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Abstract With the increasing use of chemical fertilizers, neg-
ative environmental impacts have greatly increased as a result
from agricultural fields. The fungus Trichoderma viride used
as a biofertilizer can efficiently reduce nitrous oxide (N2O)
emissions from subtropical tea fields in southern China. In this
paper, it was further found that T. viride biofertilizer could
alleviate nitrogen (N) leaching in tea fields. Gross N leaching
was 1.51 kg ha−1 year−1 with no external fertilizer input, but
when 225 kg N ha−1 year−1was applied, it increased to
12.38 kg ha−1 year−1 using T. viride biofertilizer but
53.46 kg ha−1 year−1 using urea. Stepwise linear regression
analysis identified the factors responsible for N leaching to be
soil nitrate concentration and soil interflow, simulated here
using the water balance simulation model (WaSiM-ETH).
Finally, mass-scale production of T. viride biofertilizer from
waste reutilization using sweet potato starch wastewater and
rice straw was found to be cost-effective and feasible. These
procedures could be considered a best management practice to

reduce N leaching from tea fields in subtropical areas of cen-
tral China and to reduce pollution from other agricultural
waste products.

Keywords Tea field . Nitrogen leaching . Lysimeter
experiment . Trichoderma viride biofertilizer .Waste
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Introduction

Covering a total area of 1.64 million ha in China, tea planta-
tions have generated enormous economic profits and have
tended to occupy lands that were primitively forest (Li et al.
2011; Xu et al. 2014). To enhance tea yields and soil nutrients,
various fertilizers (e.g., nitrogen fertilizers, potash fertilizers,
nitrogen/phosphorus/potassium blends, and others) have been
applied to tea field soil; therefore, tea plantations have con-
sumed a considerable proportion of the total nutrient fertilizer
consumed in China, from 0.54 Tg in 1961 to 31 Tg in 2014
(Sun et al. 2008; FAO 2016). The use of large amounts of
nitrogenous fertilizer significantly contributed to nitrogen (N)
losses as nitrous oxide (N2O) emissions to the atmosphere and
N leaching into water. N2O, well known as an ozone-depleting
substance and greenhouse gas (Ravishankara et al. 2009;
Sørensen and Jensen, 2013), is released into the atmosphere
mainly through tillage processes, application of N fertilizers,
or via nitrification and denitrification mediated by microorgan-
isms (Palmer et al. 2014). Simultaneously, N leaching into
surface water and groundwater is a kinetic process affected
by various environmental factors (Sun et al. 2008), which can
be classified into two categories, namely nitrate (NO3

−)
leaching and ammonium (NH4

+) leaching. However, it is main-
ly presented as NO3

− leaching, firstly because NH4
+ can be

easily oxidized to NO3
− within several days or weeks under
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aerobic conditions and secondly because NH4
+ cations are

readily absorbed onto anionic soil colloids, while NO3
− ions

are highly mobile (Sørensen and Jensen, 2013). Additionally,
because of inappropriate fertilizer application and irrigation (Li
et al. 2007), soil N can be readily washed off from agricultural
fields and seep into the groundwater (vertical movement) or
surface waters (horizontal movement). This leads to risks of
both eutrophication and aquatic or anthropological toxicity,
such as gastric and esophageal cancers (Gao et al. 2016).
Therefore, a cost-effective measure is required to enhance crop
yields and simultaneously reduce N losses, on the premise of
maintaining soil fertility (Zhang et al. 2017).

A number of studies have reported chemical and physical
methods to manipulate N leaching. For instance, applications
of nitrification inhibitors (NIs) can mitigate both N2O emis-
sions and N leaching by blocking the oxidation of NH4

+ to
NO2

− and then to NO3
− in Nitrosomonas (Zerulla et al. 2001;

Qiao et al., 2015; Wu et al. 2017). Yao et al. (2012) reported
that microporous biochar could accumulate NO3

− and NH4
+

through physisorption, which also effectively reduced the in-
organic N leaching. However, the field experiments have led
to inconclusive or contrasting results because of their spatio-
temporal differences, so that techniques that seemed promis-
ing in the lab or in individual experiments failed to translate to
large-scale applications. For example, trial experiments of NIs
applications showed positive effects in some regions but neg-
ative or no effects in others (Qiao et al., 2015). The application
of biochar and other chemical treatments should be used cau-
tiously until further information is available on their economic
feasibility and their effects on nutrient adsorption ratios of
crops, exchangeable N in soil (Sika and Hardie, 2014) and
ecotoxicology. In our previous study, using liquid state fer-
mentation of sweet potato starch wastewater (SPSW) and
solid-state fermentation of paddy straw with application of
Trichoderma viride, we could significantly minimize the re-
quired fertilizer inputs and reduce N2O emissions in tea plan-
tations (Xu et al. 2014). However, how the application of
T. viride biofertilizer affects N leaching is still unknown.

Nitrogen leaching losses from tea plantations occurred
mainly through the migration of N in soil interflow during
rain; N accounting systems generally include the soil interflow
volume and N concentration (mainly for NO3

−) measure-
ments. WaSiM-ETH (water balance simulation model) is a
widely used physical-based hydrological model, which has
been validated for simulating the interflow process during
rainfall events, quantifying pollution migration or soil nutri-
ents and representing the leaching process (Schulla and Jasper,
2007). The soil interflow volume was based on hilly subtrop-
ical climate and various local topographic features (e.g., gra-
dient, soil properties, terrain, vegetation, and land manage-
ment practices). The NO3

− concentration was commonly test-
ed and analyzed after the collection of water samples by in situ
lysimeter units (Sørensen and Jensen, 2013).

Therefore, the aims of this study were (i) to investigate the
annual relationship between precipitation and the volume of
soil leaching under different fertilization conditions and (ii) to
quantify the effect of T. viride biofertilizer and urea (represen-
tative of chemical fertilizer) application to tea cultivation by
monitoring the leaching of N(particularly NO3

−).

Materials and methods

Experimental site

The trial test was conducted at the Changsha Research Station
for Agricultural and Environmental Monitoring (CRSAEM),
located in the catchment of the Jinjing River in north eastern
Changsha, Hunan (Fig. 1; 28° 32′ 50″ N, 113° 19′ 58″ E, and
50–430 m a.s.l.). The soils within the plot were classified as
Ultisols derived from granite parent material, which had been
degrades after long-term waterlogging and reduction of iron
oxide under anaerobic conditions (USDA taxonomy). The
spatial patterns of different land uses in CRSAEM comprised
woodlands (Pinus massoniana Lamb and Cunninghamia
lanceolata Lamb. Hook.), paddy fields (double-cropping rice
fields), and tea plantations, taking up 65.5, 25.1, and 3.4%,
respectively. Less than 0.5% of the upland area was used to
cultivate sweet potato in order to produce commercial starch.
The region covers 135 km2 of the watershed and experiences a
typical subtropical monsoon climate; the weather is relatively
temperate and had an annual mean temperature of 17.5 °C and
an annual mean precipitation of 1330 mm from 1979 to 2010
(Li et al. 2013). The tea fields, paddy fields, and sweet potato
fields were fertilized at the average rates of 450, 300, and
250 kg N ha−1 year−1, respectively, while the woodland eco-
system was unfertilized and undisturbed.

Experimental design

The biofertilizer was prepared with T. viride EBL13, SPSW,
and rice straw, which were applied for production of spore
suspension for starter inoculums, liquid fermentation of my-
celium, and solid fermentation of T. viride biofertilizer, respec-
tively. The physicochemical properties of SPSW and
biofertilizer were analyzed based on the Standards of
Microbial Inoculants in Agriculture (SMIA, national standard
of China, GB 20287-2006), and the results demonstrated that
both ingredients used in this study were safe and practicable
for their intended use.

To compare the effect of T. viride biofertilizer and chemical
fertilizer on N leaching, spatially separated 60 m2 (6 × 10 m2)
plots that were planted with 3-year-old tea (Camellia sinensis
cv.) were treated with different fertilizers as follows: (1) CK0,
no fertilizer applied; (2) CNH450 and CNL225, the chemical
fertilizer treatments (values behind the capital letters mean the
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annual dosage of fertilization, with units of kg N ha−1 year−1);
(3) BFH225 and BFL113, the biofertilizer treatments, which
were applied at 50,000 and 25,000 kg ha−1 year−1, containing
equal or half the N content of CNL225, respectively; and (4)
RMH225 and RMH113, raw materials (SPSW and rice straw)
alone, applied at 50,000 and 25,000 kg ha−1 year−1. The fertil-
izers (including biofertilizer and chemical fertilizer) were ap-
plied in split applications, such that 20% of the total N was first
applied on November 12, 2010, followed by 60% on March 1,
2011, and 20% on September 1, 2011 in all treated fields. Five
sets of in situ lysimeter were installed by five-point sampling
method in each treatment plot (60 m2, 6 × 10 m2) for collecting
the precipitation water. Soil samples of 0–20 cm in each spot
were collected to analyze the ammonia and nitrate concentra-
tions. More details about the preparation process and experi-
mental design can be found in Xu et al. (2014).

Monitoring N leaching

The N leaching was continuously monitored from January to
December 2011. The amount of N leached from tea fields was

collected by in situ lysimeters, which were located in the five-
spot tea plants in each treated plot and uniformly constructed
to a depth of 60 cm when measured from the tunnel bottom to
soi l sur face (Fig . 2) . Also , a hor izonta l tunnel
(40 cm × 50 cm × 5 cm) was dug for settling a leachate
collection plate (40 cm × 50 cm) into the vertical sides of
the collection tube. Collected leachate was first filtrated by a
filtrating net placed in the plate to prevent debris from
blocking the pipes and then drained through a plastic pipes
into the collection tube via a side hole, which was punched at a
lower height than that at the bottom of the leachate collection
plate. The leachate collection tubes and plates in the fields
were all built from PVC material with a diameter of 10 cm.
In addition, polyvinyl chloride pipes of 5 cm diameter were
installed at the bottom of the collection tubes to allow the
leachate to be discharged by an air pump vacuum extraction
system (Li et al., 2007). The accumulated leachate was col-
lected on the first and fifteenth of each month, and the local
climate and fundamental soil indexes were simultaneously
recorded. All procedures of devices installation did not disturb
the primitive soil structure. The N concentrations of leachate

Fig. 1 The site of Changsha Research Station for Agricultural and Environmental Monitoring (CRSAEM)
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samples (Ci) were determined using an automated flow injec-
tion analyzer (FIAStar 5000, Foss Tecator, Hoganas, Sweden)
in accordance with Liu et al. (2011).

The WaSiM-ETH was used to simulate hydrologic pro-
cesses in the studied catchment. The modeled flux of soil
interflow was used to estimate the volume of water leaching
from the catchment (Vi) scale. The computational specifica-
tions for calculating Vi are described below.

The calculation of Vi involved two operation steps and one
simple comparison process. First, we calculated the maximum
possible interflow qifl,max in a certain precipitation event and
certain layer using the following formula:

qifl;max ¼ θ φð Þ−θφ¼3:45

� ��Δz=Δt;

where θ(φ) is the soil water content under actual capillary
suction pressure φ (cm3 cm−3); θφ = 3.45 is the soil water
content under φ = 3.45 m, referring to the critical condition
of formatting interflow (cm3 cm−3);Δz is the soil layer thick-
ness where interflow occurred (m); andΔt is the time step (s).
Secondly, interflow qifl was calculated based on on-site geo-
graphical measurements as follows:

qifl ¼ k θð Þ �Δz� dr � tanβ;

where k is the saturated hydraulic conductivity; (θ) is the soil
water content at a certain depth (measured value, cm3 cm−3);
dr represents drainage density as an empirical parameter using
literature values based on the existing anisotropy and linear
relationship with interflow (m−1); and tanβ is the slope gradi-
ent (with values greater than zero and less than 1). Vi is equiv-
alent to the smaller value of qifl,max and qifl (Schulla and
Jasper, 2007; Wang et al. 2012). The N leaching losses (NL;
kg N hm−2) were calculated using the following equation:
NL =Ci ×Vi. Long-termmonitoring data such asmeteorology,

soil property, topography, vegetation coverage, and also the 0–
20 cm topsoil moisture had been recorded, and the data can be
seen in Fu et al. (2012).

Data analysis

Under the WaSiM-ETH, all data analyses presented were
established in terms of the Design Expert software version
and SPSS 19.0. Stepwise linear regression followed by
monthly N leaching as the dependent variable was conducted
to judge the extent of influence among NO3

−-N and NH4
+-N

Fig. 2 In situ leachate collection
mounting system in the tea field

Table 1 Precipitation and soil interflow under different fertilization
patterns in 2011

Month Precipitation
(mm)

Soil
interflow
at CK (mm)

Soil
interflow
at OF (mm)

Soil
interflow
at CF (mm)

Jan 2.43 7.91 2.76 38.70

Feb 20.32 0.21 0.3 3.34

Mar 39.22 0.02 0.05 0.92

Apr 158.91 60.36 25.72 81.82

May 73.4 37.98 58.62 26.14

Jun 317.76 199.31 119.23 122.47

Jul 85.59 64.33 134.69 52.67

Aug 182.28 59.55 51.99 82.42

Sep 44.22 3.23 6.87 4.03

Oct 52.53 10.94 1.82 10.41

Nov 47.22 0.1 0.02 2.00

Dec 10.74 0 0 0.24

Total 1034.62 443.94 402.07 425.16

CK control group (no additional fertilization), OF organic fertilizer treat-
ment, CF chemical fertilizer treatment
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concentrations of soil and soil interflow in different treat-
ments, and p < 0.05 was considered significant between indi-
vidual treatments. All figures in this study were edited by
Origin Pro 8.0.

Results and discussion

Precipitation and soil interflow

The quantity of soil interflow in tea fields was estimated by the
distributed hydrological model operated under WaSiM-ETH,
while the precipitation was recorded by a small meteorological
observatory. The monthly precipitation ranged from a mini-
mum of 2.43 mm in January to a maximum of 317.76 mm in
June; annual precipitation amounted to 1034.6 mm (Table 1).
Leaching phenomenon principally took place during April,
June, and August, which were coincident with intense precip-
itation. Soil interflow quantities under organic fertilization (OF,
corresponding to RMH225 as illustrated in the BExperimental
design^ section) and chemical fertilization (CF, corresponding

to CNL225) treatments were low but exhibited minor differ-
ences when compared with no fertilization (CK). Soil interflow
quantity was positively correlated with precipitation (Fig. 3).
The soil interflow under OF increased from April to July and
then decreased afterwards. The cause of this trend was not
clear; however, it might be partially because of the liquid state
organic fertilizer, which could effectively enhance the plant
nutrient uptake and soil moisture when compared with CK after
fertilization in March. However, excessive liquid fertilizer was
difficult for plants to take up and the residual fertilizers infil-
trated through the soil by eluviation. Because of low precipita-
tion, soil interflow was modest in other months, apart from the
sudden percolation of water that occurred in January under CF
treatment, which was caused by water saturation in the surface
soil after irrigation. It is also worth noting that because the exact
values of soil interflow generally needs a long-term in situ
observation and the simulation process onWaSiM-ETH is par-
ticularly susceptible to the complexity and anisotropy in farm-
land ecosystem, therefore the estimated soil interflow applied
here was used to confirm the trend of reducing nitrogen
leaching by T. viride biofertilizer.

Fig. 3 Monthly precipitation and
estimated soil interflow for
different treatments in the tea field
using the WaSiM-ETH in 2011

Fig. 4 Change in nitrate (NO3
−-

N) concentrations under different
treatments in the tea field. CK:
control group, no fertilization;
RMH225 and RMH113: raw
materials (sweet potato starch
wastewater and rice straw) at
50,000 and 25,000 kg ha−1 year−1

application rate; BFH225 and
BFL113: biofertilizer at 50,000
and 25,000 kg ha−1 year−1

application rate; CNH450 and
CNL225: chemical fertilizer at
450 and 225 kg N ha−1 year−1

application rate)
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Leaching study

In this study, only the variation in NO3
−-N concentration

was presented because the concentration of NH4
+-N was

less than the detection limit-concentration in all samples.
The percolation water leaching below the rhizosphere,
namely the soil interflow described in the BPrecipitation
and soil interflow^ section, was collected by lysimeters
set in the field and the NO3

−-N concentrations determined
for the different fertilizer treatments (Fig. 4). Factors such
as precipitation, soil texture, and fertilizer application rate
could affect the N concentration in the drainage water. N
fertilizer applications increased the NO3

−-N concentration
in drainage water markedly when compared with the

unfertilized control. In particular, application of chemical
fertilization (urea) resulted in greater concentrations of
NO3

−-N than the other treatments.
For CNH450 (high-N treatment of 450 kg N ha−1 year−1)

and CNL225 (low-N treatment of 225 kg N ha−1 year−1), the
NO3

−-N concentration fluctuated within a broad range of
0.15–16.31 and 0.05–6.46 mg L−1 (not included naught con-
centrations) (Fig. 4). This led to an accumulated annual NO3

−

loss of 53.38 ± 0.89 (mean and standard deviation) and
22.33 ± 0.40 kg N ha−1 year−1, accounting for 11.86 and
9.93% of the total N input, respectively. Many studies have
confirmed that the combined effect of both precipitation and
chemical fertilizer application will aggravate N leaching loss,
which is consistent with our results. It has been reported that
soil N concentration decreased rapidly after chemical fertili-
zation (Xu et al. 2014); however, we found that N concentra-
tion increased substantially in drainage water in relation to
rainfall events. However, under BFH225 and BFL113
treatments, the N losses were below the high levels of the
CNH450 and CNL225 treatments throughout the
experiment, which is consistent with the conclusion of
Shoresh et al. (2010) that biofertilizers could induce increased
N use efficiency in plants. Although raw material treatments
(RM) can provide a good opportunity for biofertilizer fermen-
tation to suppress N2O emissions (Xu et al. 2014), and simul-
taneously to suppress the N leaching losses based on our mea-
surements, it takes much longer time for straw decomposing
in soils. Additionally, straw incorporation and applied paddy
straw and organic wastewater can greatly hamper crop root
penetration, causing N deficiency disease, weed problems,
and low yield (Xu et al. 2014).

The relatively low NO3
−-N concentration and high

leaching loss observed in the same month was because of

Table 2 Total annual nitrogen application and leaching loss for
different treatments in the tea field

Treatment Annual application
(kg ha−1)

Annual leaching
losses (kg ha−1)

Fraction
leached (%)

CK 0 1.51a –

RMH225 225 13.07c 5.81

RML113 113 4.76b 4.21

BFH225 225 12.35c 5.49

BFL113 113 5.70b 5.04

CNH450 450 53.38e 11.86

CNL225 225 22.33d 9.93

CK: control group, no fertilization; RMH225 and RMH113: raw materials
(sweet potato starch wastewater and rice straw) at 50,000 and
25,000 kg ha−1 year−1 application rate; BFH225 and BFL113: biofertilizer
at 50,000 and 25,000 kg ha−1 year−1 application rate; CNH450 and
CNL225: chemical fertilizer at 450 and 225 kg N ha−1 year−1 application
rate. The same superscript letter (a-e) in the column indicates that the differ-
ences in annual leaching losses are not significant (p<0.05)

Fig. 5 Change in NO3
−-N

leaching under different
treatments in the tea field. CK:
control group, no fertilization;
RMH225 and RMH113: raw
materials (sweet potato starch
wastewater and rice straw) at
50,000 and 25,000 kg ha−1 year−1

application rate; BFH225 and
BFL113: biofertilizer at 50,000
and 25,000 kg ha−1 year−1

application rate; CNH450 and
CNL225: chemical fertilizer at
450 and 225 kg N ha−1 year−1

application rate)
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Fig. 6 Regression analyses of
NO3

−-N leaching amounts with a
soil interflow, b ammonium
(NH4

+-N) concentration in soil,
and c NO3

−-N concentration in
soil. Regression linear equation
and goodness of fit (R2) were also
shown in each plot

Environ Sci Pollut Res (2017) 24:27833–27842 27839



the dilution effect of massive precipitation. In temperate dis-
tricts, the dynamics of NO3

− leaching are influenced by the
alternation of dry and wet cycles, which suggests that soil
NO3

− accumulated during dry periods would result in larger
NO3

− losses in the following wet period (Randall and Mulla
2001; Sun et al. 2008). The annual N losses were also influ-
enced by N application rate. In all three treatment types
(chemical fertilizer, raw materials, or biofertilizer), higher N
application rates resulted in larger N losses to varying degrees
(Table 2). Li et al. (2007) similarly found that superfluous N
losses could be partially ascribed to excessive N application
rates across the Northern China Plain. In addition, when com-
pared with the gross losses under CK, N losses under
CNH450 and CNL225 increased by 35.4-fold and 14.8-fold,
respectively, while N losses under BFH225 and BFL113 only
increased by 8.2-fold and 3.8-fold respectively, showing that
T. viride biofertilizer could significantly reduce the N losses in
tea fields. The possible mechanisms of action of T. viride
biofertilizer are as follows: (1) promotion of root growth and
nutrient uptake of fast-growing tea plants (Shoresh et al.
2010), directly reducing surplus N in the soil to prevent N
leaching; (2) inhibition of nitrification or hydrolytic processes.
Zhong et al. (2007) indicated that soil nitrification was more
intense under application of N fertilizer than without N fertil-
izer. The NO3

−-N produced during nitrification might be
inhibited by the presence of T. viride and retained in the soil
(Cai and Zhao, 2009) or emitted into the atmosphere as N2

through denitrification and (3) low NO3
−-N release rate.

Rather than chemical fertilizers, biofertilizers as well as organ-
ic fertilizers were highly recommended for their slow produc-
tion of NO3

−-N (Liu et al. 2012).

Regression analysis

As with the NO3
−-N and NH4

+-N concentrations of soil, three
typical sets of soil interflow data under CK, OF, and CF treat-
ments (corresponding to Table 2) were selected for clarifying
the interrelation with gross N leaching. Linear regression anal-
ysis of the three factors led to the primary conclusion that only
soil interflow was related to NO3

−-N leaching (Figs. 5 and 6).
However, since NH4

+-N was more likely to be converted to

NO3
−-N than remain in the soil, separate analysis of them

might result in multicollinearity and lead to an inaccurate
model as a consequence.

Based on the above conclusion, we conducted a further
analysis with stepwise linear regression (Table 3). With differ-
ent dimensions against independent variables, non-
standardized coefficients were adapted. The stepwise regres-
sion showed that soil interflow and nitrate concentration gave
the best fit to the N leaching data and a multiregression equa-
tion yielded y = 0.025x1 + 0.137x2 − 0.874 (y is NO3

−-N
leaching, x1 is soil interflow, and x2 is NO3

−-N concentration,
R2 = 0.553). The multiple regression demonstrated that a sig-
nificant positive effect existed between N leaching and both
soil interflow and the concentration of NO3

−-N in the soil.
These results concurred with a recent assessment that showed
that soil permeability, N application rate, and climate factors
largely regulated N leaching (Cabrera et al. 2007), and they
are also consistent with the conclusions in several previous
studies (Li et al. 2007; Sun et al. 2008). The poor correlation
between N leaching losses and soil NH4

+-N concentration
suggested that the T. viride biofertilizer prepared in our study
possessed the ability to restrain NH4

+-N nitrification when
compared with chemical fertilizer, leading to reduced N
leaching. The other main driver of N leaching, the soil inter-
flow, has a close relationship with precipitation and soil type.
Therefore, this provides options for controlling N leaching by
applying rational irrigation rates, avoiding soils with inferior
water retention capacity, and consolidating soil management
in agricultural planning (Krol et al. 2016).

Conclusions and perspectives

We found that T. viride biofertilizer could regulate not only the
N losses from N2O emissions but also N leaching in the tea
field. Plots with high-N and low-N Chemical fertilizer treat-
ments led to an annual nitrogen leaching loss of 53.38 ± 0.89
and 22.33 ± 0.40 kg N ha−1 year−1, accounting for 11.86 and
9.93% of the total N input, and 34.4-fold and 13.8-fold higher
than CK treatment, respectively. In comparison with the same
rate of application of chemical N fertilizer (as urea; CNL225;

Table 3 Stepwise linear
regression analysis output Model Non-standardized coefficients t value Sig. R2

B SE

1 Intercept 0.154 0.293 0.524 0.604 0.410
Soil interflow (x1) 0.024 0.005 4.858 0

2 Intercept − 0.874 0.409 − 2.139 0.04 0.553
Soil interflow (x1) 0.025 0.004 5.734 0.00

Nitrate concentration (x2) 0.137 0.042 3.252 0.003

B (regression coefficient) and SE (standard error) are presented for each model, together with the t value, Sig. (P
value), and R2 (goodness of fit)
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225 kg N ha−1 year−1), the application of T. viride biofertilizer
(BFH225) resulted in a 44.7% reduction in N leaching. We
hypothesize that biofertilizers have the ability to enhance crop
quality and soil texture indirectly by promoting microbial me-
tabolism, but not through the immediate application of absorb-
able or available nutrients to plants. This is because T. viride
biofertilizer has the potential to promote root growth and nu-
trient uptake of fast-growing tea plants, inhibit nitrification or
hydrolytic processes, and release NO3

−-N at a slow rate; cer-
tain mechanism will be investigated in subsequent experi-
ments. Besides, through stepwise linear regression, we identi-
fied soil nitrate concentration and soil interflow were respon-
sible for N leaching.

Our research was undertaken in a major tea produc-
ing areas of the central subtropical zone in China. In
addition to tea plantations (3.4% of the land area),
25.1% of the whole region is used for rice production
in paddy fields and < 0.5% for sweet potatoes. The
region produces an annual output of about 12,000 t
sweet potato starch wastes, 30,240 t rice straws, and
10.2 t NO3

− leaching. These three pollutants have be-
come crucial contributors to regional water and atmo-
spheric contamination. However, by using liquid-state
fermentation of SPSW and solid-state fermentation of
paddy straw by T. viride, annual production of 6000 t
biofertilizers equivalent to 27 t N fertilizers can be pro-
vided to tea plantations. This can reduce pollution from
the wastes and replace some functions of synthetic N,
minimizing synthetic inputs of fertilizer in tea cultiva-
tion. Thus, the process described here using SPSW and
rice straw for mass-scale production of T. viride
biofertilizer is a feasible and cost-effective approach
for minimizing synthetic inputs of fertilizer, reducing
N leaching and cumulative N2O emissions, saving
farmers’ money in increasingly expensive chemical fer-
tilizers and developing best management practices for
tea fields in subtropical areas of central China.
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