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Abstract: The application of organo-mineral fertilizers (OMFs) is gaining popularity day by day
because of their potential effect on crop productivity and soil fertility enhancement. Therefore, this
research was conducted to observe the effect of a peat soil-urea (PSU) fertilizer on baby corn yield,
quality, nitrogen (N) use efficiency, and soil quality compared with commercial urea. A completely
randomized design (CRD) with four replicates was used to set up the experiment. In this trial, N
was applied from three sources, viz., urea, PSU-L (low N = 15%), and PSU-H (high N = 25%) at a
rate of 50, 75, and 100% of the recommended N application dose. The growth, yield, quality, and N
use efficiency of baby corn were significantly impacted by the application of PSU fertilizer to the soil.
Substantially higher leaf chlorophyll, cob vitamin C, and protein content were found in PSU-treated
plants compared with commercial urea. The application of PSU produced about 21% higher cob and
a 14% fodder yield over commercial urea. On average, the N uptake by baby corn was 22% higher
in PSU-treated plants than urea-treated plants, resulting in 24 and 33% higher N use efficiency and
fertilizer N use efficiency, respectively, in PSU than commercial urea. Therefore, the N application
rate could be reduced by around 30% using PSU as an alternate N source compared with using
commercial urea. In addition, the application of PSU to soil substantially increased the soil organic
carbon (SOC) content, whereas SOC decreased in urea-treated soil.

Keywords: organo-mineral fertilizer; baby corn; peat soil-urea; urea; yield; nitrogen use efficiency;
soil organic carbon

1. Introduction

Finding the right balance between the intensification of production and sustainability
is one of the top priorities of present agriculture. The development of novel agricultural
practices is necessary to attain food security because of the exponential rise in the global
population, climate change vulnerability, and soil degradation [1]. The current largest
barriers to agriculture’s ability to achieve food security goals include a lack of raw materials
(environmentally friendly fertilizers, soil-health-enhancing materials, novel crop varieties,
etc.), land resources, and a growing world population [2]. The two most pressing challenges
for today’s farmers are increasing the use efficiency of nitrogen (N) fertilizer and halting
the massive loss of soil organic matter [3]. Unfortunately, the global average for N recovery
by crop plants is less than 50% [4], and the remaining portion is being lost via runoff,
leaching, and denitrification [5]. This has caused both an economic loss and a burden
on the environment because off-site N movement in water pollutes aquifers and natural
watercourses, and nitrous oxide (N,O) contributes to the accumulation of greenhouse
gases in the atmosphere [6]. Moreover, agricultural models based on productivity are
mostly focused on over-fertilization and monoculture farming, leading to problems with
soil degradation such as erosion, nutrient imbalance, salinization, and the loss of organic
matter (OM) [7]. Soil organic matter is one of the most important indicators of soil health
because it has complex effects on soil properties such as soil microbial activity, nutrient
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dynamics and cycling, and physical qualities [8]. Again, it is becoming increasingly difficult
to enhance the efficacy of applied N fertilizers in agroecosystems with deficient organic
carbon (OC), which plays a direct role in the retention of N in soil for a longer period [9].

The mitigation and reduction of fertilizer N losses from intensively managed cropping
systems have been the subject of research endeavors [10]. Current methods to reduce N
losses include the use of nitrification and urease inhibitors and slow- and or controlled-
release fertilizers [11]. These enhanced-efficiency N fertilizers aim to match the mineral N
supply according to crop requirements over the entire growing season to increase the N
uptake and use efficiency of crops [12]. Furthermore, slow-release fertilizers can further cut
the cost of crop production by lowering the rate of fertilizer N application and associated
costs related to fuel and labor expenses [13].

Organic fertilizers can provide the soil with organic matter and nutrients; their use is
also gaining popularity [14]. Unfortunately, the large-scale utilization of organic manure
as a fertilizer may be difficult because of variability in nutrient composition, uneven
nutrient release, variation in sources, and an extremely high rate of application because
of deficient nutrient concentrations [15]. However, organo-mineral granulation has the
ability to increase soil organic matter content and trigger microbial activity in soil for
sustainable crop production [16]. Granulating natural organic resources with inorganic
fertilizer as a source of plant nutrients may be more advantageous than using organic
matter or chemical fertilizer alone. Organic matter has the ability to retain nutrients for
longer periods. Therefore, OMF could reduce the release rate of nutrients and offer an
option to formulate controlled- or slow-release N fertilizers [3]. Consequently, OMFs show
a significant effect on plant growth [17,18], resulting in higher yield [19] and enhanced N
use efficiency (NUE) [20]. Bahari et al. [18] discovered that the application of OMF showed
the highest values of plant height, leaf area, tuber diameter, fresh tuber weight per clump,
and dry tuber weight per clump of shallot (Allium ascalonicum L.). In a field experiment,
wheat yield increased by 32% because of the application of OMF over commercial mineral
fertilizer [21]. Furthermore, Saha et al. [20] reported about 21% higher N use efficiency
(NUE) by sweet corn (Zea mays L.) over commercial urea under the application of OMF
produced by granulating brown coal with urea. In another study, Saha et al. [22], also
found significantly higher leaf chlorophyll, N uptake, and biomass yield from silver beet
(Beta vulgaris L.) fertilized with slow-release brown coal-urea fertilizer compared with
commercial urea.

Baby corn (Zea mays L.) is a high-value crop and requires a very short growing season,
and it has multiple uses. It can be grown all year round in a wide range of climatic and
soil conditions and is well suited to intensive cropping systems [23]. It is becoming more
and more popular among the farmers of Bangladesh, much like in other Asian countries,
because of its high demand, growing market, prospects for value addition, and high earning
potential [24]. It contains a healthy amount of protein, fat, carbohydrates, ash, calcium,
magnesium, phosphorus, iron, zinc, and ascorbic acid [25,26]. Besides the primary crop, it
also produces a substantial amount of high-quality green fodder, which serves as a valuable
cattle feed [27].

Peat soil (PS), often known as peat, is a unique soil formed by organic material and
minerals under favorable climatic and topographic conditions [28]. As an organic amend-
ment, PS has the ability to improve the physical and chemical properties of soil [29,30].
Furthermore, PS contains a higher organic carbon percentage (24.2-69.3%) [31,32] and a nat-
ural void ratio [33], resulting in lower bulk density, [34] a high water-holding capacity, and
permeability [28]. Moreover, the high cation exchange capacity (CEC) (100-300 cmol kg 1)
and porosity of PS are responsible for higher nutrient retention and adsorption capacity
in soil [35]. In addition, peat is naturally formed humified organic matter, easily available
and very cheap in the southern part of Bangladesh. Recently, Dias et al. [36] showed that
the chemical modification of PS with monoammonium phosphate (MAP) had a similar
yield effect on corn (Zea mays L.), where a maximum amount of residual phosphorus was
found for PS-based OMF compared with using MAP. There is, therefore, strong reason to



Sustainability 2023, 15, 9086

30f15

hypothesize that the granulation of natural organics such as peat soil with urea could be a
potential option for increasing N use efficiency and sustainable crop production.

Bangladesh is an agro-based country with very high cropping intensity and very
low soil organic C. Agriculture heavily relies on synthetic fertilizers with very low or no
application of organic matter, resulting in declining soil fertility with a very poor economic
return. Therefore, OMF could play a vital role in improving crop productivity and soil
fertility. To the best of our knowledge, no scientific research has been published on the
agronomic performance of OMF produced by granulating peat with commercial urea on
soil properties, N use efficiency, or crop yield in the context of Bangladesh. Therefore, this
study was designed to evaluate the effect of PSU fertilizer on the N uptake, N use efficiency,
yield, and quality of baby corn in a pot trial study.

2. Materials and Methods
2.1. Experimental Area and Soil

A pot experiment was conducted in the pothouse of the Department of Agricultural
Chemistry, Bangladesh Agricultural University, Mymensingh, Bangladesh during the Kharif-
I season (mid-March-mid-July) in 2022. The experimental site is physically located 19 m
above sea level at latitude 24.7219° N and longitude 90.4424° E. Pre-monsoon, monsoon,
and post-monsoon circulations influence the warm and humid climate of the experimental
area, which is also prone to tropical cyclones and heavy precipitation. The experimental
soil was collected at the agronomy field of Bangladesh Agricultural University from the
0-15 cm soil layer. The soil samples were then air-dried and passed through a 2 mm sieve.
Then, dried and sieved soil samples were analyzed by following standard methods of
analysis [37]. The physical and chemical properties of the collected experimental soil are
presented in Table 1.

Table 1. Properties of collected experimental soil.

Parameters Value Parameters Value

Textural class Silty loam Total N 0.06%

Bulk density 128 gem™! Available P 312ugg!

Soil class Inceptisol Available S 4.09 pg g~

pH 6.8 Available K 1.29 meq 100 g !
Total C 0.46% Available Ca 49 meq100g~!
Organic matter 0.79% Available Mg 3.2 meq 100 g~

2.2. Experimental Setup, Design, and Treatments

Polypropylene pots (28 cm depth and 25 cm diameter) were filled with 12 kg of
Inceptisol. A completely randomized design (CRD) with four replications was used to
set up the experiment. The PSU fertilizers were prepared using a pin mixer and pan
granulation technology as outlined by Saha et al. [22]. Three N fertilizers (urea, PSU-H, and
PSU-L) (Table 2) were added to the soil at rates of 100, 75, and 50% of the recommended
dose (RD) of N, which was 200 kg ha~! (Table 3). A control consisting of only soil was also
included as a treatment. Additionally, P (TSP), K (MOP), Ca (Gypsum), Zn (ZnSO4-7H,0),
and B (H3BOg3) were applied at rates of 50, 100, 40, 4, and 1.5 kg ha=1, respectively, at the
time of filling the pots. All fertilizers were applied in granular form with the topsoil (0-5 cm)
of the pots. Before sowing the seeds, the pots were given three days to reach field capacity.
Three seeds of BWMRI Hybrid Baby Corn-1 (Zea mays L.), released by the Bangladesh
Wheat and Maize Research Institute (BWMRI), were sown in each pot, 3 cm below the
soil surface. The soil moisture was retained at field capacity by adding water regularly
based on the weight differential, typically every two days. Throughout the experiment, no
leaching was seen. Only one plant was permitted to grow in each pot after germination.
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Table 2. Moisture content, C:N, crush strength, C, and N content of PSU.
Granules Moisture (%) Crush Strength (kg) C:N C content (%) N content (%)
Peat soil urea-H (PSU-H) 4.15 4.39 1.12 28 25
Peat soil urea-L (PSU-L) 4.04 6.80 2.07 31 15
PSU-H = high N content, PSU-L = low N content.
Table 3. Treatments used in the experiment and their descriptions.
Treatment Number Treatment Symbol Treatment Details and Dose of N
1 Control NoN
2 Urea 100% 100% of RD of N
3 Urea 75% 75% of RD of N
4 Urea 50% 50% of RD of N
5 PSU-H 100% 100% of RD of N
6 PSU-H 75% 75% of RD of N
7 PSU-H 50% 50% of RD of N
8 PSU-L 100% 100% of RD of N
9 PSU-L 75% 75% of RD of N
10 PSU-L 50% 50% of RD of N

RD of N: 200 kg ha=1/3 g pot™! (Bangladesh Agricultural Research Council (BARC) Fertilizer Recommendation
Guide-2018).

2.3. Total Chlorophyll and Cob Vitamin C Estimation

To measure the chlorophyll content, three leaf sub-samples were taken from the
third leaf from the top for each treatment pot 45 days after fertilizer treatment. Using
80% aqueous acetone, leaf chlorophyll was extracted and measured using a UV visible
spectrometer (T60U, UK) following the technique of Arnon [38]. The vitamin C of fresh cob
samples was estimated using the 2,6-dichlorophenol indophenol (DCIP) method [39].

2.4. Plant Height and Yield Attributes of Baby Corn

The plant height was measured from the base to the top of the plant at 14, 28, 42,
DAS, and at harvest (62 DAS). Cob length was measured by using a scale from the top
to bottom of the cob. The cob circumference of the de-husked cob was determined at the
middle position of the baby corn using a measuring tape. All measurements are expressed
in centimeters (cm).

2.5. Yield of Baby Corn

After harvesting, the husk was removed from the cob, and the yield of fresh cob and
fodder was recorded. Then, both cob and fodder samples were dried in an oven at 65 °C
until a constant weight was obtained, and finally, the dry weight of both cob and fodder
samples was recorded.

2.6. Analysis of Plant Samples

Oven-dried (65 °C) plant samples were finely ground using a grinding machine. After
preparation, the samples were stored in zipper bags. Using the semi-micro-Kjeldahl method,
the total N concentration of cob and fodder samples was determined via digestion with
a conc. HSO4 and catalyst mixture (KpSOy4: CuSOy4-5H,0: selenium powder = 100:10:1)
using a block digester (Velp Scientifica™ F30100450). Then, it was distilled with 40% NaOH
using an automated distillation unit (Velp Scientifica™ UKD 129), and the distillate was
trapped in a boric acid indicator solution. Finally, it was titrated against 0.01N H,SO4 [40].

The protein content was determined by multiplying 6.25 with the N content of cob
and fodder samples [41].
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2.7. Nitrogen Uptake, Nitrogen Use Efficiency, and Fertilizer N Use Efficiency

The nitrogen uptake (NU) by baby corn cob and fodder was calculated using the
equation described by Finzi et al. [42].

B N concentration (%) x Dry weight ot™!
NU (g pot 1) = ( )100 y weight (g pot ") )

Both N use efficiency (NUE) and fertilizer N use efficiency (FNUE) were calculated
using the formula described by Moll et al. [43].

tak t1
NUE () — Y uptake (gpot™) 0 @)
N applied (g pot™1!)

(N uptake in fertilized pot — N uptake in control pot) g pot ™

FNUE (%) = x 100 (3)

Nitrogen applied (g pot™!)

2.8. Post-Harvest Soil Analysis

Soil organic carbon was determined using the wet oxidation method described by
Black [44]. Soil was oxidized with an excess of 1N K,Cr,O7 in the presence of concentrated
H,S0O,4 and H3POy, and then, we titrated the excess KoCr,O7 solution with 1N FeSO4 to
determine the amount of organic matter present. Soil pH was determined using homoge-
nized soil subsamples from each pot at a ratio of 1:5, soil to water (WP 80 Reference pH
Meter) [37].

2.9. Measurement of Urease Enzyme Activity in Soil

A 3-day (peak activity period for urease enzyme) incubation experiment was con-
ducted in a polyvinyl chloride (PVC) container to measure the urease enzyme activity in
soil fertilized with urea and PSU fertilizer. Each PVC container (r = 3 cm and h = 8 cm) was
filled with 200 g of air-dried soil with a bulk density of 1.28 g cm ™2 (matching with the exper-
imental soil). Urea, PSU-H, and PSU-L were added to the soil at a rate of 104.17 mg N kg !
considering a N dose of 200 kg ha~!. Two control treatments were also included in this
experiment consisting of an absolute control and peat soil control. For the peat soil control,
the amount of peat soil added was equal to the amount of peat soil added as PSU-L. The
experiment was designed following a CRD with five replicates. Deionized water was added
to maintain the moisture content at 60% WEFPS (soil water-filled pore space percentage).
The containers were incubated at 24 = 1 °C. After incubation, 10 g of homogenized soil
was taken from the container, and ammonium N (NH4*-N) was extracted by using 4 M
KClL. Then, the NH4*-N concentration was determined by using a spectrophotometer
(T60U-visible, UK). The urease enzyme activity was expressed as pug N per g dry soil per
2 h [45].

2.10. Statistical Analysis

Statistically significant differences between the ten treatments were assessed by one-
way analysis of variance, considering the factor fertilizer type (one-way ANOVA) using the
statistical software package program Minitab® 18. Prior to performing the ANOVA, the
obtained data were run for normality and equal variance checks using the Kolmogorov—
Smirnov test and modified Levene’s test, respectively. Tukey’s HSD test was used to analyze
the significant differences and multiple comparisons between the various treatments at a
5% level of significance (p < 0.05) [46].
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3. Results
3.1. Urease Activity of Soil Amended with Urea and PSU Granules

Significant variation was observed in the urease enzyme activity in the soil because of
the addition of urea and PSU as N fertilizers (Figure 1). The activity of urease in the soil
amended with PSU granules was significantly lower than in soil amended with commercial
urea. There was no significant difference found between the two different PSU granules,
but urease activity was lower in soil amended with PSU-L granules containing a high
proportion of PS than in soil amended with PSU-H granules.

60
a
e
N
'g 40- b
‘a0
- b
o0
o
2 20
8
)
¢ c
0'j T
Control Peat Soil Urea PSU-H PSU-L

Figure 1. Urease enzyme activity of PSU-amended soil after 3 days of amendment. All presented
values are expressed as mean =+ standard error (n = 5). Bars bearing different letters differ significantly
as per Tukey test at p < 0.05.

3.2. Plant Height and Yield Attributes of Baby Corn

Peat soil urea incorporation into the soil showed a significant effect on plant height
and yield-contributing characteristics of baby corn. Plant height was not affected by the
different treatments at 14 days after sowing (DAS), but significant variation was found at
28 DAS, 42 DAS, and at harvest (Table 4). Overall, the highest plant height was found in
the PSU treatment, as compared with the commercial urea treatment. Furthermore, the
maximum cob length and circumference were found in PSU-L 100% treatment (Table 4).
The 75% recommended dose (RD) of PSU was able to produce identical cob lengths, as
found at a 100% RD of urea and PSU. However, PSU-L showed the same result at 75% RD
in the case of cob circumference.

Table 4. Growth and yield contributing characteristics of baby corn under fertilization with urea and PSU.

Plant Height (cm)
Treatment Cob Length (tm)  Cob Circumference (cm)
14 DAS 28 DAS 42 DAS Harvest
Control 30.75 £+ 2.29a 60.50 + 1.83b 82.77 + 3.64f 100.55 + 2.02d 4.3 + 0.15e 454+ 0.17e
Urea 50% 31.25 £+ 2.10a 70.56 £ 3.66ab 94.72 + 7.11ef 135.53 £ 2.60c 8.76 £ 0.31d 7.35 + 0.41d
PSU-H 50% 29.25 + 1.70a 81.58 + 1.32a 119.29 + 1.80bcd 169.45 + 6.20b 10.98 + 0.20cd 8.16 +0.39d
PSU-L 50% 29.23 + 1.47a 78.75 £ 1.31a 123.52 + 1.85abcd 170.35 + 6.97b 11.58 + 0.42bc 9.01 + 0.41cd
Urea 75% 29.50 £+ 1.32a 69.25 4+ 5.20ab 107.55 £ 5.61de 169.55 + 4.41b 11.71 £ 0.30bc 9.08 £ 0.30cd
PSU-H 75% 28.71 £+ 1.65a 73.75 + 2.46ab 122.25 + 1.11bcd 185.65 + 7.47ab 12.84 + 0.62abc 9.49 + 0.27bcd
PSU-L 75% 30.00 £ 1.68a 76.34 £+ 1.80ab 130.42 + 2.45abc 192.28 + 6.10ab 13.5 + 0.25ab 11.60 £ 0.65ab
Urea 100% 23.65 £+ 3.77a 67.25 4+ 8.33ab 113.26 + 2.61cde 177.35 + 4.77ab 13.51 + 0.55ab 10.9 + 0.48abc
PSU-H 100% 28.76 £+ 1.89a 74.62 + 3.35ab 135.46 + 2.12ab 187.75 + 6.61ab 13.66 + 0.38ab 11.48 £ 0.10ab
PSU-L 100% 31.73 £ 2.43a 80.59 + 2.56a 141.75 £+ 5.85a 199.75 + 5.22a 14.22 + 1.10a 12.15 + 0.76a

All values are expressed as mean =+ standard error (n = 4). Values in a column bearing different letters differ
significantly as per Tukey test at p < 0.05.
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3.3. Leaf Total Chlorophyll, Cob Vitamin C, and Protein Content

Leaf total chlorophyll, cob vitamin C, and protein content of baby corn were signifi-
cantly influenced by the application of PSU and urea as a N source (Figure 2). The highest
chlorophyll content (2.97 mg g~ ! fresh weight) was found at a 100% recommended dose
(RD) for PSU-L-treated plants, which was statistically identical to all other treatments
except the control, urea 50%, and PSU-H 50%. No significant variation was found in the
case of cob vitamin C content at 100% and 75% RDs of both the urea and PSU treatments,
but the highest vitamin C content was found in the PSU 75% treatment. However, vitamin
C content at 50% RD of both the urea and PSU treatments was significantly lower than
the vitamin C content at 75% RD of the PSU treatment. The protein content of the PSU-H-,
PSU-L-, and urea-treated plants at 100% RD was statistically similar to the PSU-L at a 75%
RD. A 25% reduction in the N dose of PSU-H and PSU-L showed no significant reduction
in either cob or fodder protein content compared with a 100% RD of N with urea. On
the other hand, urea at 75% of the RD showed a significant reduction in protein content
compared with a 100% RD of N with urea and PSU. Around 9% higher cob protein content
was found in those plants receiving PSU as a N source compared with those receiving
commercial urea.

o]
1
=]

ababﬁba

abc abc

N
1
o
<]
o
(o]

Cob vitamin C content (mg 100 g'l)
N
1

e\°e
Q
AN AP

Fodder protein content (%)

Figure 2. Leaf total chlorophyll (A), cob vitamin C (B), and cob (C) and fodder (D) protein content of
baby corn fertilized with urea and PSU. All presented values are expressed as mean =+ standard error
(n = 4). Bars bearing different letters differ significantly as per Tukey test at p < 0.05.
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3.4. Cob and Fodder Yield

The incorporation of PSU as a N source significantly influenced the fresh and dry cob
and fodder yield of baby corn (Figure 3). The highest fresh and dry cob yields were found
in the PSU-L treatment at a 100% RD (62.97 g pot~! and 8.04 g pot !, respectively), which
was about 12% higher than the urea treatment at 100% of the RD. The fresh and dry cob
yield of baby corn produced by 75% RD of PSU-L and PSU-H was statistically similar to
100% RD of urea, respectively. At a 75% RD, both the fresh and dry cob yield significantly
decreased in urea-treated pots than in PSU-L-treated pots. However, the overall yield
increment in PSU-treated pots was about 21% more than in commercial-urea-treated pots.
Again, the highest fresh (499.70 g pot~!) and dry (177.16 g pot~!) fodder yield were found
in PSU-L 100%, which was statistically similar to PSU-H 100%, urea 100%, and PSU-L 75%,
respectively. The 75% recommended dose of PSU-L and PSU-H produced a statistically
identical fodder yield at a 100% recommended dose of urea. Furthermore, 50% RDs of PSU-
H and PSU-L produced a statistically identical dry fodder yield at 75% of the recommended
dose of urea. On average, about a 13.5% higher fodder yield was found in PSU-treated pots
compared with commercial-urea-treated pots.
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- L
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=
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0&@\@\ o
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200~
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39150-
=
E» 100+
3
S 50
&
0-
egooegoe \000000 o o Q0 o0 o
\«% 5\«\% S Q°¢: "Q«\z» N \5; s\ 5\\@\1& gt
@ S 0 o S
S S S FE VEE I

Figure 3. Fresh cob yield (A), dry cob yield (B), fresh fodder yield (C), and dry fodder yield (D) of
corn fertilized with urea and PSU. [All presented values are expressed as mean + standard error
(n = 4). Bars bearing different letters differ significantly as per Tukey test at p < 0.05.].

3.5. Cob and Fodder N Concentration and Uptake by Baby Corn

Nitrogen concentrations in the cob and fodder of baby corn were significantly different
with the application of PSU as a N source compared with commercial urea. Though the N
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concentrations of both the cob and fodder in the case of the PSU and urea treatments at a
100% RD were statistically identical, a substantially higher N concentration was found in
the PSU-treated plants compared with the urea-treated plants (Figure 4). The application of
PSU at 75% of the RD showed an identical N concentration to that of the urea treatment at
100% of the RD. The N uptake by cob and fodder was significantly different in PSU- and
urea-fertilized soil. The highest N uptake by cob and fodder was found in PSU-L-treated
plants at 100% of the RD (Figure 4). The cob and fodder N uptake at a 100% RD for both PSU
and urea were statistically identical. The N uptake was substantially higher in PSU-treated
plants than in commercial-urea-treated plants. Cob N uptake at 75% of the RD of PSU was
identical to N uptake at a 100% RD of urea. On average, the total N uptake in the case of
PSU-treated plants was about 22% higher than the N uptake by urea-treated plants.
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© E
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0.1+
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o
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1

Figure 4. Cob N content (A), fodder N content (B), and N uptake (C) of corn fertilized with urea and
PSU. All presented values are expressed as mean =+ standard error (n = 4). Bars bearing different
letters differ significantly as per Tukey test at p < 0.05.

3.6. Nitrogen Use Efficiency (NUE) and Fertilizer N Use Efficiency (FNUE)

The granulation of commercial urea with PS and its application to the soil as a N
source showed a significant (p < 0.05) effect on the NUE and FNUE of baby corn compared
with commercial urea (Figure 5). The NUE of baby corn was higher at a lower application
rate of PSU and urea as a N source, but the FNUE was higher at a high N application
rate than at a lower rate. The application of a 50% RD of PSU-L showed a significantly
higher NUE value than that of urea, which was statistically identical at 75% and 100% RDs
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of PSU. The NUE was substantially higher in the PSU treatment than in the commercial
urea treatment at 75% and 100% RDs of N. Conversely, the highest FNUE was found in
the PSU-L treatment at a 100% RD of N. The FNUE was substantially higher in the PSU
treatment at a 100% RD compared with the commercial urea treatment. On average, the
NUE and FNUE increased by 24 and 33%, respectively, in the PSU-treated plants compared
with the commercial-urea-treated plants.

A $ 80-
—_ 80- a ~
S ab T ab ab 2
=1
2y .2 604
5 607 2
2 S
e 9 404
o 404 2
=
= 8 20-
S 20 kS|
g §
Z 0 = 0-
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Figure 5. Nitrogen use efficiency (A) and fertilizer nitrogen use efficiency (B) of baby corn fertilized
with urea and PSU. All presented values are expressed as mean =+ standard error (n = 4). Bars bearing
different letters differ significantly as per Tukey test at p < 0.05.

3.7. Soil Organic Carbon (SOC) and Soil pH after Harvest

The soil organic carbon and soil pH of the post-harvest soil were not significantly
affected by the application of PSU and urea (Table 5). However, SOC slightly increased in
the soil fertilized with PSU compared with the urea-treated soils. The increase in SOC was
high in soil receiving PSU containing a higher quantity of peat than the soil treated with
PSU containing a lower quantity of peat. On the other hand, soil pH decreased slightly in
both PSU- and urea-treated soils, whereas the decreasing rate was higher in the PSU-treated
soil than the urea-treated soil.

Table 5. Soil organic carbon and pH of initial and post-harvest soil fertilized with urea and PSU.

Treatment SOC pH

Initial soil 0.46 £ 0.030a 6.76 £+ 0.082a
Control 0.44 £ 0.030a 6.80 & 0.203a
Urea 50% 0.43 £ 0.024a 6.61 £ 0.082a
PSU-H 50% 0.46 & 0.029a 6.75 £+ 0.067a
PSU-L 50% 0.48 £ 0.027a 6.68 £ 0.030a
Urea 75% 0.42 £ 0.027a 6.56 £ 0.094a
PSU-H 75% 0.48 4 0.023a 6.77 £+ 0.149a
PSU-L 75% 0.51 4 0.020a 6.65 & 0.052a
Urea 100% 0.40 £ 0.027a 6.64 £ 0.067a
PSU-H 100% 0.50 £ 0.029a 6.77 £+ 0.066a
PSU-L 100% 0.53 & 0.034a 6.72 £+ 0.072a

All values are expressed as mean =+ standard error (n = 4). Values in a column with the same letter are statistically
similar as per Tukey test at p < 0.05.

4. Discussion

The availability of N is crucial for primary productivity in terrestrial ecosystems
because N is frequently the limiting factor in plant development [47]. Organo-mineral
granulated fertilizer with slow-release properties can offer the plant plenty of fertilizer N
uptake throughout the whole growing season. The slow-release properties of granulated
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PSU fertilizer can be supported by urease enzyme data. In this experiment, the application
of PSU showed a significant reduction in urease enzyme activity (Figure 1) in soil compared
with commercial urea. This is in agreement with the findings of Saha et al. [3], who also
observed significantly lower urease activity in soil fertilized with brown coal-urea than
with urea. The urease enzyme is responsible for hydrolysis and the release of mineral N
from urea. Therefore, reduced urease activity is a very good indication of the slow-release
properties of PSU. The lower urease activity in PSU-treated soil might be because of the
retention of urea molecules in the porous structure of peat and the presence of numerous
phenolic groups. It is evident from past experiments that organic matter consisting of huge
phenolic groups has the potential to reduce urease activity in soil [48]. On the other hand,
high urease activity indicates the fast and speedy release of mineral N from urea fertilizer
because of rapid hydrolysis. This finding justifies the experiment of Aradjo et al. [49], who
found urea N was released more slowly from chitosan—peat—urea (CPTU) than from urea.

In the pot experiment, the growth parameters, total chlorophyll, cob vitamin C, and
cob protein of baby corn were substantially higher in PSU-treated plants compared with
urea-treated plants. The higher chlorophyll content in the PSU treatments was probably
due to the greater enzymatic activity in leaves along with the higher amount of fertilizer
N available to the plants over a longer period of time given the slow and steady release
of mineral N. Moreover, the enhanced availability of fertilizer N in PSU might trigger
photosynthetic activity as well as plant growth, resulting in the accumulation of more
chlorophyll in the leaf tissue. Similarly, Ullah et al. [50] showed that biochar-urea-treated
plots had higher chlorophyll content in rice than in urea-treated plots. Much higher vitamin
C content was determined in plants grown with a PSU treatment compared with those
grown with urea. The results of our study are supported by the findings of Zhao et al. [51],
who found higher vitamin C content in Chinese cabbage treated with OMF than in cabbage
treated with urea. However, a slight reduction in vitamin C content at a 100% RD of both
urea and PSU might be the dilution effect of the enhanced cob size and diameter [52] at
a high N application rate. Again, the higher chlorophyll accumulation together with the
higher amount of available N in PSU-treated plants might be responsible for higher protein
synthesis compared with plants treated with commercial urea, resulting in high protein
content. In line with our findings, Zhao et al. [51] also observed higher protein content in
OMF-treated plants over commercial-urea-treated plants.

The N uptake of baby corn was significantly higher in PSU-fertilized soil compared
with urea-fertilized soil. In agreement with our findings, Dawar et al. [53] found higher
N uptake in wheat treated with biochar—urea-composite fertilizer than with commercial
urea alone. Other findings by Haque et al. [54] showed higher N uptake by sorghum
in OMF-treated plots than in urea-treated plots. Several factors might be responsible for
higher N uptake by baby corn in PSU-fertilized pots than in urea-treated pots. Usually, baby
corn takes up very lower amounts of mineral N during the early growth stage, whereas
a large amount of urea N becomes available during this time. In comparison with urea,
PSU has the capacity to decrease fertilizer N releases because of the prolonged retention of
urea or mineral N in a large surface area, porous microsites, the favorable surface charge of
peat, and the cation exchange (peat soil CEC = 100-300 cmol kg ') of ammonium N with
excessive functional groups and the active carbon fraction of peat [35,53,54]. As a result,
a higher amount of fertilizer N might be available at the later growth stage, facilitating
more N uptake by baby corn. Moreover, the higher accumulation of leaf chlorophyll and
synthesis of cob protein in PSU-treated soil further confirms the hypothesis of higher N
uptake in PSU over urea. In contrast, the very high solubility and speedy release of fertilizer
N in urea might be responsible for the higher loss of N via leaching and gaseous emission.
The higher loss of urea N might also reduce the availability of mineral N in the later growth
stage of baby corn and be responsible for lower N uptake.

Significantly higher cob and fodder yield in baby corn was noticed in PSU-treated
soil rather than urea. The higher cob and fodder yield in PSU-treated soil could be the
result of better synchronization and fertilizer N supply to plants from PSU during the
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growing season compared with commercial urea. The higher amount of available N might
be responsible for better photosynthetic and metabolic functions in accumulating more
dry matter in the biomass and cob of baby corn [1,12,55]. This is supported by growth
and yield attribute data (Table 4) where significantly higher plant height and larger-sized
cobs were obtained from PSU-treated pots than urea-treated plants. Moreover, the higher
amount of chlorophyll also contributed to enhancing cob yield in PSU-treated plants in
relation to urea. This is supported by Dias et al. [36], who reported that OMF produced
from peat soil and monoammonium phosphate (MAP) showed remarkably higher corn
yields than those using MAP alone. The increased yield (cob and fodder) and enhanced N
uptake by baby corn in the PSU treatment might be the main reason for increased NUE
and FNUE compared with urea. A similar finding was reported by Ibrahim et al. [56], who
found that MgO-modified biochar—urea showed higher N use efficiency than commercial
urea. However, the NUE and FNUE results showed the higher efficiency of PSU, especially
at a low N percent (15%)-containing formulation, showing that the application of N doses
to baby corn could be reduced by around 30% by applying PSU as an alternate source of N
instead of urea.

Additionally, the application of PSU containing a high amount of organic C [1] could
also contribute to building soil organic C gradually over a longer period of time [57]
and improve soil quality by triggering soil microbial activity and soil health properties.
Although no significant differences were found between the treatments, post-harvest soil
C was slightly higher in PSU than in urea, which may suggest increases in long-term soil
carbon content. Similar results were also published by Zheng et al. [58], who found that
biochar-based urea fertilizer (BBNF) significantly improved soil C by 16% compared with
inorganic N fertilizers.

5. Conclusions

Organo-mineral fertilizer could be a promising technology and sustainable alterna-
tive to commercial N fertilizers such as urea for better crop productivity, with a smaller
environmental footprint. The application of PSU fertilizer to soil showed a significant
influence on the growth, yield, soil quality, N uptake, and NUE of baby corn. Substantially
higher leaf chlorophyll, cob protein, and vitamin C content were found in PSU than in
urea. On average, the cob yield was about 21% higher in the PSU treatment compared with
the use of urea. The application of PSU to soil exhibited a significant reduction in urease
enzyme activity in soil, indicating the slower release of fertilizer N. A significantly higher
N concentration was found in baby corn cobs resulting in 22% higher N uptake for PSU
than urea. The enhanced N uptake in PSU-treated plants contributed to an increase in NUE
by 24% and FNUE by 33% with respect to commercial urea. In addition, the application of
peat-based organo-mineral fertilizer as a N source could help reduce the N application rate
by 30% without reducing the yield and quality of baby corn. Furthermore, soil quality can
be improved gradually by adding extra C to PSU. These results may be used as baseline
data to formulate and apply PSU as a N fertilizer source for crop production. However,
further research will be needed on a large scale under various climatic and soil conditions
with multiple crops before any final recommendations are made.
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