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Abstract

A field experiment was carried out at the Agronomy Experimental Farm,

Faculty of Agriculture, Assiut Univ., during 2017/2018 and 2018/2019 seasons,

to investigate the impact of humic acid and nitrogen fertilization on productivity

of some bread wheat cultivars. Experimental design was randomized complete
block design (RCBD) using strips plot arrangement with three replications,

where the three humic acid [0 (control), humic acid 2 g/L. and humic acid 4 g/L.

i.e. Hy, H; and H,)] were assigned horizontally; three nitrogen fertilization rates

(50, 75 and 100 kg N/fed. i.e. Ny, N, and N3) were allocated main vertically and

three wheat cultivars (Sids 12, Gemmeza 11 and Misr 1 1.e. Cvy, Cv; and Cvs)

were allocated in the sub-plots.

The results could be summarized as the following:

- Humic acid 4 g/L treatment recorded the tallest plants, the longest spikes, the
heaviest 1000 grain and the maximum grain yield/fed. in the both season, as
well as the highest grain weight/spike in the 1* season and the highest number
of spikes/m” in the 2" season.

- The most studied traits were increased with increasing N fertilizer rate up 100
kg N/fed., as well as the highest grain weight/spike was obtained by 75 kg
N/fed. in the both seasons.

- Gemmeza 11 cultivar surpassed the Sids 12 and Misr 1 cultivars and gained the
highest mean values for spike length, 1000 grain weight and grain yield/fed.
in the both seasons and the highest grain weight/spike in the 2™ season, while
Misr 1 cultivar gave the tallest plants and the greatest number of spikes/m® in
the both seasons.

- The H,xN3 (humic acid 4 g/ x 100 kg N/fed.) interaction treatment gave the
maximum 1000 grain weight and grain yield/fed., as well as the tallest plants
and the longest spikes in the both seasons. Moreover, the highest mean values
for plant height, number of spikes/m” and grain yield in the both season were
obtained by H,xCv; (humic acid 4 g/LL x Misr 1) interaction and N3xCv;z (100
kg N/fed. x Misr 1) interaction in the both seasons.

- The highest mean values for spike length, 1000 grain weight and grain
yield/fed. in both seasons, as well as grain weight/spike in the 2™ season were
achieved by H;xN3xCv, (humic acid 4 g/L x 100 kg N/fed. x Gemmeza 11
cultivar) interaction treatment as well as the tallest plants were achieved by
H,xN3xCv;z (humic acid x 100 kg N/fed. x Misr 1 cultivar) interaction treat-
ment in both seasons.

Keywords: wheat cultivar, N fertilizer, humic acid and interaction treatments.
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Introduction

Wheat (Triticum aestivum L.) is
an important cereal and food crop in
Egypt and all over the world. There is
need to increase wheat production
world wide, in particular in develop-
ing countries.

Increasing population and lim-
ited agricultural lands has led efforts
to continue in increasing the yield per
unit area by different ways, including
advanced farming operations and se-
lecting resistant and productive geno-
type. Humic materials are one of the
important components of the soil,
which affected its chemical and
physical properties and improve its
fertility (Molasadeghi and Shahryari,
2011).

Humic acid has been reported as
a promising resource showing persis-
tent effects on plant growth promo-
tion, nutrient uptake and improving
soil nutrient status by increasing or-
ganic matter (9%), total N (30%),
available P(166%) and available K
(52%) indicating a substantial in-
crease in soil nutrient status (Ar-
jumend et al., 2015). However, Bakry
et al. (2016) showed that humic acid
foliar spray significantly surpassed
without spray (control in all studied
characters 1i.e. plant height, spike
length, grain yield/spike, grain index,
number of spikes/m’ and grain
yield/fed.). Manal et al. (2016) de-
clared that the highest mean values of
spike length, grains weight/spike,
1000 grain weight and grain
yield/fed. were obtained of wheat by
foliar spray with 2 litters of humic
acid/fed. over both seasons. Khan et
al. (2018) denoted that spike weight
and grain yield/fed. were increased
by 19% and 21% over control with
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application of plant drived humic acid
at the rate of 50 mg/kg soil, respec-
tively. Merwad (2019) indicated that
humic materials increased plant
height and yield parameters i.e. 1000
grain weight and grain yield of wheat.
Fertilizers are rich sources of
plant nutrient required for increasing
crop production. It is essential to
know the best level of fertilization
application for getting a higher crop
yield, so that the maximum benefits
could be achieved. Nitrogen is one of
major macronutrients that is the most
important treatment to increase grain
and straw yields in wheat cultivars.
Mansour et al. (2016) mentioned that
application of 125 kg N/fed. achieved
the maximum spikes number/m’,
1000 kernel weight and total
yield/fed. in both seasons. Rekaby et
al. (2016) concluded that the highest
significant mean values of plant
height, spikes number/m®, grains
weight/spike and grain yield/fed. of
wheat were recorded by 240 kg N/ha
in both seasons. El-Hag and Shahein
(2017) pointed out that increases in
nitrogen fertilizer significantly in-
creased plant height, spikes num-
ber/m’ and grain yield/fed., while de-
creased 1000 grain weight during
both seasons. Haque et al. (2017)
noted that application of 180 kg N/ha
resulted in the highest spike length,
1000 grain weight and grain
yield/fed. Farooq et al. (2018) con-
firmed that application of 150 kg
N/ha resulted in the maximum mean
values for plant height, spike length,
1000 grain weight and grain yield/ha.
Different new varieties were re-
leased. These varieties need some in-
formation about agricultural practices
to reach the potentiality of each vari-
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ety, as well as increasing wheat yield
per unit area can be achieved by in-
troducing high yielding varieties.
Hussain et al. (2006) found that Da-
man-98 cultivar had maximum plant
height, grain weight/spike, 1000 grain
weight and grain yield, while Dera-98
cultivar had the maximum spikes
number/m’. Hassanien et al. (2013)
stated that Sakha-69 cultivar ex-
ceeded Sids-1 in plant height, number
of spikes/m” and grain yield/fed. Fer-
gani et al. (2014) highlighted that
Gemmiza 9 cultivar gave the highest
significant number of spikes/m’,
spike length, grains weight/spike and
grain yield in comparison to Sakha-
93 and Giza 168 cultivars. Zaki et al.
(2015) declared that Misr 2 cultivar
gave higher plant height, number of
spikes/m”, grain index and grain
yield/fed. than Baniswef-4 cultivar in
both seasons. Mansour ef al. (2016)
stated that Misr 1 cultivar surpassed
Misr-2 and Sids-12 cultivars with re-
gard to number of spikes/m®, 1000
grain weight and grain yield/fed. in
both seasons. Solomon and Anjulo
(2017) showed that Digalu variety
superior with plant height, grain
weight/spike and grain yield/fed.,
while Hidasse variety superior with
1000 grain weight. Zenhom et al.

(2018) indicated that Gemmeza 11
cultivar gave the tallest plants,
whereas Misr 2 cultivar gave the
highest seed index and grain
yield/fed.

The objective of this work was
to evaluate the impact of humic acid
and nitrogen fertilization on produc-
tivity of some bread wheat cultivars.
Materials and Methods

A field experiments was carried
out at the Experimental Farm of
Agronomy Dept., Assiut University,
during 2017/2018 and 2018/2019
seasons to investigate the impact of
humic acid and nitrogen fertilization
on productivity of some bread wheat
cultivars. The experiment was laid
out in randomized complete block
design (RCBD) using strip plot
within split plot with three replicates.
Three N level (50 kg/fed, 75 kg/fed.,
100 kg/fed.) were assigned vertically
as well as three humic acid levels (0
[control], humic 2 g/l and hjmic 4
g/L) were allocated horizontally and
three bread wheat cultivars (Sids 12,
Gemmeza 11 and Misr 1) were ran-
domly distributed in the sub plot. Plot
area was 10.5 m® (3.5 m length x 3.0
m width). The experimental soil was
clay, mechanical and chemical prop-
erties of soil are shown in Table 1.

Table 1. Mechanical and chemical properties of the experimental site.

Properties 2017 2018
Mechanical analysis
Sand 27.00 27.80
Silt 23.00 22.20
Clay 50.00 50.00
Soil type Clay Clay
Chemical analysis
pH 7.63 7.85
Organic matter % 1.80 1.70
Total N % 0.09 0.08
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Cultural practices:

Wheat grain were hand sown on
5™ December and 26™ November in
the first and second seasons, respec-
tively. Spraying of humic acids was
done at 45 and 60 days after sowing
as well as the control plants were
sprayed by distilled water. Nitrogen
fertilizer was applied in the form of
urea (46% N) in three equal doses be-
fore the first, second and third irriga-
tion, respectively. All other cultural
practices as recommended for wheat
crop were done in both seasons.
Characters, sampling and meas-
urement:

At harvest, a sample of five
guarded plants was taken randomly
from each sub-plot in three replicates
to determine the following characters:
Plant height (cm); measured from soil
surface to the tip of the spike exclud-
ing awns; Grain weight/spike (g);
Spike length (cm); measured from the
base of the spike to its tip excluding
awns; Number of spikes/m’; sample
of one square meter was randomly
taken from each sub-plot; 1000-grain
weight (g): it was recorded from a
grain sample take at random from
each sub-plot and grain yield/fed.; it
estimated from the harvested plot
area after over drying and weighing,
grains were threshed from the straw,
cleaned and weighed in kilograms
and converted into ardab/feddan.
Statistical analysis:

All the obtained data for each
season were exposed to proper statis-
tical analysis of variance according to
Gomez and Gomez (1984) using the
MSTAT-C Statistical Software Pack-
age descried by Co-Stat (2004). The
least significant difference (LSD) at
5% level of probability were com-
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puted to detect the difference among
means.

Results and Discussion

Main effects:

Data in Table 2 revealed that the
most studied traits i.e. plant height,
spike length, grain weight/spike,
1000 grain weight and grain
yield/fed. were highly significant af-
fected by humic acid in the both sea-
sons, except number of spikes/m’® in
both seasons. Grain weight/spike in
the 2" season did not affected sig-
nificantly by this trial. The highest
mean values for the plant height
(106.53 and 102.73 cm) and spike
length (12.74 and 13.28 cm), 1000
grain weight (47.97 and 54.86 g),
grain weight/spike in the 1% season
and grain yield/fed. (22.24 and 23.30
ard.) in the both season were obtained
by humic acid 4 g/L.. The results
mean that the highest humic acid
concentration was the effective for
achieving the maximum mean values
for the most studied traits. Jaleel et al.
(2008) suggested that humic acid
promote plant growth and improved
yield. These results are in agreement
with those reported by Arjumend et
al. (2015), Manal ef al. (2016), Khan
et al. (2018) and Merwad (2019).
Regarding to nitrogen fertilizer rates,
the results in the same Table showed
that the plant height and grain
yield/fed. were a highly significant
affected by nitrogen fertilizer rates in
the both seasons, as well as spike
length and 1000 grain weight exerted
significantly influence by the nitro-
gen fertilizer rates, whilst grain
weight/spike and  number  of
spikes/m> did not significantly af-
fected by this trial in both seasons. In
general, the above studied traits in-
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creased by increasing N fertilizer
rates and the maximum mean values
were realized by either 75 kg N/fed.
or 100 kg N/fed. in both seasons. It is
clear from these data that N fertilizer
enhanced the vegetative growth of
wheat plants, increased photosyn-
thetic activity and metabolites re-

quired to produce long spikes, in-
crease 1000 grain weight and conse-
quently reacted wheat yield. Similar
findings were found by Rekaby et al.
(2016), El-Hag and Shahein (2017),
Haque et al. (2017) and Farooq et al.
(2018).

Table 2. Main effects of humic acid (H), nitrogen fertilizer (N) and wheat cultivars
(Cv) on the plant height (cm), yield components and yield (ard./fed.) in

2017/2018 and 2018/2019 seasons.

Characters Plant height Spike 'Gram. Number of 1000jgram Grain yield
length  |weight/spike . 2 weight
(cm) (cm) (@ spikes/m © (ard./fed.)
Main effec 2017/ | 2018/ {2017/ {2018/ | 2017/ | 2018/ 2017/ 2018/ 2017/ 2018/ 2017/ 2018/
2018 | 2019 | 2018 | 2019 | 2018 | 2019 2018 2019 2018 2019 2018 | 2019
Humic acid
(H)
H, 92.56 |93.87 |11.22 |11.77 | 2.41 [ 3.06 | 306.12 265.34 41.93 48.14 [18.34]19.75
H, 99.10 | 99.09 |12.14 [12.66 | 2.56 | 2.77 | 317.87 307.27 4530 | 51.87 [20.2821.64
H, 106.53]102.73|12.74 |13.28 | 2.85 | 2.80 | 308.62 327.09 47.94 | 54.86 [22.24|23.30
F_test *% *% *% *% * N.S N.S N.S *% *% *% *%
LSD 0.05 1.64 | 1.92 |0.53 [ 0.37 | 0.28 | -- - - 0.69 2.29 10.21 |0.41
Nitrogen fertilizer (N)
N; 96.11 | 97.13 |11.70 [12.18 | 2.56 | 2.78 | 311.36 298.07 43.80 | 49.31 [19.46(20.88
N, 99.34 | 98.87 [12.09 [12.61 | 2.69 | 3.07 | 301.46 280.21 44.62 52.82 |20.40|21.56
N; 101.74]199.70 |12.31 [12.92] 2.58 | 2.77 | 319.79 32142 46.75 52.74 21.02(22.26
F-test ok ok * * |N.S. | N.S. N.S. N.S. * * RO k¥
LSD 0.05 1.29 | 1.44 1040 | 0.43 | -- - - - 1.97 2.53 [0.27 [0.24
Cultivars
(Cvs)
Cv; 93.53 |91.90 |11.86 [12.37|2.83 | 2.89 | 277.38 287.80 43.26 | 51.14 [19.97(20.92
Cv, 100.09]99.50 |13.08 |13.64 | 2.94 | 3.45 | 271.06 250.36 48.37 57.01 ]20.56(22.51
Cv; 103.57]104.30|11.16 [11.70 ] 2.06 | 2.28 | 384.17 361.53 43.55 46.71 [20.35]21.27
F_test *% *% *% *% *% *% *% *% *% *% *% *%
LSD 0.05 0.45 | 1.14 [0.27 [ 0.38 | 0.32 | 0.25 | 30.96 28.26 1.14 1.17 ]0.12 | 0.28

Ho= Without humic acid, H;= Humic 2 g/L and H;= Humic acid 4 g/L

N;= 50 kg N/fed., N,= 75 kg N/fed. and N3= 100 kg N/fed.

Cvi= Sids 12, Cv, = Gemmeza 11 and Cv; = Misr 1.

* ** indicated significantly and highly significantly at 5% and 1% levels of probability, respectively.
N.S.: Non-significant differences and LSD = least significant difference

Concerning with wheat culti-
vars, data in the same Table revealed
that the cultivars had a highly signifi-
cantly effect on the all studied traits
in the both seasons. Misr 1 cultivar
gave the tallest plants (103.57 and
104.30 cm) and the greatest number
of spikes/m” (384.17 and 361.53) in
the both seasons, as well as the
Gemmeza 11 cultivar gave the high-
est grain weight/spike (2.94 and 3.45
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g), the longest spikes (13.08 and
13.64 cm), the heaviest 1000 grain
(48.37 and 57.01 g) and the maxi-
mum grain yield/fed. (20.56 and
22.51 ard.) in the both seasons. The
results mean that the either Gemmeza
11 or Misr 1 cultivars was the more
effective for realizing the maximum
values for the all studied traits. The
differences among the wheat cultivars
could be attributed to the genetic
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make up. These results are in accor-
dance with those mentioned by Hus-
sain et al. (2006), Hassanien et al.
(2013), Fergani et al. (2014), Zaki et
al. (2015), Mansour et al. (2016),
Soloman and Anjulo (2017) and Zen-
hom et al. (2018).

Interaction effect:

Data in Table 3 pointed out that
the humic acid x nitrogen fertilizer
(HxN) interaction had a highly sig-
nificant effect on the plant height and
number of spike/m’ in the 1% season,
1000 grain weight in the 2" season
and grain yield in both seasons. The
tallest plants (108.82 c¢m) in the 1*
season, the heaviest 1000 grain
((56.66 g) in the 2" season and the
maximum grain yield/fed. (23.29 and

Table 3. Interaction effect of humic acid
plant height (cm), yield components and yield (ard./fed.) in 2017/2018 and
2018/2019 seasons.

24.04 ard.) in both seasons were ob-
tained by H,xN3 (Humic acid 4 g/L x
100 kg N/fed.) in the 1*" and 2" sea-
sons, respectively. Hence, the maxi-
mum grain yield/fed. may be corre-
lated with longest spikes and the
greatest 1000 grain weight. On the
other hand, the thinned 1000 grain
(39.89 and 44.03 g), the minimum
grain yield/fed. (17.33 and 18.64
ard.), the shortest plants (87.89 and
92.67 cm) and the shortest spikes
(10.80 and 11.07 cm) were stated by
HoxN; (control x 50 kg N/fed.) in the
' and 2™ seasons, respectively.
Hence, the relation among the three
nitrogen fertilizer rates under the
three humic acid was different in the
both seasons.

(H) and nitrogen fertilizer (N) on the

haracters | pyon height lsegf;fl Grain weight/ | Numberof | 1000-grain | Grain yield
(cm) (cm) spike (g) spikes/m weight (g) (ard./fed.)
Interac 2017/ | 2018/ |2017/|2018/| 2017/ 2018/ 2017/ 2018/ 2017/ 2018/ 2017/ 2018/
(HxN 2018 2019 | 2018 | 2019 | 2018 2019 2018 2019 2018 2019 2018 2019
N; | 87.89 | 92.67 [10.80{11.07| 2.24 | 2.90 | 318.02 | 264.30 | 39.89 | 44.03 | 17.33 | 18.64
Hy | N, | 93.70 | 95.02 |11.35|11.95| 2.67 3.46 | 271.06 | 227.13 | 42.48 | 51.08 | 18.69 | 19.96
3; | 96.18 | 93.93 [11.51|12.29| 2.32 2.82 | 329.27 | 304.58 | 43.43 | 49.32 | 19.00 | 20.65
N; | 97.91 | 97.89 [11.95|12.55| 2.38 2.69 | 343.55 | 307.80 | 44.87 | 51.18 | 19.79 | 21.36
H; | N, | 99.18 | 98.76 [12.18|12.58| 2.60 | 2.99 | 307.52 | 282.83 | 45.00 | 52.21 | 20.31 | 21.48
3; [100.22|100.62 [12.29]12.84| 2.71 2.63 | 302.54 | 331.16 | 46.03 | 52.23 | 20.75 | 22.08
N; |102.64|100.82 [12.35|12.91| 3.05 277 | 27250 | 322.10 | 46.67 | 52.73 | 21.25 | 22.65
H, | N, |105.13]102.81(12.73|13.31| 2.80 | 2.76 | 325.80 | 330.66 | 46.38 | 55.18 | 22.19 | 23.23
N; | 108.82|104.53 13.13|13.62| 2.71 2.86 | 327.55 | 328.51 | 50.78 | 56.66 | 23.29 | 24.04
F-test i N.S. [NS.IN.S.| NS. | N.S. i N.S. N.S. i i i
LSD 0.05 | 1.53 -- -- -- -- -- 43.91 -- -- 1.77 | 0.44 0.39

Ho= Without humic acid, H;= Humic 2 g/L and H3= Humic acid 4 g/L.
N;i= 50 kg N/fed., N,= 75 kg N/fed. and N3= 100 kg N/fed.

** indicated significantly at 1% level of probability.

N.S.: Non-significant differences and LSD = least significant difference
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Table 4. Interaction effect of humic acid (H) and bread wheat cultivars (Cv) on the
plant height (cm), yield components and yield (ard./fed.) in 2017/2018 and

2018/2019seasons.
haracters| p. 1t height lsefl‘l:fl Grain weight/ | Numberof | 1000-grain | Grain yield
(cm) (ci) spike (g) spikes/m’ weight (g) (ard./fed.)

Interact 2017/ | 2018/ {2017/|2018/ 2017/ | 2018/ | 2017/ | 2018/ | 2017/ | 2018/ | 2017/ | 2018/
(HxCyvs) 2018 | 2019 [2018(2019| 2018 | 2019 | 2018 | 2019 | 2018 | 2019 | 2018 | 2019

Cvy | 87.73 | 91.07 |11.47|12.33| 2.61 3.34 | 270.68 | 238.54 | 42.69 | 50.34 | 18.22 | 19.28

Hy | Cv, | 94.83 | 94.24 |11.89(12.29| 2.67 3.58 | 27474 | 222.68 | 42.23 | 51.99 | 18.42 | 20.83

Cv; | 95.10 | 96.31 [10.31|10.69| 1.94 2.25 | 37294 | 33479 | 40.88 | 42.10 | 18.38 | 19.14

Cvy | 93.91 | 92.00 {12.07|12.35| 2.66 2.70 | 291.43 | 294.75 | 44.64 | 52.34 | 19.77 | 20.69

H; | Cv, | 99.33 |1100.09|13.24(13.80| 3.08 3.27 | 257.54 | 261.70 | 48.50 | 56.40 | 20.60 | 22.37

Cv; |104.07|105.18 {11.11]11.82| 1.95 2.34 | 404.64 | 36534 | 42.76 | 46.88 | 20.49 | 21.86

Cvy | 98.96 | 92.64 [12.04|12.42| 3.21 2.62 | 270.02 | 330.11 | 42.43 | 50.74 | 21.92 | 22.77

H, | Cv, |106.11]|104.16|14.11|14.84| 3.06 3.52 | 280.88 | 266.70 | 54.38 | 62.66 | 22.64 | 24.32

Cv; |111.53|111.40(12.07|12.58| 2.29 2.25 | 37494 | 384.47 | 47.01 | 51.17 | 22.17 | 22.82

F-test i ** el el N.S. N.S. N.S. N.S. ok o % ok

LSD 0.05 | 0.78 | 1.96 | 0.46 | 0.66 - - - - 1.96 | 2.03 0.21 0.49

Ho= Without humic acid, H;= Humic 2 g/L and H;= Humic acid 4 g/L.
Cvi= Sids 12, Cv, = Gemmeza 11 and Cv; = Misr 1.

** indicated significantly at 1% level of probability.

N.S.: Non-significant differences and LSD = least significant difference

Table S. Interaction effect of nitrogen fertilizer (N) and bread wheat cultivars (Cv)
on the plant height (cm), yield and components yield (ard./fed.) in 2017/2018
and 2018/2019 seasons.

aracters . Spike length Grain weight/ Number of 1000-grain Grain yield
Plant height (cm) (cm) spike (2) spikes/m’ weight (g) (ard./fed.)
Interact 2017/ 2018/ | 2017/ | 2018/ | 2017/ | 2018/ | 2017/ 2018/ | 2017/ | 2018/ | 2017/ | 2018/
(NxCvs) 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019

Cv, 91.11 92.91 11.82 | 12.11 2.77 2.76 279.30 | 291.77 | 43.60 | 48.31 19.19 | 20.53

N, Cv, 97.73 97.62 12.51 13.11 2.94 3.47 261.64 | 24428 | 45.65 | 54.78 | 19.59 | 22.03

Cvs 99.50 100.84 | 10.78 | 11.31 1.96 2.12 393.13 | 358.15 | 42.16 | 44.86 | 19.58 | 20.08

Cv; 93.76 92.36 11.93 | 12.47 2.88 3.35 267.57 | 248.41 | 41.46 | 5473 | 19.97 | 20.75

N, Cv, 100.27 | 99.40 13.15 | 13.64 3.10 3.38 257.80 | 251.79 | 48.71 | 57.01 | 20.74 | 22.47

Cv; 103.98 | 104.87 | 11.18 | 11.73 2.09 2.48 379.03 | 340.43 | 43.69 | 46.72 | 2048 | 21.45

Cv; 95.73 90.44 11.82 | 12.53 2.83 2.57 285.27 | 32322 | 4471 | 5039 | 20.75 | 21.47

N3 Cv, 102.27 | 101.47 | 13.58 | 14.18 2.78 351 293.73 | 255.00 | 50.74 | 59.26 | 21.32 | 23.01

Cvs 107.22 | 107.18 | 11.53 | 12.04 2.14 223 380.36 | 386.02 | 44.79 | 48.57 | 2097 | 22.29

F-test o *w * NS. | NS. | NS. | NS. | NS o = * e

LSD 0.05 0.78 1.96 0.46 -- -- -- 1.96 2.03 0.21 0.49

Ni= 50 kg N/fed., N,= 75 kg N/fed. and N3;= 100 kg N/fed.
Cv;= Sids 12, Cv, = Gemmeza 11 and Cv; = Misr 1.

*, #* indicated significantly and highly significantly at 5% and 1% levels of probability, respectively.
N.S.: Non-significant differences and LSD = least significant difference

With respect to the interaction that all the studied traits excreted
between humic acid x cultivars highly significant influence by the
(HxCvs), the data in Table 4 showed humic acid x cultivars in both sea-
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sons. Grain weight/spike and number
of spikes/m’ did not influence by this
interaction in the both seasons. The
maximum grain yield/fed. (22.64 and
24.32 ard.), the longest spikes (14.11
and 14.84 cm) and the heaviest 1000
grain (54.83 and 62.66 g) in the both
seasons were recorded by H,xCv,
(Humic acid 4 g/L x Gemmeza 11
cultivar). Moreover, the tallest plants
(111.53 and 111.40 cm) were re-
corded by H,xCvz (Humic acid 4 g/L
x Misr 1 cultivar) in the 1% and 2™
seasons, respectively. The difference
among the cultivars under three hu-
mic acids could be attributed to the
genetic make up. However, the short-
est plants (87.73 and 91.07 cm) in the
1 and 2™ seasons, respectively the
lowest number of spikes/m* (270.80)
and the minimum grain yield/fed
(18.22 ard.) in the 1*' season were ob-
tained by HoxCv; (Control x Sids 12
cultivar). Moreover, the shortest
spikes (10.31 and 10.69 cm) in the
two respective seasons and the mini-
mum grain yield/fed. (19.14 ard.) in
the 2" season were obtained by
HyxCv; (Control x Misr 1 cultivar).
yield/fed. Similar findings were re-
ported by Bakry ef al. (2013), Bakry
et al. (2016) and El-Bassiouny et al.
(2014).

As for the interaction between
nitrogen fertilizers with wheat culti-
vars (NxCyvs.), the results in the Table
5 declared that the nitrogen fertilizers
x cultivars had a significantly ef-
fected on the plant height, 1000 grain
weight and grain yield/fed. in the
both seasons as well as spike length
in the 1% season. However, the grain
weight/spike  and  number  of
spikes/m” did not show any signifi-
cant affected by this interaction. The
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heaviest 1000-grain (50.74 and 59.26
g), the maximum grain yield/fed.
(21.32 and 23.01 ard.) and the longest
spikes (13.58 and 14.18 cm) in the
two respective seasons, as well as the
greatest grains weight/spike (3.51 g)
in the 2™ season were achieved by
N3xCv, (100 kg N/fed. x Gemmeza
11 cultivar). Moreover, the tallest
plants (107.22 and 107.18 cm) in the
two respective seasons and the great-
est number of spikes/m” (386.02) in
the 2™ season were achieved by
N3xCv; (100 kg N/fed. x Misr 1 cul-
tivar). The difference among the cul-
tivars under different nitrogen quanti-
ties could be attributed to the genetic
make up. On the contrary, the short-
est plants (91.11 and 90.44 cm) were
recorded by NyxCv; (50 kg N/fed. x
Sids 12 cultivar) and N3xCv; (100 kg
N/fed. x Sids 12 cultivar) in the 1*
and 2" seasons, respectively. More-
over, the minimum mean values for
grains weight/spike (1.96 and 2.12 g)
in the two respective seasons and
1000 grain weight (44.86 g) in the 2™
season were recorded by N;xCv; (50
kg N/fed. x Misr 1 cultivar), as well
as the minimum grain yield/fed.
(19.19 and 20.53 ard.) were recorded
by NixCv; (50 kg N/fed. x Sids 12
cultivar) in the two respective sea-
sons. Hence, the results may be due
to the genetic variation among varie-
ties under various nitrogen fertilizer
quantities reflecting weather climatic
condition. Daba (2017) found that the
Kakaba cultivar at the rate of 90 kg
N/ha produced the highest grain
yield/ha.

With attention the second order
interaction i.e. HxNxCvs (Humic acid
x nitrogen fertilizers x cultivars), the
data in Table 6 revealed that the stud-
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ied traits 1.e. plant height in the both
seasons, grain weight/spike and 1000
grain weight in the 2™ season and
number of spikes/m’ in the 1 season
were significantly influenced by this
interaction. The tallest plants (115.33
and 113.73 cm) in two respective sea-
sons were recorded by H,xN3;xCv;
(humic acids 4 g/LL x 100 kg N/fed. x
Misr 1 cultivar), as well as the long-
est spikes (14.47 and 15.40) in both
seasons and the heaviest 1000 grain
(65.50 g) in the 2™ season were ob-
tained by H,xN3;xCv, (humic acid 4
g/L x 100 kg N/fed. x Gemmeza 11
cultivar). Moreover, the maximum
grain yield/fed. (23.73 and 24.78 ard.)
in the two respective seasons and the
highest grains weight/spike (4.38 g)
in the 2™ season were recorded by
HoxN;xCv; (control) x 75 kg N/fed. x
Sids 12 cultivar). On the other hand,
the shortest plants (90.60 cm), the
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thinnest 1000 grain (40.23 g) and the
minimum grain yield/fed. (17.47 ard.)
in the 2™ season, as well as the short-
est spikes (10.00 and 10.07 cm) in
both seasons were achieved by
HoxN;xCvs (control x 50 kg N/fed. x
Misr 1 cultivar). Moreover, the low-
est number of spikes/m” (168.68) was
recorded by HyxN,xCv; (control x 75
kg N/fed. x Sids 12 cultivar). Here,
this result means the three cultivars
had different behavior under agricul-
tural practices for this investigation
and reflecting the genetic make up.
Asal et al. (2015) declared that
Gemmeza 11 cultivar and 75% NPK
+ 1 kg humic acid produced the high-
est values of 100 grain weight and
grains weight/spike, as well as Misr 1
cultivar and 75% NPK + 1 kg humic
acid produced the highest number of
spikes/m>.
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Table 5. Interaction effect of humic acid (H), nitrogen fertilizer (N) and bread
wheat cultivars (Cv) on the plant height (cm), yield components and yield
(ard./fed.) in 2017/2018 and 2018/2019seasons.

Char- Plant height Spike length (cm) Grain weight/ spike (g)
cter 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019

Inte Cvi | Cvy | Cv3 | Cvy | Cvy | Cv3 |Cv;|Cv, |Cv3 |Cvy | Cv, |Cv; |Cvy | Cv,y | Cv; | Cvy | Cv, | Cvs
action
N, |83.44|91.27|87.77 | 95.33 | 92.07 | 90.60 {11.60/10.80{10.00{11.80|11.33{10.07| 2.31 | 2.68 | 1.73 | 2.84 | 3.77 | 2.07
Hy|N, | 88.67]95.70 | 96.73 | 92.33 | 94.53 | 98.20 |11.60|12.13|10.33(12.53|12.47|10.87(2.79 | 2.78 | 2.43 | 4.38 | 3.11 | 2.88
N3 |[90.20 | 97.531100.80| 85.53 | 96.13 |100.13|11.20|12.73|10.60(12.67|13.07|11.13|2.74 | 2.55 | 1.67 | 2.81 | 3.85 | 1.81
N;|92.53|98.80|102.40| 92.13 | 98.73 {102.80{12.00/12.93|10.93(12.53|13.60{11.53| 2.50 | 3.09 | 1.55 | 2.77 | 3.11 | 2.18
H;|N,|94.06|99.20 |104.27| 91.20 |100.00|105.07|12.07|13.27|11.20(12.13|13.73|11.87| 2.46 | 3.31 | 2.02 | 3.05 | 3.51 | 2.41
N3 | 95.13 100.00]105.53| 92.67 |101.53|107.67(12.13|13.53|11.20{12.40]14.07(12.07| 3.01 | 2.85 | 2.28 [ 2.29 | 3.18 | 2.42
N;|96.47 (103.13|108.33| 91.27 {102.07({109.13(11.87|13.80{11.40({12.00|14.40{12.33| 3.51 | 3.05 | 2.59 | 2.65 | 3.52 | 2.13
H,|N, | 98.53105.93|110.93| 93.53 |103.67|111.33|12.13|14.07|12.00(12.73|14.73|12.47| 3.38 | 3.20 | 1.83 | 2.61 | 3.53 | 2.15
N3 [101.87|109.27|115.33| 93.13 |106.73|113.73|12.13|14.47|12.80(12.53|15.40|12.93| 2.73 |1 2.93 | 2.46 | 2.62 | 3.50 | 2.45

F-test ok ok N.S. N.S. N.S. *
LSD
0.05 1.35 3.04 - - - 0.76
Char- Number of spikes/m2 1000-grain weight (g) Grain yield (ard./fed.)
cter 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019

In:? Cvi | Cvy | Cv3 | Cvy | Cvy | Cv; |Cvy | Cvy | Cv3 | Cvy | Cvy | Cvs | Cvy | Cvy | Cvs | Cvy | Cv, | Cvs
action
N, |298.57|274.08|381.39|267.17|202.68(323.06(42.97|37.40|39.30(42.87|49.00{40.23(17.18|17.31{17.48|18.37|20.09(17.47
Hy [N, [253.84/261.48|297.87|168.68|254.42(258.28|42.73|43.40{41.30|58.33|52.50(42.40| 18.59|18.84|18.64/19.37(20.90{19.62
N3 [259.62|288.65|439.55(279.75|210.94|423.04|42.36|45.90|142.03|49.83|54.47|43.67|18.88|19.12|119.02|20.11]21.49|20.35
N;|296.11(245.67|488.88|286.83|268.42(368.16(44.53|47.73|42.33(53.87|55.00{44.67(19.28{19.94|20.15(21.01{22.07{20.99
H;|N,|303.60|238.42|380.55|253.36|238.62|356.52|43.70|48.67|42.63|52.90|56.40|47.33|19.72|20.72|20.48|20.53|22.27|21.65
N3 [274.60|288.54|344.48|344.07|278.06|371.35|45.70|49.10|143.30(50.27|57.80|48.63(20.31|21.11|20.83|20.55|22.77|22.93
N, |243.21{265.16|309.12|321.31|261.76|383.24(43.30|51.83|44.87(48.20{60.33|49.67(21.13|21.51|21.13(22.21|23.95|21.77
H, | N, |245.27|273.48|458.66|323.19|262.32|406.48|37.93|54.07|47.13|52.97|62.13|50.43|21.58|22.67|22.32(22.36|24.24|23.08
N3 [321.59|304.01|357.04|345.84/276.01|363.68|46.07|57.23|49.03|51.07|65.50|53.40(23.06|23.73|23.06(23.74|24.78|23.60

F-test e N.S. N.S. e N.S. N.S.
LSD 92.52 - - 3.40 - -
0.05

Hoy= Without humic acid, Hy= Humic 2 g/L and H3= Humic acid 4 g/L.

Ni= 50 kg N/fed., N,= 75 kg N/fed. and N3;= 100 kg N/fed.

Cvy;= Sids 12, Cv, = Gemmeza 11 and Cv; = Misr 1.

*, #* indicated significantly and highly significantly at 5% and 1% levels of probability, respectively.
N.S.: Non-significant differences and LSD = least significant difference
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