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Abstract: Considering the prevalence of cropping pattern in many Saffron cultivation regions, the continuous
cropping obstacle caused the decline in growth and development. These effects justify the necessity of studying
agronomic strategies to promote plant quality and production. Herein, the mono cropping, intercrop of
Paulownia and Saffron, and intercrop of Soybean and Saffron patterns have been performed. The metabolites
of Saffron under three cropping patterns were determined and identified using by an ultra-performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) method. Uni and multivariate statistical analysis
were applied to examine the difference between groups and select the significant differential accumulated
metabolites. The results showed that a total of 315 compounds were significantly changed in three comparison
groups. Phenylalanine metabolism, linoleic acid metabolism, and flavonoid biosynthesis pathway has been
greatly enriched by the changed metabolites. The phenyl lactate, trans-2-Hydroxy-cinnamate, y-Linolenate, 9-
oxo-octadecadienoic acid, 13-0xo-Octadecadienoic acid, 9,12,13-TriHOME of those metabolites showed
significant differential accumulation in Saffron under three cropping patterns. And the accumulation of
safranal and picrocrocin related compounds, such as Crocetin, Crocin showed a similar variation regularity.
These indicate that there may be a close internal relationship between the cropping pattern and the biosynthesis
of metabolites related to endogenous substances and Saffron quality formation.

Keywords: Crocus sativus L.; cropping pattern; metabolomics; UPLC-MS/MS

1. Introduction

Saffron (Crocus sativus L.), an autumn-flowering species of the Iridaceae family, is a perennial,
stemless herb which probably originated in Greece, Asia Minor, and Persia since the Late Bronze Age
with subsequent spread to Asia [1-3]. It is introduced and cultivated in the north China with blood
circulation and hypoglycemic effect since the middle of last century [1]. The Saffron is suitable for the
arid and semi-arid regions characterized by low rainfall, hot summers, and dry cold winters [1,4].
The dry stigmata of Saffron represents the new demand of pharmacological emerge for constituting
of the most efficient officinal components [3]. And its production, quality, and officinal function has
been affected by cropping patterns [5-10]. However, continuous cropping barrier has been the major
issue, puzzling the corms variety degeneration, Saffron production, and stigma quality for the limited
planting area [11]. Therefore, diverse planting systems have been conducted.

In Sardinia, the cultivation of Saffron is followed by broad beans, chickpeas and lentils
cultivations for increasing soil fertility, thereby increasing yield and quality [15]. Faba bean
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determined the high performance in terms of Saffron flower number and stigma yield under Faba
bean-Saffron crop rotation pattern in Italy [2]. Saffron in Abruzzo are recorded as the highest world
productions [5]. In the west of Pamir Plateau, planting of almond trees at 6 m x 6 m spacing is
advocated for shading Saffron, and Saffron fields are kept fallow in the first year, a wheat or mustard
crop is grown in the second year followed by replanting of Saffron [7]. In Saffron, high density
planting, planting depth, and manure affect flower number, stigma yield, and biosynthesis of second
metabolites of stigma [12-17]. Saffron corms are planted in ridge and furrow cultivation in the field
area Taliouine [12]. The application of plant growth promoting rhizobacteria (PGPR) and the strain
FZB24®of Bacillus subtilis provides benefits to increase stigma biomass yield and higher levels of
crocin, crocetin, picrocrocin, and safranal of those secondary metabolites [13,14]. The optimal
planting density is a combination of row spacing and planting distance on rows, is crucial in
optimizing the yield of stigma [15]. The use of animal manure in high-density Saffron cultivation
resulted in the highest number of flowers and yield of Saffron and stigma [15-17]. Since 1965, Saffron
caught the attention of scientists from china, it began to step into a long road introduction and
cultivation. Saffron has been cultivated adopting by ‘indoor —field” and rice-xerophyte rotation
cropping pattern in the middle and lower reaches of Yangtze River (Chongming Island, Shanghai
Municipality, 31°39'59"N, 121°28'30"E; Jiande, Zhejiang Province, 29°32'34"N, 119°36'51"E; Xiuzhou,
Zhejiang, Province, 30°39'41"N, 120°42'58"E) [18-22]. In the north China plain (Qiaocheng, Anhui
province, 33°37'33"N, 115°39'33"E; Yongcheng, Henan Province, 33°92'92"N, 116°44'95"E), vast plain
provides possibility of field production for Saffron cultivation. Maize-Saffron and Soybean-Saffron
rotation has been certified to be a high optimized cropping pattern [23]. While, the east of Pamir
Plateau, an innovative walnut intercropping Saffron pattern has been tested in Xinjiang Region of
China. The results showed that the contents of crocin, the effective components, and the total
glycoside content, the seed ball yield, filament yield and quality of Saffron was significant higher
than that of annual crop cycle [24].

A part of the north China plain, Bozhou city, is one of the main grain producing districts of
China. Soybean has been extensively hybridized and cultivated here. And Paulownia is one of the
indigenous tree species which exhibits many excellent characteristics such as broad adaptability to
environment and short growth period. Due to suitable water and nutrient conditions, herbs have
been large-scale cultivated, Bozhou is also known as the largest herb-growing and trading regions of
China. Therein, the area covered by Saffron plantations has reached 600 ha. The annual cycle, grain-
Saffron rotation, and intercropping patterns are the probable cropping methods of Saffron here.
However, limited research has characterized the metabolic responses of Saffron to different cropping
pattern for optimizing planting system of Saffron. Therefore, the mono cropping, Paulownia
intercropping, and Soybean intercropping are three patterns have been conducted in our study.

In current plant studies, the application of metabolomics approach has been widespread and
significant investigate the molecular biological mechanism. Metabolites, the final products of gene
transcription, formed the material basis of all organismal phenotypes [25,26]. It can help us to
characterize the activities of compounds at the functional level, providing a great theoretical impact
on our understanding of metabolic pathways in processes of plant development [27,28]. Hence, by
considering the most effective method, we used ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) to describe the metabolomics in stigmas of Saffron. Analysis of
metabolome was performed for detecting the relative content of metabolites of stigmas under three
cropping patterns. Uni and multivariate statistical analysis were applied to examine the difference
between groups and select the significant differential accumulated metabolites. R software was used
to conduct PCA analysis, HCA analysis, and data visualization. Finally, the metabolic response to
cropping pattern was revealed preliminarily, through analyzing the link between the two. It is
meaningful to reference to optimize the cropping system of Saffron.

2. Materials and Methods

2.1. Study Area and Experiment Design
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Field experiment were established at Qiaocheng in Bozhou, Anhui Province of China at
115°39'33"E and 33°37'33"N. Temperature annual average is 15 °©C and the minimum and maximum
temperature are -3 °C and 32 °C, respectively. The average annual precipitation is 867.2 mm, the
annual average sunshine duration is 2040.9 h, and 219 days in the year are frost-free. The soil texture
was silty-loam in experimental site.

The selected corms had the average weight of 20.50 g (12.3-37.9 g), 3.48 cm (2.5-4.5 cm) in
diameter with non pests. Three cropping patterns were performed. The Saffron corms were planted
at 15 cm x 30 cm spacing and a depth of 10 cm on 30 June 2023 (CK group). The soybean seeds were
sowed at 25 cm x 70 cm spacing on April 2023, and Saffron corms were planted according to the
density levels as the mentioned above (SS group) [15]. Planting of Paulownia trees (tree-age, 8 years;
crown density, 32%) at 6 m x 5 m spacing on March 2015, and Saffron corms were planted as the
mentioned above (SP group) [7,15]. Samples were set for CK_vs_SP, CK_vs_SS, and SP_vs_SS as three
comparative groups for comparing the difference of Saffron under three cropping patterns. Three
biological replicates were used for each group of sample.

A

Figure 1. Three cropping patterns. (A) Mono cropping (CK). (B) Paulownia intercropping pattern
(SP). (C) Soybean intercropping pattern (SS).

2.2. Estimation of Biological Traits

Saffron flowers were gathered and counted in the first hours after sunrise on November 15th-
17th 2023 (the blooming florescence), styles were separated soon after [2]. Flowers per Saffron (60
Saffron) were counted, the stigma length of 60 flowers were measured by Image J software. The data
collected were subjected to analysis of variance (ANOVA) to estimate the significance of treatments.
The Boxplots were graphed by Origin 2021 software.

2.3. Sample Preparation and Metabolic Profiling

2.3.1. Sample Preparation and Extraction

Saffron stigmas from each group were frozen in liquid nitrogen immediately and kept at -80 o
C, preparing for metabolite extraction. All samples were freeze-dried by a vacuum freeze-dryer
(Scientz-100F). Freeze-dried samples were crushed using a mixer mill (MM 400, Retsch) with a
zirconia bead for 1.5 min at 30 Hz. Dissolve 100 mg of lyophilized powder with 1.2 ml 70% methanol
solution, vortex 30 seconds every 30 minutes for 6 times in total, place the sample in a refrigerator at
4 °C Ove might. Following centrifugation at 12000 rpm for 10 min, the extracts were filtrated (SCAA-
104, 0.22 um pore size, ANPEL) before UPLC-MS/MS analysis preparing for metabolites detection.

2.3.2. UPLC-Conditions

Measurements were taken three times by ultra-high-performance liquid chromatography (Shim-
pack UFLC SHIMADZUCBMB30A) and tandem mass spectrometry (MS/MS, Applied Biosystems
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6500 QTRAP) to obtain mass spectrometric data for metabolite profiling (Metware). The analytical
conditions were as follows, UPLC: column, Agilent SB-C18 (1.8 um, 2.1 mm * 100 mm); The mobile
phase was consisted of solvent A, pure water with 0.1% formic acid, and solvent B, acetonitrile with
0.1% formic acid. Sample measurements were performed with a gradient program that employed the
starting conditions of 95% A, 5% B. Within 9 min, a linear gradient to 5% A, 95% B was programmed,
and a composition of 5% A, 95% B was kept for 1 min. Subsequently, a composition of 95% A, 5.0%
B was adjusted within 1.1 min and kept for 2.9 min. The flow velocity was set as 0.35 mL per minute;
The column oven was set to 40°C; The injection volume was 4 pL. The effluent was alternatively
connected to an ESI-triple quadrupole-linear ion trap (QTRAP)-MS [29].

2.3.3. ESI-Q TRAP-MS/MS

LIT and triple quadrupole (QQQ) scans were acquired on a triple quadrupole-linear ion trap
mass spectrometer (Q TRAP), AB4500 Q TRAP UPLC/MS/MS System, equipped with an ESI Turbo
Ion-Spray interface, operating in positive and negative ion mode and controlled by Analyst 1.6.3
software (AB Sciex). The ESI source operation parameters were as follows: ion source, turbo spray;
source temperature 550°C; ion spray voltage (IS) 5500 V (positive ion mode)/-4500 V (negative ion
mode); ion source gas I (GSI), gas II(GSII), curtain gas (CUR) were set at 50, 60, and 25.0 psi,
respectively; the collision-activated dissociation(CAD) was high. Instrument tuning and mass
calibration were performed with 10 and 100 pmol/L polypropylene glycol solutions in QQQ and LIT
modes, respectively. QQQ scans were acquired as MRM experiments with collision gas (nitrogen) set
to medium. DP and CE for individual MRM transitions was done with further DP and CE
optimization. A specific set of MRM transitions were monitored for each period according to the
metabolites eluted within this period. MS data for all samples was then qualitatively and
quantitatively analyzed using the Metware database (MWDB) [29]. The results were shown in Table
S1, Table S2, and Table S3.

2.3.4. Quality Control Analysis (QC Analysis)

The results show a high overlap of curves of total ion current detected by metabolites. It means
that the retention time and peak intensity are consistent, which indicates a better signal stability when
the same sample is analyzed at different times by mass spectrometry. The high stability of the
instrument provides an important guarantee for the repeatability and reliability of the data (Figure
2, Table S4).

W TIC of -MRM (1148 pairs): from Sample 2 (MWXS212697J_mix01_N) of MWXS-21-2697J_9_JS4500-3_C13_MWDB4.0_LH_20211202.wiff (Tur. Max. 2.8e7 cps.
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Figure 2. Total ion chromatogram (TIC) overlap of mass spectrometric detection of QC samples. N
represents the negative ion mode.


https://doi.org/10.20944/preprints202409.0018.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 September 2024 d0i:10.20944/preprints202409.0018.v1

5

The Coefficient of Variation (CV) indicates the ratio of the standard deviation to the average
value of the original data, which can reflect the data dispersion. The application of Empirical
Cumulative Distribution Function (ECDF) can make the frequency of CV occurrence of substances
with less than reference value be analyzed. The higher the proportion of substances with lower CV
value in QC samples, the more stable the experimental data. The results show that the proportion of
substances with CV value less than 0.3 in QC samples is higher than 75%, indicating that the
experimental data is very stable (Figure 3).
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Figure 3. Coefficient of variation (CV) Distribution diagram of all group samples.

2.3.4. PCA Analysis

Unsupervised PCA (principal component analysis) was performed by statistics function
package within R (www.r-project.org). The data was unit variance scaled before unsupervised PCA.

2.3.5. Differential Metabolites Selected

A one-way analysis of variance (ANOVA) was performed for exploring variation patterns,
Pearson correlation coefficients between samples were calculated by the corfunction in R software,
the probability of hypothesis testing (p-value) is corrected by multiple hypothesis testing using by
Benjamini-Hochberg. A OPLS-DA test was examined based on a VIP value > 1 and univariate
statistical analysis at p <0.05 were applied for metabolomics profiling, The P value threshold was
corrected for all statistical tests using the FDR, a threshold of FDR < 0.05 and an absolute fold change
>2.0 or <0.5 were used to describe the significance of differential metabolites for group discrimination
[30].

2.3.6. KEGG Annotation and Enrichment Analysis

Identified  metabolites =~ were  annotated using KEGG  Compound  database
(http://www kegg.jp/kegg/compound/), annotated metabolites were then mapped to KEGG Pathway
database (http://www.kegg jp/kegg/pathway.html). Pathways with significantly regulated
metabolites mapped to were then fed into MSEA (metabolite sets enrichment analysis), their
significance was determined by hypergeometric test’s p-values.
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3. Results

3.1. Biological Changes in Saffron under Three Cropping Patterns

The difference of Saffron flower number per plant and stigma length under three cropping
patterns has been compared and analyzed using ANOVA. The results showed that the Soybean
intercropping pattern had significant effect (p < 0.01) on the flower production and stigma length
(Figure 4, A). The Paulownia intercropping pattern had significant effect (p < 0.01) on the stigma
length (Figure 4, B).

16 A a B

3.0 1

1

—_—
—_—

Flower number (per plant)
Stigma length (cm)

0.6 A

0 T T T 0.0 T T T
CK SS SP CK SS SP

Figure 4. Flower number and stigma length in relation to three cropping patterns. (A) The difference
of flower number in three cropping patterns (Mono cropping, CK; Soybean intercropping pattern, SS;
Paulownia intercropping pattern, SP). (B) The difference of stigma length in three cropping patterns
(CK, SS, and SP).

3.2. Metabolic Changes in Saffron under Three Cropping Patterns

In total, 883 compounds were identified and classified into 12 groups, which related to alkaloids
(3.74%), amino acids and derivatives (7.7%), flavonoids (24.58%), lignans and coumarins (2.6%),
lipids (15.4%), nucleotides and derivatives (5.89%), organic acids (8.04%), phenolic acids (15.63%),
quinones (1.36%), tannins (0.23%), terpenoids (3.85%), and others (10.99%) (Table S4, Figure 5).

B Akaloids
Amino acids and derivatives
Flavonoids
Lignans and Coumarins
Lipids
M Nucleotides and derivatives

Organic acids

Others

Phenolic acids

Quinones

Tannins

| Terpenoids

=1}

Figure 5. Classified circle chart of all detected metabolites.

Accumulated quantity of metabolites was then decided by Z-Score. The results were shown in
Figure 6, contents of most flavonoids, phenolic acids, lipids, and Nucleotides and derivatives reached
the highest in Saffron under SS planting pattern (Figure 6).
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Figure 6. Heat map visualization of 12 categories of metabolites.

According to the data in Figure 7, the principal component analysis (PCA) of the metabolite data
showed that three groups were well separated (PC1 and PC2 accounts for 60% of the variation with
a significance level of 0.01), and three biological duplication of each group concentrated in the

frequency distribution.
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Figure 7. Principal component analysis (PCA) of metabolic profiles.

The differentially accumulated metabolites in three comparative groups were identified. The
results showed in Figure 8, 95, 247, and 258 differential accumulated metabolites (DAMs) were
differentially transcribed in comparison groups CK_vs_SP, CK_vs_SS, and SP_vs_SS (Figure 8).
Therein, 51 compounds showed a significant difference in all groups.

CK_vs_SP

SP_vs SS

Figure 8. Venn diagram of differential accumulated metabolites among three comparison groups.
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Metabolome analysis showed that a total of 315 compounds were significantly changed in
comparison groups CK_vs_SP, CK_vs_SS, and SP_vs_SS (Figure 9). Compared with CK, 38
differential accumulated metabolites were upregulated and 40 were downregulated in SP, 198 DAMs
were upregulated and 36 were downregulated in SS. Compared to SP, 193 DAMs were upregulated
and 54 were downregulated in SS. Furthermore, the most important ones to Saffron under different
plant method were identified utilizing by radar comparative analysis based on the variable
importance in projection (VIP) score. The results showed that 3-Hydroxycinnamic Acid, Kaempferol-
3-O (4”-O-p-Coumaroyl) rhamnoside, Chestnutlignansoide, 1,4,8-Trihydroxynaphthalene-1-O-[6"-O-
(8”-methoxy-5"-hydryoxybenzol)] glucosi, Sakuranin, $-Pseudo uridine, 4-Hydroxy-2-oxoglutaric
acid, N7-Methylguanosine, Diethyl phosphate, and isoferulic Acid implying their functional
relevance in the SP in comparing with CK. Hederagenin, Linocitrin-3-O-glucoside, 9,12,13-
Trihydroxy-10,15-octadecadienoic acid, 15(R)-Hydroxylinoleic Acid, Epicatechin, 3-
Hydroxycinnamic Acid, Thymidine, Catechin, N7-Methylguanosine, and DL-Leucine implying their
functional relevance in the SS than CK. Hederagenin, Limocitrin-3-O-glucoside, Acacetin-7-O-
glucoside (Tilianin), 15(R)-Hydroxylinoleic Acid, Acacetin-7-O-galactoside, Prunetin-5-O-glucoside,
9,12,13-Trihydroxy-10,15-octadecadienoic acid, Catechin, Isoferulic Acid, and DL-Leucine implying
their functional relevance in the SS than SP.
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Figure 9. Comparison of upregulated and downregulated metabolites in three comparison groups.
(A) Volcano plot of significantly upregulated and downregulated metabolites in Saffron under three
comparative groups. (B) Radar charts show that the top 10 metabolites that contribute the separate
samples in three comparative groups.

KEGG analysis showed that differential accumulated metabolites were significantly enriched in
phenylalanine metabolism, linoleic acid metabolism, flavonoid biosynthesis, phenylpropanoid
biosynthesis, biosynthesis of unsaturated fatty acids, arginine and proline metabolism, and alpha-
Linolenic acid metabolism pathway from CK_vs_SP comparative group (Figure 10). Differential
accumulated metabolites were significantly enriched in pyrimidine metabolism, purine metabolism,
phenylalanine metabolism, nicotinate and nicotinamide metabolism, linoleic acid metabolism, and
alpha-Linolenic acid metabolism from CK_vs_SS comparative group. The metabolites were
significantly enriched in pyrimidine metabolism, purine metabolism, phenylalanine metabolism,
nicotinate and nicotinamide metabolism, linoleic acid metabolism, and flavonoid biosynthesis
pathway from SP_vs_SS comparative group. Notably, the phenylalanine metabolism, linoleic acid
metabolism, and flavonoid biosynthesis pathway has been determined that were most highly
correlated with the substance change in all comparative groups. Therefore, the three pathways were
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analyzed for elucidating the metabolic mechanism responsible to the observed differences in all
comparative groups.

YIS
drsd o ggg

eesss -
i

Figure 10. Bubble plots of the KEGG enrichment pathways of differential accumulated metabolites in
three comparative groups. (A) CK_vs_SP; (B) CK_vs_SS; (C) SP_vs_SS.

Further analysis indicated that metabolites involved in phenylalanine metabolism pathway
were dramatically activated in all comparative groups. The accumulation of 2-Hydroxy-3-
phenylpropanoate, trans-3-Hydroxy-cinnamate, 2-Hydroxy-phenylacetate, benzoate, succinate,
pyruvate, and trans-2-Hydroxy-cinnamate changed significantly in three comparing groups. The
results showed that, comparing with CK, the phenyl lactate and trans-2-Hydroxy-cinnamate was
higher accumulated in SS and reduced in SP, the trans-3-Hydroxy-cinnamate was higher
accumulated in SS and SP, the Benzoate, succinate, pyruvate, and 2-Hydroxy-3-phenylpropanoate
was higher accumulated in SS. In comparing with SP, the phenyl lactate, trans-2-Hydroxy-cinnamate,
trans-3-Hydroxy-cinnamate, Benzoate, pyruvate, and 2-Hydroxy-3-phenylpropanoate was higher

accumulated in SS (Figure 11).
{
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Figure 11. Comparative analysis of differential accumulated metabolites involved in Phenylalanine
metabolism pathway.

In Linoleic acid metabolism pathway, y-Linolenate, 9-OxoODE, 13(S)-HODE, 13(S)-HPODE, 13-
OxoODE, 9,12,13-TnHOME, 9,10,13-TnHOME, 12(13)-EpOME, 9(S)-HODE and 9(S)-HPODE were
significantly differential accumulated in three comparing groups. In comparing with CK, the 9-
Ox0ODE and 13-OxoODE were higher accumulated in SP and SS, the 9,12,13-TnHOME, 9,10,13-
TnHOME, 12(13)-EpOME, 13(S)-HODE, 13(S)-HPODE, 9(S)-HODE and 9(S)-HPODE were higher
accumulated in SS, while the y-Linolenate was reduced in SP. In comparing with SP, the y-Linolenate,
13(S)-HODE, 13(S)-HPODE, 9,12,13-TnHOME, 9,10,13-TnHOME, and 12(13)-EpOME were higher
accumulated in SS, while the 9(S)-HODE and 9(5)-HPODE reduced (Figure 12).


https://doi.org/10.20944/preprints202409.0018.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 September 2024 d0i:10.20944/, rints202409.0018.v1

10

Arachidonic.

=
Lecithin 213 Epoxy-Sohydroxy 10 S otioh
(SSSR}DIRODE  (755-DIllODE cladecenoste L
| | | I
| |
Arachidonate Dibomo-r-linolenate /[ iy e/~ S(RHIPODE NEHPODE oy 100 7.:’;1‘:‘?:;\‘;:?1:}«:‘-;,(-‘.. ot
‘ [ 10RYIPODE !
Crepemmate Linoleate
=
cinl-trans- |
* Octadecadienoate GUPODE . 1ASEpory--bydrory-10- o a
octadecenaate
121-DUOME - (13)-EpOM 10 EPOVE - Ba0nHOWE

CK_vs SP CK_vs SS SP_vs S$

1 =

-12 0 12
THF-diols Log2FC of metaboites n threc comparative groupy

Figure 12. Comparative analysis of differential accumulated metabolites involved in Linoleic acid
metabolism pathway.

In Flavonoid biosynthesis pathway, the Pinobanksin, Chrysin, Phloretin, Butin, Naringenin
chacone, Naringenin, Dihydrokaempferol, 2'3,4,4',6"-Peplahydroxy-chalcone 4'-O-glucoside,
Dihydrotricetin, (+)-Catechin, and (-)-Epicatechin were significantly differential accumulated in three
comparing groups. In comparing with CK, the Naringenin chacone, Naringenin, and (+)-Catechin
were higher accumulated in SP, while the Chrysin reduced. And the (+)-Catechin and (-)-Epicatechin
were higher accumulated in SS than CK. In comparing with SP, the Pinobanksin, Phloretin, Butin,
Dihydrotricetin, Dihydrokaempferol, 2',3,4,4',6"-Peplahydroxy-chalcone 4'-O-glucoside, (+)-Catechin,
and (-)-Epicatechin were higher accumulated in SS, while the Chrysin reduced (Figure 13).
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Figure 13. Comparative analysis of differential accumulated metabolites involved in Flavonoid
biosynthesis pathway.

3.3. Metabolites Related to Safranal and Picrocrocin Change under Three Cropping Patterns

The relative content of metabolites related to Saffron quality, such as Crocetin, Crocin, Crocin I,
Crocin II, Crocin III, Crosin I, and Crosin II, were examined and compared. The results showed that
the Soybean intercropping pattern had a significant effect on the accumulation of Crocetin (Figure
14, A; p <0.001), Crocin I (Figure 14, C; p <0.01), Crocin II (Figure 14, D, p <0.05), Crosin I (Figure 14,
G; p £0.01), Crosin II (Figure 14, H; p <0.05), and Crocusatin C (Figure 14, I; p < 0.001).
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Figure 14. Comparative analysis of quality related metabolites under three cropping patterns (CK, SP,
and SS). (A) The difference in relative content of Crocetin. (B) The difference in relative content of
Crocin. (C) The difference in relative content of Crocin I. (D) The difference in relative content of
Crocin II. (E) The difference in relative content of Crocin III. (F) The difference in relative content of
Crocetin Diglucosyl ester. (G) The difference in relative content of Crosin I. (H) The difference in
relative content of Crosin II. (I) The difference in relative content of Crocusatin C. (J) The difference
in relative content of Crocusatin H. (K) The difference in relative content of B-Crocetin. (L) The
difference in relative content of B-Dgentiobiosyl crocetin.

4. Discussion

Saffron is an autumn flowering geophyte, unique to blooming distinct differ from most spring
or summer flowering plants, being well adapted to plateaus, plains, and mountain ranges between
30 and 39 degrees north [1,2]. Differing from most plants, while the summer sunlight was absorbed
for photosynthesis by leaves of others, the corms of Saffron need to be hidden in soil with shade [2,3].
The corms grow and develop through the summer, and the stigmas are harvested in autumn as a
Chinese medicinal herb. However, continuous mono cropping obstacle has been proposed as an
inhibition to the yield and the quality of stigmas for the cause of degeneration and pest [2,6,7,15].
Intercropping, as an effective strategy for cultivation, applied in crop-growing extensively [7,24].
Crop intercropping and understory intercropping has been proved to be effective to herb production
and quality [7,24]. Due to the interesting biological habit, soybean-Saffron, maize-Saffron, and trees-
Saffron intercropping methods appear to be viable.

The results of mono cropping, soybean intercropping, and paulownia intercropping field
experiments in our study showed that intercropping patterns had significant effect on yield and
quality of Saffron (Figure 4). And the differential accumulated metabolites mainly mapped to
phenylalanine metabolism, linoleic acid metabolism, and flavonoid biosynthesis pathways [Figure
11, Figure 12, Figure 13]. It is remarkably similar to those of the previous studies indeed [3,7,24].
Notably, soybean intercropping pattern presented greater advantage in stigma length and
biosynthesis of Kaempferol (Figure 9), flavonoids (such as, crocetin, crocin, Crocusatin C, Catechin,
and Epicatechin) (Figure 13, Figure 14), phenolic acids (such as trans-3-Hydroxy-cinnamate, phenyl
lactate, trans-3-Hydroxy-cinnamate) (Figure 10), and lipids (9-OxoODE, 13-OxoODE, 9,12,13-
TnHOME, 9,10,13-TnHOME, and vy-Linolenate) (Figure 12).

It is reported that nitrogen as the most essential element needed for plant growth and
development in Saffron [31]. For this reason this enhancement of both stigma length and metabolites
accumulation, could be mainly attributed to the nitrogen fixed into the soil by soybean through
symbiotic nitrogen fixation [29,30]. It is generally accepted that an appropriate intercropping
improves soil structure and shading effect resulting in higher yield and quality of the intercrop
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[7,15,24]. Since legumes make substantial net N contributions to soil fertility, which could also be
used to more efficiently accumulate flavonoids, phenolic acids, and lipids of Saffron, thus increasing
stigma yields and quality in intercrops [15,31]. By contrast, the paulownia intercropping pattern
performed slightly inferior, but better than the mono. The findings are similar to the walnut-Saffron
intercropping and almond-Saffron intercropping [7,24]. The experiment on the effect of walnut
intercropping on soil microbial count, biological characteristics and yield of Saffron, the quality of
stigma showed that the total H15 microbial count was 33.21x10 ~ 5cfu/g, which was 1.55 times of that
of the mono. The flower number and stigma length under walnut was significantly different from
those of mono. And the quality of crocin in walnut intercropping showed a certain influence on the
higher accumulation of crocin and Crosin [24]. These results indicate that the effect of intercropping
which is represented by metabolites accumulation and biological traits of Saffron production, and
also suggest that the intercropping pattern can be popularized in plain area.

However, the critical factors influencing Saffron production and quality are complex and
diversified, such as germplasm, corm quality, plant depth and density, soil properties, irrigation, and
canopy density. Therefore, determining the optimal planting method of Saffron, which is a
combination of various aspects, is crucial in optimizing the yield and quality of Saffron.

5. Conclusions

In general, the results showed that differential accumulated metabolites were significantly
enriched in phenylalanine metabolism, linoleic acid metabolism, and flavonoid biosynthesis. The
certain flavonoids (such as Chrysin, (+)-Catechin, and (-)-Epicatechin), phenolic acids (trans-2-
Hydroxy-cinnamate, trans-3-Hydroxy-cinnamate, and 2-Hydroxy-3-phenylpropanoate), and lipids
(y-Linolenate, 9-OxoODE, and 13-OxoODE,) were significantly differential accumulated in Saffron
stigmas under three comparing groups. By intercropping pattern, especially soybean intercropping,
flower yield and stigma length and indicators improved. The effects of soybean intercropping pattern
were significant on the concentrations of Crocetin, Crocin, Crocin I, Crocin II, Crocin III, Crosin I,
Crosin II, and Crocusatin C in Saffron stigma. Therefore, to achieve suitable economic yield in Saffron
cultivation, application of soybean intercropping pattern is suggested for plain areas with similar
climatic and edaphic conditions to this experiment. To optimize the planting patterns of saffron,
study on planting depth, water and nutrient management, germplasm improvement should be
concerned for further.
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