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IV- RESULTS AND DISCUSSION

The results obtained will discussed under these titles ;

IV-1- Effect of fertilization programs on growth charcters:
IV-1-1- Effects on plant height .

[V-1-2- Effects on node number of the fruiting branch .
[V-1-3- Effects on flowering date.

IV-2- Effect of fertilization programs on yield and yield
components :

IV-2-1- Effects on the number of fruiting branches per plant
IV-2-2- Effects on the number of total bolls per plant.
IV-2-3- Effects on the number of opened bolls per plant.
IV-2-4- Effects on boll weight.

IV-2-5- Effects on seed cotton yield.

[V-2-6- Effects on the earliness percentage.

IV-3- Effect of fertilization programs on technological
properties :

IV-3-1- Effects on seed index .
1V-3-2- Effects on lint percentage .
IV-3-3- Effects on fiber properties .
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I1V-4- Effect of fertilization programs on chemical contents
of cotton seed:

IV-4-1- Effect on oil percentage .
1V-4-2- Effect on protein percetage .

1V-5- Effect of fertilization programs on nutreints content
in plant and soil :

[V-5-1- Effects on plant uptake of nutrients

[V-5- 2- Effects on soil available nutrients .

IV-1 Effect of fertilization programs on growth characters
1V-1-1 Effects on Plant height .

The results in Table (2) show the effect of N and P,
fertilization in combination with some biofertilizers and their
interactions on plant height. The statistical analysis of the
obtained data shows that increasing nitrogen level up to 66 kg
N/fed caused a remarkable increase in plant height in the first
season only, while the effect of nitrogen was not significant in
the second season.The tallest plants in the two seasons were
obtained for the plots received 66 kg N/fed. The obtained
results may be attributed to the stimulatory metabolic effects
of nitrogen fertilization in acceleration of early vegetative
growth and cumulative effect of greater dry matter production
thus increasing the length of cotton plant (Sabik, 1997).These
results are in a good agreement with those obtained by El-
Sayed (1999), Abdel Shafy et al. (2001), Abou-El-Nour et al.
(2001) and Darwish (2001).
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Table ( 2 ) :Plant height as affected by application of N,P and biofertifizers

Biofertilizers (C)
N | P09
kg/fed | kgHed Season 2000 Season 2004
(A} [1:1]
[¢] F Bxac. Y Ph. Mix, Mean 0 F Bac, Y Ph, Mix. Mean
113 800 92 .0) 930 | 920 | s00 | 950 | 887 | 1020 | tioe | 1530 | 1120 | 1040 | 1190 | 1100
33 725 220 [ 928 F 958 | 880 | 850 | 9.8 | 897 | 1008 | 1560 | 119.0 | 1050 { 1070 | 200 | 1113
830 [ 928 | 948 | %08 | 825 | 955 | 402 | 1065 | £538 | 5168 | 1085 | r0s5 | 11085 | ney
Mean
113 1010 { 1020 | 5120 | 1070 | 1040 | 1330 | 1063 | 120 | 1220 | 1250 [ 1250 | 1170 | 1290 | 1218
66
2.5 1010 { 1030 | 1050 | 1020 | 1000 | 5060 | 1030 | ei00 | 5560 | 1200 [ 1850 | fide | 1260 | 1160
1010 | 1025 ] 1020 | 1045 | 5025 | 5095 | 1047 | E50S | 5190 | 1225 | 1180 | 5150 | 1250 | 1188
Mean 0
P 1.3 205 | 970 {1045 § 955 | 520 | 1040 | 975 | 5070 | 5160 | 1190 | 1165 | 1105 | 1240 | 1155
225 915 | 975 | S5 1 950 | 90 | 1010 | 963 | 1060 | £160 | 1195 | 1600 | 1100 [ 1205 | 1133
Biofertilizers 910 ] 973 | 9so | 973 | 925 | 1025 | 970 | 1065 | 5160 | 1193 | 1635 [ 103 | 1223 | 1146
A 169 NS
a NS NS
c 77 53
AXB N5 NS
LS.D AXC NS NS
0.05
BXC NS NS
AXBXC NE NS

O= without biofertilizers

F=Inoculation with bacterial inoculant isolated from cotton rhizosphere.
Bac. =Inoculation with Bacillus polymyxa .

Y= Inoculation with yeast.

Ph.=Inoculation with phosphorine .

Mix.=Inoculation with a mixture of the four biofertilizers .
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Concerning the effect of phosphorus, data in Table (2)
show that phosphorus application had no significant effect on
plant height in the two studied seasons .The obtained results
indicate that the low phosphorus level,i.c.11.3 kg P,O; /fed
could be considered the recommended dose in the
district. These results are in harmony with those obtained by
Hosny et al (1989 b) and Edmisten et al. (1993).

With respect to biofertilization, data in Table (2)
reveal that, with exception of phosphorine inoculation, the
other biofertilization treatments significantly increased cotton
plant height in the two seasons when compared with control.
Data Show that plants fertilized with a mixture of the four
inoculates seemed to be the superior, followed by that
inoculated with bacteria (Bac.), yeast, bacteria (F) and
phosphorine with increases of about 12.6, 4.4, 6.9, 6.9 and
1.6% over the control treatment , respectively. This is true for
the seasons. El-Khawas (1990) attributed the increase in plant
height due to biofertilization to the principle mechanisim that
biofertilizer could benefit the plant growth through fixing
gaseous nitrogen and its transfer to the plant as a direct effect
on growth hormones (Gas) and (CKs) that released in root
media by bacteria and affect its positively its growth and
extention .The resultant could be more absorption of nutrients
which caused more growth, increased nitrogenous compounds
assimilation forming more growth substances, more cell
division and enlargement, more forming of tissues and organs
and plant elongation could be considered as a resultant of the
aformentioned processes.This finding is in accordance with
those obtained by Radwan (1998) and Hamissa, et al (2000).

RESULTS & DISCUSSION



Data in Table (2) also show that the interaction between
the different variables (N, P and different combinations with
biofertilizer) was not significant .

IV-1-2 Effects on node number of the fruiting branch

Data presented in Table (3) reveal that node number of
first fruiting branch was insignificantly affected by nitrogen
fertilizer levels. This was true for both seasons. These results
are in a good agreement with those obtained by Ismail et al.
(2000) and Abou-El-Nour et al. (2001).

Concerning the phosphorus fertilization, data in Table
(3) show that phosphorus fertilization did not significantly
affect node number of the first fruiting branch in both seasons.
There was no relevance between phosphorus fertilization and
node number of the first fruiting branch which was clear in
both seasons. These results are in conformance with those
obtained by Nagib (1990) and Abou-El-Nour et al. (2001). On
contrast, Ibrahim et al. (1997) found that position of the first
fruiting node was significantly affected by foliar spraying of
phosphorus in both seasons .

Regarding to biofertilization, results in Table (3) show
that node number of the first fruiting branch was significantly
affected by biofertilization. In the two seasons, the mixture of
the four inoculates yielded higher numbers of nodes on the
fruiting branches as shown in Table (3). The first fruiting
branch was emerged at the 10" node in plants received
mixture of all studied inoculants. While plants not received
biofertilization yielded lower nodes of cotton stems.
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Table (3): Node number of first fruiting branch as affected by application of N,P and

biofertilizers
N PP,09 Biofertilizers {c)
hgffed | yorted
Season 2000 Season 2001
A B
Q F Bar. Y Th. Mix. Menn 0 F Bac. Y Ph | Mis. Mean
1.3 86 92| w9z 87 8.7 9.3 9.0 9.0 9.2 5.8 23| 9.2 2.7 o4
33 ;
118 86} 91| 9o Y3 8.9 9.6 LY 9.4 54 5.3 9. 9.9 99 9.6
Mean 86| 91| 98 28 X} 95 9.0 5.2 93 5.6 9.4 %6 93 9.5
L3 89 [ 9l 9.3 2.0 2.0 %4 9.1 9.0 5.4 9.3 X 96 9.9 2.5
66
225 31 92 as 9.0 9.2 9.7 9.2 9.4 LY 95 96 96 9.6 95
Mean 87l 92| o4 9.4 %l %.6 92 92 95 54 9.6 9.6 9.8 9.5
113 88 92| 93 29 LX) 9.4 9.1 9.3 06 %8 9,7 211 1l 9.1
P -
22.5 27 o1 s 39 9.1 9.7 9.2 9.7 9.7 9.7 58| 10.0] 188 9.8
Biofertilizers 87 9.1 95 89 5.8 9.6 9.1 9.2 9.5 9.5 9.5 96 98 9.5
A NS NS
1 N.S N.S
c 81 03
AXT NS NS
L.S.D AXC NS NS
0.05 BXC NS N.5
AXBXC NS NS

O= without biofertilizers

F=Inoculation with bacterial inoculant isolated from cotton rhizosphere .
Bac.=Inoculation with Bsacillus pelymyxa.

Y= Ingculation with yeast.

Ph.= Inoculation with phosphorine .

Mix.= Inoculation with & mixture of the four biofertilizers.
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Data also show that all interactions for the three
variables, i.c. nitrogen, phosphorus and biofertilization was
not significant.

1V-1-3 Effects on Flowering date :

Data in Table (4) show that flowering date (estimated
as the number of days from planting up to 50% flowering of
cotton plants) did not affect by N, P and biofertilization. Some
investigators found that NPK fertilizers insignificantly
affected the flowering date (Radwan and Abd Ei-Malak 1995)
and Said-Samia (1997).

1V-2 Effects of fertilization programs on yield and

yield components

IV-2-1Effects on the number of fruiting branches per
plant.

Data in Tabie (5) show that nitrogen fertilization did
not affect the numbers of fruiting branches / plant in the first
season, while the influence was significant in the second
season. Increased nitrogen rate from 33 to 66 kg N/fed.
significantly increased the number of ftuiting branches / plant
of cotton in the second season. Increased in number of fruiting
branches per plant due to increased nitrogen level may be
due to the increase in meristematic activity induced by
nitrogen (Shafshak et al. 1983 b). These results are in
agreement with those obtained by Sabik (1997) who found
that nitrogen levels was affected positively the number of
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Table ( 4 ) ; Flowering date (days) as affected by application of N,P and biofertilizers

N Biofertilizers ()
fed P,0y
keffed | poifea
Season 2000 Season 2001
“ )
0 F Bac. Y Ph. Mix. Mena 0 ¥ Bac, Y h. Mix, | Mean
13 200 | 810 | 51.0 | 803 | 803 | 810 80.7 730 | 740 | 740 | 33 | 138 | 740 | M7
33
2.5 %5 | 98 | s08 | sad | 0.5 | ses 80.3 A | 728 { 138 | 733 | 738 | 738 | M3
798 | 804 | 805 | 803 | 207 | BoY 80.5 Ne [ Be | e B2] P36 | 139 | M5
Mean
113 803 | 813 | 81.5 ; 803 | 81.0 | #28 81.2 733 | M3 | M5 | 3| 40 | B8 | M2
66
225 508 | 808 | Mo [ 80 | 813 | sus 81.1 738 | 738 | 740 | 70 | 743 | 748 | 740
806 | 8.0 { M3 | 807 | 812 2.2 8.1 36 | M1 | 743 X . . .
Mean 8. 37| 742 | 52 | 142
p 13 802 | 812 ¢ 8.3 | 803 | 809 | 819 20,9 M2 | M2 | M3 B3I | 9| a9 | M0
225 802 | 503 | 809 | 807 | 809 | s1.2 8.7 30| ™A | e a7 | 139 | 2 | 737
Biofertilizers 80.2 | 808 | 818 805 | S1.0 | SLs 808 B2 [ BT | M 3L | By | MW 3.9
A NS N.5
B NS NS
C N.S NS
AXD NS NS
LSD AXC NS NS
0.05
BXC N.§ NS
AXBXC NS NS

O= witheut biofertilizers

F=ineculstion with bacterisl inoculant isolated from cotton rhizosphere .
Bac.=Inoculation with Bsacillus polymyxa .

Y= Inoculation with yeast.

Ph.= Inoculation with phosphorine .

Mix.= Inoculation with a mixture of the four biofertilizers .
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Table ( §) :Number of fruiting branches as affected by application of N,P and biofertilizers
N PP,09 Biofertilizers (C)
5
kg/fed kg,’kd
Season 2000 Season 2001
(A} ™
0 F Bac. Y Ph, Mix, Mcan 0 F Bac. Y Ph. Mix Mcean
1.3 91| 106 109 9.4 95 109 101 [ N4 132 4] 1230 125 a7 128
33
2.6 109 114 | 118 1] 13| 127 HA | ney | 133 135 23| 129 | 142 130
Mean 100 1.0 14 103 w4| 118 08 [ 17| 133 135 123 1271 140 129
1.3 123 | 116 | 123 124 | 124 | 129 126 | 123 36| 141 129 135 163 138
66
225 132 16| 17 133 | 134 137 135 1281 142 | 80 1337 138 172 144
Mean 128 | 132 | 133 129 | 129 133 10 126 | Bef 14| 13| 137 168 TN
13 197 16| 119 109 10| 119 Y| 19| 134 138 t26| 138 150 133
P »
22.5 121 | 125 124 1.2 124 | 132 125 | k24 ] 138 | 1430 128 | 134 | 157 13.7
Bipfertilizers 14 125} 124 16| 7] 126 120 [ e22| 36| 48| 127 12| 154 135
A NS 0.56
B 06 NS
c N.§ 128
AXB NS NS
L.S.D AXC NS NS
0.05 BXC NS NS
AXDXC NS N.§

= without biofertilizers
F=inoculation with bacterisl inoculant isolsted from cotton rhizosphere .

Bac.=I[noculation with Bacillus pelymyxa.

Y= Inoculation with yesst.
Ph.=Inoculation with phasphorine .

Mix.= Ingculation with a mixture of the four biofertilizers .
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fruiting branches/plant in one season only. Many investigators
found that nitrogen application increased number of fruiting
branches of cotton plant (Chand et al. 1997 El-Shahawy et al.
1997).

Regarding to phosphorus application, data in Table
(5) show that increasing phosphorus level up to 22.5 kg P,0s
/fed significantly increased the number of fruiting branches
per plant in the first season only. This finding is in accordance
with those obtained by Salem and Roshdy (1981) and Sabik
(1997).

Considering the effect of biofertilizers, data in Table
(5) show that biofertilization tended to increase the number of
fruiting branches .Three of biofertilizer treatments, i.e. Mix. ,
Bac. And I significantly increased the number of fruiting
branches /plant a compared to the control treatment while the
two other biofertilizers (Y and Ph) slightly increased the
fruiting branches per plant but the increase was not significant
in the two seasons. The efficiency of biofertilizers in
increasing numbers of fruiting branches could be arranged in
the following descending order:

The nixture of all biofertilizers > Bacillus polymixa >
mocula named F > Yeast > Phosphorine > without
biofertilization. These results are line in with those obtained
by Radwan (1998) who found that biofertilization increased
number of fruiting branches during both seasons.

IV-2-2 Effects on the number of total bolls/ plant:

Data i Table (6) reveal that Increasing nitrogen level
from 33 to 66 kg N /fed significantly increased the number
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Table ( 6 ) :Number of total bell / of plant as affected by application of N,P and biofertilizers

N Biofertilizers (C)
P(P,0)
keffed | 1o/fed '
Season 2000 Season 2001
N Iy
0O F Bac. Y Ph. Mix Mecan 0 F Bac. Y Ph, Mix, { Mean
113 10,4 | 128 | 27| x| 123 134 12.2 79 88| 100 9.5 99 | 137 1.1
33 % 1.0
225 105 | 128 | 131 124 120 | 139 125 83 | 12| 3| w6 e8| 13 1.
16 | 127 | 12e| 123} 122 137 124 1| 100 11| tei] 4| 138 107
Mean
11.3 141 | 141 143 41| 150 152 14.5 st 120 | 1A !l e 1me | and
66
225 154 | 154 158] 154 154 | 18K 15,4 99 21| 56 138 138 182 14.0
148 | 1a8| 149 148 152 154 158 92 121 | 14| 128§ 126 81 13.2
Mean
13 123 134 | 13s| 131} 37| 143 134 82| 105 120 103 | 07| 153 i3
P -
225 13.0 | 140 | 143 139 137 | 147 14.0 o1 | 17| 129 | 126l 123} 160 115
Biofertilizers 127 137 138 | 135} 137 | ide 13.7 87| | 7| ] sy o1se 12.0
A 051 1.2
n 0.56 0.35
A 99
c 092 09
AXR NS NS
L.S.D AXC L3 NS
0.05 5
BXC NS NS
K
AXBXC NS N

O= without biofertilizers

F=Inoculation with bacterial inoculant isolated [rom cotton rhizosphere
Bae.=Inoculation with Bacillus polymyxa .

Y= Inoculatien with yeast.
Ph.= Ingculation with phosphorine .
Mix= Inoculation with a mixture of the l'our bisfertilizers .
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of total bolls /plant from 12.4 to 15 and from 10.7 to 13.2 for
the two growth seasons , respectively. This result is mainly
due to the positive effect of nitrogen on number of fruiting
branches (Table ,5) as well as dry matter accumulations in the
different organs of cotton plant (Shafshak et al. 1983 b).
These results agree with those obtained by Ismail et al.
(2000) and Abd El- Shafy et al. (2001).

Concerning phosphorus fertilization, data in Table (6)
show that increasing phosphorus level from [1.3 to 22.5 kg
P05 / fed significantly increased the numbers of total bolls
/plant form 13.4 to 14.0 and form 11.3 to 12.5 for the two
seasons, respectively. Similar results were obtained by Sawan
(1986), Yasscen (1993) and Sabik (1997).

With regard to biofertilizers ,data in Table (6) show that,
generally, all biofertilizer treatments had a significant positive
effect on the numbers of bolls / plant. Different treatments
could be arranged depending on their ability in increasing
numbers of bolls / plant as following :

The mixture of the four biofertilizers>Bacillus polymyxa
> phosphorine > bacterial inocula named F > Yeast > without
biofertilizer application (control). These results agrce well
with those reported by Prasad and Prasad (1998) , El- Shazly
and Darwish (2001) who reported that biofertilization
significantly increased the numbers of bolls /cotton plant.

Data in Table (6) show that there is an interactive effect
of the application of nitrogen and biofertilizers on the
numbers of bolls /plant in the first season, while the other
interactions did not show any significant effect on the same
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character .The data for the first season indicate that the high
numbers of bolls /plant was obtained for the plants received
66 kg N/fed and inoculated with mixture of the four
biofertilizers, while the plants fertilized with 33kg N/fed .and
not received any biofertilizer yielded the had low numbers of
total bolls /plant .

IV-2- 3 Effects on the numbers of opened bolls /plant.

Concerning the influence of nitrogen levels on the
numbers of opened bolls / plant data are shown in Table (7).
The obtained data show that increasing nitrogen levels from
33 to 66 kg N/fed significantly increased numbers of opened
bolls/plant from 7.1 t0 9.2 and from 7.6 to 8.7 for 2000 and
2001 seasons, respectively. This trend might be due to the
fact that nitrogen is consider as essential nutrient for
controlling the new growth and preventing abscission of
squares and bolls (Varma,1982) .Also ,it could be attributed to
nitrogen deficiency which limits both rate and duration of
flowering and may be the major factor in cut-out of cotton
production (Hearn,1975) and / or to nitrogen deficiency which
decreased the auxin content and markedly increased the
content of inhibitors in the leaves and stems (Anisimov and
Bulatova, 1982). These results are in consistence with those
obtained by El-Sayed (1999) ,Darwish and Hegab (2000) and
Abd El- Shafy et al. (2001).

With respect to phosphorus fertilization, data in Table
(7) show that the numbers of opened bolls per plant was
significantly increased by application of phosphorus.
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Table { 7 ) :Number of opened bolls of /plant as affected by application of N,P and

biofertilizers
—
N P®,00 Biofertilizers (C)
kg/fed kg,}c d
Season 2000 Season 2001
w ) '
4] F Bac. Y Ph, Mix. | Mean O E Bac. Y Ih. Mix, | Mean |
113 65| 68| 72 6.6 6.7 7.7 69 63 16 7.8 64 75 83 73
33 66| 6} 77 6.8 | 83 7.3 7.3 A% 79 75 7.7 87 79
22.5
M a6l 72| 75 6.7 69 £0 71 6.8 81 7.9 7.0 76 85 7.6
ean
i3 85| ss{ 89 83 87 9.0 8.7 7.2 8.5 8.4 7.9 $6 | 102 68
66 9.1 98 | 100 52 96 ] 107 9.7 7.7 78 9.3 7.5 a8 | 122 89
125 . . ! : ! . . ; ; . .5 X . .
88| 93| 95 85| 92 29 9.2 75 82 89 77 87| 1.2 87
Mean
751 18| 8 8% 7.7 £4 7.8 6.8 81 8.1 7.2 a1 23 7.1
P 11.3
225 19 87 89 80 83 9.5 85 .5 32 8.6 7.5 83| 1ns 8.4
Biofertilizers 7| B3| 85 7| se| se g4 | a| 81| saf 3| 82| 99 LY
A 034 0.28
" 048 N.S
c 073 056
AXB N.5 NS
LS. AXC NS NS
0.05
BXC NS NS
AXBXC NS NS
0= without bialertilizers

F=Inoculation with hacterial inoculant isolated frem cattan rhizosphere .
Bac.=Inoculation with Bacillus polymyxa.
Y= Inoculation with yesst.
Ph.= Inoculation with phosphorine,
Mix.= Inoculation with & mixture of the four biofertilizers,
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Increased phosphorus level from 11.3 to 22.5 kg P,Os/fed
increased the numbers of opened bolls per plant from 7.8 to
8.5 in the first season only , respectively . Phosphorus is
known to be involved in photosynthesis and plant metabolism.
Phosphorus  regulates many enzymic processes and
phosphorus acts as an activator of some enzymes which may
affect bolls formation and stability (Epestein 1971). Similar
conclusions had been reported by [brahim et al. (1997) and
Abou-El-Nour et al. (2001).

Regarding to the biofertilization, data listed in Table
(7) indicate that using biofertilization markedly increased the
numbers of opened bolls / plant as compared with the control.
This stimulatory effect on opened bolls was more pronounced
in the plant inoculated with the mixture of the four
biofertilizers and with Bacillus polymixa .The highcst number
of opened bolls /plant which was being 8.9 and 9.9 for (he
mixture of inoculants in the two seasons, respectively. While
using yeast as a biofertilizer show the lowest number of
opened bolls /plant when compared to the other biofertilizers.
This finding is in agreement with thosc obtained by Radwan
(1998) and Hamissa (2000).

Concerning the interactive effect, data in Table (7) did
not show any significant interaction between the (ested
treatments on the number of opened bolls/plant in the two
seasons. These results are in aceordance with those obtaincd
by El-Shazly and Darwish (2001) who found that the
interaction between N fertilizer and microbein addition gave
insignificant effect on numbers of open bolls /cotton plant.
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1V-2-4 Effects on boll weight

From Table (8) it is clear that different levels of
nitrogen, i.c. 33 and 66 kg N/ fed had a significant effect
on boll weight in the second season only. The highest boll
weight was obtained by using 66 kg N /fed. Such results may
be due to the increase in the photosynthetic activity of leaves,
which in turn, account for a higher accumulation of
metabolites, that directly impacting boll weight (Sawan et al.
1997). The samc trend was obtained by El-Sayed (1999),
Ismail et al. (2000), Wassel et al. (2000) who found that boll
weight significantly favoured at higher nitrogen levels .

Regarding to phosphorus fertilization levels, data in
Table (8) show that boll weight was not affccted by
phosphorus application. These results cope with those
obtained by Abd El-Aal, et al (1996), El-Debaby et al. (1995)
and Tomer et al. (2000).

Concerning biofertilizer treatments, data in Table (8)
show that using mixture of the four biofertilizers led to a
significant increase in boll weight compared to control, while
the other four single biofertilizers namely 1',B,Yeast and
phosphorine show slightl increases of boll weight when
compared with uninoculation treatment. The highest values of
cotton boll weight were obtained from trcatments recciving
the mixture of all studied biofertilizers, while the lowest
values were recorded for the untrcated treatiment (control) in
both seasons.These results are in a agreement with those
obtained by Prasad and Prasad (1998) Radwan (1998) and
Hamissa et al. (2000).
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Table (8) : Boll weight (gm) as affected by application of N,P and biofertilizers

N Biofertilizers (C)
P(P,0s)
kg/fed kg/fed
Season 2000 Season 2001
w )
4] F Bac. Y I*h, Mix. Mean 0 F Bac Y Ph, Mix. Mean
1.3 2.6 28 29 27 146 2.9 17 2.1 2.2 2.2 2.3 1.3 2.4 1.2
33
2.7 13 29 237 27 2.9 2.8 2.2 24 14 23 2.3 2.4 2.3
22.5
17 . 19 .7 7 19 18 13 2. 2.3 1.4 2
Mean 7.8 2 1 21 3 13 3
13 19 19 30 30 30 3.0 30 13 23 2.4 13 2.5 17 14
66
2 30| 30| 3o 30 3.0 30 3.0 15 2.5 13 23 15 27 15
2.5
30| 0| a0 30 30 3.0 30 24 2.4 2.4 23 | 28 27 1.5
Mean
2.9 2.9 2.9 28 18 29 13 2.2 1.2 13 23 2.4 15 2.3
P 11.3
225 19 29 30 29 29 3.0 19 23 2.4 24 2.3 2.4 25 14
Biofertilizers 19 19 29 29 28 3.0 19 3 .3 2.4 1) 2.4 15 14
A NS 009
B NS N.S
c ®.12 0.1
AXB NS NS
L.S.D AXC N.S n.61
0.05
BXC N.S NS
AXBXC NS NS

O= witheut biofertilizers
F=Inoculation with bacteriat insculant isolated from cotton rhizosphere .
Bac.=Inoculation with Bacillus polymyxa .
Y= Inoculation with yeast.

Ph.= Inoculation with phesphorine .,

Mix. = Ineculation with a mixture of the four bioferlilizers .
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Boll weight was only affected by the interaction
between nitrogen fertilization and biofertilizer treatments in
the second season, whereas the differences were not
significant in the first one as shown in Table (8). In the second
season ,it could be observed that the plants fertilized with 66
kg N/fed. and treated with the mixture of the four studied
biofertilizers gave the highest value of boll weight whereas
the Towest boll weight was obtained when the plants received
33 kg N/fed and untreated with biofertilizers. Similar results
were obtained by Hamissa et al. (2000).

I1V-2-5 Effects on seed yield

Data in Table (9) indicate that nitrogen application had
a significant positive effect on sced cotton yield in kentar per
feddan in both seasons. Increasing nitrogen level from 33 to
66 kg N/ fed led 1o an increase in sced cotton yield from 7.4 to
9.7 and 6.6 to 7.5 kentar /fed in 2000 and 2001 scasons,
respectively. It is clear that 66 kg N/fed gave the highest yield
of seed collon per feddan. The increase percentages reached
27.6 and 13.6% for the two seasons, respectively when
compared the yield of plants received 66 kg N/fed to those
supplied with 33kg N /fed. These results arc expected since
nitrogen increased cotton growth characters which in furn
contributed 1o the increase in the amount of metabolites
available for bulding seed cotton, number of total and opened
bolis/ plant and boll weight as well as dry matter
accumulation of different plant organs (Shafshak et al.
1983b). These results are in harmony with those obtained by
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Table (9) :Seed cotton yield (kentar/fed) as affected by application of N,P and biofertitizers

N P(P,0%) Biofertilizers (C)
hefed | ygted
Season 2000 Season 2001
(A) (B
0 ¥ Bac. Y Ph, Mix. | Mean 1) F Bac. Y Fh. Miz, | Mean )
113 67| 76| 76 70 72 35 74 53 64 68 57 6.5 7.5 6.4
33
75 70| 27| 88 X 7.7 8.3 7.7 57 71 7.5 6.2 6.7 7.5 6.9
62| 27| 8 73 74 L¥] 76 55 68 21 60 66 76 6.6
Mean
1.3 86| 97| 99 9.3 95 X ] 9.5 64 7.6 74 6.7 71 &5 73
66
97| 99 100 9.7 98| 102 9.9 63 81 8.l 71 16 89 78
22.5
X 98 | 100 .5 . x .7 66 X . : . 87 5
Mean %1 9, 97| 100 9, 9 2.7 6.7 74 5|
76| 87| 88 LY a4 L} LY 59 6.0 71 (%] 63 LY 68
P 11.3
225 8.3 L8] 9.0 L %) 8.7 9.3 A8 63 2.7 78 6.7 1.2 83 7.3
Biofertilizers a0 38 8.9 34 8.4 9.2 8.7 6.1 73 7.4 6.5 7.0 31 71l
A 0.3 0.26
B 045 0.20
c 0.43 033
AXD N.§ NS
1.S.D AXC N.5 N.S
0.05
BRC NS NS
AXBXC NS NS

O= without biofertilizers
F=Inoculation with bacterial inoculant isolated from cotton rhizosphere.

Bac.=Inoculstion with Bacillus polymyxa .
Y= Inoculation with yeast.

Ph.= Inoculation with phospherine .
Mix.= Inoculztion with & mixture ol the four hiolertilizers .
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Darwish and Hegab (2000), Ismail et al. (2000), Wassel et al.
((2000) and Abd El-Shafy et al. (2001).

Regarding phosphorus levels, data presented in Table
(9) indicated that phosphorus fertilization exerted a significant
cffect on seed cotton yield in kentar per feddan in both
seasons.Application of phosphorus fertilization at 22.5kg
P,0s/fed led to an increase in seed yield by 3.5 and 7.4% as
compared with 11.3kg P,Os/fed in both seasons ,respectively.
This increment of seed yield /fed by using phosphorus
fertilizer is mainly due to the significant increase in number of
fruiting branches/plant, number of total and opened bolls and
boll weight. These results are in agreement with these
obtained by El-Debaby et al. (1995), Sabik (1997) and Tomer
et al. (2000) .

Regarding the to biofertilizers data show that all
biofertilizer treatments had significant effects on seed cotton
yield in kentar/ fed in both seasons as compared to
uninoculation treatment. The efficiency of biofertilizer

treatments in increasing seed cotton yield was as follows:

Inoculation with mixture of four biofertilizers > inoculation
with Bacillus polymyxa > inoculation with inocula named F >
inoculation with phosphorine >mnoculation with yeast >
uninoculation (control) .The increase percentage of the
biofertilizers was 15.0 ,11.3,8.8, 5.0 and 5.0, respectively for
the first season, while it was 34.4, 21.3, 19.7,14.8 and 6.6 for
the second season, respectively comparcd with the control
treatment.
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The effect of bacterial inocula (B and F) may be due to
not only to their N-fixing proficiency but also to their ability
to produce antibacterial and antifungal compounds ,growth
regulators and siderophores (Pandey and Kumar,1989).
Moreover, Feibo- Wu and Omar (1998) reported that the
two above-mentioned inocula significantly improved nitrogen
uptake, nitrogenase and dehydrogenase activity. The effect of
phosphorine as biofertilizers may be due to this biofertilizer
contains phosphate- solubilizing bacteria which be able to
release neutral and alkaline phosphatase (Chhanker and
Taraedar, 1984) and to its ability to dissolve the precipitated
form of phosphate that depends on its capability in producing
organic acids and /or CO; (Zayed,1998). The positive effect of
application yeast may be due to the higher content of protein
(amino acids), vitamin B and cytokinins. Also, yeast may
release CO, which reflects on improving net phytosynthesis
(Ferguson et al. 1987 and Idso et al. 1995) . Morcover,
Arshad and Frankenberger (1989) attributed the effect of yeast
(Sacch.cerevisiae) to its capability to produce ethylenc in the
rhizosphere region of plant which enhance plant root
distribution. These results are in accordance with those
obtained by Baisen et al. (1998) , Hamissa et al. (2000) and
El-Shazly and Darwish (2001).

The interactions between any of the two variables or
among the three variables did not exert any significant effect
on seed cotton yield in both seasons . This means that each of
these factors may be acting independently on seed cotton
yield. These results are agree with those obtained by Abd El-
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Ghany et al. (2001) who found that the interaction between N
fertilizer Jevels and microbein biofertilizer gave insignificant
effect on seed cotton yield in the first season only In contrary
Radwan (1998) found that the interaction between nitrogen
fertilizer levels and biofertilization exerted a significant effect
on the various studied characters during both seasons .

1V-2-6 Effects on the earliness percentage :

Data presented in Table (10) show that increasing
nitrogen level from 33 fo 66 kg N/fed significantly reduced
the values of first picking percentage . The highest level of
nitrogen, i.e. 66 kg N/fed reduced the percentage of seed
cotton yicld obtained at the first pick to 53.2 and 62.4 % in the
two seasons, respectively. The lowest level of nitrogen (33 kg
N/fed) gave the highest percentage of secd cotton obtained at
the first pick (749 and 69.6 % for the both seasons,
respectively). Generally .the results obtained indicated that
higher rates of nitrogen fertilizer could ultimately extend the
period of vegetative plant growth and thus delaying the onset
of fruiting stage (Ismail and Esmail,1987). The explanation of
this point ,is that since the high nitrogen level resulted in
larger amount of bolls per plant which require more time to
get mature and the majority of these bolls werc gained at the
second picking . The increase in the weight of the second
picking to the total weight of seed cotton yield minimized the
percentage of earliness percentage. These results are in
harmony with those obtained by El-Shahawy et al. (1997)
El-Sayed (1999) and Ismail et alk. (2000).
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Table ( 10): Earliness percentage as affected by application of N,P and biofertilizers

N Biofertilizers (C)
fed P(P,05)
kg/ ke/Ted
: Season 2000 Season 2001
) (B
0 F Bac. Y Ph. Mix. Mcan O F Bac Y Ih, Mix, Mcean
1.3 9t2 | 705 681 | 5% | s39 | sox 0 [ 07| 706 ) 73| T07| em7| em1] 7e3
33
225 933 | 850 | M4 682 697 | 694 79| 696§ 3| Tod| GRS B6R | 654 | eRR
923 | 778 58| 720{ 668 es50 M9} 2| W4 23| 696 687 | 662 [ 696
Mean
113 558 | %37 S32| 474 302 406 82 809 748 | 788 58] 72| To| T
66 725 :7| %7 2| sse| ss8| ss8 82t 90 | TR | 783 | 4| 782 677 | i
§T4 | 567 62| s32| 7451 a9 2| 80| 758 | 27 Taf 7| 698 | 624
Mean
1.3 730 ) 621 ) 607 s66| s16| sas 60t | 7182 ma| 722) 08| 609 | sos| Tis
p -
22.5 765 | 24| T3 686 | 628 | 628 68 M4 | 73T 29| 00| 35| 666 728
Biofertilizers 749 | 673 | 660 6267 872 s6s 641} 781 | M2t 724 | 704 | 7.7 884 6.0
A 351 136
B 452 NS
e 961 .9
AXD N.S NS
LS.D AXC NS NS
0.05
BXC NS NS
AXBXC N5 NS

O= without biofertilizers

F=Inoculation with bacterial inaculant isolated from cotfon rhizosphere.
Bac.=Inoculation with Bacillus polymyxa .

Y= Ingculation with yeast,

Ph.= Inoculation with phesphorine .

Mix. = Inoculation with a mixture of the four biofertilizers .
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Concerning phosphorus fertilization, data in Table(10)
reveal that phosphorus application significantly and positively
affected first picking percentage in the first season . Earliness
character measured as percentage of first pick of total yield
(69.0 %) produced from plants received 22.5 kg P,Os /fed
while the plants fertilized with 1.3 kg P,O5 /fed yielded the
lowest percentage of first pick (59.1 %). The same trend was
obtained in the second season but the difference between the

two phosphorus treatments was not significant. The same
results were nbtained by Mohamcd et al. (1988), Hosny et al.
(1989 a), Nagib (1990) and Ibrahim et al. (1997).

Regarding the biofertilizers, data in Table(10) show
that inoculation the cotton seed by biofertilizers had a
negalive effect on earliness percentage in both seasons. Three
biofertilization treatments reduced significantly earliness
character,i.c. the mixture of biofertilizer, phosphorine and
yeast, while the other two inoculants had a slight effect but
insignificant on reducing earliness percentage when compared
to control (without inoculation ) in both seasons . This may be
due to these biofertilizers might enhance the cotton growth,
hence prolonged vegetative period and thus delaying
development and maturity of bolls. On the contrary, El-Shazly
and Darwish (2001) reported that the biofertilizer (microbein)
gave insignificant cffect on earliness percentage.

The interactions effect between nitrogen and
phosphorus, nitrogen and biofertilizers or phosphorus and
biofertilizers on earliness percentage was insignificant in both
seasons. Moreover, the interaction among the three variables
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insignificantly affected the earliness percentage in both

S€asons.

1V-3 Effect of fertilization programs on technological
properties :

1V-3 1 Effects on seed index

Data presented in Table (11) show the effect of
nitrogen fertilizer rates, i.e. 33 and 66 kg N/fed on cotton seed
index measured as the weight of 100 seeds of cotton in gram.
The differences between values of seed index obtained under
the two nitrogen fertilization levels were significant in the two
seasons. The nitrogen level (66 kg N/fed) gave the highest
value of sced index .This result could be explained on the
basis of the increase in photosynthetic activity in the leaves of
cotton plant with the increase in nitrogen level (Stancv,
1976). These results coinside with those obtained by Darwish
and Hegab (2000), Matbully-Amany (2000) and Abd el-Shafy
et al. (2001).

Concerning phosphorus fertilization, data in Table (11)
reveal that phosphorus application had no significant effect on
seed index in both growing seasons. Although a slight
increase of seed index was observed at higher phosphorus rate
(22.5 kg P,0s/fed), however the difference between the two
studied phosphorus rates, i.e. 11.3 and 22.5 P,Os /fed was not
significant. These results agrec well with those obtained by
El-Debaby et al. (1995), Sabik (1997) and Abd El-Aal et al.
(2000).
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Table (11) : Seed Index as affected by applieation of N,P and biofertilizers

N Pr,04) Biofertilizers (C)
s,
keffed | gsfed
: Season 2000 Season 2001
) 8)
0 F Bac. Y I"h. Mix, Mean 1] F Bac. Y Ph. Max. Mean
1.3 an| 99 9.8 9.3 95| 103 9.6 9.3 96 | 100 9.0 9.4 | i0d 9.6
33
9.4 9.8 9.9 91 971 03 9.7 9.6 96 | 100 9.4 94 | 02 9.7
22.5
92| 99 9.9 9.3 96 | 104 9.7 95 96 | 100 92 06 | 182 9.7
Mean
113 93| 99| il 9.5 9.7 | 104 9.8 o5 | 100 | 100 9.7 9.7 1 101 9.8
66
93| 100} 01 9.6 98 | 104 [X] 9.6 9g | 100 9% 9.9 | 141 98
225
9.3 | 00| 04 9.6 98 | 104 9% 9.6 99 | 00 9.8 98 | 0. 9.8
Mean
91| 99| 00 9.4 96 | 104 9.7 9.4 98 | 0o 9.7 9.7 | ina 9.7
11.3
225 9.4 29 | 00 9.4 2.7 104 9.8 9.6 9.7 | 100 94 9.6 10.1 9.8
Biofertilizers 33| 99| 100 9.4 9.7 | 104 9.8 9.5 9.7 | 100 9.5 9.7 1 Imt 9.8
A 0.08 n1o
o NS NS
. ki
C 033 01
AXHE o NS NS
L.S.D AXC 018 NS
0.05
BXC NS NS
AXOXC 0.25 NS

O= without hiefertilizers

F=Inoculation with bacterial inoculant isalated {from catton rhizesphere .
Bac.=Inoculation with Bacillus pelymyxa .

Y= Inoculation with yeast.
Ph.= Inoculation with phespherine.
Mix.= Inoculation with s mixture of the four biefertilizers.

RESULTS & DISCUSSION »




Regarding biofertilization ,data in Table (11} show
that all biofertilizer treatments except the yeast inoculation
significantly increased the seed index in both growth seasons.
Based on the statistical analysis of data obtained and on the
observed overall trend ,it could be stated that using the
mixture of biofertilizer treatments exerted the heavier 100-
seeds. The effect of biofertilizer treatments on seed index
could be descendingly ordered as follow (in both seasons) :

Mix. > Bac.> F > Plh > Y > control. These results

are in agreement with those obtained by Radwan (1998) and
Hamissa et al. (2000). On the other hand, Prasad and Prasad
(1998) reported that biofertilization did not affect the weight
of 100-sceds.

Concerning, the interactive effect of the three variables,
the obtained data reveal that the interaction between nitrogen
fertilization and biofertilizers had a significant effect on seed
index in the first season only. The heavier 100-seed was
recorded for the plants received 66 kg N/fed and inoculated
with the mixture of the four studied biofertilizers. Whereas the
lowest value of seed index was observed for the plants
fertilized with 33 kg N/fed and not received any biofertilizers.
Similar results were obtained by Hamissa et al. (2000) who
reporied that ,ihe interaction between nitrogen fertilization
and biofertilizer treatments significantly affected seed index.

1V-3-2 Effects on lint percentage

Data in Table (12) show that nitrogen fertilization
exerted a significant positive effect on lint percentage in both
growing seasons . Higher lint percentage was obtained by
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Table (12) : Lint percentage as affected by application of N,P and biofertilizers

N Pr,0 Biofertilizers (C)
k/led | )0 fed
: Season 2000 Season 2001
(A) o ’
0 F Bac. Y Ph. Mix, Mean 1] F Bac. Y Ph. Mix. | Mesan
1.3 au6 | A0S | 406 | 422 | 407 406 | 4tS | a6 [ 405 | 396 | 412 | 407 | 3946 | dos
33
2.5 423 | 410 [ 406 | 424 | 4009 § 402 8 ana | 423 | 407 | 406 | 404 | de9 | w02 | a0
426 | 913 | 406 | 423 | 418 | 404 | 4% | 420 | 406 | 400 | 413 | dos | 309 | 408
Mean
1.3 418 [ 407 [ a0s | 415 | 413 | 308 | 409 | 408 | 397 | 304 ) 405 | 403 | 388 | 309
66
225 433 | dro | oaez | 413 | 410 | 399 | 4o | 4e3 | 400 | 392 | 403 | 400 | 389 | 400
421 | 409 | 403 | 44 | 412 | 399 | 4r0 | anr | 399 | 393 | 204 | 402 | 39 | 400
Mean
1.3 42 | 41t | 408 | @9 | 418 | 402 | 412 | 4z | 400 | 398 | 400 | ans | 307 | 402
P .
22.5 423 | 410 | do4 | 419 | 410 | 400 q1.2 4.8 | 404 | 399 | 409 | 405 | 396 | 408
Biofertilizers 433 [ AL | d0S ] 419 | 415 | 402 | 413 | 416 | 403 | 397 | 409 | 405 | 394 ) 404
A 0.1 0.6
B N.§ NS
c 1.03 1.2
AXB N5 NS
LSD | axc NS NS
0.05 .
_ BXC B ‘N'sk o L i N{“f B e
AXBXC NS N5

O= without biofertilizers
F=lnoculation with bacterial inoculant isolated from cotton rhizosphere .

Bac.=Inoculation with Bacillus polymyxa .
Y= Inoculation with yeast .

Ph. = Inoculatian with phosphorine .
Mix.= Inoculsfion with 8 mixture of the four biofertilizers .
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applying the low nitrogen level ,i.e. 33 kg N/fed Increasing
nitrogen level from 33 to 66 kg N/fed decreased lint
percentage from 41.5 to 41.0 and from 40.8 to 40.0 in 2000
and 2001 seasons, respectively. The decrease of lint
percentage by increasing nitrogen level might be attributed to
the increase in average seed weight /boll (Table,8) without
corresponding increase in the weight of lint/boll. These results
are in agreement with those obtained by El-Okkia et al.
(1981), Shafshak et al. (1983 b),El-Debaby et al. (1995) and
Abd El-Shafy et al. (2001).

With regard to phosphorus fertilization, the data in
Table (12) reveal that lint percentage did not affect by
phosphorus fertilization level in the two growth seasons.
There was no pertinence between phosphorus and lint
percentage. Similar results were obtained by Abd Li-Aal et al.
(2000) Matbully- Amany (2000) and Abou-El-Nour et al.
(2001). In- contrast, Gill et al. (1985) Yasseen (1993) and
Sabik (1997) indicated that lint percentage increased by
increaseing phosphorus fertilization levels.

With respect to biofertilization, data in Table (12)
reveal that using biofertilizers namely mixture, Bac. and F.
led to a significant decrease in lint percentage when compared
with uninoculation treatment, whereas the other two kinds of
biofertilizer, i,e. yeast and phosphorine caused a slight
decrease effect on lint percentage as compared with the
control. The lowest values of lint percentage (40.2 and 39.4%)
were recorded for the plants inoculated with mixture of the
four biofertilizers during (2000 and 2001 seasons),
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respectively. While uninoculated plants show the highest
values of lint percentage. The effect of biofertilizers on
decrease [int percentage may be due to the effect of nitrogen
on increasing seed weight /boll (Table,8) without increase in
lint weight . These results are in a agreement with those
obtained by El-Shazly and Darwish (2001) who found that
microbein application to cotton plants significantly increased
lint percentage. The same results were obtained by Hamissa et
al. (2000).

1V-3-3 Effects on fiber properties

Data presented in Tables (13, 14, IS5, 16 and 17) show
clearly that nitrogen , phosphorus and biofertilization and their
interaction did not significantly affect any of the studicd fiber
propcrtics, namcly staple length at 2.5% and at 50%,
uniformity ratio (UR), fiber strength (Pressely Index) and
fiber fineness (Micronair Reading) in both growing seasons.
There were no relevance between any of the fertilization
treatments and any of the above mentioned fiber properties.
The insignificant effects of fertilization treatments on fiber
properties may be explained by the fact that those characters
are essentially genetically controlled and have high
heritability values. These results are in line with those
obtained by Ismail et al. (2000), Wassel et al. (2000) and
Abou-El-Nour et al. (2001) for nitrogen and Tbrahim et al.
(1997), Abd El-Aal et al. (2000) and Abou-El-Nour et al.
(2001) for phosphorous fertilization.
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Table (13) : Staple length (2.5 %) as affected by application of N,P and biofertilizers
Biofertilizers {(C
N P(r,04 )
keffed | \oreq
Season 2000 Season 2001
(A} (B
0 F Bac. Y Ph. Mix. Mean 0 F Bac. Y Ph. Mix. Mean
M2 ol ne| 2| MA| NI M3, Me| ne| wa| ms| na| o8| 33
11.3
33 225 n3| Me| ns| 8| 306 308 09| 04| 316 308 30| 2| 308 310
M3l n3p nms| s | mel 31 2| nol 36| 308! sl M3 ms | 2
Mean
13 3zl ne| o8} s3] 06| 304 09| 36| 306 08| Mo 30| na| s
[
o 7.5 M4 | u8| 08| 4| 04| 32 2| 4| 302 00| 34| 32| 6] 20
M. . : . 5 3] 4 M, 4 . PRI 5 1.8
Mean 13} a7 08| a1l 30 30 . 1] 04| a2 1| M 3
1.3 st2 | 3a| 2| Mo e 304 aMal | 31| | md| a2 | ma2
P .
225 M4 | 33| M| 6] 05| 30 st | sne| 389 304l 32| sa| 32| 30
Biofertilizers M3| nsi n2l o8| 08| Mo My | 31| moe| e | M3 mzi 7| 3
A N5 NS
B NS NS
. NS NS
Axil NS NS
LS.D AXC NS N.S
0.05
BXC NS N5
AXBXC N.§ NS

(= without biofertilizers
F=Inoculation with bacterial inoculant isolated from cofton rhizosphere.

Bac.=Inoculation with Bacillus polymyxa .

Y= Inoculation wilh yeast.
Ph.= Inoculation with phosphorine .
Mix. = Inoculation with a mixture of the four biofertilizers .
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Table (14 ) : Staple length (50 %) as affected by application of N,P and biofertilizers

N P09 Biofertilizers (C)
kgffed | \orted
Season 2000 Season 2001
(A}
B
" [1] F Bac. Y Ph. | Mix, | Menn [1] F Bac. Y Ph. | Mix. | Mean
1.3 156 | 154 | 157 187 | 187 | 56 P56 | 1SR IRR | 184 | 1589 | 57| 154 157
33
2.5 5.7 158 | 157 50| 154 | 155 IS5 183 ¢ 158 ) 154 156 | is7]| 154 155
Mean 157 156 | 157 154 156 156 156 | 156 188 ) 154 158 57| 154 156
113 187 | 158 | 55 1541 154 152 1850 184 | 153 | 155 56| 58| 157 156
66
18 158 | 159 ] 154 1571 153 | i%s 157 187 | 52| 1s5¢ | 57| 56! 158 155
Mean 158 159 | 155 156 | 154 | 154 156 | 156 | 183 | 183 | 157 i56 | 158 156
113 157 156 | 156 156 | 56| 154 156 | 156 1567 185 158 156 | 126 157
P -
225 158 159 | 156 154 | 1541 156 IR7 ) IS5 85| 153 | i57F 187 | 156 18,5
Biofertilizers 158 ( 158 | 156 1551 158 | 155 156 156 | 156 | 154 158 157 | 156 156
A N5 NS
B NS NS
NS NS
C —
AXD NS NS
LS.p AXC N5 N.§
0.05 Bxe NS N.S
AXBXC NS NS

O= without biofertilizers

F=Inoculation with bacterial inoculant isolated from cotton rhizosphere

Bae.=Inoculation with Bacillus polymyxs .
Y= Inpculation with yeast

Ph.= Inoculation with phosphorine .
Mix.= Inocolation with & mixture of the four biofertilizers
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Tabie (15) : Uniformity ratio(UR)as affected by application of N,P and biofertilizers
N P09 Biofertilizers (C)
V78,
kg/fed | 1o ited
Season 2000 Season 2001
W (L]
o F Bac. Y Ph. Mix. Mean 0 F Bac. Y Ph. Mix. | Mean
13 g0 | 03] soe! ses| s | se2 %02 | 408 | so1 | soo| s02 | so2 | sor oS00
33
1.5 04| S04 | son| S0.2| 5007 503 s02 | se2| so3) san| so2| se4 | s0e | s02
02| 02| sno| sS04 sey| 503 g2 ] sno| so2| sea | sox | S3[ ser | Se2
Mean
13 sod4| sen| se2| soa] 503 so5 w2 | spg | S| so2 | se2| S0 | soo | Sal
66 1.5 s02| so1 | soa | se2 ) s02 | sea coz! sn2] sa2| se3 | S0 Sed | se2 | 502
503 | son | s0z] S0 5 £ s2l %02 se2| s02] S0z} SO 50 0.
Mean 500 | S0 25 %03 i 2 1| se2| s02 2] SOt S0 1
p 13 502 ] soz| %1 | S0 | 502 se2 g2 soof sear| soi| so2l| s | sesl S8
225 503§ 01 5ol 02| se2| S02 sp.z | snz| %03 | s ] sez)| s03 | S0l £0.2
Biofertilizers 503 | s02) sel 503 | 502 | S0l 2| so4f %2 | se2) sez2) %02 | S04 50.2
A NS NS
a NS NS B
c NS N.§
x| e NS .
1.8.0 AXC N5 NS
0.05
PXC NS N8
AXRXC NS NS

0= without biofertilizers
F=Inoculation with bacterial inpculant isslated from cofton rhizosphere.
Bac=Inoculation with Bacillus pelymyxa .
Y= Inoculation with yeast,

Ph.= Inoculation with phosphorine .

Mix. =Jooculation with & mixture of the four hiofertilizers .
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Table ( 16 ) : Fiber strength (Pressly Index) as affected by application of N,P and biofertilizers

N Biofertilizers (C)
P(P,0q
hffed | Lo ed
Season 2000 Season 2001
Ay m
a | _F Bac. Y Ply, Mix. Mean [¢] K Bac, [ ¥ | Ph | Mix. | Mean
1.3 9.1 92| o3 9.1 9.2 9.2 91 94 9.3 LY 9.5 9.4 93 2.4
33 9 Y 4 94
725 92| 93 o3 93 2.2 9.2 23 2.3 o4 X LX . 5. .
92| 93| 93 L¥) 9.2 9.2 9.3 9.4 9.4 96 9.5 9.4 9.4 9.4
Mean
113 94 [ 91 93 9.2 2.1 9.2 9.2 2.3 95 94 93 9.4 9.4 9.4
66
9. 93| 92 93 9.4 9.3 93 9.4 9.3 9.3 9.4 9.3 04 9.4
22.5
93] 92 93 9.3 9.3 9.3 2.3 9.4 9.4 9.4 9.4 9.4 9.4 9.4
Mean
93| 9r{ 93 9.2 9.2 9.2 9.2 9.4 9.4 95 9.4 9.4 9.4 9.4
P 11.3 -
225 9.3 9.3 2.3 9,3 9.3 9.3 9.3 9.4 9.4 9.5 9.5 94 9.4 9.4
Biofertilizers 93! 93 93 93 93 5.3 9.3 9.4 9.4 05 9.5 9.4 9.4 9.4
A NS NS
B NS NS
c NS N.S
AXR N3 NS
LSD | axc o NS [ O
0.05 . .
BXC NS NS
AXBXC NS NS

O= without biofertilizers

F=Inaculation with bacterial inoculant isolated frmm cotion rhizesphere .
Bac=Inoculation with Bacillus polymyxa .

Y= Inoculation with yeast.

Ph.= Ingculation with phosphorine .

Mix.= Inoculation with 2 mix{ure of the four biofertilizers .
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Table ( 17 ) : Fiber fineness (Micronire Reading) as affected by application of N,P and

biofertilizers
N P(r,00 Biofertitizers (C)
kg/fed kg];e 4
Season 2000 Season 2001
(A) B
0 F Dac, Y Ph. Mix. Menn 0 F fAnc, Y Ph. Mix. Mean
1.3 46 | 45 | 43 46 44 44 44 43 42 46 45 43 44 44
33 4
225 4.4 44 | 46 45 44 45 45 44 4.4 41 42 14 4. 43
Mean 45 | a5 | 45 46 44 45 45 44 43 44 4.4 44 4.4 44
13 6 | 43 | 43 45 44 44 44 45 43 41 45 44 41 43
66
225 43 | a4 § a4 43 43 44 43 14 45 43 44 43 45 14
Mean 45 | 44 | a4 44 14 44 44 4.5 44 43 45 44 43 44
46 | 44 | 43 46 44 44 44 4 43 44 45 44 43 44
P 11.3
22.5 44 | 44 | 45 44 44 45 44 4.4 45 43 43 44 45 44
Biofertilizers 4.5 4.5 45 45 44 45 445 4.5 44 44 4.5 44 44 44
A NS NS
B N.S NS
c NS NS
AXB NS NS
L.S.D AXC NS NS
0.05 BXC NS N.S
AXBXC NS NS

0= without biafertilizers

F=Inoculation with bacicrial inoculant isolated from cotlon rhizosphere.
Bac.=Inoculstion with Bacilius polymyxa .

Y= Inoculation with yeast.

Ph.= Inoculation with phesphorine.

Mix.= Inoculation with a mixture of the four biofertilizers .

N
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IV-4 Effect of fertilization programs on chemical
contents of cotton seed

[V-4-1Effects on oil percentage

Table (18) show the mean percentage of oil in cotton
seeds as affected by nitrogen, phosphorus and biofertilization
and their interactions over the two seasons, 2000 and 2001.

The obtained data reveal that the three studied variables
had no significant effect on oil percenlage over the two
seasons. The results obtained concided with those of by,
Ghourab et al. (1995), Wassel et al. (2000) and Ismail et al.
(2000) for nitrogen fertilization and Kamal et al. (1974), Hegab
et al. (1983), Sawan et al. (1988), Saif El-Yazel (1990), Abd El
Reheem et al. (1991) for phosphorus application. Whereas,
Radwan (1998) stated that biofertilization increased oil
percentage of cotlon plant.

1V-4-2 Effects on protein percntage

Data presented in Table (19) show that increasing
nitrogen levels from 33 to 66 kg/fed increased protein
percentage from 21.1 to 22.7 and from 21.3 to 22.6% for 2000
and 2001 seasons, respectively. This may be attributed to the
favourable effect of nitrogen on sced weight and thus affected
the various constituents of seeds including protein percentage
(El-Hamawi, 1977). These results are in harmony with thosc
obtained by Darwish and Hegab (2000), Wassel et al. (2000),
Abd El Shafy et al. (2001) and Radwan (1998).
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Table ( 18 ) :Oil percentage in seed of cotton plant as affected by application of N,P and

biofertilizers
N Riofertilizers (C
Pp,05) «)
kg/fed kg/fed
Season 2000 Season 2001
(A} (B)
O F Bac. Y Fh. Mix, Mean 0 F Bac. Y Th. Mix. Mean
13 237 235| 16| 236 237 | 135 136§ 37| 26| 35| 136 237 | 136 3.6
33 2.5 1371 236 ] 238 37| wI| s 37| B6| B6| 26| 236 36| 235 236
2.7 6| 238 3.7 7| 16 3. . 6 & 6| 1 13. 236
Mean 23, 2 n 71 Il o 23 23, 6 6
1.3 36| B7| Bs| 5] 17| Ve me| 37| BT| 26| 36| V6] 136 136
66
1.5 35| 26| 23.5| 2361 25| 16 236] 26| 236 235 7] 26| 236 3.6
26| 17| 26| 36| 236| 236 ne| 7| w7t 23| 237 238 26| 236
Mean
113 237 6] 236 36| 27| 06 ns| 27} 237 Bs| B6| 237 06} 236
P .
225 16| 16| 136 07| 26| 136 231 ] 26| 36| M6| IIT| 136 | 26 n.e
Biofertilizers NI 17T PBe] WBT| 07| Wb w32 7] B Bel 23| V| 6| Vs
A NS N.5
B NS N.5
; .5
c NS N
AXRB NS N.§
L.S.D AXC N3 N.S
.05
RXC NS NS
AXBXC NS N5

O= without biofertilizers

F=Inoculation with bacterial inoculant isolated from cotton rhizosphere .
Bac.=Inoculalion with Bacitlus polymyxa .
Y= 1noculation with yeast,

Ph.= Inoculation with phosphorine.
Mix.= Inoculation with a mixture of the four biofertilizers .
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Table ( 19 ) :Protein percentage in seed of cotton piant as affected by application of N,P and

biofertilizers
N P(P,04 Biofertilizers (C)
X
ke/fed kgf:cd
Season 2000 Season 2001
(A)
® 0 F Bac. Y Ph. Mix. Mean Q F Bac. ¥ Ph, Mix. | Menn
11 3 0.7 21,0 2.2 210 209 ns 211 %) n3 2i.2 21.0 207 2i.5 2510
33
2.5 wo [ 217 ; n3 | 20 | 203 | 20 | 210 203 | 8 | 222 0 13 | 205 | 230 ) s
Mean 04 [ na | 03 o | 208 | ns | wa w3 | ns | a7 | n2 | o206 | 23| na
1.3 20 | B | 28 ¢ 28 | 128 | 25 | 27 | 20 | 225 | 248 | 225 | 22 | 35 | 11s
66
22 5 1.7 9 230 22.6 22,0 325 116 0.3 237 128 7.8 mT 245 24
Mean e | B | 29 0 oame | 223 [ 35 | o227 [ 2 | a3a | 24 25 | us | e s
Dajmo | zof ns (7 fns o ne |22 ue | ne | 28| ns | s | 20
P 11.3
22.5 W3\ 23|22 N8 | N2 (08| N9 [ 203 ¢ 281 25 | 29 | s | 238 | 220
Biofertilizers 2 22| 22 N8| u5| 127 29 W8 A 26| ne| 2| 22| 220
A 110 1.24
B NS N.S
¢ 051 0.81
AXB N.§ N.§
L.S.D AXC N.§ NS
0.05 e NS NS
AXDXC N8 NS

G= without biofertilizers

=Inoculation with bacterial inoculant isolated from cotton rhizosphere .
Bac.=Inoculation with Bacillus polymyxa .

Y= Insculatien with yeast,

Ph.= Innculation with phesphorine .

Mix.= Inoculation with a mixtnre of the fonr binfertitizers
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Concerning phosphorus fertilization,data in Table (19)
reveal that protein percentage was not affected by the addition
of phosphorus .Similar results were obtained by Sawan et al.
(1988) and Sabik (1997). On the other hand Abdel Reheem et
al. (1991) found that protein percentage significantly
increased by increasing phosphorus levels.

With regard to biofertilization, the data in the same
Table (19) show that biofertilizers increased protein
percentage as compared with uninoculation trcatment
(control) The difference in protein percentage between control
and those treated with mixed biofertilizer, Bac., F. as well as
yeast was significant. The highest values of protein percentage
were obtained by the using mixture of the four biofertilizers .
Whereas, the phosphorine biofertilizer failed to exert any
significant increase in protein content as compared to control
These results are in a good agreement with those obtained by
Radwan (1998).

IV-5 Effect of fertilization programs on nutrients

content in plant and soil

1V-5-1 Effects on plant accumulation of nutrients

Data in Tables (from 20 to 26) show the effect of
nitrogen, phosphorus and some biofertilizers application on
nutrients content in cotton plants.

Data reveal that nitrogen and phosphorus contents
were significantly affected by nitrogen application in the two
growing seasons, while K, Fe, Mn, Zn and Cu contents did
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Table ( 20 ) :Nitrogen content (%) as affected by application of N,P and biofertilizers

N P Biofertilizers (C)
(P204)
keffed | e
: Season 2000 Season 2001
“r ”)
0 r Bac. Y Ph. Mix. Mcan O F Bae, Y Ph. Mix Menn
1.3 34 40| aa 37 35 4.3 38 34 4.0 4.0 39 34 41 38
33
347 40| 40 36 38 4 3R 38 39 39 37 16 40 38
22.5
34 40| 41 37 35 42 38 35 4.0 40 12 6 4. 3.8
Mean 3
1.3 37| 42 4.2 38| a7 45 40 38 42 4. 39 38 4.4 40
66
225 35| 43| a2 37| a7 45 40 s 4.1 41 19 39 44 4.0
Mean kX J“ 42 38 37 4.5 4.0 36 42 41 39 39 44 4.0
1 36 4 42 37 36 44 39 35 4.1 4.1 39 3a 43 39
P 1.3
225 38 12 41 37 36 4.3 39 36 4.1 4.0 38 18 42 39
Biofertilizers 36 42 42 37 34 4.4 a0 36 4.1 4.1 39 3R 43 19
A 019 0.18
D N5 NS
c 014 0.27
AXB N.5 NS
LSD AXC N& NS
0.05
BXC NS NS
AXBXC NS NS

O= without biofertilizers

F=Inoeulation with bacterial inoeulant isolated from cotton rhizosphere .
Bac.=Inoculation with Bacilfus pelymyxa .

Y= Inoculation with yeast.
Ph.= Tngculation with phosphorine .
Mix. =Ingeulation with 8 mixture of 1the four biofertilizers .
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Table ( 21 ) :P content (%) as affected by application of N,P and biofertilizers

N P(r,04) Biofertilizers (C)
TS :
kg/Ted keffed
Season 2000 Season 2001
(A} ®
0 F Bre. Y Ph. Mix. Mean 4] F Bac. Y Ph. Mix, Mean
1.3 018 | 819 | si9| s828] 821 | 82t g0! o17] o8| m9| 0ze 020 023 | 020
33 2725 821 | 822] 822 824 | 024 015 823 | o021 ] 022 | o023 823| 824} 825 0.23
Mean 828 | 021 ] a2 02| 023 823 p22| 819} o207 su | o022| s822| 824 012
1.3 s20 | 821 02 822 | 823 | 024 022] o020 82t | om | 022 | 023]| N2 | 022
66 2125 828 8211 821 828 | oz | 818 824 | oz 821 | s22f 0271 028} 029 0.25
Mean 820 | a2 | 821 825 026 | 026 023 08| oze} 822 | 028 026 027 BM
113 o1o| o | o | 821 | e22: 013 021 | s819| 820 020 | 821 | 021 024 024
P -
225 o1 | 8| 8N 026 | 826 827 824 | 021 822 | e | 025§ 0| 827 024
Biofertilizers 820 | 821 | 82 824 815| 0125 823] 828 | o021 812 024 024 026 023
A 8.003 8008
- 8.002 0.005
¢ 0.80% 0.01
AXB 8.004 N.S
LS.D AXC 0.008 8014
0.05 BxC 0.008 0.814
AXBXC 0.011 001 J

O= withgut biofertilizers
—Inocuiation with bacterial inoculant isolated from cotton rhizasphere .
Bac=Inaculation with Bacillus polymyxa.
Y= Inoculation with yeast.
Ph.= Inoculation with phosphorine.
Mix.= Inoculation with & mixture of the four biofertilizers .
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Table (22) : K content (%) as affected by application of N,P and biofertilizers

N P04 Biofertilizers (C)
kg/ted | )it
a Season 2000 Season 2001
W (B
1] F Bac. Y Ph, Mix, Mean O F Bae, Y Ph. Mix. Menn
1.3 20 23| 19 1.7 21 2.0 20 1.8 1.2 22 14 20 1.9 1.8
33 N
225 W 23| s 1.5 8 26 21 18 12 21 20 1.2 29 19
Mean 19 23§ 22 1.6 2l 2.3 21 1.8 1.7 22 1.7 1.6 20 1.9
(1.3 18] 241 19 18 1.7 2.0 2.0 1.7 21 L7 1.6 1.9 1.7 1Ly
66
25 187 224 21 2.0 19 21 2.0 L6 1.9 20 1.9 1.7 2.0 19
Mean 18] 23§ 20 20 18 21 29 1.7 10 1.9 1.8 1.8 19 19
113 19] 24| 19 19 1.9 26 29 1.0 1.7 20 1.5 24 1.8 1.4
P a
225 6| 23| 23 1.8 7.0 2.4 21 1.7 21 23 20 1.5 290 1.9
Bioferlilizers 1.9 23 21 18 2.0 22 11 1.8 9 L1 1.8 17 1.0 1.9
A NS NS
8 NS N.§
c 0.18 N.S
AXB NS NS
L.S.D AXC NS NS
0.05 BXC N.§ NS
AXBXC NS NS

O= without biofertilizers

F=Inoculgtion with bacterisl inoculant isofated from cotton rhizosphere.
Bac.=Inocalation with Bscillus polymyxa .

Y= Inoculation with yesst.
Ph.= {npcufation with phosphnrine ,
Mix.= Iroculstion with 8 mixture of the four hiofertilizers .
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Table (23 ) :Fe content ( pg/g ) as affected by application of N,P and biofertilizers

N P(P,09 Biofertilizers (C)
B
kg/fed kg,’& $
Season 2000 Season 2001
(A} (B)
0O F Bac. Y Ph. Mix. Mean 0 F Bac. ¥ rh. Mix. | Mean
113 080 | 5150 | 1704 | 1265 | 1300 | 1335 | 1206 | 875 | 1105 | 1160 | 1170 | 1209 | 1264 | 113
33 22.5 1006 1 1132 | 172 ) 150 | 1275 | 1300 | 1089 | ma7 | 993 | 1005 | 1239 | 1243 1319 1.e
Mean 093 | 4140 | 1188 | 1258 | 1288 | 1358 | vios | ses | 1049 | 1083 [ 1207 | 4229 [ 1297 | HA
113 o5 | 960 | 1005 | 1197 | 1703 [ 1250 | 1096 | Ste § 1078 | 1023 | 1103 | 1993 | 1324 | 1090
66 115 003 | 11os | 1150 | w095 | neo | mr0 | som7 § vno [ 958 | 1014 | 4115 [ Hi2a | HIST | 1WS
Mean 027 i3 b rors | nas | 157 | 120 [ 100z | s23 [101a | 1619 | 10g | 1155 ) 1188 | 1074
1.3 965 | 1328 | 1377 ] 1230 L aasg [ 1203 8 nins | ses | 1es2 | 1099 [ m3s | 0200 | a24d ) 100
P -
22.5 ox | ode | tomo | 1973 | msg | 1235 | v | sas | 976 f 1000 | 1177 [ 9186 | 1240 | 10RO
Biofertilizers 060 | 1087 | 1133 | 1202 | £223 | 1264 | 1145 | 892 | 1034 | 1051 | 1SR | 1184 | 1243 | 1096
A N.S N.S
B NS N.§
c 9,08 107
AXD N.5 N.S
I.S.D AXC NS N.§
0.05 BxcC NS N5
AXDXC NS N.5

O~ without bigfertilizers
F=Inoculation with bacterial inoculant isolated from cotten rhizosphere .

Bsac=Inoculstion with Bacillus polymyxa.

Y= Inoculstion with yeast.
Ph.= Inaculation with phosphorine .
Mix.= [noculation with a mixture of the four hiofertilizers .
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Table (24 ) MN content( pg/g)as affected by applieation of N,P and biofertilizers

N P Biofertilizers (C)
(P204)
keffed |y urfed
Season 2000 Season 2001
w "
0 F Bsc. Y Ph. Mix. Mesn O F Bac. Y I'h. Mix, Mean
1 1250 [ 1350 | 1330 | 1400 | 1490 | 1500 | 1378 | 1275 [ 1360 | 1385 | 1430 | 1480 | 1S40 | 1412
3 225 1300 | 134.0 § 136.0 | 1420 | 1430 | 470 | 1387 | 1250 | 1260 | 1300 | 365 | 140.5 | 1410 | 1332
1275 | 1345 | 1345 | 450 | tass | 1488 ] 1383 | 1263 7 1300 | 1343 | £398 | 1443 1475 | 1372
Mesxn
1320 | 1350 [ 1370 } 1440 | t4n0 | 1550 | 141 1290 | 1305 | 1325 | 1385 | 1395 | 1495 | 1366
1.3
66
225 1260 | 1330 1 1350 | 1410 [ 1450 | 1480 | 1383 [ 1290 § 1200 | 1330 | 1370 | 1393 | 1405 | 14s
Mean 1300 | 1340 [ 5360 | 1425 § 1465 [ 1505 | 1400 | 1200 | 1298 | 1328 | 137.8 | i394 | 1450 | §3s6
1.3 1285 | $350 | 1350 | 1420 | 1460 | 1525 | 130 | 1283 | 1333 | 1355 ] 1408 | j43.8 | 1508 | 138D
P .
225 1290 | 1335 | 1355 | 1405 | 1440 { 1470 | 1385 [ 1270 | 1275 [ 115 | 1368 | 1399 | w08 | 1339
Riofertilizers T28.8 | 1343 | 1353 | (18 | 1450 | 1480 | 1392 | 5277 | 104 | 106 | ORB ] 1419 | 1363 | 1364
A NS N.5
a NS N.S
¢ 428 19.7
AXD N.S NS
LSD | axc NS NS
0.05
BXC NS N8
AXBXC N.S N.§

0= without biofertilizers

F=Inoculation with hscterial inocutant isolated from cotton rhizosphere .
Bac.=Inecalation with Bacillus polymyxa .

Y= Inoculation with yeast.

Ph.= Inacalation with phespherine.

Mix.= fnoculation with a mixture of the four biofertilizers .
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Tabie ( 25) : Zn content { pg/g) as affected by application of N,P and biofertilizers

N P Biofertilizers (C)
(P:0x)
kg/fed kg/fed
: Season 2000 Season 2001
w ®
0 F Bac. Y Ph. Mix. Mean 0 F Bac. Y Ph. Mix. Mean
11.3 660 | 70| 700[ 730 7T70| 780 nis| 680 680 60 745| soo{ s00| 733
33 22.5 630 | 70| Mma| 7601 7a| soo 732] 00| 70| 70| 70| 85| 320 753
645 | 685| 05| 7vas| 7RO [ 79.0 705 | 640 | 7051 70| 763 | 808 | 8107 743
Mean
1.3 600 | 650 670 7T | 720 740 80| 6151 660 7TI0) 720 R0 7TAR| o8
66
915 6azn| 680 670 Tro| 750 770 wz2| 6180 650 | 650 ) 687 785 ®E1 mi
610 | 665 670 7TIO| 73E | TRK 691 | 622| 655) oo | 704 768 [ 798| 705
Mean
1.3 630 | 660 | 685 7IS| 748 760 69| 658 670 Ma| 73| 7s| e[ T2
P - -
ns 625 [ 60.0 [ 69.0 740 ) 70| 78S 77| 09| 690 710} 734 | BRom | SL3 Al
Biofertilizers 626 | 675 | 688 | 728 | 78| 773 708 | 631} 680 | 705 | 7I4| 788 | 304 724
A N.S N5
B NS NS
c 4.5 L7
AXB N.§ NS
L.S.D AXC NS NS
0.05
BXC N.S NS
AXBXC NS NS

O= without biofertilizers

F=inoculation with bacterial inoculant isolated from cotton rhizosphere.
Bac=Inoculation with Bacillus polymyxa .
Y= Inoculation with yeast.

Ph.= lnoculation with phospherine

Mix.= Inoculation with a mixture of the four biofertilizers
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Table (26) : Cu content { pg/g ) as affected by application of N,P and biofertilizers

N P09 Biofertilizers (C)
Pk
keffed | ofed
Season 2000 Season 2001
(A) )
) F Bac. Y Ph. Mix. Mean 0 F Bac. Y Ph. Mix. Mean
13 13| s 12 133 ] 134 142 18| 123 1Ba| 8| 13857 134| 148 13.3
33 .
ELE| 251 28 133 15| 148 132 | 27| 30} 131 | 140} 137 | 148 3.6
22.5
1.7 128| 28 3| 16| 144 130 | 18| 130 20| 138 136 147 13.5
Mean
3 7| 1o | 127 ns| s} 143 B30 o] 37| 137 1430 47| 150 13.9
66
115 120 | 127 | 130 A 140 ) 145 1331 2] 0] 35| 140 140| (K0 136
Mean 11.9 | 124 | 128 B35 14p} o144 132 122 4] 6| 142) 144 | 150 138
s | 13| 128 134 [ 1361 143 129 | 121 134 133 | 1395 14| 146 136
1.3
P -
22.5 121 | 16| 128 134 [ 130 | 145 13| 18| 130 133 o | 139 140 136
Biofertilizers 18| 5] 17 134 130 144 13.1 13| B 133 1o e 149 137
A NS NS
B NS NS
c 0.9 0%
AXB NS NS
LS.D AXC N.3 NS
0.05 BXC NS N.S
AXBXC NS N.S

O= without biafertilizers

F=Ineculation with bacterial inoculant isolated from catton rhizosphere .

Bac~Inaculation with Bacillus polymyxa .
Y= Inoculation with yeast.

Ph.= lnoculation with phosphorine .

Mix.= lasculation with a mixture of the four hiofertilizers .
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not affected by it.The highest values for N and P contents
were occurred in plants fertilized with 66 kg N/fed. On the
other hand, plants received 33 kg N/fed exerted the lowest N
and P contents. These results are in accordance with those
obtained by Hiremath and Hunsigi (1995), Sawan et al.
(1997) and Khalil (1998) for nitrogen content and Halevy et
al. (1987) and Vireshwar (1988) for phosphorus content.

Regarding the phosphorus application, data in the
previous Tables (20-26) show that increasing phosphorus
levels significantly increased the phosphorus content only in
cotton plant, while the other nutrients were not affected. These
results are in a agreement with those obtained by Abadir
(1987) and Sawan et al. (1997) who found that P content and
uptake increased with increasing P application.

Concerning the effect of biofertilization data show
that biofertilization treatments singnificantly increased all
studied macro and micronutrients with an exception of
potassium content during the second season. These nutrients
increased by using biofertilizers as compared with the control.
In general, it seems that all biofertilizer treatments enhanced
the nutrients taken up by cotton plant. The highest values for
of nutrients contents were recorded for the cotton plants
received the mixture of the four biofertilizers,while plants not
received biofertilizers exerted the lowest nutrients content .
Feibo- Wu and Omar (1998) attributed the effect of Bacillus
polymyxa and other inoculants on enhancement nitrogen
uptake and consequently improve of nitrogenase and
dehydrogenase activities, On the other hand Arshad and
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Frankenberger (1989) referred the effect of yeast on the basis
of its capability to produce ethylene in the rhizosphere of
plant which enhances plant roots distribution, which
consequently improved the nutrients uptake. Moreover, Sobh,
et al (2000) attributed the positive effect of phosphorine
inoculation on the accumulation of P by cotton plant to the
ability of plants to absorb their P-requirements which
furnished by phosphorus solubilizing bacteria contained in
phosphorine and its effect in increasing the availability of
other nutricnts for cotton plants . Similar results were obtained
by Prathibha et al. (1995) for nitrogen and phosphorus in
cotton plant; Feibo, Wu and Omar (1998) for nitrogen
Radwan (1998) for nitrogen and phosphorus in cotton plant;
Hainissa et al. (2000) for nitrogen and potassium and Sobh et
al. (2000) for phosporus and other nutrients in cotton plant.

With regard to the interactive cffeets  of the studied
variables, the obtained data reveal that the interaction
between any two of three studied variables or among them on
nutrient contents were insignificant in thc both growing
seasons, except for phosphorus concentration. In generl,
plants fertilized with the high levels of the two mineral
fertilizers (66kg N/fed. and 22.5kg P,0s/fed.) and inocunlated
with the mixture of the four biofertilizers recorded the highest
value of phosphorus content in plant . On the other hand the
plants received low levels of nitrogen and phosphorus ,i.c.33
and 11.3 kg N and P,Os/fed , respectively and not received
without biofertilizers showed the lowest valuc of phosphorus
conlent .

RESULTS & DISCUSSION
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I1V-5-2 Effects on soil available nutrients

Data presented in tables (from 27-47) show the
inflnence of nitrogen and phosphorus levels as well as
biofertilizers application on some soil available nutrients ,i.e.
N, P, K, Fe, Mn, Zn and Cu at the three growth stages of
cotton plant ( at 45,60 and 75 days after planting ).

Concerning the effect of nitrogen fertilization, the
obtained results indicate that nitrogen rates exhibited
significantly effect positive on soil available nitrogen at the
studied three stages. The highest soil available nitrogen was
recorded for the plots fertilized with the high nitrogen
fertilizer level (66 kg N/fed) , while plants supplied with low
nitrogen level showed the lowest yield of soil available
nitrogen values at the studied stages .It is logically to noticed
that the values of soil available nitrogen at 45 days from
sowing (afler application of the first dose of nitrogen
fertilizer) were greater than the initial soil available nitrogen
before planting (Table ,1) .Also ,soil available nitrogen at 60
days (after added the second nitrogen fertilizer dose) was
higher than at the first stage (at 45 days), then it decreased at
75 days after planting (15 days later the second stage). On the
other hand, the other soil availble nutrients , i.e. P, K, Fe, Mn,
7Zn and Cu were not significantly affected by nitrogen
fertilization in both seasons. Similer results arc obtained by
Tke (1987) who found that nitrogen fertilization did not affect
the nutrients distribution in any soil depth.
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Table { 27) :Soil available N ( pug/g ) after 45 days as affected by application of N,P and

biofertilizers
N Per,00) Biofertilizers ()
VS
kefled | ) o ited
Season 2000 Season  200¢
(A {m
0 F Bag, Y Ph, Mix. Mean 0 F Hac. Y "h. Mix, Mean
13 125 [ 18 L IR [ 130 | 133 | 200 | 60 § 120 | 130 | 85 | 128 | 128 | 196 | 158
33
2.5 125 | 181 | 6 | 132 | 135 | 204 1060 | 122 | 182 ! 182 | 126 | o126 | 200 | 17
Mean 165 | 182 | 87 | st | s34 | 200 160 | 120 | 185 | 184 | 127 ] 27 [ 109 [ 157
1.3 tan ! 198 ) | ase | o1ss | 200 | a7 137 ] 195 | 200 | 150 | 150 | s | o17s
66
2.5 i1 [ o7 | 202 ] 52 | 183 | 2 177 | 136 | 195 | 02 | 150 | 153 | n2 | 178
Mean t1 198 [ 202 | 151 | 154 | 218 177 137 | 195 | w0 | oase | 152 | me | o178
113 133 | 190 | 195 ) 140 | 144 | 200 | 169 129 1 138 1 193 | 139 | 139 | 256 | 166
P -
225 133 | 589 | 19.4 | 542 ! 144 | 209 169 | 129 | 189 | 192 [ 138 | 140 | 207 | 165
Biofertilizers 33 [ o0 | o5 | 140 | 144 | 210 | 160 129 | 39 | 193 | 139 | 140 | 207 | 166
N 098 1.63
B NS N.5
c 1.05 .32
AXD NS NS
L.S.D AXC 1.4% 187
0.0% BXC N.S NS
AXBXC N5 NS

0= without hiofertilizers

F=Inoculation with bacterisl inoculant isolated from cottan rhizosphere .
Bac.=Inoculatinn with Bacillus polymyxa .

Y= Inoculatinn with yeast.

Ph.= Inoculatinn with phosphorine .

Mix.= Inoculation with a mixture of the four biofertilizers .
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Table (28) : Soil available N ( ng/g } after 60 days as affected by application of NP and

biofertilizers
N P(®P,04) Biofertilizers (C)
k)
kefed | yorted
Seasom 2000 Season 2001
(A) 8
0 F Bac. Y Th, Mix. Mean 0 F Bac. Y Th, Mix, Mean
11.3 136 | 1A | reo | 158 [ 150 ] 208 | 172 | 128§ 7S5 ) A0 s | 150 | 200 | 166
13
2.5 s | 184 | 203 | 154 | 183 | ey [ 173 [ 526 [ 470 478 166 | 154 | 196 | 168
136 | 186 | 199 | 155 | 152 | 208 | 173 23 78 { ¥ 166 | 151 | 198 | 166
Mean 5 2 1 1 7.9
1.3 (%0 | 200 | 205 | 160 | 160 | 206 | 182 | 143 | 190 | 195 j &0 15} o21s | 186
66
225 w0 | 1oa | 23| 163 | 158 | 23 | 18z | 143§ 3 | 93 178 | 183 | 2.5 | 185
150 | 199 [ 00 [ 162 | 159 15 | 8 143 | 192 | 194 | I 170 | 2S5 | 166
Mean ? ] 4 9. 9
13 142 | 194 | 200 | 158 | 185§ 202 [ 177 | 134§ 183 ma | 173 | 163 | 88 1 176
P -
225 143 | 191 | 108 159 156 | 1.0 17.8 135 182 18,6 17.2 16.7 046 17.5
Biofertilizers 143 1 193 | 204 | 159 | 156 | 216 | 178 | 135 [ 183 187 73 | 1685 | 207 | 8176
A 0.51 07t
B N.S N5
c 154 110
AXR NS NS
L.S.D AXC 1.0 0.98
0.05
AXC NS NS
AXBXC NS NS

O= without biofertilizers

F=Inoculafion with bacierial ineculani isolated from cotton rhizosphere .
Bac.=Ineculation with Bacillus polymiyxs .

Y= Inocuiation with ycast.

Ph.= Inoculation with phespherine .

Mix.= inoculafion with a mixture of the four biafertilizers .
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Table (29) : Soil available N ( pg/g ) after 75 days as affected by application of N,P and

biofertilizers (C)
N P Biofertilizers
(P04)
kg/ted | ot
Season 2000 Season 2001
(A) )
{0 ¥ Bac. Y h. Mix. Menn {0 ¥ Bac. Y Ph. Mix. Menn
13 127 | 186 | 189 | 135 | 135 | 2003 16.3 123 | 1m0 | 2} a3 | 130 | 00 | 158
33
125 128 | 184 | 186 | 140 | wap [ 202 | 162 125 | 132 | 1m0 | 130 | 132 | 203 [ 59
128 | 185 | 188 [ 138 | 133 | 203 | 163 A | oasd | ok | oasz | o132 f o202 | 159
Mean 1
113 144 {199 | 200 | 150 | 153 | 225 | 178 139 | 195 | 204 | 148 | 150 | e ] §78
66
2.5 143 | 200 | 200 | sxy | 154 | 226 | 170 136 1 197 | o8 | w46 | akt | 207 ] 174
142 | 200 | 208 § us1 | 54 | 22 179 | 138 | 196 | 200 | r47 | 50 | 27 | 78
Mean
13 134 | 103 s [ 143 ] 4 | 24 74 130 | a8& [ 102 | e f otax | 208 | 167
P I
22.5 136 F 192 | 194 | 146 [ 143 ] 214 171 130 | 190 | 189 | 138 |z | no | w7
Biofertilizers 135 [ 193 ] 108 | 145 | 144 | 214 171 134 [ 199 | 191 | 140 | 142 | 209 | 167
A B 075 ) 0.3y
B NS NS
¢ (K] 1.30
AXDB NS N.S
1.8.D AXC 1.57 134
05 — e
0 BXC NS NS
AXBXC NS NS

O= without biofertilizers

F=Inaculation with bacterial inoculant isolated from cotton rhizosphere .
Bac.=inoculation with Bacillus polymyxa .

Y= Inoculation with yeast.

Ph.= Inoculation with phosphorine.

Mix.= Inoculation with a mixture of the four biofertilizers .

RESULTS & DISCUSSION "




Table (30) : Soil available P ( pg/g ) after 45 days as affected by application of N,P and

biofertilizers
N Biofertilizess (C)
e | P09
kg/fe kg/fed
Season 2000 Season 2001
{A) m
0 F Bac. Y Ih. Mix. Mean 0 F Hac, Y Th. Mix. Menn
nas 168 | 189 | 190 | 192 | 194 | 207 19.3 157 | 162 | 158 | 160 | 164 | E6S | 161
33 125 208 | 10 | 220 | 222 | 225 [ 230 .9 188 | 190 [ 190 | 193 [ 195 | 207 [ 194
196 | 00 | 206 | 207 | 210 | 219 206 13 | 176 | 174 | 177 | 180 [ 186 [ 178
Mean
113 (90 | 192 1 191 1 195 | 200 [ 211 19.7 155 | 168 | 168 ] 170 | 170 | 172 [ 167
66
225 222 | 224 | 223 | 215 | 16 ] 1S 226 190 | 192 | 190 | 197 § 202§ 2010 19.7
206 | 208 | 207 [ 210 | 24 23 2. 17 .0 30 | 184 , 2 | 182
Mean 1 1 1 1.2 73 | 18 1 186 | 19 s
188 ¢ 190 ] 199 | 194 | 196 | 209 195 156 | 165 | 163 | 166 | 167 [ 169 [ 164
p |13
225 24 | N8| 222 | 224 | 226 § 233 123 189 & 191 19.1 195 % 199 | 209 19.6
Biofertilizers 20.1 04 | 207 20.9 .2 22.1 0.9 173 17.8 17.7 18.1 18.3 IR0 13.0
A NS NS
3 0.66 056
c NS NS
AXB NS NS
1L.S.D AXC NS NS |
0.05
XC NS NS
AXBXC NS NS

0= withoui biofertilizers

F=Inoculation with bacterial inoculant isolated from cotton rhizosphere.
Bac.=Inoculation with Bacillus polymyxa .

Y= Inocuiation with yenst.

Ph.= Ineculation with phosphorine .

Mix.= Inoculation with a mixture of the four biofertilizers.

RESULTS & DISCUSSION




Table (31 ) : Soil available P (ng/g ) after 60 days as affected by application of N,P and

biofertilizers
N PP,y Biofertilizers ()
b
ke/fed kg/fed
F Season 2000 Season 2001
(A)
() 0 F DBac. Y Ph, Mix, Mean (V) F Bac. Y Ph. Mix. Mean
113 174 | 176 | 1727 [ 079 | 182 | %0 | 1ae | 148 | a5z [ 149 | 153 | 158 | 160 | 153
33 2725 196 | 2040 | 209 | 29 | 206 ; 209 | 209 | 180 | 183 | 182 | 188 | 100 | 105 | i8¢
Mean i85 | 188 [ 193 [ 195 | 199 | 205 19.5 164 [ 168 | 1565 | 169 | 174 | 178 | 170
13 178 | 182 ; 380 [ 184 | 192 | 200 | 136 144 | 158 | 156 | 158 | 160 ! 163 | 157
66
225 W8 | 23 [ 214 | ns | 228 | 224 208 | 181 | 183 | 182 | im6 | 193 | 202 | 1ss
Mean 193 | 198 | 197 | 200 | 205 | 21 204 163 [ 170 [ w6s | 172 5 177 | 183 | 173
1.3 176 | 179 | 17.9 | 182 | 187 | 195 | 183 | 146 } 155 { 163 | 156 | 159 [ 162 | 158
p »
225 M2 07 | 1.2 1.3 07 | nae 21,2 18.1 183 | 182 156 | 192 19,9 18.7
Biofertilizers 189 | 193 | 195 | 198 | 202 ! 26 9.8 164 | 170 [ 167 L am1 | 6 | 18a | 172
A N.5 NS
B 0.65 0,58
c 0.99 0.85
AXB N5 N.S
LS.D AXC N5 NS
0.05 —_— NS N5
AXBXC NS NS

O= without bisfertitizers

F=Inoculstion with bacterial inocalant isolgted from cotian rhizosphere .
Bac.=Inoculation with Bacillus palymyxa .

Y= Inoculatien with yeast.

Ph.= Ineculatien with phesphorine.

Mix.= Inoculation with a mixture of the four biofertilizers .

RESULTS & DISCUSSION =————————o—u




Table (32) : Soil available P ( ng/g ) after 15 days as affected by application of N,P and

biofertilizers
N PP,09 Biofertilizers (¢} j
keffed | pp/te
Season 2000 Season 200!
(A) B
0 F Bac. Y Ph, Mix. Mean 0 F Bag. Y Ph. Mix. | Mean
1.3 163 | 166 | 167 | 168 [ 170 | 177 169 138 | 141 ) 140 | 141 | 146 | 151 14.3
33
22.5 i8.3 | ias | 194 [ 195 | 203 | 205 19.4 i1 | 172 | §na | 174 | i78 [ 181 175
Mean 17.3 | 177 | 182 | 182 | 186 | %4 18.2 155 | 157 | 157 | iss | 162 | 66 | 59
113 i64 | 168 | 166 | $7.0 ] 178 | 185 17.2 18 | 144 | ras | 148 | 552 | 155 [ 347
66
2.5 04 | 199 | 200 ] 208 | 204 | 207 .1 173 | 127 | 175 ] 178 | B4 ] 194 18.0
Mean 170 | 154 | 183 ] 186 | 191 | §9.6 18.7 156 | 160 | 61 | 163 | 168 | 175 | 164
i64 | 167 [ 167 [ 169 | §785 | 81 171 i38 | o143 | 143 F s45 | 149 [ 153 | 145
P 11.3
225 189 | 194 | 194 | 198 | 203 | 206 9.8 1.2 | i74 | 174 | 176 | 183 188 17.8
Biofertilizers 176 | 181 | 181 184 | 189 | 194 18.5 156 § 159 | 59 1 16 [TX I kS 6.2
A NS NS
B ()] 035
c 037 N.S
AXTE NS NS
1.5.D AXC NS NS
0.05 BXC NS NS
L AXBXC NS NS

O= withou biofertilizers

F=Inoculation with bacterial inoculant isolated from cotion rhizasphere.
Bac.~Inoculation with Bacillus polymyxa .

Y= Inocutation with yeast.

Ph.= Inoculation with phesphorine .

Mix.= Inoculation with a mixture of the Tour biofertilizers .

RESULTS & DISCUSSION "



Table (33) : Soil available K ( pg/g ) after 45 days as affected by application of N,P and
biofertilizers

Biofertilizers (C)

P(r,04)
kg/fed keffed
Season 2006 Season 2001

{A} ®
O F Bac. ¥ I'h, Mizx. Mean 0O F Bac. Y Ph. Mix. ;| Mean
11.3 440.0 | 3895 | 3799 | 3086 | 3529 | 3590 858 4433 | JRR.0 | IB4.4 | 4019 | 3575 | 3659 | 3002
33 22.5 3512 | 3795 | 3782 409.2 3523 | 4453 k:UR) 3607 | 38348 | 3785 | 4158 | 3600 | 4496 | 3914
Mean 3J98.6 | 3820 | 377.6 | 4039 | 526 | 4022 386.2 402.0 | 38359 | 3815 | 4082 { 3588 | 4078 3908
113 3660 | 3983 | 3267 | 369.2 3645 | 3783 3687 3603 | 352 | 4050 | 3870 | 3709 | 3950 | 3717

66

7.5 4130 | 4177 | 4202 | 3673 | 3724 | 4097 400.% 4170 | A3 | 4260 | INE | 3659 | 4174 403.2
Mean o6 | 408D | 3738 | 3685 | J6RS | I9R.3 RLER ] M2 ) 3783 | 4155 | 3693 | R4 | 406.2 J88.0
1.3 4030 ] 3%1.4 ¢ 3533 | 3829 | 3587 | 32 373 4033 | I61.6 | I94.7 | I84S | I64.2 | IROS IS

P -
225 3852 | 3986 | 3977 | 3BRS 3614 | 4273 3513 3889 | 4026 | 4023 | 3927 | 36A0 | 43358 3973
Biofertilizers I | J050 | 3756 | 386.2 | 3606 | 400. 3853 3961 § 3811 2985 | 3890 3636 | 407.0 339.4

A NS NS

B NS NS

c N.§ 4

AXD N.S N.S

LS.D AXC NS N.S
0.0% BXC N.S NS
AXHXC N8 6228

O= without biofertilizers

F=Inoculation with hacterisl inoculant isolated from cetton rhizosphere .
Bac.=Inocwlation with Bacillus polymyxa .

Y= Inaculation with yeast .

Ph:= Inoculrtion with phosphorine .

Mix.= Inoculation with a mixture of the four biolertilizers .

RESULTS & DISCUSSION ]



Table (34 ): Seil available K ( pgfg ) after 60 days as affected by application of N,P and

biofertilizers
N Pir,09 Biofertilizers (C)
TN,
ke/fed | 1o sfed
Season 2000 Season 2001
(A) m
0 F Bac, Y Ph, Mix, Mean ] F Nac. Y Ph, Mix, Menan
4293 | 3000 | 4098 | 4153 | 4016 | 4169 | 4304 § 4202 | 3798 | 4003 | 40A3 | 3929 | 4071 | 4014
1.3
33 225 sp02 | 410.8 | 3939 [ 300z | 3708 | 5010 | 409z | 3837 | 3883 | 4025 | 3ASS5 | 3614 | 4892 | 4018
Mean 1093 | 4003 | 4017 | a0z | 386e | 4som | 400.8 | 4020 | 3841 | D14 | 3969 | 3772 | 4482 | 4016
1.3 yon% | 3800 | 3650 | 3359 | aess | 4183 | ave | 3922 | 320 | 3533 | 3253 | 4372 | 4039 380.7
66
2125 3628 | amrn | a0 | 3954 | aans | 4790 | 39 § 3561 | 3996 | 4110 | 361LA | SI63 | 4648 | 4216
Mean 3907 | 3040 | 3920 | 3557 | 4430 | a4m7 | 4023 | 3742 | 3858 | 3822 | M6 | 4863 | 4344 ) 4DL2
113 a3 | 358 | 2873 | 3756 | 423 | 4176 | 4006 | 4062 | 3759 | 3764 | 3668 | 4151 | 4055 | 39
P »
25 3760 | 408.8 | 406.4 | 3328 | 4055 | 4900 | 4106 | 3699 | 394.0 ] 4068 | 3737 | 44d9 | 4770 414.7
Biofertitizers 950 | 397.2 | 3969 | 3793 | 4146 | 4529 | 4061 } 3asy | 3850 | 3943 | 3703 | 4320 4413 | 4014
A N.S N.S
o N.S N.S
¢ 3239 NS
AXB N5 N.S
L.S.D AXC NS L j‘s L
0.05 o T o B -
XC N.S NS ]
AXBXC N§ NS

0= without biofertilizers

F=Inoculation with bacterial inoculant isolated from cotten rhizosphere.

Bac.=Inocniation with Bacillns polymyxa .
Y= Inoculation with yeast.

Ph.= Ineculation with phosphorine .

Mix.= lnoculation with a mixture of the four binfertilizers .

RESULTS & DISCUSSION




Table (35) : Soil available K ( pg/g ) after 75 days as affected by application of N,P and

biofertilizers
N P(P,09 Biofertilizers (C)
kp/fed w‘& H
: Season 2000 Season 2001
{A)
(B 0 F Tac. Y Ph. Mix. Mean 0 F Bac. Y Ph. Mix. Mean
13 4205 | 380.0 | 340.9 | 3453 | 3800 | 4926 | 3932 | 4t6.7 | 3260 | 3720 | 3317 | 3728 | 4864 | 3M43
33
225 349.5 | 3500 | 3259 | 3306 | 3510 | 3653 | 3454 | 3437 | 3422 | M37 | 3i6t | 3462 | 3508 | 3385
Mean 3850 | 3650 | 3334 | 3380 | 365 | 4290 | 36ma | 3302 | 3349 | 3429 | 3239 | 3508 | 4186 | %99
13 3730 | 3785 | 3155 ] 3549 [ 3253 | 3%3.0 | 3500 | 3663 | 369.6 | 289.6 | 349.0 { 3186 [ 337 | 2822
6
6 22.5 3250 | 4205 | 3659 | 3206 | 3897 | 4482 | 3783 | M6s | 4089 | 3530 | 3659 | 3780 | 4381 | 3659
Mean 349.0 | 3995 | 3407 | 3378 } 3575 | 4006 | 3642 | 3144 | 2893 | 3283 | 3275 | 3143 | 3R6d | 3522
113 3968 | 3792 | 3282 | 350.1 | 3527 | 4228 | M7 | 015 | 308 | 3308 3404 | 34857 | 41210 ] 3614
P -
225 337.3 | 3853 | 3459 | 3256 | 3704 | 4068 | 3619 | 3300 | 3756 | 3334 | 310§ 3611 | 3930 | 3507
Biofertilizers 367.0 | 3823 | 3070 | 3379 | 3615 | 4148 | 3665 | 3608 | 36017 | 3321 | 3257 | 3834 ] 4005 | 3568

A N.5 NS

B N5 N.5

c 3296 %1

AXT N.S NS

LS.D AXC N.5 NS
0.03 nXC . MN'f S riq_ e

AXBXC N8 e

0= without biofertilizers

F=Inoculation with bacterial inoculant isolgted from cotton rhizosphere.
Bac.=Inoculstion with Bacillus polymyxa.

Y= Inocubation with yeast.

Ph.= Inoculation with phosphorine .

Mix.= Inoculation with a mixture of the four biofertilizers .

RESULTS & DISCUSSION 0




Table (36) : Soil available Fe( pg/g)

after 45 days as affected by application of N,P and

biofertilizers
— ]
Biofertilizers (C
N | pPpo9 &)
kg/fed kg/fed
Season 2000 Season 2001
“" m
L) F Bac, A4 Ph. Mix. Mean Q F Bac. Y Ph, Mis. | Mean
1.3 75 | 81 | 85 89 9.3 23 8.6 7.2 19 72 8.2 26 9.5 LY
33
8.0 83 33 3.6 8.8 0.5 83 75 19 30 8.4 10.0 101 8.7
2.5
79 3 . X . . X A . . . . y
Mean 8 8.4 8.9 9.1 9.9 81 7 7.9 7.6 83 9.3 9.8 84
113 75 | 83 | 98 9.5 95 | 188 9.0 71 2.7 84 39 9 | 105 8.6
66
22.5 15 8.0 83 2.5 88 95 36 7.6 78 83 84 &5 a5 8.2
7.5 %2 8.7 93 .2 . 8 7. . A A X 3 X
Mean 9 LX) 3.3 4 78 4 8.7 28 9.5 84
75 : 83 | 88 9.2 9.4 2.1 L} ] 12 7.3 7.8 26 88 108 | 84
P 11.3
225 78 | 82 | 83 91 89 | 108 87 76 7.9 82 84 9.3 9.3 85
Biofertilizers 77 | 83 | =6 9.2 9.7 99 1] 14 79 8.8 35 9.1 9.7 35
A NS NS
B NS NS
¢ 8.64 0.69
AXB NS N.5
LS.D AXC N.5 N.§
0.05 BXC N.5 N.§
AXBXC N5 NS
O= without biofertilizers
F=Inoculation with bacterial inoculant isolated from cotton rhizosphere .

Bac.=ingculation with Bacillus polymyxa.

Y= Inoculation with yeast.
Ph.= Inoculation with phosphorine .
Mix.= Inoeulztion with 2 mixture of the four biofertilizers .

RESULTS & DISCUSSION




Table (37) : Soil available Fe ( pg/g ) after 60 days as affected by application of N,P and

biofertilizers
N Biofertilizers (C)
Pp,04)
keffed | ) ifed
Season 2000 Season 2001
{A) B
0 F Hac, Y Ph. Mix. Mean 0 F Onc. Y Ph. Mix. Mean
113 80 | 87 | 90 9.7 192 | 103 9.3 i fosez ] orze | 1ze | 130§ 30 | g
33
¥ 89 | Ba 9.4 96 | iLo 9.3 1A [ 120 [ 120 | 24 ] 129 | 30 | 123
22.5
8.1 83 | 89 9.6 %9 | 107 93 N3 | a6 [ 120 | o1z2 | 130 | 130 | 122
Mean
13 8.2 88 | o5 02 § o3 | 160 9.7 100 | (17 | 320 | 134 | 35 | 136 [ 125
66
115 83 | 91 04 103 | 106 [ 112 9.3 14 oy [ s §oaze | 120 | gz | ne
83 | 90 | o9& . 0.5 | 1. 98 nme | sz X 127 | 12 129 | 122
Mean — 0.3 0, 1.1 1 120 28
1.3 81 88 | 93 e | 103 ] 07 95 190 ] 16 | 120 | 127 | 133 | 134 | 123
P -
22.5 8.1 9.0 9.1 9.9 [Li¥} 11.1 9.6 11.5 19 [ 120 | 122 125 | 126 121
Biofertilizers 84 B9 | 9.2 198 § 10.2 | 109 9.6 N3 | oy [ aze |25 ) otz | e | 22
A NS NS
5 NS NS
c 0.43 0.57
AXO NS NS
LS.D AXC N.S NS
0.05
BXC NS NS
AXBXC NS NS

O= without biofertilizers

F=Inoculation with bacterial inoculant isolsted from cotion rhizosphere ,
Bae.=Inoculation with Bacillus polymyxs .

Y= Inoculation with yeast.

Ph.= Inocufation with phosphorine.,

Mix.= Inoculation with a mixture of the four biofertilizers .

RESULTS & DISCUSSION ”




Table (38 ) : Soil available Fe ( pg/g ) after 75 days as affected by application of N,P and

biofertilizers
Biofertilizers (C
N | pe,og €
kg/fed kg/fed
Season 2000 Season 2001
Y] "
Q F Bac. Y PFh, Mix. Menn (1] F Bae. Y Ph, Mix Mean
13 a5 | 92 | 95 | 505 | e [ n2 | 100 6.3 9.7 o6 | 183 | 1.7 | 17 | 100
33
8.1 of | 92 | 104 | 104 | 1tS [¥] 7.6 30 | 87 91 | 150 | 116 3 95
2.5
94 | 94 03 | 107 . 9 7.0 0.4 91 03 | il 1.7 8
Mean 33 1 id | 9 1 L4 s
13 83 | 87 | 95 | 103 | 105 | 114 93 8.0 8.4 0.6 98 | 100 | 03 | 94
66
22,8 gs | 91 | 100 | 103 | 1.8 | 124 | 06 35 93 | o5 | ins | 1ig | i13 | 0%
84 | 92 | 98 | 108 | 1y | KL% | 102 83 a8 o6 | 103 | 106 | 108 [ 93
Mean
g4 | %0 | 95 | 104 [ 508 ; 413 9.9 7.2 9.1 96 | 106 | 109 | lio 9.8
P 1.3
225 83 8.6 9.6 10.7 1.0 | 120 L %) 8.1 9.2 9.5 0.0 | 151 s 9.8
Biofertilizers 84 | 88 | 96 | 106 | 109 | N7 9.6 11 92 | 94 | 103 § e | 113 | 98
A NS NS
B NS NS
c 077 074
AXD N.S NS
LS.D NS S
at AXC
0.05 BXC NS NS
AXBXC N5 NS

0= without biofertilizers

F=lInoculation with bacterial ingculant isolated from cotion rhizosphere .

Bac.=Inoculation with Bacillus polymyxa .

¥= Inoculation with yeast.

Ph.= Inoculation with phosphorine.

Mix.= Inoculation with a mixture of the four biofertilizers.

RESULTS & DISCUSSION




Table (39) : Soil available Mn ( pg/g ) after 45 days as affected by application of N,P and

biofertilizers
N Biofertilizers {C)
PP,00
Kgfted | o fed
Season 2000 Season 2001
" )]
€} F Bac, Y Ph. Mix. Mean 0 F Bac. Y Ph. Mix. Mean
1.3 on | 105 | 110 [ 1us [ 1285 | 138 | 114 38 03 98 | 104 | 128 | 136 | 107
33
88 | o5 | 00 | 110 [ 115 | 128 1.6 ER) 86 38 | 109 | sr1 } 1121 98
22.5
8o | 100 | 185 | 114 | 126 | 133 1.0 8.t 9.2 93 | 107 | t20 [ 124 | 103
Mean
1.3 &5 | 108 | 1e3 | qz7 | oa3s | 1 1na 78 93 o1 | a4 | 126 ! 133 [ 104
66 -
o5 | 17 | ns ) o120 | 130 | 138 1.8 85 | 1wy {02 | v | 122 {26 | 10
225
o0 | 106 | 104 | 124 § 133 | 10 1.4 g2 | 102 | 97 | 1om § 124 | 130 | 107
Mecan ! o
g8 | 105 | 1.2} 123 | 1de | 10| 16 79 %6 o5 | 104 | 127 | 135 | s
P il.3
225 9.2 10.0 | 108 1.5 123 133 1.2 B 9.9 9.5 1o | 1.7 | 159 104
Biofertilizers 90 | 103 | 10 | noe | o127 | 337 1.4 8.1 LR 05 08 | 122 | 127 | 105
A N.$ NS
5 NS NS
¢ 0.9 07
AXE NS NS
L.S.D AXC NS NS
0.05
BXC NS N.S
AXBXC NS NS

(= withaut biofertilizers

F=Ineculstion with bacterial inoculant iselated from cotton rhizosphere .
Bac=Inoculation with Bacillus polymyxa.

Y= Inoculation with yeast.

Ph.= Inoculation with phospharine .

Mix.= Inoculation with a mixture of the four biofertilizers .

RESULTS & DISCUSSION




Table (40 ) : Soil available Mn ( pg/g) after 60days as affected by application of N,P and
biofertilizers
N Biofertilizers (C
P(P,04 (©)
kg/fed ke/fed
Season 2000 Season 2001
(A)
B
(B) o | F |Bac | v | Ph | M | Mean | © ) F | Bac | v irh ] Mix | Mean
]l J 10,0 31.% 12.2 i3 13.7 14.6 128 128 13.5 137 13.7 134 14.5 137
33 97 104 1.4 1.3 134 14.4 11.9 i24 139 13.3 148 150 15.4 141
205 i
9.9 11.2 1.8 12.7 134 14.5 2.2 12.6 1.7 118 14.3 14.4 150 139
Mean
11 3 10.0 1.8 iL.0 13.2 4.0 14.4 1.6 124 1.3 12.2 12.8 IS5 161 115
66
98 1. 12.0 9 13 14.4 13 4 3. 136 3.7 4, 143 38
225 111 12 & 4 ¥ 13 13.4 t 4.4 i
Mezn 9.9 1.5 2.0 131 13a 4.4 125 128 119 129 13.3 14.8 152 13.7
10.0 11.7 121 132 137 14.5 128 125 129 13.0 133 14,7 153 136
P 1.3
225 9.7 HR 11.7 12.6 13.4 14.4 i2.2 129 13.7 i35 i4.3 i4.6 14.9 14.0
Biofcrﬁlize rs 9.9 1.4 1.9 J2.9 136 4.5 124 13,7 ixd 13.2 118 14.6 15.4 130
A NS NS
8 NS NS
C 0.4 a1
AXE NS NS
LS.D AXC . N.5 NS
0.05
BXC N.S NS
AXBXC N.§ NS

0= without biofertilizers

F=Inoculation with bacterial incculant iselated from cotton rhizosphere.

Bac=Inoculation wilh Bacillus polymyxa.

Y= Inoculation with yeast.

Ph.= Inocuiation with phospherine .

Mix.~ Inoculation with a mixture of (he four hiofertilizers.

RESULTS & DISCUSSION P



Fable (41): Soil available Mn ( pg/g ) after 75days as affected by application of N,P and

biofertilizers
N Biofertilizers (C)
P(P,0y)
kg/fed keffed
: Season 2000 Season 2001
(A) (B)
0 F Bac. Y Ph. Mix. Mean [ F Bac. Y Ph. Mix. | Mean
113 1o | 128 | 133 % 145 | t49 | 158 ] 136 | 10 fo12n | st |tz | 124 o125 | 11
33
125 107 {120 | 127 | 135 | 147 | 160 | 133 99 | 1om | oo | via | oszs | a2 | 11
109 [ 123 | 130 | 10 | ta0 | 50 | 135 freo [ s | 1 | g7 | oszs | aa | 17
Mean
13 1 | o 27 | e oads | 947 | 134§ otee ] orza | wie | sas | w27 | oaa7 |
66 T
225 00 | 15 { 125 | 138 | 143 | 151 129 96 | 96 | e | 133 | 133 | 136 1 i
s | 123 | 126 | 138 | 144 | 149 | 132 103 | o | aza | rzm | a0 | 132 | 2
Mean
0 | 128 | 130 ] 142 | 147 | a5t | 135 | ores | 23 | tis | 124 | 126 | 126 | 120
P 1.}
22.5 104 | 110 | 126 | 127 | a5 | 156 | a3 o8 [ 102 j 120 [ w21 | 129 | 139 | 118
Biofertitizers 109 | 123 % 120 | 139 § w46 | 154 | 33 | ez | w3 [ e | 123 | 1ze | a3 | a0
A N.5 NS
8 NS N5
c 12 07
AXB NS NS
LSD AXC N.5 NS
0.05
BXC NS NS
AXBXC N5 NS

O= without biofertilizers

F=Inoculation with bacterial inoculant isolated from cotton rhizosphere.
Bac.=Inoculation with Bacillus pelymysa . )

Y= Inoculation with yeast.

Ph.= Inoculation with phosphorine.,

Mix.= Inoculation with a mixture of the four hiofertilizers .

RESULTS & DISCUSSION

-




Table (42) : Soil available Zn ( ng/g ) after 45days as affected by application of N,P and

biofertilizers
N Biofertilizers (C
4| P®:09 )
ke/fed | posfed
Season 2000 Season 2001
(A)
(B 0 F Bac, Y h. Mix, Mean 4] F Bac. Y Ph. Mix. Mean
5 1.6 1.6 7 1.7 .8 1.7 i6 i6 .6 1.6 18 2.0 1.7
n3 '
33
y . . . . . £ . . 8 L 1 1 I8
22.5 14 i4 1.4 16 1.6 1.6 I8 16 1.7 1 1 20 2
(13 5 L 15 1.7 i7 L7 1.6 i6 1.7 1.7 1.7 19 21 18
Mean
113 12 1.3 1.2 1.4 14 1.5 1.3 14 1.4 14 4 1.4 1.6 4
66 i3 14 1.3 18 L6 .6 15 L4 8 14 6 18 1.8 1.6
22.5 ) )
13 1.4 13 I8 5 1.6 14 i .5 id 1.5 1.6 1.7 1.5
Mean
. 1.5 1.4 I 1.6 1.7 I8 1.5 15 15 1.5 1.6 1.8 i6
P ny | " §
225 14 X1 14 1.6 1.6 L6 1.5 1.5 5.6 16 1.7 [X] 2.0 1.7
Biofertilizers id 1.5 id 1.6 1.6 2.7 15 15 6 L6 16 P8 1.9 1.7
A N.5 N.§
B NS NS
c 0.09 NS
AXD N.& N.§
LS.D AXC NS N.&
0.05
BXC NS NS
AXBXC NS NS

O= without biofertilizers
F=Inocuiation with bacterial inoculant isolated from cotton rhizosphere .

Bac.=Inoculation with Bacillus polymyxa .

Y= Inocuilation with yeast.

Ph.= Inoculation with phosphorine .

Mix.= Inoculation with a mixture of the four biofertilizers .

RESULTS & DISCUSSION




Table (43):  Soil available Zn ( pg/g ) after 60days as affected by application of N,P and
biofertilizers
N PP.04) Biofertilizers (C)
W] gted Season 2000 Season 2001
@ (® 0 | F !me| v | Ph {Mi | Mean | 0 | F | oac. | Y | Ph | Mix | Mean
113 13 | 13 | 13| 14 | 14 | 26 14 14 | 14 | 14 a4 | 14 | 17 | 1S
33 215 ta |14 b oas | e o6 | o7 15 13 ) 13 | 14 | 18 3 5 | 15 14
Mean W RN PR T I T I I I 15 ta | 14} 14 ] s | 15 | 1e | 18
3 4 | 15 [ 1s | 16 | 16 | 18 LS 14 | 14 | 1a |14 | 15| 16 1.5
66 2.5 13 | s ] s | s o 1.5 13 ) s a5 | oas | s L5
Mean 14 | a5 | o4 | 16 e { 7 15 14 | 14 | 14 | 15 s | o1 L5
p 113 14 | 14 | 14| 15 | 15 | 16 s 14 | 14 | e b o1s | 1S5 | 1.5
225 1.4 14 14 1.6 1.6 1.7 L5 1.3 14 1.4 15 L5 1.6 1.5
Blofertilizers 14 | 15 | 14 L6 1.6 17 15 1.4 14 14 LS 1.5 16 1.5
A NS NS
8 N5 N
c ol .08
AXE N3 NS
L.5.D AXC NS N5
0.05 e NS NS
AXBXC N.§ NS

O= without biofertilizers

F=Inoculation with bactcrial inoeulaot isolated from cottoo rhizosphere.

Bac.~Inoculation with Bacillus polymyxa .

Y= Inoculatioo with ycast.
Ph.= Inoculatine with phasphnrine .

Mix.= Inoculatioo with a mixture of the four biolertilizers.

RESULTS & DISCUSSION




Table (44) : Soil available Zn ( pg/g ) after 75days as affected by application of N,P and

biofertilizers
N Biofertilizers (C
P(r:05) <)
kg/fed kefed
Season 2000 Season 2001
@ ®)
[+ F__| Bac. Y Ph, | Mix. | Mean 0 F | Bac Y Ph. | Mix. | Mesn
14 15 15 1.6 5 1.6 L5 1 14 14 14 1.6 [N [
11.3 ' .
33
; . k . 2 5 5 . . 4 4 5 13
75 1.3 1.3 §d 15 1.6 i 1.5 12 12 1.3 i 1 1
4 4 5 ; . . . 4 4 ) 6 A
Mezn 1 1 1 ¥ 1.6 [ 3] i85 1.3 13 1 1 1 ] 1
11.3 i3 14 14 5 16 1.6 (%] 12 iz 12 13 1.3 18 (3}
66 1.2 13 13 1.4 1.5 1.5 1.4 1.2 2 1.2 14 14 14 1.3
215 . . . . 5 . . . . . . .
13 5 . . . . . k- )
Menn. 13 1.4 1.4 1.8 1.6 16 1.5 1.2 1.2 (%) 1.4 14 (K3 13
1.4 15 K L6 1. i6 . i 1.3 i3 14 i5 1.6 14
P 1.3 H 6 1.5 3
225 i3 1.3 14 15 16 16 1.5 iz 1.2 13 1.4 14 15 13
Biofertilizers 14 1.4 1.5 1.6 L6 1.7 1.5 1.3 13 13 1.4 1.5 1.6 1.4
A NS NS
a N.S NS
c 0.09 0.09
AXD NS NS
L.S.D AXC N.S NS
0,05
BXC N.§ NS
AXBXC NS NS

O= without blofertilizers
F=Inoculation with bacterial ineculant isolated from cotton rhizosphere .

Bac~Inoculation with Bacillus polymyxa .

Y= Inoculafion with yeast.

Ph.= Inoculation with phosphorine .

Mix.= Inoculation with & mixture of the four biofertilizers .

RESULTS & DISCUSSION

-




Table ( 45) : Seil available Cu ( pg/g ) after 45days as affected by application of N,P and

biofertilizers
N Biofertilizers (C
P(P,0,) (€}
keffed | yoifed
Season 2000 Season 2001
(A) )
0 F Bac, Y Th. Mix. Mean 0 F Bac Y Ph, Mix. Mean
"3 s | 06 | 07 07 (1} ) 09 07 10 1.0 11 13 12 13 11
33 05 | 05 | o8 0.7 03 09 07 0.9 1.0 | 1.1 1.2 13 11
22,5
0. 06 | 07 0.7 n, .9 0.7 Lo 1.0 i1 1l 1.2 13 L
Mean 6 8 0
113 05 | 06 | 07 07 03 0.3 07 09 1o Lt 1.1 12 L2 I
66 07 | 07 | 07 0.8 08 08 0.8 L1 11 11 1.2 1.2 1.2 12
225 3 X . . 3 3 . . . . . . b
05 | o7 | 07 "8 o8 o8 08 10 L1 LI 1.2 1.2 1.2 13
Mean
e | 06 | 07 07 08 0.9 07 1o 10 I 1.1 1.2 L3 Lt
P 11.3
225 66 | o1 | 07 03 08 09 0.8 1o It 1t 11 1.2 1.3 1.2
Biofertilizers 0.6 0.7 07 08 (2] 0.9 08 10 Ll 11 1.2 £.2 3 g2
A NS NS
R NS NS
¢ 0.04 0.08
AXB NS NS
L.S.D AXC ¢.08 N.S
0.05
BXC NS NS
AXDXC 0.08 NS

Or= without binfertilizers

F=Inoculation with bacterial inoculant iselated from cotton rhizosphere
Bace.=Inoculation with Bacillus pelymyxa .

Y= Inoculation with ycast .,

Ph.= Inoculation with phosphorine ,

Mix.= Tnoculation with a mixture of the four biefertilizers,

RESULTS & DISCUSSION



Table (46) : Soil available Cu ( pg/g ) after 60days as affected by N,P and biofertilizers

N Biofertilizers {C
fod P(r,00) {€)
keffed | porfed
: Season 2000 Season 2001
" ™
4] F fiax. Y Ph, Min. Mean O F Barx. Y Ph. Mix. Mean
13 0s | 06 ) a7 07 03 08 07 [T} 09 09 ne L1 1.1 1.0
33 o7 | 07 | 07 03 0.8 0.9 03 09 n9 1.0 1.0 1.1 L1 10
225 X . . . ) . ] ; . 4 . A1 X
0.6 0.7 a7 0% 0.8 09 [LE ] ne 0.9 1.0 1.0 1.1 1.1 1.0
Mean
13 o8 | o9 | 08 8.9 0.9 1.0 0.9 89 1.0 1.0 ) 16 1.1 Lo
66 s 09 [LX.] n9 09 1.0 0.9 8.9 09 1.0 1.0 1.0 1.1 1.0
22.5
08 | o9 0.9 0.9 0 ne 0. 1,0 1. I 1.0 L1 1.0
Mean 03 1 9 0 0
07 | 03 | o8 038 0.9 0.9 ns 0.9 1.0 1.0 1.0 11 Ll 1.0
P 11.3
225 08 | 68 | 03 09 (] 10 0.9 0.9 0.9 16 1.0 LI 11 1.0
Biofertilizers 6.7 08 0.3 0.9 0.9 10 0.9 "9 0 £0 e 1§ 1.1 1.0
A NS NS
B NS N.S
c nn4 0.06
AXD NS NS
L.S.D AXC N.§ N.§
0.05
axe NS NS
AXBXC NE NS

0= without biofertilizers
F=Inoculation with bacterial inaculant isolsted fram cotion rhizosphere .

Bac.=Inoculation with Bacillus polymyxa.
Y= Inoculation with yeast.

Ph.= Ingeulation with phespharine.
Mix.= Ineculation with x mixture of the four hiofertilizers.

RESULTS & DISCUSSION "




Table(47):

Soil available Cu ( pgf/g ) after 75 days as affected by application of N,P and

biofertilizers
N P(p,0) Biofertilizers (C)
1S
ke/fed
ke/fed Season 2000 Season 2001
A) m
0 F Bac. Y Ph. Mix, Mean [} F Bac. Y Ph. Mix Mean
113 as| o8| oo i 1.0 1.0 09 L0 1.2 13 1.3 14 14 13
33 0.7 0.8 08 09 ne 1.0 09 1.1 1.2 1.z 1.3 13 14 1.3
225 X . ; ! X . . . . . . .
07| 08| o9 09 1.0 1.0 ne 11 1.2 1.3 13 1.4 14 1.3
Mean
1.3 0r| 07| o8 0| as| s 03 1l 1.1 1.2 1.2 13 13 ]
66 0.6 0.7 07 09 09 1.1 0s 1.0 1.t .1 1.3 1.3 1.5 L2
225 . , \ ; . . . . . . .
07| 07! o0a 08 [ 09 1.0 03 11 11 1.2 13 i3 1.4 1.2
Mean
07| 0% a9 09 10 1.0 09 11 1.2 1.3 13 14 14 1.3
P 11.3
225 077 08| 08 08| 09 il 0.9 11 12 1.2 1.3 ia 15 1.3
Biofertilizers 07| 08 09 0.9 1.0 1.0 0.9 1. 1.2 L3 1.3 14 14 13
A NS N.§
8 NS NS5
c 004 0.2
AXD N5 NS
LsSD AXC N.S NS
0.05 ’ i T
BXC, NS NS
AXBXC N.5 NS

O= without biofertilizers

F=Inoculation with bacterial inecutant isolated from cotton rhizosphere,
Bac.=Inoculation with Bacillus polymyxa .

Y= Inoculation with yeast,
Ph.= Insculation with phesphorine ,
Mix.= Ingculation with a mixture of the four biofertilizers .

RESULTS & DISCUSSION ™




Regarding mineral phosphorus fertilization, the data
obtained in the previous Tables reveal that, phosphorus
fertilization positively affected the soil available phosphours
at the three studied stages (at 45, 60 and 75 days after
sowing). Soil available phosphorus decreased gradually with
time. This may be due to the effect of alkaline soil pH which
enhanced the precipitation of the soluble forms of soil
phosphorus to the insoluble ones and as a result the P uptake
significantly decreased with time. These results are in
accordane with those obtained by Foaad (2002) in his study
on corn and faba bean who found also that soil available
nutrients, i. e. N, K, Fe, Mn, Zn, and Cu were not
significantly affected by phosphorus.

Considering  biofertilization, data obtained reveral
that, in general, all biofertilizer (rcatments significantly
increased all the studied soil nutrients at 45, 60 and 75 days
after sowing as compared with the control (without
biofertilization), except for the soil availablc P. It is worthily
to mention that using the mixture of the four biofertilizers
gave the highest yield of soil available nutrients than the
single biofortilizers or without biofertilization. In this concern
the effect of the different kinds of biofertilizers on the soil
available nutrients may be due not only to their N-fixing
proficiency for some biofertilizers but also to the cffect of
CO, and/or organic acids originated from microbial
metabolism. On the other hand, Foaad (2002) who found that
the biofertilization did not affect the soil available nutricnts .
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Regarding the interaction affect among the three
variables, data obtained show a significant effect on soil
available nitrogen. The highest values of soil available
nitrogen were recorded for the plots fertilized with 66 kg
N/fed and received the mixture of biofertilizer. On the other
hand, the plots received 33 kg N/fed and not treated with
biofertilization gave the lowest values of soil available
nitrogen.
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