Effect of Mineral and Organic Potassium Fertilization on Sweet Potato Crop
Grown in The Newly Reclaimed Land
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ABSTRACT

Two field experiments were carried out during the two
successive summer seasons of 2008 and 2009 at a newly
reclaimed area, at Sadat city, of the Environmental Studies
and Research [Institute Farm, Minufiya University,
Minufiya Governorate, Egypt. This study was conducted in
order to assess the effects of different levels of both
potassium sulphate fertilizer (0.0; 50; 100; 150 and 200
Kg/fed,) and potassium humate foliar applications (11%
K;0) rates, i. e, 0.0, 0.5, 1.0 and 1.5%; as well as their
interactions on the vegetative growth, yield and its
components, tuber characteristics and tuber quality
attributes of sweet potato crop. Potassium sulphate
fertilizer affected significantly most studied ftraits.
Generally, the increased potassium sulphate fertilization
levels, from zero up to 200 Kg/fed., enhanced vegetative
growth and, gradually, increased tuber root yield. The
obtained results indicated that 200 Kg potassium sulphate
fertilizer/fed. was the best level to increase total tuber
yield. A similar trend was reached by spraying K-humate
levels. Increasing potassium humate concentration from
0.0% to 1.5% increased most of the studied characters. The
combined application of K;SO, fertilizer levels and K-
humate sprays reflected clear interaction effects. Tuber
root yield reflected an increase of 10% - 15% by adding
200 Kg K,;SO/fed. combined with 1.5% K-humate
compared with the control treatment (200 Kg K;SO,/ fed.
only) in the first and the second seasons of the study,
respectively. Generally, this study recommended spraying
sweet potato fields, fertilized with 150 Kg K;80,, with
potassium humate to produce the highest tuber yield with
the best quality.
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INTRODUCTION

Sweet potato (/pomoea batatas, L.} is a popular
vegetable crop in Egypt. It is cultivated for both human
food consumption and starch production. Moreover, the
foliage is used for animal feeding. As a root crop, sandy
soil is the most suitable one for its production, however,
low levels of nutrients, such as potassium, are
considered as of the major preduction constrains of this
type of soil. Hassan et al (2007) stated that starch
crops; like potatoes, cassava and sweet potato; have
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particularly high k needs. It was reported that k
application had a positive influence on the quality
parameters of tuber roots (Mohan Kumar er. al, 1998:
Attalla et al, 2001; SR1,, 2003 and Sherif ef af., 2003)
.The same trend was reported by El- Gamal (1980) and
Barakat (1987) on potato tubers,

Sharfuddin and Voican (1984) stated that both the
sugars and starch contents in sweet potato tubers roots
were increased by elevating k rate from 62 to 186 kg/
ha. Wanas (1987) indicated that increasing k fertilizer
levels led to increments on reducing, non-reducing and
total sugars contents of sweet potato roots.

Potassium humate can be used as an organic potash
fertilizer to supply the plants with high levels of soluble
potassium in a readily available form. Combined with
humic acid, potassium can be rapidly absorbed and
incorporated into plants, whether via soil or foliar
application methods. Enhancement of plant growth
through using potassium humate had been atiributed to
the increased uptake of many minerals such as N, Ca, P,
K, Mg, Fe, Zn and Cu (David et. al., 1994 and Adani, et
.al., 1998). Meanwhile, potassium humate increases
photosynthesis, chlorophyli density and plant root
respiration which resulted in greater plant growth and
yield (sladky, 1959; Smidova, 1960 and Chen and
Aviad, 1990).

Application of potassium humate in the field
increased root system, tuber yield, and tuber number per
plant in potato as reported by Asadi et al. (2010).
However, the gradual increase in using fertilizers,
especially potassium fertilizers, and the consequent
increases in production costs in the recent years require
giving more attention from producers to reduce total
production cost. Such a reduction can be achieved by
selecting the proper form and amount of fertilizers that
are suitable for the soil type and plant species, in
addition to using foliar spray of the beneficial organic
fertilizers to realize a real increase in crop yield and
high produced quality, reflecting a high economic
income. Accordingly, the present study was carried out
to achieve the following goals:
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1-Determination of the suitable rates of k fertilizer under
different concentrations of potassium humate to
obtain high yield with good root quality.

2-Minimizing the added potassium sulphate fertilization
rates and, thereby, lowering the total production
cost under our newly reclaimed land conditions,

MATERIALS AND METHODS

The present investigation was carried out during the
two successive summer seasons of 2008 and 2009 at a
newly reclaimed area, at Sadat city, of the
Environmental Studies and Researches Institute Farm,
Minufiya University, Minufiya Governorate, Egypt;
using the sweet potato cv. Minufiya 66. Planting was on
the first of June in both seasons. Stem cuttings of 25 ¢cm
length were planted in rows, 0.75 m apart, and at
spacing of 0.50 m within rows; under a drip irrigation
system.

Treatments:

Each experiment contained twenty treatments, which
represented all possible combinations of four levels of
potassium sulphate fertilizer (48% K,0); i.e. 0.00, 50,
100, 150 and 200 Kg K;S8OQ,/fed. (The recommended
dose of potassium fertilizer of the Ministry of
Agriculture of Egypt); with four potassium humate
sprays (11% K,0) rates; i.e. 0.0, 0.5, 1.0, and 1.5 %.
The mineral potassium sulphate fertilizer levels were
randomly distributed in the main plots; whereas, the
potassium humate rates were randomly assigned in the
sub-plots. Each sub-plot consisted of three rows, 10.0 m
fong and 0.75 m wide, with a sub-plot area of 22.5 m”.
Potassium sulphate fertilizer was applied through a drip
irrigation system and splited into four equal doses,
starting at two weeks after planting and then at two
weeks intervals. Potassium humate (11% K,0) was
dissolved thoroughly with water and was sprayed on the
vegetative growth of the grown plants. The spraying
rates were applied four times on the dates of potassium
sulphate fertilizer applications.

The potassium humate used in this study was
produced in China Rep., having a physical data as
follows; appearance (black powders), pH (9-10) and
water solubility (> 98%). The guaranteed analyses were

as follows: humic acid (80%), potassium, K,0, (10-
12%), and zinc, iron and manganese etc., (100 ppm).

Agricultural operations were as follows: At soil
preparation time, full dose of PO, (300 Kg/fed), as
mono calcium phosphate (15.5 % P,0s), plus 5 tons/fed
of compost; produced by El-Salam Compost Co., El-
Minofiya Governorate, Egypt; were added. The nitrogen
fertilizer was added to the soil throughout the drip
irrigation system in the form of ammonium nitrate
(33%) in four equal doses, as potassium sulphate
fertilizer was applied. The nitrate fertilizer dose was 150
Kg N/fed. The physical and chemical analyses of the
soil, of the used experimental cite, arg presented in
Table (1). All the agricultural practices used for
commercial sweet potato production were carried out in
both experiments,

Measurements:

Vegetative growth and yield parameters; Five whole
plant samples per sub-plot were randomly used, 80 days
after planting, for the determination of the vegetative
growth (plant height (m}, number of branches and plant
fresh weight (kg)). Another five random plants were
used for determining plant tuber root vield (kg). Tuber
root yield was determined in weight and number of all
tuber roots per plant.

Chlorophyll density: The non-destructive chlorophyll
content was determined in plant leaves; using the
tiandheld chlorophyll content meter (CCm-200),
produced by Opti-Sicences, Inc. § Winn Avenue
Hudson, NH 03051, U.S.A.

Physical characteristics: Random sampfes Of 10 tuber

roots per treatment were randomly used to measure the
physical characteristics of the tubers; tuber length and
diameter were measured to calculate the tuber shape
index by dividing the former by the latter.

Tuber root quality:

I- Tuber dry matter (%) was carried out by weighing
a certain weight of fresh tubers and then dried.

Dry weight
Dry matter % = ===-=-e=eeeememnav X 100
Fresh weight

Table 1. Physical properties and chemical analyses of the experimental soil

Mechanical analysis

Sand% Sili9% Clay% Texture pH EC. dS/m CaCo;% 0.M. %
90 5 5 sandy 7.26 6.00 5.5 0.80
Chemical analysis

Cations (meg/L) Anions (megq/L)
N P’ Ca” Mg” Na K' COy HCOy CL SO,”
Traces 0.40 53.75 23.75 17.1 2.16 Zero 8.0 68.0 20.76
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2-Determination of reducing and non-reducing
sugars content (%}: A known mass (5 g} of fresh
tuber root was taken to determine reducing and non-
reducing sugars, using sulphuric acid and phenol
(5%), then they were colodrimetrically determined,
according to the method of Dubios et. al. (1956).

3- Determination of starch: Tuber root starch content
{%) was determined using a sample of 1 g of fresh
tuber, according to the method described in
A.0.A.C. (1970).

4-Determination of carotene content: Carotene
content was determined as B carotene, using the
method described by Nakdimon and Gabelman
(1971). A Milton Roy, spectrophotometer-601 at 440
nm, was used

Experimental design and statistical analysis:

The used experimental layout was arranged as a
split-plot in a randomized compicte blocks design
{R.C.B.D), with three replicates. Five treatments of
potassium sulphate fertilizer levels (0, 50, 100, 150, and
200 kg/fed., where 200 Kg/fed. was the control
treatment) were considered as main plots, and four sub-
treatments of potassium humate rates (0, 6.5, I, and 1.5
%) were randomly distributed in the sub plots in the
three replicates. Collected data of the experiments were
statistically analyzed, using the analysis of variance
method. Single and multiple linear regressions were
applied to fit the data using CoStat-Software program of
analysis (2004). Comparisons among the means of
different treatments were done, using Duncan's muitiple
range test procedure at p = 0.05 level of significance, as
illustrated by Snedecor and Cochran {1980).

RESULTS AND DISCUSSIONS

1-Effects of mineral potassium levels on the studied
characters:

1-1-Vegetative growth and leaf chlorophyll content:

Data, presented in Table (2), show that potassium
sulfate fertilizer rates had significant effects on most
studied characters during the two used seasons of this
study. The results, generally, indicated that lowering the
percentage of potassium sulphate fertilizer, gradually
from 100% (200 kg/fed.)down to zero percentage,
decreased gradually and significantly the studied
vegetative characters (No. of branches/plant, plant
length and foliage fresh weight) and leaf chlorophyll
content; whereas, plant length gave a different response
in this respect. Similar findings were obtained by Tong
and Change (2002) on sweet potato. Recently, in Egypt,
similar K promoting effects on cassava vegetative

growth were described by Attalla er. al. (2001) and
Hassan er. al. (2007).

The positive effect of the high rate of K fertilizer on
tuber root characters might be attributed to the improved
efficiency of utilizing soil minerals, mainky N fertilizer,
and, subsequently, other applied fertilizers (Ardjasa et.
al. 2002).

1-2- Tubers root yield, yield components and tuber
shape index:

The resuits, reported in Table (3), indicate that
increasing K fertilization rates had significant positive
effects on tuber No. / plant, average tuber weight/ plant,
yield” plant and yield ton/fed. in both seasons. It was
obvious that the highest yield, in the two seasons (25.09
and 26.19 ton/fed.), obtained by applying 100% K;50,
(200 Kg potassium sulphate/fed.), with significant
differences from the other applied rates. The same trend
was also explored for tuber number/ plant and tuber
weight traits. On the other hand, the lowest yielding
(13.91 and 11.51 ton/fed.) was traced by applying
0.00% K,S0O, fertilization, as shown in Table (3). The
distinct superiority of fertilizing with the high and
moderate K fertilization levels (200 and 150 Kg/fed);
regarding tuber yield, in comparison with the low levels
(100, 50 and zero Kg/fed.); might be related to the role
of potassium in the translocation of carbohydrates,
produced in the leaves through photosynthesis, to the
various plant organs (Norman er al, 1984). The
obtained results appeared to be in a general matching
with those reported by Lu er. af (2001) and Mansour e,
al. {2002), on sweet potato; and Hassan et a/. (2007) on
cassava plants.

The tuber yield (Y) was found to be correlated with
the used potassium sulphate fertilizer rate (X) (as shown
in Fig. 1). The regression equations for this relationship
in the first and second seasons could be represented as
follows:

The first season (2008): Y= 14.569 + 0.052X

R*=0.965 (P<0.01)
The second season (2009): Y= IO.396I +0.069X
R*=0829  (P<0.01)

The presented data indicated that sweet potato tuber
yield was strongly and positively affected by the applied
potassium  sulphate rate; where, determination
coefficients (R?) of 0.965 and 0.829; in the two seasons,
respectively; under the experimental conditions of the
present study. The results in Table (3) demonstrated also
that tuber root shape index was significantly affected
with potassium sulphate applications; but, only in the
second season of the study.
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Fig. 1. The relationship between swee:trpotato total yield (ton/fed.) and potassium sulphate

fertilizer rates during the two used seasons .,
1-3- Quality attributes of tubers root characters:

As shown in Table (4), the tuber quality
characteristics under study (tuber dry matter, carotene
content, reducing and non-reducing sugars and starch
percentages) were positively influenced by potassium
sulphate fertilizer levels in both growing seasons, with
the exception of carotene content in the first season.
Adding the highest level (100 %) of K,SO, fertilizer
{200 kg/ fed.) surpassed the other k fertilizer levels and
resulted in the highest percentages of the chemical
components of tuber roots. Similar trends of such resuits
were reported by Lu et ol (2001) and Georg et al
(2002) on sweet potato, and Mohan Kumer er. af
(1998), Olasantan (2003) and Hassan et. al. (2007) on
cassava. The positive effect of the high rate of potassium
sulphate fertilizer on tuber quality characteristics might
be attributed to the role of K in assimilation and
translocation of carbohydrates, as well as, in their
conversion into starch (Nelson, 1970).

2 — Effects of potassium humate concentrations on
the studied characters:
2-1- Vegetative growth and leaf chlorophyll content:
The relationships between potassium humate rates
and respective vegetative characters, Table (2), reflected
significant effects on the various vegetative
characteristics (No. of branches/ plant, in the first year
only and foliage fresh weight/ plant); while, leafl
chlorophyll content was significantly affected only in the
second year. The results presented herein appeared to be
in accordance with those found by Hassanpannah ef. al.

(2007) on potato crop. These results might be explained
on the basis that potassium humate increased
photosynthesis, chlorophyll density and plant root
respiration, which resulted in greater plant growth and
yield (Sladky, 1959; Smidova, 1960; and Chen and-
Aviad, 1990).

2-2- Tuber root yield, yield components and tuber
shape index:

As shown in Table (3), sweet potato yield/ plant,
tuber yield (ton/fed.) and average tuber weight / plant
characters appeared to be significantly affected with the
used potassium humate rates in both seasons; whereas,
No. of tubers/plant was significantly affected only in the
first year. Tuber shape index reflected significant effects
for potassium humate in the second season only.
Generally, tuber yield/plant showed gradual decrement
with the decreasing of k-humate rates. Similar results
were also reported by Asadi e al. (2010}, and Mahmoud
and Hafez (2010) in their researches on potate crop.
These results might be attributed to the effects of
potassium humate on increasing plant growth attributes
(No. of branches/plant, foliage fresh weight/plant and
leaves chlorophyll content), as shown previously in table
(2, which, by turn, resulted in greater yield
characteristics. The obtained results are also in harmony
with those of Sladky, (1959), Smidova (1960), and Chen
and Aviad (1990).

The tuber yield (Y) was regressed against the

potassium humate rates (X) (Fig. 2). The regression
equations for this relationship were:
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Fig. 2. The relartiohship betweensweet "Bﬂtato total yleld (ton/fed)and pofassium humate
spraying rates during both summer seasons of 2008 and 2009

The first season (2008); Y= 18,129 + 2. 171X

R%=0.622 (P<0.01)
The second season (2009):  Y,= 16.129 + 1.541X
R’=0.438 (P<0.05)

These data indicated that sweet potato tuber yield
was positively affected by potassium sulphate
application with a high determination coefficient (R*=
0.622) in the first season (2008); while, it was somewhat
affected with potassium humate rates during the second
season (2009) with a low determination coefficient (R’=
0.438).

2-3- Quality attributes of tuber root characters:

Data in Table(4) illustrated that the tuber root quality
characteristics were  significantly affected with
potassium humate sprays, regarding non-reducing sugars
and starch percentages. Both Tuber dry matter and
reducing sugars reflected significant effects only in the
first year of the study; whereas, tuber dry matter
percentage was positively correlated with K-humate
rates, as demanstrated in Table (4). The highest starch
percentage was obtained with 1.5% k-humate rate, in
both trials, with insignificant differences from both 1.0%
and 0.5% k-humate rates. Such a stimulation effect of
starch content percentage was probably due to the
supplemental effect of K-humate of soluble potassium in
a readily available form which might aid the

translocation  of  carbohydrates  produced by
photosynthesis (sladky, 1959; Smidova, 1960; and Chen
and Aviad, 1990). On the other side, carotene content
did not seem to be affected with k-humate rates.

3-Influence of the interactions between potassium
fertilization and k- humate rates

3-1-Vegetative growth and leaf chlorophyll content:

Data presented in Table (2) indicated that the foliage
fresh weight character was significantly affected with
the interaction between potassium sulphate fertilizer and
potassium humate sprays (AxB interaction) in both
years; whereas, No. of branches/ plant, plant length,
leaves chlorophyll content characters reflected
significant AxB interaction effects only in one season of
the study. It was clear that the highest values for both
foliage fresh weight and leaf chlorophyil traits were
obtained by applying 200 Kg/fed. of K;S0, combined
with 1.5 % K-humate in both seasons of the study. On
the other hand, the lowest values of the vegetative traits
were achieved when the plants were neither fertilized
with potassium sulphate (0.00%) nor sprayed with K-
humate. These results indicate clearly that potassium has
an important role in enhancement photosynthesis,
resulting in greater plant growth and yield. These
responses are in accordance with these obtained by
(Sladky, 1959; Smidova, 1960 and Chen and Aviad,
1990).



Table 2. Mean performances of the studied vegetative characteristics of sweet potato during both summer seasons of 2008 and 2009

LT

seasons 1 st 2008 2 nd 2009
No. of Plant Foliage fresh weight Leaf chloroph No. of Plant Foliage Leaf
branches/ length (Kg) It content branches/ length fresh chlorophyll
Treatments plant (n%) € y plant (mg) weight contsnt
: (Kg)
Potassium sulphate fertilizer
200 Kg K550, 8. 77a 1.19b 1.11a 23.17a 7.67a [.32a 1.37a 21.15a
150 Kg K,S0, 8.33a 1.20 b 0.99b 21.21b 8.86a _1.30a 1.29a 19.32b
100 KGK,;S0, 6.36b 1.28 ab 0.80¢c 19. 14 ¢ 9.22a l. 18 ab 1.10b = 19.01 ¢
50 Kg K80, 6.75b _1.31a 0.77¢ 17.29d 7.61 ab ~1.0lc 0.78 ¢ 16. 87d
Zero K,S0, 5.44 ¢ 1.02¢c 0.62d 15.89 ¢ 6.58b 1.07 be 0.74c 16.62 ¢
K-humate fertilizer
1.5 % K humate 8.57a 1. 17¢ 0.99a 20.75a 8.55a 1.20 & 1.09 ab 18.64 a
1.0 % K humate 7.47 b 1.17¢ 0.83%b 18.99b 8.07a 1.19a 1.08b 18.49a
0.5 % K humate 6.22¢ 1.21b 0.76d 19.19b 8.40a [.19a 1.10a 18. 66 a
0.0 % K humate 5.66 d 1.24a 0.78 ¢ 18.42 b 7.71a l.11a 0.95¢ 18.49 a
Potassium sulphate X K-humate interaction
e 1.5 % K humate 8.33 bc 1.182a 1.24a 28.32a 9.41a 1.35a 1.40a 21.81a
¥ O 1.0 %K humate 8. 44 be 1.25a 1. 15 ab 23.04b 9.33a 1.33a 1.35a 21.37a
8&? 0.5 % K humate 9.0 be i.21a 1. 10 abc 20.34 cd 8.11a 1. 29 abc 1.39a 20.71a
i 0.0 % K humate 9.3b I.13a 0.95 cde 20. 96 bed 7.67a 1.30ab 1.35a 20.71a
oy - 1.3 % K humate 11.99a 1,06a 1. 15 ab 22. 08 be 8.00a 1.33a 1.37a 20.04a
Mg 1.0 % K humate 8. 89 be 1.07a 0. 97 bede 21.47 bed 10. 11 a 1.35a 1.31a 19.13 a
8£ 0.5 % K humate 6. 00 fg 1.17a 0.61g 19. 68 cde 9.67a 1.31a i. 10 be 18.90 a
- 0.0 % K humate 6. 11fg 1.30a 0. 89 de 19. 6lcde 8.44a 1.30ab [.25ab 19.17 a
s - 1.5 % K humate 8.00cd 1.30a 0. 94 cde 20. 06 cd 10. 67 a 1.33a 1.30a 19. 16 a
Mg 1.0 % K humate 6, 78 ef 1.33 a 0. 8lef 17. 57 efg 8.22a&; . 1.15abede 1.07c 18.91 a
Sg 0.5 % K humate 6.00 fg 1.17 a 0.61g 19. 68 cde 9.67a - 1.31a 1. 10 be 18.90 a
- 0.0 % K humate 4.67h 1.31a 0.83 ef 19. 24 def 8.33a - 0.92fF 0.92 cd 18.61a
wp g L3 Y2 K humate 7. 89cde 1.37a 1. 03 bed 17. 02 fgh 8.56a 093 ef 0. 80 de 16. 7l a
v 8 1.0 %K humate 7. 11def 1.29a 0. 87 def 16. 56 gh 6.89a 1. 05 cdef 0.93 cd 16.80a
25 0.5 % K humate 4. 78 h 1.28 a 0.55¢ 19. 16 def 8.33a 1. 05 cdef 0. 73 ef 17.48 a
0.0 %o K humate 4.20h 1.28a 0.63 ¢ 16.40 gh 6.67a 1. 00def 0.65ef 16.48 a
< 1.5 % K humate 6.66f 0.95a 0.60 g 16.25 gh 6.11a 1. 08 cdef 0.60f1 16.5%a
29 1.0 %K humate 6.11 fg 0.93a 0.6lg 16. 31 gh 5.78a 1. 05 cdef 0.73 ef 16. 88 a
ﬁhz'.. 0.5 % K humate 5.0 gh 1.02a 0. 69 fe- 15.07h 7.002a 1. 10 bedef 1.03¢ [6.63 a
0.0 % K humate 4.00h 1. 18 a 0.58¢ 15.91 gh 7.44 a 1. 03 def 0.58¢ 16. 38 a

Means having an alphabetical letter in common, within a comparable group of means, do not significantly differ. using Duncan's multiple range test procedure at p=0.05 level of significance.
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Table 3. Mean performances of tuber root yield, yield components and tuber shape index of sweet potato during both summer
seasons of 2008 and 2009

seasons I 5t 2008 2 nd 2009
No. of Average Tuber Tuber yield Tuber No. of Average Tuber Tuber yield Tuber
treatments tubers/ tuber yield/ (ton/fed.) shape index tubers/ tuber yield/ (ton/fed.) shape index
plant weight/ plant  plant (Kg) plant weight/ plant (Kg)
(Kz) __ plant (Kg)
Potassium sulphate fertilizer v
200 kg K;50, 7.63b 0.29a 2.23a 23, 76a i.62a 9.57a 0.24a 2.3la 26. 19a 2.12a
150 Kg K150, 8.33a 0. 26be 1.9b 2117 2.00a 8.42a 0.252 2.07b 23.51b 1. 6%
100 KG K,50, 7.25b 0.25¢ 1.75¢ 18.61c 1.63a 8.58a 0.16c 1.38¢ 15. 73c 1. 78a
50 Kg K,50, 3.80¢c 0.27b 1.57d 16. 72d . 73a 6.92b 0.15¢ 1.05d 11. 974 2. 19a
Zero K50, 550¢ 0.234d 1.22¢ 13.0le 1.42a 5.33¢ 0.20b 1.o1d 1i.51d 2. 26a
K-humate fertilizer
1.5 % K humate 7.44a 0.25b 1.91a 20. 40a 2. 16a 8. 13a 0.2la 1.77a 20. 08a 1.9%a
1.0 % K humate 6.75b 0.29a 1.87a 19. 90a 1. 78ab 7.91a 0.20b 1.58b 18. 01b 1.90a
0.5 % K humate 6,495 0.28a 1.57¢ 16. 79¢ 1. 63bc 7.60a 0.19¢ 1. 46¢ 16. 69¢ 2.08a
0.0 % K humate 7. 00ab 0.23¢c 1.64b 17. 54b 1.31¢ 7.42a 0.19¢ 1. 44¢ 16. 34¢ 2. 06a
Potassium sulphate X K-humate interaction
o 1. 5% K humate 7.97a 0.29¢ 2.31la 24.64a 2.09a 10.20a 0. 25 abc 255a 29.07a 1.87a
2O 1. 0%K humate 7.77 abe 0.29¢ 2.25ab 24. 00 ab 1.72a 10.00a 0. 25 abc 2.52a 28.73a 1,832
83 0. 5% K humate 7.11 bede 0.31b 2.21 ab 23.57ab 1.88a 8. 87 abede 0.22de 1.95¢d 22. 23 cd 2.37a
i 0.0% K humate 7.66 abc 0.28d 2.14% 22.83b 1.59a 9.22 abc 0. 24 bed 2.21be 24.71 be 2.41a
0 1. 5% K humate 8.67a 0.25¢ 2. 16 b 23.04b 2.66a 9. 78 ab 0.23 cd 2.25b 25.27b 1.88a
2 o 1. 0% K humate 8.67a 0.33a 2.15b 22.93b 2.56a 8. 56 bede 0.23cd .97 bed 22.46 bed 1.53a
% N 0. 5% K humate 8.66a 0.211 1.80¢ 19,20¢ 1.43a 7. 78 defg {.26ab 2.02be 23. 03 be 1.79a
0.0%K humate 7.33 bed 0251 1.83¢ 19.52¢ 1.36a 7. 55 efg 0.27a 2. 04be 23.27be i.57a
C en 1. 5% K humate 7.55 abe 0.25¢7 1.86¢ 19.84 ¢ 2.28a 9. 00 abed 0.19fg 1.714d 19.49d 2.152
20 1. 0% K humate 6.88 bede 0.27¢ 1.B8¢c 20.05¢ 1.80a 9. 00 Abcd 0. 15 hi 1.35¢ 15.39¢ 1.37a
82 0. 5% K humate 6.66 cdef 0.22h 1.4l ¢ 15.04¢ 1.372a 8. 33 cdef 0.17 gh 1.42¢ 16.19¢ 1,.68a
- 0.0%K humate 1.8%ab 0248 1.83 ¢ 19.52¢ 1.07a 8. 00 cdefz 0131 1. 04 f 11.86 1.91a
1. 5% K humate 7.22 bede 025¢ 1.78 cd 18.99 cd 1.83a 6.67 gh 0.20 ef 1.33¢ 15. 16¢e 2.42a
Q"”OZ 1. 0%K humate 5.3}g 031b 1.674d 17.81d 1.47 a 7.00 fgh 0. 15 hi 1LO5T 11.97f 2.05a
= 0. 5% K humate 5.00g 0.27e 1.37¢ 14.61e 2.37a 7. 00 figh 013 0.91f 10.37°F 1.74a
0.0% K humate 6. 00 efg 0.24g 1.45¢ 15.47e¢ 1.24a 7. 00 fgh 0.13i 0.91f 10.37¢F 2541
1. 5% K humate 5.8 fs 0.25f 1.45¢ 15, 47¢ 1.93a 5.001 0.20 ef 1.oof 1. 40f 1.65a
eg 1. 0% K humate 5101g 0.27¢ 1.38 ¢ 14, 72 ¢ 1.34a 5.001 0. 22 de 1.0Lf 11.51¢f 2.70a
N 0. 5% K humate 500g 0.22h 1.08 f 11.52F 1.12a 6, 00 Hi 0.17 gh 1.02f 11.63f 2.82a
0.0% K humate 6.11 defe 0.16) = 0.97¢ 10.35¢f 1.28a 5.33i T 0191 1.OLF 1151 f 1.87a

Means having an alphabetical letter in common, within a comparable group of means, do not significantly differ, using Duncan’s multiple range test procedure at p= 0.05 level of significance
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Table 4. Mean performances of tuber root quality attributes of sweet potato during both summer seasons of 2008 and 2009

£LT

TR WwEY-3 Py Y BleH

seasons 1 st 2008 2 nd 2009
Tuberdry  Carotene Reducing Non- Starch (%) Tuberdry Caroten Reducin Non- Starch (%)
treatments matter (%)  content  sugars (%)  reducing matter  econtent gsugars reducing
(mg/100 sugars (%) {mg/100 (%) sugars
£) (%) : £) (%)
Potassium sulphate fertilizer
200 Kg K,SO, 31.00a 4. 28a 1.91a 0.86a 22. 68a 27.83a 3.39b 4, 50a 2.40a 17.26a
150 Kg K,80, 30. 03b 4.22a 1. 78a 0.75b 20. 3% 27.83a 3.03b 4.37a 2.07b 15.85b
100 KG K,;S0, 28. 56¢ 4.40a [. 52ab 0.72b 19. 73¢ 26. 08b 3.15b 3.27b 1.53 ¢ »14.84¢
50 Kg K,;S50, 27.76d 4.84a 1. 13bc 0.64c 18. 41d 25. 45bc 3.99a 2. 63c 1.34¢ 14.41 d
Zero K80, 27.08d 4.0la f. 03¢ 0.53d 16. 47¢ 24, 85¢ 3.93a 2. 38d 1.07d 13.93 ¢
K-humate fertilizer
1. 5% K humate 25.42a 4.29a 1.58a 0.71a 20.27a 26.69 a 3.542 3.48a 1. 73b 15.70 a
l. 0% K humate 29.22ab 4.44a 1.47a 0.73a 19.67b 26.45a 3.49a 3.47a 1.72b 15.46 a
0. 5% K humate 28.59%¢ 4 18a 1.26 b 0.68b 19. 3ic 26.4%a 3.54a 3.41a 1. 7lb 15.07b
0.0% K humate 28. 34c 4.48a 1.58a 0.68b 18. 89d 25.99a 3.41=a 3.35a 3. 35a 14.83 b
Potassium sulphate X K-humate interaction
o0 1. 5%K humate 31.84a 3.58a 1.93 be 0.904a 25.00a 28402 3.05a 4.27a 2.47a 17.87a
“£C 1. 0% K humate 31292 3.9a 2.00b 0.%a 23.20b 28.14a 3.00a 4. 60a 2. 50a 17. 50a
% N 0. 5%K humate 30.28a 4.73a 1. 00 i 0.81a 22.00¢ 2745a 4.31a 4. 70a 2.52a 17.00a
0.0%K humate 30. 60a 4.8%a 2.70a 0.77a 20. 53 e 27.34a 3.21a 4.43a 2. 10a 16 .67a
s 1. 5%K bumate 30.38a 4 38a 2.00b 0.76a 21.30d 28.32a 2.94a 4. 60a 2.10a 16 .67a
<C 1. 8% K humate 30.67a 4912 1.70bcde 0.78a 20. 10f 28.27a 3. 15 4.40a 2.13a 16. 03a
4 o 0. 5% K humate 29.22a 3.80a 1. 83bcd 0. 74a 20.17fF 27.85a 3.00a 4. 10a 2. 172 15.53a
B 0.0% K humate 29. 85a 3.77a 1. 60bcdef 0.73a 20. 00 fg 26. 87a 3.0la 4, 37a 1. 87a 15.17a
o 1. 5% K humate 28.92a 4.85a 1. 70bcde 0.74a 19.63 gh 27.10a 3.67a 3.47a I.63a 15.20a
oL g 1. 0% K humate 28.92a 4.89%a 1. 53cdefp 0.73a 15.93 fp 26. 00a 3. 08a 3.33a 1.47a 15. 10a
3 o (). 5% K humate 28. 5%9a 3.54a 1. 37efghi 0.71 a 19. 83{gh 25. 71a 2.73a 3.20a l. 50a t4, 73a
- 0.0% K humate 27.91a 4. 30a - 1.47defgh 0.7la 19.53 h 25.49a 3. 10a 3.07a 1. 53a 14. 33a
1. 5% K humate 28. t6a 4,67 a 1. 17ghij 0.64a 18. 63 i 25.59a 4, 32a 2. 63a 1. 37a 14, 83a
:og 1. 0% K huenate 27. 98a 5.07a t. 20fghij {.61a 18. 531 25.69a 3.91a 2. 63a 1.37a 14, 76a
A 0. 5% K humate 27.87a 4 8la: 1. 01ij 0.62a 18. 30 ij 25. 62a 3.6%9a - 2.63a 1. 33a 14. 07a
0.0% K humate 27.02a 4.82a 1. 13ghij 0.67a 18. 17 24. 79a 4.03a 2.63a 1. 30a 14. 00a
1. 5% K humate 27. 80a 3.99a 1. 10hij 0.53a 16. 80 k 24.97a ~ 3.73a 2.43a 1. 10a 13.93a
2 s 1. 0% K humate 27.23a 3.40 a 0. 93j 0.57a 16. 60 k 24.93a 4. 30a 2.37a 1. 13a 13.90a
3 o (:-5% K humate ~ 26. 97a 4.00a I. 07hij (0.52a 16.231 24. 85a —~-3. 98a 2.43a 1. 03a 13.90a
0.0% K humate 26.33a 4.64a 1. 00ij 0.51a 16.23 1 24.67a 3. 70a 2.27a 1. 03a 13.97a

Means having an alphabetical letter in common, within a comparable group of means, do not significantly differ, using Duncan's multiple range test procedure at p= 0.05 level of significance
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3.2- Tubers root yield, yield components and tuber
shape index:

The results in Table(3) of tuber yield (tuber
yield/plant and tuber yield (ton/fed.)) and its component
traits (number of tubers per 'plant and average tuber
weight per plant) reflected significant effects for with
AxB interaction. These results indicated that the
aforementioned characters responded differently in this
respect. In general, applying K;SO, at the rate of 200
Kg/fed., combined with 1.5 % K- humate, gave the
highest record, corresponding total yield (ton/fed.) trait,
followed by the treatment of 200 Kg K,50, / fed.,
combined with 1.0 % K- humate; but without significant
differences in the two studied seasons (Table, 3, and
Figs. 3a and 3b). These results might be due to that the
stimulation of vegetative growth happened by foliar
application of potassium humate, as illustrated in Table
(2). The present results indicated also that the
recommended dose of K,SO, could be reduced, from
200 Kg/fed. (200 Kg/fed. + zero K-humate) down to
150 Kg/fed., by spraying 1.5 % K-humate to the
growing plants four times during the growing period to
obtain approximately the same yield of sweet potato
tubers per plant as that of the commonly recommended
dose (200 Kg K,SO,/fed.), as appears in Table (3).

The tuber yield (Y) was regressed with the potassium
sulfate fertilizer (X,) and potassium humate sprays (X,),
as shown in Figs. 3a and 3b. The regression equations

+ 200 Kgffed. K;SQ,

» 150 Kgfed. K250,
A 100 KgffEd K:S0,

o 50 Kg/fed. K;S0,
¢ 0.0 Kgffed. K;S0O,

8

for such a relationship, in the first and the second
seasons, could be presented as follows:

The first season: Y= 12,931 + 0,052 X, + 2.180 X,

R*=0.839 (P<0.01)
The second season: Y3=9.239 + 0.069 X, + [.541 X;
R=0.725 (P<0.01)

These parameters indicated that tuber yield was
strongly affected with the two utilized wvariables,
especially with the potassium humate rate, under the
experimentat conditions.

Thus, the efficiency of potassium sulphate level: K-
humate rate was estimated to be equal to 0.052: 2.180,
in the first season, and to 0.069: 1.541 in the second
season or as 1.00: 41.92 and 1.00: 22.33 in the {irst and
second seasons, respectively. These equations can be
used to predict potassium sulphate level and K-humate
rate to be added to the growing sweet potato plants to
produce maximum sweet potato yield, under the similar
conditions of this study.

Tuber shape index trait did not reflect different
responses for the various combinations of the two
studied variables, suggesting the absence of AxB
interaction. This means that there were stable responses
with both potassium sulphate and k-humate rates
regarding tuber shape index.

Y,=24.785 — 0.350X

Y,=20.372 + 3.01X
Y= 18.978 + 1.237X
Y= 156.630 + 2.986X
Ys= 10.881 + 4.028X

%

L 3

il

i

;D‘T41$

-
(=]

Total yield {ton/fed.}
o

&

0 - —

o 0t 02 03 04 05 06 07 08 03 1 14 12 13 14 15 16
Polassium humate rates (%)
{Season 2008)

Fig. 3a. The relationship between total sweet potato yield (ton/fed.) and potassium humate
spraying rates at different potassium sulphate fertilizer rates in the first season (2008)
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+ 200 Kgffed. K850,
; m 150 Kg/fed. K;S0,
[ A 100 Kgffed. K;SO,
; a 50 Kgffed. K,S0,
| o 0.0 Kg/fed. K,SO,

Y= 24.269 — 1.754X
Yo= 22.679 + 1.405X
Y= 12.083 + 5.549
Y= 9.918 + 2.356X
Ys= 11.600 + 0.020X

Total yield (tonfed.}

L] 81 02 03 04 056 08 07 08 08 1 11 12 13 14 15 186
Potassium Humate ratos {%) .
(Season 2009)

Fig 3b. The relationship between total sweet potato yield (ton/fed.)and potassium humate
spraying rates at different potassium sulphate fertilizer rates in the second season (2009)

3-3- Quality attributes of tubers root characters:

Data presented in Table(4) indicated that at high
combined levels of K,SO, with k-humate, the highest
percentages of dry matter content were recorded and
vice versa were noticed regarding the low levels of the
combinations, but without any significant differences
among all studied treatment combinations.

However, the treatment 200 Kg K,S50,/fed. + 1.5%
K-humate resulted in the highest dry matter percentage
values in the two seasons of the trial (31.84% and
28.40%, respectively). This result might be due to the
increased foliage fresh weight per plant and leaf
chlorophyll content per plant which enhanced
photosynthesis, as explained by Chen and Aviad {1990}.
Data presented in Table (4) indicated that, only in the
first trial, both reducing sugars and starch percentage
traits were significantly affected with the interaction
between potassium sulphate fertilizer doses and
potassium humate rates (AxB interactions); while, the
other studied characteristics did not reflect any
significant differences in this regard. Generally, while
carotene content seemed to be unaffected with this
interaction, in the two seasons, the reducing and non-
reducing sugars and starch percentages in tuber roots
appeared to be somewhat reduced with the lower levels
of this interaction and vice versa with the higher levels
of fertilizer. For example, the highest values of starch

percentage (25.00% and 17.§7%) were obtained with
the 200 Kg K;S0, +1.5% k-humate treatment, followed
by the treatment 200 Kg K,S0, + 1.0% K-humate
{23.20% and 17.50%) in the two seasons, respectively.
On the other hand, the lowest starch percentages were
recorded for the treatments zero K,;80, combined with
K-humate levels (Table, 4). These results confirmed the
previous results regarding enhancing the growth of
vegetative characters (Table, 2) which resulted in higher
percentages of tuber dry matter percentage (Table, 3).
Similar trends were also noticed by El- Gamel (1980),
Bourke (1985), Barakat (1987) and Sherif er al. (2003).

CONCLUSIONS

The obtained results demonstrated that spraying
potassium humate (K-humate) four times {1.5% level) to
the growing sweet potato plants was found effective in
reducing the amount of the mineral potassium sulphate
fertilizer (K;80,), to be applied by 25 % compared with
the commonly recommended dose, under the conditions
of this study. This result means that it:is possible to
reduce the feddan production ‘cost by applying the
potassium humate organic fertilizer to the growing sweet
potato plants. Also, the data showed clearly the
possibitity of maximizing the feddan production up to
10% or 15%, as well as, producing high quality tuber
roots by combining the recommended dose of potassium
sulphate fertilizer (200 Kg/fed) with spraying 1.5% level
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of potassium humate four times. Thus, the present study
recommended spraying sweet potato field, fertilized
with 150 Kg K;50, only, with potassium humate
fertilizer, at the rate of 1.5%, to produce a higher tuber
yield of good quality.

REFERENCES

A.Q.A.C. (1970). Official Methods of Analysis Association of
Official Analyti Chemists. Official and tentative methods
of analysis. 11™ ed., Washingt C.

Adani, F.; P. Genevini; P. Zaccheo and G. Zocchi (1998). The
effect of commercial humic acid on tomato plant growth
and mineral nutrition. Journal of Plant Nutrition, 21:
561-575.

Ardjasa, W. S; T. Abe: H. Ando; K. Kakuda and M. Kimura
(2002). Fate of basal N and growth of crops cultivated
under cassava-based intercropping systemwith reference
te k application rate. Soil Sci. plant Nutri. 48(3): 365-
370.

Asadi, A. K.; M, ). Mirhadi; D. Hassanpaannah; B. delkhoush
and L.imanparast (2010). The effect of K-humate on the
nitrate content and accumulation and some yield
components in three potato cultivars, Res. J. of envir.
sci, 4(5); 460-466.

Attalla, A, R.; M. H. Greich and A. S. Kamel (2001}. Effect of
potassium fertilizer rates and raw spacing on some
cassava varieties ( Manihot esculenta Crantz ) under new
reclaimed soil. J.Agric., Sci. Mansoura Univ,, 26 (8):
4707-4731.

Barakat, M. A. (1987). Physiological studies on the effect of
nitrogen, potassium and chlormequat on the yield and the
quality of seed potato. Ph. D. Thesis, Fac. Agric., Alex.
Univ,, Egypt.

Bourke, R. M. {1985). Influence of nitrogen and potassium
fertilizer on growth ofsweet potato {([pomoea batatas) in
Papua New Guinea. Field Crop Research, 12: 363 - 375.

Chen. Y. and T. Aviad (1990). Effects of humic substances on
plant growth. In: Humic Substances in Soil and Crop
Science: Selected Readings. P. MacCarthy, C.E. Clapp,
R.L. Maicolm and P.R. Bloom (eds.), American Society
of Agronomy Inc., Soil Science of America, Inc,
Madison, W, pp:  161-186.

CoStat Software (2004), User's Manual Version. Cohont
Tusson, Arizona, USA.

Hiti// www.Cohert.com,, info@cohort.com

David, P.P.; P.V. Nelson and D.C. Sanders (1994). A humic
acid improves growth of tomato seedling in solution
culture, Journal of plant nutrition. 17: 173-184,

Dubios, M; K. Gulles; J. Hamilton; P. Rebers and F. Smith
(1956). Colourimetric method for determination of sugars
and related substances. Analytical Chemistry. 28: 350-
356.

El- Gamal, A. M. (1980). Studies on the relationship between
some fertilizationtreatments and the deterioration and
improvement of seed potato production. Ph. D. Thesis,
Fac. Agric., Alex. Univ,, Egyp .

George, M. S, Lu-GuoQuan and Zhou-Weidun (2002).
Genotypic variation for potassium uptake utilization
efficiency in sweet potato (Jjpomoea batatas L.) Field
Crops Res. 77(1):7-15.

Hassan, N. M.; 5. A. Mansour and M. E. Ragab (2007).
Performance of Cassava plant under different plant
densities and potassium levels in newly reclaimed lands.
Jour. Of Agric, Sci., Suez Canal Univ. 7(2): 81-91.

Hassanpannah, D.. E. Gurbanov, A. Gadimov and R.
Shahriari{ 2007). Reduction of nitrate accumulation in
potato by use of potassium humate for human safety,
fran. biomed. J. 11: 461-467.

Ly, J. W; C. Fang; Y. S. Xu; Y. F. Wan and D. B. Liu. (2001).

Sweet potato response to potassium. Bet. Crops
Intemnational. 15 (1): 10-12,

Mahmoud, A. R. and M. M. Hafez (2010). Increasing
productivity of potato plants (Selanum mberosum.L.) by
using potassium fertilizer and humic acid application.
International Journal of Academic Research. 2(2): 83—
88.

Mansour, S. A.; A. A, El- Shimi and N. M. Wanas (2002).
Effect of nitrogen under drip irrigation conditions. J.
Agric. Rec. 27, No, 4(2): 1017~ 1039.

Mohan Kumar. C. R, V.P. Potty , C. S. Ravindran, S.
Kabeerainumma and C. R. Sudharmai Devi t1998).
Progrees in Agronomy Research in India. CIAT,, Cassava
Breeding, Agronomy and Farmer Participatory Research
in Asia In. Proceedingsof the 5 Regional Workshop. pp.
280- 306.

Nakdimon, M. and W. H. Gabelman (1971). Analytical
procedures for detecting carotenoids of, carrot { Daucus
carota, 1.) roots and tomato (Lycopercicon esculentum)
fruits,

Nelson, D. C. (1970). Effect of planting date, spacing and
potassium on hollow heart in Norgold Russet Potatoes.
Amer. Potato 1. 47: 130-135.

Norman, M. L., C. ]. Pearson and P. G. Searle (1984). Sweet
potato. The Ecology of Tropical Food Crops. Camdndge
University. London 245-257.

Olasantan, F. O. (2003). Effect of fertilizer rate and splitting
on growth and yield of cassava and maize in sole
cropping and intercropping in Nigeria. ASSET. Series-
A. Agriculture and Enviroment.

Sharfuddin, A. F. and V. Voican (1984). Effect of plant
density and NPK dose on chemical composition of fresh
and stored tubers of sweet potato. ind. Jour. Agric. Sci.
54(12) : 1094- 1096

Sherif, S. A.; S. T. Ibrahim and R. A. Attalla (2003). Effect of
phosphorus  andpotassium  fertilizer  rates  and
intercropping cassava plants with squash on land
equivalent ratio, growth yield components and yicld of
cassava plants in Toshky region. Proceeding of the
conference” The Future of African Food Security” Inst,
Of African Res.& Studies Cairo Univ., Egypt. 24-25
June: 24- 41.



277

Sladky. Z. (1959). The effect of extracted humus substances
on growth af tomate plants. Biologia Plantarum. |: 142-
150,

Smidova, M. (1960), The influence of humus acid on the
respiration of plant roots. Biclogia Plantarum. 2: 152-
164. .

Snedecor, G. H. and W. C. Cochran (!1980). Statistical
Methods. 7 ™ ed. lowa State University press, Ames.,
lowa. US.A.

SRI. Soil Research Institute (2003). The 2002Annual Report.
Accra proceeding of the conference " The Future of
African Food Security” Inst of African Res. & Studies.
Cairo Univ., Egypt, 24 June: 24- 41.

Hala A. Abd El-Aal.et al.: Effect of mineral and organic potassium fertilization on sweel potalo crop grown in the newly ...

Sudharniai. D. (1998). Progress in agronomv Research in

"India. CIAT.. Cassava Breeding. Agronomy and Farmer

Participatory Research in Asia. In. Proceedings of the 5
Regional. pp.280-306,

Tong, M. and X. J. Chang (2002). Some ferility
characteristics and fertilizer requirements of a newly
reclaimed upland red soil derived from quatemary red
clay. Pedosphere 10 (4): 373-382.

Wanas, N. M. (1987). Some factors affecting productivity and
quality of some sweet potato cultivars. Ph, D, thesis, Fac.
Agric., Monufiya Univ., Egypt.



278

ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL31, No.3 JULY- SEPTEMBER 2010
gAY !
o ezt dd oY 8 Tl bolhadt J gt o (5 piaally gutald ool gt et 3

e st oadd s il fadh gl s b 5 (Jladt s A Wl

Olil) Syt 8345 L e b Aliladl
Il S 03y sl i e (5 2 g2l 1l
Aages plisr Wl s deeecl] Al WY
B obedi e 3875 50k OF (6 Y jo S p gty
A 3T 8y Syt oy oS oef B
sl U sl e o bl g
o gndd ISyt 3 55 2 g S gl -
(e e bl e 3%V 0 MY ey 2 )l
A g G gy DS S it Lo
Jy A8 o e Ly iyl lager %03 j0 5
ONidfp gerli g 2ol S emSTY ¢4 sl odoand & (g
bl (g 3 e Ul Sleger ) 092y Db
S sl S e (S al gl oyl -y
LR e RO R R ALy SR
AU ki 5 gy DL Anta) e Blidl xe (01l
1o Sy tandt lladl Ol pils Amlee o B3y
f ol Dl gt by Gy p gl ST oS
rpe b e e e e T %0 0 S
o st O iyl edn e lglde fuasmall it e by
A ke 0150 B iyl e ger pluisnly
e Jpamll o plipdh ol xS oSV 0 dadt ot
e B3y ST s ok

Yeooh poload gndeall Guo sl Sos dl )l ol o
Lds, =Ll gty bty agal A, Ay Y4
% WUPI | PV FRUY- SF U U1 U PO PRREICH E I |
ot ol et gl e O e e dt e s
(01 i) gyl Sy xS sl o S
KaO 3l ey e Sl (S T+
SApld iy % j0 V)0 050 e toYA (%1 ))
I T bl (g a Bl clio e Log Jlash
e Wlladl Carad 45,00 | 4ddt 55 0y Slis 6L Sy

S

Yo tha

S 55 (3 oals Jyl A8 B gl ahjalh Wy
W o Wt e (3 ozl Akt aulipdt S
A g (g gl sl I Jie WS (o 3 5 ge phisnd
Lar} po (r W IS LSS 0 ST LR W g gl g
i 3398y el o)

e 3 ALt ol plas iy 5 it
Gty e 1t S Sy sy (@ it allSO caletladl
Rl o (p sl Sl )Gl dendh s Ty
s i gl ek N ke Ly et
o J F abaih
ST HEURWIPRY oyl

S O [ palip DlapS S Yo plisiad =)





