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ABSTRACT

Two field experiments were carried out at El- Bramoon Agricultural Farm of EJ-
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 fertilizers, VAM fungus and
Phosphorein, and mineral phosphate fertilizer at 0, 30, 45 and 60 kg P;Os/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/plant, 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 680 kg P.0s /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. Bio-phosphorus fertilizers also increased tuber root weight, diameter
and length, 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 batatas, 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 quality for
the purpose of increasing exported yield. Application of adequate amounts of
phosphate fertilizer and micronutrients are among factors involved in
improving plant growth, tuber roots yield 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, chlorophyll synthesis and natural hormone biosynthesis
(Nijjar 1985).

Phosphorus is one of the major elements for plant nutrition and
development. It piays 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 deteriorating problems during the last
decades, among which is shifting the pH value to the alkaline side, rending
most plant nutrient in unavailable forms especially phosphorus and
micronutrients (El-Morsy and Shokr, 2005).

Fortunately under such conditions, it has become essential {0 use the
untraditional fertilizers as a partial substitute for chemical fertilizers, to reduce
production costs yield, limit environmental pollution, increase production and
improve quality of vegetable crops (El-Agrodi et al., 2003).

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

Accordingly, the present study aims at evaluating the effects of foliar
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 experiments were carried out at El-Bramoom Agricultural
Research farm of El-Mansoura Horticultural Research station, during the two
successive summer seasons of 2002 and 2003. The experiments were
designed to investigate the effects of some micronutrients, mineral and bio-
phosphate fertilizer treatments and their interactions, on plant growth, yield
and its components, and chemical constituents of tuber roots of sweet potato
(lromoea 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
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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 plots, 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 levels (0.0 and 100 ppm of
chelated Fe, Zn and Mn mixture), four P,Os rates (0, 30, 45 and 60 kg
P20s/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 60 days
after transplanting. Calcium superphosphate (15.5%) was used as a source
of phosphate (P,0s), which was used at 4 different rates, e.g. 0, 30, 45 and
60 kg/fed., at planting time. Phosphorein inoculum which contains active
bacteria (Bacillus megatherium var. phosphaticum) was mixed with wet soft
dust at (1:10 ratio). It was applied to the root absorption zone of plants, 30
days after transplanting, at the rate of 3 kg/fed, just before irrigation. As for
VAM, a forty grams of inoculum were added to root absorption zone of each
plant, 30 days after transplanting, before irrigation.

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

Recorded Data:
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, leaf area/ plant (according to the method of Koller, 1972), dry
weight per plant and
chlorophyil a + b (according to the method of Commar and Zscheile, 1941).

Yield and its components and tuber root characteristics:

At harvest, 140 days from transplanting, all tuber roots of plants of
each sub-sub plots were dig up, classified according to the method of Grang
(1963) into marketable roots (with a diameter of 3.5 to 6.5 cm) 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 yield, 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
least 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/ plant and chlorophyll content of leaves were significantly increased, in
both seascns, in response to foliar spray of micronutrients, compared with
control, while number of branches/plant was not significantly affected by
micronutrients. The positive effect of micronutrients 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 (Srivasiva and Gupta, 1996). The obtained results are in
harmony with those of Radwan and Tawfik (2004) on potato, who found that
spraying plants with micronutrients increased vegetative growth of plants as
compared with the untreated ones.

Data in Table (2) also show that vegetative growth of sweet potato
plants that received P;0s fertilizer was generally improved compared with
control plants. It is also clear from the obtained data that increasing the rate
of applied P,Os from 30 to 60 kg/fed was associated with marked simulative
effects on plant growth. The application of 45 and 60 kg P,O«/ fed. to plants
were significantly superior in increasing vine length, number of branches, leaf
area, canopy dry weight per plant and total chlorophyll content of leaves,
compared with control treatment, in both seascns. 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., 19885). 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 chlorophyll 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 chlorophyll 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
micronutrients and phytohormones, 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 ef al. (2002) on sweet potato, which showed that the use of
VAM-fungi as biofertilizer 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 chiorophyll contents of
sweet potato plants as affected by micronutrients, P,0s
rates and biofertilizers, during 2002 and 2003 seasons.

Parameters| , . Number of | Leaf area/ chilorophyil
Vln(ecI:'r;gth branches/ plant (A+B)

plant (m?) plant (gm) (mg/g F.
Treatments | 2002 | 2003 2002[2003 (20022003 2002 | 2003 20022003
a- Effect of micronutrients
Without  |132.4]128.0[15.43[14.94[0.82]0.69]118.94[109.21] 1.20 | 0.90
With 140.4/136.0/17.16]16.82(1.04|0.96131.34[129.86] 1.41 | 1.17
LSD (5%) |4.36 530 | N.S [N.S[0.04[0.11] 1.71 | 7.68 |0.016/0.040
b- Effect of P-rates

dry weight /

Control 120.8/122.9(13.66/13.72/0.74[0.68[109.77]107.39] 0.89 | 0.84
30 kg 139.4/129.9/15.62(15.77/0.84|0.76 [121.20{116.53| 1.21 | 1.02
45 kg 141.5/135.9(17.43|16.65/1.04 [0.90[132.66/125.69] 1.47 | 1.19
60 kg 143.9/139.4/18.53/17.38(1.12(0.95[136.89(128.53] 1.65 | 1.26
LSD (5%) |6.09/8.23[2.59(1.26 [0.03]0.12] 1.90 | 2.17 0.012| 0.02

c- Effect of biofertilizers
Control 125.6/127.2/19.65(14.65/0.89]0.75[120.83[101.60] 1.21 1 0.89

AM 147.6(136.524.31{16.94/0.970.92[129.87/125.67 1.40 1.32
Phosphorein|135.9/132.5/21.28[16.04(0.93[0.80 |124.68 120.26| 1.29 | 1.03

LS.D(5%) [4.84/3.15|1.43(1.40/0.03/0.08 3.92 | 4.95 (0.007| 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 plant leaves in both seasons. However, it didn't
significantly affect vine growth or number of branches/plant, in both seasons.
Results also indicated that plants treated with foliar micronutrient and P,Os at
45 or 60 kg P,0s/fed 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,Os/fed., yielded the lowest values in both
seasons, respectively. The obtained results are in agreement with those of
Abdel-Fattah et 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 plants,in
both seasons, except for chiorophyll 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
sweet 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,Os/fed with VAM or phosphorein biofertilizers,
in the first season and from the interaction of 45 kg P,Os/fed with VAM only,
in the second season. Plant dry weight and leaf chlorophyils significantly
increased to the highest values when of 80 kg P,Os per fed. interacted with
VAM biofertilizer, in both seasons. The obtained results 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 plants in
the presence of VAM fungi. Furthermore, El-Dahtory et al. (1989) mentioned
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 resuits are
also in agreement with those of El-Morsy et al (2002), and EL-Shimi (2003),
on sweet potato

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

micronutrients x P;0s rates and micronutrients x
biofertilizers during 2002 and 2003 seasons.
Parameters Vine length Number of Leafarea/ | dry weight/ chlorophyli
(cm) branches/ plant (m%) | plant (gm) A+B)
plant (mg/q F.W)
Treatments 2002 [2003 [2002 [2003 [2002 [2003 2002 2003 (2002 [2003
Micro.' |P-rates a- Interaction of P rates x micronutrients
Control 1126(118.8({12.79/13.26| 0.62 | 0.59 {104.33| 96.67 | 0.84 | 0.56
30 kg 1
.g. P,O/fed 135.2|125.7(14.42|14.32| 0.70 | 0.60 |114.56/108.39| 1.08 | 0.93
£ |45kg
2 |P.Odfed 138.8(131.5/16.37|15.37| 0.88 ; 0.65 |125.11(109.28| 1.31 | 1.15
60 kg
P,O4/fed 143.1(136.2|18.26|16.61| 1.09 | 0.89 |131.26(122.50| 1.56 | 1.25
Control 128.91127.1]14.52|114.18{ 0.85 | 0.76 [115.20/118.10| 0.94 | 0.99
30 kg |
. |P:Odfed 143.7|134.1 {16.82{17.22| 0.97 | 0.93 |127.44|124.67| 1.34 | 1.11
S |45kg
< P,O4/fed 144.21140.3|18.49|17.73| 1.20 | 1.15 |140.21|14211| 163 | 1.24
60 kg
P,O4fed 144.71142.6|18.79|18.14| 1.15 | 1.02 |{142.52(134.55| 1.72 | 1.32
LSD (5%) N.S | NS [ NS | N.5S [004[017] 542 | 811 [0.017] 0.05
Micro. |Biofertilizers _|b-Interaction of micronutrients x biofertilizers
_ Control 121.9(123.6/14.34[14.43| 0.79 | 0.63 [115.36( 9266 | 1.11 [ 0.84
_§ VAM® 145.41132.5/16.95(15.58| 0.85 | 0.80 [122.69/127.54| 1.29 | 1.19
E Phosphorein |130.0{127.9/15.09|14.81| 0.83 | 0.63 |118.70(107.42| 1.18 | 0.94
-~ |Control 129.31130.715.13/14.88| 1.01 | 0.86 [126.31[11055] 1.30 | 0.94
E VAM 149.9/140.3|19.51[18.30| 1.08 | 1.08 |[132.05|145.93| 1.51 | 1.44
Phosphorein  [141.9|137.1/16.83[17.28] 1.04 | 0.98 [130.67133.09] 1.40 | 1.10
|LSD (5%) N.S [ NS | NS | NS | NS | NS N.S N.S | 0.08 | 0.04

1- Micro = Micronutrients 2-VAM = Vascular Arbuscular Mycorrhiza.
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Table (4): Vegetative growth parameters and chlorophyll content of
sweet potato plants as affected by the interaction of P,0Os
rates x biofertilizers during 2002 and 2003 seasons.

Parameters Vine length Number of Leaf area/| dry weight/ Chiorophyll

(cm) | Pranches/ | jiant (m’)| piant(gm) | (A*B)
Treatments plant ( F.W)
P-rates Biofertilizers | 2002 | 2003 [ 2002 [ 2003 | 2002 [2003] 2002 | 2003 | 2002 | 2003
Control 108.01117.2/11.48/12.03[0.69/0.59|107.17| 91.66 | 0.82 | 0.73
Control [VAM' 131.8126.9/15.66/14.90/0.77|0.76] 112.5 [119.07| 0.97 | 0.96
Phosphorein | 122.5|124.6|132.8|14.21[0.74[0.68(109.63/111.42| 0.89 | 0.82
30 kg Control 133.7/123.3/13.50(14.08/0.79]0.72[118.18[104.55| 1.12 | 0.82
P,Ox/fed VAM 147.91134.4/17.92(17.10]/0.88]0.82]124.55[129.38] 1.31 | 1.25
Phosphorein | 136.7 [ 131.8] 15.45)|16.13/0.83/0.75]/120.87/115.66| 1.20 | 0.99
45K Control 130.21129.2]15.22/15.03|0.99/0.69(125.16/105.08] 1.36 | 0.95
ony'fged VAM 153.0/142.5/20.02(18.08/1.09(1.07 [139.99[149.09] 1.56 | 1.51
Phosphorein | 141.2]|136.1[17.05|16.83[1.04[0.94|132.82[122.90| 1.48 | 1.12
Control 130.4|138.9(18.75({17.46(1.11]0.97[132.83[105.13| 155 | 1.07
60kg |YAM 157.71141.7[19.32(17.68[1.12[1.05]142.42]149.39] 1.77 | 1.55
Phosphorein | 143.5/137.617.52]16.98(1.12/0.84[135.42/131.04] 160 | 1.16
LSD at5% NS | NS | NS | N.S [0.06]/0.16] 7.06 | 8.90 [0.013| 0.07

1-VAM =Vvascular Arbuscular Mycorrhiza

As for the interaction effect of the three studied factors on plant
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-Os/fed and
treated with VAM-fungi had the highest vegetative growth and chlorophyll
content values, in the two seasons, compared with control plants.

Yield and its components:

Concerning the effect of micronutrients on vyield 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,
also significantly increased total yield/plant, in both season, and significantly
reduced non-marketable yield by 8%, in the second season only. However,
number of tubers/plant was not significantly influenced by micronutrients in
both 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
diverted 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 chlorophyll content of
sweet potato plants as affected by the interactions of
micronutrients, P,0O; levels and biofertilizers, during 2002 and
2003 seasons.

Parameters J] Vin length Number of | Leaf dry weight/ chiorophyll
Treatments {em) beanches! | el plant (gm) frent
plant plant (m°) F.W)
Micro® P-rates |Bio'. | 2002 | 2003 | 2002 | 2003 [2002|2003| 2002 | 2003 |2002 | 2003
Cont® | 99.9 {113.9/11.03[{12.33/0.58(0.45/101.00| 85.67 | 0.75 | 0.65
Earivel VAM® 1124.6[122.5[14.13|13.76/0.66/0.74[108.34(108.33| 0.92 | 0.70
Phos.” [113.4[/120.0[13.20/13.67/0.62/0.60[103.64 | 96.00 | 0.85 | 0.69
30 kg Cont. |126.9/119.4/12.72/113.10]/0.66/0.55]112.33| 91.83 [ 1.01 [ 0.74
5 | p,0dfed VAM [150.3/130.7[16.37/15.23|0.74/0.68(117.59/121.33[1.16 [ 1.11
2 Phos. [128.3/126.9/14.17/14.63/0.70/0.56[114.96|112.00| 1.08 | 0.94
§ 45kg Cont. [1325[126.3|14.63]/14.87]0.83|/0.54{120.21| 90.33 | 1.21 | 0.93
P,Oy/fed VAM [1459(137.3/18.37/16.57/0.93/0.79]130.02[133.15| 1.39 | 1.46
Phos. [134.9/131.0(16.10{15.27[0.88|0.63| 126.1 |104.33|1.34 | 1.05
80 kg Cont. [128.3/134.9(18.97[17.40/1.09/0.97(128.88/102.83| 1.47 | 1.05
P,O/fed VAM [157.7]/139.6/18.93/16.77/1.08/0.99/134.81 [147.30| 1.72 | 1.49
iPhos. [143.3|134.0(16.90(15.67]1.10/0.71[130.09|117.33|1.49 | 1.08
Cont. [116.2]120.6/11.93|11.73/0.82|0.73/113.33| 97.65 | 0.85 | 0.81
Coiliol VAM [139.1]131.4/17.20(16.03]/0.8810.79/116.66 [129.81[ 1.03 | 1.21
Phos. [131.6/129.2(14.43|14.77|0.85|0.76(115.62|126.85| 0.93 | 0.90
30 ka Cont. [140.5{127.3/14.27|15.07]|0.92/0.89/124.03[117.26| 1.23 | 0.89
| P,Os/fed VAM [1456[138.2/19.47/18.97|1.03/10.95{131.52|137.43|1.45 | 1.41
i = Phos. |145.1[136.8(16.73[17.63|0.96|0.94|126.78|119.32| 1.33 | 1.04
= 45k Cont. [127.9]132.1/15.80(15.20({1.14/0.85/131.45[119.84| 1.52 | 0.97
PgOs/fged VAM |157.2[147.7121.67/19.60]|1.26(1.35/149.97 [165.01[1.73 | 1.56
Phos. |147.5{141.2/18.00(/18.40|1.20(/1.26/1139.54(141.47(1.63 | 1.19
60 kg Cont. [13251142.9/18.53[17.53(1.14/0.98{132.12[107.44| 1.63 | 1.10
P,O/fed VAM [157.7|143.8[19.70(18.60(1.16|1.10[153.37|151.46| 1.82 | 1.61
Phos. |143.7[141.2/18.13[18.30|1.15(/0.97|140.77 [14475(1.72 [ 1.24
LSD (5) N.S [ NS | NS [ NS |[NS|N.S| NS N.S | 0.09]0.10
1- Bio. = biofertilizers 2- Cont.= control 3- Micro. = micronutrients
4-\VAM = vascular arbuscular mycorrhiza 5- Phos.= phosphorein

Data in Table (6) also show that irrespective of the unfertilized plants,
increasing the supplied p-rate from 30 to 60 kg P;Os/fed significantly
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,Os, 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 vyield
(Marschner, 1995). Similar results were reported by Abdel-Fattah and Abdel-
Hamed (1997) and El- Morsy et 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 (6): Yield and its components of sweet potatc plants as affected
by micronutrients, P,Os rates and biofertilizers, during 2002
and 2003 seasons.

Yield/plant Yield (ton/fed).
) Marketable Non-
Parameters Weight Number of 3 )
(gm) N it roika yield ma;l::::ble Total yield
Treatments 2002 [2003 (2002 [2003 [2002 [2003 |2002 [2003 (2002 (2003
a- Effect of micronutrients
Without 4458|5496 | 523 | 405 | 9.83 | 12.09|0.631 [ 0.491 [ 10.19 ] 12.56
With 582.71615.1 | 528 | 431 [12.96 | 13.61 | 0.356 | 0.451 13.32%14.06
LSD (5%) 53.04 11518| N.S | NS {122 | 045 | N.S |0003| 1.20 | 0.35
b- Effect of P-rates
Control 443.7 | 486.1 | 4.87 | 3.57 | 9.77 [10.66 | 0.373|0.501 [ 10.14 | 11.11

30 kg PoOs/fed 483.9|558.1 | 520 | 3.88 | 10.70 | 12.29 | 0.362 | 0.477 | 11.06 | 12.76
45 kq P,Os/fed 552.8 [ 636.1 | 5.38 | 446 |12.29 | 14.08 | 0.339 | 0.463 | 12.64 | 14.54
60 kg P,Os/fed 567.7 | 6489 | 5.60 | 478 | 12.82 | 14.39 | 0.360 | 0.444 | 13.18 | 14.83 |

LSD (5%) [59.28 (1250 N.8 | 0.22 [ 1.35 | 0.29 [0.008 [ 0.007 | 1.35 | 0.27 |
c- Effect of biofertilizers

Control 4844|5295 | 5.08 | 3.50 | 1069 [ 11.62 | 0.383 | 0.491 { 11.07 | 12.10

VAM' 5544 (6259 | 551 | 477 [12.3313.05)| 0.337 | 0.454 | 12.67 | 14.31

Phosphorein 5041 (5916 | 518 | 425 | 11.16 [13.89 | 0.355| 0469 | 11.52 | 13.52

LSD (5%) 42521 941 [ NS | 018 | 085 | 0.22 |0.007 | 0.01 | 0.97 | 0.21

1- VAM = vascular arbuscular mycorrhiza.

Regarding the effect of biofertilizers on yield and its components, data
presented in Table (8) reveal that all studied characters of sweet potato yield
and its components, except the non-marketable yield, were generally greater
with biofertilizer treatments than without. Soil inoculation with VAM-fungi, in
both seasons, or phosphorein, in the second season only, 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 bioifetilizer
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-marketable yields 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 to 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 Ei-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 marketable yields, as well as
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mycorrhizatuber root weight/plant. However, no significant effects were found
in non-marketable yield or number of tuber roots/plant, 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 obtained
results are in harmony with those of Badillo and Lopez (1976) on sweet
potato, and Abdei-Fattah et al. (2002) on garlic, who indicated that the
application of micronutrients in combination with different p-rates increased
total 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 P,0Os rates and
micronutrient x biofertilizers, during 2002 and 2003 seasons.

Parameters Yield/piant Yield (ton/fed
. Non-
Weight Number of | Marketable z
(@m) | tuberroots | yield Ma;':::;b'e Total yleld
Treatments 2002 | 2003 | 2002 [ 2003 | 2002 [ 2003 | 2002 | 2003 | 2002 | 2003
Micro.” [P-rates a-Interaction of micronutrients x P-rates
_ |Control 403.1 |1438.8| 5.08 [ 342 | 8.84 | 9.62 |0.375[/0.525] 9.21 [10.03
E 30 kg P,Os/fed | 403.2 [513.6] 5.23 | 368 | 8.85 [11.24]/0.366|0.495| 9.22 |11.74
E 45 kg P,Os/fed | 431.0 (613.4] 523 | 432 | 9.51 [13.54][0.342[0.483] 9.85 |11.40
60 kg P,Os/fed | 546.1 [632.4| 5.39 | 476 [12.12]13.98]0.362(0.463 [ 12.48 | 14.46
Control 484.2 |533.3| 466 | 3.73 [10.70/11.71|0.371[0.478]11.07 |12 19
£ [30kg P:0s/fed | 464.6 [602.6( 5.17 | 4.09 [12.54[13.34[0.357[0.458[12.91 |13.77
2 45 kg P;Os/fed | 674.6 |658.9] 552 | 461 [15.08[14.62]0.336|0.443[15.42 | 15.06
60 kg P,Os/fed | 607.4 |665.5( 5.79 | 4.81 |13.52/14.78/0.358[0.427[13.88 | 15.21
LSD (5%) 83.83[1769| NS [ NS | 190039 | NS [ NS [ 192|029
Micro. |Biofertilizers b- Interaction of micronutrients x biofertilizers
_ |Control 421.01489.1] 492 | 3.25 | 9.24 [10.69/0.386|0.510] 9.62 [11.19
2 VAM?® 500.2 |596.6| 5.55 | 4.68 [11.09]13.25/0.338[0.494|11.43|13.64
E Phosphorein 416.3 |562.2| 523 | 420 | 9.16 |12.35/0.359|0.469| 9.51 | 12.85
= |Control 547.7 1569.1] 5.25 | 3.75 [12.14(|12.55/0.380[0.47212.52| 13.08
E VAM 608.6 |655.1| 5.47 | 487 |13.57/14.54]/0.336|0.438[13.91/14.97
Phosphorein 591.8 1620.9| 5.12 | 4.30 [13.18[13.75[0.351[0.444[13.53[14.97
LSD (5%) 71.35/16.3 [ NS [ NS |139| 031 [ NS | NS | 1.85 ]| 0.30
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 yield, 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 yield and
seed yield/plant compared with the untreated plants.
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Data presented in Table (8) show the interaction effect of P-rates with
biofertilizers on sweet potato yield and its components. The interaction
caused significant increase, in both seasons, in totai yield, marketable yield/
fed and plant tuber yield. On the other hand, non-marketable yield was
significantly reduced as a result of the interaction, 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 kg
P.Os/fed in the presence of VAM-fungi, in both seasons, or phosphorein, in
the second season only, achieved higher yield/fed, marketable yield and plant
tuber yield than those produced by using 60 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 also
in harmony with those of Ei-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/plant Yield (ton/fed
Weight Number of Non- .

[Trealments (rrg11 tuber roots DRANRERIIIn marketable Yot yjeld
| P-rates |Biofertilizers | 2002 | 2003 | 2002 [ 2003 | 2002 [ 2003 | 2002 | 2003 | 2002 | 2003
Control 400.614349)| 450 | 2.97 | 8.75 | 9.41 [0.404/0.525| 9.16 | 9.94
Control VAM' 486.7 |536.3| 5.25 | 4.03 [10.78(11.94]|0.342|0.483[11.12|12.26
Phosphorein | 443.6[487.0| 4.85 | 3.73 | 9.77 |10.63]/0.374/0.496|10.14|11.13
30 kg Control 462.6|496.9| 4.68 | 3.18 [10.18[10.90[0.385]/0.501 | 10.57 | 11.36
P,O4fed VAM 510.4/600.9] 5.80 | 4.60 [11.33]13.28(0.340[0.456 [11.67|13.73
Phosphorein |478.7 5765 5.12 | 3.88 [10.58[12.70]/0.359|0.473|10.94| 13.18
45kg Control 451.6|565.7| 5.08 | 3.73 | 9.95 [12.45/0.369/0.480(10.32[12.93
P,Os/fed VAM 633.21699.8| 5.82 | 5.13 [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|0.465 | 13.11 | 14.69
Control 622.6|620.5| 6.07 | 415 [13.85[13.72[0.376[0.459[14.23[14.18
60 kg VAM 587.21666.4| 5.18 | 5.35 [13.08]14.80[0.345)/0.433[13.42[15.23
Phosphorein |520.4{660.0| 5.52 | 4.85 [11.53]14.64/0.360|0.442 | 11.80| 15.00
LSD (S %) 85.041 188 | N.5 | N.S | 1.93 [ 0.45 [0.014]0.021] 1.85 | 043

- VAM =Vascular Arbuscular 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 yield, marketable yield and plant tuber yield
were significantly influenced by the interaction, in both seasons, but non-
marketable yield, and number of tuber roots/plant 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 plants as affected
by the interaction of micronutrients, P,Os rates and
biofertilizers, during 2002 and 2003 seasons.

Characters Yield/plant Yield (ton/fed)
" Non-
Weight Number of Marketable

S— (gm) tuber roots yield ’"a;'::tt:b'e Tital it
Micro.” | P-rates [Bio.” | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 2003
Cont.” |332.9|374.9 ] 450 | 2.76 | 7.20 | 8.02 | 0.406 | 0.545 | 7.61 | 857
Control VAM® |474.0 [499.7 | 570 | 3.83 | 10.49 | 11.25 | 0.345 0.506 | 10.83 | 11.42
Phos.” | 402.4 [441.9 | 503 | 3.66 | 8.82 9.58 103760524 | 9.19 | 10.10
30 kg Cont. |379.3 |462.7 | 463 | 3.03 | 8.28 | 10.06 | 0.387 | 0516 | 8.67 | 10.58
5 P,Osffed VAM | 4446|5526 | 593 [ 433 | 9.82 | 12.16 | 0.341 | 0.472 | 10.16 | 12.62
2 Phos. | 385.8 | 5256 | 5.13 | 3.70 | 845 | 11.52 [ 0.371 | 0.488 | 8.82 | 12.01
g kg Cont. | 375.0 | 540.3 | 5.03 | 3.36 | 820 [ 11.85 | 0.375 | 0.500 | 857 | 12.35
P,Offed VAM | 496.9 | 673.7 | 540 | 5.13 | 11.03 | 14.94 | 0.324 | 0.457 | 11.36 | 15.40
Phos. | 421.1 | 626.1 | 5.27 | 4.46 | 929 [13.82 | 0.328 | 0.492 | 9.62 | 14.31
60 kg Cont. | 5971|5816 | 550 | 3.86 [ 13.27 | 12.81 | 0.378 | 0.481 | 13.65 | 13.29
P.O/fed VAM | 585.4 | 660.4 | 5.17 | 5.43 [ 13.03 [ 14.65 | 0.345 | 0.443 | 13.38 | 15.00
Phos. | 455.7 | 655.3 | 550 | 4.96 | 10.05 [ 14.51 | 0.363 | 0.464 | 10.42 | 14.98
Cont. | 468.4 | 4948 | 450 | 3.17 | 10.30 | 10.81 | 0.403 | 0.504 | 10.71 | 11.31
Control YAM_ | 499.5 | 572.9 | 4.80 | 4.23 | 11.08 [ 12.64 | 0.339 | 0.460 | 11.42 | 13.09
Phos. | 484.8 | 532.2 | 4.67 | 3.17 [10.71 [ 11.69 | 0.371 | 0.469 | 11.08 | 12.16
10 kg Cont. | 545.9 15312 | 4.73 | 3.33 [12.09 [ 11.73 | 0.384 | 0.486 | 12.48 | 12.14
P.Oyfed VAM | 576.2 | 649.3 | 567 | 4.86 | 12.83 | 14.40 | 0.340 | 0.440 | 13.17 | 14.84
= . Phos. | 571.7 | 627.4 | 5.10 | 4.06 [ 12.72 [ 13.89 | 0.349 | 0.447 | 13.07 | 14.34
S 45kg (Comt. |528.21591.1] 513 | 410 [11.71 [ 13.05 | 0.363 | 0.460 | 12.07 | 13.51
PO yf%d VAM | 7696|7259 | 6.23 | 513 [ 17.27 [ 16.16 [ 0.321 | 0.431 | 17.59 | 16.59
Phos. | 725.6 | 659.7 | 5.20 | 4.60 [ 16.26 | 14.64 | 0.325 | 0.438 | 16.59 | 15.08
80 kg Cont. |648.1 |659.3 | 6.63 | 4.43 [ 14.44 | 1463 [ 0.373 | 0.428 | 14.81 | 15.07
P.Oyfed VAM | 588.9 (6725 520 | 526 [13.12 | 14.95 | 0.345 | 0.422 | 13.46 | 15.37
Phos. | 585.1 | 664.7 | 553 | 4.73 [ 13.01 | 14.77 [ 0.359 | 0.420 | 13.37 | 15.19
LSD at 5% 956 | 266 | NS | NS | 205 | 063 [ NS | NS | 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 roots, 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 results revealed that average weight, diameter and length
of tuber roots were increased significantly as the applied P-rate increased
from 0 to 60 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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component of many organic compounds in plants and to its major role in
protein synthesis and protoplasm formation, factors that may increase the
proportion 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 planis
with 68 kg P.Os/fed. significantly increased weight, length and diameter of
tuber roots, compared with unfertiiized plants.

Concemning the effect of biofertilizers on tuber root characteristics of
sweet potato, data in Table (10) indicated that inoculation of piants with
biofertilizers resulted in significant increases in weight, length and diameter of
tuber roots, 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 root were obtained from VAM fungi followed by
phosphorein. Such results may suggest that the used VAM-fungi or
phosphorein had the ability to supply grown plants with phosphorus to mest
their phosphorus requirements, and they may also alter 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 resuits, where Awad (2002), fcund that
inoculation of potato plants 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, P,Os rates and biofertilizers, during 2002
and 2003 seasons.

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 170.3 | 1422 | 1580 | 153 | 5.0 4.8 3.2 32
With 1805 | 1715 175 | 184 | 54 5.2 3.3 3.1
LS.D at5% 56 | 127 | NS | 004 { 025 | 012 N.S N.S
b- Effect of P-rates
Control 155.3 | 116.5| 145 | 142 | 4.7 4.4 3.1 3.2
30 kg POsffed | 179.3 | 143.4 | 162 | 152 | 5.1 4.8 3.2 3.2
45 kg P2Os/fed | 182.2 | 1754 | 180 | 16.1 | 54 51 3.3 3.2
60 kg P:Osffed | 184.7 | 191.8 | 184 | 17.3 | 5.7 5.7 3.2 34
LSD at5% 7.8 11.8 I 0.7 0.5 | 0.17 | 0.08 N.S N.S
e c- Effect of biofertilizers
Control 169.3 | 1319 | 163 | 148 | 5.0 4.5 3.3 )
VAM' 187811827 1 175 | 166 [ 586 5.5 3.1 3-1
Phosphorein 169.4 | 1558 | 165 | 156 [ 5.1 5.1 3.2 3.1
LSD (5%) 39 | 116 | 0.2 0.4 0.1 0. N.S N.S

1- VAM = vascular arbuscular 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
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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 plants. The obtained results are in accordance
with those of Abdel-Fattah et al. (2002).

It is evident from Table (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 absence 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 Dbiofertilizers, during 2002 and 2003

seasons.
Parameter | Root weight | Root length |Root diameter]  Root shape
Treatments (gm) (cm) (cm) (length/diameter)
2002 | 2003 [ 2002 [2003] 2002 | 2003 | 2002 | 2003
Micro.” P-rates a- Interaction of micronutrients x P-rates
Control 1448 | 1118 | 145 [139] 46 4.3 3.1 31
Without 30 kg P;Os/fed. 173.8 | 1288 | 155 [149] 49 48 32 3.3
45 kg P,Os/fed. 1784 | 1527 | 170 |155] 52 48 a3 32
60 kg P2Os/fed. 1840 | 1754 | 168 [16.8] 53 5.6 3.2 3.0
Control 1658 | 121.3 | 145 |144| 48 46 3.0 3.1
With 30 kg P20s/fed. 184.8 | 158.0 | 17.0 [156] 54 5.1 3.2 3.1
45 kg P2Os/fed. 186.0 | 1982 | 189 [16.7]| 56 5.3 34 3.2
60 kg P,0s/fed. 1854 | 2083 | 199 [17.8] 6.0 57 3.3 3.1
LSD (5%) 8.2 129 | NS [NS] 032 | 0.11 N.S N.S
Micro. | Biofertilizers b- Interaction of micronutrients x biofertilizers
Control 166.2 [ 1163 | 158 [14.2 4.8 4.4 3.3 32
MWithout VAM? 1823 | 1741 | 166 [15.2 B3 5.3 3.1 3.1
Phosphorein 1623 | 136.1 | 156 | 16.4 49 4.8 32 3.2
Control 1725 | 1746 | 169 [15.4 51 45 3.3 34
With  [VAM 1927 | 1913 | 185 [169 5.8 5.6 3.2 3.0
Phosphorein 1763 [ 1755 | 17.4 [16.1 53 5.4 3.3 29
LSD (5%) N.S 3.1 NS INS| 014 [013] NS 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, almost
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 lowest
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values, in both seasons. There were no significant differences between tuber
root features of plants treated with the combination of VAM fungi and 45 kg
P.Os/fed. or treated with 80 kg P,Os/fed and VAM fungi. Thus, the application
of 45 kg P,0s/fed with VAM-fungi inoculum to sweet potato plants, is
economically sufficient treatment for good production. These results are in
harmony with those of Khasa et 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 the
interaction of P,0s rates x biofertilizers, during 2002 and
2003 seasons.

Characters Root weight Root length : Roo: Root shape
Treatments (gm) (cm) d'ﬁ:’e’ (length/diameter)

P-rates |Biofertilizers| 2002 | 2003 | 2002 | 2003 2002 | 2003 | 2002 | 2003
Controi 1389 | 965 14.3 13.4 4.4 40 3.3 3.3

Control  [VAM' 169.5 | 1355 | 14.8 15.1 5.0 43 2.9 3.2
Phosphorein. | 1575 | 1175 | 145 | 141 4.7 46 34 3.1

30 kg Control 1719 | 116.8 | 15.7 14.3 4.8 4.3 33 23
P,Os/fed VAM 190.2 | 1723 | 171 16.3 55 53 3 31
Phosphorein. | 175.8 | 141.0 | 16.0 15.2 5.1 49 3.1 31

45 kg Control 1704 | 1447 | 17.4 15.3 5.1 45 3.4 34
P,Osifed VAM . 1971 | 210.1 19.3 16.9 5.9 S.7 3.3 29
Phosphorein. | 179.1 | 1714 | 17.3 16.1 5.2 51 3.3 3.1

Control 196.2 | 169.7 | 18.0 16.4 57 5.0 3.5 3.2

60 kg VAM 193.2 | 2126 [ 19.0 18.2 5.8 6.2 3.3 29
|__P.Ogfed |Phosphorein. | 164.7 | 193.0 | 18.1 17.3 55 5.8 3.3 3.0
LSD (5%) 853 | 143 N.S N.S 0.2 0.2 N.S N.S

1- VAM =Vvascular Arbuscular Mycorrhiza

Resuits 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 potato. 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 both 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 al (2001) on
faba bean crop, Alphons et al. (2001) and El-Morsy et 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,0s rates and biofertilizers,
during 2002 and 2003 seasons.

Characters Root weight | Root length [Root diameter Root shape
Treatments (gm) {cm) (cm) (length/diameter)
Micro. | p_rates | Bio." | 2002 | 2003 | 2002 | 2003 2002 | 2003 | 2002 | 2003
Cont.” [128.4] 901 | 147 | 127 | 43 39 3.4 3.2
Control VAM® : 16.2 1133.6] 143 | 149 | 49 4.5 29 33
Phos. "1 1458 | 1118 144 | 139 4.7 4.3 3.0 3.2
30 kg Cont. |163.2| 979 | 151 13.7 4.7 4.2 3.2 3.2
= P,Os/fed VAM 193.2 | 167.0] 16.1 16.1 5.1 5.0 3.2 .2
s Phos. |165.0{1215] 154 | 148 48 4.5 3.2 33
§ 45 kg Cont. [1704 (1235 173 | 144 49 4.4 3.5 3.3
P,O/fed VAM 191.41191.7| 180 | 168 5.6 5.6 32 2.9
Phos. |173.4 (1429 158 | 1586 5.1 4.8 3.1 3.3
60 kg Cont. 12028 [1539| 159 | 16.1 5.5 5.1 2.9 3.2
P,Os/fed VAM 1842 /2041 | 176 | 179 85 6.2 32 29
Phos. [165.0(168.1| 16.8 | 16.5 5.1 5.6 3.3 29
Cont. [149.4|1029| 138 13.9 4.5 4.1 3.1 3.4
Control VAM 178.8 | 1375| 15.2 15.3 21 4.9 29 3.1
Phos. |169.2 |123.3] 145 14.1 4.3 4.8 3.0 29
30 kg Cont. |180.6 |135.7| 16.4 14.9 4.9 4.4 3.3 3.3
P,Oyffed VAM 1872 [177.8| 18.1 16.6 5.8 S5 3.1 3.0
£ Phos. [186.6 |1606| 166 | 155 5.4 8.3 3.1 2.9
= 45 K Cont. 1170.4 (1659 175 | 16.1 5.2 4.6 3.4 3.5
P;Os/fged VAM 2028 | 2286 | 205 17.4 6.2 5.8 3.3 29
Phos. | 1848 |1996| 189 16.5 54 9.5 35 3.0
60 kg Cont. |189.6 |1856| 20.1 16.7 6.0 5.0 3.4 3.3
P,Oy/fed VAM 202.2 1221.2| 203 | 185 6.2 6.3 33 2.9
Phos. [1646 (2179 195 | 18.1 5.9 5.9 3.3 3.1
LSD at (5%) 121 | 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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