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Abstract

This study included two experiments; the 15! was conducted in
the laboratory to find out the optimum conditions to prepare a natural
organic foliar fertilizer (containing N, P, K, Fe, Mn and Zn) using corn
starch as a carrier after certain modifications in starch properties and en-
riching it with the above-mentioned elements. The 2™ experiment was
carried out in the greenhouse (pot experiment) to evaluate this foliar
fertilizer at two levels (which referred as biends A and B) on the growth,
yield and mineral content of serghum plants, using alluvial, calcareous
and sandy soils.

The obtained results revealed that :

-

. The optimum laboratory conditions to reach the desired properties of
the foliar fertilizer (containing appreciable amounts of total N and P in
addition to the highest solubility percent in water) were when 100 g
of corn starch was heated at 150°C for two hrs, with 5 ml,, conc.
phosphoric acid + 7.5 g urea.

N

Any deviation from the above-mentioned conditions led to a low wa-
ter solubility of the foliar fertilizer (this property is considered one of
the main properties of any foliar fertilizer).

w

Both of the two tested levels of this foliar fertilizer namely; blend A
and blend B, (whereas blend B is two folds of the micronutrients con-
tent) recorded pronounced increases in dry weight., macro and micro-
nutrients contents of sorghum plants in the three different soils over
the control treatment.

4. The highest positive effects on growth, dry weight, along with macro
and micronutrients contents were obtained in case of the interaction
between alluvial soil and the highest level of this fertilizer (blend B).

o«

. The favorable effects of the treatments were in the order: blend B>
blend A> control, whereas the sequence of soils was alluvial> calcare-
ous> sandy.

The study alluded to the importance of using natural fertilizers as
could as possible, considering human health must be in the first class.
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INTRODUCTION

No doubt, the world’s overpopulation that happened within the end of the twen-
tieth century has resulted in a wide gab between production and consumption of most
of the cereals and field crops. Increasing the cultivated area or intensifying crop cultiva-
tion to face or to fill this gab led to the use of huge amounts of chemical fertilizers
which are not only so expensive but also do as agroecosystems pollutants. Thus, the
current trend is to reduce the full dependence on mineral fertilizers and keep a high
productivity in the meantime. Using macro- and micro-nutrients as foliar application
may take part in decreasing these hazardous effects, as the use of such fertilizers will
reduce the big losses that happen in case of soil application, and accordingly reduce

the pollution of the environment.

In the last few decades, many investigators have used several and different kinds
of foliar fertilizers and the pronounced effect of these fertilizers on the productivity of
various crops has been known and needs no explanation, since it has been repeatedly

reported in several literature.

Numerous investigators such as Stevenson and Ardakani (1972) and Roy et al.
(1981) have indicated the efficiency of using several organic carriers either natural or
synthetic; e.g. EDTA, EDDHA, humates as well as fulvic, amino and organic acids, Ignin-
sulfonates and poly flavonoides. All these compounds are natural except the former
two compounds while the latter two compounds are wood by-products in paper indus-
try. Whenever the carriers were of natural origin it would be better and more safe than

the synthetic ones from the environmental point of view.

Several attempts have been done by many investigators to modify the physical
and chemical characteristics of native starch in order to promote its utilization for in-
dustrial purpose (paper, textile, food, adhesives, ....etc). Among these modifications is
the estrification of starch using H3PO, and other phosphate salts (Rutenberg and Sola-
rek, 1984 and Waly et al.,1994). Also, Whistler et al. (1984) used H3RO,4 in combina-
tion with urea as a promoter to increase the reaction (at 110-160°C) to prepare starch
phosphate and starch carbamate. The former is considered one of the most important
starch derivatives due to its wide applications as mentioned above in different indus-

tries.”
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Accordingly, the aim of the present study is to investigate the possibility of pre-
paring soluble starch phosphate (St-P) and starch carbamate (St-C) using native corn
starch plus orthophosphoric acid in the presence of urea to get a natural foliar fertilizer
(after enriching with some essential elements) and then evaluating the efficiency of *
this fertilizer on growth (yield) and mineral content of sorghum plants through a pot
experimental trial using alluvial, calcareous and sandy soils collected from different

sites of Egypt.

MATERIALS AND METHODS

This study includes two stages; the first is to prepare the core materials (starch-
phosphate; St-P & starch carbamate; St-C) on which the macro element potassium and
some micronutrients are impregnated. The second stage is testing or evaluating the ef-
ficiency of these materials after impregnation as a foliar fertilizer on the growth, yield
and mineral content of sorghum plants through a pot experiment trial using alluvial, cal-

careous and sandy soils collected from Giza Exp. St., Nubaria and Ismailia, respectively.

Laboratory preparation of starch phosphate and starch carbamate :

The theory or the idea of this reaction is based on the modification of the physi-
cal and chemical characteristics of native starch through estrification process by using
phosphoric acid in the presence of urea as a promoter or a catalyst material. The sug-

gested equation for the reaction may be represented as follows :

(0]
0 [l o o)
1 H,N-C-NH; I [l
St-OH + HO-P(OH); ==e-mesne-—e—  St-O-P(OH); + St-O-C-NH:
Starch  Phosphoric acid Starch phosphate ~ Starch carbamate

(St-P) (St-C)

Several preliminary laboratory attempts were carried out to find out the proper
reaction conditions (i.e., temperature, duration, and reactants concentration) to pre-
pare St-P & St-C, the materials which will be intended to be used as a foliar fertilizer
(after enriching with micronutrients and potassium element). A constant weight of corn

starch (100 g) was mixed with different volumes; 3, 4, 5 and 6 mls, of conc. phosphor-
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ic acid and different quantities, 2.5, 5, 7.5 and 10 g; of urea. The mixtures were heat-
ed in an electrical oven for different times; 1, 1.5, 2 and 2.5 hr., at various tempera-
tures; 120, 130, 140 and 150°C. Table 1 shows all the conducted attempts of starch
estrification (sixteen attempts including the four factors under study). Chemical testing
to check the reaction progress was simultaneously performed during all these attempts
to find out the optimum reaction conditions which lead to the desired specifications of
these compounds, i.e. maximum N and P contents and maximum solubility% in water.
High solubility% is considered an advantage in preparing this foliar fertilizer. It was
found from Table 2, that the suitable conditions and concentrations were, 100 g corn
starch + 7.5 g urea (46% N) + 5 ml conc., phosphoric acid (85%); the mixture was
heated at 150°C in an oven for 2 hrs. The resultant powder of St-P and St-C was ana-
lyzed for detecting P and N contents (the two elements are present in the two starch
compounds, respectively and are considered essential elements in plant nutrition). Ni-
trogen (N) and phosphorus(P) contents were determined by standard procedures of
(A.O.A.C, 1990). Solubility% of the powder (in water) was determined according to
Schoch (1964). The powder was kept for the following steps (for impregnation with

some nutrient elements; K, Fe, Zn and Mn).

Impregnation of the powder with some nutritive elements :

Micro elements including Zn, Mn, and Fe (in the form of sulfate) and potassium

sulfate were mixed thoroughly with St-P & St-C powders as follows:

1. The powder + 2% of each element (Fe, Zn and Mn) + 5% potassium (K); this mixture

is referred as blend (A).

2. The powder + 4% of each element (Fe, Zn and Mn) + 5% potassium (K); this mixture

is referred as blend (B).

All the nutrients were added on elemental basis in the form of sulfate salts.
Blends (A) and (B) were kept to be evaluated later for their efficiencies as foliar fertiliz-

er on sorghum plants in a greenhouse experiment.
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Greenhouse experiment :

Pot experiment trial was conducted at Giza Exp. St., using alluvial, calcareous and
sandy soils collected from Giza Exp. St.,, Nubaria and Ismailia locations, respectively.
Sorghum seeds (H. 104) were sown in 20 kg soil/pot. The experiment was carried out
on the 15! of May 2000. Before sowing, each pot received superphosphate and potas-
sium sulfate at the rates of 15 kg PoOs and 24 kg K,Of/fed., 30 kg P,O5 and 24 kg
KoOffed., and 30 kg P,Os and 48 kg K,O/fed. for the three above-mentioned soils, re-
spectively. N was apblied as ammonium sulfate at the rate of 80 kg, 100 kg and 110
kg/fed. for the three soils, respectively. It was applied in three equal doses, after thin-
ning, after the 15! cut and after the 2" cut. Six plants/pot were left after thinning.
Plants were cut 3 times, the 15! cut was after 40 days from sowing, the second after

40 days from the 15! cut and the 3'9 was after 30 days from the 2" cut.

The averages of total yield (dry wt., as g/pot) and mineral content (N, P and K
as g/pot, Fe, Zn and Mn as mg/pot) of the three cuts of sorghum plants were statisti-
cally analyzed according to Snedecor and Cochran (1980). Total N and P in plant sam-
ples were determined by standard procedure of A.O.A.C (1990). K was determined us-
ing the Flame photometer. The Atomic Absorption Spectrophotometer was used for
micronutrients determination. Soil samples were collected before planting and were an-
alyzed to determine physical and chemical properties according to Richards (1969).
The soils are characterized by EC: 0.99, 0.84, 0.43 dS/m; pH: 7.91, 7.8, 7.1; O.M%:
2.25, 2.1, 0.5; their contents of available elements in ppm are N: 15, 10, 10; P: 36.0,
22.1,7.0, K; 726, 653, 113; Fe: 6.8, 3.4, 3.3; Zn: 2.6, 2.2, 1.2 and Mn: 3.2, 2.06, 1.4;

respectively for alluvial, calcareous and sandy soils, respectively.
The greenhouse experiment included three treatments as follows:

1. Control (no foliar application), used as a check treatment.
2. Spraying plants with blend (A) solution (4 gm of blend A powder/liter of water).
3. Spraying plants with blend (B) solution (4 gm of blend B powder/liter of water).

Each treatment was replicated four times. Plants were sprayed three times at 21

days from sowing date, two weeks after the 15! cut and two weeks after the 2™ cut.



976 STARCH PHOSPHATE AND CARBAMATE AS FOLIAR FERTILIZERS FOR SORGHUM

RESULTS AND DISCUSSION

1. Effect of reaction conditions on the laboratory preparation of
St-P & St-C :

As the main objective of this work is to investigate the possibility to prepare
high soluble (if not complete soluble) starch phosphate and starch carbamate products
(used as a natural and environmental safe foliar fertilizer) using H3PRO4 (as a source of
phosphorus) in the presence of urea (as a source of nitrogen) and to accelerate the re-
action between starch and phosphoric acid. Thus to accomplish this objective, the ef-
fect of both reactants concentrations (HzPO4 and urea) as well as reaction time and

temperature was studied.

Data presented in Table 1, illustrate all the laboratory attempts to find out the
proper reaction conditions, taking in consideration certain properties that should be
present in the products to be suitable as a foliar fertilizer. Among these properties,
they should contain higher contents of both nitrogen (N) and phosphorus (P), as well
as high solubility% in water, taking in consideration that reaching the highest contents
of both elements should not be at the expense of the solubility% of these products.
From the results shown in Table 2, it was found that the appropriate or optimum condi-
tions to reach the desired properties were when 100 g of starch heated at 150°C for
two hr., with 5 ml. conc. H3PO, + 7.5 g urea. Under these conditions, the products con-
tained appreciable amounts of total N (1.88%), total P (0.138%) and the highest solu-
bility percent (99.5%). Although using more urea (10 g) led to the highest N (2.23%)
and P (0.145%) content but not the highest solubility% (87%). So increasing urea
above 7.5 g, will not fulfil the target of preparing high soluble foliar fertilizer. In the
same respect, several authors have prepared starch phosphate ester by using different
phosphate salts and HzPO,4 (Chong-Tai Kim et al., 1999 and Waly et al., 1994). Ruten-
berg and Solarek (1984) stated that using urea in the phosphorylation process (when
H3PO,4 was used) accelerated the reaction. They added that urea used in this reaction
was also incorporated in the phosphate ester to form starch phosphate and starch car-
bamate as shown in the equation. In the same respect, Alexander (1984) also found
that using 2-3% urea and 1-6% Na-tripolyphosphate produced starch phosphate and

starch carbamate containing <0.3% bound P and carbamate groups containing 1.3-
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derivatives (St-P' and St-C?) from corn starch**.

977

Table 1. Laboratory attempts* to find out the optimum conditions to prepare starch

Treatmant Temperature Time Phosphoric Urea
°C hr. acid (ml) (gm)
Variable
1 120 2.0 5 75
2 130 2.0 5 75
3 140 2.0 5 7.5
4 150 2.0 5 7.5
Variable
5 150 1.0 5 7.5
6 150 1.5 5 75
il 150 2.0 5 75
8 150 2.5 5 1:5
Variable
9 150 2.0 3 75
10 150 2.0 4 7.5
11 150 2.0 5 7.5
12 150 2.0 6 7.5
Variable

13 150 2.0 5 2.5
14 150 2.0 5 5.0
15 150 2.0 5 7.5
16 150 2.0 5 10.0

* Sixteen attempts (or treatments) including four variable factors (temperature,
reaction time, reactants concentrations which are phosphoric acid and urea).
** A constant weight of corn starch (100 g) was used with each treatment. Corn
starch was provided by the Egyptian Company for Starch and Glucose Manu-

facturing.

(1) Starch-phosphate.

(2) Starch-Carbamate.



978 STARCH PHOSPHATE AND CARBAMATE AS FOLIAR FERTILIZERS FOR SORGHUM

Table 2. Effect of reaction conditions (temperature, time, phosphoric acid and urea) on
the properties™ of the laboratory prepared starch phosphate (St-P) and starch
carbamate (St-C).

Serial Properties
No. Reaction conditions Solubility P N
% %o %
Temperature
(°C)
1 120 60.60 0.104 0.95
2 130 80.30 0.106 1.63
3 140 86.50 0.120 1.78
4 150 99.50 0.138 1.88
Time (hr.)

5 1.0 73.00 0.091 1.19
6 1.5 91.62 0.127 1.67
7 2.0 99.50 0.138 1.88
8 2.5 90.50 0.139 1.72

Phosphoric

acid (ml) 3 83.30 0.127 1.19
9 4 94.50 0.131 1.42
10 5 99.50 0.138 1.88
11 6 90.50 . 0.130 1.72
12

Urea (gm)

13 2.5 84.10 0.101 0.98
14 5.0 96.60 0.124 1.25
15 7.5 99.50 0.138 1.88
16 10.0 87.00 0.145 2.23

* The desired properties are high solubility % as well as high contents of both N
and P elements. So the optimum conditions obtained from this table to reach
these desired properties were when 100 gm of corn starch heated at 150 °C
for two hrs, with 5 mls, conc. phosphoric acid + 7.5 gm urea.
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1.7% N. As for the effect of the reactants concentration on the rate of reaction, Waly
et al. (1994) stated that increasing HzPO4 and urea concentrations led to an increase
in the phosphorylation reaction; they ascribed this effect to the proximity of these re-

actants to the OH-groups in starch molecules.

As for the other two factors affecting the reaction process, i.e., temperature
and time of reaction, the obtainable data (Table 2) revealed that150°C for 2 hrs, en-
sured appreciable amounts of N and P in addition to maintaining the highest solubility
(99.5%) of the products under study. Using temperature below 150°C and reaction
time below or above 2 hrs, has decreased solubility%. These results are in agreement
with the data obtained by Khalil et al. (1994) and Waly et al. (1994); the latter au-
thors also stated that the higher temperature may favour the reaction through starch
degradation and decomposition of urea. Rutenberg and Solarek (1984) stated that ex-
tending heat treatment from 1 to 2 hrs, led to increasing (P) content from 0.37 to
0.47%.

2. Effect of St-P and St-C (enriched with K and some micronutri-
ents) on yield and mineral contents of sorghum plants :

Tables 3 and 4 illustrate data representing yield as indexed by dry wt., macro-
and micro-nutrients contents of sorghum plants grown on three different soils (alluvial,
calcareous and sandy) as influenced by foliar spraying with the enriched starch com-

pounds at two levels as represented by biend (A) and blend (B).

Data indicated that the highest positive effects on growth (dry wt.), macro- and
micro-nutrients content (P, K, Fe, Mn and Zn) were obtained in case of the interaction
(a x b), i.e. between the alluvial soil and blend B treatment {i.e., when sorghum plant
was grown in alluvial soil and foliar sprayed with blend (B)}. The recorded values were
89.8, 0.21, 4.333 (g/pot), = 22.87, 5.55 and = 4.29 (mg/pot), respectively. The
aforementioned data were quite expected for two reasons, the first is that blend (B)
(used as a foliar application) is more rich in micronutrients (4% of each Fe, Mn and Zn
elements) than blend (A) (contains only 2% of each element). The second reason is
that the alluvial soil is more fertile and rich in those elements than the other two soils.
Also, all the data (dry wt., N, P, K and micronutrients) belonging to blend B treatment

recorded the highest significant values as compared with blend A and the control treat-
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ments. The corresponding values belonging to blend B treatment were 66.82, 1.39,
0.16 and 3.29 g/pot for dry wt., N, P and K and 18.52, 4.24 and 3.22 mg/pot for Fe,
Mn and Zn, respectively. From the tables, it could be noted that the favorable effects
of treatments were in the order of; blend B> blend A> control, whereas the sequence
of soils effect is alluvial> calcareous> sandy. As for the response to the foliar treat-

ments, the trend was according to the following sequence; calcareous> sandy> alluvial.

The pronounced effect of blend B (due to its higher content in elements) on the
increase in yield (dry wt.) as well as the increase in uptake of macro- and micro-
nutrients by sorghum plants was quite expected and well known and even needs no ex-
planations, although many authors (Mortvedt and Giordano, 1971; Badr et al,, 1991
and El-Fouly and Fawzi, 1996) have reported the close relationship and interaction
among the essential elements (either macro- or micro-nutrients) in several bio-
processes and then building up dry matter of most crops and thus the total yield of
them.
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