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Mitigation of continuous cropping obstacles in sweet potato fields with

combined application of three functional fertilizers
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Abstract: To alleviate the continuous cropping obstacle in the main sweet potato production areas of Hunan Province, the
typical acid soil continuous cropping obstacle land in Hunan Province was selected as the test area and ‘Xiangshu 203’
was selected as the test variety. Three fertilizer factor treatments of special compound fertilizer for sweet potato, microbial

fertilizer, and organic fertilizer were set up. For each individual factor, four fertilization levels of 0.0 times, 0.5 times, 1.0 times,
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and 2.0 times the recommended fertilization amount were set up, respectively. Single-fertilizer experiments and Lis(4%)
orthogonal fertilizer combined application tests were carried out to compare and analyze the differences in fresh sweet
potato yield, dry matter accumulation, soil nutrients, and economic benefits in each test area. The results showed that in
the single fertilizer test, the special compound fertilizer produced the highest sweet potato yield, followed by organic
fertilizer, while microbial fertilizer demonstrated the lowest yield increase. Applying 600 kg/hm? of special compound
fertilizer yielded 28.17 t/hm? of the actual fresh sweet potato, and the yields of the plots treated with organic fertilizer and
microbial fertilizer at the same nutrient-equivalent application rate were close to this level. In the mixed-fertilizer
orthogonal tests, the combining organic and compound fertilizers at an equal fertilizer-efficiency ratio produced the
greatest yield increase. The highest fresh sweet potato yield(36.25 t/hm?) occurred with 1 500 kg/hm? of organic fertilizer
plus 600 kg/hm? of special compound fertilizer, exceeding the 300 kg/hm? of special compound fertilizer+750 kg/hm? of
organic fertilizer treatment by 22.43%, and the individual applications of special compound fertilizer and organic
fertilizer by 28.69% and 31.87%, respectively. In the single-fertilizer tests, the dry matter accumulations of the three
fertilizers peaked under the recommended fertilization amounts. In the fertilizer mixed application tests, the dry matter
accumulation peaked under the treatment of 600 kg/hm? of special compound fertilizer+750 kg/hm? of microbial
fertilizer+3 000 kg/hm? of organic fertilizer. Fertilization had a great influence on soil nutrient contents, mainly
manifested as special compound fertilizer significantly increased soil available nutrient contents, organic fertilizer significantly
increased soil organic matter content, but microbial fertilizer had little influence on soil nutrient contents. The greatest
economic return(20 620 yuan/hm?) was achieved with 600 kg/hm? of special compound fertilizer+1 500 kg/hm? of organic
fertilizer. In conclusion, the relatively optimal fertilization strategy to alleviate continuous cropping obstacles was 600

kg/hm? of special compound fertilizer+1 500 kg/hm? of organic fertilizer.

Keywords: sweet potato; functional fertilizer; special compound fertilizer; microbial fertilizer; organic fertilizer;

continuous cropping obstacles; yield; soil fertility improvement
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Table 1 Lis(4®) orthogonal experimental design table for three

fertilizers kg/hm?
W LRHEAIEHEW) MEDREERHRB) AHIEHZEQC)
Tl 0 0 0
T2 0 750 750
T3 0 1500 1500
T4 0 3000 3000
T5 300 0 750
T6 300 750 0
T7 300 1500 3000
T8 300 3000 1500
T9 600 0 1500
T10 600 750 3000
T11 600 1500 0
T12 600 3000 750
T13 1200 0 3000
T14 1200 750 1500
T15 1200 1500 750
T16 1200 3000 0
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DA AR P2 AR 11 25000/hm?,
1.4 BBEFHITHH
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2 HZRE0H
21 BEFRSFURRREAH
211 AR T HE S FE THRREE
i
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Table 2 Yield and dry matter of ‘Xiangshu 203’ under different individual fertilizer treatments

b3 H/em iss G ZEMl/em SRR R/ (h?) b bR (thm ™)
Al (172.77£0.14)ef (8.73+0.42)b (0.81+0.01)a (22.74+0.0Hf (34.88+0.55)e
A2 (165.88+0.93)fg (9.13+0.31)ab (0.80+0.01)abed (24.42+0.01)e (36.48+0.48)cde
A3 (195.52+0.73)ab (9.13+0.58)ab (0.81+0.01)a (28.17+0.01)a (41.28+2.09)abc
A4 (164.50£1.10)fg (8.93+0.46)ab (0.80+0.01)abc (19.46+0.02)h (34.08+2.88)e
B1 (177.93+0.52)de (9.53+0.50)a (0.79£0.01)cd (21.76£0.01)g (35.04+1.73)e
B2 (170.68+1.37)ef (9.13+0.23)ab (0.80+0.01)abed (24.88+0.03)de (38.24+3.63)abede
B3 (187.51x1.56)bc (9.07+0.42)ab (0.79+0.00)bed (27.03+0.02)b (41.76x1.73)ab
B4 (199.89+14.81)a (8.87+0.31)ab (0.80+0.00)abed (25.43+0.03)cd (36.80+3.67)bcde
Cl (158.82+0.99)g (9.20+0.00)ab (0.80+0.01)abed (24.12+0.01)e (36.00+2.92)de
Cc2 (185.91+1.24)cd (8.73+£0.31)b (0.81£0.01)ab (24.82+0.02)de (40.32+2.49)abced
C3 (198.33+10.55)a (9.13+0.23)ab (0.80+0.01)abc (27.49+1.61)ab (43.36+£2.27)a
C4 (200.78+1.07)a (9.07+0.50)ab (0.79+0.01)d (26.06+0.81)c (41.44+4.81)abc

Ak p BEPIRE/(thm™?) Mo BB R (thm ) ERTYRARE/(Chm ) SRR/ (¢ hm )
Al (68.26+0.92)de (4.65+0.74)b (11.56+0.72)bc (16.21+£0.48)b
A2 (70.40+1.55)cde (5.48+0.44)ab (11.64+0.12)bc (17.11+0.38)b
A3 (82.46+5.05)a (5.77+0.19)ab (14.54+0.95)a (20.31£0.78)a
A4 (68.10+£3.05)de (4.95+0.46)b (12.25+0.62)b (17.20+0.94)b
B1 (64.38+2.07)e (5.50+0.63)ab (10.28+1.26)c (15.78+1.89)b
B2 (73.31£3.38)bed (5.98+1.04)ab (12.03+0.58)b (18.01£1.37)b
B3 (82.37+1.70)a (6.95+0.09)a (13.96+1.61)a (20.91£1.53)a
B4 (69.12+4.67)cde (5.61+0.18)ab (11.42+0.58)bc (17.03+0.76)b
Cl (68.77£2.79)de (5.44+1.30)ab (11.36+0.71)bc (16.80+1.30)b
C2 (74.88+2.65)bc (5.27£1.08)ab (11.88+1.33)bc (17.15+1.66)b
C3 (85.15+£3.61)a (6.08+0.74)ab (14.34+0.30)a (20.42+1.00)a
C4 (76.38+4.47)b (6.04+1.92)ab (11.53+0.28)bc (17.57£2.15)b

TE: [RIGIAE TR FRR AR B A ) 22 57 A B i 7 X (P<0.05).
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Table 3 Yield and dry matter of ‘Xiangshu 203’ under different fertilizer combination treatments t/hm?
AbER SIPREESLTE MNGEEETE M L AREE TR BEYE M EETHR SRR FRTYRRARE  ATYRERE
T1 (18.09+0.64)) (18.30+0.63)k  (40.96+1.69)g (59.26+2.31)i (6.70+0.50)de (6.53+0.32)h (13.23+0.80)h
T2 (23.26+£0.73)g  (23.39+0.40)g  (42.08+2.16)fg  (65.47+£2.56)gh (7.30+0.60)bcd (8.42+0.37)e (15.72+0.96)efg
T3 (25.65£0.53)f  (27.36+0.26)f  (46.72£1.94)cd  (74.08+2.19)bcd  (7.33+0.56)bcd (9.39+0.23)d (16.72+0.76)def
T4 (28.40+£0.77)e  (30.08+0.40)d  (41.44+1.94)g (71.524231)cde  (6.91+0.55)cde (10.53+0.44)c (17.44+0.97)cd
T5 (29.61+£0.49)d  (30.05+0.44)d  (52.64+2.16)a (82.69+2.60)a (8.08+0.61)ab (10.52+0.45)c (18.60+1.05)bc
T6 (27.60+£0.54)e  (27.42+0.47)f  (42.88+1.94)efg  (70.30+£2.37)def  (7.44+0.56)abcd (9.60+0.42)d (17.04+0.96)cde
T7 (33.51£0.70)b  (35.90+0.44)a  (48.64+2.16)bcd (84.54+2.60)a (8.11+0.61)ab (12.81£0.36)a (20.92+0.96)a
T8 (29.51£1.21)d  (28.35+0.45)e  (46.72+1.69)cd  (75.07£2.11)bc (7.79+0.52)abed (9.93+0.44)cd (17.72+0.96)cd
T9 (36.25£0.92)a  (34.94+0.42)b  (45.92+1.94)cde  (80.86+2.31)a (7.97+0.60)abc (12.35+£0.31)a (20.32+0.91)a
TI0  (36.00+0.59)a  (36.61+£0.36)a  (48.48+1.92)bcd (85.09+2.26)a (8.41+0.60)ab (12.82+0.49)a (21.23+1.07)a
TIl  (27.78+0.63)e  (27.23£0.45)f  (49.44+2.40)abc  (76.67+2.83)b (7.75+0.63 )abcd (9.81+0.43)d (17.56£1.05)cd
T12  (31.78%0.17)c  (31.91+0.22)c  (51.36+2.40)ab  (83.27+2.41)a (8.57+0.67)a (11.17+0.33)b (19.74£1.00)ab
T13  (22.48+0.40)g  (22.37+0.33)h  (39.84+1.92)g (62.21£1.95)hi (6.12+0.51)e (8.05+0.25)ef (14.17+0.72gh
T14  (20.52+0.33)h  (21.41+0.58)i  (47.20£2.16)cd  (68.61+2.74)efg (7.72+0.62)abed (7.50+0.42)fg (15.22+1.02)fg
TIS  (20.19+0.47)hi  (20.61+0.31); (48.00+£2.40)bcd  (68.61+2.69)efg (7.85+0.65)abc (7.42£0.31)fg (15.27+0.95)fg
T16  (19.13+0.73)ij  (21.03£0.72)ij  (45.28+1.69)def  (66.31+0.96)fgh (7.85+0.54)abc (7.22+0.15)g (15.07+0.42)fg
T [FSIARIE T RN B Y 22 5 A G243 L (P<0.05).
=4 AEEREELE T HE203 =8 mN A ESTSRES T
Table 4 Analysis of variance and range analysis of yield indicators for ‘Xiangshu 203’ under different fertilizer combinations
fibr BRRE AmE By F P RAvhm?) | |16FR  ESSRIE AME BU7 F P RAthm?)
SEBR A 3 383.42 881.58 <0.01 12.37 b | A 3 87.38  20.88 <0.01 6.00
faf B 3 0.77 176 0.17 0.60 fiif S B 3 27.57 659 <0.01 3.36
s C 3 103.72 23849 <0.01 6.95 Jo C 3 4212 10.06 <0.01 3.92
AB 9 43.11 99.12  <0.01 AB 9 32.97 7.88 <0.01
AC 9 8.79 20.22  <0.01 AC 9 28.12 6.72 <0.01
BC 9 136.34 31349 <0.01 BC 9 48.06 11.48 <0.01
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FRAEE)
Tebr ARSORIE A By F P RAthm?) | |f5b% AEFRIE  AmE By F P R/It'hm?)
it A 3 32141 160046 <0.01 11.32 R A 3 68036 121.94 <0.01 15.04
fitf 2 B 3 5.24 26.07 <0.01 1.42 LYk B 3 50.84  9.11 <0.01 472
Fra c 3 12466  620.74 <0.01 7.74 c 3 15131 27.12 <0.01 7.70
AB 9 56.47  281.17 <0.01 AB 9 93365 1673 <0.01
AC 9 16.66 82.95 <0.01 AC 9 59.88  10.73 <0.01
BC 9 12205  607.74 <0.01 BC 9 26972 4834 <0.01
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2.2 B—iERAMET IR SERSE DIEFRS
RS, S (Rt A A B 2 0] () 4 4 5% 4y 22
SR, (H RS AL FRAY - HEp HAS AL T (CK) 2R
EARK, 1LA4, B3, C2/IpH B E/NFCKIK ., Hf,

A4 . BRFRO S R, U HRAT R P RSB
(45.3 mg/kg) . HALH BT 73 41(129 mg/kg)¥H) i & =
THAIERY, xR REHE SIS T E
FOMBRR, S5l RGNS, CABX A+
LIS I AR5 2 434 it Y 8 e A4, HL
CAAHLIT T B /B0 2 o T LAt A R 5 ] — it S
KT, it B 385755 B AR AR
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Table 5 Soil physicochemical properties under individual fertilizer treatments in ‘Xiangshu 203’

W3 pH fgﬁﬁ% BRI BB SRS /W@ﬁrﬁ% ﬁiﬂlﬁ?&lﬁél i%%l’f“ﬁ”ﬁil
Ng'kg™) (g'kg™ (mgkg™) (gkg"  AHEU(ngkg!) /3EU(mgkg") 534U/(mgkg ")

CK  6.42ab 20.9cde 1.32¢d 413g 22.9cde 137de 17.3gh 58h

Al 6.52a 19.9f 1.31cd 409¢g 21.8f 131f 14.71j 63g

A2 6.58a 21.7bc 1.27d 479¢ 22.1ef 149a 18.4¢ef 8le

A3 6.50a 20.4ef 1.34bc 548d 22.9cde 142bcd 34.7b 107b

Ad 6.02¢ 20.8de 1.31cd 705a 24.5a 145abc 45.3a 129a

Bl 6.21bc 20.4ef 1.33bc 487e 22.5def 134ef 15.1j 69f

B2 6.47a 20.9cde 1.37bc 415¢g 22.4ef 142bcd 16.7hi 6lg

B3 6.13¢ 20.3ef 1.28¢cd 482¢ 21.6f 131f 17.8fg 63g

B4 6.21bc 20.6def 1.36bc 457f 22.3ef 139de 17.4gh 55h

Cl 6.47a 20.4ef 1.37bc 438f 23.4bcd 145abc 16.31 57h

C2 6.15¢ 21.3cd 1.41ab 535d 22.8cde 141cd 18.9¢ 83e

C3 6.52a 22.5b 1.45a 603b 24.1ab 147ab 20.4d 96¢

C4 6.58a 24.7a 1.47a 581c 23.6abc 142bcd 22.8¢ 87d

T RSIAR BN AL BRI Y 22 A GE 2738 3L(P<0.05)

IR AL, AS[EAEFLH 2 A RERR 570 22 S5 85
K, HHLERFREam TERR, Hrb, C4fit
RV S BT B IR R, A AL AS RS
T8.70%. 13.23%; B4REHAA . S 4L
PR, AR N T2.94% ., 5.16%; C2f%
He BB TR B R, BASRIEIN T26.67%; B3
My F AR B RR  B R, BARIREIN 1 24.17%.

gi b, MRS 1 TR o NIRRT 0 Y
A, HARBSAER Z M ZRER, AL
PR, SR A= R A R, Had it
WA EOR AR S SR SR R A LR
RO ST AIREAR TR o RS B R RASCR A, 3%
PR B AR P R E 1
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Table 6 Nutrient content of nitrogen, phosphorus and potassium in ‘Xiangshu 203’ plant under different individual fertilization treatments mg/kg

b AT L SR AL S TR ML
-3 Eh Hh 1 B Hh 1 e
Al 206.4de 26.4fg 122.1b 13.1cde 328.5¢ 39.5¢
A2 243.1b 25.6¢ 97.5d 13.1cde 340.6d 38.7¢f
A3 250.6b 30.6a 108 4c 12.0f 359.0¢ 42.6bc
A4 229.1¢ 26.7¢fg 89.1e 12.7¢ 318.2¢ 39.4e
Bl 270.1a 27.2def 97.1d 13.7b 367.2¢ 40.9d
B2 174.9f 28.1bed 120.8b 9.7h 295.7f 37.8fg
B3 207.2de 29.1b 134.6a 12.8de 341.8d 41.9bed
B4 214.9d 31.5a 88.6e 13.3bed 303.5f 44.8a
cl 245.8b 23.7h 134.2a 13.5be 380.0b 37.2¢
2 231.9¢ 27.6cde 85.6e 15.2a 317.5¢ 42.8b
C3 197.9¢ 24.1h 107.8¢ 11.4¢ 305.7f 35.5h
c4 27242 28.5bc 134.1a 12.8de 406.5a 413cd
W [FFIAN R TR FR BRI ) 25 5 G T4 5 L (P<0.05).
2.3 AERER~mE A AT TN R7(H)
WRDRA M Gk
METRIAL, B—AER A A A AR S A HLAR AL BE - Gibm?  Gebm?) Gy
FREH I 205 s B e TS R, A3 C3f Tl 0 183041 6.830h 1.61e
K. SPRIA15 540, 13 24070hm?, CIIZTEER s
A3IRIREAR T 14.8% ; TICAE VIR NEALEE T 2855 48 2 il e 2000 27300 2400 127
- T4 18000 30 080e —-850m 0.971
Jiti FE F: (R3S IR T R, BRI, 2 1807T/hm?, T5 2190 30 048¢ 16 170b 2.20b
ECA3IIREAR T 85.97% , ZBH iy it I A= M e 25 T6 3690 27424g  12660d 1.85¢
SN H AR . AERHEC AL PR AN TS . TO(HY T7 12690 35 904b 9 570¢ 1.40g
N AA MBS A HUIE AL S L BITR i) Y 28 5 3 25 = ™ 156% 28 3328 2570k 110§
TA3M, 48316 170, 20 62070/hm?, HEA3 4} P A e s e
. o i TIO 10380 36 608a 14 370¢ 1.66d
FISEINT 4.05% . 32.69%. X UdAH 5 B — it N Ak 2R T 7380 27232 9 160 L 4of
A, AVUIE SR i ] 2 = 2 55 Al 45 o TI2 14880  31904d 5 650i 1.22i
®7 TRHEIAE T HRE203 & T 8760 22368 240k LY
Table 7 Economic benefits of ‘Xiangshu 203’ under different Ti4 8760 21 408 S101 1.03k
fertilization treatments T15 10260 20 608k —1320n 0.94m
g TPRVRAT R SRR TI6 14760 21024k  —68800 0.74n
Oehm?) Oohm?)  (OLhm?) Ve RV B 30—k e B 2 5 2 B X
Al 0 22 740i 11 490f 2.02 (P<0.05).
A2 690 24 420gh  12480d 2.05 e o
A3 380 28 1708 15 5408 293 WA . TR 5 R G T S A
Ad 2 760 19 460k 5 450j 1.39 (%%8)7/{}% , uFﬁﬁ¢¥%?§$ﬁTﬁﬁﬁg%{t%gﬂﬁ
Bl 0 21760j  10510g 1.93 NA3BsCy, 5 VISR B IFE IR R 25 R —
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Table 8 Range analysis of economic benefit indicators for ‘Xiangshu 203’ under different fertilizer combinations

— PHE/(OG-hm ) L TFRLAR/(O - hm2) Eid=a
B C A B C A B C
K 24784 26 416 23 496 4723 11523 5443 133 1.81 1.42
K> 30432 27 208 26 488 10 243 8763 7003 1.64 1.51 1.46
K; 32672 27776 28016 12 450 5703 7275 1.67 1.28 143
K 21352 27 840 31240 -1305 123 6 390 0.96 1.01 1.29
R 11320 1424 7744 13755 11 400 1832 0.72 0.81 0.17
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