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AEALFE 0 ~ 40 cm )22 A S H BN 11.2% F122.3%; 7E 0~20 cm T2, A HLICHLE RS FF2 FH B A A B A HLR |
S RN BT A ) v T R AR AR B, T LR F A P T it A I A 2 A A LB A A i A i P ) o R R AR A B, 3%
B RS 345 FH B bt AR AT T AR T3 0 (R R 2 T RS SRR bAh, RIS 3T T/ =, (HAEARAL . A HLICHLECE A
FEFT A P A A 3 2 ) T (385 2 5 5 AT PR Tt P MR Ak Bt 49 o 5 ORI H 3 P SR T AR B B, 45 Bt A IR A BEA L,
FEFFIA HH e A N AL B AT Al 4 e AR B4R = 14.9%, H =R 39%; KIIMAL T 60 cm DL -+ 20 4 mAa 50 S 5Bk
FAET i R BIA E E IEA DG, RN R S E A KA 20, 5L, LT Rt IE A a HLICHLIE Eit, #5
R Pt P AE %ot 2 N A R 2R e A0 5 P 7 R 3R Bt o

EBER: KM, HERm; FEFRAH; HIERTREG (EYr-R

HhESHES: S158 MHFRERG: A

Effects of Long-term Fertilization on Soil Profile Quality of Sweet Potato and Wheat System
LI Xiang'?, NING Qi', ZHOU Jiayi'®, XU Cong'?*®, WANG Lei', YUAN Jie', WANG Jidong"**, ZHANG Yongchun'?*?,
CHEN Yahua®, ZHANG Hui"**"

(1 Institute of Agricultural Resources and Environmental Sciences, Jiangsu Academy of Agricultural Sciences, Nanjing 210014,
China; 2 School of the Environment and Safety Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China; 3 College
of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: A field random plot experiment was carried out on yellow-brown soil to study the effects of 4 fertilization methods
including no fertilization, inorganic fertilization, organic - inorganic fertilization and straw return with inorganic fertilization on
soil profile quality and crop yield. The results showed that after 13 years of continuous fertilization, the contents of soil organic
matter (SOM), total nitrogen (TN), alkali-hydrolyzed nitrogen (AN), total phosphorus (TP), available phosphorus (AP) and
available potassium (AK) under different fertilization treatments decreased with increasing of soil depth. Long-term application
of inorganic fertilizer acidified the soil, while combined application of organic and inorganic fertilizers effectively alleviated soil
acidification. Compared with no fertilization treatment, inorganic fertilization treatment only had a significant effect on nutrient
contents in topsoil layer (0—20 cm), while organic-inorganic fertilization and straw return with inorganic fertilization treatments

significantly increased nutrient contents in 0—40 cm soil layer. Compared with inorganic fertilization treatment, TN content in
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0-40 cm soil layer under organic-inorganic fertilization and straw return with inorganic fertilization treatments increased by
11.2% and 22.3%, respectively. In 0—20 cm soil layer, the contents of SOM, TP and AP under of organic-inorganic fertilization
and straw-return with inorganic fertilization treatments were higher than those under inorganic fertilization treatment, and the
contents of SOM and AK under straw return with inorganic fertilization treatment were higher than those under inorganic
fertilization treatment in whole soil profile, which indicates that long-term straw return can promote the migration and
accumulation of nutrients to deeper soil layers. Moreover, long-term fertilization significantly enhanced wheat yield, but no
difference was found among inorganic fertilization, organic-inorganic fertilization and straw return with inorganic fertilization
treatments. The straw return with inorganic fertilization treatment reached the greatest improvement in soil quality index (SQI)
and crop yield, with straw return increased SQI by 14.9% and sweet potato yield by 39% compared to inorganic fertilization. SQI
of above 60 cm layer under long-term fertilization had significant positive correlation with annual crop yield, indicating that the
effect of soil profile nutrients on crop growth should not be neglected. In conclusion, compared to inorganic and organic-inorganic

fertilization, return straw with inorganic fertilization has the best effect on fertilizing soil and increasing crop yield under the

sweet potato and wheat rotation system.

Key words: Long-term fertilization; Soil profile; Straw return; Soil quality index (SQI); Crop yield
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1.1 K IEHhEER

H N AR I O IR B 1A T 2011 4,
BB T VLI E B AT N A 55 56 3k Hb (32°28'N
118°37'E), YHIAEHIIRE 16.2 ~ 17.6 'C, 4EHIFEK
#1100 mm, THEWL 237d, KK 28k
HARHE, WA HEZ(0 ~ 20 cm)+ 33 pH 6.48, A HLIE
T 13.31 glkg, AT 0.73 g/kg, AT &

6843 mgkg, S 045 gkg, AW 7.02 mgkg,
LA A 77.8 mg/kg.
1.2 REigit

AR A NI E -4/ — A
P HEAT, f04% 4 A0 HE . AHEAR(CK) . Huit
RHEQF) . A HLTEHLECHE (A HLIE AR 30% &L,
OIF). FEFFAHECHIfLIR(/NZE | H BSR4 2 3E
H At TF AbFRAE R ILAE, SR), AFAMAbFHI &
3WHEKE, /NXHEH 33.3 m*(5 m x 6.66 m), FHHLIX
HHEH . A . AL AIERRZE (N 460 g/kg).
I BEFRES (P,05 140 g/kg) FIGILH (KC1 600 g/kg).
BLIESK A7S A3y, 2 RS FERUE 386 2 L,
H N P,0s. K0 EiEdiillly 14.6. 8.1, 11.0 g/kg.
/N TR E B SN (70%) FEE IE(30%)iEA , BEAE . 4
B A HUESVE R IR — R H R B
BRAEAIA HLARIIVE B — IR A B2 H | /)
FWERIE RS A 3RI0 [ . seah, H 5% Fhi it
FTRRHEL, /NEZEAEIRE. BRAEAESL, 156 A P
it 55 Y b P St A I R B [ it A Ak P %
75 1) ELAAR it IRV 95 490 DL 3 1

F1 KEATE AR E A AR HE A 2 (kg/hm?)

Table 1  Application rates of long-term different fertilization treatments

Ab 7 INFE 2 T
N P,0s K,O ZER N lat FFF N P,0s K,0 AL FEFF
At AR (CK) 0 0 0 0 0 0 0 0 0 0
P it AL B (IF) 210 90 90 0 0 120 60 180 0 0
B HLIEHLEL i (OIF) 147 90 90 3 060 0 84 60 180 2 040 0
T FEIA8 H O TR IE (SR) 210 90 90 0 13 156 120 60 180 0 8576
1.3 TEHRRXRESNE 0.1 X<X, X=X,
202 1 SR, TERNREE /N A _
03 10 H B HBWGR G, FER M5/ X 0.120.9% (Xx—-x) n<x<nx,
FHE5ERE 0~10, 10~20, 20~40, 40~60, 60 ~ ) (X, — X)) )
e LY N [ x =
100 em 5~ HJZM RSN, RBRZY), AR, 1 X, SXS X
YAN=T| s e dEA% —
43 T i ik 1(1@%[1 100 Euﬁﬁ,%z\z%fﬁo 0.140.9x Fa=%) X <x<x,
SR (Al ) PO, e -5 pH, AL (X4 —X3)
R WA . S AW S FERE SR 0.1 X<X,
1.4 EREIEEN -
iﬁﬁi*ﬁi‘fﬁ o N @) =101400x X8 <r < @
AR 5T R 4 AR 45 7 o R 4 (X, — X))
T AR UE PRECKE RS A8 AR I E (EFE LR 0 ~ 1 Z (7] 1 X=X,

RO NME, Hrh pH AR “optimum” PR
AT, HAFEPRMEH “more is better”
BR(A R Q)ITHEESEY, AT

s x FORIEPRINEE s £ (OFRTERRITI05 X1, 200
X3, Xy 2N R BN BRIE . AR RRAY BT BRI
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AR AL A S S , R R B(SQI)
FHARG)IHE:

RN o8 N VST S = 9 N P 2 VLW O 0 W S =L
MANTFR, SRR FIB RN AN T 2056,
AT EEBRCRT 0.7), SRR EIE, &

>l ‘,Z:;W’XF ’ O b i 585 T bR A TR T 22 5 AT
K n RoRIEIRDEG W RRIEAEE; F RN BN BB O7 22 R R (% 2).
#2 TERESHINEREHHE
Table 2 Weights and function thresholds of soil quality indexes
ET=2 N PI-43 R AL X2 X3 X4 NRF 2% W
pH optimum 45 6.5 8 8.5 0.941 0.102
BB (g/kg) more is better 20 0.958 0.104
2R (g/kg) more is better 0.5 12 0.915 0.099
T A (me/kg) more is better 150 0.887 0.096
2 (g/kg) more is better 0.2 1 0.862 0.094
A 500 (mg/kg) optimum 75 30 75 600 0.932 0.101
24 (g/kg) more is better 25 0.994 0.108
AL (mg/kg) more is better 400 0.896 0.097

1.5 HEXREBEESITHH

BHE I8 Excel 2016 #f4 . SPSS statistics 26
AT AR 53 AT, 1 FR 2K ] GraphPad Prism 8.0.2
A TE
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Fig. 1 pH values and SOM contents in soil profiles under long-term different fertilization treatments
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160~ 10 cm /2, SR M A A R & .
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Fig. 2 Nitrogen, phosphorous and potassium contents in soil profiles under long-term different fertilization treatments
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+ )7 SR A B AR B S T CK AR 5 CK
AHEAH L, TF | OIF I SR ZRHEAE 0 ~ 40 cm 42T
AR A R AN T 66.1%., 117.9% F1187.1%.
23 KEAEHEELEREERSEU=EER

AN T it S A 38 - 8 J5 k48 5CAE A A T
P T CK A, ZE R ARG EE T SR A3
IR B R, H SR ARHAE 0~ 40 cm + 2
i 3 R R B KT 0.6, 1 IF A1 OIF 4bHifY +
BB BUNAE 0 ~ 20 cm T2 KT 0.6(18 3A).
5 IF AbFEAHEL,, SR AbPE A3 i FE AR 5 14.9%.
5 CK AbFEAMI L, KRR 2 S T T /N H

FriE, BN PRRTE 3 AR A B R T B 2 R
SR AR H =it dmr, 430 b CK ORI IF Ab 2 5
FEWMT 39.0% F1131.3%, 53] 11 960 kg/hm? (K]
3B).
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(A) B)
0.9 ¥ 0~10cm a 25000 -
4 10~20 cm v = /hE
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°40-60cm WV 20000 A A
0.7 ® 60~100 cm = e a
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b Ab 3R
(B AR R/ING 13275 AN R A B R] 22 5 1 25(P<0.05); AS[F KT SRR AN 5] 20 FH ] 2477 1 24 5 1 25(P<0.05))
3 KEAFRERLGETIZEIEREHEHA)SEITEB)
Fig. 3 Profile soil quality index (A) and crop yields (B) under long-term different fertilization treatments
F3 TEIEFIAREHBHSEYTENHEXELR
Table 3  Correlation coefficients between crop yield with soil quality index and nutrients
TR BE (om) pH FAHLB o LA o R S A MR TR A
HE e 0~10 —0.642" 0.909™ 0.832™  0.870" 08177  0.690" 0.268 0.904" 0.885"
10 ~ 20 —-0.557 0.708" 0.627" 0.627" 0.696" 0.302 0.36 0.834™ 0.8227
20 ~ 40 -0.32 0.576 0.819™ 0.577" 0.539 0.228 0.668" 0.737" 0.780™"
40 ~ 60 —-0.373 0.810" 0.538 0.620" 0.191 0.409 0.365 0.421 0.738™
60 ~ 100 —-0.695" 0.794" 0.013 0.349 -0.009 0.4 0.448 0.419 0.549
INEE PR 0~10 -0.800" 0.864™ 0.676"  0.744™ 08717  0.682°  —0.158 0.692" 0.892"
10 ~20 -0.801" 0.680" 0.472 0.545 0.808" 0.55 0.298 0.693" 0.861"
20 ~ 40 —-0.372 0.725™ 0.718™ 0.650" 0.344 0.443 0.628" 0.474 0.787"
40 ~ 60 -0.506 0.908" 0.792™ 0.461 0.12 0.49 0.17 0.267 0.673"
60 ~ 100 -0.636" 0.495 -0.002 0.345 0.148 0.528 0.48 0.282 0.484
W 54 0~10 —-0.760"" 0.936" 0.796”  0.851"  0.890"  0.724" 0.059 0.842" 0.937"
10 ~20 -0.715" 0.732" 0.580" 0.618"  0.793"™  0.448 0.347 0.805" 0.888"
20 ~ 40 —0.364 0.686" 0.811"  0.647 0.466 0.353 0.684" 0.639" 0.827"
40 ~ 60 —0.463 0.906™ 0.701° 0.571 0.164 0.474 0.283 0.363 0.744™
60 ~ 100 -0.702" 0.681" 0.006 0.366 0.073 0.489 0.49 0.37 0.545

T URAE P<0.05 K EREAR, *UERLE P<0.01 KV B WM.

3 ihie
3.1 KEMEREXEHETIEFR S SRR

A i AEAE by 32 B0 Al A8 B i , 7 [ R
SR R R AR . ARBFSTAE SRR,
KA FZ MR )Z (0 ~ 20 cm) 3 pH, 5 ANt
JEAHLL, RIHFGALIE W FEAR T 14 pH, Wit
P KINA HLICHLRCIE S 158 pH 22 IR R AU,
X UL MLICHLBC i BE 23 T I HAL R, 1 ik 1 4
ZwpEE Ty, VR R ALY s R IR FRA e
FEAE AR P 1) 458 pH LA HLICHLEC i Ab #RAS 0.7 4
AN, X A] -5 RS AT IA H R AR A 7 A it 22 i AT LR
HEFHRRA K

I 340 HH B 7 AR A ] AR o 4 498 % 43 1) TR

JZiER B ARSI R, Hiti AR A B 355y
B RAAERJZ (0 ~ 20 cm) 3 rh WE IR T, WK IRS
FHiE H B AL A AL B 4 05 BEAE 0 ~ 40 em + 2
HOMT 16.1% ~ 27.7%, A AL & e A5 i
F T U A AT A B SRR B AN [ TR A
T LA AL A AR AR B K AR
FRIFSE 2 BR, Bt AL AR A B A ML R 4 R 0 i
£ 0 ~20 cm RJZ LGN, (AHA R
Fr AR, X 5 AT KU Bt Ak AT Ak B Y 7
AL FEEAE 0 ~ 20 em HJZ LR XTfigR
PR R A IE S B 3 2, RS R RS
22 TR 2 3R R A Y0 B 5 TR R
BT R R R R )Z RIS 2
Jit L5 i 22 S 5 SR B A o ARBIFSR IR KB, KA [ it
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SRS FEA B B AT B AT DA - A B TR AR,
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LS A 7t A Ak B £ 7 8 2 1 T Bt Ak AT
AbBE A AR S B ORI R I RS B Rt Ak e A
AHHLICHLUBCHEAL FTE 0 ~ 10 cm + )22 SRR T
ANHAEAL S, P RESR: FH TR ™ A e TR I T R
MBI TA, FEER)Z IR 76k, 1
Tl A 340 FH i FA S Ao L 58 385 188 fm 751 1T O ~ 40 em 1Y
SRR i, X — TS RS AS B A A A At
BREAT I, FEAT A0 H S BN T 4 39 0 i AR
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