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Abstract: [Objective] Long-term tillage measures can significantly change the distribution of soil aggregates, microbial
abundance and total nitrogen storage in farmland. However, whether there is a correlation between these properties remains
unclear. This study aimed to reveal the relationship between total nitrogen content and nitrogen functional microorganisms
within different particle sizes aggregates under long-term conservation tillage in dry farming areas of the Loess Plateau.

[ Method I Based on the 10-year (2009-2020) long-term tillage experiment (conventional tillage: plow tillage, PT; conservation
tillage: chisel plow tillage, CPT and zero tillage , ZT), the effects of long-term conservation tillage on the distribution of total
nitrogen and its relationship with the abundance of functional genes (amoA4-AOA, amoA-AOB, nirS, nirK, nosZlI and nosZIl )
within aggregates in dry farmland were studied. [Result] Long-term conservation tillage (CPT and ZT) significantly increased
the mass percentage of mega-aggregates (> 2 mm ) and macro-aggregates (0.25 ~ 2 mm), while it decreased the mass percentage
of micro-aggregates (< 0.25 mm). Compared with PT, long-term CPT and ZT treatments significantly decreased the soil
nitrogen mineralization rate, nitrification potential, and denitrification potential but increased the total nitrogen content in the
0~20 cm soil layer by 53.4 % and 49.9 %, respectively. The total nitrogen contribution rate of macro-aggregates of CPT and
ZT treatments increased by 16.2 % and 21.8 %, respectively. Using qPCR technology, it was found that CPT and ZT
significantly increased the abundance of bacteria, fungi and nitrogen functional genes (except amoA-AOB); and the abundance
of fungi, nirS, and nosZl in macroaggregates was significantly higher than that in microaggregates and macroaggregates, while
the abundance of nosZIl gene showed the opposite trend. Mantel analysis showed that aggregate size, soil texture, mineral
nitrogen content, sucrase activity, and urease activity were the key factors regulating the abundance of nitrogen-functional
microorganisms within aggregates. Correlation analysis showed that the total nitrogen content in aggregate soil was positively
correlated with MBN, DON, and the abundance of bacteria, fungi, amoA4-AOB, and nosZII genes, while negatively correlated
with the abundance of nirS and nirK denitrification genes. [ Conclusion] Long-term conservation tillage can increase soil
total nitrogen storage mainly by increasing the contribution rate of nitrogen in macro-aggregates. As the abundance of bacteria,
fungi, and nitrification process genes in macroaggregates increases, the abundance of nirS and nirK denitrifying
microorganisms decreases, which improves the trend of the nitrogen cycle and significantly increases soil total nitrogen content.

Key words: Conservation tillage; Total nitrogen within aggregates; Nitrogen functional microorganism; Dry farmland
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B AN ARIAT R, A0 BEARYE 2 A e S R AT
1.3 ARG
1.3.1 BEERESLH 2019 4 5 AZRBEEAREIIR 7, EHEE 20 cemx20 emx20 cm f 477,
YRR R SRE0 %, 7R N T IE FE R H AR RGE S MR Al 8, JFd 10 mm e FR50 /N X
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F T BIR AR5 G0 S L BRAVE BT E s 53— 0 R 0B B AT B R AR 5, AR AE-80°CIK

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

F, AT SRR LY B R 2H DNA 25
1.3.2 BB E VL RIRESKE. BURARA . ALK (SOC). &% (TND. 28§ (TP).
TIEHER (NOs-N) FIEAR (NHS-N) &8 S HREE-F B R 75317 . A &R (MBN)
KAEEZENE, R 045, AFEMHEANIE (DOND SR ZERIENE, RIS ILIRENE
TR LIRS (DTND, IR ETTR I QOIS R SR rlE e LAl (DIN, 4
NH4*-N. NO5-N 1 NO2-N); REBERNG (Invertase ) i& M 3-5 ZAHE/K IR L L0 5E 5 IR (Urease)
T T R A L I g
1.3.3 HIEEERAERNE  SRER M 7, TIRE E R R RS FRAN e, mid e
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.

2 45 W

2.1 RIFMEHMEN HIRFARAREATER . MEVEVER. ALALENR S BRI

http://pedologica.issas.ac.cn



+ 5 R

Acta Pedologica Sinica

5 PT MLk, CPT Ml ZT B3E1IN 1 HLbAR 2 1 % B 5 A A K R e i 2 I SR A R0 K T R AR ) L
B, AEFRAK T AU E R AR . B R AR L Rk A& e M R A R R &2 b (R 1, B Do b
A, BEAEHHESREE RIBG I, AR E PE A S AR AR AR FT R AR ) NWD Il GMD @@ m. [,
CPT Fl ZT Kb B E 1IN T 13.5%A1 12.5%(1)> 0.25 mm /KEa 1B BAA G b, IR T AR

37
Py
o

= 1 KHMRIPMERHMEX IR E S TR E M R R0

Table 1 Effects of long-term conservation tillage on aggregate distribution and stability

MU AR 2 M ] 2 /& Mechanically stable aggregates

PHETT 3 — — —
Tillage method TR A PNZIE S0 BHIRE  pRy,y% MWD/mm GMD/mm
Me/% Ma/% Mi/%

TRFABE CPT 59.0442.56 a 37.23£127b  3.73£0.76a  96.3+6.8a  3.85£0.47a 2.49+0.19 a
St ZT 57.90£1.85a  37.51:1.88b 4.59+1.02a 95.4423a  3.91+022a 2.39+0.16 a
EIHE PT 50.42+1.57 b 45.40+236a 4.18£0.89a  95.8+57a  3.33x0.17b 2.06+0.10 b

F{& * * ns ns w *
BT ot JK A2 M1 3R Water-stable aggregates
p=
HX
Tillage method * 5’6 /E;OW j(h[f a/%% 1’”&1\1211 /%W WRo2s/%  MWD/mm GMD/mm

EFA#F CPT 20.87+1.28b 56.43+3.66a  22.70+1.69b  77.249.7a 1.71+0.14a 0.62+0.03a
Gk ZT 26.05+4.52a 58.33+2.91a  15.62+1.88b  76.5+7.0a 1.98+0.24a 0.71+0.07a
#HFPT 9.38+1.36¢ 50.74+3.18b  39.88+2.69a  68.0+8.8b 0.92+0.10b 0.37+0.02b

F {E *k * * Kk *k *k -

HE: Me, ZHIEM: Ma, KEIEMA: Mi, BUHTRN; DRoss ATRACES ZEIHBR E A >0.25 mm Rigk HURAN R L]
WR 25 A FR AT UKL BLAE > 0.25 mm K2 1SR AR Bk L5 ; MWD 2 B B4R P35 B BB GMID R BURAR I LA ~F-2
Hite ARVNEFRFIRBAZR B (P<0.05); *RI**35I2oR1E 0.05 A10.01 ACHAAATFE R H 225, ns R [z 5
R . Note: Me, mega-aggregate; Ma, macro-aggregate; Mi, micro-aggregate; DRy s, > 0.25 mm mechanically stable aggregate; WRy s, >
0.25 mm water-stable aggregate; GMD, geometric mean diameter; MWD, mean weight diameter. Different lower letters in the same column
indicate significant differences among treatments (P < 0.05). * and ** indicate significant differences between different treatments at 0.05 and
0.01 levels, and ns indicated no significant difference between treatments.

>5 mm A 2~5mm N 1~2mm  [[] 0.5~1 mm P& 0.25~0.5 mm [] <0.25 mm
a) 100 b) 100 b
a TTTT
a [T 11b
b TTT] b
a a SESSS Y aaman
£ £
£ 75 £ -
3 5 5 75 \\Ia T . \
2E 2%
&= * ks
EE a a HIL*E lab b
5 50 ¢ B3 50 |
B3 £3 N
% 2 a
B 5 b b = 5 b b
w w
o 25T 5 25 |
56 0
b a
< b < a
a a b b
0 a a a 0
CPT T PT CPT T PT

BEEALTE Tillage treatment

TE: CPT, BRFAMBE: ZT, %ebfs PT, §IBE. ANFEK/NS FRERRAC B AR B2 2 5 (R E T Z 704, P<0.05).
Note: CPT, Chisel plow tillage; ZT, Zero tillage; PT, Plow tillage. Different lowercase letters indicate significant differences
between treatments (one-way ANOVA, P<0.05).

BT RS OR G B X LIRS S MR R () AUKFRZEMERI R (b) HIFZm

Fig. 1 Effects of long-term conservation tillage on soil mechanical stable aggregates (a) and water-stable aggregates (b)
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KA M HEE AN [ SR AR A% 38 52 7 13 TN DON #1 MBN f & & (B 2a, £2). 5PT
AHLG, CPT Al ZT W& m HIEAE S 51.36%H 53.90%; CPT fl ZT 4B R 72 [ 54k TN X 145
TN FI DRk R E e R, SRR TN 6 H3E TN (5T 5 0 3 PR, 1 KRR TN STk R A
PHEAE 2 A Z R AR (B 2b). th4h, 5 PT ML, CPT Ml ZT ¥R L1 MBN Z3 7038 N
86.87%7F1 121.80%, DON 45400 53.83%F1 104.97%; ki A SRR, SMBIREML, KEIE
AN 7 B R ) MBN 73 5 B BA% 11.73%F0 24.84%, {HAE DON 43 5PF 13640 19.00%41 8.94%

a) b) 100
10}
_ &L
o a a ME
-
0.8 EE‘WS- a a b
bl g = N Me
% 53 m
- 0. 2 Ma
<1H:{]6 44_]‘_
= 5 ' S 501 O m
HE %=
';0.4- EE
E g; 25 a a a
i
0.2 Q@E
S

0 0 b b a

CPT T PT C i’T T PT
PHEATE Tillage treatment
#: Me, 25 AE; Ma, KSR Mi, EIERE . RELR R = EENEFIArHEZ . Note: Me, mega-aggregate;
Ma, macro-aggregate; Mi, micro-aggregate. The error line shows the standard deviation of the three repeated measurements.
B2 KR ERHES LRAR SR () AIARKERRAELETHRE (b) 1
Fig.2 Effects of long-term conservation tillage on soil total nitrogen content (a) and total nitrogen contribution rate (b) of
different aggregate particles
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R EEZRIN T RS E. B AR pH. IREEE MR BEMERETE 1, IR R PRC TRk &
SOC. TP. NOs-N I NHs-N & & (£ 2).

HHE 3 AI%1, CPT F1 ZT BN -4 B0 L 2. AT S5 R0 A AT 551350 73 ) ¥ 25 BRI
21.76%~29.80%- 23.25%~27.69%%H1 32.14%~58.61% (P<<0.05); K PITEAH % FFAA L IEH H
I 2R TR AR, K SRR AN 7 A SR Ak 3 A Al AL 4 6 38 v T R A, T SR AR K

AR IR () R AT 5 4 2 v T R T SR A
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Fig. 3 Effects of long-term conservation tillage on nitrogen mineralization rate (a), nitrification potential (b) and
denitrification potential (c) of different aggregate particles
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Table 2 Effects of conservation tillage on physical, chemical properties and enzyme activities of soil aggregates with different particle sizes

M

Bl - o . o , " . . HAR TR
BifE ‘f\gﬁg’i T e ey Bk . HH A8 BEWEMERR TEEaNE O N R
Tillage . Sand/% Slit/% Clay% SOC/(g'kg") TP/(g'kg' MBN/(mg-kg' DON/(mg-kg™ 37 4 ) i
g vizo o o y%o (g'ke) (g'ke™) (mg-kg™) (mgke™)  (heke) (mg-kg'") (mg-g") (mg-g)
Mi 15.73£0.21a  82.34+0.21b  1.93+0.21a 8.09+0.03b  14.19+£2.10a  1.17+0.05a 21.62+0.84a 15.66£0.96c  8.48+2.72a 1.02+0.06a 5.09+1.93a 25.13+1.13a
RN Ma 14.01£1.51b  84.05+1.51a 1.94+1.51a 8.1840.07a 13.97+0.65a 0.93+0.24b 18.71+0.95b 19.76+1.63a  5.92+1.06b 0.95+0.12b 531+1.94a 25.94+2.84a
HE Me 14.22+£1.40b 83.71+1.40a 2.07+1.39a 8.21+0.06a 10.90+1.81b  0.88+0.15b 16.75+£2.29¢ 17.53£0.88b  7.82+3.60a 0.77+0.08¢ 5.89+2.07a 26.59+1.58a
CPT lﬁ‘lf‘sfﬂ 14.19+1.40A 83.80+1.40B 2.01+1.39A 8.19+0.18B 12.36+1.24A 0.91+0.18A 17.66:1.29B 18.26£1.25B  7.03+1.47A 0.86+0.10A 5.61+1.66A 26.25+1.58B
Mi 15.5741.02a 82.50+£1.02b 1.93+1.02a 8.18+0.07b  15.35+0.74a  0.99+0.00a 25.8142.87a 22.10£1.15b  6.08+0.90a 1.06+0.06a 439+0.93a 27.77+1.93a
G Ma 12.61£0.93b  85.42+0.93a 1.97+0.93a 8.24+0.06a 14.14+1.15a  0.82+0.12b 22.44+1.29a 25.78+1.65a  4.93+2.51b 1.05+0.18a 4.59+0.56a  28.60+1.97a
o1 Me 13.72+0.88b  84.29+0.88a 2.00+0.88a 8.27+0.08a 11.11+1.36b  0.82+0.07b 19.6240.94b 23.58+1.33b  5.13+1.81a 0.87+0.15b 4.78+0.63a  27.80+2.00a
B’iﬁ‘il 13.37£0.91A 84.65+0.91B 1.98+0.90A 8.25+0.07B 12.53+1.25A 0.83+0.09A 20.96+1.14A 243342.33A  5.10+2.04B 0.95+0.16A 4.68+0.62A 28.12+1.98A
Mi 12.3243.01a  86.11+£3.01b  1.57+0.27a 8.20+0.05b 10.46+1.89b  0.75+0.18a 11.53+1.20a 10.74£0.86b  1.06+0.71b 0.97+0.55a 3.2740.57a 16.76+1.57a
o Ma 12.2142.00a  86.07+2.00b 1.72+0.23a  8.29+0.04a 10.18+0.98b  0.68+0.12b 10.53+1.37a 12.26+091a  2.15+2.60b 0.70+0.07b 3.29+0.72a 17.53+1.72a
PT Me 10.90£0.89b  87.45+0.89a 1.66+0.89a 8.33+0.05a 11.63+0.62a  0.64+0.09b 8.30+0.94b 11.62+1.02b  2.24+1.50b 0.72+0.07b 4.05£0.66a 17.36+1.66a
éﬁ‘fﬁl 11.63+£1.62B  86.71£1.62A 1.67+1.62B 8.30+0.05A 10.88+0.93B 0.67+0.11B 9.45+0.94C 11.87+1.41C  2.05+1.86C 0.74+0.13B 3.63+0.67B  17.36+2.36C
75 253 H ANOVA results
%}H/Ejjfc Tillage (T) ET3 *k ns * *k *k *k ET3 skokok *k * ET3
5%12,:*!1/?% *k * ns * sk sk * * sk sk ns ns
Aggregate (A)
TXA * * ns * * sk sk *k * * ns ns

E: ANFE/NGFREFOR A BHELLE A RBI RAE L MR 2R B E (P<0.05); ANFEKRSFRFRARPHELE RIGRAR I MHRIMBCFED Z AR ZEREBZE (P<0.05); *. #FHI* 7 RIRTE

0.05 + 0.01 1 0.001 /KA AAAE B35 75, ns FRoRBEEA Z A EE . Note:

Different lowercase letters indicate significant differences between different aggregate particles under the same tillage treatment

(P <0.05); different capital letters indicate significant differences between different tillage treatments (weighted average of aggregates particle distributions) (P < 0.05); *, **, *** indicate significant differences between

different treatments at 0.05, 0.01 and 0.001 level, ns indicated no significant difference between treatments.
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2.3 RIPHEHMEM AR A TIRARE . EEMAINGEREYFEENII

H BAERI LN amoA-AOA . nirS~ nirK. nosZIF nosZINH FE W H B 250, HEMN THE. H
B Al amoA-AOB TG i 3 5200 s BE/E AN TR AARRLAZ (1) BAE AU A B A nirK 13 FE G S35 52m (3R 3).
5 PT kb3AHLL, CPT 1 ZT BESE R THMAEE AR (B 4); ZT 358 amod-AOA 1)
FERERT CPT M PT L3%, A1, PT L4#d amod-AOB B:H LB T CPT Ml ZT 13 (P
<0.05); nirK «nirS M nosZUS AL FE R EELE CPT Al ZT 3 g FF B =T PT 13E(P<0.05),
[FIB nosZIRAHAIE R AR ZT T3 =5 B3 & T CPT A PT -4 (P<0.05). KHEIRAEFE
B nirS. BEETHMEBREMNEZEZEER (B S5), amod-AOA Fl nosZI3E KI1E 7 A AR FI K ] A
() B 3 TR AR, 1T nosZINRY S i A4 2 R = P88 70 Al A B Ak b B 385 v 1 2 L R AR R K T SR A
YH PN nirk DR =E BETE SoRLAR T 18 (A 0 B 2 72 %

3 HHERR BRI E R M E 0

Table 3 Two-factor variance analysis of changes in soil nitrogen functional microorganisms under conservation tillage
treatments and soil aggregate particles

‘ HEAMED SRR
AR 5 R df 1 HH Ammonia oxidizer Denitrifying microorganism
Source of variation Bacteria Fungi amoA-AOA  amoA-AOB nirS nirK nosZl nosZIl
BHEHE i
5.729%* 7.319*% 6.935% 6.908** 25.584%%%  16.906*** 1.995 15.889%**
Tillage practices (T)
MR fhi Az
2 0.182 1.381 3.957* 1.485 3.261* 4.123* 3.333* 3.934*
Aggregate size (A)
TXA 4 6.318%** 1.687 0.690 0.313 1.678 3.776%* 1.999 0.803

e WHRTTZN R AR S BT, Hh i EBHETT SO e R, B RARRARNBENLRN . *, %, %0 I RIRAE
0.05. 0.01 F10.001 /K-PAFE N ZEF L3, ns KRGHEEEZREALZE . Note: Two-factor analysis of variance was carried out using the
mixed effects model, in which the tillage method was set as the fixed effect and the aggregate size as the random effect; ** represented
extremely significant difference (P <0.01); * represented significant difference (P < 0.05); ns represented non-significant difference (P > 0.05).
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Note: *, ** *%* **** indicate significant differences between different treatments at 0.05, 0.01, 0.001 and < 0.001 levels, and
ns indicated no significant difference between treatments.

K4 KGR ERERT 3EAME (). HE (b)) Ml amoA-AOA (¢). amoA-AOB (d). nirS (e)s nirk (£
nosZl (g) Fl nosZIl (h) Ak DyRedk K 3 B (1 &2 00
Fig.4 Effects of long-term conservation tillage on the abundance of bacteria (a), fungi (b), amoA-AOA (c), amoA-AOB
(d), nirsS (e), nirK (f), nosZ 1 (g) and nosZ 11 (h)
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Fig.5 Effects of aggregate particle size on the abundance of bacteria (a), fungi (b), amoA-AOA (c), amoA-AOB (d), nirS
(e), nirK (f), nosZI (g) and nosZII (h)

2.4 FRATIRME. ERMATNEMEIEENIFNEF

Mantel /3T B (B 6), 45 A T2 R I e 3 M R sh K 7o 3k, SOC. pH. JEHERE
TGS NOs-N. NHy'-N FIRBEEENE; R 3B SRS 7 A A B R/ R, TP NH4'-
N JDRB IS TR R B s A A3 R 3 P IR IR B R 7 R R/ EREBAE ME . NH4™N AT TN;
AL R B IR B 7o R . TN« FEREBEEPE. DREEGE . NOs-N. NH4-N. HIEAEKR
/No BEAL, MBIEEAAR S FAR G RT U, A58 R 133 TN. SOC. TP Al NH4*-N Al pH 232
EFAEOS, M-S IRAREERGEE 2R EARDC; [RIN, pH 55 0RFA R A S 1t R 3 A O
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Fig. 6 Environmental drivers of bacteria, fungi, and nitrogen functional genes abundance
25 FAIRFIIRER, WSEMESASMEMEYFEREZEHXR
RN TR (R 4), B4 TN 5 MBN. DON. NOs-N Hl NH4"-N PAK B . FLEA

AOB M nosZI MY J i FE P8 4= 2 5 2 1EAH K, T 5 nirS A nirK 7Y SR A R =F B2 52 4 2 AR OG

A& 13% MBN Al DON 540716, H I UL R IIREMAEY F RS 2 B2 1EA K HIR A 135 NOs-
N 5 AOB b ZEN £ B R 3E TEAHSG, MSME . HE. nirS. nosZUF nosZIUE: DN = 5 & .35 FAH
Ky BIRAAELIE NHS-N 5 nirS. nirk T nosZU [ AL FE R 5 2 W3 TEAROG, 1540 B nosZIl
B R R R FE AR . AN, nosZIMY S AL FE DR = 2 5 LB 1 B S 2 AEAH R, nosZIL A AL 3 (] 5=
JES M AT 82 B, b I Re s R S R M £ R nirS 5 AOA
TEAHIRAE, nirK F nirZl'5 AOA .35 1EAHR, nirS. nirK 1 nosZ15 AOB 2.3 K.

Invertase

x4 KERIPEMETAEN ARG LRPRADEEERFES 2R, HEEMESENEXMED T
Table 4 Correlation analysis between the abundance of nitrogen functional genes and total nitrogen, nitrate nitrogen and
ammonium nitrogen in aggregate soils with different particle sizes under long-term conservation tillage

TN MBN DON NO;3-N NH,-N  Bacteria Fungi AOA AOB nirS nirk nosZl  nosZIl

TN 1.000

MBN 0.744**  1.000

DON 0.603**  0.848**  1.000

NO;-N  0.450%*  0.501**  0.449**  1.000

NH,-N  0.560%*  0.734**  0.541** 0.251* 1.000

Bacteria  0.533*%%  0.628**  0.624**  -0.454**  -0.265%* 1.000

Fungi 0.339**  0.452**  0.360*%* -0.394**  -0.121 0.805**  1.000

AOA 0.027 0.249* 0.252*  0.033 0.071 -0.129 -0.082  1.000

AOB 0.235% 0.244* 0.337**  0.372%¥*  -0.172 0.208 0.009  -0.194 1.000

nirS -0.420%*  0.520%*  0.630*%*  -0.266* 0.374**  -0.199 0.131  0.204 -0.371**  1.000

nirk -0.243* 0.422**  0.521**  0.146 0.321**  -0.185 0.138  0.334**  -0.269* 0.761**  1.000
nosZl1 0.199 0.299% 0.411%*%  -0.224* 0.268%* 0.005 0.279*  0.291*%*%  -0.394**  0.806** 0.816** 1.000
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nosZIl 0.364**  0.414** 0.568** -0.292**  -0.320** 0.431** 0.272* -0.100 0.312**  -0.272*%  -0.156 -0.051 1.000

VE: *ROREE 0.05 K GUR) EREFEML, *=FKRAE 0.01 KF CUE) EEFMK (1=84)., Note: *indicates

a significant correlation at the 0.05 level, ** represents a significant association at the 0.01 level (double-tailed) (n=84).

34 i

3.1 KEMRIPHHEX ARG SRS B RERARMEN M

g EMLL, K Q10 S0 R MERHER S 1 HBEEIRAN R e, RN SE T
T G2mm) ELH], X 5T TEEE R — 00200, Ry R E DR IR 3 AN s s
NP0 TR BURAR BR800 T 3 AR RE 0. AL GBI BHE be BA BoR ) H8Ekah, fHAS
7 TSR AR « K SR AR RNl [ 5 Ak 22 10 A R B3 A R 20, 30 7T PRI 7 398 [ 3R 5 ) P e 122
PAID#ES B ARSFTAE 9% 0 B DR MRV E RS RIS 1 IR B iR FE AR E,  BRAIR 1 0 4 A 5
SRR, fE— R EEBTHE DIEs e Ik E . that, Dl fa b ol B E 5w i
FEFPR A AN B VLR R, AN A RIETERUR R IR E 77, b — D4 m 7 A Sk Al i

ErERe, M 3R R AR T R,

AR, KRR EPHERZES N T2 L EE LR S EMeE i E, XS5RP M
PHE R ZW ISR R A SRS & ZRIEERH K 2 B R IR EE Tk RE VML (E 2. £
WU 18 FEHK IR AL, 5% FHEA L, Sl 0% B E 1N, —Ii4Ekoon i
RIL T AN SR, AR R HERS , SR 2 BUE E I T oA ) T B E R it 2 — 25 eAk,
BT R LR 23Rk H A E NI T T RIRERY, SESMPHE AL, R PHER
WAEBEREE CinPr bt RFHCH . EMZFEEAIESS) SRR B2 LIRS RS2 E
(261, AHIE R I, A HHE AL BN A1 5 AR 4 S DTk 28 35028 IR R 7 A R A v 1 R A1 3R Ak v Tl A1 3R A4
HAIRACRY HEBHE T 7% A B AR A S otk 2 2 2 i TR S HE, i R e 2 E oTik 3 B E I T4 5%
BHE, KEIRAESETMEZFARE . sTAERREAEY I LR, Fircmadtds s
RERI T L BRI L], > TENURE M, B0 T A NI RS 27, [EIRE, e
BEARMPIMEGRT), SRS ESHEME ARG 208 &S, XEERHT 8
AR B A AR A PERES,  thah, RPERHEA R T 3% 7 SRR AR S AR T 1%
ot A SR 9 3 MU AT DAGES 215 20 s A v B R S R BOVE . BB WL I 1k, i R+
EFIIEAI0, AHE BT DLEEE B BHES, EEE RSB, 0 B3R SRR
WD T IER R, AT RUE DRI 2540 S AN SR EIE A DI 6E, IR G WA 1k
SEFE, MM 3R AR AR R 20,

3.2 . EEFMEATNEEREEE X F R AKX FI LI M R0

HHE 7 e 2 5 ) 338 (A R AR o A7 LU AN AE R . AR TR I, 4HER . HE A D)
Re Ay (4. . AOA. AOB. nirS. nirk il nosZID FH#HE 7 2w R A EUR (B 3D,
[EI AR ARE KN EERT T EE AOA. nirSs nosZIM nosZIEE (K 4)., HHEFARKE+
BRI AT, 2B EEHHE G S R R [R]A b8 P SR A R I S O A B A Y g
AR ) = FE AT BE 7 T S 5 AR A9, Mantel 04T B, 3 pH. HHURS B 18
(HPRL. BPRLANE RS 5D S IREN AN o - A R 75 R R AR AR KN R A I
VBN LIRSS B S TR E A BHEAR (K 5. SRl 4w A B 1B 70t & BT 3560
AR T 2 2 BIBHE D7 UM - L R PR S el IR, S4E gt T, SR
PERHERT DL L3 &, VA AR B SRR, 30 3 A

AR /NG NH N R 5 R0 A B TS PR TR i A A E A =F = A 22 R G R 1 (B 5D
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BLE, AFRBZBRAEN AOA FEAH REM, WXt AOB FI AR E. §AARY, &
1B (AOA) FIZEMA T (AOB) fFJE 5 NH, -N W JE A 5200, (KK NH,-N 2313 AOA
(PIBG5H, RITT R IA AOA I3 A [ S AARLAR R n i 338 o 110 AOB X B35 [ 7 ) Uk At A R
{EAE G 3R = NHA PN 254 AOB 2 IV FEPY, A 78k PLBE 5 [ A 42 (1 3 in pH. 3
i, T NHa'-N BRFEERIFRAR, PITA AOB = FEsZ M A i 2

K HA LRI B AR HH 438 SO A A 2 ) = FEAE A SR A B S () A AR E R RS & (NOs™-N
AITN S8, HEFH (R BrRRERL S 8D IREFSESER P REm (-5, X5HrA
R Es R — 3020, EERRE, SEGPHALE, KGR eSS 80 1 B RO ALt vt
WERE (B 3D, 1 A SR AR RT3 SO A A= s i 3 N AP AE 22 5 (B 4D BT IS AL S A4
— B ) S B TR IR RN T 10~20 em B3R, BREEAN S L RYE BT Sk 2
VBB, T A SRARME N IR A D RE ) B R 2R, TEAS RIRLAR P BT AR 2R I BAE AE FH A B
ZESt o AWPALEE R PSR 71X — 4518, RIRBIKBIERAR T nirS ZUF1 nosZUR I ACEEVE £ & &
Tk A SR AN 2 A SR A, T A SR AR nos ZITRY SRS A sl A b 0 =F B X0 v 1 K T SRAA R 7 [ SR Ak o
Ft i DR 3 2 BT AN R SO AU A 0 T xS Jo 1 ) - 438 A 155 X LR A [
33 FRMMEART, ARG TEMEMEEEEMEASENXHR

TR AR IR RAEIA N BB R T, 6 ISR LA E LS. MBN. DON FiIH i
A (NOs-N I NH4-N) {1 R EEAEAE, K, FIReREE =B 2 T SRRy
TR EBEFRARCY . AR A, KRR E A B AR AL SR E AL BRI T IR A R A
A TE AR, HL T8 3R S i Ao e B A A SR AR 3 D 2 P s (B 3D KIATRIPERHE
TR . R AOB M nosZIMHAEY 3G NG R T T 5 2 E G S I, T nirS A1 nirk 24 S
A AE VDRV =E BE RS I BR A  EUR 0. KEFF LR, LR R ANIR 358 R A <
T AR T IR R R E TR RIS & onirS 1 nirK Y ORI DR w7 Clt NO AT NL,O)
AEAF AR R OCHE PR CUASRRICJEEE), DA L3 B A8 i ml G Ar G35 R R R A
Jills T nosZIUEE [RI& gt S A0 U S B I DG B BE R, 3= FE B8 i 1) ek H IS8 R
AOB F Bt e o ina i, MABRSEMESENEN, MM NmEER S &S, T adE
B, KH R PEREE I IS SR AR ) NoO VL IRE /T, [RIHI IR AE ) N2O YRR ) B35 BRI T RAE
A H NoO FUHERAR R, 5T A AR SE, 41 b A B B8 =F B R 2 AR 3 A A T LR AR E T
ST, AT B 0 U B ek e AR AR R Y Ak, ORAP PRI Ab B A 358 H 4 B R 3R S B S A 2
RATIEAFHERGRE R, AR ACERE, FEMRAZER T T SEH AN IS B2
TR, KHR P TR E B R TR BCE I IR A 58, A Bh TR A= s A0 Lk R 46
HEH 5, FHLBET AR BAE b R7, 358 7 RIEANUE RS M. AT, KGR
PERHME L3R MBN (& EREN GR 20, BHXF TX—4%. 4L, @i R RS HE
AR HEAN G . B FE DABEES R, 0H] amod-AOA. nirS A nirK FEKIFJE, W98 nosZIF nosZIEF
FEART LR s SRS

4 75w

I 10 FER PRI TERHE K, R RS MR EREERE T 0~20cm |2 HIEER AVEIEA
FUR AEMAER. MER. HSENEE. XEER TSP IE H AR FEFTE )5
F R 0~20 em 2 KA EVE 2 B RAAAR R A & | 2 LEA PR R AR e 1, S S0 ORI B
1 5 35 B e 2 A R A P U DR R AN B B B R A S BRI T U e R S i A =, ik
Mg R R FN, TREERHEEMREAE RN S ME . HE AR ARV B
R SR AA /I R R i 7 55 D) AR 5% s RS ORI PR RV 15 B T 17 4 R R0 i 22, (RIS 0] amoA-

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

AOA. nirS M nirK FEREREE, W nosZUF nosZIBER FE, iR ZFIn 7T HIEAEME. Rk
B3R IR SR A N TS A e A AR AL, Rl BT B Ja B A B VS AR 8 RN AR S
#.
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