Agricultural Biotechnology 2023, 12(5) . 52 -54, 58

Environmental + Microbiology

Effects of Seed Dressing with Microbial Inoculum on Nutri-
ent Composition and Biological Yield of Silage Corn

Ruihuan DU'?, Yanhua YAN'?, Lei WANG'?, Liang ZHANG'?, Shuai WANG'?, Shuo YANG'?®, Yajing
WANG'**, Huihui CAQ"***

1. Tangshan Food and Drug Comprehensive Testing Center, Tangshan 063000, China; 2. Hebei Agricultural Products Quality and Safety Testing Innovation Cen-
ter, Tangshan 063000, China; 3. Tangshan Institute of Industrial Technology for Functional Agricultural Products, Tangshan 063000, China

Abstract

[ Methods | Silage corn varieties suitable for planting in Hebei Province were selected, and set with an experimental group and a control check group each. Mean-

[ Objectives ] This study was conducted to understand the effects of microbial inocula on the biological yield and nutritional components of corn.

while, at the late stage of milk ripening of silage corn growth cycle, the nutritional components and indexes of silage corn were determined and analyzed by a near-
infrared analyzer and the NIRS technique. Meanwhile, the biological yield of silage corn was determined at the maturation stage of its growth period, aiming at com-
prehensively evaluating the regulation effects of the microbial inoculum tested on silage corn from the aspects of basic nutritional components, mineral element con-
tents, energy and related indexes of corn, combined with agronomic characters and biological yield. [ Results ] The microbial inoculum improved the biological yield
and nutritional indexes of silage corn, and had a positive regulation effect on the growth of silage corn. [ Conclusions | The results of this study provide a theoretical

basis for popularizing the planting methods and cultivation methods of silage corn with high yield and high quality.
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With the continuous development of animal husbandry, the
demand for silage is increasing day by day. Due to its short pro-
duction cycle, low cost and high economic benefits, silage corn
feed has become an important feed resource in animal husband-
ry'"". From the perspective of animal nutrition, silage corn feed is
rich in nutrients such as dry matter, crude fat and cellulose,
which can not only help herbivorous livestock to improve their pal-
atability, but also facilitate their digestion and absorption, thus
greatly improving the production performance of animal husband-
ry? 7", Silage corn feed can not only provide sufficient feed for
herbivorous livestock, but also solve the problems of resource
waste and environmental pollution caused by corn stalk burning,
which conforms to the scientific concept of " green development"
of China* ™.

The structure of rhizosphere microbial community can reflect
soil fertility and plant health, and it is a response to the compre-

]

hensive factors of plant growth environment'®. In recent years,

the research on rhizosphere microbial community has been widely

-8
!, and some research results show

. . 17
carried out in many crops
that some microorganisms in rhizosphere can not only positively
regulate crop biomass, but also enhance crop disease resistance,

so we call them beneficial microorganisms™’. As a kind of biocontrol
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bacterium, Bacillus subtilis has a good effect of preventing diseases
and promoting root growth. The environment-friendly microbial in-
ocula made of B. subtilis can not only promote seed germination
and improve germination rate and emergence rate, but also im-
prove plant biological yield and nutritional quality. In this study,
the seed dressing of silage corn was carried out by a B. subtilis mi-
crobial preparation before sowing, and the positive regulation of
the microbial preparation on nutritional quality and yield of silage
corn was verified by measuring the agronomic characters, biologi-
cal yields and nutritional components of experimental groups and
control check groups. The results of this study provide a theoreti-
cal basis for popularizing the planting methods and cultivation

methods of silage corn with high yield and high quality.

Materials and Methods
Experimental materials

(1) Microbial inoculum: It was a biocontrol microbial inocu-
lum made of B. subtilis JTFM 1001 (strain preservation num-
ber; CCTCC No: 2016145) with antibacterial and detoxifying
effects, and the effective viable count was equal to or greater than
500 million/ml.

(2) Seed dressing method ; For the seed dressing group, the
concentration of microbial inoculum used for seed dressing was 75
ml/kg. Through field experiments, it was found that the sowing
density of corn is generally 66 000 —69 000 seeds/hm”, and it is
generally 30. 0 — 37. 5 kg/hm’ according to different seed sizes.
According to the sowing density of 30 kg of corn seeds per hectare,
the amount of microbial inoculum needed was 2 250 ml/hm’. The
bacterial suspension was directly sprayed on the surface of seeds,
which were stirred evenly, dried in the shade and sown. The ap-

plication rate was increased or decreased according to different



Ruihuan DU et al. Effects of Seed Dressing with Microbial Inoculum on Nutrient Composition and Biological Yield of Silage Corn 53

conditions of crop seed size/seeding rate/seed coat thickness. The
control group (CK) was not treated with microbial inoculum.

(3) Silage corn varieties; Dongdan 1331 ( Liaoning Dongya
Seed Industry Co. , Ltd. ), Woyu 3.
Determination indexes and methods
Determination of agronomic traits and biological yield In
this study, "Dongdan 1331" and " Woyu 3" were used as research
materials, and the seeds were dressed with B. subtilis before so-
wing. At the maturation stage of the growth cycle, following bio-
logical characters of silage corn of different varieties in different
treatment conditions were measured ; plant height, stem diameter,
ear height, number of leaves, number of yellow leaves, single
plant weight (kg/plant) , total weight (kg/4 rows x2.5 m), and
weight per square meter (kg). The values of three biological rep-
licates were averaged for each biological character.
Determination of nutritional components In the late stage of
milk ripening of silage corn growth cycle, whole-plant silage corn
was harvested while leaving 15 e¢m stubbles. A FOSS-2500 multi-
functional near-infrared analyzer was used to determine the nutri-
tional components in whole-plant silage corn of the two treatments
of the two varieties, and three biological replicates were set for
each variety. The NIRS technique was applied to analyze the inde-
xes of forage nutrition components. In specific, 100 g of each sam-

ple to be tested was crushed with a cyclone mill to obtain powder,

Table 1 Measurement results of biological characters of silage corn samples

which was sieved through a 1 mm sieve, and spectral scanning was
performed with the FOSS5000 near-infrared analyzer ( FOSS Com-
pany, Denmark) under following working parameters: wavelength
range of 1 100 —2 500 nm, scanning times of 32 times, and spec-
tral interval of 2 nm. Based on the imported near-infrared detec-
tion model of alfalfa from National Forage Testing Center of the
United States, the nutritional components such as dry matter
(DM), crude protein (CP) , water-soluble carbohydrate (WSC) ,
crude fat (EE) , starch and lignin, mineral elements such as ash,
calcium (Ca), phosphorus (P), potassium (K) and magnesium
(Mg), and energy indexes such as net energy for production
(NEL), net energy for gain (NEG), milk yield per ton of feed
and non-fibrous carbohydrate (NFC) , were obtained.

Results and Analysis
Measurement and analysis of biological characters of silage
corn with different treatments

Following biological characters of silage corn under different
treatment conditions were measured by hands: plant height, stem
diameter, ear height, number of leaves, number of yellow leaves,
fresh weight of single plant (kg/plant), total weight (kg/4 rows
x2.5 m) and weight per square meter (kg), and the values of
three biological replicates were averaged for each biological char-

acter. The results are shown in Table 1.

Variety .Plant . Stem . Ear Number of ~ Number of Fr:;hsi:;fht (6’1:2&’1 :erlogii « Wz;g:;r:er
height /m  diameter//cm  height /m leaves yellow leaves plant //ke/plant 2.5 m) ke meter // ke
Dongdan 1331 (seed dressing) 2.61 2.60 1.05 15 2 1.15 38.39 6.73
Dongdan 1331 2.60 2.40 0.89 14 2 1.11 36.20 6.03
Woyu3 (seed dressing) 2.92 2.63 1.06 15 2 1.38 46.08 8.01
Woyu 3 2.91 2.40 1.02 15 2 1.32 43.33 7.22

The results in Table 1 showed that, compared with the control
check (CK), the plant height, stem diameter and ear height of si-
lage corn treated with the microbial inoculum were higher than
those of the control group, and the fresh weight per plant, total
weight of 6 m” and weight per square meter of silage corn in the
experimental group were significantly higher than those in the CK.
It indicated that seed dressing with the B. subtilis inoculum signif-
icantly improved the biological yield of silage corn.

Analysis of nutritional components of silage corn under dif-
ferent treatment conditions

At the later stage of milk ripening, the whole-plant silage
corn was harvested while leaving stubbles with a height of 15 c¢m,
and the nutritional components of the experimental group and the
CK were determined by a FOSS-2500 multifunctional near-infrared
analyzer. The measurement results are shown in Table 2 and
Table 3.

The results showed that seed dressing with B. subtilis signifi-
cantly improved the nutritional quality of silage corn, and promo-
ted the contents of crude protein, carbohydrates, ash, Ca, K and

Mg in the late stage of milk ripening. Among them, the crude pro-
tein content and carbohydrate content of silage corn treated by
seed dressing with B. subtilis were as high as 8. 80% DM and 18.
3% DM, respectively. Generally speaking, the silage corn with
starch content greater than 28% , crude protein content greater
than 7% , acid detergent fiber content less than 22% and neutral

B-41 " and the nu-

detergent fiber less than 45% 1is of high quality
tritional indexes of silage corn in the experimental group were sig-
nificantly better than those in the CK.
Analysis on the differences in energy indexes of silage corn
under different treatment conditions

As shown in Table 4, for each of Dongdan 1331 and Woyu 3,
the net energy for production ( NEL ), net energy for gain
(NEG), milk yield per ton of feed, non-fibrous carbohydrate
(NFC) and other values in the experimental group were signifi-
cantly higher than those in the CK. It indicated that B. subtilis
significantly improved the net energy for production, net energy for
gain, milk yield per ton of feed and non-fibrous carbohydrate of
corn while increasing the biological yield of corn.
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Table 2 Analysis on nutritional components of silage corn with different treatments
DM // %

Variety Moisture - —

Dry matter  Crude protein Water-soluble carbohydrates ( WSC) Crude fat Starch Lignin
Dongdan 1331 (seed dressing) 71.3 28.70 8.80 18.30 2.56 22.70 3.15
Dongdan 1331 (CK) 70.5 29.50 8.35 14.10 2.88 26.50 3.32
Woyu3 (seed dressing) 73.0 28.75 8.47 13.50 2.98 27.90 6.99
Woyu 3 (CK) 72.1 27.90 8.40 13.20 2.73 23.75 3.66
Table 3 Analysis on mineral components of silage corn with different treatments

DM // %
Variety
Ash Ca P K Mg

Dongdan 1331 (seed dressing) 5.39 0.23 0.23 1.29 0.15
Dongdan 1331 (CK) 5.12 0.20 0.22 1.24 0.13
Woyu3 (seed dressing) 5.17 0.19 0.24 1.38 0.14
Woyu 3 (CK) 4.82 0.17 0.243 1.26 0.12
Table 4 Analysis on energy indexes of different silage corn varieties
Index NEL//MJ/kg NEG //M])/kg Milk yield per ton of feed //kg/t NFC // % /DM
Dongdan 1331 (seed dressing) 1..595 1.135 1513.5 4.9
Dongdan 1331 (CK) 1.590 1.120 1389.0 44.2
Woyu 3 (seed dressing) 1.595 1.130 1539.0 44.9
Woyu 3 (CK) 1.555 1.075 1433.5 41.8

Conclusions and Discussion
Agronomic characters and biological yield are important inde-

B4 Studies have shown

xes to evaluate the quality of silage corn
that the plant height, ear height, stem diameter and the number of
green leaves of silage corn are all factors that affect the biological
yield”’. The higher the plant height and ear height of silage corn,
the higher the biological yield; the thicker the stem'"’ | the stron-
ger the lodging resistance of the plants™ ; and leaves serve as the
main structure of organic matter accumulation in maize plants, and
the number of leaves is also positively correlated with the biological
yield.

Fertilization is a major measure to increase crop yield in agri-
culture. Excessive fertilization will lead to a series of ecological
and environmental problems, such as soil degradation, water pol-
lution, low utilization rate of crop nutrients, and increased crop
diseases and pests. Long-term application of chemical fertilizers
significantly changes the bacterial community structure and re-
duced the bacterial diversity. B. subtilis can not only improve the
stress resistance of crops such as disease resistance, drought resist-
ance and cold resistance, but also increase soil nutrients and im-
prove soil structure and the utilization rate of chemical fertilizers.
It also has certain functions of nitrogen fixation, phosphorus disso-
lution and potassium dissolution, thus promoting the decomposition
of organic matter in soil into humus, accelerating crop growth and
increasing yield and income. The results of this study provide a
theoretical basis for popularizing the planting methods and cultiva-

tion methods of silage corn with high yield and high quality.
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Table 4 Recovery and precision of 14 kinds of B-receptor agonists (n=6)

Amount of added standard 5.0 pg/kg Amount of added standard 10.0 pg/kg Amount of added standard 100.0 pg/kg
Compound

Recovery // % RSD // % Recovery // % RSD // % Recovery /% RSD // %
Cimaterol 83.1 6.4 88.2 5.1 93.4 4.4
Terbutaline 82.8 7.2 89.3 6.4 9.7 5.2
Salbutamol 85.7 5.8 92.7 4.7 103.8 3.1
Fenoterol 85.6 6.8 90.1 5.3 96.1 4.7
Ractopamine 83.4 7.3 87.6 6.0 95.2 4.2
Clorprenaline 86.2 6.9 91.0 4.1 102.7 3.8
Clenbuterole 83.2 7.5 86.9 5.8 94.8 5.0
Tulobuterol 84.8 6.1 92.7 5.1 105.5 2.8
Penbuterol 87.3 6.8 93.4 4.6 106. 4 3.7
Zilpaterol 88.2 7.0 94.1 6.2 108.9 4.7
Cimbuterol 86.3 7.2 90.7 5.9 102.3 3.4
Brombuterol 85.8 6.8 89.3 6.1 97.8 4.1
Clenproperol 86.9 6.9 91.1 5.2 99.8 4.8
Bambuterol 87.9 5.9 92.5 4.7 104.2 3.8

An HPLC-MS/MS method for the determination of 14 B-re- [4] SUO DC, WEI SL, XIAO ZM, et al. Simultaneous determination of 18

ceplor agonists in mutton was established by optimizing the condi- B-agonists in blood products for feeds by liquid chromatography tandem

mass spectrometry[ J]. Scientia Agricultura Sinica, 2019, 52(24) . 4613
—-4623. (in Chinese).

YANG M, YIN Y, HU XJ, et al. Determination of 14 B-agonists in in-
fant formulas using QuEChERS-high performance liquid chromatography-

tions of chromatography and mass spectrometry. When the mass

concentration was in the range of 0.05 - 0.5 pg/ml, the linear re- s

—

lationship of B-receptor agonists was good, with correlation coeffi-
cients (r) =0.999 2. The detection limits of the method were in tandem mass spectrometry[ J |. Science and Technology of Food Industry,
the range of 0.04 —0.87 pg/kg, and the quantitative limits were 2019, 40(11) ; 273 -277.

in the range of 0.35 - 1. 86 “,g/kg, The average recovery values [6] GAO Z, ZHANG Y, ZHANG YN, et al. Progress in the detection of re-

were in the range of 82.8% —108.9% , with RSDs (n =6) in the sidual B2-receptor agonists in animal tissues[J]. Chin J Sports Med,
2014, 33(4) . 370 -378.

[

range of 1.9% —6.7% . The method is simple, sensitive, repro-

ducible, accurate, and can be used for simultaneous determination (7] (_:HLN HL_’ ?ﬂh WP, WANG CL. Determination of Bz_agnm_sts m ?lg

. . . . liver by liquid chromatography-tandem mass spectmetry conbined with

of the 14 kinds of B-receptor agonist residues in mutton. acid hydrolysis for extraction[ J]. Physical Testing and Chemical Analysis
(Part B: Chemical Analysis), 2018, 54(12): 31 —=35. (in Chinese).
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