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ABSTRACT

Two field experiments were carried out at El- Bramoon Agricultural Farm of El-
Mansoura Horticultural Research Station, during the summer seasons of 2002 and
2003. The study aimed at investigating the effects of some micronutrients; a mixture
of Zn, Fe and Mn, each at 100 ppm; bio-phosphate ferilizers, VAM fungus and
Phosphorein, and mineral phosphate fertilizer at C, 30, 45 and 60 kg PzOs/fed., on
sweet potato growth, yield and its components, as well as tuber root Characteristics.
Results showed that foliar application of micronutrients significantly improved
vegetative growth parameters, except number of branches/plan: yield/plant,
marketable and total yield/fed., as well as decreasing non-marketable yield/fed.
Micronutrients also increased average weight and diameter of tuber roots, but did
not affect tuber root shape (length/diameter).

increasing the supplied phosphate fertilizer level to 45 or 80 kg P2Os /fed.
significantly improved vegetative growth parameters, yield/plant and marketable
yield/fed., significantly decreased non-marketable yield, and increased average
weight, diameter and length of tuber roots, but did not affect tuber root shape.

The addition of bio-phosphorus fertilizers (Phosphorein or mycorrihza)
resulted in significant increases in vegetative growth, total marketable yield and its
components. Bic-phosphorus fertilizers also increased tuber root weight, diameter
and ilength, but did not affect their shape.

Positive interactions among micronutrients, mineral P-rates and bio-
phosphorus fertilizers on studied characters were detected.

INTRODUCTION

Sweet potato (lpomoea bafatas, L) is an important and leading
vegetable crop of tropical and subtropical countries. Recently, sweet potato
received a great attention become of its suitability for exportation. Great
efforts have been directed to improve sweet potato production and guality for
the purpose of increasing exported yield. Application of adequate amounts of
phosphate fertilizer and micronutrients are among facfors involved in
impraving plant growth, tuber roots vield and quality of sweet potato (El-
Morsy et al., 2002).

Foliar nutrition of plants is not only an addition channel of nutrients but
also a mean of regulating root absorption by such plants. The important of
spraying micronutrients, i.e., Fe, Zn and Mn can be accounted by its essential
role in respiration, N metabolism, activation of the enzyme, photosynthesis,
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chloroplast formation, chicrophyll synthesis and natural hormone biosynthesis
(Nijjar 1985).

Phosphorus is one of the major eiements for plant nutrition and
development. it plays an important role in certain essential steps, such as
accumulation and release of energy during cellular metabolism. In addition, it
is a constituent of many organic compounds in plants (Marschner, 1995).

Nile valley soils faced numerous deterigrating problems during the iast
decades, among which is shifting the pH value io the alkaline side, rending
most plant nutrient in unavailable forms especially phosphorus and
micronutrients (El-Maorsy and Shokr, 2005).

Fortunately under such conditions, it has become essential to use the
untraditional fertilizers as a partial substitute for chemical fertilizers, 1o reduce
production costs yield, fimit environmental pollution, increase producticn and
improve guality of vegetable crops (El-Agrodi et af., 2003}.

The use of phosphate-dissolving microorganisms, including phosphate-
dissolving bacteria (Phosphorin) and fungus (Mycorrhiza), has several
benefits such as mobilizing phosphate and micronutrients ihrough the
oroduction of organic acid such as formic, acetic, lactic, prop ionic, fumaric
and succinic acids. Those acids lower the pH and bring about the dissclution
of bounds forms of phosphate and render them available for growing plants
({lorahim and Abdei-Aziz, 1977). In addition, such microorganisms can
secrete growth promoting factors, e.q., gibberellins, cytokinins and auxins
(Cacciari et al., 1989).

Accordingly, the present study aims at evaluating the effects of foiiar
spray with micronutrient and phosphorus fertilizer rates, either alone or in
combination with biofertilizers, on plant growth, yield, chemical composition
and quality of sweet potato plants cv. Abees.

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 treatmenis and their interactions, on plant growth, yield
and its components, and chemical constituents of tuber roots of sweet potato
{loomoea 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
T T -

T AT R I o " o= Available elements (ppm) !

e %] 2|z 8ivEEs

5558: n'gmﬁg%NP K |{Zn | Mn Fe!

a £
Value|25.8|33.7/40.5| O 13.11|4.55|1.12| 1.95 |47.2[11.0|379.0[1.3511.51| 8.62
-
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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 plats, each contained one of the phosphate
rates, while biofertilizer treatments were assigned to the sub-sub plots.
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 two micronutrient ievels (0.0 and 100 ppm of
chelated Fe, Zn and Mn mixture), four P,Os rates (0, 30, 45 and 60 kg
P,0Os/fed.), and three 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 80 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. Phosphoremn inoculum which contains active
bacteria (Bacillus megatherium var. phosphaticum) was mixed with wet soft
dust at (1:10 ratio). It was appliied to the root absorption zone of plants, 30
days after transplanting, at the rate of 3 kg/fed, just before irrigation. As for
VAM, a forty grams of inoculum were added to root absorption zone of each
plant, 30 days after transplanting, hefore 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
ammaonium sulfate, (20.5% N) and 200 kg/fed. Patassium suifate (48% K;O).
The added amounts were equally divided and appilied after planting and 45
days after fransplanting.

Recorded Data:
Vegetative growth parameters:

Five representative plants were randomly picked up from sub-sub plot,
100 days after transplanting to measure, plant length, number of
branches/plant, ieaf area/ plant (according to the method of Koller, 1972), dry
weight per plant and
chlorophyli a + b {(according to the method of Commar and Zscheile, 1941).

Yield and its components and tuber root characteristics:

At harvest, 140 days from transpianting, all tuber roots of piants of
each sub-sub piots were dig up, classified according to the method of Grang
(1963) into marketable roots (with a diameter of 3.5 to 6.5 ¢m) and non-
marketable roots {with a diameter of > 3.5 ¢cm or < 6.5)., then weighted to
determine the total yield per feddan (tons). In addition, plant yieid, as number
and weight (kg) of tuber roots, was determined. Samples, each of ten tuber
roots, were also randomly chosen at harvesting time to determine average
tuber root weight (gm), length (cm), diameter (cm), and shape
{length/diameter).

All recorded data were statistically analyzed by Analysis of Variance and
ieast significance differences (LSD) was used to separate means, as
described by Gomez and Gomez (1984).
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RESULTS AND DISCUSSION

Vegetative growth parameters:

Data presented in Table {2) show that vine length, leaf area, dry
weight/ ptant and chlorophyll content of ieaves were significantly increased, in
both seasons, in response to foliar spray of micronutrients, compared with
contred, while number of branches/plant was not significantly affected by
micrenutrients. The positive effect of micronutrienis on plant vegetative
growth parameters might be due to their essential roles in many important
metabolic functions such as transport of carbohydrates, regulation of
meristematic activity, photosynthesis, respiration, energy production and
protein metabolism. Such functions would directly or indirectly contribute to
plant growth (Srivastva and Gupta, 1996). The obtained results are in
harmony with those of Radwan and Tawfik (2004) on potato, who found that
spraying piants with micronutrients increased vegetative growth of plants as
compared with the untreated ones.

Data in Table (2) alsc show that vegetative growth of sweet potato
plants that received P05 fertilizer was generally improved compared with
control plants. [t is also clear from the obtained data that increasing the rate
of applied P.Os from 3C to 60 kg/fed was asscciated with marked simulative
effects on plant growth. The application of 45 and 60 kg P;Qs/ fed. to plants
were significantly superior in increasing vine length, number of branches, leaf
area, canopy dry weight per plant and totai chiorophyli content of leaves,
compared with control treatment, in both seasons. These increases may be
due to the beneficial effect of p-element on the activation of photosynthesis
and metabolic processes of organic compounds in plants and hence
increasing plant growth (Gardener ef al, 1985). These results are in
agreement with those of Abdel-Fattah and Abdel-Hameid (1997) who
indicated that increasing the applied P-rate to sweet potato plants
significantly increased plant length, plant leaf area, canopy fresh weight and
total chlorophyli in plant leaves.

Data presented in Table (2) reveal that inoculation of sweet potato with
VAM fungi or phosphorein led to significant increases in vine length, number
of branches/plant, leaf area, plant dry weight and total chiorophyll contents of
leaves as compared with the uninoculated treatment, in both seasons. The
superiority effect of VAM-fungi could be explained based on their role in
supplying the growing plants with available phosphorus needs, some
micronuirients and phytoharmones, such as gibberllins, auxins and cytokinins
which promoted plant growth, in addition to root development and thereby
enhanced nutrient uptake (Marschner., 1995). Similar results were reported
by El-Morsy et al. (2002) on sweet potato, which showed that the use of
VAM-fungi as biofertifizer to sweet potato plants markedly increased shoot
growth, fresh and dry weight of plants compared with untreated plants.
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Table {2): Vegetative growth parameters and chlorophyll contents of
sweet potato plants as affected by micronutrients, P2Os
rates and biofertilizers, during 2002 and 2003 seasons.

r Parameters Number of | Leaf area | chicrophyll
(A + B}

Vine length
(cm)

dry weight /

branches/ plant plant {gm)

_plant (m?) (mgfg F.W) |
I Treatments [2002] 2003 | 2002 200312002]2003| 2002 | 2003 | 2002] 2003 |
la- Effect of micronutrients
Without ~ [132.4/128.0{15.43[14.94{0.82[0.69[116.94{109.21{ 1.20 | 0.90 |
With 1140.4[136.0/17.16[16.82/1.04 [0.96 [131.34{129.86] 1.41 [ 1.17 |
LSD (5%) [4.236/5.30/ N.S| NS [0.04/0.11] 1.71 | 7.68 [0.016]0.040]
b- Effect of P-rates |
[Control  1120.8]122.9]13.66[13.72/0.74|0.68]109.77/107.39/ 0.89 { 0.84

|30 kg 139.4{129.9/115.62|15.77/0.840.76121.20[116.53] 1.21 | 1.02
45 kg 141.5[135.9]17.43/16.65{1.04{0.90 [132.66/125.89] 1.47 | 1.19
60 kg 143.9/139.4{18.53/17.38/1.120.95{136.89(128.53( 1.65 | 1.26

LSD (5%) [6.098.23[259/1.26/0.03{0.12] 1.90 [ 2.17 {0.012[0.02
¢- Effect of biofertilizers
Controi 125.6{127.2]19.65/14.65/0.89[0.751120.83|101.60] 1.21 [ 0.89
VAM 147.6(136.5/24.31116.94/0.97|0.921129.87|125.67, 1.40 | 1.32
[Phosphorein[135.9(132.5]21.28[16.04/0.93 [0.80124.68{120.26| 1.29 | 1.03

L.S.D(5%) |4.84|3.15]1.43[1.40[0.03(0.08] 3.92 | 4.95 10.007[0.03
1- VAM = Vascular Arbuscular Mycorrhiza,

The effect of interaction of micronutrients x P-rates on plant vegetative
growth parameters of sweet potato is presented in Table (3). The interaction
exerted positive significant effects on leaf area/plant, plant dry weight and
chlorophyll content in piant leaves in both seasons. However, it didn't
significantly affect vine growth or number of branches/piant, in both seasons.
Results also indicated that plants treated with foliar micronutrient and P.Cs at
43 or 60 kg P,Osffed gave the highest values of vegetative growth
parameters in both seasons, while the untreated plants followed by plants
received only P,Os at 30 kg P,0s/fed., vielded the lowest values in both
seasons, respectively. The obtained results are in agreement with those of
Abdel-Fattah ef al. (2002), on garlic,

The interaction of micronutrients x VAM fungi or phosphorein resulted
in a non-significant increase in vegetative growth of sweet potato plantsin
both seasons, excert for chlorophyil content of plant leaves, in both seasons,
where the increase was significant (Table 3). The interaction of micronutrients
with  VAM fungi resulted in the highest values of vegetative growth
parameters, compared with the interactions at any other level.

The effect of interaction of P-rates x biofertilizers on vegetative growth of
sweel potato plants is shown in Table (4). Results show that there is a
positive effect for this interaction on most of the studied vegetative growth
characteristics of sweet potato plants. Data also point out that the interaction
had no significant effect on vine length, and number and branches/plant, in
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the two seasons. However, significantly the highest leaf area/plant resulted
from the interaction of 60 kg P,QOs/fed with VAM or phosphorein biofertiiizers,
ir: the first season and from the interaction of 45 kg P,Cs/fed with VAM only,
in the second season. Plant dry weight and leaf chlorophylls significantly
increased to the highest values when of 60 kg P:Os per fed. interacted with
\YAM bigfertilizer, in both seasons. The obtained resuits could be explained
by the results of Negeve and Roncadori (1985} who showed that phosphate
fertilization was more effective in stimulating growth of sweet potato planis in
the presence of VAM fungi. Furthermore, El-Dahfory ef af. (1989) rmentioned
that use of mineral phosphorus fertilizer in combination with phosphorein may
activate P-solubilizing bacteria in soil and consequently increase available
phosphorus and plant growth promoting substances. The obtained results are
also in agreement with those of El-Morsy ef af (2002), and EL-Shimi (2003),
on sweet potato

Table (3): Vegetative growth parameters and chiorophyll content of
sweet potato plants as affected by the interactions of

micronutrients x P;0; rates and micronutrients x
biofertilizers during 2002 and 2003 seasons.
Parameters Vine length h;f;gﬁ;:; Leaf aregl fdry weight/ ch::rgpsh)yll
{cm) plant plant (m°) plant (gm} {magig F.W)
Treatments 2002 [2003 [2002 2003 (2002 [2003 [2002 [2003 2002 |2003
Micro.' [P-rates a- Interaction of P rates x micronutrients i
Control 1126[118.8[12.79]13.26] 062 | 0.59 1104.331 9667 [ 0.84 | 086
30 kg
§ P,Oyfed 135.2(125.7|14.42114.32] 0.70 | 0.60 |114.96 108,39 1.08 | 0.53
£ [#ka - 188 | i
S P.Oo/fed 138.81131.5|16.37[15.37 0.88 | 0.65 |125.11109.28| t.31 | 1.15
160 kg
P,Os/fed 143.11136.2|18.26|16.61(1.09 | 0.89 |131.26|12250( 156 [ 1.25
Control 128.9i127.111452)14.1810.85 | 0.76 1 115.20}118.10] 0.84 ; 0.99
kg 143.7|134.1 [16.8217.22| 0.97 | 0.93 [127.44]124.67| 1.34 | 1.11
c 2Osifed _|
E 145kg
2 P,Osffed 144211403118.49117.7311.20 { 115114021 1142111163 1 1.24
60 kg
P,Osfed 144.7142.6(18.79/18.14| 1.15 | 1.02 |142.52(134.55| 1.72 | 1.32
LSD {5%) N.S | NS | NS | NS | 004;017 ] 542 | 811 |0.017] 0.05
Micrc. |Biofertilizers  |b-interaction of micronutrients x biofertilizers
- Control 121.91123.6]114.34/14.43/ 079 1 0.63 |115.36| 9268 [ 1.11 | 0.84
é VAMT 145.41132.5]16.85[15.58] 0.85 | 0.80 |122.69|127.54] 1.29 | 1.19
E Phosphorein  1130.0)127.9)15.09}14.81) 0.83 | 0.63 | 118.70|107.42) 1.18 | 0.94
= Contral 129.3{130.7115.13|148811.01 | 0.86 [126.31 [110.55]| 1.30 | 0.94
§ VAM 149.911403(19.5118.30| 1.08 | 1.08 | 132.05(145.93| 1.51 | 1.44
Phosphorein  {141.91137.1{16.83117.2811.04 1 0.98 {13067(13309{1.40 | 1.10 !}
LSD (5%} NS | NS NS[NSINSINS[ NS | NS [008][004]

1- Micro = Micronutrients
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Tabie (4): Vegetative growth parameters and chlorophyil content of
sweet potato plants as affected by the interaction of P05
rates x biofertilizers during 2002 and 2003 seasons.

Parameters Vine length g:';?;ﬁ;;r Leaf area/| dry weight/ Ch(lzrfpal;yll
Treatments (cm} plant plant (mZ) piant {gm) {mgfg F.W)
P-rates  |Biofertilizers | 2002 | 2003 | 2002 | 2003 [ 2002 [2003| 2002 | 2003 | 2002 | 2003
Control 1080 117.2]11.48112.0370.6910.59{107.171 91.66 | 0.82 | 0.73

Control |VAM' 131.8]126.9115.66(14.90[0.770.76] 1125 [119.07| 0.97 | 0.96
{Phosphorein | 122.5|124.6132.8]14.210.74,0.68109.631111,42] 0.89 | 0.82

1 0k Control 133.7]123.3}13.50(14.08[0.76[0.72[118.18[10455] 112 [ 082
p Os/fid VAM 147.9]134.4]17.92{17.10[0.86/0.82[12455[128.38] 131 [ 1.25
§ Phosphorein [ 136.71131.8115.45[16.1310.83[0.75][12087{11566] 1.20 | 0.9g
4SKg  lcontrol 130.2]129.2115.22[15.03]0.99[0.69 112516 105.08] 1.36 | 0.85 |
b0 sfig-'d VAM 153.011425720.02{18.08]1.0911.07]139.99]149.09] 1.56 | 1.5% |
2 Phasphorein | 141211361 [17.05[16.83]1.04[0.94/132.827122.90] 148 [ 1.12 |
Cantral 130.4)138.9118.75|17.46/1.11]0.97 [132.83[105.13] 1.55 | 1.07 |

s0kg |VAM 157.7[141.7[19.32]17.68]1.12[1.06]1142.42{149.39{ 1 77 [ 155 |

| P,Ogfed |Phosphorein|143.5]137.6[17.52[16.98[1,12]0.84]135.42131.04] 1.60 | 1.16
LSD at5% NS { NS NSNS looslois] 706 | B9 10.013] 0.07

1- VAM =Vvascular Arbuscular Mycorrhiza

As for the interaction effect of the three studied facturs on piant
vegetative growth, data in Table (5) reveal that vine length, number of
branches/plant, leaf area and plant dry weight, were not significantly
influenced by the three ways interaction, in both seasons. However, leaf
chlorophyll content was significantly affected by the interaction, in both
seasons. Generally, plants received micronutrients, 45 kg P.Osffed and
treated with VAM-fungi had the highest vegetative growth and chicrophyll
content vaiues, in the two Seasons, compared with control piants.

Yield and its components:

Concerning the effect of micronutrients on yield and its components,
data presented in Table (6) indicate that application of micronutrient mixture
as foliar spray was generally more effective than the control, where it exerted
significant increases on total yield by 30, 11.19% and marketable yield by
31.84, 12.57%, in the first and second seasons, respectively. Micronutrients,
ailso significantly increased total yield/piant, in both season, and significantiy
reduced non-marketable yield by 8%, in the second season only. However,
number of tubers/plant was not significantly influenced by micronutrients in
poth seasons. The improving effect of Zn, Mn and Fe on yield and its
components might be attributed to their positive role on enhancing
photosynthesis, biosynthesis of proteins and carbohydrate assimilation
diveried to the tuber roots (Nijjar, 1985). This is in coincidence with the
findings of Badillo and Lopez (1976) on sweet potato and Nofal (1998) on
potato plants, where they found that yield and its components were increased
markedly by foliar spray of micronutrients compared with the untreated
plants.
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Table {5}: Vegetative growth parameters and chlorophyil content of
sweet potato plants as affected by the interactions of

micronutrients, P,05 levels and biofertilizers, during 2002 and

2043 seasons.

L Parameters | .. | Number of | Leaf - \chiorophyﬂ
[Treatm&nts \Im(i.;z:}gth branches/ areaf 21 ?)zirgiﬁg;f (A + B) 1\
' -~ plant  !plant {m") {mgig EF.W) |
[Micro® Pvates  [Bio’, | 200Z ; 2003 ! 2602 [ 2003 [2002]2003] 2002 | 2003 | 2002 | 2003 |
Cont® [ 99.3 [113.9111.03,12.33]0.58[0.45]101.00] 86,67 | 0.75 ! 0651

Control (YA 112461122514 13113.76/C.66]0.74 108.34j1_08.33] 0.92 1 C70

" [Phos.” [113.41120.0713.20 13,67 10.6210.60[103.64 | 56.00 | 0.85 | 0.6 |

10kg |CONL 126.91119.4/12.72j13.10/0.66/0.55/112.33] 9182 | 1.01 [ 0.74 |
= ip Oﬁ/?ed VAM 115031130.7:163715.23[0.74|0.68]117.59] 12133[ 116 [ 111 ]
g r; " |Phos. ]128.3]126.9114.17/14.63(0.70{0.56[114.96(112.00! 1.08 { 0.94 |
S | uskg [cont. [1325712631146311487[083[054 12021] 60.33 [1.21[0.93 |
' Oslfged VAM [145081137.3718.37[16.57|0.9310.79]130.0271123.151 1.35 [ 1.46 |
: P2 Phos. |134.8]1131.6]16.10[15.27[0.88[0.63] 126.1 [104.33[ 1.34 [ 1.05 |
50 kg Cont. [12831134.6[16.97]17.40[1.0910.97[128.88]102.3831 1. 47j%
P.Ogfed [YAM 1187711396 18.93[16.7711.08]0.99 134,81 [147.30 172 | 1.49 |
: [Phos. 1143.3/1340116.80[15.6711.10[0.71|130.09]117.33[ 1,45 {1.08 |
|Cont. [116.2[1206,11.63[11.73/082/0,73[113.33] 67.65 | 0.85 | 0.81 ]
i Control VAM 139111314117 20116.03]0.88]0.79 116,66 129.8! 1031211
i 07" Phos. [131.811292114.43[1477/0.85]0.76]115.62]126.85i 0.23 [ 060 |
30kq LCort [1405 127.3[14.27115.07]0.92[0.801124.03[117.26[ 1.23 | 0.5% |

PaOsffged VAM  114561138.2:19.47/18.57/1.0310.85/131.521137.431 1.45 | 1.41

£ : Phos. [145.1[136.8/16.73]17.63|0.96/0.94[126.78[119.32/1.33 [ 1.04
z | a5kg |Cont. [127.9]132.171580/152011.14]1085]131.451116.841 1621067
o Odfged IVaM 1157211477 121.6719.60[1.26(1.351149.971165.01 [ 1.73 [ 1.56 |

¢ [Phos. | 147.51141.2]18.00 16.401.20|1.26 |138.54] 14147 163 | 1.19

60 kg [Cont, [132511425]18.53[17.53 1.14(10.9&&132.12 107.44(1.63 [ 1.10

5.0yted VAM 11577]|143.8]19.70[18.60(1.1611.10[153.37 | 151.46 1.82 | 1.61

i |Phas. 1143.71141.2[1813118.30[1.15[0.87 [140.77 {14475 1.72 [ 1.24

LSD (5) NS | NS | NS |[NS[NS|NS| N5 [ NS |009][010

3- Micro, = micronutrients
§- Phos.= phospherein

1- Bio. = biofertilizers 2- Cont.= control
4. VAM = vascular arbuscular mycorrhiza

Data in Table (8} also show that irrespective of the unfertilized plants,
increasing the supplied p-rate from 30 to 80 kg P.Os/fed significanily
increased total yield by 19.16% and 16.22%, in the first and second seasons
respectively, marketable yield/fed and tuber yield/plant, in both seasons. Non-
marketable yield was significantly reduced, in both seasons, by increasing P-
rate from 30 to 60 kg P;O0s, whereas, number of tuber roots/plant was
significantly increased, in the second season only. These increases may be
due to the role of phosphorus as an essential component of many organic
compounds in plant, such as phosphoproteins, phospholipids, nucleic acids
and nucleotides, which indirectly may be reflected positively on yield
(Marschner, 1995). Simiiar results were repaorted by Abdel-Fattah and Abdel-
Hamed (1997) and El- Morsy ef al. (2002), who found that fertilization of
sweet potato plants with P-fertilizer caused significant increases in total and
marketable yield.
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Table {8): Yield and its componenis of sweet potato plants as affected
by micronutrients, P,0s rates and biofertilizers, during 2002
and 2003 seasons.

‘_ ; Yieid/plant Yield {ton/fad).
. [ . Marketable |  Non- |
Parameters ’ Welg;'lt ; tﬁl;)::'brgo(t); yield marketable r Total yield
| gm) s vield |
ITreatments [2002 12003 2002 12003 ;2002 [2003 2092 [2003 (2002 (2003

a- Effect of micronutrients

Withaut 1445575486 | 523 | 405 | 983 | 12.08 1 0.631 [ 0491 [10.191 12.56

Wit 5827|6151, 528 | 431 112,95 | 1361 0.386 [ 0.451 [13.32 | 1408

L3D (5%} _5304[1518] NS | NS [ 1221045 | WS (0003 1.20 | 035

| b- Effect of P-rates

[Control 4437[486.1 | 487 | 357 | 977 11066 037310501 (1044 11.11

|30 kg P:Cy/fed 4839|5861 | 520 1388 [10.70 12,29 03620477 [11.06 | 12.76 |
45kg P.Osfed [ 552.8 | 636.1 | 538 | 446 [ 1220 (1408 03390463 [ 1064 | 1454 !
60 kg PoOx/ted 567.7 | 648.9 ] 5680 | 478 | 12.82114.39 ' 0.360 | 0.444 | 13,18 | 14.33

LSD (5%) 5828712501 N.g 10221135 029 (000810007 1.35 | 0.27

c- Effect of biofertilizers

Control T484.4752905] 5.08 [ 350 | 10.65111.62 [0.383 [ 0.491 | 11.07 | 12,10

|VAMT 1554416255 551 [ 477 [12.33]13.05[0.337 1 0.454 | 12.67 | 14.31

{Phosphorein 504115916 518 | 425 |11.16 | 13.89 | 0.355 [ 0469 [ 11.52 | 13.52 |
[L3D (5%) 42521941 [ NS [ 018 [ 095 [ 022 10.007] 001 | 087 © 0.21 |

1-VAM = vascular arbuscular mycarrhiza.

Regarding the effect of biofertilfizers on yield and its components, data
presented in Table (&) reveai that all studied characters of sweet potate vieid
and its components, except the non-marketabie yield, were generally greater
with biofertilizer treatments than without. Soil inoculation with VAM-fungi, in
both seasons, or phosphorein, in the second season eniy, exerted significant
increases in the total yield, marketable yield and tuber yield/plant. Meanwhile,
number of tuber roots/plant significantly increased, in the second season
only. Non-marketable yield was significantly reduced by Dbioifetilizer
treatments, in both seasons. The highest total yield was obtained from plants
inoculated with VAM-fungi. Plants inoculated with VAM-fungi increased total
yield by 14.45 and 18.26% compared with the untreated ones, in the first and
second seasons, respectively, In additions, non-marketabie yieids were
reduced by VAM-fungi treatment than without biofertilizers by 13.46 and
8.15%, in both seasons. The favorable effect of VAM fungi on yield and its
components of sweet potato may be due to the fact that there is symbiotic
association between VAM fungi and plant roots, where the fungus benefits
from the flow of photosynthetic products from the shoots o roots, and uses
these products as a source of food. On the other hand, VAM fungi have the
ability to supply the plant with N, certain micronutrients and some hormone
substances, i.e., gibberellins, auxins and cytokinins. Moreover, VAM fungi
play a great role in correcting the solubility problem and releasing the fixed
phosphate form to available one, suitable for plant nutrition (Abou El-Khair,
2004).

Concerning the interaction effect of micronutrients x P-rates on sweet
potato yield and its components, data in Table (7) show that there were
significant effects, in both seasons, on total and marketabie yields, as well as
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mycorrhizatuber root weight/plant. However, no significant effects were found
in non-marketable yieid or number of tuber roots/ptant, in both seasons, as a
result of interaction of micronutrients with P-rates. Generally, most studied
characters of yield and its components had the highest values as a result of
the interaction of 45 or 60 kg P,Os/fed. with micronutrients. The aobtained
results are in harmony with those of Badillo and Lopez {(1976) on sweet
potatc, and Abdel-Fattah et af (2002} on garlic, who indicated that the
application of micronutrients in combination with different p-rates increased
totat yield and its components as compared with control plants,

Table (7): Yield and its components of sweet potato plants as affected
by the interactions of micronutrients x P05 rates and
micronutrient x biofertilizers, during 2002 and 2003 seasons.

I Parameters | Yield/plant Yield (ton/fed
. Non-
Weight Number of | Marketable .
(gm) | tuberroots | yield Ma;‘::::b'e Total yield
Treatments 2002 ;2003 | 2002 [ 2003 | 2002 { 2003 [ 2002 | 2003 | 2002 | 2003
Micro.” [P-rates a-interaction of micronutrients x Prates
Controt 403.1 (438.8| 5.08 [ 3.42 | 8.84 { 9.62 {0.375/0.525; 9.21 [10.03

2 |[30 kg P;Oyfed | 403.2 5136/ 523 | 368 | 8.85 |11.24]0.366/0.495] 9.22 [11.74
S [45kg P.Oyfed |431.0]613.4; 523 | 432 | 051 |13.54/0.342]0.483] 9,85 [11.40

60 kg P.Ox/ffed | 5461 [632.4] 539 | 476 112.12 | 13.99|0.362 | 0.463 | 12.48 | 14.46
F Control 484.2|533.3[ 4.66 | 3.73 |10.70.11.71]0.371 | 0.478]11.07 | 12.19 |

£ (30 kg P;O/fed [ 4646 |632.8] 517 | 400 [12.54113.34]0.357[0.458 [12.91{13.77 |
2 [a5kgP.OJfed [ 6746 [658.8] 5,52 | 4.61 |15.08[14.62{0.336[0443[15.42115.06
60 kg P,O./fed | 607.4 [665.5( 5.79 [ 4.81 [13.52[14.78/0.358|0.427[13.88]15.21

LSD (5%) 8383|1769 NS | NS 11901039 [ NS | NS [ 182029
Micro. |Bioferilizers b- Interaction of micronutrients X biofertilizers
. iControt 421.0 |489.17 482 1 3.25 | 9.24 110.68!0.386 |0.510( 9.62 [11.19
E VAM' 500.2 |596.6] 5.55 | 4.68 111.09[13.25]0.338|0.49411.43113.64
2 Phosphorein 4163 (56221 523 1 420 | 916 112.3510.359(0.469| 9.51 | 12.85
- iControl 547.7 1569.1] 5.25 | 3.75 [12.14)12.55]0.380] 0.472]12.52)13.08 |
§ VAM B08.6 |655.11 5.47 | 4.87 [13.57114.54]0.336]0.438[13.91114.97
Phosphorein 591.8 |620.9] 5.12 [ 4.30 [13.18]13.75]|0.351 [ 0.444[13.53 | 14.97 |
[LSD (5%) 71351163 NSNS 138031 [ NS [ Ns [185(03C
1- Micro. = micronutrients 2- VAM = vascular arbuscular

Data illustrated in Table (7) show that total yield of sweet potato roots,
marketable yield and plant tuber yield significantly increased, in both
seasons, as a result of the interaction of micronutrients and biofertilizers,
while no significant effect was detected for the effect of this interaction on
marketable yield and number of tuber roots/plant, in both seasons. The
highest total vield, marketable yield and root yield/plant were obtained as a
result of the interaction between VAM-fungi and micronutrients, followed by
the interaction of phosphorein and micronutrients. These results are in
agreement with those obtained by Sabik et al. (2001), where they showed
that inoculation of faba bean plants with phosphate solubilizing bacteria and
treating them with micronutrients, at the same time, increased total yieid and
seed yield/plant compared with the untreated plants.
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Data presented in Tabie (8) show the interaction effect of P-rates with
bicfertilizers on sweet potato yield and its components. The interaciion
caused significant increase, in both seasons, in total yield, marketable yield/
fed and plant tuber yield. On the other hand, non-marketable yield was
significantly reduced as a result of the inferaction, in both seasons. However,
no significant effect for the interaction was detected on number of tuber
roots/plant, in both seasons. it is notable that plants fertilized with 45 ky
P,0y/fed in the presence of VAM-fungi, in both seasons, or phosphorein, in
ihe second season only, achieved higher yield/fed, marketable yield and plant
tuber yield than those produced by using B0 kg P.Os/fed alone. Such results
were previously explained by Negeve and Roncadori (1985), who indicated
that phosphate fertilization was more effective in stimulating growth and yield
of sweet potato in the presence of VAM-fungi. The obtained results are aiso
in harmony with those of E-Shimi (2003} who reported that total yield and
marketable yield of sweet potato increased by utilization of 75% of the
recommended P + phosphorein, compared with control.

Table (8): Yield and its components of sweet potato plants as affected
by the interaction of P,Os rates x biofertilizers, during 2002
and 2003 seasons.

] Parameters | Yield/piant Yield {ton/fed)
| Wzight Number of Non- .
JTreatments _!_ (gns'll) tuber roots Marketable marketable Total yield
| P-rates |Biofertiizers | 2002 | 2003 {2002 [ 2003 | 20021 2003 | 2002 | 2003 | 2002 | 2003
! Controj [400.614329]450 | 297 [ 875 [ 941 |0.404|0.525] 9.16 | 9.94
| control HYAM' 456.71536.3] 5.25 | 403 110.78)11.94.0.342|0.483]11.12]12.28
| " [Phosphorein | 443.6[487.0] 4.85 | 3.73 | 9.77 | 10.63]|0.374{ 0486 |10.14[11.13]
50 kg Cantrol 462.61455.9] 468 | 3.18 |10.18]10.9010.385|0.501 [10.57 ] 11.36 |
‘ POgffed YAM 510.4600.9] 5.80 [ 460 [11.33]13.28]0340]0456 [ 11.67[1373
| Phosphorein |478.7 |5785] 5.12 | 3.88 [10.56/12.70/0.359/0.473[10.84[13.18|
-*45 kg Control 451615657 5.08 | 3.73 | 9.95 [12.45][0.369[0.480 | 10.32[12.931
P.Ogfed VAM £33.2|699.8] 5.82 | 513 [14.15/15.55]0.322]0.444 | 14.47[15.99 |
: Phosphorein [573.5]642.9] 5.23 | 453 [12.78[14.33[0.326(0465[13.11 (1469
Control 622.6|620.5] 6.07 | 415 [13.85]13.72(0.376]0.459]14.23[14.18
60k |[VAM 587.21666.4] 5.18 | 5.35 {13.08[14.80/0.345[0.433 13.42[15.23
p.0.fad |Phosphorein [520.4[650.0] 552 | 4.85 [11.53/14.64|0.36010.442]11.89{15.09
LSD (5 %) 35041188 NS [ NS {1937 045 [0.014]0.021] 1.95 | 0.43

I- VAM =Vascular Arbuscuiar Mycorrhiza

Interaction effect of all studied factors, i.e., micronutrients, P-rates and
biofertilizers on sweet potato yield and its components is presented in Table
(9). The data indicate that total vieid, marketable yield and plant tuber yield
were significantly influenced by the interaction, in both seasons, but non-
marketable yield, and number of tuber roots/piant were insignificantly
affected. Plants sprayed with micronutrients, received P at 45 kg P,Os/fed
and inoculated with VAM-fungi produced the highest total and marketable
yield. Similar results were reported by El-Morsy et al., (2002) and EI-Shimi
{2003), on sweet potato.
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Table (9): Yield and its components of sweet potato piants as affected
by the interaction of micronutrients, P;Qs; rates and
biofertilizers, during 2002 and 2003 seasons.

Characters Yieid/plant Yield {tonifed)
] Non-
Weight Number of Marlgetable marketable Total yield
Treatments {gm} tuber roots yield yield
Micro.® | P-rates |Bio. 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2062 | 2003 | 2002 | 2003
Cont.” 133293749 | 450 | 276 | 7.20 | 8.02 | 0.406 [ 0545 | 761 | 857
Cantrol VAM"E 474.0 | 499.7 | 570 ! 3.83 | 10.49 | 11.25 | 0.345 | 0.506 | 10.83 | 11.42
Phos.” | 402.4 | 4419 503 | 366 | 882 | 9.58 [ 0376 0524 919 | 10.10
30 kg Cont. 13793 /4627 | 483 | 3.03 | 828 | 10.06 | 0.387 | 0.516 | 8.67 | 10.58
5 P.Osfed VAM 4446 {5526 | 593 | 433 | 9.82 {1216 | 0.341 | 0.472 | 10.16 | 12,63
[] Phos. {3858 15256 513 { 370 { 845 | 11.52 [ 0.371]0.498 | 8.82 | 12.01
g 45ig Cont. 375054031 503 | 3.36 | 820 | 11.85 /0375|0500 | 857 [ 12.35
P.Ogfed NAM 4965 | 6737 540 | 513 [ 11.03]14.94 { 0,324 1 0.457 | 11.36 [ 15.40
Phos. | 421.1 16261 | 527 | 4456 | 929 {13.82 10328 10492 | 962 11431
§0 kg KCont. {5971 {5816] 550 | 3.86 | 13.27 | 12,81 | 5.378 | 0.481 | 13.685 : 13.29
! p.osifed WVAM 585.4 | 68604 i 5.17 | 543 113.03 | 14.65 | 0.345 | 0.443 | 13.38 | 15.09
\ ? Phos. | 455.7 | 655.3 | 5.50 | 4.96 | 10.05 | 1451 | 0.363 | 0.464 | 10.42 | 1498
] KCont. | 468.4{494.8 | 450 | 317 | 1030 ] 1081 { 0.402 | 0.504 | 10.71 | 11.:1
Controt VAM 4995 | 572.91 480 | 423 | 11.08 | 12.64 | 0.339 | 0.460 | 11.42 | 13.05
Phos. | 484.8 | 532.2 ] 4.67 | 317 11071 | 11,69 | 0.371 | 0.469 | 11.08 | 12.16
30 kg Cont, | 5459 |531.2| 473 | 3.33 112,09 11,73 0.284 | 0.486 | 12.48 | 12.14
POsfed NAM 576.2 | 6493 | 567 | 4.86 | 12.83 | 14.40 { 0.340 | 0.440 | 13.17 | 14.84
< Phos, | 5717|6274 510 | 406 | 12,72 | 13.89 | 0.349 | 0,447 | 13.07 ; 14,34
= k Coni. 15282 ]591.1] 513 | 410 | 11.71 [ 13.05 | 0.363 ; 0.460 | 12.07 | 13.51
pjgy,fge SVAM 768672591 6.23 | 513 | 17.27 | 16,16 | 0321 0.433 | 17.69 | 1658
Phos, | 7256 | 659.7 | 520 | 4.60 | 16.26 | 14.64 | 0.325 | 0.438 | 16.59 | 15.08
60 kg Cont. | 6481|6593 1{ 6.63 | 4.43 | 1444 | 1463 | 0373 0.438 | 14.81 1 15.07
P Gyfed VAM SB89 {6725 520 1 5.26 {1312 ] 14,95} 0,345 |1 0.422 | 13.46 | 15.37
Phos. | 585.1 | 664.7 1 553 | 473 {13.01 1 14.77 | 0.359 | 0.420 { 13.37 | 15.19
LSD at 5% 956 | 266 N.5 N.S 2.05 ! 9.63 NS N.S 1.88 | 0.60
1- Bio. = biofertilizers 2- Cont.= control 3- Micro. = micronutrients
4- VAM = vascular arbuscular mycorrhiza 5-Phos.= phosphorein

Tuber root characters:

Data illustrated in Table (10) show the physical properties of sweet
potato roofs, expressed as weight, length, diameter and shape. Application of
micronutrients resulted in significant increases in average weight and
diameter of tuber root, in both seasons, and average root length, in the
second season only. However, micronutrients did not significantly affect the
shape of tuber roots. The improvement effect of micronutrients may be
resulted from their effects on increasing vegetative growth of plant, which was
subsequently reflected positively on the physical properties of root tubers.
These results are in accordance with those of Abdel-Fattah et al. (2002) who
showed that both bulb weight, and diameter and clove weight of garlic plants
were better than the plants sprayed with mixture of micronutrients (Fe + Zn +
Cu), compared with the untreated plants.

Effect of P-rates on tuber root characteristics is presented in Table
(10). The obtained resuils revealed that average weight, diameter and length
of tuber roots were increased significantly as the applied P-rate increased
from 0 to 80 kg P,Os/fed. However, all tested P-rates did not significantly
affect shape of tuber roots, in both seasons. The obtained increases in tuber
root characteristics may be attributed to the role of P-element as an essential
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companent of many organic compounds in plants and to its major role in
protein synthesis and protoplasm formation, factors that may increase the
properiion of protoplasm to cell wall, which may result in an increase in cell
size (Marschner, 1995). Similar results were reported by Abdel-Fattah and
Abdel-Hamed (1997) who revealed that application of sweet potato plants
with 68 kg P,Osffed. significantly increased weight, length and diameter of
tuber roots, compared with unfertilized plants.

Concerning the effect of biofertilizers on tuber root characteristics of
sweet potato, data in Table (10) indicated that inoculation of plants with
biofertilizers resulted in significant increases in weight, length and diameter of
tuber rocts. in both seasons. However, it did not exert any significant effect
on tuber root shape, in both seasons. The highest values of weight, length
and diameter of tuber roct were obtained from VAM fungi followed by
phosphorein. Such resuits may suggest that the used VAM-fungi or
phosphorein had the ability to supply grown piants with phosphorus to meset
their phosphorus requirements, and they may also aiter the plant root
morphology, by inducing the growth of an enlarged root system and thus
causing a greater surface area for P absorption (Marschner., 1995). Some
investigators came to nearly similar results, where Awad (2002), fcund that
inoculation of potato piants with phosphorein or VAM increased significantly
weight and length of tuber compared with those of uninoculated plants,

Table {10): Tuber root characteristics of sweet potato as affected by
micronutrients, P05 rates and biofertilizers, during 2002
and 2003 seasons.

I Characters Root weight | Root length |Root diameter{ Root shape

{gm) (cm} {cm) {length/diameter)

Treatments | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003

a- Effect of micronutrients

Without 1703711422715980 | 153 [ 50 | 48 | 32 | 32

IWith 1805 {1715 175 | 161 [ 54 | 52 | 3.3 31

LSD at5% 56 [ 127 [ NS 004 1025 [ 012 1 NS N.S

b- Effect of P-rates

Control 1585.3 | 116.5 | 145 | 14.2 4.7 4.4 3.1 3.2

30 kg PoOsffed | 179311434 | 162 | 152 | 51 4.8 3.2 3.2

45 kg P2Osffed | 182.2 | 1754 | 180 | 161 5.4 5.1 3.3 3.2

{60 kg PoOs/fed | 184.7 1 191,81 184 | 17.3 57 57 3.2 3.1

,rL.S.D at 5% 7.8 11.5 0.7 0.5 0.17 | 0.08 MNS NS |

c- Effect of biofertilizers

Control 1603 131.9] 163 | 148 | 50 | 45 | 33 3.3
VAM® 1875 | 1827 | 175 | 166 | 56 | 55 | ad 3.1
Phosphorein | 169.4 | 155.8 | 165 | 166 | 51 | 51 | 3.2 3.1
LSD (5%) 39 | 116 | 02 | 04 | 0.1 | 01 | NS | NS

1- VAM = vascular arbuscuiar mycorrhiza.

Data presented in Table (11) show the interaction effect of
micronutrients with P-rates on tuber root characteristics. Generally, there
were significant effects for the interaction, in both seasons, on weight and
diameter of tuber root. However, length and shape of tuber roots were not

6161



Hassan, M. A. et al.

significantly influenced by the interaction, in the two seasons. it was clear
also that plants sprayed with micronutrients at 45 or 60 kg P-Os/fed. gave the
highest values of tuber root features, in both seasons, while the lowest values
were obtained from control piants. The obtained results are in accordance
with those of Abdel-Fattah ef al. (2002).

It is evident from Tabie (11), that average weight of tuber root, in the
second seasons only, and tuber root diameter, in both seasons were
significantly increased by biofertilizers application in the presence of
micronutrients than in the ahsence of them. Nevertheless, there was no
significant effect for this interaction on tuber root shape, in both seasons. The
highest values of tuber root features, in both seasons, were obtained from the

Table (11): Tuber root characteristics of sweet potato as affected by the
interactions of micronutrients x P,Os-rates and
micronutrients x biofertilizers, during 2002 and 2003

seasons.
Parameter | Root weight | Root length |Root diameter] Root shape
Treatments {gm} {cm) {em) (length/diameter)
2002 | 2003 | 2002 [2003] 2002 | 2003 2002 | 2003
Micro. P-rates a- Interaction of micronutrients x Prates
Control 1448 11118 ] 145 [130] 46 [ 43 | ad 3.1
Without 30 kg P,0s/fed. 1738 |1 1288 | 155 |149| 49 46 | 32 3.3
45 kg P,0Og/fed. 1784 | 1527 1 170 |165] 52 49 33 3.2
80 kg P;Os/fed. 184.0 | 1754 | 169 |16.8| 53 5.6 3.2 3.0
Cantrol 165.8 | 1213 145 [144| 438 4.6 3.0 31
With 30 kg P:04/fed. 184.8 | 1580 { 17.0 |156| 54 5.1 3.2 31
45 kg P,Os/fed. 186.0 | 1982 | 189 [167]| 586 53 3.4 3.2
60 kg P»Os/fed. 1854 | 2083 | 199 |178| 6.0 57 33 3.1
LSD (5%) 8.2 12.8 NS | NS | 032 | 0.11 N.S N.S
Micro. | Biofertilizers b- Interaction of micronutrients x biofertilizers
Contral 1662 1 1183 | 1568 (142 438 4.4 33 3.2
Mvithout VAM® 1823 1 1741 | 16.6 |15.2 53 53 3.1 3.1
Phosphorein 162.3 | 1361 ) 156 |16.4 4.9 4.8 3.2 3.2
Control 1725 ] 1746 | 16.9 (154 51 45 3.3 3.4
With VAM 1927 11913 | 185 [169 58 56 32 3.0
Phosphorein 176.3 | 1755 | 17.4 | 161 5.3 5.4 33 2.9
LSD (5%) NS 1 349 NE [NS 014 (0.13 N.S N.S
1- Micro. = micronutrients 2- VAM = vascular arbuscular mycorrhiza.

interaction of micronutrients with VAM-fungi. Obtained results go well with
those of (Mosse, 1973), who found that VAM-fungi enhance the uptake of
iron and zinc to the plants.

Data illustrated in Table (12) reveal that average root weight and
diameter were significantly affected, in both seasons, by the interaction of P-
rates and bioferitilzers. On the contrary, length and shape of tuber roots were
not significantly influenced by this interaction, in both seasons. In general,
plant fertilized with 45 or 60 kg P,Os/fed. in the presence of VAM, aimost
gave the highest values of tuber root features, except shape, in both
seasons. Plants that not supplied with P or treated with VAM gave the iowest
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values, in both seasons. There were no significant differences betweari tuber
root features of piants treated with the combination of VAM fungi and 45 kg
P.Csffed. or treated with 60 kg P.Os/fed and VAM fungi. Thus, the application
of 45 kg P,Os/fed with VAM-fungi inoculum to sweet potato piants, is
economically sufficient treatment for good production. These results are in
harmony with those of Khasa ef al. (1992) who stated that sweet potato
plants were highly dependent on mycorrhiza for normal growth and tuber root
development.

Table {(12): Tuber root characteristics of sweet potato as affected by ithe
interaction of P,0s; rates x biofertilizers, during 2002 and
2003 seasons.

Characters Roat weight | Rootlength | . Root Root shape
Treatments {gm) fem} 1i$:;er {length/diameter}

P.rates | Biofertilizers] 2002 | 2003 | 2002 [ 2003 | 2002 | 2003 | 2002 | 2003

" [Cortral 1389 | 965 | 143 | 134 | 44 | 40 1 33 33

Coniral  [VAM™ 16951 1355 [ 148 [ 151 | 50 [ 438 29 3.2

[Phosphorein. | 1575 1 1175 | 145 | 141 | 47 | 48 3.1 3.1

30 kg |Control [1718 {1168 [ 157 [ 143 | 48 | 43 33 3.3

P:O Jied [YAM 1902 117231 171 | 163 | 55 | 53 31 3.1

Phosphorein. | 175.8 [ 1410 [ 8.0 | 152 [ 51 | 489 i 3.1

45 kg Contral 1704 11447 1 174 [ 153 [ 51 | 45 34 34

P.Ogfed | YAM 1971 [ 2161 [ 193 | 168 | 59 [ 57 33 29

Phosphorein | 1791 | 1714 | 173 | 161 | 52 | 51 33 3.1

Control 1962 [ 1697 ] 180 | 164 | 57 | 50 3.5 3.2

60kg |VAM 1932 [ 2126 [ 19.0 | 182 [ 58 | 6.2 33 29

| _P,0ffeq (Phosphorein. | 1647 | 1930 | 18.1 | 17.3 | 55 | 58 33 | 30

LSD (5%) 853 | 143 | NS I Ns | 02 [ 02 ] Ns | N5

1- VAM =Vvascuiar Arbuscular Mycorrhiza

Results presented in Table (13) show the effect of the interaction of all
studied factors viz. micronutrients, P-rates and biofertilizers on tuber root
characteristics of sweet potaio. The obtained results indicated that all
characteristics of tuber roots, with the exception of tuber root weight, were not
significantly affected by the three ways interaction, in hoth seasons. Plants
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 60 kg P,Os/fed. and VAM fungi, in the absence
or presence of micronutrients. The obtained results are true in both growing
seasons. These results are in agreement with those of Sabik et af (2001) on
faba bean crop, Alphons ef al. (2001) and El-Morsy ef al (2002) on sweet
potato.
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Table (13): Tuber root characteristics of sweet potato as affected by the
interaction of micronutrients, P.O5 rates and biofertilizers,
during 2002 and 2003 seasons.

Characters Root weight | Root length |Root diameter Root shape
Treatments {gm) {cm) {cm) {lengthidiameter)
Micro. | o rates | Bio.” | 2002 | 2003 | 2002 Jgos 2002 | 2003 | 2002 | 2003
Cont” [1284] 901 [ 147 | 127 | 43 | 39 34 3.2
Control VAM"b 16.2 [1336{ 143 | 149 | 49 45 2.9 3.3
Phos.*| 1458 [ 111.8] 144 | 139 | 47 4.3 3.0 3z
30kg Cont. {163.2]979 1151 [ 137 | 47 | 4.2 3.2 32 |
5 | p.0gfed vAM 11932116707 16.1 | 161 | 51 5.0 32 32 |
2 Phos. [165.0 [1215] 154 | 148 | 48 | 45 32 33 |
§ 45 kg Cont. [170.4[1235] 173 [ 144 | 49 4.4 35 33
5.0fad VAM 11914[191.7] 180 | 166 | 56 | 56 3.2 2.9
Phos. {173.4[1429] 158 | 156 | 51 43 3.1 3.3
80 kg Cont. |202811539] 159 | 164 | 55 51 2.9 3.2
P.Offed YAM [1842]20417 176 | 17.9 55 6.2 3.2 2.9
Phos. 11650116811 168 | 165 | 5.1 56 3.3 29 |
Cont. [149.4[1029] 138 | 1390 | 45 4.1 3.1 34 |
Controf [YAM_ [178.8 /1375] 15.2 | 153 | 5.1 49 29 34
Phos. [169.2 (12337 145 | 141 | 48 43 3.0 2.9
30 kg Cont. |180.6 (1357 16.4 | 149 | 49 4.4 3.3 3.3
P.Oyfed L/AM 187211778 181 | 166 | 58 1 55 31 3.0
£ Phos. |1866[1606] 166 | 155 | 54 | 53 3.1 29
= 45 kg Cont. |170.411659 175 | 16.4 | 52 4.8 3.4 3.5
P.Ogted VAM [2028[2286] 205 | 174 | 62 | 538 3.3 29
Phos. |184.811996] 189 | 165 | 54 | 55 3.5 30
60 kg Cont. [189.6 (18561 201 | 167 | 60 | 5.0 3.4 3.3
P.Ogffed VAM [2022]2212{ 203 1 185 | 62 | 63 3.3 29
Phos. [1646(2178] 185 | 181 | 59 5.9 33 3.1
LSD at (5%) 124 [162 ] NS | NS [ NS | NS N.S NS ]
1- Bio. = biofertilizers 2- Cont.= control 3-Micro. = micronutrients
4- VAM = Vascular arbuscular mycorrhiza §- Phos.= phosphorein
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