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Effects of nitrogen deep placement on chemical properties of soil organic matter and extracellular enzyme
activity in no—-tillage paddy fields

FAN Dai-jia', LI Cheng—fang"*", CAO Cou—gui'*

(1.Ministry of Agriculture and Rural Affairs, Key Laboratory of Crop Ecophysiology and Farming System in the Middle Reaches of the
Yangize River / College of Plant Science & Technology, Huazhong Agricultural University, Wuhan 430070, China; 2.Hubei Collaborative
Innovation Center for Grain Industry, Yangtze University, Jingzhou 434023, China)

Abstract: This study investigated the impacts of N deep placement on the chemical properties of soil organic matter (SOM) and soil
enzyme aclivity in no—tillage (NT) paddy soil. Multiple cropping of rice and rapeseed was carried out under NT in the experimental site
located in Huaqgiao County, Wuxue City, Hubei Province from 2015 to 2016. The growing seasons of rice and rapeseed were from June to
October and from October to May of the next year, respectively. Five fertilizing treatments, including no N fertilizer (CK), N surface

broadcasting(SB), and N deep placement at soil depths of 5 cm, 10 cm(10D), and 20 cm were applied with three replicates per treatment.
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The soil organic carbon(SOC) contents of different SOM fractions, the chemical compositions and properties of humic acid (HA) and light

fraction organic matter(LFOM), and the activities of different soil enzymes were determined. Redundancy analysis was carried out to reveal
the relationships between the chemical properties of SOM and enzyme activity. The results showed that compared with SB, N deep
placement significantly increased the SOC contents in the HA and LFOM by approximately 10.5%~30.7% and 31.7%~53.5%, respectively.
The hydrophobicity of HA under N deep placement was 1.3%~11.6% higher than that under SB. Moreover, N deep placement significantly
improved the contents of polysaccharides and lipids in the LFOM by 9.0%~24.1% and 43.4%~68.3%, respectively. Compared with those
under SB, N deep placement significantly inhibited the activities of B — glucosidase (BG) and B —N-acetylglucosaminidase (NAG) by
22.2%~48.9% and 32.7%~40.4%, respectively, whereas it significantly stimulated the activities of L—leucine aminopeptidase (LLA) and
phenol oxidase (PHO) by 37.1%~38.5% and 11.0%~16.0%, respectively. In addition, the redundancy analysis showed that the contents
and hydrophobicity of HA and the contents of polysaccharides and lipids in the LFOM were positively correlated with the LLA and PHO
activities and negatively correlated with the BG and NAG activities. The results demonstrated that the chemical compositions and
properties of humus and LFOM were regulated by the soil enzyme activity. Nitrogen deep placement decreased the humus aromaticity by
stimulating the PHO activity and increased the polysaccharide contents in the LFOM by inhibiting the BG and NAG activities. Moreover,
compared with those under SB, N deep placement, especially 10D, increased the SOC contents in the HA and LFOM mainly by activating
the growth of crops and microbial communities, and altered their chemical properties and compositions mainly through regulating the
activities of BG, NAG, and PHO, thereby promoting the soil fertility and quality. Therefore, it is worthwhile to further advocate for and
improve the application of 10D placement in NT paddy fields.

Keywords : nitrogen deep placement; no—tillage paddy; humus; extracellular enzyme; pyrolysis—gas chromatography/mass spectrometry
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Figure 1 Organic carbon contents in LFOM in no-tillage paddy
fields under different treatments at harvest stages
in 2015 and 2016
T 2.5%~16.5%(P<0.05)
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Table 1 Organic carbon contents in different humic substances under different treatments in no—tillage paddy fields at

harvest stages in 2015 and 2016

A5 Year QLT Treatments HA/(g-kg™") FA/(g-kg™) HM/(g-kg™") HA/FA
2015 CK 3.95+0.20d 3.09+0.18b 9.94+0.30a 1.28+0.13b
SB 4.50+0.25¢ 3.58+0.11a 10.03+0.30a 1.26+0.11b
5D 5.31+£0.29b 3.70+0.09a 10.10£0.16a 1.44+0.04b
10D 5.88+0.13a 3.51+0.11a 10.15+0.13a 1.67+0.09a
20D 4.97+0.28b 3.60+0.14a 10.04+0.20a 1.38+0.12b
2016 CK 3.99+0.14d 3.22+0.20b 9.15+0.29a 1.24+0.12b
SB 4.48+0.04¢ 3.64+0.17a 9.09+0.16a 1.23+0.05b
5D 5.05+0.18b 3.78+0.16a 9.19+0.14a 1.34+0.03b
10D 5.65+0.13a 3.76+0.25a 9.22+0.41a 1.51+0.07a
20D 5.05+0.21b 3.78+0.12a 9.18+0.31a 1.34+0.10b

VE 7] — 3 A Rl R R R — AR A BRI AE 0.05 K- L2 e 3. Al

Note: Different letters in the same column in the same year indicate significant differences among treatments at the level of 0.05. The same below.
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2.4 LFOM BI4L S 22 A%

LFOM H Z 240 S A X & i d i, AR
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5 SBAHL, RIB TR T Z2 W50 T 1) 7 540 31 o 244
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10D T 7 Z AL A W i 2 o W) 8 3 08 /) 31.19%~32.9%
(P<0.05). FERIEGEtALFEH, 5 5D F120D AHEHE, 10D
T 20 o BB 7.9%~12.4%(P<0.05) , & A4k
AR o ) S 2 AR 31.5%~34.0% (P<0.05) . It
A, B it FAE Rl X AT 2 5 A B R

2.5 TIEMSMNEEE

RN it I ot Xof 1 8 v 5 M A/l 1) 35 AR A
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T M0 ) S 25 A A 22.2%~48.8% (P<0.05) H1 32.6%~
40.4% (P<0.05) , 10D T LLA F1 PHO (435 14 1) 43 1)
3 37.1%~38.5% (P<0.05) F1 11.1%~16.0% (P<
0.05) . FMEGALFEH, 10D F BG (36 PELE 2015 4
Ft 5D 120D & A% 29.3%~30.3%(P<0.05) , ££ 2016
4 H 20D BB R 31.8%(P<0.05) ;10D K LLA FYi%
PENI L 5D F120D f 242 85 25.5%~36.2%( P<0.05) 5 it
&k, 10D F PHO 35 P 7E 2015 4F H 5D 120D % 2
1 9.5%~13.1%(P<0.05) , 7£ 2016 4£ U] H kb 20D & &
P25 11.4% (P<0.05) o & it F 55 it X PEO () 34 14
WA 5

&2 2015702016 FEXFBWHKBAEHTBHAEARRIEERAEE T HADPZLEZERBANBETESE(%)

Table 2 Relative abundance of different chemical functional groups in HA in no—tillage paddy fields under different treatments at

harvest stages in 2015 and 2016(%)

E0y s BRERR  BEEBR JTEBKR 55 B SR FRIERK BiIEnR BEHE R B K Ji A
Year Treatments C-H C-0 Ar Ar-0 -COOH C=0 C-H/C-0 HYD ARM
2015 CK 25.04 38.63 12.05 9.45 13.43 1.40 0.65 0.87 0.25
SB 30.98 35.75 10.27 8.46 12.28 2.26 0.87 0.99 0.22
5D 33.27 33.82 9.13 7.63 12.97 3.18 0.98 1.00 0.20
10D 37.64 30.33 8.70 6.11 13.00 4.22 1.24 1.10 0.18
20D 32.19 34.65 10.09 7.78 12.15 3.14 0.93 1.00 0.21
2016 CK 25.75 37.25 11.81 10.00 13.20 1.99 0.69 0.91 0.26
SB 31.49 34.87 10.88 9.42 12.26 1.08 0.90 1.07 0.23
5D 34.65 33.05 9.38 8.42 12.51 1.99 1.05 1.10 0.21
10D 38.83 29.92 8.16 6.99 12.59 3.51 1.30 1.17 0.18
20D 33.03 34.54 9.96 9.20 12.01 1.26 0.96 1.09 0.22
3 20152016 FAKTEWRPEHBHERNRDRLEAEET LFOM hEEEZU YRR EE(%)
Table 3 Relative abundance of dominant compounds in LFOM in no-tillage paddy fields under different treatments at
harvest stages in 2015 and 2016(%)
£ Year LE P Treatments ZHl Polysaccharide 5 &4 N-bearing A% Lignin JIE 5 Lipid HoAth Others
2015 CK 27.83+0.82d 11.44+0.75a 17.45+1.08a 0.83+0.12b 42.45+0.94a
SB 31.00+0.71¢ 8.92+0.51b 17.11£0.16a 0.85+0.05b 42.12+0.24a
5D 35.02+0.56b 9.32+1.10b 17.51£1.05a 1.37+0.10a 36.77+1.90b
10D 38.48+0.56a 6.15+0.47¢ 17.60+0.60a 1.43+0.14a 36.35+0.38b
20D 34.25+0.73b 9.01+1.27b 17.18+1.01a 1.32+0.07a 38.24+2.64b
2016 CK 31.04+0.57d 11.25+1.01a 16.90+0.28a 0.89+0.15b 39.92+1.81a
SB 34.38+0.72¢ 8.37+0.46h 16.86+0.34a 0.95+0.07b 39.44+0.13a
5D 38.19+0.43b 8.40+0.46h 16.87+0.82a 1.41+0.03a 35.13+0.96a
10D 41.22+1.52a 5.62+0.90¢ 16.76+1.12a 1.46+0.16a 34.95+3.05a
20D 37.48+0.90b 8.20+0.78b 16.70+0.65a 1.36+0.19a 36.25+1.44a
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RDA £5 01 | ZIR G 0 H2 FAR MG 10 ecm HOAMEEAR SRR

X R A W (] 2) . %H@%@@Lﬁ HA HA/ 3 i
FA .C-H/C-0 . HYD I ARM % Y156 . HA HA/FA
C-H/C-0.HYD .ARM 5 LLA ,PHO ,PEO & 1EAH ¢, 30 REEREN TIEBERENBRSERELEYE
5 BG.NAG 2 fAHX . 54, LFOM Ps.Lp 5 LLA BRI
PHO ,PEO £ 1EAHIE, i 5 BG .NAG A6 ; 522 M AWFFERIN  HA SR 5 5T 3 M dse s i o3, AT
FZ 942, Nb 5 BG .NAG 2 IEAH ¢, i 5 LLA . PHO PIFRTCAL R IC 3R 25T A AILER T S Tk e | 2 AT

F4 2015502016 FXRBU K EHEHAERR RIEEREE T TEAEEE M (nmol -h™'-¢™)
Table 4 Enzyme activity in soil in NT paddy fields under different treatments at harvest stages in 2015 and 2016(nmol-h™"-g™")

Ay Year Kb 3 Treatments BG NAG LLA PHO PEO
2015 CK 152.7+21.6a 98.5+4.1a 1.62+0.21¢ 228.4+11.1¢c 498.3+22.3b
SB 120.2+11.7b 69.3+£12.5b 2.37+0.03b 243.6+8.0bc 535.3+13.3a
5D 92.2+11.9¢ 46.7+6.4¢ 2.59+0.14b 258.0+15.8b 548.6+28.8a
10D 65.2+13.4d 43.0+14.3¢ 3.25+0.05a 282.6+13.0a 545.8+14.8a
20D 93.5+7.9¢ 46.0+6.9¢ 2.46+0.27b 249.8+12.0bc 539.0+16.1a
2016 CK 147.2+14.0a 99.9+18.4a 1.75+0.13¢ 225.7+12.6¢ 472.2+5.5b
SB 121.4+15.5b 66.1+10.8b 2.39+0.17b 255.9+12.6b 507.9+14.9a
5D 81.4+10.2¢cd 41.1+10.5¢ 2.53+0.13b 268.3+15.0ab 512.8+12.9a
10D 62.1x18.5d 39.4+9.5¢ 3.31+0.09a 284.2+49.1a 516.3+8.3a
20D 91.0+£6.9¢ 44.1+1.9¢ 2.43+0.16b 255.2+11.5b 509.2+13.2a
a.2015 b.2016
1.0F * 1.0 | g *
Lg
I [N
HA/FA o
. A NAG =
N C—H/C L(IlA (e} S H/C-0
Syl \ P A
= LFONL.QNLNMMWMW.W ) = LFOM
I Ps Lp X D
5 . WW g
(o) a
== v ==
HM vy BG
i FA -
-1.0k . . , -1.0 k . . ,
-1.0 RDA1(85.5%) 1.0 -1.0 RDA1(86.5%) 1.0

0O CK O SB A 5D ¢ 10D V20D

JEFEITRLA 53 A U & B S A B R S DR FOR IR DUSTR A HILBR & 1 A B IR (AR A5 O Sk 20K , T3S IS MY
TP TR SO HET AR s AR R B REAR AR BB MR . HA IR, FA . ‘;@Pﬁa HM: R HA/FA SRR R AR A3, C-
H/C-0 R A SRR A LU, HY D - i K, ARM: 55 Bk s LEOM : S22 A LT, Ps: 28, Nb: S AAL AW, Lg: RTR , Lp: BT BG: BRI 111,
NAG:B-N-Z WA ST, LLA : LS5 2 PR AU AL , PHO : BY A Ay, PEO - 1 A L4

Organic carbon contents and chemical properties of humic substances are denoted by black hollow arrows, organic carbon contents and chemical
compounds in LFOM aere denoted by gray dashed hollow arrows, and extracellular enzyme activity is denoted by black solid arrow. Individual samples under
different treatments are denoted by data points in different shapes. HA ,humic acid; FA, fulvic acid; HM, humin; HA/FA , ratio of HA to FA; C-H/C-0, ratio of
alkyl carbon to alkoxy carbon; HYD, hydrophobicity; ARM, aromaticity ; LFOM, light fraction organic matter;Ps, polysaccharide; Nb, N=bearing compound; Lg,
lignin; Lp,lipid. BG,B-glucosidase; NAG, B—N-acetylglucosaminidase; LLA ,L~leucine aminopeptidase ; PHO, phenol oxidase; PEO, peroxidase

2 2015 12016 FRFEWHRARMHBERERRREEREET LERPENROUFERERS TEBEZ HHXHE
Figure 2 Relationships among the chemical composition and properties of soil organic matter fractions and enzyme activity in soil in

no—tillage paddy fields under different treatments at harvest stages in 2015 and 2016
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