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WE, @3B E 6a 210 XE, DBEANANRE, FRTELE R Medicago sativa B3 LT E Bromus in-
ermis ¥-3% . RILH B/ EE ZRIE 3 A RE A HIFEE X LA RKARE AMNBKE LS G R, FRTTH
FHMMEFE L, EREP, AZEREHS, LTEABRABELEMAERANE,; LIEHRAL TR BRI
5.00~3.00 #= 3.00~2.00 mm #5412 A E (W B A 35.55%~57.12%) ; 3 KA A R AK LR A <0.25 mm F= 3.00~1.00
mm A £ (Feh) A 53.47%~T4.47%) ; AP TR RKLZKBEARA, FEAZEXTLEARKAZ S
WU R DIRFRRAE T, REELEE, RRUELE, FRAB/IALTELRE, DEIAIE, FH
A MBS IR B SHHE L B ik, BRBEXT 0~40 cm LIE A AT 5 B KB DR A
BEREBIALEEZRE, RO BEEHB, L EEEE% B, Pearson WMEBRLER BT, RAMNK, FHA
WUBR VAR 38R AR R T A T 2R 3 B A AR B 60 A48 A M (P<<0.01) , HUBRAS P o AR AR F] B AR 69 T8 4 40 MA
HE D EZREA(<025 mm)ERBF EANE(P<001), %Z#. A TFHRER, ATEHIRERBEZATL
BEARKG A, W EERAR, AP IAERER/IAEELZRB A RERZEX, B3 L4430
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Morphological structure, composition, and organic carbon characteristics of

soil agglomerations for alfalfa and ryegrass planting patterns

ZHANG Jiayang, LIN Fang, ZHAN Naicai, REN Min
(School of Life Science and Technology, Xinxiang University, Xinxiang 453000, Henan, China)

Abstract: Through consecutive location tests in northern Henan Province over 6 years and compared with a
waste land, the effects of different planting patterns for alfalfa(Medicago sativa) and ryegrass(Bromus inermis)
on the composition of soil aggregate structure and vertical distribution of organic carbon were studied using a
correlation analysis. The relationship between the two was also discussed. Results showed that morphological
structure of the soil aggregates changed after an artificial grassland was planted. Soil dry-sieving aggregates
consisted mainly of 2.00-3.00 mm and 3.00-5.00 mm particle sizes (proportion: 35.55%-57.12% ); whereas,
soil water-stable aggregates were composed of particles <<0.25 mm and 1.00-3.00 mm in size (proportion:
53.47%-74.47% ). The order of fractal dimensions for both dry-sieving aggregates and water-stable aggregates
was wasteland >ryegrass single-sowing > alfalfa single-sowing > alfalfa/ryegrass mixed-sowing. Total organic car-
bon content, soil active organic carbon, and humus carbon decreased with an increase of soil depth, and organ-
ic carbon content in the 0-40 cm soil layer was alfalfa/ryegrass mixed-sowing > alfalfa single-sowing >ryegrass

single-sowing>wasteland. Also, a two-sided test for pears showed a highly significant correlation (P<<0.01) to
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total organic carbon and active organic carbon(r =0.975), active organic carbon and humus carbon(r = 0.975),
and total organic carbon and humus carbon (r = 0.954); and fractal dimension values were highly significant
(P<<0.01) and positively correlated to small-particle size aggregates (<<0.25 mm) for both dry-sieving aggre-
gates (r =0.972) and water-stable aggregates (r =0.980). In conclusion, compared to wasteland, the distribu-
tion of soil aggregates was greatly changed and soil carbon sequestration was promoted after artificial grassland
was planted with alfalfa/ryegrass mixed-sowing being the best planting pattern. [Ch, 3 fig. 4 tab. 30 ref. ]

Key words: soil science; planting pattern; soil aggregates; organic carbon; fractal dimension; correlation analy-
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%, WEMENEEN RN, YT B BEtEAbURMEE DS mEE o E
BER, BRTE S Z UM SR o R SR AR AR L, TR - S AR L
FAWBREER T A+ dmERE X, LT Medicago sativa AR & . BIZAGE 75815
A OCWEZ T IR, SR NS FAE ) R Leguminosae HUHLS), JTCrUAE R Bromus inermis 1
CUPE S AR B R 55 s B R AR Gramineae P82 —©0 FFT, M B2 IEH KR A 4L
()R P E R B R B, JTAROR, R 2o o MR P SRR B A HURERIE T T T 25T, (HR 250 it
FEXNT SRR B A -3 H 24 rh PR [RIBE T A R AE fE A TS [ RS
A - 398 P SR AR L R LR RAAIE ORISR D 23 R X R AL DX SR A6 T 1 5 e T 22 R TRIAR A
XU R R T A T TSRS AN XA X S AL B S S O E AR FERR AT, &
B BRI ML 00 LA R BB A B OGR BRI XN T i AT R - R s 4 e
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1.1 HRXER

RIS, T EE A8 & m it 1B FSR AT (35°16'N, 113°57'E), HiAb#dvisIX , JbimAilEiE,
B, BB B, ARSI 14.2 €, FFHREKE 573.4 mm, 435 H BREEL 2 400.0 h,
SRS B XT R 68% , JoARIY 220.0 d, ilEe i R RN L 0~40 em LIEIERIFALIEBTANE .
WKL 44% , ¥yki 38%, Bk 18%, A 1.13 g-kg', 4W 0.69 g-kg™', 24 13.42 g-kg™', WfEA 31.50
mg- kg™, AR 12.05 mg-kg™, LA 88.02 mg-kg”, A ML 9.08 g-kg™, MK E 28.54%, + 1
pH 7.94,
1.2 RIEigit

2012-2017 4FiEZE 6 a #HATIRES, FEHLIX BT, B4 b3, BRI, DIEESEH X iR, BRI E TS
FE | TR AR | RAC R O AR IR 3 FORRI AR RS (B’ 1), P 3 kE S, 12
AKX, NX AT 20 m* (4 m x 5 m), SR 240 m2, 2012 4F 10 %R, /0 E 5 i 0iG 4% B 0 15
kg-hm?, JoP54E 4 MY BB TN 18 kg-hm™, SEAEETE /JC 548 A2 IR HE 16 1 35 X 1 B 46 it 1) —2F
BRSO ARG, ATHE 25 em, IRIGIIRIGEHEACER, R AUTAIARKL, B4R T oK 5 A TR,
1.3 TEHRFXERNE

F 2017 4F 11 A, LS SHRER:, FL8 5018 0~10, 10~20, 20~30 1 30~40 cm 4 4>+ )2 A9 UK
TR, BRE 3AEE, KR AEAIRRE, A BB, T RN A R A KRR
VTSR AR I A Ui J3T it 435 S 55 % D
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Figure 1 ~ Schematic map of the study area and quadrat

RIIE SR EFAAEMES . T LI A SR HAEHFT I EUIR 14 (0~40 em) ™, BEFE A SR
fF B A, AR TG LIRS, ARIFIE RIS, H SS 550 B S R BElt  TIER

A B A A5 B . 3 LA K/IN(10.00, 7.00, 5.00, 3.00, 2.00, 1.00, 0.50, 0.25 mm)f & &
WA, B ELARER (200 g) 1 R RREIA S L ER0H 7, X 4 22 AR sh AT 0 4, ALBRRRE S5 0 T 9
AR (=10.00, 10.00~7.00, 7.00~5.00, 5.00~3.00, 3.00~2.00, 2.00~1.00, 1.00~0.50, 0.50~0.25 FI1<<
0.25 mm(_FFRHEBRIE) o XASRIEF i S RERR L, SRR E M SRR A, BUOHLI RS s s TS
PRI TR 50 o, B4 (M B TFHRYIE 5.00, 3.00, 2.00, 1.00, 0.50, 0.25 mm )iz AZKARH I
TG L, HalHR% (30 min) J5 ¥ A RS R K, H&R00 WA REEAZ LN, BT
(60 C)JEfRiE, IFITRUKERME A RIALL AL,

ME Tk R BA VR P (Elementar, £8FE )2 5S4 VLR R4, R SRR A
- LA T 0 7 5 P AT LB o 25 R P Al T A T - % T P 25 Y ) A T e ol 42
1.4 HELESSH

A B B B4R (D) BT IT . D= 3-1g[ W (8<<i)/Willlg(ilxm) o Firh: W(5<<i)}yA-k:
A< By SR B R, W A BRI TR, i RIS R ERIAR ) we NERCRIZR 1Y
B, BT lg[W(6<i)/Wo)'5 lg(ilxt.) HALMERTR, B RHR/ D ZRE#ITEMIE, 3-D, BIh
HERE, Hss D,

FIIFH SPSS 19.0 FRAFXT 53 TE 4 [ A R AEA T L4, IR0 38 A R AR LA A8 S A WLk AL 43 A T
Pearson A PEAMT OSUMAS S ), P B LISEEMER KR, IFH Duncan 353517 B HE0HT

2 RGN

2.1 FEFHEEXT T ERAR G SEE

T BT R RIR S TSR, IR 5 AR T AR ROE A
BT, B (R 2A) TR IR AN R R FLIR AR >, BRAS A . N TR AR 5 1 1 A Rk
REZZIHERREER, FmILBELZ B g, KRE2REZFLR(E 2B FE 20), &8 HER
I B MR LRI A SEALE 16 1 Tor 22 R . AL R . oL gk, B, Hrph, 554
FfE/ o 2 IR RO I ., SRR SR . URBH SR A6 78 /0 1448 22 TR X L R AR
AU E BN
2.2 TENWREERAREARS SIS

M 1 T LUA e IR AR M P SR AR 2 A #5 L 5.00~3.00 AT 3.00~2.00 mm #i4% K 3= (LL il
35.55%~57.12%) , H:H . XFT 5.00~3.00 mm Fif5 0 A BRI (4 A H)200389(E), TorUee 3 Rk
e SRR RS G S T T ARG 3 ) L HR R M i 10.909%~22.55% , 12.25%~27.17% Fl 27.15% ~
38.14%, H 54BN 2E A5 B EK T (P<0.05), X T 3.00~2.00 mm B4R Y 35 P BAA T & (4
TIERBME), TCrtE A AR B SRS AR A 0TS 1 A TR 0 ) LU AR S b N 22.98%0~41.64%,
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Figure 2 Morphological characteristics of soil aggregates under different planting patterns

25.92%~45.10%F1 35.87%~50.38% , H 585025 53 8 3 (P<0.05) . PRI (5 Ho 4 5 /0 1 2
0.50~0.25 mm Fif&, & 0.46%~2.66%, SHETCHIA L, PARESIRRE <0.25 mm HUAES E 14 A1 R R BH {2
>, 5.00~3.00 i1 3.00~2.00 mm 15440 53 541

SR AEBURRAE LTI — A AP a4, SRR, I g i R4 HLAE ks
HHEE 1 AT, AR IEAUMAR e M A RAR I AE B R NVHE P R ikt . T8 22 gk . SRIEE TR
. BRI ARG, IEE Y 1.626~2.165, SIETEHIARN AL EALL, TSR ENRE (30~
40 cm), HEEE TR (0~10, 30~40 cm), EIEHETE/ICTE4E L IRIE (0~10, 10~20, 20~30 F130~40 cm)

F1 TEVMISE M E R ER R 2 R4
Table 1 Composition and fractal dimension of soil mechanical stable aggregates
o LR AN [RDREAZ: - SRR S 1 P 3R A4 4 L2 1/ %
X cm =10.00 10.00~7.00 7.00~5.00 5.00~3.00 3.00~2.00 2.00~1.00 1.00~0.50 0.50~0.25 <<0.25 mm
i 0~10 15893 a  11.668 a 8263d 21.683c¢ 19476 ¢ 7.060b 7561 a 2.650a 5.746 a 1.845 a 0.986%**
10~20 17431 a 13224a 12.139a 19481 ¢ 18836 ¢ 7.694b 5575a 1.655a 3.965a 1.885 a 0.982%*
20~30 19.110 a 14.615a 14773 a 18222 ¢ 17818c¢ 9850b 2376 ¢ 0587 a 2.649 a 2.025 a 0.946%*
30~40 20.100 a 17.214a 10.125a 17206 ¢ 18346 b 10.068 be 3.976 a  0.518 ab 2.447a  2.165 a 0.970%*

D, R

JorE#E 0~10 13.531b 9.122b  11414a 24744 b 24.113b  7.872b 3.195¢ 1.863b 4146 b 1.765 b 0.953**
FHFE 10~20 14391 b 9434 b 7736 b 23.041b 22933b 12979a 5575a 1458 ab 2453 b 1.846 a 0.977**
20~30 18.051 b 10.632b 10.050 b  21.023 b 22.177b 11.089b 3.634b 0.839a 2505 a 1.844 b 0.962%*
30~40 19.040 be 13.413 b 9323a 19.841b 21.319a 10.870b 3395a 1.008a 1.791b 1.983 b 0.969%**

EHH  0~10 12.182 ¢ 8372bc 10.721bh 25549 b 23.749b  9.094a 5905b 1.660 be 2.768 ¢ 1.713 b 0.981%**
G5 10~20 13.931b  9.680b  13.576a  22.113 b 24.068 ab 9478 b 3.784b 1.039 ab 2331 b 1.792 b 0.968**
20~30 16351 b 10.854 bc  9.136 b 20318 b 22378 b 13.860 a 4.037 ab 0.833 a 2233 ab 1.813 ¢ 0.963**
30~40 19.897 b 14.211 b 9.617a 20.628b 21.815a 9.040c 2590b 0462b 1.740b 1.855 ¢ 0.949%*

HAEE  0~10 11.627 ¢ 8.022¢ 9219 be 28.355a 28.767a 7350b 3271c¢ 154lc¢ 1.848d 1.626 ¢ 0.961%*
TEJG  10~20 12.042 ¢ 8734 b 7.934b 25963 a 25429a 12.784a 4982a 0.759b 1373 ¢ 1.682 ¢ 0.971%*
oA 20~30 13299 ¢ 11.032 ¢ 6.860 ¢ 23441 a 24849 a 13329a 4455a 0932a 1.803b  1.703d 0.967**

W4 30~40 15670 ¢ 13336 ¢  5.024b 22328a 22573a 14.674a 3903a 0.717ab 1.775b  1.715d 0.962%*
Ve s ASF/ING RN A AR A R R PR AR ] 22 57 .25 (P<<0.05) 5 % /il i A5G (P<0.01)
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(AR 22 57 B35 (P<0.05), "ENTIERMET BRIAHDE REL(RY) 37E 0.946 L I, HARAEIM 55K
- (P<0.01),
2.3 TIKBRERARGHERS S REFE

M2 2 T, AREHD 3K R A AR 4H 1 L <<0.25 1 3.00~1.00 mm ki Ky 3= (He BN 53.47%~
T4.47%) ., SHETEHIE — L )ZA L, Jor A AR | S e SRR S A B O R A TR <0.25 Rl
3.00~1.00 mm P FRAA R F 53 W 2> (P<0.05) .

=0.25 mm KRR A R AR FRAE A SR M EER bR, S E, IR ORI R
TIEAE AR ED, XTF =0.25 mm RARETRIK, HAS R (4D LR EIE) mIRHE T SR E TS o
HEAZRIE (64.58%) . SHACE 16 RHE (57.96% ) . Tor-4 42 5045 (56.37%) . ¥RTiHh(40.81%), H E2 2
{2 T 3.00~1.00 Fl 1.00~0.50 mm /KEMEH RIKFIE B, HICT-48 42 Bl | SRAE E s BB A 48 1 15/
ToTe48 IR IR R i 8 P22 57 (P<<0.05)

[EIHLARRS E R EE R —HF AR KR B R AR TR 4E BB I NHE P o 8 i il . Jer e 22
. BACETENRE . SRR ERIRE, TR 2.636~2.840, HAFMA— 1 )2 T K54k
B Z B TC B E M2 (P>0.05) , 5 HEHUIRAS E 1 FT SRR S T ARG T BRI DL —FE, KER
PR BRI T TR AR SE 2B (RO TE 0.947 UL |, HAWYIIAFIN B E/K T (P<0.01),

F2 THKRUERAREHERRESHYEL
Table 2 Composition and fractal dimension of soil water stable aggregates

AR AR K Rk AR T 23 LU 1 %

A= +E/em D, R?
=500  5.00~3.00 3.00~1.00 1.00~0.50 0.50~0.25 <<0.25 mm

E25 0~10 3.451 ¢ 9.886 ¢  17.153 ¢ 8.217 ¢ 7581b  53712a  2.803a 0.965%*
10~20 4524 ¢ 7.697b  16.618 d 7.934 d 6241b  56986a  2826a 0.957%x
20~30 4.988 d 6.644b 16358 ¢ 7.376 ¢ 7.065d  57569a 2837 a 0.960%
30~40 5.401 b 5718b 16171 ¢ 6.265 ¢ 8143 ¢  58302a 2840 a 0.9597+*
P i 0~10 14.798 a 9.556 be  26.823 a 9.788 a 6.072¢  32963b  2.687a 0.9477*
EaL ik 10~20 13.121 a 6531 ¢ 24316b 10.164 b 6876 b 38992 b 2.736 a 0.959%
20~30 7.639 a 5175 ¢ 22746ab 10289 b 9964b  44.187b 2747 a 0.974%x
30~40 4283 ¢ 4876 ¢ 20454 b 11.747 a 8462 ¢  50.178b  2.765a 0.9807*
YA 0~10 13.520 b 9.007b 27.824a 9.973 a 7574b 32102 b 2.665 a 0.956%*
T A 10~20 9.742 b 7.787b  25.890 a 12.658 a 6.236b  37.687b 2.682 a 0.963%
20~30 6.799 b 5.638 ¢ 24462 a 11.855 a 8754 ¢ 42492 b 2727 a 0.974%x
30~40 2523 d 6.039b 21.429b 12351a  10477b  47.181b 2756 a 0.984%
EVIALE ) 0~10 4603d 17259 a  22.661b 9.198 b  15468a  30.811c 2.636 a 0.9697+*
Tt 10~20 5048 ¢ 15.645a  21.058 ¢ 9272 ¢ 16393 a 32584 c 2.655 a 0.9687*
R% 20~30 5484 ¢  11.658a  21.828b 9598 b 16950 a 34482 ¢ 2.674 a 0.973%x
30~40 6.411 a 8346a 24.853a 10367b  12231a 37792 ¢ 2.700 a 0.976%

B ARRVNG FEERIRTERH ] L2 [ s e P SR AR ] 22 5 25 (P<<0.05) 5 FORMR R EAHIC(P<0.01)

2.4 TEEMESEIRES HHIE

P 3 AT, A 3 AT LB B 200 (4 A LR B 3ME) S AR HE R SR AR B s G A A iR
(1041 g-kg™) . AT B4 (8.60 g-kg™) . T2 ik (8.21 g-kg™) . FHIEHL(6.32 g-kg), Ttk
A BIURR LA B A T e 3 B A R RR A2 AR . P R HERR)R (0~20 em) JCP 842 il | 214K
B AR IR AL A O R A IR AR SR | 1 TR AT MILBI R 5P o Bl ) 48 e 12 L I M 2 S (P<
0.05); LHEFRIZ(20~40 em) Tor A2 i | SAE TG PR S AL P ot A AL IR B A Bl . Tk
AP B 2 B E25 57 (P<<0.05) , SAEH TG JC 28 AL IR FR I Fl IR LA e M 22 e 3% (P<
0.05), 1M JCeE 4 A2 FAfl RS AE ) 7 AR T SR BB AR S 22 5 AN 3% (P>0.05) o AN, DA -3 Thi ok
B, SMILERA LR R B 2 IR TR
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Figure 3 Soil organic carbon content of different planting patterns

25 TERABRGSEZMESENRNEXES T

HHER 3 AT, A HUR T A WL RIS 58 0T ok PR 4 2 (] 2 A Sk 2 T A DG (P<<0.01) , Hrfr,
S PR S TEPEA LR 8 BE TR 9 AH OC R B30 R 0.975 Fi1 0.954, T A HILER 5 165 A SRk A A G 3R
ek 0.975,

T HEHUARR E PR AR T AR AS H 3 B AR . TEMEE L . TR TR 2 G, RPN
E TR BRI B 4E %S =10.00, 10.00~7.00, 7.00~5.00, 1.00~0.50, 0.50~0.25 F1<<0.25 mm HFif 5
REIEAEX, Hd 5 1.00~0.50, 0.50~0.25 F1<<0.25 mm K2 A B4 S W E ml i B8 EA G, HCRE
53920 0.515, 0.745 F10.972, HLEASE T AT SRR 2 4E %8 5 5.00~3.00, 3.00~2.00 Fl 2.00~1.00 mm A
BEFAME, Hrpk 2.00~1.00 mm A8 A R 2 53 fUH S (H 2 R BN -0.632) . X U6 MLIR AR
P [ B AR 3 T 4k 8502 /R AR (1.00~0.50,  0.50~0.25 F1<<0.25 mm ) Fl o 2567 4% (5.00~3.00, 3.00~2.00 F1
2.00~1.00 mm) & & (2 B, RIA3 T AR B Rl /IR AR T SR A4 B 2 (X 38 T 38 in, il mp S50 428 A 3R A
(A B TN FAALR

TR YR WEEA LR . AR 6k S5 A R K (=10.00, 10.00~7.00, 7.00~5.00, <0.25 mm)
R, HP5=10.00, 10.00~7.00 mm Fi42 A R 2 82 5AH5C(P<0.01), 15 H $ 4 (5.00~
3.00, 3.00~2.00, 2.00~1.00, 1.00~0.50, 0.50~0.25 mm)S1EMF, JoH5 5.00~3.00 £l 3.00~2.00 mm
RIR BB EIEASE(P<0.01), HILATW, $8Ri1£(5.00~3.00, 3.00~2.00 mm) AR Smillie, SOk
#(=10.00, 10.00~7.00 mm)FIRIR S EHAL, A BT 508 WL TR B4 5

®3 TEAVBMLENHREEAREHEEXR

Table 3  Correlation between soil organic carbon and soil dry-sieved aggregates

MA WA R AN TR A2 - MU ARURR i M P SR A

Mk Hlik  FEBk =10.00 10.00~7.00 7.00~5.00 5.00~3.00 3.00~2.00 2.00~1.00 1.00~0.50 0.50~0.25 <<0.25 mm
AIEYER -0.456 -0.323 -0.220  0.135  0.111 0388 -0.265 0442 -0.632%* 0.515% 0.745%%  0.972%*
SANm 1 0.975%* 0.954%* —0.887** —0.903** —-0.319  0.928** 0.964** 0.123 0.041  0.170  -0.350
TEMEA LR 1 0.975%* —0.947+% —0.931*% —-0.282  0.957*%  0.964** (.022 0.116 0314  -0.202
JE55E Bk 1 —0.952%* —0.933** _-0.202  0.955%* 0.916%* —0.018 0218 0401  -0.091

VA, FRORTE 0.01 A CBUIN) AR B EAH G * RIRTE 0.05 ZKF (U ) - 5t 5 A4H 2

M2 4 nlA, EHOKERNE R AR 4805 ST AR | 5 AT AR I T sk 350 S A i 35 67 A G
(P<0.01), FXZRZBI I H-0.964, -0.930 F1-0.894, KEaVEF BRI 4E 805 /R ARk Ra bk B 1A
(<0.25 mm) S M 535 1F A ¢ (FH S R 0N 0.980) , i 5 rh /N ki 4% 7K B M 1] 86 & (=5.00, 5.00~
3.00, 3.00~1.00, 1.00~0.50, 0.50~0.25 mm) W|FEA 5t I 25wl b 38 R AHOG . [RIAILARRS A PR 25 R 2L,
XU A /IR KRS AT SR R B 38 NG R T i /KRR A SR AR A AR5, i rp /KA K R T SR R Ay 388 T
T2 AR K AR A SR AR AT 45
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x4 TEAVNBMTEKEEARCHEEXR
Table 4  Correlation between soil organic carbon and soil water stable aggregates
ANFPRLAR K R R
=5.00 5.00~3.00 3.00~1.00 1.00~0.50  0.50~0.25 <<0.25 mm
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