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RESPONSE OF KOCHIA INDICA WIGHT,
IRRIGATED WITH SALINE WATER, TO SOME
PHOSPHATE FERTILIZER RESOURCES AT WADI

SUDR AREA
(SOUTH SINAI)

Abdel-Azeem, Hoda H.M. and Salwa, A. M. EI-Toukhy’
bml Microbiology unit, Desert Research Center, Matariya, Cairo, Eg}pl
" Range Management unit, Desert Research Center, El Matanya, Cairo, Egypt.

Kochia indica is annual bushy herb growing through many
geogrpahical areas. It is drought resistant, salt tolerant and
grazed by many animal species. This research was carried out in
Ras Sudr at South Sinai characterized by calcareous soils where
phosphorus is found in unavailable form for plant absorption
and the transformation of this element is a great problem. An
experiment was conducted to study the effect of biofertilizer
(phsophate dissolving bacteria, PDB) and two mineral resources
of phosphorus, namely, rock phosphate and calcium
superphosphate at three levels (0, 30 and 60 kg P,O; /fed.)
Studied parameters were forage fresh yield (FFY), forage dry
yield (FDY), crude protein yield (CPY), phosphorus yield (PY),
crude fibre yield (CFY) and total ash yield.

The results showed that by adding the biofertilzier
resource, all studied parameters have been significantly
increased. Also, increasing the rate of rock phosphorus lead to
significant increase of FFY, FDY, CPY, CFY, PY and total ash.
This increase was more pronounced under the medium level (30
kg P,O/fed). The same trend was observed for calcium
superphosphate. The greatest values of all previous parameters
were obtained under the combination of the three phosphorus
resources.

Microbiological determinations indicated that applying
PDB together with inorganic phosphate fertilizer led to
considerable increase in microbial densities and activities in the
plant rhizosphere zone, including total microbial count, counts
of Azotobacter, Azospirillum, phosphate dissolving bacteria and
rate of CO, evolution.

Keywords: Kochia indica Wight, rock phosphate, calcium superphosphate,

phosphate  dissolving  bacteria,  Bacillus  megaterium,
Pseudomonas fluorescens.
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Kochia indica Wight (blue bush) is a rapidly growing annual bushy herb
adapted to many geographical areas. It is drought resistant, salt tolerant and
summer forage which is accepted and grazed by many species of grazing
animals. Therefore, the effect of different sources of phosphorus fertilizer,
under saline and calcareous soil conditions of Ras Sudr area (South of Sinai)
on the productivity and the Quality of this plant might be studied.

In general, phosphorus in these conditions is found in complex
precipitated form. The transformation of this element into unavailable salts is
considered as one of the common problems under these conditions.

Phosphate dissolving bacteria, (PDB) posses the ability to transform
unavailable phosphorus in soil into available forms by secreting organic
acids which lower pH and bring about dissolving the bound forms of
phosphate. They play an important role in releasing more available
phosphorus from rock phosphate or other difficult phosphorus forms through
producing organic and inorganic acids in addition to growth promoting
substances such as auxins, gibberellins and cytokinin which may improve
plant growth and stimulate the microbial development (Ali er al., 2002,
Abou El- Soud, er al., 2003 and Abd El- Rasoul ef al., 2003).

Phosphorus has been recognized as a major element for plant nutrition.
El' Toukhy (1997), mentioned that low- level of phosphorus enhanced
generally the different growth parameters as well as the productivity of
Atriplex sp. On the other hand, El-Deek et al. (1991) reported that adding
phosphorus fertilization to Atriplex sp. had no significant effect on fresh or
dry weight, while Abo El-Soud ef al. (2003) found that, in newly reclaimed
soils, superphosphate appliction as a source of phosphorus slightly increased
the dry weight compared to those obtained from rock — phosphate. Nezam et
al. (2004) reported that the appliction of phosphorus alone did not produce
significantly high yield.

So, the purpose of this study is to investigate the effect of rock
phosphate, calcium superphosphate and phosphorus dissolving bacteria on
the productivity, chemical contents of Kochia indica plant as well as the
microbial content of the soil.

MATERIALS AND METHODS

Two field experiments were carried out under the saline conditions of
Ras Sudr experimental farm, South Sinai, on Kochia indica plant throughout
2004 and 2005 growing seasons.

Determination of soil physical and chemical properties of the
experiment area (Table 1) and analysis of irrigation water (Table 2) were
done according to the standard methods described by Page er al. (1982).

Egyptian J. Desert Res., 58, No.1 (2008)

CamsScanner - lss > suadll


https://v3.camscanner.com/user/download

RESPONSE OF KOCHIA INDICA WIGHT 73

Table (1). Physical and chemical analyses of soil at Ras Sudr Exp. Farm,

Particle size distribution %
CaCOs% Coarse sand \Iu.:::l Silt Clay Texture OM. %
53 9] 13.77 70.89 696 B.36 loamy Sand 0).237
. soluble catons (me/l) soluble anons (me/l)
EC@s/m) | PN 1w Mg Na' K~ | co, HCO, Ol S0,
529 808 325 9.5 542 4.1 - 1.7 21.17 7743

Table (2). Analyses of irrigation brakish under ground water
Cations (me/l)

. Anions (me/l)
TSS ppm pil Ca Mg Na® K' HCO, Cl SO,
8400 7.45 20.45 16.10 47.93 043 3.27 60.19 37.43
*T.S.S total soluble salts

The plant material used in this study is blue bush seeds (Kochia Indica
wight) which were collected from shrubs grown naturally at North Western
Coast of Egypt. Seeds were planted in Polycthylcnc bags filled with loamy
and sandy soil (1:1) in January 4™ and 5" during 2004 and 2005 respectively,
under green house conditions. After three months later, uniform and healthy
seedlings were chosen and transplanted in the experimental site.

30 and 60 kg P,O4/fed. of each of calcium superphosphate and rock
phosphate fertilizer were mixed thought preparing the soil on 1* April each

year. Seedlings were distributed at a distance of 2%2 meter (1050 plants/fed.)

Biofertilization treatments were carried out using selected cultures of
Pseudomonas fluorescens and Bacillus megaterium as phosphate dissolving
bacteria. These cultures have the capability to withstand stress of desert soil
conditions such as salinity, drought and pH. They were provided from soil
microbiology unit, Desert Research Center, Cairo (Abd El-Ghany, 1997 and
Abdel-Azeem 1998). Both organisms were grown individually on Bunt and
Rovira medium (Taha er al., 1969). A mixture of equal volumes, of fresh
liquid cultures, with concentration of about 10° cell/ml, of each organism
was used as a biofertilizer surrounding roots of Kochia plants and irrigated
immediately to activate growth of bacteria. Ground brakish well-water,
which contains about 8400 ppm dissolved salts, was used for irrigation.
Refertilization by the same dose of phosphate dissolving bacteria was
applied after one month of seedlings. First harvest was two months later (1=
July), the second harvest was after 45 days from the first one. Two cuts were
taken every season.

Every experiment included 18 treatments in split-
with three replicates. where the two main plots were assign
with (PDB) and without inoculation, the sub plots were
phosphate rates (0, 30 and 60 kg P

split plot design
ed to inoculation
devoted for rock

distributed to calcium su

PgOslred)

20s/fed) and the sub- sub plots were
perphosphate fertilizer rates (0, 30 and 60 kg
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(FDY) was calcualted on a dry
by using the modified micro- jeldahl method as discribed b
Tracy (1956) to determine crude protein concentration (CP%
yield (CPY) was calculated using CP% and (FDY). Total as
yield (CFY) were determined by using the method outlined by A.0.A.C.
(1970) and were calculated as Ash%, Crude Fiber % (CF) and (FDY),
Phsophorus % (P%) was obtained by ascorbic acid method according to Frie
et al. (1964) and phosphorus yield (PY) was calculated by using P% and
(FDY).

Microbiological Determinations

y Peach and
)- Crude protein
h and crude fibre

.» 1982). Counts of Azotobacter
on modified Ashby's medium (Abdel- Malek and Ishac, 1968), Azospirillum

counts on semi-solid malate medjum (Débereiner, 1978). Phosphate

dissolving bacterial counts on Bunt and Rovira agar medium after
modification by Taha e af (1969). Carbon dioxid

biological activity in the plant rhizosphere zones.

Data of the two years and their average were statistically analysed as a
split- split- plot design according to Snedecor and Cochran (1989) using
Cost at computer program. Duncin's multiple rang test was used to test

treatment means for the two years and average as described by Steel and
Torrie (1960).

RESULTS AND DISCUSSION

The significant effect of biofertilizer inoculations by phosphate
dissolving bacteria (PDB); phosphorus application resources on the
productivity parameters (FFY and FDY) and chemical content (CPY, CFY,
PY and total ash yield) for the two years and their combination are
concluded in table (3).

Inoculations by PDB were highly significant for all studied parameters
in both years and their average.

Application of rock phosphorus exhibited highly significant effect
for CPY and PY of second year whereas, this effect also extended to the
average of all parameters except of CFY and total Ash. Meanwhile, the
effect was significant only on FDY, CPY and CFY at first year.
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The effect of applied caleium superphosphate was highly significant
only on the average of FFY, FDY as well as CPY of the second year and
total ash of first one.

The interaction between biofertilizer X rock phosphorus wag highly
significant on the average of FFY and CPY total ash as well as CPY of the
first year.

The interaction between biofertilizer X calcium superphosphate was
highly significant on the average of FFY and PY as well as PY of second
vear.

The interaction between rock phosphrous x calcium superphosphate
was more effective on the average of FFY, FDY and highly significant on
CPY and total ash.

The combinations of the three main phosphorus resources were highly
significant for all parameters studied.

Table (3). Productivity and chemical content as influenced by three
phosphorus fertilizer resources in two years and thejr
combination on Kochia indicq .

FFY (towfed.)|FDY (ton/fed.)| PY (keifed,) | cpy (kg/fed.) | CFY (kg/fea) 01! ash yield]

Resource (kp/fed.)
]xl 2ml l“ an l“ zml l'“ znd Ist 2nu ]:r zurl
com., com. com. com, com. com.
year|vear year|year, year|year year|year year|year Yearjyear
Biofectilizer | ** | ** [ % | wx [ %% | %% | %% il R A I TR T TAET
rock I B I S O T ey Ry B * | % | ¥ | #
phosphorus
Calcium L L R R A R I R *% L I N I
phosphorus
Bio x rock ** * N ENET | wk | ¥ | % T
Bioxcalcium ¥ ¥ B * *

Rokacﬂlfium * * ¥ x * *% *¥ ¥k *¥ * * *% *x *%

Rock=caleium
!\ - *¥ xx X% *% *k *%¥ K k% *k *k * %k *k *% *% %% ¥ k¥ i

x Bio.
* significant at 5% level
** significant at 1% level

FFY: forge fresh yield FDY: forge dry yield PY: phosphorus yield
CPY: Crude protein yield CFY: Crude fibre yield Com: Combination

Forage Fresh Yield (FFY)

Results in table (4) show the fresh forage yield of Kochia plants as
influenced by three phosphorus resources. There was highly significant
difference between fresh forage yield with the addition of biofertilizer
resource comparing to the control for the two years and their average. These
results may be attributed to the colonization of plant roots by the inoculated
bacteria which can produce phytohormones rather than solubilize {he
indigenous soi] phosphate and other nutrients,

These results are in line with those of Dipleep et al. (2001) who stated
that fluorescent pseudomonas could produce phytohormones, siderophores
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and hydrogen cyanide, also it exhibited antagonistic effects against many
t pathogenic fungi. )
]'}lzglé) (4).g Fresh forage yield (ton/fed.) as influenced by three

phosphorus resources in two years and their average on
Kochia indica.

Treatments First year Second year Two years averape
Super | . Without | With Without | With
Rl Pl “;lllllil:)ut :‘[\;i’lol; Means (Bio) | (Bio) Means (Bio) | (Bio) Means
(onos) 370 | 2.86 3.28 320 | 236 | 2.78Bb 345 1261 | 3.03Bb
30 470 1790 6.30 420 [ 740 | 58Aa 445 [7.65| 6.05Aa
g 60 1.52 | 7.06 4.29 1.02 | 6.56 | 3.79Bb 127 | 681 | 4.04 ABb
Means | 331 | 5.94 4.62 281 | 5.44 4.12 306 1569 | 437¢Q2)
0 319 | 848 5.84 269 | 795 | 532 Aa 294 | 822 | 558 Aa
30 |30 437 [7.39 5.88 386 | 6.89 | 5.38 Aa 412 1714 ] 563 Aa
60 538 [ 4.54 4.96 483 | 402 | 445Aab | 513 | 428 | 471 ABD
Means [ 431 [ 6.80 5.56 381 | 6.29 5.05 406 | 6.55 | 5.31a(2)
0 1.77 | 470 3.24 127 | 420 | 2.74Bb 152 | 445 [ 2.99Bb
60 30 5.04 [4.70 4.87 454 | 421 [ 4.38ABab | 479 | 4.46 | 4.63ABab
60 470 |[8.74 6.72 420 | 824 | 6.22Aa 445 [ 849 | 6.47 Aa
Means | 3.84 | 6.05 4.94 334 | 555 445 3.59 1580 | 470b(2)
0 289 15351412b(3)| 239 | 484 3620 @Y ] 264 [5.00]387c(3)
Super [ 30 470 1666 | 56823 | 420 | 617 | 5.19 aB3") | 445 (642 | 544203)
Ph. 60 387 1678 |533ab(3) | 337 | 627 1482 ab3"| 362 | 6.53 | 5.08003)
Means | 382 | 6.26 5.04 332 | 576 4.54 357 | 6.01 4.79
B(1) [A(Y B(1Y TAMY B(1) [ A
* Means having the same capital letters in

the same rows and small letters in the same column

are not statistically differed at p = 0.05 Jevel of significancy.

. Application of rock phosphorus significantly increased FFY. This
inerease was clearly true and significant at the combined of the two years
only giving (5.31) and (4.70) ton/fed. when added 30 and 60 kg P,0s/fed.,
respectively where

r as control gave (4.37) ton/fed. Calcium superphosphate
Increased (FFY) for the two years and their a

significant under 30 kg P,Os/fed. which surpassed 60 kg P,Os/fed. Abo- El-
Soud_ et al. (2003), Abdo, Fatma (2003) and Abd El-Rasoul (2003) who
mentioned that phosphorus had superiorly impact as compared with rock
phosphate fertilizer.

~ The interact
significant for {h
obtained under t},

verage. This increase was more

., While the lowest
lcium superphosphate in the
eing (1.52), (1.02) and (1.27)
spectively., _

. etween rock phosphorus and calcium
gnificantly obtained at {he 2" year and the average

d under the high level of both

iibs;.nce of biofirtil.zer ang rock phosphorus, b
on/fed. for the two years and their average, re

The interaction eficet b
Superphosphate wag si
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Forage dry yield (FDY)

Results in table (5) show the fora

phosphorus resources and their combinations.

Table (5).

Dry forage yicld (ton/ fed.) as influenced by three
resources in two years and their aver

77

as found under the high level of rock
spectively,

ge dry yield as influenced by three

phosphorus
age on Kochia indica,

Treatments First year Second year Two years average
SUDET | \vithout | With Without | With Without | With
Rock kgl;;:d, (Bio) | (Bio) Means (Bio) (Bio) Means (Bio) | (Bio) Means
0 145 [ 090 1.18 095 [ 074 | 085Bb 120 | 0.82 | 1.01 Be
30 197 | 299 2.48 147 | 280 [ 213Aa 172 1289 | 2.31Aa
0 60 0.65 | 230 1.47 044 ] 2.14 | 129ABb | 054 | 222 1.38Bb
Means | 136 | 181 [ 17162) [ 098 [ 190 | 1a206@) | 116 1.98 '(527) ¢
0 1.12 | 2.93 2.03 095 1275 185Aa 104 [ 284 [ 1.94 Aa
30 30 1.73 [ 2.98 2.35 153 1277 | 2.15Aa 1.63 | 2.88 [ 2.26 Aa
60 2.2 1.69 1.93 196 | 1.50 | T1.73Aa 206 | 1.60 [ 1.83 Aa
Means | 1.67 | 253 [ 2.10a(2) 148 ] 234 [ 191202 158 | 244 [2.01a(2)
0 099 | 1.75 1.37 071 115 | 1.13BD 0.85 | 1.65 | 1.25 Bb
60 30 200 | 1.73 1.87 1.80 | 1.55 [ 1.67ABb 1.90 | 1.64 [ 1.77Aab
60 1.73 [ 314 243 1.54 | 296 [ 225Aa 1.64 | 305 | 235Aa
Means | 1.57 | 2.21 [ 1.89ab2) | 135 | 202 1.69abQ" | 146 | 2.11 [1.79 b(2)
0 119 | 186 | 1.52b3") | 087 | 168 | 1.8 b3%) | 103 [ 177 [ 14 c(3)
Super [ 30 190 [257 [ 223a3) | 160 | 237 1.99a(3") 175 ] 247 [2.11a(3)
Ph. 60 151 | 238 | 1.95a3%) | 131 | 2.20 1.76a(3") 141 | 229 [1.85b(3)
Means [ 153 [ 227 1.9 126 | 2.09 1.68 140 | 218 180
B(1) [ A B(1Y) A% B() | A()

* Means having the same capital letters in the same
are not statistically differed at p = 0.05 level of si

FDY had been significantl
This increase was observed for t
unbiofertilizerd treatment. Increasing t
FDY. This increase was significant at the 1*

he two

highest dry production, (2.10), (1.91) and (2.0

moderate level of rock phopshorus (30 kg P,

level.

2nd

rows and small letters in the same column
gnificancy.

y increased by using biofertilizer resource,
years and their average comparing to
he rate of rock phosphorus, increased

year and their average. The
1), was obtained under the

Os) which surpassed the higher

Calcium superphosphate increased FDY. Such increase was significant
for the two years and their average. The rate of 30 kg P,0s/fed. was the best
level.

The interactions effect between rock phosphorus and calcium

superphosphate were significant for the second year and thf: years average.
The highest productivity of dry yield was found under the high level of both
P resources (2.25 and 2.35 ton/fed.), while the lowest one was (0.85 and 1.01
ton/fed.), respectively, whereas no phosphorus applied. On the other hand,
the combination of the three resources introduced significant effect on FDY,
The maximum productivity was found under the high level of both
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phosphorus resources and the presence of biofgrti]izer, i.e. (3.14). (2.96) and
(2 05) while the lowest production was obtained under the high level of
calcium superphosphate alone, that is (0.65), (0.44) and (0.54). Such result
was significant on the two years and years average.
Crude Protein Yield (CPY) L

Results in table (6) show the crude protein yield as affected by three
phosphorus resources. CPY increased significantly with inoculation of
biophosphorus resource, either for the two years or the years average.
Table (6). Crude protein yield (kg/fed.) as influenced by three

phosphorus resources in two years and their average on
Kochia indica.

Treatments First yecar Second year Two years average
Super | .\ 7 " . o .
Without | With Without | With Without | With i
Rock (PPI(; ) (Bio) | (Bio) Means (Bio) | (Bio) Mecans (Bio) | (Bio) Means
2Us

0 2198 [ 1139 | 1669Bb | 144.26 | 97.32 120.9 182.03 |105.71| 143.9Bb

30 209 5195 | 3643Aa | 156.02 [490.68| 3234 182.51 [505.09| 343.8Aa
. 60 92 310.6 [201.3ABab| 62.66 |269.18| 165.1 77.33 1264.89| 171.1Bb

Means| 1736 | 3147 | 244.2ab(2)| 1209 | 2858 [203.4b(2")| 1473 [ 2919 |219.60(2)
0 | 15165 | 4426 | 297.1Aa | 127.85 (41471 2713 | 13975 [428.66] 284244
o |30 | 21393 143545 3249Aa | 18985 [40574| 2978 | 20167 |42059] 311.1Aa
g 60 | 37175 [235.15] 303.5Aa | 33676 [207.99| 2724 | 35426 |221.57|237.9Aab
Means| 2456 | 371.1 | 3084a(2) | 2182 | 3428 [280.5a2")| 2319 | 3569 |294.4a02)
0 1293 | 165.1 [ 1472Bb | 92.82 |147.15| 1199 | 111.06 |156.13| 133.6Bb

60 30 2682 | 193.7 | 2309Aab | 241.59 |[173.14| 2074 254.9 |183.42] 219.2Bb
60 240.58 | 338.2 | 289.4Aa | 21462 |471.46| 343.0 227.60 |404.83| 316.2Aa

Means| 212.7 | 232.3 | 222.5b(2") | 1831 | 263.9 |223.5b6(2Y| 197.9 | 2481 223.0b(2)
0 1009 | 240.5 | 203.7¢(3) | 121.6 | 219.8 |170.76(3"Y) | 1443 [ 2302 |187.2b(3)
Super| 30 | 2302 | 3829 | 306.5a3) | 1958 [ 356.5 [276.2a3%)| 213.0 | 369.7 291 .4a(3)
Ph. | 60 2348 | 2947 | 264.7b(3) [ 204.7 | 316.2 [260.52(3") | 219.73 | 297.1 258.4a(3)

Means| 2106 | 306.0 258 1740 [ 2975 | 2358 1923 | 299 245.7
B(1) | A(1Y B(1Y | AQY B() | A(D

* Means having the same capital lelters in the same rows and small letters in the same column are not
statistically differed at p = 0.05 level of significancy.

Applied rock phosphorus increased significantly for the tow years and
their average especially with 30 kg P,0s / fed. application only.

Increasing calcium superphosphate increased CPY. Such increase was
significant at the 1%, 2" years and their average and applied 30 kg P,0s / fed.
surpassed 60 kg P,05 / fed.

The interaction between the three phosphorus resources affected
significantly CPY. The largest CPY was obtained under 30 kg P,Os / fed. of
caleium superphosphate with biophosphorus inoculation and without rock
phosphorus, i.e. (519.5). (490.68) and (505.09) kg/fed., while the lowest
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CPY was found under the high level of calcium superphosphate (60 kg
P,0Os/fed.) alone, i.e. (92), (62.66) and (77.33) kg/fed. Such effect was
observed at the two growing years and the years average,

The interaction between rock phosphorus and calcium superphosphate
affected CPY significantly. The maximum CPY was obtained with 30 kg
P,0s / fed application of Calcium superphosphate alone, (364.3) and (343.8).
while the lowest one was observed under the high level of rock phosphorus
alone (147.2) and (133.6). This result was significant at the 1% year and years
average.

Calcium phosphrous and biofertilizer act together on CPY. The
highest amount of CPY was found under 30 kg P,Os/fed. of calcium
superphosphate with biofertilizer resource (369.7 kg/fed.). On the other
hand, the lowest CPY was obtain under the absence of both (144.3 kg/fed.).
Such result was significant at the average year.

Phosphorus Yield (PY)

Results in table (7), show phosphorus yield PY as influenced by three
phosphorus resources.

Table (7). Phosphorus yield (kg/ fed.) as influenced by three phosphorus
resources in two years and their average o Kochia indica .

Treatments First year Second year Two years average
Super | ... . : . . ;
Without | With Without | With | Without | With '
Rock (p[’l(l).) (Bio) | (Bio) Means (Bio) | (Bio) Means (Bio) | (Bio) Means
I\

0 0.178 [0.118] 0.148 0.049 [0.099] 0.074 0.114 10.109( 0.112

0 30 0.232 ] 0.381 0.307 0.173 10362 0.268 0.203 10.372| 0.288
60 0.085 [0.287| 0.186 0.058 10.228] 0.143 0.072_|0.258( 0.165

Means | 0.165 [0.262] 0.214b(2) [ 0.093 [0.230]0.162b(2") | 0.130 [0.246] 0.188 b(2)
0 0.241 0.357| 0.299 0201 0335 0.208 0221 0346 0.284

30 30 0237 10427 0.332 0203 0398 0.301 0220 10413 0.317

60 0356 [0.21] 0.284 0321 |0.187( 0.254 0.339 10.199| 0.269

Means| 0.278 ]0.332] 0.305a(2) | 0.242 [0.307[0.274a2%| 026 [0.319 0.290a(2)

0 0.081 ]0.265 0.173 0.058 [0.235| 0.147 0.070 10.250| 0.160

60 30 029 [0.249] 0.270 0.261 10.223| 0.242 0.276_|0.236| 0.256

60 0.174 (0419 0.297 0.155 10.023| 0.089 0.165 ]0.22] 0.193

Means| 1.181 |0.311] 0.247a2) [ 0.158 [0.160]0.159625 [ 0.170 [0.236 0.203b(2)

0 0.166 [0.247] 0.206b(3) | 0.103 [0.223[0.163b(3% | 0.135 |0.235 0.185b(3)

S;{:‘” 30 | 0253 [0352]0.303a3) | 0212 |0.328]0.270a(3") | 0223 |0.340] 0.287a(3)
|| 60 | 0205 [0306]0255ab3)| 0.178 |0.1460.162b(3)| 0.192 |0.226 | 0.209ab(3)

Means | 0.208 [0.302| 0.255 0.164 [0.232] 0.198 0.186_0.267| 0.227

B(1Y) | A(Y B [A(D B(1) | A(D

* Means having the same capital letters in the same rows and small letters in the same column
are not stafistically differed at p = 0.05 level of significancy.

Data showed that biofertilizer resource increased PY. Such increase
was significant at the 1%, 2" years and their average comparing 1o
unbiofertilized treatments.

Applied rock phosphorus at 30 kg P,Os/fed. increased PY. This
increase was clearly true and significant at the two years and their average.,
The same trend was observed under calcium phosphorus. Data showed that
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30 kg P,0y/fed. surpassed 60 kg P,Os/fed. Such result was observed at the
e ye’?ﬁeai?l?e:'};zgoa: Z?:‘f:t of the three phosphorus resources affected (PY)
significantly. The highest PY was fqupd un.der usin‘g 30 kg Szoslfcd. oOF gagéh
pﬁosphorus resources with biofertilizer mocu‘lahon (9.4_7) and (0. : )
ke/fed. while the lowest one was obtained as using the high level of c:ﬂcxum
sﬁperphosphate alone (0.085) and (0.058) kg/fed. Such result was obtained at
the 1" and 2™ years, respectively. On the other hand, lowest PY was fqund
as using the high level of rock phosphorus alone also at the average y!eld
(0.070). This means that the high level of bo}h phosgh‘orus as Icglcwm
superphosphate or rock under calcareous and saline conditions of Sinia was
unavailable to be absorbed from the soil by Kochia plants.
Crude Fiber Yield (CFY)

Results in table (8), show the effect of three phosphorus resources on
CFY of Kochia plants at the different years and the average.
Table (8). Crude fibre yield (kg/ fed.) as influenced by three phosphorus

resources in two years and their average on kochia indica.

Treatments First year Second year Two years average
Super | ,,,. . : . it =
. Without | With Without | With Without | With
Rock | Ph. (Bio) | (Bio) Means (Bio) | (Bio) Means (Bio) | (Bio) Means
(P;05)
0 208.9 |121.55 165.2 137.0 | 1014 119.2 1729 | 111.5| 142.2Bb
0 30 356.4 402 379.2 2660 |379.8 3229 311.2 | 3909 | 351.0Aa

60 80.8 186.8 133.8 550 3197 187.4 67.9 |253.3| 160.6Bb

Means | 2154 | 2368 | 226.0b2) | 1527 | 267 | 209.8¢2") | 184 | 2519 217.9¢(2)

0 158.1 | 591.3 37147 136.0 |554.0 345 147.1 | 572.6 | 359.9Aa

30 30 194 581.2 387.6 181.4 | 541.6 361.5 187.7 | 561.4 | 374.6Aa

60 3762 | 299.7 3379 3411 ] 265.1 303.1 358.6 |282.4| 320.5Aa

Means | 242.8 | 490.7 366.8a(2") | 219.5 |453.6 336.5a(2" | 2311 [472.1 351.7a(2)

0 178 3624 270.2 127.7 | 323.1 2254 152.9 |342.7| 247.8Aa

60 30 3982 | 3158 357 3586 | 2823 3205 3784 1299.0 | 338.7Aa

60 2554 | 439.8 347.6 2298 | 4149 3224 2426 | 4274 335Aa

Means | 277.2 | 3727 324.922) | 2387 | 3401

289.4b2") | 2579 [356.4 | 307.20(2)
. 0 1817 | 3584 | 2700 | 1336 |3262 229.903"Y | 157.6 | 342.2 | 249.9003)
uper
ph. |30 [ 3162 | 433 3747 | 2687 |4012 334.923" | 2924 [417.1 | 354.8203)
60 | 2375 | 3088 | 273.1 | 2084

333.2 [ 270.8ab(3") | 2230 3210 272.0b (3)

Means | 245 366.7 3059 203.6

3535 278.6 2243 | 360.1 2922

B(1) | A1) B(1Y) |A(Y B() | A(l)

* Means having the same capital letters in the

same rows and small lett

¢ro ers in the same column
of significancy.

are not statistically differed at p = 0.05 |eve]
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Data showed that bioferti]

increase wag significant af {he 1
the control,

Increased rock Phosphorus levels led to a signifi
This increase Was significant af (he tWo years and the;

the rate of 30 kg P,0y/fed. Surpassed 60 kg P,04/fed
average, Increasing calci I

was significant af o™

izer resource in

Creased the CFy. Such
» 2" years and th

eir average Comparing {o

cant increase in CFY.

g/fed. while the lowes
205 / fed of calcium sup
alone (80.8), (55) and ch result was clear

t amount of
erphosphate
ly true ang

Years. The highest amount of
added 30 kg P,0; / feq

nwhile {he lowe
both.

Total ash yield

Results in table (9) show

lotal ash yield of Kochia plants af different
Table (9). Tot; '

resources in tw
— .

0 Years and thejy average on Kochiq indica,
Treatments First year Second year Two years average
EE——— R — ‘———-__'———-—.‘_——-—-___ ‘——-—_."_——-—-___‘
e S;:'I’” Without | wigy Means | Without | wign Mea Without | wig, "
oe @ cli) (Bio) | (Bio) i (Bio) | (Bigy | Means (Bio) | (Bigy | Means
Vs
___________________——._.___-_.____—___-—___.__-_____-____—-__.__
0 349.2 | 2075 | 378483 229.1 1592 194.28ab |~ 2893 1833 | 2363845
0 30 492.5_ | 7411 [ 61684, 3676 | 6914 529.5A3 4302 | 7162 573240
____-._.___-.____—-_.____-_.____-.____ 324 |
60 1302 | 54127 335.78p 89.6 [a629 276.3Bb 1099 1502, 306ABah
-————__-——-—_ TT— o __—‘—-__—‘—-—-_
B o ) TR B e T T o e KO
0 249, } 3Aa 207, ' SAa 228. 28.3 8.4Aa
30 30 3449 | 5723 [ 458670 2278 [514 396.2A3 3113 | 5434 437.4A0
———{ 2249 | 5723 | _____,___._-—-__.___-___.____._—-_.___
60 3129 14061 | 150354, 3554 | 3440 | 399 7401 4841 3750 300 6Aa
Means | 3689 _50_*2_—.1_413_3__-_3_'3__7__.1531_ 354;33 35') _.3_413___1“_’.2_—4-1’_’.13_291_
0 1621 | 3449 | 353.5mp 1365 | 2879 | 212.0n 149.3 3164 | 2329pp
60 30 401.7 | 3722 386040 3785 | 3309 [ 354,77, 390.1 | 3516 370.9Aab
60 4237 | 684 553.9 3825 | 6453 513.9Aa 4031 1 6647 | 5339a,
Means | 3292 [670 3981 2992 T ao14 360332 | 319 6664 | 379.25(2)
0 2534 | 366.7 | 310.00 31 1911 318.7 | 2549037 223 | 3423 282.5h(3)
Super 30 413.0 | 5610 4874a03) | 3913 5123 | 426.8.3 3172 1537 457.2a(3)
Ph. 60 3556 | 5438 | 449703 3092 {484 32673 | 3334 5137 423.1a(3)
Means | 3407 | 4908 [ 4153 280.5 | 4384 | 3595 | 3100 464.5 | 3876 |
- ! __——\\—
BUY T A B(1Y) AT B [am S
by . __—_—_—_— .
* Means having the same capital letters in the same rows and small letters in (he same column
are not statistically differed at p = 0,05 level

of significancy.
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Data showed a significant increase of total ash yield as using
biofertilizer. Such result was clearly true and significant at the two years as
well as the average. _ ‘

Increasing rock phosphorus levels lead to the increase of (otal ash
yield. The increasing was significant at o year and average of years, with
noticing that the medium level of rock phosphorus surpassed the high level.

lﬁcrcasing calcium superphosphate rates cause the increase of total ash
yield. Such increase was significant at the 1* and 2" year, as well as their
average. On the other hand, 30 kg P,Os/fed. gave the highest total ash
(487.4), (426.8) and (457.2) kg/fed., respectively.

This result means that 30 kg P,Os/fed. of each of rock or calcium
superphosphate was the best level under the conditions of Sinia to obtain the
greatest amount of ash .

The interaction effect between the three main factors affected the total
ash yield. The maximum total ash yield was found under 30 kg P,0s/fed. of
calcium superphosphate alone with the presence of biofertilizer resource,
(741.1), (691.4) and (716.2) kg/fed., while the lowest total ash was observed
under the high level of calcium phosphorus and the absence of biofertilizer
or rock phosphours. Such result was clearly true and significant at the 1%, 2"
years and their average, respectlively.

Calcium superphosphate x rock phosphorus affected together total ash
yield. Applied 30 kg P,Os/fed. of calcium superphosphate alone was more
effective to obtain the highest total ash yield (616.8), (529.5) and (573.2)
kg/fed. at the same time the lowest quantity of total ash yield was
observed when using the high level of rock phosphorus only (60 kg

P,0s/fed.) (253.5), (212.2) and (232.9). This result was true and significant
at the

1*, 2" years and average of years, respectively,

So, it is appeared that phosphorus helped 1o develop more exiensive
root-system, which might have help the absorption of more water and
nutrients from deeper soil layers for higher photosynthetic aclivity and
translocation of photo synthates to the sites of {heir requirement
consequently increased all the parameters studied.

In general, it could be concluded that the low level of calcium
superphosphate or rock phosphorus is more essential than the high level
especially when adding microorganisms which release more available
phosphorus which is reflected on the productivity and the quality of Kochia
plants under calcareous saline conditions. Using biofertilizer alone gave the

same results as using chemical fertilizer without any pollution of the
environment.

Microbiological Determinations

Samples of plant rhizosphere were taken at the first and second cuts
during two successive seasons (2004, 2005) and subjected directly to

Egyptian J. Desert Res., 58, No.1 (2008)
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microbiological analysis. Results in table (10) show that plant inoculation
with phosphate dissolving bacteria led to a significant increase in tofal
microbial counts (heterotrophic plate count) in the rhizospheric soil of all
treatments as compared to the uninoculated ones. This may be due to the role
of phosphate dissolving bacteria in the release of available phosphorus
which serves as an essential factor for microbial growth and energy yield.
Increasing amounts of rock phosphate, calcium superphosphate or both of
them, applied to soil, relatively increased the microbial densifies in most
treatments. It was also noticed that the numbers of microorganisms at the
second cut were generally higher than those recorded at first cut. This
phenomenon may be due (o the accumulation of root fragments and
exudates, providing soil with organic carbon compounds, in addition to
decreasing pH value as a result of CO, accumulation from root respiration
and microbial acid secretion. Such conditions could make suitable nutritional
medium around root system enhancing microbial growth and activity in
plant rhizosphere zones.

Table (10). Effect of fertilization of Kochia indica by rock phosphate,
superphosphate and phosphate dissolving bacteria on total
microbial counts (heterotrophic plate count) in plant
rhizosphere under calcareous saline desert soil conditions

(count x 10° cfu/g dry soil).

ROCk(PzOs)
phosphate 0 kg/fed. 30 kg/fed. 60 kp/fed.
Super (P;0
sl 0 | 3 | 6 | o | 30 | e | o | 30 | e
ke/fed. | kg/fed. | ke/fed. | kg/fed. | kgffed. | kg/fed. | ke/fed. | keffed. | kg/fed.
Cutling time 13 2nd | qs | gnd | qet | gnd | qet | gnd | yst | gnd | pst | gnd | st [ ond g5t [ gud | pst | gna
1" year 2004
Without PDB 1 s | 5 12126 [29 [ 22 [14[ 19 [33] - [26] - [ 5] 8 |25 28 | 30] -
With PDB 7011 [29]22(35]20[16(26]58|66]| -] - [12]12]53]51 |a2] -
2™ year 2005
Without PDB {3 | 6 116 18 [18[ 18 |10 13 [24[26 [19] 20 [12] 10 [21 24 [ 18] 22
With PDB 12(1025) - |- 26| -|19|31]38|26]32|20| - |27|2725] 30
PDB: Phosphate dissolving bacteria. - : Not determined
Significance at 5% level, Significant : (*), insignificant: (O):
First season Second season
1* cut 2" eu 1* cut 2" eyt
Rock phosphate: 0 * 0
Phosphorus w * * *
PDB: . "
Interaction 0

(PDB x rock phosphate)
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Data i tables (11 and 12) show the response of nitrogen fixing
bactena, namely Azorobacter and Azospirillum, respectively to phosphate
fertthization. Results exhibited that addition of rock phosphate alone has
almost no or shight effect on mtrogen fixers. Mcanwhile, applying calcium

superphosphate erther

growth. Combining those mineral fertihizers with the

alone or together with rock phosphate improved their
biofertilizer, phosphate

dissolving bacteria had an nerementally significant beneficial effect on the
erowth of nitrogen fixers. Obtained findings could be due to the production
of acids by phosphate dissolving bacteria converting the unavailable mineral
phosphate, especially - such alkaline calcarcous soil, into available

phosphorus which greatly stimu

fixers in the rhizosphere zone.
Table (11). Effect of fertilization of Kochia indica by rock phosphate,
superphosphate and phosphate dissolving bacteria on
counts of Azotobacter in plant rhizosphere under calcareous

saline desert soil conditions. (count X 10? efu/g dry soil).
g ary

lated the growth and proliferation of nitrogen

t Rock (P3O0 - g ey
phwsphate 0 kg'fed 30 kg/fed. 60 kg/led.
|
ix::;‘c: (P504)
1| phosphate 0 30 60 0 30 60 0 30 60
kpfed | kg'fed. | ke/fed. | ke/fed. kg/fed. | kg/fed. | kg/fed. | kg/fed. kg/fed.
|
%""""-'tm‘- 14 2(1 ’n Zn.l Iu 2n.l In 2nd lu 2ml In Zml ]u 2nd |s| znd 'Ill 2mt
J
1 1* year 2004
[ Without PDB
i olola2l218l12zlo]e6|20]32]-|-]-]6]15]20]20]20
| With PDB
| ol 2146 [12]14)12(16]27]44|42] - |12 101273314043
2™ year 2005

| Without PDB
! -3l alelsloeloeis|isf17|2t 8L} -] - |16]2]
With PDB

' alelsle 12l )izl1s]19]29] - 3011 | 16]|22(26]31]37
PDB’ Phosphate dissolving bacteria. - : Not determined
Significant at 8% level, Significant : (*), insignificance: (O):

First season Second season
1* cut 2 cut 1% cul 2 cut

Roc) r'l. wnhate - - * -
Pl :11 Tus - - - po
roB L * * -
Inter action . * * .

(PDB x rock phosphate)
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Fable (12). Effect ol fertilization of Kochia indica by rock phosphate
superphosphate and  phosphate dissolving  bacteria on
counts o Azospirillum in  plant rhizosphere  under

calcarcous saline desert soil conditions, (count < 10" cells/p

 Rock (PO v . ‘
"‘._ ‘\ . 0 nE led 30 }\&‘ fed ol) Lln fed l
‘ |
|
| Super (P0) 0 30 00 0 30 60 0 30 60 ‘
phosphate Kgted | Ke/fed | kgited | Kg/fed | kg'fed | ke fed kg/fed | kg/fed | ke/ted
Cuthing tme oo g | 1% | 1% | 2 1% o | qn o 1| o EARE TIEE

|
! 1% year 2004

| Without PDB
ut PDI ale 12|23 (20]16f16]36] - [38]a3|1a|12]23] 323

With PDB a7 ([0 412033 [49] 61|50 60]26]28 [a1]as|s0]s

|
L

i 2" year 2005

Without FDB -t 5 13 g | s [1afas |3 162427 |21 18|10 1021 [10]2s] -

With PDB
! 100(12]16(20 1328|2018 |32|38 (33| - |- |16 - |24]|36]| -
PDB: Phosphate dissolving bacteria. - : Not determined
Siznificant at 5% level, Significant : (*), insignificance: (0):
First season Second season
1% cut 2™ cut 1" cut 2" cut

Rock phosphate: * . * B
Phosphorus * * 0 ¥
PDB » ® * L

* 0 * 0

Interaction

(PDB x rock phosphate)

Results in table (13) exhibited that soil fertilization by rock phosphate,
superphosphate or both fertilizers led to remarkable increase in counts of
phosphate dissolving bacteria in plant rhizosphere at all examined P,0s
concentrions. However, this increase was significant at 2" cut of the first
seasons. Inoculation of plants with phosphate dissolving bacteria
significantly increased their numbers in rhizosphere zones in all treatments,

which 1s logical.
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Table (13). Effect of fertilization of Kochia indicq by rock phos
superphosphate and phosphate dissolving b;}c::!’_?hm“’
counts of phosphate dissolving bacteria in plant rhiz(: .m -0n
under calcareous moderately saline desert soj) c““‘;il:il:::

(count x 10° cfu/g dry soil).

Rock (1;05) s
phosphate 0 kg/fed. 30 kg/fed. 60 ke/fed
I
Super (P,0s) 0 30 60 0 30 60 0 30
phosphate kg/fed. | kg/fed. | kg/fed. | kg/fed. | kg/fed. | kg/fed. kg/fed. | ke/fed kg??d
. od.
Cutting time (Pl B L e Nl il R R L LS R PTCS BT PP 1 g | g [
1* year 2004
WithoutPDB | 14| 14 (27| - | - [33]22{30 (3136 | 41| - [19] 342024 [02]r]
With PLB 81|81 (80|92 60 |84]80[86 90| - 79| - |85]oa|ss|oslgr]
2" year 2005
Without PDB 112113161618 |19]22(26(27 31|31 ]12]13|28|30]30
With PDB 36 (36|42 (55| - [2630|35|64]|60| - | - J24|19|49]|62]51]36
PDB: Phosphate dissolving bacteria. - : Not determined
Significance at 5% level, Significant : (*), insignificant: (O):
First season Second season
1* cut 2™ cut 1¥ cut 2" cut
Rock phosphate: * 0 0 ¥
Phosphorus 0 0 * "
PDB: * * * '
Interaction 0 0 0 *
(PDB x rock phosphate)
ati i indication of the
The generation of CO, was determined as an 1

biological activity in plant rhizosphere. Results in table (14)_5]19“’ lh?l
application of either biofertilizer, or inorganic fertilzers, Slgﬂ.lﬁ"a”}tﬂ
increases the rate of CO, evolution. However, combining biofertilizer ?elm
inorganic phosphate fertilizers led to more CO, generation than any of th
alone.
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Table (14). Effect of fertilization of Kochia indica by rock phosphate,

superphosphate and phosphate dissolving bacteria on carbon
dioxide evolution in plant rhizosphere under calcareous saline
desert soil conditions. (mg CO, /100 g dry soil).

Et?cc\;pg;?‘) 0 kg/fed. 30 kg/fed. 60 ke/fed.

Super (P:0s) kgf(;cd. kgat{'i‘d‘ ka(;l?:d kg!?'cd k;lc'ld kgc',g;d 1.;",‘?',_-(] k;?-d 1\60,

phosphate = o ed. | kg/fed

Cutting time D THE EHE G E B G N R
1" year 2004

wihompDB | - | 2 N[ 20| s] e [isfrfrafrz]- |4 |2]12|e 18

With PDB 3 161 - (18122 11 {15(31]40] - |31 |7 ([10]18]21]20
2" year 2005

Without PDB 515 (woliz[s[rfofofzfafieftefrn 131217 15] 15

With PDB o1 a [15]15|1a] 161922 [19[2230[19[17[18]24]25|28]23

PDB: Phosphate dissolving bacteria. - : Not determined
Significance al 5% level, Significant : (*), insignificant: (O):

First season Second season

1% cut 2% cut 1" cut 2*cm
Rock phosphate * . * v
Phosphorus . ' 0 ’
pDB - - » -
Interaction 0 0 0 0

(PDB x rock phosphate)

Data of CO, evolution are almost in harmony with those of total
microbial counts recorded in table (10). :

In general, the trends of microbiological changes and activities, in
plant rhizosphere zones, were found to be almost similar in both growing
seasons 2004 and 2005.

Summing up, it could be concluded that application of phﬂspl_‘me
dissolving bacteria in the presence of rock phosphate and/or calcium
superphosphate markedly activated soil microorganisms. .Thlfs_could 'be
resulted in improving soil fertility and nutrients availability which
consequently led to increasing plant growth and yield.

Obtained results are generally in agreement with those reported by El-
Gibaly ef al. (1977); Abdel Ghany and Ashoub (1994); Tomar et al. (1996)
and Abdo (2003) who stated that applying phosphate dissollvmg bagteria
together with morganic phosphate markedly activated soil microorganisms
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and improved growth and phosphorus uptake by the seedlings, of different
plants grown in sandy soil, in comparison 10 chemical phosphate fertilizer
alone.
The Economic Importance of the Research

It 1s worthy to mention that, any success in cultivating Wadi Sudr
desert soil (South of Sinai), would be appreciated. That is because, this
desert area suffers from high content of calcium carbonate, alkalinity and
salinity. Under such environmental stress, plant nutrients particularly;
phosphate salts occur in insoluble forms, unavailable for plant nutrition.

Thus, the successful trial of the present research by applying rock
phosphate, which is abundant with low price in Egypt together with
phosphate dissolving bacteria, leading 1o significant increase in forage yield
and improving soil fertility could be evaluated from the economic point of
view.

However, further economic studies should be done, to precisely

determine the feasibility of investment, in such desert area, for forage
production.
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