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ABSTRACT

The present study was carried out at Gemmeiza Agricultural Research
Station at El-Gharbiya Governorate, Egypt in two successive growing seasons of
potato ‘(Solanum tuberosum, cv Diamant) as a host plant for Altemaria solani causing
the early blight disease. The study included a laboratory and field experiments. /n
vitro results showed that Champion was the most potent as it had ICsp of 0.37ppm
while Koruse had the least effect (ICsq value of 5.65ppm). Potassium had a negligible
toxic effect in comparison with the used fungicides where its ICso was 20.98ppm. The
co-toxicity factor (CTF) indicated that K combinations with the used fungicides
acquired synergistic or additive effects towards the fungus. The severity of early
blight disease in potato plants under the field conditions decreased greatly by the
doses than the half doses of the used fungicides. Combining K with the fungicides
reduced the disease severity especially with the doses of fungicides. Application of K
combined with the tested fungicides caused marked increase in potato tubers yield as
compared with the control. This may be due to the reduction of early blight disease
incidence as indicated from the disease severity. In addition, the enhancement for
vegetative growth was reflected greatly on the tubers crop of the plant. Potassium
increased the fungicides half doses actual effectiveness to be equal or higher than
that of their doses. Commercially, K combination with the used fungicides could be
used to decrease both controlling costs of the disease and environmental pollution.
The study recommends a potassium foliar spray at the time of fungicides application
for increasing their effectiveness on the disease control and on the host plant growth
and yield.
Keywords: Fungicides, Potassium, Early blight, Potato, Actual fungicide effectiveness

(AFE).

INTRODUCTION

The increase in world population increases the need for magnifying
the productivity of crops or at least save crops from damage caused by
microorganisms. Unfortunately, fungicides for plant protection are faced with
changing nature of the diseases causal organisms. [n addition, the
accumulation of potent compounds to the pollution level from their continuous
use has resulted in several environmental problems, especially if they have
long persistence period (Beye, 1978). Pollution effects (Dubey and Mall,
1972) especially carcinogenic effect (Epstein, et al., 1967) are mainly a result
of accumulation of these compounds in the edible parts of crops (Ames and
Gold, 1997). However, reduction of introduced fungicides and pesticides
amounts in the environment became an international target (Moustafa and
Ismial, 2003).
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Alternaria solani caused early blight disease, a very destructive
disease, for the important potato food crop in many regions of the world as in
Egypt. In Egypt 19 fungicides belonging to different chemical groups are
recommended for the control of this disease (Annon, 2001). Optimization of
the used fungicides includes reducing their side effects on the sprayed plants
through studying the best time of application and the effective concentration
under the prevailing environmental conditions. On the other hand, increasing
of the host plant defense against fungal infection is an important goal for
decreasing the use of fungicides, at least, their concentrations. Of these,
potassium spraying that reduces disease incidence through its effect on host-
pathogen-interaction (Habibullah and Prasad, 1976 and Bwruah and Saikia,
1989). Potassium changes phenolics carbohydrate and nitrogenous
substances in the host plants (Ramasamy, 1974) and inhibits enzymes as
pectinolytic and cellulolytic (Sivaprakasam 1994), toxins and other secondary
metabolites produced by the pathogen (Alagapan, 1976 and Anthonic, 1977).
It reduces also infection for plant by disease through its acceleration for
lignification of sclerenchymatous cells or increasing the thickness of cell wall.
On the other hand, K is an important nutrient element that affects crops
production ( Abo-Sedra and Shehata, 1994).

This work aims to study the effect of some fungicides in the control of
early blight disease of potato at half or recommended dose as single or
combined with 3% K,SO, (K) in the laboratory or in the field. The effect of
these treatments on vegetative growth and crop yield of potato plants was
also included.

MATERIALS AND METHODS

The present research was carried out at Gemmeiza Agricultural
Research Station at El-Gharbiya Governorate, Egypt in two successive
growing seasons of potato plants (2001 and 2002). Potato tubers (Solanum
tuberosum, cv Diamant) were used as the host plant for Alternaria solani
causing the early blight disease. A. solani was isolated, purified and
identified at the Pathology Research Institute, A.R.C., Giza, Egypt. The test
chemical compounds as fungicides are copper oxides and hydroxides or non-
copper and they are described in Table (1). The fungicides were used alone
or combined with foliar spraying by 3%K,SO, (K).

Table (1): The used chemical compounds in the present study.

Trade name Common name Recomanded | Formulation | Code in text
dose

Acrobat/Copperd6% |Dimethomorph + copper] 250g/100 liter W.P. Acrobat
oxychloride

Galbin/Copperd46% [Benaloxyl + copper| 250g/100 liter W.P. Galbin
loxychloride

hambion77% icopper hydroxide 250g/100 liter W.P. Chambion

Ridomil Plus’ Metalokyl + copper] 150g/100 liter WP. Ridomit

: hydroxyl

Equation Pro52.5% [famoxadone + cymoxanil| 40g/100 liter W.G. Equation

Koruse50% ICyprodinil ) - | 50g/100 liter W.G. Koruse

Potassium salt K2S04 3% Salt K

W .P = wettable powder , W.G = water dispersible granules
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Laboratory experiment:

A laboratory experiment was performed to examine the sensitivity of
A. solani for increasing concentrations of the used fungicides and K. The
required concentrations of the fungicides (0.1 to 50 ppm)and K (10 to 100
ppm of K,SO,) were prepared from stock suspensions or solutions and added
to 100 ml portions of autoclaved potato dextrose agar (PDA) medium cooled
to about 50 °C. A non-amended control was also prepared. Approximately
20 ml PDA amended with the different treatments PDA were poured into five
Petri dishes (10 cm in diameter). After solidification of the medium of each
dish was inoculated centrally with a mycelial disc (5 mm in diameter) taken
from the margin of actively growing PDA culture of A. solani. Then dishes
were incubated at 30+2 °C in an incubator. Colony diameters were
measured at the time when the untreated control had just covered the plate.
Percentage of fungal growth inhibition was calculated according to a formula
suggested by Topps and Wain (1957) and the concentration that led to 50%
inhibition (ICso) for each fungicide treatments was calculated according to
Finney (1971). The ICys of each fungicide combined with IC,s of K were used
for the calculation of the fungicide Co-toxicity factor (CTF) by using the
equation of Mansour et al. (1966) as follows:

CTF = [(Obs. I% - Exp. 1%)/Exp. 1%] x 100

where: Obs. 1% is observed inhibition % and Exp. 1% is the expected
inhibition %.  According to this factor: the CTF more than 20 is a synergistic
effect, the CTF less than -20 is an antagonistic effect, and the CTF between -
20 and 20 is an additive effect for the combination of the fungicides with K.

Field experiment:

Potato tubers were planted on January 18" and 20" in 2001 and
2002 seasons , respectively in 18 m? plots, which were arranged according to
split plot design. Each experimental plot area is 18m2 consisted of 4 rows 6
m long and 0.75 m width and their soil characteristics are presented in Table
(2). The germinated plants were irrigated and fertilized according to the
recommended system for the plant. At the vegetative stage the potato plants
were subjected to spraying by the recommended dose and half dose of the
used fungicides at 60 and 75 day after planting (DAP) at the two seasons,
respectively. Water or 3% K,SO, were sprayed on the plant foliage leaves in
combination with the applied fungicides. The fungicides and K treatments
were sprayed three times with 15 days intervals during the plant growth
season.
, Disease examination was carried out at the 60, 75 and 90 day of
planting. Potato leaves were randomizely collected from each sub plot, the
infection on each leaf was rated using the following index:

Numerical value

( Infection category) Infection
0 No infection spots in the leaf
1 Very small infection spots occupy less
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than 1/ 10 of the leaf area
Infection spots cover >1/4 of the leaf area
Infection spots cover >1/4 and < 1/2 of
the leaf area
4 Infection spots >1/2 of the leaf area, or
the leaf is destroyed.

Disease severity was calculated using the equation developed by

Towsend and Heubereger ,(1943) .

W -

P Zgnl\? v) x100
where :
P = disease severity.
n= number of leaves within infection category
v = numerical value of each leaves .
N = total number of leaves .

Fungicides effectiveness (FE) was calculated by the Abbott equation
. adopted by Frhlich (1979).

C_T
IE- *

where :
C = disease severity in control.
T = disease severity in treatment.

Five days before harvesting, 5 plants from each plot were randomly
harvested for the determination of number of main stems/plant,
branches/stem and number and total leaves weight/plant. Then the leafing
capacity and specific leaf weight were calculated according to the following
equations:

Leafing capacity (LC) = (Number of leaves/plant)(Number of
branchs/plant).
Specific leaf weight (SLW) = (Total leaves dry weight/plant)/(Number of
leaves/plant).

Leaf samples were extracted by 2.5% aqueous N,N-dimethyl
formamide for the determination of the photosynthetic pigments (Chlorophyll
a and b) according to Moran and Portath (1980). The rest of plant shoots
were dried to determine plant leaves dry weight and their contents of N, P
and K which were extracted and determined according to Allen et al. (1979).
After harvesting number and total weight of tubers per plant, percentage of
dry matter content of tuber and tuber specific gravity were determined. The
specific yield was calculated according to the following equation:

Specific yield (SY) = (Tuber weightlplant)/(vLeaves weight/plat)
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The actual fungicide effectiveness (AFE) was calculated according to
Elhaak and Ismail (2003), but change in tuber biomass (CB) was used
instead of the change in plant biomass as the following equations:

(sprayed plant tuber biomass - control plant tuber biomass

% Change in tuber biomass (CB) =

control plant tuber biomass

% Actual fungicide effectiveness (AFE) = (FE + CB)

Then the tuber content of starch was analyzed according to Nagiub
(1963), while the content of each N, P and K was analyzed as previously
mentioned.

The obtained results were analyzed statistically by applying ANOVA
and LSD according to Snedecor and Cochran (1973).

Table (2) : The physical and chemical characteristics of the used soil in
the present study .

Analysis 2001 2002
Soil is clay loam
IOrganic matter % 1.20 1.10
Soil solution pH | 8.20 8.10
ISoil solution EC at C ( mmhos/cm) 0.80 0.85
Spluble anion in soil saturated extract ( meq/ 100 g D. soil )
ICOy’ 0.00 0.00
HCO;y 2.10 2.20
Cl 4.80 4.60
SOy 1.80 3.00
Nitrogen ( mg /100 gD.soil ):
Total 202.50 [230.50
Available 34.00 38.00
Phosphorus (mg/100 gD.soil):
Total 29.30 35.50
Available 5.90 8.20
Potssium ( mg/ 100gD.soil ):
Total 480.00 [530.00
Available 166.0 148.00
Soluble cations in soil saturated extract (meq/100gD.soil)
Na 4.20 4.80
K" .. 0.30 0.40
Ca | 2.30 2.30
Mg 1.90 2.30

RESULTS

Laboratory experiment:

The growth of Alternaria solani was affected greatly by the addition of
the used fungicides in its growth medium (Table 3). Champion was the most
potent compounds against the fungal growth followed by Equation where they
inhibited its growth by 50% (ICso) at low concentrations (0.37 and 0.95ppm
respectively). Koruse gave the least toxic effect with an ICs, value of
5.65ppm, it has also a wide confidence limit for application. On the other
hand, addition of the different concentrations, of K,S0s (K) to the fungal
growth medium had a negligible toxic effect in compaired with the used
fungicides where its |Csg is 20.98ppm.
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Table (3): 1c50 values , percentage of inhibition (1% ), and Co. Toxicity
Factor ( C.T.F) of K combined with tested fungicides against

A. solani (1c25 for each )

Fungicides & K.S0,| IC50 |Fungicides+ K| 1% CTF Effect

crobat 1.32 Acrobat + K | 68.05 | +36.10 | Synergistic
Galbin 0.95 Galbin + K 4861 |- 2.78| Additive
Chambion 0.37 Chambion + K| 69.44 | + 38.88 | Synergistic |
Ridomil 1.80 Ridomil + K | 51.38 |+ 2.76 | Additive
Equation 0.78 | Equation + K [ 72.22 | + 44.44 | Synergistic
Koruse 5.96 Koruse + K | 73.61 | +47.22 | Synergistic
K;SO4 20.98

The co-toxicity factor (CTF) for the combination of the used
fungicides with K (Table 3) indicated that there were synergistic effects for the
combination of Koruse, Equation, Champion and Acrobat with K hence it had
CTF of 47.22, 44.44, 38.88 and 36.00% respectively. Additive effects were
obtained in case of combinations of K with Ridomil and Galbin with CTF of —
2.78 and 2.76%. It is also remarkable that the antagonistic effect was not
recorded between the used fungicides and K.

Field experiment:

The severity of early blight disease in potato plants under the field
conditions during the two successive years (Table 4) ranged between 31.5 to
40% (control values). Spraying the plant with K enhanced the plant control
for disease where the disease severity decreased by about 18%. Spraying
the potato plants with the used fungicides greatly decreased the disease
severity.

Table (4): Early blight disease severity (%) and the fungicides efficacy
on potato plants in two successive seasons ( 2001, 2002 )

of plant growth.
Fungicides Disease severity % Effecacy %
Half recommended| Recommended Dose | Half recommended | recommendedDose
dose dose

1st | 2ed |mean| 1st 2ed Mean 1st 2ed |mean| 1st | 2ed | mean
Acrobat 15.00| 9.66 |12.33[10.00| 6.25 8.13 | 62.50 | 69.33 |65.98(75.00(80.15| 77.58
Acrobat K 12.00] 7.50 | 9.75 | 7.00 | 4.66 5.83 | 70.00 | 76.13 |73.07[82.50(85.20| 85.85
iGalbin 17.00[11.00/14.00(11.00| 7.66 9.33 57.50 | 65.07 |61.29[72.50|75.60| 74.05
IGalbin K 16.00| 9.25 |12.63|11.66| 5.25 8.96 60.00 | 70.63 |65.98|70.85/83.33| 77.09
hampion 15.66(10.50/13.08/10.33| 7.00 8.67 | 60.85 | 66.66 [63.76/74.17/79.10| 76.64
IChampion K [11.00/ 8.80 | 9.76 [ 7.25 | 5.00 6.13 | 72.50 | 74.60 |73.55(81.87(84.12| 83.00
Ridomil 17.00/12.33|14.67[12.00] 8.25 | 10.13 | 57.50 | 60.85 [59.78(70.00/73.80| 71.90
Ridomil K 16.66]11.66]/14.16[12.50| 7.00 9.75 | 58.35 | 62.98 |60.67|68.75|77.77| 73.26
Equation 14.66(10.66/12.66|10.50| 7.33 892 | 63.35 | 66.15 |64.75|73.75(76.73| 75.29
Equation K 11.50( 8.66 [10.08]| 7.50 | 5.66 6.58 | 71.25 | 72.50 |71.88]81.25|82.03| 81.64
Koruse 20.00[13.25(16.63/13.66| 9.33 | 12.00 | 50.00 | 57.93 [53.97|65.85(71.42| 68.64
Koruse K 16.00(10.66]13.33(11.00| 8.00 9.50 | 60.00 | 66.15 [63.08|72.50|/74.60| 73.55
K>SO, 25.00[20.33[22.67/18.66] 17.33 | 18.00 | 37.50 | 39.31 [38.40|53.35/48.26| 50.81

IControl 40.00(31.50[36.00/40.00| 31.50 | 36.00 - - - - - -

LSD at 5% 323|353 - [279]| 3.48 -
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The decrease in disease severity by using half recommended doses of the
used fungicides was by slightly lower than their recommended doses. The
maximum decrease in disease severity after half doses application was by
that of Acrobat, while the minimum was by that of Koruse. After the dose
application the maximum decrease in disease severity was for Acrobat, while
the minimum was for Koruse. Combination of K with the used fungicides
enhanced an additional significant decrease in the disease severity with a
highest value by the combination of half recommended dose or dose of
Acrobat. It is also important to note that combination of the used fungicides
by half recommended doses with K slightly decreased the disease severity
than their recommended doses alone especially that of Champion.

The tested fungicides showed an obvious significantly different
efficiency in controlling early blight disease (Table 5). The mean efficiency of
Acrobat half dose or dose was the highest, while those of Koruse was the
lowest. Addition of K increased the efficiency of the used fungicides on the
disease with significant values. The combined K increased the efficiency of
the half dose of the used fungicides to be near the value for their doses. The
highest efficiency was for the combination of K with the recommended dose
of Acrobat, while the lowest one was for the combination of K with the half
recommended dose of Ridomil.

Effect of the used fungicides on potato plant growth:

The growth criteria of potato plants in the form of number of
stems/plant, branches number/stem, number of leaves/plant and leaves
weight/plant, increased significantly in response to the application of the used
fungicides in the two years of study (Table 5). Half recommended dose of
these fungicides increased the plant growth criteria by greater rate than their
doses. Combining the used fungicides with K mostly decreased the number
of stems/plant but it increased leaves number and weight per plant.
Branching capacity (BC):

The branching capacity of potato plants (represented as number of
branches per plant in Table 5) increased in comparison with the untreated
area when the plant was sprayed by the used fungicides. Half recommended
dose of all fungicides, except that of Acrobat and Galben increased the BC by
greater values than their recommended doses. On the opposite, the doses
of each Ridomil and Galben fungicide decreased BC than that of the control.
It is also remarkable that combining K with the half doses or doses of the
used fungicides led to more enhancement in BC and in most cases it led to
counteracting the inhibition that was caused by the increase in fungicides
concentration.  The highest BC was occurred by the combination of
Champion with K which increased BC by 74% as compared with the control.
The lowest one was by the application of half dose of Acrobat which inhibited
BC by 9%.
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Table (5): Data of sprayed pbtato plants by half recommended dose
(HD) or dose (RD) of 6 fungicides alone or combined with k

Con- Acrobat Galbin Champion
Parameter | year | 4o —HD THDK| D | DK | AD |HOK| D [ DK | AD [HDK| D [ DK
N Umber of stems| st | 2.15 | 257 | 2.57 | 3.10 [ 2.20 | 2.67 | 2.10 [3.10]3.20(3.20(2.802.57 [3.10
2ed |245| 377 [370|343 403263363 |297(4.23/3.53/2.73|2.80(3.37
mean| 230 | 317 |3.14|3.27 (312|265 287 |3.04(372|3.37|2.77|2.69|3.24
Branches/plant | 1st | 6.80 | 620 |9.33 | 8.40 [10.60( 7.50 | 7.50 |8.40 [12.93(9.3310.70| 8.78 [10.60
2ed |7555| 623 |926 (823 (10.36|7.35 | 833 |8.68(11.67/8.90|10.73(9.20 12.11
mean| 7.18 | 622 |9.30 | 8.32 [10.48| 7.43 | 7.92 |8.5412.30{9.12{10.72/8.99 [11.36
Number of leaves| st 60.80| 6520 [67.40|77.60|84.10|76.10|88.40(72.10[77.40163.40/65.40161.20| 64.6
2ed [6250| 64.80 |70.90|8510|84.40|70.80 |98.00 [71.40j81.20162.70(70.8061.40166.10
mean|61.65| 65.00 69 15|81.35|84.25(73045)93.20[71.75[79.30/63.05/68.10161.30/65.35
(Chiorophyl a 1st | 9.00 | 12.32 |10.58(11.24[11.42| 8.93 | 8.88 [10.4711.45/9.54 (11.82/10.08(11.29
2ed | 950 | 10.28 [11.15]10.02{12.11[11.13|11.54]10.23[11.58/ 9.65 |10.8910.50/12.32
mean| 9.25 | 11.30 |10.87(10.63|11.77|10.03(10.2110.35/11.52 9.60 [11.36(10.79 1.81
Leaves weight | 1st | 3.85 | 391 |407 | 4.10 | 4.29 | 4.09 | 4.20 |4.18(4.25(4.17 |4.12]4.25|4.28
2ed [405| 444 [428| 142|447 (425|440 (433|4.42|4.20(4.21]422(432
mean| 395 | 418 | 418|426 (438|417 |4.30 |4.26(4.34(4.19(4.17(4.24|4.30
Chiorophyll b 1st | 0.45| 048 | 052|057 | 0.59 | 0.51 | 0.51 |0.53[0.61(0.47|0:56|0.52(0.59
2ed | 047 | 048 | 050|050 [053| 050 050 [0.50(0.50|0.50 {0.50 |0.60 |0.50
mean| 0.46 [ 048 |0.51|0.54 | 0.56 | 0.51 | 0.51 |0.52|0.56]0.49| .53 |0.56]0.55
Leaf N (%) 1st (250 | 270 [2/68 (273|283 | 265|293 |272(3.07|263|277|2.85(2.93
2ed | 280 | 272 | 310|288 328 | 285|330 (3.12|3.22(2:87|2.98[3.41|337
mean| 2.65 | 271 |2:89 | 2.81 | 3.06 | 2.75 | 3.12 | 2.92|3.15|2.75|2.88|3.00{3.15
Leaf P (%) 1st | 050 | 066 |0.69|.0.60062|0.58 063 |061/064|0.49(060]0:510.66
2ed [072| 065 [201(0.79(086 |080|092[088|1.06/0.75]0.81|0.82{0.79
mean| 061 | 066 |1.35(0.70|0.74 | 0.69 [ 0.78 [0.75/0.85|0.62(0.71)0.67|0.73
Leaf K(%) 1st [310| 333 [3:88[338|372|348|3.76(365|4.04(307|3.42(285(323
2ed | 290 | 300 | 320293357 |423|477 [4.13[463(3.43(4.23(3.373.97
mean| 300 | 317 [3:20 [ 3.6 | 3.65 | 3.86 | 4.27 |3.89|4.34|3.25|3.83|3.11[3.90
Number of tubers | 1st | 850 | 10.40 |11.50{10.40(11.90|11.80|13.40|9.30 |11.70/12.1013.50(12.40/13.60
2ed | 850 | 9.40 |10.2011.5012.90|10.6012.60 [9.30 [12.00/10.60[11.20/11.40| 12.6
mean| 850 | 9.90 |10.85(10.95|12.90|11.20|13.00|9.30 [11.85[11.35/12.35(11.90[13.10
Tubers weight | 1st | 510 | 636 |1089|1028| 736 | 736 | 828 | 525|800 | 761 | 860 | 800 | 648
2ed | 597 | 852 |11121022| 644 | 778 | 665 | 665 | 587 | 825 | 842 [ 725 | 775
mean| 554 | 744 | 1110|1025 | 690 | 757 | 746 | 595 | 694 | 793 | 851 | 763 | 712
uber dry weight | 1st |16.60| 15.51 {15079/15.98|16.94|18.96|19.28(16.76/17.41[15.77]16.95(16.55(16.66}
2ed |15.50| 16.57 |18063|17.67|18.67|17.00(17.67 [18.67/19.33(17.00(17.33(17.6717.33
mean|16.05| 16.04 |17.21|16.83|17.81|17.98|18.48/17.72(18.37/16.3917.14/17.11(7.00)
Specific rafity(%) | 1st | 1.06 | 1.09 | 1.10 [ 1.08 | 1.07 | 1.07 | 1.07 |1.08|1.09|1.06|1.08|1.06 [1.07
2ed [1.07 | 1.09 [1.10|1.08 | 107 |1.08 [1.07 [1.08|1.08(1.061.08[1.07[1.08
mean| 1.07 | 1.09 | 1.10 | 1.08 | 1.07 | 1.07 [ 1.07 [1.08|1.09|1.06 |1.081.07|1.08
Starch% 1st | 7.10 | 16.60 [17.54]13.60|13.14[12.00|12.53|15.05[16.977.43 | 7.12[10.60[13.13
2ed | 850 | 16.32 (17.48(13.59]15.55(13.25(12.84 13.9614]710.9913.3312‘85‘13.95

mean| 7.80 | 16.46 |17.51(13.60|14.35|12.63|12.6914.51(15.87/9.21 [10.23(11.73
Tuber N (%) 1st (165 | 165 167 (170|172 (178 1.83 |1.86(1.90|1.63(1.70| 1.8 |1.83
2ed | 1.55| 160 | 168|157 |182| 173|173 [183(1.78|165[1.73|1.72(1.78
Lr mean| 160 | 163 | 168 |1.64 177|176 [1.78 [1.85|1.84|164|1.72|1.76(1.81
uberP (%) 1st (029 | 027 [028 029|029 028]0.31|027(031|0.26|0:30(0.31/0.32
2ed [030| 030 [031|032 .34 |039|034 .35 [038(0.32(0.33(0:380.:39
mean| 0.30 | 029 |0.30 [0:31]0.32{0.34|0.33 | .31 0.35(0.29(0.32|0.35 | 0.36
Tuber K (%) 1st [165| 165 |165(167 175 1.90|1.83 [1.952.02(1.73]1.80(1.83|1.83
2ed (180 | 1.80 | 1831288 [1.95| 178 1.81 [1.88(2.00(1781.82|1.88|1.92
mean| 173 [ 173 | 174|178 |1.85 | 1.84 | 1.82|1.92|2.01(1.76|1.81(1.861.88
Tuber NOs (ppm) | 1st | 196 | 138 | 151 | 141 | 159 | 182 | 185 | 186|195 | 135 | 137 | 126 | 165
2ed | 203 | 183 | 189 | 180 | 205 | 194 | 197 | 202 | 205 | 182 | 190 | 198 [ 196
mean| 200 | 161 Lwo 161 | 182 | 188 | 191 | 194 | 200 | 185 | 164 | 162 | 180

|

Leafing capacity (LC):

Most treatments of the used fungicides increased LC of potato plants
(Fig. 1). The half recommendeddoses had greater effect than the
recommended doses of the fungicides except Ridomil. Combining K with the
fungicides reduced the LC in comparison with the control. The highest LC
was occurred by dose of Ridomil which increased LC by 47%. The lowest LC
appeared after the application of the dose of Ridomil combined with K which
decreased the LC by 39%.
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Fig. (1): Leafing capacity ( leaf/branch) and specific leaf weight (g/leaf) in potato plant
under the effect of some fungicides alone or combined with potassium.
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Table(5)continue
Ridomil Equation Knruse

Paramater | Year Contro—prTp | D | DK | HD [HDK| D | DK | HD [HDK]| D | DK
Number stems | 1st | 215 | 233 | 233 | 290 | 210 | 233 | 210 | 243 | 220 | 320 | 210 | 2.33 | 2.70
2ed | 245 | 263 | 353 | 273 [ 323 | 263 | 330 | 273 | 3.80 | 263 | 350 | 273 | 360
Branches / plant | mean | 230 | 248 | 293 | 2.82 | 267 | 248 | 270 | 258 | 300 | 292 | 280 | 2.53 |3.15
1st | 680 | 925 | 948 | 576 | 865 | 813 | 960 | 385 | 727 | 7.35 | 9.48 | 7.63 |878
L‘ 2ed | 755 | 1042 978 | 851 | 921 | 858 | 9.94 | 748 | 942 | 793 | 979 | 7.51 | 960
Jmber of leaves | mean | 718 | 943 [ 963 | 014 | 893 | 838 | 977 | 717 | 835 | 764 | 964 | 7.57 [9.19
1st | 608 | 742 | 762 |84.30]103.7 | 916 |1022| 760 | 850 | 802 | 935 | 74.7 |84.0
2ed | 625 | 755 | 882 | 91.1 [106.2| 952 |108.5| 848 | 922 | 841 | 97.9 | BO.1 |857
Leaves weight | mean | 617 | 749 | 822 | 87.7 [ 1029 | 93.4 | 1054 | 804 | 886 | 822 | 959 | 77.4 |84
1st | 900 | 1029|1191 | 1067 [11.34 | 901 | 1107 | 962 1146|1010 [12115] 10.14 |11.00
2ed | 950 | 1096 | 11.30 | 10.23 | 10.82 | 9.39 | 10.73 [ 1000 | 1119|1020 | 13.32 | 9.90 [00.79
iChlorophyll a mean | 925 | 1063 | 1161|1045 439 | 920 [1090| 981 | 1133 (1015|1124 [ 10.02 [11.40
1st | 385 | 431 | 439 | 418 | 450 | 405 | 428 | 414 [ 428 | 410 | 433 | 415 |4.22
2ed | 405 | 442 | 443 | 428 | 450 | 417 | 423 | 435 | 442 | 422 | 432 | 432 |435
(Chiorophyll b mean | 3.95 | 437 | 441 | 423 | 445 [ 411 | 426 | 425 | 435 | 416 | 4.33 | 4.24 429
1st | 045 | 053 | 054 | 0.53 [ 0.59 | 0.52 | 0.56 | 0.35 | 055 | 052 | 0.55 | 0.50 |0.56
2ed | 047 | 047 | 050 | 0.50 [ 0.50 | 0.50 | 1.50 | 0.50 | 060 | 047 | 0.50 | 0.50 |0.50
Laaf N (%) mean | 046 | 050 | 052 | 052 | 055 | 0.51 | 053 | 0.52 [ 058 | 0.50 | 0.53 | 0.50 |0.53
1st | 250 | 268 | 288 | 2.93 | 3.05 | 264 | 2.83 | 2.98 | 282 | 283 | 297 | 2.93 |2.93
2ed | 280 | 297 | 292 | 310 | 3.23 | 282 | 313 | 293 | 307 | 298 | 3.12 | 3.03 |3.08
Leaf P (%) mean | 265 | 283 | 290 | 3.02 | 314 | 273 | 298 | 2.96 | 295 | 291 | 3.05 | 2.98 |3.01
1st | 050 | 0.60 | 067 | 0.62 | 063 | 0.61 | 065 | 059 | 0.70 | 059 | 069 | 0.51 |061
2ed | 072 | 083 | 0.94 | 084 | 0.72 | 0.83 | 0.93 | 0.80 | 092 | 0.91 | 1.04 | 0.89 |1.01
Leaf K ( %) mean | 061 | 072 | 081 | 037 | 068 | 0.72 [ 0.79 | 0.70 | 081 [ 075 | 0.87 | 0.70 |0.81
1st | 310 | 315 | 376 | 365 | 4.10 | 3.24 | 368 | 3.43 | 307 | 316 | 3.16 | 3.25 |3.50
2ed | 290 | 413 | 453 | 447 | 447 | 410 | 433 | 400 | 433 | 393 [ 443 | 413 |460
IMumber of tubers | mean | 3.00 | 364 | 415 | 406 | 429 | 367 | 401 | 372 | 370 | 355 | 3.80 | 3.69 |4.10
15t | 850 | 9.30 | 12.00 | 11.30 | 10.40 | 10.00 | 11.60 | 9.20 | 11.30 | 13.10 [ 14.70 | 11.90 [13.50
2ed | 850 | 1040|1130 | 10.50 | 11.40 [ 11.50 | 13.20 [ 10.80 | 13.00 | 11.50 | 12.70 | 10.10 [12.80
Mubers weight | mean | 850 | 9.85 | 11.65 | 10.90 [ 10.90 | 10.75 | 12.40 | 10.00 | 12 15 [ 1230 [ 13.70 | 11.00 |13.15
1st | 510 | 880 | 803 | 778 | 857 | 558 | 1035 | 969 | 847 | 756 | 729 | 661 | 636
2ed | 597 | 786 | 820 | 742 | 842 | 618 | 645 | 706 | 751 | e09 | 692 | 661 | 573
[Tuber dry weight | mean | 554 | 833 | 812 | 760 | 849 | 588 | 840 | 838 | 799 | e82 | 710 | 661 | 605
1st | 16.60 | 1630 | 16.13 | 17.49 | 18.25 | 16.46 | 18.82 | 16.75 [ 1891 | 16.27 | 16.89 | 17.22 |18.08
2ed | 1550 [ 1733 | 16.00 | 18.33 | 18.67 | 18.00 | 17.67 | 18.33 [ 18.67 [ 18.00 | 17.00 | 18.67 [18.33
Specific  grafity] mean | 16.05 | 16.82 | 16.07 | 17.91 | 18.46 [ 17.23 { 18.25 | 17.58 | 18.79 | 17.14 | 16.95 | 17.95 [18.21
%) 1st | 106 | 1.09 | 110 | 1.08 | 1.06 | 1.09 | 1.09 | 1.09 | 107 | 1.09 | 1.08 | 1.07 |1.08
2ed | 107 | 110 | 1.09 | 1.08 | 1.08 | 1.09 | 1.09 | 1.09 | 108 | 1.09 | 1.08 | 1.08 |1.08
mean | 1.07 | 1.09 [ 109 [ 1.08 | 107 | 1.09 | 1.09 | 1.09 | 107 | 1.00 | 1.08 | 1.08 |1.08
Starch % 1st | 710 | 1656 | 17.30 | 14.67 | 11.20 | 16.41 | 1462 | 16.24 [ 12.74 | 1667 [ 1381 | 11.68 |14.43
2ed | 850 |17.19 | 16.53 | 14.85 | 13.83 [ 16.60 | 16.69 | 16.61 | 13.33 | 16.74 [ 15.14 | 15.11 |15.15
mean | 7.80 | 16.88 | 16.92 | 14.76 | 12.52 | 16.51 | 15.66 | 16.43 | 13.04 | 16.71 | 14.48 | 13.40 [14.79
Tuber N (%) 1st | 165|185 | 188 | 1.98 | 212 [ 170 | 178 | 177 | 187 | 173 | 178 | 177 | 1.83
2ed | 155 | 180 | 182 | 192 | 193 | 167 | 173 [ 173 | 173 | 172 | 173 | 1.77 | 180
mean | 160 | 183 | 185 [ 1.95 | 203 | 1.69 | 1.76 | 1.75 | 180 [ 173 | 176 | 177 |1.82
Tuber P(%) 1st | 020 [ 032 | 033 | 034 | 0.35 | 082 | 030 | 0.34 | 035 | 0.27 | 029 | 0:32 |033
2ed | 030 | 036 | 041 | 047 | 0.52 [ 0.32 | 032 [ 036 | 0.40 | 034 | 0.35 | 0.37 |0.38
mean | 030 | 034 | 037 | 0.41 | 044 | 0.30 [ 031 | 1.35 | 038 | 031 | 032 | 0.35 |0.38
Iruber k(%) 1st | 165|177 | 183 | 1.88 | 200 | 172 | 082 | 180 | 188 | 178 | 182 | 1.80 |1.92
2ed | 180 | 200 | 210 | 207 | 228 | 1.83 | 193 | 1.98 | 207 | 207 | 1.98 | 1.93 [2.10
mean | 1.73 | 1.89 | 1.97 | 1.98 | 214 | 1.78 | 188 | 189 | 198 | 193 | 1.90 | 1.87 201
Tuber NO(ppm) | 1st | 196 | 185 | 180 | 190 | 201 | 154 | 165 | 174 | 185 | 153 | 146 | 155 [ 165

177 | 183 | 187 | 191

\jﬁ LZOS L195 205 197 208 185 187 193 199 ‘
mean | 200 190 193 194 204 170 176 184 192 | 165 165 171 1178
Specific leaf weight (SLW): ’
The used half recommended dose and the recommended dose of the
fungicides reduced the SLW of potato plants except those of Champion and
the half dose of Acrobat alone or combined with K (Fig. 1). The lowest SLW
was after spraying the haif dose of Equation which reduced the SLW by 34%
if compared with the control. The increase of fungicides concentration from
haif dose to the dose mostly led to more reduction in the SLW. Also, the
combination of K with the fungicides magnified their reduction to SLW
especially their doses. On the opposite, the dose of Champion led to higher
SLW than its half dose. Also, addition of K in combination with Champion
increased SLW of potato plants but with lower rate without the recommended
dose than for half dose treatments. For the half dose of Acrobat, K
combination decreased the increase in SLW from 16% to 4%.
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Table 5 continue, the statistical analysis ANOVA factorial analysis for
the obtained data of potato plant. * significant at P<0.05, **
significant at P<0.01 and NS non significant.

Fungicide | Year F““&;:'de Dose (B)|K (C)| , o At‘ée'a'gfc"s AxBRC

IStem no. 1st * NS * e - e i
2ed * NS * NS NS NS NS

Branches/plant 1st * NS * b b b b
2ed NS NS * NS NS NS NS
Leaves no. 1st * NS * - - b NS
2ed " NS * * * Ns *

Leaves weight | 1st - NS * b - > b
2ed NS NS NS NS NS NS NS
iChlorophyll a 1st " * . * * NS NS
2ed * * * NS NS NS NS

IChlorophyll b 1st NS . * * * * *
: 2ed NS . . NS NS NS NS
Leaf N 1st * * * NS * NS *
2ed NS NS " NS NS NS NS
Leaf P 1st * NS * - > NS NS
2ed * NS o NS NS NS NS

Leaf K 1st * NS * NS NS " *
2ed NS NS * NS NS NS NS

Tubers no. 1st * NS * . NS NS *
2ed * NS * * NS * ND
[Tubers weight 1st * NS * * * NS NS
2ed * NS NS * . NS NS
Tuber dry weight 1st * NS * * . NS NS
2ed * * NS NS NS NS NS
Specific gravity 1st . NS NS NS NS NS NS
2ed NS NS NS NS NS NS NS
Starch 1st . . NS . - NS NS
Lr 2ed * * NS * * NS NS
uber N 1st NS * * * NS NS NS
2ed NS * * NS NS NS NS

[Tuber P 1st * * * * NS NS *
2ed * * NS NS NS NS NS

[Tuber K 1st * * * * * * *
2ed NS * * NS NS NS NS

uber NO3 1st * * * * * * *
2ed * * * NS NS NS NS

Photosynthetic pigments:

The applied fungicides increased significantly the photosynthetic
pigments (Chlorophyll a and b) in potato leaves (Fig. 2). The recommended
fungicides dose greatly increased chlorophyll a and b as compared with their
half dose. The highest values for each chiorophyll a and b under the effect of
half dose were 4.37 and 0.53 mg/g f.wt under the effect of Ridomil, while
under the dose application they were 4.26 and 0.56 mg/g f.wt under dose of
Acrobat and Champion. Addition of K led to more enhance for the
metabolism of chlorophyll a and b over what caused by using the fungicides
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alone. The greatest enhancement was by the combination of K with Ridomil
dose. It is also remarkable that combination of K with the half dose of each
Champion, Ridomil, Equation and Koruse increased the contents of
chlorophyll a and b to exceed their contents under the application of these
fungicides dose.

The unequal effect of the used fungicides on chiorophyllia and b
metabolism disturbed their ratio in potato plant leaves. Chlorophyll a/b ratio
decreased in the sprayed plants by the half recommended dose or dose of
the used fungicides, except the half recommended dose of each Acrobat and
Equation, in comparison with unsprayed control. Dose of most fungicides led
to more decrease in chlorophyll a/b ratio as compared with their half doses.
Also, K application in combination led to more decrease in a/b ratio. The
content of the two pigments indicates that the decrease in their ratio was a
result of the increase by greater rate in chlorophyll b than in chlorophyll a in
sprayed plants by the used fungicides as single or combined with K.

Leaf chemical constituent:

. The contents of each N, P and K in potato plant leaves (Fig. 3) varied
significantly in response to the applied fungicides and K treatments. All of the
used fungicides increased the contents of leaf N, P, and K with a greater rate
with their doses than with their half recommended doses. Combining K with
the half dose or recommended dose of the used fungicides increased the
contents of the three nutrient elements than if they were applied alone. The
total of the three elements increased, higher values were mostly by the half
doses of the used fungicides combined with K. The highest value of NPK
was obtained by the combination of Galben dose with K, while the lowest one
was by the half dose of Champion. Itis also notable that the increase in K
content in the leaves by the used fungicides was greater than in both P and N

contents.

Potato Yield:

The used fungicides increased significantly the number of tubers
(NT) in potato plant (Table 4). The maximum value of NT, which was greater
by 19% of the control, was produced in sprayed plants by the combination of
K with the half recommended dose of Koruse. The increase in NT was by
higher value by the dose application of Acrobat, Champion and Ridomil, but it
was by lower value by the dose of Galbin, Equation and Koruse than what
was occurred by their half doses. Spraying potato plants by the haif dose of
the used fungicides combined with K, except that of Acrobat increased NT by
greater value than the fungicides alone.

The sprayed fungicides increased total tubers weight per plant (TTW)
as shown in Table (4). Except for the dose of each Acrobat and Equation,
the dose of the other fungicides increased TTW by lower value than their haif
dose. Addition of K increased the TTW of the sprayed plants by the half dose
of all fungicides, except Galbin and Ridomil, but it lowered the TTW in
sprayed plants with the fungicides dose.
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Fig. (2)
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The highest value of TTW was recorded in sprayed potato plants by the half
dose of Acrobat combined with K. In general, combining K with the half
doses of the used fungicides increased the TTW than their doses as a single
or combined with K.

The tuber weight (TW) differed remarkably in response to spraying by
the used fungicides as single or combined with K (Table 4). The dose or half
dose of the used fungicides, except Ridomil and Acrobat decreased TW. In
general, combining K with their half dose or dose led to more decrease in TW
as compared with the fungicides alone, while K combination with their dose
decreased TW lower than the control. The lowest value of TW was under the
dose of Koruse combined with K. On the opposite, all treatments of Ridomil
and most treatments of Acrobat increased TW than the control. The highest
value of TW occurred after the application of the half dose of Acrobat
combined with K. The specific gravity (SG) of the tubers was not changed
greatly by the used fungicides (Table 5). Most fungicides especially when
combined with K spraying slightly increased the tubers SG. The highest SG
(greater by 2.8% than the control) was recorded after the application of half
dose of Acrobat combined with K.

Specific yield (SY):

The used fungicides treatment, except the half recommended dose
of Acrobat and dose of Galbin increased specific yield of potato plants
significantly (Fig. 5). Increase the concentration from half dose to the
recommended dose for all fungicides, except Acrobat and Equation
increased the SY of potato plants. This is due mainly to a great increase in
potato plants vegetative growth and a slightly to the decrease in tubers
weight.  Combination of K with the half dose of Acrobat, Galbin and
Champion increased the SY over what was caused by their dose, while the
combinations for the other fungicides led to slightly lower SY. The highest
value of specific yield (171% of control) was obtained by the application of the
half dose of Acrobat combined with K. This indicates that K could be used to
decrease the fungicides concentration and obtain a similar effect on the
disease control.

Tuber quality:

a- Starch content:
Starch contents (Table 4) were mostly doubled in the produced

potato tubers by the application of fungicides alone or combined with K.
Increasing the concentration from half recommended dose to the
recommended dose of Acrobat, Ridomil, and Equation led to lower starch
content whether they applied as a single or combined with K. Opposite trend
was exhibited by Galbin, and Champion. The increase in tuber starch by the
combination of the half dose of most fungicides with K was greater than by
their doses as a single. The highest starch content was recorded after
spraying the half dose of Acrobat combined with K.
b- Chemical constituents of tubers:

The content of N, P and K in potato tuber was increased after
“spraying the applied treatments of the used fungicides singly or combined
with K (Fig. 5).
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Fig. (4): Specific yield of potato plant under the effect of some fungicidesdose (D) or half dose
(HD) alone or combined with potassium.
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The dose of the used fungicides increased contents of N, P and K than their
recommended doses, the maximum was with that recommended dose of
Ridomil. Also, K increased the three elements total with greater values when
it was combined with the dose than with the half dose of the used fungicides.
The maximum total of the three elements was under the dose of Ridomil
combined with K.
c- Tuber nitrate content (NO; %):

Nitrate content in potato tubers (Table 4) decreased when the plants
were sprayed by the used fungicides. Combining these fungicides with K
caused an increase in tuber nitrate content as compared with them alone.
The increase in nitrate content exceeded slightly the control value under the
effect of the recommended dose of each Galbin and Ridomil combined with

K.

Overall effect of the used fungicides:

The differences from the control (positive or negative), which were
occurred by the used fungicides singly or combined with K on the vegetative
or yield of potato plant, were calculated as percentage of the control,
summed together to represent an overall effect (OE) with a maximum value
of 1800% represented in Figure (6a). The OE data indicate that all of the
used fungicides in the present study had resulted in positive effects ranged
between a maximum of 553 with the recommended dose of Galbin and a
minimum of 182 with the half dose of Champion. The half dose of the used
fungicides, except Koruse led to lower OE than their dose. The half dose or
dose of Ridomil led to the higher OE in compared with the similar treatments
of the other fungicides. Combination of K with the half dose or dose of the
used fungicides increased their OE greatly. Combination of K with the half
recommended doses of all fungicides increased their OE to exceed that of
recommended dose as a single OE .The OE of the combination of Acrobat
and Equation exceed also the OE of that of recommended doses combined
with K. The highest value of OE under the half dose combined with K was for
Acrobat that was also higher than the OE of all treatments of the used
fungicides except the combination of Galbin dose with K.

The enhancement of the used fungicides by half recommended dose
or dose was mostly lower for the vegetative growth than for the tuber yield.
Combining K with the half doses or dose of the used fungicides, except the
half doses of Acrobat and Ridomil and doses of Ridomil and Equation
enhanced the vegetative growth of the potato plants by greater rate than the
tuber yield. This showed that vegetative growth enhancement was mainly
due to the K spray. Itis also notable that the increase in OE by Galbin dose
was a result of the great increase in the potato vegetative growth.

Actual fungicide effectiveness (AFE):

The actual fungicide effectiveness calculated on the tubers yield base
(Fig. 6b) indicated that all of the used fungicides exhibited great effectiveness
on the early blight disease which ensured vigorous vegetative growth and
good tubers yield. Dose of each fungicide in comparison with the half
recommended dose acquire higher effectiveness.
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Combining K with each fungicide half dose increased its AFE so that it
became higher than the AFE of its dose, except for Ridomil and Equation
where the AFE of their half recommended doses combined with K was
slightly lower. Acrobat dose and half dose combined with K had the highest
AFE, with a higher value for the later treatment. On the opposite, combining
K with the dose of all fungicides, except Galin and Ridomil lowered their AFE

especially for Acrobat.
DISCUSSION

The growth of Alternaria solaniin laboratory was affected greatly by
the addition of the used fungicides in its growth medium. Champion was the
most potent compounds where it inhibited the fungal growth in a very low
concentration, while Koruse acquired the least toxic effect and the widest
confidence limit for application as also found by Zein, et al. (2002). Addition
of K by the used concentration in this study to the fungus medium inhibited
the fungal growth with a ICsy of 20.98ppm. This recorded inhibition value for
K may be due to its disturbance for the medium nutrient balance. The co-
" toxicity factor for the combination of Koruse, Equation, Champion and
Acrobat with K indicated a synergistic effect for K for those fungicides.
Additive effects were by Ridomil and Galbin with co-toxicity factors of -2.78
and 2.76%. These results agreed with those studies of Zein et al.
(1990&2002).

The severity of early blight on potato plants in the field during the two
successive years of the study ranged between 31 to 40%. Spraying the plant
with K improved plant control for the disease that led to a decrease in the
disease severity by about 18%. Spraying the potato plants with the used
fungicides decreased the disease severity with a lower value for their half
recommended doses than recommended doses. The lowest disease severity
was after the application of Acrobat dose. Combination of the used
fungicides with K enhanced an additional decrease in the disease severity
with a highest value by the combination of half dose or dose of Acrobat. This
revealed an obvious and significant efficiency for the used fungicides in
controlling early blight disease with a highest for Acrobat and a lowest for
Koruse half dose and dose. The combined K increased the efficiency of the
half dose of the used fungicides to be near to their doses also with a highest
for Acrobat. Shtienberg et al. (1996), Mohit et al. (1997) and Sowant et al.
(1999) found similar results. :

The growth criteria of potato plants were improved remarkably after
the application of the used fungicides at their half recommended doses
acquired greater effect than doses. This was clear in the increase in
branching and leafing capacities. Combining the fungicides with K enhanced
the plant growth as it increased leaves number and weight per plant in
addition to branching and leafing capacities as indicated also by Abdel-Ati
(1998) and Ashour and Sarhan (1998). The branching capacity reached to
74% by the combination of Charnpion with K. Most treatments of the used
fungicides reduced the specific leaf weight (SLW) of potato plants. The
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increase in their concentrations from half recommended doses to the doses
mostly led to more reduction in the SLW and their combinations with K
magnified their reduction to SLW especially their doses. On'the opposite,
Champion increased SLW especially its dose and with K it increased SLW of
potato plants but with lower rate for dose than for half dose treatments. Also,
K combination with Acrobat half dose decreased its increase to SLW from
16% to 4%.

The photosynthetic pigments (Chlorophyll a and b) increased greatly
with the used fungicides doses as compared with their half dose. The highest
values of chlorophyll a and b were by dose of Acrobat and Champion
respectively. The applied K led to more enhancing for the metabolism of
chlorophyll a and b with a greatest enhancement by the combination of K with
Ridomil dose. It is also remarkable that combination of K with the half dose of
each Champion, Ridomil, Equation and Koruse increased the contents of
chlorophyll a and b over their contents under the application of these
fungicides dose. This could be due to the decrease in disease severity or to
the enhancement for K to the process of these photosynthetic pigments
metabolism. This unequal effect of the used fungicides on chlorophyll a and b
metabolism disturbed their ratio in potato plant leaves where a/b ratio
decreased by lower value by the half dose than the dose of them, except the
half dose of each Acrobat and Equation. K application, in combination, lead to
more decrease in a/b ratio. The content of the two pigments indicates that
the decrease in their ratio was a result of the increase, by greater rate, in
chlorophyll b than in chlorophyll a in sprayed plants by the used fungicides as
a single or combined with K.

The leaf content of each N, P and K increased in response to the
applied fungicides alone or combined with K and with greater rate with their
doses than half doses. Ashour and Sarhan (1998) found K enhancement for
potato plants NPK. The combination of K with the half dose of the used
fungicides increased contents of the three nutrient elements than with their
doses alone. This was clear of the three elements total which increased by
higher values by the half doses of the used fungicides combined with K than
by their doses. The increase in leaves K content by the used fungicides was
greater than in the contents of both P and N. The highest value of NPK was
obtained by the combination of Galben dose with K, while the lowest was by
the half dose of Champion.

The potato yield increased significantly by the used fungicides as
indicated by the increases in number of tubers (NT) and total tubers weight
(TTW). Spraying potato plants by K combined with the half dose of the used
fungicides increased NT and TTW by greater values than by their doses as a
single or combined with K. On the opposite, the tuber weight (TW) was
decreased in response to spraying by the half recommended dose or dose of
the used fungicides as a single or combined with K, except all treatments of
Ridomil and most treatments of Acrobat who increased TW. The highest TW
was produced by plants sprayed by the half dose of Acrobat combined with
K. The data of each NT and TW showed that half doses of the fungicides as

~compared with their doses were better for obtaining high tubers productivity.
Except for Acrobat and Ridomil, the used fungicides led to the production of
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great number of smaller size tubers as compared with the control. The best
production in NT and TW was by the application of Acrobat half dose
combined with K that led to the production of greater number of greater
weight tubers.

The specific yield was accelerated by most of the used fungicides
treatments. The increase in fungicide concentration from half dose to the
dose (except for Acrobat and Equation) or combining them with K improved
the specific yield of potato plants. This due mainly to both a great increase in
potato plants vegetative growth not a decrease in tubers weight. Potassium
increased tuber production by about 20% (Tawfik, 2001). Combination of K
with the half dose of Acrobat, Galbin and Champion increased potato specific
yield over that was caused by their dose. The highest (171% of control) was
obtained by Acrobat. This indicates that K application combined with the half
dose could be used to obtain similar or better results for the fungicides effect
on potato plants.

The used fungicides alone or combined with K mostly improved tuber
quality, especially their low concentrations. The used fungicides mostly
doubled starch content in potato tubers. Increase the concentration from half
dose to the dose of Acrobat, Ridomil, and Equation inhibited partly the
metabolism and translocation of starch to tubers whether they were applied
as a single or combined with K. Opposite trends were exhibited by Galbin,
and Champion. Combination of the half dose of most fungicides with K
increased tubers starch content greatly than their doses as a single. The
highest starch content was after spraying the half dose of Acrobat combined
with K. On the opposite there were slight decreases in starch by the dose of
some fungicides. This decrease could be due to starch utilization in the
recorded enhancement for the vegetative growth. The content of potato tuber
from N, P and K increased also, after spraying the used fungicides singly or
combined with K. The three elements maximum content was with the dose of
Ridomil. Nitrate content in potato tubers, in the opposite, decreased when
the plants were sprayed by the used fungicides. But combining these
fungicides with K enhanced an increase in tuber nitrate content. The
increases in nitrate content exceeded slightly the control value under the
effect of the dose of each of Galbin and Ridomil combined with K.

The overall effect (OE) indicates that all treatments in the present
study have resulted in positive effects ranged between a maximum of 553
with the dose of Galbin. and a minimum of 182 with half dose of Champion.
The half dose of all of the used fungicides except that of Koruse led to lower
OE than their dose. Combination K with each half dose or dose of the
fungicides increased the OE greatly. The OE under the combination of K with
the half dose of the used fungicides exceeded the OE occurred by their dose
as a single. The highest value of OE under the half dose combined with K
was by that of Acrobat which was also higher than the OE of all treatments of
the used fungicides except the combination of Galbin dose with K.

The actual fungicide effectiveness (AFE) was satisfied for the
utilization of the used fungicides in controlling the early blight disease to
ensure vigorous vegetative growth and good tubers yield. Application of dose
alone had higher effectiveness in comparison with half dose of each
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fungicide. Combination of K with half doses led to higher AFE than of the
dose for all fungicides, except Ridomil and Equation, but the AFE of their half
doses combined with K was slightly lower. Acrobat dose and half dose
combined with K led to the highest AFE, with a higher value for the later
treatment.

In conclusion, application of K combined with the tested fungicides
caused marked increase in potato tubers yield as compared with the control.
This is due to the reduction of early blight disease incidence in addition to the
enhancement for vegetative growth that was reflected greatly on the tubers
crop of the plant. Combined potassium with the used fungicides increased
their half recommended doses actual effectiveness to equal or higher than
that of their recommended doses. Commercially, the combination of K with
the half dose of these fungicides compounds is a new approach for
controlling this harmful disease of many economic crops with lower costs.
Additionally it is an important way to decrease environmental pollution by
these chemical compounds through the decrease in their utilization that
reduces their impacts on the human health and environment.
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