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ABSTRACT

Two field experiments were carried out during the fall seasons of 2014 and 2015 to investigate the main effect of
humic acid (0 and 1000 ppm), chitosan (0 and 250 ppm) and NK (0, 25, 50, 75, and 100%) of the recommended rate for
the commercial production of potato as well as their various interactions on some vegetative growth characters, tubers
yield and its components. The obtained results indicated that increasing the applied level of NK up to 100% constantly
increased most of vegetative growth characters (foliage fresh weight, leaf area, plant height, number of main stems and
leaf chlorophyll content) and tubers yield and its components (total tuber yield plant” and fed” and tubers yield of large,
medium and small sized plant™). The highest two NK levels (75 and 100 %) didn’t, significantly, differ in their effects on
most of vegetative traits. Application of humic acid or chitosan produced, significantly, increased growth parameters as
well as tubers yield and its components. The most favorable combination treatments that produced the highest mean
values of growth and tubers yield as well as yield components were 75 or 100 % NK + humic acid or chitosan, humic acid
+ chitosan and 75 or 100% NK+ humic acid + chitosan . Therefore, fertilizing potato plants with 75 or 100 % of the
recommended dose of NK combined with foliar spray of humic acid and chitosan could be recommended to gain the best

results.
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INTRODUCTION

The potato (Solanum tuberosum, L.) is a starchy
tuberous crop related to family solanaceae. It is
considered the most important vegetable crops in
the world. In Egypt, the potato crop ranks the fourth
in economic importance after wheat, maize and rice.
It is, also, the first alternative for grain crops and is
used for human consumption and animal feed and as
a source of starch, carbohydrates, alcohol and
protein. In term of nutrition, potato is known for its
higher carbohydrate content, a good source of
potassium which is important for a healthy blood
pressure and contribute a significant amount of
vitamin C which is a powerful antioxidant and
important for immune health as well. Egypt, among
the top potato exporters globally and ranked the first
in Africa. Nutrition either by mineral and/or organic
fertilizers is considered the most important
agricultural practice which affects the duration of
growing period, plant foliage, tubers formation and
quality. The necessity of nitrogen (N) and potassium
(K) for growth has been demonstrated by several
investigators. Nitrogen supply was desirable for
vegetative growth, dry matter accumulation and
nutrients uptake by potato plants. Potassium is a
mobile element in plant tissue and plays an
important role in  photosynthesis  through
carbohydrate metabolism, osmotic regulation,
nitrogen uptake and translocation of assimilates. It,
also, has a role in physiological processes in plant
respiration, transpiration, translocation of sugars and

carbohydrates and enzyme transformation. Nitrogen
and potassium as macronutrients are commonly
applied to the soil. Adequate NK percentage leads to
maximum tubers yield and quality of potato. In
addition, it possible to demonstrate characteristic
differences between effect of N- fertilization and
varied N- concentrations on tuber yield and
composition. Humic acid is known to be among the
most bio-chemically active materials found in the
soil. It’s an affective agent to be used as a
complement to synthetic or organic fertilizers. In
many instances, regular humic acid presence will
reduce the need of fertilization due to the soil’s and
plant’s ability to make better use of it. In some
occurrences, fertilization can be eliminated entirely
if sufficient organic materials are present which lead
to a self-sustaining soil as a result of microbial
processes and humus production. In general,
increasing certain levels of humic acid have a
number of potential benefits for plants; the most
important ones are increasing water and nutrients
holding capacity, enhancing solubility of
phosphorus and increasing potato tubers yield and
quality (Selim et al., 2009). Addition of humic
substances with NPK fertilizers resulted in a lesser
leaching of N and K to a deeper soil layer and
higher available P leading to enhancement of tubers
yield, quality and nutritional status of potato organs.
On the other hand, Ahmed (2012) found that applied
humic substances to the soil can increase irrigation
and nutrition efficiency and plays a considerable
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role in increasing plant resistance against common
potato  diseases. Chitosan belongs to the
carbohydrate family which contains ungratified
chains formula. Chitosan is originally formulated
from the glucose circle and contains a group of free
amino on carbon atom number 2 (called glucose
amino) which is similar to cellulous. It is obtained
by alkaline deacetylation of chitin extracted from
exoskeleton of crustaceans such as shrimps and
crabs, as well as, from the cell walls of some fungi
(Badawy et al., 2011). Researches indicated that
chitosan can be used to enhance plants’ growth and
fruit yield and has been used in several applications
in the agricultural field (Sheikha et al., 2011).
Chitosan, also, enhances the plant defense and is
used for controlling potato diseases and improving
yield and quality (Halina, 2008, a, b).

Therefore, the scope of the present study is to
identify the main and interaction effects of foliar
application of humic acid and chitosan under different
of NK levels on morphological traits and tubers yield
and its components.

MATERIALS AND METHODS

Two field experiments were carried out during
the fall seasons of 2014 and 2015 at El-Rowysat, El-
Hamam district, Matrouh Governorate, Egypt.
These experiments aimed to investigate the effect of
different treatments of humic acid and chitosan
under various levels of nitrogen and potassium on
vegetative growth and tubers yield and its
components of potato cv. Agila.

Preceding the initiation of each experiment, soil
samples at 25 cm depth were collected and analyzed
for some physical and chemical properties of the
experimental site according to the published
procedures described by Black (1965). The results
of these analyses are listed in Table 1.

Five levels of mineral NK fertilizer of the
recommended rate for commercial production of
potato (0, 25, 50, 75 and 100%) were used. The
recommended of N and K,O for potato production
were 150 and 75 Kg fed”, orderly. The respective
N and K sources were ammonium nitrate (33.5 %
N) and potassium sulfate (50% K,0). The nitrogen
fertilizer was applied at three equal portions starting
from 5" weeks after planting and at two weeks
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interval. Potassium fertilizer was side banded at two
equal applications at the beginning of tuber
formation and again at two weeks later.

Humic acid at two concentrations (0 and 1000
ppm) was used which were applied at four times;
the first one was done as a soil application after two
weeks of planting and the three reminder
applications were foliar sprayed starting after six
weeks from planting at two weeks interval. Pure
chitosan at two concentrations (0 and 250 ppm) was
used which were foliar applied at four times starting
from seven weeks after planting then at two weeks
interval. Each experiment included twenty
combination treatments in total.

The experimental layout was a split-split plots
based on Randomized Complete Blocks design with
three replications. The five levels of NK fertilization
were randomly arranged in the main plots and two
humic acid concentrations were randomly occupied in
the sub-plots while, the two chitosan concentrations
were randomly allocated in the sub-sub plots. Each
sub-sub plot consisted of three rows, 4.0 m length and
0.70 m width having an area 8.4 m”. Seed tubers were
sown on August 15" in 2014 and 2015 season at in-
row spacing of 30 cm. A guard row was left between
each two adjusted sub—sub plots to protect against side
effect. All experimental units received identical levels
of phosphorus (75kg P205 Fed') and farmyard
manure (20 m’ fed') during the preparation of
experimental site. The first row was saved for
vegetative growth characters while, the 2™ and 3™
rows were allocated for tubers yield and its
components. The harvested plot area was 5.6 m*. All
agricultural practices such as irrigation, cultivation,
diseases and pests control were carried out whenever it
was necessary according to the commercial production
of potato.

Data Recorded
Vegetative growth characters

Five random plants from each plot were taken
after 70 days of planting and the following data
were recorded; plant height (cm), number of leaves
and main stems, foliage fresh weight (gm), Leaf
area (cm?) and leaf chlorophyll content plant”
(mg/100g FW)

Table 1: Soil’s physical and chemical properties of the experimental site through the two growing

seasons of 2014 and 2015.

(ppm) Meq/L Particle size distribution (%)
2014
N P K HCo® S04? CI' Cos? Na Mg Ca EcdSm' PH OM
Clay Silt Sand Texture (%)
300 180 250 11.8 25 30 0 20 7 32 5 7 82 sandy 2.66 7.8 1.2
2015
280 175 261 12 22 285 0 193 64 335 7 9 80 sandy 2.5 7.6 1

*These analyses were carried out at the Central Laboratory, Faculty of Agriculture, Alexandria University.
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Tubers yield and its components

At harvest time, the following measurements
was recorded; total tubers yield; all harvested tubers
from each sub-sub plot were weighed and converted
into tones fed', average tubers yield plant”;
calculated as average tubers weight of ten random
plants from each experimental unite and tubers size
(grading) plant”; all harvested tubers plant’ was
sorted into three sizes; large tubers (>60 mm in
dimeter), medium tubers (46-60 mm in dimeter) and
small tubers (<46 mm in diameter). Each size was
weighted.
Statistical analysis

Appropriate analysis of variance, on obtained
data, according to the statistical design was
performed. New Least Significant Difference (Al-
Rawi and Kalf- Allah, 1980) was utilized to verify
difference between treatment means.

RESULTS AND DISCUSSION
Vegetative growth characters

The results shown in Tables 2-6 illustrated the
main and different order interactions of NK fertilizer,
humic acid and chitosan on the studied vegetative
growth characters of potato plants, in the two growing
seasons.

The results in Table 2 indicated, generally, that
increasing applied NK level, up to 100 % of the
recommended rate, progressively and significantly,
increased canopy fresh weight, leaf area and leaf
chlorophyll content plant’. The highest two NK
levels (75 and 100 %) didn’t, significantly, differ in
their effect on foliage fresh weight plant”.
Meanwhile, number of main stems and plant height
didn’t, significantly, respond to NK levels, in the
two seasons. The highest number of leaves plant”
was recorded on plants fertilized with NK at 100%
level in the 2™ season. The results revealed, also,
that treated-humic acid plants, significantly,
increased mean values of all studied vegetative
growth parameters as compared with untreated-
humic acid plants (control). Moreover, foliar spray
with chitosan, significantly, increased number of
leaves, canopy fresh weight, leaves area and leaf
chlorophyll content plant’ meanwhile, number of
stems and stature plant’ didn’t, significantly,
respond to chitosan treatments.

Table 3 and 4 showed the influence of 1* order
interactions between any two studied factors on
vegetative growth features, in the fall seasons of
2014 and 2015. Regarding the interaction effects
between NK levels and humic acid concentrations,
the results showed that, increasing the levels of
applied NK to treated-humic acid plants,
significantly, increased the studied growth
characters, but with different magnitudes. The
greatest mean values of all studied characters were,
generally, recorded from plants fertilized with 75 or
100 % NK levels combined with foliar application
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of humic acid at 1000 ppm. Concerning the
interaction effects between NK levels and chitosan
concentrations, the best treatment combination that
produced the highest, significant, mean values in
plant height, foliage fresh weight, leaf area, number
of leaves and main stems and leaf chlorophyll
content plant” appeared to be those involved NK
fertilization rate of 75 or 100 % of the
recommended dose together with the foliar
application of chitosan at 250 ppm. Regarding the
interaction between humic acid and chitosan
concentrations, results revealed, generally, that the
potato treated plants with humic acid and chitosan at
1000 and 250 ppm, orderly produced the highest
mean values of all studied vegetative growth
characters. However, foliar application of chitosan
at 0 and 250 ppm together with humic at 1000 ppm
didn’t, significantly, differ in their effects on
number of main stems and leaves plant”, during
2015 season .

The results concerning the effect of the 2™
order interaction among the three studied factors on
vegetative growth characters were shown in Tables
5—6. Comparisons among the means of various
combination treatments, generally, illustrated the
presence of some, true, interaction effects, in both
seasons. The results, generally, indicated that
increasing the levels of applied NK fertilizer
combined with foliar application of humic acid and
chitosan, significantly and progressively, increased
canopy fresh weight, leaves area and chlorophyll
content plant” compared to those of untreated with
humic acid and chitosan treatments. The results,
also, showed that the highest mean values of
number of leaves and main stems as well as plant
stature were recorded from the plants fertilized with
NK at 75 or 100 % of the recommended rate
combined with humic acid and chitosan foliar
spraying.

The stimulation effect of applying N on
vegetative growth characters of potato plants may
be attributed to the well-known functions of N in
plant life. Being a part of protein is an important
constituent of protoplasm, as well as enzymes, the
biological catalytic agents, which speed life
possesses, have N as the major constituents.
Moreover, N involves in many organic compounds
of plant system. A sufficient supply of various
nitrogenous compounds is therefore, required in
each plant cell for its proper functioning (Mengel
and Kirkby, 1987, Anabousi, et al 1997; and
Ahmad, et al 2009). Also, nitrogen fertilizer
increased the leaf area which increases the amount
of solar radiation intercepted and consequently,
increases dry matter production of different plant
parts (Krishnappa et al., 1989). These results are in
close agreement with the findings of (Pervez ef al.,
2013, and Bourke, 1985).
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Table 2; Main effect of nitrogen and potassium fertilization, humic acid and chitosan on vegetative growth characters of potato plants during the fall seasons of
2014 and 2015

Treatments 2014 2015
NK(%) Humic Chitosan No.main No.leaves foliage  Plant  leafarea  Leaf  No.main No.leaves foliage  Plant  Leafarea  Leaf
Acid stems  Plant’  fresh  height  plant’ chlorophyl stems  Plant’  fresh  height  plant-1 chlorophyll
Plant’ weight ~ (m)  (m)  content  Plant’ weight — (cm)  (em)  content
(gm) (mg/100g (gm) (mg/100g
W) W)
Control 3. 4182 8544 6432 6958e  Mle 18a 23b 0 77d 572 S830e  2687¢

Sa
25 Jda 4022 1204¢  oLla  LN73d 3734 32a 9b  1048¢  ST3a 94800d  29.094
50 184 4522 1566b  674a  169L1c  38dc 29a 320 1392b S58a  1435dc¢ 3047¢
5
1

7 i5a T4a 2230 670a  22086b 412b 284 M3t 18962 3652 1882.3b  32.75b

100 414 8.3 21934 6924 233904 4204 334 47q 19374  6lba 195810 32884
HO ilb 3620 1261b  305b 116310 363 25D 283b 1392b  530b  939b  288b
Hl 424 S1.8a 19552 T2la  20816a 409a 36a $20a 184a  6l7a  17M490a 323a

Cho ida 388b 12000 6132 11631b  363b 29a 326b  1208b  47a  1250b 2960
Chi 40a 9922 15722 T3a  2816a 409a 32a W7a 16072 92 146292 34da

*NK (%) = porcentage of the recommended doscs of NK fertilizers. Hy= control - Hy=1000 ppm homic acid - Chy= control  Chy=250ppm chitosan
*values followed by the seme letter(s), within comparable group of means, do not sizmificantly differ, using revised L. S.I.test at 0.0 level.
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Table 3: First order interaction effect between NK fertilization, humic acid and chitosan on vegetative
growth characters of potato plants during the fall seasons of 2014 and 2015

Treatments 2014 2015

NK (%) Humic Chito-san No. main No. leaves foliage No. main No. leaves foliage

Acid stems Plant™ fresh stems plant™ fresh
Plant™ weight Plant™ weight
(gm) (gm)
Control HO 30b 35.7b 73.9h 2.5¢c-e 29 e-f 683 f
H1 4.0 ab 47.9 ab 96.9 gh 3.2bc 36 c-d 85.0 ef
25 HO 30b 3440 101.3fg  2.7c-e 29 e-g 89.7 d-f
H1 3.8ab 459ab 1394 de 3.7 ab 42 ab 119.8 cd
50 HO 32b 353b 126.1 ef 2.3 de 27 fg 117.2 c-e
H1 4.4 ab 55.1a 187.1b 3.5ab 39 b-d 161.2b
75 HO 30b 3940 161.4 cd 20e€ 25¢g 137.3 be
H1 4.0 ab 553a 283.2a 3.7 ab 44a 241.8 a
100 HO 3.4 ab 36.5b 168.0bc  3.0b-d 33d-f 154.7b
H1 48a 545a 270.7 a 42a 49 a 2327 a
Control ChoO 3.2bc 38.1cd 83.5¢ 2.7 ab 30 a-c 69.7f
Chl 3.8a-c 45.5 a-c 872e 3.0ab 34 a-c 83.7f
25 ChO 32bc 35.1d 105.9d 3.2ab 35a-c 93.7 ef
Chl 3.6 a-c 45.3 be 1348 c 3.2ab 36 a-c 115.8 de
50 Cho 3.6a-c 39.6 cd 141.1¢ 25D 28 ¢ 126.2 cd
Chl 4.0 ab 50.8 ab 172.1b 3.3 ab 38 a-c 152.2 be
75 Cho 30c 40.4 cd 179.8 b 2.7 ab 30 a-c 152.5 be
Chl 4.0 ab 543 a 264.9a 3.0ab 39 a-c 226.7 a
100 Cho 3.8a-c 41.0cd 185.8b 3.5ab 40 ab 162.2b
Chl 4.4a 50.0 ab 2529a 37a 41 a 2252a
HO ChO 29c 32.8¢ 122.6 ¢ 24D 27.1¢c 1074 ¢
Chl 33 bc 39.7b 129.7 ¢ 26D 295¢ 119.5¢
H1 Cho 3.8b 4490 1559b 34a 38.1a 1343 b
Chl 4.7 a 58.7a 235.0a 39a 459 a 2019 a

*NK (%) = percentage of the recommended doses of NK fertilizers. HO= control H1=1000 ppm humic acid
ChO= control Chl= 250 ppm chitosan

*values followed by the same letter(s), within comparable group of means, do not significantly differ, using revised
L.S.D.test at 0.05 level.
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Table 4: First order interaction effect between NK fertilization, humic acid and chitosan on vegetative
growth characters of potato plants during the fall seasons of 2014 and 2015

Treatments 2014 2015

NK (%) Humic Chitosan No. main No. leaves foliage No. No. leaves  foliage
Acid stems Plant™ fresh main plant’ fresh
Plant weight stems weight

(gm) Plant” (gm)

Control HO 59.4 ab 5347¢g 31.8 ¢ 53.5ab  4250e 252¢
Hl 69.3 ab 856.8 ¢ 36.3 ef 57.8ab  692.0d 28.5d

25 HO 539b 699.5 f 359f 55.2ab  584.5de 28.4d
Hl 68.3 ab 1535.1¢ 38.7cd 59.3ab 1311.5¢ 31.0b
50 HO 61.2ab 14203 d 37.1e 53.0ab 1194.0c 29.5 cd
Hl 73.5ab  19619b 39.7b 58.5ab 1676.8Db 31.5b
75 HO 59.5ab  15395¢c¢ 38.3d 482b 1272.8c¢ 30.3 be
Hl 74.5a 2997.8 a 44.1 a 64.8ab 2491.8a 352 a
100 HO 63.7ab  1621.6¢ 38.2d 552ab 13432c¢ 30.3 be
Hl 74.7 a 3056.5a 45.7 a 68.0a 2573.0a 355a

Control ChO 60.2 ¢ 61421 333h 53.0a 498.7 1 26.5
Chl 683a-c 7772h 34.8 583 a 6183 h 27.2

25 ChO 58.8¢c 900.8 g 359 558 a 7822 ¢ 28.7e
Chl 63.5 bc 13338 38.8d 58.7a 1113.8f 30.7 ¢

50 ChO 66.3a-c 15682¢ 373 ¢ 522a 13053e 29.7d
Chl 68.5ab  1813.9d 39.6 ¢ 59.3a 1565.5d 31.2 be

75 ChO 59.7¢ 21523 ¢ 39.6 ¢ 525a 1770.5¢ 31.5bc
Chl 743ab  23849a 427 a 60.5 a 1994.2a 340a

100 ChoO 61.6c 2265.8b 41.0b 60.2a 18933b 319b
Chl 76.7 a 24123 a 43.0a 63.0a 20228a 33.8a

HO ChoO 55.2¢ 1054.9d 35.3d 509 ¢ 871.1d 28.0d

Chl 3690 12713 ¢ 373 ¢ 55.1bc  1056.7 ¢ 294 ¢

H1 ChoO 67.5b 1945.7b 39.5b 58.6b  16289Db 313b

Chl 76.6 a 2217.6 a 423 a 64.8a 1869.2a 334a

*NK (%) = percentage of the recommended doses of NK fertilizers. HO= control H1=1000 ppm humic acid
ChO= control Chl= 250 ppm chitosan

*values followed by the same letter(s), within comparable group of means, do not significantly differ, using revised L.S.D.
test at 0.05 level.

Table 5: Second order interaction effect among NK levels, humic acid and chitosan on vegetative
characters of potato plants during the fall seasons of 2014 and 2015.

Treatments 2014 2015
NK (%) Humic Chitosan No. main No. foliage No. main No. foliage
acid stems leaves Fresh stems leaves Fresh
Plant’  Plant’  Weight Plant™ Plant™ Weight
(gm) (gm)
Control HO ChoO 2.8d 29 hi 72.31 2.3 de 26.3 ef 61.3h
Chl 32cd 42 c-h 75.4 hi 2.7 cde 30.7 def 753 h
H1 ChoO 3.6 b-d 47 b-f 94.7gh 3.0 bed 343 c-f 78.0 h
Chl 4.4 a-c 49 b-d 99.0 g 33 ad 37.7 bed 92.0 fgh
25 HO ChO 2.8 d 30 hi 101.7fg 2.7 cde 29.7 def 92.0 fgh
Chl 32cd 39 c-i 100.9¢ 2.7 cde 28.7 def 87.3 gh
Hl ChoO 3.6b-d 41 c-i 110.2 e-g 3.7 abc 40.0 abed 95.3 fgh
Chl 4.0 a-d 51bc 168.6d 3.7 abc 43.7 abc 144.3 de
50 HO ChoO 3.6 b-d 34 f-i 1233 ef 2.3de 243 f 114.3 efg
Chl 2.8 36 e-i 128.8 ¢ 2.3 de 28.7 def 119.7 efg
HI ChoO 3.6 b-d 45 c-g 1589 d 2.7 cde 31.7 c-f 137.7 de
Chl 52a 66 a 2154 ¢ 43a 47.0 ab 184.7b
75 HO ChoO 2.8d 38 d-i 152.7d 1.7¢e 22.7f 1253 ef
Chl 32cd 41 c-i 170.1d 2.3 de 27.0 ef 149.3 cde
Hl ChoO 32cd 43 c-g 206.9 ¢ 3.7abc 37.0 b-e 179.7 be
Chl 4.8 ab 68 a 359.6a 3.7 abc 50.7 a 304.0a
100 HO ChoO 2.8d 33 g-i 162.8d 3.0 bed 32.7 c-f 143.7 de
Chl 4.0 a-d 40 c-i 173.2d 3.0 bed 323 c-f 165.7 bed
Hl ChoO 4.8 ab 49 b-d 208.8 ¢ 4.0 ab 47.7 ab 180.7 be
Chl 4.8 ab 60 ab 332.5b 43a 503 a 284.7 a

*NK (%) = percentage of the recommended doses of NK fertilizers. HO= control HI1=1000 ppm humic acid Ch0=
control Chl= 250 ppm chitosan

*values followed by the same letter(s), within comparable group of means, do not significantly differ, using revised
L.S.D.test at 0.05 level.
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Table 6: Second order interaction effect among NK levels, humic acid and chitosan on vegetative
characters of potato plants during the fall seasons of 2014 and 2015

Treatments 2014 2015
NK (%) Humic Chitosan Plant Leaf area Leaf Plant Leaf area Leaf
acid height (ecm?) chlorophyll height (cm®  chlorophyll
(cm) content (cm) content
(mg/100g FW) (mg/100g
FW)
Control HO ChoO 53.8 cd 5244 m 31.4m 513cd 404.7n 248 ]
Chl 64.9a-d 545.0 m 32.3m 557a-d 4453n 25.6]
H1 Cho0 66.8 a-c 704.1kl 35.2k 54.7bcd  592.7 Im 28.1 hi
Chl 71.7 ab 1009.5j 374] 61.0abc 7913k 28.9 gh
25 HO ChoO 482d  593.41Im 34.11 56.3a-d 505.7 mn 27.01
Chl 59.7b-d 805.6 k 37.8j 54.0bcd 663.31 29.7 fg
H1 ChO 69.4 a-c 1208.2 i 37.7 ij 553 a-d 1058.7] 304 ef
Chl 67.2 a-c 1861.9d 39.8 ¢ 63.3abc 1564.3d 31.7cd
50 HO Cho0 65.3a-d 1264.6 1 349kl 50.7cd  1063.7 28.1 hi
Chl 57.1b-d 15759 fg 39.2 e-g 553a-d 13243gh  30.8 def
Hl ChO 67.2 a-c 1871.9d 39.5ef 53.7bcd 1547.0 de 31.3de
Chl 79.9a 20519 fg 39.9 ef 63.3abc 1806.7 ¢ 31.6 cd
75 HO ChO 52.6 cd 1396.7h 37.7 ij 443d 11433 30.1 f
Chl 66.5 a-c 1682.3ef  38.8 f-h 52.0cd 14023 fg 304 ef
H1 Cho0 66.8a-c  29079b 41.5d 60.7 abc  2397.7b 32.7be
Chl 82.1a 3087.7a 46.7b 69.0a 2586.0a 37.6a
100 HO ChoO 56.0b-c  1495.4 gh 38.1ef 51.7c¢d 12383 hi 30.1f
Chl 713 ab  1747.7 de 38.3 g-i 58.7abc  1448.0 ef 304 ef
Hl ChoO 67.2 a-c 3036.1a 438 ¢ 68.7a 25483 a 33.7b
Chl 82.1a 30769a 47.6 a 673ab  2597.7a 372 a

*NK (%) = percentage of the recommended doses of NK fertilizers. HO= control

control Chl= 250 ppm chitosan

H1=1000 ppm humic acid ChO=

*values followed by the same letter(s), within comparable group of means, do not significantly differ, using revised

L.S.D.test at 0.05 level.

Ghasemi et al. (2012) reported that the highest leaf
area, plant height, shoot dry weight, and number of
leaves were found with the application of 200 kg/ha
of nitrogen fertilizer application treatments.
Potassium promotes photosynthesis and transport
assimilates of the carbohydrates to the storage
organs. These results are in agreement with those of
by Marschner (1986) and Sarrwy et al., (2010) who
recorded that application of potassium, improved
the chlorophyll. These results are in agreement with
previous investigation illistrated by Zhang et al,
(2002); Lin and Danfeng (2003). They found that
increasing in vegetative growth, net photosynthetic
rate; potassium content and chlorophyll content
were associated with enhancement of potassium
levels.

The present results of vegetative growth are in
accordance to Abdel Fatah et al, (2008), who
observed that application of humic acid improved
growth parameters. The favorable effect of humic
acid may be related to its action on increasing
hormonal growth responses (Poapst et al., 1971;
Vaughan, 1974).

The significant effect of chitosan on plant
growth may be attributed to an increase in the
enzyme activities of nitrogen metabolism (nitrate
reductase, glutamine synthetase and protease) and

increased photosynthesis which improve the plant
growth (Gornik et al., 2008; Mondal et al., 2012).
also, chitosan induce to synthesize plant hormones
such as gibberellins. Furthermore, it enhances
growth by some signaling pathways related to auxin
biosynthesis via a tryptophan in dependent pathway
(Uthairatanakij et al., 2007; El-Bassiony et al.,
2014). Also, may be due to an increase in the
availability and uptake of water and essential
nutrients through adjusting cell osmotic pressure by
increasing antioxidants and enzyme activities (Guan
et al., 2009).

Tubers yield and its components

Data arranged in Tables 7 - 9 illustrated the
main and different order interactions of the three
studied factors on tubers yield and its components,
in the two growing seasons.

Results in Table 7 show the main effects of the
three studied factors. Increasing NK % up to 100 %
of the recommended dose led to, progressive and
significant, increases in tubers yield plant” or fed™
and weight of large and medium sized tubers plant™.
The highest two NK % didn’t, significantly, differ in
their effect on tubers yield fed”, in the 1% season
and tubers yield of both medium and small tubers
size.
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Table 8: First order interaction effect between NK fertilization, humic acid and chitosan on tubers yicld and its components of potato plants during the fall scasons
of 2014 and 2015

Treatments 2014 2015
NK Humic  Chitosan Total Yicld Tuber sizes EE:._ Total Yield Tuber sizes EE:._

N acid (gm) . Large Medium Small R - Large Medium Small

% phan' VT ) gm)  my PR DR ) gmy) )
Control Hy 4035 ¢ 93g 2915e 3921 7291 3735 3.3h 20241 29 68.1b
H 53921 9.41g 388.5cde 511¢f 972 de S1LIE 92h 3398 ef 5241g 1189a
25 Bsh) 51221 10.5 ef 304.9 de 00.8 ef 80.5 ef 466.8 £ 9.51fg 340.8 ef 50.0¢g 7040
] 6978 ¢ 115e 487.0b-e 82.6de 128.2 ab 6153¢ 103g 421.5 de 753e 1135a
50 1l 6769 ¢ 13.3d 482.3b¢ 82.7d 107.5cd 5812e 12.0 ef 423.9de 62.1f 92.5 ab
15 9254 ¢ 146¢ 660.6abc  111.6be 1332a 8403 ¢ 14.1d 624.7 abe 90.7d 119.1a
7 1l 798.1d 142¢d 595.3bed 914cd 111.4 bed 697.5d 12.8¢ 5225¢d 754e 99.6 ab
1L 1031.4b 195a 7353 ab 1839a 1131 ad 92890 172ab 656.1 ab 1335a 102.2 ab
100 Hy 887.7¢ 16.6b 641.9 abe 12400 121.7abc 7829¢ 148D 565.0 be 1129¢ 105.0 ab
o] 10982 a 18.7a 8054 a 1728a 120.0 abe 996.5a 18.6a 7304a 166.6a 99.9 ab
Control Chy 4265 g 9.2¢ 30221 42.1h 7951 3808 ¢ 84g 26561 4051 74.7¢
Chy Slo4f 9.5¢ 3777¢  482¢gh 90.5¢ 50384 9.11g 3366¢ 54.9of 112.3a
25 Chy 583.0¢ 10.5 de 4175¢ 652 fg 100.5d 519.6d 9.51fg 3703¢ 58.1ef 86.2 be
) Chy 626.9¢ l16¢ 434.7 de 78.1 cf 114.1 be 56254 10.31 302.1¢ 67.9de 97.6 abe
50 Chy 7175d 13.7¢ 490.9d 88.3de 1182 be 642.5¢ 122¢ 465.94d 724 de 99.7ab
Chy 884.9¢ 142¢ 6520bc 1059 cd 122.6 ab 779.1b 13.9¢d 582.8be 80.4cd 111.9a
75 Chy 851.3¢ 145¢ 6260c¢  1142hbc 113.1 be 761.9b 13.0de 5419¢ 8¢ 102.9ab
Chy 9782 ab 1924 704.5ab 161.7a 1114 ¢ 864.5a 16.9h 636.7 ab 114.1a 98.8 ab
100 Chy 9638 b 16.7b 701.8 ab 131.7b 1303 a 874.7a 14.8¢c 637.8 ab 126.6 b 109.3 ab
Chy 1022.1a 18.6a 7455a 1652 a 1M4e 9048a 18.6a 6376a 152.9a 95.7 abe
H, Chy 016.8d 125¢ 443.3d 06.8d 1016¢c 348.9d 11.0¢ 5%.0d 6l.1d 88.3¢c
Chy 6946 ¢ 13.1be 5020 ¢ 924c 984 ¢ 6l1.7¢ 119b 5129¢ T65¢ 85.9bc
H Chy 799.9b 13.4b 566.9b 109.7b 1150b 7227b 12.1b 446.2b 958b 100.8b
Chy 9168 a 16.1a 663.7a 1310a 1216a 834.1a 15.6a 39964 1115a 1206 a

*NK (%) = percentage of the recommended doses of NK fertilizers.  HO=control ~ HI=1000 ppm humic acid Cht= control Ch1= 250 ppm chitosan.

*values followed by the same letter(s), within comparable group of means, do not significantly differ, using revised L.S.D. test at 0.05 level,
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Table 9: Sccond order interaction cffeet among NK fertilization, humic acid and chitosan on tubers yicld and its components of potato plants during fall scasons

2014 and 2015
Treatments 2014 2015
NK Humic Chito- Total Yield Tuber sizes plant” Total Yield Tuber sizes plant™
) acid San (gm) (ton) Large  Medium  Small (zm) (tun) Large Medium Small
Plant” fed! (gm.) (gm.) (gm.) Plant” fed (gm.) (gm.) (gm.)
I Chy 34651 9.31 2513] 241 6281 3100k 8.0h 21961 338 366¢
Cottrol Ch, 460,31 941 3316 460l 829gh 4369 8.5h 3052 hi 5214 79.6 d¢
H Chy 506.1 K 9.21 3530 S17gh 962fg 4515y 8.7h 311.6h 4714 92.8 cf
: Ch N2k 971 4A2370lh  S0dgh 9811  ST06Lh 97gh 368.0 [sh 376y 14304
i Chy 48541 10.31 35750 494¢hi 785h 45184 9.4 ¢h 3349 ¢h 4917 6791g
- ’ 539K 107 3724gm 7210sh  Y44[p 4817y 9.6 gh 346.7 gh 32.14 729 elg
I 68060 1060 4770def  8llef  1225bc 5873y 9.7 gh 405.6 efg 670 104.7b-¢
Ch, 7300 124gh 4970def  84lef  1338ab 11.0fe 4374 ef 83.6e-h 122.3 ahe
Il Chy 630314 129fg  4490efy  684fgh 112.8cde  547.1ef 11.8ef 3952 fgh 571 hij 94.8 c-f
S0% Ch, 72360 1370y 5155de 96.9del  1023el  61530[g  122del  452.7del 67114 90.1 1
1L Chy 8047fg  144def  5328d  1082de 1235bc  7378de  126def  5366bed  87.7efg 104.7 b-¢
Ch, 1046.1b  147def  7885ab  1150cd  1429a  9428ab  153hc 7128a 93.7 ef 133.6ab
1L Chy 7379gh  13.00g 5453d  7d6fg  1179cd  6555ef  123def  4859cde  61.6ghi 108.0 b-d
7504 Ch 8584def  148def  0452¢  1082de 1049def 7394de  133de 559.1be 89.2 ef 91.1 cf
i, Chy 9648¢d  155cde  706.7bc  1339b  1082def 8682bc  13.8de 597.9b 127.9 bed 978 ¢f
Ch 10980ab 2332 7638ab 21402 1179¢d  989.5a 20.6 a 7143a 139.0 be 106.5b-d
I, Chy 8838¢cf  162cd  6384c  1094dc  1359ab  780Scd  136ed 362.5be 103.8 de 114 2 abc
100% Ch 8915de 109D 6453¢  1387bc  107.5def 7854cd 1590 567.5be 1221 ed 938 ¢f
H, Chy 10437 17.2¢ 7652b  1339b  1247bc 9689ab 159b 71304 1494 b 104.3 b-e
Ch 11526 20.1a 84562  1916a 1154cde 1024.1a 22a 7477 a 183.8a 95.6 cf

*NK (%) = percentage of the recommended doses of NK fertilizers. HO= control
*values followed by the same letter(s), within comparable group of means, do not significantly differ, using revised L.S.D. test at 0.05 level.

HI1=1000 ppm humic acid

Cho= control

Chl= 250 ppm chitosan.
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On the other hand, tubers yield of small sized plant™
didn’t, significantly, respond to different NK rates, in
the 2™ season. Humic acid application, significantly,
produced higher tubers yield plant” or fed”" and three
categories of tubers size than the untreated plants.
Moreover, foliar application of chitosan, truly,
increased tubers yield plant” or fed" and the heaviest
weigh of medium sized tubers compared to control.
The same trend was noticed concerning the yield of
small size category in the first season. Meanwhile, the
yield of large tubers didn’t respond to chitosan
treatments in the two seasons.

Table 8 reflects the effects of 1* order interactions
between any two studied factors on tubers yield and
its components, in both seasons. Increasing NK
applied rate up to 100% of the recommended dose
combined with humic acid at 1000 ppm, significantly
and constantly, increased tubers yield plant' as
compared to plants without treating of humic acid at
any NK rate. Again, increasing NK applied level from
50 to 100% together with humic acid at 1000 ppm,
truly, increased tubers yield fed' as compared to
untreated plants of humic acid. Application of NK at
100% of the recommended dose together with humic
acid at 1000 ppm recorded the highest, intrinsic, mean
value of large and medium sized tubers plant” whilst,
the application of NK at 50% combined humic acid at
1000 ppm gained the highest small sized tubers plant’
!, The interaction between NK application at 100 %
and foliar spray of chitosan at 250 ppm resulted,
significantly, in the highest mean values of tubers
yield plant” and fed™”, large and medium sized tubers
plant’ meanwhile, the combination treatment of NK
and chitosan at 0 % and 0 ppm, respectively recoded
the lowest mean value of small sized tubers plant™, in
both seasons with few exceptions. The effect of the
interaction between humic acid and chitosan on tubers
yield and its components was intrinsic. The highest
mean magnitudes of tubers yield plant’ and fed”,
categories of large, medium and small sized tubers
plant” were achieved due to the interactive treatment
of humic acid at 1000 ppm + chitosan at 250 ppm.

The impact of 2™ order interaction among the
three variables on tubers yield and its components was
intrinsic, in both seasons (Table 9). Comparisons
among the twenty mean values displayed that the
growing potato plants fertilized with NK at 75 and/or
100% of the recommended NK rate and treated with
humic acid at 1000 ppm and foliar sprayed with
chitosan at 250 ppm recorded the highest, significant,
mean value of tubers yield plant' and fed”, yield of
large and medium sized tubers plant’. Meanwhile,
yield of small tubers plant” attained the highest mean
value with the application of NK at 50% + humic acid
at 1000 ppm + chitosan at 250 ppm, in the 1* season
and NK at 0% + humic acid at 1000 ppm + chitosan at
250 ppm, in the 2™ season.
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The beneficial application effect of NK at
adequate rate on total tubers yield and its components
could be related to the role of N in activating the
vegetative growth parameters (Table 2 - 4). It’s also,
possible that sufficient quantity and perhaps the
efficient absorption of N coupled together leads to
more photosynthesis required for tubers formation. In
addition, such increment in tuber yield may be due to
the essential role of K in synthesis of carbohydrate
necessary for formation and development of the tubers
(Widdoson et al., 1974). Brouk (1985) reported that K
application, positively affected the tubers yield of
sweet potato via increasing the proportion of dry
matter diverted from the foliage to the underground
tuberous roots. The research results are agreement
with many researchers who recorded an increase of
potato tubers yield as a result of increasing the levels
of potassium (K) fertilization. Such increases in tubers
yield of potato was due to either formation of large
size tubers or increasing of the number of tubers plant’
" or both (El-Gamal, 1989). Several investigators came
to similar conclusion (AL-Moshileh and Errebi, 2004;
Misgina et al., 2016; Haddad et al., 2016).

Humic acid application was a good indicator of
plant activation due to increased soil moisture content
and nutrient availability, more number of stolons and
taller length tuber’ (Mahmoud and Hafez, 2010).
Similar results were reported by Erik et al. (2000) and
Samy et al. (2015). The increase in yield parameters
might be due to beneficial effect of humic acid on
plant foliage further than increase in tuber number
/plant and tuber weight which reflect positively on
increase of total yield. Humic acid act as bio stimulant
induced hormonal activity of plant releasing different
auxin types which in regulating plant growth Jensen
(2004).

The enhancement effect of chitosan on yield
potential might be due to chitosan have the simulative
effect on physiological processes and improved the
transportation of nitrogen in the functional leaves
which improved vegetative growth and development
(Chibu and Shibayama, 2003; Gornik et al., 2008).
These results are agreeable with those recorded by
Mondal et al. (2012) on okra, Shehata et al.(2012) on
cucumber, Abu Muriefah (2013) on common bean and
El-Miniawy et al. (2013)on strawberry.
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