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Abstract; [ Objectives] Recently, both wheat and maize straws return is widespread in a winter wheat ( Triticum
aestivum L. ) — summer maize ( Zea mays L. ) rotation system in North China, but the changes of soil N pool
fractions under the straw return are not clear. We studied effects of straw return on soil fertility, N pool fractions
and crop yields by a long-term fertilizer experiment. [ Methods ] We chose a no-fertilizer control (CK) and maize
straw return at rates of 0 kg/ha (S0), 2250 kg/ha (S1), 4500 kg/ha (S2) and 9000 kg/ha (S3) combined with
nitrogen (N) and phosphorus (P) fertilizers from the long-term fertilizer experiment in Hengshui Dryland Farming
Experimental Station, Hebei province. Soil samples (0-20 cm) were collected in each plot after wheat harvest in
2012. We determined soil microbial biomass N, NH, -N and NO, -N with fresh soil samples. With air-dried soil
samples, we determined soil total N, total P, total potassium (K), organic matter, and pH using conventional
methods, and analyzed soil organic N (hydrolysable amino acid N, amino sugar N, ammonia N and hydrolysable
unknown N) and fixed ammonium using the methods of Bremner and Silver-Bremner, respectively. Additionally,
the changes of soil organic matter and crop yields were analyzed using the data of the long-term experiment.
[ Results ] Compared with the initial nutrient contents( 1981) , long-term application of chemical fertilizers increases
soil total P and organic matter, does not influence soil total N, and decreases soil total K ( —=3.2% ). The increase
in straw rates enhances soil total N, total P and organic matter, but decreases soil pH, and does not influence soil
total K. The hydrolysable amino acid N, hydrolysable ammonia N and hydrolysable unknown N are mainly fractions
of organic N in fluvo-aquic soil. Compared with CK, soil organic N is increased under the long-term fertilization,
and the hydrolysable amino acid N, ammonia N and amino sugar N are all increased with the increase of straw
rates, while the hydrolysable unknown N and non-hydrolysable N are not changed under different fertilization
treatments. The long-term application of chemical fertilizers enhances soil microbial biomass N and fixed
ammonium. The increase in straw rates further increases the microbial biomass N, but decreases the fixed
ammonium. The fertilization treatments do not affect soil NH, -N, but the application of chemical fertilizers
increases soil NO; -N, and higher rate of straw inputs further increases soil NO; -N. The fertilization increases crop
yields, and straw return on the basis of chemical fertilizers further increases crop yields. The maize yields are
increased with the increase of straw rates; however, the increase in straw rates does not affect wheat yields.
[ Conclusions] The long-term combined application of chemical fertilizers (N and P) and straw enhances soil
fertility (mainly N and P) and quality, and increases soil C sequestration, but only maize straw return leads to
serious depletion of soil K, and the increase of K fertilizer inputs is necessary to sustain soil K balance. The effect
of the long-term straw return on hydrolysable amino acid N is greater than that on ammonia N, and the higher rates
of straw return increase soil microbial biomass N and NO; -N, but decreases fixed ammonium. The long-term straw
return enhances crop yields, however, scientific straw return and field management practices are necessary to
ensure high crop yields under straw return.
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Table 1 Soil total N, P and K and pH in different treatments

4L Treatment £ Total N (g/kg) 2% Total P (g/kg) 42240 Total K (g/kg) pH

Tﬁiﬁgji 0.83 1.03 20. 31 8.70
CK 0.68 d 0.80 d 20.33 a 8.79 a
S0 0.81 ¢ .14 ¢ 19.67 a 8.69 b
st 0.83 ¢ 1.17 ¢ 19.59 a 8.62 b
s2 0.90 b 1.26 b 19.73 a 8.53 ¢
S3 0.95 a 1.31a 19.61 a 8.41d

H(Note) : FFBIBEARIFHRREEFERBE(P < 0.05) Values followed by different letters in the same line are significantly different

among the treatments (P < 0.05).
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Fig.1 Change of soil organic matter in different treatments in 1981 —2013
[ (Note) : 1989 2009 F12012 4E+#EFE 2k Soil samples in the years of 1989, 2009 and 2012 were lost. ]
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Table 2 Contents of soil organic N fractions and their percentages to total N in different treatments
Ab3 RmEEME BREEEER RREBR [ S MR R ERRAFR
Treatment AAN ASN AN HUN TAHN NHN
EHEREHS 5 Contents of soil organic N fractions ( mg/kg)
CK 121.8 e 6.4c¢ 205.5¢ 191.0 a 524.7 d 151.0 b
SO 185.4 d 6.1c 229.9b 195.2 a 616.6 ¢ 188.9 a
S1 204.8 ¢ 9.8b 239.4 b 194.9 a 645.5 ¢ 188.2 a
S2 247.2 b 9.5b 264.5 a 180.8 a 702.0 b 194.2 a
S3 277.2 a 26.4 a 267.2 a 197.1a 764.9 a 184.3 a
2/ A H 4 H Percentage to total N (% )
CK 18.0 ¢ 0.9b 30.4 a 28.3 a 77.7 a 22.3 a
SO 23.0b 0.7b 28.5a 24.2 b 76.5 a 23.5a
S1 24.6 b 1.2b 28.7 a 23.4 b 77.4 a 22.6 a
S2 27.6a 1.1b 29.5a 20.2 ¢ 78.3 a 21.7 a
S3 29.2 a 2.8a 28.3 a 20.9 ¢ 80.6 a 19.4 a

13 (Note) ; AAN—Amino acid N; ASN—Amino sugar N; AN—Ammonia N; HUN—Hydrolysable unknown N; TAHN—Total acid hydrolysable
N; NHN— Non-hydrolysable N. [R5 ¥iEEARFRFER IR R ZFBE (P <0.05) Values followed by different letters in the same column are

significantly different among the treatments (P <0.05).
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Table 3 Contents of soil microbial biomass N, fixed ammonium, NH, -N, and NO; -N and their percentages
to total N in different treatments

YRR MBN [ S A4k Fixed NH, -N 7SR NHy -N A NO, -N
A £ A £ HAE EE HSE EE A
Treatment  Content Percentage Content Percentage Content Percentage Content Percentage
(mg/kg) (%) (mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
CK 24.6e 3.6¢ 154.2 b 22.8 a 6.0a 0.89 a 5.6¢ 0.8b
SO 29.5d 3.7¢ 171.6 a 21.3 a 5.9a 0.73b 11.0b 1.4 a
S1 40.2 ¢ 4.8b 173.1 a 20.8 a 6.1a 0.74 b 10.8 b 1.3a
2 48.2 b 5.4 ab 165.4 ab 18.4 b 6.0 a 0.67b 11.3 b 1.3a
S3 55.6 a 5.9a 153.3 b 16.2 ¢ 5.5a 0.56 ¢ 14.4 a 1.5a

¥ (Note) ;: MBN—Microbial biomass N. [E7| B S ARIF AR RAEMERBE (P < 0.05) Values followed by different letters in the same

column are significantly different among the treatments (P < 0.05).
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Xif oA A0 E 2011 ~ 2013 4FRGFRIEY &,
5 CK Hi b, MifE B R T /N B KE =8 (R
4) o FEMEFLIEREA EIMMGRSAT IR T /DR &,
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B E] 9000 kg/hm® B, /32 7= 2 PR AR o
T e A Ak B3 T K 7= 2 B AT P B Y 38 T 3
LA S3 AbFER o

R4 REALE 2011 — 2013 £ ERIER F197= 8 (kg/hm’ )
Table 4 Average yields of wheat and maize
under different treatments in 2011 —-2013

4038 Treatment /NE Wheat E X Maize
CK 1424 ¢ 3399 d
So 5685 b 8663 c
S1 6154 a 8918 be
S2 6254 a 9042 b
S3 6157 a 9598 a

E(Note) : AIFIFIBBEARFHFREERERBE (P <
0.05) Values followed by different letters in the same column are
significantly different among the treatments (P < 0.05).
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