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Effects of potato starch processing juice on soil nutrient contents and alfalfa growth

JIA Yuanchao', BI Jiangtao®, CAO Xuehai®, SUN Quan', MAO Ruifan', HUI Zhibing', LIU Peng'

(1.School of Agriculture, Ningxia University, Yinchuan 750021, China; 2. School of Ecological Environment, Ningxia University, Yinchuan
750021, China; 3. Ningxia Pengyang County Seed Management Station, Pengyang 756599, China)

Abstract: This study aimed to elucidate the effects of potato starch processing juice on soil nutrient contents and alfalfa growth, and to
provide a theoretical basis for the utilization of this juice as a renewable resource. In order to evaluate the effect of potato starch processing

juice on soil fertility and plant growth and development, five different irrigation treatments were set up using alfalfa as test species : CK
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(clean water), T1(75 m*+hm™), T2 (150 m’+ hm™), T3 (225 m*-hm™), and T4 (300 m’ - hm™). The results showed that potato starch

processed juice could promote soil nutrient accumulation and alfalfa growth in a concentration—dependent manner. Compared to the values
of CK, under a juice irrigation amount of 300 m’+hm™ the soil organic matter content, alkaline hydrolysis of nitrogen, available phosphorus
content, quick—acting potassium content, fresh alfalfa yield, hay alfalfa yield, chlorophyll content, and crude protein content increased by
22.25%, 46.90%, 20.47%, 10.01%, 160.29%, 165.31%, 29.61%, and 6.97%, respectively. Moreover, at an irrigation amount of 225 m’
hm?, the height of alfalfa plants increased by 38.06% and the relative feeding value by 36.54%. Finally, at an irrigation amount of 75 m’-
hm™, the crude ash content was reduced by 3.25% and the crude fat content was increased by 0.68%. By using principal component
analysis and integrating data on soil nutrients and plant properties, an irrigation amount of 300 m*+ hm™ was deemed to be optimal. In

conclusion, irrigation with potato starch processing juice can promote soil nutrient properties and alfalfa growth, allowing to make valuable

and effective use of this waste resource.

Keywords: potato starch processing juice; soil nutrient; alfalfa; irrigation amount; principal component analysis
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1766 m, 4 P2 7.4~8.5 °C, 2 4E LR 140~170
d, B#7K 3t 350~550 mm, J& YAy R Rl PR A, 1580
48+, AP 14.11 g- kg, pH 8.56, HL 5 % 108.50
wS - em™, B AL 119.14 mg - kg™, 47 B 90.08 mg -
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W B o (A6 BT LT Fr i), TR R

R A Y R T B A A, 4 0.25 mm
i, K 43 (Crude ash) 7 & % 49 e 72, #L AR Wi

(Crude fat) 75 5 % & Fe i #2 2 , #L 2 A (Crude pro-
tein) % HR HIHLIRE B2 BRMEVE R LT 4E (Acid deter-
gent fiber) A1 H P PRI £F 4E (Neutral detergent fiber) &
152Kl Van Soest P47 s FHXT A M EL(Relative feed-
ing value)=(88.9-0.779x R WL A 2T 4 75 5 ) x (120/H
PEVERETYE 5 52 )/1.29

FERR B B SE <R T HaSO~HL0: T AL -BIL IR
E LN E AL A SR HaSO4—Ho 00 T Ak —5H BT 1L
I 1 L R HoS0.—HL0, TH Ak - S 4300k
JEEI E B
1.5 #iEALE

K Excel 2010 #4710 80 5o ab BRAN AT, £
SPSS 19.0 i gEAT HLIN 3 J5 22 53 (LSD i) Al = 1l
534307, 811 Origin 2019 1451 .
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VEE TR 7K 7K T A2 5 M A Ml A 77 4 4 R P35 11 o 2
2, (RO E R /K bR 7 ) (GB 5084—2021) J&: [ X
B 1k -4 MR KRR TS e, A A AT e
il RE BIARIE . FEUTTE L T2 AL PG A% e iin 1
HKBRAE MR TP (2 2) , 44k . pH FIEf BT R 48 oA
BB 1 i B AR RO VR K B AR HE ) , BOD Al
COD {454 100 mg- L7 #1200 mg- L (IR HEME , %
B 2R UUUE 15 1200 B 19 5 48 B0 By i 1K B
BOD F1 COD & it B i Ah , o B 18 b 45 & 1B RV
WEAK B bR
22 DEEFEMMIAANLERSBZM

AN [ VTR it ) S S R N T KA R
St E W (R3) . 5 CKAHEL, & 4b 3 + 5
ML & & ¥ 8 2% 58 (P<0.05) , 1 iF A 12.02%~
22.25% 5 % e 55 = A4 T3 RN T4 Ak P - 38 pH i 2 B
i (P<0.05) , FEIE A 1.88%~2.71% , T 0% i 8 AR 8 T1
FIT2 4b B pH B A BEAL, H 5 CK 2 5 A 8 % (P>

®1 DRETKEFREELRIZIT

Table 1 Experimental design of alfalfa irrigation with potato juice water

fbam R ER I T K K Pram Pr Az it Pr Az i
Treatment Potato starch processing Clean water/ Total nitrogen consumption/ Total phosphorus consumption/  Total potassium dosage/
reatmen juice/(ms'hmfz) (m*+hm™) (kg+hm™) (kg-hm’z) (kg-hm’l)

CK 0 300 0 0 0

T1 75 225 66.75 6.75 93

T2 150 150 133.50 13.50 186

T3 225 75 200.25 20.25 279

T4 300 0 267.00 27.00 372

1% WHART]
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Table 2 Physicochemical properties of potato starch processing juice

N " T As/ 7t Ph/ K He/ i Cd/ AN Cr/ BOD/ con/
Full salt/(g-1L") P (pg-L") (pg-L™") (pg-L) (pg-L™") (pg-L™") (mg-L™") (mg-L™")
1.3 6.13 7.8 1.6 0.005 0.32 10.2 11300 14979

0.05) ; - SFER A 20 A SO RN SR AL B B i Y Bl T K
TE RN SE 0, Bk T1 A0, &40 2R 4 e el 2 i
FHEN(P<0.05) , 315 4 9.60%~46.90% , 45 b FEAT 3%
8 70 A% B 1 44 B B I (P<0.05) , 3 il A K
11.93%~20.62% F1 2.78%~10.01%., 1tk F B |, 3 1%
LR BESE RN T E /K AT A S50 i e R4y 4R T
T3,
23 DREEMMIHAMEE)RS EEERNHIE

TR SEYE RN T AR B A R R ™ e R )
WE(FR4), BER RS SRS TE R N T K
TR St P 88 T T 0, A v R R R SR S KR
WA FEARR a3 . 5 CK AL, 45 A0 B PR 2 B 5 1
(P<0.05) , 14 &}y 12.86%~38.06% , F: th T3 14 IiF fix
K, T4RZ A3 22 5738 B35 (P>0.05) ; fif 7 &
B E N (P<0.05) , H1 hy 33.82%~160.29% , H: i
T 2t f5e 1m0 11 T4 A BRI IR e K, T3 IR 2 (H 3 22 /A
2 (P>0.05) 5 T 50 & & 1 (P<0.05) , 3 i 4
27.03%~172.30% , Horb T3 B IE £ K, T4 Rk 2 (B =%
ZF AR E(P>0.05) . GRS m Tt
IRORE A ok e B R g RN T R R i A R
(L R 2 2ok 22 2 X Ak v R R A R AR
2.4 DHREEMM I KN EREEKBZE

LR B VER I T 7K B A8 AR K s dg 2 (3R
5). 5 CKAHLL, T1 bR 5 T F L AR, T2 . T3 1
TARCFRE f5 88 K, Hodp T3 B & 1K 7.69% (P<0.05) 5
M PR 2L [y 2 PR (P<0.05) , Hirb T3 f I, FEAR
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Table 4 Effects of potato starch processing juice on alfalfa plant

height and yield

e HE% @iﬁfcé +ﬁf.ﬂi
Lo oup  Plantheight/  Fresh grass yield Hay yield/
cm (kg-hm™) (kg-hm™)

CK 74.43+£5.33¢ 20.35+0.92d 7.40+0.31d

T1 84.00+6.56b 27.25+£2.05¢ 9.40+0.74¢

T2 97.81+£3.02a 46.70+0.1.48b 17.85+0.52b

T3 102.76+5.95a 51.85+£1.90a 20.15+0.75a

T4 97.85+2.17a 53.05+3.18a 19.50+1.13a

26.42%; M2 R & Bl A 8 UE R I T K E R
SR INTATE o T2 T3 A T4 AR K B (P<
0.05) , B4 liF H 15.68%~29.61%. H 38 B 5 4% 8 ¢
K Tt KO B A K 3] T R A
25 DREEMMIAAMERTEFRRRLEE
IRIMER R

AT 6 AT LIARHAT, Eh S Sy T KO 4
I i JoT S AR R AN HLAA . 5 CKARLE,
2 Kb ORI 43 B it 1 2 FE AR (P<0.05) , B IR Sl 0.75~
3.250 A 43 i TR IR SRR s FLBR IDT 7% t fi EH4 (P<
0.05) , B4 4 0.36~0.68 4 F1 43 1, T1 34 e K 5 HL 2R
M5 i 1K (P<0.05) , 34 1/ 4 3.69~6.97 1~ H 4
R TA SR e K 5 A PR M PR R T 4 B it 22 5 B
F(P<0.05), T1 I s CK PR IR A 25 b fe i, 2
F T HAb AL B ZH (P<0.05) 5 4% 4 350 X6 ] WL A4y {4

R3 DHEBEMMIA AT LIEF SO

Table 3 Effects of potato starch processing juice on soil nutrients

ol AHL LIRSS A A AR AL
T IZL’ Organic matter/ pH Conductivity/ Alkaline hydrolysis of ~ Available phosphorus/  Quick—acting potassium/
est group (g-kg™) (pS-em™) nitrogen/(mg-kg™") (mg-kg™) (mg-kg™)
CK 15.73+0.51d 8.50+0.05a 117.37x1.31¢ 118.52+1.81d 86.94+1.20d 171.59+1.74d
T1 17.62+0.31c 8.47+0.04a 107.23+0.93d 120.89+1.43d 97.31+0.84¢ 176.36+2.24¢
T2 18.19+0.58bc 8.41+0.04ab 170.47+1.37a 129.90+4.41¢ 98.61+0.76¢ 186.03+0.66b
T3 18.69+0.29ab 8.34+0.05bc 124.70+1.15b 169.06+1.53b 102.92+0.59b 186.90+0.38ab
T4 19.23+0.54a 8.27+0.07¢ 104.97+0.90e 174.10x1.41a 104.87+0.44a 188.76+0.72a

1 - R BVEUE G AN [ 7 B3R Ab #i A 22 55 8 25 (P<0.05) o T [,

Note: Different letters in the same column indicate significant differences among treatments (P<0.05). The same below.
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Table 5 Effects of potato starch processing juice on the growth

performance of alfalfa

R T EWigid LIEES N
Test group Dry to fresh ratio  Stem to leaf ratio Chlorophyll
CK 0.36+0.02be 2.46+0.06a 53.56+7.52¢
T1 0.35+<0.01¢c 1.85+0.08¢ 58.70+6.16bc
T2 0.38+0.01ab 1.83+0.03¢ 61.96+0.77h
T3 0.39+0.01a 1.81£0.17¢ 65.04+3.76ab
T4 0.37+0.01abc 2.14+0.89b 69.42+2.40a

K (P<0.05) , 315 4 5.41~36.54 4~ H 43 45, , T3
R R o PR I U B S R B VE R 0 T K AT DL
A R R BT, B2 AR AR X ] DR A
2.6 DREEMMILHKNEEFRSRENZIN

I T N I 1 o~ o 0 A o e e et Ay < B
FEACKHTR] , /NI ¥4 T4>T3>T2>T1>CK, Y6 T
A BETER N T /K I 3 i B R, 5 CK
FHEE, & A0 34 R/ 7 i 8 35 K (P<0.05) , T4 e K,
9 15.04 mg-kg™!, T1 T2 FI T3 5354 12.62.13.74 mg-
kg Fl 14.00 mg - kg, T1~T4 43 5] 54 K 15.67%.
25.93%,28.32% F1 37.86%; 4= W 5 & W & H K (P<
0.05) , T4 iz K, 426 mg-kg', T1. T2 F T3 4351 Ky
3.08.3.70 mg - kg_l M 3.77 mg kg'l, T1~T4 43 5| 8 K
13.65%.36.53%.39.11% 1 57.20%; 4455 & i K
(P<0.05), T4z K, 5 4.93 mg-kg, T1. T2 FI T3 535 Ky
2.44.3.34 mg- kg 1 4.13 mg - kg, TI~T4 53 5| 4 K
201.23%.312.35%.409.88% #1508.64%. H It F B 14
EBEIER I T K] BB R T B TS A e 21
&L,
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Different letters indicate significant differences among treatments (P<0.05)
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Figure 1 Nitrogen, phosphorus and potassium accumulation of

alfalfa under different potato starch processing juice treatments

Fo6 DREFEMMIAKAMEEEFRMREEX RRMERN (%)

Table 6 Effects of potato starch processing juice on the nutritional quality and relative feeding value of alfalfa (% )

155 2H GIV iy HLAR iiki{=] TRVEVE T 2 PSR AT A AR G A
Test group Crude ash Crude fat Crude protein Acid detergent fiber Neutral detergent fiber ~ Relative feeding value
CK 11.36+0.14a 1.38+0.03d 11.00+0.36¢ 41.90+0.20b 50.79+0.21a 103.04+0.36e
T1 8.11+0.07¢ 2.06+0.09a 14.69+0.31b 43.41+0.25a 47.26+0.88h 108.45+2.17d
T2 10.10+0.08d 1.86+0.01b 15.02+0.32b 40.66+0.63¢ 46.53+0.66b 114.41+0.82¢
T3 10.37+0.04¢ 1.92+0.03b 17.66+0.10a 32.63+0.47¢ 42.31+0.28d 139.58+1.70a
T4 10.61+0.15b 1.74+0.03¢ 17.97+0.22a 37.34+0.43d 45.07+0.77¢ 123.46+1.41b

1% WHART]
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0.319 x I £ 25 +0.317 x i L 7= 5 +0.316 x 34 20 # +
0.3 13k 155 —0.308 xpH +0.295 X B fff % +0.284xAH X} 4]
WA +0.169x KL AE [

Y,=0.098xHK1 75 [1+0.152xA HLIFT+0.174xA 5% -
0.091 x I £ 25 - 0.108 x fiff o 7 f5 — 0.047 x L &Y 4 +
0.074xFf 21 +0.287x pH—0.350 x5 fi7 L —0.099 x A X 1]
WA +0.83 1< KL )y

HRAE U LR B AR SR AR Bl R R
BT K R BOR BT, 25 54553 DL FE 040 1 DRk X
F A5 BTN, B R Ry gR A A oy =(
BT 14553 x84.512+ F Al 41 2 15953%9.518)/94.030 , i
YL A8 HEE S T4>T3>T2>T1>CK (K 8) .

3 iFig
3.1 DHEEMIMITAKI TIESRES MM
TR BERE RN Tt KA W 4 IR AR AR AT & (R
7 BIEREIRSERER

Table 7 Principal component matrix of each index

RS EMFAMERES

Table 8 Comprehensive score of principal component analysis

. FHsr1 FHsr2 e
g B2 s by
rincipal Principal
Test group Overall score Sort
component 1 component 2
CK -4.40 -1.06 -3.82 5
T1 -1.50 1.48 -1.13 4
T2 0.36 0.44 0.35 3
T3 2.62 -0.06 2.21 2
T4 2.92 -0.81 2.39 1

" T ERUL2
Eistun . Lo
Principal Principal
Index
component 1 component 2
A7 L% Organic matter 0.976 0.155
pH -0.939 0.294
AR 0.899 -0.363
Alkaline hydrolysis of nitrogen
A3 Available phosphorus 0.975 0.178
A 0.964 -0.480
Quick—acting potassium
Pk 5 Plant height 0.953 0.760
fif B P it Fresh grass yield 0.968 -0.110
42 Chlorophyll 0.974 -0.093
HLAE I Crude fat 0.516 0.850
HMLEE 1 Crude protein 0.984 0.100
AR Rl (L 0.866 -0.101
Relative feeding value
ST CREEAR ) Total 9.296 1.047
BTN 84.512 9.518
Variance contribution rate/%
RPUTTHR AR 84.512 94.030

Cumulative contribution rate/%

MK B E) , {H BOD A COD # = 45 w , Rlk,
A ETE R I T K G S o — o ) AR L A i
PEATAE R, o] E B A IR 25 R R E 24 h )R
&4 S BRI T /K A9 BOD A1 COD 75 2 45 Br
A BAEME R T 13 v COD JEA W B i . TEA
RISAFFE R, SR e MmN Ty KR T i 58 R T,
FETEREBRRT AT TR R Ab B
TR AR & R R S, R R R KR
il A R K SR AR T S R ) 1 B 5 A IR
el I A S N Ty K E R AR 5 9 K B
AHLE, AT d 2 0 i 1R A i, U AR
TE FKRWGR G T 7 /5 VA L, 51 HL3A X 4 38 il
SR YL, sRIEP IR R B, A ERER I T
K] R A E L, BT i 2D 960 ¢ 1) COD HE ik, I HL o]
DI PR A FH 2 /K B SRR 9 i, b s el B -39 42
R RSy o AR N TS S R T K i I
R JE R ERIE [ &R (A. chrococcum ) , 1 T Titi A
T35 AT LUK R R A T RGN R,
MTTEE S T A G SREPR R, 4
EREFER N T K HEE e, 1 3 S A S Ll TR
FIDR Bl & PR, R 3R . AEARHEIE D Bl
TR SR N Tt K U TR R 38 0, - 35 P HLR B
il SR AR AR R AR A A S 2 0 - — T FT e
T SR TER I T KA G S A ER RS
BL AR B B SR OC R ik A LR &)
AT A — RN R X LA L
FG B BRI TR e, IR R T A - A R
435 55— T AT REJEHE A SRR T K EGE T R K
S RVE TR AR T SRR Yy B SR T
RN P S5 Dh R e D s v i ik 1
BSR4k
T 75 W TN, 76 e B P - 498 v A PR T K
pH AT DL &8 T 3808 I 5 72 AR B 5% L £ 3 pH
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URETRR Rt Y F 4155 5H

Wil 5 % S R T K R S ) i BRG]
fiE 2 DA B YE R I T KA B pH M 6.13, X 24 3y
TR APk R B TR MER  fE— o BRE BE AT
- BSR4 (TS AL R Ak, DA HE TR R 3R 43 1Y
AR .
32 BREEEMMIAKNEFEEKAZTHNZ N

AEREMEEERK LT LRI LFHNETIC
A R R A A RGR A, T
WFFE R, B 1S TRl o AR e 3 AR [ Uk AR
RE, B 16 B4R E AR 100~300 m* - hm AR A
H [ 5E 1 R E A 94% (L4 bk , A 6% B3 7E i
rh s 5 AT SN A A8 A AR T AT DA R T 5
TEH T8 B9 A 77 915 XU S IF 5 8 /R 21 2558 3 1 7K
JEXEE P. polymyxa TR R AT JsORE R PR 3 455 42
(A MBI BT A SR T A 7= i R i i o 5 56
Hoe 2% FH 0 44 S Y I K R 9 A D Y ZE TR 7R 24 h
S UE T TERCK 2.2%10° cfu - mL7, 3 B ThAR
KN T3t 7K 0T AR A 4 43 R4 A K R B L 7
SRR BRUR . THASEYER I T K RS B R
VERY VR RRLE 4 RS AN, 0] R A i B
PALFEIE TR r . AR AE R BIR , DAk n 1
K A A R A S AR T s R
TR B R S I HLER OROHL A D S5 IR R
A3 O S BN AR R PR (S B T, R
THEY BRI T T K HE R 25 + 3 R i R A WL
JoE, XoF T 7 MR IR BT A6 T B 0 1 A K R e ke 3
TARUER, N ERE AR TR ENEA RS
B, DI 75 77 kB A o ek 3

BRI AT LR E R TR MR R R R
TP R, FIXEN S55F 58 A& 30, 76475 Fl 1)
Jit B T AR PR R A PN O 2R O R R 5 [
FAIRIF S 2 B, it FF) 25 SR Y Y PT LA RO B R FH 26 g s
40.9%~44.3% , NI AEHE T KPR E R . EARDFSE
W Bl TS VR I LKt R A3, S AL
B R SRt BN, X AT RE U T S A N T
KPS A B BT, B EE AR K TR
FH AR E T 78 B B R S A T RS2
FEWE A K BEAR T 138 pH L k3% T 3K AR L 48
w1 RS AR TR A X IR R, &
WX T EE R BB

4 ZEig

(L)L S 28 S5 3 M Iy F /K 3G hn 1 3 A Bl

1% WHART]

Tt B SR A A B A SR A R R R e
Fr o BA RN X

(2)WE L B RN T /K G0 1 AR AR e
WA RS CH AR R B ORI R S
TORLIR W AR SR % A B TR > FOHLER 45
0 E A AR ROR R TR

(3)3d i R o ik i LRG0, B E 300
m’« hm 2y B RS FER I T K S ACRE I

(4) EHER IR N T CR— R JosE O iR 5
PrBEis, i Bk A B AT AE A g A BRI LR
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