& frontiers | Frontiers in

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Fernando Carlos Gomez-Merino,
Colegio de Postgraduados (COLPOS),
Mexico

REVIEWED BY

Songjuan Gao,

Nanjing Agricultural University, China
Kou Jiancun,

Northwest A & F University, China
Kexue Zhu,

Chinese Academy of Tropical
Agricultural Sciences, China

*CORRESPONDENCE
Jiean Liao
120100010@taru.edu.cn

These authors contributed with first
author equally to this work

SPECIALTY SECTION

This article was submitted to
Plant Nutrition,

a section of the journal
Frontiers in Plant Science

RECEIVED 25 August 2022
accepTeD 09 November 2022
PUBLISHED 29 November 2022

CITATION
Han S, Zhao J, Liu Y, Xi L, Liao J, Liu X
and Su G (2022) Effects of green
manure planting mode on the quality
of Korla fragrant pears (Pyrus
sinkiangensis Yu).

Front. Plant Sci. 13:1027595.

doi: 10.3389/fpls.2022.1027595

COPYRIGHT

© 2022 Han, Zhao, Liu, Xi, Liao, Liu and
Su. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Plant Science

TYPE Original Research
PUBLISHED 29 November 2022
D01 10.3389/fpls.2022.1027595

Effects of green manure
planting mode on the quality
of Korla fragrant pears
(Pyrus sinkiangensis Yu)
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Jiean Liao™**, Xinying Liu** and Guangdong Su™?
*College of Mechanical Electrifification Engineering, Tarim University, Alar, China, ?Agricultural

Engineering Key Laboratory, Ministry of Higher Education of Xinjiang Uygur Autonomous Region,
Tarim University, Alar, China, *College of Animal Science, Tarim University, Alar, China

In this study, a three-year experiment on the fragrant pear orchard was
conducted to investigate the effects of different varieties of green manure on
the Korla fragrant pear fruit quality, with a view to finding a suitable green
manure planting mode for Korla fragrant pear orchard. Green manures were
planted in spaces among rows of pear trees, and then smashed and pressed
into the soil as fertilisers by the agricultural machinery equipment in their full
bloom period. In the experiment, four planting modes of green manure had
been set for comparison: SA: Leguminosae green manures alfalfa (Medicago
sativa L.), SP: Poaceae green manures oats (Avena sativa L.), ST: Cruciferae
green manures oilseed rape (Brassica napus L), and S: orchard authigenic
green manures (Chenopodium album L., Mulgedium tataricum (L) DC., and
Phragmites australis (Cav.) Trin. ex Steud.). Apart from that, eleven fruit quality
indicators were analyzed to evaluating the effects of different green manure
planting mode on the quality of fragrant pear. According to analysis of variance
(ANOVA) results, there were significant differences among four planting modes
in terms of nine fruit quality indicators (P<0.05). In addition, the correlation
analysis (CA) results revealed that there were different degrees of correlations
among quality indicators. On this basis, repeated information among indicators
was eliminated by principal component analysis (PCA), thus simplifying and
recombining the three principal components. All in all, these three principal
components reflect appearance traits, internal nutritive value and taste of fruits,
respectively. Specifically, SA significantly improved the internal quality and
nutritive value of fruits, SP improved the physical traits of fruits, and ST
significantly improved the taste of fruits. Based on the PCA results, a
comprehensive evaluation model of fruit quality was constructed. The are
comprehensive fruit quality scores:SA>SP>ST>S.
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1 Introduction

Korla fragrant pear (Pyrus sinkiangensis Yu), which has been
planted for over 1,300 years, is not only a special high-quality
fragrant pear species in Xinjiang, China, but also a geographical
indicator of agricultural products in China (Cheng et al., 2021;
Wang et al, 2021a). At the same time, it is popular among
consumers due to its distinct appearance, jade-like colours, high
sugar content and high nutritive value. Moreover, Korla fragrant
pear has been exported to many countries and regions around
the world (Simmonds and Preedy, 2015; Yu et al., 2021).
Nutrient supplementation in fragrant pear orchards is mainly
dependent on chemical fertilisers. It is noteworthy that excessive
application of fertilisers may lead to poor fruit quality traits
(Zhao et al, 2017) and failure to meet standards for ‘green
organic fruits’ (Vega-Mufoz et al., 2022). Beyond that, poor
orchard management mode significantly restricts the continuous
health development of the fragrant pear industry. Hence,
exploring a new clean fertiliser source in orchards that can
improve fruit quality and reduce reducing chemical fertiliser
consumption is conducive to enhancing the brand reputation
and economic benefits of Korla fragrant pears.

Using green cover crops as plant fertility is an effective
environmental protection measure to improve fruit quality and
decrease fertiliser consumption (Srivastava et al., 2007; Chen
et al, 2014; Dong et al,, 2021). Meanwhile, some scholars have
studied the effects of green manures on pear orchards. For
example, Lee et al. (2014) compared the influences of
Astragalus sinicus and rye on the fruit weight, soluble solids
and titratable acids of fragrant pear fruits. In addition, the co-
planting of Astragalus sinicus and Lathyrus cicera providing
nutrients for the growth of pear trees while improving the
tourism and ecological functions of pear orchards (Zhang
et al, 2021a). Leguminosae, Poaceae and Cruciferae are
common types of green manures in fruit orchards (Yim et al,
2017; Deakin et al,, 2018; Zhong et al., 2018). It is found that the
soil management mode of planting leguminous green manure
(Vicia faba L.) and burying cutting residues from the main crop
could increases grape output and soluble solid content effectively
(Pisciotta et al., 2021). As demonstrated by Zhu et al. (2022),
Poaceae green manure could increase the total nutritional value
and fruit quality in wolfberry orchard, with significant increases
in carotenoids and Vitamin C contents. Oilseed rape is a
common Cruciferae green manure in agricultural production
(Gao et al.,, 2022). According to Wang et al. (2020), using high-
concentration rapeseed residues as fertiliser increases sugar
content (total soluble sugar and water-soluble sugars)
significantly. To sum up, planting green manures in orchards
could improve the quality of fruits, and different varieties of
green manures have varying degrees of influence on fruit quality.
However, there has been limited research on the benefits of
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different planting mode of green manure on fruit quality
enhancement in Korla fragrant pear orchards.

The soil environment such as temperature, humidity and
microflora in an orchard is relatively complicated. It is difficult to
calculate and predict the release and utilisation of elements in
green manure crops accurately (Rodrigues et al., 2013). The
effects of green manures in orchards can be reflected by
comparing improvement of fruit quality (Ambrosano et al,
2018). Principal component analysis (PCA), which has been
extensively applied, can positively affect the comprehensive
assessment of fruit quality, scientifically and objectively reflect
the correlation of quality indicators of fruits, and simplify
recombination analysis (Milosevic et al., 2022; Song et al,
2022). In addition, Cozzolino et al. (2020) identified indicators
related to volatile matters, smells and tastes of six kiwi fruit
varieties by PCA, and PCA could classify kiwifruit varieties
based on quality indicators. Furthermore, Zheng et al. (2022)
recombined 15 quality indicators of nine pear varieties in North
China into four principal components using PCA, established a
comprehensive evaluation model of pear varieties and provided
theoretical references to the cultivating and screening of fragrant
pear varieties in North China. To sum up, PCA can simplifies
fruit quality indicators reasonably through dimension reduction,
solve the inexplicit boundary between primary and secondary
quality indicators of fruits, and lay the foundations for the
quality assessment system and scientific classification of fruits.

In this study, Four planting modes of green manure were set
in Korla pear orchard. Moreover, eleven fruit quality indicators
were chosen for data processing through the analysis of variance,
correlation analysis and principal component analysis. On this
basis, a comprehensive evaluation model of fruit quality was
constructed to finding a suitable green manure planting mode
for Korla fragrant pear orchard. In short, the research results
provide some theoretical references to the green manure type
and planting mode in Korla fragrant pear orchards in Xinjiang.

2 Materials and methods
2.1 Experimental design

The experimental site is located in the modern organic
fragrant pear demonstration base in Twelve group, Alar City,
Xinjiang Uygur Autonomous Region (81°26'E, 40°28'N). It
belongs to a warm temperate desert climate and the soil type
is sandy loam. The annual average solar radiation is 133.7~146.3
kilocalorie/cm® and the annual average sunshine is
2556.3~2991.8 h. There is rare precipitation in Xinjiang, with
an annual average precipitation of only 40.1~82.5 mm.
Moreover, there is strong surface evaporation, and the annual
average evaporation capacity is 1876.6~2558.9 mm.
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Six-year-old Korla fragrant pear trees (until 2021) were
chosen as the test samples. The rootstock used was the three-
year Pyrus betulaefolia, and Dangshan Pear was used as the
pollination variety. The space between pear tree rows was 4 m X
6 m, and the average tree height was 3.5 m. Artificial cultivation
of green manure and natural grass growth were adopted in
spaces between the rows of the orchard. A total of four groups
were set: SA: Leguminosae green manure alfalfa (Medicago
sativa L.), SP: Poaceae green manures oats (Avena sativa L.),
ST: Cruciferae green manures oilseed rape (Brassica napus L.),
and S: orchard authigenic green manures (authigene grass). In
the orchard, authigenic green manures were mainly
Chenopodium album L., Mulgedium tataricun (L) DC., and
Phragmites australis (Cav.) Trin. ex Steud. Each group had three
repeated blocks, which were arranged randomly. Each block
contained 24 pear trees. The pear trees were arranged in 3 rows x
8 columns. Green manures were planted in spaces between rows
of pear trees.

Green manure planting commenced on April 2019. Before
planting the green manure, the experimental blocks were deep
ploughed with farm machinery equipment. The seeds of green
manure were sown by machines in lines in the SA, ST and SP
blocks on the first 10 days of April every year. The sowing
amount of Alfalfa seeds was 9.75 kg/ha, and the sowing depth
was 1.5 cm. The sowing amount of oat seeds was 19.5 kg/ha, and
the sowing depth was 3 cm. The sowing amount of rape seeds
was 15 kg/ha, and the sowing depth was 2 cm. Three flood
irrigation were provided to each block every year in the last 10
days of April, the first 10 days of June and the last 10 days of July,
respectively. In the middle 10 days of each month, SA, SP, and
ST blocks were manually weeded, while weeds in S blocks
remained. In the first 10 days of July (the full bloom stage of
green manure), green manures and authigene in all blocks were
smashed and pressed into soils using agricultural machinery
equipment (the press-in depth of smashed green manures was
about 15 cm). Water and fertiliser management of trees,
pruning, flower and fruit management, disease and pest
control, and other technological requirements during the
planting process of all test blocks referred to the
implementation of technical regulations for Korla fragrant
pear production (Ministry of Agriculture of the People's
Republic of China, 2004). The details of regulation are as
follows: 1. Soil management: Combined with the use of base
fertilizer in autumn for deep turning, before the winter for flood
irrigation. 2. Water supplement: According to the need of fruit
trees and soil conditions reasonable irrigation. 3. Flower and
fruit management: Fine pruning, artificial pollination, and bee
release in pear orchard; Flower and fruit thinning, control the
load of single plant. When there are few flowers and fruits, pay
attention to protecting flowers and fruits. 4. Pest control: Pay
attention to the protection and utilization of natural enemies,
maintain the ecological balance of farmland, reduce
environmental pollution.
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2.2 Fruit collection and indicator
test methods

2.2.1 Fruit harvest

On 26 September 2021, 150 fruits were harvested for each of
the four treatments. Tree selection and fruit harvesting were
introduced as follows: 15 healthy pear trees with constant growth
conditions and no diseases or pests were chosen for each group.
The pear trees were planted with the same green manure on both
sides. Ten fruits were harvested from the east, south, west, north,
and top positions of each tree. The fruits’ weights, transverse
diameters, and vertical diameters were measured after they were
packed in plastic foam net bags and brought back to the
laboratory. Next, the fruits were stored in a refrigerator
(temperature: 0 £ 0.5 °C; relative humidity: 90 + 5%). On the
second day, fruits were taken out from the refrigerator to test the
residual indicators.

2.2.2 Selected test methods for fruit indicators

A total of 11 quality indicators related to appearance traits,
internal quality, nutritive value, and tastes of fragrant pear fruits
were chosen. Specifically, single-fruit weight, transverse
diameter, vertical diameter, and shape index reflect the
appearance traits of fruits. Soluble solid and fruit hardness
reflect the internal quality of the fruits. The content of
Vitamin C and protein content reflects the nutritive value of
fruits. Titratable acid, total soluble sugar, and sugar-acid ratio
reflect the tastes of fruits. The single-fruit weight, transverse
diameter, vertical diameter, Soluble solid content, Fruit hardness
and shape index of each treatment were measured using 150
fruits. In addition, 150 fruits from each treatment were divided
into 50 groups (3 pears per group). 30 g of pulps from each pear
in the group was mixed and used for measurement of vitamin C,
protein, Total soluble sugar, and titratable acid. The
measurement methods of different indicators are introduced
as follows:

Single-fruit weight (SFW): dust was removed from the fruit’s
surface before the fruit was weighed on an electronic scale. After
the numerical value of the electronic scales was stabilised, data
were recorded, and the mean of the two measurements was
selected (unit: g).

Transverse diameter of fruits (TD): the diameter of the fruit’s
bellies was measured at every 180° angle by an electronic vernier
caliper. The mean of the two measurements was selected
(unit: mm).

Vertical diameter of fruits (VD): distance from the fruit stem
to the bottom was measured by an electronic vernier caliper. The
mean of the two measurements was selected (unit: mm).

Shape index (SI): vertical diameter/transverse diameter.

Fruit hardness with skin (FH): three points at the equator of
fragrant pear (interval: 120°) were selected, and peak mode was
chosen using the GY-4 fruit hardness metre. The indenter was
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pressed vertically into fragrant pear into 10 mm, and data were
recorded (unit: kg/cm?).

Soluble solid content (SSC): soluble solid was tested by a
PAL digital display sugar metre. After eliminating pericarps and
kernels from pear fruits, the pulps were mixed uniformly, in
which 5 g of pulps were wrapped in gauze to extract 1 ml of juice.
The juice was dripped on the endoscope of the sugar displayer to
read the numerical values (unit: %). Each group had five
repetitions, and the mean values were collected.

Vitamin C (VC): the VC content was tested by the
molybdenum blue colorimetric method, which was changed
slightly according to Sayed and Soliman’s, 1979) method. In a
mortar, 4 g of fresh pulp was combined with 5 mL oxalic acid-
EDTA solution before being ground into a homogenate. After
transferring the homogenate to a centrifuge tube, 5 mL of the
oxalic acid-EDTA solution was added to the mortar to rinse it.
The solution was then transferred into a centrifuge tube. The
centrifuge tube was centrifuged for 20 minute at the rate of 4500
r/min, and then 1 mL of supernate was transferred into the test
tube. Afterwards, 4 mL of oxalic acid-EDTA solution, 0.5 mL of
metaphosphoric acid-acetic acid, 1 mL of 5% sulfuric acid
solution and 2 mL of 5% ammonium molybdate solution were
added. The liquid in the test tube was vibrated uniformly and
then put in a kettle for 15 minute of water bath under 30 °C.
Colourimetry was performed under a wavelength of 760 nm, and
absorbance was recorded (unit: mg/100 g). Each sample was
repeated three times, and the mean values were chosen.

Protein content (PRO): the Coomassie brilliant blue (CBB) G-
250 staining method was used (Bradford, 1976). Fresh pulp (1 g)
was put in a mortar, and 5 mL of distilled water was added to grind
into the homogenate. The homogenate was transferred into a
centrifuging tube. Next, 5 mL of distilled water was used to rinse
the mortar. In the centrifuge tube, the solution was mixed. The
centrifuging tube was put in an ultrasonic wave oscillator for 15
minute to mix evenly. Afterwards, it was centrifuged at 5500 r/min
for 10 minute. Subsequently, 0.5 mL of supernatant was transferred
to a test tube along with 0.5 mL of distilled water and 5 mL CBB
reagent; they were thoroughly combined, and the absorbance of
soluble proteins was recorded at 595 nm (unit: g/100 g). Each
sample was replicated three times, and the means were chosen.

Total soluble sugar (TSS): tested by anthranone-sulfuric acid
colourimetry with references to the method of Laurentin and
Edwards (2003). Fresh pulp (1 g) was put in a mortar, and 5 mL
of distilled water was added to produce a homogeneous mixture.
The homogenate was transferred into a centrifuging tube. Then,
5 mL of distilled water was used to rinse the mortar.The solution
was mixed into the centrifuge tube, which was then placed in a
water bath kettle and heated for 30 minute at a temperature 80 °
C. The grinding fluid was cooled and centrifuged for 10 min at
4000 r/min. The supernatant was transferred to a volumetric
flask. Subsequently, 10 mL of distilled water was added to the
sediments in the centrifuge tube. The water bath and
centrifugation processes were repeated twice until the
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supernatant in the volumetric flask was dissolved to a constant
volume of 25 mL. Subsequently, 1 mL of solution was transferred
into a volumetric flask and dissolved into 100 mL (by 100 times)
distilled water. Later, 2 mL of the collected solution was
combined with 5 mL of the anthranone-sulfuric acid reagent
using vibration. The mixture was heated with boiled water for 10
minute. After the mixture was cooled, the absorbance was
determined at 620 nm (unit: %). Each sample was repeated
three times, and the mean values were determined.

Titratable acid (TA): the acid-base titration method was
applied (Liu et al., 2009). Fresh pulp (1 g) was put in a mortar,
and 5 mL of distilled water was added to grind into homogenate.
The homogenate was transferred into a centrifuging tube. The
mortar was then rinsed using 5 mL of distilled water. The
solution was added to the centrifuging tube, which was then
placed in a water bath kettle and heated at 80 °C for 30 minute.
The grinding fluid was cooled and centrifuged for 10 minute at
4000 r/min. The supernatant was transferred to a volumetric
flask. Next, distilled water was added to the sediments in the
centrifuging tube. The above water bath and centrifugation
processes were repeated twice until the supernatant in the
volumetric flask was dissolved to a constant volume of 25 mL.
Later, 20 mL of the solution was collected and titrated with
NaOH solution (0.1 mol L) until pH = 8.0. Titratable acid
content was calculated according to the titration volume of
NaOH solution (unit: percentage of malic acid (%)). Each
sample was repeated three times, and the mean values
were determined.

Sugar-acid ratio (SAR) refers to the ratio between the total
soluble sugar and titratable acid of fruits.

2.3 Devices and instruments

In this study, the following devices and instruments were
utilised: Japan ATAGO fruit sugar metre PAL-1 (Guangzhou
Atang Scientific Instrument Co., LTD), GY-4 fruit hardness
metre (Yueqing Aidebao Instrument Co. LTD), ultrapure water
metre UPT-1-107 (Europtronic Group), ThermoFisher Biomate
160 ultraviolet and visible spectrophotometer (ThermoFisher
Scientific China Co., LTD), KQ5200E ultrasonic cleaner
(Kunshan Ultrasonic Instrument Co., LTD), American
thermoelectricity Sorvall STI6R high-speed centrifuge
(ThermoFisher Scientific China Co., LTD), DK-8D digital
display water bath kettle (Jintan City Medical Instrument
Factory), and FA1104 electronic scales (Shanghai Jinghua
Technology Instrument Co., LTD).

2.4 Data processing and diagram plotting

Firstly, the method of analysis of variance was determined
according to whether the fruit quality indicators data conform to
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TABLE 1 Kolmogorov-Smirnov univariate normality test for fruit quality indicators.

Fruit quality index Most Extreme Differences AsymptoticSig
Absolute Positive Negative

SFW/(g) 0.061 0.061 -0.036 &
TD/(mm) 0.067 0.067 -0.052 &
VD/(mm) 0.036 0.036 -0.034 0.06
SI 0.08 0.08 -0.034 &
SSC/(%) 0.155 0.155 -0.083 &
FH/(kg/cm?) 0.158 0.133 -0.158 &
VC/(mg/100g) 0.077 0.077 -0.052 0.006
PRO/(g/100g) 0.067 0.052 -0.067 0.029
TSS/(%) 0.117 0.117 -0.079 &
TA/(%) 0.076 0.047 -0.076 0.007
SAR 0.127 0.127 -0.089 &

The symbol “&” in the table represents the “Sig” value of fruit index is far smaller than 0.05.

univariate normal distribution. The Kolmogorov-Smirnov
(Barrera et al., 2021) statistical method in SPSS software
(Version 25.0 IBM, USA) was used to analyze the single factor
normality of fruit quality indexes. When “Sig” value is less than
0.05, the original fruit indicator data is considered to be non-
normal distribution. As shown in Table 1, among the eleven fruit
quality indicators, only vertical diameter of fruit (VD) conforms
to the normal distribution. Therefore, based on the method of
Kruskal-Wall nonparametric multiple comparison (all pairwise)
(Wang et al., 2022), one-way analysis of variance (K sample) was

used in SPSS software to compare the significant differences
between the medians of fruit quality indicators under different
green manure planting modes (P<0.05).

Secondly, the correlation analysis (CA) method was selected
according to whether the fruit quality indicators obey the
bivariate normality. The bivariate normality between fruit
quality indicators was tested based on Doornik-Hansen
multivariate normal analysis method (Doornik and Hansen,
2008) in Stata software (Version 17). As shown in Table 2,
when “Prob-chi2” value is greater than 0.05, it is considered that

TABLE 2 Doornik-Hansen bivariate normality test for fruit quality indicators.

Pair of variables Prob-chi2 Pair of variables Prob-chi2 Pair of variables Prob-chi2
SFW TD & VD SI 0.006 SSC TA &
SFW VD & VD SSC 0.001 SSC SAR &
SFW SI & VD FH & FH vC &
SFW SSC & VD vC & FH PRO &
SFW FH & VD PRO 0.01 FH TSS &
SFW vC & VD TSS & FH TA &
SFW PRO 0.001 VD TA 0.003 FH SAR &
SFW TSS & VD SAR 0.001 vC PRO &
SFW TA & ST SSC & vC TSS &
SFW SAR & SI FH & vC TA &
D VD 0.031 SI vC & vC SAR &
D SI & SI PRO 0.001 PRO TSS 0.001
TD SSC & SI TSS & PRO TA 0.007
D FH & SI TA 0.002 PRO SAR 0.023
TD vC & SI SAR 0.002 TSS TA &
TD PRO 0.005 SSC FH & TSS SAR &
TD TSS & SSC vC & TA SAR &
TD TA 0.003 SSC PRO &

TD SAR & SSC TSS &

The symbol “&” in the table represents the “Prob-chi2” value of fruit index is far smaller than 0.05.
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FIGURE 1

Spearman correlation analysis of fruit quality indicators of fragrant pear. Red and blue represent the positive and negative correlations among
the quality indicators. The darker colour represents the stronger significance. ** refers to the 0.01 level, which indicates a significant correlation.
* refers to the 0.05 level, which indicates a significant correlation. SFW, TD, VD, SI, SSC, FH, VC, PRO, TSS, TA, and SAR represent abbreviations
of single-fruit weight, transverse diameter, vertical diameter, shape index, soluble solid content, fruit hardness, vitamin C, protein, total soluble
sugar, titratable acid, and sugar-acid ratio respectively. The numbers in the left half of the figure represent the correlation coefficients between

indicators (r).

FIGURE 2

PC3, respectively.
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TABLE 3 Significance analysis of fruit quality indicators under four planting modes of green manures.

Fruit quality index SA SP ST
SFW/(g) 163.81 + 132 18326 +21.5(a)  164.3 + 4.93(a)
(a)
TD/(mm) 659+ 17(b)  68.07 + 1.83(a)  65.66 = 0.51(b)
VD/(mm) 67.32 £2.54 (b) 71.36 +4.69()  70.6 + 2.13(a)
SI 1.02 £0.02(a)  1.05+0.04()  1.07 + 0.04(a)
SSC/(%) 14.08 £ 0.59(a) 1256 £ 0.2(c) 1278 + 0.26(b)
FH/(kg/cm?) 13.66 + 0.5()  13.07 +0.33(b)  11.52 + 1.49(c)
VC/(mg/100g) 6.64 £0.66(a) 557 +0.18(b)  5.18 0.25(c)
PRO/(g/100g) 025+001(a)  023+00L(b) 022+ 0.01(b)
TSS/(%) 1421 + 0.81(a) 1294 + 1.64(b) 1323 = 1.66(b)
TA/(%) 0.081 +0.003  0.088 + 0.007(a)  0.067 + 0.008(c)
(b)
SAR 1749 +54(b)  149.69 £30.3  199.66 + 33.69
(d) ()

S Average value Standard Deviation Coefficient of
Variation%
170.5 + 11.91(a) 170.46 1532 8.99
66.37 + 1.51(ab) 66.50 1.67 2.50
71.26 + 1.94(a) 70.13 3.26 464
1.07 + 0.02(a) 1.05 0.04 341
12.85 + 0.67(b) 13.07 0.75 5.72
10.43 + 0.92(d) 12.17 1.56 12.80
4.61 £ 0.21(d) 551 0.83 15.12
0.22 + 0.02(b) 023 0.02 826
12.66 = 0.28(b) 13.26 129 9.73
0.078 = 0.005(b) 0.078 0.01 1221
163.55 + 1434 172.90 29.55 17.09

(c)

SFW, TD, VD, SI, SSC, FH, VC, PRO, TSS, TA, and SAR represent abbreviations of single-fruit weight, transverse diameter, vertical diameter, shape index, soluble solid content, fruit
hardness, vitamin C, protein, total soluble sugar, titratable acid, and sugar-acid ratio respectively. The results of all indicators are expressed as mean + standard deviation. After averaging the

values of fruit quality indicators in the same row, different letters indicate significant differences at the 0.05 level.

the two fruit indicators conform to the bivariate normal
distribution, and the results show that all fruit quality
indicators do not obey the bivariate normality. Therefore,
Spearman’s method was adopted in study to analyze the
correlation between fruit quality indicators (Li et al., 2021). In
addition, SPSS software was used for normalisation of the
original fruit indicators data and principal component analysis
(PCA), and Origin software (version 2021) was used to draw the
CA diagram (Figure 1) and three-dimensional scattered point
diagram (Figure 2). As shown in Table 3, in order to more
comprehensively show the effects of different green manure
planting modes on fruit quality, the results of each indicator
are expressed as mean + standard deviation. Different letters
after the mean indicate significant differences at the 0.05 level
between the medians of fruit quality indicators for different
treatments (Table 4).

3 Results and analysis

3.1 ANOVA of fruit quality

Table 3 shows the results of quality indicators of fragrant pears
under different green manure modes. Among 11 quality indicators,
there were significant differences in ANOVA results for nine
indicators (P<0.05), indicating that different green manures can
influence fruit quality to some extent. With respect to the
appearance traits, fruit weight and appearance are not only
important business characteristics, but also the key determinants
of customer selection (Isuzugawa et al, 2014; Lyu et al,, 2017).
There was no significant (P>0.05) difference between the four
treatments in terms of fruit weight, and all groups met the
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standards of special-grade fruits in the Korla fragrant pear
industrial evaluation (SFW>160 g). In addition, Fruit shape (SI)
is also an important commercial feature of fruit. Consumers prefer
the oval shaped pears. In general, the smaller the value of SI,
accompanied by rounder fruit shapes. There was no significant
difference in fruit shape among the four treatments in this study,
indicating that different varieties of green manure have little effect
on fruit shape. In general, substances that dissolve in water are
referred to as soluble solids, and they are made up of sugar, acid,
vitamins and minerals. SSC is a major indicator for measuring the
maturity of Korla fragrant pear (Niu et al., 2020). Among the four
groups, the SSC of SA was significantly higher than that of the
other three groups (P<0.05) (Table 3). Apart from that, the fragrant
pears with higher hardness have better storage performances and
stronger resistance to damage during transportation (Yu et al,
2018). Hardness is an important indicator that influences the taste
of fruits. In this study, SA and SP substantially improved the
hardness of fragrant pears. VC, also known as ascorbic acid, is an
indispensable nutrient that maintains normal human physiological
functions. It is worth mentioning that the human body cannot
synthesise VC independently, but can only acquire it from foods.
Hence, VC is an important indicator to measure the nutritive value
of fruits (Wang et al., 2021b). There were significant differences
between the VC content of the four groups of fruits (P<0.05).
Specifically, SA had the highest VC content (Table 3), while S had
the lowest. Moreover, protein is an important bearer of vital
human activities. Compared to animal proteins, plant proteins
are more easily absorbed by the human body and contain more
nutrients. It is also a significant indicator to measure the nutritive
value of fruits (Liu et al, 2014; Zhang et al, 2021b). The fruit
protein content of SA was significantly higher than that of other
groups (P<0.05). Therefore, this study demonstrated that SA could

frontiersin.org


https://doi.org/10.3389/fpls.2022.1027595
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Han et al.

TABLE 4 Full name and Abbreviations.

10.3389/fpls.2022.1027595

Full name Abbreviations Full name Abbreviations
Analysis of variance ANOVA Single-fruit weigh SFW
Correlation analysis CA Transverse diameter D
Coefficient of variation Ccv Vertical diameter VD
Leguminosae green manure alfalfa (Medicago sativa L.) SA Shape index SI
Poaceae green manures oats (Avena sativa L.) SP Soluble solid content SSC
Cruciferae green manures oilseed rape (Brassica napus L.) ST Fruit hardness FH
Orchard authigenic green manures (antigenic grass) S Vitamin C vC
Principal component analysis PCA Protein PRO
Principal component 1 PC1 Total soluble sugar TSS
Principal component 2 PC2 Titratable acid TA
Principal component 3 PC3 Sugar-acid ratio SAR

substantially improve the nutrient content of fruits. SAR is a
common indicator that evaluates the taste and flavour of fruits.
Unlike other pear varieties, Korla fragrant pear has higher SAR
(Chen etal,, 2007; Aprea et al,, 2017). SAR is determined by soluble
sugar and titratable acid. The results showed that the TSS of SA was
significantly higher than other three groups (P<0.05), and there
were significant differences in terms of TA content (P<0.05):
SP>SA>S>ST (Table 3). Among the 11 indicators, SAR
presented the highest Coefficient of Variation (CV), reaching
17.09%. Indicating that green manure has the most significant
influence on the SAR of fruits. In general, SP contributed the
highest SFW, SA presented the highest nutritive value of fruits, and
ST achieved the highest SAR of fruits.

3.2 CA of fruit quality indicators

The correlation coefficients (r) of quality indicators of
fragrant pears were shown in Figure 1. SFW had extremely
significant positive correlations with TD and VD of fruits
(P<0.01). There was an extremely significant positive
correlation between VD and SI of fruits (P<0.01). A highly
significant positive connection exists between FH and VC
(P<0.01). The PRO of fruits revealed substantial positive
correlations with SSC and VC (P<0.01). SI had extremely
significant negative correlations with VC (P<0.01). TA had
highly significant negative correlations with SAR (P<0.01).
There was a significant positive correlation between TD and
VD of fruits (P<0.05). SSC had significant correlations with VC
(P<0.05). The TSS of fruits had significantly positive correlations
with FH, VC, and SAR (P<0.05). In addition, SFW had
significantly negative correlations with TSS (P<0.05). A
significant negative connection exists between TD and SAR
(P<0.05). There was a significant negative correlation between
VD and VC of fruits (P<0.05). The SI of fruits revealed
significant negative correlations with SSC and PRO (P<0.05).
In summary, indicators of fruits influence one another rather
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than being entirely independent, exhibiting varying degrees of
positive or negative correlations. For a more thorough
assessment of fruit quality, it was necessary to separate out
information that was repeated among indicators, perform a
streamlined recombination and analyse every indicator.

3.3 PCA of fruit quality indicators

PCA can be used to recognise potential trait combinations
among fruit quality indicators. The PCA results of fruit quality
indicators were listed in Table 5. Three common factors (PCl,
PC2 and PC3) with characteristic roots higher than one were
extracted, and their contribution rate to the total variance
reached 81.078%. They were sufficient to interpret the majority
of pear fruit quality parameters. The contribution rate of PCl
was 29.508%. PC1 was composed of VC, FH, SSC and PRO of
fruits, reflecting the internal quality and nutritive value of fruits.
PC2 consisted of SFW, TD, VD and SI, with a contribution rate
to a total variance of 27.624%. It mainly reflects the appearance
traits of fruits. The contribution rate of PC3 to the total variance
was 23.946%. PC3 was composed of TSS, TA and SAR, reflecting
the saccharic acid content of fruits.

The spatial component diagram of PCA and the scattering
point diagram of fragrant pear fruit scores under the four green
manure types were fitted (Figure 2). Spheres in different colours
represent the spatial coordinate points of fruit indicator scores
under four green manure types. Scores of fragrant pear samples
on PC1, PC2 and PC3 were calculated according to the following
formula:

fi = -0.01g; +0.03¢, — 0.19g; — 0.27, + 0.41¢5 + 0.464;

+0.51g; +0.33gs + 0.32qq + 0.20q,, + 0.02g;,

fo = 0.54g; +0.51g, +0.52q; + 0.32q, — 0.10g5 + 0.10g¢

—0.13g; — 0.10gg — 0.04g9 + 0.11q,¢ — 0.084,
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TABLE 5 Post-rotating principal component vector matrix and total variance interpretation.

Quality index Common Factor 1
SFW -0.023
TD 0.052
VD -0.347
SI -0.482
SSC 0.733
FH 0.829
vC 0.916
PRO 0.595
TSS 0.582
TA 0.363
SAR 0.032
Characteristic root 3.246
Factor contribution rate % 29.508
Cumulative variance contrition rate % 29.508

Common Factor 2 Common Factor 3

0.949 -0.231
0.896 -0.345
0.898 0.204
0.564 0.551
-0.169 -0.036
0.179 0.05

-0.234 -0.068
-0.178 -0.375
-0.064 0.675
0.197 -0.761
-0.148 0.966
3.039 2.634
27.624 23.946
57.132 81.078

SFW, TD, VD, SI, SSC, FH, VC, PRO, TSS, TA, and SAR represent abbreviations of single-fruit weight, transverse diameter, vertical diameter, shape index, soluble solid content, fruit
hardness, vitamin C, protein, total soluble sugar, titratable acid, and sugar-acid ratio respectively.

fy = —0.14q; — 0.21¢, + 0.13¢; + 0.34q, — 0.02q5 + 0.03¢,
—0.04g, — 0.23q5 + 0.42qy — 0.47q, + 0.60q;,

where f, f,, and f; were scores of fragrant pear samples on
three coordinate axes of PCl, PC2 and PC3. The values of
q1~qirepresent the original data of pear fruit indexes after
normalisation by SPSS software. Coefficients in front of
q1~q11were calculated as follows.

Factor Eigenvector Coefficient

Factor Load

- \/Corresponding factor characteristic root

where Factor Load reers to vector vales corresponding to 11
quality indicators (SFW, TD, VD, SI, SSC, FH, VC, PRO, TSS,
TA and SAR) in Table 5 from common factor 1 to common
factor 3.

In Figure 2, four indicators of PC1 (VC, PRO, SSC and FH)
and four indicators of PC2 (SFW, TD, VD and SI) presented
relatively dense spatial distributions. In other words, there were
close connections and repeated information among the indicators.
The results agree with CA in Figure 1. There was scattered spatial
distribution in PC3 because TA was reverse loads and negatively
affected PC3 and fruit quality. This conformed to the practical
conditions of fruit evaluation of pears.

The dimensions of the chosen 11 indicators were reduced,
and they were recombined into three main traits through PCA.
These three traits reflected appearance, internal nutritive value
and tastes. Overlapping information among indicators was
eliminated well, and the scale of indicators was shrunk. Spatial
distributions of spheres in different colours in the three-
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dimensional diagram intuitively reflect the influences of
different green manure types on the quality traits of fruits. SA
received the highest score on PCl. Compared with other
treatments, SA significantly improved the internal quality and
nutritive value of the fruits. SA achieved the highest scores in the
four indicators of PC1. Moreover, SA achieved the lowest scores
on PC2, indicating that SA slightly improved the fruit weight
and shape of fragrant pears. This conformed to the ANOVA
results. SP achieved the highest scores on PC2. Among the four
indicators of PC2, three indicators (SFW, TD and VD) after SP
treatment ranked the top. This proved that SP had a positive
influence on the appearance of the fruits. SP had the highest
scores on PC3 and had the lowest TA and the highest SAR. This
reflected that PC3 was positively related to SAR, while negatively
related to TA. This also proved that ST had positive effects on
the fruits’ taste. The above results were completely consistent
with ANOVA results, indicating that simplification and
recombination results based on PCA were reliable. On this
basis, a comprehensive evaluation model of fruit quality
indicators was built.

3.4 Comprehensive evaluation of fruit
quality

Combining the contribution rates of principal components
to the total variance in Table 5, a comprehensive evaluation
model of fragrant pear was built:

f 5) 5!
= fi+ f+ f3
h+t+t; h+t+1; o+t +1;

fs
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where t;~t; refer to contribution rates of PC1, PC2 and PC3
to total variance. f; is the comprehensive score of fragrant pear
fruit. f;, f>, and f; are scores of fragrant pear samples on PC1, PC2
and PC3. The numerical values of f;, f>, and f; were brought into
the above formula. Then, the calculation formula of
comprehensive evaluation scores of fragrant pears was gained:

f. = 0.36f, +0.34f, + 0.3f,

The comprehensive evaluation scores are listed in Table 6.
The order of green manure planting modes in terms of
comprehensive quality evaluation scores of fragrant pears was:
‘SA’>SP’>ST’>S’. PC1 of SA got the highest scores because four
indicators of PC1 (VC, PRO, FH and SSC) were the highest
among all four groups. However, SA achieved the lowest scores
in three of four indicators of PC2 (SFW, SI and VD). Hence, the
PC2 of SA ranked fourth. The PCI scores of SP ranked second,
which was only subsequent to SA. The PC2 of SP ranked at the
top, and SI was relatively moderate. The SFW of SP ranked at the
top, and it was far superior to the other three treatments because
SAR, which reflects the flavour of fruits, was relatively low. The
score of PC3 ranked fourth. The quality indicators in PC3 were
optimal after ST treatment. Moreover, PC1 and PC2 were below
the moderate level and ranked third. Among the fruit traits of
PCl in S, nutritive values of fruits (VC and PRO), post-harvest
transportation and storage performances (FH) and fruit
maturity (SSC) were relatively low. Hence, scores of PC1 were
the lowest and ranked fourth. The score of PC2 and PC3 ranked
second. The contained appearance indicators and flavour
indicators were above the moderate level.

4 Discussion

In modern agricultural production, due to the lack of
scientific understanding and guidance of chemical fertilizer,
farmers blindly applied chemical fertilizer in pursuit of high
yield of crops, resulting in the imbalance of soil nutrient
structure, the deterioration of physical properties, and the
decline of fertility. In addition, residues of some chemical
substances such as nitrogen, phosphorus and potassium in
chemical fertilizers continue to accumulate in the soil,
resulting in nutrient imbalance in the soil, hindering the
transformation and absorption of nutrients by crops, and

TABLE 6 Comprehensive evaluation scores of fruit quality.

Treatments Factor 1 score Sort Factor 2 score
SA 2.79 1 -1.50
Sp 0.05 2 1.40
ST 111 3 -0.35
S -1.72 4 0.45
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resulting in the decline of agricultural product quality (Zhao
et al,, 2020; Xiao et al., 2022). Green manure practice is an
extensive soil improvement strategy in organic agriculture
(Verzeaux et al, 2016). Green manure crops contain a large
amount of organic matter, which can improve soil structure and
improve soil water and fertilizer retention capacity (Bohm et al,
2020; Gomez and Soriano, 2020). At the same time, organic
acids produced by the secretion and decomposition of green
manure crops during the growth process can transform the
insoluble phosphorus and potassium in the soil into available
elements, which is conducive to the absorption and utilization of
crops, and further improve the quality of fruits (Arruda et al,
2021). The relationship between green manure cover crop
cultivation and crop quality has been widely researched.
Pisciotta et al. (2021) indicated that leguminous green
fertilizer increased the soluble solid content of fruits, and this
research also found that the application of leguminous green
fertilizer increased the soluble solid content of Korla fragrant
pear. This may be because the roots of leguminous cover crops
are rich in nitrogen, which degrades faster in soil after turning,
providing an important nitrogen source for the growth of fruit
trees (Gaskell and Smith, 2007), and thus improving the
intrinsic quality of fruit. However, some researches found that
the Leguminosae green (Trifolium squarrosum L.) as a cover
crop did not significantly improve the soluble solids and
hardness of fruits (Abou Chehade et al., 2019), which was
different from the results of this research. In addition, there
are researches have shown that Leguminosae green fertilizer and
nitrogen fertilizer have no significant effect on the weight per
fruit of watermelon (Fracchiolla et al., 2019), which is consistent
with the results of our paper. Poaceae green manure also plays a
huge role in the sustainability of agricultural production
(Bedoussac et al., 2015). Intercropping Poaceae green manure
improved the community structure and biological
characteristics of soil bacteria (Gong et al., 2019). Zhu et al.
(2022) found that Poaceae green manure significantly increased
the vitamin C content of fruits, which was consistent with our
results. In our research, it was found that the fruit weight of
green manure planting mode SP was the largest, with an average
weight of 183.26g (Table 3). Bhat et al. (2014) compared the
effects of Leguminosae green manure and Poaceae green
manure on apple weight, and found that Leguminosae green
manure significantly increased fruit weight and yield per fruit,

Sort Factor 3 score Sort Overall score Sort
4 -0.39 3 0.39 1
1 -1.26 4 0.12 2
3 1.61 1 -0.05 3
2 0.04 2 -0.46 4
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while Poaceae green manure had no significant effect on fruit
weight, which was different from the results of our research. Our
research found that oilseed rape green manure significantly
increased the sugar-acid ratio of Korla pear fruits, similarly,
Wang et al. (2020) found that high concentration of oilseed rape
green manure significantly increased the sugar content of fruits.
In addition, it was found that oilseed rape had low requirements
on the growing environment (drought tolerance, salt tolerance),
and had significant effect on weed control, reducing the
workload of weed control, and had a good prospect for
popularization and application in arid areas.

There are more than 30 varieties of fragrant pear in Xinjiang,
China, among which only Korla fragrant pear is cultivated and
sold in a standardized model, which shows its extremely high
commodity value (Zari et al., 2021). In recent years, consumers
have become more interested in organic fruits, and Korla
fragrant pear, which is grown with green cover crops and used
as fertilizer, is an organic agricultural product, which is helpful to
improve its commodity value. However, fruit quality is a
determinant of economic value and market competitiveness of
the pear industry (Wei et al., 2017). The market value of fragrant
pear is closely related to the size, shape, texture, nutrition and
flavor of the fruit. In addition, in the process of orchard
management, cover crops between fruit tree rows will form a
small ecological circle on the surface, which is conducive to
maintaining water and promoting nutrient cycling (Yuarsah and
Handayani, 2017), and also effectively inhibits the erosion of
main crops by pests (Bowers et al., 2020; Beaumelle et al., 2021).
Therefore, the screening of orchard cover crops should be based
on fruit quality, and then combined with the actual requirements
of agronomy to carry out evaluation, in order to determine the
suitable cover crops for orchard, and better play the advantages
of green manure.

5 Conclusion

The results showed that different planting modes of green
manure had different effects on the quality of Korla pear.
Compared with planting mode S (Orchard authigenic green
manures), the soluble solid content (SSC), protein (PRO),
vitamin C (VC), and fruit hardness (FH) in fruits of SA
(Leguminosae green manures alfalfa) were improved by 9.57%,
13.64%, 44.03, and 30.97%, respectively, the single-fruit weigh
(SFW) of SP (Poaceae green manures oats) was improved by
7.48%, the Sugar-acid ratio (SAR) of ST (Cruciferae green
manures oilseed rape) was improved by 22.08%. The eleven
quality indicators were divided into three principal components
according to principal component analysis (PCA), and the
contribution rate to total variance is 81.078%. These three
principal components reflect internal quality (29.508%),
appearance traits (27.624%) and tastes (23.946%), respectively.
According to contribution rates of principal components, a
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comprehensive fruit quality evaluation model of fragrant pears
under different green manures was built. For comprehensive
scores, there was an order: ‘SA’>‘SP’>‘ST’>‘S’. Specifically, SA
dramatically improves the internal quality and nutritive value of
fruits. SP increases SFW of fruits, while ST markedly improves
taste indicators of fruits.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Author contributions

Resources, JL; data curation, XL and YL; writing—original
draft preparation, SH and JZ; writing—review and editing, YL
and JZ; visualization, GS; supervision, JL; project administration,
JL and LX. All authors have read and agreed to the published
version of the manuscript.

Funding

This is research was financially supported by the China
Agriculture Research System of MOF and MARA (CARS-22),
Xinjiang Construction Corps, grant number (2021CB022), the
Finance science and technology project of Alar City
(2021NY07), the Key neighborhood Science and Technology
Project of Xinjiang Construction Corps (2018AB037),
President’s Foundation Innovation Research Team Project of
Tarim University(TDZKCX202203) and the Finance science
and technology project of Alar City (2022NY13)

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpls.2022.1027595
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Han et al.

References

Abou Chehade, L., Antichi, D., Martelloni, L., Frasconi, C., Sbrana, M.,
Mazzoncini, M., et al. (2019). Evaluation of the agronomic performance of
organic processing tomato as affected by different cover crop residues
management. Agronomy 9 (9), 504. doi: 10.3390/agronomy9090504

Ambrosano, E. ], Salgado, G. C,, Otsuk, I. P., Patri, P., and Henrique, C. M.
(2018). Organic cherry tomato yield and quality as affect by intercropping green
manure. Acta Sci. Agron. 40 (1), €36530. doi: 10.4025/actasciagron.v40i1.36530

Aprea, E., Charles, M., Endrizzi, 1., Laura Corollaro, M., Betta, E., Biasioli, F.,
et al. (2017). Sweet taste in apple: the role of sorbitol, individual sugars, organic
acids and volatile compounds. Sci. Rep. 7 (1), 44950. doi: 10.1038/srep44950

Arruda, B., Herrera, W. F. B,, Rojas-Garcia, J. C., Turner, C., and Pavinato, P. S.
(2021). Cover crop species and mycorrhizal colonization on soil phosphorus
dynamics. Rhizosphere 19, 100396. doi: 10.1016/j.rhisph.2021.100396

Barrera, W. B., Trinidad, K. A. D., and Presas, J. A. (2021). Hand pollination and
natural pollination by carpenter bees (Xylocopa spp.) in passiflora edulis sims. f.
flavicarpa deg.(yellow passion fruit). J. Apicult. Res. 60 (5), 845-852. doi: 10.1080/
00218839.2020.1842580

Beaumelle, L., Auriol, A., Grasset, M., Pavy, A., Thiéry, D., and Rusch, A. (2021).
Benefits of increased cover crop diversity for predators and biological pest control
depend on the landscape context. Ecol. Solut. Evid. 2 (3), e12086. doi: 10.1002/
2688-8319.12086

Bedoussac, L., Journet, E. P., Hauggaard-Nielsen, H., Naudin, C., Corre-Hellou,
G., Jensen, E. S, et al. (2015). Ecological principles underlying the increase of
productivity achieved by cereal-grain legume intercrops in organic farming. a
review. Agron. Sustain. Dev. 35 (3), 911-935. doi: 10.1007/s13593-014-0277-7

Bhat, R., Wani, W. M., Sharma, M. K., and Ashraf, N. (2014). Studies on
intercropping with leguminous and non-leguminous crops on yield, leaf nutrient
status and relative economic yield of apple cv. red delicious. Int. J. Horticult. 4 (5),
20-23. doi: 10.5376/ijh.2014.04.0005

Bohm, K., Ingwersen, J., Milovac, J., and Streck, T. (2020). Distinguishing
between early-and late-covering crops in the land surface model Noah-MP:
impact on simulated surface energy fluxes and temperature. Biogeosciences 17
(10), 2791-2805. doi: 10.5194/bg-17-2791-2020

Bowers, C., Toews, M., Liu, Y., and Schmidt, J. M. (2020). Cover crops improve
early season natural enemy recruitment and pest management in cotton
production. Biol. Control 141, 104149. doi: 10.1016/j.biocontrol.2019.104149

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Anal. Biochem. 72 (1), 248-254. doi: 10.1016/0003-2697(76)90527-3

Cheng, S., Ouyang, H., Guo, W., Guo, M., Chen, G., and Tian, H. (2021).
Proteomic and physiological analysis of ‘Korla’ fragrant pears (Pyrus x
brestschneideri rehd) during postharvest under cold storage. Sci. Hortic. 288,
110428. doi: 10.1016/j.scienta.2021.110428

Chen, J., Wang, Z., Wu, J., Wang, Q., and Hu, X. (2007). Chemical
compositional characterization of eight pear cultivars grown in China. Food
Chem. 104 (1), 268-275. doi: 10.1016/j.foodchem.2006.11.038

Chen, Y., Wen, X,, Sun, Y., Zhang, J., Wu, W,, and Liao, Y. (2014). Mulching
practices altered soil bacterial community structure and improved orchard
productivity and apple quality after five growing seasons. Sci. Hortic. 172, 248—
257. doi: 10.1016/j.scienta.2014.04.010

Cozzolino, R., De Giulio, B., Petriccione, M., Martignetti, A., Malorni, L.,
Zampella, L., et al. (2020). Comparative analysis of volatile metabolites, quality
and sensory attributes of actinidia chinensis fruit. Food Chem. 316, 126340.
doi: 10.1016/j.foodchem.2020.126340

Deakin, G., Tilston, E. L., Bennett, J., Passey, T., Harrison, N., Fernandez-Fernandez,
F, et al. (2018). Spatial structuring of soil microbial communities in commercial apple
orchards. Appl. Soil Ecol. 130, 1-12. doi: 10.1016/j.aps0il.2018.05.015

Dong, N, Hu, G., Zhang, Y., Qi, J., Chen, Y., and Hao, Y. (2021). Effects of green-
manure and tillage management on soil microbial community composition,
nutrients and tree growth in a walnut orchard. Sci. Rep. 11 (1), 16882.
doi: 10.1038/s41598-021-96472-8

Doornik, J. A., and Hansen, H. (2008). An omnibus test for univariate and
multivariate normality. Oxford B Econ Stat. 70, 927-939. doi: 10.1111/j.1468-
0084.2008.00537.x

Fracchiolla, M., Lasorella, C., Santamaria, P., Renna, M., Signore, A., and
Cazzato, E. (2019). Response of organically grown mini watermelon (Citrullus
lanatus (Thunb.) Matsum. & nakai) to different green manure crops and nitrogen
fertilization. Acta Hortic. 1294, 85-90. doi: 10.17660/ActaHortic.2020.1294.11

Gao, X, He, N,, Jia, R,, Hu, P., and Zhao, X. (2022). Redesign of dryland apple
orchards by intercropping the bioenergy crop canola (Brassica napus 1.): Achieving
sustainable intensification. GCB Bioenergy 14 (3), 378-392. doi: 10.1111/gcbb.12916

Frontiers in Plant Science

12

10.3389/fpls.2022.1027595

Gaskell, M., and Smith, R. (2007). Nitrogen sources for organic vegetable crops.
HortTechnol. hortte 17 (4), 431-441. doi: 10.21273/HORTTECH.17.4.431

Gomez, J. A., and Soriano, M. A. (2020). Evaluation of the suitability of three
autochthonous herbaceous species as cover crops under Mediterranean
conditions through the calibration and validation of a temperature-based
phenology model. Agric. Ecosyst. Environ. 291, 106788. doi: 10.1016/
j.agee.2019.106788

Gong, X., Liu, C,, Li, J., Luo, Y., Yang, Q., Zhang, W., et al. (2019). Responses of
rhizosphere soil properties, enzyme activities and microbial diversity to
intercropping patterns on the loess plateau of China. Soil Till. Res. 195, 104355.
doi: 10.1016/j.5till.2019.104355

Tsuzugawa, K., Murayama, H., and Nishio, T. (2014). Characterization of a giant-
fruit mutant exhibiting fruit-limited polyploidization in pear (Pyrus communis 1.).
Sci. Hortic. 170, 196-202. doi: 10.1016/j.scienta.2014.03.009

Laurentin, A., and Edwards, C. A. (2003). A microtiter modification of the
anthrone-sulfuric acid colorimetric assay for glucose-based carbohydrates. Anal.
Biochem. 315 (1), 143-145. doi: 10.1016/s0003-2697(02)00704-2

Lee, S.-E., Park, J.-M.,, Park, Y.-E., and Choi, D. G. (2014). Effect of cover crop
species and liquid manure application rate on green manure production, leaf
mineral content, fruit quality and soil chemical properties in pear orchard. Korean
J. Soil. Sci. Fert. 47 (6), 558-562. doi: 10.7745/KJSSF.2014.47.6.558

Li, Z., Gao, X, and Lu, D. (2021). Correlation analysis and statistical assessment
of early hydration characteristics and compressive strength for multi-composite
cement paste. Constr. Build. Mater. 310, 125260. doi: 10.1016/
J.CONBUILDMAT.2021.125260

Liu, H,, Chen, F., Yang, H., Yao, Y., Gong, X, Xin, Y., et al. (2009). Effect of
calcium treatment on nanostructure of chelate-soluble pectin and physicochemical
and textural properties of apricot fruits. Food Res. Int. 42 (8), 1131-1140.
doi: 10.1016/j.foodres.2009.05.014

Liu, X,, Zhai, R,, Feng, W., Zhang, S., Wang, Z., Qiu, Z., et al. (2014). Proteomic
analysis of “Zaosu’ pear (Pyrus bretschneideri rehd.) and its early-maturing bud
sport. Plant Sci. 224, 120-135. doi: 10.1016/j.plantsci.2014.04.012

Lyu, J., Liu, X., Bi, J.-f., Jiao, Y., Wu, X.-Y., and Ruan, W. (2017).
Characterization of Chinese white-flesh peach cultivars based on principle
component and cluster analysis. J. Food Sci. Technol. 54 (12), 3818-3826.
doi: 10.1007/s13197-017-2788-0

Milosevi¢, T., Milosevi¢, N., and Mladenovic, J. (2022). The influence of organic,
organo-mineral and mineral fertilizers on tree growth, yielding, fruit quality and
leaf nutrient composition of apple cv. ‘Golden delicious reinders’. Sci. Hortic. 297,
110978. doi: 10.1016/j.scienta.2022.110978

Ministry of Agriculture of the People's Republic of China (2004). “Production
technical rules for kurle fragrant pear. NY/T 881-2004,” in Ministry of agriculture
bulletin no. 450 (Beijing: Ministry of Agriculture).

Niu, H., Liu, Y., Wang, Z., Zhang, H., Zhang, Y., and Lan, H. (2020). Effects of
harvest maturity and storage time on storage quality of korla fragrant pear based on
grnn and anfis models: Part I firmness study. Food Sci. Technol. Res. 26 (3), 363—
372. doi: 10.3136/fstr.26.363

Pisciotta, A., Di Lorenzo, R., Novara, A., Laudicina, V. A, Barone, E., Santoro,
A, etal. (2021). Cover crop and pruning residue management to reduce nitrogen
mineral fertilization in mediterranean vineyards. Agronomy 11 (1), 164.
doi: 10.3390/agronomy11010164

Rodrigues, M.A., Correia, C. M., Claro, A. M., Ferreira, 1. Q., Barbosa, J. C.,
Moutinho-Pereira, J. M., et al. (2013). Soil nitrogen availability in olive orchards
after mulching legume cover crop residues. Sci. Hortic. 158, 45-51. doi: 10.1016/
j.scienta.2013.04.035

Sayed Elnenaey, E., and Soliman, R. (1979). A sensitive colorimetric method for
estimation of ascorbic acid. Talanta 26 (12), 1164-1166. doi: 10.1016/0039-9140
(79)80033-8

Simmonds, M., and Preedy, V. R. (2015). Nutritional composition of fruit
cultivars (New York, US: Academic Press).

Song, M., Xu, H,, Xin, G,, Liu, C,, Sun, X,, Zhi, Y., et al. (2022). Comprehensive
evaluation of actinidia arguta fruit based on the nutrition and taste: 67 germplasm
native to northeast China. Food Sci. Hum. Wellness 11 (2), 393-404. doi: 10.1016/
j.fshw.2021.11.020

Srivastava, A. K., Huchche, A. D., Ram, L., and Singh, S. (2007). Yield prediction
in intercropped versus monocropped citrus orchards. Sci. Hortic. 114 (1), 67-70.
doi: 10.1016/j.scienta.2007.05.005

Vega-Muioz, A., Gil-Marin, M., Contreras-Barraza, N., Salazar-Sepulveda,
G., and Losada, A. V. (2022). How to measure organic fruit consumer behavior:
A systematic review. Horticulturae 8 (4), 318. doi: 10.3390/
horticulturae8040318

frontiersin.org


https://doi.org/10.3390/agronomy9090504
https://doi.org/10.4025/actasciagron.v40i1.36530
https://doi.org/10.1038/srep44950
https://doi.org/10.1016/j.rhisph.2021.100396
https://doi.org/10.1080/00218839.2020.1842580
https://doi.org/10.1080/00218839.2020.1842580
https://doi.org/10.1002/2688-8319.12086
https://doi.org/10.1002/2688-8319.12086
https://doi.org/10.1007/s13593-014-0277-7
https://doi.org/10.5376/ijh.2014.04.0005
https://doi.org/10.5194/bg-17-2791-2020
https://doi.org/10.1016/j.biocontrol.2019.104149
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/j.scienta.2021.110428
https://doi.org/10.1016/j.foodchem.2006.11.038
https://doi.org/10.1016/j.scienta.2014.04.010
https://doi.org/10.1016/j.foodchem.2020.126340
https://doi.org/10.1016/j.apsoil.2018.05.015
https://doi.org/10.1038/s41598-021-96472-8
https://doi.org/10.1111/j.1468-0084.2008.00537.x
https://doi.org/10.1111/j.1468-0084.2008.00537.x
https://doi.org/10.17660/ActaHortic.2020.1294.11
https://doi.org/10.1111/gcbb.12916
https://doi.org/10.21273/HORTTECH.17.4.431
https://doi.org/10.1016/j.agee.2019.106788
https://doi.org/10.1016/j.agee.2019.106788
https://doi.org/10.1016/j.still.2019.104355
https://doi.org/10.1016/j.scienta.2014.03.009
https://doi.org/10.1016/s0003-2697(02)00704-2
https://doi.org/10.7745/KJSSF.2014.47.6.558
https://doi.org/10.1016/J.CONBUILDMAT.2021.125260
https://doi.org/10.1016/J.CONBUILDMAT.2021.125260
https://doi.org/10.1016/j.foodres.2009.05.014
https://doi.org/10.1016/j.plantsci.2014.04.012
https://doi.org/10.1007/s13197-017-2788-0
https://doi.org/10.1016/j.scienta.2022.110978
https://doi.org/10.3136/fstr.26.363
https://doi.org/10.3390/agronomy11010164
https://doi.org/10.1016/j.scienta.2013.04.035
https://doi.org/10.1016/j.scienta.2013.04.035
https://doi.org/10.1016/0039-9140(79)80033-8
https://doi.org/10.1016/0039-9140(79)80033-8
https://doi.org/10.1016/j.fshw.2021.11.020
https://doi.org/10.1016/j.fshw.2021.11.020
https://doi.org/10.1016/j.scienta.2007.05.005
https://doi.org/10.3390/horticulturae8040318
https://doi.org/10.3390/horticulturae8040318
https://doi.org/10.3389/fpls.2022.1027595
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Han et al.

Verzeaux, J., Alahmad, A., Habbib, H., Nivelle, E., Roger, D., Lacoux, J., et al.
(2016). Cover crops prevent the deleterious effect of nitrogen fertilisation on
bacterial diversity by maintaining the carbon content of ploughed soil. Geoderma
281, 49-57. doi: 10.1016/j.geoderma.2016.06.035

Wang, T. ], Lin, C. L, and Lin, R. (2022). A study on performance-related
musculoskeletal disorders during Chinese opera training. Science 10 (1), 43-59.
doi: 10.11648/.sjph.20221001.16

Wang, X, Li, Y., Ye, X, Kang, X., and Wang, J. (2020). Effects of organic manure
application on blueberry fruit quality and soil condition. IOP Conf. Ser. Earth
Environ. Sci. 474 (3), 32022. doi: 10.1088/1755-1315/474/3/032022

Wang, L., Ma, M., Zhang, S., Wu, Z., Li, J., Luo, W,, et al. (2021b).
Characterization of genes involved in pear ascorbic acid metabolism and their
response to bagging treatment during ‘Yali’ fruit development. Sci. Hortic. 285,
110178. doi: 10.1016/j.scienta.2021.110178

Wang, Z., Tang, Y., Liu, Y., Zhang, H., Zhang, Y., and Lan, H. (2021a). Inhibitory
effect of CaCl, and carboxymethyl chitosan coating on the after-ripening of korla
fragrant pears in cold storage. Int. J. Food Sci. Tech. 56 (12), 6777-6790.
doi: 10.1111/ijfs.15339

Wei, J., Ma, J., Chen, J., Wang, X, and Ren, X. (2017). Quality differences and
comprehensive evaluation of korla fragrant pear from different habitats. Food Sci.
38 (19), 87-91. doi: 10.7506/spkx1002-6630-201719015

Xiao, X,, Li, J., Lyu, J., Feng, Z., Zhang, G., Yang, H,, et al. (2022). Chemical
fertilizer reduction combined with bio-organic fertilizers increases cauliflower yield
via regulation of soil biochemical properties and bacterial communities in
Northwest China. Front. Microbiol. 13. doi: 10.3389/fmicb.2022.922149

Yim, B., Nitt, H., Wrede, A., Jacquiod, S., Serensen, S. J., Winkelmann, T.,
et al. (2017). Effects of soil pre-treatment with basamid® granules, brassica
juncea, raphanus sativus, and tagetes patula on bacterial and fungal communities
at two apple replant disease sites. Front. Microbiol. 8. doi: 10.3389/
fmicb.2017.01604

Yuarsah, I, and Handayani, E. P. (2017). Restoration of soil physical and
chemical properties of abandoned tin-mining in bangka belitung islands. J. Trop.
Soils 22 (1), 21-28. doi: 10.5400/jts.2017.v22i1.21-28

Yu, X, Lu, H., and Wu, D. (2018). Development of deep learning method for
predicting firmness and soluble solid content of postharvest korla fragrant pear

Frontiers in Plant Science

13

10.3389/fpls.2022.1027595

using Vis/NIR hyperspectral reflectance imaging. Postharvest Biol. Technol. 141,
39-49. doi: 10.1016/j.postharvbio.2018.02.013

Yu, Y., Zhang, Q., Huang, J., Zhu, J,, and Liu, J. (2021). Nondestructive
determination of SSC in korla fragrant pear using a portable near-infrared
spectroscopy system. Infrared Phys. Technol. 116, 103785. doi: 10.1016/
j.infrared.2021.103785

Zari, M., Yakup, A., Ablat, M., Kakix, G., and Esah, K. (2021). Comprehensive
evaluation of fruit quality traits of local pear cultivars in xinjiang region of China.
TCSAE 37 (7), 278-285. doi: 10.11975/j.issn.1002-6819.2021.07.034

Zhang, Q., Peng, Y., Wang, ], Li, L., Yao, D., Zhang, A., et al. (2021a). Improving
ecological functions and ornamental values of traditional pear orchard by co-
planting of green manures of Astragalus sinicus l.and Lathyrus cicera 1.
Sustainability 13 (23), 13092. doi: 10.3390/su132313092

Zhang, H. P,, Su, Y., Yu, Q,, and Qin, G. H. (2021b). Quantitative proteomic
analysis of pear (Pyrus pyrifolia cv. “Hosui”) flesh provides novel insights about
development and quality characteristics of fruit. Planta 253 (3), 69. doi: 10.1007/
500425-021-03585-5

Zhao, Z., Duan, M., Yan, S., Liu, Z., Wang, Q., Fu, J., et al. (2017). Effects of
different fertilizations on fruit quality, yield and soil fertility in field-grown kiwifruit
orchard. J. Agric. Biol. Eng. 10 (2), 162-171. doi: 10.3965/j.ijabe.20171002.2569

Zhao, F., Jiang, Y., He, X, Liu, H., and Yu, K. (2020). Increasing organic fertilizer
and decreasing drip chemical fertilizer for two consecutive years improved the fruit
quality of ‘summer black’ grapes in arid areas. HortScience 55 (2), 196-203.
doi: 10.21273/HORTSCI14488-19

Zheng, P., Zhang, M., Wang, Z., Wang, T., Tang, L., Ma, E,, et al. (2022).
Comprehensive evaluation of the fruit quality of the main cultivars of pear (Pyrus
spp.) in north China. Erwerbs-Obstbau 64 (2), 219-227. doi: 10.1007/s10341-021-
00609-y

Zhong, Z., Huang, X., Feng, D., Xing, S., and Weng, B. (2018). Long-term effects
of legume mulching on soil chemical properties and bacterial community
composition and structure. Agric. Ecosyst. Environ. 268, 24-33. doi: 10.1016/
j.agee.2018.09.001

Zhu, L, He, J., Tian, Y., Li, X,, Li, Y., Wang, F,, et al. (2022). Intercropping
wolfberry with gramineae plants improves productivity and soil quality. Sci. Hortic.
292, 110632. doi: 10.1016/j.scienta.2021.110632

frontiersin.org


https://doi.org/10.1016/j.geoderma.2016.06.035
https://doi.org/10.11648/j.sjph.20221001.16
https://doi.org/10.1088/1755-1315/474/3/032022
https://doi.org/10.1016/j.scienta.2021.110178
https://doi.org/10.1111/ijfs.15339
https://doi.org/10.7506/spkx1002-6630-201719015
https://doi.org/10.3389/fmicb.2022.922149
https://doi.org/10.3389/fmicb.2017.01604
https://doi.org/10.3389/fmicb.2017.01604
https://doi.org/10.5400/jts.2017.v22i1.21-28
https://doi.org/10.1016/j.postharvbio.2018.02.013
https://doi.org/10.1016/j.infrared.2021.103785
https://doi.org/10.1016/j.infrared.2021.103785
https://doi.org/10.11975/j.issn.1002-6819.2021.07.034
https://doi.org/10.3390/su132313092
https://doi.org/10.1007/s00425-021-03585-5
https://doi.org/10.1007/s00425-021-03585-5
https://doi.org/10.3965/j.ijabe.20171002.2569
https://doi.org/10.21273/HORTSCI14488-19
https://doi.org/10.1007/s10341-021-00609-y
https://doi.org/10.1007/s10341-021-00609-y
https://doi.org/10.1016/j.agee.2018.09.001
https://doi.org/10.1016/j.agee.2018.09.001
https://doi.org/10.1016/j.scienta.2021.110632
https://doi.org/10.3389/fpls.2022.1027595
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Effects of green manure planting mode on the quality of Korla fragrant pears (Pyrus sinkiangensis Yu)
	1 Introduction
	2 Materials and methods
	2.1 Experimental design
	2.2 Fruit collection and indicator test methods
	2.2.1 Fruit harvest
	2.2.2 Selected test methods for fruit indicators

	2.3 Devices and instruments
	2.4 Data processing and diagram plotting

	3 Results and analysis
	3.1 ANOVA of fruit quality
	3.2 CA of fruit quality indicators
	3.3 PCA of fruit quality indicators
	3.4 Comprehensive evaluation of fruit quality

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


