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ABSTRACT

Two field experiments were conducted on a highly calcareous sandy clay loam soil
at Nubaria Agricultural Research Station during 2007 and 2008 seasons to study the effect
of bio- and minera! potassium fertilization on growth, earliness, yield, its components and
fiber properties of Egyptian cotton Giza 86 cultivar (Gossypium barbadense, L.). Seven K
application treatments were used, namely, control without K;O (1), hand broadcast soil
application of 24 kg K.Offed. applied at sowing (2) and at thinning (3), foliar application of
2.4 kg KzO/fed. at two (4) and three times (5), foliar application of 500 g potassium
citrate/fed. applied twice (6) and finally seed inoculation with 400 g *“Potassiomage”
(Bacillus mucilaginosus) bio-fertilizerffed. as a potassium dissolving bacteria (KDB), without
potassium fertilizer (7). The time of potassium spray was at squaring, start and peak of
flowering stages for the three times, respectively. The experimental design was randomized
completely blocks (RCBD) with four replications. The most important results obtained could
be given as follows: 1- The studied treatments had an insignificant effects (P = 0.05) on
plant height at harvest, no. of sympodia/plant, first sympodial position, earliness
percentage, no. of plants/fed. at harvest, lint percentage, seed index and fiber properties in
both seasons and boll age in one season only. 2- There was a significant effect (P < 0.05)
on days to first flower appearance as well as to first.opened boll, no. of apen bolls/plant, boll
weight, seed cotton yield per plant and per fed. in both seasons. 3- Untreated control,
(without potassium fertilizer and without KDB), exhibited significantly decreased yield and its
components compared with the other studied treatments in the two seasons. 4- The
differences among soil potassium application, foliar application of 2.4 kg KzO/fed. or 500 g
potassium citrate/fed. applied twice and seed inoculation with KDB on yield and its
components were not significant (P < 0.05) in both seasons. 5- Foliar spray of 2.4 kg
K2Of/fed. three times at squaring, start and peak of flowering stages, respectively,
significantly increased no. of open bolis/plant (18.98, 17.70), boll weight (2.59, 2.50 g), seed
cotton yield/plant (49.23, 44.25 g) and seed cotton yield/fed. (9.54, 9.87 kent.ffed.) in both
2007 and 2008 seasons, respectively.

INTRODUCTION
Cotton is one of the most important fiber crops in the worid.  This
crop is also the second source of plant proteins after soybean, and the fifth
oil producing plant after soybean, palm oil, canola and sunflower (Texier,
1993). In Egypt, cotton is an important crop that is cultivated for its fiber,
seed oil and cake. Cotton fiber is the main raw material for the textile
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industry which is the largest industry in Egypt. Recently, Egyptian cotton is
facing severe problems. Both area and production is decreasing from one
year to another. The high cost of cotton production which tempted the
farmer to delay cotton growing after faba bean and wheat. Two major
decisions should be taken to restore the situation of the Egyptian cotton.
The first is the improvement of the growing conditions of the crop or simply
improving the crop management. The second is the reduction of production
cost, especially cost of mineral fertilizers (Abou-Zaid, 1999). Soil fertility
and crop management are the two most important factors of modern
agricultural activity (Sawan et al.,, 2006). Bio-fertilization is one of the
solutions to improve the crop management, reduction of the environmental
poliution and production cost.

Among the management practices, one factor is very essential, this
is potassium (K) fertilizer. The importance of K fertilization in Egyptian
agriculture has become more apparent since the completion of the High
Dam, which resulted in the deposition of the suspended Nile silt upstream
from the formed Nasser iake. This Nile silt was a source for K-bearing
minerals that enriched the soil during the seasonal floods (Abd El-Hadi et
al., 1997). Continuous crop removal without replenishment of these
nutrients can lead to an irreparable damage to soil fertility (Sawan et al.,
2006). Recently, K deficiencies became a problem because of K deficiency
in soil due to crop uptake, runoff, leaching and soil erosion (Sheng and
Huang, 2002). Potassium (K) is an important nutrient that has favorable
effects on the metabolism of nucleic acids, proteins, vitamins and growth
substances. Furthermore, K plays an important role in the translocation of
photsynthates from sources to sinks (Bednarz and Oosterhuis, 1999).
Notable improvement in cotton yield and quality resulting from K input have
been reported by El-Razaz et al., (1997), El-Haddad et al,, (2001), Khalifa
and Abou-Zaid (2002), Keshavarz et al., (2004), Sawan (2006) and Sawan
et al., (2006). Information available on K requirements of cotton plants
showed better response to moderate rate of K application, i.e., 24 - 48 kg
K,Offed. [Darwish et al., (1995), Abou-Zaid and El-Haddad (1997), El-
Haddad et al., (2001) and Khalifa and Abou-Zaid (2002)].

With regard to bio- and mineral K fertilization effect, at present, littie
information about the K releasing condition by the potassium dissolving
bacteria (KDB) are available. The soil under the present investigation was
characterized by high calcium carbonate and low fertility status that could
influence crop growth. There, it is possible to use the locally available
potassium sulphate, citrate and (KDB) bio-fertilizer to replace chemical
fertilizer and reduce the cost of cotton production. It is well known that
many organic compounds produced by (KDB), such as acetate, citrate and
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oxalate can increase mineral dissolution rate (Welch and Uliman, 1993).
Carboxylic acid groups shown to promote dissolution of silicates are also
common in extra celiular organic materials. Badr et al., (2006) showed that
bacterial inoculation with (Bacillus cereus) combined with K and P bearing
minerals gave 48, 65 and 58 % increase in dry matter yield of sorghum
plants in clay, sandy and calcareous soils, respectively, compared to non-
inoculated soils. The uptake of K by sorghum plants also increased by 71,
110 and 116 % in the same soils, respectively. Residual soil fertility
estimated by K and P concentration after harvest also underwent an
increase through inoculation of silicate dissolving bacteria (SDB) especially
with mineral addition in the tested soils. Han et al., (2006) inoculated PDB
(Bacillus megaterium var. phosphaticum) and KDB (Bacillus mucilaginosus)
in nutrient limited soil planted with pepper (Capsicum annum L.)) and
cucumber (Cucumis sativus L.,). Results showed that integrated rock K
with inoculation of KDB increased the availability of K in soil, the uptake of
N, P and K by shoot and root. They added that combined together, rock
materials and both bacterial strains consistently increased further mineral
availability, uptake and plant growth suggesting its potential use as
fertilizer. Potassium dissolving bacteria (KDB) are also known as potassium
solubilizing bacteria (KSB) or silicate dissolving bacteria (SDB). Our
objectives were to determine the influence of soil and foliar applied K
fertilization and seed inoculation with (KDB) Potassiomage, compared to
the control (without K fertilizer) on growth, earliness, yield, its components
and fiber properties of Egyptian cotton Giza 86 cultivar in the newly
reclaimed calcareous soil of west Nubaria and south west of Alexandria
governorate.

MATERIALS AND METHODS
Two field experiments were conducted on a sandy clay loam soil
(loam, mixed, calcareous, hyper thermic, typic caiciorthids) at west desert
road village, Mariut sector beside Nubaria Agricultural Research Station,
Km 47 west south of Alexandria governorate, during 2007 and 2008
summer seasons. Cotton growth, earliness parameters, yield, its
components and fiber properties were evaluated under six treatments, i.e.,
bio- and mineral potassium (K) fertilization, vs. control treatment (without
K,0). The mechanical and chemical soil properties were determined
according to the method described by Page et al, (1982) and are
presented in Table (1). In both seasons, the texture was sandy clay loam
and low content of organic matter. The available amounts of macro
elements were poor for nitrogen (< 30 ppm), low for phosphorus and
potassium. Regarding, available amounts of micro-nutrients, Fe, Cu and
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Mn were of high levels in the soil; while Zn and B existed in a moderate
amount.
The seven potassium application treatments were:

1- Control (without K,O).

2- Hand brocadcasting “soil application” of 24 kg K,Q/fed. at sowing.

3- Hand broadcasting “soil application” of 24 kg K,O/fed. at thinning.

4- Foliar application of 2 4 kg K,O/fed. sprayed two times.

5- Foliar application of 2 4 kg K,O/fed. sprayed three times.

6- Foliar application of 0.5 kg potassium citrate/fed. sprayed two times.

7- Seed inoculation with 400 g “Potassiomage” bio-fertilizer/fed. without

potassium fertilizer.

Table (1): Mechanical and chemical analysis of soil samples for the
experimental site in 2007 and 2008 seasons.

. . Mean
Soil properties 2007 2008
Mechanical analysis:
Clay (%) 22.86 23.64
Silt (%) 29.33 28.25
Sand (%) 47.81 48.11

Texture class Sandy clay loam Sandy clay loam

Chemical analysis:

pH 8.40 8.42
E.C. {(m.moh) 1.47 1.52
CaCO; (%) 2542 23.14
HCOy (%) 12.71 13.11
Organic matter (%) 0.53 0.49
Availabie N (ppm) 23.02 28.8
Available P (ppm) 4.55 4.49
Available K (ppm) 204.21 201.15
Available B (ppm) 0.85 0.97
Available Zn  (ppm) 0.96 0.95
Available Fe  (ppm) 9.0 7.3
Available Cu  (ppm) 45 3.8
Available Mn'  (ppm) 7.0 11.0
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Treatments were allocated at random in the each block. The time of
potassium spray was at squaring, start and peak of flowering stages for the
three times, respectively. Treatments were arranged in a randomized
completely block design (RCBD) in four replicates.

The bio-fertilizer “Potassiomage” contains (Bacillus mucilaginosus)
as a potassium dissolving bacteria (KDB) or potassium solubilizing bacteria
(KSB). Such product is produced by the General Organization for
Agricultural Equalization Fund (GOAEF), Ministry of Agriculture, Egypt,
(Abou El-Naga, 1993). The inoculation of “Potassiomage” was performed
by coating cotton seed at the rate of 400 g/fed. using a sticking substance
(Arabic gum 5%) just before sowing. Cotton seeds were sown in dry soil
and then immediately irrigated.

The plot area was 16.25 m?, which accommodated five ridges, each
5 m long, 0.65 m apart and the distance between hills was 25 cm. Seeds of
Egyptian long staple cotton cultivar Giza 86 (Gossypium barbadense, L.)
were planted on 16 and 23 April after Egyptian clover (Trifolium
alexandrinum, L.) in 2007 and 2008 seasons, respectively. Cotton was
irrigated, during the whole growing season, eight times in addition to
planting irrigation. The first irrigation was applied after 21 days from
planting irrigation, while the other seven irrigation were given at 15-days
interval. Before the second irrigation, the plants were thinned to two
plants/hill. Hand hoeing was carried out three times during the season
before the first, second and third irrigations, respectively. A preplant
application of 31 kg P,Os/fed., as super phosphate (15.5 % P,0;), was
incorporated into the soil each year. Potassium sulphate (48 % K,0) was
added according to the experimental treatments (type, rate and date of
application).

Average yearly nitrogen fertilizer rate for cotton was 75 kg N/fed. as
ammonium nitrate (33.5 % N). Nitrogen was split into two equal portions,
one half applied after thinning before the second irrigation while, the other
installment was added before the third irrigation. The first pick of cotton
yield was performed by, hand, on October 5, while the second pick was on
October 30 for the first season. The respective dates of picking for the
second season were October 18 and November 10. The standard
commercial management practices for west Nubaria region were followed.

Five representative hills were taken at random from each plot to
study the following' traits: days from sowing to the first*flower appearance
(DFF) as well as to the first opened boli (DFB), plant height at harvest (PH),
first sympodial position (FSP), number of sympodia/plant (NSP), number of
opened bolis/plant (NOB), boll weight (BW), seed cotton yield/plant
(SCYP), earliness percentage (E %), lint percentage (L %), seed index (SI)
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and fiber properties measured by HVI apparatus according to (A.S.T.M. D-
4605.,1986) that included upper half mean length (UHM) in mm, uniformity
index (Ul), fiber strength in g/tex. (FS), fiber elongation percentage (FE %),
micronaire reading (MR), reflectance (Rd %) and yellowness (+b). Also,
number of plantsffed. at harvest (NPF) was determined. Seed cotton
yield/plot was calculated from the three inner ridges in each plot and was
converted to kentar/fed. (SCYF).

The collected data of the two seasons were subjected to statistical
analysis according to Gomez and Gomez (1984). L.S.D. values at 5% level
of significance were used for comparison between means.

RESULTS AND DISCUSSION

Large areas of calcareous soils in west Nubaria and south west of
Alexandria governorate are deficient in potassium (K) nutrient; therefore, in
our experiment we have included soil and foliar K application, with the
different sources, and their solubilizing bacteria to increase the available K
in this soil. The results are presented and discussed in the following
sequence:

1. Growth attributes and earliness parameters:

The results record in Table (2) showed that the six treatments vs
the control had an insignificant effects on piant height at harvest (PH), no.
of sympodia/plant (NSP), first sympodial position (FSP). earliness
percentage (E %) for the two seasons and boll age (BA) for one season
only. While, days to first flower appearance (DFF) and days to first opened
boll (DFB) for the two seasons were significantly (P < 0.05) affected by the
seven treatments. Foliar application of 2.4 kg K,O/fed. sprayed three times
at squaring, start and peak of flowering stages, respectively, significantly
decreased DFF (73.83, 73.00 days) and DFB (119.55, 120.55 days) during
2007 and 2008 seasons, respectively (Table, 2) compared with the
untreated control. These results were in agreement with Abou-Zaid and El-
Haddad (1997), Gwathmey and Howard (1998), EI-Sayed and El-Menshawi
(2001), Kalifa and Abou-Zaid (2002) and Sawan et a/., (2006).

2. Yield and its components:

Data presented in Table (3) showed that lint percentage (L %) and
seed index (SI) for the two seasons were not significantly affected (P <
0.05) by the studied treatments. Aiso, no. of planis/fed. at harvest (NPF)
was not significantly affected by the studied treatments (Table, 3). This
result was expected since the same planting method and management
practices were followed for all studied treatments during both seasons. On
the other hand, Table (3) also illustrated that no of opened bolls/plant
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(NOB), boll weight (BW), seed cotton yield/plant (SCYP) and seed cotton
yield/fed. (SCYF) were significantly affected by the studied treatments in
both seasons. The data given in Table (3) showed that foliar application of
2.4 kg K,O/fed. which sprayed three times at squaring, start and peak of
flowering stages, respectivety, significantly increased NOB-(18.9, 17.7), BW
(2.59, 2.50 g), SCYP (49.23, 44.25 g) and consequently SCYF (9.54, 9.87
kent.ffed.) in both 2007 and 2008 seasons, respectively. The increase in’
SCYF and its components due to foliar application of 2.4 kg K,O/fed. which
sprayéd at three times treatment, compared to the other studied treatments
and the control, may be attributed to the increase in earliness parameters
i.e., the decrease in DFF and DFB in the two seasons due to this treatment
(Table, 2).

Data in Table (3) also showed that the same trend was obtained for
the two treatments of (Foliar application of 500 g K citrate sprayed twice
and KDB of Potassiumage) on SCYF and its components, in the two
seasons, compared with the untreated control treatment (without K fertilizer
and without KDB bio-fertilizer). Foliar application of 2.4 kg K,O/fed. which
sprayed three times, saved about 16.8 kg K,O/fed. (70 %) as compared
with soil K application (24 kg K,O/fed.). While, cotton seed inoculation with
KDB bio-fertilizer saved about 24 kg K,O/fed. (100 %) compared to soil K
fertilization. These results are in accordance with those outlined by El-
Razaz et al., (1997), Howard et al., (1998), Coker et al., (2000), Howard et
al., (2000), El-Haddad et al., (2001), Keshavarz et al., (2004), Badr et al.,
(2006), Han et al., (2006), Sawan (2006) and Sawan et al., (2006).

Coker et al., (2000) reported that there was trend for slightly
increased lint yield, NOB and BW due to foliar K under the low soil K
condition. Howard et al., (2000) found that foliar K and/or boron (B) solution
buffered to pH 4 increased first harvest and total lint yields more than
unbuffered or solutions buffered to pH 6. Keshavarz et al., (2004) reported
that the use of K increased cotton yield significantly (13 %, 6 % for saline
and non-saline soil, respectively). Sawan (2006) showed that SCYP and
SCYF were increased at the rate of 319 g K/ha. with foliar k application for
the cultivar Giza 86. As for KDB, Badr et al., (2006) illustrated that it is
possible to use the locally available K mineral in combination with silicate
dissolving bacteria (SDB) as bio-fertilizer to replace mineral fertilizer and
‘reducing the cost of crop production. Finally, Han et al., (2006) showed that
inoculation with PSB or KSB significantly increased N, P and K uptake in
pepper and cucumber plants, especially when the respective rock P or rock
K were added. Increasing N uptake with inaculation with Bacillus sp. may
be related to the fact that Bradyrhizobium sp., a genus which fixes
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atmospheric N in symbiosis with legume, is phyllogentically closer to
Bacillus than to the other rhizobial genera (Zakhia and Lajudie, 2001).
Therefore, Bacillus strain used in this study might have the capacity to fix
atmospheric nitrogen.

3. Fiber properties:

All studied treatments did not exhibit any significant effect on all
fiber properties in both seasons (Table 4). This may be attributed to the
realization that these characteristics were less affected by the
environmental factors. The obtained results were in close agreement with
those reported by El-Razaz et al, (1997), Khalifa and Abou-Zaid (2002)
and Sawan et a/., (2006).

Hence, it might be concluded that the highest yield of seed
cotton/fed. (9.54, 9.87 Kent.fed.) in 2007 and 2008 seasons, respectively,
under the newly reclaimed desert fand of west Nubaria and south west
Alexandria governorate. were obtained by foliar application of 2.4 kg
K,Of/fed. which sprayed three times at squaring, start and peak of flowering
stages, respectively, compared with the other studied treatments and this
treatment is promising for growing cotton in caicareous soil.
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Table 2. Means of growth attributes and earliness parameters as affected by mineral- and blo-

potassium fertilization (methods, rates ahd time) for Giza 86 cotton cultivar during 2007

and 2008 seasons.

First

Characteristics  Plant height at No. of sympodial EIerts ft'g:v:: Days to the Boll age Earliness
harvest (cm) sympodia/plant position appearance first open bol! (Day) percentage (%)
Treatments (Node)
2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008
1- Control (without K,0). 113.1 1400 1293 1282 820 690 79.05 80.02 12583 132.05 48.78 5280 52.14 52.50
2-24 kg KiOlfed. at sewing. 1133 139.4 1413 1385 800 6.50 7445 79.80 12028 120.05 45.83 4945 52.33 5245
3-24 kg K;Offed. at thinning. 114.0 1384 1443 13.97 807 630 76.33 73.30 122.53 119.15 4820 45.85 51.78 53.74
4-24 k9 KiOffed. sprayed 2 4148 1391 1450 1370 8.05 6.40 7518 7510 121.63 123.00 48.95 47.80 51.87 52.49
5"‘;;:";2 KOlfed.sprayed3 1434 4358 1567 1457 7.80 620 73.83 73.00 119.55 12055 4573 47.15 5278 53.50
6- 0.5 kg potassium
cltratelfed. sprayed 2 1143 1361 1347 1347 777 640 7810 77.35 12583 12615 47.53 4880 5277 51.52
times.
7"::’)‘:,:’::’“39“""9"“'“‘ 1156 1383 1375 1315 7.95 620 77.28 7345 124.30 119.90 47.03 46.45 5294 53.58
L.S.D. at 5 % level NS NS NS NS NS NS 109 220 153 261 NS 190 NS NS
Grand mean 1141 138.2 1443 1361 7.58 6.43 78.38 76.10 12282 128.42 46.58 48.33 52.37 52.83
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Table 3. Means of yleld and Its components as affected by mineral- and bio- potassium fertilization
(methods, rates and time) for Giza 86 cotton cultivar during 2007 and 2008 seasons.

Characteristics No. of opened Boll welght Seed cotton No.afog:)ants Seed cotton yleld er:e'::a o Seed Index
bolls/plant (9) yleldiplant () |\, tureq)  (Kentarifed) P ) g (9)

Treatments 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008

1. Control (without K,0). 163 155 2.36 227 38.35 3519 44.27 4329 8.18 797 406 391 11.04 1165

2. 24 kg K,Olfed. at sowing. 183 163 248 248 4530 4042 44.33 4329 929 897 403 397 11.21 1158

3- 24 kg K,0/fed. at thinning. 18.8 16.3 250 253 4888 41.24 4440 4355 9.14 9.02 394 2395 1093 11.75
4- 2.4 kg K,0lfed. sprayed 2

& 24 187 165 25 250 47.67 4125 4433 4374 927 005 402 397 1091 11.86
:;f,':_"""°"“’"""y'd3 189 177 250 2.50 4023 4425 4446 4381 054 987 395 395 11.09 11.79

6- 0.5 kg potassium citrate/fed.

sprayed 2 times. 16.8 17.1 248 237 4176 40.53 4427 4329 8,93 8.85 401 331 11.04 11.91

7- Potassiomage 400g/fed. at

sowing. 16.8 17.0 250 252 4228 42.84 4427 4303 896 8.83 40.2 396 10.80 11.95

L.8.D. at 5 % level 145 121 007 012 A67 263 NS NS 0.50 0.54 NS NS NS NS

Grand mean 17.82 16.63 249 243 4449 40.74 4433 4343 9,05 8.93 400 395 11.00 11.78

(eyseq eqes 3y de4 ) 59y U3y ApY [
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Table 4.fMeahs of filber quality properteis as affected by mineral- and blo- potassium fertilization
(methods, rates and time) for Giza 86 cotton cultivar during 2007 and 2008 seasons.

Fiber Length parameters Fiber bundle tinsel Colour
. MI i
Characteristics Upper half mean Uniformity Index Fiber strength ol o’;'::& on ;;%T,:g" Reflectance Yellowness
Treatments _ (mm) (%) {g/tex) (%) (Rd.%) {+b)
2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008
1- Control (without K,0). 32.3 33.0 86.4 89.2 452 411 640 793 488 540 782 767 84 88
2- 24 kg K,O/fed. at sowing. 322 327 87.0 883 451 384 608 738 490 513 787 768 86 8.8
3. 24 kg K,0O/fed, at thinning. 328 338 86.1 888 465 417 598 780 483 513 792 769 88 89
:,‘mze': kg K:Olfed. sprayed 2 324 332 867 89.0 468 400 573 7.93 486 530 7941 757 87 9.1
:;“20.: kg KiOffed. sprayed 3 325 329 87.1 883 463 399 598 793 480 52686 784 780 88 9.2
6- 0.5 kg potassium citrate/fed.
sprayed 2 times. 32.1 33.7 86.1 891 464 410 563 788 490 533 790 758 84 94
:;:'ort‘;sslomtge 400g/fed. at 32.2 336 86.0 88.7 450 389 6.30 776 470 533 783 762 88 92
1.8.D. at 5 % leve! N.S N.S N.S N.S NS NS NS NS NS NS NS NS NS NS
Grand mean

324 33.2 86.5 88.7 459 401 601 780 484 527 787 763 86 9.1

(eyseg eqes ‘v oed ) Sy Uy APY [
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