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ABSTRACT

This work was carried out in two successive
summer plantations of 2004 and 2005 on potatoes
cv. Spunta at Abou Awad village , Aga, Dakahlia
Governorate, to study the influence of Vesicular
Arbuscular Mycorrhizal (VAM) fungi , nitrogen
and potassium fertilization at rates of 50, 75 and
100% of recommended rate / fed. with foliar
spraying of micronutrients (Fel50 , Zn 75, and Mn
75 ppm) and their interactions on plant growth ,
yield and its components, as well as chemical
composition .

Application of the tested rates of nitrogen and
the potassium induced significant increase in
vegetative characteristics (plant height, foliage
fresh and foliage dry weight) total tuber yield
(t/fed) , number of tubers/plant and tuber
weight/plant, tuber dry matter , starch and nitrate
content in tuber, as well as N,P and K concentra-
tions in the leaves and micronutrients in the leaves
(Fe, Mn and Zn) in both seasons.

Similarly, plant height, chlorophyll content, fo-
liage fresh and dry weights , total yield (t/fed),
number of tubers , tuber weight/ plant, tuber dry
weight , starch and nitrate content in tuber, NPK
concentration in leaves and tubers , micronutrient
content (Fe, Zn and Mn) in leaves gave the highest
values with inoculation by VA Mycorrhizal fungi
and some micronutrients .

The interaction between NK, VAM fungi
and micronutrient gave the highest values of vege-
tative growth characteristics, number of tu-
bers/plant, NPK in leaves and tubers and micronu-
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trients (Zn and Mn) in leaves when potatoes was
fertilized with 100% NK of the recommended rate
and inoculate with VAM fungi plus foliar spraying
by micronutrients (Fe, Zn and Mn).as well as total
yield (t/fed), tuber weight/plant, tuber dry weight,
starch content in tuber , Mn and Zn in leaves,
while The lowest content of nitrate in tubers was
found when plants were applied with 50 (%) NK
of recommended rate with inoculation by VA My-
corrhizal fungi.

Generally, the best results were obtained when
potato received 75 % of NK of the recommended
rate, inoculated by VA Mycorrhizal fungi and
sprayed with micronutrients at dose of Fe 150, Mn
75 and Zn 75 ppm. This treatment resulted in the
highest total tuber vield and its components and
reduced chemical fertilizer inputs.

INTRODUCTION

Potato (Solanum tuberosum L.) is one of the
most important vegetable crops in Egypt. It gained
a considerable importance as an export crop to
European markets and one of the national income
resources. Taking the economical point into ac-
count, the high prices of chemical fertilizers may
increase the production costs of potato production.

It is essential to use vesicular arbuscular my-
corrhizae (VAM) as a biofertilizer to improve sotl
fertility and increase uptake of nutrients, espe-
cially N and P (Rechcigl, 1995). Mycorrhizal
fungi are often associated with the roots of plants
grown under conditions of low soil fertility. This
relationship increases the ability of plants to ab-
sorb nutrients such as phosphorus, potassium,
copper and zinc. Mycorrhizal colonization not
only increases phosphorus uptake of many plants
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but also increases nitrogen (N) uptake in some
species as well (Smith and Read, 1997).

Muromtsev et al (1988) proved that shoot
growth of some crops. including potatoes, in-
creased in the presence of endomycorrhizal fungi.
Iqgbal e al (1995) denoted that inoculation of po-
tatoes with VAM fungi increased and improved
plant growth compared with the untreated ones.
Rai et al (1990) stated that total yield of potato
increased by 4.2 and 5.5 % by inoculation of
plants with Glomus mosseae and Glomus fuscicu-
larum. respectively. Niemira er al (1995) indi-
cated that VA Mycorrhizac enhance productivity
of potatoes.

Ghosh and Das (1998) pointed out that plant
height and number of shoots  plant of potato in-
creased considerably when plants were inoculated
with both VAM and phosphate solubilizating bac-
teria. Hammad and Abdel-Ati (1998) and Adbel-
Naem et al (1999) mentioned that potato tubers of
plants inoculated with Azospiriflunm and / or VAM
fungi gave higher content of dry matter. NP con-
centration and uptake value. On the other hand,
the same authors observed the reduction of nitrate
contents of potato tubers via biofertilization with
Azospirillum and VA-Mycorrhizal fungi. Vasatka
and Gryndler (1999) found that inoculation of
potato plants with VAM fungi increased the
weight of the biggest tuber and the total weight of
tubers. Awad (2002) revealed that inoculation of
potato seed tubers with VAM fungi before plant-
ing markedly increased vegetative growth charac-
teristics. total tuber yield. dry matter / plant and
starch content in tubers.

Davies ef al (2005 a and b) found that potato
plants inoculated with mycorrhiza had greater
plant growth and tuber yield than the non- inocu-
lated. Saif EL-Deen (20035) found that inoculation
of sweet potato with VAM fungi led to signiticant
increases in vegetative growth parameters, total
yield, NPK contents in leaves and tuber roots.

Nitrogen is vitally an important plant nutrient
and is frequently the most etficient of all nutrients.
Meena and Gupta (1996) found that the maxi-
mum plant height and dry matter were recorded
with the application of 120 kg N/ha. Application
of N fertilizers increased vegetative growth as well
as yield and its components (Gaber & Srag,
1998; Ghoneim & Abdel-Razik, 1999; Tabata-
bel and Malakouti, 1999). Ei-Sawy et af (2000)
showed that application of K at 50 or 100 kg K;O /
fed has significantly increased stem length and

number of leaves / plant of potato. Allison er al
(2001) indicated that potassium fertilizer had a
significant effect on DM vyield at rate 105 kg / ha.
Belanger ef al (2002) recorded that nitrogen fer-
tilization significantly increased both total and
marketable yields. fresh weight and tuber N con-
tent.

Nofal (1998) and Nofal ef al (1998) reported
that foliar fertilization with chelated micronutri-
ents (2.8 % Fe. 2.8% Zn. 2.8 % Mn at §00 ¢ - ted )
gave the highest tuber yield and significantly af-
fected NOKL Feo M and Cu. Radwan and Tawfik
{2004) reported that vegetative growth parameters
and tuber vield significantly were increased by
foliar application with Mn or Zn at 100 ppm while
NPK contents of potata leaves and tbers were
significantly increased with folhar spray by Mn
and Zn at 200 ppm. Furthermore, starch content
and specific gravity were increased.

The objectives of this study were to deter-
mine the effect of inoculation with arbuscular my-
corrhizal fungi. NK fertilization rates and foliar
application of micronutrients on growth, yield and
quality of potatoes as well as to investigate the
possibility of reducing of the mineral fertilizer
application and avoid environmental pollution.

MATERIALS AND METHODS

This study was conducted during the two
summer plantation of 2004 and 2005 at Abou
Awad village, Aga . Dakahlia Governorate. Egypt.

Potato seed pieces tubers cv. Spunta (imported
from Netherlands) average weight about 50 g.
Each subplot was comprised of 4 ridges . 5 m
length , 0.75 width 0.25 m spacing between plants,
the subplot area was 15 m™ . Planting dates werel5
and 18 on January in the first and second seasons,
respectively.

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

Vesicular arbuscular mycorrhizal fungi (VAM)
were obtained from Mycology and Disease sur-
vey. Dept, Plant Pathology Res. Inst., Agric. Res.
Center, Giza.

The inoculate suspension of VAM fungi as
biofertilizer was diluted al rate of 1 to 200 before
addition. Multi VA Mycorrhizal (Glomus spp &
Gigaspora spp. ). were used. The spore count was
(ound to be 145 spore/ml.
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Table 1. Some physical and chemical properties of the experimental soil

Sand  Silt  Clay Tex- O0.M  CaCo; H Available nutrients (ppm)
% % % wre % % P N P K Fe Zn__ Mn
254 320 41.0 Clayey 1.6 3.6 7.9 21.6 14.4 165 3.54 1.85 1.74
Micronutrients: A mixture of compound 3. Tuber Quality

cheated micronutrients, /. e., Fe-EDTA (13%),
Mn-EDTA (13%) and EDTA (15%).

[norganic phosphorus was added in the form
of calcium superphosphate (15.5 % P.0s) once
during soil preparation at the rate of 75 kg P,0s/
fed.

The experimentai design

The experimental was split plot design with
three replicates. Nitrogen and potassium with
three levels (50, 75 and 100% kg / fed of the rec-
ommended rates/(ed .i.¢., 90 kg N + 48 kg K»0,
135 kg N+ 72 kg K-O and 180 kg N + 96 kg K,0/
ted) were randomly distributed in main plots, am-
monium nitrate (33.5%N was added three equal
rates after 4.6 and 8 weeks trom planting date and
potassium sulfate (48% K-0O) was added twice.
one half with the first rates und second halt with
third rates of N fertilizer. subplots occupied for
control, inoculated with vesicular arbuscular my-
corrhizal (VAM) fungi ( growmg plants were in-
oculated with VAM) beside the plants with 100 m|
/ plant at 42 and 56 days after planting), mixture
of micronutrients (Fe 150. 75 Mn and 75 Zn ppm)
alone and mixture of micronutrients with inocula-
tion (VAM) fungi the mixture of micronutrients
were applied twice at 7 and 9 weeks after planting.

Data Recorded

1. Vegetative growth characteristics

Six plants were taken randomly from each plot
at 75 days after planting (DAP) to determine: plant
height (cm), number of main stems / plant and
chlorophyll contents measured by a Minolta
SPAD chlorophyll meter (Yadava, 1986). Chlo-
rophyll reading were taken on the fifth leaf from
the plant apex, foliage fresh weight (g) / plant and
dry weight / plant (%).

2. Yield and its components

Total wber vield (ton / fed), number of tubers /
plant and tuber weight / plant were determined at
harvest time (105 days after planting).

At harvest time, random samples of tubers
were dried at 70°C until constant weight for dry
matter (%) determination of starch content in tu-
bers (%), Nitrate content in tubers (ppm dry
weight basis) as recommended by Singh (1988).

4. Chemical Composition

The contents of N,P,K, Fe, Zn and Mn was de-
termined in the fourth leaf from the plant top at 75
days after planting and NPK in tubers at harvest-
ing time. Total nitrogen, phosphorus and potas-
sium were determined according to the method
described by Bremner and Mulvaney (1982). Fe.
Zn and Mn were  measured using atomic absorp-
tion spectorophotometer.

5. Assessment of mycorrhizal development

For VA mycorrhizal fungi analysis of roots,
1.0 cm root segments from five plants per treat-
ment were sampled at harvest and pooled to assess
colonization percentage (Phillips and Hyman.
1970). For spore counts. samples consisting of 100
g of soil from 5 plants per treatment were proc-
essed through glycerol floatation and spore extrac-

tion methods (Schenck, 1982).

Statistical analysis

Data were statistically analyzed and the means
were compared by using LSD test as described by
Gomez and Gomez (1984).

RESULTS AND DISCUSSION
1. Vegetative growth characteristics

a- Effect of nitrogen and potassium rates

Data presented in Table (2) indicate that the
vegetative growth of potato, i e., plant height,
foliage fresh and dry weight were increased sig-
nificantly by the addition N and K fertilizers in
both seasons, and chlorophyll content in the first
season only. However the number of stems / plant
were not significantly influenced by nitrogen and
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potassium rate in both seasons. These results
might be due to the role of nitrogen since it is a
primary component of all nucleic acids, proteins,
amino acids and chlorophyll . On the other hand,
potassium is necessary for the activation of some
enzyme systems, the translocation of carbohy-
drates, and for osmosis regulation. Therefore, N
and K enhances the amount of metabolites neces-
sary for building plant organs consequently the
vegetative growth of plants (Westermann, 2005).
The obtained results are in general agreement with
those reported by Gaber & Srag (1998); Arisha

El-Haddad and Awad

& Bardisi (1999); Tabatabel & Malakouti
(1999) and Belanger et al (2002).

b- Effect of VA mycorrhizal fungi and micro-
nutrients

Data in Table (2) show that inoculation of po-
tatoes with VAmycorrhizae and foliar application
of micronutrients either alone or in combination
led to significant increases in plant height, chloro-
phyll content, fresh and dry weight compared with
the control.

Table 2. Vegetative growth characteristics as affected by NK rates, micronutrients, inoculation with VA
mycorrhizae and their interactions during the two summer plantations 2004 and 2005.

Characteristics Chlorophyli (SPAD No. of main Fresh weight
Plant height (cm) Dry weight %
unit) Stems/plant g/plant
Treatments 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005
NK rates
50% 46.62  44.48 53.83 52.83 2.50 2.50 273.00 267.75 1145 1137
75% 5250 4812 55.50 54.63 2.64 2.50 313.83 306.25 13.11  13.13
100% 5492 5249 53.78 53.04 2.69 2.55 306.33 301.08 1292 1284
LSD 5% 0.80 1.30 0.76 NS NS NS 14.74 7:12 0.16 0.17
(VAM) & Micronutrients
Control 46.75  44.62 51:9) 50.99 2.37 2.22 258.78 256.44 11.50 11.52
Mycorrhizae (VAM) 5247 4995 54.44 53451 263 2.55 306.56  299.67 1295 1288
Micronutrients 4988  46.83 54.19 54.10 2.59 2.66 296.78 289.78 1220 12:13
(VAM) + Micronutrients 5630 5205 56.93 55.41 2.85 2.63 328.78 320.89 13.32 13.26
LSD 5% 0.91 1.35 0.84 0.74 0.32 NS 9.36 8.28 0.16 0.19
NK x (VAM) & Micronutrients
control 4420 4214 51.53 50.77 2.22 2.11 22500 22333 10.17 10.06
50% Mycorrhizae (VAM) 4731 4543 53.89 52.50 2.66 2.66 291.00 283.67 1195 1190
NK Micronutricnts 4460  43.13 54.27 53.53 2.53 2,77 278.00 27033 11.63 1155
(VAM) + Micronutri-  50.38  47.22 55.60 54.54 255 2.44 298.00 293.67 1204 1198
ents .
control 4648  44.08 5248 51.43 2.33 2:33 276.67 27433 1219 12.47
75% Mycorrhizae (VAM) 5439  50.73 55.15 54.78 255 244 32033 312.00 1352 1343
NK Micronutrients 5215 45385 55.10 54.64 2.66 2.55 309.67 30233 1261 1256
(VAM) + Micronutri- ~ 57.00  51.80 59.26 57.65 3.00 266 34867 33633 1414 1405
ents
control 49.57  47.63 51.72 50.77 2.55 2:22) 274.67 27167 12.13 - 12,05
100%  Mycorrhizae (VAM) 55.72  53.70 54.27 53.23 2.66 2.55 308.33 30333 1340 1329
NK Micronutrients 52.88  51.50 53.20 54.13 2.55 2,66 302.67 296.67 1237 1229
(VAM) + Micronutri-  61.53  57.13 3595 54.03 3.00 277 339.67 332.67 ]‘_3.77- 13.74
ents
LSD 5% 1.58 NS NS 1.28 NS NS NS © NS 0.28 0.33
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Whereas, number of main stems / plant was not
significantly affected in the second season only.
The superiority effect of VA mycorrhizae could be
explained on the basis of their role in growth sup-
plying the nutrient and water uptake, disease resis-
tance and greatly increased the rate of photosyn-
thesis and phytohormones such as gibbetllins,
auxins and cytokinins which promoted plant
growth as well as increased radiation interception
and subsequent greater biomass production (Da-
vies et al 2005 a and b). Similar results were ob-
tained by Hammad and Abdel-Ati (1998). Awad
(2002) found that inoculation of potatoes with VA
mycorrhizae increased vegetative plant character-
istics compared with untreated plant. The positive
effect of micronutrients on vegetative growth
characteristics might be due to their effects on
transport of carbohydrates and regulation of mer-
istematic activity, such functions would directly or
indirectly contributed to plant growth (Srivastva
and Gupta, 1996).

c- The interaction between N K and VA my-
corrhizae and micronutrient

Data in Table (2) illustrate that the interactions
between N K rates, VA mycorrhizae and micronu-
trients had insignificant effects on number of main
stems / plant, fresh weight / plant. plant height in
the second season and chlorophyll content in the
first season (2004), however it affected signifi-
cantly the apphcation of 75 % NK. VA my-
corrhizae and micronutrient gave the highest val-
ues dry weight in both seasons.

2. Yield and its components
a- Effect of nitrogen and potassium rates

Data illustrated in Table (3) show that total tu-
ber yield (t /fed) and tuber weight / plant were
significantly increased with increasing nitrogen
and potassium rates in both seasons. The highest
values of total yieid and tuber weight / plant were
produced when potato plant received 75% N + 75
% K;0 / fed. However, the highest number of tu-
bers / plant was obtained at 100% N + [00 % K-O
/ fed .These results might be due to the increase
vegetative growth and dry matter contents (Table
2). lt may =ziso be sisted that the sufficient applica-
tion and the efficient absorption of N and K were
coupled together to promote the production of
more photosynthesis required for good tuber yield

and its components. These results are in agreement
with those reported by Vos (1997) and Meyer
and Marcum (1998).

b- Effect of VA mycorrhizal fungi and micro-
nutrients

The results in Table (3) reveal that coloniza-
tion of potatoes with VA Mycorrhizae or the addi-
tion of micronutrient singly or combined signifi-
cantly increased total tuber yield (t/fed), number
of tubers / plant and tuber weight / plant compared
with untreated plants, in the two seasons. The
highest total yield was obtained by inoculated with
VA Mycorrhizae combined with micronutrient
addition. The percentage of increment in total tu-
bers yield / fed. was 26.35 % and 26.38 in both
seasons, respectively . These results might be at-
tributed to be that the symbiotic fungi increase
nutrients and water uptake, photosynthesis process
which led to produce vigorous plant and yicld
components. These are In agreement with those
obtained by Pfleger & Linderman (1994);
Niemera er al (1995); Hammad & Abdel Ati
(1998); Abdel-Naem er a/ (1999); Vasatka &
Gryndler (1999); Awad (2002) and Davies ef ul
(2005a & b). They found that inoculation with
VA mycorrhizae increased weight and size of tu-
bers. Moreover, effect of micronutrient (Fe. /Zn
and Mn) on yield and its components might be
attribuied to their positive photosynthetic process
and as an activator for 1AA oxidase and carbohy-
drate assimilation. Nofal (1998) reported that
foliar fertilization with chelated micronutrients
gave the highest tuber yield.

¢- The interaction between N K rates, VAM
fungi and micronutrients

Concerning the interaction between N K rate.
VAM fungi and micronutrient on potatoes yield
and its components, data in Table (3) reveal that
there was significant effect on total tuber yield in
both season and numiber of tuber / plant and wber
weight / plant in the first season only. The maxi-
mum total yield was obtained when potato plants
were fertilized with 75% NK, inoculated with VA
mycorrhizae and foltar sprayed by micronutrient
compared with untreated ones. The percentage
increased in total tuber yield / fed was 19.72 %
and 20.60 %in the first and second season. respec-
tively. Similar results was reported with Saif EL-
Deen (2005).
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Table 3. Total tuber yield and its components as affected by NK rates, micronuiriesits, inoculation with
VA Mycorrhizae and their interactions during the summer plantations 2004 and 2003.

—_— Characteristics Total yield ton/fi:d No.of tuber/plant luber weight g/plant
Treatments Ce— 2004 2005 2004 2005 2004 2005
T T NKaes T T N
B TTS0% T T T 200 94 412 393 hsuenl s72602
75% 15 46 1536 193 82 7$2 78 767 30
100% 15.63 14.91 518 513 761 83 743 0V
LSD 5% 0.26 0.24 0.32 042 2y 29 34
(ViAM) & Micronutrients - T
Control 1237 1224 411 407 03976 61952 |
Mycorrhizae (VAM) 14.64 14.54 1.67 4,60 720.02 708.04
Micronutrients 14.03 14.02 471 450 TU1.28 681.07
(VAM) + Micronutrients 15.63 1547 5.48 5134 /83 82 768 60
LSD 3% 0.24 027 0.20 0.22 10 2239
T T TNK x (VAM) & Micronutriesss
[ control 981 975 3.43 T R R T T
50% Mycorrhizae (VAM) 12.74 12,64 4.15 4.00 61363 585.33
NK Micronutrients 12,01 1199 431 387 S9S07T 566.36
(VAM) + Micronutrients 13.49 13.37 459 149 o81.93 637 10
h contro! 13.73 13.63 152 439 699 70 683.47
5% Mycorrhizae (VAM) 15.91 15.31 490 4.83 798 87 787 02
NK Ncronutrients 15.09 15.04 467 458 76833 755.03
(VAM) + Micronutrients 17.13 16.94 5.63 5.48 802 10 843.70
control 13.59 13.35 438 449 71617 69343 |
100% Mycorrhizae (VAM) 15.27 15.17 497 1.96 767 37 751.77
NK Micronutrients 15.01 15.02 5.15 S04 74053 72180
(VAM) + Micronutrients 16.27 16.10 0.21 6.05 81313 805.00
LSD 5% 0.42 0.47 0.35 NS> 3654 NS |

3. Tuber quality
a- Effect of N and K rates

The results in Table (4) demonstrate that tuber
dry weight and starch percentages and nitrate con-
tent were significantly affected by addition of N K
rates in the two growing seasons. The highest val-
ues of dry matter and starch content were obtained
at 75% N K,O of the recommended rate / fed .
While the lowest level of nitrate in potato twbers
(85.58 and 73.58 ppm, in both seasons, respec-
tively) was recorded in the potato tuber applied
with 50 % N K,O of the recommended rate / fed.
On the other hand, the highest level of nitrate
(116.33 and 101.67 ppm) was detected in potato
tubers produced with 100 % N K,O of the recom-
mended rate / fed. These results may be due to the
relationship between NO;” N concentration which

increased with increasing nitogen  fertihzation
(Belanger et al 2002).

b- Effect of VA mycorrhical tungi and micro-
nutrients

Presented data in Table (4) show also, that the
effect of inoculation with VAM tungi and fohar
spraying of microuutrient each alone or in combi-
nation, significantly affected the percentage of dry
nratter and starch in potato tubers in both seasons.
The highest percentages of dry matter and starch
in potato tuber were obtained by inoculation with
VAM and nucronurients applicauon. These re-
sults may be attributed to improsing mineral nutri-
tion uptake and increasing the photosynthetic effi-
ciency (Awad, 2002 and Davies ef af 20058 & b).
Moreover. micronuirient efticieticy 1s involved in
one or more of important bivlugical tunctions such

Arab Univ. J. Agric. Scu., 15(2), 2007
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Tabie 4 . Dry matter,
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starch and nitrate contents in tuber as affected by NK rates, micronutrients. inocula-

tion with VA Mycorrhizae and their interactions during the summer plantations 2004 and 2003,

. T Characteristics dry weight % Starch % in 1ubers Nitate u();;;:t) in tubers
2004 2003 2004 2003 2004 B
NK rates -
30% 17.08 16.93 11,77 1147 8358 758
75% 18.34 18.10 12.99 12.84 103.08 9473
100% 18.05 17.91 12.62 1244 11033 101.67
LSD 3% 0.17 0.12 0.23 0.24 3.39 249
(VAM) & Micronutricnts T
Contral 16.51 1633 1128 1091 116.00 102,00
Mycorrhizae (VAM) 17.92 17.76 12.99 12.80 88.22 78.22
Micronutrients 17.86 17.73 12.24 12.07 10578 9033
(VAM) + Micronutrients 19.01 18.89 15.33 13.21 99.32 89 44
LSD 5% 0.26 0.23 0.27 0.17 3,03 32
T “‘WETTVAWK Micronutrients
T control 16.20 15.99 1048 9.97 101.00 85.00
30% Mycorrhizae (VAM) 17.68  17.54 12.43 12.19 6433 57.33
NK Micronutrients 16.70 16.58 11.47 11.23 92.00 78.33
(VAM) + Micronutrients 17.75 17.60 12.70 12.48 $5.00 73.67
control 16.73 1657  11.82 1159 119.67 109.00
:é" Mycorrhizac (VAM) 18.12 18.00 13.42 13.18 92.00 85.23
Micronutrients 18.58 18.43 12.77 12.67 107.33 93.00
(VAM) + Micronutrients 19.93 19.78 12,97 13.91 101.33 89.67
Control 16.60 1643 1133 118 12733 [12.00
100% Mycorrhizae (VAM) 17.95 17.73 13.12 3.02 108.33 92,00
NK Micronutrients _ )
(VAM) - Micronutrients 18.29 18,18 12.50 12.32 118.00 97.67
19.34 19.30 13.33 13.23 111.67 105 00
]
LSD 5% 0.44 038 NS NS 6.98 5.62

as synthesis of chlorophyll. clectron transport sys-
tem, protein synthesis and [AA oxidase. These
results are in agreement with those of Nofal er af
(1998); Radwan & Tawfik (2004) and Hiller
(2005).

¢- The interaction between N K rates, VA my-
corrhizae and micronutrients

Data presented in Table (4) show that the in-
teraction between N K rate with inoculation by
VAM fungi as biofertilizers and foliar spraying
micronutrient caused significant increase on per-
centage of dry matter and nitrate content (ppm)
potato tubers in both seasdns. However, no sig-
nificant effect on starch percentage potato tuber in
the two growing seasons. These results are in line
with Saif EL-Deen (2005) who found that inocu-

lation of sweet potate with VAM fungi and micro-
nutrient application gave the highest significam
increase in dryv matter and total carbohydrates.

4- Chemical composition

a- Effect of nitrogen and potassium rates

Data in Table (5) clearly illustrate that the ad-
dition of nitrogen and potassium significantly af-
fected the contents N P and K in the leaves and
tubers The highest values of these macronutrients
were obtained from the application of 100 % N K
of recommended rate, in the two seasons.

Data in Tabhle (6) indicate that Fe, Zn and Mn
contents in the leaves were significantly increased
by increasing the N and KO rates.

Arab Univ. J. Agric. Sci., 15(2). 2007
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Table 5. Percent N , P and K in the leaves and tubers as atfected by NK rates, micronutrients, inoculation
with VA Mycorrhizae and their interactions during the summer plantations 2004 and 2005.

Jaractenistics N% in leaves

N% in tubers

P% in leaves

P% in tuber

K% 1 leaves

<% in tubers

Treatments \ 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005
NK rales e
50% 177 171 146 140 0323 0313 0274 0253 187 186 165 162
75% 211 193 194 190 0.405 0391 0345 0310 223 222 208 202
100% 241 231 201 195 0501 0485 0424 0397 249 248 211 206
LSD 5% 0.07 020 0.03]1 0.043 0.016 0.010 0.0f4 0.020 0.058 0.081 0.040 0.044
(VAM) & Micronutrients -
Control 1.84  1.80 1.56 1.51 0324 0313 02064 0247 193 192 172 108
Mycorrhicae (VAM) 220 2.09 192 1.84 0439 0429 0383 0347 232 231 207 203
Micronutrients 203 196 L7500 171 0386 0.366 0320 0.290 243 201 L4179
(VAM) + Microele- 231 208 1.99 1.93 0489 0478 0423 0396 241 240 215 210
ments
1.SD 5% 0.060 0.189 0.054 0.058 0.014 0018 0.019 0.017 0.050 0.059 0.048 0.048
B NK X (VAM) & Micronutricnts o
control 1.54 155 115 1L 0227 0223 0183 0177 166 165 150 147
50%  Mycorrhizae 185 178 156 148 0370 0363 0330 0303 194 193 167 1.63
NK (VAM)
Micronutrients ~ 1.75 168 1.43 138 0.297 0277 0.237 0.210 186 182 139 136
(VAM)+Micro-  1.92 184 171 161 0.397 0390 0347 0320 2.03 202 183 1%
nutricnts e
control 192 183 174  1.67 0350 0337 0290 0260 198 197 181 1706 |
75%  Mycorrhizae 225 213 207 200 0440 0430 0377 0337 249 240 227 220
NK (VAM)
Micronutrients 201 (.96 187 1.84 0373 0.353 0317 0.283 2103 2101 195 |8y
(VAM) + Micro- 2225 179 201 207 0457 0443 0397 0360 233 232 229 222
nutrients e ”;
control 206 200 179 L7400 0397 0380 0320 0303 205 203 184 L8l
100 My corrhizae 249 237 213 205 0.507 0493 0443 0400 253 2585 228 225
% (YAM)
NK  Micronutrients 234 224 194 191 0487 0467 0407 0377 241 240 198 191
(VAM)Y+ Micre 276 2,62 217 212 0613 0.600 0.527 0.507 287 285 234 226
nutrients J
L LSD 5% 0.104 NS NS NS 0.025 0.031 0.032 0.029 0.086 0.103 0.083 0082 “
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Table 6. Contents of Fe, Zn and Mn in potato leaves as affected by NK rates, micronutrients, inoculation
with VA Mycorrhizae and their interactions during the summer plantations 2004 and 2005,

Charactceristics Fe in leaves ppm Mn in leaves ppm Zn in leaves ppm
| Treatments 2004 2008 2004 2005 2004 2005
NK rates
50% 73.25 6992 43.08 41.33 6267 60.00
75% 9042 87.67 6242 59.33 75.00 7225
100% 108.25 104.08 58.08 5550 69.42 66.08
LSD 5% 2.12 1.63 1.08 0.60 2.20 1 89
(VAM) & Micronutrients S ]
Control 69.44 66.44 32.33 30,00 46.22 43.56
Mycorrhizac (VAM) 87.67 84.00 19.33 47.67 61.00 3811
Micronutrients 95.89 92.56 61.44 5833 77.11 74.67
(VAM) + Microelements 109.36 105.89 75.00 72.22 91.78 88.11
LSD 5% 3.15 4.09 2.62 2.45 273 3.23
NK x (VAM) & Micronutrients
control 44.67 41.33 28.67 26.33 40.00 38.00
50% Mycorrhizae (VAM) 71.00 67.00 42.00 41.33 57.33 54.67
NK Micronutrients 82.00 79.00 4833 46.00 73.00 70.33
(VAM) + Micronutrients 95.33 92.33 53.33 51.67 §0.33 77.00
control 73.67 70.00 33.67 31.67 50.33 47.00
5% Mycorrhizae (VAM) 88.00 86.00 35.00 52,67 64.67 60.00
NK Micronutrients 94.00 91.67 72.33 67.33 84.00 82.67
(VAM) + Micronutrients 106.00 103.00 88.67 85.67 101.00 99.33
control 90.00 88.00 34.67 32.00 48.33 4567
100% Mycorrhizae (VAM) 104.00 99.00 5100 19.00 61.00 59.67
NK Micronutrients 111.67 107 00 6367 61.67 74 33 71.00
L (VAM) + Micronutrients 12733 12233 §3.00 79133 9400 88.00 |
j 1.SD 3% 545 7.08 454 4.24 173 5359 }

Potato plants fertilized with 100 % N and K of
recommended rate gave the highest value of Fe.
while potato plant fertilized with 75 % N and K;0
of recommended rate ; fed gave the highest value
of Zn and Mn contents compared with 50 % of
recommended rate in both seasons. These results
may be due to the effect of N and K,0 on plant
growth and consequently on the efficiency of the
root in absorbing various nutrients. The obtained
results are in agreement with those reported by
Allison et al (2001) and Westermann (2005).

b- Effect of VA mycorrhizal fungi and micro-
nutrients

As regard to the effect of VA Mycorrhizae and
micronutrients on chemical composition of the
feaves and the potato tuber, data in Table (5) in-
dicate that the ioculation with VA Myvcorrhizae
combined with foliar application of micronutrients
caused the highest significant increase in N P K of
both leaves and tubers compared with the un-
treated control.
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Data in Table (6) reveal that inoculation with
VA mycorrhizae as biofertilizer mixture with
foliar spraying had significant positive eifect on
Fe, Zn and Mn in leaves of potato in the two sea-
sons compared with the control. The superiority
effect of VAM fungi may be due to extending the
effective volume from which plant roots take up
nutrients. This process is most important lor ions
that move the root by diftusion. Moreover (1t may
attributed to the eftect of nucronutrients on stimu-
lating biological activites. re.. enzyme activity,
rate of photosynthetic products and increasing
nutrient uptake through roots after application
(Radwan & Tawfik, 2004; Hiller 2005 and Da-
vies ef al 2005 a & b).

c- The interaction between N K rates, VAM
fungi and micronutrient

Results in Table (5) reveal that the interaction
between N K rate, VAM {ungi and micronutrient
on contents vi N, ¥ and K in leaves and tubers of
potato plants was significant. The highest values
N, P and K in the leaves and tubers obtained when
plants fertilized with 100 % NK, inoculated with
VA mycorrhizae in the presence of foliar addition
of micronutrients. However, N content in tubers in
both seasons and leaves 1n second season was not
significant.

Data in Table (6) show that the interaction be-
tween N K rate, VAM fungi and toliar application
of micronutrient on micronutrients n the leaves of
potato plants. had signiticant etfect on micronutri-
ents (Fe, Zn and Mn). in both seasons. The maxi-
mum values of Fe, Zn and Mn were recorded at of
N and K-O fertihzers of recommended rate under
inoculation by VA mycorrhizae with application
of micronutrients (Fe, Zn and Mn) .

5. Assessment of mycorrhizal development

The obtained results in Table (7) demonstrate
that percentage of potato plant root colonization
with VA mycorrhizal fungi were greater at used
75 % N K with oculation by VA mycorrhizal
and foliar application of micronutrient on potato
plants, followed by 75 % N K with inoculation by
VAM fungi alone. While the highest number val-
ues of spores in rhizosphere were noticed when
potato plants were fertilized at the rate of 75 %
NK of recommended rates under inoculation with
VA mycorrhizae, as compared to control. Similar
results were reportcd\by (Davies et al 2005 a and
b).

Table 7. Percentage of potato roots colonization
with mycorrhizae and number of spores
g/ soil in the rhizosphere.

. . No.
- Colomiza-
freatments 0 Spores/
tnon %o
| gl
Control 42 4 2%
My corrhizae (VAM) 665 74
50% Micronutrients 60.0 38
NK (VAM) + Micronutri- 706 73
ents
Control 402 37
Mycorrhizae (VAM) 723 9%
75% Microelement 364 66
NK (VAM) + Micronutri- 79 % 85
ents
Control 402 33 T
Mycorrhizae (VAM) 65.4 62
100% Micronutrients 593 54
NK (VAM) + Micronutr- 66.8 59
cinls
CONCLUSION

Generally, the obtained results indicated that
colonization of potatoes with mycorrhizal fungi
serve as a biofertilizer, when combined with foliar
spraying with mixture of Fe 150, Zn 75 and Mn
75 ppm and the application of 135 kg N + 72 kg
K-O/fed, which gave the highest total tuber yield.
Hence, there are good opportunities to utilize and
manipulate mycorrhizal fungi to enhance crop
productivity and to reduce agnicultural chemical
inputs. Beneticial mycorrhizal (ungt are one of the
important cornerstones of sustainable agricuttural
system. They can make plants more efticient in
utilizing available soil water, fertility and plant
productivity.

REFERENCES

Abdel-Naem, G.F.; H.A. Ismail; AM. Zaki aud
E.A. EI-Morsi (1999). Eftect ol fertilization on
chemical constituents, nitrates, nitrites, ascorbic
acyd and some antinutritional factors levels in po-
tato tubers (Solunum tuberosum 1..) J. Agric. Sci.
Mansoura Univ. 24 (2): 783 — 789.

Allison, M.F.; J.H. Fowler and E.J. Allen
(2001). Response of potato (Solunum tubcrosum
L.} 1o potassium fertilizers. J. Agric. Sci. Cam-
bridge 136 : 407-426.

Arab Univ. J. Agric. Sci., 15(2), 2007



Influence of mycorrihizae and micronutrients on potatoes 431

Arisha, H.ML and AL Bardisi (1999), Effect of
mineral and organic fertifizers on growth yield and
tuber quality of potate under sandy soil conditions.
Zagazig J. Agric. Res., 26 (2) : 391 — 409,

Awad, EI-M. (2002). Growth, yvield and quality of
potato crop as affected by the inoculation with
vesicular arbuscular mycorrhizal (VAM) fungi
under different levels ot phosphorus. J. Agric.
Sci. Mansoura Univ, 27 (8) : 5593- 5605.
Belanger, J.R.: J.E. Walsh; J.E. Richards; P.H.
Miiburn and H.1. Ziadi (2002). Nitrogen fertili-
zation and irrigation affects tuber characteristics of
fwo potato cultivars. Amer. J. of Potato Res.79 :
269-279.

Bremner. J.M, and C.S. Mulvaney (1982), Total
nitrogen In @ Page. A. L.. R. H. Miller, and D. R.
Keeney (Eds.). Methods of Soil Analysis. Part
2.pp.595-624 J. Amer. Soc. Agron., Madison,
WL USA.

Davies, Jr., F.T.; C.M. Calderon; Z. Huaman
and R. Gomez 200%5a). Influence of a flavonoid
{formononetin) on mycorrhizal activity and potato
crop productivity in the highlands of Peru. Scien-
tia Horti., 106: 318 — 329,

Davies, Jr. F.T.; C.M. Calderon and Z. Hua-
man. (2008b). Influence of a arbuscular my-
corrhizae indigenous to Peru and a flavonoid on
growth. vield and leal” elemental concentration of
"Youngay" potatocs. HortScience 40 (2): 381-
385.

El-Sawy, B.L; E.A. Radwan and N.A. Hassan
(20060). Growth and vield of potaio as affected by
soil and foliar potassium application. J. Agric.
Sei. Mansoara Univ, 25 (9) : 5843- 5850.
Gaber, S.M. and S.M. Srag (1998). Response of
some new paotato cultivars grown in sandy soil to
ditferent nitrogen levels. Alex. J. Agric. Res. 43
(2) £ 33— 41.

Ghoneim, .M. and A.H. Abdel-Razik (1999).
Etfect of biofertilization under different nitrogen
levels on growth. vield and chemical contents of
potato plants. Adv. Agrie. Res. 4 (2) : 757-769.
Ghosh, D.C. and A.K. Das (1998). Effect of bio-
tertilizers and growth regulators on growth and
productivity of potato (Solanum  tuberosum L)
Indian J. Agric. 42 (2): 109 - 113,

Gomez, K.A. and A.A. Gomez (1984). Statisti-
cal Procedures for Agricultural Research.
Wiley and Sons. Inc. New York.

Hammad, A.M.M. and Y.Y. Abdel-Ati (1998).
Reducing of nitrate and nitrite contents of potato
tubers via biofertilizers with Azospiriflum and VA-
mycorrhizal tungi. J. Agric. Mansoura Univ, 23
(6) : 2597-2610.

Hiller, L.K. (2005). Symposium presentation off
the potato association of America production and
management section. Amer. J. Potato Res, 82:
299- 309,

Igbal, S.H.S. Rana.; A.N. Khalid; M. Khan; S.
Rana and M. Khan (1995). The influence of ve-
sicular arbuscular mycorrhiza (VAM) and Asper-
gillus niger deterrents against rgizoctonia solani in
potatoes. Sarhad J. Agric. 6(5): 841- 454 (C. A.
CAB. inter. Abstr. 922321290).

Jenkins, P.D. and H.Ali (1999) Growth of potato
cultivars in response to application of phosphate
fertilizer. Ann. Appl. Biol. 135:431-438.
Marschner, H. (1995). Mineral Nutrition in
Higher Plants. pp. 567-383. Academic Press,
New York.

Meena, L.R. and M.L. Gupta (1996). Organic
manure and nitrogen management in potato under
heavy soil of southern Rajasthan. J. Indian Po-
tato Assoc., 23 (3/4): 166 - 167.

Mever, R.D. and D.B. Marcum (1998). Potato
yield, petiole nitrogen, and soil nitrogen response
to water and nitrogen. Agron. J. 90 : 4211 - 429,
Muromtsev, G.S.; G.N. Morshumova and L.M.
Yakobi (1988). Efficiency of crop inoculation
with endomycorrhizal fungi. Agric. Ecosy. Envi-
ron 29: 307-310.

Niemera, B.A.; G.R. Safir; R. Hammerschmidt
and G. W. Bird (1995). Production of preenuclear
minitubers of potato with peat based arbuscular
mycorrhizal fungi inoculation. Agron. J. 87: 942--
946.

Nofal, O.A. (1998). Ctlect of micronutrients foliar
tertilizer on vield of somc potato varicties. J. Ag-
ric. Sci. Mansoura Univ, 23 (12) : 5359-5366.
Nofal, O. A; M. F. EI-Morsi and A. A. El-Saed.
(1998). Response of some potato varities growth
on alluvial soil to micronutrients folar spray.
J. Agric. Sei. Mansoura Univ. 23 (8): 4121-
4133.

Pfleger, F.L. and R.G. Linderman (1994). My-
corrhizac and Plant Health. pp. 77-84 American
Phytopathological Society Press, St. Paul, MN.,
USA.

Phillips, J.M. and D.S. Hyman (1970). Improved
procedures for clearing and staining parasitic and
VAM mycorrhizal fungi for rapid assessment of
infection. Trans. Brit. Mycology. Soc. 55; 158 -
161.

Radwan, E.A. and A.A, Tawfik (2004). Effect
of sulphur, manganese and zinc on growth,
vield and quality of potato (Solanum tuberosum
L.). J. Agrie. Sci. Mansoura Univ. 29 (3): 1423~
1431.

Arab Univ. ], Agric. Sci.. 15(2). 2007




452 El-Haddad and Awad

Rai, R.P.; B.L. Jalali and H. Chand (1990). Im-
proved yields in potato through mycorrhizal in-
oculation. Trends in Mycorrhizal Research Pro-
ceeding of National Conference on Mycorrhiza.
Haryana Agricultural Univ.. Hisar, India. (C.
F.CAB. Inter. Abst. 902302354).

Rechcigl, J.E. (1995). Soil Amendments and
Environmental Quality. pp. 487-494. Lewis
Publishers Imprint of CRC Press, New York.

Saif El-Deen, U.M. (2005). Effect of Phosphate
Fertilization and Foliar Application of Some
Micronutrients on Growth, Yield and Quality
of Sweet Potato "Ipomaea batata L. pp. 35-45.
Ph. D. Thesis, Fac. Agric.. Suez Canal Univ., Is-
malia, Egypt.

Schenck, N.C. (1982). Methods and Principles
of Mycorrhizal Research. 298 pp. Amer. Phyto-
pathol. Soc., St. Paul, Minn.

Singh, J.P. (1988). A rapid method for determina-
tion of nitrate i soil and plant extract. Plant and
Soil, 110 : 137-139.

Smith, S.E. and D.M. Read (1997). Mycorrhizal
Symbiosis. 2" Ed. pp. 214-223. Academic press.
London, U. K..

Srivastava, P.C. and U.C. Gupta (1996). Trace-
elements: A concern. In: Trace Elements in
Crop Production. pp. 285-295. Science Publish-
ers, Inc; Leban., New York, USA.

Tabatabel, S.G. and M.J. Malakouti (1999).
Studies on the effect of the N, P and K fertilizers
on potato yield and nitrate accumulation in potato
tuber .Soil and Water. J. (1998) 11(1): 32-39
(C.F. Field Crop Abst. 52 (5): 3582).

Vasatka, M. and M. Gryndler (1999). Treatment
with culture fraction from Pseudomonas putida
modifies the development of Glomus fistulosum
mycorrhiza and the response of potato and maize
plants to inoculation. Soil Ecology 11 (2-3): 245-
251 (C. F. Inter. Abst. 4352).

Vos, J. (1997). The nitrogen response of potato
(Solanum tuberosum L.) in the field: nitrogen up-
take and yield. harvest index and nitrogen concen-
tration. Potato Research 40: 237-278.
Westermann, D.T. (2005). Nutitional require-
ments of potatoes. Amer. J. of Potato Res. 82:
301-307.

Yadava, U.L. (1986). A rapid and non-
destructive method to determine chlorophvll in
intact leaves. HortScience, 21: 1449-1450.

Arab Univ. J. Agric. Sci.. 15(2). 2007



453

Ay yxdl Dilealadl sl Alas
el

BHLH\ ¢ e e Anala

YooV (808 -88) ‘(\') dac c'(\o).\l;a

Gar il g paaki gl 3 A8 dpanill a G sty ) 52 98sal ki il s
bl 3 Bagally Jsmanall g saill o (s iuall Gilyital

[VA

TUasS dada dada bl = el ueall ae Oghea

ra =5 gadl —iged 30 Gigaad S e ~ bl al el gy agea
i =5 Jomgall — 4501 530 gl 38 pa — il gy dgaa - Y

s sSeall iy ol o Lol ailial) i f
—el) = amaa) el Dbl G5V as
5 3oy il Jsb sy Al (e
SRR e S AUET = PRC BY> VRN PPN
[ ) S Jgmanall g waladl ol 4y giall duudll g
Ayl Al g Sl Sl ) 35 a0 5 ()
Cladl b Sl s giay Ll g Aladl salal
S smiaa g o saulisall 5 ) shus ill 5 O g il S 5
B s eall aalial

i gl g cOel il el 4B
S ame 1 )5Sl hady ol 5 6 gadls gall
Clica Ul a i el e I Sllial any
gl 5 siaaey Slull Dljall ase 5 A4 juaddl
DTy 3oV o a g ligall g gill
3! o (O—inde — i) s pneall sualiadls
e o Ny el il J peans el e
1058l ety il ae p gl gall 5 e g il
(e = i) = aas) 5 pmeall seabialy Il
et 5 (O] Ok) S Jseaaadl Gl
iyl 8 Ui iy Adlad aladl 5 gina g il
pa—ill JA S Laigy . (31001 (B el g Sl il
% 0+ Jaes e Clipall & il 5 a8
10,5580 k) sl ae 43 ia sall Janall e

st b haali Gilia i 5a0 el el &
Jsaaa e Yoo 5 Yood Suliie padia
— Lol = pase gl 4k Usie aiea ubaladl
iy ol sl A ) Al Adala
ot gl nendll e oY e A ) ) sSaall
Jiaadl 5ea % Vee Vo c o A bl
oar Aol oW ae Sl 4 s gl
Jfada e Vo dhiy e Yo maa) el Sl
il e aeideldis bae (Oaalall e ja VO
So—aal oY A aYU 4 lSay Jsandl

ol

i b lgale Jeaaiall mililll & gl g

o sl gall 5 g il e Y dae Adlia) ol
Jsk) A el laall 84 siee sal ) D )
(Sl oosl dwdlly wlall = SUall 550 bl
Gl sy ey (ol /b)) S J geanall
& s—aa g Lialt g 48l solell 45 gaadl annall y Slill
Om gl S 5 I ALYl S jall bl
Sy Sy 3901 B p gl gl ) g sl
o (Oinie — i) — i) 5omall Dbl
c e sall S 31 5Y)

EUU PR PNPTENINC

- e ) Al )



454 El-Haddad and Awad

2o somadl palall pary 68l e Juas Al ol sl 8 Adle 4san

wﬁcﬂwvocsﬂij\’oc.\gh\o-) WWOVO_%kaLJ\JWW =

S Jsanall adll b slael s (ke il 4 o sall Jaxdl e asanlgdly ey il
c sl el aladiul 35 5 ae ABlgSay  dasy e alll ae (g anS VY r [ aas VTR

Arab Univ. J. Agric. Sci., 15(2), 2007






