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Abstract: The conversion of organic wastes into biochar via the pyrolysis technique could be used to
produce soil amendments useful as a source of plant nutrients. In this study, we investigated the
effects of fruit peels and milk tea waste-derived biochars on wheat growth, yield, root traits, soil
enzyme activities and nutrient status. Eight amendment treatments were tested: no amendment
(CK), chemical fertilizer (CF), banana peel biochar 1% (BB1 + CF), banana peel biochar 2% (BB2 + CF),
orange peel biochar 1% (OB1 + CF), orange peel biochar 2% (OB2 + CF), milk tea waste biochar 1%
(TB1 + CF) and milk tea waste biochar 2% (TB2 + CF). The results indicated that chlorophyll values,
plant height, grain yield, dry weight of shoot and root were significantly (p < 0.05) increased for the
TB2 + CF treatment as compared to other treatments. Similarly, higher contents of nutrients in grains,
shoots and roots were observed for TB2 + CF: N (61.3,23.3 and 7.6 g kg™!), P (9.2, 10.4 and 8.3 g kg™ 1)
and K (9.1,34.8and 44 g kg_l). Compared to CK, the total root length (41.1%), surface area (56.5%),
root volume (54.2%) and diameter (78.4%) were the greatest for TB2 + CF, followed by BB2 + CE, OB2
+ CF, TB1 + CF, BB1 + CF, OB1 + CF and CF, respectively. However, BB + CF and OB + CF treatments
increased (3-glucosidase and dehydrogenase, but not urease activity, as compared to the TB + CF
amendment, while all enzyme activity decreased with the increased biochar levels. We concluded
that the conversion of fruit peels and milk tea waste into biochar products contribute the benefits
of environmental and economic issues, and should be tested as soil amendments combined with
chemical fertilizers for the improvement of wheat growth and grain yield as well as soil fertility status
under field conditions.
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1. Introduction

Wheat (Triticum aestivum L.) is considered as a key nutritional crop for feed throughout the worlds.
Winter wheat and summer maize (Zea mays L.) are major cereal crops for food production in the
Loess Plateau of China [1]. The continuous increase of the global population has had a significant
effect on food production and water resources. Agricultural soil fertility is in a constant decline
due to a lack of application of organic amendments and the continuous application of chemical
fertilizers [2]. In particular, the utilization of nitrogen fertilizers [3], has decreased the level of soil
organic carbon (SOC) [4] and low fertilizer use efficiency [5,6] contributes to the decline of soil fertility.
In China, farmers apply high doses of chemical fertilizer to obtain high grain yields [7,8], leading
to serious environmental issues and economic issues due to high expense of fertilizer inputs [9,10].
The continuous, sole application of chemical fertilizer into agriculture fields causes soil degradation [11]
and low crop quality [1,12]. The sole application of chemical fertilizers is not effective for soil organic
carbon stock and root traits. These major issues exist globally in farming systems [13], but particularly
in the arid farming regions of northwestern China [14]. Meeting the food requirements of future
generations will lead to further stresses on soil and water resources [15]. Some previous studies [8,16,17]
reported that the co-application of organic amendments with chemical fertilizers increased crop growth,
grain yield and root traits in addition to improving soil fertility. Notably, the recycling of nutrients
through the conversion of organic wastes into biochar and their application as a soil amendment
is a sustainable practice for plant nutrients requirement and root traits [2,4,6]. The root is the main
bridge between the aboveground biomass of the plant and soil water, through which the plant uptakes
nutrients from the soil medium [4]. This pathway is affected by many environmental issues, viz. water
stress, low soil fertility, salt tress and metal toxicity [4,6,15]. Root length (RL) and root surface area
(SA) are parameters that dictate the plant’s capacity to uptake soil nutrients [18]. Soil mineral nitrogen
(NH4*-N) is easily taken up by the roots, and NO3™-N is available in a mobile form in the xylem and
can be stored in the vacuoles of shoots and roots [19]. It also plays an important role in the transport
of photosynthetically fixed carbon to soil organic matter (SOM) pools and carbon sequestration [20].
In recent decades, the application of biochar to agricultural soils has been proven to be a good practice
for climate change and soil carbon sequestration [1,17], and this practice has led to positive effects
on root morphology and functioning [21]. Biochar is a carbon rich solid substance produced under
a controlled pyrolysis temperature in a negligible O, environment [18,22]. It has higher pore space
and surface area [17], higher water holding capacity [23], reduced soil bulk density [10] and reduced
nutrients losses [6]. Consequently, the application of biochar could improve soil physical, chemical and
biological properties [24], addition to affecting soil carbon and nitrogen cycles [2]. Biochar contains
macronutrients [25] and increases soils nutrient availability [26], thus improving plant growth and
grain yield [27,28]. Moreover, it improves rainfall retention and reduces water stress in arid and
semi-arid regions [29]. Nutrients contents are dependent on the biochar pyrolysis temperature, time
and feedstock [2,17,26]. Many studies have reported inconsistent results for crop yield, plant nutrients
uptake [1,30,31] and soil properties [10,26]. These variations could be dependent on soil and biochar
feedstock properties [32,33]. To date, no results have been reported for biochar generated from fruit
peels and milk tea wastes, and applied for wheat growth and root traits in loess soils. The present
study assesses soil amendments of biochar derived from fruit peels and milk tea waste for wheat
growth, root traits and soil fertility status. The huge quantity of fruit wastes generated every day
causes environmental and economic issues due to direct landfilling, but these issues could be mitigated
by the use of fruit waste for soil amendment.

It is estimated that some 3.5 million tons of fruit waste (FW) is produced per day in Beijing and
Shanghai [34]. Unfortunately, this huge amount of organic waste is usually disposed of by landfilling
or burning, which increases greenhouse gas emissions [22,26]. The conversion of organic waste into
biochar as a soil amendment is a good way to improve plant growth and nitrogen (N) availability as
well as reduce losses by leaching [35], having positive effects on soil phosphorus (P) and potassium
(K) availability [26,36]. Recent studies have shown that biochar application increased soil enzymes
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activities in N and P cycling [17,31] but decreases the activities of carbon (C) related enzymes in
soil [22,25]. However, some studies have shown inconsistent results [35,37], depending on the soil
type [33] and pyrolysis temperature of the biochar [38]. Soil enzymes are involved in all biochemical
reactions [25], metabolism, and the break down and decomposition of organic matter and residues [26].
Furthermore, they accelerate soil nutrients cycling [17,31].

To manage environmental and economic issues as well as to improve soil quality and crop production
in loess areas, most studies have focused on crop straw or organic manure-derived biochars assoil
amendments in loess plateau areas. There is limited study on the use of biochar derived from the fruit peels
and milk tea wastes for wheat growth, root traits and soil fertility status. In our study we used biochar
based on fruit peels and milk tea wastes because these contain macro- and micronutrients in addition
to serving as a carbon source. These organic materials could be the best alternative source for biochar
production. Therefore, we used fruit and milk tea waste derived biochars (at a low pyrolysis temperature of
350 °C) as nutritional sources combined with inorganic fertilizers for the treatment of loess soil. The specific
objectives were: (1) to compare the effects of different biochar amendments on wheat growth, yield and
root traits; (2) to quantify their effects on the biochemical properties of loess soil.

2. Results and Discussion

2.1. Scanning Electron Microscopy (SEM)

The morphology of biochars derived from banana and orange peels and milk tea waste was
detected from SEM micrographs after the different biochar surfaces were pyrolyzed at a constant
pyrolysis temperature of 350 °C for 2 h. The milk tea waste biochar (TB) had a greater surface area and
a higher pore space than the banana peel biochar (BB) and orange peel biochar (OB) (Figure 1).
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Figure 1. Scanning electron micrographs of banana peels derived biochar (A), orange peels derived
biochar (B) and milk tea waste derived biochar (C). The solid orange arrows show the pore space and
the red arrows show the surface area.

2.2. Influence of Soil Amendments on Wheat Growth Parameters

Eight treatments were tested: no amendment (CK), chemical fertilizer (CF), banana peel biochar
1% (BB1 + CF), banana peel biochar 2% (BB2 + CF), orange peel biochar 1% (OB1 + CF), orange peel
biochar 2% (OB2 + CF), milk tea waste biochar 1% (TB1 + CF) and milk tea waste biochar 2% (TB2 +
CF). The application of different biochar amendments combined with inorganic fertilizers significantly
(p < 0.05) increased chlorophyll values, plant height (cm) and shoot and root dry weight (g pot™)
as compared to CF alone and CK treatments ( Figure 2A-E). The chlorophyll values of wheat leaves
were obviously higher in TB2 + CF, BB2 + CF and OB2 + CF (10.12%, 9.35% and 8.64%) than in CK.
However, limited difference was observed between CF alone, BB1 + CF, OB1 + CF, OB2 + CF and TB1
+ CF treatments, through all of them slightly increased as compared to CK. The performance of TB +
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CF treatments were generally better compared to those of BB + CF and OB + CF (Figure 2D). As a
plant growth indicator, chlorophyll content was significantly (p < 0.01) correlated with grain yield,
root traits and nutrients contents in grains, shoots and roots (Table 1). Our findings agree well with
previous pot experiments [6,13,28]. This might be caused by the higher N content in TB (Table 2).
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Figure 2. Effect of co-application of biochars and chemical fertilizers on plant height (A), shoot dry
weight (B), root dry weight (C), chlorophyll values (D) and grain yield (E) of wheat. Without amendment
(CK), chemical fertilizers (CF), banana peels derived biochar 1% + CF (BB1 + CF), banana peels derived
biochar 2% + CF (BB2 + CF), orange peels derived biochar 1% + CF (OB1 + CF), orange peels derived
biochar 2% + CF (OB2 + CF), milk tea waste derived biochar 1% + CF (TB1 + CF) and milk tea waste
derived biochar 2% + CF (TB2 + CF). Error bars represent the standard deviation of the mean (n = 3).
Different letters show there were significant difference (p < 0.05) in the LSD means comparisons between
the biochars and rates.

Table 1. The bivariate correlation test between soil chemical and soil enzyme activities after wheat harvested.

pH SOC NHg*-N NO3-N AP AK B-glucosid. Urease Dehydroge.

pH 1 0.255 —0.546 ** -0.134 0.062 0.195 0.037 0.200 -0.284
SOC 1 —0.749 **  0.539 ** 0.909 ** 0.923 ** 0.247 0.946 ** —-0.150
NH,;"-N 1 -0.174  -0.559*  —0.640 ** -0.416* —0.691 ** 0.094
NO;~-N 1 0.473 * 0.492 * 0.469 * 0.531 ** 0.385

AP 1 0.905 ** 0.127 0.886 ** —-0.147

AK 1 0.100 0.898 ** —-0.162

B-glucosid. 1 0.272 0.633 **
Urease 1 -0.128

Dehydroge. 1

Abbreviations = Soil organic carbon (SOC), ammonium nitrogen (NH4*-N), nitrate nitrogen (NO3~-N), available
phosphorus (AP), available potassium (AK), 3-glucosidase and dehydrogenase. * Correlation is significant at the
0.01 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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Table 2. Basic chemical properties of biochars used in the pot study (mean + S.E, n = 3).

Banana Peels Waste Orange Peels Waste Milk Tea Waste Derived
Parameters

Derived Biochar Derived Biochar Biochar
pH (1:10 v/w) H,O 9.85 + 0.5 895+ 0.4 8.72 +0.5
EC (1:10 v/w) H,O 1985 + 48.5 878 + 18.5 2055 + 35.5

Total organic carbon (%) 62.23 + 6.5 7358 + 5.5 7190 +£ 6.2

Total nitrogen (%) 1.97+0.2 222+05 523+06

CN 31.58 +4.5 33.14+25 13.74 £ 1.2

Total phosphorus (%) 1.15 + 0.02 0.58 £ 0.02 0.62 £ 0.02

Total potassium (%) 0.39 + 0.0 0.04 = 0.0 0.68 = 0.03

Total zinc (mg kg_l) 40.84 £3.5 2492 £ 3.6 39.33 £ 3.5

Total copper (mg kg_l) 10.30 £ 1.5 6.29 = 0.5 11.82+1.2
Total iron (mg kg_l) 150.98 + 6.5 162.92 +9.3 533.99 + 12.5

Yield (%) 425+35 343+25 40.5+35

Ash content (%) 84+1.2 72+12 9.1+1.2

The biochar amendments apparently (p < 0.05) improved the grain yield over the chemical fertilizer
alone and control treatments. The grain yield (g pot™!) was increased by CF and by co-application with
biochar treatments as compared to CK (Figure 2E). The maximum grain yield was recorded for TB2 +
CFO97g pot_1 or 58.5%) and BB2 + CF (8.4 g pot_l or 51.9%). However, compared to the CK, other
treatments also exhibited increased grain yield, BB1 + CF (36.3%), OB1 + CF (27.1%), OB2 + CF (35.3%),
TB1 + CF (40.4%) and CF (26.6%). The maximum plant height was recorded for the TB1 + CF and TB2
+ CF treatments (48.76 cm and 50.65 cm), followed by the BB2 + CF, OB2 + CF, BB1 + CF, OB1 + CF and
CF treatments. The minimum plant height was recorded for CK (36.11 cm). A similar situation was
observed for shoot and root dry weight, the highest shoot and root dry weight was recoded for TB2
+ CF and BB2 + CF: TB2 + CF /BB2 + CF. Specifically, TB2 + CF/BB2 + CF equaled 5.21 g/4.70 g and
1.10 g/1.03 g for shoots and roots, respectively. Percentage increases in shoot and root dry biomass
occurred for BB1 + CF (23.1% and 24.1%), for BB2 + CF (35.3% and 37.0%), for OB1 + CF (15.4% and
21.1%), for OB2 + CF (18.6% and 28.1%), for TB1 + CF (24.9% and 26.9%), for TB2 + CF (41.5 and
41.1%) and for CF (15.5% and 18.4%), compared with CK. Similar results were addressed by previous
pot and field experiments using biochar amendments added to different crops [1,6,13,39,40]. In our
study, TB + CF showed better performance for plant growth parameters and grain yield as compared
to the BB + CF and OB + CF. This could be because TB contains high nutrient contents (N and K) and a
lower C:N ratio. Jeffery et al. [32] and Sadaf et al. [2] indicated that the plant growth parameters and
grain yield depend on the biochar nutrients composition. The grain yield was higher in TB + CF than
in BB + CF and OB + CF. These differences could be explained by the high nutrient contents in TB
as compared to BB + CF and OB + CF (Table 2). The C:N ratio of biochars also affects plant growth
and grain yield parameters [5,41] a high C:N ratio results in low microbial degradation and a lower
nutrients mineralization rate [42,43]. The C:N ratio of TB (14.67) was very low as compared to BB and
OB (31.67 and 33.58) (Table 2). TB provides favorable conditions to adsorb soil nutrients for plant
growth due to its high pore space and large surface area, as shown by SEM analysis, in comparison to
BB + CF and OB + CF.
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2.3. Effects of Soil Amendments on Nutrients (N, P and K) Contents in Grains, Shoots and Roots of Wheat

Crop nutrients (N, P and K) contents were significantly (p < 0.05) improved by the biochar
amendments and by CF alone (Figure 3A-I). The higher N content in the grain, shoot and root was
increased by different biochar amendments (Figure 3A-C). The N uptake for the grains, shoots and
roots was highest for TB2 + CF (61.34, 23.34 and 7.56 g kg™!) but lowest for the control (22.69, 13.23 and
3.94 g kg™1). The percentage increases in grains, shoots ands root were highest for TB2 + CF (63.0,
43.2 and 47.8%), followed by BB2 + CF (60.3, 37.1 and 40.1%), TB1 + CF (54.4, 35.1 and 39.6%), OB2 +
CF (52.7,29.2 and 35.5%), BB1 + CF (50.7, 27.4 and 34.9%), OB1 + CF (41.8, 18.2 and 32.2%) and CF (39.3,
15.6 and 25.5%) over CK. The P content was markedly (p < 0.05) increased for the co-application of BB +
CF, OB + CF and TB + CF compared with CK (Figure 3D-F). Similarly, TB + CF increased the P content
in grains, shoots and roots as compared to BB + CF, OB + CF, CF and CK. The P content showed the
maximum percentage increase in grains, shoots and roots for TB2 + CF (55.0%, 41.4% and 53.8%) and
the lowest for CF (32.1%, 13.7% and16.6%) as compared CK. However, biochar rates improved the P
content, and higher P content values (as compared to CK) were recorded for TB2 + CF, followed by
BB2 + CFE, TB1 + CF, OB2 + CF, BB1 + CF, OB1 + CF, and CF in grains, shoots and roots. There was
a significant (p < 0.05) difference in the K content values between the CF treatment alone and the
treatments combined with different biochars (Figure 3G-I). The CF application alone increased the K
content for grains by 25.5%, for shoots by 17.2% and for roots by 13.5% as compared to CK. Among the
biochar amendments, OB + CF slightly increased the K content in grains, shoots and roots over the CK.
Higher K content values were recorded for TB2 + CF showing increases by 54.1% in grains, of 42.9% in
shoots and of 49.7% in roots over the CK group (Figure 3G-I). Our results are consistent with previous
studies which reported that plant N, P and K contents improved with the co-application of biochar
and chemical fertilizer application under pot and field conditions [5,31,44—46]. In present study, TB +
CF amendments clearly affected N, P and K contents in grains, shoots and roots of wheat as compared
to BB + CF, OB + CF and CF alone. This could be due to the maximum concentration of nutrients and
the low C:N ratio of TB + CF in comparison to those of BB + CF and OB + CF (Table 2). Many studies
reported that the high nutrient contents of biochars improved the plant growth attributes and grain
yield [2,32,47], while the yield parameters [41,48], microbial degradation and nutrients mineralization
rate depended on the C:N ratio of the amendments [17,42]. Biochar application increased the plant
nutrient availability [49,50], owing to its large surface area and high porosity [26,51]. Figure 1 shows
that TB has a large surface area and high pore space as compared to BB and OB.
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Figure 3. Effect of co-application of biochars and chemical fertilizers on plant nutrients uptake such as
N in grain, shoot and root (A-C), P in grain, shoot and root (D-F) and K in grain, shoot and root (G-I)
of wheat crop. Without amendment (CK), chemical fertilizers (CF), banana peels derived biochar 1% +
CF (BB1 + CF), banana peels derived biochar 2% + CF (BB2 + CF), orange peels derived biochar 1% +
CF (OB1 + CF), orange peels derived biochar 2% + CF (OB2 + CF), milk tea waste derived biochar
1% + CF (TB1 + CF) and milk tea waste derived biochar 2% + CF (TB2 + CF). Error bars represent the
standard deviation of the mean (n = 3). Different letters show there were significant difference (p <
0.05) in the LSD means comparisons between the biochars and rates.

2.4. The Impact of Soil Amendments on Root Traits

The data showed that root traits were significantly (p < 0.05) influenced by the different biochars
and rates (Figure 4A-D). CF improved the total root length and root volume (351 cm and 0.30 cmd),
but had non-significant effects on surface area and root volume (24.7 cm? and 1.3 cm®) in comparison to
CK. In contrast, the co-application of different biochars and chemical fertilizers improved the root traits.
Among all the treatments, the total root length ranged from 307 to 522 cm (Figure 4A). The maximum
root length was found in the TB2 + CF treatment. The surface area was influenced by the biochars
with different rates combined with the chemical fertilizer, while, CF alone showed almost no difference
compared with the CK (Figure 4B). The surface area improved with the biochar amendments + CF as
compared to the CK. The maximum percentage increase was recorded for TB2 + CF and BB2 + CF
(56.5% and 49.3%), followed by TB1 + CF (46.7%), OB2 + CF (33.2%), BB1 + CF (33.5%) and OB1 +
CF (33.1%), which were all higher than the CK. Similarly, the root volume was lower for CK than
for CF for and combined with biochar amendments (Figure 4C). The root volume was improved
with increasing biochar rates, and the maximum percentage increase was achieved by the TB + CF
amendments (138.7% and 54.2% for TB1 + CF and TB2 + CF), followed by BB + CF (35.5% and 43.4%
for BB1 + CF and BB2 + CF) and OB + CF (34.2% and 38.7 for OB1 + CF and OB2 + CF) over CK.
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The biochar amendments increased the root diameter as compared to CF and CK groups (Figure 4D).
TB + CF had the strongest positive effect on the root diameter, being more effective than BB + CF and
OB + CF. The higher root diameter was recorded for TB2 + CF (4.77 cm?) and the lowest was recorded
for the CK (1.03 cm?®) under all treatment rates. This revealed that biochar or organic amendments
with chemical fertilizer improved the crop root traits [31,52-54]. Biochar application decreased soil
bulk density [10] and improved root growth [55], and induced the maximum nutrient (particularly
nitrogen) uptake in plant parts (above and below ground parts) [56,57]. A similar picture was observed
in that TB + CF amendments decreased soil bulk density (data not mentioned) and maximum nutrient
contents for grains, shoots and roots as compared to the BB + CF and OB + CF amendments (Figure 3).
This could be attributed to the improved root traits for TB + CF amendments over the other treatments.
There was a significant (p < 0.01) correlation between root traits and plant nutrients content (Table 1).
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Figure 4. Effect of co-application of biochars and chemical fertilizers on total root length (A), surface area
(B), root volume (C) and average diameter (D) of wheat. Without amendment (CK), chemical fertilizers
(CF), banana peels derived biochar 1% + CF (BB1 +CF), banana peels derived biochar 2% + CF (BB2 + CF),
orange peels derived biochar 1% + CF (OB1 + CF), orange peels derived biochar 2% + CF (OB2 + CF),
milk tea waste derived biochar 1% + CF (TB1 + CF) and milk tea waste derived biochar 2% + CF (TB2 +
CEF). Error bars represent the standard deviation of the mean (n = 3). Different letters show that there were
significant difference (p < 0.05) in the LSD means comparisons between the biochars and rates.

2.5. The Influence of Different Biochars on Soil Enzyme Activities

Soil enzymatic activities are ascribed to the properties of amendments and soil because of the
perceived behavioral differences in various amendments, and their adsorption and complexation
with soil colloids. The p-glucosidase activities were significantly (p < 0.05) influenced by different
biochar amendments (Figure 5A). The maximum (-glucosidase activity was observed for the OB1 +
CF (564 mg p-nitrophenyl kg~! soil h™!) and the lowest observed for the CK (268 mg p-nitrophenyl
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kg™! soil h™!) treatments. The B-glucosidase activity was decreased with increasing biochar rates for
all biochar amendments. The OB + CF treatment increased 3-glucosidase activity as compared to BB +
CF and TB + CF (Figure 5A), which is in reasonable agreement with recent studies [4,13]. This could be
due to the higher C:N ratio for OB + CF and BB + CF as compared to TB + CF. Enzyme activity was
accelerated during the hydrolysis of the organic compounds [58], and acted as an energetic source for
soil microorganisms, implying different carbon hydrolyzing activities [59]; therefore, it is an indicator
of changes in carbon-related soil enzymes [60].
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Figure 5. Effect of co-application of biochars and chemical fertilizers on soil enzymatic activities after
wheat harvested: 3-glucosidase (A), urease (B) and dehydrogenase (C). Without amendment (CK),
chemical fertilizers (CF), banana peels derived biochar 1% + CF (BB1 + CF), banana peels derived
biochar 2% + CF (BB2 + CF), orange peels derived biochar 1% + CF (OB1 + CF), orange peels derived
biochar 2% + CF (OB2 + CF), milk tea waste derived biochar 1% + CF (TB1 + CF) and milk tea waste
derived biochar 2%+ CF (TB2 + CF). Error bars represent the standard deviation of the mean (n = 3).
Different letters show that there were significant difference (p < 0.05) in the LSD means comparisons
between the biochars and rates.

Urease activity was accelerated with increasing biochar rates and it was increased by CF treatment
as compared to over CK (Figure 5B). The maximum percentage increase was observed for TB2 +
CF (72.2%), followed by BB2 + CF (63.9%), TB1 + CF (61.6%), OB2 + CF (61.2%), BB1 + CF (55.5%),
OB1 + CF (49.7%) and CF (28.2%) over CK. Among the different biochar amendments, TB + CF
had better performance as compared to BB + CF and OB + CF. The accelerated urease activity with
increasing biochar levels was also evidenced under short and long-term experiment studies [10,13,26].
Biochar applications increased a series of N- related enzymes [25,35] and the defense of soil enzymes
activities [17]. In the present study, TB + CF exhibited the maximum N content and a low C:N ratio
as compared to BB + CF and OB + CF (Table 2). The SEM analysis indicated that TB had a larger
surface area and a higher pore space as compared to BB and OB (Figure 1), and soil urease activity
showed a significant (p < 0.01) positive correlation with soil NH;*-N and NO3;™-N (Table 1). This could
be because of TB increased urease activity more than BB and OB amendments. Jindo et al. [61] and
Sial et al. [26] showed that biochar application can increase urease activity.

As compared to CK, soil amendments and rates were found to significantly (p < 0.05) impact
dehydrogenase activity (Figure 5C). The highest dehydrogenase activity was determined for OB1
+ CF (37.0 mg Triphenyl formazan (TPF) kg~! soil h™!) and the lowest was found for CK (20.5 mg
Triphenyl formazan (TPF) kg~! soil h™!). Similarly, the TB + CF amendment decreased dehydrogenase
activity as compared to the BB + CF and OB + CF amendments. The OB + CF amendment increased
dehydrogenase activity, indicating the slow immobilization of soil organic carbon (SOC) and increased
soil microbial activity. Our results are in line with previous findings [13,60] which established that
carbon- related soil enzyme activity indicates labile carbon compounds in the biochars for enzymatic
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reaction. In current study, we observed a negative correlation between soil pH, SOC, NO3;™- N and
dehydrogenase activity (Table 1).

2.6. Influence of Amendments on Soil PH and SOC

The application of different biochar amendments combined with CF significantly (p < 0.05)
affected soil pH and soil organic carbon (SOC). Soil pH was slightly increased with increasing biochar
rates, but showed non-significant (p < 0.05) differences from CK (Figure 6A). The highest pH was
measured in the BB2 + CF treatment (8.14) and the lowest pH was observed in the CF treatment
(8.0). The soil pH was decreased in all treatments except BB2 + CF and OB2 + CF as compared to
CK. A similar trend was observed in previous studies [5,13,25], and soil pH increased with increasing
biochar levels [17], but decreased in the chemical fertilizer treatment alone as compared to un-amended
soils [25]. Overall, biochar increased soil pH [26,33].
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Figure 6. Effect of co-application of biochars and chemical fertilizers on soil pH (A), soil organic carbon
(B), ammonium nitrogen (C), nitrate nitrogen (D), available phosphorus (E) and available potassium
(F) after wheat harvested. Without amendment (CK), chemical fertilizers (CF), banana peels derived
biochar 1% + CF (BB1 + CF), banana peels derived biochar 2% + CF (BB2 + CF), orange peels derived
biochar 1% + CF (OB1 + CF), orange peels derived biochar 2% + CF (OB2 + CF), milk tea waste derived
biochar 1% + CF (TB1 + CF) and milk tea waste derived biochar 2% + CF (TB2 + CF). Error bars
represent the standard deviation of the mean (n = 3). Different letters show there were significant
difference (p < 0.05) in the LSD means comparisons between the biochars and rates.

SOC concentrations were influenced by the application of different biochar and rates compared
with the CF alone and CK (Figure 6B). The maximum SOC concentrations were measured in TB2 +
CF (24.4 g kg™!') and minimum were observed in CK (8.8 g kg™!). The improved percentage of SOC
compared to CK decreased in the order of TB2 + CF (66.3%) > BB2 + CF (59.7%) > TB1 + CF (55.4%) >
OB2 + CF (52.7%) > BB1 + CF (48.2%) > OB1 + CF (39.1%) > CF (7.2%). The comparison between the
biochars and their rates showed that TB + CF amendments increased SOC concentrations as compared
to BB + CF and OB + CF rates. The carbon storage of biochar applications in soils depends on their
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labile natures [2], in addition to the C:N ratios of biochars [42]. In our study, the TB + CF amendment
indicated the higher stability of SOC due to the higher surface area and higher pore space, and the
lower C:N ratio as compared to BB + CF and OB + CFE Pokharel et al. [26] and Zhu et al. [62] evaluated
that a high surface area and pore space provided favorable conditions to adsorb soluble elements from
organic matter (OM) and protect against microorganisms as well as decrease C mineralization [26].

2.7. Effect of Soil Amendments on Soil Available N, P and K

Figure 6C,D show that soil NH;*-N and NO3;-N concentrations were significantly (p < 0.05)
affected by the amendments as compared to CK. There was significant influence on NH4"-N
concentrations in the CF group alone with the highest NH;*-N concentration (6.2 mg kg™!) treatment.
The co-application of biochar and CF amendments resulted in decreased NH;*-N concentrations
over CK group. The soil NH4*-N concentration decreased with the increase of biochar rates, with
the maximum percentage decrease in BB2 + CF (66.6%) and the minimum in TB1 + CF (18.3%) in
comparison to CK. In contrast, the soil NO3~-N concentrations were greater in biochar treatments as
compared to the CF and CK groups. The NO3™-N concentrations decreased with the increase of the
biochar levels, but still remained higher than the concentrations observed in the CF and CK groups.
The NO3~-N concentrations ranged from 11.6 to 20.8 mg kg~! among all treatments; the concentration
was highest for TB1 + CF (20.8 mg kg~!) and lowest for CK (11.6 mg kg~!). Our results are consistent
with the incubation study of Wang et al. [25] and pot studies of Sadaf et al. [2] and Khan et al. [13],
and as well as field experiments of Haider et al. [30] and Zhang et al. [1]. In the present study, soil
NH;*-N was improved following the treatment of CF alone over, as compared to the biochar and CK
treatments. This might be because CF alone decreased the soil pH, which was slightly increased under
co-applications of different biochars treatments. Esfandbod et al. [63] and Lan et al. [33] recognized
that soil NH4*-N and NO3;™-N concentrations depend on the pH and types of soil amendments.

The interactive influence of different biochar treatments and CF alone significantly (p < 0.05)
improved soil available P and K concentrations as compared to CK (Figure 6E,F). The available P and
K concentrations of soil that was displaced showed a statistically significant increase with increasing
biochar rates. The higher P and K concentrations were recorded in TB2 + CF (75.5 mg kg~! and 240 mg
kg™!) and the lower concentrations were found in CK (25.1 mg kg™! and 160 mg kg™!). Among all
biochar treatments, a better performance was observed for the TB + CF treatments in comparison to
the BB + CF and OB + CF treatments. Similar outcomes after biochar applications were reported in
previous studies conducting short- and long- term experiments [13,28,33]. Sadaf et al. [2] established
that soil nutrient availability is related to the type of amendments, surface area and pore space of
biochars. TB has a large pore space and surface area, explaining its high adsorption of P and K elements
as compared to BB and OB (Figure 1). Biochar application improved the SOC and increased the P and
K concentrations [1,26,64]. There was a significant (p < 0.01) positive correlation among SOC, available
P and K (Table 1).

2.8. Relationship between the Plant Nutrients Content NPK, Root Traits, Soil Enzymes and Soil Chemical Properties

The RDA indicated that plant growth parameters, nutrients content, grain yields, root traits and
soil chemical properties (SOC, AP and AK) and urease activity had a strong relation with each other,
while soil pH, mineral N, glucosidase and dehydrogenase activities had weak relation with plant
growth and root parameters (Figure 7). The PCA disposed clear differences in the wheat growth,
nutrients content, grains yield and root traits, and soil parameters. All studied parameters such as
plant growth, nutrients content, grains yield, root traits and soil biochemical properties were clearly
assembled into eight different groups. The first group contained the samples from T1 (CK), the second
group from T2 (CF), the third group from T3 (BB1 + CF), the fourth group from T4 (BB2 + CF), the fifth
group from T5 (OB1 + CF), the sixth group from T6 (OB2 + CF), the seventh group from T7 (TB1 + CF)
and the eighth group from T8 (TB2 + CF). The cumulative variances of contributions reached 77.6%
and 31.0% for between wheat growth and soil all parameters (Figure 8).
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Figure 7. Ordination plot of redundancy analysis (RDA) showing relationships between plant and
soil parameters after wheat harvested. Abbreviations = Plant height (Pht), plant shoot dry weight
(PSWT), root dry weight (RDWT), chlorophyll SPAD (CLP), nitrogen content in grain (NG), nitrogen
content in shoot (NS), nitrogen content in root (NR), phosphorus content in grain (PG), phosphorus
content in shoot (PS), phosphorus content in root (PR), potassium content in grain (KG), potassium
content in shoot (KS), potassium content in root (KR). Root length (RLT), root surface area (SA), root
volume diameter (RVM) and root average diameter (RAVD). Soil organic carbon (SOC), ammonium
nitrogen (NHy*-N), nitrate nitrogen (NO3~-N), available phosphorus (AP), available potassium (AK),
B-glucosidase and dehydrogenase.
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Figure 8. Principle component analysis (PCA) of plant growth parameters, root traits and soil
biochemical properties under different soil amendments after wheat crop harvested. These abbreviations
are the same with Figure 7.

3. Materials and Methods

3.1. Collection of Feedstock’s and Biochar Production

Banana and orange peel waste and milk tea waste were respectively collected from the local fruit
market of Yangling and a milk tea restaurant at Xi’an, Shaanxi, China, and subsequently shipped to
the Soil Physics Laboratory of Northwest A&F University. The banana and orange peels and milk tea
waste were washed with tap and distilled water four times. The fruit peels cut into small pieces of



Molecules 2019, 24, 1798 13 of 19

around 1 inch and air-dried for 12 days, then dried in an oven at 68 °C for 72 h and ground to pass
through a 2 mm sieve. These raw materials were pyrolyzed in a laboratory scale using a Modified
Muffle Furnace (FO410C-OP01, Yamato, Kyoto, Japan) system in presence of an N, atmosphere with
the temperature raised to 350 °C and maintained at required peak for 2 h to generate the biochars.
All the biochars were stored in a desiccator for further use, and their basic properties are listed in
Table 2.

3.2. Soil Sampling Area

Surface soil (0-20 cm) samples were collected from a long-term experimental station of wheat
and maize crop rotation an experimental station at Northwest A&F University (NWAFU), Yangling,
Shaanxi, China (34° 20 N, 108° 24 E). This station is classified as an Orthic Anthrosol with a silty clay
loam in texture [4]. This region is in a warm temperate zone and is partly cloudy during the monsoon
season. The mean annual temperature is around 13 °C, where the average in January is —1.6 °C and
that is July is 26 °C. The annual precipitation is 630 = 10 mm. The collected surface soil samples
were mixed to provide a composite sample. The composite sample was kept in polyphenylene bags
and shipped to the laboratory, and finally air-dried at room temperature (25 + 2 °C). The collected
composite soil samples were ground and passed through a 2 mm sieve. The basic physicochemical
properties of soil used in this experiment are shown in Table 3.

Table 3. Initial physicochemical properties of soil used in the pot study (mean + S.E, n = 3).

Items Values
Soil texture Silty clay loam

pH (1:2.5, H,O) 8.15+ 0.6
EC(1:2.5, H,O) 195 + 6.5

Total carbon (%) 1.97 £ 0.01

Total nitrogen (%) 0.18 £ 0.0

CN 10.83 £ 0.7

Soil organic carbon (g kg_l) 10.05 = 0.8
Available phosphorus (mg kg™') 235 +25
Exchangeable potassium (mg kg™?) 190 + 5.5
DTPA zinc (mg kg ™) 3.7+04
DTPA copper (mg kg‘l) 1.4 +0.05
DTPA iron (mg kg™!) 74+08

DTPA = Diethylenetriaminepentaacetic acid.

3.3. Pot Experiment Setup

The pot experiment was performed with a silty clay loam soil and designed as a randomized
complete block, including eight treatments with three replicates under an artificial shed. The pot
experiment included a control with no amendment (CK), chemical fertilizers (CF), and two levels of
soil amendments with biochar derived from banana and orange peels and milk tea waste. In total,
the eight treatments included (1) CK (control, no amendment), (2) CF (chemical fertilizers), (3) BB1 +
CF (1%; 50 g for 5 kg soil + CF), (4) BB2 + CF (2%; 100 g for 5 kg soil + CF), (5) OB1 + CF (1%; 50 g for
5 kg soil + CF), (6) OB2 + CF (2%; 100 g for 5 kg soil + CF), (7) TB1 + CF (1%; 50 g for 5 kg soil + CF) and
(8) TB2 + CF (2%; 100 g for 5 kg soil + CF). The chemical fertilizers nitrogen (N), phosphorus (P) and
potassium (K) were applied as a source of urea, di-ammonium and sulfate of potash at the doses of 120,
80 and 60 kg ha~!. For each treatment, 5 kg of soil and the proper amendments were mixed manually
and added into each pot according to the treatments. After amendment incorporation, the soil in each
pot was moistened to about 70% water holding capacity (WHC) by adding tap water and 10 wheat
seeds were sown in each pot. The all pots were properly arranged in a completely randomized block
design under an artificial shed. The water loss checked every day and maintained a 70% WHC on
daily basis up to wheat harvested. After 12 days, wheat plants were thinned and five plants were left
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in each pot until maturity to assess the grain yield. The wheat plants were uprooted from each pot,
and the parameters of aboveground biomass and roots were recorded.

3.4. Plant Growth and Yield Parameters

Wheat growth, root traits and grain yield parameters such as chlorophyll values, plant height,
biological and grain yields (g pot™') and root biomass were recorded. After the wheat crop was
harvested at maturity, the biological yield was recorded by weighing the aboveground biomass of
each replication of treatments. The shoots and roots were washed with running water and then
washed with distilled water for the removal of adhered soil and biochar particles. Both shoots and
roots were accurately dried with tissue paper to record the plant height as well as the shoot and root
weight. They were then dried in an oven for 72 h at 68 °C until a constant weight was obtained.
Cleaned wheat roots were used for root traits examination including total root length, root surface
area, root volume and root diameter, using a Hewlett Packard scanner controlled by Win-RHIZO,
2007d (Reagent Instruments Inc. Ltd., Model-]221 A, Seiko Epson Corporation, Kyoto, Japan) software,
according to [26].

3.5. Physicochemical Analysis of Soil, Biochar and Plant

Soil electrical conductivity (EC) and pH were measured in an aqueous soil extract in distilled water
(1:2.5 (w/v) soil-water extract), and biochar was applied in a 1:10 (biochar:water) ratio after 30 minutes
of shaking at 180 rpm. Soil and biochar EC and pH were measured using a glass electrode (DDS-11AW
EC meter) and a pH meter (Mettler-Toledo 320-S, Shanghai Bante Instrument Co., Shanghai, China).
Soil particle size was measured by using a Mastersizer 2000E (Malvern, UK) laser diffractometer.
Total organic carbon (TOC), total nitrogen (TN) and C:N ratio of soil and biochars were determined
using a CN analyzer (Vario Max, Elementar, Norderstedt, Germany). Soil organic carbon (SOC) was
measured following wet digestion with sulfuric acid and potassium dichromate (H,SO; + K;Cr,07).
Total nitrogen (TN), phosphorus (TP) and potassium (TK) contents of biochar and wheat grains, shoots
and roots were analyzed colorimetrically after digestion with H,SO, + HCIO4 [65]. Soil mineral
nitrogen (NH;*-N and NO3;™-N) for soil subsamples was extracted with 2 M of potassium chloride
solution (KCl) with a 1:10 (soil: solution) ratio which was shaken for 1 h to determine the concentration
of soil NH4"-N and NO;™-N using a continuous flow analyzer (Bran and Luebbe AA3, Norderstedt,
Germany). Soil available phosphorus (AP) was determined using a 0.5 M NaHCO3; with a pH
8.5 extract followed by a visible light spectroscopic analysis of a blue colored complex using a UV-VIS
spectrophotometer (Model UV-2450, Shimadzu, Kyoto, Japan) [66]. Soil available potassium (AK)
was determined using a 1 N ammonium acetate (NH4OAc) extraction followed by emission using
an atomic absorption spectrometer (Model Pin AAcle 900F, Perkin Elmer, Santa Clara, CA, USA).
Total concentrations of zinc (Zn), iron (Fe) and copper (Cu) in biochar samples were determined by acid
digestion using nitric perchloric acid (HNO3-HClOy; 3:1), and DTPA solution used for soil samples was
determined for Zn, Fe and Cu concentrations using an atomic absorption spectrometer. Soil enzyme
activities of 3-glucosidase, urease and dehydrogenase were analyzed by using the colorimetric method
and using (UV-VIS spectrophotometer, Model UV-2450) [67], as briefly explanation described in our
previous studies [17,26]. The morphology of biochars was observed by scanning electron microscopy
(SEM) micrographs of different biochars surfaces pyrolyzed at 350 °C according to our previous
study [4], and the morphological properties are shown in Figure 1.

3.6. Statistical Analysis

All experimental data were analyzed using Microsoft Excel 2010 and SPSS 22 software (SPSS
Inc., Chicago, IL, USA), and all figures were produced using Origin Pro. 9.0 software (Northampton,
MA, USA). The pot experiment results were presented as the mean of triplicates. One-way analysis of
variance (ANOVA) was used to evaluate the effects of the treatments. Mean comparison testing was
performed using least significant difference (LSD) (p > 0.05). Patterns in the plant and soil data were
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investigated using a bivariate Pearson correlation test. CANOCO 5.0 software was used for redundancy
analysis (RDA) and principle component analysis (PCA) to assess the overall differences between the
chemical fertilizers alone and combined with different biochars, and to investigate the relationship
between plant growth and grain yield parameters/root traits, as well as and the relationship among
soil biochemical properties.

4. Conclusions

Our study showed that the conversion of banana and orange peels and milk tea waste into
biochar products may offer an efficient technique for reducing the environmental and economic issues
associated with the disposal of these waste materials. Biochar is the best organic amendment to
act as a soil nutrient source to improve wheat growth, grain yield and environmental advantages.
The co-application of different biochars and chemical fertilizers significantly improved the wheat
growth, root traits and soil fertility as compared to the CF and CK groups. However, TB application
had a more significant effect on plant and soil parameters in comparison to BB and OB. Although CF
alone increased wheat grain yield and soil N, P, and K contents (as compared to CK), but no significant
effect on SOC was observed after wheat harvest. We recommend that the co-application of biochars
with chemical fertilizers should be tested in long-term field experiments for the development of
soil management strategies, maintained the soil fertility status for the reduction of economic and
environment issues.

Author Contributions: The conceptualization and designed by T.A.S., and Z.L.; methodology, L.W., and FK.;
software, M.S.L., and A.N.S.; data analysis, M.M.; initial original draft preparation, T.A.S.; writing review, editing
and funding acquisition, Y.Z., and J.Z.

Funding: This research was partially funded by Taishan Scholars Youth Expert Program, China and the Natural
Science Foundation of China (41371234, 41471222, 41877541) that allowed this research project to occur.

Acknowledgments: The authors would like to express appreciation to the China Scholarship Council (CSC) of
the China Government (2014070060).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Zhang, A.; Cheng, G.; Hussain, Q.; Zhang, M.; Feng, H.; Dyck, M.; Sun, B.; Zhao, Y.; Chen, H.; Chen, J.
Contrasting effects of straw and straw-derived biochar application on net global warming potential in the
Loess Plateau of China. Field Crops Res. 2017, 205, 45-54. [CrossRef]

2. Sadaf, J.; Shah, G.A.; Shahzad, K.; Ali, N.; Shahid, M.; Ali, S.; Hussain, R.A.; Ahmed, Z.1.; Traore, B.L,;
Ismail, M.L; et al. Improvements in wheat productivity and soil quality can accomplish by co-application of
biochars and chemical fertilizers. Sci. Total Environ. 2017, 607, 715-724. [CrossRef] [PubMed]

3.  Neff, ].C,; Townsend, A.R.; Gleixner, G.; Lehman, S.J.; Turnbull, J.; Bowman, W.D. Variable effects of nitrogen
additions on the stability and turnover of soil carbon. Nature 2002, 419, 915-917. [CrossRef] [PubMed]

4. Sial, TA; Liu, J.; Zhao, Y.; Khan, M.N,; Lan, Z.; Zhang, J.; Kumbhar, F; Akhtar, K.; Rajpar, I. Co-application
of milk tea waste and NPK fertilizers to improve sandy soil biochemical properties and wheat growth.
Molecules 2019, 24, 423. [CrossRef] [PubMed]

5. Rehman, R.A; Rizwan, M.; Qayyum, M.E; Ali, S.; Zia-ur-Rehman, M.; Zafar-ul-Hye, M.; Hafeez, F.; Igbal, M.F.
Efficiency of various sewage sludges and their biochars in improving selected soil properties and growth of
wheat (Triticum aestivum L.). |. Environ. Manag. 2018, 223, 607-613. [CrossRef] [PubMed]

6. Arif, M.S.; Riaz, M,; Shahzad, S.M.; Yasmeen, T.; Ashraf, M.; Siddique, M.; Mubarik, M.S.; Bragazza, L.;
Buttler, A. Fresh and composted industrial sludge restore soil functions in surface soil of degraded agricultural
land. Sci. Total Environ. 2018, 619, 517-527. [CrossRef] [PubMed]

7.  Zhang, Y.L, Li, CH.; Wang, YW.; Hu, YM.; Christie, P.; Zhang, J.L.; Li, X.L. Maize yield and soil fertility
with combined use of compost and inorganic fertilizers on a calcareous soil on the North China Plain.
Soil Tillage Res. 2016, 155, 85-94. [CrossRef]


http://dx.doi.org/10.1016/j.fcr.2017.02.006
http://dx.doi.org/10.1016/j.scitotenv.2017.06.178
http://www.ncbi.nlm.nih.gov/pubmed/28711001
http://dx.doi.org/10.1038/nature01136
http://www.ncbi.nlm.nih.gov/pubmed/12410307
http://dx.doi.org/10.3390/molecules24030423
http://www.ncbi.nlm.nih.gov/pubmed/30682802
http://dx.doi.org/10.1016/j.jenvman.2018.06.081
http://www.ncbi.nlm.nih.gov/pubmed/29975887
http://dx.doi.org/10.1016/j.scitotenv.2017.11.143
http://www.ncbi.nlm.nih.gov/pubmed/29156271
http://dx.doi.org/10.1016/j.still.2015.08.006

Molecules 2019, 24, 1798 16 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ding, W.; Xu, X,; He, P; Ullah, S.; Zhang, J.; Cui, Z.; Zhou, W. Improving yield and nitrogen use efficiency
through alternative fertilization options for rice in China: A meta-analysis. Field Crops Res. 2018, 227, 11-18.
[CrossRef]

Zheng, X.H.; Han, S.H.; Huang, Y.; Wang, Y.S.; Wang, M.X. Re-quantifying the emission factors based on
field measurements and estimating the direct NoO emission from Chinese croplands. Glob. Biogeochem. Cycl.
2004, 18, GB2018. [CrossRef]

Zhang, M.; Cheng, G.; Feng, H.; Sun, B.; Zhao, Y.; Chen, H.; Chen, J.; Dyck, M.; Wang, X.; Zhang, J. Effects of
straw and biochar amendments on aggregate stability, soil organic carbon, and enzyme activities in the Loess
Plateau, China. Environ. Sci. Poll. Res. 2017, 24, 1-13. [CrossRef]

Yousaf, B.; Liu, G.; Wang, R.; Abbas, Q.; Imtiaz, M.; Liu, R. Investigating the biochar effects on C-mineralization
and sequestration of carbon in soil compared with conventional amendments using the stable isotope (513 C)
approach. Glob. Chang. Biol. Bioenergy 2017, 9, 1085-1099. [CrossRef]

Jones, D.L.; Cross, P.; Withers, PJ.; DeLuca, T.H.; Robinson, D.A.; Quilliam, R.S.; Harris, I.; Chadwick, D.R,;
Edwards-Jones, G. Nutrient stripping: The global disparity between food security and soil nutrient stocks.
J. Appl. Ecol. 2013, 50, 851-862. [CrossRef]

Khan, M.N,; Lan, Z;; Sial, T.A.; Zhao, Y.; Haseeb, A.; Zhang, J.; Zhang, A.; Hill, R.L. Straw and biochar effects
on soil properties and tomato seedling growth under different moisture levels. Arch. Agron. Soil Sci. 2019.
[CrossRef]

Wang, X.; Wu, H; Dai, K.; Zhang, D.; Feng, Z.; Zhao, Q.; Wu, X,; Jin, K.; Cai, D. Tillage and crop residue effects
on rainfed wheat and maize production in northern China. Field Crop Res. 2012, 132, 106-116. [CrossRef]
Laghari, M.; Mirjat, M.S.; Hu, Z.; Fazal, S.; Xiao, B.; Hu, M.; Zhihua, C.; Dabin, G. Effects of biochar application
rate on sandy desert soil properties and sorghum growth. Catena 2015, 135, 313-320. [CrossRef]

Akhtar, K.; Wang, W.; Ren, G.; Khan, A.; Feng, Y.; Yang, G. Changes in soil enzymes, soil properties, and maize
crop productivity under wheat straw mulching in Guanzhong, China. Soil Tillage Res. 2018, 182, 94-102.
[CrossRef]

Sial, T.A.; Khan, M.N.; Lan, Z.; Kumbhar, E; Ying, Z.; Zhang, J.; Sun, D.; Li, X. Contrasting effects of
banana peels waste and its biochar on greenhouse gas emissions and soil biochemical properties. Proc. Saf.
Environ. Prot. 2019, 122, 366-377. [CrossRef]

Lehmann, J.; Joseph, S. Biochar for Environmental Management: Science, Technology and Implementation.
Sci. Technol. Earthscan 2009, 25, 15801-15811.

Xiang, Y.; Deng, Q.; Duan, H.; Guo, Y. Effects of biochar application on root traits: A meta- analysis.
GCB Bioenergy 2017, 9, 1563-1572. [CrossRef]

Peng, YF; Guo, D.L; Yang, YH. Global patterns of root dynamics under nitrogen enrichment.
Glob. Ecol. Biogeogr. 2017, 26, 102-114. [CrossRef]

Prendergast-Miller, M.; Duvall, M.; Sohi, S. Biochar root interactions are mediated by biochar nutrient content
and impacts on soil nutrient availability. Eur. J. Soil Sci. 2014, 65, 173-185. [CrossRef]

Lam, S.S.; Liew, RK.; Cheng, C.K.; Rasit, N.C.K,; Ooi, N.L.; Ma, ]. H.; Lam, W.H.; Chong, C.T.; Chase, H.A.
Pyrolysis production of fruit peel biochar for potential use in treatment of palm oil mill effluent.
J. Environ. Manag. 2018, 213, 400-408. [CrossRef]

Demisie, W.; Liu, Z.Y.; Zhang, M.K. Effect of biochar on carbon fractions and enzyme activity of red soil.
Catena 2014, 121, 214-221. [CrossRef]

Lal, R. Soil carbon sequestration impacts on global climate change and food security. Science 2004, 304,
1623-1627. [CrossRef]

Wang, X.; Song, D.; Liang, G.; Zhang, Q.; Ai, C.; Zhou, W. Maize biochar addition rate influences soil enzyme
activity and microbial community composition in a fluvo-aquic soil. Appl. Soil Ecol. 2015, 96, 265-272.
[CrossRef]

Sial, T.A.; Lan, Z.; Khan, M.N.; Zhao, Y.; Kumbhar, F; Liu, J.; Zhang, A.; Hill, R.L.; Lahori, A.H.; Memon, M.
Evaluation of orange peel waste and its biochar on greenhouse gas emissions and soil biochemical properties
within a loess soil. Waste Manag. 2019, 87, 125-134. [CrossRef]

Downie, A.; Crosky, A.; Munroe, P. Physical properties of biochar. In Biochar for Environmental Management:
Science and Technology; Lehmann, J., Joseph, S., Eds.; Earthscan: London, UK, 2009; pp. 13-32.


http://dx.doi.org/10.1016/j.fcr.2018.08.001
http://dx.doi.org/10.1029/2003GB002167
http://dx.doi.org/10.1007/s11356-017-8505-8
http://dx.doi.org/10.1111/gcbb.12401
http://dx.doi.org/10.1111/1365-2664.12089
http://dx.doi.org/10.1080/03650340.2019.1575510
http://dx.doi.org/10.1016/j.fcr.2011.09.012
http://dx.doi.org/10.1016/j.catena.2015.08.013
http://dx.doi.org/10.1016/j.still.2018.05.007
http://dx.doi.org/10.1016/j.psep.2018.10.030
http://dx.doi.org/10.1111/gcbb.12449
http://dx.doi.org/10.1111/geb.12508
http://dx.doi.org/10.1111/ejss.12079
http://dx.doi.org/10.1016/j.jenvman.2018.02.092
http://dx.doi.org/10.1016/j.catena.2014.05.020
http://dx.doi.org/10.1126/science.1097396
http://dx.doi.org/10.1016/j.apsoil.2015.08.018
http://dx.doi.org/10.1016/j.wasman.2019.01.042

Molecules 2019, 24, 1798 17 of 19

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Lahori, A.H.; Zhang, Z.; Guo, Z.; Li, R.; Mahar, A.; Awasthi, M.K.; Wang, P.; Shen, F.; Kumbhar, F; Sial, T.A.;
et al. Beneficial effects of tobacco biochar combined with mineral additives on (im) mobilization and (bio)
availability of Pb, Cd, Cu and Zn from Pb/Zn smelter contaminated soils. Ecotoxicol. Environ. Saf. 2017, 145,
528-538. [CrossRef]

Streubel, ].D.; Collins, H.P.; Garcia-Perez, M.; Tarara, J.; Granatstein, D.; Kruger, C.E. Influence of contrasting
biochar types on five soils at increasing rates of application. Soil Sci. Soc. Am. J. 2011, 75, 1402. [CrossRef]
Haider, G.; Steffens, D.; Moser, G.; Miiller, C.; Kammann, C.I. Biochar reduced nitrate leaching and improved
soil moisture content without yield improvements in a four-year field study. Agric. Ecosyst. Environ. 2017,
237,80-94. [CrossRef]

Korai, PK.; Xia, X,; Liu, X.; Bian, R.; Omondi, M.O.; Nahayo, A.; Pan, G. Extractable pool of biochar controls
on crop productivity rather than greenhouse gas emission from a rice paddy under rice-wheat rotation.
Sci. Rep. 2018, 8, 802. [CrossRef]

Jeffery, S.; Abalos, D.; Prodana, M.; Bastos, A.; van Groenigen, ].W.; Hungate, B.A.; Verheijen, F. Biochar boosts
tropical but not temperate crop yields. Environ. Res. Lett. 2017, 12, 053001. [CrossRef]

Lan, Z.M.; Chen, C.R.; Rashti, M.R; Yang, H.; Zhang, D.K. Stoichiometric ratio of dissolved organic carbon
to nitrate regulates nitrous oxide emission from the biochar-amended soils. Sci. Total Environ. 2017, 576,
559-571. [CrossRef]

Yuan, B.; Yang, X.Q.; Xue, L.W,; Feng, Y.N.; Jiang, ]. H. A novel recycling system for nano-magnetic molecular
imprinting immobilised cellulases: Synergistic recovery of anthocyanin from fruit and vegetable waste.
Bioresour. Technol. 2016, 222, 14. [CrossRef]

Pokharel, P.; Kwak, J].H.; Ok, Y.S.; Chang, S.X. Pine sawdust biochar reduces GHG emission by decreasing
microbial and enzyme activities in forest and grassland soils in a laboratory experiment. Sci. Total Environ.
2018, 625, 1247-1256. [CrossRef]

Yao, Q.; Liu, J; Yu, Z; Li, Y,; Jin, J.; Liu, X,; Wang, G. Three years of biochar amendment alters
soil physiochemical properties and fungal community composition in a black soil of northeast China.
Soil Biol. Biochem. 2017, 110, 56—67. [CrossRef]

Paz-Ferreiro, J.; Fu, S.; Méndez, A.; Gascd, G. Interactive effects of biocharand the earthworm Pontoscolex
corethrurus on plant productivity and soilenzyme activities. J. Soils Sediments 2014, 14, 483—494. [CrossRef]
Khadem, A.; Raiesi, F. Influence of biochar on potential enzyme activities in two calcareous soils of contrasting
texture. Geoderma 2017, 308, 149-158. [CrossRef]

Razaq, M.; Salahuddin; Shen, H.; Sher, H.; Zhang, P. Influence of biochar and nitrogen on fine root morphology,
physiology, and chemistry of acer mono. Sci. Rep. 2017, 7, 53—67. [CrossRef]

Ali, A.; Guo, D.; Zhang, Y; Sun, X,; Jiang, S.; Guo, Z.; Huang, H.; Liang, W.; Li, R.; Zhang, Z. Using bamboo
biochar with compost for the stabilization and phytotoxicity reduction of heavy metals in mine-contaminated
soils of China. Sci. Rep. 2017, 7, 2690. [CrossRef]

Tammeorg, P.; Simojoki, A.; Mékeld, P.; Stoddard, FL.; Alakukku, L.; Helenius, ]. Biochar application to a
fertile sandy clay loam in boreal conditions: Effects on soil properties and yield formation of wheat, turnip
rape and faba bean. Plant Soil 2014, 374, 89-107. [CrossRef]

Sigua, G.C.; Novak, ].M.; Watts, D.W.; Cantrell, K.B.; Shumaker, P.D.; Szogi, A.A.; Johnson, M.G.
Carbon mineralization in two ultisols amended with different sources and particle sizes of pyrolyzed
biochar. Chemosphere 2014, 103, 313-321. [CrossRef]

Yadav, V.; Karak, T.; Singh, S.; Singh, A.K.; Khare, P. Benefits of biochar over other organic amendments:
Responses for plant productivity (Pelargonium graveolens L.) and nitrogen and phosphorus losses.
Indus. Crops Products 2019, 131, 96-105. [CrossRef]

Ahmed, H.P; Schoenau, J.J. Effects of Biochar on Yield, Nutrient Recovery, and Soil Properties in a Canola
(Brassica napus L.) Wheat (Triticum aestivum L.) Rotation Grown under Controlled Environmental Conditions.
J. Biol. Energy Res. 2015, 8, 1183-1196. [CrossRef]

Mandal, A.; Patra, A.K; Singh, D.; Swarup, A.; Masto, R.E. Effect of long-term application of manure and
fertilizer on biological and biochemical activities in soil during crop development stages. Bioresour. Technol.
2007, 98, 3585-3592. [CrossRef]

Palansooriyaa, K.N.; Oka, Y.S.; Awad, Y.M.; Lee, S.S.; Sung, ] K.; Koutsospyros, A.; Moon, D.H. Impacts of
biochar application on upland agriculture: A review. J. Environ. Manag. 2019, 234, 52-64. [CrossRef]


http://dx.doi.org/10.1016/j.ecoenv.2017.07.071
http://dx.doi.org/10.2136/sssaj2010.0325
http://dx.doi.org/10.1016/j.agee.2016.12.019
http://dx.doi.org/10.1038/s41598-018-19331-z
http://dx.doi.org/10.1088/1748-9326/aa67bd
http://dx.doi.org/10.1016/j.scitotenv.2016.10.119
http://dx.doi.org/10.1016/j.biortech.2016.09.088
http://dx.doi.org/10.1016/j.scitotenv.2017.12.343
http://dx.doi.org/10.1016/j.soilbio.2017.03.005
http://dx.doi.org/10.1007/s11368-013-0806-z
http://dx.doi.org/10.1016/j.geoderma.2017.08.004
http://dx.doi.org/10.1038/s41598-017-05721-2
http://dx.doi.org/10.1038/s41598-017-03045-9
http://dx.doi.org/10.1007/s11104-013-1851-5
http://dx.doi.org/10.1016/j.chemosphere.2013.12.024
http://dx.doi.org/10.1016/j.indcrop.2019.01.045
http://dx.doi.org/10.1007/s12155-014-9574-x
http://dx.doi.org/10.1016/j.biortech.2006.11.027
http://dx.doi.org/10.1016/j.jenvman.2018.12.085

Molecules 2019, 24, 1798 18 of 19

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Warnock, D.D.; Lehmann, J.; Kuyper, TW.; Rillig, M.C. Mycorrhizal responses to biochar in soil-concepts
and mechanisms. Plant Soil 2007, 300, 9-20. [CrossRef]

Rajkovich, S.; Enders, A.; Hanley, K.; Hyland, C.; Zimmerman, A.R.; Lehmann, J. Corn growth and nitrogen
nutrition after additions of biochars with varying properties to a temperate soil. Biol. Fertil. Soils 2012, 48,
271-284. [CrossRef]

Wollmann, I; Gauro, A.; Miiller, T.; Moller, K. Phosphorus bioavailability of sewage sludge-based recycled
fertilizers. J. Plant Nutr. Soil Sci. 2018, 181, 158-166. [CrossRef]

Arruda, B.; Dall’orsoletta, D.J.; Heidemann, J.C.; Gatiboni, L.C. Phosphorus dynamics in the rhizosphere of
two wheat cultivars in a soil with high organic matter content. Arch. Agron. Soil Sci. 2017, 64, 1011-1021.
[CrossRef]

Gale, N.V,; Thomas, S.C. Dose-dependence of growth and eco-physiological responses of plants to biochar.
Sci. Total Environ. 2019, 658, 1344-1354. [CrossRef] [PubMed]

Sun, C.X.; Chen, X.; Cao, M.M,; Li, M.Q.; Zhang, Y.L. Growth and metabolic responses of maize roots to
straw biochar application at different rates. Plant Soil 2017, 416, 487-502. [CrossRef]

Gaiotti, F; Marcuzzo, P; Belfiore, N.; Lovat, L.; Fornasier, F.; Tomasi, D. Influence of compost addition on soil
properties, root growth and vine performances of Vitis vinifera cv Cabernet sauvignon. Sci. Hortic. 2017, 225,
88-95. [CrossRef]

Li, Z.; Schneider, R.L.; Morreale, S.J.; Xie, Y.; Li, C.; Li, ]. Woody organic amendments for retaining soil water,
improving soil properties and enhancing plant growth in desertified soils of ningxia, china. Geoderma 2018,
310, 143-152. [CrossRef]

Bruun, E.W,; Petersen, C.T.; Hansen, E.; Holm, J.K.; Nielsen, H.H. Biochar amendment to coarse sandy
subsoil improves root growth and increases water retention. Soil Use Manag. 2014, 30, 109-118. [CrossRef]
Backer, R.G.M.; Saeed, W.; Seguin, P.; Smith, D.L. Root traits and nitrogen fertilizer recovery efficiency of
corn grown in biochar-amended soil under greenhouse conditions. Plant Soil 2017, 415, 465-477. [CrossRef]
Cao, H,; Ning, L.; Xun, M,; Feng, F; Li, P; Yue, S.; Song, J.; Zhang, W.; Yang, H. Biochar can increase nitrogen
use efficiency of Malus hupehensis by modulating nitrate reduction of soil and root. Appl. Soil Ecol. 2019,
135, 25-32. [CrossRef]

Wolinska A, Stepniewsk Z. Dehydrogenase activity in the soil environment. In Dehydrogenases; In Tech:
Rijeka, Croatia, 2012; pp. 183-209.

Pathan, SI; Ceccherini, M.T.; Hansen, M.A.; Giagnoni, L.; Ascher, J.; Arenella, M.; Serensen, S.J.;
Pietramellara, G.; Nannipieri, P.; Renella, G. Maize lines with different Nitrogen Use Efficiency (NUE) also
differ for molecular diversity of bacterial 3-glucosidase gene and glucosidase activity in their rhizosphere.
Biol. Fertil. Soils 2015, 51, 995-1004. [CrossRef]

Pathan, S.1; Zifédkova, L.; Ceccherini, M.T.; Pantani, O.L.; Vétrovsky, T.; Baldrian, P. Seasonal variation and
distribution of total and active microbial community of 3-glucosidase encoding genes in coniferous forest
soil. Soil Biol. Biochem. 2017, 105, 71-80. [CrossRef]

Jindo, K.; Suto, K.; Matsumoto, K.; Garcia, C.; Sonoki, T.; Sanchez-Monedero, M.A. Chemical and biochemical
characterization of biochar-blended composts prepared from poultry manure. Bioresour. Technol. 2012, 110,
396-404. [CrossRef]

Zhu, L.X,; Xiao, Q.; Shen, Y.F; Li, S.Q. Microbial functional diversity responses to 2 years since biochar
application in silt-loam soils on the Loess Plateau. Ecotoxicol. Environ. Saf. 2017, 144, 578. [CrossRef]
Esfandbod, M.; Phillips, L.R.; Miller, B.; Rezaei Rashti, M.; Lan, Z.M.; Srivastava, P,; Singh, B.; Chen, C.R.
Aged acidic biochar increases nitrogen retention and decreases ammonia volatilization in alkaline bauxite
residue sand. Ecol. Eng. 2016, 98, 157-165. [CrossRef]

Oladele, S.0.; Adeyemo, A.].; Awodun, M.A. Influence of rice husk biochar and inorganic fertilizer on soil
nutrients availability and rain-fed rice yield in two contrasting soils. Geoderma 2019, 336, 1-11. [CrossRef]
Parkinson, J.A.; Allen, S.E. A wet oxidation procedure suitable for the determination of nitrogen and mineral
nutrients in biological material. Geoch. Et. Cosmoch. Acta 1975, 52, 730-733. [CrossRef]

Murphy, J.; Riley, ].P. A modified single solution method for the determination of phosphate in natural
waters. Anal. Chim. Acta 1962, 27, 31-36. [CrossRef]


http://dx.doi.org/10.1007/s11104-007-9391-5
http://dx.doi.org/10.1007/s00374-011-0624-7
http://dx.doi.org/10.1002/jpln.201700111
http://dx.doi.org/10.1080/03650340.2017.1407028
http://dx.doi.org/10.1016/j.scitotenv.2018.12.239
http://www.ncbi.nlm.nih.gov/pubmed/30677995
http://dx.doi.org/10.1007/s11104-017-3229-6
http://dx.doi.org/10.1016/j.scienta.2017.06.052
http://dx.doi.org/10.1016/j.geoderma.2017.09.009
http://dx.doi.org/10.1111/sum.12102
http://dx.doi.org/10.1007/s11104-017-3180-6
http://dx.doi.org/10.1016/j.apsoil.2018.11.002
http://dx.doi.org/10.1007/s00374-015-1045-9
http://dx.doi.org/10.1016/j.soilbio.2016.11.003
http://dx.doi.org/10.1016/j.biortech.2012.01.120
http://dx.doi.org/10.1016/j.ecoenv.2017.06.075
http://dx.doi.org/10.1016/j.ecoleng.2016.10.077
http://dx.doi.org/10.1016/j.geoderma.2018.08.025
http://dx.doi.org/10.1080/00103627509366539
http://dx.doi.org/10.1016/S0003-2670(00)88444-5

Molecules 2019, 24, 1798 19 of 19

67. Tabatabai, M.A. Soil enzymes. In Method of Soil Analysis Part 2. Microbiological Properties; Weaver, RW.,
Angle, S., Bottomely, P, Bezdicek, D., Smith, S., Tabatabai, A., Wollum, A., Eds.; Soil Science Society of
America (SSSA): Madison, W1, USA, 1994; pp. 775-883.

Sample Availability: Sample Availability: Not available.

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Scanning Electron Microscopy (SEM) 
	Influence of Soil Amendments on Wheat Growth Parameters 
	Effects of Soil Amendments on Nutrients (N, P and K) Contents in Grains, Shoots and Roots of Wheat 
	The Impact of Soil Amendments on Root Traits 
	The Influence of Different Biochars on Soil Enzyme Activities 
	Influence of Amendments on Soil PH and SOC 
	Effect of Soil Amendments on Soil Available N, P and K 
	Relationship between the Plant Nutrients Content NPK, Root Traits, Soil Enzymes and Soil Chemical Properties 

	Materials and Methods 
	Collection of Feedstock’s and Biochar Production 
	Soil Sampling Area 
	Pot Experiment Setup 
	Plant Growth and Yield Parameters 
	Physicochemical Analysis of Soil, Biochar and Plant 
	Statistical Analysis 

	Conclusions 
	References

