ISSN 1996-0719

International Journal of

Plant
Pathology

Knowled8ia

http://knowledgiascientific.com ?Plge tr:!:PuEIisf!\!)ut-sI:angingFResIearg




International Journal of Plant Pathology b (2): 54-62, 2014
ISBN 1996-0719 / DOI: 10.29234jpp.2014.54 .62
© 2014 Knowledgia Review, Malaysia

Effects of Telfairia mosaic virus (TeMV) on the Chlorophyll
Content and Photosynthetic Capabilities of Two Ecotypes of

Telfairia occidentalis Hook. f. (Fluted Pumpkin)

A A.J. Mofunanya, A.T. Owolabi and A. Nkang
Department of Botany, University of Calabar, PMB 1115, Calabar, Nigeria

Corresponding Author: A.T. Owolabi, Department of Botany, University of Calabar, Calabar, Nigeria

ABSTRACT

Fluted pumpkin (Telfairia occidentalis) is the foremost and most popular leafy vegetable in the
diet of the inhabitants of Southeastern Nigeria, where its cultivation forms the economic mainstay
of several families. Infection of the vegetable by Telfairia mosaic virus (TeMV) engendered severe
mosaie, leaf distortion and malfermation, rendering it unmarketable. In this study, the effects of
TeMV on the chlorophyll content and photosynthetic capability of two ecotypes of T occidentalis
(herein referred to as ecotypes A and B) using nitrogen content as indicator were investigated.
Chlorophyll contents were determined at 14, 30, 60, 90 and 120 days post inoculation (dp1) after
extraction in 80% acetone, the supernatant filtered and values read spectrophotometrically.
Nitrogen content was evaluated using the standard micro-Kjeldahl technique. Regarding the
chlorophyll content, the results indicated that chlorophylls a, b and total chlorophyll were
significantly reduced (p<0.05) in both ecotypes A and B when compared to the controls at all growth
stages. The results also showed a greater reduction of chl a than chl b in both ecotypes. The
Nitrogen (N) content in both ecotypes were significantly reduced (p<0.05) at. all growth stages when
compared to healthy controls. There were greater reductions in both chlorophyll and N contents in
ecotype A than in B. The implication of the result is the inevitable loss in photosynthetic capabilities
of both ecotypes with resultant poor vegetative growth and less economic returns.

Key words: Telfairia occidentalis, ecotypes, Telfairia mosaic virus, chlorophyll, nitrogen,
photosynthetic capability

INTRODUCTION

Fluted pumpkin, Telfairia occidentalis (Hook), a member of the Cucurbitaceae family, grows
fast in the warm humid tropies and produces leaves for most of the rainy season of 6-10 months
(Akoroda, 1990). Although, mostly grown as annual, the plant is a leafy perennial climber which
attaches itself to other plants or objects by means of tendrils (Tindall, 1983) and can grow to about,
10 m in length (Herklots, 1972). Fluted pumpkin is said to be widely cultivated for its edible
succulent shoots and leaves (Akoroda, 1990). The leaves which are compound, palmately lobed and
usually 3-5 foliolate are used in the preparation of the much relished edikaikong soup in the
southern eastern states of Nigeria.

According to Nono-Womdim (2003), viruses constitute a major limiting factor to vegetable
production in most African countries. The production of T. occidentalis 1s reported to be limited by
a number of diseases, some of which are of viral aetiology (Anno-Nyako, 1988). Symptoms such as
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mosaie, severe leaf distortion and malformation and poor growth are characteristic of TeMV
infection of T\ oceidentalis. Virus infection has been reported to induce, among others, changes in
host plant metabolic processes including photosynthesis (Havelda and Maule, 2000). Loss of
photosynthetic activity is evident in the appearance of macroscopic symptoms such as yellow/green
mosaic patterns or total loss of chlorophyll (chlorosis). Mosaic diseases are known to be commonly
associated with decreased photosynthesis, as a result of chlorophyll loss and consequently less
organic carbon in the infected leaves (Matthews, 1991).

The literature is replete with reports of virus infection on the amount of pigments in several
plant-virus combinations. In sorghum infected with Sorghum red stripe virus (SRSV),
Pawar et al. (1990) reported a reduction in the chlorophyll content at all stages of growth.
El-Fahaam et al. (1990) also reported significant decrease in the chlorophyll content of lettuce
infected with Lettuce mosaic virus (LMV)., Muqgit ef al. (2007) cbserved a decrease in
chlorophyll content in ash gourd due to infection by Bettle gourd mosaic virus (BgMV),
Watermelon mosaic virus-2 (WMV-2) and Papaya ringspot virus (PRSV). Similarly, reductions in
chlorophyll contents have also been reported in several other host plant-virus combinations
(Mali et al., 2000, Milavec et al., 2001; Funayama-Noguchi and Terashima, 2006; Singh and
Shukla, 2009, Arora ef al., 2009; Sinha and Srivastava, 2010).

Photosynthetic rate has been demonstrated to be related to leaf nitrogen content
{(Rapullone et al., 2003; Bojovie and Markovie, 2009). As noted by Evans (1989), the proteins of the
Calvin cycle and thylakoids represent the majority of leaf nitrogen. The thylakeids, otherwise
known as the grana, are located inside the chloroplast and have been demonstrated to constitute
the site of the light-dependent reactions of photosynthesis. They are believed to consists of at least
335 proteins (Van Wijk, 2004; Friso et al., 2004; Kleffmann et al., 2008), 42% of which are involved
in photosynthesis (Friso ef al., 2004},

Previcus study by Mofunanya et al. (2007) has documented the effect of TeMV on
vitamins and amino acid profile of two ecotypes of 7' occidentalis. The effect of the virus on the
proximate, mineral and anti-nutritive contents of the vegetable has also been reported
(Mofunanya et al., 2008). The present study examines the effect of TeMV on the chlorophyll
content and photosynthetic capability of two ecotypes of T. oceidentalis using nitrogen content as
an indicator.

MATERIALS AND METHODS

Virus source and propagation and inoculum preparation: The virus used in this study, was
supplied by (Federal Biological Centre for Agriculture and Forestry, Braunschweig, Germany). The
virus which had been stored under liquid nitrogen, was reactivated by triturating the infected
tissues in disodium phosphate (Na,HPO,) buffer 0.03 M pH 8.0. The inoculum was rubbed onto
carborundum (800-mesh) dusted Nicotiana benthamiana. Symptoms developed two weeks later.
The virus was mechanically transferred to 7' cecidentalis and subsequently maintained in the
plant in the greenhouse at 25+3°C.

Sources of seed: Two ecotypes of T. occidentalis were used in this study. One bateh was sourced
from Ikom, a town in Cross River State, located on latitude 5°57'IN and longitude 8°44'K herein
denoted as ecotype A. The second hatch of seed lot was obtained from Eket, a coastal town
in Akwa Ibom State, Nigeria located on latitude 4°37N and longitudes 7°55'K, herein referred to
as ecotype B, Both ecotypes could be distinguished by the general morphology of the plant and seed
characteristics. The seeds of ecotype A are generally smaller, measuring about 3.0 emin length,
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fruit pod of 25 16 em™* (length/width) and with large green leaves. The seeds of ecotype B on the
average, measures about 3.5 em (length/width), fruit pod size of 30 17 em™" (length/width) with
larger and greener leaves compared to ecotype A.

Experimental design: Thirty seedlings of each ecotype were established in plastic pots 16 emin
diameter. The seedlings were arranged in a randomized block design in three tows of ten. Within
each block fifteen plants were randomly sap-inoculated two weeks after planting and the remaining
fifteen were inoculated with buffer only to serve as controls. The set up was monitored for symptom
expression.

Effect of TeMV on chlorophyll content: For chlorophyll content determination, infected and
healthy leaves of the two ecotypes were obtained at 14, 30, 60, 90 and 120 days post inoculation.
A two gram leaf sample from both infected and healthy leaves of both ecotypes was homogenized
separately in mortar using the pestle in 10 mL of 80% acetone. The homogenates were dispensed
into tubes and centrifuged at 4500 rpm for 3 min. The supernatants were decanted and used for
chlorophyll determination. Blank set a zerc with 3 mL of acetone was prepared. To this was added
0.1 mL of the supernatant and absorbance readings were taken at 663 nm wavelength for
chlorophyll a {chl a) and 642 nm wavelength for chl b using spectrophotometer
{model 7225, England). Readings were obtained from three samples from each preparation and the
chlorophyll contents of the samples were determined according to the formula for the estimation of
Strickland and Parsons (1972):

Chl a = (11.6 ABB3-1.3 AB43) VX!
Chl a = (19.6 AB43-4.7 ABB3) VX!
Chl a+b = (mg g} FW)
where, AG63 and A643 are the absorbances at 663 and 643 nm, respectively.

« A . Absorbance

« V. Volume (mL) of 80% acetone
¢« X' Fresh weight of samples used
« Mg : Milligram

« g Gram

« FW: Fresh weight

Effect of TeMV on photosynthetic rate using nitrogen as indicator: Leaf sample were
obtained at 14, 30, 80, 90 and 120 days post inoculation from infected and healthy plant of both
ecotypes. Each sample weighing 20 g was oven-dried and pulverized and analyzed for nitrogen
content using standard micro-Kjeldahl technique as described by Miller and Houghton (1945).

Statistical analysis: Data obtained presented were means of three determinations and were
analyzed using independent t-test and differences between means were determined at 5%

probability.
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RESULTS
The results of TeMV inocculation on chlorophylls a, b and total chlorephyll (a+b) contents of
T. oceidentalis are presented in Table 1, 2. The results show that chlorophylls a, b and total

Table 1: Effect. of Telfairia mosaic virus on chlorophyll content of Telfairia occidentalis ecotype A

Days post inoculation Chlorophyll type Infected Healthy

14 Chl a 34.5+0.5° 52.7+0.49 (34.4)F
Chl b 40.1+0.1 68.5+£3.00 (41.5)
Chl a+b 4.5 121.2(38.5)
Chl a/b 0.9 0.8

30 Chl a 40.5+0.07 69.3£0.32 (41.6)
Chlb 50.4+0.03 91.7+0.02 (45.7)
Chl a+b 90.9 161.2 (44.2)
Chl a/b 0.8 0.8

60 Chl a 47.3+0.02 94.1+0.06 (49.7)
Chlb 58.8+0.02 120.9+0.03 (46.8)
Chl a+b 106.1 214.4 (50.5)
Chl a/b 0.77 0.77

90 Chl a 36.8+0.02 81.0+0.46 (54.6)
Chl b 47.3+0.04 100.3+£0.03 (52.8)
Chl a+b 84.1 181.3 (53.6)
Chl a/b 0.77 0.8

120 Chl a 32.6+0.34 50.3£1.13 (35.2)
Chl b 41.44+0.06 69.5+£0.03 (30.1)
Chl a+b 73.0 119.8(32.2)
Chl a/b 0.79 0.72

“Values are means of three readings, "Figures in parentheses are percentage reductions

Table 2: Effect of Telfairia mosaic virus on chlorophyll content of Telfairia occidentalis ecotype B

Days post inoculation Chlorophyll type Infected Healthy

14 Chl a 35.3+0.43° 65.2+0.03 (45.9)°
Chlb 45.8+0.01 70.1+0.03 (34.7)
Chl a+b 811 135.3 (40.1)
Chl a/b 0.77 0.93

30 Chl a 40.5:0.03 70.6+0.03 (412.6)
Chl b 50.7+£0.03 100.8+0.03 (49.7)
Chl a+b 91.2 171.40 (46.8)
Chl a/b 0.79 0.70

60 Chl a 50.0+0.01 96.1+0.03 (48.0)
Chlb 66.6+0.02 125.2+0.02 (46.8)
Chl a+b 116.6 231.3 (49.6)
Chl a/b 0.75 0.76

90 Chl a 38.4+0.01 90.7+£0.02 (57.7)
Chl b 52.8+0.04 180.5+0.03 (70.7)
Chl a+b 91.2 271.2 (66.4)
Chl a/b 0.72 0.52

120 Chl a 34.8+0.39 52.240.02 (33.3)
Chl b 47.7+£0.06 69.2+0.03 (30.1)
Chl a+b 825 121.4 (32.2)
Chl a/b 0.73 0.75

“Values are means of three readings, "Figures in parentheses are percentage reductions
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chlorophyll were significantly reduced in both ecotypes A and B when compared to the controls at
all growth stages.

The effect. of TeMV on the chlorophyll contents showed a gradual loss up to 90 dpi and the
effect. become less severe as the plant aged. For ecotype A, reduction in chl a content by TeMV
was least at 14 days post inoculation (dpi) with a mean value of 34.540.5 mg g ! FW compared to
52.7+0.49 mg g~' FW for the control, representing a percentage reduction of 34.4%. The highest
reduction was recorded at 90 dpi with a mean value of 36.840.02 mg g F'W compared to the mean
value of 81.0+0.46 mg g~! FW obtained for the corresponding control, representing a percentage
reduction of 54.6%. Chl b content was reduced by as much as 46.8 and 52.8% at 60 and 90 dp1,
respectively and between 41.5 (14 dpi) and 45.7% (30 dpi) at the other growth stages with the least
at 120 dp1 (Table 1).

For ecotype B, the results showed greater losses in chls a and b contents as the disease
progressed up to 90 dpi. The least reduction for chl a was recorded at 120 dpi with a mean value
of 34.8+0.39 mg g~! FW compared to the healthy with a mean value of 52.2+0.02 mg g~ FW,
representing a percentage reduction of 33.3% while the highest loss was observed at 90 dpi when
the mean value for the infected sample was 38.4+0.01 and the control was 90.7+0.02 mg g~' FW
representing 57.7% reduction.

For chl b, the least reduction of 30.1% was recorded at 120 dpi and the highest amounting to
70.7% at 90 dpi1 when compared to the mean wvalues obtained for the corresponding
controls (Table 2). The results also showed significantly losses in total chlorophyll (chl a and b) of
both ecotypes as the disease progressed. The greatest losses occurred between 60 and 90 dpi and
the least at 120 dpi. Reductions of between 32.2 and 53.6% in the total chlorophyll content of
infected leaf samples of ecotype A were obtained while for the ecotype B the losses stood at
between 32.2 and 66.4%.

TeMV engendered significant reductions (p<0.05) in the nitrogen contents in the leaves of both
ecotypes A and B at all the stages of growth evaluated when compared to control {Fig. 1). Greater
losses were cbserved as the disease progressed. For ecoype A, percentage reduction in the
N content ranged from 28.8 at 14-55.1% at 120 dpi. The mean N values for both growth stages

gg: () —a— Infected 22: (b) —&— Infected
54 —e— Healthy 54 —e— Healthy
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Z 501 = 504
E 484 % 484
T 46+ 2 46+
= 444 = 444
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26+ 26+
244 24
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Fig. 1{a-b): Photsynthetic capability of Telfairia occidentalis inoculated with Telfairia mosaic virus
using nitrogen content as indicztor (a) Ecotype A and (b) Ecotype B
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were 3.8 g and 20.5 g/16NN, respectively while the corresponding mean values for the healthy
samples were 50.3 g and 45.7 g/16N. For ecotype B, percentage reductions ranged from 26.4% at
14 dpi which had a mean N content of 39.9 g/16IN, to 42.83% at 120 dpi with a mean N value of
27.5g/l6N. The corresponding wvalues for the healthy controls for both growth stages were
54.2 g and 47.6 g/16IN, respectively.

DISCUSSION

The effects of TeMV on the chlorophyll content and the photosynthetic capability, using
nitrogen content in the infected leaf tissues as indicator, in two ecotypes of T\ oceidentalis over a
period of 120 days were studied. Infection of the leafy vegetable by the virus led to significant
reductions in both chl a, c¢hl b and total chlorophyll {Chl a+b) contents in symptomatic leaves of
both ecotypes at all the developmental stages when compared to the healthy control. The results
also showed a greater reduction of chl a than chl b in beth ecotypes. Similar to the results obtained
in this study, reduction in the chlorophyll contents engendered by viruses have been
reported in several plant species. Sugarcane infected by Sugarcane yellow leaf virus (SCYLV)
(Gonealves ef al., 2005) and infection of Fupatorium makinoi by Eupatorium vyellow vein virus
(EYMYV) (Funayama-Noguchi and Terashima, 2006) have been reported to cause significant
reduction in the chlorophyll content. Also, ash gourd (Benincasa hispida) singly inoculated
with BgMV, Watermelon virus-2 (WMV-2) and PRSV (Muqgit et al, 2007), mothbean
(Vigna aconitifolia) (Arora et al, 2009) and mungbean (Fhaseolus aureus) inoculated with
Mungbean vellow mosaic virus (MYMV) (Sinha and Srivastava, 2010) have been reported to cause
significant reduction in chlorephyll content of the infected leaf tissues.

Loss of chlorophyll in infected leaves has been attributed to either impaired chlorophyll
synthesis (Funayama-Noguchi and Terashima, 2008), structural alterations in the photosynthetic
apparatus (Goncealves ef al., 2005) or reduced activities of some enzymes associated with electron
transport and photosynthesis (Zhou et al., 2004; Guo et al., 2005). Generally, potyviruses have not
been reported to affect the structural integrity of chloroplasts of infected leaf tissues. Rather, they
have been shown to cause chloroplast aggregation and consequently a reduction in their number
{(Jin et al., 2007; Huang et al., 2010; We1 ef al., 2010, 2013) and inhibition of enzymes asscciated
with carbon assimilation (Zhou ef al., 2004; Guo et al., 2005). The significant reduction in the
chlorophyll contents of both ecotypes of T occidentalis by TeMV, a potyvirus, could be said to be
due to a reduction in the number of chloroplasts in the infected leaf tissues.

Nitrogen is one of the basic components of nucleic acids, amino acids, proteins, enzymes and
chlorophyll. At all the developmental stages of growth for which data were obtained, TeMV
significantly reduced the amount of nitrogen in the two ecotypes of T\ occrdentalis. This result
implies a significant loss in the photosynthetic capability of the infected ecotypes. Studies have
shown positive correlation between leaf nitrogen content and the photosynthetic capability of leaves
(Reich et al., 1995; Ripullone et al., 2003; Bojovie and Markovie, 2009). According to Evans (1989),
the proteins of the Calvin cycle and thylakoids represent the majority of leaf nitrogen and to a first
approximation thylakoid nitrogen has been shown to be proportional to the chlorophyll
content. Lee ef al. (2011) have also shown a correlation between leaf nitrogen and chlerophyll
content. According to their report, plants with higher N content not only had higher chlorophyll
content but also had thicker, flatter and more turgid leaves which enhanced visible light. absorption
while stimulating near-infrared reflection. By inference, the significant reduction in the nitrogen
content by TeMV suggests a significant reduction in the photosynthetic capability of 7' cecidentalis
and poor plant growth found always associated with TeMV.
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Since TeMV resulted in significant losses in chlorophyll and leaf nitrogen content and by
extension photosynthetic capability of both ecotypes, continued cultivation of these
ecotypes where TeMV is endemic may result in poor vegetative growth and concomitant
economic losses. The search for resistant varieties and their adoption for cultivation are
suggested.
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