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Abstract: Cuticular wax plays a critical role as a plant protectant against various environmental
stresses. We predicted that the presence of the mutualistic fungal endophyte Epichloë gansuensis
in Achnatherum inebrians would change both the composition of leaf cuticular wax as plants aged
during the growing season and the gene expression levels associated with the wax biosynthesis
pathway. Endophyte-infected (EI) and endophyte-free (EF) A. inebrians plants were established for
a four-month pot experiment. In agreement with our prediction, the presence of E. gansuensis can
change the composition of leaf cuticular wax at different growing periods, particularly the proportion
of esters, fatty acids and hydrocarbons. The proportion of fatty acids in EI plants was lower than
that in EF plants. The proportion of hydrocarbons increased and esters decreased as plants grew.
Furthermore, we found 11 DEGs coding for proteins involved in cuticular wax biosynthesis, including
FabF, FAB2, ECR, FAR, CER1, ABCB1 and SEC61A. The present study highlights the significant
contribution of E. gansuensis to leaf cuticular wax composition and biosynthesis in A. inebrians plants.

Keywords: Epichloë gansuensis; Achnatherum inebrians; growing periods; cuticular wax; GC–MS;
transcriptome analysis

1. Introduction

Cuticular wax, as the first physical barrier, plays a crucial role in protecting all land
plants from nonstomatal water loss, UV radiation, pathogens and herbivores [1–4]. Cutic-
ular wax is a mixture of very long-chain fatty acids (VLCFAs), primary alcohols, esters,
aldehydes, hydrocarbons, secondary alcohols, ketones, phenols, triterpenoids, sterols and
flavonoids, with carbon chain lengths ranging from C20 to C40 [5,6]. The formation of
cuticular wax is completed in two stages. The first stage is the biosynthesis of C16 and
C18 fatty acyl-acyl carrier proteins (ACPs) in the plastids, which is the same as other
lipid biosynthetic pathways [7]. Then, long-chain acyl-ACPs are esterified to long-chain
acyl-Coenzyme As (CoAs) and translocated to the endoplasmic reticulum (ER) [8]. The
second stage is the elongation of C16 and C18 acyl-CoAs and the formation of derivatives
in the ER. The extension is mediated by fatty acid elongase (FAE) complexes including
the condensing enzyme β-ketoacyl-CoA synthase (KCS), β-keto acyl reductase (KCR),
β-hydroxyacyl-CoA dehydratase (HCD) and enoyl-CoA reductase (ECR), which add two
carbons per cycle [9]. The biosynthesis of derivatives is divided into two different pathways.
One pathway produces primary alcohols and esters while another synthesizes aldehydes,
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alkanes, secondary alcohols and ketones [10]. Finally, the wax mixture is exported from
the ER, through the plasma membrane, across the cell wall, and to the cuticle by adeno-
sine triphosphate (ATP)-binding cassette (ABC) transporters and lipid transfer proteins
(LTPs) [11].

The cuticular wax composition varies from species to species, as well as the growing
periods [12]. For example, in leaves of Arabidopsis thaliana, alkanes were reported as
the most dominant wax compound [10]. Primary alcohols were found to be the most
abundant components in wheat (Triticum aestivum) [13], maize (Zea mays) [14], barley
(Hordeum vulgare) [15] and Poa pratensis [16]. However, few studies have focused on the
wax composition in different growing periods. Early research found that in wheat, the
major components were octacosanol and β-diketone at 50 and 66 days, respectively, and
the content of fatty acids and esters increased from 66 to 100 days [17]. In maize, primary
alcohols were reported as the most plentiful components in young leaves, while esters were
the most dominant wax components in mature leaves [18]. After leaf unfolding, a dynamic
biosynthesis of wax components started, especially aldehydes and β-amyrenyl acetate [19].
Recent studies showed that in wheat the quantities of alkanes, fatty acids and aldehydes
increased gradually from 50 to 230 days, while the quantity of alcohols first increased and
reached a maximum at 100 days, and then continuously decreased during further leaf
development [20]. As leaves developed, the cuticular wax compositions in arabidopsis
were found to shift from fatty acid to alkane constituents [21]. Though the genes involved
in the biosynthesis of cuticular wax are not well characterized for grasses compared with
arabidopsis, progress has been recently made. TaFAR1, TaFAR2, TaFAR3, TaFAR4 and TaFAR5
genes were reported as homologs of arabidopsis CER4 encoding active alcohol-forming
fatty acyl-coenzyme A reductase (FAR), which is involved in the synthesis of primary
alcohol in wheat leaf in response to environmental stresses [22–24]. At least 18 Glossy genes
can affect the synthesis and composition of cuticular wax in maize leaves [25]. OsGL1-1,
OsGL1-2 and OsGL1-3 genes, homologs of arabidopsis CER3, were reported to be involved
in cuticular wax biosynthesis in rice (Oryza sativa) [26–28].

Epichloë (syn. Neotyphodium) endophytes that are symbiotic with many cool season
grasses spend all or nearly all of their life cycles within the hosts [29,30]. In the stable
symbioses of Epichloë endophytes with hosts, growth of both partners is fully synchro-
nized [31]. Host grasses provide shelter, nutrition, and dissemination through seeds, while
endophytes protect against herbivory, which is attributable to bioactive alkaloids of fun-
gal origin [32–34]. Nearly 100% of Achnatherum inebrians plants, a widespread perennial
bunchgrass, are infected by E. gansuensis or E. inebrians in the arid and semi-arid grasslands
of northwest China [35–37]. Epichloë gansuensis can confer to A. inebrians plants the ability
to resist various adverse environmental conditions, such as pests, pathogens, drought,
heavy metals, low temperature and salt, to improve the competitive edge of hosts [38–44].
However, studies to see if endophytes can change the composition and biosynthesis of
cuticular wax have not been reported yet.

Here, we predicted that the presence of the endophyte E. gansuensis would change the
composition of leaf cuticular wax and that changes in composition would continue over
the growing season. In addition, we predicted that the gene expression levels associated
with the wax biosynthesis pathway in A. inebrians plants would also change. In order
to verify these predictions, we set up endophyte-infected (EI) and endophyte-free (EF)
A. inebrians plants for a four-month pot experiment in the greenhouse. The composition and
proportion of leaf cuticular wax and the expression levels of genes related to the cuticular
wax biosynthesis pathway were determined by gas chromatography−mass spectrometry
(GC−MS) and transcriptome analysis, respectively.

2. Materials and Methods
2.1. Plant Materials and Treatment

EI and EF seeds originated from a single EI and EF A. inebrians plant in the field of
the College of Pastoral Agriculture Science and Technology, Yuzhong Campus of Lanzhou
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University (104◦39′ E, 35◦89′ N, Altitude 1653 m) in 2013. The seeds were stored at 4 ◦C
for further study. Before sowing, the seeds were stained with aniline blue as described by
Li et al. [45] to determine that the frequency of fungal endophytes of EI and EF seeds were
100% and 0%. In June 2020, a four-month pot experiment was carried out in the greenhouse
(temperature: 26 ± 2 ◦C; moisture: 42 ± 2%) of the College of Pastoral Agriculture Science
and Technology, Yuzhong Campus of Lanzhou University. The seeds were sown in 100 plas-
tic pots (diameter: 24 cm; height: 15 cm; 50 pots for EI plants and 50 pots for EF plants) with
200 g sterilized vermiculite (180 ◦C sterilization for 2 h). Three seeds were sown in each pot
initially, but only one plant was chosen and kept in each pot after seed germination. These
pots were placed at random in different positions and watered appropriately every day.
Hoagland’s solution was rationed to the pots every 7 days after the second fully unfolded
leaf appeared. Leaf blade samples from different growing periods were collected at 1, 2, 3
and 4 months after sowing (S1, S2, S3 and S4, respectively), which came from the same part
of equal-sized A. inebrians plants (6 EI plants and 6 EF plants each period). After collecting,
samples were instantly frozen in liquid nitrogen and then kept at −80 ◦C in a refrigerator
until analysis.

2.2. Leaf Cuticular Wax Extraction

Leaf cuticular waxes were extracted by soaking leaf blades, which were cut into 10 cm
lengths, for 45 s in 10 mL chloroform (Tianjin Guangfu Fine Chemical Research Institute,
Tianjin, China) at room temperature and containing 20 µL n-tetracosane (1 µg/µL, Sigma-
Aldrich Corp., St. Louis, MO, USA) as an internal standard. Then, concentrate the solution
to 1 mL under a stream of nitrogen and treat it with 20 µL of N, O-bis(trimethylsilyl)-
trifluoroacetamide (GC Derivatization reagent, ≥98.0%, Sigma-Aldrich Corp., St. Louis,
MO, USA) and 20 µL of pyridine (Standard for GC, >99.9%, Alfa Aesar, Ward Hill, MA,
USA) for 1 h at 70 ◦C. Through organic filtration (0.45 µm), the solution was transferred
into GC sample bottles (1.5 mL), blown dry under nitrogen gas again, and redissolved in
500 µL of chloroform for GC−MS analysis.

2.3. Chemical Analysis

The composition of cuticular wax was analyzed by GC−MS (6890N-5975C, Agilent
Technologies Inc., Palo Alto, CA, USA) equipped with a DB−1 MS capillary column
(0.25 µm film thickness, 0.25 mm inner diameter, 30 m length, Agilent Technologies Inc.,
Palo Alto, CA, USA). GC was performed with temperature-programmed on-column in-
jection and oven temperature set at 50 ◦C for 2 min, increased by 40 ◦C/min to 200 ◦C,
maintained at 200 ◦C for 2 min, increased by 3 ◦C/min to 320 ◦C, and maintained at 320 ◦C
for 30 min. Inlet temperature, MS quadrupole temperature and transfer line temperature
were set at 280 ◦C, 150 ◦C and 250 ◦C, respectively. Helium was used as a carrier gas at a
flow rate of 1.2 mL/min. Individual wax components were identified via comparing their
mass spectra with data in the literature through the National Institute of Standards and
Technology (NIST) 2008 library [46]. Quantification was based on comparison of peak areas
with those of the internal standard.

2.4. Transcriptome Analysis

The transcriptomes were characterized by sequencing total RNAs on leaves of EI and
EF plants at four months after sowing. The RNA extraction was conducted with the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) and cleaned using the RNeasy Plant Mini Kit
(Qiagen, Valencia, CA, USA). The integrity, purities and concentration of RNA were as-
sessed with RNA Nano 6000 assays (Agilent Bioanalyzer 2100 system, Agilent Technologies,
Palo Alto, CA, USA), NanoPhotometer® spectrophotometers (IMPLEN, Calabasas, CA,
USA) and Qubit® 2.0 fluorometers (Life Technologies, Carlsbad, CA, USA), respectively.
The Biomarker Technologies Company (Beijing, China) performed transcriptome analysis.
Transcriptome libraries were generated by the NEBNext® Ultra™ RNA Library Prep Kit
for Illumina® (NEB, Ipswich, MA, USA) and then sequenced using the Illumina HiSeq 2000
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platform. The library fragments were amplified by PCR, using Phusion high-fidelity DNA
polymerases (New England Biolabs, Ipswich, MA, USA) and purified with the AMPure XP
system (Beckman Coulter, Brea, CA, USA).

Annotation of gene functions was based on several databases, namely, GO (gene
Ontology), KEGG (Kyoto Encyclopedia of Genes and Genomes), KOG/COG/eggNOG
(Clusters of Orthologous Groups of proteins), NR (NCBI non-redundant protein sequences),
Pfam (Protein family) and Swiss-Prot (a manually annotated and reviewed protein sequence
database). The expression level of each annotated gene was normalized based on the
transcript lengths and the library size. The normalized gene expression levels were then
reported as FPKM (fragments per kilobase per million mapped fragments). Differentially
expressed genes (DEGs) were assigned to unigenes using the DESeq2 package in the R
software with fold change (FC) values greater than or equal to 2 and with false discovery
rate (FDR) values less than 0.05.

All raw sequence data utilized in the present study were deposited in the Sequence
Read Achieve (SRA) of the NCBI database and the accession number was PRJNA748183.

2.5. Statistical Analysis

The effects of the presence of Epichloë endophytes and the different growing periods on
the wax composition of the leaves of A. inebrians plants were analyzed by two-way ANOVA
using SPSS Statistics 22.0 software (SPSS Inc., Chicago, IL, USA). The significance of differ-
ences between EI and EF plants at different growing periods was determined by an inde-
pendent samples t-test. The values shown in the result all correspond to means + standard
errors. Statistical significance was defined at the 95% confidence level.

3. Results
3.1. Composition of Leaf Cuticular Wax

The leaf cuticular wax composition under eight treatments (S1EI, S1EF, S2EI, S2F, S3EI,
S3EF, S4EI and S4EF) was identified and relatively quantified by GC−MS. A total of 47 dif-
ferent wax compounds were detected, with 23, 23, 24, 29, 23, 24, 16, 14 compounds in the
eight treatments, respectively (Table S1 of the Supplementary Materials). The wax mixture
contained six identifiable compound classes including hydrocarbons (from minimum to
maximum of 69.4392.61%), esters (from minimum to maximum of 3.11–23.03%), alcohols
(from minimum to maximum of 1.07–8.12%), fatty acids (from minimum to maximum of
0–10.85%), phenols (from minimum to maximum of 0–3.25%) and ketones (from minimum
to maximum of 0–0.40%; Figures 1 and 2).

Two–way ANOVA analysis indicated that the status of E. gansuensis endophytes, the
different growing periods and interaction between the two factors had significant (p < 0.05)
effects on the proportion of fatty acids (Table 1). Fatty acids were detected in EI plants only
at S2. At S4, fatty acids were not identified in either EI or EF plants. Within EF plants, the
proportion of fatty acids at S3 was significantly (p < 0.05) higher than that at S2 (Figure 2c).
In addition, the different growing periods had significant (p < 0.05) effects on the proportion
of esters and hydrocarbons (Table 1). The proportion of esters at S4 was significantly lower
than that at S1, S2 and S3 (Figure 2b). However, the proportion of hydrocarbons at S4 was
significantly higher than at S1, S2 and S3 (Figure 2d). Ketones were only found in EF plants
at S2 (Figure 2e).
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Figure 1. Composition and proportion of leaf cuticular wax in Achnatherum inebrians according to
the status of Epichloë gansuensis endophytes and in different growing periods (S1: 1 month after
sowing, S2: 2 months after sowing, S3: 3 months after sowing, S4: 4 months after sowing, EI:
endophyte-infected and EF: endophyte-free).
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Figure 2. The proportion of alcohols (a), esters (b), fatty acids (c), hydrocarbons (d), ketones (e) and
phenols (f) of leaf cuticular wax in Achnatherum inebrians according to the status of Epichloë gansuensis
endophytes and in different growing periods (S1: 1 month after sowing, S2: 2 months after sowing,
S3: 3 months after sowing, S4: 4 months after sowing, EI: endophyte-infected and EF: endophyte-free).
Values are mean, with standard error bars (n = 3). Columns with non-matching letters indicate a
significant difference at p < 0.05.

Table 1. Two–way ANOVA analysis showing the effects of the status of Epichloë gansuensis endophytes
and different growing periods on the wax composition of the leaves of Achnatherum inebrians (E: the
status of endophytes, S: developmental stages, E × S: the interaction between endophyte status and
developmental stages).

Alcohols Esters Fatty Acids Hydrocarbons Ketones Phenols

Treatment df F P F P F P F P F P F P

E 1 0.12 0.734 0.137 0.716 15.812 0.001 2.158 0.161 1 0.332 1.172 0.295
S 3 0.902 0.462 6.317 0.005 3.741 0.033 8.552 0.001 1 0.418 2.007 0.154

E × S 3 0.54 0.662 0.564 0.647 4.073 0.025 1.813 0.185 1 0.418 3.372 0.045
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3.2. Carbon Chain Length of Leaf Cuticular Wax

The carbon chain length distribution suggested that alcohols ranged from mannitol
(C6) to octacosanol (C28), and octacosanol was the most abundant (Figure 3a, Table S1). C19
and C21 were the dominant esters (Figure 3b, Table S1). Four fatty acids were detected
in this study including tetradecanoic acid (C14), hexadecanoic acid (C16), octadecanoic
acid (C18) and nordeoxycholic acid (C23; Figure 3c, Table S1). The carbon chain length
of hydrocarbons was the longest of all components, and ranged from 1,3,7-octatrien-5-
yne (C8) to n-heptacosane (C27), and the prominent components were C17, C21 and C27
(Figure 3d, Table S1). C10 and C17 were the abundant ketones—these ranged from C6 to
C17 (Figure 3e, Table S1). Furthermore, 2,4-di-tert-butylphenol (C14) was the only phenol
detected (Figure 3f, Table S1).
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Figure 3. The carbon chain length distribution detected in the cuticular wax of Achnatherum inebrians
according to the status of Epichloë gansuensis endophytes and in different growing periods: alcohols
(a), esters (b), fatty acids (c), hydrocarbons (d), ketones (e), phenols (f). Values are mean, with
standard error bars (n = 3, S1: 1 month after sowing, S2: 2 months after sowing, S3: 3 months after
sowing, S4: 4 months after sowing, EI: endophyte-infected and EF: endophyte-free).

3.3. Differentially Expressed Gene (DEG) Analysis

Upon comparison with the EF plants, the unigenes with gene expression FC values
greater than or equal to 2 and with FDR values less than 0.05 were defined as DEGs. Based
on these strict criteria, we found 11 (1 upregulated and 10 downregulated) DEGs between
EF plants versus EI plants.

3.4. KEGG Pathway Enrichment Analysis of the DEGs

To characterize the complex biological behavior of the transcriptome, the 11 DEGs were
subjected to a KEGG pathway enrichment analysis (Figure 4). The “Fatty acid metabolism
(ko01212)”, “Biosynthesis of unsaturated fatty acids (ko01040)”, “Fatty acid biosynthe-
sis (ko00061)” and “Cutin, suberine and wax biosynthesis (ko00073)” categories were
significantly enriched.
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3.5. GO Functional-Enrichment Analysis of the DEGs

To clarify the functions of the detected 11 DEGs, we performed the GO annotation. A
total of 22 GO categories were assigned to the 11 DEGs (Figure 5). GO term enrichment
analysis was conducted to categorize the annotated sequences into three main categories:
biological process, cellular component and molecular function. The most abundant subcate-
gory under the biological process category was "metabolic process," which was followed by
"single-organism process" and "cellular process". In the cellular component category, “cell”
and “cell part” were the dominant groups, followed by “organelle” and “membrane”. As
for the molecular function category, “catalytic activity” was the most dominant subcategory,
followed by “binding” and “transporter activity”.
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3.6. Biosynthesis Pathway of Cuticular Wax

A four-part model of cuticular wax biosynthesis pathway was proposed includ-
ing fatty acid biosynthesis, fatty acid elongation, wax biosynthesis and transporters
(Figure 6). Only one gene (BMK_Unigene_075090) coding for FabF protein expression
level was upregulated by the Epichloë endophyte. The expression levels of 10 genes were
downregulated by the Epichloë endophyte, including four genes (BMK_Unigene_074718,
BMK_Unigene_074719, BMK_Unigene_099365, BMK_Unigene_103953) coding for FAB2
protein, one gene (BMK_Unigene_095289) coding for ECR protein, one gene (BMK_Unige
ne_094624) coding for CER1 protein, two genes (BMK_Unigene_065461, BMK_Unigene_065
462) coding for FAR protein, one gene (BMK_Unigene_110117) coding for ABCB1 protein
and one gene (BMK_Unigene_110042) coding for SEC61A protein.
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4. Discussion

In this study, we have established a hypothesis that both the composition of leaf
cuticular wax at different growing periods and the expression levels of genes related to
the wax biosynthesis pathway in EI A. inebrians plants would change compared with that
in EF plants. Our results through GC−MS indicated that hydrocarbons were the most
abundant components of cuticular wax in both EI and EF plants. The proportion of esters
was reduced as plants grew. By contrast, the proportion of hydrocarbons increased with
plant growth. Compared with EF plants, the leaf cuticular wax of EI plants had fewer fatty
acids. In agreement with our hypothesis, by transcriptome analysis, we found 11 DEGs
coding for proteins involved in cuticular wax biosynthesis, including FabF, FAB2, ECR,
FAR, CER1, ABCB1 and SEC61A.

Cuticular wax plays a critical role as a plant protectant against various environmental
stresses [12,47]. In the present study, cuticular wax was dominated by hydrocarbons in
A. inebrians plants. It is consistent with the results in arabidopsis [10], but different from
the results in other grasses. Several studies about the leaf cuticular wax of grasses indi-
cated that primary alcohols are the predominant components in maize [14], barley [15,48],
wheat [13,49], and Poa pratensis [16] In addition, the composition of the cuticle changes
at different growing periods [12]. In our study of A. inebrians plants, we found that the
proportions of hydrocarbons and esters differed in reverse ways from each other. Although
hydrocarbons were always the major components at different sampling times, the pro-
portion of hydrocarbons and esters increased and decreased at 4 months after sowing,
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respectively. Previous studies showed that the cuticular wax content of esters increased
from 66 to 100 days in wheat [17]. Clearly, our results are inconsistent with this study, which
may be a characteristic of the different species. Epichloë endophyte-grass associations are
generally considered as mutualistic associations and almost certainly have been exposed
to the selection pressures of long-term coevolution [50]. Previous studies indicated that
disease symptoms caused by the powdery mildew fungus Blumeria graminis were reduced
by the presence of endophyte Epichloë within A. inebrians plants [41]. Powdery mildew, a
common fungal disease, causes serious damage to a variety of cereal crops with a broad
host range including 634 species belonging to the Poaceae [51]. To cause infection, conidia
of B. graminis produce appressoria and germ tubes that penetrate through the cuticle and
walls of epidermal cells. Fatty acid biosynthesis in plants provides nutritional support
to powdery mildew and promotes infection [52]. Therefore, according to the above evi-
dence, we can infer that endophytic Epichloë is likely to enhance the resistance of grasses
to powdery mildew by reducing the content of fatty acids. Our results showing that the
proportion of fatty acids in the cuticle of EI plants was lower than in EF plants support
this inference. Although advances have been made in gene characterization associated
with the biosynthesis of cuticular wax in grasses, more studies are needed to obtain the
understanding that is now available for arabidopsis [53]. In this study, we proposed a
possible model for cuticular wax biosynthesis in mutualistic symbiosis using transcriptome
analysis. The FabF gene encoding β-ketoacyl-ACP synthases (KAS) II enzymes has been
demonstrated to regulate temperatures of fatty acid synthesis [54,55]. In the plastid, a FabF
gene was upregulated by Epichloë endophyte according to our results, which may lead
to the difference in the proportion of fatty acids. ECR/CER10 catalyzes the final step of
VLCFA elongation required for the synthesis of all the VLCFA and plays an essential role in
cell expansions [56]. We found that one DEG coding for ECR protein was downregulated in
ER in the present study. In the alkane synthesis pathway, there was also a downregulated
DEG coding for CER1 protein, which catalyzes the redox-dependent synthesis of alkanes
from acyl-CoAs [57]. In the primary alcohol synthesis pathway, two DEGs coding for the
FAR protein were downregulated. Wang et al. found that the TaFAR5 gene, coding for
FAR, contributes significantly to producing primary alcohols in wheat leaf blades [24].
Additionally, wax mixtures must be exported to the plant surface once synthesized. The
mechanisms behind the transport of cuticular wax remain poorly understood. Previous
studies showed that in arabidopsis, ABCG11 and CER5/ABCG12 proteins are required for
wax transport [58,59]. In our study, we found one DEG coding for the ABCB1 protein was
downregulated by the presence of Epichloë endophytes, which may play the same role as
proteins of the ABCG subfamily. However, validation of the gene function still needs to be
carried out in subsequent studies. In the protein export pathway, a gene belonging to the
SEC61A subfamily was differentially expressed, which plays an important role in protein
translocation across the ER [60].

5. Conclusions

In the present study, an objective was to investigate the contribution of the mutualistic
E. gansuensis endophyte to leaf cuticular wax composition and the biosynthesis of A. inebri-
ans plants. Our results suggested that the presence of Epichloë endophytes can change the
composition of leaf cuticular wax at different growing periods, particularly the proportion
of esters, fatty acids and hydrocarbons. In addition, we found 11 DEGs involved in wax
biosynthesis, most of which were downregulated. However, validation of the gene function
related to cuticular wax of endophyte-symbiotic plants is required.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agriculture12081154/s1, Table S1: Qualitative GC-MS analysis
of the leaf extract of endophyte-infected Achnatherum inebrians under different growing periods,
elucidation of empirical formulas and putative identification (where possible) of the compounds
(S1: 1 month after sowing, S2: 2 months after sowing, S3: 3 months after sowing, S4: 4 months after
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sowing, EI: endophyte-infected and EF: endophyte-free). Data are the means of three replications.
ND, not detected.
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