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Abstract: The plant nutrient and microbial enzyme concentrations in a soil, and the degree of soil aggregation reflect the quality of
the soil” s chemistry, biology, and physical structure tespectively. Each of these three measures responds to a soil’ s long-term
fertility management; long-term applications of either organic or mineral fertilizers will strongly influence both the levels of plant
nutrients and microbial activity, and the soil physical structure. Insight into the soil quality may therefore also be gained from the
relationship between these three measures. Our aim was investigating the influence of different fertilization regimes on nutrient and
enzyme levels in soil aggregates, as well as the degree of aggregation itself.

We chose four treatments from the long-term fertilization experiment on the Loess Plateau at Northwest Science and

Technology University of Agriculture and Forestry, Shaanxi, China, whick was established in 1977. Treatments varied the

maize siraw, manure, chemical fertilizer, and control (no fertilizer) with fertilizer being applied after

fertilizer material

both plowing and planting. The experiment used a randomized complete block design with three blocks and 12 plots measuring

19.8 m?. A wheat-maize crop rotation in a year, commonly used in the region, was adopted for this experiment. The soil in the
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study site is a heavy loam Lou soil ( Earth-cumuli-ortho anthrosols according to the Chinese classified system) with a average

fertility level.

After 25 years of consistent crop rotation and fertilization, soil samples were collected in 2002 just before planting the winter

wheat. Topsoil (0 ~ 20cm) samples were collected using a five-point method in each plot. Samples were air-dried, then machine-

sieved into five aggregate size fractions: > 5mm, 2 ~5mm, 1 ~2mm, 0.25 ~ {mm, and < 0.25mm. After passed through 1mm

sieve, micro-aggregates were classified into two parts divided by 0.01mm by using physical shaking and sedimentation. Aggregate

size fractions were then passed through 1mm and 0.25mm sieves prior to nuirient and enzyme analysis. Soil organic matter, total

N, and total P were measured in duplicate using standard methods. Enzyme analysis was performed in triplicate: soil urease by the
Hoffman method, invertase by the T. A. mep6akoBa method, and alkaline phosphatase by the ®. X. XasueB method. All
fertilization increased the degree of aggregation and the quantity of aggregates in the soil, significantly improving soil structure over
the control treatment. Mean weight diameter of soil aggregates, and C/Fy 5 of micro-aggregates increased from the control to the

fertilizer treatments. Long-term fertilization amplified the variance of soil chemical and biological properties within soil

microenvironments. Within a given treatment, nutrient conient and enzyme activity tended to decrease with increasing aggregate
size, with the highest values generally occurring in the 0.0lmm characteristic micro-aggregates. Nutrient and enzyme levels
followed the pattern manure > maize straw > chemical fertilizer > control across all aggregale size fractions. Despite their lower
concentrations of nutrients and enzymes, large aggregates accounted for most of the nuirients and enzymes in the topsoil. There was
a significant positive correlation between nutrient levels, enzyme levels, and aggregate size, showing a consistent impact of fertility ;
regime on soil quality.

Key words: long-term fertilization; soil nutrients; soil enzymes; macro-aggregate; micro-aggregate
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Ji 14.0g/kg, 25 0.89 g/kg, &8 0.67 o/kg, WAEE 54.45me/kg, WAHBE 7.5 mg/kg, B FRL SR, HIRER
WEHEFRL (REN LM BN LB EH AN L, Earth-cumuli-orthic anthrosols) ,pH 7.9, £33 4L AL 25a i
F 2002 A /NEBRA R, FABIHNOTERRLE 2, REREZBREXBREROBT, 81 K8/D
R4 5 EAERO ~20em $ 2 L, B R T, LB E i 1mm 1 0.25mm A, 5% 0~ 20em JFR 1
HRE S A R AT A
1.2 WEH®

LA RKL  DHEERE" SR (TR

+ SR R B AR BT AR S TR

TRENE. 28 . B BEA EYBSNRBLERE FRE RE-ASETLAE BEY BUEA
Olsen B 52! ; LS IR B . REBH BE W VEDE PR B A0 B Y B L B8 Y5 14 , 43 51 Hoffmann 5 K.Teicher % .T.A.
weptaxona ¥, @. X. Xasues ¥ Fl 1. Tancrsin B I 2™, B A7 4 B LA NH,-N, pg/(g+h).glu., pg/(g-h).
ph(OH) ,pg/(g-h) KEBR B FR, pg/(g-h)EKR.

®x2 ImmELER
Table 2 The nutrients content and yield of the bulk soils

biog: ] A HLHE Organic 4% Total N ##2 B Alkali-hydrolysable 2% Total P B Available P
Treatments matter{ g/kg) (g/kg) N (mg/kg) (g/kg) (mg/kg)
CK 15.118 1.023 51.625 0.698 6.836
CF 15.975 1.068 55.125 0.776 14,634
sw 18.726 1.364 71.750 0.784 17.430
BM 22.486 1.489 87.938 1,018 51.184
2 HR59H
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ERS®E, FRSINAREI A0S, KYERAAEVILRE B EUE LRARERN LS, 3% mE R
THEERKEAREN SR,

Rit—#H TR KR B MBS AR,
RET AT EE A2 (MWD, mean weight dia-
meter) FHEBHREETAFNERAREKNERM
JONHLE R, BT AR ()R

-
h

w
L=

[
-~

|

\
N
N
D
A
N
B

NITATRITHETELIIERESISTIEIRL i

KRGS R
Macro-aggregate percentage (%)
=
&

Wt iy Z='

AR o]

S N _|§I
MWD = Z;“_”W‘ (1) T T R TR WS
b5, RS 30 05— IR AR T Bl s ol mac g (o)
7w REESAREKHHEMER S LREMNTEN CRWPN:iE LY OE Y

Fig.1 The composition of macro-aggregates

%, MWD RAEFRABERT T EABARRL., &



http://www.cqvip.com

pooo http:/lwww.cqvip.com]%
i

24 ERATE % BRI AL S R R AR A MR A 2 A 367

HESERG, T EEEE MWD B4 B ETA, TR FEALAE FEREFT A EAE AL B MWD 452K 2.926mm
2.947mm.2.973mm F 3.047mm, ¥ AE AL 3 A F TR0 IR, F AL RS AEAL 2B MwD B B 5 T AL AE4b 28, Ui 8
AHIEEEEEMmNET - HARENRAAR, BRERKY T EERHIFER SRR

B#2/MNTF 0.01mm( F,fine) 5 A TF 0.0lmm ( C, coarse) B4FE i Bl MR KB 5B K REF T HBMH
FNFEEEBERRFHIER B KT8 18, 5K/ 0 A R AE 3 3 4 Lo BB 7 K P B iy LR
BT R B B, B, B RURVE 1L 0.01mm Sy R4 K VRS B3R AR, SRR B ARR O R 1 A 3R
PR" . h T BE VR M B Hh B R e - 33 0ak  B Ak  JR B0 B KT 0.01mm RO RS AE B BR B AR 5/ T 0.01mm 1)
FRAE SR AR B BB (C/ Ry o VB T 1T B

MEITEL, AR RENEN L S THRARBY AR AR EBRABHEL. DT
0.01mm 2% B4 AE 3% A SR AR i 20, K F 0.01mm 4% 51 % 4F 434 B {4 &2t 58 i , BT 3R P I O 8 38, BB RE AL 28 C/ F
BHCER ST I B T FH ., Ml B, KT BN FRE LEOE KT, M EXT
0.01mm H A RENEER, R WO Y LR, B K BRSNS
2.2 KERLEAREPIERSTEANBHSH ®£3 GEIRNBENARKER
2.2.1 i% BB + 33 %i] % ﬁi ] I 3% ﬁ. ﬁ & B‘J ﬁ:‘!‘ Tﬁ Table 3 The composition of characteristic micro-aggregate in the tested
B2 G M AR A R R A, Ky 2

R W R .
HIESBRKEEME/N, XEE N EHEVREM  Chascleristic micro-aggregate C% (¢ CF (%) SW (%) BM (%)
&Uﬁ?%?‘&ﬁ?iﬁﬁ&ﬂ:i%qﬂ,ﬁﬁ%%&é{ﬂd\&@ﬂ“)ﬁ%ﬁ < 0,0lmm 51.466 48.907 45.776 49,676
N > 0.01lmm 48.534 51.093  54.224 50.324

REBMRH, SZERE—RBEREN-ENEE C/Foa 0.943  1.045 1.185 1.013

&, B, B R R EUR B AR N, R A K, R
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Fig.2  Distribution of O.M. in different macro-aggregates Fig.3 Distribution of total N in different macro-aggregates
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FHeRNE R, TIERANEHERE AR LNARE, HEM/NFR FRWE SEEFABR 8% HE,
ERBUAREEERELHEELY,
2.2.2 BETHARKDEEEAOIA B K5 E B AR 5 5 X IR B IE 4 5 5 BM > SW > CF
>CKALR A (B S), BRANBE I M, <0.25mm R FARE D, B IEEEE L BRBEHENER
BRK. MANEEEL EREEHEERTHML R S EEARENESREEEEAENESHNE
R, BERAENRE: ~R2ERRIEARS N WP RETREFENRY; B ERAREY L REET KR
MAENYEMFES, BETHYBENERKMBMEYOER BT REMISEE., 5 REDERES, K
JEFEF L RRBS IS EE KT E B B E/MEE, A8 510 203.20 ~ 294.91pg/ (g h) # 166.70 ~
206.60ug/(g* h) ; 5 44 AE #0170 A &b P2 AR B % 14 FE T K A2 M8 AL K, 208 43 5114 151.12 ~ 177.75pg/(g- h)
1 138.40 ~ 157.63pg/g. /NEEBAREPREEERTXKECAREKPREE S, FEET L EER /MR
E MK, M AR S B E, B BRES A R d i K, X e B i T IR R A4 K RE AT
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Fig.4  Distribution of total P in different macro-aggregates Fig.5 Distribution of Urease activity in different macro-aggregates
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7ER — R BB BEF5H BM > SW > CF > CK A5 fu a3, 55 IR B6 1 725 46 AH Eb , 18 A A HUAE A0 JE ML A0 AE 355 BE Y 4
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FENYRES L BT 45 TRERARAMNA K, RANE L ERRERRLIIE. FRZH L REHR
Ve A T I S 1 B R R A AR R T S22 L /0 A e, L e J AR Ak B - 3 o 0 B B MR TS M R LR
HHA B, ELAS LB IE R 117.80 ~ 209.38pg/ (g+ h) 5 H HAME 1k BB - S0 088 ¥4 s A G 0% 42 (L 4E < 0.25mm B I R AE R
BT H At 4 0 B T CAE b S0 Y B R B I PR (U (A K AR, o AN R 4 0 3 B 3R Ak [] ARL MR R
AR/, B RESB/MEZ R R EN 44,5908/ (g h) o

REREEG S IRE R R ER B BT R 1R, T 7E AN IR R ) B I Ak v e 7 Ak 0B R R B A () T A BT R R (I
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i, AL IR K 124331 ~ 2097.32ug/ (g+ h) ; FUR A8 8 A X 350 K B S T RE %ot B 4 98 , 7 BE PP JBR I 0 785 47 i - 4
TR VS 1 7 IR 0 Y I A ) A BB 48 . K I T WL AE X R PR B 1Y 48 4 A ML BE R 4R Ak e
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Fig.7 Distribution of invertase activity in different macro-aggregates
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MEHREHRNE S T RANO L RARETWS , 3 LRA YR 2R 20 IREE 01 B RR B F0 R B A0 3T
AR A/MRIK IR [ > 5Smm B ] > [0.25~ 1mm FIRAEK] > [2~5mm BIRE]> [ < 0.25mm AERE] > [1
~2mm B RE ], RPL35% L LR FERER BT LHD > Som ARE,RE>5mm ARGPERFISSE
MERMHTRBRE AR T RPN EINOARETEE TENEE, U ENAMELERT R

HiE.
F4 IMEEANEARGEHTIWESSRUHBEENEGRE (%)
Table 4 Contributing rates of macro-aggregates fractions in soil fertility and Enzymatic activities
I B Items At B Treatments < 0.25mm 0.25 ~ Imm 1~ 2mm 2 ~ 5mm > 5mm
A HLE Organic matter CK 13.0 23.1 8.9 16.2 38.8
CF 12.5 22.1 9.8 18.1 37.5
MS 13.4 23.6 9.8 16.7 36.5
BM 10.9 24.7 10.6 16.8 37.0
£ Total N K 12.7 23.2 9.6 17.8 36.7
CF 12.1 22.0 10.1 18.2 37.6
MS 13.1 24.3 10.2 16.8 35.6
BM 10.9 24.4 10.3 17.1 37.3
2 B% Total P CK 11.4 23,5 8.1 16.7 40.3
CF 10.6 20.9 9.5 19.1 39.9
MS 11.2 2.7 9.6 16.9 39.6
BM 10.1 23.9 11.2 18.0 36.8
JRBE Urease CK 13,3 22.2 9.9 17.0 37.7
CF 12.6 21.3 10.5 18.9 36.7
MS 12.4 23.4 11.2 17.8 35.2
BM 11.4 23.7 10.9 17.1 36.8
B 1 W BE BE Alkali-phosphatase CK 14.4 27.3 10.5 16.2 31.6
CF 14.1 21.6 10.7 16.2 37.4
MS 14.2 25.8 9.2 16.9 33.9
BM 10.1 28.5 8.7 17.0 35.7
TS Invertase CK 14.6 23.3 9.4 17.5 35.2
CF 13.9 2.6 11.6 18.5 35.4
MS 9.4 23.7 8.4 16.9 41.6
BM 6.8 25,1 8.0 17.4 0.7
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2.3 BB EBEHARGTEERITRBMMGEEN I

MARGERB T RNFIREBAZH T RPLBFE, RER - BN RN E KRBT E, BHA
AT IR & BB IS AT DUTE B/ ROBE VR B Y 48 - SRR A JRRFAE o
2.3.1 BWELENERAREPEERPISEONMN HE S TEL EEHEEMALT, <0.01mm BT
WEARKF LEENRERBA B B ZRAERE T > 0.01mm £ 4E 7 F A&, 5680 248 K840 WL <
0.01mm 54 B RAA R it o 7E A8 IR GOM PR AE R SR R 8 HE L SR DL S BB B 8 T %4 R, AR AL B o X
LAHEA 7 HLAE X 48 AR AE 2k BT 3R Pk ok (07 HLBR & BOR Oy B, BB RSO LR 5 40 /0 ) TC B O 18] A9 3
RKFe

SHEVEAHAEL(E 9,10) , EHRFEEET, <0.0lmm HIEHRARKF LA LHIRURBHT >
0.01mm FFEM A RE, FHHRE >0.01mm FFEME RE P, EHIEN 2H . B3 BRTEH T X FRAE
fOREAL TR FE o A B T LA DL IR s fE P SOV 22 AR R SR S R R R SRR AL L R 2 B A B
#%:BM > SW > CF > CK, A F <0.01mm MAHEMARGE S HEELHESHES LB BRI RUERK,
7E < 0.01mm % B F T 32 P R A4 B 1 S b, BT LA Kb 80 4 R0 45 9886 7 G 4o RS0 S R Atk 222, 7S 4 S 0 T S %
FAL B ) 2 R M, B8R R TR N RR MBS Bl — 2 £t

S 40 B CK @CF 17 - BCK WCF

=) D SW O BM - OSW o BM

S 30k Lar N

g > 13t N

E | 2 T EFN

s § B L %

\?g 10 - N B \

5 \ H oo \

r O 1 0.7 & N =
<001 >0.01 WS ’ <0.01 >0.01 ws

Hi&k Size of macro-aggregates (mm) R R Size of macro-aggregates (mm)
Hs BNHERFKAREPSE B9 4 7E R RS B AR Ay 4 A

Fig.8 Distribution of O. M, in different characteristic micro-aggregates Fig.9 Distribution of total N in different characteristic micro-aggregates
% WS LT 1mm fF LM WS stand for the soil which passed 1mm sieve * WSHLEit lmm £ WS stand for the soil which passed lmm
sieve; T [E] the same below

2.3.2 R SRSMEMEAREPEESRNSA MNARRIEE S LM B REPREN SF (B 1)TE
W 7E AR (R B AR T, IR B ISP 4 < 0. 01 mam FRAE R AR A & F > 0. 01 HFAE o 1 B4, 17 Bk 1 B R R
TREB R 16 R R AR AL BB B AR AMN (B 12,13) , HE B 308 A E e o8 S IREEHE bl . 7E R — G HI4%
fiE 8 R SR 4 b, IR 5 B0 0 R A % PR S R X W BM > SW > CF > CK, I 7E > 0.01mm 4% 5 1E 4 B &
1A, e A Ay e ot TEE O RIS Ach 6B R G UGS 145 00 WA 2 0, 3 0 R R S0 2 T A UL AR BB 8 I O/ B S R AE A T R
o R B B B R B
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Fig.10 The distribution of total P in different characteristic micro-aggregates Fig.11 Distribution of uresse in different characteristic micro-aggregates
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Fig.12  Distribution of alk-phosphatase in different characteristic micro- Fig.13 Distribution of invertase in different characteristic micro-aggregates
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2.4 HARE G REDEARR S EF 5 2 S A K 5T

TIEEE S R RAIE S E T A BEHXE, BN EAFSRED Y AR A R BB
KT RAEEEHE F &85 L HARE HEREREATEBZR PSR EHEHOMAXE SRRV OERS,
6) , & 45 + HE VA B4k b RS PR PE B R B R RE R B IE L S KAV . 2R 2B S B EREF LMK &
A MEERARE D RBERREHNEVRSELE FEMEI RENERBEESHENREE
FHIEAR IRES B RN ESES 2 A RN S B UYEREEREF LMK, U 3 FrEEi ¢
B A 5 e R B SR 2 YR 3%, AT AR AR b AR ) KO FUVE O B 1 S RE ) B AR AR AR

£S5 THARGTMEESTEFRSSROAXRY k6 TRFENMARCHMELEETERSSRNBXRY

Table 5 The coefficients between soil enzymatic activities and the nutrient Table 6 The coefficients between soil enzymatic activities and the nutrient

contents in macro-aggregate contents in characteristic micro-aggregate
A2k & YL 2% X .33 E=EiIN £ R
Enzymes Organic matter Total N Total P Enzymes Organic matter Total N Total P
IR 8 Urease 0.893" " 0.933°°  0.917"" IR 8§ Urease 0.929" " 0.721""  0.928""
B TEBERRAS Alkaline-phosphatase 0.963* * 0.944"*  0.847" " WL BE PR A Alkaline-phosphatase  0.548 0.912" " 0.741" "
RENEEE Invertase 0.872° " 0.808""  0.829"" WA BE Invertase 0.635" 0.901"°  0.801""
BB ZE L Total sample number N =20 HBAEEH Total sample number N = 8
3 Zig

(DK JERYREATE R E L REAER . — FEEEMRT L EOHRIER, BF 7 L EFRR
HREEE;H—HE, AET HRAREHER, EHSEARKF FERSSREFTHENER.

Q) EFEYERT L AR R AABH MM A E R, THARERETGRGFEER KO Z R
fiEo MWARRRBBETE + VA 25 A8 R, 30 A TE IO /K - 3 % 4 FOKOF 48 7R + SR AL ML 4R 2% 24 4
LR R R R AU

G MM RE N, R P RRE A RIS L NRATE N E P X AHY, Kk, +
98 R I S 1 I D P O M o T R AE SRR 1K P
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