J. Agric. Sci. Mansoura Univ., 30 {10): 6167 - 6182, 2005

EFFECT OF MINERAL AND BiO-PHOSPHATE

FERTILIZATION AND +OLIAR APPLICATION OF

MICRONUTRIENTS ON SWEET POTATO “ipomnoea batatas,

L.,,

2- CHEMICAL COMPOSITION OF LEAVES AND CURED
TUBER ROOQTS.

Hassan, M.A.'; S.K. EI-Seifi’; F.A. Omar' and U.M Saif El-Deen?

1- Dept. of Hort., Fac. of Agric., Suez Canal Univ. Ismailia, Egypt.
2- Vegetahle Res. Dept., Hert. Res. Inst., Agric Res. Center. Giza, Egypt.

ABSTRACT

Two field trials were carried out in 2002 and 2003 seasons on sweet potato
cv. Abeese, at Ei-Bramcon Agric. Farm of El-Mansoura Hort. Res. Station. The
research aimed at studying the effect of foliar nuirtion with a mixture of Fe, Mn and
Zn, each at 100 ppm, vascular arbuscular mycorrhiza (VAM) and Phosphorein, as bio-
phospherus fertilizer, and mineral phosphate fertilizer at 0, 30, 45 and 60 kg P2Cs/fed.,
on chemical composition of leaves and nutritional status of cured rocts of swest
potato. Results indicated that foliar application of micronutrients significanily increased
N contents of Jeaves and cured roots, P contents of cured roots and K contents of
ieaves, in both seasens. Also Fe, Zn and Mn contents of both leaves and tuber roots
significantly increased in response to foliar spray with micronutrients. Using P2Osat 80
kg/fed. as mineral fertilizer, or VAM, as bio-fertilizer resulted in best significant
increases in N, P, K, Fe, Zn, and Mn, in feaves and cured roots, in both seasons.

Organic composition, i.e., total carbohydrates, reducing, non-reducing, total
carotenes and dry matter, of cured sweet potate roots were significantly increased as
a result of treating plants with either micrenutrients, or mineral phosphorus fertilizer at
30, 45 or 60 kg P20« fed., or by VAM or Phosphorein as bic-phosphate fertilizer.

Positive interactions among micronutrients, mineral P-rates and bio-phosphorus
fertilizer, on chemical compeosition of leaves and cured roots were detectec.

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 animai
feeding.

Micronutrients are essential elements for plant growth and development.
They are involved in many metabelic 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, 1995). 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 enhiance
nutrient uptake (Marschner, 1995). Considerable investigations have been
focused on the effect of micronutrients and mineral and bio-phosphate
fertilizer on growth and vield of sweet potatoes (Ei-Shimi, 1996; Alphonso ef
al, 2002 and El-Marsy ef 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 (1896) 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 aiso 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 experimenis 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 (fjpomoea
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
- Available elements (ppm)
.;.B = e | 32 & - __E oF®
AR
u n | o BT N|IP| K |Z
‘f g el O '2 O 8 S g n Mn Fe
Value|25.8(33.7140.5 IS;Z% 8.1‘14.55 1.12{1.85(47.2 11.9'379.0 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 piots, 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 wnich
weare the possible cembinations of 2 microrutrient ievels (0.0 and 100 pprn of
chelated Fe, Zn and Mn mixture), 4 P,0s rates (0, 30, 45 and 60 kgsfed.), and
3 biofertilizer treatments, i.e., control, phosphorein and Vesicutar Arbuscular
Mycorrhizae (VAM). The mixture of chelated micronutrients was applied 10
plants as foliar spray at 30, 45 and €0 days after transplanting. Caicium
superphesphate {15.5%) was used as a source of phosphate (P.Os), which
was used at 4 different rates, e.g. 0. 30. 45 and 80 kg/fed., at planting time.
Phosphorein inoculum which contains active bacteria (Bacillus megatherium
var. phosphaticurn) was mixed with wet soft dust at (1:10 ratio). it was applied
to the root absorpiion 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 ecm length, were transplanted on
the third top of slope ridges, at 25 c¢m 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. (1980), John,
(1970) and Brown and Lilleland (19486), 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
deterrnine total carbohydrate contents according to the method of Michel ef
al.(1956), reducing and non-reducing sugar (%) according to the method of
Dubois ef 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 cz'a were statistically analyzed by Anailysis 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
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plants, in the two seasons. P concentration was significantly improved, in
both seasons, in tuber roots only, while the cancentration 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.

Characfers Leaves Tuber roots

N % P % K% N % P % i K %
Treatments 200212003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003|2002 [2003 12002 ]—2003 !
a- Effect of micronutrients

Without 3.88 | 4.10 | 0.521 l 0442 | 264 | 279 | 120 : 11810202 1.87 1.74 | 1.98
With 441 | 466 | 0653210458 | 2.7 288 | 128 | 1.34 [0.215(0.194| 191 | 2.20
IS0 15%) 1 0.02 1 0.01 N3 E N.S 001 | 003 1003 ;001 ]0004[0002; NS N.S
b- Effect of P-rates
Control 3.58 [ 3.73 { 0.431 | 0.404 [ 279 [ 242 1101 [1.05 [0.168]0.147[ 141 {152
B0 kg P,Os/fed 3914200498 0443 250 ; 255 | 1.11 ] 1.18 |0.201{0.187] 1.61 { 1.96
45 kg P,0s/fed 436 | 464 | 0.562 0454 283 | 314 [ 136 | 1.38 1022710206 2.03 | 2.30
B0 kg P Oxifed 474 1 496 | 061610487 3.06 | 353 | 1.47 | 1.45 (02380223 2.24 | 257
LSD (5%) . 006008 00160011 005 | 003 [ 002 { 0.02 10.002:0.003| 0.15 § 0.07
c- Effect of biofertilizers
Control 386 | 421 | 0495[/0378| 245 | 283 | 1,141 119 (018910174 1.65 | 187
VAN 336 | 459 | 056310521203 306 [ 1371126 [023010212] 204 | 2.33
{Phosphorein 422 | 435 1 0521|0449 | 2.66 | 2.81 1201 1,24 10,206 /0.1861 1.79 | 2.07
rSD (5%) 003 (00900210011 004] 0.05 [003]0.03[0.003(0.003] 0223171

1 VAM = 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,Cs/fed gave the highest Fe, Zn and Mn
concentrations, compared with controi treatment of plants.

Data in Tabile (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
controi. ingoculation 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}: Micreriutrient contents of sweet gotate leaves and tuber rcots
as affected by micronutrienis, P,0s rates and bicfertilizers
during 2602 and 2002 seasons.

i characters | _ Leaves ; Tuher rocts ‘
! Fe (ppm) | Zn (ppm) | Mn (ppm} | Fe (ppmj | Zn (ppm) | Mn (ppry
Treatments 2002 2003 | 200212003 [2062[20032 | 2002 ] 2003 [ 2002|2003 {2002 2003 |
a- Effect of micronutrients T
[Without 254 270152 | 50 1108 96 [ 168|178 1 20 | 21 1 64 | &1
fwvith 310 (335 61 | 72 [123. 117178180 | 24 | 25 | 75 | 71 |
ILSD (5%) 6578 [ 1805 1140/230/020/090][ 03 2810410
b- Effect of F-rates o
[Controi [243[264] 42 150 | 86 | B2 [145:152[ 14 | 17 [ 49 [ 47 -
i30 kg P,Csffed 264298 | 53 | 60 | 1081 g9 [165 173 [ 17 | 2 [ &7 { 62 |
45 kg P,Oy/fed 295 13201 83 | 72 [129 114 184|198 ] 25 ' 25 | 78 | 74
60 kg P,Qs/fed 3251326 68 | 80 [ 140 131 [ 198 | 211 | 30 | 27 i &4 | 80 |
L3D {5%;} 33034 (2011187114 1171 18/15113 |08 |c9]0s8
c- Effect of hiofertilizers
Control 57 [ 277 48 | 53 [1011 93 {153 [ 1641 18 | 13 [ 60 | 56
VAM' 310326 [ 65 | 74 | 134124 [ 1942021 25 [ 28 | 80 | 76
Phaschorein 260 {305 [ 56 | B4 {112 103 [ 172185 21 | 22 | B8 | 65
L3SD (5%} 36 |45 [ 2226|209 1 46 [017 317341 (1721251211

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 &/, 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 ef af., 1985). These results were similar with those of Hauka et
al. (1996) who found a significant positive effect on soil availabie P after
inoculation with Bacillus megaterium. The solubilization effect of these
bacteria has an important role in providing plants with availakle Fe, Mn and
Zn. El-Morsy eof al. (2002), on sweet potato, found that N, P and K
concentrations markedly increased in foliage and tubers of plants inoculated
with VAM-fungi.

Conceming 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): Macronutrienis 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[2003 [2002]2003 | 2002 [ 2003 [2002 2003
Micro.”| P-rates Effect of micronutrients x P-rates
Control  [3.32[3.4410425[0.383]2.2312.03]0.8910.95]0.155/0.137[1.32 1 1.44
30 kg
= .0yt 3.60|3.84{0.484|0.431|2.48 | 2.45{1.67 11,11 (0191|0185, 1.48 | 1.85
é 45kg |
E  P.Odea | 406|434 0.55710.462|2.79(3.05|1.32 | 1.62{0.223]|0.200§ 1.88 | 2.15
E,Ookg,,e 4 1461/48010819/0.491 306|360 1.4 137 0.238/0.223{ 219 | 2.48
285!
Control | 3.92 1402 |0.436{0.425{2.35 [ 2.22 | 1.05[1.11 [0.180]0.156[ 1.51 | 1.60
20 K9 la21las7]0513]0454)253)265]1.16]1.25 l0.210/0.188) 174 | 2.07
c  |P2Os/fed
2 ke 466 |4.95(0565|0.4662.80|3.22(1.40|1.450.230|0.208| 2.09 | 2.45
’ongfed
g‘zgjfe 4 |487]512|0612/0.484|305|3.44| 150|152 |0.237/0.222| 2.29 | 266
LSD (5%) 10.09]012]0.019iG.016] N.5 | N.S [0.03 |0.004]0.004]0.005] N.5 | N.S

1- Micro. = micronutrients.

Table (§): Micronutrients content of sweet potatc leaves and tuber roots
as affected by the interaction of micronutrients x P,0s-rates,
during 2002 and 2003 seasons.

Characters Leaves Tuber roots
Fe (ppmj | Zn (ppm) |Mn (ppm)| Fe (ppm) | Zn {ppm} Mn (ppm)
Treatments [2002{2003{2002[2003{20022003]2002[2003/2002[2003]2002/2003
Micro.'! P-rates Effect of Micronutrients x P-rates
iControl |210[233[ 35 | 41 [ 73 [ 70 [143[1471 12 [ 16 | 44 | 41
30 kg
% [podfed 223267 48 | 52 | 99 | 87 |164|166| 15 | 19 | 58 | 56
£ |45kg
S |p.ogted 274|286 | 59 | 66 {123 103|177 (193 | 23 | 23 | 72 | 69
60 kg
POffed 300|297 | 66 | 77 {137 1125189 |205| 28 | 26 | 8C | 78
Control |275][295] 49 | 53 {100 95 [148[158{ 16 | 19 | 53 | 52
30 kg
_ |Psogted 293|329 58 | 68 [117 {111 1167 [179| 20 | 24 | 75 | 69
E [45kg ,
= P20sfed 324354 ) 66 | 78 |135)124 (191|204 | 28 | 27 | 84 | 79
60 kg
P-Oufed 362|362 70 | 84 |143|137!207 (218 | 32 | 29 | 88 | &3
LSD (5%) 0.7 19.01/N.S[N.811.96/243/2.53[N.S|N.S|NS[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 pasitive significant effect on the concentration of Fe and
Mn, of leaves and tuber roots, in both seasons. However, it did not

6172



J. Agric. 5¢i. Mansoura Univ., 30 (10), October, 2005

significantly affect Zn concentratior: in ieaves and tuber roots, during the iwo
seasons, or tuber Fe content, in the s2cond season only. The interacticn of
micronutrients x p-rates at 60 kg P,0<fed was superior for enhancing N, P,
Fe and Mn in ieaves and tuber roots. Oitained resuits agreed with those of
(Ai-Garawany ef al. (1897).

Daiz presented Tabie (B) show the effects of interaction of
misronutrients x biofertilizers en macronutrient concentrations of sweet poiato
leaves. This interaction gid 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 contenis of leaves and roots, and N centent of leaves
in both seasons.

Regarding the interaction effects of micronuirients x biofertilizers on
micronutrient concentrations of sweet potaic 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.

tn general, element contents of leaves and tuber rocts of sweet
potato were higher with the interaction of micronutrients x V/M fungi,
followed by the interaction of micronutrients x phosphorein, then that of
contro! plants. The obtained results are in harmony with those of Sabik ef al.
(2001) on faba bean, who found that N, P, Zn, Fe and Mn increased
significantly in seed and siraw 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 I Tuber roots
i N % P% K % N % P % K %
Treatments |2002 2003 ] 2002 | 2003 2002]20()3 2002]2003 2002 | 2003 2002‘2003
Micro.!| Bio. Effect of Micronutrients x biofertilizers
| [Control |3623.88]0506]0379]243]258]1.10]1.14]0.183] 0172} 1.61]1.79
i 8 |[VAM® [4081438/0547|0505| 287298 |1.33|1.26|0.226]0208| 194|215
S [Phos® 391405 0511|0442 263278 (117|116 [0.167|0.161 168 1.97
r Controt (4.1014.54 048403771248 [268[120)125]0194[1.1761168{1.95
= IvAM 1482 2479[0.580]0.538(2.93 |3.15|1.41[1.46[0.234/0.216]2.13 (248
S (Phos T452]466(0532|0457| 268|260 124|132 0216 (0.197| 150 | 216
LSD (5%) 0.07{0.12]0.029[0.015] N.S [ NS | N.S | N.5 [0.004|0.005| NS [ N.S
‘1- Micro. = micronutrients 2-VAM = vascular arbuscular mycorrhiza.

3-Phos.= Phosphorien
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Tabie (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
Fe (ppm) | Zn (pPM) [y (oo | 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 bicfertilizers 4
| Control[ 228 1252 | 44 [ 51 [ 64 | 83 [149[156] 16 | 18 | 55 | 52 |
Without| VAM® (2821286 | 60 | 68 {126 | 114 1188 196 | 24 | 26 | 74 | 71 |
| IPhos* 2541273 ] 52 1 57 1163] 61 [167[181 19 20 [ 63 | 59 |
Controi] 286 [303] 53 | 66 1108[102]158[173[ 20 [ 20 [ 64 | 60 |
With  VAM (339|385 | 70 | 80 | 1421134 |200:208| 29 | 30 | 87 82JE

Phos. [ 307|337 |60 [ 70 (121114177 /188 [ 23 [ 24 [ 73| 71|
ILSD {5%) NSINSINSINSINSINS|331[448/NSINSIN.S[N.S
1- Micro. =micronutrients 2- VAM =vascular arbuscular mycorrhiza.
3-Phos.= Phosphorien

Concerning the interaction effect of P-rates x biofertilizers on minerai
composition of leaves of sweet potato plants, data in Table (8) indicate that
increasing P-rates from  to 60 kg P,Osffed. 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;05 rates x biofertilizers, during 2002
and 2003 seasons.

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

Bie. (2002|26G03|2002|2003|2002 [2003 2002|2003 | 2002 | 2003 | 2002 | 2003

Controt | 3.37 | 353 [0.370]0.330| 2.05 [ 1.84 | 0.95 | 1.00 [0.140]0.114] 1.24 | 1.34
Controi VAMT | 3.72 | 3.87 [0.479]0.479| 2.49 | 2.34 | 1.07 | 1.09 [0487]0177] 157 | 1.74
Phos. 13.63|3.73 |0.434]0.403] 234 | 220 | 1.01 | 1.06 [0.476| 0.15 | 1.44 | 1.78
Control | 3.57 | 3.93 |0.456]0372] 2.28 | 2.35 | 1.05 | 1.07 |0.176|0.164] 1.38 | 1.69
NVAM | 448 | 447 |0.539.0.515] 2.72 | 2.81 | 1.20 | +.30 |0.231[0.212] 1.95 | 2.79
Phos. | 307|420 |0.501]0.442| 251 | 2.49 | 1.10]1.18 [0.195(0.186] 1.51 | 1.89
Control | 3.95 | 4.41 [0523]0.394] 2.57 | 2.92 | 1.22 | 1.30 |0.209]0.192| 1.86 | 1.98
AM | 464|490 0598|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 | 131 | 132 [0.222|0.200| 1.95 | 2.73
Control | 4.54 | 491 |0621]0.416] 2.0 | 3.43 | 136 | 1.42 [0.229]0.227| 2.11 | 2.46
Pfg;fged VAM  |4.88 511 |0.638,0552] 3.25 | 3.65 | 1.66 | 1.53 |0.253(0.233] 2.35 | 2.69

Phos. | 4.78 | 4.85 [0.589(0.495, 3.02 | 350 | +.41 | 1.40 0232|0200 2.27 | 257
[SD (6%) _ |0.08]0.150.041] N.5 [ N.5 | N.§ | 0.06 | 0.07 [0.006[0.007] N.S | N.5
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 phaosphorein, 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 P05 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 ef al. (1988) who declared that
phosphate nutrition was the deminant factor in soii that affect soil fertility and
yields of sweet potatc. They alsc added that phosphorus was significantiy
affected by endogenocus mycorrhizal infection and increasing infecticn 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,Og-rates x biofertilizers,
during 2002 and 2003 seasons.

Characters Leaves Tuber roots
. Treatments Fe {ppm} | Zn (ppm) | Mn (ppm)} | Fe (ppm) | Zr (ppm) | Mn ippm)
. P-rates |Biofertilizers| 2002 2003 12002]2003 2002|2003 2002|2003 (2002|2003 | 2002!2003
i Control 220239 36 | 44 | 74 | 72 (1241128 11 14 | 40 . 38
| Contrel [VAM' 2652831 48 [ 56 | 98 | 92 1169179 18 | 22 | 60 : 55
Phos.” 243 [ 269 43 | B0 | B7 | 83 11441150 | 13 | 17 | 46 | 47
30 kg Congrol 2391271 44 | 53 | 92 | 86 11441145 | 13 | 17 | 56 § 52 :
5 Oyffed VAM 2001324 | 62 | 70 | 125 (11411881197 | 23 | 26 | 78 74
‘ Phos. 262 12991 52 | 58 [ 108 96 (1641176 | 16 | 21 67 | 82
45 kg Contral 2661239 54 | 63 |113| &7 |1631185| 20 | 20 ' 69 | B4
P,Os/fed VAM 332 344 | 74 | 81 [ 152136 1206 | 211 | 31 | 30 - 89 | &6
Phos. 207 1322161 1 71 | 123|109 (1841200 ] 26 | 25 | 77 4 73
60 kg Control 302|307 | 60 | 73 | 125117 | 1831200 28 | 23 | 74 ' 70
5,0s/fed VAM 354|352 | 77 | 91 | 162{184 | 213 | 221 | 34 | 33 | 85 | @2
B Phos. 318 | 330 | 67 | 76 [ 133,123 198 | 213 30 | 26 | 83 | &0
LSD (5%) 72 78 [NS|NS| 5892 625 687 NS NS  NS|NS

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

Data presented in Table (10) show the interaction effect among
migronutrients, P-rates and biofertilizers on macronutrients of leaves and
tuber roots of sweet potato plants. Obtained resufts reveaied significant
increases in leaf N conient, 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 rocts
as a result of the interaction of micronutrients, 45 or 60 kg P,Oc/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
piants sprayed wiii, micronutrients in the presence of VAM-fungi at 45 or 80
kg P,0sffed. 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 80 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 resuits in Table
{11) revealed significant increases in Fe content of leaves and tuber roots, in
both seasons, hawever, Zn and Mn contents were insignificantly affected by
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the auove mentioned inferaction, in both seasons. The highest values of
micronutrient were obtained when piants sprayed with micronutrients, znd
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,0s
rates and biofertilizers, during 2002 and

2002 seasuns.

[ Characters [ Leaves Tuber roots
Treatments T N% P% | K% N % P% T K%
Micro® { P-rates | Bio. | |2002[20603|200212063120022003 [2002[2003[2002]2003]2002[2003
Cont* | 342! 3Z20lc385|0319[ 199 1.7 [ 08 (096 [0132]0.102] 116 [ 129 ]
Control VAM' _13.35 | 3.63 [0.462]0.451] 2.44 [ 2.27 [ 1.02 | 1.01 [0.171}0.169] 1.45 [ 162 |
Phos® 1321 ]3.411042910.381:2.27 [2.13[0.98 [1.00 10,162[01411135 [ 1.43 |
T kg Cont._|3.26 | 359 [0.451/0.356] 2.26 [ 2.31 {0.99 | 1.03 '0.162[0.1651 1.32 [ 1.65 |
= o0y AM 3.90 [ 4.27 10,517]0.495] 2.68 [ 2.85 | 1.17 | 1.22 [0:230]0.209] 1.76 | 2.08 |
2 ! Phos | 3.6513,7910.484]0.443{ 250 | 240 | 1.06 | 1.08 10,181]0.180] 1.38 1 1.80 |
3 45 kg Cont. | 3.70]4.04 0528104031254 [2.83 [1.19 [ 1.19 [0.206]/0.187 ] 1.84 | 1.84 ;
P Ou g (YAM | 4.35 | 468 (058310532 3.1 /333 ] 149 | 1.39 |0.250[0.222] 224 [ 242 |
T8 Phos. | 4.13 | 4.20 |0.581)0.451] 2.72 | 3.00 [ 1.28 | 1.21 [0.21410.1881 1.87 | 2.20 |
] 50 kg Cont. | 4.40 | 4.66 10.660[0.440: 2.91 ; 3.52 {1.32 1.36!0.233?0.235[2.10 238 |
P Ocfed VAM | 4.78 [ 5.01 [0627(0.542 | 324 367 | 164 | 1.43 (0253[0231]2.33 {1 260
Phos. | 4685 [ 4.70 [0.572(0.491]3.03 [ 3.63 | 1.38 [ 1.33 [0.229]0.2051 2.15 [ 2.46 |
Cont. [ 3.63[3.90 [0.374)0.3441 211 ] 1.97 [ 1.00 | 1.03 [0.148]0.126] 1.31 [ 1.40 |
Control {VAM [ 4.00 ['41110485|0.506 2.53 | 241 | 1.11 | 1.18 10.263|0.185] 1.68 | 1.87
Phos, | 4.05 ] 4,06 [0.440/0.425] 2.42 1227 11.05 | 1.13/0,190]0.156] 1,53 | 154
30k |Cont. [3881435 [0.462 0388 2.31 23§ 111110 [G.100{h 1621 143 {1.73
on;f?e 4 (VAM | 4471473 0561]0.535] 2.7512.97 [ 1.23 | 1.36 0.23210.21472.13 | 250 |
= Phos. | 4.30 | 4.62 [0517|0.440] 2.52 [ 2.58 | 1.14 | 1.26 |0.209(0.752| 1.65 | 198
< 45kq (Cont. 14211478 10.561710.385] 2.61 (3.02 | 125 [ 141 [021410.196( 1.88 { 2.13 |
r pgof,/r%d VAM | 494 | 513 [0616/0.550] 3.17 | 3.55 1 1.62 | 1.63 |0.248(0.230] 2.36 | 2.75 |
| Phos. | 4.84 | 495 [0.564]0.465( 2.82 [ 3.12 | 1.34 | 1.43]0,226[0,203[ 2.03 [ 246 |
i 60 kg Cont. | 469|514 (0583103921 2.89 1333 { 1.36 | 1.46 10.22510.219] 2,12 | 253
l FOufed [VAM [ 5.04 [ 531 0.649]0.561] 3.25 [3.63 [ 1.68 | 1.64 [0.253]0.235] 2,27 [ 2.79
iPhos, | 481 [ 5.6 [0605|0.498]3.00 [3.35 | 1.44 [ 146 [6.234[0.212] 3,39 | 3 67
ILSD (5% 011017 NS [NS | NS | NS | NS [ NS |0.009]0.006] N.5 [ N5 |
1- Bio. = hiofertilizers 2. Cont.= control 3- Micro. = micronutrients
4- VAM = vascular arbuscular mycorrhiza - Phos.= phosphorein

As for the effect of the interaction of the three tested factors on
micronytrient contents of leaves and tuber roots, obtained resulis 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 obtamned when plants sprayed with micronutrients, and
supplied with 860 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 ncn reducing sugars, total carotene content as well as dry
matter of cured roots of sweet potato plants (Tabie 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 ef af., 1985). The cbtained
results agreed with those of Radwan and Tawfik (2004).
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Table {11): Micronutrient content of sweet potato leaves and tuber roots
as affected by the nteraction of micronutrients, P;O5 rates
and biofertilizers, during 2602 and 2003 seasons.

Characters f Leaves Tuber roots
Treatments Fe (ppm) | Zn (ppm) | Mn {ppm) | Fe (ppm} | Zn {ppm) - Mn {ppm;} |
Micro® | P-rates | Bio. * |2002[20032002/2003|2002{2003 | 2002 2003 20022003 | 2002 2003
; ' Cont.°| 192 210 | 3G | 33 | B3 | &0 12311221 10 | 13 1 37 | 33 |
| Control [VAMT [ 237 12511 41 | 49 : 84 | 81 (16211711 17 | 19 | 54 | 50 |
' Phos.| 207 | 238 36 | 41 | 72 | 69 | 144148 12 | 15 | 42 | 41 |
a0k | COM.[217 248139 [ 44 185 | 77 [146|134 | 12 | 16 | 51 | 47
5 pzosﬂged VAM 1261 [284 85 | 63 [116(101 11831194 20 [ 24 | 69 | 68 |
2 Phes. | 230 | 270 47 | 50 | 98 | 84 [162[172] 14 | 18 | 59 | &5
§ Cont. [238 1260 | 50 | 50 1108 89 [i59 177 | 18 | 19 | 84 | &0
P:g;fged VAM | 302 [301] 69 | 73 | 146123 199 1206 | 28 | 29 | 83 | 81
Phos. | 281 [288 | 60 | 66 [117] 69 [174]188 | 24 [ 22| 71 | 67
Cont. [ 2702684 59 | 69 [123][109]168[192] 26 | 23 | 70 | 70
Pfg;f%d VAM [334 (309 74 [ 90 (180151 (210 [215] 32 [ 331 91 | B8
: Phos. | 206 | 2981 65 | 72 1128 [ 115190 (208 | 27 | 24 | 80 | 76
Cont. {247 {269 ] 43 | 54 [ 86 | 84 [125[134 1 13 | 14 | 44 | 43
Control | VAM [299 3157 56 [ 83 [112 ;104 [175[188] 20 | 24 | 67 | 6t
Phos. [ 280 (301 | 50 | 59 |102] 97 [144]152] 15 | 19| 50 [ 54
Cont. [ 267 1205[ 50 {62 [100] 66 [142 157 15 1 16 [ 62 | &8
oS ([ VAM | 310 | 364 | 67 | 77 | 134 | 128 165|201 | 25 | 2¢ ' 85 | 80
£ Phos. | 204 (326 | 58 | 66 1181109104 11817 18 | 23 | 75 | 69
Z a5y, LCOnt. (20513181 58 | 69 [119105[167 (194 22 | 22 | 74 | 69
PO sjfid VAM | 363 388 79 | 89 (158 (149|213 [216] 35 | 32 | 95 | 91 |
Phos, {314 13561 63 | 76 [ 1201 120]1947181 1 28 | 27 | 83 | 78
sokg LCont. (3351330 62 | 77 [127[125]198[194 [ 30 [ 24 [ 79 | 71
PAC, s,f%d VAM [375[ 396 81 | 63 [164[157 | 217|216 36 | 34 | 99 | 96
Phos, (3413621 69 | 81 1138 1131 (207 (2027134 | 28 | 86 | 84
LSD (5%) 131 {143 NSINSINSINS| 88 [103|NSINS[NS[INS]
1- Bio. = biofertilizers 2- Cont.= control 3-Micro. = micronutrients
4- VAM = vascular arbuscular mycorrhiza 5- Phos.= phosphorein

it is clear from data in Table (12) that all organic composition
including total carbohydrates, reducing and non reducing sugars, total
carotene contents as well as dry matter of cured tubers of sweet potato were
significantly increased by increasing P-rates from 0 to 60 kg P.Os/ffed.
Results may be attributed to the promoting effect of phosphate on nitrogen
metabolism, soluble carbohydrates synthesis and photosynthetic rate. In
addition phosphorus is known to be an essential component for energy
transfer compounds, the genetic information system, cell membrane and
phosphopraotiens (Marschner, 1995).

Data in Ta-'e (12) show that biofertilizers, including VAM fungi or
phosphorein increased dry matter, total carbohydrates, reducing and non-
reducing sugars and total carotene contents of cured tuber roots, in both
seasons of study. VAM fungi gave the highest values of all organic
composition in cured roots, followed by phosphorein. The favourable effect of
VAM-fungi on organic composition of sweet potato may be due to their role
on improving mineral nutrition uptake, especially Mn and Fe (Mosse, 1973).
In addition, VAM fungi increase CO; fixation and improve the photosynthetic
efficiency (Sivaprasad and Rai, 1985). These results are in agreement with
those of Alphonse et al. (2001) and El-Morsy et af. (2002) who found that
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inoculation of sweet potato with biofertilizers significantly increased toial
carbohydrates, tctal sugars and total carotene content of cured tuber roois,

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

]
l Total Reducing Nor- Total
l Characters | Dry matter carbohydrates sugars reducing carotene
I (%) (%) SUgAS | (mgigd.w.)
Treatments | {%) T
_ 2002 [ 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 [ 2003 |
| a- Effect of micronutrients
[Without 23.07 12595168903 | 4690 | 650 | 620 1 303 [ 246 | 063 [ 0.82
With 2528 | 28.77 [ 72.18 [ 67.46 | 6.80 | 644 | 317 | 270 | 0.70 | 087
LSD {5%) 015 {092 | 031 | 007 | 009 j 005 | 001 | 002 oot {om
h- Effect of P-rates
Controt 12191 7246376358 [ 56.84 | 6.00 | 574 | 2.33 | 1.95 | 0.47 | 0.59 |
30 kg P.Osffed 2335 [ 26.75 | 6928 | 64.16 | 656 | .17 | 297 | 239 | 0.63 | 0.82 |
45 kg P;O5ffed 25.04 [ 2856 [ 73.09 | 6235 [ 692 | 654 | 344 | 285 [ 0.74 | 095
60 kg P-Os/fed 26.45 | 28.53 | 75.68 | 72.38 | 7.32 | 6.85 | 333 | 315 | 081 | 1.02
LSD (5%) 019 | 007 | 042 [ 811 1010 [ 003 [ 0.03 | 0.02 | 0.01 | 0.02
c- Efect of biofertilizers
Control 2292 [2481 | B7.60 [ 6256 | 6.42 | 597 | 287 | 242 | 060 | 0.79
VAM' 25.60 {3022 [ 73.44 [ 70.02 | 6.98 | 677 | 338 | 274 | 0.73 | 0.90
Pheosphorein 240427001 7062 [ 6596 | 670 | 623 | 307 | 259 | 0.65 | 0.34
LSD (5%) 019 1005 [ 016 | 030 | 014 [009 | 005 [ 0.04 | 0.04 1 .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
matier, 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 P0s/fed.

Table (13): Organic composition of sweet potato cured roots as affected
by the interaction of micronutrients x P;0s rates, during 2002
and 2003 seasons.

Characters Total | Reducin Non- Total
Dry(r;\atter carbohydrates sugarsg reducing carotene
‘) h) (%) | sugars (%) | (mgig d.w.) |
Treatments 2002 | 2003 | 2002 [ 2003 {2002 [ 2003 [ 2002 [ 2003 | 2002 [ 2003 |

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

Control 20568(2280] 6127 [57.48 1590 | 564 | 224 1 188 | 0.43 [ 0.54
‘g 30 kg P,0s/fed | 21.97 | 26.08 67.95 | 6295 (639 [ 604 [291 [220 [ 058 {079
£ jﬁkg P.Csifed [23.93[27.21] 72.45 [ 67.60 | 6.88 [ 6.43 [ 3.38 | 2.64 ; 0.70 | 0.93
e 60 kg P2Os/fed | 2501 | 2879 7481 | 7148 | 721 1 672 | 361 [ 311 {079 | 1.01
Control 23.42126.37 65506021 | 610 583 | 242 ]2.02 | 052 | 063
£ 30 kg P,Osifed | 2472|2853 | 71.36 1 6537 | 674 | 6.30 | 304 | 257 | 087 | 0.85
4 45 kg P;Osifed | 26.15120.91 | 7484 | 71.01 | 696 [ 665 (349 | 3.05 | 0.78 | 0.97
60 kg P2Dsffed [ 26.99[30.27 [ 76.54 | 73.27 [ 7.42 {6.99 (374 {318 (082 [ 1.04
LSD {5%) 027 1009 ] 047 {049 | N5 | N.g [ 0.07 | 0.05 [ 0.04 [ 0.03 |

- Micro. = micronutrients.
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These results are in agreement with those of El-Zohery (2003) on
garlic piants.

Regarding the interaction effect of micronutrients x biofestilizers, data
in Table (14) indicate that dry matter and total carbohydrates were
significantly affected by the interaction, in both seasons. However, reducing
and non-reducing sugars as well as total carotene content were not
significantly influenced by this interaction.

The highest and significant increase in dry matter and total
carbohydrates resulted from the interacticn of micronutrients with VAM-fungi.

Table (14): Organic composition cf sweet potato cured roots as affected
by the interaction of micronutrients x biofertilizers during
2002 and 2003 seasons.

1
Total . | Non- Total
Characters Dryl:;atter carbohydrates Reduct?uz)‘ reducing | carotene
sugars

%) (%) 9 | su9ars () | img/g d.wy

1
Treatments ' 3 2 [ 2003 | 2002 | 2003 [ 2002 | 2003

_fooz 52003 2002 | 2003 | 200 l 1 L !
Micro.”| Biofertilizers } Effect of micronutrients x biofertilizers

_ iContral 21.74 2324 6654 | 61.31 [ 637 | 587 [ 279 | 229 | 0.57 [ 0.76
3 [VAM 24.74 (2852|7113 16839 [ 6.83 | 661 [ 3.32 | 262 | 065 | 088
g Phosphorein | 22.81[26.21| 69.32 [ 6499 | 6.58 | 6.14 | 2.99 | 2.45 | 061 | 0.81
Contrei 24.09 |26.39| 68.88 | 6381 | 6.46 | 6.06 | 2.93 | 254 [ 064 | 0.82
£ (VAM® 26.46 (31.93[75.75 [ 71.64 [ 712 | 694 | 3.44 [ 286 | 0.76 | 0.93
S Phosphorein | 25.27 [27.99: 71.91 | 66.94 | 683 | 632 [ 3.12 | 2.72 | 0.69 | 0.87
LD (5%) 027 |[006: 023 [ 042 [ NSNS { NS | NS | NS|NS

1- Micro. = micronutrients 2- VAM = vascular arbuscular mycoyrhiza,

Concerning the inieraction effect of P-rates x biofertilizers on organic
compasition of cured tuber roots, data in Table (15) indicate that increasing
the applied P-rates from 0 to 60 kg P,Os/fed in the presence of VAM or
Phosphorein, caused significant increases in dry matter, total carbohydrates
and reducing sugars of cured roots.

Table (15): Organic compaosition of sweet potato cured roots as affected
by the interaction of P,Qs rates x biofertilizers during 2002 and
2003 seasons.

Characters Total Reducing : Total
Dry matter Non- reducing

carbohydrat| sugars o carotene
Treatments (%) es (%) (%) sugars (%) | o daw.)
P-rales [Biofertilizers 2002 2003 | 2002 | 2003 20022003 2002 2003 | 2002 | 2003
Controd _ 2095 | 2211 | 6217 | 5628 |5.78 | 549 [ 2.12 1.83 042 | 053
Control  [VAM' 2306 | 2704 16502 | 6106 | 622 1 600 2.56 2.08 055 | 0.85
Phosphorein 21,72 | 2474 | 6356 [ 5918 1599 | 51| 230 1.92 046 | 0.59
r 10k Control 21.97 | 2414 16578 | 6.30 | 6,25 | 5.81 2.75 2.19 056 | 0.74
o0 ‘H‘id VAM 2479 | 2951 | 7232 | 6784 | 6.86 | 667 | 323 257 | 069 | 0.89
s [Phosphorein 2328 | 26.74 | 69.74 16434 (658 |6.04 | 295 2.40 0.62 | 0.82
45 kg Controf 2362 {2592 | 7082 [ 6524 [B62 [6.13 | 3.15 2.64 C.68 | 0.9¢
P | YAM 2683 | 3156 [76.76 | 74.16 [7.14 [ 7.07 | 3.7 | 3.03 [ 0.80 | 1.00
) Phosphorein 24.68 | 2819 | 7340 [ 6865 1 700|642 ] 3.37 2.87 073 | 0.94
60 kg Control 2515 | 2759 | 7194 1 6842 | 702 (645] 345 3.01 C.75 1 099
\ P Osfied VAM 27,73 | 32,78 [ 7948 1 77017671735 393 328 1 088 { 106
Phosphorein 2649 | 28.72 1 7561 | 7169 | 725 |6.76| 364 3.15 0.72 | 1.02
| LSD 5%) 039 | 009 | 018 | 032 [027(019] NS NS NS | N5
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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
vaiues of tested parameters in cured roots were obtained as a results of
interaction of VAM fungi with 80 kg P:Os/fed., in both seasons. The obtained
resulls are in harmony with those of EI-Shimi (2003).

Cata presented in Tabie {(16) show the interaction effect among
micronutrients, P-rates and bioferdilizers on organic composition of sweet
potatc 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
ihe interaction. The cbtained results were consistent in both seasons.

Tabie {16): Organic composition of sweet potato cured roots as affected
by the interaction of micronutrients, P,Os; rates and
biofertilizers, during 2002 and 2003 seasons.

Characters 1T Total ) Non- Total
Treatments Dry(r:/::;tter carbohydrat SEZ?::'{:%) reducing carotene
es (% sugars (%) | (mg/qg d.w.}
Micro® ra’:‘;s Bio.' | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003
Cont” [19.80[2053159.30] 55.0 | 569 [ 541 [ 203179 ] 038 {048
Control vAM' |21.68[247416322[5802] 600 (590 [ 249 | 199 | 0.50 | 0.61
Phos® | 19.90 {23.39|61.28/59.42[ 582 [ 563 [ 220 1185 { 0.41 [ 0.54
30 kg Cont. 120.78122.03|63.65,59.31) 619 | 575 {269 ]| 2021051070
5 PgosffedVAM 23.59127.10|69.78|65.74| 6.58 | 639 | 314 | 2.39 | 0.65 | 0.88
El Phos. | 21.54 [26.05|68.1763.81 (638 | 599 {280 | 218 | 0.56 | 0.79
E 45 kg Cont, |21.54 /243117128 |6421| 6,69 | 606 | 307 | 241 | 0.65 | 0.89
PzOy’fedVAM 26.03129.96{73.48(71.91{ 704 | 688 | 3.73 | 285 | 0.78 | 0.98
Phos. |22.94 |27.37(72.5816695( 691 1 634 | 333 | 267 | 069 | 0.91
60 kg iCont, |23.75|26.11(71.79{66.73| 693 | 628 | 337 1296|074 1 098
onslfedVAM 27.66 132.26|77.7017651 | 760 : 727 | 390 | 3.28 | 0.86 { 1.05
Phos. | 26,32 28.26|74.92)71.26] 711 | 660 | 355 | 311 ] Q.77 ; 1.01
Cont, 121,99 |23.69|6505{57.57| 587 {558 | 221|187 (045|058
Control WAM 24.43129.34(66.8116271( 636 | 611 | 262 | 218 {058 | 0.70
FPhos. |23.29 :126.08165,05|6035; 587 | 579|241 | 200|051 : 063
30 kg Cont. |23.16 |26.10167.91{61291 631 [ 586 {280 | 235 ;0862 | 079
P,Os/fed AM 25.991{31.91[74.85/6994| 7.14 [ 6.96 [ 332 | 275 | 0.73 | 0.91
£ Phos., 12502 :127.42171.31|6487| 678 | 6.08 | 299 | 262 | 0.67 | 0.85
< 45 k Cont. 2469 {27.54|70.4016628{ 6.88 | 620 [ 323|288 1072 | 0.91
P;osff?adVAM 27.62 1331780047641 | 758 | 726 | 3.85 | 3.21 | 0.84 | 1.02
Phos., |26.13129.03|74.22|16628| 7.09 | 651 | 340 | 307 | 0.77 1 0.97
60 kg Cont. | 26.54 |28.07|72.0717011| 711 [ 663 | 353 | 3.06 | 0.76 | 1.00
p,04/fed VAM 2780 133.31(81.2517752( 775 | 743 { 3.96 [ 3.29 | 0.90 | 1.08
Phos. | 2660 [29.43(76.30(7219| 740 | 692 374 1319|081 | 1.03
LSD (5%) 055 10181086 | NS | NS | NS | NS | NS ; NS | N8

1- Bio. = bioferiilizers 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 80 kg P.Os/fed. and VAM-fungi, in the
absence or presence of micronutrients. The abtained results are supported
by the findings of Alphonse ef al. (2001) and El-Morsy et al. (2002) on sweet
potato plants.
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