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Effect of annual rotation and fallow pattern on the soil glomalin and aggregate stability

XIA Zitai, ZHAO Jixia, LI Yongmei, WANG Zilin, FAN Maopan”

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract : Unreasonable land use methods severely affect soil erosion on sloping farmland. The central government has proposed to promote
a pilot farmland crop rotation and fallow system. To explore the influence of annual rotation and fallow patterns on the glomalin—related soil
protein and aggregate stability, this study set up four treatments : vetch—-maize rotation, pea—maize rotation, fallow—maize, and year-round

fallow through field experiments. Subsequent changes to soil aggregate, glomalin—related soil protein (GRSP), and organic carbon (SOC)
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under these different planting patterns were analyzed. The results showed that the large aggregates (>0.25 mm) content and aggregate

stability in the annual fallow treatment were higher than those in other treatments. The GRSP and SOC content in vetch—maize rotation,

pea—maize rotation, and year—round fallow treatment were higher than those in fallow—maize treatment; in particular, those in the year—

round fallow treatment were highest. The structural equation model analysis indicated that GRSP had a direct positive effect on SOC and

DOC, and an indirect effect on aggregate stability. The effect of each factor on MWD was in the order: WSAq2s (>0.25 mm water stable

aggregate) >DOC>total GRSP>SOC>easily—extractable GRSP. Correlation analysis showed that GRSP was linearly positively correlated

with SOC in different aggregate sizes, but the correlation coefficients were different in different sizes. In summary, a reasonable crop

rotation and fallow pattern can help restore soil fertility, improve the quality of cultivated land, and reduce soil erosion.

Keywords: crop rotation; fallow; glomalin—related soil protein; organic carbon; aggregate stability; structural equation model
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Table 2 Aggregate composition and stability indicators under different planting patterns

AR B Aggregate composition/%

AL P Treatment MWD
>2 mm 0.5~2 mm 0.25~0.5 mm <0.25 mm >0.25 mm
V-C 15.36+5.36b 41.14+3.61ab 17.18+1.86a 26.32x1.64a 73.68+1.64¢ 0.92+0.07b
p-C 22.79+1.59ab 41.84+2.53ab 16.18+1.13a 19.19+2.90b 80.81+2.90b 1.06+0.05ab
F-C 26.03+4.13a 38.07+0.40b 17.33+1.88a 18.57+2.71b 81.43+£2.71b 1.08+0.08a
F-F 27.65+5.03a 46.41+4.89a 14.38+1.80a 11.56+0.68¢ 88.44+0.68a 1.20£0.05a

1 [ BAR [a) F=B: 3R AN TRl Ab B E) 22 53 .35 (P<0.05) . R,

Note: Different letters in the same column indicate significant differences among treatments (P<0.05). The same below.
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RAIRR G Z 0] GRSP Y 7 5t W JC B o AL . M EE-
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o, F-C Ab PR A1 .
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g IF H I —E A, B[R] AN [m] Ab 3
SOC & f& i R B/MR IR By F-F . P-C . V-C .F-C. 7E
>2.0.25~0.5 mm F1<0.25 mm 3 MR T, 5 F-CHi
Fe, F=F 43 51 8 3452 55 66.76% . 16.90% F1 64.50% (P<
0.05) , P-C {E>2 mm 1 0.25~0.5 mm B> ki 2% F i 2
T F-C(P<0.05), V-C H7E>2 mm Fi % B 24 & T
F-C(P<0.05) . [A]—A4bHRAS AR 2% 18] SOC & B %A
B . AN E AL EE 48R DOC 19 o8 62.27~
134.37 mg - kg™, F-F A0 3 AR 43 0L 2 i T H A b
L, FE>2 mmKige N, F-F & 25 T HA 3 Rl b B (P<
0.05),P-C B & & T F-C(P<0.05) ; 7EH A 3 MR R
BALPREINE A 8225 MRRIRZE &+ DOC
F) 5 B ,<0.25 mm g DOC F fefe /b LA AR
55138 0>0.25 mm R AR FIF DOC I L-AF
2.3 GRSP.SOC AR BEMEM A EET S

S B GRSP X SOC 1P 5 A4S 5 14 i 52 i), 3
o ST AR AR (1 1) XA S FE bR EA T 20 M, XY
df P{H .RMSEA ,CFI. TLIFl GFI & B , 1A 758 i B
IF BB R AR ME AR R, HBRRERT
T-GRSP X SOC #1 DOC {4 B4 W IE 52, f42 3
B354 0.76 F10.50 3 SOC %F>0.25 mm 7K Fa 1k 41 B 4k

R3 AEFEERX TERUREARMEH GRSPASOCEE(mg-g ™)

Table 3 Contents of GRSP and SOC in aggregates of each size under different planting patterns (mg-g™")

R Aggregate size Qb T Treatment EE-GRSP T-GRSP SOC DOC
>2 mm V-C 0.27+0.04a 1.77£0.15a 19.26+2.34a 81.53+3.78bc¢
p-C 0.25+0.05ab 1.70£0.07a 21.10+2.06a 97.01+10.14b
F-C 0.19+0.02b 1.53£0.09a 13.45+£2.93b 73.18+5.43¢
F-F 0.32+0.00a 1.79£0.14a 22.43+1.59a 134.37+10.75a
0.5~2 mm V-C 0.28+0.02a 1.67+0.16ab 19.52+3.34a 100.49+23.32a
p-C 0.25+0.04a 1.68+0.15ab 20.37+0.98a 93.63+1.77a
F-C 0.17+0.02b 1.38+0.05b 17.89+1.25a 109.14+22.52a
F-F 0.31+0.04a 1.88+0.22a 23.57+3.65a 126.88+23.95a
0.25~0.5 mm V-C 0.24+0.05a 1.61+0.13ab 16.92+0.99ab 89.73+13.39a
P-C 0.21+0.03ab 1.65+0.10a 18.91£1.59a 85.11+11.82a
F-C 0.15+0.01b 1.37+0.05b 16.33+0.25b 107.24+16.60a
F-F 0.28+0.02a 1.72+0.13a 19.09+0.77a 100.18+12.76a
<0.25 mm V-C 0.25+0.03a 1.63+0.05b 17.48+1.18ab 84.69+13.06a
pP-C 0.21+0.06ab 1.63+0.14h 17.86+1.76ab 79.25+7.66a
F-C 0.15+0.01b 1.22+0.03¢ 12.93+1.79b 62.27+4.28a
F-F 0.28+0.01a 1.83+0.02a 21.27£3.71a 82.40+13.74a

1% WHART]
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EE-GRSP 5 SOC 2 IE A& K R A RS R 1 AH
X BB/ T 22 5 ,>2.0.5~2 mm F1<0.25 mm 34
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A B AR RS T T-GRSP 5 SOC B R IEAH K KR L HA
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X
=0.712
707

P=0.491
RMSEA=0
CFI=1
FLI=1.062
GF1=0.960

O R AR IE TR, 1 07 Sk 2R T,
kS BT R B AR R AL
The orange arrow represents the positive impact, the blue arrow represents
the negative impact, and the number next to the arrow

represents the path coefficient

Bl 1 GRSP.SOC 0 H Rk 5175 FRAE R
Figure 1 Structural equation model of GRSP,SOC and aggregate

F4 HIELETFI MWD B B 8380

Table 4 Direct and indirect effects of various soil factors on MWD

-+ BRSO [E AL SN
Factor Direct effects Indirect effects Total effects
EE-GRSP -0.184 0.253 0.069
T-GRSP -0.056 0.614 0.559
DOC 0 0.858 0.858
SOC 0.153 0.220 0.373
WSA2s 0.962 0 0.962

F10.76, ik B /K, 7E>2 mm F10.25~0.5 mm i SHL
B F S R BN AL . M GRSP F1 SOC FAE 1) 43 47
LA , 7E0.5~2 mm K 9% N GRSP #1SOC 1) 7 i H 7E
HARL T = o

3 g

A SR AR - MR AN F B FEAR AL AP, 2
SEFROMAFAE R BT, A SRR R AR E B9 L3 mT LA

| R=0.73%+ 4
B [ J
R>=0.33"
251 R=0.62* +
W 20F
i E
E E
2 E,=
s Feo - T ®m R Aggregate
I @ <0.25 mm
>2 mm
- 0.25~0.5 mm
of - 0.5~2 mm
1 10 Laliiiy i 10 111 by 1
0.15 0.20 0.25 0.30 0.35
EE-GRSP/(mg-g™)
*FRRK P<0.05, ##FR P<0.01 NS F/RZERALF ,n=12, F[F
* means P<0.05,** means P<0.01,NS means the difference is not
significant,n=12. The same below
B2 AEHAREHLE T EE-GRSP 5 SOCHIX &
Figure 2 The relationship between EE-GRSP and SOC at
different aggregate size
R'=0.76*
3 +
" R=0.44" e
251 R'=0.84% A
¥ o0k
Yo} =3
EF
] E
2 E ‘
s = R Aggregate
L@ @ <0.25 mm
>2 mm
S - 0.25~0.5 mm
10
~—+— 0.5~2 mm
Lo 1l L1 i1l T 1L [ J
1.2 1.4 1.6 1.8 2.0

T-GRSP/(mg-g™)
3 REIAREHLE T T-GRSP 5 SOCHIX R
Figure 3 The relationship between T-GRSP and SOC at

different aggregate size
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