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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 (Fe 150 , 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 chanicteristics (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 (tlfed), 
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 (tlfed), 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 YA My­
corrhizal fungi. 

Generally, the best results were obtained when 
potato received 75 % of NK of the recommended 
rate, inoculated by YA 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 yield and its components and 
reduced chemical fertilizer inputs. 

INTRODUCTION 

Potato (Solanum (liberosul1I 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 Il1Y­
corrhizae (YAM) as a biofertilizer to improve soil 
ferti lity and increase uptake of nutrients, espe­
cially Nand P (Rechcigl, 1995). Mycorrhiza I 
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 n9t 
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. 
Iq bal et 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 G/OI7lIlS !IIOSSl'lil' ,lIld G/omlls leIse/CIl­

Ia/lim. respectively. Niemira et III (1995) indi­
cated that VA t\lycOl'rhizae enhance productivit~ 

of potatoes. 
Ghosh and Das (1998) pointed out that plant 

height and number of shoots . plant of pot:Jto in­
creased 'Considerably when plants were lI10culated 
with both VAM and phosphate solubilizating bac­
teria. Hammad and Abdcl-Ati (1998) and Adbel­
Naem et al (1999) mentioned that potato tubers of 
plants inoculated with A::;osp/r/lillm 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 
Azosp/ri//um 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) reveilled 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 et 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 (2005) found that inoculation 
of sweet potato 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 frequently the most efficient of all nutrients. 
Meena alid Gupta (1996) found that the max i­
mum plant height and dry mMter 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 al (2000) 
showed that application ofK at 50 or 100 kg K20! 
fed has significantly increased stem length and 

number of leaves I plant of potato. Allison et al 
(2001) indicated that potassium fertilizer had a 
significant effect on OM yield at rate 105 kg I ha. 
Belanger et 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 et III (1998) reported 
that foliar fertilization with chelated micronutri­
ents (2.8 % Fe. 2.8'Yo Ln. 2.8 °/0 Mn at 800 g . fed ) 
gave the highest tuber yield and significantlv af­
fected N. 1(. ICc. Mn and eu Radwan and Tawfik 
(:WO-t) reported that vegetative growth parameters 
alld tuber yield significantly \\ere increased b~ 

1'01 iar app Iication with Mn or Zn at 100 ppm whi Ie 
NPK Cllntents uf potato Icavcs and lUbers were 
significantly increased with foliilr spray by Mn 
and 1':n at 200 ppm. Furthermore. starch content 
and specific gravity were increased. 

The objectives of this study were to deter­
mine the effect of inoculiltion with arbuscular my­
corrlllZal 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 m2 

. Planting dates werel5 
and 18 on January in the tlrst and second seasons, 
respective Iy. 

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

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

The inoculate suspension of VAM fungi as 
biofertilizcr was diluted at rate of I to 200 before 
addition. Multi VA Mycorrhizal (Glollllls spp & 
G/gaspora spp. ), were used. The spore count was 
[ound to be 145 spore/mi. 

Arab Univ. J. Agric. Sci., 15(2).2007 
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Table I. Some physical and chemical properties of the experimental soil 

Sand 
% 

Silt 
% 

Cia) 
% 

Tcx­
ture 

O.M 
% 

CaCO] 
0/0 

pH 
N 

Available nutrients (ppm) 
P K Fe Zn Mn 

25.4 32.0 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 
cheated micronutrients, i. e., fe-EDTA (13%), 
Mn-EDTA (13%) and EDTA (15%). 

Inorganic phosphorus was added in the form 
of calcium superphosphate (15.5 % P20 S) once 
during soil preparation at the rate of 75 kg P20S / 

fed. 

The experimental design 

The experimental was split plot design with 
three rep Iicates. Nitrogen and potassium with 
three levels (50, 75 and 1OO'/'o kg / fed of the rec­
ommended rates/l'cd .. i.e., 90 kg N + 48 kg 1(20, 

135 kg N+ 72 kg K20 and 180 kg N + 96 kg K20/ 
fed) were randomly distributed in main plots, am­
monium nitrate (33Y';(,N )was added three equal 
rales after 4,6 and 8 weeks li'DIll planting date and 
potassium sulfate (-l8(~'o 1(20) was added twice. 
one half with the lirst rates ,lI1d second half with 
third rates of N fertilizer. subplots occupied for 
control. inoculated with vesicular arbuscular my­
corrhizal (V AM) fungi ( growing rlants were in­
oculated with VAM) beside the plants with 100 ml 
/ plant at 42 and 56 days after planting), mixture 
of micronutrients (ICe 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 tuber yield (ton! fed), number of tubers! 
plant and tuber weight! plant were determined at 
harvest time (10.5 drtys alier 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 tu­
bers (%), Nitrate content in tubers (ppm dry 
weight basis) as recommended by Singh (1988). 

4. Chemical Composition 

The contents ofN.P,K, fe, Zn and Mn was de­
termined in the fourth leaf fro 111 the plant top at 75 
days after planting and NPK in tubers at harvest­
ing time. Total nitrogen. phosphorus and potas­
siulll were determined according to the method 
described by Bremner and Mulvaney (1982). Fe. 
In and Mn were measured using atomic absorp­
tion spectorophotometer. 

5. Assessment of mycorrhizal development 

for VA mycorrhizal fungi analysis of roots, 
1.0 CI11 root segments from five plants per treat­
ment were sampled at harvest and pooled to assess 
co Ionization percentage (Phi lIips and Jlyman, 
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). 

Sta tistical analysis 

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

RESULTS AND DISCUSSION 

l. 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 I( fertilizers in 
both seasons, and cll lorophyll content in the first 
season only. However the number of stems! pla!lt 
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 

& Bardisi (1999); Tabatabel & Malakouti 
(1999) and Belanger et at (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 contro!' 

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. 

j, 

50% 46.62 44.48 53.83 52.83 2.50 

75% 52.50 48.12 55.50 5'i,63 2.64 

100% 54.92 52.49 53.78 53.04 2.69 

LSD 5% 0.80 1.30 0.76 NS NS 

I... (VAM) & Micronutrienls 

Chlorophyll (SPAD No. of main 
Plant height (em) 

unit) Stems/plant~ 2004 2004 2005 2004Treatments 2005 

Fresh weight 

glplant 

2005 2004 2005 

250 273.00 267.75 

2.50 313.83 306.25 

2.55 306.33 301.08 

NS 14.74 7.12 

222 258.78 256.44 

2.55 306.56 299.67 

2.66 296.78 289.78 

2.63 328.78 320.89 

NS 936 8.28 

2.1 J 22500 223.33 

2.66 291.00 283.67 

2.77 27800 27033 

2.44 29800 293.67 

2.33 276.67 274.33 

2.44 32033 31200 

2.55 309.67 302.33 

2.66 348.67 336.33 

2.22 274.67 271.67 

2.55 308.33 303.33 

2.66 302.67 296.67 

2.77 339.67 332.67 

NS NS NS 

Dry weight % 

2004 200.~ 

11 45 

13. I I 

12.92 

0.16 

II 37 

13.13 

12.84 

017 

11.50 

12.95 

12.20 

1332 

0.16 

11.52 

12.88 

12.13 

13.26 

019 

10. \ 7 

11.95 

11.63 

1204 

10.06 

11.90 

, 1.55 

11.98 

12.19 

13.52 

12.61 

1414 

12.4 7 

13.43 

12.56 

1405 

12.13 

13.40 

1237 

13.77 

12.05 

13.29 

12.29 

13.74 

0.28 033 

NK rates 

Control 46.75 44.62 51.91 50.99 2.37 

Mycorrhizae (VAM) 52.4 7 49.95 54.44 53.51 2.63 

Micronulrienls 49.88 46.83 54.19 5410 2.59 

(VAM) + Micronutrient' 56.30 52.05 56.93 55.41 2.85 

LSD 5% U.91 1.35 0.84 0.74 0.32 

NK x (VAM) & Micronutrients 

control 44.20 42.14 51.53 50.77 2.22 

50% Mycorrhizae (VAM) 4731 45.43 53.89 52.50 2.66 

NK Micronutricnts 44.60 43.13 54.27 53.53 2.55 

(YAM) + Micronutri- 50.38 47.22 55.60 54.54 255 

ents 

control 46.48 4408 52.48 5' .43' 233 

" 75% Mycorrhizae (YAM) 54.39 50.73 55. '5 5478 255 

NK Micronutrients 52.15 45.85 55.10 5H4 2.66 

(YAM) + Micronutri- 57.00 51.80 5926 57.65 3.00 

ents 

conlrol 49.57 47.63 51.72 50.77 2.55 

100% Mycorrhizae (YAM) 55.72 5370 54.27 53.23 2.66 

NK Micronutrients 52.88 51.50 53.20 54.13 2.55 

(YAM) + Micronulri- 6153 57.13 55.95 54.03 300 

enls 

LSD 5% 1.58 NS NS 1.28 NS 
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Whereas, number of main stems I 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 gibberllins, 
auxins and cytokinins which promoted plant 
gro\\'th as well as increased radiation interception 
and subsequent greater biomass production (Da­
vies et 0/2005 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 I plant, fresh weight I plant. plant height in 
the second season and chlorophyll content in the 
first season (2004), however it affected signiti­
cantly the application 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 Ifed) and tuber weight I plant were 
signiticantly increased with increasing nitrogen 
and potassium rates in both seasons. The highest 
values of total yield and tuber weight I plant were 
produced when potato plant received 75% N + 75 
% K20 I fed. However, the highest number of tu­
bers I plant was obtained at 100% N + 100 % K20 
I fed .These results might be due to the increase 
vegetative growth and dry matter contents (Table 
2). It may <::50 t<: $i~teG that the sufficient applica­
tion and the efficient absorption of Nand 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 Mltrcum (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 signiti­
cantly increased total tuber yield (t/fed). number 
of tubers I plant and tuber weight plant compared I 

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 I fed. was 26.35 % and 26.38 in both 
seasons, respectively These results might be at­
tributed to be that the symbiotic fungi illcreasc 
nutrients and water uptake, photosyntheSIS proccss 
which led to produce vigorous plant and yield 
components. These are in ilgreement with thosc 
obtained by Pfleger & Linderman (1994); 
Niemera et al (1995); Hammad & Abdcl Ati 
(1998); Abdel-Naem et al (1999); Vasatka & 
Gryndler (1999); Awad (2002) and Davies et//I 
(2005a & b). They found thill inoculation with 
VA mycorrhizae increased weight and sizc of tu­
bers. Moreover, effect of microllutricnt (Fe. In 
and Mn) on yield and its components might be 
attribu.ed to their positive photosynthetic process 
and as an activator for IAA oxidase and carbohy­
drate assimilation. Nofal (1998) reported thilt 
foliar fertilization with chelated micronutrients 
gave the highest tuber yield. 

c- 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 significilnt effect on total tuber yield in 
both season and number of tubcr I plant and tubcr 
weight I 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 foliar sprayed by micronutrient 
compared with untreated ones. The percentage 
increased in total tuber yield I fed was 19 72 ~o 

and 20.60 %in the first and second season, respec­
tively. Similar results was reported with Saif EL­
Deen (2005). 

Arab Univ. J. Agric. Sci., 15(2), 2007 
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Table 3.	 Total tlIber yield and its components as affected by NK rates, micwnull'lcnh, irwculatlon with 
VA Mycorrhizae and their interactions during the summer plantation~ 2u04 and 2005 

1-------- ­ - ­ --------=,-------- ­ --------------- ­ - -- ­ ----- ---..- ------ ­
NK rates 

,---_._---- .- ­ -- ­ -_._- -- ­ -- ­ - ­ --_.--- ­ -- ­ - -
50% 1201 I 1. \14 4 12 3 '13 '5'16.0 I ~72 62 

75% 1546 I) 36 .. ')3 4 ~2 702 :~ 71,-; 3u 

100% 1503 1-l'J I 5 I~ 5 J:j 761 X3 7-1.' UU 

LSD 5% 0.26 0.2-1 U32 (J -12 y, I 'j 2') .14 
--_._._-- ------------ ­ - - --. ­

(Y AM) & rvllCl'unutn.:m, 
--~----_._- ---------------- ­ ~ -~ .. 

Control 1237 12.24 411 407 6\'1. 76 () I <)52 

Mycorrhlzae (VAM) 1-1.64 1-154 4.67 -1.60 72 <'.6:? 70~04 

Micronutncnts 14.03 1-1.02 -I 71 -1 50 701.2M (,1( 1.07 

(VAM) + Micronutnenb 1563 1547 5-1K 5 3-1 11\) Xl 76X 60 

LSD 5% 0.24 027 11.2U O.!.:? 11 10 22N 
--­ - ­ -~----_.-- ­ -- ­ - ------­ _._---­ -

NKx (V AM) & Mlcronulllcill, 
---------------- ---------_.------- _.-­ - -- ­ -­ ~-

control 981 975 3-13 33-1 -1<)3 -IlJ -IX I 67 
50% Mycorrhizae (VAM) 12.74 12.64 4.15 400 I> 11 6} 58533 
NK Micronutnems 1201 11\1\1 431 Jil7 )'J'j 07 566.36 

(V AM) .,. Micronutrients 1349 1337 4 59 -I -19 {)~!'J I 657 10 
._ ..._-------------- ­

68347control 1373 IHd 4.52 -1 39 6'19 -/0 

75% Mycorrlllzae (VAM) 15.91 15.1\ I 4.90 4.83 79087 7i>7 02 
NK Micronlllnents 15.0\1 15.04 -167 4.5~ 7611 43 75503 

(V AM) + MlcronulnenlS /7.13 16.94 5.63 5.4~ !ill2 III ~4370 
------------- ­ --~_. ----- ­

control 13.59 1335 4.38 4.49 72617 69343 
100% Mycorrhizae (YAM) 1527 15.17 -197 4.96 7(,7 }7 751.77 
NK Micronutrients ISO I 15.02 5.15 5.04 74(133 i 2UW 

(VAM) + Mlcronutricnts 1627 /610 6.21 60S ~ 13·1l 80500 

- ---_. -------- ­ ---­
LSD 5% 0-12 0-17 OJ 5 N~ 36"4 NS 

3. Tuber quality 

a- Effect of Nand 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 K20 of the recommended rate / fed 
While the lowest levtl of nitrate in potato tubers 
(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 detel:ted in ~otato 

tubers produced with 100 % N K~O of the recom­
mended rate! fed. These results may be due to the 
relationship between N03' N concentration which 

increa~ed with Ificreasll1g nitl ugcn tertlltzation 
(Belanger et aI2002). 

b- Effect uf VA mycor rhiLal fungi and micro­
nutrients 

Presented data III Table (4) show also, that the 
effect of inoculation With VAM fllllgi and foliar 
spraying of micronutrient eadl alone or in combi­
nation, Significantly atfected the percentage of dry 
matter and starch in potato tubi;IS In both seasons. 
lile highest percentagt:s ol dry matli;r and starch 
in fJotato tllber wcre obtalllCJ by inol:ulatllln with 
VAM and IIIICnJntJlrlcnt~ appli",llion. Thcsc re­
sults Illay bt: altflblltcu to 111Iflr 0\ illt! Illll1cral I1Utl'l­
tlOI1 uptake and inuea,il1g the photlhynthetll: etli­
cierFy (Awad, 2002 and Davie!. el iJI200Sa & b). 
1\1oreover. micronutrient .:ft:cieiOCy IS II1volved in 
one or more of important bl\j!uglcal fUI,ctions such 

Arab Univ. J. Agflc SCI., 15(2),2007 
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Influence of mycorrihizae and micronlltrients on potatoes 

Table 4 . Dry matter, starch and nitrate contents in tuber as affected by NJ<. rates, lllicronlitric'nlS, inl1CllLI­
tion with VA Mycorrhizae and their interactions during the summer plantations :::004 and :::005. 

~ties 
Treatments 

dry weight 'Yo 

50 1)'0 

75% 

100')';, 

LSD 5% 

Control 

Mycorrhizae (VAM) 

Micronutrients 

(VAM) + MierDllutrients 

LSD5% 

control 
50% Mycorrhizae (V AM) 
NK 

Microllutrients 

(VAM) + Microllutrients 

control 
750/0 Mycorrhizac (V AM)
NK 

Micronutricnts 

(VAM) + Micronutrients 

Control 
100°!., Mycorrhizae (V AM) 
NK Micronutrients 

(V A1'1'1) - I'vl ieronutricnts 

LSD 5% 

2004 2005 

li.OS 169.\ 

18.34 18.1<) 

180) 17.91 

0.17 0.12 

16.51 16J3 

17.92 17.76 

1786 17.73 

190! 18.89 

0.26 0.23 

16.20 \5.99 

17.68 17.54 

16.70 16.58 

17.75 17.60 

16.73 1657 

18.12 18.00 

18.58 18,43 

19.93 J9.18 

16.60 16.43 

17.95 17 73 

18.29 1818 

19.14 19.30 

044 0.38 

as synthesis of chlorophyll, electron transport sys­
tem, protein synthesis anu IAA oxidase. These 
results are in agreement with those of Nofal et III 
(1998); Radwan & Tawfik (2004) and Hiller 
(2005). 

c- 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 seaso"ns. 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-

Starch % in tubers 

2004 2011." 

I\K rate., 

11.77 11.17 

129<) 12.84 

[2.62 12.14 

025 11.24 

(V AM) & !'vI icrollulricllts 

1128 IO.9! 

1299 12.80 

1224 

13.13 

0.27 

NK :.; 

10.18 

12.13 

11.47 

12.70 

11.82 

13,42 

12.77 

13.97 

1\53 

J 312 

12:'0 

13.JJ 

0!S 

LU)7 

1321 

0.17 

NiUlltL: cuntcllt ill luh~l'~; 

J1'.J2122l
211114 

XL-;S 

I05.0S 

Ili133 

3.39 

I I(dlO 

88.22 

I05./S 

{)9.33 

4.03 

21111-; 
-_.-.---. ­

~.~.~ ~ 

')4 7)
 

10 J.(,7
 

24')
 

I02.11i1 

78.22
 

9033
 

8941
 

:Ul 
--------~----

(VAM) & Microllutricnts 

997 lill.OO 

1219 64.33 

1123 92.00 

\2.48 S5.00 

11.59 119.67 

13.18 <)2.0il 

12.67 10733 

13.9 I 101.33 

1118 12733 

1302 IOS33 

1232 118.00 

1323 11167 

~s (>.<)8 

85.0il 

5733 

78.33 

73.67 

10') .00 

85.33 

95.0() 

89.67 

112.00 

n.on 
(J7.67 

II)) O() 

5.112 

lation or sweet potato with VAM rungi Gild Illiuo­
nutrient appliciltjon gave the highest signilicanl 
increase in dry matter and tot~11 carht,llydr;lles. 

4- Chemical composition 

a- Effect of nitrogen a nd 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 Tahle (6) indicate that Fe, Zn and Mn 
contents in the leaves were significantly increased 
by increasing the Nand K20 rates. 
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Table 5.	 Percent N , P and K in the leaves and tubers as affected by N K rates, microllutrients, inoculation 
with VA Mycorrhizae and their interactions during the summer plantations 2004 and 2005. 

~~ctenstlcs N% in leaves N% In lubers 1'% in leaves 1'% In tuber K% In kave, K% in lubcr, 

Treatmcnts ~ 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 20U5 

NK ralCs 

50% 177 1.71 1.46 140 0323 0.313 0.274 0253 un IX6 1.65 I 62 

75% 2.1\ 193 1.94 1.90 0405 0.391 0.345 0.3\0 223 222 20X 2.02 

100% 241 2.31 2.01 195 0.501 0.485 0.424 0397 2.49 2.41J 211 2.06 

LSD 5% 0.07 0.20 003 J 0043 0.016 0.010 0.014 0.020 OOSIJ (LOIJ I 0040 0.044 

(Y AM) & Micronulncnts 

Control 184 UO 156 1.5\ 0.324 0.313 0.264 0.247 193 192 1.72 I (,1\ 

Mycorrhizac (YAM) 2.20 209 192 1.84 0439 0.429 0.3X3 0.347 2.32 2.3\ 207 2.U3 

Micronutrients 2.03 1.96 175 171 0.386 0.366 U320 0.290 2.13 211 I.X·I 1.7l) 

(YAM) + Microt:le- 2.3\ 208 199 193 0489 0478 0423 03'16 24/ 240 2.IS 2.10 

mcnts 

LSD 5% 0.060 o 189 0054 0058 0014 0.011\ (l.() Il) 0017 0.050 OOS9 004X OO·IX 

NK x (YAM) & I'vllcronutncnt, ----­ ---­

control 154 1.55 I 15 1.11 0.227 0.223 o IX3 o.ln 1.66 I 65 1.50 In 

50% I'vl) corrh izae 185 178 156 148 0.370 0363 0.330 0.303 1.94 1.93 1.67 1.63 

NK (YAM) 

Micronutrients 175 168 1.43 138 0297 0277 0237 0.210 11\6 U2 I.S9 I 56 

(YAM) + Mlcro­ 192 1.!l4 1.7\ 161 0.397 0.390 0347 0320 2.03 202 U3 IX I 

nutricnls 
----­ ------­ - _.­

control 1.92 U3 174 1.67 0350 0.137 0.290 0.260 I.')X 1'J7 I.X I I 7h 

75% Mycorrhizac 225 2.13 2.07 2.00 0440 0.430 0.377 0.337 2.49 2.46 2.27 2.20 

NK (YAM) 

I 

Micronutrients 20\ 

V I'vl + MI' ) ­ ') ')~( A,) en 

~l",u.:.clr-,-Ic-'-'n.:.cb__~ 

1.96 

79 _.) I 

187 

') _07 

1.84 

') 0.457 

0.373 

0.443 

0.353 

0.3)7 

0.317 

I 0.360 

0.283 

2.D 

2.13 2.11 

') 1') __ ) 

1. 1)5 

') ')1 

I.X9 

7 71 

[ control 2.06 200 179 1.74 0397 OJ80 0320 0303 2.15 2.13 IX·! IXI 

100 M)currhlzac 249 237 2.\3 2.05 0507 0493 0.443 0.400 253 255 2211 225 

% (YAM) 

NK Micronutrients 234 2.24 194 191 0.487 0.467 0.407 0.377 2.41 2.40 198 1.91 

(YAMl + Mio:-ro 2.76 262 2.17 212 0.613 0.600 0.527 0.507 2.117 2115 234 22(, I 

nutrients 

LSD 5% 0.104 NS NS NS 0025 0031 0.032 0029 OOX() o 103 0010 

~ 
o OXll 

I 
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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. 

Fe in leaves DDm Mn in leaves DDm Zn in leaves Dtlm 

Treatments~ 2004 2005 2004 2005 2004 :W05 

NK rales 

50% 73.25 69 Y2 H08 4 i.33 62.67 6(J00 

75~'~ 90.42 87.6 7 6242 59.33 75.00 72.25 

100'% 108.25 llJ4.08 5808 55.50 6942 6608 

LSD 5% 2.12 465 168 060 2.20 I 89 

(VAM) & Micronlilnents I 
-­

Control 69.44 66.4,) 32.33 30.00 46.22 43 56 

Mycorrhizac (VAM) 87.67 8400 49.33 47.67 61.00 58.11 

Micronutrients 95.89 92.56 61.·14 58.33 nil 74.67 

(VAM) + Microclements 10956 10589 75.00 7222 91.78 88.1\ 

LSLJ 5% 

control 

50% Mycorrhlzae (VAM) 

NK Micronlltrients 

(V AM) + IV! icronlltflenls 

control 

75% Mycorrhizac (V Alvl) 

NK Micronutrients 

(VAM) + Micronlltrients 

control 

3.15 

NK x 

44.67 

7100 

82.00 

95.33 

7367 

8800 

94.00 

10600 

90.00 

4.09 2.62 

(VAM) & Micronlltnents 

4133 28.67 

67.00 42.00 

79.1J(J 48.33 

92.3] 53.33 

70.aO 33.67 

86.00 55.00 

9167 7233 

10300 88.67 

8800 34.67 

2.45 273 323 I 

'­
2633 40.00 38.00 

4133 5733 5467 

46.0(J 73.00 70.33 

5167_. 8033 noo 

31.67 50.33 4700 

52.67 6.).67 6000 

67.33 8,)00 8267 

8567 10100 9933 

32.00 4833 4567 

100% MycorrhiZ<le (V AM) 10,)00 99(\0 51 O(J ,)9.00 6100 59.67 

NK Iv1 ic[on lliricnts 11167 

, 

107 ()(J 63.67 6 J .67 7433 7100 

, , ,
" 8.l.00 79 _'_' 9-\00 R800122 JJ 

-\.2-\ -l 73 :i 59 

Potato plants fertilized with I00 '~'O Nand K of b- Effect of VA mycorrhizal fungi and micro­
recommended rate gave the highest value of Fe. nutrients 
while potato plant fertilized with 75 % Nand K,O 
of recommended rate! fed gave the highest value As regard to the effect of VA Mycorrhizae and 
of Zn and Mn contents compared with 50 % of micronutrients on chemical composition of the 
recommended rate in both seasons. These results leaves and the potato tuber, dala in Table (5) in­
may be due to the effect of Nand K20 on plant dicate that the inoculation with VA Mycorrhizae 
growth and consequently on the efficiency of the combined with foliar application of micronutrients 
root in absorbing various nutrients. The obtained caused the highest significant increase in N P K of 
results are in agreement with those reported by both leaves and tubers compared with the un­
Allison et a/ (2001) and Westermann (2005). treated control. 
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Data in Table (6) reveal that inoculation with 
VA mvcorrhizae as biofertilizer mixture with 
foliar spraying had significant positive effect 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 dlrtu,lon Moreover ,It may 
attributed to the efkct of nllcronutrients on stimu­
lating biological actiVItieS, I e .. enzyme activity, 
rate of photosynthetiC products and increasing 
nutrient uptakc through rOOh aner application 
(Radwan & Tawfik, 2UU4; Hiller 2UU5 and Da­
vies et at2UU5 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 fungi and micronutrient 
on contents ,d J'" ;, ana !< in leaves and tubers of 
potato plants was Significant The highest values 
N, P and K in the leaves and tubers obtaint:d when 
plants terti Iized with 100 % NK, inoculated with 
VA mycorrhizae in the presence of foliar addition 
of micronutricnts. However, N content in tubers in 
both seasons and leaves In second season was not 
significant. 

Data in Table (6) show that the interaction be­
tween N K rate, VAM fungi and foltar application 
of micronutrient on IllICronutrrents In the leaves of 
pOlatu plants. had sign iflcant effect on micronutri­
ents (Fe, In and Mn), in both seasons. The maxi­
mum values lJf Fe, In and Mn were recorded at of 
Nand KeO terti Iizers of rt'commended rate under 
moculation by VA mycorrhizae With application 
of micronutrients (Fe, In and Mn) . 

5. Assessment of mycorrhizal development 

The obtained result> In Table (7) demonstrate 
that perccntage of potato plant root colonization 
with VA mycorrhizal fungi werc greater at used 
75 % N K with inoculatllHl by VA mycorrhizal 
and Il)liar application of mlcronutrrent on potato 
plants, follLlwed by 7~ N K with inoculation by00 

VAM fungi alone. While thc highest number val­
ues of SpOrt·, in rh I/~,snhere were noticed when 
potato plants were krtilized at the rate of 75 % 
NK of recommended rates under inoculation with 
VA rnycorrhizJP, dS cornr;lred to contrul. SimJlar 
results were repo'rtt~ (Davies et at 2U05 a and 
b). 

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

No.
C"!<lnILa­

Tn:atmcnts	 Spl1n:~/I 

r­ 111111 (Ju 

g '<lil~ 
l'<lnlml .J2 .. .J 21< I 

M) CllI'rill/ac (V AM) 66.5 7.1 

50% MIcronulncnts 600 51i I
NK I\'.'\1'\'1)	 t Mlcronutn- 70.6 73Jents 

C'llllrol .1(1.2 37 

MycorrhlLae (V Mvl) 723 91i I 
75% Mlcrol:kml:nt 56.1 66 
NK	 I 

(YAM) + Micronutri- 79.X 1i5 
l:IllS 

Control .102 33 

Mywrrhizae (VAM) 65.1 /)2 

100% Micronutrients 593 5.1
 
NK
 (V AM)	 t Micronuln- 66.11 S9 

cnts 

CONCLUSION 

Generally, the obtained results indicated that 
colonization of potatoes with mycorrhizal fungi 
serve ';IS a biofertilizer, when combined with f()liar 
spraying with mixture of Fe 150, In 75 and Mn 
75 ppm and the application of 135 kg N -+ 7'2 kg 
KeO/fed, which gave the highest total tuber yield 
Hence, there are good opportunitle~ III utilize and 
manipulalt: mycorrhizal fungi to enhance crop 
productivity and to reduce agricultural chemical 
inputs. Beneficial mycorrhizal rungl are ont: or the 
important cornerstones of sustainable agricultural 
system. They can make plants more ellicient in 
utilizing available soil water, fertility and plant 
productivity. 
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