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ABSTRACT

Two field experiments (two summer scasons of 2002 and 2003) were
carried out on a san soil at a farm in Salhia area, Ismailia, Governorate for study
the effect of combination threc rates (per feddan) from bio-fertilizers (without
"B0"), (500g of inoculums of a mixture PDB (P-dissolving bacteria) and (NFB)
N-fixation bacteria + 300g of PDB inoculums + 2 L. of SF (spray fentilizer liquid
containing 24% K + 5% N "B1") and (doublc the amounts of inoculums + 1.5 the
amount of spray liquid "B2") and three levels (kg/fed.) NPK (75 + 7 + 60 "L1",
(100 + 14 + 80 "L2") and (125 + 21 + 100 "L3" kg/fed.) and their interaction on
yield, vegetative growth and chemical composition of potato plants. Bio-
fertilization increased yields of tubers with main effects as follows (metric
tonffed.): B0:12.08, Bl: 13.22, B2: 13.75 (average of 2 seasons). Mineral
festilization increased yields with main effect of L1: 12,42, L2: 13.23,L3: 13.39.

Total yield of potato tubers was highest by the Bl L3 treatment. The
results showed aiso that using B2 significantly increased the plant height, number
of branches/ plant, fresh and dry weight of plant foliage, number and weight of
tubers/ plant, total yield, marketable yicld perceniage, large tuber percentage and
chemical composition of potato plant and tubers. The L3 mineral fertilization
treatment increased all parameters under investigation.

Regarding the interaction between bio and mineral fertilizers, results
indicate that B2 L2 significantly increased plant height, number of
branches/plant, fresh weight, number and weight of tubers/plant, total yield,
marketable yield percentage, percentage of large tuber and chemical composition
of plant foliage and tubers.

Increases in contents of N, K, Fe, Mn, and Zn in plant foliage increased
by up 10 60 %, 29 %, 88 %, 69 % and 70 % for each nutrient respectively as a
result of applying (L2 B2), (L2 B2), (L3 Bl), (L2 B2) and (L2 B2), respectively.
Comparable values content in tubers were 32 %, 27 %, 62 %, 79 % and 57 % for
each nutrient respectively and as a result of applying (L3 B1), (12 B2), (L3 B1),
(12 B2) and (1.2 B2), respectively.
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Foliage N, K, Fe and Zn contents were higher than in tubers, but foliage
P and Mn were lower than in tubers.

Key words: Bio and chemical fertilizers, yield, N, P, K, Fe, Mn, Zn, sand soil,
potato (Solanum tuberosum L.)

INTRODUCTION

Potato (Solanum tuberosum) is among the most important crop grown in
Egypt, whether regarding domestic consumption or exportation. In recent years
attention has been done to usc bio-fertilizers through inoculation as well as using
organic fertilizers, in order to reduce plant and soil contamination with some
clements and also to reduce the use of mineral fertilizers.

Soil micro organisms play a fundamental role in overcoming the
problems of immobilization fixation and precipitation of soluble micronutrients
the solubility problem in many soils, by releasing the immobilized, fixed, or
precipitated forms of nutrients thus transforming then into soluble forms to be
ready for plant nutrition, such as phosphate dissolving bacteria and inoculums of
a mixture "P-dissolving bacteria and N-fixation bacteria® would give the same
effect of nitrogen and would reduce the amount of fertilizer nitrogen and incrcase
the growth characteristics of plant foliage and produce large potato tubers, and
bean yield (Ghosh and Das, 1998, Abou-Hussein, 2001 and Abdalla ef ol., 2001).

Utilization of bio fertilizers mixed with N and K nutrients applied
through spray on haulm of plant proved useful on increasing yield and its
components by enhancing storage of carbohydrates in potato tubers (Mahendran
and Chandramani, 1998) and in onion (Ei-Sheekh, 1997). Also, bio-fertitizers had
a marked effect on nutrient contents of potato foliage and tubers (Mahendran and
Chandramani, 1998).

The balance between N, P and K and increasing their levels had an
important rolc for increasing vegetative growth (Reisi and Khajehpour, 1992,
Juzl, 1994), yield and its components (Azad et al, 1996, Arisha and Bardisi,
1999), potato tuber size (Rabie, 1996, Arafa, 1999), as well as the chemical
composition of all plant parts, foliage and tuber (Arisha and Bardisi, 1999).

The combination between NPK and bio-fertilizers was reported to be
more effective in increasing vegetative growth (Rahman er al., 1992, El-Gamal,
1996), yield and its components, tuber size (El-Gamal, 1996, Mahendran and
Chandrmani, 1998, El-Dsouky and Attia, 1999) and chemical contents of
different plant parts, (Hauka ef al., 1990 on barly and tomato, El-Sheekh, 1997 on
onion).

The current study was carried out to investigate the influence of different
combinations of mineral fertilization levels (NPK) and combinations of
biofertilization (of several groups of microorganisms “inoculums of a mixture P-
dissolving bacteria and N-fixation bacteria”, phosphate dissolving bacteria and K-
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spray fertilizer "24% K + 5% N”) on growth, yield and its components, tuber size
and chemical composition of potato grown on a sand soil.

MATERIALS AND METHODS

Two field experiments were carried out during the two summer growing
seasons of 2002 and 2003 on a sand soil at & farm in Salhia area in Ismailia,
Governorate, Egypt, using potato plants (Solanum tuberosum cv. Hermis) for
response to mineral fertilization with (NPK) and biofertilization. Soil properties
of the experimental site are present in Table (1).

Representative soil samples were taken from the experimental field
before initiating the experiment and analyzed for soil properties. Soil particle size
distribution was done without CaCO, removal using the pipettc method Piper
(1950). Water holding capacity, ficld capacity, wilting point, CaCO; content, pH,
salinity, and organic matter percent were determined methods cited in Black et of.
(1965). Salinity and soluble ions were determined in the soil water paste extract
(SO, was calculated by subitracted). Available macronutrienis (NO;-N, P and K)
and available micronutrients (Fe, Mn, and Zn) were extracted by ammonium
bicarbonate-diethylenctriaminepentaacetic acid (NHLHCO,-DTPA) and determined
according to Soltanpour (1985).

The experiment was a factorial in a randomized compleie block design.
I included 9 treatments, which were the combination between three rats of (NPK)
mincral fertilization and threc rats of biofertilization (of several groups of
microorganisms "inoculums of 2 mixture P-dissolving bacteria and N-fixation
bacteria”, phosphate dissolving bacteria and K-spray feniilizer "24% K + 5% N”)
as follows:

A- Levels of N P K mineral fertilization,
1. 75+ 7+60kg N PK respectively/ fed., referred 10 as *L1"
2. 100+ 14 + 80 kg N P K respectively/ fed.. referred to as "L2"
©3. 125+ 21 + 100 kg N P K respectively/ fed., referred to as "L3"
{1P=229 P2Os; 1K=1.25 K,0)

B- Biofertilization rates:

1- Non-biofertilization referred to as "B0"

2- Biofertilization 1 (referred to as "B1”) using the following substances and
rates/fed.
500g of inoculums of a mixture PDB (P-dissolving bacteria) and (NFB) N-
fixation bacteria + 300g of PDB inoculums + 2 L of SF (spray fertilizer
liquid containing 24% K + 5% N).

3- Biofertilization 2 (referred t0 as "B2") using the above-mentioned
components at rates of 1000g + 600g + 3L per feddan.

Bib-fertitizer inoculums materials are produced by General Organization
for Agricultural Equalization Fund, Ministry of Agricilture and Land
Reclamation, Egypt.



2020 Annals Of Agric. Sc., Moshtohor, Vol. 42(4), 2004

The mineral fertilizer materials were ammonium nitrate (33.5 % N),
added as triple super phosphate (16.3 % P) potassium suiphate (40% K). The bio-
fertilizers contained several groups of microorganisms “inoculums of a mixture
Pdissolving bacteria and N-fixation bacteria” and phesphate dissolving bacteria
were mixed with potato tuber sceds while the spray fertilizer was sprayed on
potato plant in two equal portions after 60 and 30 days after sceding.

Phosphorus fertilizer was added during the soil preparation before
planting. Mean while, the amounts of nitrogen and potassium fertilizer were
divided into three equal portions and added at 10 days intervals beginning after
completely emergence.

A randomized oomplete block design (factorial) with three replications
was used. Plot area was 9.45 m”, which included 3 rows of 3.5 m long and 0.9 m
wide. Tuber seeds were sown on 16 January in the two seasons of growth and
spaced at 25 cm apart. Other agricultural practices required for potato production
were done as commonly followed in the region.

Table (1): Soil properties of the experimental site.
A: Particle size distribution, calcium carbonate and orgamic matter (OM)
conteats:

Particle fraction (%) Textural CaCO, oM
Sand Silt Clay Class % %
93.8 32 3.0 Sand 1.70 0.22

B: Seil moisture parameters (w/w %): —
Water holding Field capaclty Wilting point | Availablé water

| __capacity % % % (%)
1.5 998 3.08 6.90
C: Available nutrients (Am.bicarbonate DTPA extract):
Available macro-sutrients Available micro-nutrients
mg/kg soil mg/kg soil
NO,-N P K Fe Mn
6.1 1.8 46 33 0.5 1.0

D: Soil pH and chemical analysis of the soil paste extract:

pH EC Soluble anions 1 Soksble cations
(1-25s0d | dSm ‘mmol, /L
water susp.) HOO, | O SO, [Ca Mg Na° | K
170 120 397 15 6.65 5771397 189 | 049




Effect Of Bio & Chemical Fertilizers On Growih,........2021

Data recorded:
I- Vegetative growth:
Two plants from cach treatment were randomly pulled out of the soil (75
days after planting) to determine the following parameters:
1- Plant height. -
2- Number of branches / plant
3- Fresh weight of plant foliage.
4- Dry weight of plant foliage.

Different plant parts, i.c. shoots and tubers, were oven dried at 70°C till
constant weight for determining the contents of "N, P, K, Fe, Mn and Zn"

II- Yield, yield components and tuber guality:
At 120 days of planting, tubers from each plot were harvested, weighed,
counted and graded for recording the following data:
1. Number of tubers / plant, 2. Average weight of tmber.
3. Average vield of tubers / plant.
4. Yield
5. Tuber size: Potato tubers of cach plot were graded into three sizes as follows:
I. The iarge size tuber (more than $5mm diameter).
f1. The medium size tubers (35-55mm diameter).
IIT The small size tubers (less than 35mm diameter).

Tubers of each size were weighed and its percentage of the total
marketable vicld was calculated.

- Chemical composition of plant foliage and tubers:

Total nitrogen, phosphorus, and potassium, in the digested dry matter of
each plant fol:age and tubers N was determined by the Kjeldahi method according
to methods cited by Pregl (1945), Murphy and Ricly (1962) and Brown and
Lilleland (1946)

Micronutrients of Fe. Mn and Zn were determined in the digests using
" the atomic spectro photometer (Philips) according to Chapman and Pratt (1961).

Results were statistically analyzed according to the methods described
by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

1. Vegetative growth:
a) The main effect of biofertilization:

Data in Table (2) show the, vegetative growth of potato plants expressed
as plant height, number of branches/plant, fresh weight and dry weight of plant
foliage as affected by the inoculation of different biofertilization compounds. In
this respect the used bio-fertilizers significantly increased all plant growth
parameters. The highest values in all recorded plant growth traits were obtained
by using the B2 treatment, i.e. the high level of biofertilization
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(1000+-600+3L/ed). The superiority of using the biofertilization compound of
cyntained several groups of. microorganisms “inoculums of a mixture P-
digsolving bacteria and N-fixation bacteria” and phosphate dissolving bacteria to
the ‘soil reflects a refease of fixed P and formation of N-substanocs by bacteria,
hence increasing availability of these two clements in the root zone. Nitrogen and
phowhomlpltyagtutrelemuﬂargcmcmandcclldmswnandalsocnbanoe
protein synthesis nécessary for building new cclls. These results are similar to

W Gbosh and Das, (1993), Abdalla ef al. (2001) and Abou- .

b}ﬁe nneﬂ'ectdniunl fertilization:

..~ Data in Table (2) show also that, all the studied vegetative growth
parameters significntly increased with increasing the combination mineral
foggilizea(NPK) lcvéls up to the-highame used level (125 + 21+100 kg NPK/ fed)
in-Qoth -growing scasons. For some pyrameters, difereaces between L1 and L2
~ wére slight and net stafistically significant. Thesc results agree with those
T r?ﬁedhykﬂn anthaiehpour(IwZ)andJuzl (1994)

o Tﬁb £2): Eﬂ'eet of different combinations bioferﬁiizadon rates,
combinations of mimcral fertilization and their interaction on

” ."' . five growth of characteristics of potato plants.
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c) Effect of the interaction:

The higher rate of biofertilizer (B2) was superior 10 the lower rate (B1)
only in presence of the high level of minerat fertilizer (L3). The lower rate of
biofertilizer giving more vegetative growth characteristics over the higher rates of
bio-fertilizer during both growing scasons. Also, 1.2 was much superior to L1 in
presence of B2 These results arc in agreement with those reported by Rahman ef
al. (1992) and E1-Gamal (1996).

2-Chemical composition of potate plants feliage:
a) The main cffoct of bisfertilization:

Data in Table (3) show significant differences duc to biofertilization.
The high B2 ratc was superior in N, K, Fe, Mn and Zn content. However,
analyscs of variances gencnally revealed that mean value of P-content in potato
foliage was not significamtly affected by biofertilization. These obtained results
may be due to the main role of such studied biofertilizers increasing the solubility
of determined macro and micro-clements st the oot zonc and consequently
increasing their availability. Nitrogen fixing-bacieria may have increased the
synthesis of the endogenous phytohormones such as Indole Acetic Acid (IAA),
Gibbrelic Acids (GAg) and Cytokinomes (CKs). These substances play an
important role in formation of active root sysicms that allow more of nutricnts for
uptake and hence promote photosynthesis and translocation. These results arc
agrocment with those reported by Fl-Sheekh (1997) and Mahepadran and
Chandramani (1998).

b) The main cffect of mineral fertilization:

The same data in Table () also indicate that, contents of macro and
mommwntsnmv:lmapﬁuﬂlymmﬂdbymfemhmm :
MMIEMMMWWMMW(]M) :

There were increases in P-comteat duc to biofestilization as well as
mincral fértilization although such diffeseaces were not statistically significant.

c) Effect of the interaction:

A occurved with N, K., Fe, Mn and Zn content in potato foliage, high rate
of biofestilizers was superior to low raic only where L1 or L2 were used giving
average increases (two scasons) in N, K, Fe, Mo and Za amounting to 15.5%,
12.0%, 44.5%, 17.0% and 13.5% respectively under conditions of L1 or 40.0%,
9.0%, 6.3%, 16.5% and 13.0% respectively under conditions of L2. However, the
high ratc was inferior 10 the low rate giving 19.0%, 6.5%, 27.5%, 8.0% and 6.5%
(average of two scasoms), less N, K, Fe, Mn and Zn contents respectively than the
low rate under comditions of L3, Phosphorus content in foliage was not
significantly affected by the interaction caused by the combination of mineral -
fertilizer (NPK) and biofertilizers. These resulis are in the same line with those
reported by Hauka ef af. (1990) and El-Sheckh (1997).
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Table (3): Effect of different combinations biofertilization rates,
combinations of mineral fertilization and their interaction on
chemical composition of potato foliage.

NPK-tuiversl

2002

Treatment Fe Mn Za
N% | P% | K% | g | men mg

BO 288 | 0284 6.3 52 16 79

& B1 321 | 0377 7.0 63 18 87

- B2 336 | 0398 74 67 19 89
L.S.D at 0.08 0.05 ns 0.1 2 1 2

L1 267 | 0262 6.6 54 16 84

~ L2 331 | 0348 7.0 65 18 80
1 = L3 3.46 0.484 7.2 67 19 90
LSDat060s | 007 as 0.1 2 1 3

3 B 241 | 0205 57 40 15, 80
3 Bl 267 | 0227 6.6 50 16 83
3 B2 294 | 0356 7.4 65 18 90
) " B0 302 | 0205 73 60 16 66
g B1 332 | 0356 7.0 66 I8 83
B2 460 | 0485 77 70 20 90

B0 320 | 0.442 6.9 63 I8 90

3 Bl 364 | 0549 | 74 73 20 93
& B2 355 | 0.355 7.2 65 18 86
LSDat00s | 008 ns 0.2 3 2 4

2003

BO 235 | 0055 6.2 48 13 50

& B1 291 | 0.212 74 71 18 74
B2 314 | 0402 76 74 20 81

L.S.D at 0.05 0.09 ns 04 1 1 2

L1 272 | 0.184 6.5 58 14 66

E 4 L2 281 | 0250 72 66 18 69
‘E 3 L3 287 | 0.236 74 69 19 70
L.S.D at 0.05 0.07 ns 0.5 1 1 2

- BO 252 | 0.034 54 37 12 46
q B1 255 | 0.155 6.7 53 14 70
3 B2 308 | 0.362 15 84 17 83
o BO 204 | 0055 6.3 53 13 50
3 B1 267 | 0333 74 70 18 72
X B2 374 | 0462 8.0 75 22 85
B0 250 | 0067 6.9 53 15 53

| B1 3.51 0.248 8.0 90 21 80
§ B2 261 | 0384 73 63 20 76
LSDat0.05 | 016 ns 0.7 2 2 3
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3- Yield and its components:

Total yields (metric ton/fed.) are presented in table (4). The non-treated
treatments gave total yields of potato of 12.171 ton/fed., but the bio or mineral-
fertitized ones gave increases of 33.4% for (L3 Bl); 29.8% for (L1 B2); 23.4%
for (B2); 22.8%Jor (L2 B2); 17.7% for (L3 B2), 17.5% for (L3); 16.2% for (L2),
15.5% for (B1); 14.6% for (L2 B1) and 5.0% for (L1). A marked increase in yicld
occurred by fertilizers application, increase ranged between from 5.0%-33.4% in
first season, but second secason giving less percent than first scason. The
combination of biofertilizers rate showed higher yield compared with
combination of mineral fertilizers giving a mean of 14.54 won/fed. “giving 19.5%
more yield” as compared with 13.74 ton/fed. “giving 12.9% more yield" given by
ruineral fertilizers. This effect could be duc to that biofentilizers which plays a
fundamental rele in releasing nutrients and making then ready for plant nutrition.
Biofertilizers would increase microorganisms in soil; the microorganisms would
produce growth promoting substances which increase the plant growth, This
increase in piant growth would increase the pho(osynthcuc rates leading to an
- increase of the assimilation rates.

a) The main effect of biofertilization:

Data in Tablic (4) show that the numbers of tubers per plant, average
tmber weight, yield of tuber/plant, total and marketable yield significantly
increased with addition of biofertilizers in both growing seasons. Tubers yield per
plant and unmarketable yicld percentage significantly increased in the second
season only. These results are in agreement with those reported by El-Sheekh
{(1997) and Mahenadran and Chandramani (1998).

b) The main effect of mineral fertilization:

The same data in Table {(4) show also that the number and weight of
tbers /plant and total yield as well marketable yield significantly increased with
increasing levels combination of (NPK) fertilizer. These results are in agreement
with those reported by Azad et a/. (1996) and Arisha and Bardisi (1999).

¢} Effect of the interaction:

Data in Table (4) show that the bio-fertilizer in combination with the
highest L3 (NPK) fertilizers increased the number of tubers per plant, tuber
weight, total and marketable yield. However tuber yicld per plant significantly
increased in second season only. The high total vield obtained from using the
combination of bio and (NPK) fertilizers may be due to the increase of these
attributes in plant foliage and significantly increased fresh weight of potato plant
and its organs leading to a large increase in production of potato. Also,
biofertilization may have increased absorption of nitrogen and phosphorus by
plant. The role of nitrogen in the formation of chlorophyll molecule and other
component of all proteins. Phosphorus is important for production and maturing.
It functions as a part of the enzyme system in plant. These results arc reported by
El-Gamal (1996), Mahendran and Chandrmani (1998) and El-Dsouky and Attia
{1999).

-+
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Table (4): Effect of different combinations biofertilization rates,
combinations of mineral fertilization and their interaction on
_potato tuber vield and its components.

2002
Noof | omer | Tubers Totd Marlet U;
Trestment | @ el vy iy e
B0 68 | 1247 848 12171 | 11.749 | 36
& B1 74 | 1303 964 14055 | 13695 | 26
B 77 | 1318 1015 | 15020 | 148% | 09
jLsbhbsta0s%] 03 14 7 0.550 0320 02
<) L1 69 | 1252 864 12766 | 12155 | 50
] 12 73 | 1280 934 14137 | 14048 | 06
E i L3 77 | 1336 1029 | 14306 | 14.131 12
LSDmods% | 0.1 23 4 0.580 0.220 03
B 60 | 1188 3 10520 | 9440 | 114
g B1 70 | 1270 889 11850 | 11205 | 58
B2 77 | 1300 1001 | 15,795 | 15726 | 05
o ) 65 | 120 793 13635 | 13525 | 08
3 Bl 72 | 1290 929 13945 | 13785 | 12
B2 82 | 1330 1091 | 14940 | 14835 | 07
- B0 | 80 | 1335 1068 | 12360 | 12280 | 07
| B1 80 | 1350 1080 | 16235 | 15995 | 15
E T B2 72 | 1324 953 14325 | 14115 | 15
: LSDmats%| 05 25 8 0950 | 0550 04
1 . 3
T BO 64 | 887 568 11985 | 118]0 | 15
l & Bl 68 | 9.2 654 12385 | 12066 | 26
| B2 69 | 979 676 12485 | 12.133 | 29
LSDmoos%| 03 18 3 0.100 | 0.15 09
< L1 65 | 901 586 12066 1 11827 | 20
12 68 | 920 626 12315 | 11950 | 3.1
é i 13 69 | 1006 694 12470 | 12200 | 22
LSDmess%| 03 18 4 0050 | 0.140 08
BO 60 | 871 573 11800 | 11682 | 10
i B1 66 | 833 583 12.100 | 11800 | 25
B2 68 | 949 645 12300 | 12000 | 25§
o BO 65 | 8714 $68 11950 | 1165 | 26
3 Bl 68 | 892 607 12200 { 11200 | 89
B2 71 | 9S 707 12800 | 12300 | 4.1
B0 68 | 916 623 12205 | 12100 | 09
2 B1 70 | 1110 ™ 12850 | 12500 | 28
3 B2 67 | 95 667 1235 | 12100 | 21
LSDu00s%| 0.5 31 | 4 | 0180 | 22% L5
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4) Tuber size percentage:

2) The main effect of biofertilization:

The data in Table (5) show that, biofertilization significantly increased
the percentage of the large tubers size in both growing seasons, mean while, the
percentages of medium and small tubers size were increased with no added
biofertilizers in the two seasons,

Table (5): Effect of different combinations biofertilization rates,
combinations of mineral fertilization and their interaction oa
percentage of tubers size grades of potato.

2002
Trestment Large Medium Small oM
5Somm) O%-55mm) (<3Smm) Ly ]
. % E % % -
Bi '50.3 26 kAl W3
! § 8 %‘1 ;4.0 42.;_ g.% 20.6
; 3 T35 1 410 ] !
g L.S.D at 0.05% 0.5 05 0.3 }
g B % %31 vy 3 34 78.
- 4y ) 5314 424 13 20.7
E{ .._.i L3 338 0.1 61 0.7
1.8.D st 0.05% 0.7 04 03 0.02
3 BO 494 4332 7.4 200
E “B1 330 458 23 206
B2 549 444 035 21,1
: BO %03 36 6.1 70.4
3 [ B1 320 09 51 20.6
B2 56.0 423 135 211
BO 313 410 77 20.3
2 Bi 6.0 30.6 74 70.6
[ B2 333 386 A 31
L.5.D ai 6,05% 0.9 08 0.4 0.03
2003
g B0 348 553 99 30.1
% & Bi 166 393 4.3 304
K] B2 377 572 5.1 210
L.S.D at 0.05% 12 0.5 0.2 0.01
3 L1 35.0 506 LY 204
' iv 1.2 37.0 537 8.3 20.5
E ._{ L3 373 573 54 30.6
L.S.D at 0.05% 0.7 22 0.3 0.02
3 B0 333 330 11.7 20.0
3 Bi 348 62.1 3.1 204
B2 36.8 617 i35 10
3 B0 352 527 12.1 20.2
3 Bl 371 54.9 3.0 20.4
B2 38.6 3.6 18 21.0
BO 36.0 58 1 59 203
2 Bi 8.0 §0.6 i4 304
| B2 378 333 8.9 211
L.S.D at 0.05% 2.1 0.9 D3 0.03
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b) The main effect of mineral fertilization:

Data in Table (5) alsdb show that, the percentage of large tubers size
significantly increased with the highest fevel of (NPK) fertilizers in both growing
seasons. These resulls are in agreement with those reported by Rabie (1996) and
Arafa (1999).

c- Effect of interaction:

Data in Table (5) reveal that, the combination between biofertilization
and (NPK) fertilizers significantly increased the percentage of the large tubers
size, while medium size increased with the biofertilizer and lowest level of NPK
(75 +7+60 NPK kg/fed.) in both growing seasons. These results are in agreement
with those reported by El-Gamal (1996), Mahendran and Chandrmani (1998) and
El-Dsouky and Attia (1999).

" §) Chemical composition of tubers:
a) The main effect of biofertilization:

Data in Table (6) indicate that. there were significant differences among
N. K, Fe, Mn and Zn valucs. The content of such elements increased with
increased biofertilizers rates in both seasons. Applying biofertilizers must have
increased microorganisms in the soil, which increase the ability of mobilizing
unavailable forms of nutrients to available forms. These results are in agreement
with reported by El-Sheekh (1997) and Mahendran and Chandrmini (1998).

Analysis of variance revealed that mean values of P-content was not
significantly affected by treatments under the studied conditions.

b) The main effect of mineral fertilization:

Data presented in Table (5) also show that, the N, K, Fe, Mn and Zn
content of tubers were significantly increased with the use of the highest level of
(NPK) fertilizers. These results are in agreement with those reported by Arisha
and Bardisi (1999).

C) Effect of interaction:

As occurred with N, K, Fe, Mn and Zn content in potato tubers, high
rates of combination biofertilization were superior (average of two seasons) to
low rates only where L1 or L2 were use giving 9%, 15%, 31%, 53% and 55%
respectively under conditions of L1 or 8%, 20%, 12%, 27% and 48% respectively
under conditions of L2. However, high rates was inferior to low rates giving 12%,
4%, 5%, 15% and 8% less N, K, Fe, Mn and Zn-content than low rates when the
L3 was used. There were increases in P-content in potato tubers due to
biofertilization as well as mineral fertilization although such differences were not
statistically significant.
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Table (6): Effect of differeat combinations biofertilization rates,
combinations of mineral fertilization and their interaction on
chemical composition of potato tubers.

2002
Treatment Fe Mn In
NW [ F% ] K% | mpkg | mphg | mgig

BO 1.76 0.240 34 37 35 33
8 B1 1.87 0.435 36 53 41 36
B2 1.88 0.450 3.9 56 44 47

LEDmo0s | 007 Ns 0.2 1 1 1
L1 1.36 03158 23 44 33 34
~ L2 2.02 0.373 38 50 42 38

€ L3 213 | 0400 3.9 52 45 45

| Z LaDmuoo0s | 005 Ns 0.2 2 1 2
BO 125 0.169 3.1 36 20 26
3 Bl 1.39 0.333 3.2 43 1 30
B2 1.43 0.442 33 53 46 46
BO 1.95 0.260 3.5 33 39 30

g g B1 202 | 0398 | 3.6 56 40 33
B2 2.10 0.462 4.3 60 46 50

B 2,10 0.290 37 40 46 43
E 7 Bl 220 | 0.575 39 60 50 45
B2 2.10 0.444 4.0 56 40 46

LSDmoss { 0.13 Ns 0.3 1 2 2
BO L67 | 0.269 33 42 28 42
& B1 1.89 | 0.593 35 47 37 47
B2 1.93 0.624 1.9 54 48 58

LEDatoss | 007 s 0.1 2 3 2

L1 1.55 | 0.469 33 43 33 41
@ L2 1.89 0.507 36 50 38 50
= L3 2.06 0.510 38 51 42 55
LaDstoss | 007 ns 0.1 1 3 2

BO 1.21 | 0.290 3.0 36 20 33
3 Bl 1.60 | 0.505 3.1 40 30 36
n2 184 | 0613 39 55 30 56
~ Bo 1.70 0247 32 43 30 40
g o B1 1.88 0.634 34 50 36 46
B2 2.09 0.641 4.1 57 50 66

B0 2.12 0.270 3.7 49 35 53
g 1 B1 220 | 0640 4.0 53 47 60
' B2 1.85 | 0.620 38 52 45 53
LSDmess | 0.13 ns 0.1 4 5 4
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