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Response of soil organic nitrogen fractions and enzyme activities to cattle
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Abstract: [ Objective ] We investigated the effects of cattle manure addition on fluvo-aquic soil labile organic
nitrogen fractions and soil enzyme activities by using indoor incubation method, to reveal the mechanisms of
cattle manure on soil organic nitrogen fractions in different fertilization treatments. This research not only
provides theoretical basis for rational application of organic fertilizer and sustainable development of agricultural

ecosystem, but also is beneficial to reusing agricultural resources and maximizing their benefits.
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[ Method ] An indoor incubation was used to study changes of soil liable organic nitrogen fractions (microbial
biomass nitrogen (MBN), dissolved organic nitrogen (DON) and particulate organic nitrogen (PON)) and soil
enzyme (a-1,4-glucosidase, AG; B-1,4-glucosidase, BG; B-1,4-xylosidase, BXYL; cellobiohydrolase, CBH;
phosphatase, PHOS; peroxidase, perox; and phenol oxidase, phenox) activities in a long-term fertilizer experiment
established in 1986 in Yucheng site, Shandong province, China. There were 4 treatments in the long-term fertilizer
experiment, including no-fertilizer treatment (CK), standard rate of organic manure treatment (OF), standard rate
of mineral fertilizer (CF), and half-standard rate of organic manure plus half-standard rate of mineral fertilizer
treatment (OCF). [ Results ] Firstly, regardless of cattle manure addition, the contents of total nitrogen (TN),
DON and PON in different fertilized soils were increased or had no significant differences during the
incubation time. Secondly, the contents of total nitrogen (TN), DON and PON in different fertilized treatments
with cattle manure addition were increased by 5.43%—-15.49%, 5.83%-69.42% and 9.75%—42.29%,
respectively, after incubation, while the content of MBN was decreased by 16.91%—62.10%. Fertilization, cattle
manure addition and their interactions had significant effects on soil enzyme activity (P < 0.05). Regardless of
cattle manure addition, the activity of soil oxidase enzymes (perox and phenox) in all fertilizer treatments was
significantly lower than that of no-fertilizer treatment, but the activities of soil hydrolytic enzymes in all fertilizer
treatments presented different trends. Without cattle manure addition, the activities of soil hydrolytic enzymes
except BG significantly increased in long-term fertilizer treatments; compared with CK, the activities of BXYL
and CBH in CF increased by 208% and 180%, respectively. With cattle manure addition, compared with CK, the
activities of BG and CBH in OF increased by 201% and 308% respectively. According to the redundancy analysis
(RDA), the dominant environmental factor of TN and soil labile organic nitrogen fractions affecting soil enzyme
activities was DOC without cattle manure addition. However, the dominant environmental factors were changed to
TN and DOC with cattle manure addition. [ Conclusions ] The contents of MBN, DON and PON were
significantly correlated with soil TN under long-term fertilization regimes. With cattle manure addition, the
contents of TN, DON and PON increased in different fertilized treatments, but the content of MBN significantly
decreased. Soil enzyme activities in different fertilized treatments were significantly different, and cattle manure
addition changed the dominant factors of TN and soil labile organic nitrogen fractions affecting soil enzyme
activities in different fertilization regimes.

Key words: long-term fertilization regimes; cattle manure; soil organic nitrogen pool fractions;
soil enzyme activities
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Table 1 Chemical properties of soils in each treatment after maize harvest in 2014

Ab 3 ALk (g/ke) A (g/ke) FRHE (mg/kg) B (mg/kg) A L
Treatment pH soC Available P Available K CN

CK 8.67+0.10a 5.01+0.39d 0.81+0.01d 526+0.56d 9420+ 5.86 ¢ 618043 b

OF 8.40+0.02 b 14.88 = 0.65 a 1.74+0.02a 1592441582  126.17+2.84a 8.56+032a

CF 8.3440.04 b 5.90+0.10 ¢ 0.96+0.04 ¢ 2027+044c  110.19+2.46b 6.15+035b

OCF 8.31+0.08b 10.20 = 0.41 b 130+0.02b 70.89+7.76 b 99.12+4.02 ¢ 7.84+0.41a

# (Note) : CK—ANiiiEXT & No fertilizer input; OF—AG AL Organic fertilizer; CF—LAE Chemical fertilizer; OCF—AG HLIGHLAC Lt
Half organic and half chemical fertilizer; 4£JifiF Annual input N 375~450 kg/hm2, P,0;225~300 kg/hm?, K,O 150 kg/hm?; [m|31 45 AR
FAREFRALBEA] 22 5 3 (P < 0.05) Values followed by different letters in the same column are significantly different among treatments (P < 0.05).
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Fig. 1 Dynamic changes of soil total N and labile organic nitrogen fractions in soils under different fertilizer patterns
during incubation
[ (Note) : MO—AEMAFE No cattle manure addition; M1—%F kg T H#N4-2€ N 0.2 g Adding cattle manure N 0.2 g/kg dry soil.]

*2 KETEEEDRESANAEAS ZBRASE
BERAEEEXMEDT (P E)
Table 2 Correlation analysis between soil total nitrogen
and labile organic nitrogen fractions (P value)

T H A A A i

Item MBN DON PON
4% Total N <0.0001 0.0018 <0.0001
YA MBN 0.0003 0.0014
Al YA DON 0.0055

CK }% CF 5400

2.3 HEXFEIMARSIE T TIEEE MR
3R, R . A 38 K H g HAREH]

Xof - SRR P B SR (P < 0.05).

Shy W AN Ti) it A A BT A 48 i 9 P A9 AR Ak R
B, TR T BRI S RGN A 240 B - SRR P
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(CBH) 2535 T 201% F1 308%.
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o

A AS )it A ) B 3 TN, MBN., DON,
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it % M O R AR o (W AR R, 4 EEAT T AR IR
AT 2550 T B TUAR 53 HT (redundancy analysis,
RDA). TEARTSINA-ZERT (K 4), Al s & n] i B
AU 48.30%, 1 Fdh 2 735115 36.95%7F1 9.08%.
JEAEALFR (CF. OF . OCF) WY4HRfS CK 4bH i % 5y
B, A AER A TE Ry ) b, O EAS [ i I Ak 3
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Fig. 2 Relative change of total N and organic N fractions affected by cattle manure addition in soils under different
fertilization patterns
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Table 3 Effect of fertilization pattern and manure addition on soil enzyme activities (Incubating 79 days)

WLH ZF 2= JififEl Fertilization pattern (F) W n4-2€ Adding manure (M) FxM

Two-way ANOVA F{H Fvalue P {H P value F{H F value P{H Pvalue F{H Fvalue P {H P value
o- A BTG AG 9.21 0.0002 1167.19 <0.0001 298.70 <0.0001
-4 M T BG 4.15 0.0153 10.89 0.0027 5.84 0.0016
B-AHH T E BXYL 6.08 0.0027 25.60 <0.0001 10.96 <0.0001
B-£F4EZ K CBH 6.95 0.0013 12.80 0.0013 8.41 0.0002
W2 PHOS 12.63 <0.0001 8.34 0.0076 11.56 <0.0001
i F ALY Perox 8.77 0.0003 107.44 <0.0001 33.44 <0.0001
13 %L {L R Phenox 16.17 <0.0001 114.80 <0.0001 40.83 <0.0001

SRR 80.50%, il 1T 2 BURFAEAR 43 g R T AR
51 56.85% Fi1 18.89%., OF . OCF 4b¥H5F1 CK .
(OF S/ AB 21 e 3T S  71| €2 <19 Y 2 ey )
OF 5 OCF Z[H I F CK il CF AbF 2 (8] 45 B &1
ST, TELS R /R TN Al DON &S IR 28 i A iy
SN =3Vl o A N 0 1) = e s e R 1

56.48% (P < 0.01) F1 18.28% (P < 0.01).

BAORE, WOEATIR, e A A
AHLEELL X A 7 op, B IS RS 4 3%
T T PR IR S R AR TR], AR AR 2 4k
PF T AR HLA DON Ry FZEMm N7, 5 H
HERZ I N 5 A TN i A HLA DON,
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Fig. 3 Effect of cattle manure addition on the enzyme activities of soils from different fertilization patterns
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