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HIRR. BT, 2L 55N EMAIRE IERARRYTRAGEASMERN SRENRES), RELERF,

REHERETZE,
LEHA AhUle; AR HE; AKRATE;

HERREHEZIREMEY, NE7 &5, &
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Gefie HIEEAR RS, MR EMAERKE, =&
TEW =B IR, 5 EACAILL ,
N 3R BT B W S i R R B i, Ol IR
AT, ARt P AR R H S R T B L A o
AL, A HUAE 5 33 A BRI 7E o R 39 R b
W5 T A — 2 IR Tkt

HET, WA PUEEHZEmr aaRe,
111y~ 398 R B BN AR Bt A s T, R
A FREhe 5 T FE FE AN H L0, PRk, A
RS YA UL, LSRR, B
FIRCHE 2 AF T~ LIRAE T BRE I  H ZEAKKE
AR AR, RS R AT WU A - 38 8 B H 2
EFH RN HRCR, DY HEEFHAYUES -
S PR (5 B SR BB AR 5 HOR S

1 #RERE

1.1 I iR

R T 2020 4E 6 H-2023 4 10 H A A
P 2 b XA TR AR OB 2 B 5 R a0
(116°38" E, 39°93'N) #AT. )& TR K
Bl 2 RIS 5, 4 H IR 2200~2400 h, 35S
I 14.2~14.6 °C, TCFE M 207~214 d, FHFFEKE
680~760 mm. R4 X (K F O TR 1, R B
T RMA A3, 0~20 cm T3 FERH B AL R OB
fil & 47.08 mg/kg . R 55.87 mg/kg H AT
146.62 mg/kg. A ML 15.49 g/kg. pH 8.02.
1.2 Rt

TRIG KA R R BEALIX 1T, 25 5 AN,
SIRATEAE (CKD) B (SF) | HpEAd)
HHUIE(SBF) . 50% L IERCHE 50% 49046 HLAE (FBF)
FT100% B Bt - R L (FCO o /N X THI AR 80 m?,
3WELR. RIEMATNE, BFHE, MNEFEAR
URFR AL EE, HE 2R AR AR . 156 4
SR EALRES, AN [FAF[A) & A B 3 A A o SF AL BE:
HAE (N:P,0s:K,0=10:10:20) 750 kg/hm?; SBF
AR AEMENUIE CAEVLUR S E=40%. A5 HE
$=0.5 12 CFU/g) 1500 kg/hm?; FBF AbH: H&
JIE 450 kg/hm?. YA HLUAE 1500 kg/hm?; FC &b
. HAHE 750 kg/hm?, 3R B ) (5 EEREE R
], G305 # %=0.5 14 CFU/g) 600 kg/hm?. 5%
A ERRERL MR RSN, A EHAABIL. 4t
WH RO 21 G R4 R i R AR B
HEWF) , M N 48 000 P/hm?, A F

WiN6 A 15 H-10 A 15 H. 8/ A AEFE
167 G R4 o i RAREL B N Xk, 7%
FhE A 300 kg/hm?, AEF BN 10 H 25 H-IRF 6
H 5 Ho HAh RS HE i 5 2 Ah e T3 [
IR ST H S WGRAT— & (2023 4210 H 8 HD
KA, i AR 5 s EUREZCREE 0~20 cm T3
FES, ARSI R G 0o8 2 ANy, — A RAELE
4 °CUKFE, HT HEEEETENE, 5H—0 380
T, AT RS SRENE.

1.3 MEMBSHE

AEHEAFEW (90 d) B/NXEE 10 HRiFE
WE HZm A 28R &8 (SPAD B Kotd
FetE. FIH SPAD-502 M4 ACMIE EZ58 3 M
SPAD ff ; #IFH LI-6400 {5 % = 6-& 40 e £ 225 3
M EER (P« SALSE (G « JifE
COIKJE (C) FZEREHER (T .

HEHEAFREY (90d) B/NXikE 3 #illE
- HU ARG PE RS % (MDA) &&. i,
43 R FH U DU e AR 5 . R AN . B
ARy AT B B AL LB (SOD) . i 4k
Al (CAT) . SHEMAYEE (POD) &M, KR
AR B ZRRVERANI i MDA 5 & .

HZ YR RN X BEALIER 3 NMFET (3 mx
4m) BHATPERNE, BCFSME R ST AL AR
BT

439 R B Y H0% 0.5 mol/L NaHCO; 7%
it R i IR R K G B v . AR R A R i — A A
ey KA BRI A A A . K
B AL S =M pH; 23R FH R AN — ISR
btk mERRREIT L. 3,5- AR IR
ik, BERR IR AN L (kRO 2 AR EE (Ure) .
AR RE (CAT) « FEFERE (Suc) M BER
i (Apho) JGtkE.

1.4 BT

K] Microsoft Excel 2018 HEAT 5 3 7 | i+55

SR, KH SPSS 19.0 BTG THRAH 4T

2 HFER597H
2.1 A EMEEEEXTHZEM F SPAD BRI EFH
led:0EA0

2108, 5 CK AMAHL, HEIERE iR
I F SPAD fH+ P Gs 2 Tvy F&{% Cio H:H, SBF.
FBF. FC #:3 SPAD fH. Po. G & T, ¥R ER 5,
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Ci W3 K. MAEAFIHAE AL e, FBF Ab#E
REfig i A SPAD . P 1 T, F&AK Cio Hirr,
SPAD {H % SF. FC &b 3 45> 7 i Z 42 5 9.95%
5.63%, Pn T: %0 SF 40T 7 i) B E 1R 5 6.43%-

8.41%, Ci%® SF. FC AbFE/) 5 & 25 FEA% 8.59%.
4.08%. FC AbERREMEIE S Gy, HH, % SF.
SBF AbFE 4y ) 2 E $E 51 18.42%- 9.76%, 15 FBF
AFEAH LT B 2 R . AT, R R E

® 1 TEMRERNHEM R SPAD B AHHIERIFN

Table 1 Effects of different fertilization measures on SPAD values and photosynthetic characteristics of sweet potato leaves

AbFE Treatment SPAD 1H SPAD value Py [umol/(m?-s)] G [mol/(m?s)] Ci (umol/mol) T: [mmol/(m?:s)]
CK 44.36+3.58d 14.42+0.97¢ 0.35+0.02d 252.16+13.38a 10.14+0.75b
SF 47.62+2.80c 14.92+0.81bc 0.38+0.01c 241.09+17.51ab 10.58+0.61b
SBF 50.05+3.15ab 15.76+1.16a 0.41+0.03b 226.17+14.08cd 11.24+0.84a
FBF 52.36+1.94a 15.88+1.05a 0.44+0.02a 220.38+14.45d 11.47+0.89a
FC 49.57+£2.53bc 15.61+0.89ab 0.45+0.01a 237.33+16.07bc 11.15+0.97a

[ ZIHE P AN RN P RN AR B 2R 22 (P<0.05) , TE.

Different lowercase letters in the same column of data indicate significant differences among different treatments (P < 0.05), the same below.

REMEAEZZ M a2, $Rmrt oL S e
22 AEEEEESEETAMEKEETES

MDA & EHI&0

2 al50, 5 CK ALBRAREL, MiEAEw I
i SOD. POD. CAT &1, &Ik MDA &&. BR
SF 4b¥E MDA & 5 CK AbFRAH LT B 25 22 4,
AR bRIE 22 5 035 o T AE A [F) e AR A B BE
FBF 4b# GE 05 $2 =1 A SOD A1 POD i, F&1K
MDA % . Hrr, SOD ifitE# SF AbHE B E 4 &
7.47%, POD 35 1E% SF. FC AbFR 4y ) 8 2 42
11.64%- 5.73%, MDA & & 5 HAth it JE Ab BEAH EL TG
WEMZER . SBF APFEREMEHE = CAT 3 1%,
Horpr, &2 SFLFC AbBE 43 i 2 52 1 15.84%1.8.95%,
5 FBF AFEAH LU TC B 3 1 22 5% o UL ] L, AR
NEFE i REAS RE LM v 3832, R R DI i e

#x2 TREEREESEEMN A
MENLEEELES MDA SEHFM
Table 2 Effects of different fertilization measures

on antioxidant enzyme activities and MDA
contents of sweet potato leaves

JOSE SOD CAT POD MDA
Treatment [U/(g'min)]  [U/(g-min)] [U/(g'min)] (umol/g)

CK  144.02+8.69c 122.28+8.60d 189.06+12.31d 1.56+0.09a
SF  159.26+10.43b 134.57+10.08c 199.41£15.67c 1.50+0.07ab
SBF  168.49+12.82a 155.89+8.39a 212.86+15.84ab 1.48+0.12b
FBF  171.16+11.39a 152.13+10.65a 222.63+18.26a 1.46+0.09b
FC  164.49+9.92ab 143.08+9.14b 210.57+14.70b 1.48+0.08b

23 FEEREREX EHE 2R

MK 1A, 5 CK AL, ASFEMAEER
TN it 5] Rl B S v 2 L, BR 2020,2021
fF SBF AbFREES P~ B 5 CK ACFE L R 2% 2 74k, H

fily A B 35 N S AR v o T R A [ e A Ak B XS LE

2020 4F (35 14F) , FC AbHEFE = Eixm, i
Al i I A R 2.89%~9.18%, AN [7] it I Ak T A1) 1)
ToE 22 s R AL B A S 7 B R A FC>SF
>FBF>SBF. 2021 4F (%2 4F) , FBF AbPififeE
FrE R, BOHAR AT B E IR 5.63%~16.16%,

SF fll FC 435 2% 7 T SBF AbBE, &= BRI
Jy FBF>FC>SF>SBF. 2022 4F (4 3 4£) , FBF
HIFC Ab PR3 ™ 8 .25 % T SF Ml SBF 4b# . H
i, FBC 4 ¥ % SF. SBF kb P 7> i & # R &
17.75%- 19.49%, FC 4bFE#E SF. SBF 4bFE 43 J) &
FIRE 12.60%. 14.26%, SBF Ab3f 2 P & AR,
FI A FBF>FC>SF>SBF. 2023 4F (¥ 44F) ,
FBF. FC AbFRff% =5 % & T SF. SBF., A,
FBC Ab# % SF. SBF AbFH /) il B2 $2 5 17.35%.

12.45%, FC 4bF#% SF. SBF 4bFE /> il & E R &
15.01%-+ 10.21%, SF AbPREE = Bk, KIHAN
FBF>FC>SBF>SF. HHUtA] UL, it i e % 4 m ik

BCK @BSF BESBF OFBF BFC
40 000

B B

Fresh sweet potato
yield (kg/hm?)

2020 2021 2022 2023
A Year
RRANG FERFRRGEAZREE (P<005) . FH.
Different lowercase letters indicate significant differences among
different treatments (P < 0.05). The same below.

1 NEHEBEE XS 8 F = 2 RS20
Fig.1 Effects of different fertilization measures
on the fresh sweet potato yield
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24 AEIMEBEESZE T =20

& 2 /T4, 5 CK ABAHEL, ASE M AERR
IR R R PR T R AR A A A B
X, 2020 4F (35 1 4F) , FC AbHZE /=& i
o, BHAREAE AL EE R S 1.66%~8.43%, BEET
SBF AbEH; it I b 38 % 7= R N FC>FBF >
SF>SBF. 2021 £ (%52 4) , FBF AbHZE T~ &
B, B H A i AR AL BE R 2E R 6.51%~17.80%,
FC AbFH 2 2% % T SF A SBF AbFH, i Il 4b P 2 1
AR F N FBE>FC>SF>SBF., 2022 4 (% 3
fE) , FBF AbFRE = m i m, R A b 22 5
FHRE 5.28%~19.28%, FC 4P &% & T SF Al SBF
Re¥E, N FBF>FC>SF>SBF. 2023 1F (i 4
), FBF. FC Ab¥ 3+~ & 3 5T SF Ml SBF.

BCK BSF BSBF OFBF BFC

Ho, FBC &bFE# SF. SBF 4k ¥ /) il & 2 42
16.65%- 13.83%, FC AbFR#: SF. SBF AbFR /351 i
FHRE 14.96%. 12.71%, SF ACFE 2 T8Ik,
I FBF>FC>SBF>SF. HILA] W, AS[E/jAe
T 0T S P B P AR UK [
2.5 AEIEABEHE ST £IE TR 5 AU R0

HHEE 3 I, ST, ASFARBE 135 L
TR AR FERIE AR, H, B
SBF Wb #AH LTI 4L, CK. SF. SBF AbHi+ 3
DA R TR SRR, AR S E AN AR
R B . FBF. FC AbHE + 388 R 970 e A LR & &=
HETHBUA K. 5 CK ABAFL, Hitaess
BE R LR LA SR Hrh, g
B MO AR AL B CK B 5
IR 2.52%~15.87%. 5.18%~13.25%. 5.92%~
14.56%- 5.98%~10.83%, pH JC&FHMHLIk. 1MTE

10 000 - a aa ANSEAEAFE N L, FBF ACFE AEWS $7 5 I Dl iR
e} ad — N L Ty e = —
g~ 90008 ab, R HATERE S . K, BURAR SF.
g &
il 8000 e Ly e e el Ty
RES o SBF 4bF 40 5 B4R 7.32%. 13.03%, LR
2> b A . o S L
|22 6000 R B L SBF AL B4y i) 2 AR i 7.68%
8= - vy v
A7 5000 10.37%, SBF AbFE +-IEmlff 2 SEAkml . SRk &
4000 2020 2021 2022 2023 %Eﬁﬁﬂa%fi*i@%{& ° %’E@HE%{EEP:,:%%*}LE
A Year S8 F N SBF>FBF>FC>SF, {H¥ G 5. &1 7
2 AEERERSET 2050 = 2 —_— e \
o 7 AT o A ul,
Fig.2 Effects of different fertilization measures T‘ if ijﬁ i/]%j;% 225 ) Hi '[H:—IJ v EF%HE
on the dried sweet potato yield REg IR TR & i, (HAS [R5t A it o) 338 7
#3 T EEREEX TIEFSRF
Table 3 Effects of different fertilization measures on the nutrients of soil
AbHE TR T TR HHUR
Tr th - Alkali-hydrolyzed Available phosphorus Available potassium Organic matter pH
catme nitrogen (mg/kg) (mg/kg) (mg/kg) (g/kg)
JE+ Basic soil 47.08+1.65a 55.87+2.12a 146.62+4.29a 15.49+0.44a 8.02+0.01a
CK 41.26+3.12d 49.65+1.84¢ 127.69+8.49¢ 14.224+0.82b 8.02+0.02a
SF 44.55+1.19b 54.28+3.18ab 142.20+8.92a 15.07+£0.97a 7.99+0.03a
SBF 42.30+2.46¢ 52.22+3.65b 135.25+£5.67b 15.76+1.02a 8.03+0.02a
FBF 47.81+0.82a 56.23+2.72a 146.28+6.20a 15.584+0.90a 8.01+0.01a
FC 47.47+1.21a 56.01+2.05a 144.91+8.02a 15.414+0.78a 8.01+0.02a
a2 IENEIN 28.57%, HEFEERENE R SF. FC AP 43 B2 52 i

2.6 AEIHEABHE MRS T IREGE AV I

HiZ 4 0750, 5 CK ACFRAHEL, AN AR AL 3
TIENREG . S E A EVERE . 0 R B
73 9 5 2 B 6.94%~37.50% « 7.16%~17.63% -
5.03%~16.20%F1 14.22%~27.98% . 1fij A~ 5] it A Ak ¥
W, FBF ACEEAEOE 3 = IR IRBG A b A v . I
L R R P A At e A Ak B R ZE AR S 7.61%~

10.63%. 85.34%, RERERGIS IS SBF ALHAH LG
WM ZE S SBF AL 39 i S Ak A S M
SF I FC AL B3 A1 2. 2 32 51 9.77%1 7.29%, 55 FBF
Qb FEAH LU T S 3 1 25 s FC AL 3 - 35 1 Tl R g
TEMEEL SF AR E FE S 12.05%, 5 At AR Ad 2
FHECITE B e 22 5 o E AT DL, A [ e O S e et
IR A A A KR
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Table 4 Effects of different fertilization
measures on the enzyme activities of soil

Ab Ure CAT Suc Apho
Treatment [mg/(g'd)]  [mL/Agh)] [mglgd)] [mg/gd)]
CK 0.72£0.0de  7.26£0.45d  8.15+0.57d  2.18+0.12¢c
SF 0.84+0.03c  7.78+0.40c  8.56+0.53c  2.49+0.17b

SBF 0.77+0.02d  8.54+0.59a  9.05+0.70ab  2.67+0.09a
FBF 0.99+0.07a 8.31+0.61ab 9.47+0.61a  2.70+0.11a
FC 0.92+0.04b  7.96+0.24bc  8.99+0.33b  2.79+0.08a

27 $EFREXMOR
fif P g M fr SPAD fH. JeAEE L 5N
EMERA G T in sk 5 s, BEE /=& 5 SPAD
B, P BWMEZFEMKKR (P<0.01) , 51
JIR MG 2 5 IEAHOGR R (P<<0.05) ; Mt /7 SPAD
H5 Po. B3BBG 2 AT 2 IEAH KRR R (P<0.01),
54gad S AR s iR B R AR R
(P<<0.05) ; My Py 55 188 iRl 52 0 6 25 IEAH R
KE (P<0.01) , Gl AN S EF LSRR
F (P<0.05) . HAMIRFRERIEMICKR, HY
RILEFEIKF o AT, 2 5 A oS
Y5 LIRS AR A B A B A G R, IR
EVERSE A A TR R P, St et
SRTELOCEIEHRES), M e g .
*x5 BHEFEERLETREER
51igmgiE M 2 [EREX S
Table 5 Correlation analysis between fresh sweet

potato yield, photosynthetic characteristics
indicators and soil enzyme activities

fats  E

Index  Yield SPAD Pn Ure CAT Suc Apho
FeE 1.000

Yield

SPAD  0.862" 1.000

Py 0.894™ 0.930™ 1.000

Ure  0.732°  0.857" 0.904™ 1.000

CAT 0.594 0.728" 0.718" 0.506 1.000

Suc  0.607 0.413 0.474  0.451 0.390 1.000
Apho  0.529 0.705"  0.601  0.578 0.538 0.418 1.000

*: P<0.05; **: P<0.01.
3 g

BL AT F) A3 A g R AR ik A P IR Rl T
FIE S % 78 T SR T B BOR AR A5 AT 2328158

W1, S ERALAEATEL, TEHUIEA LA BC i e o
dEACTE T, P RS, SR A .

AWFREY, SAMIE (CK) BH{LAE (SF)
FHEG, AIERE LAY A HLIE (FBF) Bit15EiH
7 (FC) metitm s 5 HR S &,
B AEYEHUE (SBF) Reigdem TIa R & &,
(B Al 3 AR o B B W RAR T SF AREE. 43Tk
N, EVENES G2 AR, A IEREE
S PRI I AR WU A, HAEYA VR R A
W HEERK, DRSS AP SRR AT
TR . AR S A HLAE . I EE 5
PC it Fof AN R 35 2 T AR Z00 43852 2 (R R
NAEE R A A MU 5 58 R 3 7 % 3 s 1
SURAER, IR G ER T 3RV IR 0 AL
Pem LIEAEGR &, IRFF IR R T AT
X5 K2 9T 23080 — 5.

g e g B A A S A T
—RKYB, 5 TR HEMNT RO,
B3R, AR A A AL AE - 3 1 7
Jite T LA 5 v L ORI R TR I R M B
P, (RIEMAEKEKE, RElEwrEE. K
REW, 5 CK 5% SF 4 FAH L, FBF 5 FC Ab31
AIPE e R R A . BRPE BRI S A S A R R
Wi s 1, SBF REMSHR m I mavE Rl . i EAL A
A R B TS 1 o X 5 AR I U — 1
NN, VA NIEE A & ki v] 4k e 5
YIRS R, HAE 0 0GE IR R I,
e AR EHE S DhRe Z e, b4 e I
AW E e S E . R A s s gt
), AR HERRLAR A SRAR T B, 90 e sk AasE v,
NI A YR R AR S BE . SBF AbEE 135
WS VR BAR T FBF. FC Ab3R, WTREZ BN
AHUEF A, B #1EEEUK, ARe e HER
RIS R, T FER DA %0, B, #ocs
NE MBI A S A BUR R

M5 A S HUE R RROL & VE SR 1
HEATRN, KSR &8 506288
MIEFRRE EE b S H i G A 1 AR B 9 T S
J7 ABs361, H AR 5 B 5 2 i S ik
WP AR 2 EE (ROS) , AN MDA &
R, A RE AR P BT A B M R R
w, HTHBRZ 41 ROS, A% ROS I 1L
B8, HREFTUIRE, A P 5 A 0% 1 57
M, REaREEUSOLEERRRT. &
W7t &M, 5 CK 5 SF 4b# A tk, SBF. FBF 5
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FC dbF AR &M SPAD i« Puv Gs M2 T, B&
ik Ci, REWE4RE M A SOD. POD. CAT ihith, P&
ik MDA FRE, XA]Be 50 AR FR 0 RO 2R R,
EENNEFE S BEBERBEE A XK. HELEFRE
W, it AR Bk B AL AR AL B -3 9% 0 A AN AL DL
BERAR RS R, TG R g, Hars
SPAD . Puv Gsv T: UL BT RE JIFEAK. 1 FC
Ab P ph T O B R g e R AR B, RE RS AR
BEMEE IR o RS R, HAE R R 50 TR R £
BRSNS, MR I T SBF 48 . fhith
AL, A A A DI B 5 B R RS T i A
B, REEAPIYEGE ). AAER, MEZ
FESE A AR S L 5EEE ], FBF. FBF
QbR (1 i 2 I S P T A AR B, HARSC
PR B R W B S e B ot o SRR S R S
PR REMHCHIBC R BT 51, BS54
YA B B 9 O 3 7 I e e e 1 LR Y S
s, (R RIR ORI, g,
PEm A E LA BT T RE T, AT HE
MET &,

4 ZEig

ARG R, 5 CK ACFEAEL, HEAEAEms 3L

M F SPAD fH. Pav Gsv T PAA P SOD. CAT.

POD J&1:, MK C & MDA & &, Rahfz, 2

TR EH R & L B, Kb, FBF Al

FC 4b#int /7 SPAD H. e &=, Jrithae

i, ETroml R HIERS S BT

SF Ab¥E . 2 bRrid, RS AYA PR 15

PP b A TR I H R Oe S E R S Pt

ﬁg ) E&%iﬁg}ﬁ%’ Tmﬁﬁig*ﬂ%$ﬁio
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Effects of Organic Fertilizer and Soil Conditioner on the Growth and
Development of Continuous Cropping Sweet Potato and Soil Fertility

Liu Yajun', Lu Yun3, Wang Wenjing', Hu Qiguo’, Chu Fengli', Li Zhijie?

("Shanggiu Academy of Agriculture and Forestry Sciences, Shangqiu 476000, Henan, China; 2Agriculture and Rural Affairs
Bureau of Zhecheng County, Zhecheng 476200, Henan, China; 3Shanggiu Polytechnic, Shanggiu 476000, Henan, China)

Abstract In order to determine the effects of bio-organic fertilizer and soil conditioner on the growth and
development of continuous cropping sweet potato and soil fertility, field positioning experiments were conducted
from 2020 to 2023. Five treatments were set up: control without fertilization (CK), single application of chemical
fertilizer (SF), single application of bio-organic fertilizer (SBF), 50% chemical fertilizer with 50% bio-organic
fertilizer (FBF), and 100% chemical fertilizer with soil conditioner (FC). The changes of photosynthetic
characteristics, stress resistance, yield, soil nutrients and enzyme activities of sweet potato under different
fertilization measures were studied. The results showed that leaf SPAD values, photosynthesis rate and stress
resistance, yield of fresh and dried sweet potato, and soil nutrient contents and enzyme activities under different
fertilization measures were superior to those under CK treatment. In different fertilization treatments, the FBF
treatment could improve leaf SPAD value, photosynthetic rate, transpiration rate, as well as superoxide dismutase
and peroxidase activities. The FC treatment could improve leaf stomatal conductance and catalase activity. With the
extension of fertilization time, the yield of fresh and dried sweet potato under different treatments in 2023 showed
as follows, FBF > FC > SBF > SF > CK. Among them, there was no significant difference between FBF and FC
treatments. The correlation analysis showed that there was a good correlation between fresh sweet potato yield, leaf
photosynthetic characteristics and soil enzyme activities. It was concluded that the continuous application of bio-
organic fertilizers and soil conditioners for consecutive years could enhance the photosynthesis and stress resistance
ability of sweet potato, improved soil quality, and increased the yields of fresh and dried sweet potato.
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