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Abstract. Improve maize production can be done by expanding the planting area in Ultisol. The
main problems with planting maize in Ultisol are high soil acidity (pH < 4.5), high Al saturation
(> 65%), and low P availability (+ 1.7 ppm). The objective of this study was to know the effect
of the application of mushroom waste substrate vermicompost on the characteristics of maize
growth and yield. in Ultisol. Randomized Complete Block Design with the treatments of
vermicompost at a dose of 0 tha!, 15tha’!, 30 t ha”!, and 45 tha'! with six replications was
tested. The observed variables were Ultisol's chemical and biological properties, maize growth,
and yield. The soil characteristics of the pH, C-organic, P-available, and phosphate solubilizing
microbes, and maize growth and yield characters viz. the number of leaves, shoot dry weight,
flower emergence, leaf chlorophyll content, the efficiency of P use, the protein content of seeds,
number and weight of maize seeds improved with the application of 45 t ha! of vermicompost.
From the results it could be concluded that applying the vermicompost would enable farmers
increase yield of maize in Ultisol soil.
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INTRODUCTION

Maize production in Indonesia increased by about 19 million tons in 2014 and
28.9 million tons in 2017 under 3.8 million hectares of harvested area. Improving maize
production in Indonesia can be expanded to Ultisol as a potential area of 45.7 million
hectares (Fitriatin et al., 2014).

Soils of Ultisol are not fit for crop production due to high soil acidity (pH < 4.5),
high aluminum (Al) saturation (> 65%), and deficient availability of P (+ 1.7 ppm)
(Taisa et al., 2019), and deficiency of Ca, Mg, and K (Widiatmaka et al., 2016; Purwanto
et al., 2021; Utami et al., 2021). In addition, Ultisol has low levels of C-organic, N-total,
Cation Exchange Capacity (CEC), and Base Saturation (Syahputra et al., 2015).

Application of vermicompost improves soil conditions such as N-total, soil pH, and
C-organic (Rakhmalia et al., 2015, Setiawan et al., 2015). Some researchers reported that
the effect of vermicompost increases total N levels, soil pH, P-available, and C-organic
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(Aryani et al., 2019, Fitria et al., 2018, Sianturi et al., 2019, Yuka et al., 2017), P content,
cation exchange capacities (CEC) of K, Ca, Mg, soil fungi, and bacteria (Emalinda et
al., 2005). According to Adhikary (2012) and Bellitiirk et al.(2022), vermicompost
increases 2.2% N, 2.2% P, 1.5% K, and some micronutrients such as Na, Ca, Zn, S, Mg,
and Fe. Vermicompost can also reduce soil acidity and increase the number of
microorganisms (Fernandez-Gomez et al., 2010).

Some studies have done that the application of vermicompost improves the soil
properties of Ultisols. However, a study of the application of pure mushroom waste substrate
vermicompost without additional ingredients has not been revealed yet. Therefore, it is
critical to investigate the impact of applying mushroom waste vermicompost to Ultisol
on morpho-physiological characters, and yield components of maize.

MATERIALS AND METHODS

The study was done at the Experimental Garden of the Faculty of Agriculture, the
Universitas Muhammadiyah Purwokerto, located in Karangsari Village, Kembaran
District, Banyumas Regency from April - to November 2019. The vermicompost was
made with the activity of Eudrilus eugeniae worms on the mushroom waste substrate.
Ultisol was taken from Gorowong Village, Parungpanjang District, Bogor Regency,
West Java. Soil samples were taken randomly at a depth of 0-20 cm with conditions of
pH, C-organic, total N, total P,Os and Al saturation of 4.21, 0.77%, 0.04%, 1,200 ppm
and 66.07%, repectively. Then, the soil was air-dried and sieved with a 2 mm sieve. The
application of vermicompost was by doses viz. 0 t ha”, 15tha”, 30 t ha', and 45 tha™.
The chemical and biological compositions of vermicompost were 1.44% total N, 2.03%
total P20s, 3.19% total K20, 31.0x10° cfu ga™' N-fixing microbes and 39.0x105 cfu ga™
phosphate solubilizing microbes.

20 kg of sieved soil (30% moisture content) was mixed with vermicompost (17%
moisture content) and then put into a 45 cm x 50 cm polybag (+ 30 cm diameter). The
soil and vermicompost mixture was watered until the field capacity was reached.
Subsequent watering was applied according to conditions in the polybag. Sukmaraga
maize seeds were planted in polybags at a depth of about 2—3 cm, with two seeds in each
polybag and arranged distance among seed at a spacing of 20 cm. Nitrogen fertilizer with
a dose of 92 kg ha” was given at seven days after planting (DAP) and 30 days after
planting, in half dose each. Potassium (K-O) fertilizer with a dose of 60 kg ha™ was given
seven days after planting (Wahyudi, 2009). Calculation of the fertilizer dose per polybag
was the volume of soil in polybags divided by the volume of soil per hectare, multiplied
by the dose of fertilizer for one hectare. Harvesting was done when the plant reached
physiological maturity, with the criteria that the husks were dry and hard. Variables
observed were chemical and biological properties of Ultisol, and morphological,
physiological, and yield components of maize.

Soil chemical and biological analysis

Soil pH was analyzed by using a glass electrode, while C-organic analysis using
the Walkley and Black method, the total P-level was extracted with HNO3 and analyzed
by Olsen and Bray method. The available P was analyzed by the Bray-II method
(Sulaeman et al., 2005). Total Phosphate Solubilizing Microbial (PSM) was calculated
using the Most Probability Number method (Saraswati et al., 2007).
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Plant morphological observations

Plant height was measured when male flowers appeared by measuring plant height
from the base of the stem to the base of the last flag leaf (Peiffer et al., 2014). Stem
diameter was measured at the time of the end vegetative stage by measuring the diameter
of the stem at the lowest internode at a distance of 15 cm from the base of the stem
(Bintoro, 1989). The number of leaves, counting all the leaves that formed and have fully
opened was done 56 days after sowing time (Sitompul & Guritno, 1995). Leaf Area
Index was calculated by the formula:

Leaf Area

Ground Area (1

The calculate of leaf area is leaf length x maximum leaf width x 0.75x9.39
(Bintoro, 1989). The ground area is the spacing used for maize plants with plant distance
of 20 cm x 75 cm (Sitompul & Guritno, 1995). Dry shoot weight was weighed at the end
of the vegetative stage. The weighing was carried out after the shoots were dried in the
oven at a temperature of 60 °C until the weight was constant (Bintoro, 1989).

Leaf Area Index =

Plant physiological observations

Physiological analysis of the amount of chlorophyll was measured in the third leaf
using the Arnon method (1949). The concentrations of proline were determined in the
ear-leaf during the vegetative phase (35 days after planting) and the seed filling phase
(60 DAP) using the Bates method (1973). The protein content of seeds was measured at
harvest time using the Kjeldahl method (AOAC, 1990), absorption efficiency and
efficiency of P use were measured at harvest time (Fageria & Baligar, 1997) with the
formula as follows:

Uptake Effici p= Dry Seed Weight (g)
ptake Efficiency P = Total P uptake of plant (g) ()
D lant weight
Efficiency of using P = —— > P-4 Wetg (9) 3

Total P uptake of plant (g)

Observation of maize yield and yield components

The yield and yield components of maize were observed at the end of the study,
which consisted of cob length, cob diameter, grain weight per cob, weight of 100 dry
seeds, number of seeds per cob (Subaedah et al., 2021). Harvest index, calculated at
harvest time with the formula:

y f Index = Oven Dry Seed Weight (ODSW) (g) 100% 4
arvest Inaex = ODSW + Oven Dry Canopy Weight (g) X ° “)

Statistic analysis

The effect of vermicompost application on Ultisol's chemical and biological
properties, morpho-physiological characters, yield, and maize yield components was
analyzed using variance analysis (a = 0.05) with the SPSS 25. Multiple comparisons for
treatments with a significant effect were using Duncan's Multiple Range Test (DMRT)
with a = 0.05 (Gomez & Gomez, 1984).
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RESULTS AND DISCUSSION

Chemical and biological properties of Ultisol

Vermicompost had a significant effect on Ultisol pH. Vermicompost was able to
increase the pH by 67.5%. The application of vermicompost in soil about 45 t ha™
showed the highest pH, 6.92. There was a significant difference in the C-organic content
of the soil due to the addition of vermicompost along with the addition of 45 t ha' P,Os
(Table 1).

Table 1. Effect of dose of vermicompost from the mushroom waste substrate on pH, C-organic
and P-total of Ultisol

;/:sarn;lé:ompost pH C-organic (%) P-total (ppm)

0 tha' 4.30+0.10a 0.83+£0.017a 0.148 £0.013a
15tha' 6.70 £0.03b 0.89£0.016b 0.210 + 0.022b
30 t ha' 6.79 + 0.04b 0.90 £ 0.020b 0.250 +0.018¢
45 tha' 6.92 £ 0.08¢ 0.96 £0.031c 0.264 £ 0.042¢

Note: Value followed by the same letter in the same column showed no significant difference based on the
Duncan Multiple Range Test with a = 0.05.

The high total P-total was shown in the treatment with vermicompost of 45 t ha™!,
but it was not significantly different with 30 t ha"'. However, the available P was highest
with the application of vermicompost of 45tha’. Meanwhile, dose of 45 tha’
vermicompost raised the number of phosphate solubilizing microbes from 4.6x10% cfu g”!
to 189.9x10° cfu g”' and reduced Al saturation from 60.96% to 17.39% (Table 2).

Table 2. Effect of dose of vermicompost from the mushroom waste substrate on P-available,
phosphate solubilizing microbes and Al saturation of Ultisol

;/Oesarrzlecompost P-available (ppm) fn}:(c)rsgtl,lsste(i(l)})%t:}:f;nlg) Al saturation (%)
0 tha' 5.42+0.181a 4.6 £1.0a 60.96 + 1.76d
15 tha'! 6.03 £ 0.627b 39.7 + 14.8b 34.78 £6.77c
30 tha'! 6.08 £ 0.706¢ 70.8 + 8.03¢c 24.76 +2.49b
45 tha’ 6.40 +0.782d 189.9 £ 90.2d 17.39 + 1.06a

Note: Value followed by the same letter in the same column showed no significant difference based on the
Duncan Multiple Range Test with a = 0.05.

The increase in soil pH due to the application of vermicompost was in line with
Mahmud et al. (2018), which stated that the application of vermicompost can increase
soil pH. According to Butterly et al. (2010), the application of organic matter to acid
soils (with high Al saturation) can raise soil pH because Al is bound by organic acids
resulting from decomposition and forms complex compounds (chelates) so that Al is not
hydrolyzed anymore.

Some studies mentioned that the addition of organic matter increases the C-organic
content of the soil and improves the physical, chemical and biological properties of soil
(Mekki et al., 2017). Soil C-organic can be improved by application of organic materials
such as manure, compost, agro-industrial waste and urban waste (Vicente-vicente et al.,
2016). The amount of P-total and P-available increased with increasing vermicompost.
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The application of organic matter has been reported to increase P availability in the soil
(Sharif et al., 2014). According to Mekki et al. (2017) , the increasing amount of P-total
and P-available is related to the amount of carbon as a food source for soil
microorganisms. An increase in the amount of carbon can stimulate the activity of
microorganisms for the process of decomposition, P dissolution, and N fixation.
According to Opala et al.(2012), the increase in soil P availability is due to the presence
of soil microorganisms that can mediate the mineralization of organic P into inorganic P.

The increase in available P is also caused by the decomposition of organic matter,
which produces organic acids that act as chelators (Siregar et al., 2017). According to
Gusnidar et al. (2010), during the decomposition process, organic acids are produced,
which then form Al complex compounds, reducing the Al-exch content and reducing P
adsorption by Al while increasing P availability. Organic acids formed during organic
material degradation can form chelate bonds with Al and Fe ions, lowering their solubility
and increasing P availability. Organic acids produced by the breakdown of organic
materials can also liberate adsorbed phosphorus and increase P availability (Bloom &
Skyllberg, 2012). Ayodele & Shittu (2014) and Balik et al. (2019) reported that soil
Al-exch decreased due to the application of, manure, compost and vermicompost.

Brady & Weil (2014) stated that P fertilization on acid soils needs to be
accompanied by providing ameliorant materials, including organic matter. Previous
research has shown that phosphate fertilizer combined with green manure (Rick et al.,
2011), organic waste (Korzeniowska et al., 2013), or compost can increase available P.
(Chien et al., 2011). Phosphorus solubility increases through microbial metabolism
during the decomposition of organic materials, which release functional phosphate
molecules for plants (Galvez-sola et al., 2010, Korzeniowska et al., 2013, Lu et al., 2014).

Adding organic matter increases microorganisms' activity and density, including
phosphate solubilizing microbes (Agbede et al., 2017, Frimpong et al., 2017, Seshachala
& Tallapragada, 2012). The relationship between the amount of Phosphate-solubilizing
microbes and organic matter in the soil is that carbon compounds become the primary
energy source for phosphate-solubilizing microbes (Alori et al., 2017). Various carbon
sources influence the growth and activity of phosphate solu bilizing microbes. This
carbon source has been reported to affect the production of enzymes to release organic P
(Qureshi et al., 2010). Thus, Nur et al. (2019) have proven that giving compost about
20 t ha”! increases the activity of phosphate solubilizing microbes.

Maize plant morpho-physiological character

The application of vermicompost significantly affected plant height, stem diameter,
leaf area, leaf area index, and shoot dry weight of maize. The application of
vermicompost up to a dose of 45 t ha™ showed an increase in plant height, stem diameter,
number of leaves, leaf area index, and shoot dry weight. 219%, 157%, 117%, 645%, and
1,263%, respectively. Vermicompost application of 45tha” resulted in a shorter
appearance on male and female flowers of 30 dan 38 days earlier, respectively, compared
to without vermicompost application (Table 3 and 4).

The efficiency of P uptake and P utilization increased by 100% and 106% compared
to the dose of 15 t ha! with the application of vermicompost of 45 t ha!. The addition of
vermicompost significantly increased the protein content of maize seeds. When vermicompost
was applied at a rate of 45 t ha™', protein content of 9.1 percent was obtained, whereas a
compost addition of 15 t ha resulted in protein content of 6.0 percent (Table 6).
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Table 3. The effect of different doses of vermicompost from the mushroom waste substrate on
plant height, stem diameter, number of leaves per plant and leaf area index of maize

Vermicompost  Plant height Stem diameter Number of .
Leaf area index

dosage (cm) (cm) leaves per plant

0 tha'! 45.9+33a 0.7+ 0.05a 5.7+0.6a 0.40 £ 0.16a

15 t ha'! 107.6 £9.3b 1.2£0.05b 11.0+0.4b 2.03+0.35b

30 tha'! 1154+ 6.5b 1.5+£0.03¢c 12.2+0.1c 2.34+£0.20b

45 t ha'! 146.5 £ 5.4c¢ 1.8 £0.06d 12.4+0.4c 298 £0.31c

Note: Value followed by the same letter in the same column showed no significant difference based on the
Duncan Multiple Range Test with a = 0.05. DAP = Day After Planting.

Table 4. The effect of different doses of vermicompost from the mushroom waste substrate on
shoot dry weight, time for male flowers to appear and time for female flowers to appear of maize

Vermicompost  Shoot dry weight Time for male flowers to  Time for female flowers to
dosage (g tan™) appear (DAP) appear (DAP)

0 tha' 73+25a 833+ 1.6¢c 92.9+0.6d

15 tha'! 42.7+2.7b 53.9+0.7b 60.3 £ 0.6¢c

30 t ha! 59.6 +4.5¢ 51.1+0.3a 56.3 +£0.6b

45 tha'! 99.5+11.d 50.3+0.1a 54.7+0.4a

Note: Value followed by the same letter in the same column showed no significant difference based on the
Duncan Multiple Range Test with a = 0.05. DAP = Day After Planting.

According to Abdou et al. (2016), the improved growth of maize after receiving
vermicompost is due to a mineralization process that occurs when compost is applied to
the soil. The addition of compost in soil could increase the N, P, K and micronutrients
content (Khan et al., 2017), increase the amount of soil organic carbon and soil pH
(Agegnehu et al., 2016, Anhar et al., 2018, Karimuna et al., 2016, Zaman et al., 2010)
and improve activity of microorganisms (Agbede et al., 2017, Frimpong et al., 2017).
Other studies showed that the application of organic fertilizers on maize crop could
increase plant height, the number of leaves, stem diameter and fresh weight at harvest
(Okoroafor et al., 2013, Soro et al., 2015). Plant height also increased due to pig and
chicken manure (Coulibaly et al., 2019). Meanwhile, Mahmood et al. (2017) stated that
maize crop with applications of chemical fertilizers and poultry manure in dose of 7 t ha
resulted in the maximum Leaf Area Index.

When compared to unfertilized plots, the use of vermicompost increased plant
height, which could be attributed to vermicompost's ability to improve photosynthesis
rate, free radical scavenging, and soil enzymatic activity (Laugale et al., 2020).
According to Kareem et al. (2017) an increase in plant height was caused by an increase
in apical meristem activity, while an increase in stem diameter was caused by an increase
in mitotic cell division and cell enlargement in the stem, as well as an increase in leaf
area caused by an increase in cell division in the leaves.

Some previous studies have reported that an increase in plant dry weight was due
to composts of cow dung, waste (Naderi & Ghadiri, 2010), cassava (Adejumo & Togun,
2014), and livestock manure with addition of phosphorus (Sharif et al., 2011). The increase
in plant dry weight caused by composting is intimately connected to compost's function
in improving soil fertility, both chemically and biologically, so that plants can grow
better. According to Huang et al. (2010) and Zhang et al. (2016), composting increases
soil fertility and nutrient uptake by plants, resulting in increased plant growth, yield, and
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yield components. Organic fertilizers improve soil fertility and microbial activity and
increase the efficiency of chemical fertilizer use to improve crop production (Mahmood
et al., 2017, Schoebitz & Vidal, 2016). The quickest time for male and female flowers
to emerge was achieved using up to 45 t ha” of vermicompost. Imran & Khan (2015)
believe that increasing the compost dosage can hasten the release of male and female
maize flowers.

The appearance of flowers is a sign that the plant has entered the generative phase.
In general, to enter the generative phase, plants need sufficient phosphorus. Phosphorus
deficiency can cause delays in plants entering the generative phase. In this study, adding
more vermicompost can significantly increase the availability of phosphorus (Table 2), so
corn plants can enter the generative phase more quickly than those without vermicompost.
According to Sabastian et al. (2018), phosphorus plays an important role in energy
storage and transfer. An adequate supply of phosphorus in the early stages of plant life
is critical for the reproductive phase of the plants. The optimal application of phosphatic
fertilizers is required for rapid growth, early maturity, and improvement in the quality of
vegetative growth, whereas its deficiency will slow overall growth (Ahmad et al., 2013).

Application of vermicompost increased the chlorophyll and proline content of
maize leaves (Table 5). Naeem et al. (2017) reported that applying artificial fertilizers
along with compost increased the chlorophyll content of leaves compared to applying
synthetic fertilizers only. Chlorophyll content also increased in plants fed with organic
fertilizers (Amujoyegbe et al., 2010), sawdust (Adekayode & Olojugba, 2010), urban
waste compost (Pirdashti et al., 2010), and cow dung, poultry and rice straw (Siavoshi
& Laware, 2013). According to Udom & Kamalu (2019), an increase in proline levels is
caused by the rise in the three components of maize: leaf area index, stem diameter, and
plant dry crown weight. As a result, with the same watering volume, the vermicompost-
treated soil will quickly experience water shortages because water needs will increase
with a larger canopy.

Table 5. The effect of different doses of vermicompost from the mushroom waste substrate on
chlorophyll, proline at the end vegetative phase and proline in the seed filling phase of maize plants

Vermicompost Chlorophyll Proline at the end vegetative Proline in the seed filling
dosage (mg g'h phase (u mol g!) phase (u mol g'!)

0 tha' 153+2.0a 1.3+0.1a 1.3£0.1a

15 tha'! 24.7+1.9b 2.7+0.4b 2.8+0.2b

30 tha' 26.3+1.9b 3.8+ 0.4c 3.5+0.4c

45 tha! 29.1+1.5¢ 6.0+1.2d 4.6+0.4d

Note: Value followed by the same letter in the same column showed no significant difference based on the
Duncan Multiple Range Test with a = 0.05.

Humic acid in vermicompost helps to increase the efficiency of P use. According to
El-Etr et al. (2011), the presence of humic acid increases P use efficiency in maize sesame
plants. The addition of compost (Majeed et al., 2018), manure (Ademba et al., 2015,
Andriamananjara et al., 2019, El-Eyuoon & Amin, 2018), and Tithonia biomass was also
reported to improve P uptake or use efficiency (Endris, 2019). Because the addition of
vermicompost affects soil phosphorus levels, the protein content of maize seeds
increases; according to Shahbazi & Nematollahi (2019), increasing the phosphorus
application from 0 to 150 kg ha" increased the protein content significantly from 13.56
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percent to 15.53 percent. The addition of phosphorus to the fertilization process can increase
the protein content of maize kernels (Radulov et al., 2010), wheat (Rahim et al., 2010).

Table 6. The effect of different doses of vermicompost from the mushroom waste substrate on P
absorption efficiency, efficiency of using P and seed protein of maize plants

P absorption efficiency Efficiency of using P

gzzr;lzompost (dry seed weight / (dry plant weight / ?;e)d protein
& total P uptake) (g g™ total P uptake) (g g™ °

0tha'! NA NA NA

15 tha! 52+04a 23.0+1.3a 6.0+ 1.4a

30tha’! 7.7+0.9b 30.6 £2.2b 6.8+ 1.5b

45 tha' 10.4+1.2¢ 47.4 + 4.6¢ 9.1+1.1c

Note: Value followed by the same letter in the same column showed no significant difference based on the
Duncan Multiple Range Test with a = 0.05. NA = Not Available.

Yield and yield components of maize

The application of vermicompost increased the length and diameter of the cobs
significantly. With the addition of 15 t ha™ of vermicompost, the size and diameter of
the cobs increased by 137 percent and 517 percent, respectively. In comparison, a dose
of 45tha! of vermicompost increased by 205 and 683 percent, respectively. The
maximum yield index, seed weight per ear, number of seeds per ear, the weight of
100 grains, and highest yield index were all achieved with vermicompost up to 45 t ha™
(Table 7 and 8).

Table 7. The effect of different doses of vermicompost from the mushroom waste substrate on
cob lenght, cob diameter and seed weight per cob of maize

;/:srangnecomp ost Cob length (cm) Cob diameter (cm) Seed weight per cob (g)
0 tha' 5.7+0.1a 0.6+0.05a NA

15tha' 13.5+0.7b 4.0 +0.08b 61.9+72a

30 t ha' 15.5+0.2¢ 43+0.12¢ 94.0+£5.8Db

45 t ha'! 174+0.4d 4.7+£0.07d 130.1+4.6 ¢

Note: Value followed by the same letter in the same column showed no significant difference based on the
Duncan Multiple Range Test with a = 0.05. NA = Not Available.

Table 8. The effect of different doses of vermicompost from the mushroom waste substrate on
weight 100 seeds, number of seeds per cob and harvest index of maize

Vermicompost

dosage Weight 100 seeds (g) Number of seeds per cob Harvest Index
0 t ha'! NA NA NA

15 t ha'! 25.5+109a 246.9 £ 24.3a 0.51+0.02a
30 tha' 28.3+1.0b 333.2+£22.9b 0.59+0.01b
45 tha! 31.7+ 1.4c 4253 £8.55¢ 0.64 +0.01b

Note: Value followed by the same letter in the same column showed no significant difference based on the
Duncan Multiple Range Test with a = 0.05. NA = Not Available.

The increased yield and yield components of maize due to vermicompost treatment
were linked to increased soil fertility and plant development. Growing plants can supply
photosynthate to storage organs or plant yields. Previous research found that using

1097



vermicompost (Jjagwe et al., 2019) or compost (Amanullah et al., 2015) increased the
number of cobs per plant and seeds per row, the number of rows per cob, and the number
of seeds per cob of maize. Ganjali et al. (2013), Glaser et al. (2014), and Doan et al. (2015)
all reported increased maize yield and yield components with compost application.
When organic fertilizers were used, the number of seeds per cob, the weight of 1,000
grains, and the weight of seeds increased (Achieng et al., 2010). Igbal et al., 2015)
reported increased yields and yield components of maize with organic matter. Bekele et
al. (2019) found that combining nitrogen, phosphorus, and vermicompost application
resulted in a 21.5 percent increase in groundnut pod harvest index over the control.

CONCLUSIONS

Vermicompost application of up to 45 t ha™' can increase pH, C-organic, P-total,
P-available, and phosphate solubilizing microbes while decreasing Al saturation. Plant
height, stem diameter, the number of leaves, leaf area index, and dry crown weight
increased by up to 45 t ha”! with vermicompost. Male maize flowers appeared 30 days
earlier when Ultisol was combined with 45 tha™ of vermicompost. The addition of
45tha” of vermicompost increased the levels of chlorophyll and proline. In the
application of vermicompost up to 45 t ha™', the highest seed protein content, P uptake
efficiency, and P use efficiency were achieved. The length of the ear, the diameter of the
ear, weight of seeds per ear, the weight of 100 seeds, and the highest number of seeds
were also achieved with vermicompost applications of up to 45 t ha™.
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