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Effects of Different Tillage and Straw Returning Patterns on Peanut Yield and Soil Fertility in

Upland Red Soil

LIN Xiaobing', HUANG Shangshu', ZHU Tong?, WU Lin', LIU Kailou', YAN Cong', ZHONG Yijun'"

(1 Key Laboratory of Arable Land Improvement and Quality Improvement of Jiangxi Province, National Engineering and
Technology Research Center for Red Soil Improvement, Jiangxi Institute of Red Soil and Germplasm Resources, Nanchang
331717, China; 2 School of Mechanical and Electronic Engineering, Jingdezhen University, Jingdezhen, Jiangxi 333000,
China)

Abstract: To explore the effects of different tillage and straw returning patterns on soil fertility characteristics and peanut yield in
upland red soil, a long-term fixed-site experiment was initiated in 2015 in Jinxian County, Jiangxi Province. A total of six treatments
were established: rotary tillage without straw (RC), rotary tillage with straw mulching (RSF), rotary tillage with straw burying (RSD),
plow tillage without straw (PC), plow tillage with straw mulching (PSF), and plow tillage with straw burying (PSD), and their effects
on topsoil physical, chemical, and biological properties, and peanut yields were studied. The results revealed that, compared with RC,
PC increased peanut yield by 4.20%. Compared with RC, RSF and RSD significantly increased peanut yield by 24.62% and 37.31%,
respectively. Compared with PC, PSF and PSD significantly increased peanut yield by 34.34% and 41.67%, respectively. Compared
with rotary tillage, plow tillage significantly increased topsoil depth (by 68.02%) and available topsoil volume (by 59.09%). Straw
returning patterns primarily influenced soil physical environment by reducing soil bulk density (by 2.63%-9.02%) and increasing
capillary porosity (by 10.85%—-101.25%), while also significantly enhanced macro-aggregate content. Straw returning significantly

increased soil nutrient contents including organic carbon, total nitrogen, total phosphorus, alkali-hydrolyzable nitrogen, available
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phosphorus, and available potassium (P<0.05), while also significantly enhancing soil enzyme activities and microbial biomass

carbon/nitrogen contents (P<0.05). Among these practices, PSD demonstrated the most pronounced improvement effects. The

integrated soil fertility index (IFI) reached 0.71 under PSD, increased by 26.79%—-255.00% compared to other treatments. Correlation

analysis revealed significant positive correlations between peanut yield and soil chemical fertility indexes, biological fertility indexes,

and IFI (R*=0.70). In summary, plow tillage with straw burying (PSD) is the optimal management practice for improving soil

physical properties, enhancing overall soil fertility, boosting soil enzyme activities and microbial biomass carbon/nitrogen, and

promoting peanut yield in upland red soil systems.

Key words: Straw returning; Tillage; Red soil; Soil fertility index; Peanut yield
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Table 1 Tillage and straw returning patterns in field experiment
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Fig. 1 Peanut yields under different tillage and straw returning
patterns
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Table 2 Soil physical properties under different tillage and straw returning patterns

b3 RE PHREE  A¥E R BELRE ETEARE BILEE WEeKE  BERKE BEEKE
(g/em®) (cm) (10°kg/hm?) (%) (%) (%) (%) (%) (%)
RC 122+0.02a 1260+0.80b 154+0.10b 8.83+1.65cd 41.98+224ab 50.81=1.13a 41.50+0.39b 3429+1.67a 2645+2.56a
RSF 1.14+0.07ab 1233+ 040b 141+0.12b 12.57+3.31ab 39.38+0.59b 51.95+3.19a 45.55+4.63 ab 34.47+1.582a 25.10+1.08a
RSD 1.11+0.02ab 12.83+0.35b 1.42+0.02b 11.34+0.21 abc 41.10+3.61 ab 52.44+3.41a 47.32+3.96a 37.09+3.96a 22.79+0.49 a
PC 1.16+0.04ab21.17£0.71a 245+0.06a 10.88+0.34bc 43.21 +0.34ab 54.09+0.67a 47.84+2.05a 37.77+127a 2391 +149a
PSF 1.17+0.04ab 2127+040a 249=0.04a 7.19+2.03d 4448+131a 51.67+192a 4426=321ab 38.09+2.16a 24.53+2.20a
PSD 1.10+0.04b 21.50+£0.75a 236+0.07a 1447+1.64a 3932+386b 53.79+224a 49.02+0.38a 3578+223a 2439+1.75a
T NS ok o NS NS NS NS NS NS
S ok NS NS * NS NS NS NS NS
TxS * NS NS o NS NS NS NS NS

T WFER/ NG B Rl R A B R 22 53 1 35 (P<0.05); *,

ERm; TR,

w0 RALBREZ R 15 P<0.05 1 P<0.01 /K, NS EKREA T

x3 HHMEAXMBEFT BN LIEFARASHEIZNT

Table 3  Soil aggregate structures under different tillage and straw returning patterns

b >2 mm (%) 025~2mm (%)  0.053~025mm (%)  <0.053 mm (%) Ro.2s (%) MWD (mm)
RC 8.13+0.55c 44.97 £ 143 cd 3504+ 1.23a 11.86 + 1.98 ab 5310+ 1.53¢c  0.728+0.019d
RSF 9.54+043b 48.82 £3.22 ab 31.85+3.72 abe 9.79 + 0.42 be 58.36£3.54ab  0.794 % 0.037 be
RSD 10.22 £0.47 ab 50.87+1.83a 28.28+2.79 ¢ 10.62 + 0.83 be 61.10+2.11a  0.825+0.023 ab
PC 717+0.45d 43.40£0.77d 3579+ 1.63 a 13.65+1.88 a 50.57+034¢c  0.693+0.001d
PSF 9.94 +0.47 ab 47.16 £ 1.46 be 33.03+1.28 ab 9.87 +0.29 be 5710+ 1.08b  0.785+0.008 ¢
PSD 10.61 £0.32a 50.84+1.11a 30.23 + 1.51 be 832093 ¢ 6145+133a  0.834+0.015a
T NS % NS NS * NS
s %k *k kk *k kk kk
TxS NS NS NS o NS NS

2.3 TEAFEMER

BV 7 AT 384 HLB AT 5 2 5 A (P<0.05)
FoEAT A FUR AR T 4855750 1 CHE R -, Bk pH 44
Ah, FEFRAHEX ALK . 2R, 2. A .
PR ST AN R R S R i E SR A DR A (S
(P<0.05). 7EHE# T, 5 RC 4b#AHLEL, RSF Al
RSD AbsATHLAR . &% . 0. WA . A5
A S B IIRE T 3.39% ~ 9.71%. 5.00% ~

11.00%. 10.00% ~ 15.00%. 5.80% ~ 12.59%. 20.08% ~
28.50%. 5.93% ~ 13.34%; 7E#BF=UT, 5 PC AbHE
FHIG, PSF #l PSD AHRE- T340 bR 3 545 1 3.88% ~
15.63%. 4.95% ~ 13.86%. 9.84% ~ 21.31%. 9.71% ~
13.91%. 20.59% ~25.96% . 7.41% ~ 17.50%. M3k
SEREPR IR THIE R A, R PSD>RSD>PSF>RSF
(AN, M-3RI A B ERAE , AT BHAE A B - 3y
RO TREFFE T, Hodh PSD AR5

£4 HHERRAFEFRE B LS RA S
Table 4  Soil chemical properties under different tillage and straw returning patterns

Qb B pH FHlik(g/kg) R (gke)  LWigkg)  AW(gkeg) B A(mgke) ARBE(mg/kg)  HBUH (mg/kg)
RC 4.77+0.09a 8.86+025d 1.00+£0.02c¢c 0.60+0.03¢c 11.58+0.47a 105.86+428b 9.51+0.74c¢ 168.50 £ 6.45 ¢
RSF  4.79+0.04a 9.16+0.14c 1.05+0.04bc 0.66+0.03b 11.64+0.39a 112.00+8.63ab 11.42+1.08ab 178.50 + 13.34 bc
RSD 4.80+0.05a 9.72+0.13b 1.11£0.05ab 0.69+0.04b 11.70+£0.30a 119.19+3.14a 12.22+0.73a 190.98 £ 8.66 ab
PC 4.79+0.06a 9.02+0.18cd 1.01£0.02¢c 0.61+0.03¢c 11.57+0.07a 10639+3.82b 9.86+0.88bc 172.66+3.75 bc
PSF  4.80+0.09a 937+0.15bc 1.06+0.03bc 0.67+0.02b 11.62+0.38a 116.72+1.68ab 11.89+0.49a 185.46+21.43 abc
PSD 484+0.06a 1043+0.50a 1.15+0.03a 0.74+0.03a 11.77+025a 121.19+8.70a 12.42+1.18a  202.87+5.67a

T NS * NS NS NS NS NS NS
TxS NS NS NS NS NS NS NS NS
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Fig. 2 Soil enzyme activities and microbial biomass carbon and nitrogen contents under different tillage and straw returning patterns

x5 HHMEAXMFEFTEX LIREH KR
Table 5 Soil fertility indexes under different tillage and straw returning patterns

Ab 3R I AL SR 5L TIEAENE T 5% YN TR % TIEGENE T 5%
RC 0.23£0.03d 0.22+£0.09d 0.15+£0.03 ¢ 0.20+0.04 d
RSF 0.36+£0.15¢cd 0.43+0.19 be 0.51+0.10b 0.42+0.06 c
RSD 0.46£0.13 be 0.61+0.10 ab 0.66 £ 0.15 ab 0.56 £0.04 b
PC 0.50 £ 0.05 be 0.26 +0.07 cd 0.27+0.12¢ 037+0.02¢
PSF 0.53+£0.10 ab 0.51+0.15b 0.60 £ 0.07 ab 0.54+0.08 b
PSD 0.66 +0.06 a 0.75+0.09 a 0.76 £0.19 a 0.71 £0.05 a

http://soils.issas.ac.cn



55 6 1) MONRAE . RFEIBHE S REFFIE T 7 2O SR 21846 A 7 o e 3T T )52 1415

2.6 HEXEDH I

Ha sl S 3 4 ORI AL A 7 o B — T 2k ] ) Nt — LR L TR BORIAE A 7 i S
HRR(E 3), FTBLEERELE, PES/NT 001,  WEL AL A FIAEYHR R R, S A T AR SR A
PP RS PR RO R B IEADCCR Rt (B 4), SRRY, BN a8 25 0k
HOYEAE AR EOL, 4% BB R R TS T 070, JZEE . AXGHE LR RASKE | BERKE
RUEA W] B2 B LA A RGNS MBS BIAS A R AR S W IE MG S AL

55| »=3.24+2.51x, R=0.33 ¥=3.19+2.59x, R*=0.70
55
NE o
£ 50 % 5.0
- )
g 45 2 45
1z g
40 40
4 e
® ®
35 35
02 03 04 05 06 07 0.2 0.4 0.6 0.8
I ERAR 45 K et = WPAE R
6.0
=3.2242.39x, R*=0.75 y=2.74+3.54x, R*=0.80
~ 55 ~ 33
2 2 45
® 5
*"{:1 4.0 i} ’
S R o35
35
3.0
0.25 0.50 0.75 1.00 0.2 0.4 0.6 0.8
T HEYIIC S E TR IE S E K
E3 TIERAMEHSHESFSEMEXME
Fig.3 Correlations between soil fertility indexes and peanut yield
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Fig. 4 Correlations of soil properties with soil fertility indexes and peanut yield
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