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ABSTRACT

Two field trials were conducted on potato cv. Spunta, in private farm at Kafr Meet Faris, Dakahlia
Governorate, during 2018 and 2019 seasons to study the effect of NPK levels (100%, 75% and 50% NPK of the

recommended rate) either single or in combination with some applications of fulvic acid and biochar treatments
(untreated, fulvic acid at 10 kg/fed, biochar at 5 m®fed and fulvic acid at 10 kg/fed + biochar at 5 mfed)) on
plant growth, yield and its quality as well as chemical constituents of plant foliage and tubers. Results showed that
the most studied characteristics of potato plants were significantly increased with increasing NPK-level up to
100%. Besides, the most interesting observation was the increasing of the yield and its components by 100%
NPK level. Moreover, this treatment significantly increased concentration of all chemical constituents in foliage
and tubers comparing with those of the other treatments. Application of fulvic acid and biochar treatments caused
significant increases in the most studied parameters as comparing with the control treatment. The highest record
data was obtained from application of fulvic acid + biochar. The combined treatments of NPK levels and fulvic
acid and biochar treatments were generally more effective on the most studied parameters than with single ones.
The best results were obtained by 75 % NPK level with fulvic acid + biochar treatment. Therefore, this treatment

could be recommended for raising potato yield and improving tuber quality under similar conditions to this work.
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INTRODUCTION

Potato (Solanum tuberosum, L.) is one of the most
important vegetables in Egypt for both local consumption
and exportation. It has a considerable importance as an
export crop to the European and Arab markets and one of
the national income resources. Therefore, increasing potato
yield and improving tuber quality are essential aims for
both growers and consumers, but that advances usually
depends on many factors especially that influence the plant
growth throughout the growth period.

Nitrogen, phosphorus and potassium nutrition are
three of major factors affecting growth, yield and quality of
potato. Nitrogen is a main constituent of many organic
compounds in plants, such as proteins, enzymes, pigments,
hormones and vitamins, (Gardener et al., 1985). Likewise,
phosphorus plays an important role in certain essential
steps, such as accumulation and release of energy during
cellular metabolism. In addition, it is a constituent of many
organic compounds in plants (Marschner, 1995). On the
other hand, potassium is involved in many processes with
the plant as a catalyst. It plays a role in carbohydrate
synthesis and translocation, enhances N uptake, and
promotes protein synthesis (Marschner, 1995). It also has
stimulates early haulm growth and vigor as well as
increases tuber size and yield (EI-Sawyet al. 2000).

There was a close relationship between the applied
NPK-levels and potato productivity. In this regard, (Singh
and Raghar, 2000 and Barascuet al. 2015) found thatplant
growth, plant chemical constituents were significantly
enhanced by increasing the applied NPK. Similar findings
reported by Elsharkawy (2013), Kumar et al. (2001),
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Nizamuddin et al. (2003), Eleiwa (2012) and Shubha et
al. (2018), they showed that total yield and its components
as well as tuber quality were significantly increased with
increasing the applied NPK. Also, Cucci and Lacolla,
(2007), Adhikari, (2009) and Boskovi¢ et al., (2018)
potato quality were enhanced with NPK applied.

However, the continuous increase in the costs of
chemical fertilizers and environmental pollution problems
prevents to application of sufficient amount for plants by
many farmers. Thus, it has become essential to use of
untraditional fertilizers as substitutes or supplements for
chemical fertilizers. In this respect, Youseef et al. (2017) and
El- Metwaly (2019) indicated that using biochar and fulvic
acid as a organic source are considered a promising
alternative or supplements for chemical fertilizers under
Egyptian soil conditions. There are many beneficial effects
for using biochar and fulvic acid in agriculture such as, quick
supplying of plant nutrients and increasing crop productivity,
as well as reducing costs and the pollution of environment.

Many studies pointed out that plant growth, chemical
constituents, yield and yield quality were increased with
the plants treated with fulvic acid (Suhetal., 2014 aand b
on tomato and potato; Abou El Hassan and Husein, 2016 on
tomato; El-Hassanin et al., 2016 on sugar beat and Mansour
and El- Metwaly, 2019 on potato).

Morever, treated plants with biochar increased
plant growth, yield and quality (Graber et al., 2010 on
tomato, Dou et al., 2012 on sweet potato, Carter et al.,
2013 on lettuce and cabbag, Nair 2015 on potato, Vaccari
et al., 2015 on tomato, Silva et al., 2017 on common
bean and Youseef et al., 2017 on potato).
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Therefore, the main objectives of present
investigation to study the influence of fulvic acid and
biochar applications under some mineral NPK-levels to
reach the best one to have the perfect beneficial towards
better growth, yield, as well as quality of potato tubers
under the local conditions.

MATERIALS AND METHODS

Two field experiments were carried out at the privet
Farm at Kafr meet Fares village, near El-Mansoura,
Dakahlia Governorate, during two summer growing
seasons of 2018 and 2019, to study the effects of NPK
levels either single or in combination with some
applications of of fulvic acid and biochar levels on potato
(Spunta cv) growth, yield and its components, as well as
chemical constituents in potato shoots. The soil of the
experimental field was clay loam in texture, the physical
and chemical analyses of the experimental soil and the use
of biochar are presented in Tables(a and b).

Table a. The physical and chemical properties of the
experimental soil

Soil properties 2018 season 2019 season
Physical properties

Sand (%) 24.26 23.53
Silt (%) 27.80 26.78
Clay (%) 47.81 49.86
O.M (%) 1.89 1.76
Chemical properties

pH 7.82 7.75
Total N (%) 0.18 0.19
Auvailable P20s (%) 0.042 0.039
Available K20 (%) 0.61 0.59

Table b.The chemical properties of the used biochar

Chemical properties 2018 season 2019 season
C 3381 32.58
Total (DW %) N 0.92 0.95
S 0.11 0.13
P 18.66 18.32
K 322 319
Mg 181 185
Mglkg Ca 665 715
Fe 82.13 83.24
Mn 172 179
Zn 13.65 13.63
pH 9.21 9.27

The experimental design was split plots with three
replicates. Tuber seeds were planted on the 10" and 121 of
January at 20 cm apart in the first and the second seasons,
respectively. NPK levels occupied the main plots which
were subdivided to 4 sub plots each contained one of the
fulvic acid and biochar applications. The sub-plot area was
21 m? (1/200 feddan) which contained 5 rows, each 6 m
long and 0.7m width. Each experiment included 12
treatments which were 3 levels of NPK fertilizers, 4
applications of fulvic acid and biochar treatments including
control treatment as follows:

a- NPK-levels:

1- 100% from recommended dose (120 kg N + 80 kg P/fed
+ 96 kg K).

2- 75% from recommended dose.

3- 50% from recommended dose.

b- Fulvic acid and biochar applications:

1- Control treatment. (untreated).

2- Fulvic acid (10 kg/fed).

3- Biochar (5 m®/fed).

4- Fulvic acid (10 kg/fed) + Biochar (5 m3/fed).

The treatments of N, P and K were received in the
form of ammonium sulfate (206 % N), triple
superphosphate (37 % P205) and potassium sulphate (48-
52 % K20), respectively. 30% of mentioned doses (nitrogen
and potassium and all P205) were applied during preparing
the soil before planting and 70% of NK were applied in three
equal doses after 30, 45 and 60 days from planting.

Fulvic acid and biochar were added as soil
application in the center of rows and covered by soil pre-
planting. The other cultural practices for potato
commercial production were used according to the
instruction laid down by the Ministry of Agriculture,
Egypt. The harvesting was done 110 days after planting in
both seasons.

Data recorded
1.Growth parameters:

At 70 days after planting, in both seasons of study,
a random sample of five plants was taken from every plot
for measuring the growth characters of potato plants
expressed as follows: Plant length (cm), number of
leaves/plant, leaf area/plant , fresh and dry weight
shoots/plant (gm).

2. Chemical constituents and its uptake:

At 70 days after planting in both seasons, the dry
matter of foliage were finely ground and wet digested for
N, P and K determination. Total Nitrogen, phosphorus and
potassium were determined according to the methods
described by Bremner and Mulvaney (1982), Olsen and
Sommers (1982) and Jackson (1970), respectively. N,P and
K uptake were calculated .

Yield and its components:

At harvest (110 days after planting) tubers from
each plot were calculated, weighed, counted and the
following data were recorded: average tuber weight (gm),
tuber yield per plant (gm), total yield (ton/fed.) and relative
yield (%).

Tuber Quality:

Percentage of total soluble solids (TSS%) was
determined by a hand refractometer, Starch% of tuber were
determined according to A.O.A.C. (2000), dry matter %
determined as one hundred grams of the grated mixture were
dried at 105 °C till constant weight and DM% was recorded,
ascorbic acid (mg/100g f.w.) was determined in juice using
2, 6 dicholorophenol indophenol dye according to A.O.A.C
(2000) and nitrate content determined according to the
methods described by Cafado et al. (1975).

Statistical Analysis:

Recorded data were subjected to the statistical
analysis of variance according to Snedecor and Cochran
(1980), and means were compared using LSD at 5 % level.

RESULTS AND DISCUSSION

1- Plant growth parameters:
1-Effect of NPK-levels:

The data presented in Table (1) show that NPK-
levels had a significant effect on vegetative growth in the
two summer seasons, except number of leaves/plant in the
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first season. Stem length, number of leaves/plant and leaf
area/plant significantly increased with increasing NPK
levels up to 100% of the recommended rate (RR) with no
significant differences with 75 % NPK level concerning

stem length in the first season, number of leaves/plant in
the second season and foliage dry weight/plant in both
seasons.

Table 1. Effect of NPK levels, biochar and fulvic acid applications and their interactions on plant growth at 90
days after planting of potato plants during 2018 and 2019 summer planting seasons.

Stem Number of Leaf area Foliage dry weight
'Clzp:a';?gteenrtss length(cm) leaves/plant (m?) (gm)
S1 S2 S1 S2 S1 S2 S1 S2
NPK levels
100% NPK 66.41 72.33 2391 27.16 0.328 0.346 31.08 30.67
75% NPK 65.50 70.33 24.58 25.83 0.323 0.344 3041 30.17
50% NPK 63.16 67.83 23.33 2291 0.306 0.309 21.83 25.08
LSD at5% 2.34 1.42 NS 1.54 0.006 0.016 1.29 1.68
Fulvic & biochar app.
Control 61.77 64.00 20.22 20.44 0.254 0.270 22.50 22.67
Biochar 66.88 71.44 26.00 26.11 0.341 0.368 33.50 32.17
Fulvic acid 62.44 68.11 22.00 25.33 0.300 0.343 31.67 30.50
Fulvic +Biochar 69.00 77.11 27.55 29.33 0.382 0.398 35.33 36.33
LSD at5% 2.17 2.07 1.06 1.18 0.014 0.012 1.33 1.18
Interactions:
NPK Fulvic & biochar
Control 63.33 66.66 20.33 22.33 0.253 0.296 26.33 26.00
100% NPK Biochar 70.00 72.00 26.33 28.66 0.360 0.360 33.33 30.33
Fulvic acid 63.00 69.33 21.33 28.00 0.313 0.336 30.33 30.0
Fulvic + Biochar 69.33 81.33 27.66 29.66 0.386 0.390 34.33 36.33
Control 60.66 63.66 20.00 20.00 0.246 0.243 18.66 19.33
75% NPK Biochar 68.33 71.66 26.66 26.66 0.346 0.376 33.66 34.00
Fulvic acid 62.66 70.00 22.66 25.33 0.306 0.35 33.00 31.00
Fulvic + Biochar 70.33 76.00 29.00 31.33 0.393 0.406 36.33 36.33
Control 61.33 61.66 20.33 19.00 0.263 0.23 15.00 16.33
50% NPK Biochar 62.33 70.66 25.00 23.00 0.316 0.316 21.33 25.66
Fulvic acid 61.66 65.00 22.00 22.66 0.280 0.313 21.66 27.66
Fulvic + Biochar 67.33 74.00 26.00 27.00 0.366 0.376 29.33 30.66
L.S.D. at5% 3.76 3.59 1.83 2.04 0.024 0.022 2.31 2.05

The increase in plant growth might be attributed to
the favorable effects of nitrogen on stimulating the
meristematic activity for producing more tissues and organ,
since nitrogen plays an important role in protein and
nucleic acids synthesis as well as protoplasm formation
(Marschner, 1995), Also, the great role of phosphorus
element which is extremely important as a structural part of
many organic compounds in plants, in addition, it has an
important role in energy metabolism as the high energy
released from hydrolysis of pyrophosphate and various
organic phosphate bonds is used to induce chemical
reactions of plant growth (Gardener et al., 1985).
Moreover, Potassium component is very essential in plant
enzyme activity general metabolism, it has been discovered
to serve a crucial function in photosynthesis by directly
growing growth and leaf region. Potassium also has a
positive impact on water use (Gardener et al., 1995). These
results are harmony with those reported with Singh and
Raghar (2000) and Barascu et al. (2015).

2- Effect of fulvic acid and biochar applications:

Application of fulvic acid, biochar singly or in
combination had a significant effect on all plant growth
parameters compared with untreated plants in both seasons
(Table 1). The highest values of stem length, number of
leaves/plant, leaf area/plant and foliage dry weight were
recorded at application of fulvic acid + biochar, followed
by treated with biochar alone in both seasons. The
increases in total dry weight were about (57.0 and 60.3%)
for the fulvic acid + biochar treatment and (48.9 and 41.9)
for biochar treatment over untreated plants in the 1st and
2nd seasons, respectively.

These results may be related to the positive effect of
fulvic acid on plant length and leaf area, explained its least
molecular weight and it has necessary and capacity to
readily bond minerals and elements into its molecular
structure causing them resolve and be mobilized fulvic
complexes. Fulvic acid usually loads carries 70 or more
mineral and effect elements as bit of its molecular
complexes (Aiken and McKnight 1985). However, biochar
induced stimulation of plant growth and this can be
ascribed to a change in microbial communities to positive
plant growth supporting rhizobacteria or fungi as a
consequence of either the biochar's chemical or physical
characteristics (Eladet al., 2011). Also, biochar enhanced
the dry weight of plants and this can be ascribed to the
immediate impacts of the nutrients provided by biochar
(Silber et al., 2010).

These results are agree with Graber et al., (2010) on
tomato, Carter et al., (2013) on lettuce and cabbage and
Nair (2015) on potato. They found that treated plants with
biochar increased plant growth than untreated ones. Also,
similar results reported by Abou El Hassan and Husein
(2016) on tomato and El-Hassanin et al. (2016) on sugar
beat for fulvic acid.

3- Effect of interaction between NPK-levels and
applications of fulvic acid and biochar:

The data in Table (1) show the effect of the
interaction between NPK-levels and applications of fulvic
acid and biochar on growth of potato plants. It is clear from
data, the combined treatments are more superior effect than
single ones, this is true for both seasons. Plants received
75% from NPK recommended rate with Fulvic acid +
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biochar gave the maximum number of leaves/plant, leaf
area and foliage dry weight for both seasons and the
highest stem length in the first season only compared with
the other treatments.

2- Chemical constituents and its uptake:

1- Effect of NPK-levels:

The current data in Table (2) show that fertilizing
potato plants with different NPK levels had a significant
effect on N,P and K contents in foliage and its uptake in
both seasons. The maximum values of N, P and K contents
and N,P and K uptake were obtained with the plants
received 100% NPK level followed by 75% NPK level
with no significant differences between these treatments on
N and K contents and uptake in both seasons. While, the P
content and uptake were increased significantly with
increasing NPK level. These results coincided with those
found by Elsharkawy (2013).

2- Effect of fulvic acid and biochar applications:

It is clear from the data in Table (2) that application
offulvic acid or biochar exerted a marked significant effect
on N, P and K contents and its uptake than untreated
plants in both seasons. However,application the mixture of

fulvic acid + biochar recorded the maximum N, P and K
contents and its uptake, followed by biochar treatment in
both seasons. These results may be related to the fulvic
acid is key ingredients of high quality foliar spray
fertilizers. As its can help the penetration to the plant parts,
stimulate the uptake of elements from plant surfaces into
plant tissues (Chen et al., 2004). Also may be related to
the beneficial impacts of biochar on plant chemical
constituents that biochar can lead to modifications in soil's
physical and chemical properties resulting in an rise in soil
nutrient accessibility and enhanced plant root colonization
and then enhanced nutrient content and plant uptake
(Yamato et al., 2006).

The present findings are in agreement with those of
Yildirim and Unay (2011) who indicated that foliar
application of fulvic acid enhances the nutritional status of
tomato plants. Also, Ameri and Tehranifar (2012)
investigated that spraying of humic acid on strawberry
plants enhanced N, P and K uptake. Besides, these results
are in accordance with those reported by Youseef et al.,
(2017) at treated with biochar.

Table 2. Effect of NPK levels,biochar and fulvic acid applications and their interactions on N,P and K contents in
plant voliage and its uptake at 90 days after planting during 2018 and 2019 summer planting seasons

Mineral contents%o

Characters Mineral uptake (mg)
Treatments N P K N P
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
NPK levels
100% NPK 358 350 0369 0358 344 354 1114.81 1076.31 115.02 110.14 1075.36 1096.36
75% NPK 347 343 0317 0345 342 342 1070.10 1056.84 98.83 106.71 1068.49 1057.23
50% NPK 283 273 0.257 0306 3.27 327 62343 69024 57.37 7874 736.04 846.26
LSD at5% 024 016 0.013 0.009 0.08 0.13 52.7 38.9 229 327 6544 4711
Fulvic&biochar app.
Control 329 3.09 0307 0310 295 294 74661 708.69 70.62 7127 67242 0670.39
Biochar 364 365 0346 0351 369 369 121750 1173.06 115.84 112.81 1234.38 1186.34
Fulvic acid 342 341 0338 0365 319 3.36 1080.23 1040.35 106.69 111.22 1009.40 1024.50
Fulvic +Biochar 375 370 0.381 0.381 3.88 393 132548 1344.21 13456 138.42 1371.50 1425.95
LSD at5% 021 014 011 0.008 0.07 0.12 28.5 3402 200 285 5718 41.17
Interactions:
NPK Fulvic&biochar
Control 346 334 035 0343 318 3.09 911.02 86840 92.16 089.18 837.29 0803.40
100%  Biochar 366 361 0376 0356 3.63 3.72 1219.88 1094.91 125.32 107.97 1209.88 1128.28
NPK Fulvic acid 35 335 0363 0356 3.12 342 106155 1005.00 110.10 106.80 946.30 1026.00
Fulvic +Biochar 369 368 0.38 0.376 3.81 393 1266.78 1336.94 13251 136.60 1307.97 1427.77
Control 312 284 0263 0276 272 278 58219 54897 49.08 053.35 507.55 0537.37
75% Biochar 361 368 0316 0346 3.74 366 1215.13 1251.20 106.37 117.64 1258.88 1244.40
NPK Fulvic acid 333 347 0313 0373 325 33 1098.90 1075.70 103.29 115.63 107250 1023.00
Fulvic +Biochar 381 372 0376 0386 395 392 1384.17 1351.48 136.60 140.23 1435.04 1424.14
Control 268 251 0.243 0.256 254 241 402.00 409.88 36.45 041.80 381.00 0393.55
50% Biochar 282 286 021 0283 365 365 60151 733.88 4479 07262 77855 0936.59
NPK Fulvic acid 275 261 027 0326 3.08 335 59565 721.93 5848 090.17 667.13 0926.61
Fulvic +Biochar 305 292 0306 036 381 3.68 89457 89527 89.75 110.38 1117.47 1128.29
L.S.D. at5% 037 025 0.019 0014 012 020 4950 5892 346 495 99.03 0071.30

3-Effect of interaction between NPK-levels and fulvic
acid and biochar applications:

It is evident from data presented in Table (2) that
the interaction between NPK-levels and fulvic acid and
biochar applications had a significant effect on N, P and K
contents and its uptake in both seasons. The interaction
between fertilizing potato plants with NPK at 75 % RR and
treated with fulvic acid + biochar gave the highest values
of N,P and K contents in foliage and its uptake in both
seasons, without significant differences with 100 % NPK
with the same treatment (fulvic acid + biochar) concerning
Nand P contents in both seasons, K contentand N, P and
K uptake in the second season.

3- Yield and its Components:
1- Effect of NPK-levels:

Data presented in Table (3) show that, average
tuber weight, yield/plant and total yield/fed significantly
affected by NPK-levels in both seasons. Average tuber
weight, yield/plant and total yield/fed were increased with
increasing NPK level up to 100% RR in both
seasons.These increases in total yield and its components
may be due to the increases in plant growth characteristics,
i.e, plant stem length, number of leaves, leaf area and
foliage dry weight (Table 1) which increase photosynthesis
rate and this in turn increased the total yield and its
components. The obtained results are in harmony with
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those reported by (Kumar et al., 2001; Nizamuddin, et al.
2003;Eleiwa, 2012 and Shubha et al., 2018).
2- Effect of fulvic acid and biochar applications:

It was evident from the data in Table (3) that treated
potato plants with fulvic acid and biochar singly or in the
mixture had a significant effects on total yield and its
components compared with untreated plants in both seasons.
Application of fulvic acid + biochar treatment recorded the
maximum increment of average tuber weight, yield/plant
and total yield, followed biochar treatment in both seasons.

Table 3. Effect of NPK levels, biochar and fulvic acid
applications and their interactions on yield
and its components of potato plants during
summer plantation of 2018 and 2019 summer
planting seasons.

Average tuber Yield/plant Total yield
Characters weight (q) (9) ( ton/fed.)
S1 S2 S1 S2 S1 S2
NPK levels
100% NPK 116.19 110.92 470.99 447.81 13.003 13.617
75% NPK 11358 110.97 463.05 445.36 12.758 13.352
50% NPK 87.03 90.77 349.90 362.08 10.281 9.89%4
LSD at5% 294 19 981 654 0289 0.327
Fulvic&biochar app.
Control 89.02 88.37 371.19 354.82 11.030 11.821
Biochar 109.75 106.37 435.99 424.82 13.107 13.770
Fulvic acid 102.78 104.82 418.79 423.93 12976 13520
Fulvic +Biochar ~ 120.84 117.31 485.94 470.08 14.410 14.827
LSD at5% 257 171 857 571 0200 0.171
Interactions:
NPK Fulvic&biochar
100% Control  107.76 97.97 435.02 395.89 11.252 12.365
NPK Biochar 116.21 111.15 468.84 440.61 12.971 13.342
Fulvicacid 111.03 109.56 459.11 456.25 13.398 13.817
Fuhic+Biocher 129.75 125 520.98 498.49 14.389 14.942
759 Control 8219 86.69 376.74 362.74 10.808 11.277
NPP% Biochar 12344 11587 472.75 457.47 13.242 14.198
Fulvicacid 114.23 113.75 464.91 45098 12.553 13.222
FuhMic+Bioder 134.45 12756 537.79 51025 1443 14.712
Control 771 80.46 301.82 305.84 9.086 8.687
50% Biochar 89.6 921 366.39 376.39 10.327 10.142
NPK  Fulvicacid 83.09 9114 33235 36456 1039 9472
FuMic+Bioder 98.32 99.38 399.05 40151 11.32 11.273

L.S.D. at5% 445 297 1485 9.90 0.346 0.297

The relative increases in total yield due to treated
potato plants with the fulvic acid + biochar treatment
were about (30.6 and 25.4%) followed by (18.8 and
16.5%) at plants treated by biochar and (17.6 and 14.4
%) at treated by fulvic acid over untreated plants in the
first and second seasons, respectively.

The increase in total yield might be due to the
favorable effect of fulvic acid+ biochar on vegetative
growth (Table 1). In this respect, Fulvic acid is particularly
preferred in that it allows surrounding stress to decrease,
helps absorb other minerals and positively contributes to
yield and its components (Bethke et al., 1987).
Furthermore,Lehmann et al. (2006) found that Biochar
addition may enhance the productivity of plants directly
due to their nutrient content and release features or
indirectly due to enhanced nutrient retention. Beside, Nair
et al. (2014) stated that increases in potato crop yields cv.
Atlantic was ascribed to improved water holding capacity,
enhanced cation exchange capacity, enhanced nutrient
retention, and biochar's ability to decrease bulk density.

These results are in harmony with those reported by
Suh et al. (2014 b), Nair (2015) on potato, Vaccariet al.
(2015) on tomato, Abou El Hassan and Husein (2016) on

tomato and El-Hassanin et al. (2016) on sugar beet, Silva

et al. (2017) on common bean and Youseef et al. (2017)

on potato.

3- Effect of interaction between NPK-levels and fulvic
acid and biochar applications:

It is clear from the data in Table (3) that the
interaction between NPK-levels withfulvic acid and
biochar applications had a significant effect on total yield
and its components. It is notable that plants fertilized with
75% from NPK recommended rate in the presence of
fulvic acid + biochar achieved abundant yield which was
superior that produced by using 100% NPK recommended
rate alone. These results may be due to beneficial effect of
both NPK and this application of fulvic acid + biochar on
plant growth. This interaction increased total yield/fed
were about 28.2 and 19.0 % in the first and the second
season, respectively.
4-Tuber quality:

1- Effect of NPK-levels:

Data in Table (4) show that all tuber quality
parameters were significantly affected by different NPK-
levels, except TSS in both seasons and ascorbic acid in the
first season. Tuber quality parameters were increased with
increasing NPK level up to 100% from recommended
rate,there were no significant differences showed at used
100% or 75% NPK level on the studies parameters in both
seasons. These results agreed with Cucci and Lacolla
(2007), Boskovicet al. (2018) and Adhikari (2009).

2- Effect of fulvic acid and biocharapplications:

Application of fulvic acid, biochar as a single or in
the mixture had a significant effect on all traits of tuber
quality compared with untreated ones (Table 4).

Application of fulvic acid + biochar as a mixture
treatment increased DM%, TSS%, ascorbic acid and
starch contents, in the same time this treatment was
decreased nitrate contents in tuber in both seasons. On the
other hand, biochar treatment came in the second rank in
this concerning in both seasons also. The decrease in
nitrate content in tuber were about 35.29 and 32.39 %
for application of fulvic acid + biochar, also, it decreased
by 19.79 and 28.40 % with application of biochar in the
first and the second seasons, respectively.

These results are in harmony with those of Yildirim
and Unay (2011) and Abou EI- Hassan and Husein (2016)
they found that foliar application of fulvic acid enhance
fruit quality of tomato on tomato.

3- Effect of interaction between NPK-levels and fulvic
acid and biochar applications:

Data in Table (4) show that the interaction between
NPK-levels and fulvic acid and biochar applications had a
significant effect on all tuber quality, except TSS in both
seasons. DM %, ascorbic acid content and Starch content
% in tuber significantly increased with the interaction
between 75 % NPK level with fulvic acid + biochar
treatment. On the other hand, this interaction treatment
wasrecord the lowest nitrate content compared with 100%
NPK alone in both seasons.

The decrease in nitrate content in tuber was about
44.02 and 44.85 % for the interaction between 75 % NPK
level with application of fulvic acid + biochar treatment
less than fertilized by 100% NPK level alone in the first
and the second seasons, respectively.
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Table 4. Effect of NPK levels, biochar and fulvic acid applications and their interactions on tuber quality after

harvesting time of potato plants during 2018 and 2019 summer planting seasons.
DM

Characters TSS% Ascorbic acid Starch contents  Nitrate contents
Treatments (%) (brix) mg/100g FW (%) (mg/kgF.W.)
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
NPK levels
100% NPK 13.64 13.67 5.20 5.16 21.08 21.42 21.08 21.16 34358 317.92
75% NPK 1345 1353 5.25 541 21.00 21.25 20.92 20.76  259.17 281.17
50% NPK 13.16  13.37 5.12 5.25 20.25 20.91 19.50 20.08 24933 252.83
LSD at5% 0.17 0.12 NS NS 0.45 0.32 NS 0.49 3.52 171
Fulvic&biochar app.
Control 1215 12.35 4.88 5.00 18.66  18.83 18.50 18.67 340.78 354.33
Biochar 1388 13.80 5.33 5.33 21.83 22.33 21.67 21.67 27333 253.67
Fulvic acid 13.01 1354 511 511 21.00 21.00 21.17 2066 301.33 288.33
Fulvic +Biochar 1514 1471 5.44 5.66 22.67 23.17 22.67 2286 220.67 239.56
LSD at5% 0.40 0.44 0.42 0.38 0.50 0.72 0.80 0.49 4.02 3.90
Interactions:
NPK Fulvic&biochar
Control 1235 12.86 4.83 5.00 18.66 19.66 19.00 19.00 377.33 360.67
100% Biochar 1395 13.78 533 533 2233 2200 21.33 2133 341.67 289.33
NPK Fulvic acid 1333 1354 5.33 5.00 21.00 21.00 21.00 20.66  355.33 320.00
Fulvic + Biochar 1493 1450 5.33 5.33 2233  23.00 23.00 23.66  300.00 301.67
Control 1194 11.83 5.00 5.00 18.66  18.00 18.0 18.33 32433 329.33
5% Biochar 1381 13.82 5.33 5.33 21.33 22.66 22.00 2200 244.00 232.00
NPK Fulvic acid 1269 1354 5.00 533 21.00 21.00 21.33 2066  276.00 274.67
Fulvic + Biochar 1534 1491 5.66 6.00 23.00 23.33 22.33 2206 19233 175.33
Control 1156 11.70 4.83 5.00 19.00 19.66 17.33 18.66 320.67 373.00
50% Biochar 1368 13.62 5.33 5.33 20.66  21.00 20.33 21.00 23433 239.67
NPK Fulvic acid 1286 1345 5.00 5.00 19.66  20.66 18.66 1933 27267 270.33
Fulvic + Biochar 1455 14.69 5.33 5.66 21.66 22.33 21.66 21.33 169.67 241.67
L.S.D. at5% 0.64 0.77 NS NS 0.87 1.25 1.40 0.85 6.96 6.75
REFERENCES Carter, S., S. Shackley, S. Sohi, T. BounSuy and S. Haefele
2013). The im f biochar lication on soil
A.O.AC. (2000).Association of Official Analytical E)rgpgl)'ties an Eich:t Ogr:vx?t(r:\ %f arr))g)t Z]?f)f/)vn Olettlsjc():e
: i . A
Chemists, 17" ED. Of A.O.AC. international . -
. . . (Lactuca sativa) and Cabbage (Brassica
published by A.O.A.C. international Maryland, chinensis).Agron. 3, 404 - 418
U.S.A., 1250 pp. Agron. 3, ;

Abou El Hassan, S. and M. E. Husein (2016). Response of
tomato plants to foliar application of humic, fulvic
acid and chelated calcium. Egypt. J. Soil Sci. 56 (3):
401-141.

Adhikari R. C. (2009).Effect of NPK on vegetative growth
and vyield of Desiree and KufriSindhuri Potato.Nepal
Agric. Res. J. Vol. 9: 67- 75.

Aiken, G. R and D. M. McKnight (1985). Humic Substances

in Soil, Sediment, and Water. Geochemistry,
Isolation, and Characterization.New York, John
Wiley & Sons.

Ameri, A. and A. Tehranifar (2012). Effect of humic acid
on nutrient uptake and physiological characteristic
Fragariaananassa var. Camarosa. J. Biol. Environ.
Sci., 6: 77-79.

Barascu, N. , M. Ianosi, M. M. Duda and V. Donescu
(2015). The effect of high NPK levels on potato yield
size structure and tubers starch content. Scientific
Papers. Series A. Agronomy, Vol. LVIII.

Bethke, AJ., M. P. Parrella; J. T. Trumble and N.C.Toscano
(1987). Effect of tomato cultivar and fertilizer regime on
the survival of Liriomyzatrifolii (Diptera:Agromyzidae).
J. Econ. Entomol. 80, 200-203.

Boskovi¢-R.L., Z. Dini¢, G. Dugali¢, M. Dugali¢, J.
Mladenovi¢ and M. Puri¢(2018).Effect of different
rates and methods of application of NPK-fertilizers
on the quality of potato tubers. Acta Agriculturae
Serbica,. XXI1, (45) : 101-110.1

Bremner, J. M. and C. S. Mulvaney (1982). Total
nitrogen In: Page, A. L., R. H. Miller, and D. R.
Keeney (Eds). Methods of Soil Analysis.Part 2,
Amer.Soc. Agron. Madison, W. I. USA.pp. 595-
624.

Chen, Y., M. De Nobili and T. Avid (2004). Stimulatory
effects of humic substances on plant growth. In: F.
MAGDOFF, R. R. WEIL (Eds.): Soil Organic Matter
in Sustainable Agriculture, 103-129 CRC Press, New
York, USA.

Cucci G. and G. Lacolla (2007). Effects of different fertilizing
formulae on potato. ltalian J. Agron. 3: 275-279.

Dou, L., M. Komatsuzaki, and M. Nakagawa (2012). Effects
of biochar, Mokusakueki and Bokashi application on
soil nutrients, yields and qualities of sweet potato. Int.
Res. J. Agric. Sci. & Soil Sci., 2 (8):318-327.

Elad, Y., E. Cytryn, Y.M. Harel, B. Lew and E.R. Graber
(2011). The biochar Effect: plant resistance to biotic
stresses. PhytopatholMediterr, 50, 335 - 349.

Eleiwa M.E., S.A. Ibrahim and M.F. Mohamed (2012).
Combined effect of NPK levels and foliar nutritional
compounds on growth and yield parameters of potato
plants (SolanumtuberosumL.). Afric. J. Microb. Res.,
6(24): 5100-5109.

El-Hassanin, A.S., M.R. Samak , M. N. Shafika , A.M. Khalifa
and I. M. Ibrahim (2016). Effect of foliar application
with humic acid substances under nitrogen fertilization
levels on quality and yields of sugar beet plant. Int. J.
Curr. Microbiol. App. Sci (2016) 5(11): 668-680.

El-Metwally, H. M. B. and F. Y. O. Mansour (2019). Influence
of addition methods of fulvic acid and foliar spray with
potassium sources on productivity and quality of potato
crop. Fayoum J. Agric. Res. & Dev., Vol. 33, No. 1n
January, 2019 : 130-147.

El-Sawy, B. I., E. A. Radawan and N.A. Hassan (2000).
Growth and yield of potato as affected by soil and
foliar potassium application. J. Agric. Sci. Mansoura
Univ., 25(9): 5843-5850.

150



J. of Plant Production, Mansoura Univ., Vol. 11 (2), February, 2020

Elsharkawy G. A. (2013). Effect of organic, nitrogen and
potassium fertilization treatments on growth, yield
and chemical contents of two cultivars of potato
(Solanumtuberosum). Alex. Sci. Exchange J., 34 (4):
369-381.

Gardener, F. D., R. B. Pearce and R.L.Mitchell.(1985).
Physiology of Crop Plants.The lowa State Univ.
Press.Amer.327 pp.

Graber, E. R, Y. M. Harel, M. Kolton, E. Cytryn, A.Silber,
D.R. David, L. Tsechansky, M. Borenshtein, and Y.
Elad (2010).Biochar impact on development and
productivity of pepper and tomato grown in fertigated
soilless media.Plant Soil, 337, 481- 496.

Jackson, M. L. (1970). Soil Chemical Analysis.Prentic
Hall, Englewood Ceiffs, N. J.

Kumar, D., C. S. Praharaj, R.C. Sharma and S.M.P. Khurna
(2001). Response of potato varieties to fertility levels
in indo-gangetic plains of Bihar. J. Indian Potato
Assoc., 28: 56-57.

Lehmann, J., Gaunt, J. and Rondon, M. (2006). Biochar
sequestration in terrestrial ecosystems - a review. Mitig.
& Adapt. Strateg.for Glob. Change, 11 (2), 403 - 427 .

Mansour F. Y.O. and H.M.B. El- Metwaly (2019). Influence of
addition methods of fulvic acid and foliar spray with
potassium sources on productivity and quality of potato
crop. Fayoum J. Agric. Res. & Dev., 33 (1):130- 147.

Marschner, H. (1995). Mineral Nutrition of Higher Plants.
2" (ed.), Academic Press Limeted , Text Book.

Nair, A. (2015). Application of biochar in potato production
and its effects on soil properties, crop yield and
quality.Amer. Soc. Hort. Sci. ASH, Ann. Conf., New
Orliens, USA. (https://ashs. confex.com/ashs/2015.

Nair, A., Kruse, R. A,, Tillman, J.L. and Lawson, V. (2014).
Biochar application in potato production.lowa State
Res. Farm progress Rep. 2027.

Nizamuddin, M. M., Mahmood,Kh, Farooq and S. Riaz (2003).
Response of Potato Crop to Various Levels of
NPK.Asian Journal of PlantSciences 2 (2): 149-151.

Olsen, S. R., and L. E. Sommers (1982). Phosphorus.
In: Page. A. L., R. H. Miller, and D. R.Keeney
(Eds). Methods of Soil Analysis. Part 2 Amer.
Soc. Agron.Madison, W. I. USA. pp. 403-430.

Shubha A. S., V. Srinivasa, A. Shanwaz, R.B. Anusha and
M.B. Sharavathi (2018). Effect of integrated nutrient
management on growth and yield attributes in potato
(Solanumtuberosum L.).Inter. J. Current Micro. Appl.
Sci., 7 (9): 830-836.

Silber A., Levkovitch, I. and Graber E. R. (2010). pH-
Dependent mineral release and surface properties of
corn straw biochar:  Agronomic implications.
Enviro.Sci. Tech., 44(24): 9318 - 9323.

Silva, I. C,, L. A. Fernandes and C. R. Sampaiol (2017).
Growth and production of common bean fertilized
with biochar. Ciéncia Rural, 47(11):1-8.

Singh, N. P. and M. Raghar (2000). Response of potato to
nitrogen and Potassium fertilization under U.P. Tarai
conditions. J. Indian Potato Assoc., 27: 47-48.

Snedecor, G. W. and W. G. Cochran (1980). Statistical
Methods.7" ed. lowa State Univ., Press, Ames.,
lowa, U.S.A.

Suh, H. Y., K. S. Yoo and S. G. Suh (2014 a). Effect of foliar
application of fulvic acid on plant growth and fruit
quality of tomato (Lycopersiconesculentum L.).
Horticulture, Environment, and Biotechnology,
Springer journal 55 (6): 455-461.

Suh, H.Y.; K. S. Yoo and S. G. Suh (2014 b). Tuber growth
and quality of potato (Solanumtuberosum L.) as
affected by foliar or soil application of fulvic and
humic acids. Hort. Environ. Biotech. 55(3):183-189.

Vaccari, F. P, A. Maienza , F. Miglietta , S. Baronti, S. D.
Lonardo, L. Giagnoni , A. Lagomarsino , A. Pozzi ,
E. Pusceddu , R. Ranieri, G. Valboa and L. Genesio
(2015). Biochar stimulates plant growth but not fruit
yield of processing tomato in a fertile soil. Agric.,
Ecosystems and Environ. 207: 163-170.

Yamato, M., Y. Okimori, I., Wibowo, S. Anshiori, and M.
Ogawa (2006). Effects of the application of charred
bark of Acacia mangiumon the yield of maize,
cowpea and peanut, and soil chemical properties in
South Sumatra, Indonesia. Soil Sci. and PlantNutr. J.,
52, 489 - 495,

Yildirim, E. M. and A. Unay (2011). Effects of different
fertilizations on Liriomyzatrifolii in tomato. Afr. J.
Agric. Res., 6(17): 4104-4107.

Youseef, M. E. A, I. A, S. Al-Easily and D. A. S. Nawar
(2017). Impact of biochar addition on productivity
and tubers quality of some potato cultivars under
sandy soil conditions. Egypt. J. Hort. 44(2): 199 -
217.

Cra Adlide Gl glaca cal U gl g Ll gdl) (lany Alaleall (udaladd) il Baga g Joanal) ¢ galll Adladiul

sl el
il s AL Bakas
a4 30 Sl 38 e Osld) &gy e

il Al @iy At Aadlae o jldcue EE R LAl padide jia YO D 5 YONA Cina cewge DA il el oyl

Ll @l paea ¢ 95 ) 4l i (any s (asmlisll s ) stu il o s 5Bl e 4 (pasall o

%°+ 5 Y%Vo ‘%\N)ngbgﬂl M\uﬂhﬁ;ﬁ&b}.&m

:\A.AJL)ALM L;:\.'UJ” APEY) J}..A;.AS\ s}eﬂ\‘;‘: (Q\Aé/rec JM J\.&)&.ﬁ\+u\&/(aas A\ ddauusﬂe&b&“umj Q‘Aé/“(:‘b déw )LJ:}.\AM su\éﬁ/raas \ JM
2 i) Joba 3 agsinandy ) Y o asmalisll s 5 stusill s cm sl e 4y aasall (e %) v (st die Galalladl il pand @ul_mjimc
dwsﬂ\.\)ﬂ\u))h}uéc\ M\Jewbﬂ\J))M)d\}wa})uﬂwwﬂ\g)m eclatll (5 el Caladl o 55l ecilaill/ 4 ) ol aaliall su\.dl/d\)ﬂl
dwmﬁu\s&_}‘)ﬂ‘LJALS).\M(}Q‘}‘L.M”UAJJAJ)}SMY\UAAwM)J‘d}JM}MN|M‘.\‘}A”‘L\uu‘;b.ﬂ.l)nh_\.\lsw Ol J seana g i)
ud\m(JLu).uS\ dﬂ}ﬂ\uau)b).\ﬂummﬁ\.1\}41\uau@baymhu\umﬂ\)\S@eyuh}ﬂ\})}s‘u}ﬂ\}w;})uﬂ e MG.A}AS\ %Ye
ub)mmua.\dr_hﬂ\ u.a}m;;}umj.m}aﬂ\}dﬂ)ﬂ\um@hab@m\ J.A\ ;u\S; cd}).ug\&W@M)&M})M\M)‘ad\ul&a“ekuéub)l
d}\.«.\ﬂ\.\Amu“(:\.\a.mh@\_u“Jmﬂ\;u\S}‘\J)md}uﬂ\M\&Aéu)mm})JAﬂuM\e}:Méc\)ﬂb)ﬁ\u&sh)ﬂ\u_\hmﬂha\ed}uﬁ\M\
uaua)ﬂ\gwjuj)éd\g)mﬂ\ﬂ\u&m@@ad\.ud‘:hﬂ\|deuaswwu)uﬂ|jdﬂ}ﬂ\uauﬁha\caﬂw}d| 0Ve Jama dic
J@JM\ adb)‘;\dd\d&@\\éb Mﬁubmwm}ﬁhﬁa‘jd)mlbdb)\ud\hs6).4\.\:&5&uaLmM\J&M\AS}e}Jub}J\J)}Ln)ﬂ\JuAJ‘).\J\
Cay )l a3 433y i (pandy el J gemne 330 31 Alelaall o34 ool da gil) (S g, gl e 5 O30 ansall 3 O6YT,A 5 %YALY Y

M\)J\ 1Y k_iJJH 1@_'1..:&}\

151



