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Nitrate content in roots of pepper seedlings exposed to Phytophthora capsici

Phytophthora capsici’ye maruz birakilan biber fidelerinin koklerinde nitrat

Abstract: Phytophthora capsici causes root rot, a deadly plant disease. Resistance to diseases is produced by the activation of
many defense substances, so knowledge of this natural defense mechanism allows the development of new strategies for disease
control. In this study, the response of nitrate (NOs’), which is effective in plant growth and development, in different pepper
genotypes exposed to pathogen infection was investigated. For this, resistant and sensitive pepper genotypes were exposed to
102, 10%, and 10* zoospore/mL of P. capsici-22 strain and changes in NOs™ content were determined from root samples taken on
the 2™, 4™ and 6™ days after infection. All zoospore concentrations resulted in an overall increase in NOs™ content in roots of
CM-334 on all days. In KM-181 and SD-8 genotypes, the highest NOs™ content was determined on the 6" day of 10° zoospore/mL
application. In SD-8 and KM-181 genotypes, a significant decrease in the amount of NOs~ was determined on the 4"and 6" days
of treatment of 10 zoospore/mL. In these genotypes, a decrease in the amount of NOs™ was found with the increase in infection
time at high zoospore concentration. When the three pepper genotypes were compared, the highest NOs™ content was determined
in the resistant CM-334 genotype, which was exposed to 10* zoospore/mL on the 6™ day following the infection. In this study,
changes in the amount of NOs' in resistant and susceptible pepper genotypes indicated that NOs™ may be effective in plant defense
against P. capsici-22.
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Ozet: Phytophthora capsici 6liimciil bir bitki hastaligi olan kok ciiriikliigiine neden olur. Hastaliklara kars: direng, birgok
savunma maddesinin aktivasyonu ile {iretilir, dolayisiyla bu dogal savunma mekanizmasinin bilinmesi, hastalik kontrolii i¢in
yeni stratejilerin gelistirilmesine olanak tanimaktadir. Bu ¢aligmada, bitki bilyiime ve gelismesinde etkili olan nitratin (NO3’)
patojen enfeksiyonuna maruz kalan farkli biber genotiplerindeki tepkisi aragtirilmistir. Bunun igin direngli ve duyarli biber
genotipleri 10%, 10% ve 10* zoospore/mL P. capsici-22 izolatina maruz birakilmis ve enfeksiyondan sonraki 2., 4. ve 6. giinlerde
alinan kok drneklerinden NOs™ igerigindeki degisimler belirlenmistir. Tiim zoospor konsantrasyonlari, tim giinlerde CM-334'Un
koklerindeki NOs igeriginde genel olarak bir artisa neden olmugtur. KM-181 ve SD-8 genotiplerinde en yiiksek NOs™ igerigi 10°
zoospor/mL uygulamasinin 6. giiniinde belirlenmistir. SD-8 ve KM-181 genotiplerinde, 10* zoospor/mL uygulamasinin 4. ve 6.
glinlerinde NOs™ miktarinda 6nemli bir azalma saptanmistir. Bu genotiplerde, yiiksek zoospor konsantrasyonunda enfeksiyon
siiresinin artis1 ile birlikte NOs” miktarinda azalma bulunmustur. Ug biber genotipi karsilastirildiginda, en yilksek NOs" igerigi,
enfeksiyondan sonraki 6. giinde 10* zoospor/mL'ye maruz birakilan direngli CM-334 genotipinde belirlenmistir. Bu calismada,
direngli ve duyarli biber genotiplerinde NOs™ miktarindaki degisimler, NO3™ 'lin P. capsici-22 'ye kars1 bitki savunmasinda etkili

olabilecegini isaret etmektedir.
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1. Introduction

The soil-borne pathogen Phytophthora capsici Leonian,
which causes root rot, causes great economic damage in
pepper growing areas in many countries of the world. Root
and crown rot agent P. capsici is effective on plant species
in the Solanaceae, Cucurbitaceae, and Leguminaceae
families (Krasnow and Hausbeck, 2015). This fungus, which
was first seen on peppers in New Mexico in the world, had
a wide host range in later years (Leonian, 1922). In Turkey,
for the first time in 1974, the disease caused by P. capsici
was seen in pepper cultivation areas in the Central Anatolia
region and it caused sudden drying of the plants (Karahan
and Maden, 1974). The disease is seen in almost all areas
where pepper is grown and causes significant crop losses in
years when it occurs (Leonian, 1922).The spots on the root
and root collar are typical brown-colored spots and these
lesions dry out after a while, causing the plant to die
completely (Van Steekelenburg, 1980).

In suitable ecological conditions, zoospores released from
the sporangia of the agent, which are formed abundantly in
the soil irrigation water, infect the pepper seedlings from
their roots, while drying from the root part of the seedling
and causing its death (Leonian, 1922). These infections are
more common in poorly drained areas where irrigation
water or rainwater accumulates during the rainy season.
The disease can be observed in different periods of the
plant, depending on environmental conditions and the
occurrence of infection. It causes a collapse in seedlings in
the early period. It starts to appear close to fruit formation
in the field and spreads in a very short time, infecting the
plants and causing death (Naegele and Hausebeck, 2014). It
is sometimes impossible to get products in the fields where
this disease is intense. When it infects ripe fruits, it causes
a large number of quality and quantity losses in the product.
To date, many researchers have focused on the effects of
nitrogen (N) on growth, development, and yield in plants.
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Nitrogen (N), an essential element for plant metabolism,
affects a series of events involved in disease development
such as inoculation, colonization, and infection as a result
of plant- pathogen interaction (Zhou etal., 2017). Different
N forms are effective in physiological events such as
enzyme, photosynthesis rate, water balance, respiration
rate, and signalling pathway. On the other hand, studies on
the importance of N in plant defense against pathogens have
been more limited. In this study, the changes in nitrate
(NO3) content in the roots of pepper seedlings resistant and
susceptible to P. capsici were investigated. In the literature
survey, there is no record on NOj; content in peppers
infected with P. capsici.

2. Materials and Method
2.1. Plant materials

In the current study, resistant Criollo de Morelos-334 (CM-
334), susceptible Kahramanmaras-181 (KM-181) and Sera
demre-8 (SD-8) pepper genotypes were used as plant
material. Sterilized pepper seeds were placed in pots
containing the same amount of sterilized soil, fertilizer and
sand and left to germinate in the growing chamber. The
seedlings were grown under the conditions of a photoperiod
(24 + 2 °C) of 16 hours light and 8 hours dark at two months
of old.

2.2. Phytophthora capsici-22 strain and plant inoculation

Phytophthora capsici-22 strain (Ankara University Faculty
of Agriculture) to be used in the inoculation process was
grown on Vg agar plates (Jones et al., 1975) (Fig. 1), and
zoospore were obtained from growing mycelia (Blaker and
Macdonald, 1981; Ward and Stoessl, 1974; Satour and
Butler, 1967; Hachler and Hohl, 1984).

After the sterilization process of the roots of the two-month-
old seedlings, the seedlings were taken into the Hoagland
solution and placed in the growth chamber. After 3 days,
the roots of the seedlings were inoculated with 102, 10%, and
10* zoospore/mL for 1 hour. After the applications, the
seedlings were placed in glass bottles containing Hoagland
solution and transferred back to the growing chamber, and
then random samples were taken from the roots on the 2",
4" and 6" days (Kog et al., 2011; Kog and Ustiin, 2012;
Kog, 2022). After the samples were passed through liquid
nitrogen, they were stored at -70°C until analysis.

Figure 1. Phytophthora capsici- 22 strain.

2.3. NOs analysis

The NOj3 extraction was carried out according to Ruiz et al.
(1999). The NO3; amount was determined according to the
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salicylic acid method (Cataldo et al., 1975) and the
absorbance was measured at 410 nm and calculated as pmol
L g* FW against the NOs™ standard.

2.4. Statistical analysis

The data obtained in terms of NO3s were analyzed with
repeated measures analysis of variance (ANOVA:
genotypexdayxtreatment). Significance differences were
determined by the Tukey test (5% significance level).

Capital letters indicate the difference in genotypes for the
same day and treatment. Lowercase letters indicate the
difference in treatments of the same genotype and the same
day. Superscript lowercase letters indicate the difference in
days for the same genotype and treatment.

3. Results

In of root all three pepper genotypes, the most disease was
observed in the application of 10* zoospore/mL of P.
capsici-22 isolate on the 6" day following infection.
Infection progressed more rapidly in KM-181 and SD-8 and
SD-8 genotype was severely damaged, especially on the 61"
day. On the 6" day of infection, severe disease symptoms
such as leaf wilting, detachment of leaves, and brown
lesions on stem length and roots were detected (Fig. 2).

CM:-334 KM-1815 SD-8

Figure 2. Disease development on the 6% day in three pepper
genotypes infected with 10* zoospore/mL.

When the NOs™ contents of CM-334 genoype with 102 and
10* zoospore/mL were compared on the 2™ and 6 days, a
significant increase in NOjs content was detected in the
roots of the seedlings applied with 10* zoospore/mL
(p<0.05) (Fig. 3). The difference between NO3™ contents on
the 2" and 6™ days was significant in the CM-334 seedlings
inoculated with 10° zoospore/mL (p<0.05). Compared to
the control, the difference between NOs™ contents measured
on all days in the CM-334 genotype inoculated with 10?
zoospore/mL was not significant. Compared to both control
and other treatments, the highest NOs increase was
determined on the 6™ day treatment of 10* zoospore/mL
(p<0.05) (Fig. 3).

An increase in the amount of NOs™ was detected on the 2™
day of infection in the roots of the KM-181 genotype
exposed to 10* zoospores/mL treatments. However, with
the increase in the duration of infection, a significant
decrease in the amount of NO5™ was determined (p<0.05)
(Fig. 4). On the other hand, in lower zoospore/mL
treatments, the increase in NOs™ content was determined on
the 4™ and 6" days after the infection. Increases in NOg
contents were determined on the 4™ day in the roots of the
seedlings inoculated with 102 zoospore/mL compared to the
control, and on the 6" day in the application of 10°
zoospore/mL (p<0.05). The highest NO3 content among all
treatments was determined on the 6" day following the
infection in the roots of the seedlings inoculated with 103
zoospore/mL (p<0.05) (Fig. 4).



Anatolian Journal of Botany

700 CM-334
ODay 2 @ Day 4 @EDay 6
E 600 :
o 500
-
=
£ 00 Age
k]
E Baab
Z 300 Bab
200 Cab? Bl Babe
Ch: Cb* Bbe Bb* H Cb®
- . ' .
0
Control 102 zoospore/mL 10 zoospore/mL 10 zoospore/mL
Treatments

Figure 3. NOs content in roots of CM-334 genotype exposed to different zoospore concentrations (n=3)

In the roots of SD-8 seedlings, with compared to the
control, a decrease in NO3™ content was determined on the
2" and 6" days following the infection in 10% zoospore/mL
(p<0.05) (Fig. 5). Compared with the control, a decrease in
NO; content on the 2™ and 4" days after the infection in
the roots of SD-8 genotype inoculated with 10°
zoospore/mL and an increase in the 6™ day were found, the
difference was significant (p<0.05) (Fig. 5).

According to the control , a decrease in NOs™ content was
determined on the 2™ and 6™ days in 10? zoospore/mL
applications. The highest NOs™ increases were determined
on the 4™ day in the 10% zoospore/mL application and on
the 6" day in the 10° zoospore/mL treatment, respectively
(p<0.05). In the treatment of 10* zoospores/mL, NOjs
contents decreased on all days compared to the control, and
the lowest NO3z content was determined on the 6" day
(p<0.05) (Fig. 5).

When the control group of all three pepper genotypes were
compared, the highest NO;  amount was determined in KM-
181 genotype (Fig. 4). This was followed by SD-8 and CM-
334 genotypes, respectively (Fig. 3, 5). The difference
between NOs; contents in the roots of three pepper
genotypes was found to be significant in 102 zoospore/mL
application on the 2" day, and the highest NO3" content was
found in SD-8 genotype (p<0.05). When the NOs™ amounts
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in the roots of three pepper genotypes were compared in 10?
zoospore/mL application on the 4" and 6" days following
the infection, the highest NO3;~ was determined in KM-181
genotype (p<0.05) (Fig. 4). In all three pepper genotypes,
the highest NOs contents were detected in CM-334
genotype in 10* zoospore/mL treatment, and KM-181
genotype at 6™ day following infection in 10° zoospore/mL
treatment (p<0.05) (Fig. 3, 4).

4, Discussions

Nitrogen may limit pathogen growth and affect the
activation of the plant defense system. Compared with its
effects on plant growth and development, the role of NO3
in the defense of plants against pathogens is less well
known (Fagard et al., 2014; Soulie et al., 2020). It has been
reported that different N forms such as NOj are effective
on plant disease resistance by using different assimilation
and metabolism pathways (Mur et al., 2017). Gupta et al.
(2013) found that NOs" increased the disease resistance to
Pseudomonas syringae pv in tobacco by stimulating the
synthesis of salicylic acid and NO. Fagard et al. (2014)
found that low N decreased the resistance of Arabidopsis to
Erwinia amylovora. In tomato plants exposed to Botrytis
cinerea, it was determined that low NOs™ content increased
the susceptibility to the pathogen, whereas higher
concentrations of NO3 decreased the disease symptoms and
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Figure 4. NO3™ content in roots of KM-181 genotype exposed to different zoospore concentrations (n=3)
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Figure 5. NOj3™ content in roots of SD-8 genotype exposed to different zoospore concentrations (n=3)

lesion, and an increase in defense substances. Similarly,
Zhou et al. (2017) and Wang et al. (2016) found that higher
NOs; in cucumber seedlings exposed to Fusarium
oxysporum increased the tolerance to Fusarium wilt by
inhibiting pathogen colonization due to the decrease in
membrane damage and pathogen toxin production in plants.
It has been reported that there is an opposite relationship
between the NOs content in the roots and the disease index,
and it has been stated that the efficacy of the disease varies
depending on the NOs™ content in the root (Zhou et al.,
2017). In this study, all P. capsici zoospore concentrations
caused a general increase in NO3  amount in the roots of
CM-334 genotype on all days. A significant decrease in
NOs™ content was detected on the 4™ and 6" days of 10*
zoospore/mL application in SD-8 and KM-181 genotypes.
In other words, a decrease in the amount of NOs was
determined due to the increase in the duration of infection
at high zoospore concentrations. The CM-334 genotype
continued to respond to this severe stress with its high NO3”
content. This different defense response can be attributed to
having different genotypes. It has been reported that the
toxin produced by fungi in vitro provides N-regulation and,
in general, the effects of N on disease vary depending on
the host type, a pathogen type, and the duration of the
infection (Bolton and Thomma, 2008). Changes in the
amount of NOs™ depending on the day after the application
show that it acts as a defense mechanism against the
disease, and the results seem to be compatible with the data
obtained from the above mentioned studies. Increases and
decreases in the amount of NO3™ also indicate that there may
be a connection between the occurrence of symptoms of
disease (hence the severity of disease). These data also
support the conclusion that CM-334 genotype have a higher
resistance to P. capsici isolate than KM-Hot and SD-8
genotypes in our previous studies (Kog and Ustiin, 2012),
and have shown that NO3™ has an effect on the formation of
this tolerance. The severity of the disease and the length of
necrosis were determined at least in CM-334 genotype and
maximum in SD-8 genotype (Kog and Ustiin, 2012). It has
been reported that NOs increases the hypersensitive
response (HR)-mediated resistance to pathogens and
increases the production of polyamines (Mur et al.,
2017). Polyamines are also involved in systemic resistance
(Mur et al., 2017). Sagor et al. (2009) and Tiburcio et al.
(2014) reported that oxidative deamination of polyamines
with amine oxidases reduces pathogen entry by
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strengthening the cell wall, while polyamine oxidase
inhibitors cause weakening of the host's defense system by
blocking signal transduction pathways. In a previous study,
it was determined that P. capsici stress increased the
activities of enzymes such as polyaminoxidase (PAO),
diaminoxidase (DAO), which are involved in the
catabolism of polyamines in CM-334 and KM-Hot pepper
genotypes (Kog, 2015). In this study, in parallel with the
increase in infection duration, increases in H,O, amount
and high DAO and PAO activities were detected. H,0,,
which is formed as a result of catabolism of polyamines
with aminoxidases such as PAO and DAO, contributes to
stimulating host cell death (Yoda et al., 2003; Moschou et
al., 2009). It has been stated that this DAO and PAO
activities occur during hypersensitive response induction
after inoculation (Cowley and Walters, 2002). Recent
studies indicate that NO5  stimulates the production of
ethylene and jasmonic acid and other signaling molecules
as a signal molecule, and the production of pathogenesis-
related proteins (PR) and plant defensin proteins with
antifungal properties (Mur et al., 2017; Soulie et al., 2020;
Farjad et al., 2021). Changes such as NO, phytoalexin
synthesis, SA accumulation and stimulation of defense
genes encoding proteins increase resistance against
pathogens (Wendehenne et al., 2014). In a previous study,
PR-R and PR-S proteins in the PR-5 group and PR-2, PR-3
were found in KM-Hot pepper genotype exposed to 10*
zoospore/mL concentrations of P. capsici (Kog and Ustiin,
2009). In the CM-334 genotype, it was determined that a
protein with a weight of 28 kDA corresponding to Chi28
(chitinase property) of the PR-3 group was accumulated
(Kog and Ustiin, 2009). Therefore, changes in NO3 content
and synthesis of PR proteins after infection with P. capsici
support studies indicating that NO3™ functions as a signaling
molecule.

Developing disease-resistant genotypes and using them in
cultivation is the method struggle with the highest added
value in the long term in terms of health and environment.
Additionally, the prevention of product loss due to disease
will also increase economic gain. The development of
pepper genotypes resistant to P. capsici is seen as the best
control method against this disease. Therefore, it is
important to know and use the natural defenses in the fight
against pathogens and to develop new strategies for disease
control.
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In this study, the changes in NO3 amounts in resistant and NO; availability in pepper on plant susceptibility to P.
sensitive pepper genotypes to P. capsici were investigated. capsici.

However, further studies are needed to better understand
the molecular, biochemical and physiological changes
(association with hormones such as JA, SA, ethylene that
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