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ABSTRACT 

Two field experiments were carried out during 2015 and 2016 summer seasons at private farm in 
Aga, El-Dakahlia governorate, Egypt to study the effect of application methods of some stimulants and 
their interaction on vegetative growth parameters, chemical components in leaves, yield and tuber 
quality of potato (Solanum tuberosum L.) cv. Cara. The experiment was done in split plot with in 
complete block randomized. This study included 12 treatments consist of 3 application methods of 
stimulants (soaking tuber pre planting, spraying plants after emergence and soaking tuber pre planting 
plus spraying plants after emergence) and 3 stimulants i.e., amino acids (AA) at 3 g L-1, 6 benzyl amino 
purine (BAP) at 50 mg L-1 and seaweed extracts (SWE) at 3 ml L-1 in addition control treatment (tap 
water). 

Obtained results showed that application methods significantly affected on vegetative growth, 
chemical components in leaves, yield and quality. Treatments of soaking tubers pre planting plus 
spraying after emergence gave the highest values of vegetative growth parameters, chlorophylls, N, P, 
K contents in leaves, yield and tuber quality, followed by soaking tuber pre planting treatments. 

All stimulants significantly promoted measured parameters compared to control treatment. 
Amino acids at 3g L-1 gave the highest values of most vegetative growth parameters, chemical 
components in leaves, yield and quality.  

Thus, It can be recommended that soaking tuber pre planting plus spraying plants after emergence 
with AA promote vegetative growth parameters, yield and tuber quality of potato.  
 
Keywords: Stimulants, application methods, amino acids, benzyl amino purine, seaweed extracts, 

soaking, spraying, potato. 

Introduction 
 

Potato (Solanum tuberosum L.) is considered one of the most important vegetables belongs to 
family Solanaceae. In Egypt, it taken place eminent in local consumption and exportation. Potato 
contains high levels of carbohydrates and adequate amounts of vitamin B, C and other minerals. Total 
cultivated area in Egypt is 437386 fed. produced 4.96 million ton (Ministry of Egyptian Agriculture, 
2015).  

Adding stimulants for potato as foliar application used widely to increase vegetative growth and 
yield, but in this study used soaking tuber before planting with stimulants to promote growth (Sawan et 
al., 2000), productivity of potato and decrease number of days needed for days to germination and 
consequently harvesting this led to early yield compared with a foliar application (Sillu et al., 2012).  

AA considered organic nitrogenous compounds and the essential foundation in the synthesis of 
proteins. Also, influenced indole acetic acid, gibberellins synthesis, and made transmission of effective 
compounds in the plants more easier, these reflect on physiological activities of lettuce plant growth 
(Kowalczyk and Zielony, 2008) and increase plant resistance against stress and pathogens (Rai, 2002). 
Application with amino acid increased growth, yield and overall quality of potato (Ezzat et al., 2011), 
also enhanced vegetative growth characters of common bean (Zewail, 2014), yield, productivity and 
quality of cucumber (Shehata et al., 2016) and promote growth against stresses (Ahmed et al., 2016) 
on tomato. 
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 BAP as a member of cytokinin group. Cytokinins are important for cell division, stem elongation, 
plant growth development by mobilization of organic and inorganic nutrients not only in roots but also 
in all parts of plant (Francis and Sorrel, 2001 and Sujatha and Reddy, 1998). 

SWE is used for supplementary nutrients because it contains phytohormones (Kurepin et al., 
2014), numerous elements (Zhang and Ervin, 2008), organic matter, vitamins and growth regulators 
(Khan et al., 2009). It increase plant vegetative growth Prajapati et al. (2016) on potato, carbohydrates, 
protein and total sugar on pea (Dawa et al., 2014), pigment concentrations (Thirumaran et al., 2009) 
and tuber yield of potato (Farouk, 2015). 

Thus, the present study aimed to evaluate the effect of application methods with some stimulants 
(amino acids, 6 benzyl amino purine and seaweed extracts) on potato growth, tuber yield, quality and 
their interaction.  

 
Materials and Methods  

  
Split plot with in complete block randomized with three replicates was done in two seasons. This 

study included 12 treatments which were the combinations between 3 application methods of stimulants 
(soaking tuber pre planting, spraying plants after emergence and soaking tuber pre planting plus 
spraying plants after emergence) and 3 stimulants (amino acids, 6 benzyl amino purine and seaweed 
extracts) in addition control treatments (tap water). The application methods were allocated in main 
plots, while sub plots were stimulants application. 

Tubers of potato were divided into pieces every piece approximately 20 g, potato tuber pieces 
were divided into three groups and soaked two groups in aforementioned stimulants for 2 hours then 
have left at room conditions. Tuber pieces were cultivated at 25 cm between each and other on ridges 
at 15 cm depth on 3rd and 5th January during 2015 and 2016 seasons respectively. The plot area was 
10.5 m2 contained three ridges each one was (0.7m width X 5m length). Some physical and chemical 
properties of the experimental soil are presented in Table1 during both seasons. 

 
Table 1: Some physical and chemical properties of experimental soil during 2015 and 2016 seasons: 

Seasons 
Mechanical analysis (%) 

Texture 
class 

OM 
(%) 

T. 
CaCO3 
g kg-1 

SP 
% 

EC 
dS.m-1 

1:5 

pH 
(1:2.5) 

Available (mg kg-1 
soil) 

Coarse 
Sand 

Fine 
Sand 

Silt Clay N P K 

1st 4.35 29.42 37.51 28.72 
Clay 

loamy 
1.49 4.21 59.2 0.95 8.08 54.4 5.2 180.2 

2nd 4.58 30.15 37.59 27.68 
Clay 

loamy 
1.69 4.15 58.4 1.11 8.01 52.5 5.9 174.3 

SP: Saturation percentage     OM:  Organic matter     EC:   Electrical conductivity 

 
Spraying plants was done three times after 45, 60 and 75 days from planting with hand pressure 

sprayer 20 L in volume at 100, 200 and 300 liter/fed. in the 1st, 2nd and 3rd spraying applications, 
respectively. To improve penetration through the plant leaves used spreading agent. 

AA applied at 3g L-1 from commercial compound named protamine contain of mg/100 mg (alanin 
1.89; arginie 4.4; aspartic 2.89; glutamic 7.34; glysine 1.94; histidine 0.56; lucine 2.95; lycine 1.69; 
phenylalanine 1.16; serine 4.35; therionine 3.27; tryptophan 4.52; tyrosine 0.59; valine 2.85 and proline 
3.64) in addition 10.08% organic nitrogen and 3.36% potassium oxide. 

BAP applied at 50 mg L-1 and obtained as pure powder. SWE used at 3 ml L-1 from commercial 
compound named algreen contains of (4% algenic acid; 300 ppm growth regulators; S 12%; N 5%; B 
0.001%, Mg 3% and Mo 0.13%). 

All mineral fertilizers were added at recommended dose of nitrogen fertilizer 150 kg N/fed., 
where it divide into three equal parts the first was added after emergence as ammonim sulphate (20.6 
N%), while 2nd and 3rd parts were added after 2 and 4 weeks, respectively from the first addition as 
ammonium nitrate (33.5 N%). Calcium super phosphate (15.5% P2O5) was added at 75 kg P2O5/fed. 
During soil preparation potassium sulphate (48% K2O) was added at 95 kg K2O/fed. and divided into 
two equal parts after 2 and 4 weeks from emergence. All agricultural practices were conducted 
according to recommendation of Egyptian Ministry of Agriculture. 
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Data recorded: 
     After 85 days from planting, five plants were randomly taken from each plot to determined the 
following measurements:  
 
Vegetative growth parameters: represented as height of plant (cm); No of branches/ plant; No of 
leaves/ plant and fresh weight (g/plant). Fresh foliage was oven dried at 70°C till constant weight, then 
dry weight was recorded (g/plant).  
 
Chemical components in leaves: 

Nitrogen, phosphorus and potassium percentage were determined in dry leaves by the method 
according to AOAC (2012). 
    - Chlorophyll a and b (mg/g Fw): were determined according to according to Goodwine (1965). 
 
Yield and its components: 

At the harvesting stage after 150 days from planting; number of tuber/plant, plant yield (kg) 
and total tuber yield (ton/fed.) were recorded.  
 
Tuber quality: 
- Total Soluble Solids (TSS) %: were determined by using Refract meter according to AOAC (2012).  
- Total sugar %: was estimated by the method reported by Malik and Srivastava (1979).  
- Reducing and non reducing sugar%: were determined as reported by Somogy (1952). 
-Vitamin C (mg/100 g Fw): It was determined by the method reported in AOAC (2012).  
- Starch%: was determined according to Somogy (1952). 
- Protein %: It was calculated by multiplying N in tuber percentage × 6.25. 
 
Statistical analysis: 

Data were analyzed statistically by ANOVA technique according to Gomez and Gomez 
(1984). The treatment means were compared using Duncan Multiple Rang Test (Duncan, 1955) 

 
Results 

  
Vegetative growth parameters: 

 
The data presented in Tables 2 indicate that No. of leaves, No. of branches, plant height, fresh 

and dry weights significantly affected by application methods. The highest values of the plant growth 
parameters obtained from soaking tubers pre planting plus spraying plants after emergence followed by 
soaking tubers pre planting, while there was insignificant on No. of branches effect between soaking 
tubers treatments and soaking tubers plus spraying plants after emergence in both seasons. 

Regarding the effect of stimulants on vegetative growth parameters, data in the same Table show 
that all stimulants increased vegetative growth parameters compared to control treatment. AA at 3 g L-

1 gave the highest values of No. of leaves, No. of branches, fresh and dry weights followed by BAP 
application, while seaweed extract treatment gave the highest plant height in the both seasons. 

The interaction effect between application methods and stimulants either soaking or foliar 
applications data illustrated in the same Table reveal that the combination between soaking tubers plus 
spraying plants and using AA gave the maximum values of No. of leaves, No. of branches, fresh and 
dry weights, followed by soaking tubers plus spraying plants and using BAP, but there were 
insignificant effect between soaking tubers plus spraying plants combined with amino acids and soaking 
tubers combined with AA on No. of branches, while the highest values of plant height obtained from 
soaking tubers plus spraying plants combined with using SWE. The lowest values were obtained from 
control plants as a foliar application without soaking tuber pre sowing.  
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Table 2: Number of leaves, number of branches, plant height, fresh and dry weights of potato as affected by 
application methods of some stimulants during 2015 and 2016 seasons 

   Characters 
 

Treatments 

No. of 
leaves/plant 

No. of 
branches/plant 

Plant height 
(cm) 

Fresh weight 
(g) 

Dry weight 
(g) 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 
A- Application methods: 

Soaking 27.3 b 29.0 b 6.5 a 7.6 a 36.2 b 38.7 b 143.5 b 147.1 b 12.27  b 12.31  b 

Spraying 21.1 c 20.3 c 3.7 b 4.4 b 29.7 c 30.3 c 104.3 c 102.2 c 11.12   c 11.07  c 

Soaking + 
Spraying 

35.8 a 38.3 a 6.9 a 7.8 a 41.5 a 42.3 a 218.0 a 232.0 a 13.22  a 13.25  a 

B- Stimulants: 

Control 24.9 d 26.1 d 3.8 c 4.4 c 31.3 d 32.4 d 138.1 d 141.2 d 11.75  d 11.76  d 

AA  at 3 g L-1 31.6 a 32.5 a 7.2 a 8.4 a 37.3 b 38.6 b 173.4 a 179.9 a 12.52  a 12.53  a 

BAP at 50 mg L-1 29.1 b 30.1 b 6.7 a 7.0 b 35.0 c 36.3 c 159.8 b 165.9 b 12.35  b 12.36  b 

SWE at 3 ml L-1 26.8 c 27.9 c 5.1 b 6.4 b 39.4 a 41.1 a 149.7 c 154.8 c 12.19  c 12.20  c 

A × B – Means values as affected by application methods and stimulants: 

S
oa

k
in

g 

Control 23.3 g 24.7 f 4.3 e 5.3 de 32.3 f 34.3 f 125.7 g 129.0 h 11.82 g 11.86 g 

AA   31.7 d 33.0 d 8.0 a 9.3 a 37.7 d 40.3 d 164.0 e 168.0 e 12.58 e 12.61 e 

BAP  28.3 e 30.0 e 7.7 a 8.0 b 35.0 e 37.7 e 145.3 f 149.3 f 12.37 f 12.40 f 

SWE  26.0 f 28.3 e 6.0 bc 7.7 b 39.7 c 42.3 bc 139.0 f 142.0 g 12.32 f 12.36 f 

S
pr

ay
in

g 

Control 20.0 i 19.7 h 2.0 g 2.0 g 25.0 h 25.7 i 98.3 i 95.7 k 10.54 k 10.48 k 

AA   23.3 g 22.3 g 5.3 cd 6.3 c 31.7 f 32.0 g 113.0 h 109.7 i 11.46 h 11.43 h 

BAP  21.7 h 20.3 h 4.3 e 5.0 ef 29.0 g 29.7 h 106.3 hi 104.3 ij 11.31 i 11.28 i 

SWE  19.3 i 18.7 h 3.0 f 4.3 f 33.0 f 34.0 f 99.3 i 99.3 jk 11.17 j 11.10 j 

S
oa

ki
ng

 +
 

S
pr

ay
in

g 

Control 31.3 d 34.0 d 5.0 de 6.0 cd 36.7 d 37.3 e 190.3 d 199.0 d 12.88 d 12.93 d 

AA   39.7 a 42.3 a 8.3 a 9.7 a 42.7 b 43.3 b 243.3 a 262.0 a 13.52 a 13.54 a 

BAP  37.3 b 40.0 b 8.0 a 8.0 b 41.0 c 41.7 c 227.7 b 244.0 b 13.38 b 13.41 b 

SWE  35.0 c 36.7 c 6.3 b 7.3 b 45.7 a 47.0 a 210.7 c 223.0 c 13.09 c 13.14 c 

Different letters in the same column which indicate significant differences according to the Duncan Multiple Test (P < 0.05) 

AA: amino acids                         BAP: 6 benzyl amino purine                      SWE: Seaweed extracts 

Chemical components in leaves:  
 

Concerning the effect of application methods, data listed in Table 3 proved that application 
methods significantly affected on chlorophyll a, chlorophyll b, N, P and K in leaves of potato plants. 
The maximum values of the chemical leaves were resulted from soaking tubers plus spraying plants 
treatment, followed by soaking tubers pre planting with stimulants, while the lowest values were 
obtained from plants only spraying with stimulants after emergence.  

Data in the same table showed that chlorophyll a, chlorophyll b, N, P and K in leaves significantly 
increased in two seasons as regarding to application with stimulants as compared to control treatment. 
AA at 3 g L-1 gave a superiority of all stimulants in chemical components in leaves, followed by BAP 
application. 

The interaction effect between application methods and stimulants showed that  the combination 
between soaking tubers plus spraying plants and using AA gave the maximum values of chlorophyll a, 
chlorophyll b, N, P and K in leaves in both seasons. 
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Table 3: Chlorophyll a, chlorophyll b, nitrogen, phosphorus and potassium contents of leaves on potato as affected 
by application methods of some stimulants during 2015 and 2016 seasons. 

  Characters 
 

Treatments 

Chlorophyll a 
(mg/g FW) 

Chlorophyll b 
(mg/g FW) 

N 
(%) 

P 
(%) 

K 
(%) 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 
A- Application methods: 

Soaking 0.592 b 0.543 b 0.364 b 0.311 b 2.46 b 2.27 b 0.263 b 0.247 b 2.76 b 2.67 b 

Spraying 0.570 c 0.540 b 0.361 c 0.293 c 2.41 c 2.11 c 0.258 c 0.239 c 2.71 c 2.56 c 

Soaking + 
Spraying 

0.654 a 0.615 a 0.370 a 0.329 a 2.57 a 2.46 a 0.271 a 0.265 a 2.91 a 2.82 a 

B- Stimulants: 

Control 0.570 d 0.536 d 0.337 d 0.276 d 2.07 d 1.89 d 0.221 d 0.207 d 2.29 d 2.16 d 

AA  at 3 g L-1 0.646 a 0.607 a 0.393 a 0.341 a 2.89 a 2.70 a 0.300 a 0.287 a 3.29 a 3.18 a 

BAP at 50 mg L-1 0.613 b 0.573 b 0.374 b 0.323 b 2.61 b 2.40 b 0.281 b 0.267 b 2.94 b 2.85 b 

SWE at 3 ml L-1 0.593 c 0.548 c 0.357 c 0.304 c 2.35 c 2.13 c 0.253 c 0.240 c 2.64 c 2.55 c 

A × B – Means values as affected by application methods and stimulants: 

S
oa

k
in

g 

Control 0.557 fg 0.515 fg 0.339 j 0.280 h 2.07 j 1.87 i 0.220 i 0.200 g 2.29 k 2.15 j 

AA 0.626  cd 0.577 d 0.385 c 0.339 b 2.79 c 2.67 b 0.288 c 0.276 c 3.18 c 3.17 b 

BAP 0.601 de 0.553 e 0.374 e 0.320 d 2.61 d 2.40 d 0.287 c 0.269 c 2.94 e 2.83 e 

SWE 0.582 ef 0.528 f 0.359 g 0.304 e 2.36 g 2.14 fg 0.255 f 0.243 e 2.62 h 2.52 g 

S
pr

ay
in

g 

Control 0.533 g 0.507 g 0.331 k 0.250 i 1.99 k 1.71 j 0.210 j 0.195 g 2.17 l 2.00 k 

AA 0.614 d 0.591 cd 0.393 b 0.326 c 2.90 b 2.54 c 0.301 b 0.285 b 3.29 b 3.07 c 

BAP 0.580 ef 0.548 e 0.368 f 0.307 e 2.50 e 2.22 ef 0.278 d 0.257 d 2.84 f 2.73 f 

SWE 0.554 g 0.512 fg 0.350 h 0.290 g 2.25 h 1.97 h 0.241 g 0.219 f 2.54 i 2.44 h 

S
oa

ki
ng

 +
 

S
pr

ay
in

g 

Control 0.619 cd 0.585 d 0.342 i 0.297 f 2.14 i 2.09 g 0.233 h 0.227 f 2.42 j 2.32 i 

AA 0.698 a 0.653 a 0.400 a 0.357 a 2.99 a 2.90 a 0.310 a 0.299 a 3.41 a 3.29 a 

BAP 0.658 b 0.619 b 0.379 d 0.343 b 2.73 c 2.58 bc 0.278 d 0.276 c 3.05 d 2.98 d 

SWE 0.642 bc 0.603 c 0.361 g 0.319 d 2.44 f 2.28 e 0.263 e 0.260 d 2.76 g 2.69 f 

Different letters in the same column which indicate significant differences according to the Duncan Multiple Test (P < 0.05) 

AA: amino acids                         BAP: 6 benzyl amino purine                      SWE: Seaweed extracts 

Tuber yield and its components: 
 

Data obtained from Table 4 show that application methods significantly affected on potato yield 
and its components. The highest values of the No. of tuber, plant yield and total tuber yield obtained 
from soaking tubers plus spraying plants treatment in both seasons, followed by soaking tubers with 
stimulants pre planting. 

All stimulants significantly enhanced potato yield and its components compared to the control 
treatment. The highest values of No. of tuber, plant yield and total tuber yield obtained from AA 
applications at 3 g L-1 application. It increased total tuber yield (29.47 and 18.11%) in 1st and 2nd seasons 
respectively. 

Regarding the interaction effect between application methods and stimulants on number of tuber, 
plant yield and total tuber yield of potato, data in the same table clear that soaking tubers pre planting 
plus spraying plants after emergence combined with AA at 3 g L-1 gave the maximum values of these 
parameters. 

 
Tubers quality:  

As regard to the effect of application methods on tubers quality of potato, data in Tables 5 and 6 
show that soaking tubers pre planting plus spraying plants after emergence treatment was significantly 
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increased reducing, non reducing, total sugars, TSS, starch, vitamin C and protein contents in 1st and 
2nd seasons.  

 
Table 4: Number of tuber, plant yield and total tuber yield of potato as affected by application methods of some 

stimulants during 2015 and 2016 seasons. 
    Characters 

 
Treatments 

No. of tuber/ 
 plant 

Plant yield 
(kg) 

Total tuber yield 
(ton/fed.) 

2015 2016 2015 2016 2015 2016 
A- Application methods: 
Soaking 5.38 b 5.42 b 0.915 b 0.889 b 15.36 b 14.94 b 
Spraying 5.22 c 4.54 c 0.778 c 0.721 c 13.07 c 12.12 c 
Soaking + Spraying 5.84 a 5.66 a 1.085 a 1.103 a 18.23 a 18.53 a 
B- Stimulants: 
Control 5.18 c 4.86 d 0.796 d 0.825 d 13.37 d 13.86 d 
AA  at 3gL-1 5.86 a 5.57 a 1.030 a 0.974 a 17.31 a 16.37 a 
BAP at 50 mg L-1 5.50 b 5.30 b 0.971 b 0.926 b 16.31 b 15.56 b 
SWE at 3 ml L-1 5.38 b 5.09 c 0.906 c 0.892 c 15.22 c 14.98 c 
A × B – Means values as affected by application methods and stimulants: 

S
oa

ki
ng

 Control 5.04 h 5.17 f 0.781 i 0.816 g 13.12 i 13.70 g 
AA   5.92 ab 5.75 b 1.000 d 0.947 e 16.80 d 15.90 e 
BAP  5.35 f 5.52 d 0.956 e 0.908 f 16.06 e 15.25 f 
SWE  5.22 fg 5.24 ef 0.921 f 0.886 f 15.47 f 14.88 f 

S
pr

ay
in

g Control 4.81 i 4.11 j 0.695 k 0.669 j 11.67 k 11.24 j 
AA   5.59 e 5.05 g 0.888 g 0.766 h 14.93 g 12.87 h 
BAP  5.29 fg 4.62 h 0.811 h 0.733 i 13.63 h 12.32 i 

SWE  5.16 gh 4.40 i 0.719 j 0.716 i 12.07 j 12.03 i 

S
oa

k
in

g 
+

 
S

pr
ay

in
g Control 5.70 de 5.32 e 0.913 f 0.990 d 15.33 f 16.63 d 

AA   6.06 a 5.90 a 1.203 a 1.210 a 20.21 a 20.33 a 
BAP  5.85 bc 5.78 b 1.146 b 1.138 b 19.25 b 19.13 b 

SWE  5.75 cd 5.65 c 1.079 c 1.074 c 18.12 c 18.04 c 

Different letters in the same column which indicate significant differences according to the Duncan Multiple Test (P < 0.05) 
AA: amino acids                         BAP: 6 benzyl amino purine                      SWE: Seaweed extracts 
 
Table 5: Reducing, non reducing and total sugars percentages on potato tuber as affected by application methods 

of some stimulants during 2015 and 2016 seasons. 
   Characters 

 
Treatments 

R. sugar  
% 

N. R. sugar 
 % 

Total sugar  
% 

2015 2016 2015 2016 2015 2016 
A- Application methods:  
Soaking 2.26 b 2.16 b 4.39 a 4.27 b 6.66 b 6.44 b 
Spraying 2.18 c 2.08 c 4.32 b 4.21 b 6.50 c 6.29 c 
Soaking + Spraying 2.35 a 2.22 a 4.45 a 4.35 a 6.80 a 6.58 a 
B- Stimulants: 
Control 1.86 d 1.76 d 4.11 d 4.00 d 5.97 d 5.76 d 
AA  at 3 g L-1 2.67 a 2.58 a 4.66 a 4.56 a 7.33  a 7.14 a 
BAP at 50 mg L-1 2.40 b 2.28 b 4.48 b 4.35 b 6.88 b 6.63 b 
SWE at 3 ml L-1 2.12 c 2.00 c 4.31 c 4.20 c 6.43 c 6.20 c 
A × B – Means values as affected by application methods and stimulants: 

S
oa

k
in

g Control 1.87 k 1.77 h 4.11 ij 3.99 fg 5.98 k 5.76 i 
AA   2.67 b 2.58 b 4.67 ab 4.55 ab 7.33 b 7.13 b 
BAP  2.39 e 2.28 de 4.48 cde 4.35 cd 6.87 e 6.63 d 
SWE  2.12 h 2.02 f 4.32 fgh 4.20 de 6.44 h 6.23 f 

S
pr

ay
in

g 

Control 1.78  l 1.68 i 4.03 j 3.90 g 5.81 l 5.59 j 
AA   2.57 c 2.48 c 4.61 abc 4.53 ab 7.18 c 7.01 b 
BAP  2.32 f 2.21e 4.41 def 4.27 cde 6.72 f 6.49 e 

SWE  2.03 i 1.94 g 4.24 ghi 4.14 ef 6.28 i 6.07 g 

S
oa

k
in

g
 

+
 

S
pr

ay
in

g Control 1.93 j 1.82 h 4.19 hi 4.11 ef 6.12 j 5.93 h 
AA   2.76 a 2.68 a 4.71 a 4.61 a 7.47 a 7.29 a 
BAP  2.50 d 2.35 d 4.54 bcd 4.43 bc 7.04 d 6.78 c 

SWE  2.22 g 2.04 f 4.36 efg 4.26 cde 6.58 g 6.30 f 
Different letters in the same column which indicate significant differences according to the Duncan Multiple Test (P < 0.05) 

AA: amino acids                         BAP: 6 benzyl amino purine                      SWE: Seaweed extracts 
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As for the effects of stimulants, data in same Tables clear that AA, BAP and SWE significantly 
increased tubers quality compared to the control treatment. The highest values of reducing, non 
reducing, total sugars, TSS, starch, vitamin C and protein were obtained from AA application at 3gL-1. 

Concerning to the interaction between application methods and stimulants, data in the same 
Tables reveal that soaking tubers pre planting plus spraying plants after emergence combined with AA 
gave a superiority of reducing, non reducing, total sugars, TSS, starch, vitamin C and protein followed 
by soaking tubers pre planting combined with AA in both seasons.  
 

Table 6: TSS, starch, vitamin C and protein contents on potato tuber as affected by application methods of some 
stimulants during 2015 and 2016 seasons. 

   Characters 
 

Treatments 

TSS 
% 

 Starch 
% 

Vitamin C 
mg/100 g 

Protein 
% 

2015 2016 2015 2016 2015 2016 2015 2016 
A- Application methods: 
Soaking 8.24 b 8.18 b 21.38 b 20.46 b 20.05 b 19.12 b 12.04 b 1.35 b 
Spraying 8.14 c 8.03 b 21.12 c 20.37 c 19.90 c 18.85 c 11.50 c 10.37 c 
Soaking + Spraying 8.31 a 8.38 a 21.61 a 20.74 a 20.17 a 19.32 a 12.57 a 12.29 a 
B- Stimulants: 
Control 7.83 d 7.73 c 20.28 d 19.78 d 19.43 d 18.45 d 9.49 8.80 d 
AA  at 3 g L-1 8.62 a 8.54 a 22.48 a 21.47 a 20.69 a 19.76 a 14.58 a 13.88 a 
BAP at 50 mg L-1 8.09 c 8.15 b 21.74 b 20.67 b 20.25 b 19.38 b 12.90 b 12.22 b 
SWE at 3 ml L-1 8.37 b 8.36 ab 20.99 c 20.16 c 9.79 c 18.80 c 11.19 c 10.45 c 
A × B – Means values as affected by application methods and stimulants: 

S
oa

k
in

g Control 7.84 g 7.72 de 20.30 k 19.74 i 19.46 j 18.43 h 9.46 j 8.67 i 
AA   8.62 b 8.48 ab 22.48 b 21.45 b 20.69 b 19.77 ab 14.54 b 13.90 b 
BAP  8.11 ef 8.01 cd 21.76 e 20.65 e 20.25 e 19.39 d 12.94 d 12.29 d 
SWE  8.38 c 8.51 ab 20.98 h 19.98 h 19.80 h 18.88 fg 11.23 g 10.54 f 

S
pr

ay
in

g 

Control 7.74 h 7.54 e 20.04 l 19.54 j 19.31 k 18.17 i 8.92 k 7.73 j 
AA   8.54 b 8.33 bc 22.23 c 21.20 c 20.54 c 19.59 c 14.13 b 13.02 c 
BAP  8.02 f 8.17 bc 21.49 f 20.47 f 20.11 f 19.12 e 12.38 e 11.31 e 

SWE  8.27 d 8.07 cd 20.73 i 20.25 g 19.64 i 18.52 h 10.59 h 9.42 h 

S
oa

k
in

g 
+

 
S

pr
ay

in
g Control 7.91 g 7.94 cd 20.49 j 20.05 h 19.51 j 18.74 g 10.08 i 10.00 g 

AA   8.71 a 8.79 a 22.73 a 21.76 a 20.83 a 19.90 a 15.06 a 14.73 a 
BAP  8.15 e 8.26 bc 21.98 d 20.90 d 20.40 d 19.63 bc 13.38 c 13.04 c 

SWE  8.45 c 8.50 ab 21.26 g 20.25 g 19.94 g 19.00 ef 11.75 f 11.38 e 

Different letters in the same column which indicate significant differences according to the Duncan Multiple Test (P < 0.05) 

AA: amino acids                         BAP: 6 benzyl amino purine                      SWE: Seaweed extracts 

 
Discussion 
 

The results of this research show that application methods of stimulants and soaking tubers pre 
planting plus spraying plants after emergence treatment significantly increased potato growth, leaves 
chemical contents, tuber yield and quality followed by soaking tubers pre planting this indices may be 
due to soaking tubers stimulate buds of tubers pre planting to cell division and sprouting this led to 
enhance plant growth as shown in Table (2). Besides, adding stimulants as foliar application absorbed 
rapidly and involved in biosynthesis activities which led to increasing ion concentrations and 
chlorophyll contents as shown in Table (3), this act good triggers to activate tuber formation, tuber yield 
and quality as shown in Tables (4, 5 and 6). These results are in compatible with those obtained by 
Sawan et al. (2000), Ezzat et al. (2011), Kumari et al. (2011), Sillu et al. (2012), Farouk (2015) and 
Ahmed et al. (2016). 

Using stimulants enhanced all aforementioned parameters compared to control treatment. In this 
concern positive effect of AA may be due to its effect on physiological activities in growth and 
development. In addition it considered precursors of proteins that were important for cell growth, also 
play role in photosynthesis by involved in the enzymes formation (Rai, 2002), and enhance chlorophyll 
contents may be due to the role of amino acids in improve plant health condition hence increase all 
metabolic plant proccesses (Shafeek et al., 2012) allowing either directly or in directly on physical 
activities that increased tuber yield and quality. These findings are in the same line with those obtained 
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by El-Zohiri and Asfour (2009), Ezzat et al. (2011) on potato, Zewail (2014) on common bean and 
Shehata et al. (2016) on cucumber. 

The promotive effect on all measurements allied with BAP may be attributed to its role in cell 
division and cell elongation (Romanov, 2009), which enhance plant growth by increasing chlorophyll 
synthesis, electron transport and enzymes activities (Nagel et al., 2001). This led to produce more 
photoassimilates and mobilization toward new tissue and tubers that reflected positively on yield and 
its quality (Ramawat and Merillon, 2013). These results are  in accordance with Lorteau et al. (2001) 
on pea, Cho et al. (2002) on soybean, Costa et al. (2005) on cabbage and Alexopoulos et al. (2006) on 
potato. 

The enhancement effect of SWE may be due to its contain of growth promoting  hormones, 
vitamins and numerous elements that can promote photosynthetic rates and enhanced root system and 
increased and nutrients uptake (Rathore et al., 2009). Chlorophyll concentrations increased by using 
SWE in order to decrease chlorophyll degradation (Whapham et al., 1993) then enhance plant growth 
and more assimilation mobile from vegetative parts towards storage parts and increased tuber yield and 
quality (Ezzat et al., 2011) and activate numerous biological processes that enhance the carbohydrate 
concentration and total sugars (Kumari et al., 2011). These findings coincide with those indicated by 
Dawa et al. (2014) on pea, Zewail (2014) on common bean, Herrera et al. (2014) on tomato and Farouk 
(2015) on potato.  
 
Conclusion 

The results obtained in this study show that soaking tubers pre planting plus spraying plants 
after emergence combined with AA at 3 g L-1 that increased potato growth, yield and quality. 
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