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Abstract: By investigating the effects of combined application of iron fertilizer, zinc fertilizer, and bio-organic

fertilizer under reduced chemical fertilizer application on
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as the test material. Five treatments were set up: chemical fertilizer application as the control (CK); 80% chemical
fertilizer + 3 000 kg/hm’® bio-organic fertilizer (T1); 80% chemical fertilizer + 3 000 kg/hm’ bio-organic fertilizer + 20
kg/hm’ iron fertilizer + 30 kg/hm* zinc fertilizer (T2) ; 80% chemical fertilizer + 3 000 kg/hm” bio-organic fertilizer + 30
kg/hm’ iron fertilizer + 40 kg/hm’ zinc fertilizer (T3) ; and 80% chemical fertilizer + 3 000 kg/hm* bio-organic fertilizer +
40 kg/hm” iron fertilizer + 50 kg/hm’ zinc fertilizer (T4). The results showed that as the potato growth period progressed,
the dry matter accumulation in stems and leaves at different growth stages under all treatments exhibited a trend of first
increasing and then decreasing. The dry matter accumulation in stems and leaves under the T3 treatment was significantly
higher than that under the CK treatment. As the potato growth period progressed, the contents of nitrogen, phosphorus, and
potassium in leaves under different treatments at different growth stages exhibited a trend of first increasing and then
decreasing, while the contents of iron and zinc displayed a continuous decreasing trend. Compared with CK, treatments T2-
T4 significantly increased the dry matter accumulation in potato stems and leaves at maturity, among which treatment T3
achieved the highest mineral element contents. In terms of yield and its components, treatment T3 significantly increased the
tuber weight per plant, the number of tubers per plant, and the marketable tuber rate by 44.19%, 68.62%, and 18.88%,
respectively. The results of correlation analysis indicated that potato yield exhibited a highly significant positive correlation
with yield increase rate, number of tubers per plant, and Zn content ( P<0.001). Cluster analysis revealed that the CK and
T1 treatments were grouped into one cluster, while the T3, T2, and T4 treatments were grouped into another cluster. In
summary, the results of this study indicated that under reduced chemical fertilizer application, the combined application of
iron and zinc micronutrients with bio-organic fertilizer effectively increased the dry matter accumulation in potato stems and

leaves, mineral element contents, and yield. Among all treatments, T3 showed the best performance and could be used as a

fertilization strategy for high-yield and high-efficiency potato production in the northwest cold and cool region.
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Table 1 Basic soil properties of the experimental area

1R i

1.1 RIEHELR

AGRIE T 2023 4E4-10 A fEH M A 2 v il
REEBFFE B i I JE 4l (104°35'E,35°33'N) #47, ik
ISR 291 920 m, P-4 6.4 °C, PR /K i
415.2 mm AEZE K1 531 mm, TR R%EL 2. 53, 8¢
TREWFEHX, RS+ BT 8w, 0~
20 em )2 SR AR LR 1 AR HONE 148
o (T Te R ) s Bbn i, 50 X A 3k FE
RO A A

+2 - AR &= ERGE Eol [y R AR EER s s
(em) P (g/'kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
0~20 7.1 5.2 0.96 0.44 13.55 2.76 0.63

1.2 KA

ARG T EHE S AN P 17 5 R HR A
E PG A B2 A g B SR 4L 35 i F AT 53 hy
PRE (2N &5t 46% ) G BERRES (P,Os % & 12%) |
TRARHR (K,O & i 24% ) , 43 H B s h e IR AL T
BIRAF mrme Bl TARA R H R TAIEE
BRA AR A A HLIE CA LB S & =45%)
Vg AR 2 AR A RS w4 AL A B 5 8k (Fe
TR =13%) WM SE s R A B A BRA w48
At BEAO A B B EE (Zn &5 =200 o/L) FH T g I 55
FRAE YR A BR A Al 4R
1.3 Rt

SKAKHE AL A BT, Hei & 5 A ab 3 (R
2) 53 9 AL AR (JR 2 450 kg/hm? 5 B R 45 375
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Table 2 Fertilizer application scheme and application rate for each treatment

bz PRZ it = Ik B IR i ) R E YA BRAL i = PENL I B
(kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?)

CK 450 375 525 - - -

Tl 360 300 420 3 000 - -

T2 360 300 420 3 000 20 30

T3 360 300 420 3 000 30 40

T4 360 300 420 3 000 40 50
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Fig.1 Effects of combined application of micronutrient fertilizer and bio-organic fertilizer under reduced chemical fertilizer application on

dry matter accumulation in potato stems and leaves
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Table 3 Mineral element contents in potato leaves under different treatments

e
b 4 - DR —
i 1 FEAE I AT
N & (g/kg) CK 23.18+0.58¢ 26.17+£0.87d 40.73+0.58¢ 28.66+0.35d
T1 29.03+£0.72b 29.53+0.54¢ 42.72+0.44¢ 31.07+0.55¢
T2 32.18+1.28a 33.67+0.40b 47.13+0.21ab 34.18+0.46ab
T3 34.96+1.21a 42.63+1.61a 48.61+1.33a 35.62+1.12a
T4 33.45+0.59a 35.63+£0.54b 45.97+0.28b 33.45+0.45b
P,0y i (g/kg) CK 5.24+0.09d 6.77+0.12d 7.44+0.89¢ 5.96 +0.07¢c
T1 5.49+0.08¢ 7.08+0.08cd 7.61+0.03¢ 6.59+0.16b
T2 5.94+0.21b 7.31+0.06¢ 8.45+0.05b 7.23+0.31a
T3 6.38+0.07a 8.30+0.15a 9.13+0.07a 7.46+0.21a
T4 6.25+0.07b 7.66+0.09b 8.38+0.16b 6.83+0.18b
i (g/kg) CK 21.57+0.45d 49.39+0.81d 44.50+0.47¢c 36.39+0.81d
T1 23.84+0.16¢ 52.48+0.44c¢ 42.48+0.61c 39.48+0.52¢
T2 25.33+£0.03b 54.94+0.81b 49.77+0.54ab 45.27+0.62b
T3 29.35+0.63a 57.62+0.57a 52.40+0.54a 47.29+0.62a
T4 26.70+£0.57b 55.52+0.51b 47.27+1.61b 44.32+0.61b
Fe 5 ( mg/kg) CK 73.46+0.45d 51.54+2.19e¢ 48.81+0.98d 40.32+0.75d
T1 75.30+1.39d 61.12+1.62d 52.25+1.21¢ 45.76+1.24¢
T2 79.30+0.65¢ 67.52+1.04¢ 67.54+1.12b 54.81+0.41a
T3 87.96+1.21a 82.79+1.07a 73.84+0.98a 56.49+0.64a
T4 85.03+£0.65b 74.69+0.54b 65.50+0.42b 51.83+0.42b
n & ( mg/kg) CK 50.32+0.75d 43.89+0.94¢ 30.71£0.62¢ 26.95£0.91e
T1 53.44+1.18d 49.12+1.27b 37.22+0.89b 30.37+0.39d
T2 63.81+1.24b 54.31£0.99a 38.94+1.13b 36.41+0.61b
T3 68.49+0.38a 56.55+£0.64a 44.90+0.99a 40.63+1.01a
T4 58.16+1.15¢ 53.78+0.56a 41.98+0.54a 33.51+£0.42¢
CK T1~T4 W& 2, [—Tahn i/ 7 I 0TI s AT /INE 7R 2 R BT 2 5 . & (P<0.05) -
23 FBUNEDHEFSREMEK 4.5%10¢
231 BLAFREFFREEE NEH2 AN, B
CK ATLE, T2~ T4 A0 T #0305 3542 0, B E 30a0
PN it FH 2 P 2 T 38 0, 4% 3 i R ity R R O 2 20x10°
TR R R, T3 AT R g A e
H T2~ T4 Ab 3 5 5% 35 7= i 43 )l 3K 3] 35 976.44 0.510°
kg/hm? 40 678.84 kg/hm>F137 621.90 kg/hm’, Rk T T2 T T
232 BRBLBFEFFHA HELTH, S CK oo .
HILG T3 b LT 45 55 2P bR 2 0 5 4T 68. 62% D
T3 T4 Kb FREA KRS T 43 955 CK B B4 55 44. 19% | CK.T1~T4 W32, rF=aFH: AR/NG PR A B E] 22 5

60.47% ., 5 CK #HLL, T2 T3 b3 R ol 2 3R 1 2 4t f(z;;gjgwgﬂ*FEmez
BT 16.22% 18.88% . 1L ACHEDHE T BEAGE RO IARBFERE TR

Fig.2 Yield and yield increase rate of potato tubers under dif-
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4 0. 63 kg, 10 ¥k, %8 CK F1 T1 AT/ 5 i 242 7
7 90.91%#1 125. 00%,
24 DERETYRRREFTRTERTENHEX
144y AT FNER K4 4T
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FRE TR AN NEERE PR
TR B IEAE (P<0.05) | 5/NEASH 5 A 56
HH Il 3B AT ARG AN R4 A (] 19 22 5, nRE BT AT Ab
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Table 4 Tuber setting per plant of potato under different treat-

ments
Y bk i ¢
(™) (kg,1tk) (%)
CK 8.03+0.69b 0.43+0.02b 71.71+0.75¢
T1 8.37+0.67b 0.35+0.01b 69.28+1.32¢
T2 9.21+£0.59b 0.48+0.01ab 83.34+0.54a
T3 13.54+1.93a 0.62+0.03a 85.25+0.67a
T4 12.67+1.67b 0.69+0.01a 80.28+0.65b

CK.T1~T4 W3 2, FFEHRGEARR/NG FREF R B R 22 5 B3
(P<0.05) .

Table 5 Weight and number of tubers per grade for ten potato plants under different treatments

N hE K&

Aby - : -

Hik (kg) A HH (kg) (A it (kg) M)
CK 0.33+0.03¢ 22.00£1.15b 2.85+0.01¢ 35.67+1.21c 5.00+0.01b 19.69+0.58ab
T1 0.28+0.01c 27.67+1.45a 3.15+0.03b 39.33+0.88b 5.82+0.02bc 23.00+0.52a
T2 0.42+0.02b 14.00+0.58¢ 3.37+0.01a 46.00+0.58a 6.24+0.014b 24.00£0.58a
T3 0.63+0.04a 12.67+0.88¢ 3.69+0.09a 46.82+1.15a 7.56+0.05a 14.92+0.57bc
T4 0.46+0.02b 15.67+0.89¢ 3.32+0.08b 41.67+£1.20b 5.69+0.01c¢ 12.13+0.56¢

CK\T1~T4 WK 2, [FFVEHRIE A /NG T RER R A BE W) 22 5 8.3 (P<0. 05) .
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Fig.3 Correlation and cluster analysis of dry matter accumulation in potato stems and leaves, mineral element contents in leaves and tuber

yield
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