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Effects of tillage methods on physico-chemical and microbial characteristics of
farmland soil and nutritional quality of wheat

JIA Meng-yuan, HUANG Lan-mei, LI Qi-cong, ZHAO Jian-ning, ZHANG Yan-jun, YANG Dian-lin, WANG Hui"
( 1 Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2 Tianjin Engineering
Research Center of Agricultural and Environmental Remediation Technology, Tianjin 300191, China )

Abstract: [ Objectives ] Tillage methods affect soil health and crop nutritional quality. We compared the soil
physio-chemical and microbial properties as affected by tillage methods, discussed the correlation of tillage
methods with wheat grain quality. [ Methods ] A field experiment was established in 2012 in Dezhou,
Shandong Province, the main planting system was winter wheat—summer maize rotation. The four treatments
were conventional tillage (CT), rotary tillage (RT), fallow tillage (FT) and no-tillage (NT). In 2020, after
harvest of wheat, soil samples (0-20 cm deep) were collected to analyze physicochemical and microbiological
properties, and wheat grain samples were collected for determination of nutritional quality. [ Results ] NT, FT
and RT treatments significantly increased contents of soil water, ammonium N, nitrate N, organic matter, total N,

and available P compared with CT, while FT significantly increased soil bulk density and decreased soil porosity.
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NT, FT and RT treatments significantly increased soil microbial biomass C and N contents as well as the diversity
index of soil bacterial community. FT and NT treatments increased the relative abundance of soil Firmicutes and
Verrucomicrobia but decreased the relative abundance of Actinobacteria. In terms of nutritional quality, FT
treatment significantly increased the content of protein, starch, and micronutrients in wheat grain. RT and NT
treatments also significantly increased the protein content of wheat grain. Except for aspartic acid, other 16 amino
acid compositions changed in a trend basically consistent with the total amino acids. Pearson correlation analysis
and RDA results showed that the contents of starch, Fe, Zn, and Se in wheat grain were significantly and
positively correlated with the contents of soil water, ammonium N, nitrate N, available P, microbial biomass C,
and microbial biomass N. Ammonium N (£=25.7, P=0.002), microbial biomass C (F=4.9, P=0.008), total N
(F=3.3, P=0.028), and soil pH (#=3.1, P=0.036) were the main environmental factors affecting wheat nutritional
quality. [ Conclusions ] Tillage method with minimum soil disturbance alters soil environmental factors and
bacterial community structure to different degrees. Compared with RT and NT, FT can be more beneficial to the
accumulation of protein, starch, microelements, amino acid composition and content in wheat grain, which is an
effective tillage method to improve soil health and wheat nutritional quality.
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A 525 (P<0.05). SEG#HEMLL, Bedk.
TRHF . bbb B I T RS A SR,
FEE 14.48% . 27.83% 1 11.76%, HAK#ALFEE T
BERF AR BE (P<0.05), +HER SRS A R & &
£ 4 PN b3, HERMEE, ¥R
WRARB> > TR S E (P<0.05), 1AL, 5
RGEBERI L, Hofth 3 DMHHEAL IR B E e M T 1
SEMAITT R, HIEAILTEET A 35.28%~
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®1 AEHAER RN T LRI R
Table 1 Soil physical properties under different tillage methods

43 Treatment + 325 Soil bulk density (g/em®)  HIEFLERE Soil porosity (%)  H3EF/KE Soil moisture (%)
fEGHHE Conventional tillage 1.29+0.02 b 51.42+0.87 a 12.82+0.05 d
ek Rotary tillage 1.31£0.01 ab 50.50+0.32 ab 16.74+0.24 b
KB Fallow tillage 1.35£0.02 a 49.80+0.74 b 17.57+0.30 a
ek No-tillage 1.32+0.02 ab 50.20+0.67 ab 16.01+0.10 ¢
T FSIERE A R 5B m A B 22 53 0.2 (P<0.05).
Note: Values followed by different letters in a column indicate significant difference among treatments (P<0.05).
®2 TEHEARTHIRLFE MR
Table 2 Soil chemical properties under different tillage methods
b3 . SR (mg/kg) A (mg/kg) AHHL (g/kg) 2R (gke) R (mg/kg)
Treatment P Ammonium N Nitrate N Organic matter Total N Available P
(e 7.98+0.02 a 4.4240.12 ¢ 15.17£0.07 d 9.41x0.08 d 1.44+0.18 d 16.09+0.01 d
Conventional tillage
Jie#k Rotary tillage 7.94+0.02 a 5.06+0.08 b 18.43+0.35 ¢ 14.68+0.20 a 1.44+0.01 ¢ 16.95+0.03 ¢
{R#F Fallow tillage 7.92+£0.03 a 5.65+0.02 a 26.38+0.12 a 12.73£0.19 ¢ 1.49+0.01 a 18.27+£0.03 a
S No-tillage 7.95+£0.02 a 4.94+0.01 b 21.65+£0.04 b 14.00+£0.25 b 1.47+0.01 ab 17.90+£0.04 b

. [FSEER S AN R AR R A PR 22 5 8 3 (P<0.05),

Note: Values followed by different letters in a column indicate significant difference among treatments (P<0.05).
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6.73%~8.93%) MZFH U] (Gemmatimonadetes,
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2.2.3 FHETT A0 3R AN T Alpha Z2FE 1 195200
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Fig. 1 Changes in soil microbial biomass carbon and nitrogen under different tillage methods
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Fig. 2 Venn diagram of OTUs distribution of soil bacteria and column diagram of bacterial relative abundance
at phylum level under different tillage methods
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Fig. 3 Changes of relative abundance of soil bacteria categories under different tillage methods
TE: AR BRI BN W) — B AR B R) 22 53 35 (P<0.05).

Note: Different letters above the bars significant difference among treatments of a phylum (P<0.05).

*3 TRMEAF R TLIRME Alpha SRR
Table 3 The diversity index of soil bacteria at alpha under different tillage methods

Qb Shannonf§ %% Simpsonf§ %X Chao 5% ACEFR%
Treatment Shannon index Simpson index Chaol index ACE index
fEGHHE Conventional tillage 9.73+0.04 b 0.9966+0.00 b 3974.88+29.39 b 3925.58+27.20 ¢
JiE#k Rotary tillage 9.88+0.13 a 0.9971+0.00 a 3883.78+14.73 ¢ 4047.74+37.79 b
Pk Fallow tillage 9.94:+0.22 a 0.9972+0.00 a 4098.70+21.39 a 4169.06422.50 a
B No-tillage 9.92+0.13 a 0.9972+0.00 a 4045.13+39.89 ab 4099.07+29.52 ab

TE: [FFVER IS AN R R R A PRI 22 53 B 35 (P<0.05).

Note: Values followed by different letters in a column indicate significant difference among treatments (P<0.05).
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Fig. 4 The total amino acids and 17 kinds of amino acids in wheat grains under different tillage methods
TE: A DR RISEREFRR AL A 22 53 3 (P<0.05).

Note: Different letters above the bars indicate significant difference among treatments (P<0.05).
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Fig. 5 Protein and starch contents in wheat grain under different tillage methods

T R AR R A R 22 55 3 (P<0.05).

Note: Different letters above the bars indicate significant difference among treatments (P<0.05).
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0.036) SZFEM/NAEFFRLE % b T ) FZEASE R . Al
FHZS K J7 B ALK B T X0 i A 35 % i o i A
Mg T Rl (E 8)o ANFIMBHE X /NE 2
T eI K DL e - SR T AR B W IR
B (P=0.637%*, P=0.346**), [A]i} +IEHEIN T4
35 520 - AN R AR (P=0.663%**), +IEIFEE A

®4 HEARXPEIFRINET RSN (mg/ke)

Table 4 Effects of tillage methods on trace element content in wheat grain

AbH Treatment Ca

Fe Zn Se

&G HE/E Conventional tillage 313.25+3.20 ab

JiE#k Rotary tillage 306.50+3.52 b
{A#F Fallow tillage 320.25+2.78 a
e No-tillage 318.00+2.68 a

33.025+0.62 b 18.800+0.33 ¢ 0.0098+0.01 ¢

33.725+0.69 ab 21.600+0.26 b 0.0141+0.01 b

35.425+0.38 a 23.125+0.46 a 0.0179+0.01 a

33.800+0.47 ab 20.675+0.18 b 0.0120+0.01 be

T [RFVEE IS AR R R A BRI 22 5 B 3 (P<0.05).

Note: Values followed by different letters in a column indicate significant difference among treatments (P<0.05).
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Fig. 6 Correlation analysis between soil environmental factors and wheat nutrient quality

Note: *—P<0.05; **P<0.01.
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Table 5 Pearson correlation analysis between main bacterial flora in soil and wheat nutrient quality

40 Bacterial phylum Yk Starch  FE AT Protein - & JELAR M B Total amino acid Ca Fe Zn Se
ASIE 1] Proteobacteria 0.537* 0.453 0.063 0453 0462 0436  0.547*
FRATH] Acidobacteria 0.332 0.189 0.402 -0.023 0215  0.188  0.265
AT ] Bacteroidetes 0.379 -0.072 —0.062 0340 0317 0478  0.539%
JiZk 1 Actinobacteria —0.344 —0.624** —0.629%* 0451  —0.348 0 -0.110
ZEHUEET] Gemmatimonadetes -0.305 - -0.470 -0.448 -033  -0.218 —0.288
PERYTE ] Verrucomicrobia 0.748%* 0.444 0.609* 0.450  0.501*  0.547*  0.558*
7 %17 Thaumarchaeota -0.391 —0.407 —0.656%* 0494 -0352 —0.022 —0.180
7% K] Planctomycetes 0.483 0.121 0.495 0.178 0266 0398  0.484
JEEER ] Firmicutes 0.477 0.372 -0.017 0.524*  0.099  0.603*  0.550%
L5351 1] Chloroflexi 0.287 0.175 0.605* 0403 0241 0102 0212

*—P<0.05; **P<0.01.

0.8 F

Axis 2 (8.3%)

Axis 1 (79.69%)
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Fig. 7 Redundancy analysis (RDA) of soil environmental
factors, soil bacterial communities, and nutrient

quality of wheat grains
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Note: SBD—Soil bulk density; SP—Soil porosity; SM—Soil moisture;

SOM—Organic matter; TN—Total N; AP—Available P; MBC—

Microbial biomass carbon; MBN—Microbial biomass nitrogen;

TAA—Total amino acid.
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Note: The thickness of the path line represents the intensity of the path coefficient: ***—pP<0.001; **—P<0.01; *—P<0.05.
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