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ARTICLE INFO ABSTRACT
Article History Two field experiments were conducted at the Rosetta region,
Received: 1/7/2019 El_Behira Governorate, Egypt, during 2017/2018 and 2018/2019
Accepted: 1/8 /2019 growing seasons to study the effect of water quality, fulvic acid and
seaweed extracts on the yield, its components and quality characters of
Keywor.ds_: ) wheat plant (Giza 168), in split-split plot design with three replications.
wheat, irrigation, The main plots included irrigation water quality (Nile water and

water, quality, fulvic  Agricultural drainage water), while seaweed extracts (control, 50 and

aid, seaweed extracts, 100 g SWi/fed) was arranged in the subplot. While fulvic acid

yield, grain application (control, 1, 2 kg FA/fed) occupied the sub-subplot. The
results concluded that application of water quality, seaweed extracts
and their interaction affected significantly wheat yield and its
components, where yield and its components of wheat crop increased
with using Nile water (high quality water), or drainage water with foliar
application of seaweed extracts (SWE) at the rate of 100 g/fed and soil
application of fulvic acid at the rate of 2 kg/fed

INTRODUCTION

Wheat is the first important and strategic cereal crop for the majority of the world’s
populations as well as Egypt. It is the most vital staple food of about two billion persons
(36% of the world population). Wheat is the principal crop in winter season and the most
important grains crop in the world and in Egypt (Abo Soliman et al., 2008). Cereals are an
important dietary source throughout the world. Because the cereals constitute the main
protein and energy supply in most countries (Boss et al., 2005).

Currently, irrigation water resources are limited to meet the needs of crop irrigation.
Hence, non-conventional water resources i.e., drainage water, underground water and treated
municipal wastewater are recycled especially for agricultural use. Under the limitation of
high-quality water resources and the importance of the crop. So, using low-quality water in
the agricultural sector will be a must mainly in areas which lie at the tail end of the Nile
River. A million faddans in the Nile Delta depends upon drainage water in irrigation (El-
Hawary, 2003). Irrigation with Nile water gave wheat grain yield of 2.29 t/fed as compared
to 2.26 t/fed and 2.21 t/fed for drainage and sewage water, respectively (Mostafa, 2001a).
Using low-quality water in agriculture has bad impacts on soil properties and sowing crop
by either increasing their contents of heavy metals or increasing salinity levels, whereas
increasing water salinity level reduced wheat production (Mostafa, 2001b). Drainage water
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for irrigation increased EC., SAR, soluble Na*, Mg, SO4~ and CI" in soil, total and
available Pb, Cd and Ni than that of mixed and Nile water. Heavy metal toxicity is one of
the major current environmental health problems and potentially dangerous due to
bioaccumulation. Therefore, heavy metals contamination of soils and plants has become an
increasing problem, so it could be decreased crop production (Zein et al., 2012, Atwa et al.,
2013 and Sahay et al., 2013).0n the other hand, Nassar et al. (2014) revealed that the highest
mean values of grain, straw yields, and grain quality of wheat, and good character of soil
before and after wheat planting were recorded under Nile water irrigation comparing with
the other water irrigation qualities which decreasing wheat yield and increasing salinity, and
heavy metals toxicity in the soil.

Seaweeds (SW) benefits as sources of organic matter and fertilizer nutrients have been
used as soil conditioners for centuries (Blunden and Gordon, 1986). Approximately 15
million metric tons of seaweed products are produced yearly (FAO, 2006), a significant
portion of which used for nutrient supplements and as biostimulants to increase plant growth
and yield. Biostimulants are definite as ‘‘materials, other than fertilizers, that encourage
plant growth when applied in small quantities’” and are also raised to as ‘‘metabolic
enhancers’ (Zhang and Schmidt, 1997). Seaweeds (SW) extract provides an excellent
source of bioactive compounds such as essential fatty acids, vitamins, amino acids, minerals,
and growth-promoting substances to improve salt tolerance in plants (Bhasker and
Miyashita, 2005). Seaweed extract (SW) had a wide range of beneficial impacts on plants,
as early grain germination and establishment, improved crop performance and yield,
elevated resistance to biotic and abiotic stresses (Norrie and Keathley, 2006). Seaweed
concentrate improved seedlings growth of okra under nutrient deficiency. It can overawe
nutrients stress in crop plants and minimizing the use of expensive chemical fertilizers
(Papenfus et al., 2013). Applications of SW extract types have been stated to rise plant’s
tolerance to a wide range of abiotic stresses, such as salinity, drought, and temperature
extremes (Battacharyya et al., 2015).

Fulvic acid (FA) has smaller molecules and more acidic groups than humic acids.
Application of Fulvic acid on wheat increased labeled P uptake by roots (Xudan, 1986). P
fertilizer and soil application FA are fertilized together may be considered as an optimum
choice for the improvement of P availability and soil physicochemical conditions (Yang et
al., 2013). Fulvic acid is applied to the soil enhancement of root initiation and increased root
growth (Pettit, 2004).

Therefore, the present study was carried out to study the effect of water quality,
seaweed extracts and fulvic acid on the productivity and quality characters of wheat plants.

MATERIALS AND METHODS

To investigate the effect of irrigation water quality, fulvic acid and seaweed on
productivity, chemical compositions, and quality of wheat. Two field experiments were
conducted at a private farm in Rosetta zone, El- Behera during 2017/2018 and 2018/2019
growing seasons.

A split-split-plot design with three replicates was used. The treatments can be
illustrated as follows:

Main plots (water quality) were as follows,
e Nile water.
e Agricultural drainage water.
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While sub-plots (Seaweed extracts) were as follows,

Control (water).

Foliar application of Seaweed extracts at the rate of 50 g/ (200 L water)/fed.

Foliar application of Seaweed extracts at the rate of 100 g/ (200 L water)/fed.

Foliar applications of SW were at 45 and 75 days after sowing (DAS).
While sub-sub-plots (Fulvic acid) were as follows,

Control (without application)

Soil application of fulvic acid at a concentration of 70 % at the rate of 1 kg/fed with

irrigation.

Soil application of fulvic acid at a concentration of 70 % at the rate of 2 kg/fed with

irrigation.

Nitrogen fertilizer at a rate of 70 kg N/fed was added in three doses. The first dose
was added at sowing time, the second dose was added with the first irrigation (25 days after
sowing) and the third dose was added (25 days after the first sowing). In the two experiments
N- fertilizer was added on the form of urea (46.5 % N). Super phosphate fertilizer was
applied before sowing at rates of 200 kg/fed (the recommended dose). Potassium fertilizer
was applied before sowing (during seedbed preparation) at the rate of 50 kg/ha in the form
of potassium sulphate (48 % K:O) (the recommended dose).

The preceding crop was maize in the two growing seasons. Soil samples of the
experimental sites were taken at the depth of (0-30 cm). Physical and chemical analysis are
presented in Table (1) were done according to the method described by Chapman and Pratt
(1978).

Table 1. Some Physical and chemical properties of the experimental soil in both seasons

Soil characteristics

Properties Seasons .
2017/2018 2018/2019
501l texture (%o) Clav loam
Clay % 56.99 58.22
Salt % 9.63 8.92
Sand % 33.38 32.86
pH (1: 2.5 water suspension) 830 8.00
EC (dSm™) 0.958 0988
Cations (megq/L.))
Ca™* 1.87 1.77
Mg*~ 3.27 298
Na™ 5.50 531
Kt 5.10 498
Anions (meq/T.)
HCOx 2.00 1.95
Cr 3.85 3.77
S04-- 10.50 122
O.M. (%0) 1.85 1.50
CaC0Osz (%) 0.198 0.192
Available Mineral N{img/'kg) 69 40 78.60

Available P (mg/ke) 20.12 2850
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Sowing dates were 12" and 15" of November in both seasons, respectively, while,
seeding rate was 75 kg grains/fed first irrigation was applied at 25 days after sowing and
then plants were irrigated every 25 days till the dough stage.

The chemical analysis of Nile and drainage water as shown in Table (2) were done
according to method described by Chapman and Partt (1978)

Table 2. Chemical analysis of Nile and drainage water.

Water qualities Anion (meq/L) Cations (meq/L) EC. H
I P
CO3= HCOs,- Cl- S04= Catr Mg+t Nar+t K+ 95m
Nile water - 354 094 078 1.68 1.60 176 022 043 725

25 1291 437 4.88 335 13.76 054 1.89 6.87

LN

Drainage water -

At harvest time one square meter was taken randomly from each sub-sub plot in the
three replications to determine yield and its components, chemical composition and quality
of wheat grains.

Number of spikes/m?, spike length (cm), number of spikelets /spike, number of
grains/spike, 1000-grains weight (g), grain yield (t/fed), straw yield (t/fed), biological yield
(t/fed), harvest index, and grain protein content (%) were recorded in both seasons.

Data obtained was exposed to the proper method of statistical analysis of variance as
described by Gomez and Gomez (1984). The treatment means were compared using the least
significant differences (L.S.D.) test at 5% level probability by using the split- split model as
obtained by CoStat 6.311, 1998-2005 as a statistical program.

RESULTS AND DISCUSSION

The obtained results showed a significant effect of water quality, seaweed extracts,
fulvic acid and their interaction on wheat yield and its components during both seasons
(Tables 3 and 4).

Regarding the effect of water quality, the results in Table (3) revealed that the highest
mean values of all yield and its components as spike length (14.2 and 14.0 cm), number of
spikes/m? (325.8 and 332.7), number of spikelets/spike (21.7 and 22.1), number of
grains/spike (50.5 and 51.9), 1000- grain weight (48.0 and 49.4 g), straw yield (4.1 and 4.2
t/fed.), grain yield (2.8 and 2.9 t/fed.), biological yield (6.9 and 7.1 t/fed.), harvest index
(40.6 and 40.8 %) and grain protein (9.3 and 9.6 %) were produced by irrigating wheat plant
by Nile river water as compared with agricultural drainage water in both seasons . These
results might be taken place due to the grain yield, in fact, are the out product of its main
components. Therefore, the increase in grain yield owing to Nile water was the logical result
of the achieved increase in components. These results are in agreement with those reported
by Mostafa (2001a), Zein et al. (2012), Atwa et al. (2013), Sahay et al. (2013) and Nassar
et al (2014) who recorded that using Nile water for crop irrigation caused an increase in yield
and its components of wheat as compared with the other water as lowest quality (drainage
water).On the other hand, using low-quality water in agriculture has bad impacts on soil
properties and sowing crop by either increasing their contents of heavy metals or increasing
salinity levels, whereas increasing water salinity level reduced wheat production (Mostafa,
2001b).

With respect to the effect of seaweed extracts on wheat yield and its components, the
obtained results are shown in Tables (3 and 4). It could be concluded that foliar application
of seaweed extracts at the rate of 100 g/fed encourage the increase of spike length (14.3 and
14.2 cm), number of spikes/m? (322.4 and 329.3), number of spikelets/spike (22.4 and 23.3),
number grains/spike (50.5 and 51.3), 1000- grain weight (47.9 and 48.4 g), straw yield (4.4
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and 4.3 t/fed.), grain yield (3.0 and 3.0 t/fed.), biological yield (7.4 and 7.3 t/fed.), harvest
index (40.8 and 41.1 %) and grain protein content (9.4 and 9.6 %) when compared with the
other treatments. On the other hand, spray water (control) recorded the lowest mean values
of traits in both seasons. This finding may be taken place due to the effect of seaweed extracts
(SW) which plays an important role in the assimilation of wheat plants that, reflected on
enhancing these characteristics under the study conditions. These findings are in the same
line with those recorded by Bhasker and Miyashita (2005), Norrie and Keathley (2006),
Papenfus et al. (2013) and Battacharyya et al. (2015) who cleared the role of seaweed
extracts for improving crop performance, yield and rise plants tolerance to abiotic stress like
salinity, drought and high temperature.

Table 3. Plant attributes of wheat as affected by water quality, seaweed extracts, fulvic acid
and their interaction during 2017/2018 and 2018/2019 seasons.

Spike length Number of Number of Number of  1000- kernel

(cm) spikes/m? spikelets /spike  grains/spike  weight ()

Treaments € g ¥ g ¥ 3 g 9 g 9

o o o o o o o o o o

o Q o g o g o g o q

~ o0 N~ o0 N~ o0 N~ o0 N~ o0

— — — — — — — — — —

o o o o o o o o o o

N N N N N N N N N N

A) Water quality:

Nile water 142 140 3258 3327 217 22.1 505 519 480 494
Drainage 429 427

133 131 2824 2893 19.2 20.1 44.1 444
water

LSD at 0.05 0.5 0.2 121 10.9 0.4 1.0 25 46 19 49

B) Foliar application of Seaweed extracts (g/fed):

Water 13.2 129 2773 283.7 18.0 18.6 45.7 46.3 434 4472
50 138 136 3126 3198 210 21.4 45.8 46.7 45.0 455
100 143 142 3224 3293 224 23.3 505 513 479 484

LSD at 0.05 0.6 0.7 11.2 10.9 0.4 0.7 1.4 2.5 1.6 2.4

C) Soil application of fulvic acid (kg/fed):

Control 135 131 2942 3003 200 206 466 472 437 444
1 136 134 3032 3102 201 207 466 474 450 445
2 142 141 3150 3224 213 221 488 497 476 492
LSD at 0.05 04 04 112 113 0.9 0.8 13 22 18 138
Interaction:

A X B * * * * * * * * * *
A X C * * * * * *
B X C * * * * * *
AxBxC * * ns ns ns ns * ns * *

* and ns: significant difference and not significant difference, respectively.

The results in the same Tables showed the effect of fulvic acid on vyield, its
components, and protein content of wheat, where increasing the rate of fulvic acid from 1 to
2 kg/fed increased spike length (14.2 and 14.1 cm), number of spikes/m? (315.0 and 322.4),
number of spikelets/spike (21.3 and 22.1), number of grains/spike (48.8 and 49.7), 1000-
grain weight (47.6 and 49.2 g), straw yield (4.1 and 4.1 t/fed.), grain yield (2.7 and 2.8 t/fed.),
biological yield (6.8 and 6.9 t/fed.), harvest index (39.7 and 40.6 %) and grain protein content
(9.3 and 9.5 %) as compared with control which gave the lowest ones in both seasons. These
findings results are in harmony with those recorded by Xudan (1986), Pettit (2004) and Yang
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et al. (2013) who revealed that using fulvic acid increased plant attributes and yield by
enhancing the soil properties and root ignition and root growth.

Table 4. Yield attributes of wheat as affected by water quality, seaweed extracts, fulvic acid
and their interaction during 2017/2018 and 2018/2019 seasons.

Straw yield Grainyield Biological Harvest Grain protein
(t/fed) (t/fed) yield (t/fed) index (H1%) content (%)
Treatments ® =] ® =2 ® =] ® =] ® =]
o o o o o o o o o o
o q o q o g o g o g
N~ ee] M~ (00} M~ ee] N~ ee] N~ [ee]
— — — — — — — — — —
o o o o o o o o o o
N N N N N N N N N N
A) Water quality:
Nile water 41 42 28 29 69 71 406 408 9.3 9.6
Drainage water 35 35 23 23 58 58 397 397 87 8.9
LSD at 0.05 04 04 02 02 07 06 ns 1.4 0.3 0.6
B) Foliar application of Seaweed extracts (g/fed):
Water 33 33 21 21 54 54 389 389 84 8.7
50 38 38 25 26 63 64 397 406 9.2 9.4
100 44 43 30 30 74 73 405 411 94 9.6
LSD at 0.05 02 0.2 02 02 03 0.2 ns 1.8 0.5 0.4
C) Soil application of fulvic acid (kg/fed):
Control 3.7 37 23 23 60 60 383 383 88 9.1
1 3.7 37 24 24 61 61 393 393 89 9.1
2 41 4.1 27 28 68 69 397 406 9.3 9.5
LSD at 0.05 02 0.2 01 02 03 03 ns 0.9 0.3 0.3
Interaction:
A X B * * * * * * * * * *
A X C * * * * * * * * * *
B X C * * * * * * ns ns * *
AxBxC ns ns * * ns ns ns ns * *

* and ns: significant difference and not significant difference.

Regarding the effect of interaction of water quality X seaweed extracts on yield and
its components of wheat, there was a significant effect on these traits in both seasons. The
results in Table (5) showed that the highest mean values of straw yield (4.6 and 4.5 t/fed),
grain yield (3.1 and 3.1 t/fed), and biological yield (7.7 and 7.6 t/fed) were obtained by Nile
water + foliar application of seaweed extracts at the rate of 100 g/fed followed by Nile
water + foliar application of seaweeds at the rate 5 g/fed then Agricultural drainage water +
foliar application of seaweed extracts at the rate of 100 g/fed in both seasons.

The results in the same revealed that the effect of interaction of water quality X fulvic
acid on yield and its components of wheat, was significant on these traits in both seasons,
where the highest mean values of straw yield (4.4 and 4.5 t/fed), grain yield (3.1 and 3.2
t/fed), and biological yield (7.5 and 7.7 t/fed) were obtained by Nile water + foliar
application of fulvic acid at the rate of 100 g/fed followed by Nile water + foliar application
of fulvic acid at the rate 1 kg/fed in both seasons.

With respect to the effect of interaction seaweed extracts (SWE) x fulvic acid (FA)
on yield and its components of wheat, was significant on these traits in both seasons. The
results in Table (5) showed that the highest mean values of straw yield (4.8 and 4.8 t/fed),
grain yield (3.4 and 3.5 t/fed), and biological yield (8.2 and 8.3 t/fed) were obtained by foliar
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application of seaweed extracts at the rate of 100 g/fed + soil application of fulvic acid at the
rate of 2 kg/fed in the two seasons.

On the other hand, foliar application of seaweed extracts at the rate of 100 g/fed +
soil application of fulvic acid at the rate of 2 kg/fed increased yield and its components under
drainage water as compared with untreated plots (without SWE or FA) in both seasons.

Table 5. Interaction between water quality X seaweed extracts, water quality X fulvic acid
and seaweed extracts x fulvic acid of yield attributes of wheat in both seasons.

Straw yield (t/fed) Grain yield (t/fed) Biological yield (t/fed)
Treatments 2017/2018 5018/201 2017/2018 5018/201 §017/201 5018/201
Water Seaweeds Interaction
quality (g/fed):
Nile Water 3.8 3.8 2.5 2.6 6.3 6.4
water 50 4.2 4.2 2.8 2.9 7.0 7.1
100 4.6 4.5 3.1 3.1 7.7 7.6
Drainage Water 2.8 2.9 1.8 1.7 4.6 4.6
water 50 3.5 3.4 2.2 2.2 5.7 5.6
100 4.2 4.2 2.8 2.9 7.0 7.1
LSD at 0.05 0.3 0.2 0.3 0.2 0.4 0.3
Water Fulvic acid Interaction
quality (kg/fed):
Nile Control (0) 4.1 4.0 2.7 2.8 6.8 6.8
water 1 4.1 4.1 2.6 2.6 6.7 6.7
2 4.4 4.5 3.1 3.2 7.5 1.7
Drainage Control (0) 3.3 3.3 2.1 2.1 5.4 5.4
water 1 3.4 3.4 2.3 2.3 5.7 5.7
2 3.8 3.7 2.4 2.4 6.2 6.1
LSD at 0.05 0.3 0.3 0.2 0.2 0.4 0.5
Seaweed L
Fulvic acid .
extracts (kg/fed) Interaction
(g/fed)
Control (0) 3.0 3.2 1.9 1.9 4.9 5.1
Water 1 3.2 3.3 2.1 2.1 5.3 5.4
2 3.6 3.6 2.3 2.4 5.9 6.0
Control (0) 3.8 3.8 2.5 2.6 6.3 6.4
50 1 3.7 3.7 2.4 2.5 6.1 6.2
2 3.9 3.9 2.5 2.6 6.4 6.5
Control (0) 4.2 4.0 2.7 2.7 6.9 6.7
100 1 4.2 4.2 2.8 2.8 7.0 7.0
2 4.8 4.8 3.4 3.5 8.2 8.3
LSD at 0.05 0.4 0.3 0.2 0.3 0.5 0.6

With respect to the effect of interaction water quality X seaweed extracts (SWE) X
fulvic acid (FA) on yield and its components of wheat, it was significant on grain yield in
both seasons. The results in Table (6) showed that the highest mean values of grain yield
were obtained by Nile water + foliar application of seaweed extracts at the rate of 100 g/fed
+ soil application of fulvic acid at the rate of 2 kg/fed in the two seasons. On the other hand,
Drainage water with foliar application of seaweed extracts at the rate of 100 g/fed + soil
application of fulvic acid at the rate of 2 kg/fed increased yield and its components under
drainage water as compared with untreated plots (without SWE or FA) in both seasons.
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Table 6. Interaction between water quality X seaweed extracts X fulvic acid of grain yield
(t/fed) of wheat in both seasons.

Treatments Seasons
Water quality (Sge/‘}“éze)‘?ds Fa(';’;fez‘;fd 2017/2018  2018/2019
Control (0) 2.4 2.4
Water 1 2.5 2.5
2 2.7 2.8
Control (0) 2.6 3.1
Nile water 50 1 2.7 2.7
2 2.9 2.9
Control (0) 2.7 2.9
100 1 2.7 2.6
2 3.8 3.9
Control (0) 1.6 1.5
Water 1 1.8 1.7
2 1.9 1.9
Drainage Control (0) 2.1 2.2
waer % ; 23 22
Control (0) 2.6 2.6
100 1 2.9 2.9
2 3.1 3.1
LSD at 0.05 0.3 0.4
CONCLUSION:

As a result of these two growing seasons field's study, it was concluded that yield
and its components of wheat crop increased with using Nile or drainage water with foliar
application of seaweed extracts (SWE) at the rate of 100 g/fed and soil application of fulvic
acid at the rate of 2 kg/fed which increased grain yield and yield components characters of
wheat under study conditions at Rosseta, EI-Behira Governorate, Egypt.
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ARABIC SUMMARY
S50 il slaay (g 1) g i cad LY gl (aala g Ay sl qaltadal) cilialiioal eall) il dlai)
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