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Effects of chemical fertilizer reduction and combined application of

bio-organic fertilizer on potato yield, mineral elements and soil fertility

DU Honghui', JTA Xuegang’, YANG Tao’

(1. Horticultural Station of Weiyuan County, Gansu Province, Weiyuan 748200, Gansu, China; 2. Gansu Field Agricultural Science and
Technology Co., Ltd., Weiyuan 748200, Gansu, China; 3. Institute of Biology, Gansu Academy of Sciences, Lanzhou 730030, Gansu, Chi-
na)

Abstract: In order to study the best scheme suitable for potato fertilizer reduction and bio-organic fertilizer replacement.
Potato was used as test material, the effects of different reduction gradients of fertilizer and different dosages of biological
organic fertilizer on potato yield, mineral element content and soil fertility were studied. The experimental treatments
included control group CK1 (no fertilization), CK2 (local fertilization rate), T1 (fertilizer reduction 20%+ bio-organic
fertilizer 1500 kg - hm™), T2 (fertilizer reduction 30%+ bio-organic fertilizer 1500 kg-hm™), and T3 (fertilizer reduction
40%-+ bio-organic fertilizer 1500) kg-hm™), T4 (fertilizer reduction by 20%+ bio-organic fertilizer 2100 kg - hm™), T5
(fertilizer reduction by 30%+ bio-organic fertilizer 2100 kg - hm™)and T6 (fertilizer reduction by 40%+ bio-organic fertil-
izer 2100 kg - hm™). The experimental results showed that plant height, stem diameter, soil phosphatase activity, catalase
activity, sucrase activity, available potassium content, available phosphorus content and organic matter content of potato
under T5 treatment reached the maximum at each growth stage. Compared with CK2 treatment, total potato production,
commercial potato yield, commercial potato rate, Ca and Mg contents, increased by 13.61%, 22.46%, 7.79%, 18.81% and
9.98%, respectively. Therefore, this treatment can be used as the optimal fertilizer reduction and combined application of
bio-organic fertilizer to improve the yield and quality of local potato and soil environment.
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Table 1 Basic physical and chemical properties of tested soil and bio-organic fertilizer

) w(AEED/ wBBREED/ w( AT/ wOGHE R/ w( A/ wOGHE A/ - wCE LD/
7 (g-kg" (mg-kg") (g-kgh (mg-kg" (g-kg" (mg-kg") p (g-kgh

+ 3% 0.76 98.07 1.17 12.65 130.35 7.7 12.52

G YESRiIN 20.34 123.32 18.69 13.61 382.56 7.5 451.88

1.2 ##l 20%+ WA HLAE 1500 kg - hm>) , T2 (b B & &

B SR E MM 75, B H IR E RO
BHEA R STEA R SR R EDHEVIEWN +
K,0 + P.0s) & & (w, J5 [FD=5% E VLR & E=45%.
BREWE=0.2 12", HH T KAT R BT K
AIRA T AP A 5 =/ = R B IR A
AP R R (N & E=46%) 1 R AL TR
A BRA T AP FIBE IR — 4 (P,Os 7 E:=46%) AL
Fl FH 4 T A PR A & A 7 R 8 (KO0 & =
50%) .

1.3 Rt

L2 e P SRRt R R et R 15 3 AN D I Ak 2
Ul AE 20% ~ 5k AR 30% ~ 3k AT 40%) , 2 N FH
HLRE % o & 0 B < fICBR B 1500 kg - hm | = B 5
2100 kg-hm*. ¥ 8 MALEL(ER 2), 735 4 : CK1
CAN it AE D 5 CK2 22 i B FH &), T1 CHE sk &

30%+ YA HLAE 1500 kg - hm™) , T3 (4k fE ik =
40%+E WA HLAE 1500 kg - hm®) , T4 (4b B 8 &
20%+ A HLIE 2100 kg - hm™) , TS C4k JIE Ui &
30%+4 YA HLAE 2100 kg - hm™) , T6 (4k A ik &
40%+ YA FUAE 2100 kg-hm™) . RIF ] 28
LB, B0 A BER FHBENL X A vt f AN b 72 3
WEL . BHREMELEE DR, BFRE 15 cm,
4T HE 60 cm, ¥R EE 30 cm, /> X T 2 45 m? (6 mx
7.5 m) , #& Fh % FF 60 000 ¥k +hm?. 2021 4 4 f
28 H¥#E#, 10 A 5 Hlksk. B IERMEZE L — X
PN, AR A LR 2. S EF S
2 Hh IR — 2
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Table 2 Fertilization under different treatments

(kg-hm?™)
b7 N P-0s K.O DA HLAE
CK1 0 0 0 0
CK2 200 150 150 0
Tl 160 120 120 1500
T2 140 105 105 1500
T3 120 90 90 1500
T4 160 120 120 2100
T5 140 105 105 2100
T6 120 90 90 2100

(2021-10-03) M 5& #h 1, B /N XMW SE 30 Bk s bR
R RFHIAE B 2 B K3 L R s HA UG i Hb T
2 cm b E ZEH, AR/ XN E 30 HE o
142 F=egnE SR ZERBUAR , B/NX A
AR 30 SRR FINE BRI AT E. A
JREAE 1.5%1F . 35 BCR PR P &, B SR 1 hm?
A&, THE R,

Bk R/e=(HmET R HIEm A E | x
(1-1.5%)/FR %5

FR 2 B 4y v SR AR R S, R
e E/NT 50 g M/ DL R 35 I S Ak
e,

P 2 2R /%=1 i B T R R X100,
143 FRAZAEHNE  F/NXER 10 FRK
WO S 2, S 1/4 2k, 2 DI IR A
1E 105 °C 24F R A&7 15 min, # A\ 60 °C K46 5754
MO ZE R, BB BUORE CREAN AR B EUREEAT 3 IR
EE) . #iAFE R H.SO.-H,0, V4 Z xR H
Ji 7 W AL G 1S A 52 Caw Mg CusFesMn.Zn Fll
K&E. FYREENTHRERS FTHER.
144 E3gsregmz HIEEURE . 5 B EYIE

WY AR IR “ 27 P 2 RUR G K
FEVE, RAEA R AL ER IS /N X 0~20 em 38 FF i,
F /AN IEFE 10 AN SRAE s, TR 2T 5 R DY 2 2 ik
L1V S o = = I/ B SR 71 NG U I B BV
0.25 mm i 1 LR AFE T L3 p AR o
HUJTR & B I K@it 1 mm 57 i ARECRAE DL
IR .

BV PRI 5E - K FH 3, 5- RS LK I L 6 )
S TR R T A 5 SR e PR O R I i A
1iF (catalase , CAT) 175 4 5 K FH % i 22k 2R file R £ v25 0l
5 Tl TR T i 1 5 SR P 90 e v o et S b ST 1
R FH UG R BN b 2 0 MR AT 12

HAFR > B B WE < 70 0 AR H0E ViR
SANAHBR DU L B LR KB FE T R
i OB R R A i . SR AR IR A RIE
M LA P& =
1.5 HiEE S

FIH Excel 2010 &b 28 4z #14F B, >k H SPSS
19.0 % E s 347 B K 3. U7 22907, 9732 H Duncan’s
K gL AT 2 BT
2 GRE0
2.1 ARELEMDSHRERZHEKEN

H % 3 AT, fE AN A E W B A i A Ak 2R
T, BREkE 2B EE ST CKL, R TS &
PR MR L 2RO AE % A N 380k B e K, R bk
B CK2 Ak # 4y i 3R E 25.76%  14.08% F
12.32% , 25 f %% CK2 4t P 7 7l $2 7= 8.75% -
16.67%H1 15.70% . I N , 7 [7] 55 A= H0A HLAE
Jita FH B Ab 3R, B IR R 2% A B PR
== R 38 R IR S T S B, 38 7R DRI
30%AKLFE (T2 T5) ik B 8 K 5 78 it A A 7] 46 I &

R3I FRAAEWMDRERZHRAIFZM

Table 3 Effects of different treatments on potato agronomic traits

e P/em ZEHil/em
Hi SNy ] pie WAL BN SN ] SR

CK1 4.20+0.15b 39.20+2.36 ¢ 56.20+2.65 ¢ 0.71+0.01 b 0.86+0.03 ¢ 1.01+0.04 b
CK2 6.60+0.16 a 47.60£2.56 ab 70.60+3.65 ab 0.80+0.02 a 0.96+0.02 ab 1.214+0.06 a
Tl 6.90+0.10 a 49.10£3.14 ab 71.10£3.62 ab 0.81+0.01 a 1.02+0.04 ab 1.284+0.07 a
T2 7.10+0.10 a 49.60+2.54 ab 73.40+2.87 ab 0.83+0.01 a 1.06+0.08 ab 1.31+0.06 a
T3 6.00+0.18 a 44.90£3.45 ab 61.00+3.87 b 0.76+0.02 a 0.90+0.06 ab 1.12+0.05 a
T4 7.90+0.17 a 52.90+2.98 ab 76.90+3.21 a 0.86+0.01 a 1.10+0.04 ab 1.36+0.06 a
TS 8.30+0.12 a 54.30+2.57 a 79.30+3.09 a 0.87+0.01 a 1.12+0.05 a 1.40+0.05 a
T6 6.20+£0.16 a 45.70£3.64 ab 64.70+£2.98 b 0.79+0.01 a 0.93+0.04 ab 1.16+£0.04 a

T FZIECT G A NG P BERORLE 0.05 /KF 2573 3% .
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22.46% A1 7.79% . 1E Jita FH AH 5] A= 906 HLAE & 4b 3
B E AR A D, SR R e
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Table 4 Effects of different treatments on potato yield

b Mk g 7 5/ (kg - hm™) 7 i 2 7 5/ (kg - hm™) R i 2 /%
CK1 412.00+7.35 ¢ 24 720+441.09 ¢ 11371.204313.65 ¢ 46.00

CK2 626.806.97 ab 37 608+418.41 ab 28 958.16+378.94 ab 77.00

Tl 645.00+7.56 ab 38 700+453.48 ab 30 495.604365.62 ab 78.80

™ 670.5049.15 ab 40 230+549.17 ab 32 023.08+338.35 ab 79.60

T3 543.9047.42 4b 32 634+445.15 b 25 389.25+355.91 b 77.80

T4 685.5048.55 ab 41 130+513.00 ab 33191.91+382.30 a 80.70

T5 712.10+5.87 a 42726£352.23 a 35 462.58+406.98 a 83.00

T6 584.2045.21 b 350524312.31 b 27 340.56:400.31 b 78.00

23 AEENERET RTRSEHFN REEACEER, B A 1A A S D, B EHEL Cu,

HHEE 5 nlhn, S T R EN iR S8
T CKI1 Ab¥E, TS /¥R CaMg & i 775
5 CK2 AbFEHE i 18.81%-+9.98% . £ it I AH [F] 2E4)
BB RN, BE A AL A 2= kD, 5% Ca,
Mg & &3 25T a B SRl A YA VLB b 3
T Ca-Mg & &%) ET CK2. TEjit I AH R AY06 L

Fe.K.Mn.Zn & ®IHRINEMLEH . T4 BT
Cu-Fe K Mn.Zn & &1L i K, 7 55 CK2 #2
Tt 16.50%-+10.64%-10.52%-5.71%-12.51%. {EAH[A]
PERETE P S FE T, BRE TR S BRI N
b FE AR LR A B A 3 v TR P AR B, R I 1
Jita AR A DR AT LASE = B E A TR S .

"S5 ARG EMDRET RTESENZN

Table 5 Effects of different treatments on mineral element content of potato (mg-kg"

W w(Ca) w(Cuw) w(Fe) w(K) w(Mg) w(Mn) w(Zn)

CK1  112.20+£8.66 b 2.56+£0.36 b 11.60+0.73 ¢ 1852.32483.03 b  321.05+2.25 abc 3.56+0.13 ¢ 18.02+1.25b
CK2  120.89+6.48 ab 3.09+0.19 ab 16.83+0.86 ab 2352.32477.56a 333.2042.514ab  4.38+0.17 ab 22.55+0.98 a
Tl 125.07+9.35 ab 3.25+0.32 ab 18.09+1.01 a 2499.47490.62a  356.53+£3.81 ab 4.24+0.15 ab 23.97+0.99 a
T2 126.90+£10.03 ab ~ 3.02+0.22 ab 16.69+0.26 ab 2 465.66+88.72a  358.88+2.53 ab 4.18+0.11 ab 22.74+1.03 a
T3 123.65+6.78 b 2.86+0.43 b 14.44+0.75 b 2303.47+65.39a  335.02+4.05 ab 3.90+0.08 b 21.33t1.22a
T4 133.07+6.68 ab 3.60+0.25 a 18.62+0.69 a 2 599.68+103.31a 366.08+3.65a 4.63+£0.14 a 25.37+2.03 a
T5 143.63£5.95a 3.55+0.18 a 17.03+0.65 ab 2505.27+120.13 a 366.44+4.53 a 4.46+0.10 ab 23.65+1.34 a
T6 130.30+10.15ab  3.02+0.13 ab 15.36+£0.78 b 2436.84+82.36a  355.32+5.03 ab 4.02+£0.09 b 22.08+1.58 a
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T6>T3>CK1, FRHIE I T3 AbFEE CK1 LE & ER
A, FoAh 2 BT it A2 08 HLIE AL 3 g8 S A A
PRI 2 m T CKI1; TS A HE CK2 7EVIfE i 2
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Fig. 1 Effects of different treatments on catalase activity in potato soil
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Fig. 2 Effects of different treatments on soil phosphatase activity of potato
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Fig. 3 Effects of different treatments on urease activity in potato soil
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Fig. 4 Effects of different treatments on soil sucrase activity of potato
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Fig. 5 Effects of different treatments on

soil organic matter content of potato
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9.76% F 5.47% ; 1 & HF & & B CK2 7 il =
12.75%+18.91%+21.77% ; T4 Kb BT i filt & & 2= 7E
5 I 138008 B B, o0 e CK2 B 32 i 13.64%
15.63%+12.08% , &I 3 T5 AbFE HiEM R S B S
T4 JeFR TR E 25 . (B FIADAA LI 2 Ab 5
N, BEE A A Rk, bR A B
BT RS BITEAE 30%40BE(T2.T5) R,
T - 3R AR S AR I PR AR 34 s 70 AH A4 e
FACEET , IR A R USRS BRI

F6 FRAEWNINEFLRFNFSSENFN

Table 6 Effects of different treatments on the content of available nutrients in potato soil (mg-kg"
m w0 wGHE R wCHE R
HITEH] FHB R e U RUGH HITEH FHBA RO

CK1 66.28+1.73 ¢

66.62+2.08d 64.62+1.88d 52.42+1.78d 56.58+1.47d 49.03+1.37c¢ 113.33£2.97f 121.03+2.45e¢ 108.23+3.07 ¢

CK2 86.74+2.58 b 111.87+2.88 b 75.80+2.04 b 64.58+1.66 bc 71.6142.03 abc 67.81+1.87a 167.33£3.34d 213.33+3.24b 149.01+2.90 ab
T1 89.02+2.78 b 116.00£3.23 b 78.86+2.11b 63.20£1.87 bc 70.07+1.97 bc 67.60+1.68 ab 159.00+£3.36 d 209.67+4.65c 147.00+2.99 ab
T2 85.42+1.93b 105.00£2.98b 75.3242.57 bc 66.82+1.65b 74.12+1.67 ab 69.61+1.97a 173.00+4.64 ¢ 224.33+3.88b 162.00+3.27 ab

T3  799142.06b 96.11+2.57 ¢ 70.57+2.08 ¢ 59.29+1.22 ¢

65.68+1.63 ¢

62.52+1.65b 147.33+3.07¢ 194.37+2.42d 139.67+3.54 ab

T4 98.57+2.68a 129.3542.99a 84.96+2.45a 68.39+2.01 ab 75.8841.90a 70.35+1.77a 179.00+4.56 b 249.33+3.35 ab 178.00+2.78 a

T5 98.32+254a 127.74£3.13a 83.95£2.68a 70.82+1.09 a

78.60+2.18 a  71.52+1.86a 188.67+5.78 a 253.67+3.28 a 181.45+3.67 a

T6 82.48+2.35b 102.53+£3.04c 73.64+2.75bc 62.99+£1.55bc 69.83+1.50 bc 66.01+1.58 ab 153.67+£3.33 ¢ 199.65+4.75 ¢ 144.33+2.77 ab
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