Egypt. J. Agric. Res., 90 (1), 2012 277

EFFECT OF CHEMICAL, BIO AND ORGANIC FERTILIZER
TREATMENTS ON YIELD AND YIELD COMPONENTS OF SWEET
POTATO (Ipomea batatas)

FOLY, H. M. H.?, H. S.TONY2 AND OMAR F. DAKHLE3,
1. Centeral Lab. of Organic Agri.,Hort.Dept., ARC, Ministry of Agric., Egypt.
2. Hort. Dept., ARC, Ministry of Agric., Egypt.

3. Genetic Dept., Fac of Agriculture, Minia Univ.

(Manuscript received 29 November 2011)

Abstract

Field experiments of the present study were carried out during
the two successive seasons of 2008 and 2009 at Research Farm of
Faculty of Agriculture, Minia University, EL - Minia, Egypt. Sweet
potato c.v. "Mabrouka" was cultivated to study effect of the
chemical NPK, bio and organic fertilizers on its yield and yield
components under EL-Minia growing conditions. Eight treatments
were studied with some possible combinations among the used
fertilizers. The obtained results of the present study could be
summarized as follow: Number of storage - roots/plant was
significantly affected by fertilizers treatments in both seasons. The
highest numbers of roots were produced from plants fertilized with
compost only in the first season, while from the combined
application of compost + half rate of the recommended NPK
fertilizers + bio-fertilizers in the second season. The highest values
of average root fresh weight were obtained from plants fertilized
with half recommended rate of dose NPK + compost in the first
season and the half recommended rate of the chemical NPK
fertilizer in the second season. Data declared that the highest
values of root dry weight per plant were obtained from plants
fertilized with compost + bio-fertilizers in the first season and
compost only in the second season . Significant effect on total dry
weight per plant in both seasons was detected. The highest value
in the first season was obtained from plants fertilized by half NPK +
compost, while plants fertilized with the bio-fertilizers only gave the
highest value, in the second season. Highest value of harvest index
in the first season, was given with using the bio-fertilizers only,
while half rate of NPK only produced the highest value in the
second season. In general , the effects of organic and bio-fertilizers
on most of the studied yield characters indicate the possibility of
replacing or reducing the amount of the chemical NPK fertilizers
required for sweet potato ( c.v. Mabrouka) production.
Furthermore, Compost + bio-fertilizers treatments exceeded the
recommended NPK treatment of some economically important
studied characters such as number of storage roots / plant and
average root fresh weight/ Plant.
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INTRODUCTION

Sweet potato (Jpomea batatas (L.) is very important vegetable crop food in
many countries including Egypt. It is a member of the family Convolvulaceae,

in which there are over 400 Ipomea species distributed throughout the
tropics, but sweet potato is the only one of economic importance (MacDonald ,1963).

Biofertilizers, which can be defined as preparations containing live cells of
efficient strains of nitrogen fixing organisms or phosphate solublizing bacteria which
could be used instead of chemical fertilizers ( Subba Roa , 1984 ).

Organic fertilizers such as plant compost play an important role in sweet
potato production. Organic fertilizers improve soil structure, which encourage the
plant to produce good roots and improving aeration in the soil (Abou-Hussein, et. al.,
2002).

Nwinyi (1988) conducted a study comparing fertilizing sweet potato plants by
given no fertilizer or 45kg N + 15kg P + 70kg k/ha or 70kg N + 70kg P + 140kg k/ha
6 weeks after planting. The author found that tuber fresh weight and saleable tuber
yield were markedly higher with the highest than with the lowest NPK rates. Syriac
and Kunju (1989) reported that applying 50.75 or 100kg N, 25, 50 or 75kg P,Os and
50, 75 or 100kg K,O/ha in different combinations gave tuber yields of 6.89 — 13.76
t/ha compared with 4.66t for the control. The application of N + P205 + K20 at 75 +
75 + 75 kg/ha gave the highest yield.

Marcano and Diaz (1994) declared that different rates of NPK fertilizers had
no significant difference in fresh weight of commercially — acceptable tubers, total
tubers and foliage. However, highest actual yields were given by the application of
30kg N, 40kg P,Os and 180kg K;O/ha. The low response to NPK was probably due to
the moderately — good initial nutrient availability. The lowest rates of applied NPK
gave 93%, 74% and 75% of maximum yields recorded for total tubers, commercial
tubers and foliage, respectively.

Abou-Hussein et. a/. (2002) found that increasing compost rate from 40m? to
60m> per plant increased plant height, fresh and dry weights of leaves and stems in
potato C.v. "Nicola". Indiresh et. al/. (2003) reported that application of 50% NPK
fertilizer with biofertilizer (Azotobacter chroococum and Pseudomonas striata) was the
best in obtaining economically higher potato yield. Kleinhenz and Cardina (2003)
reported that compost application increased sweet potato yield by 13 — 14%.

Sarhan et. al. (2004) found that applying organic manure in addition to
spraying with NPK foliar nutrients caused significant increases in the percentage of
tuber dry matter in both seasons in potato c.v. "Spunta". Abou-Hussein (2005) found
that application of compost at 10 t/feddan increased yield of potato C.v. "Nicola" and
increased the vegetative growth.
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El-Sayed et. al. (2007) reported that plants which fertilized with organic
fertilization sources were better than those of the unfertilized ones. Fertilization with
poultry manure (PM) followed by 50% FYM + 50% PM significantly increased plant
stem length, number of leaves, leaf area and foliage dry weight as well as total yield,
number of tubers/plant and average of tuber weight.

Crossman and Hill (1987) found that inoculation of sweet potato with
Azospiriflum increased foliage weight, The yield of tuber roots was increased when
sweet potato plant were inoculated with Azospirillum brasilense. Hill et. al., (1988)
reported that nitrogen-fixing bacteria belonging to the Azospirillum genus were found
in association with the roots of sweet potato. Desmond and Walter (1990) found that
inoculation with Azospirillum increased sweet potato total and marketable yields by
12% and 17%, respectively. Higher storage root yields were accompanied by lower
foliage yields which suggested that the Azospirillum inoculation might enhance
storage root growth at the expense of foliage growth in soils with low to moderate N
levels (40 to 80 kg/ha). Furthermore, storage root yield was highest with the
combined of 40kg N/ha with inoculation than with inoculation alone.

Rasco et. al. (1992) reported that storage root DW was increased by
inoculation in some treatments. Jadhav et. a/. (1998a) reported that the inoculation of
sweet potato plants with Azotobacter or Azospirillum increased tuber yield. They also,
revealed that the combined inoculations of both bacteria gave significantly higher yield
than the single inoculations.

Jha and Mishra (1999) found that application of 40kg N/ha supplemented with
10kg Azospiriflum [ha as a soil application produced the highest tuber yield (28.62
t/ha) followed by the application of 40kg N/ha supplemented with 2kg Azospirillum as
vine dipping plus 10kg Azospirillums as soil application (27.54 t/ha) and 60kg N/ha
alone (27.40 t/ha). The highest net income was obtained from 40kg N + 10kg
Azospirillum.

Pushpakumari and Geethakumari (1999) studied the effect of the inoculation
with Azotobacter and vesicular arbuscular mycorrhiza (VAM) only or in combination
with different N and P levels (100, 75 and 50%). The N: P : K recommended rate was
75-50-75kg/ ha. Results revealed that treatments involving microbial inoculation were
superior to those without microbial inoculation at all levels of nutrients. A higher
efficiency was observed at lower levels of nutrients with the inoculation of VAM alone.
Economic evaluation revealed that 50% N and P applications along with VAM
inoculation gave the maximum net return and cost benefit ratio.

Badawy et. al. (2007) in their study including four clones of sweet potato
(Assiut 201, 202, 203 and 204) investigated the effect of five nitrogen fertilizers zero.
25, 50, 75 and 100% of the recommended rate with an equal amount of Biogen
fertilizers (2kg). The results indicated that the treatment of (100% N + 2kg Biogen)
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gave the best results in most studied characters. Clones Assiut 201 and 204 were the
best clones for most studied characters. The 100% N level with Biogen fertilizer gave
the best results in most characters. Also, the interaction between (100 N + Biogen)
and clone Assiut 204 gave the highest plant height and highest humber of branches
while the interaction between 100% N + Biogen and clone Assiut 201 gave the best
number of marketable storage roots / plant,weight of marketable storage roots /
plant, root length and root diameter. Mean while, the highest starch root percentage
was obtained from the interaction between 25 and 75% N + Biogen and clone Assiut
201.

The aim of this study was to investigate the effect of chemical NPK, bio and
organic fertilizers on yield and yield components of sweet potato c.v. "Mabrouka"
under El-Minia growing conditions. Moreover, this study aimed to investigate the
possibility of reducing the amount of the chemical NPK fertilizers required by plants .
Such studies could be from using mineral fertilizers minimizing the environmental
pollution and the risk on human and animal health.

MATERIALS AND METHODS

The present study was carried out in the two successive seasons of 2008 and
2009 at the Research Farm of the Faculty of Agriculture, EL-Minia University, EL- Minia
Egypt. Soil physical and chemical properties are presented in Table 1.

Table 1. Chemical and mechanical analysis of the experimental soil in the two studied

seasons.
Season
Properties
2008 2009
Sand % 24.01 28.53
Silt % 29.30 27.92
Clay % 45.61 42.37
Texture grade Silty clay Silty clay
Organic matter % 1.86 1.88
pH (1 : 2.50) 7.86 7.99
Total N (ppm) 30 40
Exchangeable K (ppm) 520 480
Available P (ppm) 2.90 2.86
E.C. mmhos/cm 1 : 2.5 1.02 1.11
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Eight fertilizer treatments were used in the present investigation as follow:

1- Recommended rate of the chemical NPK fertilizers.

2- Half rate of the chemical NPK fertilizers (20.6 N: 31 P,Os5 . K,0 ).

3- Compost (4.28 t / Feddan ) .

4- Bio-fertilizer (Bacterial Azotobacter + Bacillus megatherium var. phosphaticum).
5- Half of recommended rate of NPK + Compost.

6- Compost + Bio-fertilizer.

7- Half of recommended rate of NPK + Bio-fertilizer.

8- Half of recommended rate of NPK + Compost + Bio-fertilizer.

The chemical NPK recommended rate was consisted of 100kg ammonium
sulphate (20.6%N), 200kg super phosphate (15.5% P,0s) and 100kg of potassium
sulphate (48% K,0) per feddan. The NPK fertilizer treatments were two equal doses
which applied after 30 and 60 days from planting date. Organic fertilizers were
incorporated into the soil in the assigned experimental units 3 days before planting
date at the rate of 4.28 tons/fed of compost, respectively. The properties analysis of
compost is presented in Table (2). Bio-fertilizer (mixture of Bacillus megatherium and
Azotobactere) provided kindly from Prof. Dr. Omar Dakhly, Genetic Department, Fac.
of Agriculture, EL- Minia University. Bio-fertilizers were incorporated into the soil of
the specific experimental units twice i.e., 4 days and 30 days after planting date in
both seasons.

Six flasks ,each contain 500 ml liquid complete media , three of them were
used for growing Azotobacter strain where the other three flasks were inoculated with
the Bacillus megatherium var phosphaticum and all of them incubated at 28% for 5
days , The growth diluted with water before using ( 1 : 99 v. / v . ) and mixing with
them.

Harvest was done at one time for all treatments, where plants of three ridges
of each experimental unit were harvested.

Stem cutting of about 20cm length of c.v. "Mabrouka" were planted on the
20" and 25" of May, 2008 and 2009, respectively.

The experimental design was in a complete randomized blocks system in 3
replicates. Each experimental plot was 7.35m? which consisted of 3 ridges of 3.5m
long and 70 cm wide. Stem cutting were planted in the north side at the ridges at 20
cm a part .The experimental site was the same in both season.

All agricultural practices known for commercial sweet potato production with

the exception of fertilizers were followed.
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Table 2. Properties analysis of compost used in the present study.

Properties Compost
Organic matter % 25.2
Total Nitrogen % 1.40

P % 0.64
K % 0.79
Fe (ppm) 630
C/N 1.19
pH 6.6

The following data were recorded at each harvest time for each experimental unit:
1- Number of storage roots / plant (NRP) .
2- Total storage roots fresh weight / plant (RFWP) in grams.
3- Average root fresh weight (ARFW).
4- Root dry weight / plant (RDWP), in grams.
5- Total dry weight / plant (TDWP) in grams where,

TDWP = VDWP + RDWP, where VDWP is the vegetative dry weight per plant.

6- Harvest index (HI), where:

= —RDWP_ 400

TDWP
Statistical analysis:-
Data of the studied characters were statistically analyzed and treatments
means were compared using Duncan's methods and differentiated using LSD method
as described by Steel and Torrie (1980).

RESULTS AND DISCUSSION

Number of storage roots/plant (NRP):

Data of this character are shown in Table (3). Number of storage roots / plant
was significantly affected by the fertilizer treatments in the two seasons. In this
regards, the highest number of roots were produced from plants fertilized with the
compost only ( 5.147 £ 0.3458 ) in the first season and plants fertilized with the
combined application of half rate of the recommended NPK + compost + bio-fertilizer
(6.103£0.5675 ) in the second seasons.
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Table 3. Effect of fertilization treatments on number of storage roots / plant (NRP) in

the two successive seasons of 2008 and 2009.

fertilizers treatments 1% season (2008) 2" season
(2009)
1- Recommended rate of NPK 3.628 4.200
2- Half rate of NPK (Half NPK) 3.480 3.477
3- Compost. 5.147 5.283
4- Bio-fertilizer 4.460 4.560
5- - Half NPK + compost 2.897 5.160
6- Compost + Bio-fertilizer 3.690 4.417
7- Half NPK + Bio-fertilizer 3.290 3.357
8- Half NPK + Compost + Bio-fertilizer 4.433 6.103
L.S.D. 0.3458 0.5675

Average root fresh weight (ARFW):

Data of this character are presented in Table (4). The obtained results of the
effect of the studied fertilizer treatments indicated that the highest values of ARFW
were obtained from plants which fertilized with half NPK+ compost (286.1+18.07) in
the first season, but in the second season the highest values of ARFW were obtained
from plants fertilized with the half rate of the chemical NPK fertilizers (184.5 £12.63).

These results indicate the importance of different organic and chemical
fertilizers on enhancing the vegetative growth and hence increasing the
photosynthetic rate. Moreover, organic fertilizer may enhance the storage roots sink
capacity which led to increase ARFW.

Table 4. Effect of fertilization treatments on average root fresh weight (ARFW) in the

two successive seasons 2008 and 2009.

fertilizers treatments 1% season (2008) 2" season (2009)
1- Recommended rate of NPK 229.0 125.5
2- Half rate of NPK (Half NPK) 165.0 184.5
3- Compost. 158.0 103.0
4- Bio-fertilizer 187.9 124.0
5- - Half NPK + compost 286.1 125.7
6- Compost + Bio-fertilizer 208.8 123.2
7- Half NPK + Bio-fertilizer 222.8 106.6
8-Half NPK+ Compost+ Bio-fertilizer 156.5 109.1
L.S.D. 18.07 12.63
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Storage total root fresh weight per plant (RFWP) in grams:

Data of this character as affected by the studied fertilizer treatments in the
two studied seasons are presented in Table (5).

The obtained data of the RFWP as affected by the fertilization treatments
declare that the highest values were obtained from plants fertilized with the compost
only in the first season (720.0 £21.03) and half NPK + compost (634.1£21.95 ) in the
second season.

Table 5. Effect of fertilization treatments on average root fresh weight per plant
(RFWP) in the two successive seasons of 2008 and 2009.

fertilizers treatments 1% season (2008) 2" season (2009)
1- Recommended rate of NPK 543.0 530.2
2- Half rate of NPK (Half NPK) 480.4 609.8
3- Compost. 720.0 521.9
4- Bio-fertilizer 590.8 534.1
5- - Half NPK + compost 374.2 634.1
6- Compost + Bio-fertilizer 550.5 518.8
7- Half NPK + Bio-fertilizer 488.3 329.1
8- Half NPK + Compost + Bio-fertilizer 52106 622.9
L.S.D. 21.03 21.95

Root dry weight per plant (RDWP) in grams:

Data of the effect of fertilization treatments on the root dry weight per plant
(RDWP) in the two studied seasons are presented in Table (6). However, the highest
value in the first season was obtained from plants fertilized with half NPK + compost
(26.12 = 1.806) but only the biofertilizer in the second season gave the highest value
(26.53 + 2.525 ).

Table 6. Effect of fertilization treatments on Root Dry Weight / Plant (RDWP) in grams

in the successive seasons of 2008 and 2009

fertilizers treatments 1% season (2008) 2" season (2009)
1- Recommended rate of NPK 23.65 23.91
2- Half rate of NPK (Half NPK) 23.45 23.78
3- Compost. 24.98 26.05
4- Bio-fertilizer 25.58 26.53
5- - Half NPK + compost 26.12 23.59
6- Compost + Bio-fertilizer 25.14 24.13
7- Half NPK + Bio-fertilizer 24.27 24.16
8- Half NPK + Compost + Bio-fertilizer 25.16 23.87
L.S.D. 1.806 2.525
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Total dry weight per plant (TDWP):

285

Data of this character as affected by the studied fertilization treatments in the

two studied seasons are presented in Table (7).

Table 7. Effect of fertilization treatments on Total Dry Weight / plant (TDWP) in

grams, in the two successive seasons of 2008 and 2009.

fertilizers treatments

1% season (2008)

2" season (2009)

1- Recommended rate of NPK 278.3 264.3
2- Half rate of NPK (Half NPK) 234.3 212.9
3- Compost. 262.2 296.8
4- Bio-fertilizer 291.0 251.9
5- - Half NPK + compost 272.8 259.1
6- Compost + Bio-fertilizer 297.1 277.5
7- Half NPK + Bio-fertilizer 159.9 191.1
8- Half NPK + Compost + Bio-fertilizer 276.2 265.4
L.S.D. 5.625 5.008

In regards to the effect of the studied fertilizers treatments, data declared

significant effect on TDWP in both seasons. The obtained results declared that the

highest values of TDWP were obtained from plants fertilized with compost and bio-
fertilizer in the first season (297.1+ 5.625) and only compost (296.8 + 5.008) in the

second season.
Harvest index (HI):

Data of the effect of the studied fertilizers treatments on the harvest index in

both studied seasons are presented in Tables (8).

Table 8. Effect of fertilization treatments, Harvest Index (HI) in the two successive

seasons of 2008 and 2009

fertilizers treatments

1% season (2008)

2" season (2009)

1- Recommended rate of NPK 39.22 48.56
2- Half rate of NPK (Half NPK) 38.73 45.93
3- Compost. 39.20 39.11
4- Bio-fertilizer 49.17 45.45
5- - Half NPK + compost 34.40 36.19
6- Compost + Bio-fertilizer 35.80 38.29
7- Half NPK + Bio-fertilizer 38.52 38.45
8- Half NPK + Compost + Bio- 36.38 42.69
fertilizer

L.S.D. 3.097 2.226
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The highest value of HI in the first season was obtained when plants fertilized
with bio-fertilizer (49.17+3.097) in the first season and the recommended rate of
NPK in the second season (48.56+2.226).

Nair and Vimala (1991) studied the effect of NPK fertilizers using some
sweet potatoe cultivars and hybrids. The authors declared that root tuber yield did not
vary significantly with the NPK application rates of 75kg N + 50kg P + 75kg K/ha and
50kg N + 37kg P + 50kg K/ha. Dayal and Sharma (1993) reported that application of
40kg N + 25kg P + 40kg k/ha significantly increased marketable root tuber yields of
sweet potato from 6.9t (without fertilizer) to 11.3t.

Etman et. al. (2002) reported that application of high NPK fertilizer levels of
135, 202.5 and 270kg (N — P,0s — K,0/fed) increased leaf blades contents of N, P and
K as well as roots dry matter. Moreover, the high NPK fertilizer level (202.5 and 270
kg/fed) raised the values of the vegetative parameters.

Dakly et. al(’1993) and Fouly et. al( 2002) Estimaed the effectiveness of
Azotobacter chroococcum transformants on growth and yield of some vegetable
crops.

Rizk et. al. (2003) found that application of the chemical fertilizer (NPK)
resulted in having the best growth characters, the heaviest yield weight (11.73 and
12.35 ton/fed. for the first and second seasons, respectively), number and size of

tuber was also affected significantly with the studied treatments.
CONCULUSION

The obtained results from both seasons indicated that the old popular
consumption sweet potato cultivar © Mabrouka  was suitable and is recommended for
further studies under low input production system ( organic culture ) for its popularity

high yield and root tuber quality .
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