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ABSTRACT

Developing cotton cultivars with a high yielding potential, nutrients extract and efficient, fiber attributes,
earliness, high oil as well as protein cottonseed contents and pest resistance across variable environments is of great
importance of cotton breeding programmer in Egypt. The field experiments were carried out at Agric. Res. and
Exp. Stat., Fac. Agric., Cairo Univ., Giza, Egypt during 2017 season and repeated in 2018 season to evaluate the
productivity and fiber technology response of three new released Egyptian cotton cultivars namely; Giza 93, Giza
94 and Giza 95 to three nitrogen fertilizer sources i.e. urea (U - 46.5%N), ammonium nitrate (AN- 33.5%N) and
ammonium sulfate (AS - 20.5%N). The randomized complete block design with split-plot arrangement with three
replications was used. The main plots were devoted to cotton cultivars and the nitrogen fertilizer sources was
randomly distributed in sub-plots. Giza 93 cultivar had the superiority over other cultivars concerning growth
attributes, yield and yield components, chemical and biochemical constituents of foliage and seeds of cotton as
well as fiber technology parameters. Generally, nitrogen fertilizer sources had a significant effect on growth
attributes, yield as well as its components, fiber technological parameters, chemical and biochemical constituents
of foliage and seeds of cotton whereas, ammonium sulfate was superior in plant height, 1 sympodial node, no.
sympodial branches plant?, no. total bolls plant?, boll weight, seed index, lint %, seed cotton yield fed™?, fiber
technological parameters, chemical as well as biochemical constituents of foliage and seeds of cotton. Significant
cotton cultivars x nitrogen fertilizer sources interactions existed on most of studied traits.
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INTRODUCTION

Cotton breeding research is directed to the
development of cultivars with a high yielding potential,
nutrients extract and efficiency, quality fiber, earliness and
pest resistance across variable environments (Abdel-Samad,
etal., 2017). Globally, Cotton (Gossypium spp. L..) is the most
important fiber crop meanwhile, as the same in Egypt. In
addition to its fiber, cottonseed considers a source of oil as
well as protein, and as such it represents significant economic
value (Campbell, et al., 2010). Large genotypic variations
were remarked in morphological, physiological and
biochemical traits of cotton, especially dry weight of shoot,
root traits, and N-assimilating enzyme levels (Igbal, et al.,
2020a). The NOs™ anion and NH4* cation are the primary
inorganic forms for uptake in by plants. Mineral fertilizers
provide nitrogen in one or both forms. Cultivars of cotton
differ greatly in uptake of NH4" and NOs™ ion (Li, et al.,
2013). Nitrogen has a very dynamic cycle in the soil including
the process of ammonification, nitrification, denitrification,
and mineralization. Although nitrogen has more impacts on
cotton vyield, it is the most difficult nutrient to manage in
irrigated cotton (Khan, et al., 2017a). Nitrogen is an important
nutrient, and as such it increases growth and prohibits
abscission of squares and bolls, essential for photosynthetic
activity and stimulates the mobilization and accumulation of
metabolites in newly developed bolls, thus increasing number
and weight of bolls (Reddy, et al., 1996). Khan, et al., (2017b)
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stated that nitrogen (N) is very important nutrient that play
essential parts in enhancing photosynthesis and yield of lint
in cotton, thus application of N fertilizer is an essential
component of any successful integrated cotton production
system. Increasing nitrogen efficiency through use best
nitrogen sources is one of the most factors that limit
productivity of cotton (McClanahan, et al., 2020). Nitrogen
fertilizers commonly supply in amide, ammonium or nitrate
forms. Each form has characteristic pros and cons. Among
various nitrogen fertilizer sources, urea, ammonium nitrate
and ammonium sulfate are the most common mineral forms
required for growth and yield of cotton plant. With the high
cost of mineral fertilizers, the following must be taking into
consideration by producers, the cost, effectiveness, and
convenience of using the wvarious commercial nitrogen
sources that are currently available on the market (Mullins, et
al., 2003). Meanwhile, effective use of applied nitrogen by the
crop will reduce input cost per unit of yield harvested (Fenn,
and Hossner, 1985). The form in which nitrogen is applied to
cotton plant may influence availability of nitrogen and
nutrients relationship. Achieving nitrogen use efficiency
management in the cropping systems, requires adequate rate,
appropriate source and timing of application during crop
growth stages (Fageria et al., 2006). On the other hand,
Quemada, et al., (2016) stated that, plant preference for one
or another form of mineral nitrogen fertilizer depends on the
species, plant age, environmental conditions, and other
factors. It was reported that ammonium fertilizers be
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assimilated more easily by plants than NOs fertilizers and less
mobile in the soil (Fageria, 2009). There is much confusion
among researchers on the effectiveness of mineral nitrogen
sources in cotton management practices thereby, some
investigations reported a significant difference among
nitrogen sources concerning growth, yield and technology of
cotton plant (Reeves, et al., 1988; Rickerl, et al., 1989;
Elbordiny, etal., 2003; EI-Basuony, 2009; Watts, et al., 2014;
Dai, et al., 2015; Grant, et al., 2017 and Watts, et al., 2017).
On the contrary, other investigations observed that there were
no superior nitrogen sources on growth, yield and quality
parameters of cotton crops (Amer, and Abuamin, 1969;
Mullins, et al., 2003 and Babaria, et al., 2010). To our
knowledge, few studies compare the effects of mineral
nitrogen fertilizer source and efficacy of these fertilizer on
Egyptian cotton (Gossypium barbadence L.) production
under Egyptian conditions has not been well documented.
Thus, the objective of this investigation to compare among
three mineral nitrogen fertilizer sources (urea, ammonium
nitrate and ammonium sulfate) and its effect on productivity
and quality of some Egyptian cotton cultivars under Giza
Governorate condition.

MATERIALS AND METHODS

The field experiments were carried out at Agric. Res.
and Exp. Stat., Fac. Agric., Cairo Univ., Giza, Egypt (30° N,
31°: 28’E with an altitude of 19 m), during summer growing
season of 2017 and repeated in 2018 season to study the
comparative effect of nitrogen fertilizer sources on
productivity and quality of three Egyptian cotton cultivars
(Gossypium barbadence L.) namely Giza 93 (extra-long
staple - grown at Lower Egypt), Giza 94 (long staple - grown
at Lower Egypt) and Giza 95 (long staple - grown at Upper
Egypt). The experiment included 9 treatments which were the
combination of three cultivars and three nitrogen fertilizer
sources i.e. urea (NH..CO.NH, - 46.5%N), ammonium
nitrate  (NH:NOs - 335%N) and ammonium sulfate
[(NH4)2SO4 - 20.5%N]. The randomized complete block
design with split-plot arrangement with three replications was
used. The main plots were devoted to cotton cultivars and the
nitrogen fertilizer sources was randomly distributed in sub-
plots.  Nitrogen(N) at the rate of 60 kg N fed? as
recommended was split in two equal doses and side-dressed
before the 2™ and 3" irrigation from each source. Also,
potassium (48 kg KO fed?) as potassium sulphate was split
and side-dressed before the 2" and 3 irrigation. On the other
hand, phosphorus (30 kg P.Os fed) as calcium super
phosphate (15.5 % P,0s) was added during soil preparation.
The preceding winter crop was barley (Hordeum vulgare L.)
as a forage in both seasons. Each plot content six ridges. The
ridge was five meters long, 60 cm apart. The hills was on one
side of the ridge and 20 cm between each hill. The cotton
seeds were planted during the beginning of April (the first
week at maximum) every growing season. Before the first
irrigation, thinning was carried out (two plants were left per
hill). Common cultural practices were carried out according
to recommendations of cotton fields. A composite soil
samples on depth (0 - 30 cm) from the site of the experiment,
were collected at time of sowing in both seasons to study the
physical and chemical of soil properties according to standard
methods described by Jackson (1973). Available manganese
(Mn) and iron (Fe) were valued using Atomic Absorption

Spectrophotometer (AAS) after extracting the soil with
DTPA as outlined by Lindsay and Norvell (1978). The values
of physical and chemical parameters are listed in Table 1.

In both growing seasons of cotton, four representative
hills (8 plants plot™) were randomly determined and fifty open
sound bolls were picked at random from the outer four ridges
to determine growth attributes and some yield components
respectively. Growth attributes included; plant height(cm),
no. of sympodial branches plant?, position of 1% sympodial
node (estimated as number of nodes below the first fruiting
branch) and total no. of bolls plant™. While, yield components
included; boll weight, seed index (weight of 100 seeds g) and
lint % (sample lint weight to seed cotton weight expressed as
percent). The interior four ridges of each plot were handily
harvested (picking) twice to determine seed cotton in kg plot
L and converted to kentar fed™ (one kentar equal 157.5 kg).
When more than 50 % bolls were opened, picking of cotton
seed was started immediately.

Table 1. Some physical and chemical parameters of the
experimental soil (0-30 cm depth) through (2017
- 2018) growing seasons of cotton.

. . Season
Soil properties 2017 2018
Physical analysis (%):
Clay 337 333
Silt 30.6 319
Fine Sand 357 348
Coarse Sand 40 23
Texture Clay loam Clay loam
Chemical analysis:
pH (paste extract) 7.76 7.80
EC (dS/m) 1.92 1.90
Organic matter (%) 231 221
Total calcium carbonate (%) 3.53 3.72
Awvailable nitrogen (ppm) 39.6 38.8
Auvailable phosphorus (ppm) 8.76 8.93
Auvailable potassium (ppm) 239 234
DTPA-extractable Mn (ppm) 0.85 0.79
DTPA-extractable Fe (ppm) 3.27 311

Fiber properties were measured as fiber length at
upper half means (U.H.M) mm, length uniformity index
(U.1), fiber strength in grams tex?, fiber elongation % (the
percent of elongation, which occurs before a fiber bundle
breaks), micronaire value (finesse) and color attributes values
i.e. Reflectance (Rd %) and Yellowness (+b %). The previous
fiber tests were determined by using high volume Instrument
(HVI) according to (A.S.T.M: D 46050 —1998). Al fiber tests
were carried out at the laboratories of the Cotton Res. Inst.,
Agric. Res. Cent.(ARC), under controlled conditions of 70° F
+ 2 temperature and 65 % = 2 of relative humidity.
Chemicals analysis

Ten fully expanded new leaves with petioles (fourth
upper leaf) were randomly cut from plants of each plot after
two weeks from the second dose of nitrogen fertilization.
Samples of leaf were washed with distilled water and before
oven dried at 70° C for 48h, blotted dry with tissue papers and
finely ground to pass a 1 mm sieve. Total nitrogen (N) was
determined by a modified Kjeldahl procedure (Eastin, 1978)
which including the pretreatment with salicylic acid to aid in
the reduction of NOs. While phosphorus (P) was determined
according to the procedure of vanadate-molybdate
spectrophotometric (Jones et al., 1991). Potassium (K) and
Calcium (Ca) were determined using a flam photometer by
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method of Chapman, and Pratt, (1961). The concentration of
zinc (Zn), manganese (Mn), iron (Fe) and copper (Cu) in leaf
of cotton were determined as described by Jones et al., (1999).
Total Phenolics were estimated using the Folin—Ciocalteu
colorimetric method of Swain, and Hillis,(1959). Total
carbohydrate contents in the dried leaf samples were
determined according to Herbert, et al., (1971).

Sample of fuzzy seeds for each treatment in both

seasons was used to estimate seed crude protein content
(A.O.A.C., 1985) and seed oil content in which oil was
extracted three times with chloroform/methanol (2:1, vol/vol)
mixture (Kates, 1972). The oil and crude protein content were
presented as percents of the fuzzy seed mass.
Data analysis: All data collected were subjected to the
standard statistical analysis following the proceeding
described by Gomez and Gomez (1984). Treatment means
were compared (P < 0.05) based on least significant
difference (LSD). Finally, all statistical analysis was carried
out using "MSTAT-C" program 1991.

RESULTS AND DISCUSSION

Growth attributes

Cultivars, nitrogen fertilizer sources and their interaction
had a significant effect on the most of growth attributes of cotton
plant in the first and second seasons (Table 2). Plant height,
position of 1% sympodial node and no. of sympodial branches
plant™ significantly varied among the three cotton cultivars while,
the difference among cotton cultivars concerning no. of total bolls
plant™ was not significant in both seasons. With a few exceptions,
Giza 93 cultivar significantly recorded the highest plants (141.69
and 142.80cm), position of 1% sympodial node (6.54 and 6.83)
and no. of sympodial branches plant* (16.12 and 16.98) in 2017
and 2018 seasons, respectively. Whereas, generally Giza 95
cultivar performed the worst. Mainly, such results because of the
differences in genetic make-up of the assessment of the three
cotton cultivars. In this connection, de Oliveira Araujo, et al.,
(2013), Zhang, et al., (2018), Igbal, et al., (2020a) and Igbal, et
al., (2020b) found varietal differences regarding growth attributes
of cotton plant.

Table 2. Some growth attributes of three cotton cultivars as affected by nitrogen sources through (2017-2018) growing

seasons of cotton.
Treatments Plant height Position of 1 No. of sympodial No. of total bolls
(cm) sympodial node branches plant? plant?!
Cultivars (A) Nitrogen Sources (B) 2017 2018 2017 2018 2017 2018 2017 2018
Urea (V) 14115 14233 7.02 7.22 15.96 16.13 12.22 12.96
Giza 93 Ammonium Nitrate (AN) 14188 14295 6.60 7.10 16.33 17.06 12.94 13.11
Ammonium Sulfate (AS) 14203 14312 6.01 6.17 16.08 17.75 13.42 14.83
Mean 14169  142.80 6.54 6.83 16.12 16.98 12.86 13.63
Urea (U) 12911 13114 6.92 7.01 1511 1541 11.22 12.05
Giza %4 Ammonium Nitrate (AN) 13146 13257 6.22 6.31 16.45 16.84 12.37 1357
Ammonium Sulfate (AS) 13218  133.02 6.15 6.17 16.98 17.13 12.98 14.09
Mean 130.92 13224 6.43 6.50 16.18 14.46 12.19 13.24
Urea (U) 12735  128.22 6.82 701 13.24 13.77 11.12 11.87
Giza 95 Ammonium Nitrate (AN) 12902  129.11 6.17 7.14 13.77 14.02 12.62 13.02
Ammonium Sulfate (AS) 13009  130.88 6.03 6.40 16.10 16.65 13.21 13.76
Mean 128.82  129.40 6.34 7.15 14.37 14.81 12.32 12.88
Means Urea (U) 13254 13390 6.92 7.38 14.77 15.10 1152 12.29
of Nitrogen Ammonium Nitrate (AN) 13412  134.88 6.33 6.85 15.52 15.97 12.64 13.23
Sources Ammonium Sulfate (AS) 13477  135.67 6.06 6.25 16.39 17.18 13.20 14.23
Mean 13381  134.82 6.44 6.83 15.56 16.08 12.46 13.25
A 1.97 2.09 0.08 0.08 0.44 051 ns ns
L.S.Doos B 210 2.16 0.11 0.14 0.34 041 158 165
AxB 2.74 2.87 0.16 0.18 0.72 0.80 1.39 140

Results in Table 2 showed that nitrogen supplied as
ammonium sulfate (AS) produced the highest plant (134.77
and 135.67cm), no. of sympodial branches plant™ (16.39 and
17.18) and no. of total bolls plant® (13.20 and 14.23) in the
first and second seasons, respectively. While, the application
of urea (U) as nitrogen fertilizer recorded the highest position
of 1% sympodial node (6.92 and 7.38) in the first and second
seasons, respectively. It is not clear why some growth
characters response the best with one of nitrogen source than
other nitrogen sources under our investigation.

The interaction between cotton cultivars and nitrogen
fertilizer sources had a significant effect on plant height,
position of 1%t sympodial node, no. of sympodial branches
plant® and no. of total bolls plant? in both seasons (Table 2).
The highest values of plant height (142.03 and 143.12cm) and
no. of total bolls plant? (13.42 and 14.83) were obtained with
the combination between Giza 93 cultivar and ammonium
sulfate (AS) as nitrogen fertilizer source in 2017 and 2018
seasons, respectively meanwhile, the highest position of 1
sympodial node (7.02 and 7.22) obtained with the same

cultivar but with urea (U) as nitrogen fertilizer source in the
first and second seasons, respectively. The highest no. of
sympodial branches plant* (17.75 and 16.98) was observed
with the combination between ammonium sulfate (AS) and
Giza 93 in the first season and Giza 94 cultivar in the second
season, respectively (Table 2).
Seed cotton yield and yield components

Seed index, boll weight, lint percent and seed cotton
yield significantly varied by cotton cultivars, nitrogen
fertilizer sources and their interaction. This was true in both
seasons (Table 3). Results presented indicated that varietal
significant differences regarding previously mentioned above
characters in both seasons. The weightiest seed index (10.10
and 10.18g), boll weight (2.30 and 2.34g) produced by Giza
93 cultivar. Also, the highest percentage of lint (35.15 and
35.64%) and seed cotton yield (9.70 and 9.85 kentar fed™)
were obtained by the same cultivar in the season one and two
respectively. Opposite trend was observed for yield and yield
components with Giza 95 cultivar in both seasons. It clear that
Giza 93 cultivar had the superiority over other cultivars
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concerning yield and yield components. These results may be
due to the variation in genetic constitution of Giza 93, Giza 94
and Giza 95 cultivars. These results are in harmony with those
reported by de Oliveira Aradjo, et al., (2013); Zhang, et al.,
(2018) and Igbal, et al., (2020).

Generally, plants receiving ammonium sulfate (AS)
or ammonium nitrate (AN) had higher seed index, boll
weight, Lint % and seed cotton yield than those fertilized with
urea in both seasons. Meanwhile, there was no significant
difference among nitrogen sources concerning seed index in
both seasons and boll weight in the first season only (Table
3). The application of nitrogen fertilizer in the form of
ammonium sulfate significantly recorded the highest boll
weight (2.22g), Lint % (33.26 and 34.02) and seed cotton
yield (9.44 and 9.51 kentar fed™) in both seasons except boll
weight in the first season only (Table 3). Application of both
urea and ammonium nitrate were significantly at par with

each other in terms of seed index, boll weight, Lint percent
and seed cotton yield in 2017 and 2018 seasons.

Seed index, boll weight, lint percent and seed cotton
yield significantly affected by the interaction between cotton
cultivars and nitrogen fertilizer sources in both seasons
whereas, the highest value of seed index (10.50

and 10.56 @), boll weight (2.41 and 2.43 g), lint
percent (35.89 and 36.11%) and seed cotton yield (10.02 and
10.31 kentar fed™) were obtained when the plants of Giza 93
cultivar fertilized with ammonium sulfate (AS) in 2017 and
2018 seasons (Table 3). On the contrary, The lowest value of
seed index (9.06 and 9.12 g), boll weight (2.07 and 2.11 g),
lint percent (30.54 and 31.22%) and seed cotton yield (7.17
and 7.25 kentar fed™) were obtained when the plants of Giza
95 cultivar received urea as a nitrogen fertilizer source in 2017
and 2018 seasons, respectively (Table 3).

Table 3. Seed index (g), boll weight (g), lint (%) and seed cotton yield (kentar fed™) of three cotton cultivars as affected
by nitrogen sources through (2017-2018) growing seasons of cotton.

Treatments Seed index Boll weight Lint percentage Seed cotton yield
Cultivars (A) Nitrogen Sources (B) 2017 2018 2017 2018 2017 2018 2017 2018
Urea (U) 9.84 9.96 222 2.27 3454 35.19 9.15 9.24
Giza 93 Ammonium Nitrate (AN) 9.95 10.02 228 231 35.03 35.62 9.92 10.01
Ammonium Sulfate (AS) 10.50 10.56 241 243 35.89 36.11 10.02 10.31
Mean 10.10 10.18 2.30 2.34 35.15 35.64 9.70 9.85
Urea (V) 947 9.72 213 2.15 3225 3314 842 853
Giza 94 Ammonium Nitrate (AN) 9.55 9.86 217 2.19 3291 3324 9.10 9.22
Ammonium Sulfate (AS) 10.12 10.01 220 222 33.03 3397 9.82 991
Mean 9.71 9.86 217 2.19 32.73 3345 9.13 9.22
Urea (U) 9.06 9.12 207 211 3054 3122 717 7.25
Giza 95 Ammonium Nitrate (AN) 9.22 9.56 210 213 3112 32.37 8.1 8.13
Ammonium Sulfate (AS) 9.52 9.95 217 218 3172 3248 8.58 8.61
Mean 9.27 9.54 211 214 3113 32.02 7.95 8.00
Means of Urea (U) 9.46 9.60 214 218 3244 3318 8.25 8.34
Nitrogen Ammonium Nitrate (AN) 9.39 9.71 214 2.16 32,02 3281 8.63 8.68
Sources Ammonium Sulfate (AS) 9.86 9.99 222 224 33.26 34.02 9.44 951
Mean 9.57 9.77 2.16 2.19 3257 33.34 8.77 8.84
A 0.44 0.56 0.03 0.04 157 1.64 0.97 0.69
L.S.Doos B ns ns 0.04 ns 121 1.16 051 0.62
AxB 0.38 0.53 0.16 0.12 1.85 191 0.83 1.94

Fiber technology parameters

With the exception of brightness (Rd%) and
yellowness (+b), results in Table (4 and 5) indicated that
technology parameters studied in this experiment
significantly affected by cotton cultivars, nitrogen fertilizer
sources and their interaction in both seasons. Regarding the
performance of cotton cultivars, varietal differences were
detected in fiber length UHM, fiber uniformity index, fiber
elongation, fiber strength and micronaire value (fiber
fineness). Giza 93 cultivar showed its superiority of fiber
length UHM (33.34 and 33.80mm), fiber uniformity index
(86.85 and 87.64%), fiber elongation (7.09 and 7.18%) and
fiber fineness (3.00 and 3.20) over the rest two cultivars in
2017 and 2018 seasons respectively. On the contrary, Giza 95
cultivar was inferior in all previously above-mentioned
characters in both seasons. The differences in genetic
constitution among evaluated cotton cultivars resulted in such
difference in technological characters meanwhile, as
previously mentioned Giza 93 is an extra-long staple cultivar
while Giza 94 and Giza 94 are a long staple cultivars.

Results in Table (4 and 5) indicated that nitrogen
fertilizer sources had a significant difference on fiber length
UHM, fiber uniformity index, fiber strength and micronaire

value meanwhile, fiber elongation, brightness (Rd%) and
yellowness (+b) were not significantly affected by urea,
ammonium nitrate and ammonium sulfate. This was true in
both seasons. The highest values of fiber length UHM (31.83
and 32.15mm), fiber uniformity index (86.07 and 86.38%),
fiber strength (39.71 and 40.09g tex*) and fiber fineness (3.39
and 3.33) obtained with ammonium sulfate reversely, the
lowest values of the aforementioned traits obtained with the
application of urea in 2017 and 2018 seasons. On the other
hand, applying urea and ammonium nitrate was in the same
level of significant concerning fiber length UHM, fiber
uniformity index, fiber strength and micronaire value in the
first and second seasons. Generally, these results are in
harmony with those reported by Watts, et al., (2014) who
reported that nitrogen source affected fiber quality.

Results presented in Table (4 and 5) showed that the
effect of cotton cultivars and nitrogen fertilizer sources was
significant on fiber length UHM, fiber uniformity index, fiber
elongation, fiber strength and micronaire value but, it was
insignificant on brightness (Rd%) and yellowness (+b) in
both seasons. The plant of Giza 93 cultivar recorded the
highest value of fiber length UHM (34.12 and 34.57mm),
fiber uniformity index (88.13 and 88.44), fiber elongation
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(7.28 and 7.31%), fiber strength (43.86 and 43.94g tex™) and
fiber fineness (3.10 and 2.95) when nitrogen applied in
ammonium sulfate form in 2017 and 2018 seasons,
respectively. On the contrary, the combination between Giza
95 cultivar and urea as nitrogen fertilizer source gave the

lowest value of fiber length UHM (27.48 and 27.96mm), fiber
uniformity index (83.05 and 83.92), fiber elongation (6.01
and 6.07%), fiber strength (33.21 and 33.56g tex™) and fiber
fineness (4.31 and 4.24) in first and second seasons,
respectively.

Table 4. Fiber length (mm), fiber uniformity index, fiber elongation (%) and fiber strength (g tex?) of three cotton
cultivars as affected by nitrogen sources through (2017 - 2018 ) growing seasons of cotton.

Fiber uniformity

Treatments Fiber length UHM index Fiber elongation Fiber strength
Cultivars (A) Nitrogen Sources (B) 2017 2018 2017 2018 2017 2018 2017 2018
Urea (V) 3274 32.89 85.27 86.56 6.86 6.97 42.98 43.17
Giza 93 Ammonium Nitrate (AN) 33.17 33.95 87.15 87.93 7.14 7.26 43.23 43.47
Ammonium Sulfate (AS) 3412 3457 88.13 88.44 7.28 7.31 43.86 4394
Mean 3334 33.80 86.85 87.64 7.09 7.18 43.36 4353
Urea (V) 3091 30.98 84.82 85.27 6.13 6.25 39.18 39.59
Giza 94 Ammonium Nitrate (AN) 3143 31.86 85.14 85.65 6.33 6.57 40.14 40.85
Ammonium Sulfate (AS) 32.04 3277 85.59 86.16 6.96 7.05 41.05 42,01
Mean 31.46 3187 85.18 85.69 6.47 6.62 40.12 40.82
Urea (V) 2748 27.96 83.05 83.92 6.01 6.07 3321 3356
Giza 95 Ammonium Nitrate (AN) 2852 2861 84.12 84.35 6.08 6.13 34.16 34.85
Ammonium Sulfate (AS) 29.94 30.03 84.94 85.04 6.44 7.82 3512 3548
Mean 28.65 28.87 84.19 84.44 6.18 6.67 34.16 34.63
Means of Urea (U) 30.38 30.61 84.53 85.25 6.33 6.43 38.46 38.77
Nitrogen Ammonium Nitrate (AN) 30.85 31.28 85.64 86.14 6.61 6.70 38.70 39.16
Sources Ammonium Sulfate (AS) 31.83 32.15 86.07 86.38 6.68 7.23 39.71 40.09
Mean 31.02 3135 8541 85.92 6.54 6.79 38.95 39.34
A 0.45 0.53 127 133 0.36 0.48 0.78 0.82

L.S.Doos B 0.90 0.99 135 121 ns ns 0.65 0.77
AxB 0.78 0.85 255 2.38 0.64 0.79 133 1.69

Table 5. Micronaire value, Brightness (Rd%o) and Yellowness (+b) of three cotton cultivars as affected by nitrogen
sources through (2017-2018 ) growing seasons of cotton.

Micronaire value

Values of color

Treatments (fineness) Brightness (Rd%b) Yellowness (+b)
Cultivars (A) Nitrogen Sources (B) 2017 2018 2017 2018 2017 2018
Urea (V) 335 321 75.90 76.92 9.12 9.16
Giza 93 Ammonium Nitrate (AN) 3.16 3.02 75.83 76.55 9.20 9.22
Ammonium Sulfate (AS) 3.10 2.95 75.12 76.58 9.13 9.21
Mean 3.00 3.20 3.06 76.68 9.15 9.20
Urea (U) 342 3.34 7291 7242 10.44 10.51
Giza 94 Ammonium Nitrate (AN) 3.26 3.28 72.83 72.07 10.50 10.32
Ammonium Sulfate (AS) 312 317 72.07 72.26 10.51 10.53
Mean 339 3.27 3.26 72.25 10.48 10.45
Urea (V) 431 424 68.91 68.11 11.88 11.68
Giza 95 Ammonium Nitrate (AN) 412 4.07 69.80 68.69 11.86 11.42
Ammonium Sulfate (AS) 3.96 3.87 69.82 68.15 11.86 11.64
Mean 3.95 4.13 4.06 68.32 11.87 1158
Means of Nitrogen _Urea (p) 3.69 3.60 7257 72.48 10.48 10.45
Sources Ammonium Nitrate (AN) 351 3.46 72.82 72.44 10.52 10.32
Ammonium Sulfate (AS) 339 333 72.34 72.33 10.50 10.46
Mean 345 353 3.46 72.42 10.50 1041
A 0.10 0.15 ns ns ns ns
L.S.Doos B 0.12 0.17 ns ns ns ns
AxB 0.18 0.24 ns ns ns ns

Nitrogen, phosphorus, potassium and calcium contents in
leaves

The chemical content of nitrogen (N) and calcium
(Ca) in leaves of cotton plants significantly affected by cotton
cultivars, nitrogen fertilizer sources and their interaction
meanwhile, phosphorus (P) and potassium (K) content in
leaves of cotton plants significantly influenced only by
nitrogen fertilizer sources and the interaction between the last
factor and cultivars in 2017 and 2018 seasons (Table 6). Giza
93 cultivar surpassed the other two cultivars in N content
(3.62%) in the first season only but, concerning Ca contents
(3.01 and 3.06%) its superiority over the other two cultivars

was in 2017 and 2018 seasons respectively. In contrast, Giza
95 cultivar recorded the lowest concentration of Ca content
(2.21 and 2.29%) in both seasons and N content (3.04%) in
one out of two seasons. Mainly, such results are attributed to
the differences in genetic makeup of the evaluated cotton
cultivars. The above-mentioned results agreed with those
reported by de Oliveira Aratjo, et al., (2013), Zhang, et al.,
(2018) and Igbal, et al., (2020).

Results in Table 6 showed that applying the nitrogen
inammonium sulfate form gave the significant highest content
of nitrogen (3.57 and 3.62%), phosphorus (0.55 and 0.55%),
potassium (1.76 and 1.79%) and calcium (2.98 and 3.07%) in
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leaves of cotton compared with urea without significance
difference with ammonium nitrate in 2017 and 2018 seasons.
Also, the difference between urea and ammonium nitrate was
insignificant regarding the chemical content of N, P, K and Ca
in leaves of cotton plant in both seasons. The differences in
macro-elements composition of cotton plants may be due to
that nitrogen forms have a strong impact on the uptake of other
cations and anions, on cellular pH regulation and on
rhizosphere pH. So, N form and N concentration have a great
influence on nutrient accumulation and composition of plants.
Because N is a nutrient of high metabolic demand, it affects
the balance of anions and cations in plants (Harada, et al.,
1968; Fernandes, and Rossiello, 1995; He, et al., 1998;
Fageria et al., 2006 and Feng, et al., 2020).

The interaction between cotton cultivars and nitrogen
fertilizer sources had a significant effect on the concentration
of N, P, Kand Ca in the leaves of cotton plants. This was true

in both seasons (Table 6). The highest continent of N in leaves
was observed with the application of ammonium sulfate in
combination with Giza 93 cultivar (3.88%) and Giza 94
cultivar (3.84%) in 2017 and 2018 seasons, respectively. In
terms of P, K and Ca the highest concentration of P (0.65 and
0.71%), K (1.98 and 2.07%) and Ca (3.54 and 3.62%) in
leaves was obtained when the plant of Giza 93 cultivar
fertilized with ammonium sulfate in first and second seasons
respectively. While, the lowest continent of N (2.71 and
2.86%) and K (0.82 and 0.98%) in leaves produced by the
Giza 95 cultivar and urea in 2017 and 2018 seasons,
respectively. In this context, the lowest concentration of P
(0.27 and 0.32%) obtained by Giza 94 cultivar and urea in
both seasons while, the lowest concentration of Ca (2.08 and
2.13%) produced by Giza 95 cultivar and ammonium nitrate
in 2017 and 2018 seasons, respectively.

Table 6. Nitrogen, phosphorus, potassium and calcium contents (%) in leaves of three cotton cultivars as affected by
nitrogen sources through (2017-2018) growing seasons of cotton.

Treatments N P K Ca
Cultivars (A) Nitrogen Sources (B) 2017 2018 2017 2018 2017 2018 2017 2018
Urea (U) 325 3.08 0.36 0.38 1.78 1.85 271 2.75
Giza 93 Ammonium Nitrate (AN) 372 313 0.52 0.48 1.82 1.93 2.78 281
Ammonium Sulfate (AS) 3.88 332 0.65 0.71 1.98 207 354 3.62
Mean 3.62 3.18 0.51 0.52 1.86 1.95 301 3.06
Urea (U) 311 3.02 0.27 0.32 0.92 104 2.23 234
Giza %4 Ammonium Nitrate (AN) 323 3.65 0.36 0.38 164 1.70 233 2.37
Ammonium Sulfate (AS) 355 3.84 041 043 1.85 1.79 297 3.02
Mean 3.30 3.50 0.35 0.38 147 151 251 258
Urea (U) 271 2.86 0.33 0.38 0.82 0.98 212 219
Giza 95 Ammonium Nitrate (AN) 3.14 3.33 0.38 041 117 1.22 2.08 213
Ammonium Sulfate (AS) 3.27 3.70 0.58 0.51 1.46 152 242 2.56
Mean 3.04 3.30 0.43 0.43 115 124 221 2.29
Means of Urea (U) 3.02 2.99 0.32 0.36 117 1.29 235 243
Nitrogen Ammonium Nitrate (AN) 3.36 3.37 042 0.42 154 1.62 240 244
Sources Ammonium Sulfate (AS) 3.57 3.62 0.55 0.55 1.76 179 2.98 3.07
Mean 332 3.33 043 0.44 149 157 2.58 2.64
A 041 0.24 ns ns ns ns 0.48 0.37
L.S.Doos B 0.45 0.55 0.22 0.18 0.48 0.45 0.65 0.56
AxB 1.28 1.46 247 2.32 121 132 1.38 151

Zinc, iron, manganese and cupper contents in leaves

Results in Table 7 indicated that cultivars, nitrogen
fertilizer sources and their interaction had a significant effect
on the chemical content of Zn, Fe, Mn and Cu in leaves of
cotton plants in both seasons. Highly varietal differences
were detected as Zn, Fe, Mn and Cu were concerned of the
three tested cotton cultivars in both seasons. Likewise, Giza
93 cultivar had the highest concentration of Zn (38.66 and
39.82ppm), Fe (101.87 and 104.31ppm), Mn (91.13 and
94.16ppm) and Cu (15.27 and 16.18ppm) in leaves of cotton
plants in 2017 and 2018 seasons, respectively. In contrast,
Giza 95 cultivar recorded the lowest concentration of Zn
(33.48 and 33.46ppm), Fe (89.78 and 91.04ppm), Mn (74.23
and 75.71ppm) and Cu (10.27 and 11.62ppm) in leaves of
cotton plants in 2017 and 2018 seasons, respectively. Giza
94 cultivar came in the intermediate manner concerning
previously above-mentioned traits. These differences may
be due to the differences in the genetical structure and its
interaction with the ecological conditions.

Nitrogen fertilizer sources had a significant effect on
the chemical content of Zn, Fe, Mnand Cu in leaves of cotton
plants in both seasons (Table 7). The chemical content of Zn,

Fe, Mn and Cu in leaves of cotton plants were significantly
higher for both ammonium nitrate and ammonium sulfate
than urea in 2017 and 2018 seasons. The chemical content of
Zn (42.35 and 44.13ppm), Fe (101.04 and 102.00ppm), Mn
(87.60 and 89.72ppm) and Cu (14.33 and 15.51ppm) in
leaves of cotton plants were the highest with the application
of ammonium sulfate. On the contrary, they were the lowest
with the application of urea in the first and second seasons.
The differences in micro-nutrients composition of cotton
plants may be due to that nitrogen forms have a strong impact
on the absorption of other cations and anions, on cellular pH
regulation and on rhizosphere pH. So, N form and N
concentration have a great impact on nutrient accumulation
and composition of plants. Because N is a nutrient of high
metabolic demand, it influences the balance of anions and
cations in plants (Harada, et al., 1968; Fernandes, and
Rossiello, 1995; He, et al., 1998; Fageria et al., 2006 and
Feng, et al., 2020).

The response of cotton cultivars significantly varied
with the application of different nitrogen fertilizer sources in
both seasons (Table 7). The continent of Zn (45.22 and
47.12ppm), Fe (108.21 and 109.31ppm), Mn (91.13 and
94.16ppm) and Cu (16.56 and 18.07ppm) in the leaves of
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Giza 93 cultivar was the highest over other treatments with
the application of ammonium sulfate in 2017 and 2018
seasons, respectively. While, the lowest continent of Zn
(28.26 and 29.10ppm), Fe (86.73 and 87.20ppm), Mn (65.86

and 67.34ppm) and Cu (9.86 and 10.50ppm) in the leaves
obtained with Giza 95 cultivar combination with urea as
nitrogen fertilizer source in first and second seasons,
respectively.

Table 7. Zinc, iron, manganese and cupper contents (ppm) in leaves of three cotton cultivars as affected by nitrogen
sources through (2017-2018) growing seasons of cotton.

Treatments Zn Fe Mn Cu
Cultivars (A) Nitrogen Sources (B) 2017 2018 2017 2018 2017 2018 2017 2018
Urea (V) 3391 34.88 96.17 98.21 89.11 91.83 13.94 14.03
Giza 93 Ammonium Nitrate (AN) 36.85 37.46 10124 10555  90.17 93.42 15.32 16.43
Ammonium Sulfate (AS) 4522 4712 10821 10918 9411 97.24 16.56 18.07
Mean 38.66 3982 10187 10431 9113 94.16 15.27 16.18
Urea (V) 30.32 3251 9317 93.92 78.13 79.54 10.58 11.87
Giza 94 Ammonium Nitrate (AN) 34.49 36.32 97.33 98.24 81.82 85.14 13.04 13.88
Ammonium Sulfate (AS) 4233 452 101.47 102.7 87.14 89.01 1457 15.29
Mean 3571 38.01 97.32 98.29 82.36 84.56 12.73 13.68
Urea (V) 28.26 29.10 86.73 87.20 65.86 67.34 9.86 10.50
Giza 95 Ammonium Nitrate (AN) 32.68 31.19 89.15 91.80 75.27 76.88 10.95 11.17
Ammonium Sulfate (AS) 39.50 40.08 93.45 94.11 81.55 8291 11.87 13.18
Mean 3348 33.46 89.78 91.04 74.23 75.71 10.89 11.62
Means of Urea (U) 30.83 32.16 92.02 93.11 77.70 79.57 11.46 12.13
Nitrogen Ammonium Nitrate (AN) 34.67 34.99 9591 98.53 82.42 85.15 13.10 13.83
Sources Ammonium Sulfate (AS) 42.35 4413 10104 10200  87.60 89.72 14.33 1551
Mean 35.95 37.10 96.32 97.88 82.57 84.81 12.97 13.82
A 0.76 0.53 1.27 132 0.57 0.74 0.79 0.82
L.S.Doos B 0.89 0.96 1.36 121 0.49 048 0.65 0.77
AxB 178 1.84 2.57 2.39 148 137 134 1.69

Some biochemical contents

Results in Table 8 showed that, cotton evaluated
cultivars, nitrogen fertilizer sources and their interaction had
a significant effect on total phenolics, total carbohydrates,
seed oil content and seed crude protein content in the first and
second seasons. Results presented clearly indicated that total
phenolics (4.34 and 3.94%), total carbohydrates (35.65 and
36.29 ug\g D.W), seed oil content (18.94 and 19.32%) and
seed crude protein content (19.21 and 18.96%) were
significantly higher with Giza 93 cultivar when compared

with both Giza 94 and Giza 95 cultivars in the first and second
seasons. Giza 94 cultivar occupied the second rank after Giza
93 cultivar while, Giza 95 cultivar behaved the worst in
previously above-mentioned characters in 2017 and 2018
seasons. Such observed variation among cotton cultivars may
be due to differences in genetic background as indicated by
the high ability to metabolism and less catabolism rate of
biochemical compositions and so on. These results are in
general agreement with those obtained by Igbal, et al.,
(2020a).

Table 8. Some biochemical contents of three cotton cultivars as affected by nitrogen sources through (2017- 2018)

growing seasons of cotton.

Treatments Total phenolics

Total carbohydrates ~ Seed oil content ~ Seed crude protein

(%) ug\g D.W % content %
Cultivars (A) Nitrogen Sources (B) 2017 2018 2017 2018 2017 2018 2017 2018
Urea (U) 392 345 34.98 3513 18.35 18.98 18.15 17.22
Giza 93 Ammonium Nitrate (AN) 4.16 412 35.87 36.81 18.92 19.11 19.21 19.76
Ammonium Sulfate (AS) 4.95 4.24 36.11 36.93 19.56 19.78 20.26 19.91
Mean 4.34 394 35.65 36.29 18.94 19.32 19.21 18.96
Urea (U) 311 2.99 30.14 28.23 16.86 16.57 16.65 17.84
Giza 94 Ammonium Nitrate (AN) 3.38 312 3178 31.83 17.53 18.15 17.56 18.91
Ammonium Sulfate (AS) 3.87 3.99 3281 32.03 18.05 19.78 18.11 19.72
Mean 342 337 3158 30.70 17.48 18.17 17.44 18.82
Urea (U) 2.96 2.74 29.19 26.94 16.15 16.74 16.15 16.41
Giza 95 Ammonium Nitrate (AN) 3.23 3.10 30.71 31.45 16.74 17.09 16.98 17.12
Ammonium Sulfate (AS) 351 324 3125 32.16 17.69 18.12 17.11 17.98
Mean 3.23 3.03 30.38 31.18 16.86 17.32 16.75 17.17
Means of Urea (U) 333 3.06 3144 3110 17.12 16.66 16.98 17.16
Nitrogen Ammonium Nitrate (AN) 331 311 31.25 3164 17.14 18.07 17.27 18.02
Sources Ammonium Sulfate (AS) 3.82 3.78 3331 3331 18.22 19.00 18.66 19.15
Mean 348 332 32.00 3214 17.49 17.91 17.64 18.11
A 0.78 0.57 129 134 0.59 0.76 0.81 0.84
L.S.Doos B ns ns 1.38 1.28 0.52 0.50 0.68 0.79
AxB 181 1.86 2.58 241 1.53 1.39 1.34 171

The differences among urea, ammonium nitrate and
ammonium sulfate application were significant in terms of
total carbohydrates, seed oil content and seed crude protein

content but, they were insignificant regarding total phenolics
in both seasons (Table 8). The highest values of total
carbohydrates (33.31 and 33.31 pg\g D.W), seed oil content
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(18.22 and 19.00%) and seed crude protein content (18.66 and
19.15%) were achieved with ammonium sulfate in 2017 and
2018 seasons. The superiority of ammonium sulfate over the
other two sources of nitrogen in our investigation may be due
to the role of sulfur element in synthesis of proteins, oils,
vitamins, and flavored compounds in plants. Also, it is a
constituent of three amino acids Methionine (21% S),
Cysteine (26% S) and Cystine (27% S), which are the
building blocks of protein (Youssif, 2017).

Significant cotton cultivars x nitrogen fertilizer sources
interactions existed on total phenolics, total carbohydrates,
seed oil content and seed crude protein content in 2017and
2018 seasons (Table 8). The plant of Giza 93 cultivar achieved
the highest concentration of total phenolics (4.95 and 4.24%),
total carbohydrates (36.11 and 36.93 pg\g D.W), seed oil
content (19.56 and 19.78%) and seed crude protein content
(20.26 and 19.91%) when fertilized with ammonium sulfate in
2017 and 2018 seasons, respectively. However, the lowest
continent of total phenolics (296 and 2.74%), total
carbohydrates (29.19 and 26.94ug\g D.W) and seed crude
protein content (16.15 and 16.41%) obtained by Giza 95
cultivar fertilized with urea in first and second seasons,
respectively. Meanwhile, the lowest of seed oil content (16.15
and 16.57%) produced by applying urea combined with Giza
94 and Giza 95 in 2017 and 2018 seasons, respectively.

CONCLUSION

In a broad sense, regarding mineral nitrogen sources
our results could be helped in making decisions for nitrogen
management practices. In a narrow sense, however more
detailed studies on this subject are still needed for their
substantiation according to these results, it could be concluded
that the use of either ammonium sulfate or ammonium nitrate
as nitrogen fertilizers could be recommended under the
conditions of Giza locally but, usage is related to source
advantages from the agronomic management practices,
economic and availability standpoint.
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