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ABSTRACT

Phyto-pathogens negatively affect the physiological properties and phytochemical compounds of plants, as a result, the
productivity of plants decreases. In this study, primary metabolites including protein, carbohydrates, lipid, phenol,
chlorophyll, and carotenoids were identified in infectious leaf parts of Pisum sativum L. and Solanum lycopersium L. plants
and compared with healthy leaves individually. The results suggested that the pathogen of pea and tomato significantly
affects the primary metabolites when compared with healthy leaves. It is concluded that phyto-pathogens caused a
prominent agricultural impact on Pisum sativum and Solanum lycopersium.
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Vegetables are important food crops that play a key role
in improving diets as well as restoration of some micronutrient
deficiencies, especially in underdeveloped nations around the
world [1]. Vegetable has been reported to reduce some certain
diseases associated with the heart, eye, digestive tract, and
cancerogenic diseases [2]. Previous reports showed that several
factors greatly reduce vegetable production. Among these
limiting factors are pathogenic diseases which were observed to
cause serious destruction on vegetables [3-4]. Due to the intake
of infected vegetables and fruits, the death rate is continuously
rising [5]. It has been estimated that each year, more than one-
fifth part of the total world’s crop production is damaged by
phyto-pathogens [2]. Based on disease symptoms, infected
organ, infected plant type, and the type of phytopathogen, plant
diseases are classified into two types: infectious (biotic)
diseases, which are caused by eukaryotes, prokaryotes, parasitic
higher plants, viruses/viroids, nematodes, and protozoa, and
non-infectious (abiotic) diseases, which are caused by different
extreme environmental conditions [6]. Plant pathogens may
affect the composition of plant populations [7-8] and in extreme
cases, cause the local extinction of host species [9].

Pisum sativum L. (pea) belongs to the leguminous family
with other important pulse crops like a fava bean, lentil, and
chickpea, which is a temperate-region crop. Pulse crops have
the capacity for nitrogen fixation and thus reduce global
reliance on synthetic fertilizers. Among pulse crops, the pea is
second only to common bean in terms of area of growth and
tons of production. Pea is an important source of protein;
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carbohydrate; fiber; and micronutrients such as folates, iron,
zinc, selenium, and carotenoids that play a significant role in
human nutrition [10-17]. According to the statistics for the year
2021 in India, the total pea cultivation area is about 781 ha,
production is 2.193 tons and the yield is 28.079 hg/ha [18]. But
diseases are the most important biotic constraints affecting
global pea production [19], causing yield losses that range from
a small percentage to complete crop loss depending on location
and environmental conditions. Pea pathogens including fungal
pathogens such as Aphanomyces euteiches, Peronospora
viciae, Peyronellaea pinodes, Phoma medicaginis, Erysiphe
pisi, Fusarium oxysporum, etc. [20] and pests such as Etiella
zinckenella, Myzus persicae, Lampedes boeticus, Tetranychus
telarius, Phytomyza atricornis, etc. [21] have been identified to
cause various detrimental effects on Pea plant.

Solanum lycopersicum L. (Tomato), belongs to the
Solanaceae family, originated in the Andean region of South
America, is the second most cultivated vegetable crop
throughout the world following the potato, with approximately
181 million tonnes from 5 Mha, according to the Food and
Agriculture Organization Statistics [22]. It contains high
carbohydrates, moisture, total lipids, and protein3.18%,
94.78%, 0.97% and 1.167%, respectively. Considering
minerals tomato contains such as magnesium, calcium,
phosphorus, and others along with total dietary fiber. Tomato
contains a high amount of vitamin C showing the best source of
this vitamin and considered a reasonable source for human
nutrition. It also has a strong profile of thiamine, riboflavin,
niacin, pantothenic acid, and vitamin Bg [23]. Hence, tomato is
one of the most important vegetable crops in the world with by-
products including fresh market fruit and processed paste, juice,
sauce, and powder [24]. It also has numerous pharmaceutical
properties such as anti-oxidant activity [25]. During cultivation
and post-harvest period, it can be affected by more than 200
diseases caused by different pathogens such as fungi, bacteria,
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phytoplasmas, viruses, and viroids throughout the world [26-
27]. Numerous pathogens such as Alternaria solani, Septoria
lycopersici, Botrytis cinerea, Fusarium oxysporum strains,
Verticillium  dahlia  (fungal pathogens), Clavibacter
michiganensis, Pseudomonas syringae (bacterial pathogens),
Tomato Spotted Wilt Virus, Cucumber Mosaic Virus, Tomato
Brown Rugose Fruit Virus, Tomato Mosaic Virus, etc. (viral
pathogens) are hampered the tomato productivity [28]. As a
consequence, this research was carried out to estimate the effect
of infection on phytochemical compounds in leaves of pea and
tomato plants.

MATERIALS AND METHODS

1) Collection of plant materials

Pisum sativum L. and Solanum lycopersium L. was
collected as experimental plant material from Ashok Nagar
village near by Jhunjhunu, Rajasthan in India. The selected
areas are known to vegetables growing areas and has suitable
environment for the production of vegetables specially Pisum
sativum and Solanum lycopersicum. Both infected and non-
infected leaves of both experimental plants were isolated for
estimations of primary metabolites content.

2) Biochemical analysis
Proteins

Protein content was evaluated by Lowry et al. [29]
method in both infected and non-infected leaves of both P.
sativum and S. lycopersium. 0.05gm samples (infected and non-
infected) were homogenized individually with 10ml TCA
(10%). The homogenized samples were centrifuged at the speed
of 10000 rpm for 10 minutes tentatively. The supernatant was
used to determine protein concentration. 0.5ml of each sample
was diluted with distilled water up to 1ml. Then 5 mL of a
freshly prepared alkaline solution that prepared by mixing 50
mL of 2% Na,COsz in 0.1 N NaOH and 1 mL of 0.5%
CuS04.5H,0 in 1% Sodium potassium tartrate was added and
incubated at 37°C for 10 minutes. After incubation 0.5mL of
Folin-Ciocalteau (FC) reagent was added and vortexed
properly. The absorbance was read at 750nm by
spectrophotometer after 30 minutes of incubation. Bovine
serum albumin (1mg/ml) was used to prepare the standard
curve. Blank has all reagents except sample.

Total soluble sugars

Total Soluble Sugars (TSS) were estimated by using the
phenol-sulphuric acid method of Dubois et al. [30]. 0.05gm
samples (infected and non-infected) were homogenized with 20
mL of ethanol 80% with the help of mortar-pestle. Each sample
was centrifuged at the speed of 12,000 rpm for 15 minutes
tentatively and the supernatants were collected separately for
TSS estimation. 0.5ml of each supernatant was diluted up to
1ml with distilled water.1 mL of 5% phenol was added to each
sample and mixed completely. 5ml conc.H,SO4 was added
gently in each tube and kept on ice for cooling. Then tubes were
allowed to stand for 20 minutes on a water bath at 26-30°C.
Glucose (100pg/mL) was used as standard. Blank has all
reagents except sample. The intensity of the yellow color was
measured at 490nm.

Starch

0.05gm samples (infected and non-infected) were
homogenized 20 mL of ethanol80% by using mortar-pestle.
Each sample was centrifuged at the speed of 12,000 rpm for 15
minutes tentatively and the pellets were separated individually
to performed a starch test. Each pellet was suspended in 5 mL

of 52% perchloric acid, followed by 6.5 mL of water was added
to each sample and the mixture was shaken vigorously for 5
minutes. Later, above mentioned Dubois et al. [30] were
followed with 1ml of each sample to calculate starch
concentration.

Lipids

Lipid contents were measured by using Jayaram [31]
method. 0.1 gm each sample was homogenized with 10 mL
distilled water, thereafter 30 mL of chloroform and methanol
(2:1) was added. The mixture was thoroughly mixed and left
overnight at room temperature in dark for complete extraction.
Later, 20 mL of chloroform mixed with 2 mL of water were
added and centrifuged. Two layers were separated, the lower
layer of chloroform, which contained all the lipids, was
carefully collected in the pre-weighed glass vials. The
chloroform layers dried in vacuo and weighed. Each treatment
was repeated thrice and their mean values were calculated.

Phenols

Total phenol content in each sample was estimated by
the spectrophotometer method of Bray and Thorpe [32]. The
0.2gm leaf samples were macerated with 10 mL of 80% ethanol.
The mixtures were centrifuged at the speed of 15000 rpm for 15
minutes and 0.5 ml supernatant were collected separately was
made up to 1 ml with 80% ethanol. 1mL of Folin-Ciocalteau
(FC) reagent and 2 mL of 20% sodium carbonate solution was
added and the mixture was vortexed properly. The samples
were placed in boiling water for 1 min and cooled under running
water. These reaction mixtures were diluted to 25 mL by adding
distilled water and optical density was read at 750 nm against a
blank. Gallic acid (100ug/mL) was used to draw the standard
curve.

Chlorophyll and carotenoid

Photosynthetic ~ and  accessory  pigments  like
Chlorophyll-a, b, and total chlorophyll contents along with
carotenoids were estimated by Arnon [33] method. 1 gm leaves
samples were collected and chilled in a deep freezer (-20°C).
The pigments were extracted by homogenizing the small pieces
of leaves in 80% acetone and then centrifuged at 10,000 rpm for
10 min. The supernatant obtained was used for pigments
estimation. The absorbance of the supernatant was recorded at
663 nm, 646 nm, 480 nm, and 510 nm. 80% acetone was used
as blank. The amounts of the pigments were calculated by the
following formula:

Total chlorophyll (ug/ml) = 20.2 (Aeas) + 8.02 (Ages)
Carotenoids (pg/ml) = 7.6 (Auso) - 1.49 (As1o)

Whereas, Aess, Asss, Asgo, Asio are the absorbance at 645 nm,
663 nm, 480 nm, and 510 nm wavelengths. The results were
calculated and expressed in gm.

RESULTS AND DISCUSSION

Protein

As shown in (Table 1-2), the protein concentration was
significantly increased in both infected pea and tomato leaves.
Healthy pea leaves showed a 1.76gm protein level that was
increased up to 2.66gm after infection. Similarly, the amount of
protein in infectious tomato leaves was calculated at 2.49gm
which was higher than non-infected leaves (1.71gm). Similar
observations were also reported for begomovirus-infected
pumpkin/bitter gourd and for potyvirus-infected plum, where
an increase in the level of total proteins was caused by a virus
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infection, respectively [34-36]. A phytochemical study by Chen
et al. [37] revealed that the protein level increased by 39.6% in
virus-infected Passiflora edulis fruits as compared with healthy
fruits. A non-significant reduction was observed in the protein
content of mung bean leaves infected with a nematode [38]. The
leaves of coconut infected by spiraling whitefly and sooty mold
showed an increase in the soluble protein (114%) and amino
acid content (126%) when compared to the non-infected leaves
[39]. Host nutrition can play a key role in the outcome of
pathogen infections in the host since it is critical for immune
defense and resistance to pathogens. Poor nutrition, in particular
protein or sugar depletion, is a major factor in high incidence
and host mortality due to infectious diseases. Thus, the
increased total proteins may be implicated in pathogen defense
[37]. Earlier reports also described that the increasing levels of
proteins helped the plants in maintaining their growth under
various stressful environments [40-41] that supported the
protein results of this study.

Carbohydrates

The total soluble sugar and starch contents were declined
in both pea and tomato leaves after infection. 0.16 gm TSS and
1.94gm starch in non-infected pea leaves was reduced in
infected leaves that were 1.14gm TSS and 1.70gm starch,
respectively. In tomato leaves, 0.12gm TSS and 1.89gm starch
were observed in healthy leaves. The amount of TSS and starch
was recognized at 0.09gm and 1.65gm with infected tomato
leaves that were less than healthy leaves. Lan et al. [42] also
reported a 38.3% decrement in total sugar contents in Passiflora
edulis leaves infected with the virus when compared with virus-
free leaves. Khalil et al. [43] reported that virus-infected tomato
plants caused a considerable decrease in total soluble sugar;
insoluble sugar and carbohydrate contents in stem and plant
leaves respectively as compared with control. Tomato yellow
leaf curl virus causes definite changes in physiological
functions of virus-infected plants resulting in a reduction of the
main components of the plant viz; Plant growth, photosynthetic
pigments, total carbohydrate contents, and Mg** ions. However,
the study of Chen et al. [37] on phytochemical compounds
19.1% increment in sugar contents in virus-infected Passiflora
edulisfruits in comparison to-infected fruits. The 25% higher
total sugar content was also reported in spiraling whitefly and
sooty mold infected coconut leaves as compared to healthy
leaves by Arun et al. [39]. In Arooj et al. [44] study, non-viral
infected tomato leaves showed no color while infected leaves
showed dark grey to black stains after being immersed in iodine
and reactions. Their observation confirmed the presence of
starch in infected leaves and absence in non-infected leaves.
The amount of starch increased significantly in Citrus sinensis
leaves infected with Candidatus Liberibacter asiaticus.
According to [45-46], the carbohydrate level can be higher after
pathogenic infection because it acts as a signaling molecule to
induce a defense mechanism. Moreover, the sugar molecules
have a crucial involvement in the osmotic adjustment
mechanisms where it acts as a compatible solute [47].

Lipid

The amount of lipid was recorded higher in both infected
leaves of pea and tomato. The lipid content of healthy leaves of
pea was 3.33gm that was 2 fold increase (6.66gm) after
infection. Likewise, the infected tomato leaves were exhibited
5.41gm lipid content that was higher as compared to non-
infected leaves (3.26gm). This result is in contrast to some
reports including cucumber mosaic virus-infected Passiflora
edulis. Lan et al. [42] reported that total fat contents were
decreased by 35.0% in Passiflora edulis leaves infected with

the virus as compared to virus-free leaves. The % loss of fat
content was observed in 60.33% in cowpea leaf infected by
Colletotrichum destructivumin comparison with non-infected
leaf [48]. Chen et al. [39] 2018 reported that the total fat
contents decreased by 21.6% in virus-infected Passiflora edulis
fruits compared with virus-free P. edulis fruits. Nutrition levels
of the host play some vital roles during the battle against
invading pathogens [42]. Thus, the enhancement of the total
lipid contents explains the positive influence on pea and tomato
plants to trigger defense mechanisms by infection.

Phenol

The concentration of phenol in non-infected leaves was
5.15gm but it was 4.75 gm in infected pea leaves. Non-infected
tomato leaves were showed 4.87gm phenol while 2.98gm was
recorded with infected leaves. Consequently, in both the
experimental plant leaves the phenol content was diminished
after infection. On the other hand, total phenols increased in the
leaves of mung beans infected with nematode, reported by
Ahmed et al. [38]. The total phenol contents were significantly
higher in the virus-infected Passiflora edulis fruits, with a
19.1% increase over the healthy P. edulis fruits [37]. Ming et
al. [49] also revealed 362.5%, 263.1%, and 274% increment in
phenol content in roots, pseudo-stems, and leaves, respectively
of Fusarium oxysporum infected banana plant compared to the
healthy plants. The results of Arooj et al. [44] revealed that
phenolic compound in virus-infected tomato leaves at
maximum temperature increased whereas at the minimum
temperature it is decreased. In 1969, Kosuge [50] explained that
total phenol levels increased during the early stages of infection
but later declined. Phenols may serve as defense compounds
against pathogens. Early increases in phenol caused by
pathogen invasion trigger the transcription of messenger RNA
that codes for phenylalanine ammonia-lyase (PAL); increasing
amounts of PAL in the plant brings about the synthesis of
phenolic compounds [51]. Lower levels of phenols during the
later stages are linked to the oxidation of phenols by polyphenol
oxidase (PPO) [52].

Total chlorophyll and carotenoid

In this study, the total chlorophyll and carotenoid
contents in fresh leaves of P. sativum were recognized at
0.087gm and 0.066gm, respectively that were reduced up to
0.034gm and 0.021gm in infected leaves of a pea. Similarly,
results were obtained with infected tomato leaves. Total
chlorophyll was 0.073gm and 0.029gm in non-infected and
infected leaves of S. lycopersium. Carotenoids levels were
0.051gm and 0.017gm in non-infected and infected tomato
leaves. Ultimately the reduction in total chlorophyll and
carotenoid concentration in infected tomato leaves was 39.73%
and 33.33%, respectively. Recently a similar reduction in Chl.
a, b, and carotenoid contents were observed in the virus-
infected leaves of Datura plant, studied by Fayziev et al. [53].
The amount of chlorophyll a in the healthy D. stramonium
leaves was 9.98 mg/g, whereas it was 2.88 mg/g and 2.65 mg/g
in the leaves of weak and moderate infected plants with an
ordinary isolate of potato virus X respectively. Chlorophyll b
was 5.16 mg/g in leaves of healthy plants, but ordinary (PVC-
UZ 214) isolate reduced Chlorophyll b content until 2.25 and
2.21 mg/g in weak and moderately infected D. stramonium
leaves respectively. The carotenoid content was 2.24 mg/g in
healthy plants, but it was 0.44 and 0.41 mg/g in the leaf of the
D. stramonium plant, which is weak and moderately infected
with the ordinary (PVXO-UZ 214) isolate of the virus
respectively. The content of B-carotene was 23.23, 20.13, 14.60,
3.37 ug/g FW in 24" leaves, 21" leaves, 18" leaves, and red
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fruits, respectively [54]. B-carotene content in 24" leaves was
6.89 times greater than that in red fruits. p-carotene and lutein,

major carotenoids in green leafy vegetables, are potent
antioxidants [55].

Table 1 Primary metabolites content (gram) in fresh and infected leaves of Pisum sativum

Plant material Protein TSS Starch Lipid Phenol Total Carotenoids
chlorophyll
Fresh leaves 1.76£0.590  0.16+£0.081  1.94+0.363  3.33#0.260  5.15+0.130 0.087+0.006  0.066+0.013
Infected leaves  2.66+0.188  0.14+0.040  1.70+0.110  6.66+0.252  4.75+0.443 0.034+0.007  0.021+0.003
» / M Protein mTSS m Starch ® Lipid ™ Phenol m Chlorophyll = Carotenoids W Protein MTSS MStarch M Lipid M Phenol M Chlorophyll ® Carotenoids
g w 7 Infected leaves of Pisum sativum
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Fig 1 Primary metabolites content (gram) in (A) fresh and (B) infected leaves of Pisum sativum

Table 1 Primary metabolites content (gram) in fresh and infected leaves of Solanum lycopersium

Plant material Protein TSS Starch Lipid Phenol Total Carotenoids
chlorophyll
Fresh leaves 1.71+0.17 0.12+0.044 1.89+0.106 3.26+0.327 4.87+£0.410 0.073+£0.039  0.051+0.028
Infected leaves  2.49+0.303 0.09+0.045 1.65+0.202 5.41+0.545 2.98+0.442 0.029+0.008  0.017+0.002
7 7 Infected leaves of Solanum I 1
M Protein ®TSS mStarch ™ Lipid ™ Phenol ® Chlorophyll = Carotenoids v ycopersium

é 6 Fresh leaves of Solanum lycopersium (A) % . I (B)
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Fig 2 Primary metabolites content (gram) in (A) fresh and (B) infected leaves of Solanum lycopersium

CONCLUSION

Pea and tomato crops are very important vegetables that
have more medicinal values as well as nutritional values. But
pathogenic infections cause several adverse effects on plant
nutrients and their yields. Therefore, in the present study, the
effects of infection on primary metabolites of both pea and

tomato leaves were identified. Results confirmed that the
infections caused by pathogens altered the amounts of primary
metabolites. This assessment has significant importance to
understand the effects of infection on the biochemical changes
in plants. It will also be helpful to increase awareness in farmers
to use eco-friendly bio-fertilizers to prevent pathogenic
infection with increasing plant productivity.
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