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ABSTRACT

Two field trials were carried out in 2002 and 2003 seascons on sweet potato
cv. Abeese, at El-Bramoon Agric. Farm of El-Mansoura Hort. Res. Station. The
research aimed at studying the effect of foliar nutrition with a mixture of Fe, Mn and
Zn, each at 100 ppm, vascular arbuscular mycorrhiza (VAM) and Phosphorein, as bio-
phosphorus fertilizer, and mineral phosphate fertilizer at 0, 30, 45 and 60 kg P2Os/fed.,
on chemical composition of leaves and nutritional status of cured roots of sweet
potato. Results indicated that foliar application of micronutrients significantly increased
N contents of leaves and cured roots, P contents of cured roots and K contents of
leaves, in both seasons. Also Fe, Zn and Mn contents of both leaves and tuber roots
significantly increased in response to foliar spray with micronutrients. Using PzOsat 60
kg/fed. as mineral fertilizer, or VAM, as bio-fertilizer resulted in best significant
increases in N, P, K, Fe, Zn, and Mn, in leaves and cured roots, in both seasons.

Organic composition, i.e., total carbohydrates, reducing, non-reducing, totai
carotenes and dry matter, of cured sweet potato roots were significantly increased as
a result of treating plants with either micronutrients, or mineral phosphorus fertilizer at
30, 45 or 60 kg P2QOs/ fed., or by VAM or Phosphorein as bio-phosphate fertilizer.

Positive interactions among micronutrients, mineral P-rates and bic-phosphorus
fertilizer, on chemical composition of leaves and cured roots were detected.

INTRODUCTION

Sweet potato is a popular vegetable crop in Egypt. It has been cultivated
for food and starch manufacture, while the foliage parts are used in animal
feeding.

Micronutrients are essential elements for plant growth and development.
They are involved in many metabolic functions such as transport of
carbohydrates, regulation of meristematic activity, photosynthesis,
respiration, energy production and protein metabolism. Such function would
contribute to mineral and organic composition of plant organs. (Srivastva and
Gupta, 1991).

Phosphorus has benefical effect on the activation of photosynthesis and
metabolic processes in plants. It is also an essential component of many
organic compounds, such as phosphoprotein, phospholipids, nucleic acid and
nucleotides (Marchner, 1895). Phosphate-dissolving bacteria (Phosphorein)
and fungus (mycorrhiza) have the capability to mobilize phosphate,
micronutrients and phytohormones such as gibberellins, auxins and
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cytokinins, in addition of promoting root development and thereby enhance
nutrient uptake (Marschner, 1995). Considerable investigations have been
focused on the effect of micronutrients and mineral and bio-phosphate
fertilizer on growth and yield of sweet potatoes (EI-Shimi, 1996; Alphonso et
al. 2002 and El-Morsy et al., 2002) but few researches have been carried out
on chemical composition of vegetative growth and nutritional status of tuber
roots as affected by the application of micronutrients and mineral and bio-
phosphate fertilization. However, Srivastva and Gupta (1996) reported that
micronutrients have a positive effect on organic composition of plant organs
through their essential roles in many important metabolic functions. On the
other hand, Marschner (1995) pointed out that organic composition of plants
may be affected by phosphorus because of its role as an essential
component of many organic compounds. He also added that VA mycorrhiza
fungi are capable to contribute some hormones and supply plants with P
elements and certain micronutrients, that would contribute positively to
organic composition of plant organs.

Therefore, the object of this study was to determine the effect of foliar
nutrition with micronutrients, and mineral and bio-phosphate fertilization on
chemical composition of vegetative growth and cured tuber roots of sweet
potato cv. Abeese.

MATERIALS AND METHODS

Two field experiments were carried out at El-Bramoom Agricultural
Research farm of El-Mansoura Horticultural Research station, during the two
successive summer seasons of 2002 and 2003. The experiments were
designed to investigate the effects of some micronutrients, mineral and bio-
phosphate fertilizer treatments and their interactions, on chemical
composition of vegetative growth, and tuber roots of sweet potato (lpomoea
batatas, L.) cv. Abeese, under clay-loam soil conditions. Physical and
chemical properties of experimental soil are presented in Table (1).

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

soil
| N . Available elements (ppm)
S|l 2 o| E |28
= ) | - -
o | = e n| Mn e
s|la|®?|0] 2 ©| O IGE
Value|25.8/33.7|40.5 Ig':% 8.11|4.55(1.12| 1.95|47.2/11.9379.0|1.35|11.51|8.62

Each experiment was designed as split-split-plot with 4 replicates. The
micronutrient mixture (Fe, Zn and Mn) placed in the main plots, which
subsequently divided into 4 sub plots, each contained one of the phosphate
rates, while biofertilizer treatments were assigned to the sub-sub plots.
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Each sub sub plot area was 17.5 m® and contained 5 rows; each was
5m in length and 0.7m in width. The experiment included 24 treatments which
were the possible combinations of 2 micronutrient levels (0.0 and 100 ppm of
chelated Fe, Zn and Mn mixture), 4 P,Os rates (0, 30, 45 and 60 kg/fed.), and
3 biofertilizer treatments, i.e., control, phosphorein and Vesicular Arbuscular
Mycorrhizae (VAM). The mixture of chelated micronutrients was applied to
plants as foliar spray at 30, 45 and 60 days after transplanting. Calcium
superphosphate (15.5%) was used as a source of phosphate (P,0Os), which
was used at 4 different rates, e.g. 0, 30, 45 and 60 kg/fed., at planting time.
Phosphorein inoculum which contains active bacteria (Baciillus megatherium
var. phosphaticum) was mixed with wet soft dust at (1:10 ratio). It was applied
to the root absorption zone of plants, 30 days after transplanting, at the rate
of 3 kg/fed, just before irrigation. As for VAM, forty grams of inoculum were
added to root absorption zone of each plant, 30 days after transplanting,
before irrigation.

Sweet potato stem cuttings, about 20 cm length, were transplanted on
the third top of slope ridges, at 25 cm apart, in the second week of April of
both seasons of the study. Growing plants were fertilized with 200 kg/fed
ammonium sulfate, (20.5% N) and 200 kg/fed. potassium sulfate (48% K,0).
The added amounts were equally divided and applied after planting and 45
days after transplanting.

Recorded Data:
Chemical constituents:
a- Element concentrations

Samples of plant leaves (100 days after transpianting) and cured tuber
roots were taken to determine total nitrogen (%), phosphorus (%) and
potassium (%), following methods described by A.O.A.C. (1990), John,
(1970) and Brown and Lilleland (1946), respectively. Fe, Zn and Mn were
measured using atomic absorption spectrophotometer (Chapman and Partt,
1961).

b- Organic compositions:

Samples of cured sweet potato tubers were picked up at random to
determine total carbohydrate contents according to the method of Michel et
al.(1956), reducing and non-reducing sugar (%) according to the method of
Dubois et al(1956) and total carotene content, following the method
described by Booth (1958). Dry matter percentage was determined by drying
100 gm fresh tuber roots at 70 C° for 48 h, until constant weight is obtained.

All recorded da'a were statistically analyzed by Analysis of Variance and
least significance differences (LSD) was used to separate means, as
described by Gomez and Gomez (1984).

RESULTS AND DICUSSION

Chemical constituents:
a- Mineral concentrations:

Data in Table (2) clearly illustrate that micronutrients significantly
increased the N concentration of both leaves and tuber roots of sweet potato

6169

e P . S0 S S P S BN s e



Hassan, M.A. et al.

plants, in the two seasons. P concentration was significantly improved, in
both seasons, in tuber roots only, while the concentration of K significantly
increased only in leaves in both seasons.

Table (2): Macronutrient contents of sweet potato leaves and tuber

roots as affected by micronutrients, P,0s rates and
biofertilizers, during 2002 and 2003 seasons.
Characters Leaves Tuber roots |

N % P % K% N % P% K% |
Treatments 20022003 [ 2002 | 2003 | 2002 | 2003 [ 2002] 2003| 20022003 | 2002|2003 |
a- Effect of micronutrients

Without 3.88 | 410 | 0521 | 0442 | 2.64 | 2.79 | 1.20 | 1.18 [0.202| 1.87 | 1.74 [ 1.98

With 441 | 466 | 0532 | 0458 | 2.7 | 2.88 | 1.28 | 1.34 |0.215/0.194] 1.91 | 2.20

5D (5%) 0021001 | NS | NS | 001 | 0.03 | 0.03 | 0.01 [0.004/0.002] NS | NS
b- Effect of P-rates

Control 3.58 | 3.73 [ 0.431 | 0404 | 2.29 | 2.12 | 1.01 | 1.05 [0.168 |0.147] 1.41 [ 1.52

20 kg P,Cs/fed 3.91 | 420 | 0498 (0443 | 2.50 | 255 | 1.11 | 1.18 [0.201[0.187] 1.61 | 1.96
45 kg P,Os/fed 436 | 464 | 0.562 | 0464 | 2.83 | 3.14 | 1.36 | 1.38 [0.227[0.206] 2.03 | 2.30
kg P2Qs/fed 4.74 | 496 | 0.616 | 0.487 | 3.06 | 3.53 | 1.47 | 1.45 [0.238|0.223] 2.24 | 2.57

LSD (5%) 0.06 | 0.08 | 0.016 | 0.011 ] 0.05 | 0.03 | 0.02 | 0.02 [0.002 |0.003] 0.15 | 0.07
c- Effect of biofertilizers

Contral 3.86 [ 421 [0495]0378[ 245 263 | 1.14 | 1.19 [0.189]0.174] 1.65 | 1.87

VAM' 4.36 | 459 | 0563 ]0.521] 293 | 3.06 | 1.37 | 1.36 |0.230]0.212| 2.04 | 2.33

Phosphorein 422 | 435 [0.521[ 0449 | 2.66 | 2.81 | 1.20 | 1.24 |0.206 | 0.186| 1.79 2.07

LSD (5%) 0.03 [ 0.09 [ 0.021[0.011 [ 0.04 | 0.05 | 0.03 | 0.03 |0.003|0.003| 0.22 | 0.17

1VAM = vascular arbuscular mycorrhiza

Data in Table (2) also clarified that leaf and tuber macronutrients, i.e., N,
P and K were significantly increased to the maximum as the applied p-rates
increased from 0 to 60 kg P,Os/fed., in both seasons of study.

As for the effect of biofertilizers on chemical constituents of leaves and
tuber roots of sweet potato, data in Table (2) show that macronutrients, i.e.,
N, P and K were significantly increased by using biofertilizers as compared
with the uninoculated ones, with VAM inoculation being significantly the most
effective, in both seasons, while Phosphorein did not significantly affect the
concentration of K in tuber roots, in the first season.

Data presented in Table (3) show that micronutrients, i.e., Fe, Zn and

Mn of sweet potato leaves and tuber roots were significantly increased, in
both seasons, in response to foliar spray of micronutrients, compared with
control.
Data in Table (3) also show that concentrations of micronutrients of sweet
potato leaves and tubers were generally increased by increasing the rate of
applied P,Os from 0 to 60 kg/fed., in both seasons, with the attention that
plants fertilized with 60 kg P,Os/fed gave the highest Fe, Zn and Mn
concentrations, compared with control treatment of plants.

Data in Table (3) reveal that inoculation of sweet potato with
biofertilizers led to significant increases in the concentration of Fe, Zn and Mn
in leaves and tuber roots of sweet potato, in both seasons, compared with
control. Inoculation with VAM-fungi gave the highest values of all
micronutrients. In fact, biofertilizer application may stimulate nutrients
availability and uptake by plants (Fayez et al., 1985)
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Table (3): Micronutrient contents of sweet potato leaves and tuber roots
as affected by micronutrients, P,Os rates and biofertilizers
during 2002 and 2003 seasons.

Sl _Leaves Tuber roots

Fe (ppm) | Zn (ppm) | Mn {(ppm) | Fe (ppm) | Zn (ppm) | Mn (ppm)

Treatments 2002 [ 2003 | 20022003 | 2002 | 2003 | 2002 [ 2003 [2002 [ 2003 [ 20022003
a- Effect of micronutrients
Without 254 | 270 ] 52 | 59 [108[ 96 [168[178 [ 20 | 21 | 64 | &1
With 310 | 335 | 61 | 72 | 1231117 [178[190[ 24 | 25 [ 75 | 71
LSD (5%) 65| 78 | 19 ] 05 |1.40/230/030/090] 03 [ 26 ]| 04 ] 1.0
b- Effect of P-rates

Control 243 | 264 ] 42 | 50 | 86 | 82 [145[152 [ 14 | 17 | 49 | 47
30 kg P,0s/fed 264 | 298 | 53 | 60 |108| 99 [165[173 ]| 17 | 22 | 67 | 62 |

45kgP.Osffed | 299320 63 | 72 | 129|114 (184|198 | 25 | 25 | 78 | 74

60kgP.Osfed | 325|329 | 68 | 80 | 140|131 | 198 | 211 | 30 | 27 | 84 | 80

LSD (5%) 33 (34120 |118( 141718115 |12 ] 08 | 08 {08
c- Effect of biofertilizers

Control T257 1277 ] 48 | 58 [101] 93 [153[164[ 18 [ 19 | 60 | 56

VAM' 310 | 326 | 65 | 74 | 134 [124[194 [ 202 | 26 | 28 | 80 | 76

Phosphorein 280 (305 | 56 | 64 | 112 | 103 | 172 | 185 [ 21 22 | 68 | 65

LSD (5%) 36 | 45 | 22| 2611 29| 46 (0171347 341 [1.72]251 |21

1- VAM = vascular arbuscular mycorrhiza.

These increases in elemental constituents of leaves and tuber roots
of sweet potato may be due to the effect of micronutrients on stimulating
biological activities, i.e., enzyme activity, rate of translocation of
photosynthetic products and increased nutrient uptake through roots after
foliar fertilization (Follett ef a/, 1981). The obtained results are in accordance
with those of Radwan and Tawfik (2004), who found that spraying potato
plants with micronutrients significantly, increased N, P, K, Fe, Zn and Mn
concentrations in different plant parts.

As for the positive effect of phosphorus, the obtained results are in
harmony with those of Abdel-Fattah and Abdel-hamed (1997) declared that
increasing P-rate, added to sweet potato plants tended to increase N, P, K
Fe, Zn and Mn contents in both tuber roots and aerial parts of plants.

Regarding the stimulative effect of biofertilizers, it has been reported
that biofertilizer application may stimulate nutrients availability and uptake by
plants (Fayez et al., 1985). These results were similar with those of Hauka et
al. (1996) who found a significant positive effect on soil available P after
inoculation with Bacillus megaterium. The solubilization effect of these
bacteria has an important role in providing plants with availat!e Fe, Mn and
Zn. El-Morsy et al. (2002), on sweet potato, found that N, P and K
concentrations markedly increased in foliage and tubers of plants inoculated
with VAM-fungi.

Concerning the effect of interaction of micronutrients x P-rates on
chemical constituents of sweet potato plants, data in Table (4) show that the
interaction significantly increased on the concentrations of N and P of leaves
and tuber roots, in both season, but did not affect K concentration of leaves
or tuber roots, in both seasons.
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Table (4): Macronutrients content of sweet potato leaves and tuber
roots as affected by the interaction of micronutrients x P,0;
rates, during 2002 and 2003 seasons.

Characters [ Leaves Tuber roots
N % P % K % N % P % K %
Treatments  [2002]2003] 2002 [ 2003 [2002]20032002]2003| 2002 | 2003 |2002 | 2003
Micro.'| P-rates Effect of micronutrients x P-rates
Control | 3.32[3.44 [0.425/0.383|2.23 | 203 | 0.99 [ 0.99 [0.155[0.137[1.32[1.44
@0 kg
3 [POdfed 3.60 | 3.84 10.484|0.431|2.48 | 2.45[1.07 [ 1.11 [0.191!0.185| 1.48 | 1.85
£ H5kg
S p.odfed 406 |4.34|0.557/|0.462|2.79(3.05 [ 1.32 | 1.62 |0.2230.200| 1.98 | 2.15
g?ggf eg |461480(0.619/0.491/3.06|360 144137 (0.238/0.223 2.19}2.481
Control  [3.92[4.02[0.436/0.425(2.35 [222 (1.05| 1.11 |0.180/0.156| 1.51 | 1.60 |
30 kg -
= Py0sted 421|457 )0.513|0.454| 253|265 (1.16|1.25|0.210|0.188| 1.74 | 2.07
= [Pl 4.66 | 4.95 |0.565(0.466|2.89 [3.22 | 1.40 | 1.49 |0.230|0.208 | 2.09 | 2.45
P,Os/fed
ﬁgc‘;sf o | 487 [5.12|0612|0.484| 3.05 | 3.44 | 150 | 1.52 |0.237|0.222| 2.29 | 266
LSD (5%) 0.0910.120.019/0.016] N.S | N.S | 0.03 |0.004/0.004[0.005| N.S | N.S

1- Micro. = micronutrients.

Table (5): Micronutrients content of sweet potato leaves and tuber roots
as affected by the interaction of micronutrients x P,Os-rates,
during 2002 and 2003 seasons.

Leaves Tuber roots
CHaIaGmte Fe (ppm) | Zn (ppm) [Mn (ppm) | Fe (ppm) | Zn (ppm) | Mn (ppm)
Treatments  |2002/2003/2002/2003]2002/2003/2002]2003]2002/2003|2002/2003
Micro.'| P-rates Effect of Micronutrients x P-rates
[Control [210]233] 35 | 41 73 | 70 1143 1147 | 12 | 16 | 44 | 41
30 kg
.g. P,O4/fed 223|267 | 48 | 52 | 99 | 87 (164 |166| 15 | 19 | 59 | 56
£ |45kg
S |P,Ogfed 2741286 | 59 | 66 [123|103 (177|193 | 23 | 23 | 72 | 69
60 kg
P,O/fed 300|297 | 66 | 77 | 137 (125|189 |205| 28 | 26 | 80 | 78
Control |275]295| 49 | 59 |100| 95 |148|158| 16 | 19 | 53 | 52
30 kg
= |Pogted 2931329 | 58 | 68 (117 (111|167 (179| 20 | 24 | 75 | 69
S |45kg
2 P,Os/fed 324|354 | 66 | 78 | 135|124 (191|204 | 28 | 27 | 84 | 79
60 kg
P,Od/fed 362|362 | 70 | 84 (143|137 |207|218| 32 | 29 | 88 | 83
LSD (5%) 0.7 |9.01|N.S|N.S|1.96|2.43|2.53|N.S|N.S[N.S[1.29]1.47

1- Micro. = micronutrients.

The effect of interaction of micronutrients x P-rates on micronutrients
concentration of sweet potato leaves and tubers is presented in Table (5).
The interaction had a positive significant effect on the concentration of Fe and
Mn, of leaves and tuber roots, in both seasons. However, it did not
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significantly affect Zn concentration in leaves and tuber roots, during the two
seasons, or tuber Fe content, in the second season only. The interaction of
micronutrients x p-rates at 60 kg P,Os/fed was superior for enhancing N, P,
Fe and Mn in leaves and tuber roots. Obtained results agreed with those of
(Al-Garawany et al. (1997).

Data presented Table (6) show the effects of interaction of
micrenutrients x biofertilizers on macronutrient concentrations of sweet potato
leaves. This interaction did not significantly affect K or N contents of tuber
roots, or K contents N of leaves, in both seasons, while it reflected a
significant effect on P contents of leaves and roots, and N content of leaves
in both seasons.

Regarding the interaction effects of micronutrients x biofertiiizers on
micronutrient concentrations of sweet potato leaves and tuber roots, data in
Table (7) show that the interaction had significant effects on Fe content of
leaves, in both seasons. However, this interaction had no significant effects
on Zn and Mn contents of leaves and tuber roots, in both seasons, while Fe
content of leaves was not significantly affected by the interaction, in both
seasons.

In general, element contents of leaves and tuber roots of sweet
potato were higher with the interaction of micronutrients x V/M fungi,
followed by the interaction of micronutrients x phosphorein, than that of
control plants. The obtained results are in harmony with those of Sabik et al.
(2001) on faba bean, who found that N, P, Zn, Fe and Mn increased
significantly in seed and straw by inoculation with VAM fungi, in the presence
of micronutrients.

Table (6): Macronutrient content of sweet potato leaves and tuber roots
as affected by the interaction of micronutrientsx biofertilizers,
during 2002 and 2003 seasons.

Characters Leaves Tuber roots
N % P % K % N % P % K %

Treatments 2002[2003 2002 | 2003 2002 2003 | 2002|2003 ZOOZJ 2003 (2002|2003
Micro.”| Bio. Effect of Micronutrients x biofertilizers

_ [Control |3.62)3.88 0.506/0.379/2.43 (258 (1.10|1.14|0.183| 0172 | 1.61 | 1.79

3 |[VAM® | 409|438 (0547 0.505] 287 | 298 | 1.33 | 1.26 |0.226[0.208| 1.94[2.19

§ Phos.”> [3.91[4.05[0511|0.442|263[279|1.17|1.16 [0.197{0.181| 1.68 | 1.97

Control |4.10|4.54 (0.484|0.377|2.48 |268|1.20(1.25|0.194(1.176|1.69 | 1.95

= |VAM 462 479(0580(0.538(293(3.15|1.41 |1.46 |0.234(0.216|2.13 |2.48

E Phos. |4.52|4.66(0.532(0.457(269290(1.24|1.32(0.216|0.191|1.80|2.16
LSD (5%) 0.070.12(0.029(0.015| N.S | N.S | N.S | N.§ |0.004|0.005| N.S | N.S
1- Micro. = micronutrients 2-VAM = vascular arbuscular mycorrhiza.

3-Phos.= Phosphorien
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Table (7): Micronutrient content of sweet potato leaves and tuber roots
as affected by the interaction of micronutrients x biofertilizers,
during 2002 and 2003 seasons.

Characters Leaves Tuber roots
F Z
e (ppm) | Zn (ppm) (Mn (ppm) | F€ (PPM) Zn (ppm) | Mn (ppm)

(ppm) (ppm) (ppm) (ppm) (ppm)
Treatments |2002]2003|2002]2003]2002]2003/2002[2003/2002[2003[2002]2003

Micro.'| Bio. Effect of Micronutrients x biofertilizers
Controll 228 [252 | 44 | 51 | 94 [ 83 [149[156| 16 | 18 | 65 | 52
Without[VAMZ | 282 | 286 | 60 | 68 |126[114 188|196 | 24 | 26 | 74 | 71
Phos.°| 254 | 273 | 52 | 57 | 103 91 [167[181| 19 | 20 | 63 | 59

Control| 286 | 303 | 53 | 66 [108 102|158 {173 | 20 | 20 | 64 | 60
With [VAM | 339|365 70 | 80 | 142134200208 | 29 | 30 | 87 | 82
Phos. | 307|337 | 60 | 70 |121[114|177 (188 | 23 | 24 | 73 | 71
LSD (5%) NS|NS|NS|NS[NS[NS|331/448/N.S|NS|NS{NS
1- Micro. =micronutrients 2- VAM =vascular arbuscular mycorrhiza.
3-Phos.= Phosphorien

Concerning the interaction effect of P-rates x biofertilizers on mineral
composition of leaves of sweet potato plants, data in Table (8) indicate that
increasing P-rates from 0 to 60 kg P,Os/fed. in the presence of VAM fungi or
phosphorein caused a significant increase in N contents of leaves and roots,
but did not affect K contents of leaves and roots, in both seasons. Meanwhile,
P content of leaves were significantly increased, in the first seasons only,
where as P content in tuber roots significantly increased in the two seasons
of the study.

Table (8): Macronutrient content of sweet potato leaves and tuber roots as
affected by the interaction of P;0s rates x biofertilizers, during 2002
and 2003 seasons.

Characters Leaves Tuber roots
Treatments N % P % K% N % P % K %
P- |

Bio. |2002 (2003|2002 (2003|2002 (2003 2002|2003 |2002 2003|2002 2003

Control | 3.37 | 3.59 [0.379(0.332| 2.05 | 1.84 | 0.95 | 1.00 |0.140]0.114{1.24 | 1.34
Control VAM™ | 3.72]3.87 |0.479]0.479[ 2.49 | 2.34 [ 1.07 [ 1.09 |0.187]|0.177| 1.57 | 1.74
Phos. |3.63|3.73(0.434/0.403] 2.34 /2220 |1.01 {1.06 [0.176{0.15|1.44|1.79
Control | 3.57 | 3.93 |0.456(0.372| 2.28 | 2.35 | 1.05 | 1.07 |0.176/0.164| 1.38 | 1.69
VAM 418 | 4.47 |0.539|0.515/ 2.72 | 281 | 1.20| 1.30 |0.231]|0.212| 1.95 | 2.79
Phos. |3.97 |4.20(0.501|0.442] 251 |2.49|1.10{1.18 |0.195(0.186| 1.51 | 1.89
Control | 3.05 | 4.41 |0.523]0.394 2.57 [ 2.82 [ 1.22 [ 1.30 |0.209]|0.192{ 1.86 | 1.98 |
VAM 464 | 4.90]0.599|0541|3.14 [ 3.43 | 1.56 | 1.51 [0.249|0.226| 2.30 | 2.59
Phos. |4.84|462]0563[0.458]2.77|3.06 [1.31[1.32]0.222{0.200| 1.95 | 2.73
Control | 454|491 ]0.621/0.416/ 2.90 | 3.43 | 1.36 | 1.42 {0.228|0.227| 2.11 | 2.46
P?g;idVAM 489|511 [0.638(0.552| 3.25 | 3.65 | 1.66 | 1.53 |0.253]|0.233| 2.35 | 2.69

Phos. |4.784.85(0.589(0.495| 3.02 | 3.50 | 1.41 | 1.40 |0.232|0.208| 2.27 | 257
LSD (5%) 0.08]015]0.041] NS | N.S | N.S | 0.06 | 0.07 [0.006]|0.007| N.S | N.§
1- VAM =Vvascular Arbuscular Mycorrhiza

Data in Table (9) show that Fe concentration in leaves and tuber
roots of sweet potato plants were significantly increased as p-rates increased
from 0 to 60 kg P,Os/fed. in the presence of VAM or phosphorein, compared
with control, while Zn concentration in leaves and tuber roots insignificantly
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increased, in both seasons. Data also point out that the interaction of P,QOs x
biofertilizer significantly increased Mn concentration of leaves, in both
seasons, but did not affect Mn concentration in tuber roots, in both seasons.
These results agreed with those of Floyd et al. (1988) who declared that
phosphate nutrition was the dominant factor in soil that affect soil fertility and
yields of sweet potato. They also added that phosphorus was significantly
affected by endogenous mycorrhizal infection and increasing infection was
associated with increases in yield and uptake of elements.

Table (9): Micronutrient content of sweet potato leaves and tuber roots
as affected by the nteraction of P,Os-rates x biofertilizers,
during 2002 and 2003 seasons.

Characters Leaves Tuber roots
Treatments Fe (ppm) | Zn (ppm) | Mn (ppm) | Fe (ppm) | Zn (ppm) | Mn (ppm)
P-rates |Biofertilizers( 2002 |2003 2002 [2003 | 20022003 /2002|2003 2002|2003 | 2002|2003
Control 220 (239 | 36 | 44 | 74 | 72 1124|128 | 11 | 14 | 40 | 3B
Control [VAM' 265 (283 48 [ 56 | 98 | 92 |169 179 ] 18 | 22 | 60 | 55
Phos.’ 243 1269 | 43 | 50 | 87 | 83 [144 | 150 | 13 | 17 | 46 | 47
30 kg Control 239 (271 | 44 | 53 | 92 | 86 |144|145| 13 | 17 | 56 | 52
P,0s/fed VAM 2901324 | 62 | 70 | 1251114 (189 | 197 [ 23 | 26 | 78 | 74
Phos. 2621299 | 52 | 58 | 108 | 96 [164 | 176 | 16 | 21 | 67 | 62
45 kg Control 266|239 | 54 | 63 | 113 97 | 163 |185| 20 | 20 | 69 | 64
P,Os/fed VAM 3321344 | 74 | 81 (152136 (206 | 211 | 31 | 30 ; 89 | 86
Phos. 2071322 | 61 | 71 |123 /109 1184 |200| 26 | 25 | 77 | 73
60 kg Control 3021307 | 60 | 73 [1251117 (183|200 | 28 | 23 | 74 | 70
P,O4/fed VAM 354 {352 | 77 | 91 | 162|154 | 213|221 | 34 [ 33 | 95 | 92
Phos. 318 1330 | 67 | 76 | 133 {123 [ 198 | 213 | 30 | 26 | 83 | 8D
LSD (5%) 72 | 78 [NS|NS| 58|92 625|687 NS|NS|[NS|NS

1- VAM =Vvascular Arbuscular Mycorrhiza 2-Phos.= Phosphorien

Data presented in Table (10) show the interaction effect among
micronutrients, P-rates and biofertilizers on macronutrients of leaves and
tuber roots of sweet potato plants. Obtained results revealed significant
increases in leaf N content, in both seasons, while P and K were
insignificantly affected by the above mentioned interaction, in both seasons.
No significant effects were found, in both seasons, on concentrations of N
and K in tuber roots as a result of the interaction among micronutrients, P-
rates and biofertilizers. However, P was significantly increased in tuber roots
as a result of the interaction of micronutrients, 45 or 60 kg P,Os/fed. in the
presence of VAM or phosphorein, respectively. The highest values of
macronutrients were obtained when plants sprayed with micronutrients,
supplied with 45 or 60 kg P,Os/fed in the presence of VAM-fungi in both
seasons. There were no significant differences between leaf N content in
plants sprayed witl. micronutrients in the presence of VAM-fungi at 45 or 60
kg P;Os/fed. Also, there was no significant differences in P content in tuber
root in plants sprayed with micronutrients in the presence of VAM fungi at 45
or 60 kg P,Os/fed.

As for the effect of the interaction of the three tested factors on
micronutrient contents of leaves and tuber roots, obtained results in Table
(11) revealed significant increases in Fe content of leaves and tuber roots, in
both seasons, however, Zn and Mn contents were insignificantly affected by

6175

¢t o aneemn ML e L,



Hassan, M.A. et al.

the above menticned interaction, in both seasons. The highest values of
micronutrient were obtained when plants sprayed with micronutrients, and
supplied with 80 kg P>0s, in the presence of VAM-fungi, in both seasons

Table (10): Macronutrient content of sweet potato leaves and tuber
roots as affected by the interaction of micronutrients, P,05
rates and biofertilizers, during 2002 and

2003 seasons.

Characters [ Leaves ! Tuber roots '
Treatments N % P % K % N % P % K %

Micro® | P-rates | Bio. ' |2002/2003(2002[2003|2002]2003 |2002 2003 | 200212003 20022003

[Cont” 13.12 [ 3.29 [0.385]0.3181 1.9¢ | 1.7 | 0.9 [0.96 [0.13210.102] 1.16 | 1.20

Control VAM® 13.35 [ 3.63 [0.462[0.451| 2.44 | 2.27 | 1.02 | 1.01 |0.171/0.169| 1.45 | 1.62

Phos® [ 3.21[3.41 [0429(0.381] 2.27 | 2.13 | 0.98 | 1.00 |0.162|0.141] 1.35 | 1.43

30 kg Cont. | 3.26 | 3.51 |0.451|0.355} 2.26 | 2.31 [ 0.99 | 1.03 |0.162[0.165] 1.32 | 1.65

= P.Osfed VAM 3.90 | 4.22 |0.517[0.495] 2.68 | 2.65 | 1.17 | 1.22 {0230[0.208] 1.76 | 2.09 |

g B Phos. | 365 3.79 |0.484/0.443]|2.50 | 2.40 | 1.06 | 1.09 0.181[0.180( 1.36 | 1.80

§ 45 kg Cont. | 3.70 | 404 [0.528/0.403| 2.54 | 2.83 | 1.19 [ 1.19 [0.206]0.187 1.84 | 1.84

P.Oyffed VAN 4.35 | 4.68 [0.583(0.532| 3.11 [ 3.33 | 1.48 | 1.39 [0.250/0.222[ 2.24 | 2.42 |

Phos. 413 | 4.29 10.561,0.451|2.72 | 3.00 | 1.28 | 1.21 [0.214]0.198] 1.87 | 2.20

‘ 50 kg Cont. | 4.40 | 4.6 [0.660(0.440] 2.91 [ 3.52 [ 1.32 | 1.36 [0.233]0.235] 2.10 | 2.38

[P-Oy'f od [VAM | 4.78 | 5.01 10.627]0.542] 3.24 [ 3.67 [ 1.64 | 1.43 [0.253]0.231] 2.33 | 2.60

| ° Phos. 4.65 | 4.70 |0.572/0.491| 3.03 | 3.63 | 1.38 | 1.33 |0.229]|0.205!| 2.15 | 2.46

J Cont. | 3.63 | 3.90 [0.374[0.344] 2.11 [ 1.97 [ 1.00 | 1.03 [0.148]0.126] 1.31 | 1.40

Control [VAM 4.09 | 4.11 |0.495[0.506( 253 [ 2.41 [ 1.11 [ 1.18 |0.203]0.185] 1.68 | 1.87

Phos. | 4.05 | 4.06 |0.440/0.425| 2.42 [ 227 [ 1.05 | 1.13 |0.190]0.159] 1.53 | 1.54

kg Cont. | 3.88 | 4.35 |0.462[0.388] 2.31 [ 2.39 [ 1.11 [ 1.10 [0.190/0.162| 1.43 | 1.73

P.0y/fed VAM | 4.47 | 4.73 |0.561/0.535] 2.75 [ 2.97 | 1.23 [ 1.38 [0.232]0.214] 2.12 | 2.50

= Phos. 4.30 | 462 |0.517]0.440| 2,52 | 2.58 | 1.14 [ 1.26 |0.209(0.192| 165 | 1.98

s 45k |Cont. 14211478 10.517/0.385] 2.61 | 3.02 | 1.25 | 1.41 [0.214[0.196] 188 | 2.13

onﬂid VAM 4.94 | 5.13 |0.616(0.550| 3.17 [ 3.52 [ 1.62 [ 1.63 [0.248]0.230[ 2.36 | 2.75

Phos. | 4.84 | 4.95 |0.564(0.465| 2.82 | 3.12 | 1.34 | 1.43 [0.229/0.203| 2.03 | 2.46

50 k Cont. 4.69 | 5.14 |10.583/0.392| 2.89 | 3.33 [ 1.39 | 1.46 |0.225/|0.219] 2.12 | 2.53

onsf?ed VAM 5.04 | 521 |0.649(0.561| 3.25 | 3.63 | 1.68 | 1.64 [0.253|0.235[ 2.37 | 2.79

Phos. | 4.91 | 5.01 [0.605/0.498| 3.00 | 3.36 | 1.44 | 1.46 [0.234[0.212| 239 | 257

LSD (5%) 011017 | NS | NS | NS | NS | NS | N.S |0.009|0.008| NS | NS
1- Bio. = biofertilizers 2- Cont.= control 3- Micro. = micronutrients

4-VAM = vascular arbuscular mycorrhiza 5- Phos.= phosphorein

As for the effect of the interaction of the three tested factors on
micronutrient contents of leaves and tuber roots, obtained results in Table
(11) revealed significant increases in Fe content of leaves and tuber roots, in
both seasons, however, Zn and Mn contents were insignificantly affected by
the above mentioned interaction, in both seasons. The highest values of
micronutrient were obtained when plants sprayed with micronutrients, and
supplied with 60 kg P2Os, in the presence of VAM-fungi, in both seasons.
Organic compositions of cured roots:

Foliar spray with micronutrients increased total carbohydrates,
reducing and non reducing sugars, total carotene content as well as dry
matter of cured roots of sweet potato plants (Table 12). The positive effect of
micronutrients on organic composition of fresh cured roots may be due to
their involvement in one or more of important biological functions such as
synthesis of chlorophyll, electron transport system, oxidation-reduction
reactions, protein synthesis and degradation and to their function as Co-
enzyme of several important enzymes (Tisdale et al., 1985). The obtained
results agreed with those of Radwan and Tawfik (2004).
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inoculation of sweet potato with biofertilizers significantly increased total
carbohydrates, total sugars and total carotene content of cured tuber roots.

Table (12): Organic composition of sweet potato cured roots as affected
by micronutrients, P,0Os rates and biofertilizers, during 2002
and 2003 seasons.

[ . Non- |
Total Reducing 5 ‘ Total
| Sl ‘ L bl carbohydrates sugars aducing | carotene
1 (%) (%) (%) SUGArs | mgig d.w.)
Treatments (%) s
{2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003
a- Effect of micronutrients
Without 1220725996893 | 4650 | 659 | 620 | 303 | 246 | 0.63 | 0.82
With 2528 | 28.77 | 72.18 | 67.46 | 6.80 | 644 | 317 | 270 | 0.70 | 0.87
LSD (5%) 015 | 092 | 031 | 007 [ 0.09 | 005 | 0.01 | 002 | 0.01 | 0.0
b- Effect of Prates
Control 2191 | 2463 [ 63.58 [ 58.84 | 6.00 | 574 | 233 | 195 | 047 | 0.5
30 kg P;Os/fed 2335 | 26.79 | 69.28 | 64.16 | 656 | 617 | 2.97 | 2.39 | 0.63 | 0.82
45 kg P:Os/fed 2504 | 2856 | 73.09 | 6935 | 692 | 654 | 3.44 | 285 | 0.74 | 0.95
60 kg P.Os/fed 26.45 | 2053 | 7568 | 72.38 | 7.32 | 6.85 | 3.33 | 315 [ 081 | 102
LSD (5%) 019 | 007 | 0412 | 011 [ 010 | 0.03 | 003 | 0.03 | 0.01 | 0.02
¢- Efect of biofertilizers
Ceontrol 2207 | 2481 | 67.69 | 6256 | 642 | 597 | 287 | 242 | 060 | 0.79
VAM' 2560 | 30.22 | 73.44 | 70.02 | 698 | 677 | 3.38 | 274 | 0.73 | 080
Phosphorein 24.04 | 27.09 | 70.62 | 65.96 | 6.70 | 623 | 3.07 | 259 | 0.65 | 084 |
LSD (5%) 0.19 | 0.05 | 0.16 030 | 014 | 009 | 0.05 | 0.04 | 0.04 | 0.02 |

1- VAM = vascular arbuscular mycorrhiza.

Data in Table (13) indicate that all organic composition, in cured
roots, was significantly increased by the interaction of micronutrients and P-
rates, except of reducing sugars. Significantly the highest values of dry
matter, total carbohydrates, reducing and non reducing sugars and total
carotene content, of cured roots, were obtained as a result of the interaction
of micronutrients with 60 kg P,Os/fed.

Table {13): Organic composition of sweet potato cured roots as affected
by the interaction of micronutrients x P,Os rates, during 2002
and 2003 seasons.

Characters Total Reducing Non- Total
=iy (r;;?tter carbohydrates| sugars reducing carotene
(%) (%) sugars (%) | (mg/g d.w.
Treatments 2002 | 2003 | 2002 | 2003 | 2002 | 2003 [ 2002 [ 2003 | 2002 | 2003

Micro.'|  P-rates Effect of micronutrients x P-rates

Control 2058|2289 61.27 | 57.48 | 590 [ 564 | 2.24 | 1.88 | 0.43 | 0.54
‘g 30 kg P,Os/fed | 21.97 [ 25.06 | 67.95 | 62.95 | 6.39 6.04 1 291 [ 220 [ 0.58 | 0.79
£ |45 kg P;Os/fed 2393|27.21| 7245 | 67.69 | 688 | 6.43 | 3.38 [ 264 | 0.70 | 0.93
= 60 kg P,Os/fed | 25.91 [ 28.79 | 74.81 | 71.48 | 7.21 | 6.72 361|311 079 | 1.01
Control 23.42]26.37] 65.90 | 60.21 [ 6.10 | 583 [ 2.42 | 202 | 0.52 | 0.63
£ |30 kg P,O</fed | 24.72 | 28.53 | 71.36 | 65.37 | 6.74 | 6.30 | 3.04 257 | 0.67 | 0.85
2 |45 kg P,Osffed [26.15(29.91| 74.94 [ 71.01 | 6.96 | 6.65 | 3.49 | 3.05 0.78 | 0.97
60 kg P,Os/fed | 26.99 (30.27 | 76.54 | 73.27 | 742 [ 699 | 3.74 3.18 | 0.82 | 1.04
LSD (5%) 027|009 047 | 019 [ NS | N.S [ 0.07 [ 0.05 | 0.04 | 0.03

- Micro. = micronutrients.
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However, the increases in non-reducing sugars and total carotene content did
not elevate to the significance level. The described results were consistent
through the two seasons of the experiment. Data also show that the highest
values of tested parameters in cured roots were obtained as a resuits of
interaction of VAM fungi with 60 kg P,Os/fed., in both seasons. The obtained
results are in harmony with those of EI-Shimi (2003).

Data presented in Table (16) show the interaction effect among
micronutrients, P-rates and biofertilizers on organic composition of sweet
potato cured roots. There were significant effects for the interaction on dry
matter and total carbohydrates, while reducing and non-reducing sugars as
well as total carotene contents of tuber roots were not significantly affected by
the interaction. The obtained results were consistent in both seasons.

Table (16): Crganic composition of sweet potato cured roots as affected
by the interaction of micronutrients, P.Os rates and
biofertilizers, during 2002 and 2003 seasons.

Characters Total | : Non- Total |
. DW{.‘;“” carbohydrat :’Z:'::'FE} reducing carotene
es (%) sugars (%) | (mg/g d.w.)
Micro® r;:;s Bic." | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003
Cont’ |19.90 [20.53[59.30/ 55.0 [ 569 [ 541 [ 203 [1.79 | 0.38 | 0.48
Control VAM® [ 21.68 [24.74[63.22[58.02] 6.09 [ 5.90 | 2.49 | 1.99 | 0.50 | 0.61
Phes® [19.90 |23.39(61.28[59.42 592 | 563 [ 220 [ 1.85 | 0.41 | 0.54
30 kg Cont. |20.78 122.03|63.65(59.31|6.19 | 5.75 | 269 [ 2.02 | 0.51 | 0.70
= P,0s/fed VAM 23.59 |27.10|69.78(65.74| 6.59 | 6.39 | 3.14 | 2.39 | 0.65 [ 0.88
g Phos. |21.54|26.05|68.17(63.81| 6.38 | 599 | 290 | 218 | 0.56 | 0.79
§ 45 kg Cont. |21.54 [24.31!7128 [64.21| 6.69 | 6.06 | 3.07 | 2.41 | 0.65 | 0.89
P;OsjfedVAM 26.03/129.96|73.48|71.91| 7.04 | 6.88 | 3.73 | 285 | 0.76 | 0.99
Phos. |22.94 |127.37|72.58166.95| 6.91 | 6.34 | 3.33 | 267 | 0.69 | 0.91
60 kg ICont. |23.75|26.11]|71.79(66.73| 6.93 | 6.28 | 3.37 [ 206 | 0.74 | 0.98
P,O/fed AM | 27.66 |32.26|77.70|76.51| 760 | 7.27 | 380 | 3.28 | 0.86 | 1.05
Phos. |26.32|28.26|74.92|71.26| 7.11 | 6.60 | 355 | 3.11 | 0.77 | 1.01
Cont. |21.99 |23.69|65.05|57.57| 5.87 | 558 | 221 | 1.87 | 0.45 | 0.58
Control VAM | 24.43 [29.3466.81 (62.71] 6.36 | 6.11 | 2.62 | 218 | 0.59 | 0.70
Phos. |23.29 |26.08|65.05|60.35| 5.87 | 5.79 | 2.41 | 2.00 | 0.51 | 0.63
30 kg Cont. |23.16 |26.10|67.91|61.29| 6.31 | 586 | 280 | 2.35 | 0.62 | 0.79
onsffedVAM 25.99 [31.91]74.85(69.94| 714 [ 696 | 3.32 | 275 | 0.73 | 0.91
£ Phos. |25.02 |27.42|71.31|64.87| 6.78 | 6.09 | 299 | 2.62 | 0.67 | 0.85
= 45 K Cont. |24.69 |27.54|70.40|66.28| 6.88 | 6.20 | 3.23 | 2.88 | 0.72 | 0.91
ony'f%dVAM 27.62 133.17180.04(76.41| 758 | 7.26 | 3.85 | 3.21 | 0.84 | 1.02
Phos. |26.13/29.03/74.22|66.28| 7.09 | 651 | 3.40 | 3.07 | 0.77 | 0.97
60 kg Cont. |26.54 128.07|72.07|70.11!711 | 6.63 | 3.53 [ 3.06 | 0.76 | 1.00
P.Os/fed VAM 27.80 |33.31|81.25|77.52| 775 | 743 | 396 [ 329 | 0.90 | 1.08
Phos. | 2660 129.43|76.30|72.19| 740 | 692 | 3.74 | 3.19 | 0.81 | 1.03
LSD (5%) 055|018 | 086 | NS | NS | NS | NS | NS | NS | NS
1- Bio. = biofertilizers 2- Cont.= control 3- Micro. = micronutrients
4- VAM = vascular arbuscular mycorrhiza 5- Phos.= phosphorein

In general, foliar spray with micronutrients, and 60 kg P,Os/fed. in the
presence of VAM-fungi resulted in the highest values of dry matter, total
carbohydrates, reducing and non reducing sugars as well as total carotene
content in cured roots of sweet potato, in both seasons. Dry matter of plants
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sprayed with micronutrients, supplied with 45 kg P;Os/fed. and inoculated
with VAM-fungi achieved great values which were nearly similar to those
produced by the combination of 60 kg P,Os/fed. and VAM-fungi, in the
absence or presence of micronutrients. The obtained results are supported
by the findings of Alphonse et al. (2001) and El-Morsy et al. (2002) on sweet
potato plants.
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