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ABSTRACT

Two field experiments were carried out in Agricultural Research and Experimental Station, Faculty of
Agriculture, Cairo University, Giza, Egypt (2019 and 2020) to study the response of Egyptian cotton cultivars
(Giza 92, Giza 94 and Giza 95) growth, yield and fiber properties to foliar zinc (Zn) rates (0, 100 and 200 ppm)
and nitrogen (N) fertilizers sources; urea (U), ammonium nitrate (AN) and ammonium sulfate (AS). Cultivars, N
sources and foliar Zn led to a significant effect on plant height, number of sympodial branches plant?, total and
open bolls plant?, boll weight, seed index, seed cotton yield plant?, seed cotton yield fed™, fiber strength, and
fineness. While, cultivars had a significant effect on the position of the 1% sympodial node, lint%, fiber length and
uniformity index. Giza 95 was a superior in above parameter except seed index and fiber quality. While, Giza 92
was a superior in fiber quality. Significant of two and three interactions between studied factors existed on most of
studied traits. Whereas, the highest values were obtained from plots treated with AS with foliar Zn at 200 ppm in
most cases. Significant relationships were found between total boll and percentage of open boll plant™; R?=0.76
(Giza 92), 0.89 (Giza 94) and 0.91 (Giza 95). Also, seed cotton yield fed. with open bolls plant?, boll weight and
lint% (R? = 0.862, 0.632 and 0.619, respectively). In such experimental soil conditions ammonium sulfate and
foliar Zn at 200 ppm could be recommended to improve the cotton properties.

Keywords: Cotton, Gossypium barbadense L., cultivars, zinc, nitrogen fertilizers, growth parameters, fiber quality.

INTRODUCTION
Cotton is the most important fiber crop as a source
of textile natural fiber in the world (Constable and Bange,
2015). As well as in Egypt, it is an important cash crop by
earning significant foreign exchange, through use as a textile
fiber crop in textile industries as well as second most
important oil seed crop (El-Sabagh et al., 2018).

Nitrogen has contributed greatly for cotton
production, because it plays a pivotal role in increasing cotton
yield by enhance growth, prevents abscission of squares and
bolls, essential for photosynthetic activity, stimulates the
mobilization and accumulation of metabolites in newly
developed bolls, thus increasing their number and weight
(Niu et al., 2021 and Sawan, 2021). Ammonium (NH*) and
nitrate (NO3) only two forms uptake by plants. The
NH,4* formis held in the soil by negatively charged soil clays
or colloids, however, NOs form is repelled by soil particles
and is subject to movement with water in the soil profile. The
conversion of N from one form to another involves the
generation or consumption of acidity. The uptake of
ammonium or nitrate by plants will also affect acidity of soil,
that ammonium-based fertilizers will acidify soil as they
generate two H* ions for each ammonium molecule nitrified
to nitrate (Reddy et al., 1996). Different types of N-fertilizers
can be used to secure the needs of the plant during growth, but
it is important to select the appropriate type. The common N
fertilizers are urea (U) [CO(NH). (about 46% N), and
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ammonium nitrate (AN) [NHaNOs], (34% N) and ammonium
sulfate (AS) [(NH4)2SO4] (21% N), in addition, ammonium
sulfate also contains about 24% sulfur (Fageria et al., 2003).
There are many potential agronomic benefits for AS
compared with U and AN such as; no potential toxicity of
aqueous NHs and nitrite to plants in alkaline soils, a better N
source for saline soils by decreasing the negative specific
effects of NaCl on plant growth and for saline sodic
calcareous soils by improving soil structure and positive
effects of soil acidification on increasing availability of soil
phosphorus and applied phosphate rock and soil
micronutrients (Chien et al., 2011)

Although, zinc as nutrient element is extremely
important for plant production, its uptake from the soils can
be easily blocked depending on many factors and its quantity
decreased continuously. The total concentration of Zn in soil
ranges from 10 to 300 mg Zn kg soil, with an average 55 mg
Zn kg* soil. However, most Zn forms complexes with soil
colloids which reducing Zn bioavailability for plants.
Therefore, a very small amount of Zn is normally available
for plant uptake (Alloway, 2008). Zinc is a structural
component or cofactor of various enzymes involved in many

biochemical processes. In plants, it is involved in
photosynthesis,  carbohydrate  metabolism,  protein
metabolism, pollen  formation, auxin  metabolism,

maintenance of membrane integrity, and induction of
tolerance against various stresses (Imran et al., 2016, Tahir et
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al., 2018 and Tariq et al., 2020). Rathinavel et al (2000).
Foliar Zn application significantly affected cotton plant
height, number of sympodial branches, number of
bolls/plants, yield and fiber quality (Abdallah and Mohamed,
2013 and Elayan et al., 2014).

In Egypt, soil fertilization is the primary limiting
factor affecting growth and production under intensive land
use for two or more crops per year. Furthermore, recently
released cotton varieties have high yielding ability, which
largely depends on ensuring the plant’s essential nutritional
requirements (Sawan, 2021).

Therefore, this study aimed to evaluate the effect of
foliar zinc application and different nitrogen fertilizers on
growth characters, vyield, yield components and fiber
properties of some Egyptian cotton cultivars.

MATERIALS AND METHODS
Field experiment

A field experiment was carried out in Agricultural
Research and Experimental Station, Faculty of Agriculture,
Cairo University, Giza, Egypt (31° 11' 33.43'E, 30° 1' 36.16'
N) during two consecutive successive summer seasons (2019
and 2020) to evaluate the response of Egyptian cotton
(Gossypium barbadense L.) growth, yield, yield components
and fiber properties to foliar different rates of zinc (Zn) and
different nitrogen (N) fertilizer sources application. The
experiments were laid out in a split-split-plot based on a
Randomized Complete Block Design (RCBD) with three
replications. Treatments included three cotton cultivates
(Giza 92 extra-long staple and Giza 94 long staple are grown
at lower Egypt, and Giza 95 long staple grown at upper Egypt)
in main-plots, three sources of N as soil fertilizer are urea (U)
(CO(NHy), - 46% N), ammonium nitrate (AN) (NH«NO:s -
34% N) and ammonium sulfate (AS) ((NH4)2SOs - 21% N)
in sub-plots and three foliar Zn applications rates (0, 100 and
200 ppm) were applied in sub-sub-plots. Nitrogen fertilizer at
a level of 60 kg N fed?® as above-mentioned different N
fertilizers sources, potassium fertilizer at 48 kg KO fed? as
potassium sulphate (48% K20) and phosphorus fertilizer at 30
kg P,0s fed™ as calcium super phosphate (15.5% P,Os) were
partly split and side dressed directly before the 1% and 2™
irrigation. Foliar Zn solution rate was 400-liter fed™.
Surfactant (super film ®) was added according to the
recommendation of its label. To prevent contamination, each
plot was vertically protected with a plastic sheet during
spraying Zn as zinc sulphate (ZnSO4.7H,0). The application
was carried out between 9 and 1lam, using a knapsack
sprayer. Spraying took place twice; it began at the beginning
of flowering and 15 days later. The control treatment (0 ppm
Zn) only received water spray. Each plot (experimental unit)
had six ridges, each of 0.6 m in width and 4.0 m in length,
occupying an area of 14.4 m2 The seeds were planted on the
first week of April in both seasons in rows in hills 20 cm apart
where two plants per hill were left after thinning. The other
agricultural practices were carried out according to the usual
practices in the cotton fields. The preceding crop was
Berseem (Trifolium alexandrinum L.).

Analytical procedures

A composite soil samples were collected from 0-30,
30-60 and 60-90 cm depth during the study years before
planting and were prepared for analyses in laboratory. The
particle size distribution, pH, EC, total CaCOs, organic matter

(OM), total and available nitrogen (N), Phosphorus (P),
Potassium (K) according to standard methods outline by
Jackson (1973) and Keeney and Nelson, (1982). Available Zn
was determined by atomic absorption spectrophotometer
(AAS) after extracting the soil with DTPA as proposed by
Lindsay and Norvell (1978). Details of soil properties are
given in (Table 1).

Table 1. Some physical and chemical properties of the site
of experiments soil during 2019 and 2020 of
cotton growing seasons.

Seasons
2019 2020
Soil characteristics Soil depth (cm) Soil depth (cm)
0-30 30-6060-90 0-30 30-60 60-90
Physical properties:
C. Sand% 415 525 625 472 558 6.05
F. Sand% 36.50 33.52 37.50 3554 34.15 3841
Silt% 27.95 26.69 29.15 2952 27.30 27.54
Clay% 31.42 3455 27.25 30.25 33.05 28.15
Texture* C.L.CL CL. C.L. C.L. C.L.
Soil bulk density (gem®) 118 1.35 1.38 115 131 135
Chemical properties:
pH (paste extract) 772 784 797 775 802 812
EC (dSm?) 195 227 248 196 248 287
Calcium carbonate (%) 3.17 352 496 327 338 397
Organic matter (%) 203 189 151 225 175 145
Plant available nutrients (mg kg%
Nitrogen 35.65 28,55 20.26 33.52 2525 18.56
Phosphorus 915 724 648 899 824 717
Potassium 255 238 225 248 235 215
Zinc DTPA-extractable 0.38 0.32 025 040 030 0.28
Total nutrients content
Nitrogen (mg kg% 989 756 515 930 740 635
Phosphorus (mg kg% 710 533 510 740 620 560

Potassium (%) 233 224 212 235 225 210

*C.L.=clay loam

Collection of experimental data
Growth parameters

Ten plants from each treatment were selected at 120
days after sowing (DAS) at random from each plot to
determine growth attributes; plant height (cm), position of 1%
sympodial node.
Yield and yield components

Ten guarded plants were taken at random from each
plot to determine; number of sympodial branches per plant,
number of total and open bolls per plant, boll weight (g), seed
index (g), lint % (calculated from lint weight to seed cotton
weight expressed as percentage), seed cotton yield per plant
and seed cotton yield per feddan (kentar =157 kg and feddan
= 4200 m?) were calculated from the two central rows of each
plot.
Fiber Properties

The following fiber properties were measured; fiber
length (mm) and uniformity ratio (%) by the digital
fibrograph, fiber strength (Presley index) by using the
pressely tester at zero-gauge length and fiber fineness
(micronair reading) by micronair apparatus. All fiber tests
were carried out at the Laboratories of the Cotton Research
Institute, Agricultural Research Center, Giza, Egypt, under
controlled conditions of 70° F+ 2 temperature and 65% + 2 of
relative humidity.
Statistical Analysis

The obtained data were subjected to statistical
analysis of variance for each season, for all characters under
study according to the procedure described by Snedecor and
Cochron (1981). Significance of differences among variables
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were done according to Least Significant Differences test
(LSD) at 5% level of probability. Finally, all statistical
analyses were carried out using "MSTAT-C" computer
software package (Freed et al., 1989).

RESULTS AND DISCUSSION

Plant growth attributes
Plant height

Results indicated that, the main effect of cotton
cultivars (A), N sources (B) and foliar zinc rates (C) was
associated with a significant increase in plant height (Fig.1).
In both seasons as an average, cultivars recorded 147.6 (Giza
92) > 140.1 (Giza 95) > 127.9 cm (Giza 94). Also, different
N fertilizers led to increase plant height sequentially; AN
(134.7 cm) < U (138.3 cm) < AS (143.2 cm). The highest
increase was recorded with AS (6.3%), followed by U (2.7%)
compared with AN treatment. As well as Zn applied at
different rates enhanced plant height from 137.8 to 144.3 cm
for 100 and 200 ppm, which represent 2.8 to 7.6% increases,
respectively comparing with control treatment (zero ppm Zn).
Obtained results in agreement with those obtained by Brar et
al. (2008), Elayan et al. (2014) and Korejo et al. (2015) whose
reported that plant height was increased significantly by
increasing level of foliar application of zinc. Data in Table (2)
cleared that, there were insignificant effect of two factor
interactions (AB, AC and BC) with respect to plant height.
While, the interaction of three factors (ABC) significantly
effect on plant height, Giza 92 cultivar recorded the highest
plant height (163.8 cm) at AS with 200 ppm zinc Application.
This may be due to significant increase in each of main stem
internodes and/or internodes length. In this respect,
application of nitrogen improved plant height in cotton
(Shuaib et al., 2015). As well as, zinc is necessary for the
synthesis of tryptophan (a precursor of auxin) and thus
involved in auxin synthesis which involved in elongation.
This result agrees with those obtained by Yaseen et al (2013)
and Elayan et al.(2018)
Position of first sympodial node

Neither N fertilizers sources nor foliar zinc rate
applications and their interactions between them had a
significant effect on position of the first sympodial node (Fig.
1 and Table 2). On the other hand, cotton cultivars led to a
significant effect in both seasons, the lowest average value in
both seasons was recorded in Giza 95 (6.50) that closed to
Giza 94 (6.54), While the highest one (7.37 cm) was recorded
in Giza 92. This effect was rather expected as the foliar Zn
application treatments were tried at flowering where the
position of the first sympodial node was already defined, this
in agreement with Elayan et al. (2018).
Seed cotton yield and its components
Sympodial branches per plant

Sympodial branches bear bolls which directly
involving in producing seed cotton on the plants. Data in both
seasons as an average (Fig. 1 and Table 2) indicated that, the
main effect of each of the cotton cultivars, N sources and
foliar zinc rates was caused a significant increase in number
of sympadial branches per plant. Whereas, cultivars recorded,;
17 (Giza 92) > 16.5 (Giza 95) > 14.4 (Giza 94). Different N
sources application led to an increase in sympodial branches
per plant as descending order; U (15.5) < AN (15.9) < AS
(16.5). The highest increase was recorded at AS (6.5%),
followed by AN treatment (4.1%) compared with U

treatment. Foliar Zn rates increased sympodial branches per
plant from 15.98 to 17.03 for 100 and for 200 ppm, which
represent 7.6 to 14.8%, respectively compared with control
treatment. Researchers also stated that increasing of Zn
application rates might have increased the production of
metabolites synthesized and thus the plant had the chance to
bear more fruiting branches (Abdallah and Mohamed (2013)
and Sohair et al. (2014). Only interaction between cultivars
and foliar Zn rates (AC) and between cultivars, N sources and
Zn rates (ABC) being significant in both seasons (Table 2).
The highest number of sympodial branches (18.11) was
recorded in Giza 95 and AS with foliar Zn application at 200
ppm. Fig. (2) cleared a significant relationship (R = 0.696)
between plant height and the number of sympodial branches
per plant. Higher number of sympodial branches per plant is
an indication of higher potential of cotton crop for high
production of seed cotton because these are considered the
boll bearing branches (Hussien et al., 2015).
Total and open bolls per plant

Data in both seasons cleared that, the main effect of
cotton cultivars, N sources and foliar zinc rates was associated
with a significant increase in total and open bolls per plant
(Fig.1 and Table 2). Whereas, cotton cultivars recorded
increases in total bolls number as the following order; Giza 92
(21.9) < Giza 94 (24.1) < Giza 95 (27.3). The percentage of
open boll as a general; Giza 95 ranged from 77.1 to 93.7 with
an average 85.4 + 3.4% > Giza 94 ranged from 52.3 to 93.4
with an average 79.7 £ 7.5% > Giza 92 from 67.9 to 83.5 with
anaverage 75.64 + 3.1%. Data in Fig. (2) cleared a significant
relationship (R?=0.76, 0.89 and 0.91 for Giza 92, Giza 94 and
Giza 95, respectively) between total bolls and % of open boll
per plant. Also, N sources application led to a significant
effect in total and open bolls per plant sequentially; AN (22.5
and 17.8) < U (24.8 and 20.2) < AS (25.99 and 21.1). The
highest increase of open boll number per plant was recorded
with AS (19%), followed by U (14%) compared with AN
treatment. As well as Zn applied at different rates significantly
enhanced total and open bolls per plant (24.5 and 19.8 for 100
ppm and 26.4 and 21.5 for 200 ppm). Open bolls represent
11.2 and 20.7% increase for 100 and 200 ppm, respectively
as an average of both seasons comparing with zero Zn
treatment. A high percentage of open bolls obtained where a
high foliar Zn fertilizer was applied for both cropping seasons,
but the lowest percentage where zero levels with different N
sources fertilizer. Shuaib et al. (2015) reported similar
increasing trend in number of bolls per plant due to
application of Zn to cotton plants. The interaction between
study factors cleared insignificant effect on total bolls per
plant except the interaction between cultivars and N sources
(AB) and between cultivars, N sources and Zn rates (ABC).
However, the interaction between study factors with open
bolls per plant cleared a significant effect except AB and AC
in second season.
Boll weight

In both seasons the analysis of variance for boll

weight (g) was being significant influenced by cotton
cultivars (A), N sources (B), foliar Zn application rates (C)
and the interaction between them except the interaction BC in
first and AB in second season only (Fig.3 and Table 3).
Cultivar Giza 95 recorded the highest value (2.42) and Giza
92 (2.31) closely to Giza 94 (2.32 g). Also, N sources led to
sequentially increases; AN (2.25) < U (2.31) < AS (2.35 g),
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the highest increase was recorded with AS (4.4%), followed
by U (1.7%) compared with AN treatment. This may be due
to the decrease soil pH which increase the availability of many
nutrients for plant, specially, phosphorus. Our results
confirmed the findings of Upadhyaya et al. (2017) and Meena
et al. (2017) they mentioned that P is essential for the
biosynthesis of chlorophyll as pyridoxal must be present for
its biosynthesis which ameliorated the mobilization of
photosynthates and directly influenced boll weight. As well
as applied foliar Zn at different rates significantly enhanced
boll weight (2.15, 2.31 and 2.49 for 0, 100 and 200 ppm,
respectively), the highest increase was recorded with 200 ppm
Zn (16.1%), followed by 100 ppm (7.5%) compared with
zero treatment. Maximum boll weight (2.70 g) was recorded
for cultivar Giza 95 closely to Giza 94 at AS with foliar
application Zn 200 ppm and minimum one (2.03 g) was
recorded for Giza 92 at U with foliar application Zn zero ppm
while each increment of Zn rates increased boll weight.
Seed index

Results cleared that, in both seasons seed index (Q)
was being significant influenced by cotton cultivars (A), N
sources (B), foliar Zn application rates (C) and the interaction
between them in both seasons except, the interaction BC only

170 + 02019 @2020

Plant height
(cm)

o2019

(Fig. 3 and Table 3). Cultivar Giza 94 recorded the highest
ones (10.10 g) and Giza 92 (8.53) closely to Giza 95 (8.89).
Also, N sources application led to sequentially increase; AN
(9.02) < U (9.23) < AS (9.56 g), the highest increase was
recorded with AS (2.3%) compared with AN treatment. As
well as Zn applied at different rates enhanced seed index
(8.87, 9.08 and 9.57 for 0, 100 and 200 ppm, respectively),
the highest increase was recorded with 200 ppm Zn (7.8%),
followed by 100 ppm (5.4%) compared with zero treatment.
Maximum seed index for the interaction (10.85 g) was
recorded for cultivar Giza 94 at AS with foliar application Zn
200 ppm and minimum one (8.16 g) was recorded for Giza
92 at U with foliar application Zn zero ppm while each
increment of Zn rates increased seed index.
Lint percentage

lint percentage was being significant influenced by
cotton cultivars (A), Zn application rates (C), however,
nitrogen sources insignificant in both seasons (Fig. 3 and
Table 3). The interactions were significant in both seasons
except AB in both seasons and AC in first season only (Fig.3
and Table 3).
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. 1. Main effect of cultivars, N fertilizer sources (U = urea, AN = ammonium nitrate, AS = ammonium sulfate) and

foliar Zn rates on some growth attributes of cotton during 2019 and 2020 seasons. The means followed by
different letters are significantly different at the 0.05 probability level within a column.
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Fig. 2. Relationships between plant height and sympodial branches per plant (a); Total bolls per plant and open boll
(%) in different cotton cultivars (b) during 2019 and 2020 growing seasons.

Table 2. The interaction between cultivars, N fertilizer sources and foliar Zn rates on some growth attributes of cotton

during 2019 and 2020 seasons.

Treatments

Plant height Position of 1 Sympodial Total Open
(cm) Sympodial node branches plant? Bolls plant* Bolls plant*

Cultivars (A) NSQUrces Zn(pm) 5a19 2009 2019

2020 2019 2020 2019 2020 2019 2020

B) (O]
0 1436 1414 745
u 100 1458 1487 717
200 1523 1558  7.00

734 1564 1567 2137 2065 1650  15.63
717 1647 1649 2308 2269 1796  17.17
683 1694 1819 2530 2331 1972 17.85

Mean 1472 1486 721

711 1635 1678 2325 2222 1806  16.88

0 1418 1360 818
Giza92 AN 100 1454 1392 767
200 1478 1453 733

7.57 1581 1566 1960 1565 1403 1151
7.50 1700 1707 2152 1975 1556 1456
7.17 1840 1714 2208 2101 1646 1549

Mean 1450 1402 7.73

741 1707 1662 2107 1880 1535 13.85

0 1447 1423 723
AS 100 1492 1500 750
200 1659 1617 717

740 1606 1602 2228 1932 1697 1471
7.67 1782 1819 2438 2213 1859  17.05
7.33 1831 1858 2632 2431 1993 18.78

Mean 1533 1513  7.30

747 1740 1760 2433 2192 1850  16.85

Mean 1485 1467 741 7.33 1694 1700 2283 2098 1730  15.86
0 1196 1252  6.66 666 1266 1252 2294 2218 1809 17.38
u 100 1260 1274 650 650 1335 1413 2383 2538 1898  20.00

200 1349 1324 650

Mean 1268 1283  6.55

0 1233 1218 654
Giza% AN 100 1260 1237 6.33
200 1257 1250  6.50

Mean 1250 1235 646

0 1266 1284  6.72
AS 100 1333 1307  6.67
200 1387 1333  6.17

Mean 1329 1308  6.52

0 1368 1340 683
U 100 1388 1360 673
200 1458 1442 635

Mean 1405 1381  6.64

Giza 95 AN 100 1362 1342 650
200 1425 1433 617

Mean 1377 1366 641

AS 100 1477 1417 650
200 1525 1497 617

Mean 1472 1436 641

Mean 1418 1394 648

651 1645 1653 2701 2749 2292 2373

LSD AB ns ns ns ns ns ns 1.18 0.68 0.79 0.52
at AC ns ns ns ns 0.38 0.31 ns ns 047 ns
0.05 BC ns ns ns ns ns ns ns ns 047 ns

) ABC 5.35 6.12 ns ns 0.65 054 131 1.26 0.81 0.99

*U= Urea, AN= Ammonium Nitrate, AS= Ammonium Sulfate

Data in both seasons as an average cleared that, lint
percentage of cultivars Giza 95 (39.97%) and with Giza 94
(39.21%) however, Giza 92 recorded (35.33%) the lowest
one. As well as Zn applied at different rates significantly
enhanced lint percentage (36.8, 38.9 and 38.8 for foliar Zn

applications at 0, 100 and 200 ppm), the higher increase was
recorded at 200 ppm Zn (5.5%), at par with 100 ppm (5.6%)
compared with zero treatment. Maximum lint percentage
(41.13) was recorded for the interaction of cultivar Giza 95 at
AN with foliar application Zn 200 ppm while the minimum
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one (34.27) was recorded for Giza 92 at U with foliar
application Zn at zero ppm.
Seed cotton yield per plant
Seed cotton yield per plant (g) was being significant
influenced by cotton cultivars (A), N sources (B), Zn
application rates (C) and the interaction between them in both
seasons except, the interaction BC in first season only (Fig. 3
and Table 3). Whereas, an average of both seasons, cotton
cultivars Giza 92 recorded the lowest value (33.17) followed
by Giza 94 (38.8) however, Giza 95 recorded the highest ones
(47.9 g). Also, N sources application led to sequentially
increase; AN (38.2) <U (39.8) <AS (41.9 g), Asrecorded 9.9
and 5.5% increase compared with AN and U treatments,
respectively. As well as Zn applied at different levels
enhanced seed cotton yield per plant (38.3, 39.9 and 41.8 g for
3.0 02019 @2020

2.6

2.2

Boll weight (g)

18

14

0, 100 and 200 ppm, respectively), the highest increase was
recorded with 200 ppm Zn (9.2%), followed by 100 ppm
(4.1%) compared with zero Zn treatment. Maximum seed
cotton yield per plant (52.56 g) was recorded for cultivar Giza
95 in AS with foliar application Zn at 200 ppm and minimum
one (31.6 g) was recorded for Giza 92 in AN with foliar
application Zn at zero ppm while each increment of Zn rates
increased seed cotton yield per plant.
Seed cotton yield per feddan

Data in both seasons showed that, seed cotton yield
per feddan (ken.) was being significant influenced by cotton
cultivars (A), N sources (B), foliar Zn application rates (C)
and the interaction between them in both seasons except, the
interaction BC (Fig. 3 and Table 3).

02019 @2020

02019 @2020

a a

b
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40 4
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10 o

Seed cotton yield (ken. Fed.?)
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Cotton caltivars

N-Sources

0 200

Zinc rates (ppm)

Fig. 3. Main effect of cultivars, nitrogen fertilizer sources (U = urea, AN =ammonium nitrate, AS = ammonium sulfate)
and foliar Zn fertilizers rates on some growth attributes of cotton during 2019 and 2020 seasons. The means
followed by different letters are significantly different at the 0.05 probability level within a column.

830



J. of Plant Production, Mansoura Univ., Vol. 12 (8), August, 2021

13 13

y = 3.5554x + 0.7885

v =0.25x+4.172 3 s
= 11 RZ = 0.632 -2 -

11

Seed cotton yield (ken.fed)
0
Seed cotton yield (ken.Fed")

10 s 20 25 30 1.8 2.0 2.2 2.a 2.6 2.8 3.0
Open bolls plant? Boll weight (g)

i3 i3
v =0.1317x+ 3.83
R? = 0.8316 - =

vy = 0.3328x- 3.5781
11 RZ = 0.6189 - oo

0

N

Seed cotton yield (ken.Fed?)
Seed cotton yield (ken.Fed”)

n

32 34 36 38 a0 az aa 30 35 a0 as S0 55
Lint (25) Seed cotton yield (g plant?)

Fig. 4. Relationships between both of open bolls per plant, boll weight, lint (%) and seed cotton yield per plant with seed
cotton yield per fed. during 2019 and 2020 seasons .

Table 3. The interaction between cultivars, N fertilizer sources and foliar Zn rates on some growth attributes of cotton
during 2019 and 2020 seasons.

Boll weight Seed index Lint Seed cotton  Seed cotton
Treatments @ (@) (%) yield plant?*(g) vyield fed? (Ken.)

Cultivars (A) '}'Bs)gumes Zn ((gg’m) 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
0 207 199 864 866 3442 3412 3174 3197 807 808

U 100 223 214 886 880 3586 3554 3305 3341 841 8.51

200 247 250 9.06 886 3583 3595 3512 3412 892 8.87

Mean 226 221 885 877 3537 3520 3330 3317 847 8.49

0 209 206 811 822 3375 3414 3146 3175 7.39 7.64

Giza 92 AN 100 230 227 842 834 3553 3593 3245 3282 7.78 8.04
200 229 217 862 843 3626 36.01 3336 3367 817 8.38

Mean 223 217 838 833 3518 3636 3242 3275 1.78 8.02

0 211 212 838 823 3513 3438 3149 3243 760 8.00

AS 100 220 220 848 835 3621 3545 3361 3424 801 8.42

200 221 226 855 841 3576 3557 3553 3480 8.7 8.78

Mean 217 219 847 833 3570 3513 3354 3382 8.16 8.40

Mean 222 219 857 848 3642 3523 3309 3325 814 8.30
0 209 212 9.63 957 3740 3754 3661 3779 847 8.96

U 100 223 225 993 987 3979 3993 3854 3839 892 9.10

200 248 246 1041 10.78 39.05 3999 40.17 4041 9.70 9.43

Mean 227 228 999 1007 3875 3915 3844 3886 9.03 9.16

_ AN 0 211 215 965 952 3762 3796 3345 3441 807 8.69
Giza 94 100 220 224 990 972 3960 3996 3485 3585 841 8.96
200 244 243 1038 1088 3996 39.93 3668 3735 894 9.07

Mean 225 227 998 1004 3906 39.28 3499 3587 847 8.91

0 231 209 1001 969 3841 3839 3840 40.09 833 8.64

AS 100 254 230 1024 990 4001 39.99 4034 4634 896 9.29

200 269 271 1074 1096 4059 39.69 4042 4827 9.64 9.80

Mean 251 237 1033 1018 39.67 3936 39.72 4490 8.98 9.24

Mean 234 231 1010 1010 3916 3926 37.72 39.88 8.83 9.10
0 225 227 857 829 3858 3919 4650 4432 9.79 954
U 100 244 247 884 854 4104 4169 4765 4580 1053 10.25

200 260 254 938 943 4059 4041 5011 5000 11.02 10.67
Mean 243 243 893 8.75 4007 4043 4809 46.71 1045 10.15

0 226 213 852 834 3824 3827 4297 4655 871 8.99

Giza 95 AN 100 240 226 869 852 4112 4115 4524 4759 916 947
200 275 246 9.25 902 4096 41.00 4825 4900 9.79 9.93

Mean 247 228 882 863 4011 4014 4549 4771 922 9.46

0 224 214 894 871 3734 3773 4689 5050 990 1050

AS 100 246 235 9.08 885 40.15 4057 4884 4831 1031 1094
200 271 268 961 945 4038 4096 5252 5260 10.84 11.46
Mean 247 239 0921 900 3929 3975 4942 5047 1035 10.97
Mean 246 237 899 879 39.82 4011 4766 4830 10.01 10.19
AB 0.11 ns 0.18 0.15 ns ns 0.96 156 0.20 0.19

AC 008 0.07 0.19 0.11 0.40 0.49 0.72 1.80 0.16 0.15

BC ns 0.07 ns ns 0.40 ns ns 0.81 ns ns
ABC 014 012 0.19 0.18 0.69 0.85 1.25 1.40 024 0.26

«U= Urea, AN= Ammonium Nitrate, AS= Ammonium Sulfate, ken.= kentar

Cultivars seed cotton yield (ken fed?) gave 8.22 (Giza  well as Zn applied at different levels enhanced seed cotton
92) < 8.97 (Giza 94) < 10.1(Giza 95). Also, N sources Yield (8.63, 9.08 and 9.57 ken fed™* for 0, 100 and 200 ppm,
application recorded 8.65 (AN) <9.29 (U) <9.35 ken. fed*  respectively), the highest increase was recorded with 200 ppm
(AS). These results are supported by Saleemetal. (2010). As  Zn (10.9%), followed by 100 ppm (5.2%) compared with
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zero Zn treatment. Moreover Li et al. (2008) and Niaz et al.
(2019) found that zinc (ZnSO4) application promoted nutrient
(N, P, and K) uptake, utilization, and metabolism, slightly
increased root and shoot growth, bloom, dry matter
production, and improved cotton quality as a result yield
increased with the increase in foliar application of zinc level
up to 15 kg ha* as compared with control plots. Maximum
seed cotton yield (11.15 ken fed™) was recorded for cultivar
Giza 95 in AS with foliar application Zn at 200 ppm and
minimum one (7.52 ken fed™) was recorded for Giza 92 in
AN with foliar application Zn at zero ppm, while each
increment of Zn rates increased seed cotton yield per plant.
Hence the application of Zinc to cotton for better yield and
quality is inevitable. Seed cotton yield was dependent on the
previous studied parameters, especially, number of open
bolls, boll weight, lint percentage which directly affect. Figure
(4) cleared that, a significant relationship between seed cotton
yield (ken fed™) with open bolls (R? = 0.862), boll weight (R?
=0.632) and lint% (R? = 0.619).
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Results indicated that, the main effect of cotton
cultivars and foliar zinc rates was associated with a significant
increase in fiber length (mm) while nitrogen sources
represented insignificant effect in fiber length (Fig. 5 and Table
4), this agreement with (Watts et al., 2014) they reported that
the cotton fiber length unaffected by nitrogen sources
application. In both seasons as an average, cultivars recorded
33.94 (Giza 92) > 31.38 (Giza 94) > 30.83 (Giza 95), cultivar
Giza 92 represented 8.2 and 10.2% increases comparing with
Giza 94 and Giza 95, respectively. Giza 92 is an extra-long
staple cultivar while Giza 94 and Giza 95 are a long staple
cultivar according to Cotton Inc. (2013) classification (fiber
lengths from 27.9 to 32.0 mm are considered long, and above
32 mm are extra-long). As well as foliar Zn applied at different
rates enhanced fiber length; 32.16 and 32.64 mm for 100 and
200 ppm. obtained results agreement with those obtained by
Brar et al. (2008), Elayan et al. (2014) and Korejo et al. (2015)
whose reported that fiber length was increased significantly by
foliar application of zinc levels increased.
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Fig. 5. Main effect of cultivars, nitrogen fertilizer sources (U = urea, AN =ammonium nitrate, AS = ammonium sulfate)
and foliar Zn fertilizers rates on studied cotton fiber properties during 2019 and 2020 seasons. The means
followed by different letters are significantly different at the 0.05 probability level within a column.
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Table 4. The interaction between cultivars, N fertilizer sources and foliar Zn rates on some growth attributes of cotton

during 2019 and 2020 seasons.

Treatments Fiber length Length uniformity Fiber strength Fiber fineness
(mm) index (%0) (Presley index) (micronaire)
N Sources Zn (ppm
Cultivars (A) (B)* ((Cp:s) ) 2019 2020 2019 2020 2019 2020 2019 2020
0 34.09 34.64 84.97 85.17 9.82 10.17 3.76 3.97
U 100 34.40 34.95 86.00 86.20 10.05 10.40 3.65 3.85
200 34.80 35.85 86.45 86.75 11.30 11.50 355 355
Mean 34.43 35.15 85.81 86.04 10.39 10.69 3.65 3.79
0 33.12 33.03 84.12 84.71 10.14 10.43 3.98 3.67
Giza92 AN 100 33.80 33.70 85.40 86.00 10.45 10.75 3.90 3.60
200 33.85 33.80 86.30 86.25 11.00 11.30 3.35 3.35
Mean 33.59 3351 85.27 85.65 10.53 10.83 3.74 354
0 3350 32.90 83.79 84.03 10.91 10.62 3.68 3.68
AS 100 33.70 33.10 85.15 85.40 11.25 10.95 350 350
200 34.30 33.40 85.50 85.45 1175 11.40 3.45 3.40
Mean 33.83 33.13 84.81 84.96 11.30 10.99 3.54 3.53
Mean 33.95 33.93 85.30 85.55 10.74 10.84 3.65 3.62
0 30.82 30.78 84.55 84.69 10.37 9.94 4.26 4.37
U 100 3177 3173 85.40 85.55 10.80 10.35 4.10 4.20
200 31.98 32.10 85.90 85.90 11.25 11.10 3.75 4.00
Mean 31.52 31.54 85.28 85.38 10.81 10.46 4.04 4.19
AN 0 30.68 30.28 84.57 83.30 10.19 10.33 4.32 3.95
Giza 94 100 31.96 3154 86.30 85.00 10.50 10.65 4.15 3.80
200 32.06 31.97 86.10 85.50 10.85 11.20 3.95 3.75
Mean 31.57 31.26 85.66 84.60 10.51 10.73 414 3.83
0 30.21 29.91 83.99 83.06 10.37 10.08 421 4.47
AS 100 31.63 31.16 85.70 84.75 10.80 10.50 4.05 4.30
200 31.96 31.93 85.85 84.80 11.80 11.55 3.95 3.95
Mean 31.27 31.00 85.18 84.20 10.99 10.71 4.07 4.24
Mean 31.45 31.27 85.37 84.73 10.77 10.63 4,08 4.09
0 29.69 30.14 82.42 82.62 9.70 9.46 4.38 4.69
U 100 30.30 30.75 83.25 83.45 10.10 9.85 4.25 455
200 31.30 31.25 84.30 84.50 10.40 10.10 3.60 3.85
Mean 30.43 30.71 83.32 83.52 10.07 9.80 4.08 4.36
0 30.05 30.10 81.98 82.12 9.99 9.89 458 463
Giza 95 AN 100 31.30 31.35 83.65 83.80 10.30 10.20 4.40 4.45
200 31.65 31.70 84.00 84.50 10.30 10.95 4.40 4.15
Mean 31.00 31.05 83.21 83.47 10.20 10.35 4.46 4.41
0 29.68 30.11 82.74 82.94 9.83 8.98 4.49 4.49
AS 100 30.60 31.20 84.00 84.20 10.35 9.45 4.30 4.30
200 31.80 31.87 84.80 84.80 10.60 10.30 3.85 3.75
Mean 30.69 31.06 83.85 83.98 10.26 9.58 421 4.18
Mean 30.71 30.94 83.46 83.66 10.17 9.91 4.25 4.32
AB ns ns ns ns 0.28 0.42 ns ns
AC ns ns ns ns 0.27 0.32 ns ns
BC ns ns ns ns ns ns ns ns
ABC ns ns ns ns ns ns 0.29 0.14
U= Urea, AN= Ammonium Nitrate, AS= Ammonium Sulfate
Length uniformity index (%6) Fiber strength

Fiber uniformity is important because it reduces
waste and yarn breakage (Glade et al., 1981). In both seasons,
length uniformity index insignificantly influenced by studied
factors and interactions between them except main effect of
cotton cultivars, and foliar Zn application rates (Fig. 5 and
Table 4), this agreement with Watts et al. (2014) they reported
that the cotton fiber uniformity unaffected by nitrogen sources
application. Cultivar showed that, Giza 92 (85.43) > Giza 94
(85.05) > Giza 95 (83.36%). According to Cotton Inc. (2013),
the studied cultivars ranged between high (Giza 95) and very
high fiber uniformity (Giza 92 and Giza 94). Benson et al.
(1998) and Weir et al.(1996) , also found no differences in
fiber uniformity due to nitrogen applications. As well as foliar
Zn applied at different rates enhanced fiber uniformity; 84.96
and 85.43% for 100 and 200 ppm, represents 1.6 and 2.1%
increases, respectively comparing with control treatment
(83.66%). Obtained results in agreement with those obtained
by Elayan et al. (2014).

Fiber strength (Presley index) is an important trait in
determining yarn spinning ability, cotton varieties which
produce weak fiber (low strength), are difficult to be handled
in manufacturing process. In both seasons, the analysis of
variance was being significant influenced by cotton cultivars
(A), N sources (B), foliar Zn application rates (C) and the
interaction between them except the interaction AC and ABC
(Fig. 5 and Table 4). Cultivars showed 10.79 (Giza 92) > 10.7
(Giza 94) > 10.04 (Giza 95). This trend agrees with Subhan et
al. (2001) and Bednarz et al. (2005) they mentioned that,
cotton fiber quality is mainly influenced by genotype of the
cultivars but agronomic practices and environmental
conditions are the secondary factors influencing fiber quality.
Also, N sources led to sequentially increases; U (10.37) < AN
(10.52) < AS (10.64), the highest increase (2.6 and 1.4%) was
recorded for AS compared with AN and U treatments,
respectively. our results are in garment with those reported by
Watts, et al., (2014 and 2017) who reported that nitrogen
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source affected fiber quality. foliar Zn applied at different
rates enhanced fiber strength 10.43 and 11.04 for 100 and 200
ppm, represents 3.5 and 9.6% increases in fiber fineness,
respectively comparing with control treatment, this results
agreement with those obtained by Elayan et al. (2014).
Fiber fineness (micronaire)

In both seasons, fiber fineness (micronaire reading)
significantly influenced by cotton cultivars (A), N sources
(B), foliar Zn application rates (C) and only three factors
interaction (ABC) (Fig. 5 and Table 4). Cultivars gave
micronaire reading 3.64 (Giza 92) < 4.09 (Giza 94) < 4.29
(Giza 95). Therefore, the most fineness cultivar is Giza 92.
Similar differences in micronaire values due to cultivar have
also been reported by Faircloth et al. (2004). Also, N sources
showed micronaire reading U (4.02) at par with AN (4.02) >
AS (3.96), the highest fineness found in plots received AS
compared with AN and U treatments. However, foliar Zn
applied at different rates enhanced fiber fineness (decreasing
micronaire reading); 4.05 and 3.76 for 100 and 200 ppm,
represents 3.7 and 11.7% increases in fiber fineness,
respectively comparing with control treatment. This results
agreement with those obtained by Elayan et al. (2014).

CONCLUSION

This research was conducted to evaluate the effect of
nitrogen sources and foliar application of Zn on growth, yield
and fiber quality of some Egyptian cotton cultivars. Cotton
cultivars, N sources and foliar Zn led to a significant effect on
plant height, number of sympodial branches plant-1, total and
open bolls plant-1, boll weight, seed index, seed cotton yield
plant-1, seed cotton yield fed-1, fiber strength, and fineness.
Cotton cultivars had a significant effect on position of the 1st
sympodial node, lint%, fiber length and uniformity index.
Giza 95 was a superior in above parameter except seed index
and fiber quality. Significant of interactions between studied
factors existed on most of studied cotton properties. In such
experimental soil conditions, usage of ammonium sulfate and
foliar Zn at 200 ppm could be recommended to improve the
cotton properties.
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