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Abstract
and to provide reference for supplementary application of microelement fertilizers and high-quality peach production in peach orchards. [ Methods ] Taking the soil

[ Objectives | This study was conducted to clarify the enrichment and paucity of trace elements in the soil environment of peach orchards in Zunyi City,

of three typical peach orchards (Taoli Renjia peach orchard, Pengrui peach orchard and Taohuadao peach orchard) in Shenxi Town, Honghuagang District, Zunyi
City as the research object, the contents of trace elements in soil were analyzed through field sampling and indoor determination of trace elements. [ Results] The
effective contents of trace elements in the soil of peach orchard bases in the study area were at a medium level, and the soil of the peach orchards was rich in availa-
ble Fe and Se. The contents of available Cu, Mo and Mn were relatively rich. The contents of available B were not high overall. The contents of available Zn were
at a moderate to low level overall. The soil of Taoli Renjia peach orchard was relatively rich in trace elements. [ Conclusions] The research results can provide a
scientific basis for the production of high-quality crispy peaches in peach orchards.
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Soil is a loose porous material layer bearing the growth of
green plants on the land surface, and it is a natural repository of
trace elements and a database of basic materials on which plants
depend for their livelihood. Trace elements refer to a group of
chemical elements that are distributed widely in the natural envi-
ronment system, mainly present in organic and inorganic forms
with very small contents, but indispensable for the growth of or-
ganisms. Trace elements are necessary for the growth of animals,
plants and microorganisms. They are closely related to animal mo-
lecular mitochondria, vitamins, protein, polysaccharides, nucleic
acids, plant cell walls, chloroplasts, etc. "' ', They play an irre-
placeable role in the plant growth system and have an important
impact on the growth of peach trees and the quality of peach fruit.

In this study, soil available trace elements in three typical
peach orchards ( Taoli Renjia peach orchard, Pengrui peach or-
chard and Taohuadao peach orchard) in Shenxi Town, Honghua-
gang District, Zunyi City were evaluated, so as to clarify the nu-

trient status of trace elements in the soil environment of peach
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trees in Zunyi City and provide a scientific basis for the production
of high-quality crispy peaches. This study makes up for the blank
of soil trace elements research in production bases of high-quality

crispy peaches in Zunyi City.

Materials and Methods

Experimental materials

In this study, representative soils were collected in Taoli
Renjia, Pengrui and Taohuadao peach orchards. The 0 —30 e¢m of
topsoil was taken by the 5-point sampling method, and a mixed
soil sample of about 1 000 g was obtained by quartering. The soil
samples were registered and coded, sealed and placed in the labo-
ratory. After air-drying, grinding in a wooden grinding bowl and
sieving, the samples were sealed for testing.
Testing and analysis methods

Available boron (B) in soil was determined by boiling water
extraction-curcumin colorimetry. Available iron (Fe) , manganese
(Mn), zinc (Zn) and copper (Cu) in soil were determined by
DTPA extraction-atomic absorption spectrophotometry. Available
molybdenum (Mo) was extracted by an oxalic acid-ammonium ox-
alate solution, and determined by NH4SCN colorimetry”’. Seleni-
um (Se) was determined by hydride generation-atomic fluores-
cence spectrometry °~''. Abnormal data were processed by mathe-
matical statistics. Through statistical analysis by Excel2021 and
SPSS25 software, the effective value contents of soil trace elements
(B, Zn, Cu, Mo, Fe, Mn, Se) have attracted more and more
scholars. According to the regions, soil types and properties and
climates, the evaluation criteria adopted by scholars are diverse.

The grading criteria for the cultivated layer have been determined
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through statistical analysis on the results of long-term field

experiments by agricultural experts, so the national grading stand-

ards for trace elements were adopted, and trace elements were
divided into five levels” ™! (Table 1).

Table 1 Evaluation and grading criteria for available trace elements in soil mg/kg
Nutritive element Critical value Extremely low (level 5) Low (level 4) Medium (level 3) High (level 2) Extremely high (level 1)
Available B 0.50 <0.25 0.25-0.50 0.50 —1.00 1.00 -2.00 >2.00
Available Zn 1.50 <1.00 1.00 -1.50 1.50 -3.00 3.00-5.00 >5.00
Available Cu 0.20 <0.10 0.10-0.20 0.20 -1.00 1.00 -1.80 >1.80
Available Mo 0.15 <0.10 0.10 -0.15 0.15-0.20 0.20 -0.30 >0.30
Available Fe 4.50 <2.50 2.50 -4.50 4.50 —10.00 10.00 -20.00 >20.00
Available Mn 3.00 <3.00 3.00 -5.00 5.00 -10.00 10.00 - 15.00 >15.00
Available Se 0.17 <0.125 0.125-0.175 0.175 -0.40 0.40-3.0 >3.00

Results and Analysis
Analysis on trace elements in the soil of main peach orchards

The enrichment and paucity and contents of trace elements
(B, Zn, Cu, Mo, Fe, Mn, Se) in soil environment of the three
typical peach orchard bases in Zunyi City are shown in Table 1 and
Table 2.

The lowest value of available B was 0.36 mg/kg in the three
peach orchards, and the highest value was 0. 60 mg/kg. In specif-
ic, the contents of Pengrui and Taohuadao were between 0. 25 and
0.50 mg/kg, which was a low level (level 4). The value in Taoli
Renjia peach orchard was 0. 60 mg/kg, which was 1. 67 times that
of Pengrui peach orchard, and it was at a medium level. The soils
in peach orchards were deficient in available B as a whole. B sup-
ports the disease resistance of peach trees, so it is suggested to
supplement B-containing trace fertilizers in peach orchard bases.

The contents of available Zn ranged from 0.56 to 1.48 mg/kg,
and were a low level as a whole, below the critical value. The con-
dition was particularly significant in Pengrui and Taoli Renjia,
both of which were less than 1. 00 mg/kg, which was at a very low
level (level 5). Zn can enhance stress resistance, so it is sugges-
ted that Zn-containing micro-fertilizer should be applied appropri-
ately to supply available Zn content and meet the demand of peach
trees for Zn.

The available Cu contents were between 0.58 and 1. 69 mg/kg,
and the overall level was above average. Pengrui and Taohuadao
were in the middle level (level 3), and Taoli Renjia showed a val-
ue of 1.69 mg/kg, which was 2.91 times that of Pengrui peach or-
chard and was in the high level (level 2). Cu is beneficial to crop

Table 2 Contents of available trace elements in the soil of high-quality peach orchards in Zunyi City

growth and development and affects photosynthesis. These three
peach orchards did not need to be supplemented with Cu.

The lowest value of available Mo content was 0. 17 mg/kg, and
the highest value was 0. 30 mg/kg. The values were above the me-
dium level. Both Taoli Renjia and Tachuadao were in the middle
level (level 3), and Pengrui showed the highest value of 0.30 mg/kg,
which was relatively high. Mo is beneficial to the fixation of nitro-
gen intermediate electron transporters and the formation of vita-
mins. None of these three peach orchards needed to be supplemen-
ted with Mo.

The content of available Fe was relatively rich, ranging from
40.20 to 109. 40 mg/kg, which far exceeded the very high level
(grade 1), especially for Taoli Renjia, the content of available Fe
was the highest at 109. 40 mg/kg, which might be related to the
local soil type. The contents of Mn were between 6.40 and 16. 20
mg/kg, and the contents of Pengrui and Taohuadao were in the
middle level (grade 3), and the value of Taoli Renjia was in the
high level (grade 2). Available Fe and Mn play an important role
in peach tree photosynthesis, vitamin C formation, chlorophyll for-
mation, nitrogen metabolism and disease resistance enhance-
[8-10]

The contents of available Se ranged from 0.48 to 0.52 mg/kg.

The contents of the three peach orchards were close, and all at a

ment

high level (level 2), so the soil was rich in Se. Se has antioxida-
tion, immunity enhancement, antivirus, thyroid hormone regula-
tion and anti-tumor functions. Keeping the pH value and organic
matter content stable is beneficial to the improvement of Se nutri-

tion level and the development of Se-rich peach industry.

mg/kg

Name of peach orchard Sample No. Available B Available Zn ~ Available Cu  Available Mo  Available Fe  Available Mn Available Se
Taoli Renjia 5 0.60 1.48 1.69 0.17 109. 40 16.20 0.51
Pengrui 5 0.36 0.56 0.58 0.30 40.20 7.30 0.48
Taohuadao 5 0.39 0.88 0.70 0.18 66.20 6.40 0.52

Conclusions and Discussion

(D Overall, the effective contents of trace elements in the soil
of peach orchard bases in the study area were at a moderate level,
and the soil of the peach orchards was rich in available Fe and Se,

especially with significant Fe contents, all reaching a high level.

The contents of available Cu, Mo and Mn were relatively rich, at a
moderate to high level. The contents of available B were not high
overall, distributed at a moderate to low level. The contents of
available Zn were at a moderate to low level overall, all below the
critical value and relatively lacking. The soil of Taoli Renjia peach
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orchard was relatively rich in trace elements.

(@ Fertilization suggestions and measures: Appropriate
amounts of grey shell and organic fertilizer can be applied to adjust
soil pH value, accelerate soil mineral weathering, and promote the
release and activation of trace elements such as B and Cu. Or the
supplemented content of organic matter can be increased to in-
crease the content of humus. It is also necessary to reasonably ap-
ply nitrogen, phosphorus and potassium compound fertilizers and
maintain Se levels. Due to the lack of available B in the soil,
B-containing microelement fertilizers should be applied in an ap-
propriate amount, and it is recommended to mix B fertilizer with
calcium phosphate or organic fertilizer for supplementary applica-
tion. The soil in peach orchards is deficient in available Zn, and
appropriate supplementation of Zn-containing microelement fertiliz-
ers is necessary. The mixed application of Zn, phosphorus fertiliz-
er and urea has a more effective fertilizer efficiency. Efforts in soil
and water conservation should be strengthened to prevent the loss

of trace elements.
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Environmental stress induces oxidative damage and changes the balance of
ROS production and clearance. The damage of drought and heat stress to turf-
grass in cold season is related to the decrease of antioxidant enzyme activity

Pl In C. dactylon under

and lipid peroxidation induced by oxidative stress
drought stress and S. guianensis in warm season under cold stress, the an-
tioxidant enzyme activity decreased'"®’. During the whole stress period, the
SOD activity of D. sanguinalis decreased easily due to the influence of low
temperature. After 5 and 10 d of cold storage, the activity of CAT and POD
increased temporarily, while plants were not or rarely damaged by cold stor-
age stress. After 10 d of cold storage, the activity of CAT and POD decreased
with the increase of cold storage days, and was related to the increase of os-
motic potential, indicating that the decrease of antioxidant enzyme activity
was related to 10 d of cold storage.

ABA has a positive effect on the cold resistance of maize "', D. sangui-
nalis treated with ABA had higher CAT and POD activity than untreated
plants, especially after 10 d of low temperature stress. Our results are con-
sistent with previous investigations on other plants. ABA increased the activi-
ty of CAT and POD, and ABA triggered the increase of ROS production,
which further led to the induction of the antioxidant system. The results
showed that ABA improved the cold resistance of D. sanguinalis, which was

related to the induction of the antioxidant system.
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