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Abstract: Alternaria gansuensis, a seed-borne fungus of standing milkvetch (Astragalus adsurgens), is
the most common pathogen of this plant species and causes yellow stunt and root rot. Although plant
resistance to this disease has been identified, a better understanding of the nature of this resistance
will help improve and optimize its implementation in standing milkvetch. The effects of A. gansuensis
on the physiology of standing milkvetch were assessed in a 4-week study comparing a resistant plant
variety, Shanxi, and a susceptible variety, Ningxia. In the first week, there was an obvious decrease
in photosynthesis (P) in inoculated plants, especially in the susceptible variety, but there were no
changes in stomatal conductance (Sc). From the second week on, P and Sc decreased progressively,
and significant stem lesions were observed concomitantly. Water use efficiency (WUE) increased
slightly in the second week but then decreased significantly from the third week. Physiological
changes observed for the resistant variety of standing milkvetch were less dramatic than those of
the susceptible variety. Hyphae were observed around inoculation lesions of the plants. Culture
filtrate (CF) of A. gansuensis induced changes in extracellular pH and conductivity, especially in the
susceptible variety samples. Tissue integrity changes in the plants correlated with the decrease in
P. Secondary metabolite compounds were extracted from the plants and 21 types of compounds
were identified. The composition and proportion of secondary metabolites were markedly altered
by the pathogen, and these differences may indicate potential mechanisms of disease resistance to
A. gansuensis in standing milkvetch.

Keywords: photosynthesis; stomatal conductance; water use efficiency; culture filtrate; membrane
permeability; secondary metabolites

1. Introduction

Standing milkvetch (Astragalus adsurgens) is a salt-tolerant plant that is widely planted
in China, Mongolia, Canada, and some parts of the USA [1] and plays a crucial role in
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local ecosystems. Since the 1970s in China, it has been widely applied in arid, semi-arid,
sandy, and desert areas, especially in the Loess Plateau. This plant species has been sown
on over 11.50 million ha and is widely distributed in China for its abilities of windbreak,
sand stabilization, and conservation of soil and water [2,3]. Standing milkvetch has strong
adaptability and good drought tolerance, can be used as green manure and a nectar-
producing plant, and is an important source of forage with medium quality and high
yield [4].

Disease is a major factor limiting the pasture productivity and persistence of standing
milkvetch [5]. Of the pathogens affecting standing milkvetch pastures, Alternaria gansuensis
is the most common seed-borne fungus in China and causes plant yellow stunt and root rot.
Frequencies of A. gansuensis isolated from seeds of standing milkvetch in Gansu, Shaanxi,
Ningxia, and Inner Mongolia were 0.2% to 44.6%, and the average mortality increased
by 26% and 68%, respectively, in the third and fourth year of a multi-year study [6,7].
Research has been conducted to determine the biological characteristics and pathogenicity
of A. gansuensis [8] and evaluate disease resistance of standing milkvetch varieties in the
laboratory, greenhouse, and field [9-11]. However, the mechanistic basis for standing
milkvetch yellow stunt and root rot caused by A. gansuensis and the physiological basis for
disease resistance of different varieties of milkvetch have yet to be elucidated.

In many plants, alterations in physiological indicators such as stomatal conductance,
photosynthesis, and hydraulic capacity were observed after infection with a pathogen [12-15].
The pathogens induced root rot or necrosis of tissues and this resulted in reductions in
both the photosynthetic rate and accompanying water supply [16,17]. In inoculated plants,
physiological alterations developed swiftly and homogeneously in leaves, even with a lack
of visible symptoms in the inoculated plants. Tissue necrosis occurred after inoculation, also
without any visible damage to plants initially. Thus, a decline in photosynthesis is the first
measurable decrease caused by tissue necrosis, before any perceptible changes in hydraulic
conductivity and other parameters [18]. Leaves and roots distant from inoculation sites
also showed symptoms suggesting that migrating toxins may act as inducers of plant host
defenses. Many types of toxins and other substances are produced and translocated by
pathogens into host cells [19]. These substances can participate in colonization, induce
disease, and affect host tissues, including interfering in the active defense response of the
host [15].

The main objectives of the current study were to determine the effects of A. gansuensis
on host physiology by observing changes in net photosynthesis, hydraulic conductivity,
and other parameters of resistant and susceptible varieties of standing milkvetch plants
inoculated with the pathogen. The influence of culture filtrate (CF) on plant tissue integrity
and physiology will also be examined, along with the secondary metabolites of the plants.
A possible mechanism underlying disease resistance of A. gansuensis in standing milkvetch
is proposed based on findings from the study.

2. Materials and Methods
2.1. Greenhouse Trials

Commercial potting soil used in the study had the following properties: pH 7.8,
phosphorus 29.6 mg kg™!, potassium 108.1 mg kg™!, and available nitrogen 93.5 mg kg™!.
Potting soil was sterilized in an autoclave at 121 °C for 4 h [6], and then one hundred
surface-sterilized plastic pots (15 cm by 15 cm) were filled with 1 kg sterile soil.

Seeds of Astragalus adsurgens Shanxi, the resistant variety, and Astragalus adsurgens
Ningxia, the susceptible variety, were surface-disinfected in 75% ethanol for 3 min, rinsed
three times with sterilized distilled water, and then treated with sodium hypochlorite (1%
available chlorine) for 10 min, after which they were rinsed three times with sterilized
distilled water. After surface sterilization, all seeds were planted in the sterilized potting
soil. All pots were arranged randomly and placed in a greenhouse under 16 h light/8 h
dark at 18-25 °C with watering every 3 days. One hundred pots of 15-month-old plants
were used in the study.
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Alternaria gansuensis, isolate MHLZU-HX0401, was obtained from infected standing
milkvetch roots. Colonies were maintained on wheat hay decoction agar (WHDA) in 90 mm
diameter Petri dishes incubated at 22 °C.

2.2. Stomatal Conductance (Sc), Photosynthesis (P), and Water Use Efficiency (WUE)

To analyze the physiological responses of standing milkvetch plants to A. gansuensis,
50 pots of 15-month-old plants were used as inoculated treatments. Mycelial plugs (5 mm
diameter) were cut from 8-week-old isolates of A. gansuensis grown in WHDA [18]. An
incision, 0.5 mm in length, was made in the stem of each plant and one plug was placed on
the incision for A. gansuensis colonization. Each inoculation point was covered with moist
and sterilized muslin cloth and sealed with adhesive tape. The remaining 50 pots of plants
were inoculated with sterile WHDA as controls.

Stomatal conductance (Sc, mol m~2 s~ 1), net photosynthetic rate (P, CO, assimi-
lation, umol m~2 s~ 1), and photosynthetic photon flux density (PPFD, pmol m~2s71)
were measured weekly after inoculation using a LICOR 6400 system. Fifty standing
milkvetch plants were monitored per time and treatment as duplicate measurements.
When PPFD > 300 pmol m~2 s~!, values of net photosynthesis and stomatal conductance
were recorded [20,21]. When light saturation occurred (PPFD > 500 pmol m~2 s~ 1), water
use efficiency (WUE) was calculated as the P-to-Sc ratio.

The lesion lengths in millimeters of all pots of inoculated and control plants were
measured.

Comparisons between inoculated and control plants were analyzed and mean differ-
ences were determined using independent sample {-tests (SPSS Statistics 19.0).

2.3. Toxicity Determination of A. gansuensis Culture Filtrate (CF)

CF was prepared by culturing isolates of A. gansuensis in WHDA for approximately
8 weeks in an incubator at 22 °C. One hundred 15 mL sterile centrifuge tubes were each
filled with 10 mL wheat hay decoction (WHD) and a 5 mm diameter mycelial plug from
A. gansuensis culture was added to every tube. Tubes were then incubated at a constant
temperature shaker at 120 rpm in the dark at 22 °C. After incubation for 5 days, each culture
was filtered through a sterile 0.2 pm membrane. All CFs were collected and combined from
each centrifuge tube.

Control plants were used to analyze the effect of A. gansuensis CF on membrane
permeability. Fifty uninfected plants were used and samples (stems and leaves) were
obtained from each plant. All samples were surface-disinfected in 75% ethanol for 1 min,
treated with sodium hypochlorite (0.5% available chlorine) for 3 min, then rinsed with
sterilized deionized water three times. Next, 0.50 g stems and 0.50 g leaves of each plant
were placed in sterile centrifuge tubes and 10 mL CF was added. Control treatments
comprised sterile centrifuge tubes containing the same quantity of stems and leaves with
10 mL sterile WHD. Immediately after addition of CF or sterile WHD to the stems and
leaves, the pH and conductivity (initial levels) in each tube were measured with a sterile
pH meter and conductivity meter, respectively [20,21]. The tubes were then incubated
at 22 °C with a 16 h light/8 h dark cycle for 72 h before being placed in a shaker set at
120 rpm for 60 min [22]. After standing for six hours, pH and conductivity values were
finally measured. To identify the changes in pH and electrolyte leakage induced by the
CF, the initial pH and conductance (in uS) levels were subtracted from the final measured
values. The samples comprised one resistant variety and one susceptible variety, 50 pots
each, with 10 pots each per group for a total of 5 replicates. A healthy plant was taken from
each pot for this study.

Data were subjected to ANOVA (the data have been tested for normal distribution),
comparisons between CF treatments and control treatments were analyzed, and mean
differences were determined using independent sample #-tests (SPSS Statistics 19.0).
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2.4. Phytochemical Investigation

After detection of physiological parameters, 2 kg of the two plant varieties, both inocu-
lated and control treatments, were collected, respectively, to test for secondary metabolites.
Stems and leaves were cold-soaked and extracted three times with petroleum ether, ethyl
acetate, and 95% ethanol, successively. The chemical constituents extracted from inoculated
and control plants of the two varieties of standing milkvetch were separated systematically
by conventional column chromatography, preparative thin-layer chromatography, reversed
silica gel column chromatography, and combined recrystallization. Various spectroscopy
techniques (infrared spectra analysis, electron ionization mass spectrometry, high-resolution
electrospray ionization mass spectroscopy, carbon-13 nuclear magnetic resonance, and
two-dimensional nuclear magnetic resonance) were used to analyze and identify all the
extracted compounds. The phytochemical investigation procedures followed were as de-
scribed by Liu [23] and Rao and Ravishankar [24], with minor modifications. The melting
point was determined by Kofler micromelting point analyzer and Nicolet 170SXFI-IR in-
frared spectrometer. EIMS was determined by HP5988AGCMS mass spectrometer. Specific
rotatory measurements were automatically recorded with a Perkin Elmer 341. The spectra
of CHCl3, 1H NMR (300, 400 MHz) and 13C NMR (75, 100 MHz) were determined by
Varian Mecury-300BB and Bruker AM-400 superconducting nuclear magnetic resonance
spectrometers. HRESIMS was determined by Bruker Daltonics APEXII 47e mass spec-
trometer. Silica gel for column chromatography (200-300 mesh) and GF254 (10-40 m) for
thin-layer chromatography are produced by Qingdao Ocean Chemical Plant. The reversed
silica gel used is (R-C18), with a 254 nm UV lamp for TLC test, supplemented with 5%
H,SO4-ethanol solution or 10% FeCls- ethanol solution, heated to develop color. After all
the diseased plants were crushed, they were extracted by cold soaking with 90% ethanol
at room temperature three times, combined with the extraction solvent for vacuum dis-
tillation, and the total extract was 200 g after drying. It was extracted with petroleum
ether, ethyl acetate, and n-butanol, respectively. The petroleum ether part was heavy (20 g),
the ethyl acetate part was heavy (35 g), and the n-butanol part and the water phase part
The petroleum ether part and the ethyl acetate part were mixed with 20 g and 35 g silica
gel (200-300 mesh), and then wet-loaded with 200 g and 400 g silica gel (200-300 mesh),
respectively, for column chromatography. Petroleum ether: ethyl acetate gradient elution,
each 200 mL, was the first portion. The 30 g silica gel column chromatography and chloro-
form/acetone (25:1, 15:1, 8:1, 4:1, 2:1, 1:1) to carry out the gradient elution by TLC test in
chloroform/acetone (15:1) have a good point through the reverse phase silica gel (R-C18)
with methanol/water (4:1) elution and then by PTLC. The compound was obtained by
expanding with chloroform/acetone (8:1).

3. Results
3.1. Infection Rate and Lesion Length

At the end of the experiment, the infection rate of A. gansuensis, determined by
reisolation, was 92.5%, and the average lesion length was significant different (p < 0.05)
with 15.1 £ 3.1 mm and 26.7 & 4.6 mm for the resistant variety and susceptible variety,
respectively. The average lesion length was 7.6 &= 1.2 mm for the control treatments.

3.2. Sc, P, and WUE in Standing Milkvetch Inoculated with A. gansuensis

The first parameter influenced by inoculation of varieties of standing milkvetch with
A. gansuensis was net P, which decreased by 18.9% and 8.9% in the first week of varieties
Ningxia and Shanxi, respectively. The reductions continued in the following three weeks,
reaching 65.9% and 31.4% reductions in the fourth week for varieties Ningxia and Shanxi,
respectively (Figure 1A,B; p < 0.05 vs. control).

Compared with control values, Sc decreased by 22.2% and 10.3% in the second week
for varieties Ningxia and Shanxi, respectively. These reductions continued in the following
two weeks, reaching reductions of 33.9% and 19.7% in the fourth week for Ningxia and
Shanxi, respectively (Figure 1C,D; p < 0.05 vs. control).
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During the first week post-inoculation, there was no significant change in WUE
between inoculated and control plants. However, in the second week, the WUE for the
inoculated plants of varieties Ningxia and Shanxi increased by 5.4% and 1.4%, respectively,
compared with control plants, but these differences were not significant. By the third week,
the WUE had declined and this decrease continued, reaching 48.3% and 14.6% of the control
level in the fourth week for varieties Ningxia and Shanxi, respectively (Figure 1E,F; p < 0.05
vs. control).

Diseased spots were observed on the leaves of inoculated plants in the fourth week, indi-
cating that physiological alterations occurred prior to the development of visible symptoms.
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Figure 1. Weekly measurements of net photosynthetic rate (P) (A,B), stomatal conductance (Sc)
(C,D), and water use efficiency (WUE) (E,F) for two varieties of standing milkvetch. Each data point
represents the mean =+ standard error. *, p < 0.05 vs. control.

3.3. Toxic Effects of CF of A. gansuensis

The probability that A. gansuensis could secrete substances influencing plant tissue
integrity and function was assessed by placing stems and leaves into the CF from the
pathogen. Loss of membrane integrity in the stems and leaves caused by A. gansuensis CF
was shown by significant decreases in pH (p < 0.05; Figure 2A) and significant increases in
conductivity (p < 0.05; Figure 2B) of the bathing solution. This indicated that A. gansuensis
CF induced tissue liberation of electrolytes. Necrosis was observed on the stems and leaves
of CF treatments but not on control treatments.
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Figure 2. Extracellular alterations in electrical conductivity (A) and pH (B) in bathing solution of
leaves and stems of standing milkvetch (varieties Shanxi and Ningxia) exposed to sterile WHD
(control) or culture filtrate from A. gansuensis. Each bar represents the mean + standard error.
*,p <0.05 vs. control.

3.4. Relationship between the Relative Decline in Net P and Extracellular Increase in Conductivity,
Extracellular Decrease in pH, and Percentage of Necrosis

The reduction in net P induced by A. gansuensis in the two varieties of standing
milkvetch was positively and significantly (p < 0.001) correlated with the increase in
extracellular electrical conductivity (Figure 3A; R = 0.895 and 0.897 for Ningxia and Shanxi,
respectively), the decrease in extracellular pH (Figure 3B; R = 0.920 and 0.911 for Ningxia
and Shanxi, respectively), and the increase in percentage of necrosis (Figure 3C; R = 0. 922
and 0.923 for Ningxia and Shanxi, respectively).
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Figure 3. Relationship between relative decline in net photosynthetic rate and extracellular increase
in conductivity (A), extracellular decrease in pH (B), and percentage of necrosis (C) induced by
A. gansuensis in two varieties of standing milkvetch.

3.5. Phytochemical Investigation

A total of 25 compounds were obtained. The structures of 21 compounds were
determined (Figure 4). Aap 1 was a novel compound in standing milkvetch.

OCH,

HO.
OCH,

OH o
Aap3

Figure 4. Cont.
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Figure 4. Compound structure of secondary metabolites determined in this study.
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Secondary metabolites obtained from control plants had more compound structure
types, such as derivatives of benzene, aliphatic groups, sesquiterpenes, steroids, and
triterpenes, than those from inoculated plants. The main components were triterpenes and
aliphatic compounds. In inoculated plants, the structure types of the extracted compounds
were mainly benzene derivatives, aliphatic compounds, and triterpenes, with aliphatic
compounds being the predominant ones. Five secondary metabolite compounds were
obtained from all samples, but eight compounds were only obtained from control samples
or inoculated samples, respectively. In control samples, compounds with the highest
relative content were Aap 13 and Aap 18, while Aap 16 and Aap 17 had the highest relative
content in the inoculated samples. Of the 13 compounds obtained from samples inoculated
with A. gansuensis, the relative content of 9 compounds (Aap 1 to 3, 7 to 10, 15, and 17) was
lower in Ningxia (susceptible variety) than in Shanxi (resistant variety) plants (Table 1).

Table 1. Relative content comparison of 21 secondary metabolites between two varieties and treat-
ments of standing milkvetch.

Relative Content (%) in:

Secondary Metabolite Control Treatment Inoculated with A. gansuensis
Shanxi Ningxia Shanxi Ningxia
Aap 1: Methyl 3- (2, 4-dihydroxyphenyl) -5- (4-methoxyphenyl) 0.00 0.00 536 285
-5-oxopentanoate ' ' ' '
Aap 2: 2,4,4'trihydroxy-3-isopentenyl chalcone 4.92 4.51 11.21 8.41
Aap 3: 2, 4-dihydroxy-3’,4" -dimethoxy-chalcone 0.97 0.26 2.51 1.36
Aap 4: 24,4 '-trihydroxy-chalcone 0.95 1.53 0.95 3.25
Aap 5: 2, 4-dihydroxy-2’,3” -dimethoxy-chalcone 0.21 0.33 0.00 0.00
Aap 6: 2, 4-dihydroxy-4" methoxychalcone 0.48 0.25 0.00 0.00
Aap 7: 2, 4-dihydroxy-4"-methoxy- chalalkyl 0.81 1.64 2.37 1.27
Aap 8: 8-4’ dihydroxy-7-methoxy- hydroxypterocarpan 0.00 0.00 1.31 0.95
Aap 9: 5-hydroxy-7,4’-dimethoxy- dihydroflavone 0.00 0.00 8.33 5.68
Aap 10: 6,3’-dihydroxy-4’-methoxy- dihydroflavone 0.00 0.00 12.01 9.33
Aap 11: 5, 7-dihydroxy-4’-methoxy-isoflavone 0.00 0.00 217 3.58
Aap 12: 7,4’-dimethoxy-isoflavone 6.68 8.12 0.00 0.00
Aap 13: 5,7,2-trihydroxy-4" methoxy-isoflavone 13.56 11.93 0.00 0.00
Aap 14: 7,3’-dihydroxy-4" -methoxy-isoflavone 10.23 5.56 0.00 0.00
Aap 15: 7, 3-dihydroxy-2’,4’-dimethoxy-isoflavane 0.00 0.00 0.62 0.45
Aap 16: steroid-4-ene-6 -alcohol-3-ketone 0.00 0.00 11.97 14.68
Aap 17: cycloaltin-26-ene 33, 28-diol 0.00 0.00 28.21 26.56
Aap 18: Oleanolic-12-ene 33,223, 23-triol 24.65 30.98 1.25 2.48
Aap 19: friedelin 8.22 6.56 0.00 0.00
Aap 20: B-sitosterol 8.05 6.83 0.00 0.00
Aap 21: vanillin 1.72 3.43 0.00 0.00

4. Discussion

Inoculation of standing milkvetch with A. gansuensis was followed by progressive and
significant reduction in net P, Sc, and WUE in both plant varieties (p < 0.05). Invasion by
A. gansuensis could destroy stem stomata, leading to extensive death of cortex, phloem, and
xylem cells. The influence on plant physiology can largely be explained by the disruption in
vascular bundle transport, as well as by blockage or obstruction of the transport system by
chlamydospores, hyphae, and tyloses [12,25]. Changes in plant structures and functions can
lead to losses in water and gas supply capacity. Obstructions in the water transport system
in plants and accompanying water deficits contribute to the decline in photosynthetic rate
and increases in stomatal closure and result in decreases in plant vigor and rapid death of
leaves and stems of the whole plant, especially in early periods of growth [15]. In the final
week of this study (week four), necrosis was observed in leaves which induced a rapid
decline in P and Sc values. WUE values increased in the second week and could be caused
by a significant reduction in Sc and a slight reduction in P (p < 0.05). In this way, a better
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use of water resources during water stress is implemented by plants [15]. However, in this
study, the blockage or obstruction of the transport system meant the water supply was not
adequate to maintain the WUE and this led to a significant decrease in Sc and P values in
both varieties (p < 0.05).

Many fungi are known to secrete a wide range of toxins [19,26,27]. The action of such
toxins on plant morphological and structural features and the impact in inducing plant
defense mechanisms have been evaluated in numerous studies. Apoptosis, necrosis, and
alterations in extracellular pH and membrane permeability in different hosts have been
observed in these studies [18,28-31]. However, previously, there has been no evidence that
A. gansuensis produces toxins.

Electrolyte leakage, alterations in extracellular pH in stems and leaves, as well as leaf
necroses in vitro and distant from the inoculated lesions were observed in this study in both
resistant and susceptible varieties of standing milkvetch inoculated with A. gansuensis. This
implied that there may be alternative reasons besides obstructions in the water transport
system that led to physiological changes and apoptosis or necrosis in the plants. It was
hypothesized that the standing milkvetch plants suffered a detrimental impact caused by
unknown toxins secreted by the pathogen A. gansuensis. Alterations in membrane integrity
and function caused by the CF of A. gansuensis were clearly demonstrated in this study.
Similar results were observed in studies on Austrocedrus chilensis, Onobrychis viciaefolia, and
other plants [15,32]. However, the mechanisms responsible for these detrimental impacts
have not yet been explored.

Significant positive correlations between the decrease in net P and the changing rates
in pH and the increase in conductivity and necroses were observed in both susceptible
and resistant varieties of standing milkvetch (p < 0.05). The association of alterations
in physiological parameters with necroses observed in leaves was distant from the site
inoculated lesions. Furthermore, necroses occurred in stems and leaves treated with A. gan-
suensis CF in vitro. From this combination of observations, it was speculated that toxins
could be involved, and such toxins might have detrimental impacts on net P [18,30,33-35].
Net photosynthesis can be detected easily; this parameter is positively and significantly
correlated with physiological dysfunction and necrosis, and it could be a rapid way to
monitor disease occurrence or resistance evaluation.

In this study, changes in P, Sc, WUE, conductivity, and pH were much greater
in infected plants of the susceptible variety than in the resistant variety, although the
disease severity index showed the same trend between the two varieties in resistance
evaluation [10,11]. The observed changes in physiological measurements from this study
support that Shanxi is the resistant variety of A. gansuensis.

The main secondary metabolites of plant disease defenses are phenolic compounds,
terpenoids, and alkaloids. Phenolic compounds play an important role in resisting infection
by pathogens and insects, and many of these compounds affect the molecular targets of
animals or microorganisms in non-specific ways [36]. Monoterpenes and sesquiterpenes
are volatile compounds that can have various effects, including attracting, avoiding, or
transmitting information to insects, and also have the function of sterilization [37]. In addi-
tion, many alkaloids have antibacterial properties [38]. Therefore, the study of secondary
metabolites produced by plants of different resistance varieties following inoculation with
a pathogen may facilitate understanding of the disease resistance mechanism. In the cur-
rent study, 21 different secondary metabolite compounds were obtained from standing
milkvetch plants. Infection with the pathogen A. gansuensis caused the disappearance of
eight kinds of compounds and the appearance of another eight compound types, including
a new compound, Aap 1. The composition and proportion of secondary metabolites were
markedly altered by the pathogen, and the relative contents of nine compounds were higher
in the inoculated resistant variety than in the susceptible variety. These compounds may
be related to disease resistance. However, the mechanism by which these compounds are
produced and their effects on disease resistance remain unknown. Future studies should
aim to identify the toxins in the CF of A. gansuensis and evaluate which toxins trigger alter-
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ations in physiological parameters in host tissues. The mechanisms of these physiological
alterations and the differences between susceptible and resistant plant varieties will also
be explored.

5. Conclusions

By studying the physiological reasons for the differences between the resistant plant
variety and susceptible variety, it was found that although the resistant plant variety and
susceptible variety had significant changes in light and rate, stomatal conductance and
water use efficiency after inoculation of pathogens, the physiological changes in susceptible
varieties were greater, which directly affected the physiological metabolism and health
of plants. In the samples of susceptible variety, the changes in extracellular pH and
conductivity induced by the culture filtrate (CF) of A. gansuensis were particularly obvious.
Tissue integrity changes in the plants correlated with the decrease in P. Secondary metabolite
compounds were extracted from the plants and 21 types of compound were identified.
The composition and proportion of secondary metabolites were markedly altered by the
pathogen, and these differences may indicate potential mechanisms of disease resistance to
A. gansuensis in standing milkvetch.
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