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Mechanism of Bio-organic Fertilizer on Potato Yield and
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Abstract: The effects of coal-based bio-organic fertilizer on potato yield, soil physical and chemical
properties and abundance of nitrogen-cycling microbes under drip irrigation were studied, aiming to reveal
the mechanism of the fertilizer on crop yield and soil nitrogen cycle. A field experiment was conducted
from May to September in 2019, located in Guyang County, Inner Mongolia. Totally 1 500 kg/hm’
(BF1), 3000 kg/hm® ( BF2) , 4 500 kg/hm* ( BF3) of coal-based bio-organic fertilizer and no organic
fertilizer ( CF) were applied respectively on the same levels of chemical fertilizations. The chemical
fertilizers were 210 kg/hm” of nitrogen (N), 150 kg/hm” of phosphorus (P,0,) and 180 kg/hm’ of
potassium (K,0). The field experiment included four treatments and each treatment was repeated three
times. Plant dry matter accumulation and tuber yield were quantified at potato maturity and harvest
periods, respectively. Samples were collected from 0 ~ 20 c¢m layer for analysis of physicochemical
properties of soil and abundances of nitrogen cycling microbes before tuber harvesting. The abundances of
bacteria ( 16S rRNA ), fungi (ITS) and nitrogen cycle functional genes (nirS, ammonia-oxidizing
bacteria amoA, nifH) were quantified by quantitative real-time PCR techniques. Compared with CF,
increasing the coal-based bio-organic fertilizer ratio could significantly increase the dry matter
accumulation of plant and tuber. The total tuber yield was increased by 5. 30% ~9.49% with the organic
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fertilizer increasing. The soil pH value of organic fertilizer treatments was significantly lower but organic
carbon content was higher than that of CF. The abundance of soil bacteria and fungi was decreased with
the increase of organic fertilizer application, but it was higher than that of CF. The abundance of
microbial genes related to soil nitrogen-cycling responded positively to the addition of organic fertilizer.
Furthermore, the gene abundance of nitrite reductase (nirS) was significant, while nitrogenase (nifH )
and ammonia monooxygenase (amoA) of ammonia-oxidizing bacteria ( AOB) were not significant. The
content of soil organic carbon appeared to be the key factor influencing the abundance of nirS-type
denitrifying bacteria. Overall, these results indicated that the proportion of soil bacteria and fungi could
be regulated through proper application of the coal-based bio-organic fertilizer. Soil nitrogen cycle would
be affected by the coal-based bio-organic fertilizer. The abundance of nirS gene was more sensitive to the
addition of organic fertilizer than that of other functional genes. The coal-based bio-organic fertilizer
would help to improve the productivity of potato fields, and the application of 4 500 kg/hm” had a better

2022 4

performance.

Key words: bio-organic fertilizer; nitrogen-cycling; function microorganism; potato; yield
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Fig.1 Accumulated irrigation amount in growth period
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Tab.1 Primers and reaction conditions of PCR analysis
A GiEY L2l RV HRTS

165 sRNA 1369F 5"-CGGTGAATACGTTCYCGG-3' 95°C AL M 5 min;95°C 248 M: 15 ,55CiE k 20 s, [24]
1492R 5'-GGWTACCTTGTTACGACTT-3’ 72°C EH 30 5,40 AMEFF ;72°C LEAH 10 min

s ITSIF 5'-CTTGGTCATTTAGAGGAAGTAA-3’ 95°C FiZE 1 3 min;95°C 2 30 s, 55°CH A 30 s, [25]
ITS2R 5'-GCTGCGTTCTTCATCGATGC-3’ T2°C HEfH 45 s, 30 NEIR

i cd3a-F 5'-GTSAACGTSAAGGARACSGG-3' 95°C AR 5 min;95°C A 45 s, 55°CIR Kk 45 s, [26]
R3cd—R 5'-GASTTCGGRTGSGTCTTGA-3’ 72°C HEAH 45 s, 40 NMIEFF

AOB amoAlF 5'-GGGGTTTCTACTGGTGGT-3’ 95°C T ZE P 5 min;95°C A5 60 s, 60°CiE K 60 s, (271
amoA2R 5'-CCCCTCKGSAAAGCCTTCTTC-3’ 72°C HEfH 60 s, 40 PMEER

, nifH — F 5"-AAAGGYGGWATCGGYAARTCCACCAC3'  95°C A 5 min;95°C A8 45 s, 55CiE k 45 s,
nifH nifl - R 5'-TTGTTSGCSGCRTACATSGCCATCAT-3 72°C HEMH 45 s, 40 NMIEFF [28]

B, Origin 2017 BEAT4: &, SPSS 20 G4k 14FEAT 48
T, R BRI R 7 22 43 i A1 LSD 325 43 At Ak 3L ]
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Fig.2  Dry matter accumulation at potato maturation stage
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Fig.3 Tuber weight per plant, commodity potato weight and yield in responding to different treatments
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Tab.2 Physical and chemical properties of soils under different treatments
) Aol AR/ U i EWEHEL, WMERSRIL EESAREL
by KR pH i
(g'kg™") (g-kg™") (g'kg™") (gkg™") (mg-kg™") (mg-kg™")
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BF1 (0.079 £0.01)*  (8.07+0.06)> (6.16+0.21)*  (0.57+0.07)*  (0.740.09)> (14.32+0.72)* (15.76 +2.70)* (3.39 +0.49)*
BF2  (0.079£0.01)* (8.00£0.01)" (6.96+0.39)* (0.60£0.06)* (1.100.12)* (14.40+0.45)* (15.9£1.69)* (3.920.70)"
BF3  (0.081£0.01)® (8.07+0.05)" (6.18+0.30)® (0.63+0.07)* (0.60+0.11)> (14.73+0.03)* (15.57+1.31)* (3.77+0.71)*
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Fig.4 Abundance and ratio of bacteria and fungi in soil
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Fig.5 Copies of nirS, AOB — amoA and nifH genes in soil under different treatments
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amoA FEIN F=HE 5 4 5% B 5 0 IE A SE AN, nirS |
AOB — amoA FE[H = J 5 H At + HERAL 1k B . 2%
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Tab.3 Correlation coefficients between soil microbial

abundances and physical and chemical properties of soil

i H Bl HEH nifH nirS ~ AOB — amoA
TR 0.258 -0.433 0.174 0.507 0.187
pH 14 —0.084 -0.266 —-0.224 -0.256  —-0.328
FHLBSHE 0.424  -0.043 0.454 0.682° 0.476
EE SR 0.241 -0.034 0.389 0.360 0.706 *
MAASE  0.415 -0.141 0.416  0.443 0.478
BERASE  -0.267 0.245 -0.063 -0.229  -0.164
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