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Abstract: [ Objective ] In China, upland-paddy rotation systems are mainly distributed in the Yangtze River Basin, with
rapeseed-rice (RR) and wheat-rice (WR) rotations being the main systems. It was noticed that rice productivity varied with the
rotation system. Therefore, a long-term experiment, designed to have different treatments concerning rotation system and
fertilization pattern, was carried out. The study aimed to explore differences in soil nutrients and distribution of aggregate carbon
and nitrogen between RR and WR rotations and between different fertilization methods. It is hoped that the study may providing a
scientific basis for optimizing the paddy-upland rotation systems and the fertilization methods as well in the rapeseed-wheat
interlaced area of the middle reaches of the Yangtze River. [ Method ] The field experiment was designed to have two treatments
in rotation system (i.e., RR and WR) and three treatments in fertilization, i.e., CK (no fertilization), NPK (chemical fertilization),
and NPK+S (chemical fertilization combined with straw returning). Soil samples were collected from the 0-20cm soil layer of
each treatment after harvest of the upland crops of the fourth year for analysis of physical and chemical properties, such as soil
organic matter, nutrient content, porosity, distribution and stability of soil aggregates, and contribution rate of soil aggregate
organic carbon and nitrogen to the soil total. [ Result ] Compared with WR, RR was 13.1%-19.2% and 18.8%-59.5% higher in
content of soil organic matter and available phosphorus when fertilized. Treatment NPK+S was 28.1% than CK and 29.2% higher
than Treatment NPK in content of soil total nitrogen. In the group of Treatment NPK, Treatment RR was significantly or 8.1% (in
CK) and 10.3% (in Treatment NPK) higher and 11.7% and 10.5%, respectively, higher than Treatment WR in total porosity and
capillary porosity. In the group of fertilization treatments (either NPK or NPK+S), Treatment WR was significantly higher than
Treatment RR in mean weight diameter (MWD) and geometric mean diameter (GMD) of the water-stable soil aggregates and
content of water-stable macroaggregate (WSMA), and in contribution rate of large-sized soil aggregates to total organic carbon
and total nitrogen as well. In terms of soil organic matter and nutrient contents the fertilization treatments displayed an order of
CK < NPK < NPK+S, and Treatments NPK and NPK+S were significantly higher than CK in soil aggregate stability and
contribution rate of large-sized aggregates to total organic carbon and total nitrogen, regardless of rotation patterns. In the group
of Treatment WR, Treatment NPK + S was significantly higher than CK and NPK in soil total porosity and capillary porosity,
while in the group of Treatment RR, no significant difference was observed in soil porosity between different fertilizer treatments.
[ Conclusion ] All the findings show that under the rapeseed-rice rotation system, application of chemical fertilizer combined with
straw returning can increase contents of soil organic matter and soil nutrients, improve bulk density and porosity of the soil, and
stabilize soil aggregate structure. Hence, the combination of rapeseed-rice rotation and application of NPK coupled with straw
returning could be deemed as an important measure to achieve sustainable development of rice fields.

Key words: Rapeseed-wheat interlaced area of the middle reaches of the Yangtze River; Rapeseed-rice rotation; Wheat-rice

rotation; Straw returning; Fertilization; Soil physical and chemical properties
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1.1 KX ER

ENRE AT 2015 4 9 A, i 5 oIt
ThrE B SRR AT (30°43'5"N, 112°18'25"E ). %
Hb DX R B 2 KU, AR 16°C, ARBIREK
1100 mm, JCFRI 240~270 d. R AR
R R AR L, WRHiHZE (0~20 cm ) + 88
TR R . pH 6.84, AHL 11.78 gkg ', &% 0.74
gkg!, AW 515 mgkg !, BEA 212.0 mgkg ',
1.2 REEiEt

AT A R XS b R, a6 A — B g
BISI Bk T o IR R XK, A
FANFEFAERI, 43932 -/KFE (RR, rapeseed-
rice ) FI/NZE-7KFG ( WR, wheat-rice ) %1E. ¥ —
PUEe | —a k=, 12 Mih-REsefE, 5 12 k-
FEACAE . R A B A AN R) A it AR R e, 0 310 A AN i S
(CK). Jfi HALAE (NPK ). fLAESHEFFiA HAHZE &
( NPK+S ). NPK Fll NPK+S Ab B [ i1 3% /7N 32 25 fl 7k
FEEAA R RN N 180 kghm* . P,0s
60 kg-hm™, K,0 75 kg-hm ™2, JEARLEF 2050 0 JR R
(7 N 460 gkg '), WBERRES (7 P,0s 120 gkg ™).
FALHN (& K,0 600 gkg ' ). CK I NPK AbFH 41
YIRS FF S5 HLUSCE 5 45085 I, NPK+S A3 A iy
ZAEYFEAT MR H SR/ N R RSFE (R
K M i a2 i I 75X, K REZE RS FE IS/
M) RAMEMELSHK X, fHEZH
5000~6 000 kg-hm >, H@EIAHE 3 REL, Rl

XAHHES, NXTERLR 25 m?,

R R B AR A a0, BAk % o A
11.25 Jkk, BH4F 10 A ek, k4E 5 A LAk
NSRRI X, &R ER 225 kg-hm 2,
FEAE 10 HIEFERR, Sk4E 5 A T ANk ; KRR
RORE T, B A 21 TTRE, B4R S
H A%, 9 ATk, mEEYFE T
PR, I rh A A SR it (A R Y
BRIGAE ) Y30 REHER ik AT .
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1.3.1 - IERR SN R4 S Ak #E IR 1T
M5 4 -/ 2019 4F 5 AR RUNEZ RIS , B4/
X R A FTIURE R 0~20 cm HIERES,, S
1) E AR A G M SE g 2 Ah B 8 RV A AR 4k
WL 10 mm G310, FEsEest A AR . K5
PR AR FLA YRS a2 widy, b —4 i
BE ik 20 HAN 100 H i 5 H T Rk 2 v B il e
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1.3.2  F3ELhl Ak 2= PR B i I T L
MR FKHICE ML (Elementar, fE[E ) #4700
SE s ARHER A 0.5 mol-L ! NaHCO; 242 - 41841 [t
LI E 5 HACESR T 1 mol' L 'NH,OAc B4 -k I
JCEEVESEATIE ; L3 pH SRAK 1K 2.5 1, pH
Tzl

1.3.3 - SELER A A [F] B ol FH B D SR 4%
/NX 5~10 em + 2 F0R A, AR +HEFLERE .
3 LB R 2 S R R A . AL %= (1-
HE-WE ) <100 ( HIHERFE R IIENE, A
K ER 2.65 gem?® '), BELBERHEE
KA T B AL S AT AR
SALBRE =R AL - B LR,

1.3.4 P RAATE 0 SoA LR . AR S s
BOXT L3k fhamad FLAE N 2. 025, 0.053 mm (1)
B, A3l Bk T AT A R AR TR
T E SR, T BB AL 50 g R T - BERO,
SRIG AR Elliott!® 'V - 48 A1 58 P V2 0 v 0 i 1A 58
A B EAECE T A LR 20 0.25. 0.053mm
MIET L, e AGKA IR 10 min, SR 7E 13
B ARZ3HH X 1 L 30 min ' A3 7% 43 10 min ( #&
W 4 cm ). VRIRSE A B 7R A G AL i AT R IR
A&, SOCH T FRRE, TR R
Mo AHAREOFEL 100 H 5 HHICE
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(MWD ), E¥ LT E4 (GMD ). KBRS
(WSMA ) FIigAIRIK S 5 (WSMIA) ik . MWD
il GMD ERIE T BIRIEXK AR, HAH B
vo A SR R B s M M ; WSMA 2 4 38 A R AR 25 4y
T, HOCR 5 B R 2 A P R AR
ﬂn—F[IS. 20]:

MWD = > WX, (1)
i=l1

GMD =exp (O _W;In X,) (2)

i=l1

b, XN R AR (AR5 45 A R
S EHABUE ST M 2 mm . 1.125 mm . 0.1515 mm
F10.053mm ), W, N5 i E R TP S BT
JoT Y A .

WSMA (>0.25 mm, gkg') =KT 0.25mm
RIEMPETE (g) +50 gx10

WSMiA (<0.25 mm, gkg')=/NF 0.25 mm
RIEMPTE (g) +50 gx10

S AR DA (4 ) X 3 S A ALK (4
A ) MIDTHRRY%o=[IZ R AT RIE T AR (2R ) &
B/ (gkg!) xiZBHRIKESE/ (gkg!') +1 000+t
HEAI (2R &8/ (gkg') 1x100, FIfHiZ
ARIHEARA R H IR (2R ) A HIESH
Pli (2% ) WMotk

K H1 Excel 2016 #AF#E A7 8 AL B, SPSS 20.0
AT gt AT, MR/ EEZER (LSD)
ETE P<0.05 7KV 3047 22 7 B E A 5%, Origin 2017
B2

2 4 R

21 AEREMEREET LEFRSSEER
AR A AE S X H A LR . 28, A
RO SRR WA, B EN LA SR
MAETE R E L HAEN (£ 1), 5F-BRAEML,
I -5 58 A A LR RO & B A A il I Ak

AR T 13.1%~19.2%F1 18.8%~59.5%, +
ARG ETE CK Ml NPK AR e T 28.1%~
29.2%, T NPK+S AbH ) 4 e 4 A/ & i Ae VE A 6
WE S RN L pH B S R E R AR E .
FEAHFFCAER D, RHEAPLT . 2R A8 A
WA S RN . CK<NPK<NPK+S, Hi-Fi%e
fEr NPK+S 5 NPK 4bBEE HIEA PR . SR
M2 S AN E; SRR 58 pH 1Y
TREES
22 AEREMEREET LEFEEEZER

R 2 ATLAA ), SRR 438 S AL B F R
LB A W R e AR it X 9 FL B R G
SO, FEAEAR ORI itE AC 15 it X - LB R A k2 ) 58
HAEM .. 52 -RERAEMLL, - EERAT AR
i (CK Al NPK Ab3) 38 SfLBR R = T 8.1%~
10.3%, HhEELBERSG T 10.5%~11.7%, 7&
NPK-+S 4b 34 v 90 4 A5 452 2 1Y) 4 S AL B BE G Wk 35 2%
S TEFZ-FEESAET, NPK+S Ab3 i 4458 s LB R Fn
TR ALBR RS CK FI NPK Ab BRI Z 4515 h-Fa4efE
HR A [R] it BB FE e ) S FL R TE B 25 5
23 ARRIEFMEIEIERET TIEARERARE S

RHFE

ek Rtk A R AR A 25 R o, B i
FUKTF 2 mm RiRERE R (K1), 5F-Fie
YEARLE, Th-FE4EE W38 TR T 2 mm Rift A1 R
W&, SRR T 35.8% (CK AbHH ). 25.1%
( NPK 4ZbF ) F1 13.7% ( NPK+S 403 ), 2~0.25 mm
R AR 1 1A SR A B i WU AH I B I . NPK il NPK+S 4k
HRTF 2 mm KA P A B i I 2 v T AH RS A
K CK ARFE, 2~0.25 mm B2 1 A B 44 2 5 0]
A AR ; NPK+S 5 NPK &b B [wlkr 42 A B AR &
ETEM AR AT I E 2R
24 ARBEMEREET LIERARGTREY

=R

ANTR) Kb BN - SR R AT S A s i 1) B i
3 i ARAVERSTURI B RS it T 14 A R AR 2
AR, A R AR PR T B AC
HAEH. 5&-fE5erEML, m-RE5e1ER MWD, GMD
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Table 1 Effect of the crop rotation and fertilization patterns on soil nutrient contents

BE (RN RTE =2

i i AL o RER A AL
pH
Fertilization Rotation Organic matter/ ( gkg')  Total N/(gkg') Olsen-P/ (mg'kg') Available K/( mgkg")
RR 6.72 aA 16.44 aB 0.73 aB 4.50 aB 244 .4 aA
CK
WR 6.78 aA 14.31 bC 0.57 bC 3.62 bC 236.7 aB
RR 6.69 aA 19.60 aA 0.84 aA 6.93 aA 224.8 aB
NPK
WR 6.44 aA 16.44 bB 0.65 bB 5.45bB 230.1 aB
RR 6.70 aA 21.09 aA 0.89 aA 7.23 aA 239.7 aA
NPK+S
WR 6.70 aA 18.65 aA 0.87 aA 6.57 bA 259.9 aA
J5 225787 ANOVA
#4F Rotation ns * * *k ns
Jifii Fertilization ns ok ok ok ok
AR <AL
ns ns ** ns ns

Rotation x Fertilization

I RR: JSEKFEREIE; WR: /NE KRR, CK: AMAL; NPK: MEHIEAL; NPK+S: (LA SHEFE AL & AR/NE
FREF M Rt A T R R RS VERR S () SR 3 1 25 25 5 ( P<0.05), AIRIK'S F0E 7R 6] — F /R 20 S [R] it AU 4 it [ 36 31 4k 3% 2% 5+
( P<0.05 ), *FI%* 43 51 F 7R AL PR ] 22 3k ) 8.3 ( P<0.05) Al .3 ( P<0.01 ) /K, ns #RnEF AR E . T . Note: RR: rapeseed-rice

rotation; WR: wheat-rice rotation; CK: no fertilization; NPK: chemical fertilization; NPK+S: chemical fertilization combined with straw

returning. Different lowercase letters indicate significant differences between treatments different in cropping system, but the same in

fertilization pattern ( P<0.05 ), and different capital letters indicate significant differences between treatment different in fertilization pattern,

but the same in cropping system ( P<0.05 ) . * And ** indicates that the difference between treatments is significant and extremely significant

at P<0.05 and P<0.01 level, respectively, and ns indicates no significant difference. The same below.

2 RAEMMERRRE X TIRFLIRE AR

Table 2 Effects of crop rotation and fertilization patterns on soil porosity

it A AR SALBREE BEILIE AR
Fertilization Rotation Total soil porosity/% Capillary porosity/% Aeration porosity/%
RR 54.9 aA 47.8 aA 7.0 aA
CK
WR 50.8 bB 42.8 bB 8.1 aA
RR 55.9 aA 48.4 aA 7.6 aA
NPK
WR 50.7 bB 43.8 aB 6.8 aA
RR 553 aA 48.7 aA 6.6 aA
NPK+S
WR 55.2 aA 479 aA 7.3 aA
T 25508 ANOVA
#1F Rotation * % s
JitiJE Fertilization ns ns ns
e AE it A
* * ns

Rotation x Fertilization
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[ 1<0.053 mm [0 0.25~0.053 mm [HI 2~0.25 mm [N >2 mm

1000 | —= T 1 T =
— aA aAB aB bA aA
- N
-
60 D
3 800 . bB
=55 bA - aB
a5 N
g
= 600 |
2
B
i
: 400 A B
2 A
F A
200 + B
0
RR WR RR WR RR WR
CK NPK NPK+S
KbFH Treatment

T ARG SRR AR R AL R 3G T A R e AR AL R B R 3 25 5 (P<0.05), A [EIRE R RR [ — e AR T A [l i At
AR R B E 2R (P<0.05). FIA. Note: Different lowercase letters indicate significant differences between treatments different in
cropping system, but the same in fertilization pattern( P<0.05 ), and different capital letters indicate significant differences between treatments

different in fertilization pattern, but the same in cropping system ( P<0.05) . The same below.

B S AR NE F i 0T S 7K R AT SR AR L 1 53 A1 7 5

Fig. 1 Effects of crop rotation and fertilization patterns on composition and distribution of soil water-stable aggregates

*3 WEMBEREEN DEARGTIHNERER. THNMER. KARGKEREARKSENEN

Table 3  Effects of crop rotation and fertilization patterns on MWD, GMD, WSMA and WSMiA of soil aggregates

JifiHE Fertilization #/E Rotation MWD/mm GMD/mm WSMA / (gkg!) WSMiA / (gkg ')
RR 1.51 aB 1.13 aB 869.7 aB 130.3 bA
CK
WR 1.34 bB 0.94 bB 833.8 bB 166.2 aA
RR 1.71 aA 1.42 aA 917.9 aA 82.1 bB
NPK
WR 1.54 bA 1.19 bA 882.1 bA 117.9 aB
RR 1.61 aAB 1.26 aAB 889.5 aAB 110.5 bAB
NPK+S
WR 1.44 bAB 1.02 bAB 847.8 bAB 152.2 aAB
75 2543t ANOVA
##E Rotation #k sk sk #k
Jifi il Fertilization sk o o o
AR
ns ns ns ns

Rotation x Fertilization

I MWD: P ERER; GMD: ¥ ER; WSMA: KEIRMAES i WSMIA: AR {K 5 & Note: MWD: mean weight

diameter; GMD: geometric mean diameter; WSMA: water-stable macroaggregate content; WSMiA: water-stable microaggregate content.
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AN ) kb B ARG ML B i 2 R KT
2 mm R R d i, RS RN LR 7 BRI
(R 4), AR A [RRLA H BR R A BLA & & G
S RER AN [ it A i [ A [RRE A2 A SR A A Bl
SRS B E  NPK HI NPK+S 43 KT 2 mm, 2~
0.25 mm F1 0.25~0.053 mm 42 F B AAA WL & i
FR TR AR P A CK ALFE, i/NTF 0.053 mm
LA A R LA 5 5 G 3 25 5% ; NPK 5 NPK+S
Aib 345 AR A SR AR AT WILARR 7% T A AR [ e AR = 22
SARE,

Bl 2 g P R AR HLRR STk, T DL 4%
A B A R A AR WILG DT kR A v . 5 A R AR A
FHLG, TH-FEFVER T 2 mm B A1 5 (4 HLER 57k
FKONIEE T 33.8% (CK 4bHE ). 16.9% ( NPK 4t
FH ) F 18.8% ( NPK+S 4bH ), 2~0.25 mm Hif A
RAKA Pt o7 kA AR FE K. NPK #l NPK+S 4k
FRT 2 mm K42 AR ARA BLAR 51k 36 2 = T4
R A AEA ) CK AR EE, 2~0.25 mm Fife Rk
A HLAK TTHRZE AR D BRI NPK 5 NPK+S Ab#H (Y
25 R AT R AT LR DTk 3R 26 A R R VR R e i
EER,

26 AERARGERSERTEHE

M S i, ANEREFREEESTESAH
e S AL REAE, HLIRT 2 mm BRI Rk
e (S SR WORS TR AT E LN g el
AR R, AR EE X KT 2 mm Al 2~
0.25 mm K AEHRIKR SRS A BELW, PEE
fEERELEAEM . S&Z-Fe/Emt, wm-fEieiE
CK il NPK AbFEAC A2 A RAR 2/ & g i,
NPK+S Ab 345 b7 A% 1A 3R 44 4 280 & 4R AR 1] G Bk 3%
#5 . NPK il NPK+S ZbHi& A Bk A &8
3 TR AR i CR AbHE; 2 -FEfe e
NPK+S Zb B R 44 A R 4 4 5 & 0 3% = T NPK Ak
B -FEHS 1R AL B ) G A

Kl 3 o+ RIS A ST, AT LA 45 4b
LSS PIPNZIE JU N Wi S R S L (Y
Fb, I -RE S AR AS [R] it AR A BE KT 2 mm A2 A1 3R
AR TTIRNRIES T 11.0%~26.1%, 2~0.25 mm
AR 1A SR AA 4 2R T R 23 DU A 3 [ {1 . NPKC il NPK+S
PR TF 2 mm RiAR AR R 4 R Tk 3 T A
RS AERE P Y CK AbHE, 2~0.25 mm R4 A R4k
SR TTRRER A FEAIK ; NPK 5 NPKA+S 4b B ) 446
AR 2 A sTHCR AR R e B 2 5

F4 RAEFMEARE X B RIAGHRE 2RFMm

Table 4 Effects of crop rotation and fertilization patterns on organic carbon content in aggregates

Jiti I} Fertilization #4F Rotation

HHLEK & & Organic carbon content/ ( gkg ™)

>2 mm 2 ~0.25 mm 0.25 ~0.053 mm <0.053 mm
RR 10.76 aB* 9.30 aB® 8.26 aAC 7.47 aA®
CK
WR 10.30 aB* 9.13 aB* 8.29 aB® 7.19 aA®
RR 12.18 aA* 11.27 aA* 9.03 aA® 7.81 aA®
NPK
WR 12.21 aA? 9.41 aAB® 8.33 aAB® 7.91 aA®
RR 12.51 aA* 10.44 aAB® 9.12 aA® 7.44 aA®
NPK+S
WR 12.25 aA* 11.29 aA*B 9.95 aABC¢ 8.29 aAC
Jr 253 ANOVA
#/E Rotation ns ns ns ns
Jiti I Fertilization ok * * ns
FAExJi It Rotation x Fertilization ns * ns ns

e AR AR RS FRERR R — A AR [FR AR SRR A 8 B 25 5% (P <0.05), R, Note: Capital letters with different

superscripts indicate significant differences between fractions of soil aggregates different in particle sizes in the same treatment ( P <0.05 ) .

The same below.
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[ 1<0.053 mm[_]0.25~0.053 mm [ 2~0.25 mm [}l >2 mm

100

'S

80

soil organic carbon/%

20

PR LA ARXS DTk
Relative contribution rate of soil aggregates to

RR WR RR WR
NPK NPK+S
AbF Treatment

P2 ARAE A AT Xk PSR AT ALk TR 23 B 52 )

Fig. 2 Effects of crop rotation and fertilization patterns on contribution rate of aggregates to total organic carbon

x5 REMEREEMARGERIENEM

Table 5 Effects of crop rotation and fertilization patterns on total nitrogen content of aggregates

4% % & Total nitrogen content/ ( g-kg™)

Jiti A Fertilization #/F Rotation
>2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm
RR 0.77 aB* 0.75 aB* 0.73 aB* 0.73 aAB*
CK
WR 0.65 aB* 0.56 bB*? 0.55 bA*? 0.51 bB®
RR 0.98 aA® 0.92 aA* 0.92 aA* 0.80 aA®
NPK
WR 0.72 bB* 0.59 bB® 0.59 bA® 0.53 bB®
RR 0.88 aAB* 0.83 aAB"? 0.73 aB® 0.69 aB®
NPK+S
WR 0.90 aA* 0.74 aA® 0.67 aA® 0.64 aA®
H 25 H ANOVA
{;/l,:,ﬂ; Rotation *% *k *% *%
i A Fertilization ok * ns ns
AR AE
* * * *

Rotation x Fertilization

SR R EME Y LAk BRI AL o3 L
3 3w BRRFE AL | S BURS R P (R P I RS A 4
Hbr B S8 S, W 5 7R S0 5 AR ARk T
PEPRAE AR AT ORE 1) o I S ARSI
R R E X A T . S5 30 H-BRETRES HEENRSE
W, R R At % -+ 858 1 B A 18 P AT LR R SR ) A B AR, AT+
BER, AR TS S R XA IR SRR, Bk IR A Y Ak
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59 &

R R R, - IR MRS
BERT LR (R D), XARER TS/
EZAWTEA T G IS REmEIHGE 2 R,
Hm T P AR MR SR ATABE RN,
T HH ) 2 A5 AR oI SR RS A S ARy 745
kg hm? % 27.1 kg-hm 2 Z HHerp 24251 i/ A 9%
A FEAT A2 92.0 kg-hm 2 FIA 8.0 kg-hm 2 2027]
PEAh, A5 % B0 -FE 6 AR vh R AT SRR b A HILAK
AR TR D E & T2 lE (E 2), hFKHE
RPN e R AT TR A B L b R
PAL I 33X AT RE 2 T - e 8 1 A AL B R 4 2R B
MR . 7E NPK Absirb, Jl-FE4efEm L5 L
WA 192%, T CK A (&
14.9% ), X AT BE 2 i Tt AT )5 i 32 9 4B ) i T 1
P91 i fE NPK+S AbBEA, Ih-REFE 1E - e AL AL

F-ERERE 13.1%, HMIEIET NPK 4B, ixaf
fiEJE F T RS AP B T 2 R e LR, R g1
Xof = HEAT AL 1 52 i R AL

i A ML A TS R 8 R S o M e B
(£ 6), HHLE GRS L SFLBEMEE L E
WA, BVA LT & i AT b A AL
BRI R, 0 4 g e g B FLBR R tAh,
HHLF & &S MWD Fl GMD M6, UiBAHL
JoT i R e A R AR R R, R R+
BT A RIR N E TR, AR S &
e, TR AT R RSO 2, R e Rt iR P
ARFGREE RN, S5E-FiRlEMHL, Wm-FRfD
EfE T HEEEILRE . BILBRE . REARES
HEEARERREM (K2 fE 1), Xafes Ha
BURT & e A G, EARPLEM 75 SR A 52 .

[1<0.053 mm []0.25~0.053 mm [ 2~0.25 mm [l >2 mm
T T

100 |- -
aA aA

80 |

& =)
(=] =]
T T

soil total nitrogen/%

[
=]
T

VISR A4 A AR BTk
Relative contribution rate of soil aggregates to

RR WR
CK

aA

RR WR RR WR

NPK NPK+S

QbF Treatment

3 AEAE R AT it Xk P 2R A 42 SR STk A 52 )

Fig. 3 Effects of crop rotation and fertilization patterns on contribution rate of aggregates to soil total nitrogen

x6 AIREZESWEMRMEXME

Table 6 Correlation analysis of organic matter content with physical properties

SALBE TE LB

Total soil porosity Capillary porosity

WAALBRE

MWD GMD WSMA

Aeration porosity

0.782" 0.838"

-0.508 0.742" 0.680" 0.646

32 MERERENTEFRSSERARGKREER
=)
5 CK #ltb, NPK F1 NPK+S AbHEREMS 2 = 1
BAN ., A, ARmEERE (K 1); HTAEILR
TN, LB . KPR SRR T

e (F2MFE3), 5 NPK AL, NPK+S 4b3Af
Pem BHEAPLUR AR SR (R 1), X5ATAMR
ZERHIRL, SR, A AR AP RS AR B Y £
BRSO R R, Hohim-FE 48 NPK+S 48 NPK 4b
A EAPURIER T 7.6%, MEZ-HEERET
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13.5%, X & H TI-fEfe/E b NPK ARHE () 1 58 L
JRE R (19.60 gkg '), MRS FFIA HRTE—E T
FE P o G 5 T R A ML o Y R, FE SRR
A 7 - VRS AT A A [ R AT 5 Y v Ak R
i, DA R R RCR . — A RS R H
REfE 3 N e A WL ZS P i B, T ks £
HEA RARLERDY EEAR I, P ER T
NPK+S # NPK Ab 3 4 38 B A1) 43 A Je s ey
TwEES (K1, £3), HERTTHEN. H—,
FEFFA AR PR 06, Ik AR AECOIR B gT I, A5 FF
SR (5 AELRLN ) X 39 A SR IR R e 1 G i
s SR, REFREE A, st sl
WFFE WY, RS AT 550 B 55 0 e AR EEAS R TR
P 5 14 T i R P SR A G P A 2 1

“THSE TR AR SRR RAE R AE = S e b B
S5 R PRI , (FL 1 JC 22 40 10 B AR 4l AR S
ARETF/INZZ b T SRR ) LA Ak R B A L
TRAREE K, 22 58 5 IX 0 A B S A 1) TR R /N2
{32 DX 358 37 75 A 25 DR 2R R ) /N2 IR B e 4 ) DR
W, TRV -RE R R MRS 28 7 = T 22 - AR
VE, EI% DX SR A TE FER B0 5 T A7 R 19 4 PR FHL
B, 0 AE A A 1A A B SRR AR T
YER, FESEBRAE 7= b AT Sk SR b 4 3l
SR HE L AR S HE KSR AR AR 9 A B A it
RER BRI SS | BB Sy . i+ SR AL A
WEARIER RS . RFFTRAURVI A R, W
FRACERI R A R 72 . IR R R 2R
VESE I YRR B S AR bR . SRR R4 = i 1Y)
PUHI LR 5 Hopb 460 C Uit B R b . S K45 )
(26 R 2R R TR AR N 25

4 %5 i

Sl = JAAF AR VR MR, AN [ Ak B E] A2 Y
Py BRI AV B R B DL A 22 5 o 5 22 AR A
FAEE, RS 5 A AH [ AL b 2 vp L 3 5R 03 55 &
Hhew, LEARSSHERNE, HERRKNER
EVESGIN, KRG PRI 2R TTIR S, T
FFAN 3 TS 9 - 21 A1 o 8 A e T 5 Wil B
BF . MFEFAER R, RS (NPK) FIFLAE
SRR HAHZS A (NPK+S ) A BRI + 585574 & 1

PR AT E e B35 TRIGAE (CK) Ab¥E; 7ide-
R, NPK+S Ab PR 4 3857 70 75 8 Fl e FL B
FEX R F T NPK 4B, ZE Bk, Jh-REfeAEm
P HETC A 5 F i FH 28T 9 25 st + 9 5 03 % kS A
BB R AT AR, R VLR G A S R X
B S M 3 B4R R
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