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Abstract
samples were taken to analyze the fertility changes of the soil tillage layer (0-30 cm) and the nitrogen, phosphorus, and potassium migration
in the soil profile (30-60, 60-90 cm). The results showed that when the potato starch organic wastewater was returned to the field and the re-

In this experiment, a starch plant test base in Guyuan was selected. After the organic wastewater was returned to the field, soil

turn amount was in the range of 600-900 m*/hm?, the content of organic matter, total nitrogen, available phosphorus, and available potassi-
um in the soil tillage layer could be significantly increased. The levels of available phosphorus, available phosphorus, and available potassium
nutrients were increased from [ll to [ , and organic matter was improved to Ill. When the amount of organic wastewater returned to the field
was 600 m*/hm? | the nitrogen element in the 30-60 and 60-90 ¢m had no obvious migration trend. When it exceeded 900 m*®/hm”, the ni-
trogen elements in the 30—60 and 60-90 c¢m sections had obvious migration changes. With the increase in the amount of returning fields, the
number of returning fields and the number of tillages, the downward migration of nitrogen increased. When 600 m*/hm” of organic wastewater
was returned to the field, the phosphorus and potassium elements in the soil began to migrate downward. And with the increase of the amount
of returning fields, the number of returning fields and the number of tillages, the downward migration of phosphorus and potassium elements
became more obvious. In the downward migration process, available phosphorus and available potassium had a tendency to solidify into miner-
alized phosphorus and mineral potassium.

Key words Potato starch processing wastewater; Nitrogen, phosphorus and potassium ; Migration and conversion ; Returning field
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HIHA) 2019 4 10 A (FEIRI) X+ b s 32 e 2 &
SEHEAT TR, AR R F ORI B
1.2 ABEMBRESHE KRR A DRI T
JE KA H SRR B oK AN Sh 8 2k B 498 70 BSR4 4A H
JEVERIFRFAIN (2018 4 6 H ) NMEPIMCERI (2018 4£ 9 ) |
P H S VEIRME I (2019 4F 6 J1) AEPIISCRI (2019 4F
10 )4 BB e, £RE5 51 0~30 em ( EHEBHERR) |
30~60 F1 60~90 em( +IEFIIAT) 3 PUREE R, RN BE L
3R TR A G et A 3% IR AETRE
M GERRE FIRVEY) R4S

SRAEU I AR B TR S S )2 (JR 20 2 em) i
P2 PBA B3l A F AT TR KT IS O RE 5 Pk A AR
- R VD S (AR PR A i 1 2 mm FLAR A
Wit 2 mm FLAR G 09 E AR DU iE B B BRI AR 50 g
RS B o 2 25 g B 5 2k 252 B S R S 4 22 4 3 3 0t
0.25 mm FLEH , TR 4347, 535024 25 g B S br s
IEEE Sapen
1.3 RI8igit L 5 AR I H RS R R A AL
7K 0CE7K 3 000 m*/hm® b A2 ) Sy %t & 600 m®/hm® (¥ 7K
2 400 m’/hm” M) (900 m’/hm* (37K 2 100 m*/hm® #h 2 ) |
1200 m’/hm* (37K 1 800 m*/hm® #ME) .3 000 m*/hm? (357K
H90). 3WEEIKE; KIXJER 4 4. /X EFHN 4 mx
12 m; KRR 918 22 mx15 m F1 26 mx15 m, /N [X pEES#H
JEEE 50 cm, JH 5% 40 cm, =5 40 em, K 4% R B 26 S5 HE K
REFERATIE 27 emx50 em, FHRI%EEE 74 100 #R/hm®, T2k

A AR 99; B EHERRATIECN 45 emx50 em, R A
44 460 fR/hm’ , IHES S FNE H 9 5o SRR AN IF] A H
IR SE 2 4F (4 4B Be) 10 (] 25 150 SR G Bl [l
SEE ZE ML
L4 JiEtREAE LR MRR A AL 2R AR
W (P,05) R (K,0) (£ 1),

x1 Wiktstir57=®

Table 1 Indicators and methods of test

oRllEEE 7 THE AL For D75 75
Detection Unit of Detection
index measurement method

44 Total nitrogen o/kg TEE T
ARWE(P,05) mg/kg pH 8.5 iR S N
HRLH (K, 0) mg/ kg pH 7 BETR AR
AL Organic matter o/ kg U ARTREP AN I

2 BR5GH

2.1 DRFTEMMIEAKKBREIE MEL20LAEM, L
& %7K COD 7 000~35 000 mg/L, £ %( 500~ 1 500 mg/L, i
B 30~ 160 mg/L, 141 800~3 000 mg/ Lo J/KH )& Fr i 1
B, AT LS B 9 B /K b ) ( GBS084—2005) , i 7k
THOKAFAE Y 2 B R U 4 3k B, 2 2 AN — 2
Az K AR A A R AR , e Sh AR A B B AR A
PR P R R i R, A A A R S A i Y
JUE, BRI IE A AR R E ST AC A o P S5 4%
BT & L HEMAA Y AR (1978 SR o, 2 U
KRR o

R2 BERWERSS S D EEEH I TEKKBHHE

Table 2 Water quality characteristics of potato starch processing wastewater in some enterprises in Guyuan City

: bt e A -

24 ML AT EL 24
Al FHg  wAs @b ogred B p) gy HERARE o “ﬁfi K
Enterprise pH mg/L mg/L mg/L mg/L Total Cr content cop Total N Total ¥ mg/L

mg/L mg/L mg/L mg/L

mg/L

b 1 T2 77K Enterprise 1 4.91 ND ND 0.16 ND ND 11 000 34 810 1 490 71.7 2 920
process juice
Al 1 BAUE /K Enterprise 1 5.33 ND ND ND ND ND 8 200 17 900 918 52.8 2 340
denitrification wastewater
4l 1 Y2 R /K Enterprise 1 5. 46 ND 0. 008 ND ND ND 1 600 Sl A A ESIL
washing potato waste water
4k 2 T 277K Enterprise 2 5. 07 ND ND ND ND ND 9 200 35 200 1 500 84 3200
process juice
Al 2 UK 7K Enterprise 2 4. 89 ND ND ND ND ND 8 800 18 900 133 59.8 3180
denitrification wastewater
ol 2 YEE R K Enterprise 2 4.52 ND 0.0076 ND ND ND 1100 ESIL e ) A
washing potato waste water
1l 3 ZE& 1% /K Enterprise 3 6.25 ND ND 0.16 ND ND 2 300 6 820 502 38.6 877
comprehensive wastewater
2.2 ANEAEENTESMERBRANZE AREYA  PHEZ 09 2 5 A Rwk T RCE A LT S B B

[F) ik P it HERFAE)R (0~ 30 em) 2240 A R0 EAH A AL
PSR 30 IR BARE UL 4 WEITT K-S bk
TRAG PR LK) REWS B e 418 iy -3 v 2 S A Al Ll
ST S 0 T A LB RN, N 3 W LUE
3 HLAR0 A AR At A L K I A K ) - 3t - 3

1. 117 g/kg 17. 64 mg/kg 142, 62 mg/kg, 12. 28 g/kg; FifiL T
B Y b BB SR A A R A | R A L
By MR L 114 g/kg, 18.88 me/kg, 168.73 mg/kg,
11.78 g/kg, *ﬁ%’t?ﬂlé&iig,ﬁmﬁg:wg&ﬂ(%[ms; )
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Table 3 Contents of total nitrogen,available phosphorus,available potassium and organic matter in soil cultivation layer (0—30 cm) under different

amount of organic wastewater returning field amount

= | W HE 4 Total B3 Effective LA Available A BT Organic
;i;fé?ﬂﬁl Returning nitrogen//g/ kg phosphorus //mg/ kg potassium//mg/ kg matter//g/ kg
e amount Tk D K e Tk D kK e
m”/hm Corn Potato Corn Potato Corn Potato Corn Potato
2018-06 0 1.117 1.114 17. 64 18. 88 142. 62 168.73 12.28 11.78
600 1.433 1.416 35.73 37.71 176. 61 237.82 15. 69 16.75
900 1. 605 1. 652 54.35 59.93 316. 80 621.30 19.83 20. 67
1200 1.971 1.714 61.33 62. 64 762.01 977.53 25.66 26. 80
3 000 2.309 2.275 95. 64 92.50 1083.2 1063.4 31.37 30.79
2018-09 0 1.116 1. 121 18.93 19.93 210.23 170. 60 11.12 11.34
600 1.329 1.342 33.16 35.62 335.45 400. 32 15.70 15. 19
900 1.546 1. 486 54.55 53.71 680. 31 710. 43 19.22 20. 66
1200 1.824 1.712 74.54 72.54 860. 60 1 150. 42 25.67 26.48
3 000 2.059 2.133 90. 06 93.98 1 880. 11 1 250. 04 30. 35 29.93
2019-06 0 1.102 1.107 10.77 17.44 460. 03 280. 62 11.67 11.59
600 1.933 1.944 43.00 53.32 520. 48 540.52 21.25 20. 15
900 2. 186 2.027 98.12 76.32 750. 30 980. 43 29.23 26.97
1200 2.430 2.465 131. 14 88.56 1 560. 50 1 350. 47 32.49 32.89
3 000 3.412 3.258 162. 65 135. 60 2 060. 20 2 240. 14 42.69 42.53
2019-10 0 1.107 1.019 17.35 16. 87 380. 14 170. 84 11.37 11.35
600 1.618 1. 668 37.35 19.99 580. 51 450.24 20.95 20. 63
900 2.012 2.078 62.44 59. 00 710. 09 800. 56 29.02 29.28
1 200 2.270 2.377 81.68 70. 69 1 450. 42 1 250.28 31.68 32.57
3 000 2.764 2.988 146. 87 124.07 1 550. 04 1 560. 14 42.27 42.44
R4 IERDDRIRAE FLASA 28t WA AR AT ORI 0 b oK A -
Table 4 Soil nutrient grading standards oA Rk S 37. 35 mg/kg, A S & 580. 51 me/ke, HHL
s ﬁfﬂlfﬁ 2R 7J(ﬁ’¥§§h_ 15’_25&@3 ﬁ&ﬁﬁ?ﬁ iy & 20. 95 g/ke; P &5 E W A A &
led o g oo phoghows 1999 m/ki HERCH B 450, 24 e/, A7 BLITE
gke ks myks meks meke 20.63 g/kg. ATHUREIEN Sk, B FFIEOK - (R4 4T)
I >40 >2.0 >150 >200 >40 A
I 30~40 1.5~2.0 120~150 150~200 20~40 N TR 3 N e
I 20~<30 1.0~<.5 90~<120 100~<150  10~<20 ALK T3k 535 g 90012003 000 m/hon [, 565
v 10~<20  0.7~<1.0 60~<90 50~<100  5~<I10 — YA JF 2018 4F 6 H Il454 4 & & 1. 605~2. 309 g/kg,
V 6~<10  0.5~<0.7 30~<60  30~<50 3~<5 B & & 54. 35 ~95. 64 mg/ke, AR & & 316. 80 ~
VI <6 <0.5 <30 <30 <3

MUKt A 600 m/hm® i, 76 2017 4F 11 45—
YA PUE KIS , 2018 4F 6 A FFGGHEFD KT 485, Al
KA -t IR 2R AR AR AU R
K 1.433 g/kg 35.73 mg/kg . 176. 61 mg/kg 15.69 g/kg; Flifii
LR ) T Hb - R 2 0 2 A R R0 SRR ALY
B4 M N 1416 g/kg. 37.71 mg/kg, 237. 82 mg/kg.
16.75 g/kg, EHFIEANYE TIMH L, g fs & 20 &4
T BT AT, A LTSS IV R K 52018 4F 11 A fte 5 —
UANLE KL S ,2019 4F 6 AR A RS T oK Y 4 b 1 458 5%
RS = 2 1. 933 o/ke A7 R0 & i 43. 00 mg/kg, AL
P 520. 48 me/kg, AT i 21. 25 g/ kg Rl 4 5
A b A A Ak S AR B 1,944 o/kg, A RUEE T B
53.32 mg/kg, AL B & B 540.52 me/kg, A OHL BT A A
20. 15 g/kg, RARFNNER A HEpRE, B B AL 19 4 bR,
APUBE N A K- FhE F K E 48 55 )5, 2019 41 10

1 083.2 mg/ke, A HLF & i 19. 83~31. 37 o/ke, 2 EGAFI I
Yibrife, FLAEIR B 3 000 m*/hm® B} 450 & o 19, 3
WhEIRE] T 9, SHALEF L T 9, A HLBT IR B T E ; FhAE T K
YRS A AR U AL A R R AR
YA H 5 ZAEYIICAITT 2019 4F 10 H NS 2 A & 2. 012~
2.988 o/ke, 47 %k W 59. 00 ~ 146. 87 mg/ke, ¥ 2L 41 4
710. 09~ 1 560. 14 mg/kg, A WL Fr 4 29. 02~42. 44 o/kg, 4
R AR HRPRARTE T R L

TEAVUR DA RGP A EE AT, AL
R RN EE R, HE R R
PRk 22 ol BF I I ORGSR DL Bk = fig
R AR AR AT, K E TR, R EREmR, 2
BEEFERIRE S TR > A Y R A TG o RSB R 45
el R Y A v wk = 3: 12 RSN I N S ) R I BV 3
b - L B X AR AT e B SR AR Ok, D4R
BN T AR A & T HIEA ML & i, o3 T 148
PRAGIE BT, AR AR T RIS I B
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2.3.1 FUUEH. BAEPTA AL 50 bR 2 FR o0

L2 WRBHEAE K R TR EZ —, A% S I
Pl 1PN, 2E 2017 4F 11 A 2018 45 11 1 2 ORI ik
T Bk FEL AT 2 R K 45 85,30 ~ 60 1 60~
90 cm 2 /NI F 280 O LSS R RV R BE BT, BT Bk
600 m’/hin’ 15,30~ 60 em 11+ 8L A ik 15 A6 41 5 , 76 31
60~90 cm BLH 7 ik He AR VAT B 25 Ml , 5 9 K R R A 45
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Table 5 The nitrogen content in the soil profile under the amount of organic wastewater returning field o/kg
%E%ng e 2018-06 2018-09 2019-06 2019-10
amount Soil profile 4 L ok TR Fok T ok T
0 /hm? cm Corn Potato Corn Potato Corn Potato Corn Potato
0 30~60 0.992 0.962 1.016 1. 098 1.012 1.025 1.018 1. 065
60~90 0. 906 0. 906 0.910 1.023 0.909 0.926 0.982 0. 996
600 30~60 1.115 1.045 1.170 1. 167 1.249 1.263 1.179 1.277
60~90 1.092 0.985 0.968 1.071 0.962 1.028 1.032 1.025
900 30~60 1.205 1.172 1.265 1.297 1.235 1.462 1.336 1.505
60~90 1.179 1.122 1. 171 1. 147 1.093 1. 129 1.178 1. 126
1 200 30~60 1.462 1.296 1.388 1.368 1.526 1. 608 1.706 1.612
60~90 1.285 1.198 1.217 1.187 1. 185 1.211 1.224 1.399
3 000 30~60 1.629 1.473 1. 695 1.519 2.018 1.989 2.091 2.042
60~90 1.314 1.224 1.384 1.251 1.436 1.533 1.450 1.582
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Fig.1 Changes of soil nitrogen content with the amount of organic wastewater returning field during repeated application

I 900 m®/hm® 553 7K X B L , 2 4 T £ 220
SEYMA R, SR HEE 1200 m*/hm’ #f,30~60 cm
FITROA Fro 1. 462~ 1. 296, 1. 388 ~ 1. 368, 1. 526 ~ 1. 608 il
1.706~1.612 g/kg, 60~90 cm i F% &5 . 1. 285~ 1. 198,
1.217~1.187 1. 185~ 1. 211 il 1. 224 ~1. 399 g/kg., HiEK
i DO R EE 2 AW Tv B9 2 3 AR AR R i f i o 234
#4353 000 m’/hm” B, 2 AT 2802 425 35 7K 0 HX BEAR

AR 2 o

2.3.2 BEILE, NI 6 nlLIE it S K B i 5,
30~ 60 F1 60~90 em | a FH 2 & A 10. 01~11. 80.8. 93~
10. 28 mg/kg, 3L 2 Al A ALK KA B 2 AW vl (R i 7%
AR AT AN A R OB W B . 2k 2 W R AR
600 m’/hm’”,30~60 cm FTH &M 11. 74~17. 50 mg/kg
B T — R AR — RV E ) BBV E e R4 =
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Table 6 Phosphorus content in soil profile under different organic wastewater returning field mg/kg
A i 2018-06 2018-09 2019-06 2019-10
Returning ig%nUE
amount Soil profile % i Fok R ESS R ES S T
m>/hm? cm Corn Potato Corn Potato Corn Potato Corn Potato
0 30~60 11.13 10. 12 11.34 11.80 11.77 11.27 10. 81 10.01
60~90 8.93 9.91 10. 28 10. 09 9.10 9.96 9.16 9.47
600 30~60 13.51 11.74 14. 62 14.34 16.78 15.96 16.24 17.50
60~90 11.33 10.92 11.08 11.50 11.90 10. 58 10. 72 11.87
900 30~60 15.12 19.03 20.08 21.22 25.12 22.19 26.30 26.99
60~90 13.56 14.53 13.79 14.42 15.38 16.99 15.70 16.87
1 200 30~60 19. 86 21.24 26.52 29.84 31.97 29. 87 32.49 30.51
60~90 14.24 16.73 17.91 16.91 19.91 19.76 20. 60 21.42
3 000 30~60 23.12 33.41 53.33 55.30 85.12 87.23 87.22 89. 05
60~90 16. 83 20.73 19. 65 21.93 26.28 26.99 29.39 36.42
—— () —@— 600 m’/hm’ = 900 m’/hm? ==@=1 200 m’/hm’ === 3 (00 m’/hm’
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Fig.2 Changes of soil phosphorus content with the amount of organic wastewater returning field during repeated application

4R H K 900 m’/hm” B ,30~60 FI 60~90 cm i 1
W e ik 15, 12~26. 99 ,13. 56~ 16. 99 me/kg, 575 KA
P X RECREL L, 2 A8 T8 A 8 5 S A R B 4 5 o iR
#1200 m’/hm’ fi},30~60 em #1825 M 19. 86 mg/kg
BN 32. 49 me/kg,60~90 em T IR S M 14. 24 mg/kg
A 21. 42 me/ke, 5 1E KR B HRAA EL, 2 AW T o
HRHEES 2~3 4%, 438 K 3 000 m’/hm® B, 2 AT TR A
EEREE T 3~6 5 (1K 2),

BE R P T A R B, B R B e R a0 i 3L
b2z AWt iR . Hoh FEOR AR M P AL G AT
EELICITOHIBE . I TR R B, PR R A
], Hoos kAR AR AL, At Al (355 55 i 5] 45 2352 e A 22 [ ) O
REMEZ TR AL, A SR R A A, %

T o BN T K Kt | 18 s AR EE 135
B RILS LB, B P 5
2.3.3 BionE. IR T LI, — it FH i K i e+
HEAE 30~60 F1 60~90 cm 2 /A [R] 31 i Fp A4 o BETE 95. 87 ~
190.51 81.35~130. 11 mg/kg, [FFEA H & 600 m*/hm’, 5
— YA FH VR R B A 2o B P 30 ~ 60 em ) 1A R
110. 30~ 160. 89 mg/ kg, KA TEXF R K I N . 5 —0GE
FH AR B/ 4 72 30~ 60 cm 3] [ 41 & B Mg AT #2755, 60 ~
90 em I TR AR A ASIH 8 ARV A BEFE RN .

4R K 900 m’/hm” B, 30~ 60 1 60~90 cm 2 4~
T 4R 2 i1 172. 44~299. 44 93. 63 ~196. 47 mg/kg, 557K
A T X HEORH B, 2 A4 DB T B0 4 A KR B P it v o 3
41200 m*/hm’® B}, 30 ~ 60 em i T f4 45 2 4k : 248, 34 ~
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269. 00 mg/kg(2018 4 6 ) .300. 37~310. 05 mg/kg(2018 4E
10 H) .350. 05 ~ 360. 32 mg/ke (2019 4E 6 H ) #11 390. 19 ~
500. 41 mg/kg(2019 4= 10 H ) ;60 ~ 90 cm | H ¥ B & 4.
126. 88~170. 70 mg/kg(2018 4% 6 A ) .185. 87~200. 02 mg/kg
(2018 4F 10 H ) .220. 38 ~ 310. 31 mg/kg (2019 4F 6 H ) F

220.27~310. 09 mg/kg(2019 4F 10 A ), 57K H X HEAH
bl L2 A U0 T A A R AR e 2~ 3 5. MR H Ak )
3000 m*/hm® fif, 2 A~ W7 T8 A B0 & B SR T 3~ 6 4
(E3),

£7 FRGHEKTIAETHENERLSE

Table 7 Potassium content of soil profile under different organic wastewater returning field mg/kg
i HH . 2018-06 2018-09 2019-06 2019-10
Jﬁ;tuing iiﬁ%ﬂﬁ
amount Soil profile  Fx ETS Fok R ES S BT Fok RS
m?/hm?2 cm Corn Potato Corn Potato Corn Potato Corn Potato
0 30~60 95. 87 99. 83 135.37 130.32 190. 51 180. 16 180. 14 160. 20
60~90 81.35 87.63 120. 21 130. 11 130. 24 130. 01 120. 21 130. 11
600 30~60 110. 30 136. 81 160. 89 150. 21 210. 32 200. 26 250. 30 200. 10
60~90 88. 67 106. 94 135. 65 140. 30 160. 77 150. 81 170. 57 140. 22
900 30~60 172.44 243.32 245.37 240. 25 299.44 260. 63 290. 89 280. 52
60~90 93.63 153.30 154.27 160. 62 190. 48 180. 18 196. 47 180. 43
1 200 30~60 248.34 269. 00 300. 37 310.05 360. 32 350. 05 500. 41 390. 19
60~90 126. 88 170. 70 185. 87 200. 02 310. 31 220. 38 310.09 220.27
3 000 30~60 559.73 598. 00 640.78 620. 02 760. 45 780. 36 941.28 830.24
60~90 175.71 208.70 295.32 300. 01 347. 61 356. 41 384.16 370. 41
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Fig.3 Changes of potassium content in soil profile with the amount of organic wastewater returning field during repeated application
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