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down into the soil. Different letters represent significant difference (p<0.05). The same below
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Fig. 1 Soil bulk density and soil compactness relative to treatment
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Table 1 Soil aggregates composition, mean weight diameter (MWD) and water stability coefficient (K) relative to treatment
ANTRPRE AR - S 2R A
RS . .
KbF Composition of soil aggregates (mm) MWD
Determined K(%)
Treatment >5mm  5~2mm  2~1 mm 1~0.5  0.5~025  <0.25 (mm)
method
mm mm mm
CK ik 0.145 + 0.289 + 0.163 = 0.291 0.041 = 0.022 +
Dry-sieving 0.026¢ 0.053a 0.005a 0.051a 0.005¢ 0.005d 0355 + 3446 +
T2 iRES 0.006 + 0.007 = 0.005 = 0.054 + 0.265 = 0.663 + 0.011d 0.19d
Wet-sieving 0.001c 0.002b 0.001b 0.005b 0.021a 0.012a
EIS RS 0.249 = 0.294 = 0.126 * 0.198 = 0.057 * 0.045 =
Dry-sieving 0.027b 0.026a 0.009b 0.012b 0.005b 0.006¢ 0.640 + 46.07 +
ITAREN 0.037 + 0.031 % 0.031 % 0.086 = 0.225 0.560 = 0.013a 0.43a
Wet-sieving 0.005a 0.011a 0.008a 0.013a 0.019b 0.021c¢
SM Tk 0.304 + 0.271 * 0.110 = 0.179 = 0.057 * 0.078 =
Dry-sieving 0.016a 0.008a 0.015b 0.014b 0.008b 0.008b 0522+ 3830+
i i 0.029 + 0.012+  0.033+  0.055+  0225%  0.646% 0.009¢ 0.58¢
Wet-sieving 0.001b 0.002b 0.002a 0.006b 0.014b 0.026ab
SP Tk 0.215 = 0.255 % 0.116 + 0.232 + 0.078 = 0.104 =
Dry-sieving 0.018b 0.024a 0.011b 0.021b 0.006a 0.012a 0574« 4263 +
A 0.026 = 0.033 % 0.032 + 0.075 + 0.216 = 0.618 + 0.013b 0.33b
Wet-sieving 0.004b 0.006a 0.008a 0.010a 0.021b 0.027b

e RPARFE/NG F RIS A R AL B Y 22 5% B2 (p<0.05) .

different treatments (p<0.05). The same below

T [F] Note: Different letters represent significant difference in

2.4 AEFEFFIEE T R X 15 FE 78 B 4E ALY 20
A5 Rk B A R BE 5T A O A LB R AR 2 iy

N, AT T AR B 25081 MR A s Aoy
i, HARE AT B AR B R AL SRR A . 5 CK
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Fig. 2 Soil organic carbon content relative to treatment
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i3 5 I3 A T 1 o

R B 5w B Y b (HAC/FAC) &
S e A 3 A HL ST A AL AR B S AR AR . AER2
ATLLE H, FEFFA EH A B n T 3 HAC/FAC,
AR5 CKA, SMALH T +EHAC/FACIHI A
W, B RE; MEISSSPALFET 1 3%
HAC/FACTH M 0.8843 73 M2 1.1051.07, 4 hnia
BEAYBIN25% 521.6% . K& SRR Y B
SR, FE AT o0 A 30 ) A 9 R A 45 A ) B
I, A AR RO, IR, Rtk BEE
FARFEFA o S HIEA PRI AL, I L
PR AE J& 56 W) o v e o Lo S 2 4 v, EIS 5 SPXF -
HEHAC/FACIHIRZ W fe o I 3% o
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Table 2 Soil humus composition relative to treatment

8 B . e
R ik i B L e b
Ab 3 Humus substances o o AR R/ T LR Ak
Humic acid carbon Fulvic acid carbon
Treatments carbon ., . HAC/FAC
. (gkg) (gkg)
(gkg)
CK 7.17 £ 0.07¢ 3.35 £ 0.09¢ 3.82+0.07c 0.88 £ 0.03¢
EIS 10.58 £ 0.09a 5.47 £ 0.05a 5.11 £ 0.03a 1.10 £ 0.05ab
SM 9.78 £ 0.08b 4.88 £ 0.16b 4.90 £ 0.12b 0.99 £ 0.11ab
SP 8.25 £ 0.16d 4.33 £ 0.08d 392 +0.11¢ 1.07 £ 0.08a

- 2 i R €, U R B A log KO 1 B B ) o
SRR AR — N EESE R . AlogKfEMK, +
ST AR AR PR A Tog KRB/, TR 5 J5T 45
TR S . A0 B R 5w AR 1Y A log K
HWE3Fr R, M TFCKANEE, EIS. SM5SPAE
FE AT AL BB 0 T 48 & BRI A logK, L3
TBERE AT R12.4% . 16.1%521.7%; T +HEH]
iR, (A EISA RGN, B INIEEEH8.7%,
MSM 5 SPAHI 435 FBET7.7% . 15.7% . M
I, TR H Al AL B, 5 AR 5150 B ff £

B X B FAS R R, PR — S5
) JEL R AT A AR 2 2038 B SR 0 T R RS AF Y
JE RS AR, A o R Ak A B L5 A4
34 Ay T PR - SR A
2.5 FAREBHFEAFT R L IEHFER TN BY
A
A AEFEIE 7 30 - EHA A (8 A8 e 41
M (FTIR ) ZRfL AN AR . 5 4T 4
i S B S A7 S DR T e 2 920 em Ak
FFRXTFRAG HEC-HIM G 4R 8h 1, 2 850 om bR
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Alog K values of soil humus relative to treatment
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Fig. 4 Fourier transform infrared spectroscopy spectra (FTIR)

of soil HA relative to treatment
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Table 3 Relative intensity of the main absorption peaks in FTIR spectra of soil humic acid relative to treatment

Qb B HHIXF 38 J¥ Relative intensity (%) H.{H Ratio
Treatments 2920 cm’! 2850 cm’! 1720 cm™ 1620 cm™ 2.920/1 720 2 920/1 620
CK 1.231 0.294 1.389 2.324 0.886 0.529
EIS 1.698 0.352 1.308 2.034 1.298 0.835
SM 0.874 0.217 2.304 1.621 0.379 0.539
SP 1.246 0.332 1.065 3.326 1.169 0.375
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Fig. 5 Yield of maize relative to treatment
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Table 4 Correlation analysis of maize yield and soil physic-chemical properties relative to treatment

T R 3 e id A LK AR e/ LRk
Soil bulk density Soil compaction Soil organic carbon HAC/FAC
—0.780%** —0.917** 0.981%* 0.834%*

*: p<0.05, **: p<0.01
ﬂ: N
3 én 1w
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Effects of Straw Return on Soil Physico-chemical Properties of Chernozem in
Northeast China and Maize Yield Therein

FAN Wei WU Jinggui’ LI Jianming HE Ruicheng YAO Yanying WANG Duchao SUN Ling

WANG Caiyun
( College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China )

Abstract [ Objective ] With developing agriculture, the amount of crop residues increases, too,
posing a serious environmental concern of how to rationally utilize the by-product. Incorporation of
crop residue into the field is one of the optimal ways to recycle crop residue. In Northeast China, straw
is returned into the field normally in two ways. One is to plow the returned straw into soil, and the
other leave the straw over on the surface of the field as mulch. However, the traditional ways do have
some shortcomings, for instance, the returned straw is hard to decompose in the soil; it affects seedling
emergence; it makes tillage difficult, and so on. Consequently a now straw returning method is, hereby,
invented, that is, even incorporation of straw (EIS), which is implemented in two steps, 1) straw is crashed
into pieces, 1~2 cm in length and spread over the field by the combine harvesting the crop; and 2) the
straw is plowed evenly into the 0~70 cm soil layer, using the crashing-ridging technology. When the new
method is applied, the soil pan is tilled loose, thus reducing the soil bulk density, and improving the soil
structure. However, so far little has been done on effects of this new straw incorporation method on soil
physico-chemical properties and maize yields. Therefore, in this study, a field experiment was carried out to
evaluate effects of EIS on soil physico-chemical properties and maize yields by comparing EIS with other
straw returning modes or methods. [ Method ] The field experiment, laid out in a mono-cropping maize
field of chernozem soil in the Zhengbang Farm of Nong’ an County, Jilin Province,was designed to have
four treatments, i.e. Treatment CK (no straw returned), Treatment SM (straw returned as mulch), Treatment
EIS (straw incorporated evenly into the soil using the crashing-ridging technique) and Treatment SP (straw
plowed into the soil). Soil bulk density was determined plot by plot using the cutting ring method, and soil
compactness, too, with a soilcompactness meter; soil aggregates compositionanalyzed with the dry-sieving
and wet-sieving methods;and fulvic acid (FA) and humic acid (HA) extracted with the modified humus
component extraction method for analysis of structure with the Fourier transform infrared spectroscopy.
Besides, maize yields of the treatments were calculated. [ Result ] Compared with CK, Treatment EIS and
Treatment SP significantly reduced soil bulk density by 33.11% and 28.38%, respectively, and Treatment SM
did only by 12.16%, and similar trends were found in terms of effects on soil compactness. As for content
of >0.25 mm water-stable soil aggregates, Treatment EIS was 16.71%, 13.18% and 24.29% higher than
Treatment CK, SP and SM,respectively. However, all the straw returning treatments increased mean weight
diameter (MWD) and water stability coefficient (K), as compared with CK. Treatment EIS, SP and SM was
80.28%, 61.69% and 47.04% higher than Treatment CK in MWD, and 33.69%, 23.71% and 11.40% higher
in K. Moreover, Treatment EIS, SP and SM increased soil organic carbon content in the surface soil layer
by 27.8%, 15.9% and 7.5%, respectively. Meanwhile, Treatment EIS significantly increased the content of
soil humus substances (HEC), soil humic acid carbon (HAC) and fulvic acid (FAC) by 47.6%, 63.3% and

33.8%, respectively, as compared with CK. Among all the straw returning treatments, Treatment EIS was the
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most significant in effect of increasing the content of HEC, HAC and FAC, being, 28.2%, 26.3% and 30.4%,
respectively, higher than Treatment SP and 8.2%, 12.1% and 4.3%, respectively, higher than Treatment SM.
Treatments EIS and SP increased soil HAC/FAC, too, being 25% and 21.6% than CK. Moreover, Treatment
EIS altered the composition of humus more significantly than all the other treatments, by increasing the
proportion of alkyl C and the ratio of aliphatic C/aromatic C, but Treatment SP was relatively higher
than Treatment EIS in effect of raising the content of aromatic C. [ Conclusion ] All the findings in this
experiment demonstrate that straw returning decreased soil bulk density and soil compactness, accelerated
the accumulation of soil organic C and various components of humus, significantly changed the content of
> (.25 mm soil water-stable aggregates and the values of mean weight diameter (MWD) and K, improved
the structure of soil HA and increased maize yield, with the practice of EIS (even incorporation of straw)
in particular, which suggests that the practice of EIS might be an ideal straw returning method to improve
physico-chemical properties of the soil and maize yield.

Key words Soil bulk density; Soil aggregate; Soil organic carbon; Soil humus; Even incorporation of

straw
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