were limiting, plant growth depended on uptake
assisted by mycorrhizal fungi. Pacovesky et al., (1986) showed that plant
infected with mycorrhizal fungi may lead to decrease fertilizer use. Kawai and
Yamamato (1986) and Koreish et al., (1998) observed that plants treated with
VA mycorrhizal had higher uptake of P in their stems and leaves compared with
untreated ones. Massoud (1999) reported that P uptake by wheat and sorghum
plants increased with inoculation by Azo + VA mycorrhizal. Reda (2001) found a
positive effect of VA mycorrhizal on shoot dry weight, plant height, grain yield
and 100 grains weight of maize compared with un-inoculated treatments.
Therefore , the present research was carried out to study the effect of
inoculation with VA mycorrhizal fungi and ZnSQO, on yield, yield components and
fiber quality characters of some flax cultivars.

MATERIALS AND METHODS

Two experiments were carried out at Giza Agric Research Station,
Agric Research Center, Glza Egypt, during 2000/2001 and 2001/2002 seasons.
Flax was sown on Nov. 19 ¥ in both seasons. A split - split plot design with four
replications was used in both seasons. Each experiment included 24 treatments
which were the combinations of three flax cultivars viz, Belinka (fiber type),
Sakha 1 (dual purpose type) and Bombay (American introduction) as main plots,
four zine rates (0,5,10, and 20 kg Zn/fed.) in the from of ZnSO,4 as subplot and
two inoculation treatments with VA mycorrhizal fungi {+M) and un-inoculated
(-M) as sub-sub plots. Each sub -sub plot area was 6 m? (10 rows, 3m long and
20 cm apart). The inoculum used in this experiment was propagated on maize
plant grown in glasshouse fcr 12 weeks. The seed inoculation was done before
sowing. Zinc sulphate (ZnSO,) was applied before the first irrigation (21 days
after sowing). The soil type was clay loam with organic matter of 0.38 and 0.35
%, available nitrogen 28.1 and 25.5, CaCO3 of 7.5 and 7.11% and pH value of
8.11 and 8.01, Zn of 0.75 and 0.85 ppm in the first and second seasons,
respectively. Other agrcnomic practices were carried out as usual. At harvest,
ten random guarded plants were taken from each sub plot for determining the
following characters:

1) Straw yield and its components:
(1) Straw yield (ton / fed (ton), (2) straw yield/ plant (g), (3) plant height (cm),
(4) technical length (cm) and (5) fruiting zone length (cm).
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Il) Seed yield and its components:

(1) Seed yield /fed (Kg) (2) Seed yield/plant (g), (3) capsules number
/plant, (4) seeds number / capsule, (5) seed index (g), (6) oil yield /fed. (Kg)
and (7) oil percentage was determined using the procedure described by
A.O.A.C. (1957).

lll) Fiber yield and its quality characters:

Fiber yield /fed (Kg), (2) fiberlength (cm), (3) fiber percentage and (4)
fiber fineness (Nm) were determined according to the technique described by
Radwan and Momtaze (1966).

Analysis of variance was carried out according to Sendecor and Cochran (1967)
and means were compared by Least Significant Difference (L.S.D.) at 0.05 level
was used. The combined analysis of variance over the tow seasons was
performed for all characters (Le Clerg et al., 1966).

RESULTS AND DISCUSSION

1): Straw yield and its components:

a): Varietal effects:

. Data in Table (1) revealed significant differences among flax cultivars in
plant height, technical length and fruiting zone length straw yield per plant and
per fed Sakha 1 significantly surpassed the other varieties in plant height
(88.45cm), technical length (72.54 cm) and fruiting zone length (15.92 cm), and
straw yield per plant (2.06 g) and per fed (2.369 ton), followed by Belinka and
Bombay in a descending order. These results are in agreement with Salama
(1996). On the other hand, Abo- Zaied (1997) found that the fiber type of flax
was significantly superior over the other cultivars regarding plant height,
technical length and straw yield/fed.

b): Zinc effects:

Data in Table 1 showed that increasing Zinc level up to 10 kg Zn/fed
significantly produced the highest values of plant height (81.85 cm), technical
length (66.63 cm) and fruiting zone length (15.23 cm). Increasing Zinc level from
10 to 20 kg Zn /fed did not cause significant increase in the aforementioned
traits. Mean while the application of 20 kg Zn /fed significantly increased straw
yield / plant and per fed, reflecting the increase in plant height; accompanying
Zn application as a result of acceleration of both cell division and cell elongation
in flax plant. As reported by Porokhnevich and Bykov (1972), Abo-EL Soad et
al, (1975) who found that ZnSO, increased plant height and straw yield/fed.
Similarly, Zedan et al., (1986) noticed that the application of 10 kg Zn /fed gave
the highest straw yield /plant as well as per fed. Mourad et al., (1988) found that
foliar spray with 900-ppm ZnSO, increased total length, fruiting zone length, and
straw yield per plant as well as per fed.

c): Effect of seed inoculation with VA mycorrhizai fungi:

Data in Table (1) indicate that the seed inoculation with VA mycorrhizal
fungi significantly increased plant height (82.34 cm), technical length (67.02 cm)
and fruiting zone length (15.31e¢m) and this was reflected in higher yield of straw
yield per plant and per fed. In this connection Reda (2001) found that inoculation
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by mycorrhizal fungi had a positive effect on plant height and mycorrhizal shoot
dry weight of maize.

d): Effect of the interactions:

Data presented in Table (1) reveled that all interactions between the
studied factors were significant except for V x M and Zn x M for plant height and
technical length as well as V x Zn for fruiting zone length. It is clear that the
tallest plants (92.40 cm), the highest of technical length (74.57 cm) and fruiting
zone length (17.83 cm) as wellas the highest straw yield per plant (2.7g) and
per fed (2.578 ton) resulted from cultivar Sakha 1 fertilized with 20 kg Zn and
treated with mycorrhizal fungi, while the lowest values for the aforementioned
traits resulted from cultivar Bombay with control treatment.

2): Seed yield and its components:
a): Varietal effects:

Data presented in Table (2) revealed significant differences among flax
varieties in seed yield and its components. Sakha 1 cultivar significantly
produced the highest values of capsules number/ plant (10.34), seed index
(9.70 g), seed yield /plant (0.62 @), seed yield /fed (600 kg) and produced the
highest oil percentage (39.03%) and the highest oil yield /fed (242 kg). The
superiority of Sakhat in oil production may be due to its higher seed yield /fed
as well as higher oil seed content. Itis worthy to mention that Belinka cultivar
produced the lowest capsules number / plant. These results are in harmony
with those reported by EL - Sweify and Mostafa (1996) and Abo - Zaied (1997).

b): Zinc effects:

The results in Table (2) showed significant increase in capsules
number /plant (7.08) and oil percentage (37.066%) by increasing Zinc level up
to 20 kg Zn /fed. The data indicated that seed yield / plant (0.49 g), seed yield
ffed. (511 kg), seeds number / capsule (9.40), seed index (7.00), and oil yield/
fed (190 kg) significantly increased by increasing Zinc level up to 10 kg Zn / fed.
The significant increase in seed yield /fed exhibited by Zinc application may be
attributed to the increase of seed yield components. These results are in
agreement with Abo-El Soad et al., (1975), Zedan et al,, (1986) and Mourad et
al., (1988).

c): Effect of seed inoculation with VA mycorrhizal fungi:

Data in Table (2) showed that flax plants treated with mycorrhizal fungi
oroduced higher seed and oil yield /fed and were superior in seed yield
components and seed oil percentage compared to untreated ones. These
findings are in harmony with those obtained by Elwan and Sharawy (1994).

d): Effect of the interactions:

The first and the second order interactions between the studied factors
exhibited significant effects on seed yield and its components, except the
interaction between V x M for seeds number /capsule and oil yield / fed as well
as Zn x M and V x Zn x M for oil percentage. The highest Values of capsules
number / plant (12.50), seed index (9.97 g), seed yield / plant (0.84 g), seed
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yield /fed (703 kg), oil percentage (39.53%) and oil yield /fed (278 kg), were
obtained from flax plants of Sakha 1 cultivar fertilized with 20 kg of Zn and
treated with mycorrhizal fungi, while the highest seeds number / capsule
resulted from Belinka with 20 kg Zn and mycorrhizal fungi.

3): Fiber yield and its quality characters:
a): Varietal effects:

Data in Table (3) showed that cultivars were significantly different in
fiber length, fiber percentage, fiber fineness and fiber yield /fed. Belinka
significantly surpassed Sakha 1 and Bombay in fiber percentage (19.89%), fiber
fineness (217.70) and fiber yield /fed (436 kg). Sakha 1 gave the highest fiber
length (70.9 cm) but, Bombay was the lowest one. It is worth to mention that the
lower straw vield of Belinka was compensated by the higher percentage of fiber
and finally it produced the highest fiber yield /fed. These results are in harmony
with those reported by EL - Sweify and Mostafa (1996) and Abo - Zaied (1997).

b): Zinc effects:

Data in Table (3) indicated that increasing Zinc level of up to 20 kg /fed

significantly increased fiber percentage ( 19.55%), fiber fineness (193.71) and
fiber yield /fed (463 kg), while fiber length (64.99 cm) was significantly increased
as Zn level was increased up to 10 kg Zn /fed. These results are in harmony
with those reported by Abo-El Soad et al., ( 1975) and Mourad et al., (1988).
c): Effect of seed inoculation with VA mycorrhizal fungi: Data in Table (3)
showed that inoculated seed with mycorrhizal fungi significantly increased fiber
length, fiber percentage, fiber fineness and fiber yield /fed compared to those
without inoculation. These results are in harmony with those reported by Elwan
and Sharawy (1994).

d): Effect of the interactions:

Data in Table (3) revealed that all interactions between the studied
factors were significant with respect to fiber yield and fiber quality characters,
except for V x M for fiber percentage which was not significant. The highest fiber
yield / fed (503 kg), fiber percentage (20.36) and fiber fineness (224.57) were
obtained from Belinka received 20 kg Zn/fed and with mycorrhizal fungi
treatment, while the tallest fibers resulted from Sakha 1 with the same
mentioned treatments.

General conclusions:

In general, it can be concluded that cultivation of flax after maize or
inoculation with VA mycorrhizal fungi with Zinc level of 10 kg Zn /fed gave the
highest straw yield, seed yield and oil yield with Sakha 1 as dual purpose type in
Egypt while, application ‘of 20 kg Zn/fed gave the highest fiber yield, fiber
percentage and fiber fineness with Belinka (fiber type).
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