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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 fextilization at rates of 50, 75 and 100% of
recommended rate/fed. with foliar spraying of micronutrients (Feil30, 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/pilant, tuber dry matter, starch and nitrate content in tuber, as well as NP
and K concentrations in the leaves and micronutrients in the lezves (Fe, Mn and
Zn) in both seasons.

Similarly, plant height, chlorophyll content, foliage 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) ir leaves gave the highest values with
ineculation by VA Mycorrhizal fungi and some micronutrients .

The interaction between NK, VAM fungi and micronutrient gave the
highest values of vegetative growth characteristics, number of tubers/plant, NPK
in leaves and tubers and micronutrients (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
{tfed), 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
Mycorrhizal fungi,

Generally, the best results were obtained when potato received 75 % of
NK of the recommended rate, inoculated by VA Mycorrhizal fungi and sprayed
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with micronutrients at dose of Fe 150, Mn 75 and Zn 75 ppur. This treatment

resulted in the highest total tuber yield and its components and reduced chemical

fertilizer inputs.

Key words: Vesicular Arbuscular Mycorrhizal fungi, NK ferilizer,
Micronutrients, Potatoes.

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 account, the high prices of chemical fertilizers may increase the production
costs of potato production.

It is essential to use vesicular arbuscular mycorrhizae (VAM) as a
biofertilizer to improve soil fertility and increase uptake of nutrients, especially N
and P (Rechcig!, 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 absorb nutrients such as phosphorus, potassium, copper and
zinc. Mycorrhizal colonization not only increases phosphorus uptake of many
plants but also increases aitrogen {N) uptake in some species as well {(Smith and
Read, 1997)

Muromtsev et al. (1988} proved that shoot growth of some crops,
including potatoes, increased in the presence of endomycorrhizal fingi. Igbal ef
al. {1995) denoted that inoculation of potatoes 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 mossege and Glomus fasciculatum, respectively. Linderman (1994) and
Niemira ef al. (1995) indicated that VA Mycorrhizae enhance productivity of
potatoes.

Ghosh and Das (1998) pointed out that plant height and number of
shoots/plant of potato increased considerably when plants were inoculated with
both VAM and phosphate solubilizating bacteria. Hammad and Abdel-Ati (1998)
and Adbel-Naem et al. (1999) mentioned that potato tubers of plants inoculated
with Azospirillum and/or VAM fungi gave higher content of dry matter, NP
concentration 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 sced
tubers with VAM fungi before planting markedly increased vegetative growth
characteristics, total tuber yield, dry matter/plant and starch content in tubers.

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

Nitrogen is vitally an important plant nutrient and is fr:quently the most
efficient of all nutrienis. Brijlal and Sharma (1995) recorded that the application
of K up to 73 kg/ha increased tuber yield compared with the contrel. Meena and
Gupta (1996) found that the maximwum plant height and dry matier were recorded
with the application of 120 kg N/ha. Application of N fertilizers increased
vegetative growth as well as yicld and its components (Gaber and Srag, 1998;
Ghoneim and Abdel-Razik, 1999; Tabatabel and Malakouti, 1999). El-Sawy et al.
(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 ef al. (2001)
indicated that potassium fertilizer had a significant effect on DM yield at rate 105
kg/ha. Belanger er of. (2002) recorded that nitrogen fertilization significantly
increased both total and marketable yields, fresh weight and tuber N content.

Nofal (1998) and Nofal et al. (1998) reported that foliar fertilization with
chelated micronutrients (2.8 % Fe, 2.8% Zn, 2.8 % Mn at 800 g/fed) gave the
highest tuber yield and significantly affected N, K, Fe, Mn and Cu. Radwan and
Tawfik (2004) reported that vegetative growth parameters and tuber yield
significantly were increased by foliar application with Mn or Zn at 100 ppm while
NPK contents of potato leaves and tubers were significantly increased with foliar
spray by Mn and Zn at 200 ppm. Furthermore, starch content and specific gravity
were increased.

The objectives of this study were to determine the effect of inoculation
with arbuscular mycorrhizat fungi, NK fertilizatton rates and fol.ar 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 (imporied 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 were 15 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 obtiined from
Mycology and Disease survey. Dept, Plant Pathology Res. Inst., Agric. Res.
Center, Giza.
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The inocnlate suspension of VAM fungi as biofertilizer was diluted at
rate of 1 to 200 before addition. Multi VA Mycorrhizal (Glomus spp &
Gigaspora spp.). were used. The spore count was found to be 145 spore/ml.

Micronuirients: A mixture of compound cheated micronutrients, 1. ¢., Fe-
EDTA (13%), Mn-EDTA (13%) and EDTA (15%).

Inorganic phosphorus was added in the form of calcium superphosphate
{15.5 % P,0s) once during soil preparation at the rate of 75 kg P,0sfed.

The experimental design

The experimental was split plot design with three replicates. Nitrogen
and potassium vrith three levels (50, 75 and 100% kgffed of the recommended
rates/fed, i.e., 90 kg N + 48 kg K;0, 135kg N + 72 kg K,O and 180 kg N + 96 kg
K;O/fed) were randomly distributed in main plots, ammonium nitrate
(33.5%N)was aclded three equal rates after 4,6 and 8 weeks from planting date
and potassium sulfate (48% K.QO) was added twice, one half with the first rates
and second hali’ with third rates of N fertilizer. subplots occupied for control,
inoculated with vesicular arbuscular mycorrhizal (VAM) fungi (growing plants
were inoculated with VAM) beside the plants with 100 mi/plant at 42 and 56 days
after planting), mixture of micronutrients (Fe 150, 75 Mn and 75 Zn ppm) alone
and mixtre of micronutrients with inoculation (VAM) fungi the mixture of
micronutrients ‘were applied twice at 7 and 9 weeks afler planting.

Data Recorded
1. Vegetative growth characteristics

Six plants were taken randomly from cach plot at 75 days afier planting
(DAP) to determine: plant height {cm), number of main stems/plant and
chlorophyll contents measured by a Minolta SPAD chlorophyll meter (Yadava,
1986).Chloropiiyll 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 tuber yield (ton/fed), number of tubers/plant and tuber weight/plant
were determined at harvest time (105 days after planting).

3. Tuber Quality

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

The contents of N,P K, Fe, Zn and Mn was determined :n the fourth leaf
from the plant top at 75 days after planting and NPX in tubers at harvesting time.
Total nitrogen, phosphorus and potassium were determined according to the
method described by Bremner and Mulvaney (1982), Fe, Zn and Mn were
measured using atomic absorption spectorophotometer.

5. Assessment of mycorrhizal development

For VA mycorrhizal fungi analysis of roots, 1.0 cm root scgments from
five plants per treatment were sampled at harvest and pooled to assess
colonization percentage (Phillips and Hyman, 1970). For spere counts, samples
congsisting of 100 g of soil from 5 piants per treatment were processed through
glycerol floatation and spore extraction methods (Schenck, 1982).

Statistical analysis
Data were statisticaily 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 sign ficantly by the
additionr N and K fertilizers in both seasons, and chlorophyll ccniznt in the first
season only. However the number of stems/plant were not significantly
inflnenced by nitrogen and 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 chiorophyll . On the other hand, potassiwn is necessary
for the activation of some enzyme systems, the translocation of carbohydrates,
and for osmosis regulation. Therefore, N and K enhances the amount of
metabolites necessary for building plant organs consequently the vegelative
growth of plants (Westermann, 2005). The obtained results are in general
agreement with those reported by Gaber and Srag (1998), Arisha and Bardisi
(1999), Tabatabel and Malakouti (1999), and Belanger et al. (2002).

b- Effect of VA mycorrhizal fungi and micronutrients

Data in Table (2) show that inoculation of potatoes with VAmycorrhizae
and foliar application of micronutrients either alone or in combination led to
significant increases in plant height, chlorophyll content, fresh and dry weight
compared with the control. Whereas, number of main stems/plant was not
significantly affected in the second season only. The superiority cffect of VA
mycorrhizae could be explained on the basis of their role in growth supplying the
nutrient and water uptake, disease resistance and greatly increased the rate of
photosynthesis and phytohormones such as gibberllins, auxins andd cytokinins
which promoted plant growth as well as increased radiation interception and
subsequent greater biomass production (Ali, 1999; Davies et a/.20(5 a and b).
Similar results were obtained by Hammad and Abdel-Ati (1998). Awad (2002)
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found that inoculation of potaioes with VA mycorrhizae increased vegetative
plant characteristics 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 meristematic activity, such
functions would directly or indirectly contributed to plant growth (Srivastva and
Gupta, 1996).

¢- The interactinon between N K and VA mycorrhizae and micronutrient

Data in Table (2) illustrate that the interactions between N K rates, VA
mycorthizae and micronutrients 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 significantly the application
of 75 % NK, VA mycorrhizac and micronutrient gave the highest values dry
weight in both si:asons.

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

Data illustrated in Table (3) show that total tuber yield (t/fed) and tuber
weight/plant were significantly increased with increasing nitrogen and potassium
rates in both seasons. The highest values of total yield and tuber weight/plant
were produced when potato plant received 75% N + 75 % K,0/fed. However, the
highest number of tubers/plant was obtained at 100% N + 100 % K,O/fed . These
results might bi: due to the increase vegetative growth and dry matter contents
(Table 2). It may also be stated that the sufficient application 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 Brijlal and Sharma (1995), Vos (1997)
and Meyer and Marcum (1998).

b- Effect of VA mycorrhizal fungi and micronutrient

The results in Table (3) reveal that colonization of potatoes with VA
Mycorrhizae or the addition of micronutrient singly or combined significantly
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 Mycoerrhizae combined with micronutrient
addition. The percentage of increment in total tubers yield/fed. was 26.35 % and
26.38 in both seasons, respectively . These results might be attributed to be that
the symbiotic fungi increase nutrients and waier uptake, photosynthesis process
which led to produce vigorous plant and yield components. These are in
agreement with those obtained by Pfleger and Linderman (1994), Niemera ef al.
(1995), Hammad and Abdel Ati {1998), Abdel-Naem ef al, (1999), Vasatka and
Gryndler (199%), Awad (2002) and Davies ef al. (2005a & b). They found that
inoculation with VA mycorrhizae increased weight and size of tubers, Moreover,
effect of micrcnutrient (Fe, Zn and Mn) on yield and its components might be
attributed to their positive photosynthetic process and as an activator for IAA
oxidase and carbohydrate assimilation. Nofal (1998) reported that foliar
fertilization with chelated micronutrients gave the highest tuber yield.



Table (2): Vegetative growth characteristics as affected by NX rates, micronutrients, inoculation with VA mycorrhizae and their
interactions during the two summer nlantations 2004 and 2005.

-, Plant height Chiorophyll No. of main Fresh weight .
rreatmenss T hctensties (cm) (SPAD uit) | _Stems/plant g/plant Dry weight %
- 2004 | 2005 ] 2004 1 2005 | 2004 [ 2008 | 2004 | 2008 2004 | 2005
- NK rates i
50% 4662 | 4448 | 5383 | 5283 | 250 | 250 | 273.00 | 26775 | 1145 | 11.37 §
75% 52.50 | 48.12 | 55.50 | 54.63 | 264 | 2.50 ! 313.83 | 30625 | 13.11 | 13.13
100% 54.92 | 5249 | 5378 | 53.04 | 269 | 2.55 | 30633 | 301.08 | 1292 | 12.84 |
LSD 5% 080 | 130 | 0.7 NS NS NS 14.74 7.12 016 | 0.7 1§
AM) & Micronutrients ;
Control 4675 | 4462 [ 5191 ] S099 { 237 | 222 [ 25878 | 25644 [ 1150 | 11.52 |
Mycorrhizae (VAM) 5247 | 4995 | 5444 | 5351 | 263 | 255 | 30656 | 29967 | 12,95 | 12.88 |
Micronutrients 4988 | 4683 { 5419 [ 5410 | 259 | 266 | 29678 | 289.78 | 12.20 | 1213 §
(VAM) + Micronutrients 5630 | 5205 | 5693 [ 5541 [ 285 | 263 | 32878 [ 32089 [ 1332 [ 13.26 |
LSD 5% 0.91 135 | 0.84 074 | 032 | NS 9,36 8.28 016 | 0.19 |
: NKx(V & Micronutrients ,
j E Control .| 4420 | 4214 | 51.53 | 5077 { 222 | 211 | 22500 | 22333 | 10.17 | 10.06 §
) = Mycorrhizae (VAM) 4731 | 4543 15389 [ 5250 [ 266 | 266 | 29100 | 283.67 | 11.95 | 11.90 }
! % Micronutrients 4460 | 4313 | 5427 1 5353 | 255 1 2.77 | 27800 [ 270.33 | 11.63 { 11.55 §
: (VAM) + Micronutrients | 50.38 | 4722 | 5560 | 54.54 | 2.55 | 244 | 298.00 | 29367 | 12.04 { 1198 |
T‘ Control 4648 | 4408 | 5248 | 5143 | 233 | 233 1 27667 | 27433 | 12,19 | 1247 §
: E Mycorrhizae (VAM) 5439 | 5073 | S5.15 | 5478 | 255 | 244 | 32033 | 312.00 | 1352 | 1343 |
: §, Micronutrients 52.15 | 4585 | 5510 | 5464 | 266 | 255 | 30967 | 30233 { 1261 | 12.56 |
! & | (VAM) +Micronutrients | 5700 | 51.80 | 59.26 | 57.05 | 3.00 | 264 | 3287 | 35633 | 1414 | 1405
| X Contral 4957 | 47.63 | 5172 | 5077 | 255 | 222 | 27467 | 27167 | 12.13 | 12.05
s Mycorrhizae (VAM) 5572 | 5370 | 5427 [ 5323 | 2.66 | 2.55 | 308.33 | 303.33 [ 13.40 | 13.29
) Micronutrients 52.88 | 5150 | 5320 ] 54.13 | 255 | 2.66 | 30267 | 29667 | 1237 | 12.29
= | (VAM) + Micronutrients | 61.53 | 5713 | 5595 | 54.03 | 300 [ 277 [ 33967 | 33267 | 1377 | 1374
LSD 5% 158 |. NS NS 1.28 NS NS NS NS 028 | 0.33

|8 HOUDMIOU] FV2HLIOISY JUNISHGLY SOINIISIA JO oumpful
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Table (3): Total tuber yield and its components as affected by NK rates,
micronutrients, inoculation with VA Mycerrhizae and their

interactions during

the summer

plantations 2004 and 2008,

| Characteristics| Total yield No.of Tuber weight |
I reatments ton/fed tuber/plant g/plant ;
2004 | 2005 | 2004 | 2005 | 2004
NK rates
50% 1201]1194] 4.12 [ 393 | 596.01 | 572.62 |
75% 1546|1536 4.93 | 4.82 | 782.28 | 767.30]
100% 15031491 ] 5.18 | 5.13 | 761.83 | 743.00
LSD 5% 026 | 0.24 | 032 | 0.42 | 2249 | 29.34
(VAM) & Micronutrients
Contril 12371224 411 | 407 | 639.76 [ 619.52
Mycorrhizae (VAM) 1464 1454 | 467 | 4.60 | 726.62 | 708.04
Micronutrients 14.03 [ 14021 471 ] 4.50 | 701.28 | 681.07 ]
(VAM) + Micronutrients [ 1563 | 1547 | 548 | 5.34 | 785.82 | 768.60 |
LSD 5% 0.24 | 0.27 | 0.20 | 0.22 | 21.10 | 22.39
NK x (VAM) & Micronutrients
Control 981 | 975 | 3.43 [ 3.34 {493.40 [ 481.67
E Mycorrhizae (VAM) | 1274 11264 | 4.15 | 400 { 613.63 [ 585.33
BS Micronutrients 12.01 111,99 ) 431 | 3.87 [ 595.07 | 566.36
| @ (VAM) + 13.49 11337} 450 | 449 |681.93 | 657.10|
Micronutrients ’ ’ ) ’ ’ )
: Control 13.73 [ 13.63 [ 4.52 | 439 | 699.70 | 683.47
E Mycorrhizae (VAM) {1591 (1581 ] 490 | 483 | 798.87 | 787.02
| < Micreautrients 1509 {1504 | 467 | 4.58 | 768.43 | 755.03
S (VAM) + 17.13 | 16.94 | 563 | 548 | 862.10 | 843.70
ﬂ Micronutrients ' ’ ) . ’ ) )
: Control 13.59 | 1335] 438 | 449 | 726.17 | 693.43 |
E Mycorrhizae (VAM) [ 1527[1517] 497 | 496 | 76737 [ 751.77
| Micronutrients 1501 ]1502] 515 | 504 | 740.33 | 721.80
3 (VAM) +
= Micrenutrients 1627 [16.10 | 6.21 | 6.05 | 813.43 | 805.00
: LSD 5% 042 | 047 [ 035 | NS

¢- The interaction between N K rates, VAM fungi and micronutrient
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 yicld in both season and number of
tuber/plant and tber weight/plant in the first season only. The maximum total
yield was obtaiaed when potato plants were fertilized with 75% NK, inoculated
with VA mycyrrhizae and foliar 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, respectively Similar results was reported

with Saif EL-Deen (2005).
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3. Tuber quality
a- Effect of N and X rates

The results in Table (4) demonstrate that tuber dry weight and starch
percentages and nitrate content were significantly affected by adilition of N K
rates in the two growing seasons. The highest values of dry mattzr and starch
content were obtained at 75% N K,;0 of the recommended rate/fel . While the
lowest level of nitrate in potato tubers (85.58 and 73.58 ppm, in >oth seasons,
respectively) was racorded in the potato tuber applied with 50 % IV K;0 of the
recommended rate/fed. On the other hand, the highest level of nitrat: (116.33 and
101.67 ppm) was detected in potato tubers produced with 160 % N K,0 of the
recommended rate/fed. These results may be due to the relationship tetween NOy
N conceniration which increased with increasing nitrogen fertilization (Belanger
et al., 2002).

Table {(4): Dry matter, starch and nitrate contents in tuber as affected by NK
rates, micronutrients, inocuiation with VA Mycorrhiza: and their
interactions durin the summer plantations 2004 and 2 0()5

Characteristics D ¢ % Starch % in Nitrate content
i Treatments ry weight % tubers in tubers{ppm)
2004 | 2005 1 2004 | 2005 | 2004 | 2005
NK rates
50% 17.08 | 16.93 [ 1177 [ 1147 | 8558 | 73.58 |
75% 1834 | 18,19 | 12.99 | 12.84 | 105.08
100% 18.05 1 17.91 | 12.62 | 12.44 | 116.33
LSD 5% 017 | 012 | 025 | 024 | 3.3
{VAM) & Micronutrients :
Contraol 16.51 ] 1633 ] 11.28 ] 10.91 | 116.50
Mycorrhizae (VAM) 17179271 17.76 | 12.99 | 12.80 | 8832
Mg e [17.86 | 1773 | 1224 | 12.07 | 10578
Micronutrients 1901 11889} 13.33 ] 13.21 | 99.33
LSD 5% 026 | 023 | 027 | 0.17 | 4.03
x (VAM) & Micronutrients
control 16.20 [ 1599 [ 1048 | 9.97 | 10L.00

Mycorthizae (VAM) ™17 68 T 1754 | 1243 ] 12.19 | 64.33

M [[16.70 | 16.58 | 11.47 [ 1123 | 92.00

Micronutrients 1775 [ 1760 [ 1270 | 12.48 | 85.00
cantrol 1673 | 1657 | 11.82 | 11.59 | 119.67
Mycorrhizae (VAM) {18715 7 1800 | 13.42 | 13.18 | 92.00
s { ) ] .
A [ 1858 [ 18.43 | 12.77 | 1267 | 10733
Micronutrieats 1993 1 1978 | 13.97 | 13.91 | 10133
Control 1660 | 1643 | 11.53 | 11.18 | 12733
Mycocrhizae (VAM) T
Jenerhizae (VA 179511773 [ 1312 | 13.02 | 108.33
(VAM) + 1829 | 18.18 | 12.50 | 12.32 | 118.00 4
Micronutrients . X 1333 1323 | 111.67

LSD 5%

100% NK|] 75% NK | 50% NK




84 Annals Of Agric. Sc., Moshtohor, Vol. 45(1), 2007

b- Effect of VA mycorrhizal fangi and micronutrient

Presented data in Table (4) show also, that the effect of inoculation with
VAM fungi and foliar spraying of micronutrient each alone or in combination
significantly affected on percentage of dry matter 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 microputrients application. These
resuits may be attributed to improving mineral nutrition uptake and increasing the
photosynthetic efficiency (Awad, 2002, Davies et al., 2005a & b). Moreover,
micronutrient efficiency involvement in one or more of important biological
functions such as synthesis of chlorophyll, electron transport system, protein
synthesis and [AA oxidase. These results are in agreement with those of Nofal et
al. (1998), Radwan and Tawfik (2004) and Hiller (2005).

c- The interaction between N K rates, VA mycorrhizae and micronutrient

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

4~ Chemical composition
a- Effect of nitrogen and potassium rates
Data in Table (5) clearly illustrate that the addition of nitrogen and
_potassium significantly affected 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 ratg, in the two seasons.

Data in Table (6) indicate that Fe, Zn and Mn contents in the leaves were
significantly increased by increasing the N and X,O rates. Potato plants fertilized
with 100 % N and K of recommended rate gave the highest vatue of Fe, while
potato plant fertilized with 75 % N and K,O of recommended rate/fed gave the
highest value of Zn and Mn conients 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
mutrients. The obtained results are in agreement with those reported by Allison et
al. (2001) and 'Westermann (2005).

b~ Effect of VA mycorrhizal fungi and micronutrient

As regard to the effect of VA Mycorrhizae and micronutrients on
chemical composition of the leaves and the potato tuber, data in Table (5) indicate
that the inoculation with VA Mycorrhizae combined with foliar application of
micronutrients caused the highest significant increase in N P K of both leaves and
tubers compared with the untreated control.



Table (5): Percent N, P and K in the leaves and tubers as affected by NK rates, micronutrients, inoculation with VA Mycorrhizae
and their interactions during the summer plantations 2004 and 20085,

Characteristics | N% in leaves | N% in tubers P% in leaves P% in tuber K% in leaves | K% in tubers )
Treatments 2004 | 2005 | 2004 [ 2005 | 2004 [ 2005 [ 2004 { 2005 [ 2004 [ 2005 [ 2004 1 2005 ‘§s
NK rates ; . 3
50% 177 ] 171 1146 | 140 ] 0323 ] 03130274 [ 0253 | 187 | 186 | 165 | 162 §
5% 211 { 193 [ 194 [ 190 [ 0405 | 0391 [ 0345 [ 0310 | 223 {7222 [ 208 | 202 S
100% 241 | 231 | 201 | 1.95 | 0.501 | 0485 | 0.424 | 0397 | 249 | 248 | 2.11 | 2.06
LSD 5% 0.07 | 0.20 | 0.031 | 0.043 | 0.016 | 0.010 | 0.014 | 0.020 | 0.058 | 0.081 | 0.040 | 0.044 g
(VAM) & Micronutrients )
Control 1.84 | 180 | 156 | 151 [ 0324 | 0313 [ 0264 [ 0247 ] 193 | 192 [ 172 [ 1.68 F
Mycorrhizae (VAM) 220 ) 2.09 | 192 | 184 ] 0439 | 0429 ] 0383 | 0347 | 232 | 231 | 207 | 2.03
Micronutrients 203 [ 196 | 1.75 [ 171 1038 [ 0366 [ 0320 {029 | 213 [ 211 [ 184 [ 179 3
(VAM) + Microelements | 2.31 | 208 | 199 | 193 [ 0489 | 0478 [ 0423 | 0396 | 241 [ 240 [ 215 | 210 E'
LSD 5% 0.060 | 0,189 | 0.054 | 0.058 | 0.014 | 0.018 | 0.019 | 0.017 | 0.050 | 0.059 | 0.048 | 0.048 g
NK x (VAM) & Micronutrients E
Control 154 | 155 [ 115 | 1.11 J 0227 [ 0223 [ 0.183 ] 0177 | 166 | 165 [ 150 | 147
% MY(;“AQ,"‘)“' 1.85 | 1.78 | 1.56 | 148 | 0370 | 0.363 | 0.330 | 0303 | 194 | 193 | 167 | 163 %
X | Micronuttenss | 175 | 168 [ 143 | 1.38 ] 0297 [ 0277 | 0237 [ 0210 | 1.86 | 1.82 [ 1.59 | 156
7 we‘:mﬂ;m 192 | 184 | 171 | 161 [ 0397 | 0.390 | 0347 | 0320 | 203 | 202 | 1.83 | 181 %‘
Control 192 1 183 | 1,74 | 167 | 0350 | 0337 [ 0290 | 0260 | 198 | 197 | 181 [ 176
E M"&"A'ﬁ"'f” 225 1 213 | 207 [ 200 [ 0440 [ 0430 [ 0377 {03371 249 | 246 | 227 | 220 3
§ Micronutrienes | 2.01 | 196 | 1.87 | 1.84 [ 0373 [ 0353 [ 0317 | 0283 | 213 | 2.11 [ 1.95 | 1.89 §
= m...‘l’.ﬁ?i’..tm 225 | 170 1 211 | o207 Lossr boia f 0397 [ 0360 | 233 | 232 | 229 | 222 g
% MContth 206 1 200 | 179 | 1,74 {0397 | 0.380 [ 0320 [ 0303 [ 215 [ 213 | 184 | 181 )
= "WaM) 249 | 237 | 213 | 205 | 0507 | 0493 | 0443 | 0400 | 253 | 255 | 228 | 225 :
S | Micronutrienss | 234 | 224 | 194 | 191 [ 0487 [ 0467 | 0407 [ 0377 | 241 | 240 | 198 | 191 -
S| At | 276 | 262 | 217 | 212 | 0613 | 0600 | 0.527 | 0507 | 287 | 285 | 234 | 226 -

LSD 5% 0.104 | NS NS NS 0.025 | 0,031 { 0.032 | 0.029 | 0,086 | 0.103 | 0.683 | 0.082
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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 mteractmns during the summer Iantatlons 2004 and 2005
h aractenmcs Fe in leaves Mmn in leavel
ppm ppm
2004 | 2005 | 2004 | 2008
NK rates
7325 | 6992 | 4308 | 41.33
75% 9042 | 8767 | 62.42 | 59.33
100% 108.25 { 104.08 | 58.08 | 55.50
LSD 5% 2.12 4.65 1.68 0.60
(VAM) & Micronutrients
Control 6944 { 6644 | 3233 | 30.00
Mycorrhizae (VAM) 87.67 | 84.00 | 4933 | 47.67
_ Micronutrients 9589 { 9256 | 61.44 | 58.33
{VAM) + Micronutrients { 109.56 | 105.89 | 75.00 | 72.22
’ LSD 5% 3.15 4,09 2.62 2.45
NK x (VAM) & Micronutrients
Centrol 44.67 41.33 28,67 26.33
71.00 | 67.00 | 42.00 | 41.33
8200 | 79.00 | 4833 | 46.00

95.33 | 9233 | 5333 | 51.67

73.67 | 70.00 | 33.67 | 31.67
88.00 | 86.00 ; 55.00 | 52.67
94.00 | 91.67  72.33 | 67.33

106.00 | 103.00 | 88.67 | 85.67

90.00 | 88.00 | 34.67 | 32.00
104.00 | 99.00 | 51.00 | 49.00
111.67 | 107.00 | 63.67 | 61.67

127.33 | 122.33
345 L

Data in Table (6) reveal that inoculation with VA mycorrhizae as
biofertilizer mixture with foliar spraying had significant positive effect on Fe, Za
and Mn in leaves of potato in the two seasons 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 for ions
that move the root by diffusion. Moreover,it may attributed to the effect of
micronutrients on stimulating biological activities, i.c., enzyme activity, rate of
photosynthetic products and increasing nutrient uptake through roots afier
application. (Radwan and Tawfik, 2004, Hiller et al., 2005 and Davies et al.,
2005a & b).
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¢- The interaction between N K rates, VAM fungi and micronutrient

Results in Table (5) reveal that the interaction between N K rate, VAM fungi
and micronutrient on contents of N, P 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 in second season was not significant.

Data in Table (6) show that the interaction among N K rate, VAM fungi and
foliar application of micronutrient on micronutrients in the leaves of potato plants, had
significant effect on micronutrients (Fe, Zn and Mn), in both seasons. The maxirmuam
values of Fe, Zn and Mn were recorded at of N and K,O fertilizers of recommended
rate under inocutation 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 inoculation 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 vaiwes of number of spores in rhizosphere were noticed when potato plants
ware fertilized at the rate of 75 % NK of recommended rates under inoculatior with
VA mycorrhizae compared to control. Similar results were reported by (Davies et
al.2005 a and b).

Table (7): Percentage of potato roots colonization with mycorrhizae and

Colonization
Treatments %

Control 42.4
Mycorrhizae (VAM) 66.5
Micronutrients 60.0
{VAM) + Micronutrients 70.6
Control 46.2
Mbycorrhizae (VAM) 72.3
Microelement 56.4
{VAM) + Micronutrients 79.8
Control 40.2

Mycorrhizae (VAM)

Micronutrients

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 application at the rate of 135kg N+ 72
kg K,O/fed gave the highest total tuber yield. Hence, there are excellent opportunities
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to utilize and manipulate mycorrhizal fungi to enhance crop praductivity and reduced
agricultural chemical inputs. Beneficial mycorrhizal fungi are one of the important
comerstones of sustainable agricultyral system. They can make plants more efficient
in ufilizing available soil water, fertility and plant productivity.

REFERENCES

Abdel-Naem, GF.; Ismail, HA.; Zaki, AM. and El'Morsi, E.A. (1999): Effect of
fertilization on chemical constituents, nitrates, nitrites, ascorbic acid and
some antinutritional factors levels in potato tubers (Solanum tuberosum
L.) J. Agric. Sci. Mansoura Univ. 24 (2); 783 - 789.

Allison, MF.; Fowler, 1LH. and Allen, E.J. (2001): Response of potato {Solamum
tuberosum 1.) to polassium fertilizers. J. Agric. Sci. Cambridge 136 :
407-426.

Arisha, HM. and Bardisi, A. (1999). Effect of mineral and organic fertilizers on
growth yield and tuber quality of potato under sandy soil conditions.
Zagazig ]. Agric. Res., 26 (2) : 391 - 409.

Awad, EI-M. (2002): Growth, yield and quality of potato crop as affected by the

' inoculation with vesicular arbuscular mycorrhizal (VAM) fungi under
different levels of phosphorus. J. Agric. Sci. Mansoura Univ. 27 (8) :
5593— 5605. ,

Belanger, JR.; Walsh, JE.; Richards, J.E,; Milbum, P.H. and Ziadi, K1 (2002):
Nitrogen fertilization and irrigation affects tuber characteristics of two
potato cultivars, Amer. J. of Potato Res. 79 ; 269279,

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

Brijlal, and Sharma, SP. (1995): Response of potato (Solamum tuberosum 1.) to
potassium application in mid-hill soils of Aimachalprades. Indian J. Agric.

Davies, Jr.,F.T.; Calderon, C.M.; Huaman, Z. and Gomez, R. {2005a): Influence of a
flavonoid (formononetin) on mycorrhizal activity and potato crop
productivity in the highlands of Peru. Scientia Horti., 106 : 318 — 329.

Davies, Ir., F.T.; Calderon, CM. and Huaman, Z. (2005b): Influence of a arbuscular
mycorrhizae indigenous to Peru and a flavonoid on growth, yield and leaf
elemental concentration of "Youngay" potatoes. HortScience 40 (2); 381
—385.

El-Sawy, B.L; Radwan, E.A. and Hassan, N.A. (2000); Growth and yield of potato as
affected by soil and foliar potassium application. J. Agric. Sci. Mansoura
Univ. 25 (9) : 5843 5850.

Gaber, SM. and Srag, S.M. (1998); Response of some new potato cuitivars grown in
sandy soil to different nitrogen levels. Alex. J. Agric. Res. 43 (2) : 33-41.

Ghoneim, .M. and Abdel-Razik, AH. (1999): Effect of biofertilization under
different nitrogen levels on growth, yield and chemical contents of potato
plants. Adv.Agric. Res. 4 (2) : 757- 769.

Ghosh, D.C. and Das, A K. (1998): Effect of biofertilizers and growth regulators on
growth and productivity of potato (Solanum tuberosum L.) Indian J.
Agric. 42 (2) : 109 - 113.



Influence Of Vesicular Arbuscular Mycorrhizae Inoculation. ... 89

Gomez, K.A and Gomez, A.A. (1984): Statistical Procedures for Agricultural
Research. Wiley and Sons, Inc. New york.

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

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

Igbal, S.H.S. Rana ; Khalid, AN.; Khan, M_; Rana, S. and Khan, M, (1995): The
influence of vesicular arbuscular mycorrhiza (VAM) and Aspergillus
niger detcrrents against rgizoctonia solani in potatoes. Sarhad J. Agnc 6:
5,841 - 454 (C. A. CAB, Inter. Abstr, $22321290).

Jenkins, P.D. and Ali, H. {1999): Growth of potato cultivars in response to application
of phosphate fertilizer. Ann.Appl. Biol. 135:431-438.

Linderman, R. G. (1994): Role of VAM fungi in biccontrol .In : F.L. Pflegerand R.G.
Linderman {eds). Mycorrhizae and Plant Health. Amer, Phytophathol. Soc.
Press,St.Paul, Minn.

Marschner, H. (1995); Mineral Nutrition in Higher Plants. Academic Press, Harcourt
Brac Javanovish, Pulishers, pp. 567-583.

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

Meyer, R.D. and Marcum, D.B. (1998): Potato yield, petiole nitrogen, and soil
nitrogen response to water and nitrogen. Agron. J. 90 : 420 - 429,

Muromtsev, G.S.; Mershumova, G.N. and Yakobi, L M. (1988): Efficiency of crop
inoculation with endomycorrhizal fungi. Agric. Ecosy. Environ 29 : 307 -
310.

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

Nofal, O.A. (1998): Effect of micronutrients foliar fertilizer on yield of some potato
varieties. J. Agric. Sci. Mansoura Univ. 23 (12) : 5359 — 5366.

Nofal, O.A; El-Morsi, MF. and El-Saed, A.A. (1998): Response of some potato
cultivars growth on alluvial soil to micromutrients foliar spray. J. Agric.
Sci. Mansoura Univ. 23 (8) : 4121 — 4133, _

Pfleger, F.L. and Linderman, R G. (1994): Mycorrhizac and Plant Bealth American
Phytopathological Society Press, St. Panl, MN.

Phillips, J.M. and Hyman, D.S. (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 Tawfik, A.A. (2004); Effect of sulphur, manganese and zinc on
growth, yield and quality of potato (Solanum tuberosum L.). J. Agric. Sci.
Mansoura Univ. 29 (3) : 1423- 1431,

Rai, RP; Jalali, B. L. and Chand, H. (1990). Improved yields in potato through
mycorrhizal inoculation . Trends in Mycorrhizal Research Proceeding of
National Conference on Mycorrhiza. Haryana Agricultural Univ., Hisar,
India. Fed.: 14 - 16 (C. F.CAB. Inter. Abst. 902302354).

Recheigl. JE. (1995): Soil Amendments and Environmental Quality. Lewis
Publishers is an Imprint of CRC Press, pp. 487494,



90 Annals Of Agric. Sc., Moshtohor, Vol. 45(1), 2007

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

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

Singh, JP. (1988): A rapid method for determination of nitrate in soil and plant
extract, Plant and Soil, 110 : 137 - 139,

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

Srivastava, P.C. and Gupta, U.C. (1996} Trace-clements : Aconcern. In; Trace
Elements in Crop Production. Science publishers, Inc; Lebanon, NH
03766, USA pp 285-295.

Tabatabel, 8.G. and Malakouti, M_J. (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 (2): 32 - 39 (C.F. Field Crop Abst. 52 (5) : 3582).

Vasatka, M. and Gryndler, M. (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, 1. (1997): The nitrogen response of potate (Solanum tuberosum L.) in the field :
nitrogen upiake and yicld, harvest index and nitrogen concentration.
Potato Research 40 : 237~ 278,

Westermann, D.T. (2005): Nutitional requircments of potatoes. Amer. J. of Potato
Res. 82:301-307.

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

iy (el gl g g W dpandll O S ama 150980l plaky ol 20
oublbdl 833 gadl y Joeanally gaill Jo 5 jheall SLARAD (aay
CRL -
8 A e daaa daaa adl f daall auall e Cighea
.}Aa‘i_jggl]cipl)_j“t:l_,;_lll_js_}asQhﬂ‘@l_}a‘ﬁﬁ.\‘u b
T e el ¢ A3 Gpadl 3 ¢ o) Cipny gaa **

Yoo gl e o lia gy o Ofinal Olin (403 o) 3
T bilae — Ll = age o g G pon Chiem (pulalladl Jyeman gl Y0
M‘WQYMmJ‘}J}JQ‘)_LQc_ﬁhn)ﬁthi)ﬂcw1
c..soh.iﬂqu.;aﬂld.\a.d‘&.%\nsvasﬁi el y il
e j—a VO juaiac Yo lijc Yo .\.u;)(_;_,i...aﬂuwium,_,s”l!u:)h
5 giaall w“ UlaYh 4l Sy Jpanall g gaill o g Dleliiy Lo ¢ (UJM1
GLL.L,_J;MIG.L.JI_U..LL, « g
‘_,,J'L__,JMSJL_U'CJJ.\;“JJ ?ﬁub_,el‘_,ug_a_,ﬂ.dlwu‘)’muu‘i <l
(Sl (5 A il y el il 2 el 50 ¢ il Jb) 45 juaddl Cliall



Influence Of Vesicular Arbuscular Mycorrhizae Inoculation.... 91

palall 2__.,3..]1 3.\.».5.\1‘_, L'L:Lﬂn C_:La‘).ﬂ! LJJJ_, s g ¢ (u‘)!/dl:) U‘IS'“ d}\.aa.n“J
Syl y s i 585 ) ALY Al 8l Al gia g L ddlad
(Dsinie — i j — 2aa) (g jkall liadl M3, Sl G E ""*""F""'D*’

Sl aallb iyl e 1})#‘ )an_jlm O Lad c’n‘.‘u“ Cana gl
Ganay ol Jyda 85y Ml (Geinia = olij— aa) 5 skeall
ol o st A adl Ly Slgll # 5Ua G50 B1Y A iy sl
Baldl A i Aol y il et 3 23y (138 h) (S Jganadl y
poamaligll s ) yaasill g Cpm g il S 5y U A il Rl (g giaa y LA 5 Adlad)
- B B omall sealiall g sia s

| 5a05Ssel) i il oyl oy i O Nl e 5
Qlija b ooy 3y il Clivall ad el (5 jruall il Gae 5 Qi as
Ssabielly lisally (3581 A pamiliglly siusilly uma Rl (5 giaay il
Yo ver y publ il d}mwmé!JJY|uj(_»M—éL))uM‘
S a—all yealially IS+ 15 ) 9Suall phais reaflill a4 gadl gl y O g Sl e
Sl b all 0393 (013/oh) S Jpandt SlaS, . (Guinie — dlij ~ was)
Gl Lady - (oWt 8 Gaadially ol b all B LAy ddladl ol (g giaay
&4y o gal Jaedl e % 00 Jana die lijall 6 ol i (g giaa b ail) 8
500 sSed iy el
170) glaill 4y ua gl Jaaddl (e agsailipdly cua g il G % VO o udaldall
Jmsaliall Gana—y iy 130 —Suad Shas ol aa (hegp oS VY 4 paS
Gl Gua (oglall (e ja Jainie VO ¢ Wi Ve ¢ 3 104) die (5 seall
residaadl Bl aladiad 33 5w 30U pSay S J o] adl el





