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ABSTRACT

A field experiment was carried out during the two successive
summer seasons of 2019 and 2020 in a Private Farm at Meet Faris
Village, Dekarns, District Dakhlia Governorate, Egypt to study the
effect of irrigation intervals (15 and 30 days) and some soil
application treatments (humic acid at 20 kg /fad. and fulvic acid at 10
kg/fad.) and foliar application treatments (without, trehalose at 1 g/l,
potassium silicate at 1ml/l and algae extract at 1g/l) on growth, plant
water relationships, yield and its components as well as tuber roots
quality of sweet potato plants cv. Beauregard grown under clay soil
conditions using follow irrigation system .
The obtained results showed that, the interaction treatment between
irrigation sweet potato plants cv Beauregard grown in clay soil
during summer seasons conditions every 15 or 30 days and treated
plants with fulvic acid at 10 kg /fad. as soil application + spraying
with potassium silicate at 1 ml/l increased main vine length , both
fresh and dry weight of shoots/ plant, average tuber root weight , total
yield/fad. and K contents in tuber roots. In addition, the interaction
between irrigation every 15 and treating with fulvic acid at 10 kg
/fad. as soil application+ foliar spray with potassium silicate at 1 ml/I
increased number of branches/plant, marketable yield and total
carbohydrates in tuber roots. Also the plants grown under the same
irrigation intervals (every 15 days) and treating with fulvic acid at
10 kg /fad.+ spraying with trehalose at 1 g/l significantly increased
total , free water in leaf tissues , however , the interaction between
irrigation every 15 days intervals and treating with fulvic acid at
10 kg /fad. as soil application+ spraying with algae extract at 1 g/l
increased N and P in shoots and tuber roots as well as tuber root
diameter. On the other hand, the interaction between irrigation every
30 days and treated plants with FA at 10 kg /fad.+ spraying with
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potassium silicate at 1 ml/l increased K contents in shoots , tuber
root length and dry matter contents in tuber roots. The interaction
between irrigation every 30 days and treating with humic acid only
at 20 kg /fad increased bound water (%) , osmotic pressure and
proline amino acid in leaves of sweet potato in both growing seasons
Conclusively, it could be concluded that, irrigation sweet
potato plants grown in clay soil during summer seasons every 15 or
30 days and treated plants with fulvic acid at 10 kg /fad. soil
application + spraying with potassium silicate at 1 ml/l or with
algae extract or trehalose at 1 g/l of each to obtain high productivity
and best tuber root quality.
Keywords: Sweet potato, irrigation intervals, humic & fulvic acid,
trehalose, potassium silicate, growth, plant water.

INTRODUCTION

Sweet potato (Ipomoea batatas (L.) Lam.) is considered as one of the
very important crops in tropical and subtropical regions as well as in
developing countries. Its chief use is for human consumption and for starch
manufacturing. Its roots and leaves have high nutritious value. So, the same
plant produces two useful food types; namely, tuberous roots and green tops
which can be used for human and animal feeding, respectively.

Agriculture in Egypt is almost entirely dependent on irrigation from
River Nile, although there are minor contributions from groundwater. The
average consumption of water for agriculture is about 58 billion m3year™.
Agriculture has major disadvantages over other water-consumed activities
(industry, domestic and tourism etc.) due to a large percentage of irrecoverable
losses because of high rates of evaporation and evapotranspiration. In order to
mitigate such this difficulty, agriculture has to come up with innovative ideas
with respect to both cropping and irrigation water management to improve
water productivity and to accomplish agriculture sustainability concepts.
Excessive permeability and low water and nutrient holding capacities are the
major problems in soils (Suganya and Sivasamy, 2006). Hence, managing
irrigation water and plant nutrients are the major challenge of soil amelioration
efforts. Since, insufficient irrigation water results of high soil moisture tension,
which fall plant under stress and, in turn, reduce its yield. While, excess
irrigation water may reduce crop yield due to leaching of applied nutrients,
increased disease incidence and/or failure to stimulate growth of the
commercially valuable parts of the plant (Solomon, 1993).
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The shortest irrigation intervals or increasing water quantity gave the
best results for enhancing growth, yield and quality than the longest irrigation
intervals or reduced water qualities, in this regard (Thompson et al., 1992,
Abdel -Fattah et al., 2002, Ekanayake and Collins, 2004, Ayoub 2005, Abou
El-Khair et al., 2011, Yooyongwech et al., 2013, Saqib et al. 2017 , Abu El-
Fotoh et al., 2019 on sweet potato and Mahmoud et al., 2019 on potato).

Fulvic acid is a bi-product of humic acid. Humic acid is extracted from
any material containing well-decomposed organic matter - soil, coal, composts,
etc. As humic material is decomposed by living microbes, these microbes
create the most biologically complex organic compound, Fulvic acid. Fulvic
acid is low molecular weight and is biologically very active. Because of its low
molecular weight, it has the necessity and ability to readily bond minerals and
elements into its molecular structure causing them to dissolve and become
mobilized Fulvic complexes (Brady and Weil, 2008).

Several studies showed that application of fulvic and humic acids
increased the growth and enhanced crop quality and quality for various
cultivated crops, (Bryan and Stark, 2003 on potato, Shankle et al., 2004 on
sweet potato, Verlinden et al., 2009, Selim et al., 2010 on potato , Saif EI-Deen
et al., 2011 and Abd- All et al., 2017 on sweet potato and Abd EI-Baky et al.
2020 on okra).

Trehalose is one of organic solutes, a non-reducing disaccharide of
glucose, that has a very useful effect as an osmoprotectant in many crops
(Sadak et al., 2019).Trehalose is also, a very vital sugar which has been shown
to be a potential mitigating agent against different abiotic stresses (Yang et al.,
2014). It functions as a compatible solute and plays an important role in
stabilizing of macromolecules under stress conditions (Shafiq et al. 2015).
Also, it is imperative to improve drought tolerance of economic cash crops and
vegetables under the changing environmental conditions. A range of
mechanisms (physiological, biochemical and molecular) used by plants to
tolerate water stress (Ashraf 2010).

Spraying plants with trehalose enhancing plant growth, yield and quality
of some plants such as (Alam et al., 2014 on Brassica species, Shafiq et al.,
2015 and Akram et al., 2016 on radish, Khater et al., 2018 on cowpea and
Wang et al., 2019 on sweet potato).

Algae are natural bio active materials rich in minerals, protein, lipids,
carbohydrates, vitamins and microelements (B, Mo, Zn, Cu). In addition,
seaweed fertilizer aunique combination of N, P, K, trace elements and simple
sugar that are in dissolved forms that are easily absorbed through roots and
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leaves, besides releasing trace elements bound to the soil and it is safe to
human, animals and the environment (Sathya et al., 2010).

The beneficial effect of algae extract spraying on plants was
demonstrated in terms of increase in growth , yield and tuber quality (Blunden
and Paul, 2006, Sarhan, 2011, Haider et al. 2012 on potato, Doss et al. ,2015
on sweet potato Prajapati, 2016 on potato, Mahmoud et al., 2018 on sweet
potato, Abd-Elatif and Ismaiel, 2019 on cassava , Issa et al., 2019 and
Dziugiet, Wadas, 2020 on potato).

The positive effect of potassium silicate might be due to the contained
soluble potassium and silicon, potassium which plays a role in several of the
essential regulatory functions in the plant (Abou-Baker et al., 2011). As well as,
potassium plays an essential position in plant under biological and non-
biological stresses (Marschner, 2012). As for silicon sources like potassium
silicate KSiOs is considered as a crucial beneficial mineral serving growth and
maturity of plants (Epstein, 1999). Also, it reduces the multiple stresses of
plants by conserving water in the plant, photosynthetic activity, stomatal
conductance and leaf erectness under high transpiration rates (Das et al., 2017).

Foliar spray with potassium silicate increased plant growth, N,P and K
contents in leaves , yield and its components as well as quality (Salim et al.,
2014, on potato Abd- All et al., 2017 on sweet potato , Abd ElI-Gawad et al.,
2017, Mahmoud et al., 2019, Shaheen et al., 2019 on potato).

Therefore, the present study was planned to evaluate the suitable
irrigation intervals, soil amendments materials and some  foliar spray
treatments on growth, plant water relationship and yield and its components as
well as tuber roots nutritional status of sweet potato plants using flood
irrigation system under clay soil conditions.

MATERIALS AND METHODS

Two field experiment was carried out during the two successive
summer seasons of 2019 and 2020 in a Private Farm at Meet Faris Village,
Dekarns, District Dakhlia Governorate, Egypt, to study the effect of
irrigation intervals and some soil and foliar treatments on growth, plant
water relationships, tuber roots yield and quality of sweet potato under clay
soil conditions using flood irrigation system.

The physical and chemical analyses of the experimental soil are
presented in Table A.

This experiment included 16 treatments, which were the combinations
between two irrigation intervals and eight soil and foliar application treatments
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Table A: The physical and chemical properties of the experimental soil

Soil properties 2019 season 2020 season

Physical properties

Sand (%) 22.46 21.63

Silt (%) 23.50 23.78

Clay (%) 5291 56.76

O.M (%) 1.89 1.92
Chemical properties

pH 7.74 7.51

Total N (%) 0.17 0.16
Available P,0s (%) 0.033 0.037
Auvailable K;0 (%) 0.54 0.52

OM: Organic matter , Total N: Total nitrogen

as follows: Irrigation intervals: every 15 and 30 days. Soil and foliar application
treatments: Humic acid (HA) as soil application at 20 kg /fad. only,

HA as soil application at 20 kg /fad. and spraying with trehalose at 1g/1, HA
as soil application at 20 kg /fad., and spraying with potassium silicate (KSi) at
1 ml/l, HA as soil application at 20 kg /fad. and spraying with algae at 1 g/l,
Fulvic acid (FA) as soil application at 10 kg /fad. only, FA as soil application
at 10 kg /fad. and spraying with trehalose at 1g/1, FA as soil application at
10 kg /fad. and spraying with KSi at 1 ml/l, FA as soil application at 10 kg
[fad. and spraying with algae at1 g/l.

These treatments were arranged in a split plot design with three
replicates. The irrigation intervals were arranged in the main plots and soil and
foliar application treatments were randomly distributed in the sub plots.

Trehalose (C12 Ha; O11) was obtained from Sigma chemical Co. USA.
potassium silicate (10 % K,0) was obtained by Technogene group, Soliman
Gohar Square, Dokki, Giza, Egypt. Algae extract was produced at the Algae
Production Station of the National Research Centre (NRC, Giza, Egypt) .
Major components of algae extract is shown in Table, B.

The experimental unit area was 21 m> (Three ridges, each 0.7 m width
and 10 m long). One ridge was used for taking samples to measure the
morphological and physiological traits and the other two ridges were used for
yield determinations.

Beauregard cultivar stem cuttings about 20 cm Ienc(];ths were transplanted
at 25 cm apart, on April 25" and 29" in the 1% and the 2™ seasons, respectively.
The source of stem cuttings was El-Baramon Hort. Res. Station, Dakhlyia
Governorate, Egypt.
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Table (B). Major constituents of the used algae extract

Constituents (%) Macronutrients Micronutrients (ppm)
(D.w) (%)

Crude protein 50.56 N 8.09 Fe 2057
Ether extract 7.39 P 2.69 Zn 722
Crude fiber 9.83 K 0.65 Mn 747
Ash 9.18 Cu 93
Moisture 451

Irrigation was started on 5™ May, and ended 1% October (15 days before
harvesting) in both seasons. Humic and fulvic acids were added as soil
application, during planting of stem cuttings.

The transplants were sprayed with trehalose, potassium silicate and algae
four times (45, 60, 75 and 90 days after transplanting) using spreading agent to
improve adherence of the spray to the plant foliage for increasing absorption of
solutions by the plants. The untreated plants (check) were sprayed with water
and spreading agent. One ridge was left between each two experimental plots
without spraying as a guard ridge to avoid the overlapping of spraying
solutions. In addition, two ridges were left as a buffer zone between each two
experimental units to avoid lateral seepage of irrigation water.

All treatments received equal amounts of ammonium sulphate (20.5 %
N), calcium superphosphate (15.5% P,0s) and potassium sulphate (48.5 %
K,0) at a rate of 200, 150 and, 120 kg/fad., respectively. One third of N, K;O
and all amount of P,Os were added with FYM at 20 m*/fad. during soil
preparation in the center of row and covered by clay. The rest of N and KO
were added as soil application at three doses at 60, 75 and 90 days after
transplanting in both growing seasons. The other conventional practices were
applied.

Data recorded

A three-plant sample from each sub experimental unit was randomly
taken at 110 days after transplanting to measure the plant growth traits and
plant chemical constituents as follows:
Plant growth traits: Vine length (cm), number of branches/plant and total
fresh weight were measured. Dry weight of shoot (leaves and branches) of
each plant were dried at 70°C till the constant weight and then weighed.
Plant water relations: Total, free and bound water as well as osmotic
pressure in the fourth upper leaf of sweet potato plants were determined for
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every experimental unit at 110 days after transplanting, in both seasons,
according to the method described by Gosev (1960).

Proline amino acid content: It was determined in the shoots at 110 days
after transplanting in both seasons of study according to Bates (1973).
Nitrogen, phosphorus and potassium contents in shoots: N, P and K (%) in
the dried shoots (leaves and branches) were determined at 110 days after
transplanting in both seasons according to AOAC (1995).

Yield and its components

At harvest time (150 days after planting), all tuber roots of each treatment
were classified into two grades, i.e. marketable tuber roots ( average tuber
root were about 100 - 250 g) and non-marketable tuber roots ( average
tuber roots less than 100g or more than 250g), then weighed to determine
the total yield which expressed as ton/fad. In addition, tuber root length,
diameter and weight were determined.

Tuber root quality

Nitrogen, phosphorus and potassium percentages: in tuber roots were
determined by using the same methods as described above in shoot chemical
constituents.

Dry Matter (%): One hundred grams of the grated mixture were dried at
105°C till the constant weight and DM (%) was recorded.

Total carbohydrate (%): It was determined colorimetrically in dry tuber
roots as (g glucose/ 100g) as outlined by Michel et al. (1956).

Statistical analysis

Collected data were subjected to proper statistical analysis of variance
according to Snedecor and Cochran (1980) and the differences among
treatments were compared using Duncans’ multiple range test (Duncan,
1955), where means had the different letter were statistically significant,
while those means followed by the same letter were statistically
insignificant.

RESULTS AND DISCUSSION

1.Plant growth
1.1 Effect of irrigation intervals

Data in Table 1 indicate that, there were no significant differences
between two irrigation intervals (15 or 30 days) regarding all plant growth
parameters such as vine length, fresh weight of shoots and dry weight of
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Table (1). Effect of irrigation intervals and some soil and foliar application treatments on plant
growth at 110daysafter plantingofsweet potato during2019and 2020 seasons

Vine Number of branches Fresh weight of shoot Dry weight of shoot
(cm) / plant (2 (9
2019 season | 2020 season |2019 season| 2020 season | 2019 season | 2020 season | 2019 season | 2020 season
Effect of irrigation intervals
15 days 15312 a 15725 a 1275 a 1325 a 61408 a 61000 a 11271 a 11346 a
30 days 15244 a 1422 b 1233 a 1300 a 600.79 a 39341 b 11275 a 1171 b
Effect of some soil and foliar application treatments
HA 10284 g | 10550 h 883 e 833 f 40511 g | 42010 g 8172 e 7619 f
HA+ Trehalose 13344 e 13567 e 1133 4 1249 4 60202 d 9163 e 11009 d 11041 d
HA+ KSi 16117 d 16685 d 1333 ¢ 1433 ¢ 64117 ¢ 63916 d 11839 ¢ | 12349 ¢
HA+ Algae 14062 £ | 4782 f | 1116 4d 13.00 d 35280 e 4903 f 106.89 d 10621 e
FA 957 g 11055 g | 1116 d 1049 ¢ 41908 £ | 41203 g 8440 e 1845 f
FA + Trehalose 18423 b 18757 b 1430 b 1533 b TI878 b T328 b 13169 b 13596 b
FA+KSi 20657 a 19593 a 1716 a 1833 a 81233 a 19628 a 14259 a 14416 a
FA+ Aloae 1738 ¢ | 17603 ¢ 128 ¢ 1266 d 70822 b | 69218 ¢ | 12609 b | 12582 ¢

HA=Humic acid at 20 kg /fad. and FA="fulvic acid at 10 kg /fad. as soil application
Trehalose at 1 g1, KSi= Potassium silicate at 1 ml1, and algae extract at 1 g/ as foliar application

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s
multiple range test.
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shoots at 110 days after transplanting in both seasons, except vine length and
fresh weight of shoots in the 2" season. This means that irrigation sweet
potato plants after 15 days intervals gave the higher values of vine length and
both fresh and dry weight of shoots in the 2" season.

The longest irrigation intervals (stressed plants) reduced growth of sweet
potato plant as: main stem length, number of branches, leaf area and shoot dry
weight per plant comparing to unstressed plants (Abdel -Fattah et al., 2002).
Also, Plants under drought alternate their performance to alleviate the changed
environmental conditions.These changes include physiological and biochemical
changes such as decreased leaf size, stem elongation, root proliferation and
water use efficiency (Farooq et al., 2009).

The increase in growth attributed to the function of water in the process
of photosynthesis and therefore reflected on the increase in leaf area, dry weight
and leaf chlorophyll fluorescence (Abd El-Gawad et al., 2017).

These results are harmony with those reported with Ayoub (2005), Abou
El-Khair et al. (2011), Yooyongwech et al. (2014), Saqib et al. (2017) and Abu
El-Fotoh et al. (2019) on sweet potato

1.2. Effect of soil and foliar application treatments

Treating sweet potato plants cv. Beauregard grown in clay soil during
summer season with fulvic acid (FA) at 10 kg /fad. as soil application +
spraying with potassium silicate (KSi) at 1 ml/l significantly increased vine
length, number of branches/ plant, fresh weight of shoots and dry weight/
plant at 110 days after transplanting, followed by FA at 10 kg /fad. as soil
application + spraying with algae extract at 1 g/l compared the other
treatments in both seasons ( Table 1). Whereas, treating with humic acid
(HA) at 20 kg /fad. as soil application gave the lowest vine length number
of branches/ plant, fresh weight of shoots and dry weight/ plant in both
seasons.

The increases in dry weight of shoots / plant were about 74.48 and 89.21
% , 68.94 and 83.76 % for treating sweet potato plants with FA at 10 kg
[fad. as soil application + spraying with KSi at 1 ml/l over treating with HA at
20 kg /fad. only or with treating with FA as soil application only in the 1%
and 2" seasons, respectively.

Fulvic acid is the most significant component of organic and natural
substances in aquatic systems, it is highly beneficial to both plant and soil
because: 1) it is important for increasing microbial activity. 2) It is considered
as a plant growth bio-stimulant, and enhances vegetative characteristics. Fulvic
acid is very effective due to: its low molecular weight which range from
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approximately 1.000 to 10.000 compared with humic acid, It includes
important and ability to effectively bond minerals and elements into its
molecular structure leading them dissolve and grow to be mobilized fulvic
complexes, fulvic acid typically bears 70 or more mineral and trace factors as a
part of its molecular complexes, also, it have an oxygen content twice that of
humic acids and they have many carboxyl and hydroxyl groups much than
humic acid. So, they are much more chemically reactive. This make FASs
exchange capacity is more than double that of humic acids (Aiken et al., 1985).

As for fulvic acid, results are harmony with Abd EI-Baky et al. (2020)
showed that the highest values of vegetative growth (plant height, number of
leaves and branches as well as fresh and dry weight of leaves and / or branches)
were recorded with okra plant which received fulvic (3 g/L), but the lowest
values were recorded with the control.

As for potassium silicate, this result might be due to the role of potassium
silicate because it contains potassium, which helps in some of the physiological
processes of plants, such as photosynthesis, protein synthesis and maintenance
of water status in plant tissues. Also, potassium silicate contains silicon, which
reduces biological and non-biological stresses in plants by preserving the
potential of plant water, light activity, stomatal conductance and leaves under
high rates of transpiration (Das et al., 2017). Also, the enhancement sweet
potato plant growth characteristics due to algae extract spraying may be
attributed to the auxins content of the algae extract which has an effective role
in cell division and enlargement, this leads to increase the shoot growth, leaves
number, and plant dry weight (Gollan and Wright 2006).

1.3. Effect of the interaction

The interaction between 15 or 30 days irrigation intervals and FA at 10
kg /fad. as soil application+ KSi at 1 ml/l as foliar application significantly
increased vine length, number of branches/plant, fresh weight of shoots and dry
weight of shoots at 110 days after transplanting in both seasons with no
significant differences between them for vine length, fresh weight of shoots in
both seasons and dry weight of shoots/ plant in the 1% season (Table 2).

The increases in dry weight of shoots / plant were about 92.62 and 89.94
% for the interaction between irrigation after 30 days interval and treating with
FA at 10 kg/fad.+ spraying with KSi at 1 ml/l over the interaction between
irrigation after 15 days and treating with HA only at 20 kg /fad. in the 1% and
2" seasons, respectively.

This may be due to the physiological function of silicon is based on
relations between silicon deposition at certain points and enhanced resistance to
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various stresses (Shaaban and Abou EI-Nour, 2014). In addition, silicon
plays a role as a mechanical and a physiological barrier. It also alters the
levels of osmolytes and antioxidant enzymes which are the first line of
defense in drought stress, also reducing the levels of oxidative stress
factors such as hydrogen peroxide (Sapre and Vakharia, 2016). These
results are harmony with those obtained with Abd El-Gawad et al. (2017)
on potato they showed that irrigation after the depletion of 55-60 % of
available soil water and spraying with potassium silicate at 2000 ppm
gave the highest values of leaf area, fresh and dry weight of shoots than
other interaction treatments.

2. Plant water relationship

2.1. Effect of irrigation intervals

The obtained results in Table 3 illustrate that, total water and free
water (%) in sweet potato leaves at 110 days after transplanting increased
with shortest irrigation intervals (15 days), whereas bound water and
osmotic pressure increased with increasing irrigation intervals (30 days).

The increase in bound water and the decrease in free water under
water stress were mainly due to the increases in osmotic pressure resulted
from the conversion of starch into soluble carbohydrates as indicated by
Lancher (1993). These results are harmony with those reported with
Mansour and Abu El-Fotoh (2018) on potato found that and Total and
free water in leaf tissues were the highest significantly increased by
increasing irrigation water levels up to 100 % from FC in both seasons.
While, bound water (%) in leaf tissues were the superior with the lowest
level of irrigation water in both seasons.

2.2.Effect of soil and foliar application treatments
Fulvic acid at 10 kg /fad. as soil application +foliar spray with

trehalose at 1 g/l as foliar application significantly increased total water
and free water at 110 days after transplanting and significantly decreased
bound water and osmotic pressure in leaves at 110 days after transplanting
(Table 3). In the other hand, HA at 20 kg /fad. as soil application
significantly increased bound water and osmotic pressure in leaves and
significantly decreased total water and free water in leaves in both
seasons.

Spraying with trehalose is imperative to improve drought tolerance
of economic cash crops and vegetables under the changing environmental
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conditions. A range of mechanisms (physiological, biochemical and
molecular) used by plants to tolerate water stress (Ashraf 2010).

2.3. Effect of the interaction

The interaction between irrigation intervals at 15 days (higher water
regime) and FA at 10 kg /fad. as soil application+ trehalose at 1 g/l
significantly increased total water and free water in sweet potato leaves at
110 days after transplanting (Table 4).

The interaction between irrigation after 30 days (low water regime)
and HA at 20 kg /fad. as soil application significantly increased bound
water and osmotic pressure in leaves. This mean that, under water stress,
bund water and osmotic pressure increased in leaves with HA at 20 kg
/fad. as soil application.

Using trehalose enhancing water use efficiency, prolific deep root
system, suppression in transpirational loss, maintenance of cell turgor
potential, better photosynthetic rate at low leaf water potential, stomatal
regulation, up regulation of antioxidants, synthesis of osmolytes, osmotic
adjustment/osmoregulation, all together or independently they may show
beneficial role in plants to resist drought stress (Shafiq et al., 2015).

3.Nitrogen, phosphorus, potassium and proline content in shoots
3.1.Effect of irrigation intervals

Nitrogen, phosphorus and potassium contents in shoots increased
with increasing irrigation water quality (15 days irrigation intervals),
whereas proline amino acid contents in leaves increased with reducing
irrigation water quality ( 30 days irrigation intervals) as shown in Table
(5). This means that, proline content in leaves increased under water stress
conditions.

In this regard, Barker et al. (1993) who found that leaf proline
concentration averaged 20 times greater in the stressed plant compared to
well watered plants. In this regard, Stewart (1977) reported that the
conversion of proline to glutamic acid and hence to other soluble
compounds proceeds readily in turgid leaves and it is stimulated by higher
concentrations of proline. This suggests that proline oxidation could
function as a control mechanism for maintaining low cellular levels of
proline in turgid tissues. In water stressed, however, proline oxidation is
reduced to negligible rates. It seems likely that inhibition of proline
oxidation is necessary in maintaining high levels of proline found in
stressed levels.
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Table (3). Effect of imigation intervals and some soil and foliar application treatments on N.Pand K contentsin

shoots as well as proline amino acid in leaves at 110 days after planting of sweet potato during 2019 and
2020 seasons

Treatments N (%) P (%) K (%) Proline amino acid
(m/100 gm DW)

2019 2020 2019 2020 2019 2020 2019 2020

season season season season season season season season

Effect of irrigation intervals
15 days 245 a 253 a 0.360 a 0348 a 231 a 234 a | 14607 b| 14983 b
30 days 242 b 246 b 0353 b 0343 b 227 b 232 b [ 17731 a| 18593 a
Effect of some soil and foliar application treaimenis

HA 210 h 223 f 0323 h 0312 f 210 ¢ 212 g [ 19852 a| 20782a
HA+ Trehalose 247 e 249 d 0349 ¢ 0347 d 224 d 226 e | 15181 e|163.08 d
HA+KSi 237 1 236 e 0347 f | 0339 e 218 e 220 f [15626 d| 171.15¢
HA+ Algae 254 d 260 c 0.353 d 0352 ¢ 234 ¢ 235 d | 18293 b| 18935b
FA 215 ¢ 224 1 0337 g 0335 e 216 f 211 g [17123 c| 17335¢
FA + Trehalose 269 b 271 b 0.379 b 0361 b 243 b 255 b | 13402 g| 12624
FA+KSi 260 ¢ 239 ¢ 0369 c | 0351 cd 254 a 260 a |13927 f| 15014 ¢
FA+ Algae 273 a 276 a 0.397 a 0.368 a 234 ¢ 246 ¢ [15948 d|161.89 d

HA= Humic acidat 20 kg /fad. and FA= fulvic acid at10kg /fad azseil application

Trehalose at1 g, KSi= Potassnumsilicate atl ml], and algaeextractatl gl as foliar application
Values having the same alphabeticalletter(s) did not sigrificantly differ atthe 0.03 level of significance, according to Duncan’s multiple range test.
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The present results indicating that soil water statutes with irrigation at 15
days intervals was the proper for uptakeing N, P and K into sweet potato
shoots compared to 30 days irrigation intervals.

Similar results were observed by Saif El-Deen et al. (2011) and Abd- All
et al. (2017) on sweet potato. They indicated that shortest irrigation intervals
gave the highest mineral contents in shoots of sweet potato. In this regard,
Rodriguez-Delfin et al. (2011) reported increase in free proline content of sweet
potato cultivars when plants were subjected to water deficit conditions. Also,
Sagib, et al. (2017) showed that leaf proline content in sweet potato shoots
was the maximum in plants irrigated after 21 days interval, followed by 14 days
interval.

3.2. Effect of soil and foliar application treatments

Data in Table 5 show that FA at 10 kg /fad. as soil application + foliar
spray with algae at 1 g/l significantly increased N and P and K contents in
shoots, whereas FA at 10 kg /fad. as soil application + foliar spray with KSi at
1 ml/l significantly increased K contents in shoots, while HA at 20 kg /fad. as
soil application significantly increased proline content in leaves at 110 days
after transplanting in both seasons.

This result may be due to the role of fulvic or humic acids which are
harmony with those reported by many investigators. Humic acid application to
soils boost up biological processes in soil and hold the nutrients in easily
exchangeable form to minimize their leaching from soil profile with peculating
water (Brady and Weil 2008). Addition of humic acid increases the uptake of
both micro and macro nutrients and led to hormonal activities and improving
nutritional status, it shows anti-stress affect in plant body when soil pH and
temperature are unfavorable for plant growth (Kulikova et al., 2005).

Results are agreement with Abd- All et al. (2017). They indicated that
application of humic acid to the soil significantly increased total nitrogen,
potassium and phosphorous content of sweet potato tubers than untreated .

This increase in N, P and K contents in shoots may be due to that the
high protein content (50.56 %) on dry basis of the algae extract which split
natural plant amino acids involved directly in the metabolism (Table A). Also,
algae extract is a rich source of potassium and contains considerable amounts
of Ca, Cu, Fe, Mg, Mn, P and Zn. These results may explain the great benefits
of algae extract on supplementing pea plants with their requirements from
organic and mineral nutrients (Marrez et al., 2014).
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These results are harmony with Abd-Elatif and Ismaiel (2019) on
cassava. They showed that spraying plants with algae extract at 1 g/l recorded
the highest percentages of N, and K contents in shoots than unsprayed plants.

3.3.Effect of the interaction

The interaction between 15 days irrigation intervals and FA at 10 kg/
fad. as soil application + spraying with algae at 1 g/l increased N and P
contents , whereas the interaction between 30 days irrigation intervals +FA
at 10 kg /fad.+ spraying with algae at 1 g/l increased K content in shoots
(Table 6). The interaction between 30 days irrigation intervals and HA at 20
kg /fad. as soil application only increased proline content in leaves at 110
days after transplanting.

This means that, under water stress proline content increased with HA
at 20 kg /fad. as soil application only.

4. Yield and its components
4.1.Effect of irrigation intervals

Irrigation sweet potato plants every 15 days significantly increased
tuber root diameter, tuber root weight, marketable yield and total yield /fad.,
with no significant differences with irrigation every 30 days with respect to
tuber root weight, total tuber root yield in both seasons and unmarketable
yield in 2" season whereas, irrigation every 30 days intervals significantly
increased tuber root length in both seasons and unmarketable yield in the 1*
season ( Tables 7 and 8).

Irrigation every 15 days intervals increased total yield about 0.447 and
0.525 ton/fad. over irrigation every 30 days intervals ( water stress ) in the 1%
and 2" seasons, respectively. Marketable yield percentages from total yield
were about 87.96 and 85.76 % for 15 days irrigation intervals and 85.77 and
85.56 % for 30 days irrigation intervals.

The shortest irrigation intervals ( irrigation every 15 days) to sweet
potato plants, led to keep higher water content in the plant tissues and this in
turn produced heavier tuber roots than those under water stress ( longest
irrigation  interval, every 30 days). Water stress causes an increase in
ABA/CYT ratio, which in turn decreased plant growth (Marschner, 1995).
Also, he added that under sufficient water conditions there was a decrease in
ABA and increase in CYT, GA and IAA reflecting good growth, dry matter
content and yield. Moreover, under water stress (irrigation every 30 days) the
synthesis of ABA from carotenoids in roots occurs and then transport to
different parts of plant especially leaves and this in turn affect the dry matter
accumulation in leaves and different organs (Lancher, 1993).
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Table (7). Effect of irrigation intervals and some soil and foliar
application treatments on tuber root characteristics of sweet
potato during 2019 and 2020 seasons

Treatments Tuber root diameter Tuber root length Tuber root weight (g)
(cm) (cm)
2019 2020 2019 2020 2019 2020
season season season season season season
Effect of irrigation intervals
15 days 595 a 582a | 1033 b | 1949b | 16538a | 167.36 a
30 days 574 b 565 b 2045 a 19.78 a 162.73a | 16433 a
effect of some soil and foliar application treatments

HA 486 e | 491 f | 15669 | 16.16f 96.98f | 102.07 g
HA+ Trehalose 558 d 560 d 20.00 d 20.33¢ 158.11d | 15539 e
HA+ KSi 544 d 540 e 1933 e 17.99¢ 17032c | 17425 d
HA+ Algae 588 ¢ 578 d 2100 c 2166b 16842c¢ | 17193 d
FA 503 e 485 f 18.33 f 18.66 d 112.73e | 11423 f
FA + Trehalose 663 b 631 b 2149 b | 1833de | 18280b | 18379 c
FA+ KSi 6.11 c 6.08 c 2383 a 2350a 21171a | 21843 a
FA+ Algae 723 a 6.93 a 1949 e | 2050c | 211.38a | 20667 b

HA= Humic acid at 20 kg /fad. and FA= fulvic acid at 10 kg /fad. as soil application
Trehalose at 1 g/l, KSi= Potassium silicate at 1 ml/l, and algae extract at 1 g/l as foliar application
Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of
significance, according to Duncan’s multiple range test.

Results are agreed with Abdel -Fattah et al. (2002), Ekanayake and
Collins, (2004), Ayoub (2005), Abou EI-Khair et al. (2011), Yooyongwech et
al. (2014) and Abu El-Fotoh et al. (2017) on sweet potato and Mahmoud et
al. (2019) on potato.

4.2. Effect of soil and foliar application treatments
Treating sweet potato plants with FA at 10 kg /fad. as soil application

+ foliar spray with algae at 1 g/l gave the highest tuber root diameter,
whereas FA at 10 kg /fad.+ foliar spray with KSi at 1 ml/l gave the highest
tuber root length , tuber root weight, marketable yield and total yield/fad.
(Tables 7 and 8). The increases in total yield were about 48.53 and 49.42 %
for FA at 10 kg /fad.+ spraying with KSi at 1 ml/lI and 40.58 and 44.08 %

for FA at 10 kg /fad.+ spraying with algae extract at 1 g/l over the HA only
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at 20 kg /fad. in the 1% and 2" seasons, respectively. This means that
spraying plants with KSi at 1 ml/l , algae at 1 g/l and trehalose at 1 g/l
with FA at 10 kg /fad. as soil application increased total yield compared to
FA at 10 kg /fad. only.

The marketable yield percentage from total yield were about 91.16
and 92.06% for FA at 10 kg /fad.+ trehalose at 1 g/ | , 94.14 and 90.44 %
for FA at 10 kg /fad. +algae extract at 1g/I in the 1% and 2" seasons,
respectively. HA at 20 kg /fad. as soil application gave the highest
unmarketable yield /fad.

Fulvic acid is a bi-product of humic acid. Humic acid is extracted
from any material containing well-decomposed organic matter - soil, coal,
composts, etc. As humic material is decomposed by living microbes, these
microbes create the most biologically complex organic compound, Fulvic
acid. (Mikkelsen, 2005).

These results are in accordance with those reported by Shankle et al.
(2004), Saif El-Deen et al. (2011) and Abd- All et al. (2017). They found
that treated sweet potato plants with fulvic acid were the best for increasing
yield and its components. As for algae extract, Doss et al. (2015), Abd- All
et al. (2017), Mahmoud et al. (2018) on sweet potato, Abd-Elatif and
Ismaiel (2019) on cassava. They showed that spraying plants with algae
extract recorded the best yield and its components than unsprayed plants.

Potassium silicate is origin of high solubility of potassium and silicon
is used in the provision of decrease amounts of potassium to facilitate get
better the value of the yield (Tarabih et al., 2014). In this regard, Abd El-
Gawad et al. (2017) showed that the potato plants are sprayed with
potassium silicate at 2000 ppm significantly increased yield and its
components per plant and per faddan.

4.3. Effect of the interaction

Yield and its components of sweet potato plants had significant affected
by the interaction treatments in both seasons (Tables 9 and 10).

The interaction between irrigation every 15 days and fertilizing with FA
at 10 kg /fad. as soil application+ algae extract at 1 g/l as foliar application
increased tuber root diameter , whereas the interaction between irrigation every
15 days and FA at 10 kg /fad. as soil application+ KSi at 1 ml/ as foliar
application significantly increased tuber root weight, marketable yield and
total yield /fad in both seasons, with no significant differences with the
interaction between irrigation every 30 days and FA at 10 kg /fad. as soil
application + KSi at 1 ml/ as foliar application, regarding total yield /fad. or
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Table (100, Effect of the mteraction betwesn irrigztion mtervals =nd some seil and foliar spplication  treztments on yield

and its componsnts

of sweet potato  during 2019 and 2020 sezsons

Treatments Unmarketable tuber | Marketable tuber roots | Tofal tnber roots vield ( | Marketable tober
roots yield ( ton'fad.) vield ( ton'fad.) ton/fad.) roots (%) to total
vield tuber roots
Irrigation Seil and foliar 2019 2020 2019 2020 2019 2020 2019 2020
intervals | application freatmens | gpq50p ££as0n SEA50N SEAS0N ££as0n SEAS0N SEASON | Season
15 days |y 2600 b| 2803 be | 9600 i | 90944 | 122004 | 11897 | 7869 | 7644
HA< Trehalose 2.392 b| 2685 cd | 11.675 fg | 11.835 £ | 14267 o8 | 14520 g | 5183 81.51
> Ha+ KSi 13522 | 2558 4 | 145114 | 13735 4 | 13863 od | 16293 od | 9148 | 8430
2 HA+ Aleae 14652 | 2594 4 | 13478 & | 12926 o | 14943 de)ys3500 42| 9020 | 8329
= FA 1075 | 23122 | 10838 k| 11075 g | 12913 shi| 13387 B | 8393 | 8273
m FA<+ Trehalpse | 1-529cd | 1665 i | 15104 d | 15468 be| 16933 b | 17.133 pe| 8920 | 9028
= FA+KSi 1911cd| 1836 h | 16682 a | 16447 2 | 18393 a2 | 18283 2 [ 89.72 | 5996
- - S—
w FA+ Aleae 0982 £ | 1262 j | 16275 ab | 16068 a | 17257 B | 17330 b | 9431 91.72
days |y 1262 a| 2878 b | 8850 i | 9103 i | 12112 & ] 11981 | 7307 | 7598
HA< Trehalpse | 2041 | 1384 j | 12084 £| 13199 o | 14109 2f2] 14583 of | 835353 | 901
Ha+ KSi 1957cd | 2.2312f | 13039 =| 12949 o | 14996 de| 13180 of [ 8695 | 8330
HA=+ Aleae 1447 b| 2325 o | 11.083gh | 11260 g [ 13330 82| 13585 g | 8191 82.89
FA 1285 & | 33532 | 9414 | 10022 h | 11699 hi| 13373n [ 7413 | 7493
FA = Trehalose 1.2142f | 1044 k | 16301 ab | 15938 gb | 17213 8h | 189821 | 93.07 93.83
FA+KSi 1769 d | 2.104 fz | 15.749 be| 15292 ¢ | 17318 ab | 17396 gb | 89.90 §7.91
FA< Aleae 1.022 £| 2026 g | 15898 b | 15.048 ¢ | 16920 Be| 17074 pe| 9396 | 8813
HaA= Humicacid at 20 kg /fad. apgd EA= fulvic acid at 10 ke /fad. a5 zodl application
Trshaloes at 1 21, KE5i= Potazsivm silicate at 1 mL1, and algss sxteact at 1 208 foliar application
M Waluss having the same alphabatical lstten(s) did not 24gndficantly diffsr at the (.05 lewal of significanca, according to Duncan's multiple tangs tast.

Mlarketshla tuber roots | avsrams tuber roots wae shout 100-250 ), Unmarkstsble  tuber roots | svsrams tuber roots 1222 than 100 2 o mog=

250 )
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with the interaction between irrigation every 30 days and FA at 10 kg /fad. as
soil application + trehalose at 1 g/ as foliar application as for marketable
yield in both seasons.

This mean that irrigation sweet potato cv. Beauregard grown in clay
soil condition every 15 or 30 days and treated with FA at 10 kg /fad. as soil
application +spraying with algae extract at 1 g/l or with KSi at 1 ml/I gave the
highest values of marketable yield and total yield /fad.

Water stress conditions, plants treated with HA at 20 kg /fad. as soil
application gave the highest values of unmarketable vyield /fad., whereas plants
treated with FA at 10 kg /fad.+ spraying with algae extract at 1 g/l gave the
highest tuber root length in both seasons ( Tables 9 and 10).

The marketable yield percentage from total yield were about 94.31 and
92.72% for the interaction between irrigation every 15 days and treated with
FA at 10 kg /fad. as soil application + algae extract as foliar application 93.07
and 93.85 % for the interaction between irrigation every 15 days and treated
with FA at 10 kg /fad. as soil application+ trehalose at 1 g/l as foliar spray in
the 1% and 2" seasons, respectively.

In this concern, Mahmoud et al. (2019) on potato plants under sandy soil.
They found that the interaction between shortest irrigation intervals ( every
three days) and spraying with potassium silicate at 3ml/l showed significant
effect on average weight for tubers per plant and the yield for total tuber and
marketable yield as compared to the longest irrigation intervals and
unsprayed plants.

5. Tuber root quality
5.1. Effect of irrigation intervals

There were no significant differences between both irrigation intervals on
tuber root quality at harvesting time in both seasons, except nitrogen, and
DM% in the 1% season and P contents in both seasons (Table 11). The
maximum N and P in tuber roots were observed in 15 days irrigation intervals,
while DM (%) was reduced. There were no significant differences between
two irrigation intervals (15 or 30 days) regarding K and total carbohydrates in
both seasons, N and DM (%) in the tuber roots in 2" season.

This result is likely due to the irrigation water every 15 days preserved of
the moisture in the root zone and this ensured adequate soil water, air and
nutrients during the plant growth periods. Thus, the accessibility of moisture in
the soil leads to increase nutrients movement in the soil, which reflected in
increasing absorption of minerals through plant and carbohydrates assimilation
(Abd Elwahed, 2018).
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Table (11). Effect of wrigation mtervals and some seil and foliar application treatments on tuber root quality of
sweet potato  at harvest tme, durmg 2019 and 2020 seasons

Treatments N (%) P (%) K (%) Total DM (%)
carbohydrates (%)
2019 020 | 2019 020 | 2019 2020 019 020 | 2019 2020
SEAsON | SEASON | Season | Season | Season | Seasom | Season | Season | season | season
Effect of irrigation intervals
15 _“._H“_..m 138 a2 157 a | 0247 a | 0243 2| 201 a2 201 a 5T.00 a FT00 2 [ 2278 b | 2350 a
30 n._m“_..m 155 b 156 2 | 0230 b 03234 b 201 a2 200 a 5650 a 5635 a | 2381 a | 2441 a
Effect of some soil and foliar application treatments
HA 122 h 124 g [ 0142 h | 0140 k| l8bg 171 g 3183 2 F1B3 4 | 19535 2| 182533 f
HA+ Trehalpse 157 a 155 2 | 0244 2 | 0238 2| 1.BD = LES = 56.50 ¢ 5516 ¢ | 2283 4 | 2450 4
HA+KSi 152 £ | 154 2| 0227 £ 02186 £| 170 f 1.7 f 5500 d | 53.50 4 | 2200 d | 220D =
HA+ Alzae 164 d | 165 d | 0257 40263 d| 222 ¢ 13 ¢ 57.50 ¢ | 5BO00 b | 24.50bg | 25.85 ¢
FA L2 g | 120 | 0140 g | 0147 g| 166 b lét = 53.50 e | 5283 & | 10E3 2| 1045
FA + Trehalose 1L76 b L7 b [ 0310 b | 0280 b 224 b 12T b 5000 b 00k | 2550 b| 2700 b
FA+ KS5i 16 ¢ | 168 c |02BT | 028 c| 2136 a 2531 &8 62.50 a 63.16 a | 2830 a | 28350 a2
FA+ Algae 1.B4 2 1B4 a2 | 0326 a2 | 0324 2| 220 4 119 d 516 ¢ SEESD | 245353 ¢ | 2585 4

HaA= Hymicacid af 20 ke /fad. apd EA=fulvic acid at 10 ke /fad. &= =zodl application
Tichaloss at 1 g1, KSj= Potassivm zilicate at 1 ml], and alzas sxtract at 1 271 a= folisr application

“Waluss having the sama slphshetical letten(s) did not sienificantly diffsr at the 005 loval of significance accosding to Duncan’s multipls fanga teet,
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The present results are in accordance with those reported by
Ayoub (2005) who found that increasing irrigation water quantity up to
the highest rate increased the tuber roots contents of N, P, K, total
carbohydrate, starch, sugar, total soluble solids (TSS) and carotene in
tuber roots.

5.2. Effect of soil and foliar application treatments

Treating sweet potato plants with FA at 10 kg /fad. as soil
application + spraying with algae extract at 1 g/l increased N and P,
whereas FA at 10 kg /fad. as soil application + KSi at 1 ml/l as foliar
application increased K, total carbohydrates and DM% in tuber roots
in both seasons (Table 11). In this regard, fulvic acid application to the
soil significantly increased total nitrogen, potassium and phosphorous
content of sweet potato tubers than untreated (Abd-All et al., 2017).
Also, Doss et al. (2015) spraying of sweet potato plants with seaweed
extract at the concentration of 0.75% led to positive response on total
sugars, starch, carbohydrates and carotene contents, in both seasons
than unsprayed.

5.3. Effect of the interaction

The interaction between irrigation every 15 days intervals and
treating plants with FA at 10 kg /fad. as soil application + spraying with
algae extract at 1 g/l significantly increased N and P contents in tuber
roots, whereas the interaction between 15 days irrigation intervals and
FA at 10 kg /fad. as soil application + spraying with KSi at 1 ml/I
increased total carbohydrates % in tuber roots in both seasons (Table
12). On the other side, K (%) and DM(%) in tuber roots were
significantly affected by the interaction between irrigation every 30
days intervals and treating plants with FA at 10 kg /fad. as soil
application + spraying with KSi at 1 ml/l in both season .

Conclusively, it could be concluded that, irrigation sweet potato
plants cv Beauregard grown in clay soil during summer seasons
conditions, the interaction between irrigation every 15 or 30 days and
treated plants with fulvic acid at 10 kg /fad. soil application + spraying
with KSi at 1 ml/l or with spraying with algae extract at 1 g /l or
trehalose at 1 g/l as foliar spray were the best treatments for
increasing the growth , productivity and gave the best tuber root
quality.



EL- METWALY

88

Table (12), Effect of the mteraction betwsen wrigation mtervals and some sod and foliar application treztments on  tuber
root quality of swest potate 2t harvest tme durmg 2017 and 2020 seasons

Treatments N (%) P (%) K (%) Total DAL (%)
carbohvdrates (%)

Irrigation (Soil and filier spplication 2019 | 2020 2019 2020 2019 2020 015 2020 2019 202

intervals rearments SEAS0N | SEAS0N | SEASON | SEASON | SeASOD | seasom SEAS0N SEAS0N SEAS0N SEAS0N

13days | oy 123 | 124 |04 m| 01471 | 1705 | 1664 | S266hi | 5233 g | 1833 b | 1833
HA+ Trehalose 138 f| li5ig 0244 0233 i 182 f 181 d | 55.66 =g 54.00 1200 £ 400
HA-KSi 153 g| 153 g | 0230 | 0215 | 182 n | 186 & | 5433 g4 | 5333 £ | 2200 £ | 2200 gh
HA= Alsae 166 d| 167 e | 0264z | 0264 g | 221 de | 210 ¢ | 5700 da | 57.33 de | 2366 | 25.66c=
FA 130 k| 1274 01531 ) 0151 k| 156 k 168 i 5466 h | 3166 fz | 1933 gh | 19004
FA + Trehalose 180 b| 177¢ | 0314 c| 0314 c| 2270 | 227b | 60.00 bs | 60.00 b | 25.00c=| 27.00 ¢
FA+ KSi 1.72 ¢| 1714 0281 2| 0281 4| 237 a 13l a 64.00 a 6500 a | 2766 b | 2B66 gh
FA+ Aleae 188 2| 1.B7 a [ 03353 8| 0328 a | 221cd | 2,18 ¢ | 3766 d2 | 6133 b | 243533 de | 13533

Wdays |, 121 i| 124§ [014l m| 0133 n | 168) | 176 | 300w | 53.35& | 2033z | 2033
HA+ Trehalose 15T £ L35 g 02441 | 0244 1 1B g 1.El £ 37.33 d= 6332 13.66 = | 2500 &
HA+KSi 151 g | 136 g | 0214 k| 02L1Ej 1.76 i 1.71 b | 55.66 =g | 53.66 £z | 2200 1 12,00 =
HA+ Alrae 1632 164 f | 0250 b | 0265 g | 233 ¢ 1M b 5800 od | 5B66 od | 2533 cd | 2600 od
FA 122 b | 1532k (0144 m | 0142 m | 177 i 171 b 31.33 i 33.00 f= | 2033 g | 2033 hi
FA + Trehalose 173 ¢| 174 d | 0.306d | 0283 o | 222 cd | 227 b | 5B00cd | 58.00 d | 2600 ¢ | 27.00 be
FA+ KSi 166d | 1.66 2 0282 f ) 0273 £ | 235 a 232 a §1.00 b 6133 b 1833 a2 | 3033 a
FA+ Aleae 17 b | 1Bl b [ 0320 b | 0320 b | 219 = 1 ¢ | 5666 4f 5633 2 | 1433 da | 2433 &£

HA= Hymicacid af 20 ke /fad. apd FA=fulvic acid at 10 ke /fad. 3z sodl application

Trehalos= at 1 g/l ESj=Potsssivm silicate af 1 ml], and alzss sxrract &t 1 g1 2= folisr spplication
Valuss having the sams alphabstical latter(s) did not sienificantly differ at tha (.05 loval of sisnificancs, according to Duncan’s multipla ranga tast.
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