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Article
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Abstract: Regulation of different density and planting patterns on the yield and growth of peanut cultivar
“Huayu 25” were investigated in field conditions. There were four treatments: flat tillage (FL: 240,000 plants/ha,
FLH: 300,000 plants/ha) and ridge tillage (RI: 240,000 plants/ha, RIH: 300,000 plants/ha). Results showed that
increase density significantly decreased chlorophyll content, leaf area index (LAI), and photosynthetic rate,
resulting in a reduced dry matter accumulation and therefore a decreased peanut yield. However, under the
same planting density, ridge tillage was conducive to improving canopy apparent photosynthesis characteristic
(CAP) by increasing chlorophyll content and leaf area index (LAI). Moreover, compared with FL and FLH, CAP
under RI and RIH before ridge sealing increased by 5.5 % and 16.3 %, respectively. In addition, ridge tillage
increased the activity of antioxidant enzymes and reduced the content of malondialdehyde (MDA), thereby
improving physiological metabolism and leaf photosynthesis, delaying leaf senescence. Visibly, ridge tillage
effectively improved photosynthetic performance, ultimately increased grain yield, and thus increasing peanut
pod yield by 6.8% and 5.7% for RI and RIH, respectively, compared to FL and FLH. In conclusion, ridge tillage
alleviates the adverse effects of mutual shading on photosynthesis in furrows and rows, reduced the intraspecific
competition, full play to the border advantage.
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1. Introduction

Peanut seed kernels are rich in fat and protein, making them an ideal raw material for the food
industry. The development of the peanut industry helps to maintain the balance between supply and
demand of oil and protein in society [1,2]. Owing to restrictions on cultivated land area, an increase
of peanut yield can be achieved by increasing the planting density in each unit area. However, high-
density planting can lead to increased interspecific competition, resulting in a deterioration of the
environment and premature senescence of leaves in the middle and late stages of growth [3].
Moreover, the intense competition of plants under high planting density prevents the absorption of
water and nutrients, and increases the risk of lodging and yield reduction [4]. In contrast, appropriate
planting density ensured dry matter accumulation in the later stage of growth and development by
delaying leaf senescence and maintaining high photosynthetic capacity [5]. In addition, with an
increased planting density, the crop yield shows a trend of first increasing and then decreasing [6].
Therefore, choosing the best planting density is essential for achieving optimal crop performance.
Optimal planting density not only facilitates the collection of radiant energy and inorganics nutrients
by the plant canopy, but also improves water use efficiency and photosynthetic capacity by
enhancing leaf area index (LAI) [7]. The planting pattern can also influence the ventilation and light
transmission conditions, nutrient status, and soil physical and chemical properties among plant
populations, thereby further affect the crop yield [8,9]. Different planting patterns at the same density
resulted in substantial differences in peanut population structure, which affected the utilization of
light energy and dry matter accumulation [10]. Rational planting patterns can effectively improve the
population structure, coordinate the development of populations and individuals, optimize the
canopy microenvironment, prolong the duration of effective photosynthesis, and increase the yield
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[11]. Therefore, to achieve a high yield, it is essential to construct a reasonable population structure
and support individual plant productivity.

Ridge tillage and flat tillage are commonly used in peanut fields. Compared with flat tillage,
ridge tillage induced adjustments in rhizosphere bacterial communities, improved nutrient uptake
and canopy photosynthesis [12]. Previous studies showed that peanut cultivation with ridge tillage
could effectively improve the growing environment, give full play to the marginal utility, improve
field ventilation and light transmittance conditions, and improve the efficiency of light and warm
water fertilizer and the land utilization rate [13,14]. Additionally, Ridge tillage is conducive to
microbial growth and reproduction in surface soil, increase soil activity [15], improve the water
storage, fertilizer preservation, drought prevention and drainage ability of soil, facilitate field
management [16]. Configuration of the ridge permits an early warming of the seedbed and promotes
more rapid emergence and establishment of the crop [15]. Moreover, ridge tillage can maintain cell
membrane integrity by reducing H>O: accumulation and membrane lipid peroxidation and thereby
improve physiological metabolism and leaf photosynthesis [12].

At present, there are many studies on ridge tillage and flat tillage planting patterns of peanut.
However, there are relatively few studies on the differences between planting patterns and densities
in peanut growth and development, agronomic traits and senescence of peanuts under single-seed
precision sowing conditions. The purpose of this experiment is to explore the differences in peanut
growth between flat tillage and ridge tillage patterns under field conditions, and to provide a
theoretical basis and technical support for the future stable and high yield cultivation of peanut.

2. Materials and Methods
2.1. Treatments and Experimental Design

Field experiments were conducted in 2021 and 2022 at the Agronomy Experimental Station of
Shandong Agricultural University in a sandy loam peanut continuous cropping field. The peanuts
were planted on 15 May 2021, 10 May 2022 and harvested on 8 September 2021, 16 September 2022.
The 0-20 cm surface soil contained 12.25 g kg™ organic matter, 75.79 mg kg™ alkali-hydrolyzed
nitrogen, 60.04 mg kg available phosphorus, and 61.05 mg kg™ available potassium. The early
maturing upright peanut cultivar “Huayu 25” was selected as the experimental material. The seeds
were coated, mulched, and planted as single seeds. Two planting patterns were set, namely, flat
tillage and ridge tillage. In the flat tillage pattern, six rows of peanuts were planted on the flat with a
row spacing of 30 cm. For the ridge tillage, two rows were planted on the ridge with a row spacing
of 25 cm. The experiment was arranged in a randomized block design with three replications. The
experimental materials were planted in plots with an area of 5.1x5 m (6 rows). There were four
treatments: flat tillage (FL: 240,000 plants/ha, FLH: 300,000 plants/ha) and ridge tillage (RI: 240,000
plants/ha, RIH: 300,000 plants/ha). The FLH and RIH treatment had a plant spacing of 10 cm, and the
planting density was 300,000 plants/ha. The FL and RL treatment had a plant spacing of 12 cm and a
planting density of 240,000 plants/ha. All other field management processes were conducted
according to local practice.

2.2. Sampling and Measurements
2.2.1. Rates of seedling emergence, strong seedlings, and cotyledons unearthed

From the time of sowing, 30 seeds from each treatment were labelled and observed, and the
emergence numbers were recorded. The expansion of the first true leaf (cotyledon) served as an
indicator of seedling emergence.

2.2.2. Main Stem Height and Lateral Branch Length

At the seedling, pegging, pod setting, pod filling, and mature stages, five labeled plants were
selected from each plot, and the main stem height, lateral branch length were recorded.

2.2.3. Dry Matter

Five representative plant samples were obtained from each plot at seedling, pegging, pod
setting, pod filling and mature stage. Samples were preserved after being separated into leaf, stem
and root at pegging stage, and separated into leaf, stem, root, and pod at pod setting, pod filling and
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mature stage. All samples were killed at 105 °C for 30 min and dried to constant weight at 80 °C to a
constant weight and weighed separately.

2.2.4. Leaf Area Index (LAI)

Ten representative plant samples were obtained from each plot at pegging, pod setting, pod
filling and mature stage, then remove all the leaves from each peanut plant, the leaf area was
measured using a LI-3100C area meter (LI-COR, American). LAI was calculated as follow:

LAI = (leaf area per plantxplant number per plot)/plot area (1)

2.2.5. Chlorophyll Content

For chlorophyll extraction, ten 0.7-cm-diameter leaf disks were obtained from the third upper
leaves of the main stems of five plants from each plot at the seedling, pegging, pod setting, pod filling,
and mature stages, respectively. Leaf disks were soaked in 15 mL of 95% ethanol for 48 h.
Concentrations of chlorophyll a and b in the supernatant were determined by measuring light
absorbance at 663 and 645 nm, respectively, with an ultraviolet spectrophotometer (UV-2450,
Shimadzu, Kyoto, Japan). The chlorophyll contents were calculated as described by Li [16]:

Chl a=12.72A663-2.59 A 645 @)
Chl b=22.88 A654-4.67A663 3)
Chl (a +b) = Chl a+ Chl b )

Where A is the absorption at the wavelength denoted by the subscript, Chl a is the concentration of
chlorophyll a, Chl b is the concentration of chlorophyll b, and Chl (a + b) is the total chlorophyll
concentration.

2.2.6. Gas exchange Parameters and Population Photosynthesis (CAP)

The net photosynthetic rate (Pn), stomatal conductivity (gs), transpiration rate (Tr) and
intercellular carbon dioxide concentration (Ci) was measured using a portable, open-flow portable
photosynthetic system (LI-COR, LI-6400 System, UK) at pegging, pod setting, pod filling and mature
stage, respectively. Five representative plants of each plot were measured from 9:00 AM to 11:00 AM.
Measurement conditions were kept consistent: LED light source, PAR = 1400 pmol m?2 s, CO:
concentration of 360 umol mol.

The apparent photosynthetic rate of the plant population was measured by GXH-305 infrared
CO:z analyzer from 9:00 to 11:00 on sunny days, and the measurement time was 60 s. The assimilation
box is an aluminum alloy frame of 60 cm x 60 cm x 100 cm, and the cover is sealed with high
transmittance glass (transmittance is about 95 %). The assimilation box is placed above the plant to
be tested. During the measurement, an appropriate amount of soil is covered at the bottom edge of
the assimilation box to ensure the sealing of the box. Calculation of population photosynthetic rate:

CAP = (AC + C) x V x 60/AM x 1075 x 273/(273+T) x 44/22.4 x 6.313/S (5)

CAP: population apparent photosynthetic rate pmol CO2m=-s7; AC: difference of CO:2 concentration
before and after measurement pL-L-'; C: CO:z concentration difference in open space puL-L-1; AM: for
the determination time min; V: volume of assimilation chamber L; S: the bottom area of the
assimilation chamber m?; T: assimilate indoor temperature °C

2.2.7. Antioxidant Enzymes Activities and MDA Content

The functional leaves from three plant samples were obtained from the centre of each plot.
Washed fresh leaves (0.50 g) were homog-enized with a mortar and pestle at 0—4 °C in 5 mL 50 mM
phosphate buffer (pH7.8). The homogenate was filtered through muslin clothand centrifuged at
15,000 g for 20 min at 4 °C, and the supernatant was used in the following enzyme activity and MDA
content assays.
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Superoxide dismutase activity was assayed with the NBT method of Giannopolitis and Ries [17].
One unit of SOD was defined as the amount of enzyme required to cause 50% inhibition of the
reduction in NBT as monitored at 560 nm. POD was measured according to Hammerschmidt,
Nuckles, and Kuc [18]by monitoring the rate of guaiacol oxidation at 470 nm. CAT activity was
assayed as described by Durner and Klessing [19], and the activity was determined as a decrease in
the absorbance at 240 nm for 1 min following the decomposition of H20x.

The absorbance of supernatant was monitored at 532 and 600 nm using ultraviolet
spectrophotometer (UV-2450, SHIMADZU, Japan). After subtracting the non-specific absorbance
(600 nm), the MDA concentrations were calculated by means of an extinction coefficient of 156
mM/cm and the formula: MDA (Imol MDA g1 FW) = [(A532-A600)/156] x103xdilution factor [20].

2.2.8. Yield and Its Components

Measurement of peanut yield and its components during the peanut harvest, a 1.5 m? quadrat
was demarcated in each plot, and the entire peanut crop in the quadrat was dug out to measure the
yield. Five representative plants were sampled from each quadrat to record the number of pods per
plant and fruit needle. Peanut shells were husked to obtain the kernel yield, kernels per kilogram,
and kernel rate.

2.2.9. Soluble Sugar Content

The dried peanut seed samples were pulverised and their soluble sugar was extracted and
measured by the anthrone colorimetric method, wherein, into 0.1 g powder (taken in a 10 mL
centrifuge tube), 5 mL water was added. The sample was heated to 100 °C in a water bath for 30 min,
cooled, and centrifuged at 4,000xg for 5 min. The supernatant was collected and extraction procedure
was repeated twice. Distilled water was added to make up a final volume of 50 mL. Anthrone reagent
(3 mL) was added to the extract (0.1 mL) and the mixture was boiled for 10 min. Following cooling of
the mixture, its absorbance was measured in a spectrophotometer at 620 nm.

2.1.10. Soluble Protein and Determination of Quality

Soluble protein content was identified by Coomassie brilliant blue. The protein content was
determined using the Kjeldahl method and the crude fat content was determined using the Soxhlet
extraction method. The soluble sugar content was determined using the anthrone-colorimetric
method.

2.3. Statistical Analysis

All data were analyzed by ANOVA using the DPS software (version 7.05; Hangzhou RuiFeng
Information Technology Co., Hangzhou, China). The least significant difference (LSD) between the
means was estimated at the 95% confidence level. Unless otherwise indicated, significant differences
were at p <0.05.

3. Results
3.1. Effect of Planting Patterns on Plant Type
3.1.1. Main Stem Height and Lateral Branch Length

In both years, increasing planting density significantly reduced the main stem height and
lateral branch length of plants in the early growth stage. the main stem height and lateral branch
length of FLH decreased by 8.3% and 11.7% at seedling stage, respectively, relative to FL, Moreover,
In the pegging period, compared with RI, the main stem height and lateral branch length of RIH
decreased by 3.4% and 4.8 %, respectively. However, ridge planting significantly increased the
growth rate of plants. Compared with FL, the main stem height and lateral branch length under RI
increased by 9.8 % and 7.4 %, RIH was 12.8 % and 5.6 % higher than FLH at the podding setting stage,
respectively.
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Table 1. Effects of planting patterns and densities on main stem height and lateral branch length.

2021 2022
Growth Treat Main Stem Lateral Branch Main Stem Lateral Branch
Stage ment Height Length Height Length

(cm) (cm) (cm) (cm)

Seedling FL 5.58 471 5.50 4.80
FLH 5.12 4.15 5.04 4.25

RI 5.82 4.82 5.63 491

RIH 5.63 4.965 5.50 4.88

Pegging FL 16.52 18.48 17.5 17.83
FLH 16.1 18.06 16.56 17.91

RI 17.48 19.0 18.68 20.0

RIH 16.85 18.05 18.1 19.10

Pod setting  FL 31.6 33.84 32.62 33.14
FLH 28.26 30.52 30.54 32.36

RI 34.9 35.86 35.58 36.10

RIH 33.01 32.254 33.2 34.17

Pod filling FL 48.14 50.62 46.2 51.37
FLH 50.78 53.52 48.94 52.15

RI 47.54 49.72 46.2 50.11

RIH 48.23 48.458 47.8 49.92

Mature FL 51.37 52.48 54.66 53.72
FLH 52.46 54.56 55.82 54.21
RI 51.06 52.04 53.89 52.77
RIH 52.31 53.456 54.1 53.67

3.1.2. Dry Matter

The dry matter weigh of peanut increased gradually with the growth period, and reached the
maximum at the mature stage (Figure 1). In addition, increasing planting density significantly
decreased the dry matter weight of peanuts. The dry matter weight of FL increased by 9.0% and 9.1%
at seedling stage and pod filling stage, respectively, compared with FLH. However, ridge tillage
effectively improved dry matter weigh of peanuts at different stages (Figure 1). Under the same
planting density, the dry matter weight of RI was 6.2 % and 12.8 % higher than that of FL, RIH was
13.3 % and 9.2 % higher than FLH at pod filling and mature stages, respectively.
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Figure 1. Effects of planting patterns and densities on dry matter weight of peanut at different stages. Means
and standard errors based on three replicates are shown. Small letter above each bar are significantly different
at P <0.05. Vertical bars represent the standard error.
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3.1.3. Leaf Area Index

Increasing planting density resulted in a significant LAI reduction at different stages. Compared
with FL, the LAI of FLH decreased by 12.1 % and 22.3 % at seedling stage and pegging stage,
respectively, and compared with RI the LAI of RIH decreased by 2.9 % and 4.5 % at seedling stage
and pegging stage, respectively. In addition, ridge tillage is conducive to improve LAI of peanuts at
different stages, under the same planting density, RI was 8.4 %, 11.5 % and 45.8 % higher than FL,
RIH was 19.7 %, 10.3 % and 32.1 % higher than FLH at seedling stage, pod filling stage and mature
stage, respectively.

—=—FL 2021 ] 2022
64 —e—FLH 6
——RIH
54 5
&
T 41 4
£
©
(<5}
@ 31 3
u“—
©
(5]
|
24 2
14 14
0 0

T T T T T T T T T T
Seedling  Pegging Pod setting Pod filling Mature Seedling  Pegging Pod setting Pod filling Mature
Growth stage Growth stage

Figure 2. Effects of planting patterns and densities on leaf area index of peanut. Means and standard errors
based on three replicates are shown. Small letter above each bar are significantly different at P < 0.05. Vertical
bars represent the standard error.

3.1.4. Chlorophyll Content

Increasing planting density resulted in a significant reduction of chlorophyll content at different
stages. Compared to that of FL, the chlorophyll content of FLH at different stages was decreased by
5.7-29.3%, but there was no significant difference in ridge tillage treatment. However, ridge tillage
effectively improved chlorophyll content, under the same planting density , the chlorophyll content
of RI at different stages was increased by 5.7 ~ 29.3 %, compared with FL, while RIH increased by 8.3
~53 % %, compared to that of FLH.
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Figure 3. Effects of planting patterns and densities on chlorophyll content of peanut. Changes of chlorophyll
content of leaf at different stages. Means and standard errors based on three replicates are shown. Small letter
above each bar is significantly different at P < 0.05. Vertical bars represent the standard error.
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3.2. Effects of Planting Patterns on Photosynthesis
3.2.1. Gas exchange Parameters

Increasing planting density resulted in a significant reduction of net photosynthetic rate (Pr) at
different stages. compared to that of FL, The P» of FLH at different stages was decreased by 3.4-19.9%,
while RIH decreased by 3.3-16.0% compared with RI. However, ridge tillage effectively improved Pn
at different stages. Under the same planting density, the Pn of RI at different stages was increased by
6.5-29.5% compared with FL, while RIH increased by 8.0-38.3%, compared to that of FLH. In
addition, ridge tillage was conducive to improve Gs and Tr. The Gsand T: of RI at different stages was
increased by 7.2-25% and 7.0-45%, respectively, compared to those of FL (Figure 4). Different
planting patterns and planting densities had little effect on Ci at each stage and did not reach a
significant level.
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Figure 4. Effects of planting patterns and densities on rates of leaf photosynthesis. Changes of net photosynthetic
rate (Pn), transpiration rate (Tr), stomatal conductance (gs), and intercellular carbon dioxide concentration (Ci) of
leaf at different stages. Means and standard errors based on three replicates are shown. Values fallowed by a
different small letter within a column are significantly different at 5% probability level.

3.2.2. Population Photosynthesis

Increasing planting density reduced the population photosynthesis of plants. The population
photosynthesis of peanut in border rows before and after ridge sealing was significantly higher than
that in middle rows (Figure 5). In both years, before ridge sealing, the population photosynthesis in
border rows of FLH and FL are 32.7% and 31.4% higher than the middle rows, respectively. Moreover,
the border rows of FL are 33.1% higher than the border rows of FLH, and the middle rows of FL are
34.2% higher than the middle rows of FLH. After ridge sealing, the border rows of FLH and FL are
12.7% and 10.0% higher than the middle rows, respectively. The border rows of FL are 10% higher
than those of FLH, and the middle rows of FL are 12.9% higher than those of FLH. In addition, ridge
tillage is conducive to improve the population photosynthesis, before ridge sealing, the population
photosynthesis of RI was increased by 21.5 %, compared with FL, while RIH increased by 57.1%,
compared to that of FLH.
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3.3. Effects of Planting Patterns on Soluble Protein, MDA Contents, and Antioxidant Enzyme Activities

3.3.1. Soluble Protein Content

Increasing planting density reduced the content of soluble protein in peanut. At pod filling stage
and mature stage, compared to that of FL, the content of soluble protein under FLH was decreased
by 5.2% and 14.8%, and compared to that of RI, the content of soluble protein under RIH was
decreased by 7.2% and 9.9%. However, ridge tillage is conducive to improve the content of soluble
protein, at the pegging and pod filling stages, the soluble protein content of RI was 6.6% and 9.4%
higher than that of FL, and the soluble protein content of RIH was 12.6% and 7.0% higher than that

of FLH.
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Figure 6. Effects of planting patterns and densities on soluble protein content of peanut. Changes of soluble
protein content of peanut at different stages. Means and standard errors based on three replicates are shown.
Small letter above each bar is significantly different at P < 0.05. Vertical bars represent the standard error.

3.3.2. MDA Content and Antioxidant Enzyme Activities

Increasing planting density resulted in a significant reduction of antioxidant enzyme activity at
different stages. Compared to that of FL, the POD of FLH at different stages was decreased by 2.2—
33.7%, while RIH decreased by 2.0-29.5% compared with RI. However, ridge tillage effectively
improved POD at different stages. Under the same planting density, the POD of RI at different stages
was increased by 2.4-20.4% compared with FL, while RIH increased by 3.7-19.4%, compared to that
of FLH. In addition, ridge tillage was conducive to improve SOD and CAT. The SOD and CAT of RI
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Figure 7. Effects of planting patterns and densities on MDA content and antioxidant enzymes activity of peanut.
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3.4. Yield and Yield Components

Increasing planting density reduced peanut pod yield, compared with RI and FL, RIH and FLH
decreased by 3.0 % and 5.1 %, respectively. Moreover, Ridge tillage effectively alleviated the decrease
of pod yield caused by high-density planting. Under the same density, pod yield of RI and RIH
increased by 6.8% and 4.5%, respectively, compared with FL and FLH. In addition, ridge tillage
increased kernel rate and pods per, compared with flat tillage.

Table 2. Effects of planting patterns and densities on yield and yield components of peanut.

Year Treatment Pod Yield Pods per Plant Fruit Needle Pods perkg Kernel Rate

(kg*hm) per Plant per Plant per kg (%)

2021 FL 4177.77 bc 23.00b 20.80b 562.00 b 71.09 ab
FLH 404444 c 21.67b 23.60 a 619.67 a 69.26 b

RI 452941 a 26.67 a 19.40b 573.67 b 72.02 a

RIH 4259.21b 25.68 a 18.54 b 569.82 b 71.98 ab

2022 FL 4231.60 b 22.30b 20.06 b 588.01 a 71.61Db
FLH 4110.23 ¢ 21.80b 229a 599.43 a 68.95 ¢

RI 445123 a 23.33b 18.92 ¢ 583.75 a 73.07 a

RIH 4259.21 b 25.68 a 18.54¢ 569.82 b 71.98 b

Means and standard errors based on three replicates are shown. Values fallowed by a different small letter within
a column are significantly different at 5% probability level.

3.5. Quality

Increasing planting density resulted in decreased protein and crude fat in seed kernels.
Compared with FL, the protein content and crude fat content of FLH decreased by 2.8 % and 6.3%,
respectively, but there was no significant difference in protein content and crude fat content in ridge
tillage. However, under the same planting density, the protein and crude fat of ridge tillage increased
at different degrees (Table 3), and the overall performance was RI > FL, RIH > FLH. In addition,
increasing planting density could increase content of soluble sugar, while under the same planting
density, ridge planting could reduce content of soluble sugar.

Table 3. Effects of planting patterns and densities on peanut kernel quality.

2021 2022
Treatment  Protein Crude Fat  Soluble Sugar  Protein Crude Fat  Soluble Sugar
(%) (%) (%) (%) (%) (%)
FL 2425 a 56.26 a 232a 24.60 a 55.03 ab 246 a
FLH 23.27b 52.00 ¢ 2.86 a 2432 a 52.34b 2.55a
RI 2432 a 56.24 a 2.05b 2495a 56.66 a 221b
RIH 243a 54.25b 2.23a 24.85a 56.07 a 2.39 ab

Means and standard errors based on three replicates are shown. Values fallowed by a different small letter within
a column are significantly different at 5% probability level.

4. Discussion.
4.1. Plant Growth Characteristics

Reasonable planting pattern and density can regulate the interaction between crops and the
environment by affecting the microenvironment such as water, temperature, and air, which
ultimately affect the growth and yield of crops [21]. Our study showed that increasing planting
density reduced the emergence rate, strong seedling rate and cotyledon emergence rate of plants, and
ridge planting was more conducive to cotyledon emergence and improved the emergence rate and
strong seedling rate of peanut plants.

Plant type is one of the important agronomic characters of peanuts, which can somewhat reflect
the development status of peanut. The main stem height and lateral branch length of peanut plants
increased as sowing density increased, which was consistent with the results of this experiment.
Under flat tillage, increasing planting density increased the lengths of main stem and lateral branch
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of peanut, while ridge tillage decreased the lengths of these parts [22]. Dry matter is the product of
photosynthesis, and the accumulation and distribution of photosynthate in crops is an important
factor when determining the yield [23]. The value and peak duration of LAI can directly affect dry
matter production capacity, and can be used to measure crop population structure and crop growth,
which are the most important parameters for determining a reasonable population structure [24].
Our study also showed that increasing planting density significantly decreased dry matter weight at
various stages, which was consistent with our earlier work that increasing planting density
suppressed dry matter accumulation and distribution. However, ridge tillage effectively alleviated
the decline of dry matter accumulation, which was conducive to supply enough source materials to
grain filling for waterlogged summer maize [25].

4.2. Photosynthetic Characteristics

Chlorophyll content is an important index reflecting the photosynthetic capacity of leaves, and
to a certain extent, the level of chlorophyll content determines the photosynthetic rate of functional
leaves [26]. We found that different planting methods and densities had a substantial influence on
chlorophyll content, which declined in the leaves under high-density planting. At the same density,
the content of chlorophyll in the ridge tillage was higher than that in the flat tillage in each period.
Previous studies found that the photosynthetic active radiation intensity intercepted by soybean
population decreased as planting density increased [27].

Photosynthesis is a fundament determining crop growth, development, and productivity, and
planting density is a key factor for optimizing micro-environmental factors in crop cultivation [28].
The size of peanut leaf area plays an important role in the utilization of light energy, the accumulation
and distribution of dry matter and the formation of yield. In a certain range, LAI, photosynthetically
active radiation upper interception rate, and population photosynthesis of maize increased with the
increase of planting density [29]. The appropriate planting density was beneficial to increase the light
transmittance in the field, increase the canopy air temperature and surface temperature, reduce the
relative humidity in the field, increase the concentration of carbon dioxide in the field, and increase
the photosynthetic rate of the population, thereby increasing the pod yield [10]. In addition,
increasing planting density tends to weaken the light conditions of the middle and lower leaves,
leading to premature senescence of leaves and reducing the photosynthetic capacity of the population
[30].

However, ridge tillage increased Pn, Tr and Gsto different extents, and reduced Ci, compared
with flat tillage. population photosynthesis is not a simple multiplication of single-leaf
photosynthesis, and large errors will occur in studies of the relationship between crop photosynthesis
and yield by only measuring single-leaf photosynthesis. Crop productivity is more closely related to
the population photosynthetic rate, compared with single-leaf photosynthesis, which can better
reflect crop yield [31]. Moreover, increasing planting density causes mutual shading among adjacent
plants, and limits the interception and utilization efficiency of light energy for a single plant, which
decreases dry matter accumulation, and the plants can even show signs of premature aging, thereby
reducing grain yield [32,33].

4.3. Senescence Characteristics

Soluble protein content is commonly used to indicate leaf function or the aging process [34,35].
MDA is decomposed by membrane lipid peroxidation after plant aging or adversity, and its content
is proportional to the degree of stress and injury suffered by a plant [36,37]. SOD, POD, and CAT can
remove harmful substances such as reactive oxygen species free radicals, reduce MDA content, and
protect cell structure and function [38,39]. With the senescence of plants, SOD and CAT activities in
leaves decreased, which would lead to increased accumulation of H202 and free radicals, and an
increased MDA content, leading to the destruction of the cell membrane [40]. Studies have shown
that the speed of leaf physiological function decline has an important impact on yield formation [41].
When the production rate of reactive oxygen species is increased or the cytoprotective enzyme system
is destroyed, oxygen metabolism will be dysregulated and the physiological function of leaves will
decline [42]. Studies have shown that a larger planting density will reduce the activity of SOD, POD
and CAT, and increase the content of MDA [11]. This is because a larger planting density is likely to
cause increased competition among plants, individual development is limited, and there is a ’
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crowding phenomenon ‘ between plants at the peak of pod formation, resulting in deterioration of
the population environment, resulting in premature leaf senescence.

The appropriate planting density can enhance the light transmittance in the population, increase
the activity of protective enzymes in the leaves of peanut at the later stage, and reduce the content of
membrane lipid peroxide MDA, thus slowing down the senescence process of the plant. In addition,
ridge tillage reduced H:0: and MDA contents, indicating that ridge tillage effectively resisted
oxidative stress. Thus, ridge tillage can maintain cell membrane integrity by reducing H:0:
accumulation and membrane lipid peroxidation and thereby improve physiological metabolism and
leaf photosynthesis. In our study, increasing planting density caused a significant reduction in POD,
accompanied by significant decrease of SOD and CAT, However, ridge tillage significantly increased
the activity of antioxidant enzymes, and decreased the content of MDA, which illustrated that ridge
tillage reduced cell membrane lipid peroxidation, and improved endogenous hormone balance and
photosynthesis.

4.4. Yield and Yield Components

Increasing planting density causes a decrease of yield [32,33]. By contrast, ridge tillage had lower
declines in 1000-grain weight and grain number, resulting in an increased grain yield [43].
Constructing a reasonable population structure is the basis for increasing crop yield [44]. on the one
hand, the suitable planting density makes the plants evenly distributed in the field, reduces or
eliminates the contradiction between the needs of light, fertilizer and water among the individuals in
the population, which is conducive to vegetative growth and dry matter accumulation, forming
strong seedlings, improving the productivity of single plant, and increasing the pod yield [45]. on the
other hand, excess planting density causes mutual shading among adjacent plants, and limits the
interception and utilization efficiency of light energy for a single plant, which decreases dry matter
accumulation, and the plants can even show signs of premature aging, thereby reducing grain yield.
From the perspective of yield component factors, high-density planting would lead to a reduced
yield, and the yield from optimal-density ridge tillage was significantly higher than that of flat tillage.
The main reason for the yield increase was the increase in the number of fruits per plant and the
decrease of fruit per kilogram, which resulted in the increase of pod yield. The effect of planting
patterns on the seed kernel quality was mainly reflected in the crude fat content, while the effect of
density on the seed kernel quality was reflected by the protein and crude fat contents.

5. Conclusions

We found that ridge tillage has a higher yield potential for peanut plants. The appropriate
planting density increases the emergence rate, strong seedling rate, and cotyledon unearthed rate of
peanuts. The main stem height and lateral branch length were slightly higher at high planting
densities, but photosynthesis, LAI, and dry matter decreased. Under the same planting density, ridge
tillage allowed for the edge row advantage, which was more conducive to improving the
photosynthetic utilization efficiency during the growth period, and accelerating the transfer of
peanut plants from a vegetative growth stage to a reproductive growth stage, and increased the
accumulation of photosynthates. In addition, ridge tillage effectively increased the activity of soluble
protein and antioxidant enzymes in leaves and decreased MDA content, delaying leaf senescence.
Therefore, the pod yield of peanuts was significantly increased under ridge tillage conditions.
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