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Abstract

Yan L., Li H., Zhang J., Zhang Z., Zhu P., Gao Q., Lu W. (2016): Response of organic nitrogen in Black Soil to long-
term different fertilization and tillage practices in Northeast China. Soil & Water Res., 11: 124-130.

A long-term (18 years) effect of different fertilization and tillage management practices— fallowing treatment
(no fertilizer, no cultivation); CK (no fertilizer, cultivation); N (nitrogen fertilizer); NP (nitrogen and phosphorus
fertilizer); NK (nitrogen and potassium fertilizer); PK (phosphorus and potassium fertilizer); NPK (nitrogen,
phosphorus, and potassium fertilizer); MINPK (chemical fertilizer plus manure); 1.5M1NPK (1.5 times M1NPK);
NPKS (mineral fertilizer plus straw); Rot (3-year crop rotation of maize-maize-soybean with M1NPK), and
M2NPK (2 times manure plus mineral fertilizer) — on the content of total nitrogen and organic forms of nitrogen
and the nitrogen content in different particle-size fractions were studied in topsoil (0—20 cm) in Black Soil of
NE China by using the methods of Bremner. The results showed that the combined application of organic and
mineral fertilizers could significantly increase the contents and proportions of total nitrogen and organic nitrogen
forms in soil. Comparing to CK treatment, the content of total nitrogen and hydrolyzable nitrogen increased in
the fallow and organic materials treatments. Compared with M1NPK treatment, rotation was more beneficial
to increasing organic nitrogen content, especially remarkably increasing amino acid nitrogen. The nitrogen
response of sand, silt, and clay was most sensitive on manure; the effects of fallow and manure treatments on
sand were notable, the nitrogen content in sand with NPKS increased by 40.86% compared with CK treatment.
Our results imply that fallow/rotation managements, and manure/straw application can improve soil fertility.

Keywords: cropping rotation; fallow management; hydrolyzable nitrogen; manure

Nitrogen is an important and irreplaceable element
in the ecosphere and pedosphere, most of nitrogen in
surface soils exists in organic nitrogen form (CHEN &
Xu 2008). The quantity and chemical form of organic
nitrogen in soils are directly affected by the nitrogen
quantity and rate of mineralization in soil (PENG et
al. 2012). The quantity of mineralization, which has
important contribution for nitrogen demand of crops
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and is more than 50% of nitrogen uptake of crops, is
the main source of mineral nitrogen. Moreover, nitro-
gen distribution in particle-size fractions significantly
influences the nitrogen change mechanism in soil and
nitrogen sustainable management in the improvement
of soil fertility (SHEN et al. 2012).

The excessive nitrogen fertilizer application in farm-
land ecological system in recent years has increased
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crop yield, however part of nitrogen lost in soil has
directly entered the atmosphere by volatilization and
residue nitrogen in soil has resulted in higher nitro-
gen content, which seriously affects drinking water
and threatens the environment (PENG et al. 2003).
Furthermore, organic nitrogen components in soils
are strongly affected by poor agronomic practices
(JAGADAMMA et al. 2008; HUANG et al. 2009; KAUR
& SINGH 2014); whereas consistent cultivation of the
same land influences soil particle size, also cultiva-
tion, manure application, and land utilization greatly
influence soil particle-size fraction distribution (WaNgG
et al. 2002).

Consequently, recognizing the effect of long-term
different fertilization treatments and tillage manage-
ments on the content and form of organic nitrogen
and nitrogen content distribution in particle-size
fraction helps better understanding the relationship
between crop demand and soil nitrogen supply abil-
ity (Ju et al. 2004). Examining the nutrition status of
Black Soil is fundamental for providing suggestion on
improving Black Soil fertility potential and resource
sustainable development.

Therefore, the research of the content and form of
organic nitrogen in soil has vital function on sustainable
utilization of agronomy ecosystem, as well as nitrogen
distribution in different particle-size fractions.

The aim of this study was to investigate the effect
of long-term different fertilization and tillage man-
agement on organic nitrogen content and form on
surface Black Soil, as well as nitrogen content changes
in particle-size fraction; and then find the suitable
fertilization and tillage management measures on
Black Soil in NE China to improve soil fertility.

MATERIAL AND METHODS

The experimental site was established in 1990 at
the Soil Fertility and Fertilizer Efficiency Long-Term
Monitoring Base of the Jilin Academy of Agricultural
Sciences, Jilin Province, NE China. The climate in the
study area is warm-temperate, sub-humid, continental
monsoon with cold winters and hot summers. The soil
type in this area is Black Soil according to the Genetic
Soil Classification of China, Udic Isohumisols according
to the Chinese Soil Taxonomy, Udic Agriboroll accord-
ing to the USDA Soil Taxonomy, or Luvic Phaeozem
according to the FAO Soil Taxonomy (GONG et al. 1999;
Livu et al. 2015). At present, the average depth of black
topsoil is less than 30 cm due to serious soil erosion
(Sun & L1u 2001). The soil organic matter, total nitrogen
(TN), total phosphorus (TP), totao postassium (TK),
available N, P, K, and pH in the top 20 cm soil profile
were 23.3, 1.4, 1.39, 22.1 g/kg and 114, 27, 190 mg/kg,

Tablel. Different fertilization application rates and cropping management during 1990-2008 in individual soil treatments

(in kg/ha)

Treatments N PO, K,0 Manure Maize straw Cultivation
Fallow 0 0 0 0 0 -
CK 0 0 0 0 0 maize
N 165 0 0 0 0 maize
NP 165 82.5 0 0 0 maize
NK 165 0 82.5 0 0 maize
PK 0 82.5 82.5 0 0 maize
NPK 165 82.5 82.5 0 0 maize
MINPK 50 82.5 82.5 23 000 0 maize
1.5M1NPK 75 123.7 123.7 34 600 0 maize
NPKS 112 82.5 82.5 0 7 500 maize
MINPKR 50 82.5 82.5 23 000 0 rotation
M2NPK 50 82.5 82.5 46 000 0 maize

Fallow — no fertilizer, no cultivation; CK — no fertilization, maize cultivation; rotation — maize/maize/soybean; maize — con-

tinuous maize cropping; NP — nitrogen and phosphorus fertilizer; NK — nitrogen and potassium fertilizer; PK — phosphorus
and potassium fertilizer; NPK — nitrogen, phosphorus, and potassium fertilizer; MINPK — chemical fertilizer plus manure;
1.5M1INPK - 1.5 times MINPK; NPKS — mineral fertilizer plus straw; MINPKR — chemical fertilizer plus manure with rotation;

M2NPK - 2 times manure plus mineral fertilizer
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and 6.7 on average, respectively. Corn is planted at
the end of April and matures in early October. Annual
precipitation ranges from 450 to 600 mm, with 60—70%
of the rainfall occurring in summer. No irrigation was
supplied during the corn-growing season.

Experimental design. The experiment included
12 treatments, the detail fertilization application
rate and tillage management are shown in Table 1.
Each plot area was 400 m? in a completely rand-
omized design with three replicates. Urea, calcium
superphosphate, and potassium sulfate were applied
as mineral fertilizer, and manure and straw as basal
fertilizer. One-third of mineral nitrogen fertilizer
and all mineral phosphorus and potassium fertilizers
were applied at pre-sowing, and the remaining two-
thirds of mineral nitrogen fertilizer were applied at
a depth of 10 cm below the topsoil before jointing
as top-dressing.

Sampling and laboratory procedures. Topsoil
samples (0-20 cm) were taken from five locations in
each replicate plot in April 2008 before corn plant-
ing, and then mixed into a composite sample. The
samples were air-dried, sieved, and used to measure
total N by micro Kjeldahl method; particles were
classified using the method of ANDERSON et al.
1981; organic forms of nitrogen such as total hy-
drolyzable nitrogen (N-NH , amino sugar N, amino
acid N, and unknown N) and non-hydrolyzable N
(acid insoluble N) were separated using the method
of soil heating with 6 mol/l HCI for 12 h described
by BREMNER (1965). N-NH, was recovered from
hydrolyzates by steam distillation with MgO; amino
sugar N was obtained by steam distillation with
phosphate-borate buffer at pH 11.2 and correction
for N-NH,; amino acid N was determined by the
ninhydrin-NH, method. The hydrolyzable N not
accounted for as N-NH,, amino sugar N or amino
acid N, was the hydrolyzable unknown N (L1 et al.
2014). Available nitrogen, phosphorus, and potassium
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Figure 1. Total nitrogen changes of different fertilization
treatments and tillage managements in Black Soil; for
explanation of abbreviations see Table 1

were determined using NaOH hydrolyzable method,
Bray I (0.03 mol/l NH,F, 0.025 mol/l HCI extract)
method, and atomic absorption spectrophotometric
method, respectively.

Statistical analysis. Treatment effects were ana-
lyzed using one-way ANOVA followed by LSD test
at P < 0.05 (SAS 8.2).

RESULTS

Changes of total nitrogen. The total N contents
in Black Soil, after long-term different fertilization
treatments and tillage managements, ranged from
1.29 to 2.37 g/kg (Figure 1). Compared with fallow
treatment, the content of total N in the CK and min-
eral fertilizer treatments significantly decreased; that
in NPKS treatment had no obvious change; however,
manure fertilization treatments and rotation man-
agement could remarkably increase the content of
total N. Compared with CK treatment, the content
of total N of mineral fertilization treatments did not
change and that of manure fertilization and rotation
management improved significantly. Moreover, the

Figure 2. Organic nitrogen form rates
of different treatments; for explanati-
on of abbreviations see Table 1
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total N content of 1.5M1NPK treatment was the
peak among different treatments and that of M2NPK
treatment with excessive manure brought down
significantly, which indicated that the content of
total N did not improve along with the increasing
manure application.

Changes of organic nitrogen form. From the or-
ganic N form rate of different treatments (Figure 2), it
can be seen that the acid soluble N rates in Black Soil
were 71.6—78.3% of total nitrogen, which were notice-
ably higher than acid insoluble N. Moreover, 67—-81%
of acid soluble N was acid soluble known nitrogen.

For different treatments, organic manure treatments
could significantly increase the acid soluble N rate (up
to over 1.5 times); straw treatment and fallow treat-
ment improved 20.5% and 25.9% of the acid soluble
N rate compared with CK treatment, respectively.

Changes of acid soluble known N content. At pre-
sent, the acid soluble known N mainly includes ammo-
nium nitrogen (N-NH;), amino sugar nitrogen (amino
sugar), and amino acid nitrogen (amino acid). From the
content of acid soluble known N (Table 2), it could be
seen, compared with CK treatment, that the manure,
fallow, and straw treatment significantly increased the
content of N-NH}, and reached on average 66.9, 25.1,
and 15.6%, respectively. The content of amino acid also
notably increased; and PK and 1.5M1NPK treatments
could dramatically enhance the content of amino sugar,
which indicated that nitrogen fertilizer would restrain
the transformation from organic nitrogen to amino
sugar nitrogen; suitable manure was beneficial to amino
sugar nitrogen accumulation.

1.5MI1INPK treatment and rotation treatment as a
whole increased the content of acid soluble N; however,
the opposite happened if excessive manure was applied.

Changes of N content in different particle-size
fractions. According to data of N content in different
particle-size fractions (Figure 3), it can be seen that

O sand m silt clay

N content in different particle size (g/kg)

Table 2. Content of three forms of acid soluble N in Black
Soil (in mg/kg)

Treatment N-NH; Amino sugar ~ Amino acid
Fallow 449> 33P 418
CK 3594 42° 273¢d
N 381¢ 36P 328¢d
NP 389¢d 47% 309¢d
NK 413b<d 532 2514
PK 383¢d 732 330¢
NPK 388<d 40P 277¢
MINPK 5822 46 485
1.5M1NPK 6312 742 5992
NPKS 415P¢ 45 331¢
MI1NPKR 5802 56 5732
M2NPK 6042 31° 5682

Fallow — no fertilizer, no cultivation; CK — no fertilization,
maize cultivation; rotation — maize/maize/soybean; maize —
continuous maize cropping; NP — nitrogen and phosphorus
fertilizer; NK — nitrogen and potassium fertilizer; PK — phos-
phorus and potassium fertilizer; NPK — nitrogen, phosphorus,
and potassium fertilizer; MINPK — chemical fertilizer plus
manure; 1.5M1NPK — 1.5 times M1NPK; NPKS — mineral
fertilizer plus straw; MINPKR - chemical fertilizer plus ma-
nure with rotation; M2NPK — 2 times manure plus mineral
fertilizer; small letters indicate significant differences (P < 0.05)
among the different treatments

compared with CK treatment, the fallow, manure, and
straw treatments significantly increased N content
in different particle-size; single mineral treatments
affected N content only insignificantly. The N con-
tents of NPKS, fallow, and manure treatments were
boosted by 68.75%, twice, and about 4 times in sand
fraction; improved by 42.31%, 23.08%, and twice in
silt fraction; as well as by 9.29%, 11.06%, and 50% in
clay fraction, respectively.

Figure 3. Nitrogen content in different
particle-size fractions; for explanation
of abbreviations see Table 1
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The N content in different particle-size fractions
was remarkably different in Black Soil. The range of
N content in clay fraction was from 2.26 to 3.39 g/kg,
which was significantly higher than that in sand and
silt fractions (on average 1.9 times and 3.7 times,
respectively). There was no difference of N content
between sand fraction and silt fraction for single
mineral treatments, whereas N content in sand frac-
tion was higher than that in silt fraction for fallow,
manure, and straw treatments.

DISCUSSION

Fallow systems are widely used in South America,
Asia, and Africa as a strategy to restore soil fertility
without purchasing external inputs, and are often suc-
cessful in maintaining productivity in low fertile soils
(SANCHEZ 1999; WEZEL & HA1G1S 2002; BURGERS et
al. 2005; COUTEAUX et al. 2008; GOMEZ-MONTANO
et al. 2013). In this work, fallow management could
increase the organic nitrogen content in Black Soil,
similarly as in many experiments (HERVE 1994; MASSE
et al. 2004; MIRANDA et al. 2009). However state the
problem before giving reasons the “low/limited” fallow
management in China could be as a country with a
large population and limited arable land area, with
only 0.1 ha available per capita, China is significantly
less than the world average of 0.21 ha per capita in
2008 (ZHAO 2012). Little opportunity to increase
the area of land for cultivation, in order to guarantee
food yield, resulted in fallow management vanish-
ment (ToNG et al. 2003; CHEN 2007). Continuous
high-yield without protection and recovery measures
brought about soil infertility and degradation. This
vicious circle phenomenon indicates that short-term
fallow (once every 3-5 years) is a single and efficient
measure for soil sustainable development in China.

Altering cultivation management practices, such
as crop rotation, may be an effective method to sup-
press insect and disease pressure while maintaining
yields (BUCKLAND et al. 2013). Crop rotation can also
increase the input of organic C and N into the soil,
which enhances soil fertility (HAVLIN et at. 1990).
About a half of China’s maize production and a third
of its soybean production come from the highly pro-
ductive Black Soil in NE China (DUAN et al. 2011; L1u
etal.2011). Maize-maize-soybean rotation increased
organic nitrogen content in soil with the same fertiliza-
tion compared with continuous cultivation of maize,
which corroborates with previous findings from vari-
ous rotation studies (AL-KAI1sI et al. 2005; AHMAD
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et al. 2014). However, the area for crop rotation has
shrunk in recent years in NE China due to the higher
maize price and lower soybean price in the market,
which has been replaced by a continuous cultivation of
maize, consequently resulting in soil fertility decline.

The impact of soil degradation is difficult to reverse,
the more in China, where the production still depends
solely on excessive use of mineral fertilizers. Hence,
early intervention in the rehabilitation of degraded soils
is very important for achieving quick positive results
and reversing the trend of degradation (AGBEDE &
OjENTYI 2009). Application of organic manures can help
in forming soil aggregates and improving soil stabil-
ity (YANG et al. 2014). The organic nitrogen content,
one of important indicators to evaluate the effect of
management measures on enhancing soil productivity
(MIKHA & RicCE 2004; MANNA et al. 2005), could be
increased significantly by manure and straw application.
Manure, used since ancient times in China, has played
an important role in food production and improving
soil fertility. Despite the long history of manure use in
China, farmers have had little enthusiasm to improve
soil fertility since the 1980s due to huge labour force
and low economic benefits (YANG et al. 2014).

In some leading agricultural countries an impor-
tant strategy is to apply plant residues into soil to
increase soil organic carbon accumulation and hence
the soil fertility (YIN et al. 2014). In NE China, the
rates of straw rot and mineralization are restricted
by low temperature and less rainfall, which affects
emergence and seedling growth, thus resulting in
production declines. It is therefore necessary to
add a certain amount of nitrogen fertilizer and wa-
ter with deep tillage to avoid the occurrence of the
above phenomenon. The negative effect of higher
workforce cost for manure and the restriction of
straw application in the region can be improved by
agricultural mechanization and agricultural technol-
ogy innovation in the way of sustainable and green
agriculture. However, excessive manure and straw
application could not improve the organic nitrogen
content in soils and it also increases the greenhouse
gas emission and thus contributes to global climate
change (HAEFELE ef al. 2011; KNOBLAUCH et al. 2011).

CONCLUSION

This study showed several trends of change of
organic N after 18 years of different fertilization
and tillage managements, which could contribute
to the improvement of soil fertility and sustainable
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agriculture development of soil resource: periodic
fallow management, suitable organic and inorganic
mix fertilization, and rotation management can sig-
nificantly increase the N content; excessive manure
fertilization and single mineral fertilization manage-
ment would potentially reduce soil fertility.

Successful management of soil fertility may require
an integrated approach with multiple changes in
cultural practices, such as crop rotation and fertilizer
management.
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