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Abstract

Utilizing biostimulants like protein hydrolysates is one of the most creative and promising approaches
to improving nutritional efficiency, abiotic stress tolerance, or crop quality traits. In the present study, whey
protein was hydrolysed with trypsin for 4 h at an enzyme/substrate ratio (1/300, w/w). The obtained whey
protein hydrolysates (WPH) were chemically characterized, and their antioxidant activity was estimated.
WPH, which was produced using trypsin for 4 hours and presented the highest antioxidant activity. Therefore,
it was selected as a bio stimulant with potassium fertilization for enhancing the productivity and tuber quality
of sweet potatoes. A field experiment was carried out during the two successive summer seasons, at a private
vegetable farm in Faques City, Sharkia Governorate, Egypt, to study the effect of different potassium rates (50,
75, and 100 kg K,O/fad) and WPH at 0.10 and 0.20% as a foliar application compared to unsprayed plants
(control). The interaction between K,O at 100 kg /fad and spraying with WPH at 0.15% increased shoot dry
weight/ plant, N, P, and K uptake by shoots, yield/plant, marketable yield, and total yield/fad, as well as average
tuber root weight. It was concluded that the most efficient bio-stimulating foliar spray treatment for increasing
sweet potato productivity was WPH (0.20%).

Keywords: biofertilizers; horticultural production; protein hydrolysates; sweet potato; potassium
fertilization; tuber quality

Received: 14 Mar 2023. Received in revised form: 10 Apr 2023. Accepted: 18 May 2023. Published online: 07 Jun 2023.
From Volume 49, Issue 1, 2021, Notulac Botanicae Horti Agrobotanici Cluj-Napoca journal uses article numbers in place of the

traditional method of continuous pagination through the volume. The journal will continue to appear quarterly, as before, with four
annual numbers.


https://www.notulaebotanicae.ro/index.php/nbha/index

Elwaziri E ez al. (2023). Not Bot Horti Agrobo 51(2):13122
Introduction

Sweet potatoes ([pomoea batatas [L.] Lam.) are a common food that people cat daily. Due to its
nutritional properties, adaptability to various edaphoclimatic conditions, and quick yield, this crop is
important to society and the economy (Amaro et 4/., 2017). Poor fertility, particularly low levels of potassium
(K), phosphorus (P), nitrogen (N), sulfur (S), and micronutrients, limit sweet potato productivity (Uwah ez
al.,2013). Potassium influences the quality and growth of vegetables by increasing biomass production and leaf
area and reducing sugar concentration (Mukhongo ez 4/., 2017). The dry weight of biomass is significantly
increased by fertilizing sweet potato with potassium (Taffouo ez 4l., 2017), boosting production and its
components (Hasanah ez al., 2021), and gave the best tuber root quality (Nedunchezhiyan ez 4/, 2010). The
development of systems that are both environmentally friendly and sustainable in order to meet the need to
feed the world's growing population is one of agriculture's greatest obstacles (Anitha, 2020). Utilizing bio
stimulants like protein hydrolysates from various sources is one of the most creative and promising approaches
to addressing these significant issues (Sitohy ez al., 2020; El-Sanatawy ez al., 2021; Osman ez al., 2021a; Osman
et al., 2021b). Regardless of its nutrient content, any substance or microorganism that is applied to plants with
the intention of improving nutritional efficiency, abiotic stress tolerance, or crop quality traits is a bio
stimulant, it is regulate or improve the physiological processes of plants (Du Jardin, 2015). Bio stimulants
include peptides, vitamins, enzymes, substances with hormone-like effects (derived from algal extracts),
antioxidants, humic and fulvic acids, silicon, and other minerals, as well as some strains of microorganisms
(Almadi ez al., 2020). Various studies have been carried out on the effect of protein hydrolysates as a bio
stimulant on plant growth and production (Colla ez al, 2015; Colla ez al., 2017; Almadi ez al., 2020;
Shahrajabian ez al., 2022). Some crops' yields have improved when bio stimulants are used in agriculture.
However, there aren't many studies on how to use these products on crops like sweet potatoes, whose
commercialized parts are the roots (Rds ez al., 2015). In the present study, whey protein was hydrolysed with
trypsin for 4 h at an enzyme/substrate ratio (1/300, w/w). The obtained whey protein hydrolysates (WPH)
were chemically characterized, and their antioxidant activity was estimated. WPH, which was produced using
trypsin for 4 hours and presented the highest antioxidant activity. Therefore, it was selected as a bio stimulant
with potassium fertilization for enhancing the productivity and tuber quality of sweet potatoes.

Materials and Methods

Whey protein hydyolysates preparation and characterization

Trypsin was utilized for the enzymatic hydrolysis of WPH (buffer, 0.1 M phosphate buffer; pH, 8.8;
temperature of 37 °C), and their optimal conditions are a ratio of enzyme to substrate of 1:300 w/w. Enzyme
and substrate were thoroughly mixed. At the optimal temperature and with constant stirring, the mixture was
incubated for four hours. To inactivate the enzyme, the mixture was then heated for ten minutes in a boiling
water bath at 100 °C. Hydrolysate was clarified by centrifugation at 5000 xg for 15 min at 5 °C to remove
insoluble substrate fragments, and the supernatant was lyophilized and frozen at -20 °C until further used
(Abdel-Hamid ez al., 2017). The percent of trichloroacetic acid (TCA) ratio was used to determine the degree
of hydrolysis as described by (Hoyle and Merrltt, 1994). Degree of hydrolysis (DH) was calculated using the
formula below:

DH (%) = (Soluble nitrogen in TCA 10%/ Total nitrogen in the sample) x 100

Using the DPPH radical scavenging activity assay, the antioxidant activity of WPH (500 pg/mL)
produced with trypsin at various times (0, 1, 2, 3 and 4 h) was estimated to determine the optimal time for
producing antioxidant peptides (Goger ef al., 2011). The radical scavenging capacity of the samples was

measured as a decrease in the absorbance of DPPH radicals, and it was calculated using the following equation:
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Radical scavenging activity (%) = [(A control-A sample)/A control] x 100

A= absorbance at 517 nm.

Electrospray ionization mass spectrometry (ESI-MS) with positive and negative ions was used to analyse
the protein hydrolysate with the highest antioxidant activity that had been obtained after 4 hours (Al-
Mohammadi et 4l., 2020).

Plant growing conditions, (plant materials) treatments, and experimental design

A field experiment was carried out at a private vegetable farm in Faques City, Sharkia Governorate,
Egypt to investigate the effects of various potassium rates (120, 180, and 240 kg K;O/ha and whey protein
hydrolysates (WPH) at 0.10 and 0.20% as foliar applications alongside unsprayed plants (as a control) on
growth, yield, and tuber root quality of sweet potato cv. ‘Buregard’. These treatments were arranged in a split-
plot design in a randomized complete block design with three replications. Potassium rates were randomly
distributed in the main plots, while the concentrations of WPH were randomly arranged in the sub-plots.

The physical and chemical properties of experimental soil in the two seasons showed that it was clay in
texture and had 1.99 and 1.92% organic matter, 8.05 and 8.04 pH, 2.08 and 2.05 mmhos/cm EC, 8.41 and
8.92 ppm are available N, 0.048 and 0.044% available P and 0.93 and 0.89% available K, respectively.

Stem cuttings of sweet potato (about 20 cm length) were transplanted at 25 ¢m apart on 15 and 17
April in the 1 and 2™ seasons, respectively. The experimental unit area was 12.6 m2 It contains three lines
with 6m length each and 70 cm distance between each two lines. One line was used for taking the samples to
measure the growth and chemical traits and the other two lines were used for yield determinations. Potassium
rates were applied as soil application into three equal portions beginning 45 days after transplanting every two
weeks in the form of potassium sulphate (48.5% K;QO). Plants were sprayed with the different concentrations
of WPH or water four times at 15 days intervals beginning 45 days after transplanting in both seasons. Each
plot was received 2 L. solutions of each concentrations using spreading agent in all treatments to improve
adherence of the spray to the plant foliage for increasing WPH absorption by the plants. The untreated plants
were sprayed with water and spreading agent. One line was left between each two experimental plots without
spraying as a guard row to avoid the overlapping of spraying salutation. All treatments received equal amounts
of ammonium sulphate (20.5 % N) and calcium superphosphate (15.5% P,Os) at a rate of 480 and 360 kg/ha,

respectively.

Sampling and measurements

One line was used for taking the samples to measure the growth and chemical traits in the two growing
seasons to measure leaf area/plant and the dry weight of shoots (leaves and branches) and Nitrogen,
phosphorus, and potassium in shoots were determined in both seasons according to the methods described by
(Reynolds and toxicology, 1989) and N, P and K uptake by shoots were calculated (mg/shoot). At harvest time,
(at 150 days after transplanting), all tuber roots of each treatment were classified into two grades (marketable
and non-marketable roots), then weighed to determine the total yield/ha (ton). Marketable tuber roots have a
weight of about 100 to 250 g, while non-marketable roots have a weight of less than 100 g or more than 250 g.
In addition, the average tuber root weight was calculated. Potassium use efficiency (KUE) was estimated by
dividing the yield/ha, by the potassium quantity/fad., and expressed as kg tuber roots/kg KoO according to
Clark (CLARK and RB 1982). Quality characters of sweet potato (tuber yield, dry matter, nitrogen content,
protein content, starch content, sugar content, potassium content, and carotene content) were recorded at the
time of harvest.

Statistical analysis
The recorded data were subjected to the statistical analysis of variance according to Hoshmand (2017),
and means separation was done according to Duncan (1955) test.
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Results

Whey protein hydrolysates characterization

Figure 1 depicts the percentage of whey protein hydrolysed after being treated for four hours with
trypsin (E/S ratio of 1:300). Over time, the degree of enzymatic degradation gradually rises. Variations in DH
are typically brought about by the enzymatic reaction time, which influences the breaking of peptide bonds.
For hydrolysates obtained from whey protein by enzymatic hydrolysis using trypsin, antioxidant activity using
the DPPH assay was assessed. The results are shown in Figure 1. The results recorded an increase in antioxidant
activity along with an increase in the degree of enzymatic hydrolysis. Whey protein hydrolysate prepared with
trypsin increased its DPPH radical scavenging activity by up to 50% with increasing DH (4 h).
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Figure 1. Degree of hydrolysis (DH %) whey protein treated with trypsin (E/S ratio, 1/300) for 4 h, and
their antioxidant activity (AA %)

The protein hydrolysate obtained after 4h with the highest antioxidant activity (50%) was subjected to
electrospray ionization mass spectrometry (ESI-MS) with positive and negative ions for molecular weight
estimation and results are presented in Figure 2 and Table 1. The hydrolysate was composed on 35 peptides for
positive ion with the molecular weight ranging from 141 Da to 859 Da, and 35 peptides for negative ion with
the molecular weight ranging from 159 Da to 802 Da.

Table 1. Peptides retention time (RT, min), and molecular weight (MW, Da) of whey protein treated with
trypsin (E/S ratio, 1/300) for 4 h including positive and negative ions by ESI-MS

Peak No. | RT (min) | MW (Da) Peak No. | RT (min) | MW (Da)
Positive ion Negative ion
1 0.13 141 2 0.71 180
3 0.75 203 3 0.78 215
4 2.16 305 ) 5.85 247
8 6.74 245 6 6.02 173
9 7.08 171 7 6.25 175
16 8.90 195 8 6.75 261
21 10.16 455 9 7.07 187
22 10.95 959 10 7.19 243
23 11.73 285 11 7.34 648
24 11.85 274 12 7.69 317
25 11.99 318 13 7.83 159
31 14.71 277 14 8.00 201
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32 15.65 279 15 8.30 193
33 16.19 496 17 8.48 417
36 16.93 383 18 9.65 329
37 17.30 319 19 9.88 169
40 18.65 425 20 9.98 431
41 18.88 280 21 10.17 487
42 19.69 279 22 10.95 452
43 20.29 256 23 11.72 283
44 20.68 282 26 12.26 311
45 21.26 313 27 12.48 587
46 23.25 284 28 13.07 601
47 23.79 523 29 14.22 315
49 25.75 693 30 14.63 265
50 27.73 442 31 14.72 293
51 27.89 482 32 15.66 295
52 27.99 859 34 16.27 540
53 28.13 441 35 16.63 298
54 28.31 366 37 17.27 485
55 28.44 419 38 17.50 363
56 28.6 455 39 17.60 527
57 29.35 394 47 23.80 499
58 31.10 758 48 24.08 525
59 31.26 187 58 31.07 802
100 i Positive ion
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Figure 2. Chromatogram of peptides from whey protein whey protein treated with trypsin (E/S ratio,
1/300) for 4 h including positive and negative ions by ESI-MS
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Vegetative growth characteristics

The effect of potassium fertilizer at different levels (120, 180, and 240 Kg K,O/ha) and foliar whey
protein hydrolysate at different concentrations (0, 0.1, and 0.2%) on vegetative growth characteristics during
the 2020 and 2021 seasons are presented in Figure 3A, and B. Figure 3A depicts the positive effects that
potassium fertilizer had on sweet potato plants. The treatment that received 240 kg K;O/ha) had the highest
values of vegetative growth characteristics (leaf area and dry weight of shoots). Figure 3B depicts the positive
effects that WPH had on sweet potato plants. The treatment that received 0.2% had the highest values of
vegetative growth characteristics (leaf area and dry weight of shoots). It is clear from Figure 3 that potassium
played an important role in vegetative growth characteristics (leaf area and dry weight of shoots). The
increasing rate of potassium fertilizers from 120 to 240 kg K,O/ha resulted in a significant effect on the
vegetative parameters. Also, the same results were observed with WPH foliar application. The effect of
interaction between potassium fertilizer at different levels (120, 180 and 240 Kg K;O/ha) and foliar application
of WPH at different concentrations (0, 0.1, and 0.2%) on vegetative growth characteristics during 2020 and
2021 seasons are presented in Table 2. The highest value of interaction effect was recorded with treatment that

received 180 Kg K,O/ha with 0.2% WPH in both seasons.
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Figure 3. Effect of potassium fertilizer at different levels (120, 180, and 240 kg K,O/hectare) and foliar
whey protein hydrolysate at different concentrations (0, 0.1,and 0.2%) on vegetative growth characteristics
during 2020 and 2021 seasons. Mean values in the same box for each trait followed by the same lower-case
letter is not significantly different according to Duncan’s multiple range test at p < 0.05.
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Table 2. Effect of interaction between potassium fertilizer at different levels (120, 180, and 240 Kg
K,0O/ha) and foliar application of whey protein hydrolysates (WPH) at different concentrations (0, 0.1,
and 0.2%) on vegetative growth characteristics during 2020 and 2021 seasons

Treatments Leaf area/ plant (m?) Dry weight of shoots (g/plant)

K;0 (kg/ha) | WPH (%) 1% season 2" season 1* season 2™ season
0 0.580f 0.450g 67.33h G41lg
120 0.1 0.790d 0.720e 78.79g 79.70 ¢
0.2 1.110a 0.970c 82.55¢ 81.09d
0 0.660¢ 0.550f 78.89f 74.55f
180 0.1 1.090a 1.050a 83.33d 85.39 ¢
0.2 1.120a 1.070a 86.95¢ 89.59b
0 0.820c 0.730e 79.55f 75.10f
240 0.1 1.040b 0.940d 88.55b 92.93a
0.2 1.120a 1.020b 90.28a 93.36a

Mean values in the same column for each trait followed by the same lower-case letter is not significantly different
according to Duncan’s multiple range test at p < 0.05.

Minerals uptake (N, P and K)

The data in Figure 4 present the uptake of N, P, and K by sweet potato plants when treated with
potassium fertilizer at different levels (120, 180, and 240 Kg K,O/ha) and foliar whey protein hydrolysate at
different concentrations (0, 0.1, and 0.2%). Increased rate of potassium caused significant increment in N, P
and K uptake in sweet potato shoots in both seasons. Plants that received 240 kg K,O/ha had the highest N, P
and K contents in comparison with other treatments. Results illustrated in Figure 4 presented that WPH had
a positive effect on N, P and K uptake in sweet potato shoots in both seasons. Increasing rat of WPH foliar
application up to 0.2% resulted in a significant effect on minerals uptake.

The effect of interaction between potassium fertilizer at different levels (120, 180, and 240 Kg K,O/ha)
and foliar application of WPH at different concentrations (0, 0.1, and 0.2%) on N, P, and K uptake (mg/plant)
during 2020 and 2021 seasons are presented in Table 3. The highest minerals (N, P, and K) uptake values of
interaction effect were recorded with treatment that received 240 Kg K;O/ha with 0.2% WPH in both seasons.

Table 3. Effect of interaction between potassium fertilizer at different levels (120, 180, and 240 Kg
K,0O/ha) and foliar application of WPH at different concentrations (0, 0.1, and 0.2%) on N, P, and K
uptake (mg/plant) during 2020 and 2021 seasons

Treatments N uptake P uptake K uptake
K0 WPH (%) 1*season | 2™ season | 1*season | 2™ season | 1*season 2™ season

(kg/ha)

0 2161i 2000k 240h 204i 1340j 1090g

120 0.1 2836f | 2909fgh 303g 342f 1781i 1841c

0.2 3129d 3090de 381de 366d 2097ef 2295d

0 2761gh | 2721hi 318g 317h 1822gh 1782¢f

180 0.1 3167cd 3288 cd 403 ¢ 385c¢ 2267cd 2562c¢

0.2 3548ab 3602bc 459b 477b 2530b 2885b

0 2904ef | 2779ghi |  368¢f 330gh 2013f 1810¢

240 0.1 3480b 3708ab 458b 480b 2311c 2806b

0.2 3692a 3837a 526a 524a 2862a 3286a

Mean values in the same column for each trait followed by the same lower-case letter is not significantly different
according to Duncan’s multiple range test at p < 0.05.
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Figure 4. Effect of potassium fertilizer at different levels (120, 180, and 240 kg K,O/ha) and foliar whey
protein hydrolysate at different concentrations (0, 0.1, and 0.2%) on N, P and K uptake (mg/plant) during
2020 and 2021 seasons

Yields and its components of sweet potato

Effect of potassium fertilizer at different levels (120, 180, and 240 Kg K,O/ha) on yield and its
components (marketable, unmarketable, and total yield, weight of root and yield/plant) of sweet potato during
2020 and 2021 seasons are presented in Figure 5. Marketable yield, and total yield (ton/ha) were significantly
increased with increasing potassium rates from 120 to 240 K,O (kg/ha). Increasing the K rates from 120 to
240 kg/fed increased marketable and total yield from 24 to 32 tons/ha and from 26 to 33 tons/ha, respectively
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in the 1st season. the same trend was observed in the 2nd season. Unmarketable yield (ton/ha) was significantly
decreased with increasing potassium rates from 120 to 240 kg K,O/ha in both seasons. In the 1* season, the
weight of root/plant increased significantly from 115 to 127 g/plant when the K rates were increased from 120
to 240 kg /ha, while in the 2™ season increased significantly from 111.9 to 121.8 g/plant when the K rates were
increased from 120 to 180 kg/ha and nonsignificant differences was observed between 180 and 240 kg K;O/ha.
Also, the same results were observed for yield/plant in both seasons.
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Figure 5. Effect of potassium fertilizer at different levels (120, 180, and 240 Kg K,O/ha) on yield and its

components of sweet potato during 2020 and 2021 seasons

Effect of whey protein hydrolysate at different concentrations (0, 0.1, and 0.2%) on vyield and its
components of sweet potato during 2020 and 2021 seasons are presented in Figure 6.
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Figure 6. Effect of whey protein hydrolysate at different concentrations (0, 0.1, and 0.2%) on yield and its
components of sweet potato during 2020 and 2021 seasons

The results illustrated in Figure 6 presented that WPH at different concentrations (0.1 and 0.2%) had
a positive effect on marketable yield, total yield, the weight of root/plant, and yield/plant when compared to
control. On average, foliar application of WPH up to 0.2% significantly increased marketable yield from 24
ton/ha to 32 tons/ha compared to control in both seasons. The same trend was observed in the total yield, the
weight of root/plant, and yield/plant. Unmarketable yield (ton/ha) was significantly decreased with increasing
WPH levels from 0 to 0.2% in both seasons.

The effect of interaction between potassium fertilizer at different levels (120, 180, and 240 Kg K,O/ha)
and foliar application of WPH at different concentrations (0, 0.1, and 0.2%) on yield and its components of
sweet potato during 2020 and 2021 seasons are presented in Table 4. Results reported that in Tables 4 showed
that the highest total yield, the weight of root/plant, and yield/plant was recorded with when K was applied at
the rate of 240 Kg/ha. With WPH at rate of 0.2% in both seasons.

10
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Table 4. Effect of interaction between potassium fertilizer at different levels (120, 180, and 240 Kg
K,0O/ha) and foliar application of WPH at different concentrations (0, 0.1, and 0.2%) on yield and its
components of sweet potato during 2020 and 2021 seasons

Treatments Yield / plant (g) yield (ton/ha) Average tuber root weight
Marketable Unmarketable Total
KZO st n st st st st
(kg/ WPH (%) 1 2 1 P 1 P 1 P 1 2
ha) season season season season scason | scason | season | season season season
0 415,10 428.4gh 210 2f 27a 27a 2365 | 244gh | 11042gh 112.44gh
120 0.1 442.6h 486.1f 23h 26e 2bc 2.2b 25.2f 27.7f 120.94d 126.92abc
0.2 521.4d 549.0cd 28d 29¢ 1.6de 1.9¢ 29.8d 31.4c 129.38bc 131.82a
0 486.2ef 425.9h 27fg 22f 1.9¢ 2b 27.5e 24.3h 110.51h 104.66i
180 0.1 476.1fg 523.6de 25g 28d 1.6de 1.5¢ 27e 29.6e 114.19efg 118.21ef
0.2 573.8¢ 589.7bc 3lc 32b 1.4e 1.3f 32.8¢ 33.5b 122.87d 121.34cde
0 502.1de 513.2¢ef 27e 28d 1.5de 1.7d 28.5de 29.2¢ 115.96¢f ll4.81fgh
240 0.1 610.2b 605.4b 33b 33b 1.4¢ 1.6de 34.6b 34.4b 130.68b 124.33bcd
0.2 651.4a 651.3a 36a 36a 1.2f 0.9g 37.2a 37a 135.72a 132.12a

Mean values in the same column for each trait followed by the same lower-case letter is not significantly different
according to Duncan’s multiple range test at p < 0.05.

Tuber root quality

Data in Table 4 showed that there are significant increases in dry matter by application of K fertilization
at rats of 120, 180, and 240 Kg K,O/ha. The dry matter of tuber root was increased from 21.17 gat 120 kg/ha
to 23.19 g, and 24.99 g for 180, and 240 kg/ha, respectively for the 1st growing season and from 23.55 g to
26.99 gand 28.4 g for the same treatments at the second growing season. Data also showed that application of
K fertilization significantly increased starch, total sugar, carotene, and K content for the two growing seasons.
In the 2nd season, total protein was significantly increased with increasing K fertilization rats while, in the Ist
season nonsignificant differences was observed between 180 and 240 kg/ha. Quality of sweet potato tubers
expressed as dry matter, total protein, starch, total sugar, carotene, and K content was increased with increasing

WPH foliar application rats (Table 5).

Table 5. Effect of potassium fertilizer at different levels (120, 180, and 240 Kg K,O/ha) and foliar whey
protein hydrolysate at different concentrations (0, 0.1, and 0.2%) on tuber root quality during 2020 and
2021 seasons

Total protein Dry matter Starch Total sugars Carotene K contents
(%) (%) (%) (%) (mg/gF W) (%)
Treatments 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
season season season season season season season season season season season season
K0 .
(kg/ha) Effect of potassium rates (kg KO /ha)
120 6.42b 6.63c 21.17¢ 23.55¢ 39.67¢ 42.30c 6.09¢ 5.81b 4.9c 6.4¢c 1.41c 1.68¢
180 8.65a 8.22b 23.19b 26.99b 42.74b 45.92b 6.49b 6.10a 6.1b 8.0b 2.07b 2.28b
240 8.70a 9.04a 24.99a 28.40a 43.82a 47.83a 6.84a 6.32a 7.0a 8.8a 2.15a 2.54a
V(V;;-l Effect of WPH concentrations
0 6.92¢ 7.25¢ 21.53¢ 24.22b 39.60b 42.49c 6.12b 5.75b 5.2¢ 6.8b 1.71b 1.85¢
0.1 7.52b 7.64b 22.62b 26.06a 42.12a 44.62b 6.53a 6.02a 5.4b 6.9b 1.74b 2.09b
0.2 8.12a 8.04a 23.85a 26.62a 41.58a 45.00a 6.70a 6.23a 6.0a 7.4a 1.93a 2.20a

Mean values in the same column for each trait followed by the same lower-case letter is not significantly different
according to Duncan’s multiple range test at p < 0.05.

The effect of interaction between potassium fertilizer at different levels (120, 180, and 240 Kg K;O/ha)
and foliar application of WPH at different concentrations (0, 0.1, and 0.2%) on tuber root quality during 2020
and 2021 seasons are presented in Table 6. The highest total protein was recorded with when K was applied at
the rate of 180 Kg/ha. With WPH at rate of 0.2% in both seasons. The highest values of dry matter, starch, and
total sugar were recorded when K were applied at 240 kg/ha with WPH at 0.2% in both seasons. The highest
value of carotene was obtained at 240 kg/ha with WPH at 0.1, and 0.2% in both seasons. The highest amount
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of K content was recorded at 180 kg/ha with WPH at 0.2% in the Ist season, and at 240 kg/ha with WPH at

0.2% in the second season.

Table 6. Effect of interaction between potassium fertilizer at different levels (120, 180, and 240 Kg

K,O/ha) and foliar application of WPH at different concentrations (0, 0.1, and 0.2%) on tuber root quality

during 2020 and 2021 seasons

T Total protein Dry matter Starch Total sugars Carotene K contents
reatments (%) (%) (%) (%) (mg/g FW) (%)

K.O WPH 1st 2nd st 2nd st 2nd Ist 2nd 1st 2nd Ist 2nd
(kg / ha) (%) season season season season season season season season season | scason | scason season
0 5.63g 6.00f 19.90h 20.53f 36.67h 39.53i 5.69f 5.41h 3.8f 4.8f 1.16g 1.27h

120 0.1 6.19f 6.44ef 19.90h 23.39% 39.61f 40.85h 5.92¢f 5.63gh 4.1f 5.4¢ 1.32f 1.62g
02 6.38f 63lef | 21.68g | 2474d | 38.68g | 4215 | 609def | 590d-g | 50¢ | 61d | l4se | 1.65g
0 744e 7.44cd 21.54g 26.05¢ 42'346 45.45e 6.38b-e 5.99¢c-g 5.6d 7.9b 1.84d 1.84f
180 0.1 8.00cd 7.56¢ 22.94f 27.37b 44.63a 48.39b 6.91a 6.34ab S.le 63d 1.87d 220¢
02 | 931 | 86%b 237de 2610c | 44492 | 47.86bc | 693 | 628abe | S9ed | 70c | 2240 | 242ed

e

0 7.69de 8.31b 23.16f 26.10c 40.86¢ 45.27e 6.31cde 5.86efg 6.2bc 7.9b 2.15¢ 2.46bc
240 0.1 8.38bc 8.94ab ZS'SZb 27.42b 43.35b 47.54bc | 6.78abc 6.09¢-f 7.2a 9.1a 2.03¢ 2.46bc
0.2 8.69b 9.13a 26.13a 29.03a 44.19a 49.48a 7.09a 6.51a 7.3a 9.1a 2.12b 2.53ab

Mean values in the same column for each trait followed by the same lower-case letter is not significantly different
according to Duncan’s multiple range test at p < 0.05.

Discussion

Sweet potatoes (Ipomoea batatas [L.] Lam.) are a common food for human use. Due to its nutrition
qualities, adaptability to various edaphoclimatic conditions, and high yield within a short period of time, this
crop is of significant socioeconomic value (Da Silva ez 4/, 2022). Fertilization with potassium (K) is an essential
step in the formation of sweet potatoes. K is necessary for photosynthesis, transport of sugar, movement of
water and nutrients, synthesis of protein, and formation of starch in sweet potatoes (Harvey ez al., 2022). This
study found that increasing the potassium fertilizer rate promoted vegetative growth as measured by leaf area
and shoot dry weight. This can be accounted for by the idea that raising K improves N uptake. Previous reports
by El-Baky ez al. (2010) and Cecilio Filho ez 4l. (2016) noted the increase in vegetative development and strong
yield response to K fertilization. In the present study, marketable, total yield, weight of root and yield/plant
were increased with increasing the rate of potassium fertilizer. This result could be as a result of potassium'’s
crucial involvement in increasing photosynthate synthesis and delivery to roots (Mengel and Kirkby, 1987).
According to El-Baky ez a/. (2010), the critical function of potassium in the energy status of the plant, the
translocation and storage of assimilates, and the maintenance of tissue water relations can all be ascribed to
rising roots production of plants as a result of increasing potassium application rates. In the current study,
increased potassium levels significantly increased the uptake of N, P, and K by sweet potato shoots during both
seasons. According to the research of Clarkson and Hanson (1980) this might be caused by the plant's high K
nutrient mobility. Based on the beneficial impact of translocation of assimilates, it is possible to explain the
observed improvement in the fruit quality metrics (total protein, starch, total sugar, carotene, and K content)
as altered by potassium nutrition (Mengel, 1997). Today's agriculture must continually overcome obstacles to
produce more and better food for a population that is expanding in a climate that is changing. Agricultural
practices must develop novel approaches to managing crop nutrition, crop productivity and plant health. It is
also required to develop novel chemicals or biological agents that can enhance plant yield (by controlling plant
physiology, metabolism, and crop performance) as well as agro-product quality. Agents having these qualities
have been proposed for sustainable agriculture throughout the past ten years. It has been demonstrated that
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these substances, which are referred to as biostimulants, enhance plant nutrition, quality, yield, and abiotic
tolerance in a variety of agricultural crops (Moreno-Herndndez ez 4/., 2020). In the present study, whey protein
was hydrolysed with trypsin for 4 h at an enzyme/substrate ratio (1/300, w/w). The obtained whey protein
hydrolysates (WPH) were chemically characterized, and their antioxidant activity was estimated. WPH, which
was produced using trypsin for 4 hours and presented the highest antioxidant activity, Therefore, it was selected
as a biostimulant with potassium fertilization for enhancing the productivity and tuber quality of sweet
potatoes (Kosaric and Asher, 2005). Trypsin hydrolysis of whey proteins produced peptides having biological
properties (Ballatore ef 4/., 2020). With 6%-7% total solids, whey is a considerable by-product of the cheese-
making process. Whey proteins, a soluble by-product of cheese production, make up almost 20% of all milk
proteins (Kosaric and Asher, 2005). In the present study, the responses of vegetative growth, yield and roots
quality of sweet potato were statistically significant with increasing WPH foliar application. Protein
hydrolysates have been shown experimentally to increase plant root and shoot biomass, increasing crop
productivity in both greenhouse and open field settings for a variety of crops, including tomato, lettuce,
kiwifruit, papaya, pepper, lily, passionfruit, pea, wheat, and corn (Colla e 4/, 2017; Rouphael ez 4., 2018; El-
Sanatawy ez al., 2021; Osman ez 4l., 2021b). By improving nutrient use efficiency, protein hydrolysates can
assist plants in performing their functional functions more effectively when nutrients are scarce (Planques ez
al., 2012). As a result, it has been demonstrated that the foliar application of protein hydrolysates from various
sources (animal and plant) increases the vegetative development and productivity of various fruit trees.
Recently, it was suggested that protein hydrolysates could be a novel and effective way to bio-stimulate plant
metabolism and production by improving nutrient absorption and inducing physiological and molecular
processes that lessen the effects of various abiotic stresses (Sitohy ez al., 2020). The following are effects of
biostimulation activity may be due to: (i) the release of key enzymes involved in N assimilation and C
metabolism (citrate synthase, malate, and isocitrate dehydrogenase); (ii) increased promoted auxin and
gibberellin-like activities; and (iii) increased antioxidant enzymatic activity, pigment biosynthesis, and
production of secondary metabolites (Rouphacl ez al., 2018; Sestili ez al., 2018).

Conclusions

K plays a vital role in sweet potato production. In the current study, increased potassium levels
significantly increased the uptake of N, P and K by sweet potato shoots during both seasons as well as vegetative
growth and tuber quality. Whey protein hydrolysates as a bio stimulant with potassium fertilization was
subjected for enhancing the productivity and tuber quality of sweet potatoes. The recommended dose for
enhancing sweet potato vegetative growth, yield, and tuber quality was recorded at 240 Kg K,O/ha with 0.2%
WPH.
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