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Abstract

Effects of zinc, vermicompost and their joint effects on growth, yield and
nutrient accumulation in the leaves and bulb of onion (Allium cepa L.) were
examined. The experiment was conducted in a completely randomized design
(CRD) replicated thrice with twelve treatments involving different doses of Zn
and vermicompost and a control treatments. Growth parameters viz. leaf height,
leaf number, leaf area, leaf area index, bulb height, bulb area and fresh and dry
weight of leaf, stem, bulb and root were assessed. The highest leaf height (63.87
cm), leaf number (28), leaf area (614.21 cm?), fresh weight (29.46 g) and dry
weight (10.79 g) at first harvest were found in 30% vermicompost + 70% Zn
application. The highest leaf height (42.33 cm), leaf number (15), leaf area (328.21
cm?), bulb height (5.67 cm), bulb equatorial diameter (5.67 cm), fresh weight
(28.77 g) and dry weight (6.21 g) were found at second harvest in 30%
vermicompost + 70% Zn. The maximum nitrogen, phosphorus, potassium and
Sulphur content of leaf were observed in 80% vermicompost + 20% Zn
application. The maximum nitrogen, phosphorus, potassium and sulphur
content of bulb were observed in 60% vermicompost + 40% Zn application. The
overall best growth performance and nutrient accumulation were observed in
30% vermicompost + 70% Zn application.

Introduction

Onion (Allium cepa L.) belongs to the family Amaryllidaceae and is one of the most
important monocotyledonous, cross-pollinated winter vegetable crop. Onion has its own
distinctive flavor and is used in curry, soups, meat dishes, salads, and sandwiches, and is
also cooked alone as a vegetable. Its pungency is due to the presence of a volatile oil (allyl
propyl disulphide)® . One pound of onion contain protein 6 g, fats 0.9 g, carbohydrate 44
g, calcium 137 mg, phosphorous 188 mg, iron 2.1 mg, thiamine 0.15 mg, riboflavin 0.1
mg, niacin 0.6 mg and ascorbic acid 38 mg @. During September to December onion price
rises substantially because of its insufficient supply in Bangladesh. On the contrary,
during January-March onion production increases and its price decreases. However, that
increased production is not enough to satisfy the need of
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onion to this enormous population of the country for a year. In Bangladesh, it is used
almost in every cuisine that is why a huge amount of onion is needed every year.
Therefore, it is really important to increase onion production in the country.

Zinc (Zn) is a micronutrient which is required relatively in small amount for plant
growth and development. Zinc is involved in the formation of chlorophyll and
carbohydrate and is also involved in a diverse range of enzyme systems. The functional
role of Zn includes auxin metabolism, influence on the activities of dehydrogenase and
carbonic anhydrate enzymes, synthesis of cytochrome and stabilization of ribosomal
fractions®. Application of Zn increased the growth and yield of onion®. More recently, it
was revealed that organic manure along with mineral fertilizers were effective in
increasing the growth, yield and quality contributing characters® 6. Soil organic matter
content may help in improving the availability of micronutrients, including Zn, by
forming complexes with them® . Vermicompost is an organic manure which is important
as a product of interactions between earthworm and microorganisms by degradation of
organic waste®. Vermicompost is very important to increase onion quality and yield.
However, a limited number of work has been done on interactions of fertilizers
particularly of vermicompost and Zn on growth of onion. Hence, an experiment was
conducted to evaluate the effect of vermicompost and Zn on the growth of and mineral
nutrient accumulation in onion.

Materials and Methods

Soil sample collection and characterization: In order to grow onion, soil (0-15 cm depth)
was collected from Dhamrai, Savar and was air-dried, ground and sieved through 2 mm
sieve. The soil had a pH of 7.45 ( 1:2.5 w/v H20)®, organic carbon 0.265%9), available
nitrogen 2.56% (Kjeldahl extraction)@d, available phosphorus 0.42% (blue color method
using ascorbic acid)®, exchangeable potassium 0.87%(@, available sulfur 0.28%
(Turbidimetric method)®4, sand 4.68%, silt 69.45% and clay 26.01%, textural class- silt
loam3),

Pot experiment: A pot experiment (8 kg soil per pot) was carried out in the net house
of the Department of Soil, Water and Environment, University of Dhaka from 15
November, 2020 to 14 January 2021. Eight kilograms of air-dried soil was taken in 10 kg
capacity pot providing a drainage hole at the bottom. Twelve treatments with three
replications applied were as: Ti: Control (without any Zn and vermicompost), T2: 0%
vermicompost and 100% Zn, Ts: 10% vermicompost and 90% Zn, T+ 20% vermicompost
and 80% Zn, Ts: 30% vermicompost and 70% Zn, Te: 40% vermicompost and 60% Zn, T
50% vermicompost and 50% Zn, Ts: 60% vermicompost and 40% Zn, Te: 70%
vermicompost and 30% Zn, Tio: 80% vermicompost and 20% Zn, T : 90% vermicompost
and 10% Zn, and T12:100% vermicompost and 0% Zn.
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Pots were arranged in a completely randomized design (CRD). Vermicompost was
applied at the rate of 10 ton haland Zn was applied at the rate of 3 kg hal. The onion
bulbs were collected from local market, Dhanmondi, Dhaka. Then, bulbs were cut into
half and sowed in plastic cups. Ten days old one seedling of onion was transplanted in
each pot. The pots were watered up to field capacity. Inter culture practices like weeding
etc. were done when needed. The height of leaf, the number of leaf and leaf area were
measured at 7 days intervals. The leaves were harvested for the first time at 35 days from
transplanting. After the harvesting, leaves regrew from the bulb of onion and whole
plants were harvested after 35 days from first harvest. Bulb length and bulb area were
measured after second harvest.

Harvesting and analysis: Only leaves were harvested at first harvest and whole plants
were harvested (including leaf, bulb and root) at second harvest, washed with tap water
and distilled water and wrapped with soft tissue paper. Immediately after harvest, fresh
weight of leaf, bulb and root were taken, air-dried in room temperature and oven-dried
divided at 65°C in the laboratory for 72 hours. Leaf area indexes were measured through
leaf area by pot area. Dry weight of the samples were measured, and ground with a
mechanical grinder and stored in paper bags for chemical analysis. For nitrogen, 0.1 g of
yield (leaf and bulb) sample was digested in a Kjeldahl digestion flask®), for phosphorus,
potassium and sulfur 0.1 g of yield (leaf and bulb) was digested with nitric-perchloric
acid. Phosphorus of the digest was determined by vanadomolybdophosphoric yellow
color method at 470nm using spectrophotometer (model DR 5000)®. Potassium of the
digest was determined by using JENWAY flame photometer (model PFP 7)®). Sulfur of
the digest was determined by using turbidimetric method@4. LSD test of the results was
performed using Minitab, version 17.

Results and Discussion

Growth of the plants: Plant growth was assessed in terms of plant height, leaf number,
leaf area, biomass production as leaf, bulb and root and nutrient content in leaf and bulb.
The results of the height of leaf at 7 days intervals are presented in Table 1. Height values
varied significantly (p < 0.5). The height of the leaves gradually increased. The highest
height (63.67 cm) at first harvest and at second harvest (42.33 cm) were observed in the
leaves growing in Ts treatment i.e. leaves growing with the application of 30%
vermicompost and 70% Zn after 30 days and 60 days of growth, respectively. The
minimum value at first harvest was obtained in the control treatment (22.0 cm) and the
value was 40.33 cm during second harvest.

The results of the leaf numbers per plant at 7 days intervals are presented in Table 2.
The leaf numbers increased day by day. But after 28 days, leaf numbers were not
increasing. At 35 days, leaves were harvested. From the bulb, leaves were grown again
and after 63days from transplanting ,the leaf growth was too little. The leaf numbers of
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the plant varied significantly (p < 0.5). The minimum values of leaf number were
recorded in control treatment and the maximum values of leaf number were recorded in
application of 30% vermicompost and 70% Zn after 30 days and 60 days of growth.

Table 1. Effects of zinc and vermicompost on the height of onion leaf.

Treatments Height of leaf in cm (Days after transplanting)
1st harvest 2nd harvest
7d 14d 21d 28d 35d 42d  49d 56d 63d 70d
Tw:Control 433 433 13.67 27.00 40.33 2.33 567 7.00 17.00 22.00

T2:0%VC+100%Zn 1233 22,67 33.33 50.67 59.00 8.00 18.67 30.67 35.67  39.33
T3:10%VC+90%Zn 10.33  23.00 36.67 51.00 61.00 8.00 18.67 31.33 3433 3833
T4:20%VC: 80%Zn 7.33 21.33 35.00 52.33 61.33 7.67 18.00 31.67 34.67 40.33
T5:30%VC+70%Zn 10.33 2533 36.67 53.67 63.67 9.67 21.00 31.67 36.33 4233
T6:40%VC+60%Zn 10.67 21.33 35.00 52.67 61.00 7.67 18.67 31.67 35.00 40.33
T7:50%VC+50%2Zn 8.33 19.67 3100 52.00 61.00 833 17.33 31.33 34.67 39.11
Ts:60%VC+40%Zn 5.33 24.00 33.33 51.00 61.33 7.67 17.67 31.67 3533 41.00
Te:70%VC+30%Zn 6.33 22.33 33.33 51.00 61.00 6.67 18.33 31.67 34.67  39.67
T10:80%VC+20%Zn 8.00 22.67 35.00 51.00 59.67 6.67 17.67 31.33 3333 41.00
T11:90%VC+10%Zn 11.00 22.00 32.67 48.00 58.33 6.67 18.67 29.00 31.67 40.33
T12:100%VC+0%Zn 9.67 21.67 35.00 49.00 58.67 8.00 18.33 30.33 32.67 38.00
LSD at 5% 2.19 2.22 6.86 2.77 1.43 6.12 151 1.90 2.24 1.80

Table 2. Effects of zinc and vermicompost on leaf number of onion plant.

Treatments Leaf number (Days after transplanting)
1st harvest 2nd harvest

7d 14d  21d 28d 35d 42d 49d 56d 63d 70d
Tw:Control 4 9 10 11 11 3 6 6 7 7
T2:0%VC+100%Zn 6 10 21 22 22 5 11 11 12 13
T3:10%VC+90%Zn 5 21 22 22 4 9 9 10
T4:20%VC+80%Zn 6 21 22 22 5 10 11 12
T5:30%VC+70%Zn 9 14 25 28 28 8 11 12 14 15
T6:40%VC+60%Zn 6 13 26 26 26 5 9 11 12
T7:50%VC+50%Zn 5 10 23 24 24 5 10 12 13
Ts:60%VC+40%Zn 7 10 23 23 23 6 10 11 12
Te:70%VC+30%Zn 8 9 23 23 23 5 10 11 12
T10:80%VC+20%Zn 7 12 24 25 25 6 10 10 11 12
T11:90%VC+10%Zn 9 14 27 27 27 6 8 9 12 12
100%vermicompost 6 11 24 25 25 6 10 10 11 12
and 0%Zn

LSD at 5% 521 5.17 343 2.75 2.75

=
o
©

1.99 1.78 2.48 2.46
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The results of the leaf area per plant at 7 days intervals are presented in Table 3. The
leaf area gradually increased day by day up to 30 days. The leaf area of the plants varied
significantly (p < 0.5) initially up to 30 days. The minimum values of leaf area were
recorded in control treatment. The maximum values were recorded in application of 30%
vermicompost + 70% Zn.

Table 3. Effects of zinc and vermicompost on leaf area of onion plants.

Leaf area(cm?) (Days after transplanting)

Treatments
1st harvest 2nd harvest
7d 14d 21d 28d 35d 42d 49d 56d 63d 70d
T1i:Control 15.17 3349 112.12 268.61 39424 8.89 28.01 44.67 113.09 174.92

T2:0%VC+100%Zn  40.31 148.72  260.35 491.69 57020 26.70 85.19 178,52  230.40 305.59
T3:10%VC+90%Zn 34.02 150.80 285.53 494.80 589.05 26.70 85.19 18226 221.99 298.05
T4:20%VC+80%Zn 2460 140.30 27294 507.34 592.16 25.67 8225 184.18 224.12 313.13
T5:30%VC+70%Zn 10.33 165.44 285,53 519.97 61421 31.95 9544 184.18 23455 32821
T6:40%VC+60%Zn 35.09 140.30 272.94 51054 589.05 25.67 85.19 184.18 226.20 313.13
T7:50%VC+50%2Zn 27.74 129.87 24278 504.23 589.05 27.74 79.30 18226 224.12 303.93
Ts:60%VC+40%Zn 18.32 157.08  260.35 494.80 592.16 25.67 80.80 184.18 228.27 318.18
Te:70%VC+30%Zn 2146 146.59  260.35 494.80 589.05 2253 83.70 184.18 224.12 308.15
T10:80%VC+20%Zn  26.70 148.72  272.94 49480 576.52 2253 80.80 182.26  215.70 318.18
T1:90%VC+10%Zn  36.13 14451  255.37 466.53 563.89 2253 8519 169.08 205.27 313.13
T12:100%VC+0%Zn 3195 14244 27294 47592 567.09 26.13 83.70 176.60 211.56 295.56
LSD 5% 6.89 13.94 51.75 26.1 1347 19.22 6.63 10.75 1409 1357

Maximum bulb height (5.67 cm) and bulb equatorial diameter (5.67 cm) were
recorded in application of 30% vermicompost + 70%. The minimum values were
observed in the control treatment. The values varied significantly (p < 0.5). Zinc is also
essential for bulb formation, therefore, early application is important. If zinc is low when
bulbs are forming, yields will be significantly reduced.

Fresh and dry matter yield: The fresh and dry weights of leaf, bulb and root are
presented in Table 4. The values for leaf and root varied significantly (p < 0.05) for both
fresh and dry weights except dry weight of leaf at first harvest. The highest yields were
achieved in 30% vermicompost + 70% Zn application. The fresh yield was 29.46 g/plant
and dry weight values was 10.79 g/plant after first harvest (Table 4). The highest values
were recorded for fresh weights of leaf, bulb and root were 28.77, 13.58 and 8.46 g/plant
and for dry weights were 6.21, 5.84 and 2.98 g/plant- in the treatment of 30%
vermicompost and 70% Zn, respectively. The minimum values for fresh weights and for
dry weights for leaf, bulb and root were recorded with the control treatment. The
maximum total yields of fresh and dry weights were 50.81 and 15.03 g/plant, respectively
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recorded with the same treatment. There is evidence that micronutrients such as Zn
increased the dry yield of onion plants®?.

Table 4. Effects of zinc and vermicompost on fresh and dry weight of onion plants.

Treatments 1st harvest 2nd harvest

\'jvrtés(Z) (E;;y wt. Fresh weight (g) Dry weight (g)

Leaf Leaf Leaf Bulb Root Total Leaf Bulb Root Total
Ta:Control 13.12 3.98 1039 572 3.69 19.80 2.92 2.67 2.49 8.08
T2:0%VC+100%Zn  26.20 6.31 16.78 954 643 32.75 5.92 5.18 277 13.87
T3:10%VC+90%Zn  22.05 5.67 1261 1138 7.94 48.09 4.83 4.59 283 1225
T4:20%VC: 80%Zn  27.93 8.94 1523 922 7.16 31.61 421 4.27 283 1131
T5:30%VC+70%Zn  29.46 10.79 28.77 1358 8.46 50.81 6.21 5.84 298 15.03
T6:40%VC+60%Zn  25.72 5.32 2421 831 694 46.25 4.76 5.29 296 13.01
T7:50%VC+50%Zn  20.18 3.73 2237 893 462 35.92 5.31 5.76 270 1377
Te:60%VC+40%Zn  24.99 5.62 2457 1261 781 44.99 6.03 461 284 1489
T9:70%VC+30%Zn  25.84 5.97 1847 868 7.67 34.82 5.32 5.19 266 13.17
T10:80%VC+20%Zn 21.10 4.89 1391 9.03 6.61 29.55 5.40 417 275 1232
T11:90%VC+10%Zn 19.83 4.63 19.27 991 7.60 36.78 5.29 433 254 1216
T12:2100%VC+0%Zn  21.30 491 1298 955 7.35 29.88 442 478 261 1181
LSD 5% 17.46 NS 824 284 228 - 1.09 0.87 0.24 -

Nutrient content in leaf. Mean values of total macro nutrient concentrations in the
leaves and bulbs of onion are presented in Table 5 The maximum amounts of total
nitrogen (10.91%), total phosphorus (0.66%), total potassium (1.46%) and total sulphur
(0.87%) in leaf were observed in application of 80% vermicompost + 20% Zn. The
maximum amounts of total nitrogen (1.94%), total phosphorus (1.57%), total potassium
(1.49%) and total sulphur (0.35%) in bulb were also observed in application of 60%
vermicompost + 40% Zn. The minimum results were recorded in control treatment.

The experiment reported here is primarily concerned with the growth response,
both fresh and dry matter yield and nutrient accumulation of onion (A.cepa ). Plants are
influenced by different treatments of Zn and vermicompost manure. It revealed that
different growth parameters have been influenced by the combined application
(inorganic + organic) fertilizers. Combined application of fertilizers increased the growth
parameters, but the treatment Ts (30% vermicompost and 70% Zn) has shown the best
result than the other treatments in growth response and fresh and dry matter yield. The
T10(80% vermicompost and 20% Zn) and Ts (60% vermicompost and 40%Zn) have shown
the best result in nutrient accumulation in leaf and bulb respectively. This signifies that
fertilizers need to be used carefully according to soil health and crop need.
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Table 5. Concentration (%) of nitrogen, phosphorus, potassium and sulfur in the leaf and bulb of onion

plants.
Treatment Leaf Bulb
Nitrogen Sulfur Potassium Phos-  Nitrogen Sulfur Potassium Phos-
phorus phorus

Tw:Control 3.19 0.02 0.04 0.03 0.45 0.05 0.01 0.06
T2:0%VC+100Zn 3.93 0.38 1.29 0.92 1.48 0.33 0.21 0.92
T3:10%VC+90%Zn 5.51 0.06 0.87 0.40 1.78 0.19 0.85 1.55
T4:20%VC+80%Zn 4.23 0.41 0.13 0.30 1.83 0.32 0.72 1.40
T5:30%VC+70%Zn 5.94 0.42 0.54 0.55 1.53 0.32 0.06 0.37
T6:40%VC+60%Zn 3.93 0.52 1.34 0.63 0.67 0.13 0.04 0.16
T7:50%VC+50%Zn 4.53 0.40 0.75 0.52 1.24 0.21 0.04 0.67
Ts:60%VC+40%Zn 5.27 0.48 1.39 0.48 1.94 0.35 1.49 1.57
Te:70%VC+30%Zn 8.91 0.03 1.07 0.61 0.97 0.20 0.04 0.32
T10:80%VC+20%Zn 10.91 0.87 1.46 0.66 1.19 0.24 0.06 0.29
T11:90%VC+10%Zn 3.21 0.40 1.27 0.63 1.86 0.16 0.43 0.61
T12:100%VC+0%Zn 8.53 0.03 1.34 0.95 2.15 0.22 0.04 0.43
LSD at 5% 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Balanced fertilizer application is essential for the vegetative growth and, thus, for
producing crops with top quality and high yields especially on soils that are cultivated
continuously @819, If it is done, more positive interactive effects of inorganic and organic
fertilizers to get best growth of crops can be possible.
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