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ABSTRACT

Cheimical fertilizers are commonly added to potato plants to produce high
yield although, the use of biofertilizers is more economical and much saving than the
use of inorganic fertilizers, which already raised the pollution of the environment.

Therefore, this study was conducted in two successive summer seasons of
2000 and 2001 on potato cv. Spunta at Baramoon Experimental Farm, Dakahlia
Governorate, Egypt, to investigate the effect of vesicular-arbuscular mycorrhizal
(VAM) fungi and four levels of chemical phosphorous i.e., 0, 25 50 and 75kg
P.0Os/fed. as well as to study the interaction on growth, tuber yield and their
components of potato plant. Moreover, the contents of NPK in foliage, starch and
nitrate in tubers.

The obtained results revealed that inoculation potato seed tubers with VAM
fungi before planting markedly increased vegetative growth, i.e., plant height, foliage
fresh weight/plant, number of main stems/plant, foliage dry weight, total tuber yield
(ton/fed.), number of tubers/plant, tuber average weight, tuber dry matter/plant, NPK
contents in foliage and starch content in tubers while, the concentration of nitrate
decreased in tuber by using of VAM fungi during both seasons

Vegetative growth (plant height, foliage fresh weight/plant, number of main
stems/plant) NPK and nitrate contents increased with increasing phosphorous
fertilizer at level 75 kg P,Os/fed. while, higher value of foliage dry weight, total tuber
yield and its component (tuber average weight, tuber dry matter/plant), NPK and
nitrate contents in tuber treatment receiving 50 kg P.Os/fed.of P fertilizer.

The positive interaction between VAM fungi and phosphorous levels on plant
height (in first season), total tuber yield and NP contents in foliage in the two
seasons.

Generally, the results indicated that inoculation potato seed tubers with VAM
fungi at the rate 12.5 kg/ton) before planting in addition to 50 kg POs/fed. gave
higher total tuber yield/fed. and starch content in tuber.

Thus inoculation with VAM fungi before planting raised the efficiency of P
fertilizer and would decrease the required rate to plants about by 25 %. Consequently
increase the productivity and improving quality of tuber, in addition to produce the
poilution of environment.

INTRODUCTION

Potato (Solanum tuberosum L.) is important nutritionally because it can
supply carbohydrates for energy, proteins, vitamins and minerals for growth
and health (Burtan, 1966).

Phosphorus is one of the most important nutrients for potato growth,
particularly in heavy soils. The inadequate supply of this element to the crop
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retards growth of plants, particularly the terminal growth during the early
stages and hasten maturation (Grewal, 1990).

In Egypt the most important problem of phosphate fertilization is the
amount available for plantis usually low since the phosphorus of the applied
fertilizers could be converted to unavailable form for plant absorption by its
reaction with the soil constituents (Abdel-Nasser and Makawi, 1979 and El-
Dahtory et al., 1989). This could be explained that our soil needs a high
amount of phosphorus to complete the plant requirements and consequently it
may be increase the cost of potato production.

In this respect, El-Gamal (1985), Tukoki and Mohler (1990) and
Shehata et al. (1994) reported that plant height, average number of main
stems/plant and foliage fresh weight significantly increased with increasing
phosphorous levels. El-Banna and Abd El-Salam (2000) indicated that
average of potato tubers weight increased significantly by application of rock
phosphate. El-Kader (2002); Awad (1997) and Arisha and Bardisi (1999)
found significantly increases in vegetative growth and tuber vyield by
increasing phosphorus levels. Hossam et al. (1897); Freeman et al. (1998)
and Ali (2002) declared that application of P increased stem number/m? and
mean tuber weight and tuber yield. However, Shehata et al. (1994); Abdel-Ati
(1998) and El-Kader (2002) indicated that increasing P to 62 kg P,Os/fed.,
increased plant height, number of branches/plant, number and weight of
tubers/plant, total yield/fed., tuber dry matter (%) and N, P and K contents in
leaves and tubers.

Therefore, it is essentially to use vesicular-arbuscular mycorrhiza
(VAM) fungi as a biofertilizers to improve soil fertility and save a considerable
amount of phosphorus requirement, as well as, decrease the pollution of
environment (Mahmoud and Abdel-Hafez, 1982).

The improvement of phosphorous uptake and plant growth by
arbuscular mycorrhizae (AM) has been well documented in many crop plants
(Abbot and Roberson, 1984; Smith and Gianinazzi, 1988; Khalifa and Badr,
1992; Bonfante and Peratto, 1995 and Leadir et al., 1998). They found that
the vesicular-arbuscular mycorrhiza (VAM) inoculation of plants greatly
increased the rate of photosynthesis compared with noninoculated plants and
they attributed the increased growth of the mycorrhizal plants to the increased
in photosynthesis.

Vosatka and Gryndler (1999) found that inoculation of potato plants
with VAM fungus increased the weight of the biggest tuber and the total
weight of tubers.

Black and Tinker (1977) reported that inoculation of potato plant by
VAM, led to seed tuber yield increased by 20%. On the other hand, Abdel-
Naem et al. (1999) mentioned that potato tubers variety Alpha were
inoculated with Azospirilum and /or vesicular-arbuscular mycorrhiza (VAM)
gave higher levels of dry matter than the untreated plants. Hammad and
Abdel-Ati (1998) reported that the total and marketable yield of potato tubers
of Diamont variety were significantly higher in Azospirillum or VAM inoculated
plants as compared to uninoculated.

Hammad and Abdel-Ati (1998); Abdel-Naem et al. (1999) mentioned
that the potato tubers of plants inoculated with Azospirillum and / or VAM
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fungus gave significant increases in the concentration of NP and uptake
value. On the other hand, the same authors observed reduction of nitrate and
nitrate contents of potato tubers via biofertilization with Azospirillum and VA-
Mycorrhizal fungi.

El-Morsy et al. (2002) found that application of VAM fungito sweet
potato markedly increased most vegetative parameters, total yield and quality
than untreated plants.

Kandasamy et al. (1988) indicated that inoculated of sweet potato
cuttings with VAM fungus and /or Azospirilum brasilense resulted in
significantly higher plants N and P contents, tuber weight and starch content
than the uninoculated control.

The aim of this present study was to evaluate the effects of vesicular-
arbuscular mycorrhiza (VAM) fungi inoculation, different phosphorus levels
and their interaction on plant growth, tuber yield and some nutrient contents of
potato plants as well as to investigate the possible in decreasing the inorganic
phospharus application and to avoid environment pollution.

MATERIALS AND METHODS

Two field experiments were conducted at Baramon Experimental Farm,
Dakahlia Governorate during the two summer seasons of 2001 and 2002 on
potato cv. Spunta. Seed tubers pieces were planted on 14 and 18 January in
the 1% and 2™ season, respectively, with an average weight of about 50 g for
each planted on rows of 75 and 25 cm within row.

Some physical and chemical properties of the soil at depth of 0.- 30 cm
are shown in Table (1)

Table (1):Some physical and chemical properties of the soil.

Sand| Silt |Clay O.M.[CaCoO, Available nutrients (ppm
%) | () | (%) |7 o) | 4 PHTN TP K
26.025.8143.0] Clayey [ 1.9 [ 3.7 [7.8] 203 | 15.4 295

Vesicular-arbuscular mycorrhizal fungi (VAM) was obtained from
Fungus Control Res. Dept., Piant Pathology Res. Inst., Agric. Res. Center,
Giza.

Potato tuber seeds were mixed with inoculated Mycorrhizal fungi as
biofertilizer at rate 12.5 kg/ton. Multi VA- Mycorrhiza fungi (Glomus spp. &
Gigaspora spp.). The spores count was found to be 145 spore/1g soil, added
to the soil immediately before planting.

Nitrogen (180 kg/fed.) in the form of ammonium nitrate (33.5 % N) was
added at three equal portions at 3, 5 and 7 weeks from planting, while
potassium sulphate (48 % K,0) was added once after 7 weeks from planting
date at the rate of 96 K,O/fed.

The experimental treatments and design:

The experimental design was split plot design with three replicates.
Inorganic phosphorous with four levels (0, 25, 50 and 75 kg P,Os/fed.) was
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randomly distributed in the main plots, while sub-plots were assigned to
treated and untreated with vesicular-arbuscular mycorrhizal fungi (VAM). The
sub-plot area was 11.25 m? which contained 3 ridges, with 5 m length and
0.75 m width. Inorganic phosphorus was added in the form of calcium
superphosphate (15.5 % P,0s) once before planting. Other field practices
were recommended by the Ministry of Agricuiture.

Studied characters
Vegetative growth characters:

At 70 days after planting (DAP), a random sample (5 plants) from each
plot was taken and the following data were recorded: plant height, number of
main stem/plant, foliage fresh/plant and foliage dry weight (%).

Yield and its components:

At harvest time (105 DAP) tuber yield (ton/fed.), average of number
tubers/plant, average of tubers weight and dry matter of tubers (%) were
estimated.

Tuber quality:
Dry matter (%) and starch content (%) in tubers were evaluated
according to A.O.A.C (1990) method.

Chemical composition:

At 70 days after planting the mineral contents N, P and K (%) were
estimated in dry matter of leaves samples. Nitrogen was determined by
micro-kjeldahl method. Phosphorous was determined calorimetrically as
described by Jackson (1967). Potassium was determined by using a flame
photometer (Jackson, 1967).

Nitrate concentration ppm estimated was measured as described by
Singh (1988).

Data were statistically analyzed and means were compared by using
L.S.D test as described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

1- Vegetative growth parameters
a- Effect of VA- Mycorrhizal fungi:

Data presented in Table (2) indicate that inoculation potato seed tuber
with VAM led to a significant increases in the vegetative growth parameters,
i.e. plant height, number of main stems/plant, foliage fresh weight/plant and
foliage dry weight (%) as compared with uninoculated treatments in the two
growing seasons. The superior effect of VAM could be explained in the light of
the great role played via mycorrhizal mycelia means that they are more
effective than plant root hairs at absorbing nutrient elements including
phosphorous, nitrogen, potassium, calcium and some micro-nutrients, rate of
photosynthesis and phytohormones such as gibberellins, auxins and
cytokinins  significantly promote plant growth. Similar results were reported by
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Trent et al (1989), Thampson (1990), Verma and Jamaluddin (1994), Verma
and Arya (1998) and Leadir et al. (1998)

b- Effect of phosphorous levels:

Data in Table (2) reveal that vegetative growth of potato plants, i.e.
plant height, number of main stems/plant, foliage fresh weight/plant and
foliage dry weight (%) were significantly increased with increasing P fertilizer
levels in both growing seasons. The simulative effect of P on growth
parameters may be due to that phosphorous activated photosynthesis and
metabolic process of organic compounds in plants, the energy transfer
compaunds consequently increasing plant growth. These results are similar to
those of Gardener et al. (1985), Arisha and Bardisi (1999). Also, Tukoki and
Mohler (1990), Shehata et al. (1994) and Abdel Ati (1998) reported that plant
height, average number of main stems/plant and foliage fresh weight
significantly increased with increasing phosphorous levels.

c- The interactions between VAM and phosphorous levels

Data in Table (2) clear also, that the interactions between the applied
phosphorous levels and VAM exert its promoting effect on vegetative growth.
On the other hand, it is observed that, treatments were, generally.
insignificant.

Table (2): Vegetative growth parameters as affected by inoculation with
VA-Mycorrhizal fungi (VAM), phosphorous and their
interactions during the two summer seasons 2000 and 20001.

Plant | No.of |Foliage fresh| Foliage |

Characters height main stems | weight /plant | dry weight
{cm) Iplant ) %)

Treatments 2000 | 2001 | 2000 | 2001 | 2000 | 2001 | 2000 | 2001
VAM fungi o ]
With 39.83 4125|276 | 2.75 |296.2| 303.4 [12.24|12.32
Without 31.75|35.75| 1.96 | 2.23 (269.1| 276.3 |11.72|11.74
F‘test - * * * * - * *
P.0Os levels kg/fed.
0 28.00 | 30.67 | 1.50 | 1.60 |240.0| 241.0 |10.35|10.42
25 33.17 | 33.83 | 2.13 | 2.28 |263.0| 271.0 [11.68|11.75
50 3783 /4083|275 | 2.88 |300.8| 3125 |13.19/13.28
75 4417 | 48.67 | 3.05 | 3.20 |326.2| 335.0 |12.69|12.68
LS.Dat5% 1.72 | 2.70 | 0.28 | 0.25 [10.50| 9.37 | 0.16 | 0.17
Interactions
With VAM fungi |
0 30.67 | 33.00 ) 1.80 | 1.73 | 254.7| 251.7 |10.61 10.67 |
25 38.33 | 35.67 | 2.63 | 2.67 |276.3| 286.7 [11.99]|12.06!
50 41.67 | 43.67 | 3.20 | 3.20 |311.0] 325.3 |13.44|13.57
75 48.67 | 52.67 | 3.40 | 3.40 |342.7| 350.0 |12.90(12.99
Without VAM fungi
0 25.33(28.33| 1.20 | 1.47 |225.3| 330.3 [10.08{10.16
25 28.00 (32.00 | 1.63 | 1.90 [250.7| 355.3 |11.37{11.44
50 34.00|38.00|2.30 | 2.57 |290.7| 299.7 [12.94|12.99
75 39.67 | 44.67 | 2.70 | 3.00 |309.7| 320.0 |12.49(12.37
IL.S.Dat5% 2.43 | NS NS | NS | NS NS NS | NS
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2- Yield parameters:
a- Effect of VA- Mycorrhizal fungi:

Data recorded in Table (3) clear that inoculation potato seed tuber with
VAM significantly increased total tuber yield, tuber average weight and tuber
dry weight while number of tubers/plant increased insignificantly in the two
seasons compared with untreated ones. The percentage of increment in total
tuber yield/fed. due to inoculation with VAM were 20.79 and 15.43 % in the 1
and 2™ season, respectively. The increases occurred in total tuber yield and
its components due to VAM application could be attributed to the great effect
of stimulated plant root, nutrients uptake and photosynthesis process which
led to produce vigorous plants thereby increased total yield and its
components. These results are in agreement with those obtained by Koch et
al. (1997), Hammad and Abdel Ati (1998), Verma and Arya (1998), Abdel-
Naem et al. (1999) and Vosatka and Grynodler (1999) who found that
inoculation with VAM increased the weight of the biggest tuber and the total
weight of tubers. Also, Black and Tinker (1977) reported that inoculation with
VAM increased total yield by 20 %.

b- Effect of phosphorous levels:

Data presented in Table (3) indicate that total tuber yield, tuber average
weight and tuber dry matter in the both seasons as well as number of
tubers/plant in the second season were significantly increased with increasing
phosphorous levels up to 50 kg P,Os fed. whereas a further increase in
phosphorous level up to 75 kg P20Os fed. caused insignificant effect. The
maximum total tuber yield were obtained from treatment received 50 kg P,Os
fed. in both seasons. This increase may be due to the important role of
phosphorous in certain essential such as higher photosynthesis and release
of energy during cellular metabolism. Moreover, it is a component of organic
compounds in plants. Similar results were obtained by Awad (1997), Freeman
et al. (1998) Hossam et al. (1997), Arisha and Bardisi (1999), El-Kader (2002)
and Ali (2002). Who they found that application of P significantly increased
yield.

c- The interactions between VAM and phosphorous levels

Data in Table (3) show the interaction effect of phosphorous levels with
VAM on total tuber yield and its components. It is obvious from such data that
total tuber vyield had significantly influenced in both seasons, while number of
tubers/plant, tuber average weight/plant and tuber dry weight not significant in
the both season. In general, the maximum tuber yield obtained when potato
plant fertilized with 50 kg P,Os fed. in the presence of VAM inoculum where
as the lowest value was obtained as a result of untreated tubers and without
phosphorous application. Similar results were concerted with. Abbot and
Robson (1984), Khalifa and Badr (1992), Hammad and Abdel-Ati (1998) who
declared that total and marketable yield increased. This may be due to high
efficiency of the applied VAM inoculum in supplying the grown plants with the
required P and other nutrients.
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Table (3): Total tuber yield and its components as affected by
inoculation with VA- Mycorrhizal fungi (VAM), phosphorous
and their interactions during the two summer seasons 2000

and 20001.
Total No.of | Aver. Tuber | Dry weight

Characters yield tubers weight of tubers
Treatments (ton/fed.) /plant (g) (%)
| 2000 | 2001 | 2000 | 2001 | 2000 | 2001 | 2000 | 2001
VAM fungi.

With 10.69 |10.77| 3.53 3.73 | 83.05| 84.63 | 19.46 [19.59
Withcr s 8.85 | 9.33 3.30 340 | 79.24 | 81.09 | 17.8917.97
F-test * * NS NS * * * *
P.0Os levels kg/fed.
0 6.88 | 7.01 2.40 247 | 7062 | 72.74 | 16.74 |16.88
25 886 | 9.24 3.15 3.27 | 7863 | 80.24 |17.92 |18.07
50 11.76 [11.99| 4.30 453 | 92.54 | 93.76 | 20.71[20.92
75 11.59 [11.95| 3.82 400 | 82.80 | 8466 | 19.34[19.25
L.S.Dat5% 0.52 | 0.36 0.41 NS | 2.76 | 2.75 | 0.47 | 0.64

Interactions

'With VAM fungi | ] T }
0 ~ | 777 | 783 253 | 263 [ 72547375 [17.17]17.23|
25 9.76 | 9.82 3.30 3.50 | 80.33 | 82.09 | 18.68[18.85|
50 13.12 |13.22] 4.30 460 | 9481 ] 96.01 [21.69]21.75]
75 12.10 [12.20| 4.00 420 | 84.51 | 86.65 | 20.31 |20.52
Without VAM fungi
0 598 | 6.19 2.27 2.30 | 68.70 | 71.73 | 16.30 |16.52
25 7.95 | 8.66 3.00 3.03 | 76.94 | 78.38 | 17.17 |16.51
50 10.40 |10.77] 4.30 447 | 90.27 | 91.52 | 19.7217.29
75 11.09 |11.71] 3.63 3.80 | 81.09 | 82.72 | 18.37[20.08
IL.S.Dat5% 0.73 | 0.52 NS NS NS NS NS | NS

3- NPK content
a- Effect of VA- Mycorrhizal fungi:

Data in Table (4) show that using VAM fungi inoculum resulted in  a
significant increases in of N, P and K content in foliage in the both growing
seasons. It is well known that VAM fungi is capable to contribute for supply
plant root hairs to absorb nutrient elements including phosphorus, nitrogen
and potassium (Saber, 1995, Verma and Arya, 1998 and Chen et al., 1999),
similar results were reported by Hammad and Abdel-Ati (1998) and Abdel-
Naem et al. (1999) who they showed that potato tubers of plants inoculated
with Azospirillum and/or VAM fungus had significant increases in the contents
of NP and uptake value.

b- Effect of phosphorous levels:

Data recorded in Table (4) reveal that the addition of phosphorous
levels resulted significant increases in the N, P and K content in foliage in the
both seasons. These results may be due to the effect of phosphorous on
plant growth and consequently to the efficiency of the root in absorbing
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various nutrients. The present results are in agreement with those reported by
Abdel Ati (1998), Shehata et al. (1994) who reported that higher levels of
phosphourous was associated with an increase in N and P contents in potato
plants.

c- The interactions between VAM and phosphorous levels

Data in Table (4) also, show that the interaction of VAM fungi inoculum
and phosphorous levels had significant effect on the N and P contents of
foliage in the both seasons. Similar results were obtained by Chen et al.
(1999) and Verma and Arya (1998), on the other hand, the effect of
interaction on potassium content in the foliage was not significantly in the both
seasons.

Table (4): N, P and K percentage in foliage at 75 days after planting as
affected by inoculation with VA- Mycorrhizal fungi (VAM),
phosphorous and their interactions during the two summer
seasons 2000 and 20001.

Characters N (%) P (%) K (%)
Treatments 2000 | 2001 2000 2001 2000 | 2001
VAM fungi
With 2.70 2.78 0.55 0.53 259 | 265
Without 2.41 2.50 0.47 0.46 235 | 2.38
F'test * w * * * *
P20s levels kg/fed.

0 1.99 2.06 0.39 0.73 205 | 2.11
25 2.35 243 0.49 0.47 2.37 | 2.39
50 2.81 2.91 0.55 0.54 258 | 2.62
75 3.08 3.20 0.62 0.61 288 | 2.95
LS.Dat5% 0.12 0.13 0.04 0.04 0.14 | 0.13
Interactions

With VAM fungi

0 2.07 210 0.43 0.39 220 | 2.26
25 2.61 2.69 0.55 0.51 249 | 252
50 2.88 297 0.60 0.58 2.71 2.77
75 3.22 3.36 0.66 0.64 295 | 3.05
Without VAM fungi

0 1.91 1.93 0.35 0.36 1.90 1.94
25 2.08 2.16 0.45 043 2.26 2.25
50 2.74 2.85 0.51 0.49 2.44 2.47
75 2.93 3.04 0.58 0.58 280 | 2.84
L.S.Dat5% 0.17 0.18 0.02 0.02 NS NS

5- Tuber quality (Starch and nitrate content)
a- Effect of VA- Mycorrhizal fungi:

Data presented in Table (5) indicated that the effect of VAM fungi on
starch content in tubers was significant with inoculum VAM fungi in both
seasons. These results are in line with EI-Morsy et a/. (2002), Kandasmy et al.
(1988) who stated that inoculation cutting with VAM fungus and/or
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Azospirillium brasilense resulted in significantly increase in starch content
than the uninoculated control.

Nitrate ion is well known environmental pollutant because of its

potential role in infant methemoglobinemia associated with consumption of
nitrate-rich water or vegetable, in the meantime, nitrate may cause direct
toxicity by the formation of carcinogenic N-nitrose compound by the reaction
with amino compounds (Hill, 1991).
On the other hand, application with VAM inoculum as a biofertilizer gave a
significant decrease in the concentration of nitrate (ppm) in tubers compared
with uninoculated control by VAM fungi. These results are in accordance with
those ciizined by Hammad and Abdel-Ati (1998), Abdel-Naem et al. (1999).
They observed reduction of nitrate and nitrate contents of potato tubers via
biofertilizaticn with Azospirillum and VAM fungi.

Table (5): Starch (%) and nitrate content as affected by inoculation with
VA-Mycorrhizal fungi (VAM), phosphorous and their
interactions during the two summer seasons 2000 and 20001.

Characters Starch (%) NO, (ppm)

Treatments 2000 | 2001 2000 | 2001
VAM fungi
With 12.46 12.58 94.73 97.05
Without 11.79 11.86 112.14 113.40
F-test * * * *
P,0s levels kg/fed.
0 10.86 10.97 89.88 93.25
25 11.94 12.03 101.45 104.38
50 13.50 13.63 105.35 108.40
75 12.20 12.25 117.05 114.82
LSDat5% 0.31 0.33 3.92 3.18

Interactions
With VAM fungi

0 12.27 11.38 79.13 84.97
25 12.14 12.24 92.35 96.29
50 14.00 14.15 95.97 100.77
75 12.43 12.54 111.47 106.19
Without VAM fungi

0 10.44 10.56 100.63 101.53
25 11.75 11.81 110.56 112.47
50 13.01 13.11 114.73 116.06
75 11.97 11.95 122.63 123.45
LSDat5% NS NS NS NS

b- Effect of phosphorous levels:

Data in Table (5) show that starch (%) and nitrate (ppm) content in
tuber were significantly increased with application of phosphorous in the two
growing seasons. The highest value of starch was obtained at 50 kg P,Os/fed.
while the highest level of nitrate (117.0 and 114.82 ppm) was recorded in the
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potato tuber by using 75 kg P.Os/fed. in both seasons, respectively. This
result may be due to close correlation between higher of phosphorous was
associated with an increase in N content in potato plant and accumulation of
nitrate. These results are in agreement with this inoculated by Shehata et al.
(1994).

c¢- The interactions between VAM and phosphorous levels

The results in Table (5) show also, that the interactions between VAM
fungi and phosphorous levels had insignificant effect on starch (%) and nitrate
(ppm) content in potato tubers in the both seasons.

CONCLUSION

In general obtained results in the present study show that the
inoculation of potato seed tubers with VAM fungi inoculum at rate of 12.5
kg/ton seed tubers before planting, in combination with 50 kg P,Os/fed. gave
higher tuber yield and its components as well as improving quality (starch
content) in tuber. Therefore the application of VAM fungi inoculum reduced
the required of chemical phosphorous fertilizer by about 25 %, thereby
decreasing cost and poliution of environment.
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