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Abstract: (1) Background: Excessive use of chemical fertilizers accelerates soil acidification and
increases greenhouse gas emissions. In this context, the farmland application of organic fertilizers
not only reuses agricultural waste but also improves soil quality. (2) Methods: Two organic fertiliz-
ers made from chicken manure—G508 and G509—were field applied, implementing once or twice
(denoted by X1 and X2, respectively) the recommended amount of nitrogen for three crops. In addi-
tion, an incubation experiment was conducted to assess the mineralization of the organic fertilizers.
(3) Results: G508 did not undergo a composting process and, thus, had a higher content of nitrogen
compared to G509. Therefore, although the soil properties improved under G509, the total mineral
nitrogen released was lower than G508. Compared to chemical fertilizer treatment, the application
of G508 and G509 increased the soil’s pH value, concentrations of organic matter, available phos-
phorus, and exchangeable concentrations of potassium, calcium, and magnesium. In addition, the
crop yield under G508X2 treatment was even higher than that under chemical fertilizer treatment.
(4) Conclusions: Although G508 and G509 were both processed using chicken manure, they exhibited
different nutrient-release behaviors during mineralization and also had different influences on the
soil properties and growth of the three crops.

Keywords: chicken-manure-processed organic fertilizer; crop yield; nitrogen mineralization; plant
nutrition; soil fertility

1. Introduction
1.1. Characteristics of Organic Fertilizer

The application of organic fertilizers has been shown to enhance the soil quality [1].
In conventional cultivation, the content of soil organic matter (OM) is depleted by the
long-term application of chemical fertilizers. Soil OM is helpful in promoting the formation
of soil aggregates, which increases soil porosity, saturated hydraulic conductivity, and
available water content, while also decreasing its bulk density [2,3]. Moreover, soil treated
with manure has been demonstrated to increase its water-holding capacity (WHC) as well
as decrease its bulk density [4]. Furthermore, soil aggregate stability has been observed to
increase significantly in the case of its treatment with turkey manure-processed organic
fertilizer compared to chemical fertilizer treatment [5]. Moreover, excessive application
of chemical fertilizers has been found to result in soil acidification, increased emission of
greenhouse gases, and possibly eutrophication as a result of the erosion of nutrients into
surrounding rivers or lakes [6,7]. In contrast, crops grown using organic fertilizer-amended
soil have produced yields that are similar to chemical fertilizers, although nutrient release of
organic fertilizer was slower [8-10]. Even through each kind of organic fertilizer has its own
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nutrient-releasing behavior after soil application; however, relative to chemical fertilizer
treatment, the application of chicken-manure-processed organic fertilizer can significantly
increase the content of organic carbon, available nitrogen (N), available phosphorus (P),
and exchangeable potassium (K) in soil [11-13]. Moreover, the results of a four-year field
experiment conducted by Tewolde et al. [7] also demonstrated that the application of
chicken-manure-processed organic fertilizers alleviated the acidification of soil compared
to chemical fertilizer treatment. However, the soil’s electrical conductivity (EC) increased
significantly on being amended by different manures in another field study [14]. Although
the soil application of chicken-manure-processed organic fertilizer was reported to increase
P and K content in wheat and corn, there was no significant difference between the yields
when compared with chemical fertilizer treatment [12].

1.2. Mineralization of Organic Fertilizer

Mineralization is a microorganism-dominated process that transforms nutrients from
their organic into their inorganic forms, which can then be absorbed by crops. Cassity-
Duffey [15] conducted a 99-day mineralization experiment during which 47 kinds of organic
fertilizers were applied to soil. The results showed that organic fertilizers with a high
carbon (C) to N ratio (C/N ratio) released lower inorganic N content. Manures of chicken,
cattle, and sheep were applied to the soil [16], after which a maximum concentration of
ammonium-N (NH4"-N) was noted on the 20th day after application and then decreased
from the 30th day onward, possibly due to volatilization, nitrification, or immobilization.
A 16-week incubation experiment was conducted by Rasouli-Sadaghiani and Dikinya [17],
where sludge and manures of chicken, sheep, and cattle were applied to soil at 3% dose.
The maximum concentration of nitrate-N (NO3 ~-N) in the soil was observed in the 2nd
week after applying the above materials; however, the concentrations of NO3 ~-N decreased
as a result of immobilization. Rothé et al. [18] also demonstrated that soil amended with
chicken-manure-processed compost could raise the concentration of inorganic N in the soil
and, in turn, the concentration of N in the crop.

The transformation of N is determined by the soil’s pH. At pH 7.5, the transformation
of NHy" to NO3 ™ has been observed to be rapid, thus minimizing the volatilization of
NHj [19]. The suitable pH range for nitrification is between 6.6 and 8.0; therefore, the rate of
nitrification decreased when the soil’s pH was less than 6.0, and nitrification did not occur
when the soil’s pH decreased to less than 4.5 [20]. Soils with pH values of 5.4, 7.6, and 9.9,
respectively, were used by Cui et al. [21] to study the mineralization of N. The experimental
results showed that the concentrations of NH;"-N and NO; ™ -N released by acidic soil were
quite low. For neutral soil, NH4*-N was released in the beginning and then decreased after
40 days; moreover, the concentration of NO3 ~-N increased from the 50th day. In alkaline
soil, a maximum concentration of NO3~-N was determined on the 20th day. The results
of this study are consistent with those observed by Bergamasco et al. [22], who found a
higher concentration of NO3™-N in soil with neutral pH; however, the concentration could
not be detected when the soil’s pH was less than 4.5. Since organic acids are released
during the mineralization of organic fertilizers, the soil’s pH is also affected by the type
and amount of organic fertilizer applied. A decrease in the soil’s pH after the application of
organic fertilizers and sludges has been reported by previous studies [23,24]. Furthermore,
besides its pH, the application of manures [25] and organic fertilizers [23] also increases the
soil’s EC.

1.3. Impact of Organic Fertilizer on the Environment

The soil application of organic fertilizers might have negative influences on the en-
vironment resulting from heavy metals, microorganisms, and other pollutants if applied
improperly. Since chicken-manure-processed organic fertilizers might have high copper
(Cu) and zinc (Zn) content, there are two regulations used in Taiwan for managing heavy
metals in fertilizers during land application. The limitations to Cu and Zn content in
chicken-manure-processed organic fertilizer, as announced by the Agriculture and Food
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Agency of Agriculture of Council (AFA of COA) of Taiwan, are 100 and 500 mg kg™ ?,
respectively. Additionally, for croplands, the control standards of Cu and Zn announced by
the Environmental Protection Administration (EPA) of Taiwan are 200 and 600 mg kg~ !,
respectively. A high content of Cu is harmful for germination and may even cause the
death of seedlings [26-28]. Furthermore, the yield and growth hormone were also observed
to be reduced under high Zn concentrations. Moreover, a high content of Zn inhibits root
growth and, therefore, the uptake of nutrients [29-31].

Manures of poultry and livestock contain coliform bacteria, which are responsible
for food poisoning. Therefore, according to the AFA of the COA in Taiwan, a heating
process is necessary to process manures into organic fertilizers. Many previous studies
have reported that heating at 55 °C for 2 h could decrease the coliform bacteria to less
than 1000 MPN g~! [32-34]. In addition to heating, Chang et al. [35] used gaseous ozone
to treat chicken manure to find that the number of coliform bacteria was not detectable
under 50.05 mg L~! treatment. Flies are another problem involved in the utilization of
chicken manure. With suitable water content and temperature, fly eggs might hatch in such
manure [36].

1.4. Objectives

The present study used two chicken-manure-processed commercial organic fertilizers—
G508 and G509—permitted for use by the AFA of the COA of Taiwan with registration
numbers 0280009 and 1053001, respectively. The materials used to process these two
organic fertilizers are not accessible by the public as they are a commercial secret. However,
G508 was produced using a mixture of chicken manure (>50%), husk, and saw dust, which
is then granulated and heated at 70 °C for at least 30 min, according to the regulations
for G508. Similar materials as G508 were used to produce G509, with the only difference
being that a composting process was conducted instead of heating. It remains to be seen
whether or not composting has a great influence on the composition of organic fertilizer
and therefore the nutrient-releasing behavior during mineralization; however, as far as
we know, few studies have been conducted to compare the difference in mineralization
between composted and non-composted chicken-manure-processed organic fertilizers. A
field experiment and an incubation experiment were therefore conducted in this study.
The objectives included assessing (1) the difference in nutrient-releasing behavior of two
kinds of chicken-manure-processed organic fertilizers, and (2) the influence of different
treatments on the soil properties and yields of three crops.

2. Materials and Methods
2.1. Field Experiment and Analysis

Field experiments were conducted from February 2021 to June 2021 in a cropland
having two separate blocks—block A and block B—with a total area of 0.26 ha, located in
Chunghua County in Central Taiwan. Surface soil samples—0-20 cm—before and after the
field experiment were collected. Three soil samples collected in the same treatment were
mixed to form a composite sample, which was then air dried, ground, and passed through
10-, 80-, or 100-mesh stainless sieves according to the properties analyzed. The pH [37],
EC [38], OM [39], wet aggregate stability (WAS) [40], available N [41], and exchangeable
cation [42] were analyzed. Furthermore, the available P was analyzed depending on the
soil’s pH value. The Olsen method [43] and the Bray No.1 method [44] were used to extract
the available P in alkaline and acidic soils, respectively. Furthermore, the total and available
concentrations of Cu and Zn in the soil were analyzed using the aqua regia method [45]
and the 0.05 M EDTA method [46], respectively. All the extractants and digestants were
filtered through Whatman No. 42 filter paper and quantitated. The Ca, Mg, Cu, and Zn
concentrations in the extractants or the filtered digestants were determined by employing an
atomic absorption spectrophotometer (AAS; Z-2000, HITACHI, Tokyo, Japan). Meanwhile,
the K concentration in the filtered digestants was determined using a flame photometer (FA;
M410, Sherwood, Cambridge, UK). The water content [47], pH [37], EC [38], and OM [39]
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of G508 and G509 were also determined. The two organic fertilizers were digested with
sulfuric acid and hydrogen peroxide, after which the total concentrations of N, P,Os, K,O,
CaO, and MgO were determined using the method outlined above. The concentrations of
heavy metals in the digestants were determined by inductively coupled plasma optical
emission spectroscopy (ICP-OES, Perkin Elmer Avio 200, Waltham, MA, USA). Moreover,
the most probable number (MPN) of coliform bacteria was estimated by the Soil Survey
and Testing Center of Nation Chung University, in accordance with Loncarevic et al. [48].
Irrigation waters were collected at different inlets and filtered through Whatman filter
paper. The pH and EC as well as the concentrations of K, Ca, and Mg were determined
using the methods outlined above.

The following six treatments were tested with four replications each: (1) CK (control):
no amendment; (2) CF: chemical fertilizer at the recommended dose (RD) of nitrogen (N);
(3) G508X1: G508 at the RD of N; (4) G508X2: G508 at two times the RD of N; (5) G509X1:
G509 at the RD of N; (6) G509X2: G509 at two times the RD of N. In accordance with the
recommendation of the AFA of the COA of Taiwan, the RDs of N for cabbage, Chinese
cabbage, and water spinach are 300, 225 kg, and 150 kg ha~!, respectively. Chemical and
organic fertilizers were applied on 20th February 2021 as the base fertilizer, while no top-
dressing fertilizer was applied. The seedlings of cabbage (Brassica oleracea L. var. capitate)
and Chinese cabbage (Brassica pekinensis Rupr) were planted on 25 February 2021 in block
A with the same density of 1.44 x 103 seedlings/ha. The seeds of water spinach (Ipomoea
aquatica Forssk), bought from Known-You Seed Co., LTD., were sown on 25 February 2021
in block B with a density of 2.7 x 10° seeds/ha.

2.2. Crop Harvest and Analysis

The mature crops of cabbage, Chinese cabbage, and water spinach were harvested
after growing them for 72, 65, and 71 days, respectively. Three heads of cabbage or Chinese
cabbage and thirty water spinach were harvested from each replicate of each treatment,
and their fresh weights were determined. The shoot height of water spinach and the
shoot height and diameter of cabbage and Chinese cabbage were also determined. Crop
tissues were washed with both tap water and deionized water (DI water) and then oven
dried at 65 °C for one week. After determining their dry weight, the crop tissues were
ground with a grinder and then digested with sulfuric acid and hydrogen peroxide. The
concentrations of N, P, K, Ca, Mg, Cu, and Zn in the digestants were determined using the
method outlined above.

2.3. Incubation Experiment

A 120-day incubation experiment was performed in the growth chamber (temperature
28 + 1 °C, humidity 60%, lighting 12 h) to assess the mineralization of N for G508 and
G509. Soil samples collected from the surface layer (0-20 cm) of block A were air dried,
ground, and passed through a 10-mesh stainless sieve. Except in the case of CF, the same
treatments as the field experiment and RD of cabbage were used for three replications each.
Briefly, homogenized mixture of 100 g air-dried soil and corresponding amount of organic
fertilizer were added into a 150 mL beaker. Parafilm was used to seal the open end of each
beaker, on which 3040 small holes were poked for aeration, while DI water was added
every week by weighting in order to maintain the soil water content at 50-70% of WHC
during the incubation experiment. Three beakers for each treatment were taken out of the
growth chamber every 10 days (coded as D0, D10, D20, etc. up to D120) to document their
pH, EC, and 2 M KCl-extractable N content [41]—NH;*-N and NO; " -N.

2.4. Statistical Analysis

The statistical analysis in this study was conducted using the Statistic Analysis System
(SAS) v9.4 software. A one-way analysis of variance (ANOVA) was performed using the
generalized linear model (GLM) across all treatments. Duncan’s New Multiple Range
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Test was also used to identify significant differences between the means and the statistical
significance, denoted by p < 0.05.

3. Results and Discussion
3.1. Basic Properties of Soil, Organic Fertilizer, and Irrigation Water

The soils in the two blocks had significantly different characteristics (Table A1). The pH,
EC, WAS, and OM of the soil in block A were 6.7-7.5, 0.1-0.3 dS m~1, 27-45%, and 0.9-1.4%,
respectively. The available or exchangeable concentrations of N, P, K, Ca, and Mg were
in the levels of 4.6-12.5,7.0-14.1, 120-190, 1483-1811, and 389-424 mg kg~ !, respectively.
Furthermore, the total concentrations of Cu and Zn were 40-51 and 136-170 mg kg~ !,
respectively. The soil in block A also had low concentrations of OM, while its available
P content was insufficient for the growth of most crops. In contrast, the soil in block
B was more acidic than that in block A, while its EC, WAS, and OM were at the levels
of 0.1-0.4 dSm~!, 42-51%, and 3.2-4.0%, respectively. The available or exchangeable
concentrations of N, P, K, Ca, and Mg in the soil of block B were in the ranges of 6.6-11.9,
7.4-44.0, 126-205, 1747-2160, and 451-500 mg kg !, respectively. The total concentrations
of Cu and Zn were in the ranges of 113-141 and 259-345 mg kg~ !, respectively—higher
than that in block A.

Table 1 depicts the basic characteristics of the two organic fertilizers used in this study,
where it is evident that G508 has a higher content of OM and total N than G509. However,
its total contents of P,Os5, KO, CaO, MgO, and Zn are lower than G509. Moreover, the
irrigation water in the different inlets had similar pH values; however, the irrigation water
in inlets 1 and 5 had higher EC values than the others (Table A1). Meanwhile, the irrigation
water in inlets 5 and 7 had higher concentrations of K and Ca than the other inlets. This
phenomenon affected the EC and exchangeable cation of the soil in inlets 1 and 5, as
explained in the following paragraphs.

Table 1. Basic properties of the fertilizers used in this study.

Standards Announced by the AFA of the COA of Taiwan

Fertilizer Unit G508 G509

G508 G509

Water content Y% 13 10 <20 <20

pH 8 9 5-9 5-9

OM % 54 46 >40 >40

TN % 5.0 3.1 >2.5 14

P,05 % 4 6 1-6 1-6
K,0 % 3.2 3.6 0.5-5 0.5-5
CaO % 9.5 12.3 N/A N/A
MgO % 12.6 16.4 N/A N/A

As mg kg ! 1.3 1.0 <25 <25

cd mg kg~! ND ND <2.0 <2.0

Cr mg kg ! ND 2.5 <150 <150

Cu mg kg~! 23 67 <100 <100

Hg mg kg ! <1.0 <1.0 <1.0 <1.0

Ni mg kg~! ND ND <25 <25

Pb mg kg ! ND ND <150 <150

Zn mg kg ! 294 470 <500 <500
Coliform bacteria MPN gfl <1 N/A <1 x 103 N/A

OM: organic matter content, TN: total nitrogen content, ND: not detectable, N/A: not applicable.

3.2. Influence on Soil Properties

Relative to CF, the application of G508 and G509 significantly increased the soil pH
(p < 0.05). However, no significant difference was observed among the organic fertilizer
treatments (Figure 1). The soil’s pH under amendments by G508X2, G509X1, and G509X2
was higher than G508X1, although there was no statistical difference in general. Soil pH
has a close relationship with the availability of nutrients, the activity of microorganisms,
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and the growth of roots. Both the organic fertilizers analyzed in this study were more
alkaline than the soil tested in blocks A and B. The experimental results of this study are
consistent with Wan et al. [49], who demonstrated that amendments caused by the use of
organic fertilizers can decrease the acidity of soil. Although G509 had a higher pH than
G508, it did not increase significantly with an increase in the amount of fertilizer applied
under the G509 treatment. This phenomenon revealed that the influence on soil pH was
still determined by the characteristics of the organic fertilizer applied.
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Figure 1. The pH and EC values of the soils after the field experiment: cabbage (left), Chinese
cabbage (middle), and water spinach (right). The different letters indicate the significance among the
treatments obtained through one-way ANOVA analysis (Duncan test, p < 0.05, n = 4). CK (control):
no amendment; CF: chemical fertilizer at the recommended dose (RDs) of nitrogen; G508X1: G508
at the RD of nitrogen; G508X2: G508 at two times the RD of nitrogen; G509X1: G509 at the RD of
nitrogen; G509X2: G509 at two times the RD of nitrogen.

The EC of the soil that grew cabbage under the G509X1 and G509X2 treatments
increased significantly—2.07 and 2.05 times higher than CF, respectively. However, it
decreased and increased by 47% compared to the CF under the G508X1 and G508X2
treatments, respectively, without any statistical difference (Figure 1). Relative to CF, the
EC of the soil growing Chinese cabbage decreased by 37-57% under the organic fertilizer
treatments. Furthermore, compared to the CF, the EC of the soil that grew water spinach
increased and significantly increased (p < 0.05) by 11-96% under the G508 and G509
treatments. The soil’s EC has a close relationship with the soluble content of its salts.
However, high EC has a negative influence on soil-water potential as well as the crop’s
uptake of nutrients. The application of organic fertilizers has been shown to increase EC
in the soil [23]. Because of the different fertilizers applied based on the N’s RD, the same
amount of N was applied in the treatments with G508X1 and G509X1, while a higher
amount of G509 was applied as a result of the lower N content of G509 compared to G508
(Table 1). Significantly higher amounts of K, Ca, and Mg were thus added to the G509
treatments. Therefore, in general, the soil had a higher EC than under the G508 treatments.
Some of the soil EC values under CF, G508, and G509X1 went beyond the threshold of
saline soil. Since the EC of the irrigation water of inlet 5 (0.81 dS m~!) was higher than the
other inlets, and even though no amendment was applied to the soil that grew cabbage
under the CK treatment, a higher EC was determined after the field experiment compared
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to other treatments (Figure 1). This phenomenon was unavoidable in this field experiment
because the irrigation water could only be drawn from a surrounding channel.

Relative to CF, there was no significant influence of the different treatments on WAS
after the field experiment (Figure Al). Notably, Tisdall and Oades [50] reported that there is
a close relationship between WAS and soil OM content. Although the application of organic
fertilizers has been demonstrated to enhance WAS [4,5], enabling the formation of a large
aggregation requires a long period of time. Since only 70- to 120-day field experiments
were carried out in this study, no significant influence was observed on the WAS under the
G508 and G509 treatments. Moreover, the air-drying process before the analysis could also
decrease WAS [51], although this viewpoint has not been supported by Arshad et al. [52].

Relative to CF, the soil OM increased and significantly increased (p < 0.05) under
treatments by G508 and G509 (Figure 2). Compared to CF, the OM content of the soil that
grew cabbage, Chinese cabbage, and water spinach increased by 18-59%, 30-60%, and
9-20%, respectively. Soil OM plays an important role in promoting the physical, chemical,
and biological properties of soil [3,53,54]. In general, the G509 treatments exhibited a better
enhancing effect on the soil OM than the G508 treatments—possibly resulting from the
higher amount of G509 applied compared to G508. Moreover, since the initial OM content
of the soil that grew water spinach was higher, its increasing range was lower compared
to the other two crops. Moreover, during composting, different materials were added to
adjust the C/N ratio in the soil to reach suitable levels for the growth of microorganisms.
While most of the labile fractions in G509 were degraded during composting, most of the
composition in G508 was primarily in the labile fraction. This is the reason that the soil OM
under the G509 treatments was higher compared to the G508 treatments.

4 . ]
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o |:| D ] o L
K

CF G501 G508X2 GS09X1 G509X2 CK CF G501 G508X2 GS09X1 G509X2

@

Crganic matter (%)

Crganic matter (%)
™

Treatment Treatment

Figure 2. The organic matter content of the soil after the field experiment under different treatments:
cabbage (left), Chinese cabbage (middle), and water spinach (right). The different letters indicate
the significance among the treatments obtained through one-way ANOVA analysis (Duncan test,
p <0.05, n = 4). The codes have the same meanings as those in Figure 1.

Relative to CF, amendments by G508 and G509 increased the concentration of the soil’s
available N, although most of the differences were not significant (Figure 3). Compared
to CF, the available N content of the soil that grew cabbage, Chinese cabbage, and water
spinach increased by 6-18%, 6-18%, and 25-56%, respectively. Although highland crops
prefer NO3;~-N [55,56], most of the 2 M KCl-extractable N was in the form of NH;*-N.
Ammonium-N can transform into NO3; ~-N through nitrification, subsequently leaching
out of the soil profile. Notably, Yang et al. [57] demonstrated that NO3™-N can percolate
from the surface layer (0—20 cm) to the deeper layers (80-100 cm) in CF treatments or in a
combination of CF and organic fertilizer treatments.
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different letters indicate the significance among the treatments obtained through one-way ANOVA
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analysis (Duncan test, p < 0.05, n = 4). The codes have the same meanings as those in Figure 1.

The available P content in the soils that grew cabbage, Chinese cabbage, and water
spinach under treatments with G508 and G509 increased by 4.2-15.1 times, 2.5-12.2 times,
and 69-71%, respectively, and the differences compared with CF were significant (p < 0.05)
in general (Figure 3). Since the amount of organic fertilizer applied was based on their
total N content, higher amounts of G509 were applied compared to G508. Except for water
spinach, higher P,Os5 content and, in turn, higher applied amount of G509 compared to
G508 resulted in higher content of available P in the soil under the G509 treatments. The
RD of N for cabbage was 1.3 and 2.0 times higher than Chinese cabbage and water spinach,
which was also reflected in the differences in the available P content in the soil.

The application of G508 and G509 increased the concentrations of exchangeable cations
significantly (p < 0.05) compared to CF (Figure 4). Under the two organic fertilizer treat-
ments, the concentrations of exchangeable K in the soils that grew cabbage, Chinese, and
water spinach increased by 1.9-11.8, 1.8-5.4, and 1.8—4.8 times, respectively, compared to
CF. As a result of the higher K,O content in G509 compared to G508, the soil also had a
higher content of exchangeable K under the G509 treatments. Notably, a high content of
K in soil has been demonstrated to suppress the N uptake of plants [58]. As a result, the
growth and yield of plants are inhibited due to the suppression of N, which is essential for
the synthesis of protein, nucleic acid, and plant hormones. Apart from N, a high content of
K also restricts the uptake of Ca and Mg in plants [59]. In effect, plants deficient in Ca result
in decreases in their pectin, semi-cellulose, and cellulose, which are the primary formative
elements of cell walls. Magnesium is a composition of porphyrins that act as activators
of ribulose bisphosphate carboxylase and phosphoenolpyruvate carboxylase. The defi-
ciency of Mg leads to the occurrence of chlorosis and the reduction in photosynthesis in
plants. Since both the organic fertilizers had high CaO content, the experimental results
demonstrated that amendments by the two organic fertilizers were able to increase the
exchangeable Ca content in the soil (Figure 4). This is especially true for cabbage because
of its higher amount of fertilizer application compared to the two other crops. Relative
to CF, the concentrations of exchangeable Ca in the soils that grew cabbage, Chinese, and
water spinach under the G508 and G509 treatments were 13-21%, 4-26%, and 31-73%
higher, respectively (Figure 4). Moreover, since the irrigation water of inlet 5 had a higher
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concentration of Ca (77.6 mg L~!; Table A2), the soil that grew cabbage had a high content
of exchange Ca, even under CK treatment—possibly because CK was located at inlet 5.
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Figure 4. The contents of exchangeable K, exchangeable Ca, and exchangeable Mg in the soil after
the field experiment under different treatments for cabbage (left), Chinese cabbage (middle), and
water spinach (right). The different letters indicate the significance among the treatments obtained
through one-way ANOVA analysis (Duncan test, p < 0.05, 1 = 4). The codes have the same meanings
as those in Figure 1.

Relative to CF, the concentrations of exchangeable Mg in the soils that grew cabbage,
Chinese, and water spinach under the G508 and G509 treatments were 5-60%, 13-52%,
and 6-42% higher, respectively (Figure 4). The change in the soil’s exchangeable Mg was
similar to that of the exchangeable Ca. Furthermore, since the irrigation water of inlet
5 had a higher concentration of Mg (28.4 mg L~!; Table A2), the soil that grew cabbage
exhibited a high content of exchange Mg, even under CK treatment. Notably, increasing
the concentration of exchangeable cations is helpful in decreasing the soil’s acidity, which
was possibly reflected in the increase in the soil’s pH values (Figure 1) under the organic
fertilizer treatments.

Compared to CF, the total and available concentrations of Cu increased slightly under
the G508 and G509 treatments (Figure A2). Similarly, relative to CFE, the total concentration
of Cu in the soils that grew cabbage, Chinese cabbage, and water spinach increased by
7-19%, 2-12%, and 1-17%, respectively. For the available Cu concentration, the increases
were 5-30%, 5-27%, and 7-16% for cabbage, Chinese cabbage, and water spinach, respec-
tively, compared to CF. Concentrations of the available Cu accounted for 27-33% and
62-71% of the total Cu concentration in the soils in block A and block B, respectively. Mean-
while, G509 exhibited a higher Cu content (67 mg kg ') compared to G508 (23 mg kg~ 1).
Moreover, a higher amount of G509 was applied to the soil because of its lower total N
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content compared to G508. As a result, the increasing range of the soil’s total and available
concentrations under G509 was higher compared to the G508 treatments.

Although the range of this increase reached 1-19% under amendments by the two
organic fertilizers compared to CF, the difference in the total Cu concentration between the
initial soil and the soil after the field experiment was only 5-14 mg kg ~!. The initial Cu
concentrations in the soils of block A and block B were used to estimate the time required
to raise their Cu concentration beyond the control standard (200 mg kg~!), as indicated by
the EPA of Taiwan for G509X2 treatment, in order to increase the soil’s Cu concentration to
its utmost. For the soil in block A with 44 mg Cu kg™, it would take >15 years to reach a
concentration beyond 200 mg kg~!. However, for the soil in block B with 125 mg Cu kg~ !,
it will only take <5 years to reach the same concentration. Therefore, the soil’s initial Cu
concentration should be taken into consideration when chicken-manure-processed organic
fertilizers are applied on land. Moreover, as a result of the high content of OM in organic
fertilizers, the hydroxyl and carboxyl of the fulvic acid and humic acid form complexes
with Cu to decrease their uptake by crops [49,60,61]. Another study also revealed that OM-
bounding and residual were two of the major fractions of soil Cu that have low availability
and, thus, cannot be easily absorbed by plant roots [62].

The soil’s total and available Zn concentrations under the different treatments had
a similar changing tendency as Cu. Relative to CF, the total concentrations of Zn in the
soils that grew cabbage, Chinese cabbage, and water spinach increased by 1.9-7.4 times,
3-21 times, and 1.2-2.2 times, respectively, under treatments by organic fertilizers (Figure A2).
For the available Zn concentration, compared to CF, the levels of increase for cabbage
and Chinese cabbage were 1.9-7.4 times and 1.6-6.3 times, respectively. The available
Zn occupied only approximately 4-27% of the total soil Zn, which indicated that most
of the Zn in the soil was not available for uptake by crops. Similar to the experimental
results in the case of Cu, increasing levels of Zn under the G509 treatments were higher
than those in G508—resulting from both the higher amount of G509 applied and its higher
content of Zn (470 mg kg~ !). Using the same estimation method as in the case of Cu,
it would take >37 years for the soil in block A to raise its total Zn concentration from
149 mg kg~ ! to beyond the control standard (600 mg kg~1), as stated by the EPA of Taiwan
for G509X2 treatment. However, it would take only <8 years for the soil in block B with
a higher concentration of Zn—292 mg kg~ !—to go beyond the same control standard.
Soil with a high Zn concentration inhibits crop growth as well as its consumption by
animals [63,64]. Exchangeable, carbonate bonding, and Fe- and Mn-oxides bounding are
the three main fractions of Zn in soil with low availability and, thus, cannot be easily
absorbed by plants [62].

3.3. Results of the Incubation Experiment
3.3.1. Influence on the Soil’s Available N

Figure 5 presents the change in 2 M KCl-extractable NH,*-N under the G508 and G509
treatments over time. The concentration of NH;*-N on D0 was within 47-60 mg kg~ !,
but it decreased drastically to 4-15 mg kg~! on D10 and remained roughly the same after
that. The nitrification of NH4"-N to NO3 ~-N was responsible for this phenomenon. The
transformation of N was determined by the soil’s pH. Furthermore, ammonification and
nitrification are dominant in acidic and alkaline environments, respectively [23]. The soil’s
pH at the beginning of the incubation experiment was approximately 8.2; it maintained
levels of 6.5-7.5 during D10-D120. The above soil pH values were appropriate for nitrifica-
tion, resulting in declining concentrations of NH4*-N after D10. During D20 to D120, the
concentrations of NH,*-N were in the range of 6-15 mg kg ™!, which showed no change
over time. The experimental results of this study are consistent with those of Azeez and
Van [16], who reported that the maximum concentration of NH4*-N was observed at the be-
ginning of the incubation experiment (D0-D20) and then decreased because of nitrification.
A similar result was observed by another study [24], which showed that soil pH within
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7-8 was favorable for nitrification and soil’s NH4*-N concentration was therefore within a
constant range and did not change with increase in the incubating period in general.
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Figure 5. Concentrations of 2 M KCl-extractable NH;"-N, NO3; ~-N, and total mineral N in the soils
of the incubation experiment under different treatments (1 = 3).

The concentration of NO3 ~-N on D0 was not detectable (ND) for all treatments, but it
drastically increased on D10 (Figure 6). For the organic fertilizer treatments, the maximum
values for G509X1, G508X1, G509X2, and G508X2 were identified on D30, D50, D80, and
D90, respectively, while their NO3 ™-N concentrations were approximately 100, 121, 127,
and 174 mg kg~ !. At the end of the incubation experiment, the concentration of NO3 ~-N
was in decreasing order for G508X2, G508X1, G509X2, and G509X1. The concentration of
NOs~-N increased severely on D10 since the nitrification process was dominant after this
day. In comparison to G509, the soil under the G508 treatments had higher concentrations
of NO3™-N than that under the G509 treatments, possibly because most of the OM in G508
could be mineralized in an easier manner than G509. During D100-D120, the concentrations
of NO3;™-N under all the treatments decreased—possibly due to the immobilization of
microorganisms. The C/N ratio of organic fertilizer plays an important role in determining
the rate of mineralization. The results of an incubation experiment conducted by Rasouli-
Sadaghiani and Moradi [17] showed that a maximum concentration of NO3™-N was
determined during D10-D30 when a low C/N ratio (<12) of organic fertilizer was applied.
However, the concentration of NO3™-N decreased after D30 as a result of immobilization.
This result is consistent with the findings of this study because G508 and G509 also have
low C/N ratios (6.3 and 8.9). Furthermore, an incubation experiment conducted by Bitzer
and Sams [65] applying manure without composting revealed that approximately 50-86%
of organic N was mineralized and released as NO3 ~-N. In agreement with the experimental
results of the above study, approximately 80% and 60% of organic N was mineralized as
NO3™-N under the G508 and G509 treatments, respectively, in the current study. Since G509
is a composted organic fertilizer and its OM is more stable and does not degrade as easily
as G508, the mineralization rate of G508 was faster than that of G509, which resulted in
more NO3; ™ -N release. This finding is also supported by Brinson Jr. et al. [66], who pointed
out that the amount of inorganic N released from composted chicken-litter manure was
lower than that released from non-composted manure. The composting process increases
the content of cellulose and decreases the content of semi-cellulose [24]. Therefore, most of
the residues after a composting process cannot be easily degraded by microorganisms.

The total concentration of mineralized N (TMN) and the sum of the concentrations
of NH;*-N and NO3;™-N, extracted by 2 M KCl, were used to detect the total inorganic
N released during mineralization under the G508 and G509 treatments. Equation (1) was
used to calculate the N releasing rate (NRR) between the treatment and CK. This value can
be used to assess the proportion of organic fertilizer mineralized during the incubation
experiment. The TMN increased with the amount of organic fertilizer applied, and it was
at the levels of 47-60 mg kg~! on DO. This possibly resulted from N’s immobilization,
which transforms inorganic N into organic N. The TMN decreased on D30, D50, and D80
for G509X1, G508X1, and G509X2, respectively.
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The NRR of the G508X1, G508X2, G509X1, and G509X2 was 8-43%, 2-37%, 6—14%,
and 2-16% from D0 to D50, D90, D30, and D80, respectively, which then decreased over
time. The above results revealed that the NRR is determined not only by the type and
amount of organic fertilizer but also by its mineralizing period. Further incubation ex-
periments are recommended in order to identify the NRR of different organic fertilizers
before land application. Ismael et al. [13] pointed out the reduction in the yield of paddy
rice when poultry-litter-based organic fertilizer was used as the only source of fertilization.
Moreover, they also noted that using chemical fertilizer as a top-dressing fertilizer was
necessary to maintain the yield of paddy rice when applying poultry-litter-based organic
fertilizer as the base fertilizer. Lin et al. [67] also reported that using organic fertilizer as
the base fertilizer and chemical fertilizer as the top-dressing fertilizer led to increasing
yields compared to conventional cultivation using only chemical fertilizers. With regard to
organic fertilizer amendment, a positive relationship was observed between TMN and the
total N concentration in crops [68]. Therefore, additional chemical fertilizers are proposed
for application after D50, D90, D30, and D80 for G508X1, G508X2, G509X1, and G509X2,
respectively, according to the TMN of the two organic fertilizers studied in this paper.
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Figure 6. Changes in pH and EC in soils during the incubation experiment under different treatments
(n=23).

3.3.2. Influence on Soil’s pH and EC

Since soil pH affects the activity of microorganisms, the availability of nutrients, and
the development of plant roots, this study also determined soil pH during the incubation
experiment. The highest pH values of the different treatments were noted on DO (8.0-8.2,
Figure 6), which then decreased with an increase in the incubation period. On D10, the
soil pH values were at the 7.0-7.6 level, with the lowest and highest values under the
CK and G509X2 treatments, respectively. The soil pH of CK during D20-D120 was at the
level of 6.6-7.1, which was lower compared to the other treatments. Furthermore, soil
treated with G509 had higher pH values (7.2-7.6) during D20-D80 compared to the other
treatments. During D90-D120, the soil pH values of the two organic fertilizer treatments
increased to reach levels of 6.6-7.0 and 7.0-7.6 for G508 and G509, respectively. Three
reasons were possibly responsible for the decrease in soil pH: (1) release of organic acids
during mineralization of the organic fertilizer, (2) release of H* during nitrification, and
(3) uptake of cations and release of H* by plant roots. Large amounts of NO;~-N were
released during D0-D10 because of nitrification (Figure 5), which was responsible for the
decrease in soil pH. A similar phenomenon was observed during D40-D80 under the G508
treatments—the soil pH decreased, while the concentration of NO3™-N increased. The
major reaction was immobilization rather than nitrification after D90, as a result of which
the concentration of NO3~-N decreased (Figure 5), leading to an increase in soil pH values
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after D90 (Figure 6). In comparison to CK, the application of G508 and G509 was able to
raise the soil pH, especially for G509. This possibly happened because most of the OM in
G509 are more stable than G508; in effect, this retarded the nitrification and the soil pH did
not change drastically.

Apart from the pH, the soil’s EC was also determined in the incubation experiment,
since it can be used to identify the content of soluble salts under the different treatments.
On DO, G509X2 had the highest EC (0.20 dS m~!) among all treatments (Figure 6). During
DO0-D90, the soil’s EC increased along with the incubation period, except in the case of
G509X1. These experimental results are consistent with the findings of Cabaleiro et al. [25],
who also indicated that the soil’s EC increased along with the incubation period. At the
end of the incubation experiment, the EC was in decreasing order for G508X2, G509X2,
G508X1, G509X1, and CK. In addition, the EC increased along with the amount of organic
fertilizer applied.

3.4. Influence on Crops
3.4.1. Influence on Crop Yield and Agronomic Traits

The influences of the different treatments on the yield of the three crops are displayed
in Figure 7. Relative to CF and except for G508X2, the yield of cabbage under the other
treatments of G508 and G509 decreased by 11-44%. The yields of Chinese cabbage and
water spinach under treatment with G508X2 increased by 12% and 19%, respectively,
compared with CF. However, their yields decreased by 6-54% in treatments with the other
organic fertilizers. Since a higher amount of inorganic N was released under the G508
treatments (Figure 5), the three crops had similar yields as that in the CF treatment, and
significantly (p < 0.05) higher yields compared to that in the G509 treatments. On the
contrary, lower yields were observed under G509 treatments compared to CF because
of its lower mineralization rate (Figure 5). Moreover, linear relationships were observed
between crop yields and TMN on D70, while the regressing coefficient (r?) of cabbage,
Chinese cabbage, and water spinach were 0.76, 0.54, and 0.90, respectively (detailed data
not shown here).
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Figure 7. The yields of the three crops under different treatments: cabbage (left), Chinese cabbage
(middle), and water spinach (right). The different letters indicate the significance among the treat-
ments obtained through one-way ANOVA analysis (Duncan test, p < 0.05, n = 4). The codes have the
same meanings as those in Figure 1.

The dry weight (DW) of cabbage grown with CF was 1242 g head . Except for
G508X2, all the DWs under other organic fertilizer treatments decreased by 11-26% (Table 2).
The shoot height and diameter of the cabbage grown in CF were 24.0 cm and 14.1 cm, re-
spectively, which decreased by 18-25% and 2-9% under organic fertilizer treatments, except
in the case of G508X2. The DW of the Chinese cabbage grown with CF was 51.3 g head .
Except for G508X2, all the DWs under other organic fertilizer treatments decreased by
11-23%. The shoot height and diameter of Chinese cabbage grown in CF were 23.7 cm and
18.4 cm, respectively, which increased by 4-12% and decreased by 10-27% under organic
fertilizer treatments, except in the case of G508X2. The water spinach grown under CF
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treatment had a DW of 1.9 g plant !, which increased by 4-31% and decreased by 19-22%
under the G508 and G509 treatments, respectively. The shoot height of water spinach
decreased by 3-28% under organic fertilizer treatments compared to CF. In summary, the
agronomic traits of the three crops grown under different treatments were in the decreasing
order of G508X2 > G508X1 = CF > G509X2 > G509X1 = CK. Notably, the soil under the G508
treatment had higher TMN; thus, the crops had better yields and exhibited more growth
compared to other organic fertilizer treatments.

Table 2. The agronomic traits of cabbage, Chinese cabbage, and water spinach under different treatments.

Cabbage Chinese Cabbage Water Spinach
Dry Shoot Head Dry Shoot Head Dry Shoot
Weight Height Diameter Weight Height Diameter Weight Height
Treatment g head1 g head—1 cm g plant—1 cm

CK 69.6 £ 0.1D 149 +1.1D 12.0 + 1.0C 53.4 £ 6.1AB 25.2 £ 1.6ABC 17.3 + 1.6AB 04 £0.1C 349 +4.4C
CF 124.2 £ 19.0AB 24.0 + 1.8A 14.1 £ 1.0A 51.3 + 10.5AB 23.7 + 1.5CD 184 + 1.1A 1.9+ 04B 79.7 £ 14.0A
G508X1 110.5 £ 10.0BC 18.0 + 1.5C 13.8 £ 0.3A 45.8 £7.0BC 25.8 £ 1.7AB 16.5 + 1.3B 2.0+ 0.3AB 62.7 + 10.9B
G508X2 133.8 £ 15.4A 241 £22A 14.3 £ 0.9A 59.2 £ 45A 26.6 £2.1A 18.5 = 0.9A 2.5+ 04A 774 + 8.7A
G509X1 92.5 £ 16.8C 18.7 = 1.3BC 13.0 £ 0.6B 39.5+4.4C 24.6 + 1.9BC 14.5 +1.0C 1.5+ 0.4B 57.6 +7.8B
G509X2 99.9 +14.3C 19.8 + 1.0B 12.9 + 0.7B 45.9 + 1.1BC 22.8 +£2.8D 13.4 +2.3C 1.6 +£0.4B 63.5 + 10.8B

The different letters indicate the significance among the treatments obtained through one-way ANOVA analysis
(Duncan test, p < 0.05, n = 4). The codes have the same meanings as those in Figure 1.

3.4.2. Influence on Element Content

Figure 8 depicts the N content in the edible portions of the three crops grown under
different treatments. The highest N content was identified in the CF treatment—2.64%,
3.93%, and 1.48% for cabbage, Chinese cabbage, and water spinach, respectively. Compared
to CE, the N content under the G508 and G509 treatments decreased by 10-36%, 12-23%,
and 9-18% for cabbage, Chinese cabbage, and water spinach, respectively. As a result of
the lower TMN of G509 compared to G508, crops grown in soil treated with G509 had
comparatively lower N content. In addition to TMN, the antagonism between N and K in
the case of soil with high K content also decreased the N content of its crops [58]. High
exchangeable K was observed in G509-treated soil (Figure 4), which possibly resulted in
the low content of N in the three test crops.

The P content in the cabbage, Chinese cabbage, and water spinach grown in CF
was 1.14%, 1.53%, and 1.12%, respectively (Figure 8). Under treatments with G508 and
G509, their P concentrations decreased by 1-10%, increased by 5-8%, and increased by
2-17%, respectively, compared to CE. However, most of the differences were not statistically
significant. Since organic fertilizers were applied based on their total N content and the
N’s RD, higher amounts of P beyond the crops’ requirements were applied, thus enriching
the amount of available P in the soil (Figure 3). Since the test soils’ pH (7.0 and 6.4) were
within the neutral and weak alkaline ranges, the soil P had high availability and was,
therefore, not a limiting factor for the growth of the test crops. Many previous studies have
also demonstrated that the application of organic fertilizers enriches the soil P content to
sufficient levels that support the growth of plants [6,8,69].

The K content in the cabbage, Chinese cabbage, and water spinach grown in CF was
3.36%, 5.85%, and 3.42%, respectively (Figure 8). Under treatments with G508 and G509,
the K concentrations of cabbage and Chinese cabbage decreased by 4-14% and 2-25%,
respectively, compared to CF. However, the K concentration of water spinach increased
significantly (p < 0.05) by 33-86%, except in the case of G508X2. An antagonism between
the soil’s P and the crop’s K was observed in the G509 treatments, which resulted in a lower
K content in cabbage and Chinese cabbage. Taking the soil’s available P concentration into
consideration (Figure 3), antagonism occurred when the soil’s available P concentration
was more than 100 mg kg~ !. However, this antagonism did not emerge directly. At first,
a high concentration of P in the soil synergistically enhanced the Mg accumulation of
plants, after which the antagonism between the soil’s Mg and crop’s K restricted the latter’s
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accumulation in plants [70]. Relative to CF, the concentration of the soil’s exchangeable
Mg increased under treatments with organic fertilizers (Figure 4), especially under the
G509 treatments. The synergism between the soil’s P and the crop’s Mg, followed by
the antagonism between the crop’s Mg and K, as observed in this study, decreased the
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Figure 8. The total concentrations of N, P, and K of the different crops under different treatments:
cabbage (left), Chinese cabbage (middle), and water spinach (right). The different letters indicate
the significance among the treatments obtained through one-way ANOVA analysis (Duncan test,
p <0.05, n = 4). The codes have the same meanings as those in Figure 1.

The Ca and Mg concentrations in the three crops grown under CF treatment were
0.8-1.7% and 0.2-0.5%, respectively. Under treatment with two organic fertilizers, the
accumulation of Ca and Mg in the three crops was quite different (Figure 9). Relative to
CF, significantly (p < 0.05) higher concentrations of Ca and Mg were observed in the G508
treatments compared to the G509 treatments. An antagonism was observed between the
crop’s Ca and the other two nutrients in the soil. Since the soils amended by G509 had
higher concentrations of available P and exchangeable K, the absorption and accumulation
of Ca were inhibited. The experimental results revealed an antagonism between the soil’s K
and the crop’s Ca, especially in the G509-amended soil with >400 mg kg~ ! of exchangeable
K. Similar results were reported by Magallanes-Quintanar et al. [71], who revealed that
antagonism reduced the absorption of Ca when the soil had higher concentrations of P
and K. The G509 treatments released less TMN, but the soil had a higher concentration
of exchangeable K than the G508 treatments. Moreover, stronger antagonisms of K with
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N and Mg resulted from the higher K concentration in the crops. Therefore, crops grown
in G509-treated soils had lower concentrations of Mg compared to those grown in G508-
treated soils. In summary, soil treated with G508 had higher concentrations of TMN and
lower concentrations of exchangeable K (<400 mg kg~!) compared to the G509 treatments.
Therefore, crops grown in G508 treatments had higher concentrations of N and Mg com-
pared to those grown in G509 treatments. On the other hand, G509-amended soils had
lower concentrations of TMN and higher concentrations of exchangeable K (>400 mg kg~1)
compared to G508 treatments. Therefore, crops grown in G509-amended soils accumulated
lower concentrations of N and Mg, resulting from the antagonism of K with N and Mg.
This phenomenon of synergism between N and Mg and the antagonism of K with N and
Mg have also been demonstrated by Luo et al. [72].
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Figure 9. Total concentrations of Ca and Mg in the different crops under different treatments:
cabbage (left), Chinese cabbage (middle), and water spinach (right). The different letters indicate
the significance among the treatments obtained through one-way ANOVA analysis (Duncan test,
p <0.05, n = 4). The codes have the same meanings as those in Figure 1.

The total concentrations of Cu in cabbage and Chinese cabbage grown under different
treatments were not detectable (Figure A3). Water spinach grown in CF had 26.5 mg kg ! of
Cu, which increased by 2.5-6.1 mg kg ~! under the G508 and G509 treatments, although the
change was not statistically significant. In the CF treatment, the total concentrations of Zn
in the cabbage, Chinese cabbage, and water spinach were 17.91, 56.19, and 63.03 mg kg~ !,
respectively. Under the organic fertilizer treatments, compared to CF, the concentrations of
Zn in Chinese cabbage and water spinach decreased by 1-24% and 20-40%, respectively.
Relative to CF, the Zn concentration in cabbage increased under treatments with G508X1,
while it decreased by 4-9% in the case of G509X1 treatment, and increased by 7-11% under
treatments with G508X2 and G509X2. The accumulation of Zn in the three crops under
the different organic fertilizer treatments was quite different. The experimental results of
this study are consistent with those of Li et al. [73], who concluded that it is impossible
to predict the accumulation of Zn of 18 crops even when they are grown in the same
Zn-contaminated soil because crops have different Zn requirements.
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3.5. Nutrient Absorption Proportion

Organic matter must first be mineralized in order to consequently release inorganic
nutrients into the soil after the application of organic fertilizers. The total amount of nutri-
ents absorbed by crops is defined as the product of planting density, nutrient concentration,
and the crop’s dry weight (Equation (2)). Using the quantity of nutrients absorbed by crops,
as calculated above, and the total amount of nutrients in the organic fertilizers, one can
estimate the nutrient absorption proportion (NAP; Equation (3)) under different treatments.
The results of paddy rice cultivation amended with different organic fertilizers showed
the NAP of N, P, and K to be 16-66%, 13-20%, and 28-36%, respectively [13]. Meanwhile,
after growing rape in the field amended with different amounts of organic fertilizers for
8 months, a 28-44% NAP of N was reported [67].

Total amounts of nutrients absorbed by crops = planting density x crop’s nutrient concentration x crop’s dry weight 2)

Nutrient absorption proportion (NAP) =

Difference of nutrient absorbed by crop between treatment and CK
Total amount of nutrient applied

x100  (3)

In this study, cabbage and Chinese cabbage had the same planting density of
1.44 x 10* plants ha~!, while it was 2.7 x 10° plants ha~! for water spinach. Most of
the N’s NAP for cabbage grown in G508 and G509 were <5%, except in the case of G508X1
(Table 3). The P’s NAP for cabbage in treatments with G508X1 and G508X2 was 12.81% and
10.71%, respectively. However, the NAP was <5% under other G509 treatments. Meanwhile,
the K's NAP was between 6-32%, while most of the NAP of Ca, Mg, Cu, and Zn was <5%
in general. Most of the NAP for Chinese cabbage grown with different nutrients was <5%,
except for K's NAP under the G508X1 and G508X2 treatments. Water spinach had a higher
NAP than the other two crops, with the ranges of N, P, and K being 11-37%, 29-178%, and
151-486%, respectively. The Ca’s NAP for water spinach grown under organic fertilizer
treatments was at the 7-27% level, except in the case of G509X2. Among the two organic
fertilizers tested in this study, G508 had a higher NAP than G509 in general—possibly
resulting from its higher TMN compared to G509 (Figure 5). In addition, the tested crops
exhibited better growth under the G508 treatments compared to G509 (Table 2). Therefore,
crops absorbed significantly higher amounts of nutrients and, subsequently, had higher
NAP under G508 treatments.

Although two types of RDs were applied under the G508X2 and G509X2 treatments,
the NAP was higher under the G508X1 and G509X1 treatments. The above result is consis-
tent with the soil’s analytical results—concentrations of the different soil nutrients were
higher in G509 and twice the RD. Higher accumulated concentrations of various nutrients
were observed in the G508 compared to the G509 treatments. Therefore, G508-treated soils
had lower concentrations of nutrients compared to G509-treated soils. Relative to the G508
treatments, higher amounts of nutrients were retained in the soil under treatment with
G509, exhibiting two times the RD of the nutrients. At the beginning of the field experiment,
we decided to harvest the water spinach 45 days after sowing. However, this duration
was extended by 25 more days, since the crop did not mature after growing for 45 days
under the CK treatment. Therefore, many of the NAPs of P and K for water spinach were
beyond 100%, since the crop could absorb these nutrients from the soils, in addition to the
nutrients mineralized from the organic fertilizers. The results of the greenhouse experiment
using chemical fertilizers, conducted by Sturm et al. [74] and Gao et al. [75], revealed that
the N’s NAP for cabbage and Chinese cabbage was 30% and 5.3-23%, both of which are
higher than the estimates of this study. The above phenomenon may have been caused
because organic fertilizers need to be mineralized in order to convert the nutrients from
their organic to inorganic forms. Therefore, the NAP under organic cultivations was higher
than those in conventional cultivations.
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Table 3. Nutrition absorption proportions (NAP) of the three crops under different treatments.

Treatment Cabbage (%)
N P K Ca Mg Cu Zn
G508X1 5.11 12.81 31.43 <5 <5 ND <5
G508X2 <5 10.71 24.77 <5 <5 ND <5
G509X1 <5 <5 8.10 <5 <5 ND <5
G509X2 <5 <5 6.30 <5 <5 ND <5
Treatment Chinese cabbage (%)
N P K Ca Mg Cu Zn
G508X1 <5 <5 8.00 <5 <5 ND <5
G508X2 <5 <5 22.02 <5 <5 ND <5
G509X1 <5 <5 <5 <5 <5 ND <5
G509X2 <5 <5 <5 <5 <5 ND <5
Treatment Water spinach (%)
N P K Ca Mg Cu Zn
G508X1 36.13 177.2 489.1 26.25 6.13 <5 <5
G508X2 23.37 115.9 351.3 16.00 <5 <5 <5
G509X1 23.15 57.54 214.3 7.13 <5 <5 <5
G509X2 11.38 29.72 151.0 <5 <5 <5 <5

<5: NAP less than 5%, ND: concentration was not detectable. The codes have the same meanings as those in
Figure 1.

4. Conclusions

This study was conducted both in a field and in a growth chamber to assess the advan-
tages and disadvantages of two chicken-manure-processed organic fertilizers. Although
the primary material used to produce both the organic fertilizers was the same, i.e., chicken
manure, their N release kinetics as well as their effect on the promotion of soil properties
and crop yield were quite different. Chicken-manure-processed organic fertilizer G508
exhibited a faster N mineralization rate than composted organic fertilizer G509, which is
more suitable for crops with short growth periods. In addition, the application amount
should also be taken into consideration from the viewpoints of yield, soil property, content
of Cu and Zn, nutrient absorption proportion, etc. Although only three crops were tested
and many unexcepted results were identified in the field experiment; moreover, soil and
crop samples were only taken before and after the growth period, and the accuracy of the
conclusion is not certain. We hope these experimental results provide useful information
regarding the application of chicken-manure-processed organic fertilizers.
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Appendix A

Table A1l. Basic properties of the soils in block A and block B.

Soil . . Exch. Exch. Total Total
Property pH EC WAS oM Avail. N Avail. P Exch. K Ca Mg Cu 7n
dSm-1 — % —- mg kg1
Mean 7.07 0.17 35.81 1.22 8.31 10.1 147.5 1608 406.7 44.19 149.2
Block A Min. 6.79 0.12 27.14 0.98 4.61 7.02 189.8 1483 389.6 40.39 136.7
Max. 7.46 0.29 4443 1.39 12.5 14.1 120.8 1811 423.3 50.85 169.7
Mean 6.42 0.22 46.05 3.69 8.98 17.7 160.5 1938 473.5 124.7 292.3
Block B Min. 6.05 0.13 42.05 3.25 6.59 7.38 126.4 1747 451.4 113.6 259.3
Max. 7.02 0.32 50.49 4.00 11.9 44.0 205.0 2160 499.8 140.9 344.3
WAS: wet aggregate stability, OM: organic matter.
Table A2. Basic properties of irrigation water at different locations.
H EC K Ca M
Inlet P &
dSm-1 mg L1
Water 1 8.12 £ 0.04 0.80 £ 0.01 8.6 £0.6 652 £ 0.0 24624
Water 2 8.28 £ 0.04 0.56 £ 0.01 7.8 £ 0.6 713 £ 04 246 04
Water 3 8.13 £ 0.01 0.53 £ 0.00 6.1 £0.2 61.2+1.6 21.0+£0.3
Water 4 8.20 + 0.05 0.62 = 0.01 9.6 £0.1 69.6 £1.2 256 £0.1
Water 5 8.24 1+ 0.07 0.81 £ 0.00 120 £ 0.2 776 £04 284 +1.5
Water 6 8.13 £ 0.16 0.61 £ 0.07 6.1 £0.0 571 £0.0 21.8 £ 6.0
Water 7 8.34 £ 0.01 0.67 £ 0.00 10.7 £ 0.3 80.2 £0.8 26.8 £1.0
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Figure A1l. The wet aggregate stability (WAS) of soil after the field experiment: cabbage (left), Chinese

cabbage (middle), and water spinach (right). The different letters indicate the significance among the
treatments obtained through one-way ANOVA analysis (Duncan test, p < 0.05, n = 4). The codes have
the same meanings as those in Figure 1.
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Figure A2. Total and available concentrations of Cu and Zn in the soil under different treatments
after the field experiment: cabbage (left), Chinese cabbage (middle), and water spinach (right). The
different letters indicate the significance among the treatments obtained through one-way ANOVA
analysis (Duncan test, p < 0.05, n = 4). The codes have the same meanings as those in Figure 1.
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Figure A3. The total concentrations of Cu and Zn of the three crops under different treatments:

cabbage (left), Chinese cabbage (middle), and water spinach (right). The different letters indicate

the significance among the treatments obtained through one-way ANOVA analysis (Duncan test,

p <0.05, n = 4). The codes have the same meanings as those in Figure 1.
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