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Abstract

A field experiment was conducted in Babylon province in 2018 spring season to examine the effect of adding organic residues (poultry dung,
rice residues and palm fronds residues), spraying of zinc sulphate and potassium sulphate on some growth characteristics and yield of potato.
Results showed significant effect of rice residues in comparison with control treatment in both plant height (97.81 cm) and leaf area (38.074
cm’. plant'). While poultry dung treatment was significantly higher in the number of air stems (2.652), leaf content of total
chlorophyll(45.704 mg.100gm™ soft weight), tubers number (14.00 tuber.plant™)and total yield of tubers (59.67 ton /h") compare to control.
Zinc sulphate treatment at concentration of 0.4 (gm.L™") was significant in comparison with control and growth characteristics and yield of
potato plants were as follows: plant height (96.08 cm), the number of air stems (2.389 tuber.plant’), leaf area (36.944 cm? plant™), leaf
content of total chlorophyll (45.704 mg.100gm™ soft weight), total tubers number (13.417 tuber.plant™) and total yield of tubers (53.03 ton
/b"). Potassium sulphate treatment also showed significant effect at concentration of 5.0 (gm.L™") in all studied characteristics compare to

control treatment.
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Introduction

Potato (Solanum tuberosum L.) is a vegetable plant
belonging to Solanaceae under Solanum genus that comprises
more than 2000 species. Potatoes are annual plants, eudicots
and most cultivated worldwide and consumed as a tuber crop
(Hassan, 1999). After wheat, riceand maize potato is become
the fourth in terms of yield and consumption. The planted
area of this crop is 19089.328 h globally and total of
381,682,144 ton productivity, while the area that growing by
potato in Iraq has reached 25.745 h with average productivity
of 15.6 ton/h and total yield 402302 ton (FAO, 2017). These
statistics is clearly indicating the reduction of potato yield in
Iraq in comparison with other countries. The organic
fertilization is considered as an important method to provide
plants with essential nutrient requirements without any
negative effect on the environment. In addition, it improves
the structure of soil and makes nutrients ready for plants
(Cook, 1972). Thus, current study is conducted due to the
major roll of potassium and zinc elements in physiological
processes inside plant by spraying those nutrients on leafs of
potato plants. This research aims to increase potato yield and
improve tubers by adding organic residues and spraying of
zinc and potassium sulphate.

Table 1 : Chemical and physical characteristics of field soil.

Materials and Methods

The experiment was conducted in two farms, the first
one located in Keffel, Babylon province in 2017 first spring
season and the second farm in Debla South of Babylon
province in 2018second spring season. Potato seeds of
SYLVANA cultivar for first spring season were planted in
1/2/2017 and for second spring season in 8/1/2018 on rows
and the distance between these rows was 75 cm and between
tubers was 25 cm. The total tubers in each row were 32 and
the experimental unit area was 7.5m’*(1 meter was left
between each experimental unit to prevent the transportation
between treatments). The experiment was designed using
RCBD and the organic residues were put in the main plot. 36
treatments were applied in this experiment with three
replicates for each treatment. The least significant difference
(L.S.D.) was used to compare means at 5% level of
significance (P>0.05) (Al Rawi and Khalafala, 2000).

Soil samples were taken from 0-30 cm depth of soil
surface and analyzed in soil laboratory, Faculty of
Agriculture, University of Kufa (Table 1). While the
chemical and physical characteristics of adding fertilizers
were analysed in laboratories of Green University of Al
Qasim (Table 2).

Soil characteristics Standard Unit Spring season 2017 Spring season 2018

PH - 7.7

EC dS.m’ 2.2

N % 14
P % 0.33
K % 0.13
Organic material % 1.07
Sand % 22

Silt % 54

Clay % 24

Soil texture -
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Table 2 : Chemical and physical characteristics of added fertilizers in this study.

Soil characteristics Palm fronds fertilizer Rice residuesfertilizer Poultry dungfertilizer
PH 7.4 6.18 7
EC(Ds.m™) 5.148 4.11 9.5
N% 1.46 0.96 0.71
P% 0.454 0.083 1.311
K+% 2.89 2.147 2.5
Organic material 68.7 12.14 65

All added fertilizers in this study were obtained from
National Centre of Organic Agriculture, Najaf, Ministry of
Agriculture and added to soil 10 days before planting potato
tubers by sawing and mixing these fertilizers very well with
soil as a first factor. The average use of palm fronds and rice
residues fertilizers was 20 ton.h™” and 2 ton.h” for poultry
dung fertilizer. The second factor was spraying potato leafs
with potassium sulphate (SO;K,) using three levels of
concentrations (0, 2.5 and 5 gm.L'l). The third factor was
spraying potato leafs with zinc sulphate using three levels of
concentrations (0, 2.5 and 5 gm.L"). After 45 days of
planting, plants were sprayed by both potassium and zinc
sulphate in tuber initiation stage then spraying was don twice
every 15 days and the following plant characteristics were
recorded:

I- Plant height (cm): 5 plants were chosen randomly
from the middle rows and plant height was recorded.

2- Air stems number (stem.plant’): 5 plants were
chosen randomly to calculate the number of air stems
for each experimental unit.

3- Leaf area (cm’plant™): 30 discs of leafs were taken
then put in oven at 70°C to dry it. Then the dry weight
and leaf area were calculated using the procedure of
Watson and Watson (1953).

4- Leafs content of total chlorophyll (mg.100g soft
weight): Goodwin (1976) method was used to estimate
total chlorophyll in leafs.

5-  The average of total tubers number (tuber.plant™):
The total number of tubers for each plant was
calculated as follows:

The average of total tubers number = the average of
total number of tubers for each plant/total number of
plants.

6- The number of marketable tubers (tuber.plant'l):
The average of marketable tubers was calculated using
the above method after excluding infected and
deformed tubers (Al-Musawi, 2014).

7- The average of marketing tuber weight (gm):
calculated as follows:

The average of marketing tuber weight=marketing yield/
number of marketable tubers

8- Marketing yield (kg.h'): calculated by divided
marketable plants in the experimental unit on the total
number of plants.

9- Total tubers yield (ton.h™): total yield = total yield of
the experimental unit/experimental unit area.

Results and Discussion

Plant height (cm): Results of Table 3 for the first season
showed that adding organic residues had significant effect on
plant height. Poultry dung treatment gave greater plant height
97.81 cm in comparison with control treatment 88.00 cm.
Zinc sulphate treatment had also significant effect on the
plant height 96.08cm at 0.4 gm.L" concentration while

control treatment gave 87.97cm. Potassium sulphate at 5
gm.L-1 increased plant height to 95.64 cm compare to 90.25
cm in control. In the second season, poultry dung treatment
increased height to 67.21 cm compare to 60.34 cm in control.
Zinc sulphate treatment at 0.2 gm.L™' gave the highest 63.44
cm, whereas 0.4 gm.L" concentration gave 62.34 cm. The
increasing rate of plant height may occur due to promotion of
organic residues to enhance plant peaks to produce Auxins
which increase the height (Shraqy and Kader, 1985). Organic
fertilizers play the major roll in vegetative growth by
improving soil characteristics which lead to make micro and
macro elements ready for plants (Al-Obaydy, 2008). This
result is in agreement with Al-Sultany (2015) and Al-Sharefy
(2015) who reported that the uses of organic fertilizers lead
to increasing plant height. The increasing of plant height in
first season happened due to the use of zinc and potassium
sulphate that lead to improve plant metabolism and plant
growth (Al-Sahaf, 1989).

Air stems number (stem.plant'l): Table 4 results of first
season showed significant effect in the average number of air
stems in poultry dung treatment that reached 2.652 stem.
plant’ compare to 1.904 stem.plant” in control treatment.
Zinc sulphate treatment at 0.4 gm.L"™' concentration also gave
better average of stems number 2.389 in comparison with the
control which gave 2.133 stem.plant”. Potassium sulphate
treatment was not significant in air stems number. The
second season results showed greatest and significant effect
in both palm fronds and poultry dung residues treatments that
reached 2.82 and 2.81 respectively compare to 1.92 in
control while, there were no significant effect in Potassium
and zinc sulphate treatments. The increasing number of air
stems occurred due to the size of tubers that lead to
increasing sprouts number and vegetative growth (Arsenaut
and Christie, 2004). The adding of organic residues was
increased air stems number compare to control which is in
agreement with previous studies by (Pang and Letey, 2000;
Haraldsen et al., 2000; Sharif Hossien ef al., 2003).

Leaf area (cm.plant'l): Table 5 results for the first season
showed that rice residues had significant effect in leaf area
which reached 38.074 cm.plant™. Zinc sulphate treatment had
great size of leafs at 0.4gm.L" concentration in comparison
with control 30.667 cm.plant’. While potassium sulphate
treatment had significant effect on leaf area at 5.00 gm.L"
concentration where it reached 35.444 cm.plant” compare to
32.639 in control. In the second season, poultry dung
treatment showed significant effect in leaf area
33.701cm.plant™ in comparison with control which recorded
the lowest leaf area 29.762 cm.plant'. Zinc sulphate
treatment at 0.4 gm.L"'concentrations showed higher value of
leaf area 33.664 cm.plant” compare with 29.659 in control.
While the potassium sulphate treatment at 5.00gm.L’
concentration recorded 32.371 cm.plant’ and increased leaf
area significantly compare to control treatment which
recorded the lowest leaf area 31.202 cm.plant’. Organic
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fertilizers contain many nutrients such as nitrogen, phosphor
and potassium that are ready for absorption due to
microorganisms’ activities and lead to increase leaf area (Al
Zahawy, 2007).

Leaf content of total chlorophyll (mg.100gm™ soft
weight): Results of adding poultry dung showed significant
effect in leaf content of total chlorophyll as it reached 45.704
mg.100gm™ soft weight compare to control treatment which
recorded the lowest value 32.259 mg.100gm™ soft weight
(Table 6). Zinc sulphate treatment was also significant at 0.4
gm.L" concentration and gave highest level of chlorophyll
44,639 mg.100gm™’ soft weight compare to 37.444
mg.100gm™ soft weight in control. Potassium sulphate
treatment showed significant level of chlorophyll 43.306
mg.100gm™ soft weight at 5.00 gm.L" concentration in
comparison with 40.306 mg.100gm™ soft weight. In the
second season results, poultry dung treatment gave the
highest level of chlorophyll 34.459 mg.100gm™ soft weight
compare to 31.308 mg.100gm™ soft weight in control. Zinc
spraying treatment was also gave significant level of
chlorophyll at 0.4 concentration where reached 33.459
mg.100gm™ soft weight. Potassium sulphate treatment in the
second season was also showed significant level of
chlorophyll at 2.5 gm.L'concentration and gave 32.992
mg.100gm™ soft weight compare to 32.706 mg.100gm™ soft
weight in control. The increasing level of chlorophyll in
potato leafs after adding poultry dung may occurred due to
providing of nitrogen and magnesium by the organic residues
(Table 2) which has a major role in chlorophyll molecule
(ADDISCOTT, 1974). In addition, zinc sulphate contributes
in many biological processes such as oxidation and formation
of amino acid (Tryptophan) that consists of IAA Auxin (Tsui,
1984) which contributes in chlorophyll formation and
producing energy and construction of nucleic, amino and
fatty acids (AlNaamy, 2011).

Total tubers number (tuber.plant'l): Table 7 results
showed that there was significant effect of adding poultry
dung where the total tubers number reached 14.00
tuber.plant’ in comparison with 10.204 tuber.plant’ in
control treatment. Zinc sulphate treatment gave the highest
number of tubers 13.417tuber.plant” at 0.4 gm.L"' compare
to 10.597 in control. While potassium sulphate treatment
gave a total tuber number of 12.972 tuber.plant 'at 5.00 gm.L"
'compare to 11.500 in control.In the second season results,
poultry dung treatment gave 13.241 tuber.plant” compare to
7.815 tuber.plant” in control. Zinc spraying treatment was
also gave 13.625 tuber.plant™ at 0.4 concentration compare to
8.250 tuber.plant'in control. Potassium sulphate treatment in
the second season was also showed significant tuber number
at 5 gm.L" concentration and gave 11.931 tuber.plant’
compare to 10.153tuber.plant'in control. Organic fertilizers
play the major roll in vegetative growth by improving soil
characteristics which lead to absorb water and nutrients
elements ready for plants (Grandy et al., 2002) in addition to
decrease lost elements by heavy irrigation (Tisadle et al.,
1993).

6-The number of marketable tubers (tuber.plant'l):
Table 8 results showed that there was significant effect of
adding poultry dung where the number of marketable tubers
reached 8.667 tuber.plant’in comparison with 5.907
tuber.plant” in control treatment. Zinc sulphate treatment
gave the highest number of marketabletubers 8.083
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tuber.plant” at 0.4 gm.L"' compare to 5.625 in control. While
potassium sulphate treatment gave a number of 7.722
tuber.plantat 5.00 gm.L" compare to 6.306 in control. In the
second season results, poultry dung treatment gave 7.778
tuber.plant”’ compare to 4.426 tuber.plant” in control. Zinc
spraying treatment was also gave 7.903 tuber.plant” at 0.4
concentration compare to 4.597 tuber.plant’ in control.
Potassium sulphate treatment in the second season was also
showed significant number of marketable tubers at 5 gm.L"
concentration and gave 6.806 tuber.plant” compare to 5.778
tuber.plant” in control. Organic residues play the major roll
in vegetative growth such as plant height, the number of air
stems, chlorophyll level and leaf area which reflected
inprovidingnutrients in tubers and increase the number of
marketable tubers (Mikitzel and Knowles, 1990).

The average weight of marketable tuber (gm.plant™):
Table 9 results for the first season showed that there was
significant effect of adding poultry dung where the number
of marketable tubers reached 121.59 gm.plant’ in
comparisons with 97.04gm.plant'in control treatments. Zinc
sulphate treatment gave the highest average weight of
marketable tubers 114.42gm.plant”at 0.4 gm.L"' compare to
106.14 in control. While potassium sulphate treatment gave
average weight of 114.72 gm.plantat 5.00 gm.L"' compare
to 106.36 in control. In the second season results, poultry
dung treatment gave 77.11gm.plant’ compare to
66.48gm.plant™ in control. Zinc spraying treatment was also
gave 78.47gm.plant’ at 0.4 concentration compare to
68.32gm.plant™ in control. Potassium sulphate treatment in
the second season was also showed significant average
weight of marketable tubers at 5 gm.L™" concentration and
gave 6.806 gm.plant” compare to 5.778 gm.plantin control.
The average weight of marketable tubers was higher in the
first season than the second season and this may because
decreasing number of tubers which lead to increase the
average weight of marketable tubers in addition to low breath
rate of plant parts at the increasing volume stage in the end of
season which provides an excess on nutrients that stored in
tubers (Hassan, 1999).

Marketing yield (kg.plant™): The first season results
showed that there was significant effect of adding poultry
dung where the marketing yield reached 1065 kg.plant’ in
comparisons with 0.573kg.plant " in control treatments (Table
10). Zinc sulphate treatment gave the highest marketing yield
0.941 kg.plant" at 0.4 gm.L" compare to 0.603 in control.
While potassium sulphate treatment gave marketing yield of
904 kg.plant” at 5.00 gm.L"' compare to 679 in control. In
the second season results, poultry dung treatment gave
0.605kg.plant'compare to 0.279 kg.plantin control. Zinc
spraying treatment was also gave 0.626kg.plant’ at 0.4
concentration compare to 0.318 kg.plant’ in control.
Potassium sulphate treatment in the second season was also
showed significant marketing yield at 5 gm.L"' concentration
and gave 0.521 kg.plant'compare to 0.421 kg.plant'in
control. The reason for increasing marketing yield when
adding organic residues may due to contents of organic
fertilizers which has many nutrients that provide perfect
growth conditions and reflect on the increasing of marketing
yield (Botteau, 2004).

The total yield of tubers (ton.h™): Results of first season
showed that there was significant effect of adding poultry
dung where the total yield of tubers reached 59.67 ton.h'in
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comparisons with 32.89 ton.h™'in control treatments (Table
11). Zinc sulphate treatment gave the highest total yield
53.03 ton.h™at 0.4 gm.L" compare to 34.88 in control. While
potassium sulphate treatment gave total yield of 51.01 ton.h™
at 5.00 gm.L" compare to 39.04 in control. In the second
season results, poultry dung treatment gave 35.68 ton.h’
compare to 17.98 ton.h"'in control. Zinc spraying treatment
was also gave 37.48 ton.h™ at 0.4 concentration compare to
19.13 ton.hin control. Potassium sulphate treatment in the
second season was also showed significant total yield at 5

gm.L" concentration and gave 31.30 ton.h™' compare to 25.27
ton.h!in control. The significant increasing in organic
fertilizer treatments occurred due to improvement of
chemical and physical characteristics of soil when these
fertilizers added which lead to more vegetative growth and
increasing yield in the experimental unit (Al Zahawi, 2007,
Al Muhammady, 2009). Organic residues was decreased pH
value in soil which makes nutrients elements ready for plants
in addition to produce hormones, Auxins and Gibberellins
that promote plant growth and productivity (Al-Sahaf, 1994).

Table 3 : The effect of zinc and potassium and their interaction on plant height.

Second spring season First spring season Treatments
I . Potassium sulphate Interactio Potassium sulphate
nteraction 1 -1 .
. gL n of gL Zinc . .
of residues . Organic residues
« zine residues sulph_allte
5 2.5 control zinc % 5 2.5 Control gL
sulphate
sulphate
60.21 60.23 60.30 60.10 84.67 86.00 84.33 83.67 Control
60.28 60.30 60.27 60.27 89.00 90.33 88.67 88.00 0.2 Control
60.52 60.57 60.57 60.43 90.33 92.67 90.67 87.67 0.4
65.47 64.27 64.50 67.63 88.89 90.33 90.00 86.33 Control Poultry d ’
69.33 6720 | 7040 | 70.40 9478 | 99.00 | 94.67 | 90.67 0.2 O“m‘l'lyh;h“g
66.83 64.27 65.73 70.50 97.78 103.00 98.33 92.00 0.4 )
62.06 62.30 61.97 61.90 92.22 98.00 91.33 87.33 Control Rice resid
62.38 6223 | 62.60 | 6230 | 100.00 | 102.00 | 99.33 | 98.67 0.2 tomhal
62.97 63.17 63.13 62.60 101.22 102.00 | 102.00 99.67 0.4 :
61.63 61.57 61.93 61.40 86.11 88.67 86.00 83.67 Control Palm fronds
61.76 61.70 61.63 61.93 95.22 98.33 95.33 92.00 0.2 residues
62.23 62.33 62.33 62.03 95.00 97.33 94.33 93.33 0.4 20ton.ha™!
2.521 n.s 1.020 1.880 LSD
Effectof | 62.10 | 6295 | 6346 | Effectof | 9564 | 92.92 | 90.25 | Effect of potassium sulphate
organic 0.857 organic 0.571 LSD
residues residues
60.34 60.37 60.38 60.27 88.00 89.67 87.89 86.44 Control
Poultry
67.21 65.24 66.88 69.51 93.81 97.44 94.33 89.67 dung
2 ton.ha! .
" Interaction of
Rice residues
62.47 62.57 62.57 62.27 97.81 100.67 97.56 95.22 residues « .
1 potassium
20ton.ha sulphate
Palm P
61.87 61.87 | 6197 | 61.79 9211 | 9478 | 9189 | 897 | [ronds
residues
20ton.ha™!
2.439 2.629 0.567 1.042 LSD
Effect of Effect of
zinc zinc
sulphate sulphate
62.34 62.09 62.17 62.76 87.97 90.75 87.92 85.25 Control | Interaction of zinc
63.44 62.86 63.72 63.72 94.75 97.42 94.50 92.33 0.2 sulphate
62.14 62.58 | 62.94 | 63.89 96.08 | 98.75 | 9633 | 93.17 0.4 potassium
sulphate
0.664 n.s 0.563 n.s LSD
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Table 4 : The effect of adding organic residues and spraying potassium and zinc sulphate and their interaction on air stems numbers of

otato plants.

Second spring season First spring season Treatments
Interaction of Potassium sulphate Interaction of Potassium sulphate . Organic
. a1 . 1 Zinc sulphate s
residues gLl residues gL Lt residues
xzinc sulphate 5 2.5 control zinc sulphatex 5 2.5 control &
1.88 2.00 1.86 1.80 1.867 1.867 1.933 1.800 control
1.88 1.86 2.00 1.80 1.889 1.933 1.867 1.867 0.2 Control
2.00 2.00 2.00 2.00 1.956 1.933 2.000 1.933 0.4
2.55 2.73 2.53 2.40 2.444 2.467 2.467 2.400 control Poultry d
2.93 3.00 3.00 2.80 2.667 2.667 2467 2.867 0.2 "Z“t"y e
2.95 293 2.93 3.00 2.844 2.867 2.733 2.933 0.4 ona
2.26 2.33 2.20 2.26 2.022 2.133 2.000 1.933 control Rice residues
2.48 2.60 2.46 2.40 2.267 2.400 2.200 2.200 0.2 20ton.ha’!
2.80 2.80 2.80 2.80 2.378 2.400 2.333 2.400 0.4
2.80 2.80 2.80 2.80 2.200 2.267 2.333 2.000 control Palm fronds
2.86 2.86 2.86 2.86 2.400 2.400 2.467 2.333 0.2 residues
2.82 2.80 2.86 2.80 2.378 2.400 2.333 2.400 0.4 20ton.ha™
0.068 0.122 n.s LSD
Effect of organic 2.56 | 2.52 [ 247 Effect of organic 2311 | 2261 [ 2256 Effect of potassium sulphate
residues 0.037 residues n.s LSD
1.92 1.95 1.95 1.86 1.904 1911 1.933 1.867 control
Poultry dung
2.81 2.88 2.82 2.73 2.652 2.667 2.556 2.733 2 ton.ha’! Interaction of
251 257 248 248 2222 2311 2.178 2178 | Riceresidues | residues
20ton.ha xpotassium
Palm fronds sulphate
2.82 2.82 2.84 2.82 2.326 2.356 2.378 2.244 residues
20ton.ha™!
0.051 0.074 0.095 0.140 LSD
Effect of zinc Effect of zinc
sulphate sulphate
2.37 2.46 2.35 2.31 2.133 2.183 2.183 2.033 control Interaction of
2.54 2.58 2.58 2.46 2.306 2.350 2.250 2.317 0.2 zinc sulphate
2.64 2.63 2.65 265 2389 2.400 2350 2417 0.4 potassium
sulphate
0.032 0.060 0.058 n.s LSD
Table 5. The effect of adding organic residues and spraying potassium and zinc sulphate and their interaction on leaf area.
Second spring season First spring season Treatments
Interaction of Potassium sulphate Interaction of Potassium sulphate Zi Organic
. 1 . 1 inc sulphate N
residues gL residues gL L residues
xzine sulphate 5 2.5 control zinc sulphatex 5 2.5 control 8-
29.081 30.253 28.620 28.370 28.000 29.667 27.667 26.667 Control
30.311 31.290 30.360 29.283 31.556 31.667 31.667 31.333 0.2 Control
29.893 30.593 29.937 29.150 32.667 33.000 32.333 32.667 0.4
30.963 32.397 30.763 29.730 31.444 32.333 32.333 29.667 Control Poultry d
34.150 34.837 34133 33.480 33556 34.667 33.000 33.000 0.2 "2“t“y e
35.991 36.140 35.910 35.923 37222 41.667 38.000 32.000 0.4 on-ha
29.407 29.290 29.317 29.613 33.778 36.667 33.667 31.000 Control . .
Rice residues
31.487 32.623 31.333 30.503 39.222 40.667 39.333 37.667 0.2 20ton.ha’!
33.392 33.540 33.503 33.133 41.222 41.667 41.000 41.000 0.4
29.183 28.963 28.623 29.963 29.444 31.667 30.333 26.333 Control Palm fronds
31.197 32.690 31.093 29.807 33.333 34.333 33.667 32.000 0.2 residues
35.381 35.837 34.840 35.467 36.667 37.333 34.333 38.333 0.4 20ton.ha™
0.631 1.043 0.941 1.516 LSD
Effect of organic| 32.371 | 31536 | 31202  |Effectoforganic| 35444 | 33944 | 32,639 Effect of potassium sulphate
residues 0.302 residues 0.433 LSD
29.762 30.712 29.639 28.934 30.741 31.444 30.556 30.222 Control
33.701 34.458 33.602 33.044 34.074 36.222 34.444 31556 | Poultry dung .
2 ton.ha Interaction of
31.429 31.818 31384 31.083 38.074 39.667 38.000 36.556 | Riceresidues | residues
20ton.ha xpotassium
Palm fronds sulphate
31.920 32.497 31.519 31.746 33.148 34.444 32.778 32.222 residues
20ton.ha™!
0.326 0.562 0.547 0.842 LSD
Effect of zinc Effect of zinc
sulphate sulphate
29.659 30.226 29.331 29419 30.667 32.583 31.000 28.417 Control Interaction of
31.786 32.860 31.730 30.768 34.417 35.333 34.417 33.500 0.2 zinc sulphate
potassium x
33.664 34.028 33.547 33.418 36.944 38.417 36.417 36.000 0.4
sulphate
0.354 0.541 0.512 0.779 LSD
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Table 6 : The effect of adding organic residues and spraying potassium and zinc sulphate and their interaction on leaf content of total

chlorophyll.
Second spring season First spring season Treatments
Interaction of Potassium sulphate Interaction of Potassium sulphate . Organic
. a1 . 1 Zinc sulphate <
residues gLl residues gL Lt residues
xzinc sulphate 5 2.5 control zinc sulphatex 5 2.5 control &
31.162 30.944 31.229 31.313 30.111 31.333 30.000 29.000 control
31.254 31.178 31.402 31.181 33.333 35.000 33.667 31.333 0.2 Control
31.508 31.288 31.579 31.655 33.333 34.000 33.667 32.333 0.4
33.729 34.377 34.465 32.344 40.889 40.667 41.333 40.667 control Poultry d
34312 34.246 34.280 34.410 47.889 50.000 47.333 46333 0.2 "Z“t"y i
35.443 35.483 35.447 35.400 48.333 51.667 47.667 45.667 0.4 on-ha
32.510 32.608 32.507 32.416 39.444 40.667 39.333 38.333 control Rice residues
32.321 32.220 32.490 32.254 47.222 49.333 48.000 44.333 0.2 20ton.ha’!
32.288 32.385 32.237 32.241 49.111 49.333 49.000 49.000 0.4
32.419 32.462 32.279 32.515 39.333 40.667 39.667 37.667 control Palm fronds
32.967 33.462 33.056 32.384 45.889 48.000 47.333 42.333 0.2 residues
34.599 34.499 34.937 34.361 47.778 49.000 47.667 46.667 0.4 20ton.ha™
0.331 0.473 1.133 1.571 LSD
Effect of organic| 32.929 [ 32.992 32.706 Effect of organic| 43306 [ 42.056 | 40.306 Effect of potassium sulphate
residues 0.124 residues 0.404 LSD
31.308 31.137 31.404 31.383 32.259 33.444 32.444 30.889 control
34.495 34702 34730 34.052 45.704 47444 45444 44220 | Poultry dung .
2 ton.ha Interaction of
32373 32.404 32411 32.303 45259 46.444 45.444 43889 | Riceresidues | residues
20ton.ha xpotassium
Palm fronds sulphate
33.328 33.474 33.424 33.087 44.333 45.889 44.889 42.222  |residues
20ton.ha™
0.237 0.290 0.890 n.s LSD
Effect of zinc Effect of zinc
sulphate sulphate
32.455 32.598 32.620 32.147 37.444 38.333 37.583 36.417 control Interaction of
32714 32.777 32.807 32.557 43.583 45.583 44.083 41.083 0.2 zinc sulphate
potassium x
33.459 33.414 33.550 33.414 44.639 46.000 44.500 43417 0.4
sulphate
0.163 0.234 0.520 0.752 LSD
Table 7 : The effect of adding organic residues and spraying potassium and zinc sulphate on the average of total tubers number.
Second spring season First spring season Treatments
Interaction of Potassium sulphate Interaction of Potassium sulphate Zi Organic
. 1 . 1 inc sulphate N
residues gL residues gL L residues
xzinc sulphate 5 2.5 Control zinc sulphatex 5 2.5 Control &
5.222 5.667 5.667 4.333 8.833 9.500 9.000 8.000 Control
8.389 9.000 8.333 7.833 10.556 10.833 10.667 10.167 0.2 Control
9.833 10.500 9.833 9.167 11.222 12.167 11.500 10.000 0.4
10.667 12.333 10.833 8.833 12.222 13.000 12.000 11.667 Control Poultry d
13.833 14.833 13.500 13.167 14.444 15.333 14.333 13.667 0.2 "Z“t"y n ung
15.222 15.667 15.000 15.000 15333 16.667 15.667 13.667 0.4 on-ha
8.778 9.667 8.667 8.000 10.611 11.167 10.000 10.667 Control Ri id
11.889 13333 11.667 10.667 12.167 13.500 11.000 12.000 0.2 ‘zc(;"t(r)fls;la‘_‘les
15.056 15.333 15.000 14.833 13.444 14.167 12.667 13.500 0.4 )
8.333 9.333 8.333 7.333 10.722 11.667 10.500 10.000 Control Palm fronds
10.889 12.167 11.167 9.333 12.722 13.167 13.000 12.000 0.2 residues
14.389 15.333 14.500 13.333 13.667 14.500 13.833 12.667 0.4 20ton.ha™
0.824 n.s n.s n.s LSD
Effect of organic| 11.931 | 11.042 10.153 Effect of organic [12.972 |12.014 |11.500 Effect of potassium sulphate
residues 0.310 residues 0.365 LSD
7.815 8.389 7.944 7.111 10.204 10.833 10.389 9.389 Control
13.241 14.278 13.111 12.333 14.000 15.000 14.000 13.000 | Poultry dung .
2 ton.ha Interaction of
11.907 12.778 11.778 11.167 12.074 12.944 11.222 12056 | Riceresidues | residues
20ton.ha xpotassium
Palm fronds sulphate
11.204 12.278 11.333 10.000 12.370 13.111 12.444 11.556 residues
20ton.ha™!
0.585 n.s 0.701 0.854 LSD
Effect of zinc Effect of zinc
sulphate sulphate
8.250 9.250 8.375 7.125 10.597 11.333 10.375 10.083 Control Interaction of
11.250 12.333 11.167 10.250 12.472 13.208 12.250 11.958 0.2 zinc sulphate
13.625 14.208 13.583 13.083 13417 14375 13.417 12.458 04 potassium x
sulphate
0.410 n.s 0.436 n.s LSD
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Table 8 : The effect of adding organic residues and spraying potassium and zinc sulphate and their interaction on the number of marketable

tubers.
Second spring season First spring season Treatments
Interaction of Potassium sulphate Interaction of Potassium sulphate . Organic
. a1 . 1 Zinc sulphate s
residues gLl residues gL Lt residues
xzinc sulphate 5 2.5 control zinc sulphatex 5 2.5 control &
3.111 3.333 3.333 2.667 4.389 4.833 4.667 3.667 control
4.667 5.000 4.667 4.333 6.444 6.833 7.000 5.500 0.2 Control
5.500 6.000 5.333 5.167 6.889 7.500 7.167 6.000 0.4
6.056 6.833 5.833 5.500 7.111 8.000 7.000 6.333 control Poultry dung
8.111 8.833 8.000 7.500 8.889 10.000 8.667 8.000 0.2 2 ton.ha™!
9.167 9.500 9.000 9.000 10.000 11.333 10.000 8.667 04
4.667 5.000 4.667 4.333 5.722 6.167 5.333 5.667 control Rice residues
6.667 7.667 6.667 5.667 7.056 7.833 6.667 6.667 0.2 20ton.ha
8.778 9.000 8.833 8.500 7.667 8.167 7.333 7.500 0.4
4.556 5.000 4.667 4.000 5.278 5.667 5.167 5.000 control Palm fronds
6.000 6.667 6.000 5.333 6.944 7.833 7.000 6.000 0.2 residues
8.167 8.833 8.333 7.333 7.778 8.500 8.167 6.667 0.4 20ton.ha™
0.426 n.s n.s LSD
Effect of organic 6.806 | 6278 | 5.778 Effect of organic 7722 | 7014 | 6306 Effect of potassium sulphate
residues 0.175 residues 0.265 LSD
4.426 4.778 4.444 4.056 5.907 6.389 6.278 5.056 control
7.778 8.389 7611 7.333 8.667 9.778 8.556 7667 | Poultry dung .
2 ton.ha Interaction of
6.704 7222 6.722 6.167 6.815 7.389 6.444 6611 | Riceresidues | residues
20ton.ha xpotassium
Palm fronds sulphate
6.241 6.833 6.333 5.556 6.667 7.333 6.778 5.889 residues
20ton.ha™!
0.332 n.s 0.562 0.658 LSD
Effect of zinc Effect of zinc
sulphate sulphate
4.597 5.042 4.625 4.125 5.625 6.167 5.542 5.167 control Interaction of
6.361 7.042 6.333 5.708 7.333 8.125 7.333 6.542 0.2 zinc sulphate
7.903 8.333 7.875 7500 8.083 8.875 8.167 7.208 0.4 potassium x
sulphate
0.197 n.s 0.275 n.s LSD

Table 9 : The effect of adding organic residues and spraying potassium and zinc sulphate and their interaction on the average weight of

marketable tuber.

Second spring season First spring season Treatments
Interaction of Potassium sulphate Interaction of Potassium sulphate . Organic
. 1 . a1 Zinc sulphate .
residues g.L residues gL L residues
xzine sulphate 5 2.5 control zinc sulphatex 5 2.5 control &
63.00 63.67 63.33 62.00 97.56 97.33 98.00 97.33 control
65.22 66.67 64.67 64.33 96.78 94.67 97.67 98.00 0.2 Control
71.22 73.33 71.00 69.33 96.78 101.00 97.33 92.00 0.4
72.78 73.67 73.00 71.67 116.33 121.67 115.33 112.00 control Poultry dung
75.67 78.00 75.33 73.67 125.00 127.00 128.33 119.67 0.2 2 ton.ha’!
82.89 85.33 83.00 80.33 123.44 120.67 126.00 123.67 0.4
69.33 72.33 69.67 66.00 108.00 113.33 108.33 102.33 control Ri id
74.33 75.67 74.00 7333 111.78 123.33 111.67 100.33 0.2 otonhat |
81.00 83.33 81.67 78.00 118.33 122.00 119.67 113.33 0.4 i
68.17 72.00 68.50 64.00 102.67 108.67 104.33 95.00 control Palm fronds
74.67 76.00 74.33 73.67 114.22 122.33 111.00 109.33 0.2 residues
78.78 80.00 78.67 77.67 119.11 124.67 119.33 113.33 0.4 20ton.ha™
1.220 2.122 3.421 5.446 LSD
Effect of organic 7500 | 7310 ] 71.17 Effect of organic| 11472 | 11142 [ 106.36 Effect of potassium sulphate
residues 0.630 residues 1.550 LSD
66.48 67.89 66.33 65.22 97.04 97.67 97.67 95.78 control
77.11 79.00 77.11 75.22 121.59 123.11 123.22 11844 | Poultry dung .
2 ton.ha Interaction of
74.89 77.11 75.11 72.44 112.70 119.56 113.22 105,33 | Riceresidues | residues
20ton.ha xpotassium
Palm fronds sulphate
73.87 76.00 73.83 71.78 112.0 118.56 111.56 105.89 residues
20ton.ha™
0.798 n.s 2.605 3.379 LSD
Effect of zinc Effect of zinc
sulphate sulphate
68.32 70.42 68.62 65.92 106.14 110.25 106.50 101.67 control Interaction of
72.47 74.08 72.08 71.25 111.94 116.83 112.17 106.83 0.2 zinc sulphate
78.47 80.50 78.58 76.33 114.42 117.08 115.58 110.58 0.4 potassium x
sulphate
0.635 n.s 1.617 n.s LSD
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Table 10 : The effect of adding organic residues and spraying potassium and zinc sulphate and their interaction on marketing yield.

Second spring season First spring season Treatments
Interaction of Potassium sulphate Interaction of Potassium sulphate Zi Organic
. 1 . a1 inc sulphate .
residues g.L residues gL L residues
xzine sulphate 5 2.5 control zinc sulphatex 5 2.5 control &
0.196 0.212 0.211 0.165 0.428 0.470 0.457 0.357 control
0.304 0.333 0.301 0.278 0.622 0.646 0.683 0.538 0.2 Control
0.392 0.440 0.378 0.358 0.669 0.757 0.697 0.552 0.4
0.441 0.503 0.426 0.394 0.825 0.973 0.807 0.696 control Poultry dung
0.614 0.689 0.602 0.552 1.113 1.268 1.112 0.958 0.2 2 tonha™
0.760 0.810 0.747 0.723 1.257 1.441 1.260 1.072 0.4
0.324 0.361 0.324 0.285 0.620 0.697 0.581 0.581 control Rice residues
0.496 0.580 0.493 0.415 0.792 0.965 0.745 0.668 0.2 20ton.ha
0.711 0.750 0.721 0.662 0.907 0.995 0.877 0.850 0.4
0.311 0.360 0.319 0.256 0.541 0.616 0.537 0.472 control Palm fronds
0.448 0.506 0.446 0.392 0.797 0.958 0.776 0.655 0.2 residues
0.643 0.706 0.655 0.569 0.929 1.058 0.974 0.755 0.4 20ton.ha™
0.031 n.s 0.075 n.s LSD
Effect of organic 0521 | 0468 [ 0421 Effect of organic| _ 0.904 [ 0792 | 0679 Effect of potassium sulphate
residues 0.012 residues 0.029 LSD
0.297 0.328 0.297 0.267 0.573 0.625 0.612 0.482 control
0.605 0.667 0.591 0.556 1.065 1227 1.060 0908 | Poultry dung .
2 ton.ha Interaction of
0.510 0.563 0.513 0.454 0.773 0.885 0.734 0.699 | Riceresidues | residues
20ton.ha xpotassium
0.406 Palm fronds sulphate
0.468 0.524 0.473 ’ 0.756 0.877 0.762 0.627 residues
20ton.ha™!
0.023 0.029 0.047 0.062 LSD
Effect of zinc Effect of zinc
sulphate sulphate
0.318 0.359 0.320 0.275 0.603 0.689 0.595 0.526 control Interaction of
0.466 0.527 0.460 0.409 0.831 0.959 0.829 0.705 0.2 zinc sulphate
0.626 0.676 0.625 0.578 0.941 1.063 0.952 0.807 0.4 potassium x
sulphate
0.014 n.s 0.040 n.s LSD

Table 11 : The effect of adding organic residues and spraying potassium and zinc sulphate and their interactio

n on the total yield of tubers.

Second spring season First spring season Treatments
Interaction of Potassium sulphate Interaction of Potassium sulphate Zi Organic
. 1 . a1 inc sulphate .
residues g.L residues gL L residues
xzine sulphate 5 2.5 control zinc sulphatex 5 2.5 control &
11.70 12.68 12.69 9.72 25.27 27.59 26.70 21.53 Control
18.68 20.21 18.63 17.21 3541 36.60 38.41 31.22 0.2 Control
23.56 26.28 23.00 21.40 38.00 42.90 39.52 31.57 0.4
26.07 29.66 25.48 23.06 46.76 54.58 45.74 39.96 Control Poultry dung
36.46 40.71 35.67 33.00 62.32 70.49 62.35 54.13 0.2 2 tonha™
44.52 47.72 43.67 42.17 69.93 79.72 70.22 59.84 0.4
19.97 23.00 19.66 17.26 35.68 39.87 33.51 33.65 Control Ri id
30.29 35.27 29.96 25.64 45.01 54.49 42.04 38.49 0.2 otonhat |
42.77 45.07 43.28 39.96 51.49 56.27 49.65 48.55 0.4 i
18.80 21.73 19.25 15.41 31.79 36.05 31.48 27.84 Control Palm fronds
27.16 30.43 27.37 23.70 45.59 53.97 44.63 38.17 0.2 residues
39.06 42.89 39.66 34.64 52.71 59.64 55.00 43.47 0.4 20ton.ha™
1.805 n.s 3.982 n.s LSD
Effect of organic 3130 [ 2819 | 25.27 Effect of organic 5101 | 4494 [ 39.04 Effect of potassium sulphate
residues 0.660 residues 1.578 LSD
17.98 19.72 18.11 16.11 32.89 35.70 34.88 28.11 Control
35.68 39.37 34.94 32.74 59.67 68.26 59.44 5131 | Poultry dung .
2 ton.ha Interaction of
31.01 34.44 30.97 27.62 44.06 5021 4174 4023 | Riceresidues | residues
20ton.ha xpotassium
Palm fronds sulphate
28.34 31.68 28.76 24.58 43.36 49.89 43.71 36.49 residues
20ton.ha™
1.395 1.636 2.518 3.357 LSD
Effect of zinc Effect of zinc
sulphate sulphate
19.13 21.77 19.27 16.36 34.88 39.52 34.36 30.75 Control Interaction of
28.15 31.66 2791 24.89 47.08 53.89 46.86 40.50 0.2 zinc sulphate
37.48 40.49 37.40 34.54 53.03 59.63 53.60 45.86 0.4 potassium x
sulphate
0.842 n.s 2.104 n.s LSD
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Conclusion

This study was confirmed that the using of organic
residues (poultry dung, rice residues and palm fronds
residues), spraying of zinc sulphate and potassium sulphate
was significant in most studied characteristics such as
vegetative growth of potato plant, yield and quality.These
fertilizers were promoted the providing of nitrogen and
magnesium which has a major role in chlorophyll molecule.
In addition, zinc sulphate contributes in many biological
processes such as oxidation and formation of amino acid
which contributes in producing energy and construction of
nucleic, amino and fatty acids. Moreover, improve chemical
and physical characteristics of soil when these fertilizers
added which lead to more vegetative growth and increasing
yield in the experimental unit
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