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Effect of cassava brown streak disease on cassava root storage components were studied on four
Ugandan varieties with varying levels of tolerance. Significant differences (P<0.05) were observed with
reductions of 30% in amylose content and 50% in amylopectin content of diseased compared to healthy
plots. Average dry matter content of diseased plots was 25% higher as much as starch yield and starch
content reduced by 40 and 15% respectively in diseased plots compared to healthy plots. Susceptible
varieties had lower protein and higher cyanide contents in diseased state compared to tolerant
varieties. On pasting, mixed reactions were observed but importantly there were significant differences
(P<0.05) in the starch pasting properties of starch from diseased compared to healthy plots. Plants with
similar reactions to viral attack at the phenotypic level had different reactions when the levels of
particular metabolite components (especially cyanide and starch constituents) were quantified. The
results point to hijacking of plant carbohydrate and nitrogen metabolic processes for viral metabolic
gains. In turn, this affects the use of cassava for food and other applications but also points to possible
use of metabolite based selections for tolerant varieties rather than mere root and stem phenotypic
observations.

Key words: Brown streak disease, Cassava, metabolism, starch, plant virus.

INTRODUCTION

Cassava is vulnerable to a broad range of diseases
caused by viruses including the cassava brown streak
viruses, a range of cassava mosaic viruses and the less
known and less potent viral strains across the tropical
cassava growing regions (Alabi et al., 2011). In Uganda,
the most potent viruses are the cassava brown streak
virus groups (Alicai et al., 2007, Odpio et al., 2013), a

host of cassava mosaic viruses (Sserubombwe et al.,
2008) and the less known, uncharacterized Kumi virus A
and B (Alabi et al., 2011). Among them, cassava mosaic
disease (CMD) and cassava brown streak disease
(CBSD) viruses are the most severe and widespread,
limiting production of the crop in sub-Saharan Africa.
Cassava viruses especially the cassava brown streak
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viruses induce several morphological modifications in the
root and are thus thought to have significant effects on
root storage components. They produce a variety of foliar
symptoms that include browning, early leaf senescence,
mosaic, mottling, misshapen and twisted leaflets, and an
overall reduction in size of leaves and plants (Alicai et al.,
2007). The symptoms and accompanying cellular modify-
cations depend on whether cassava is infected with a
single virus, or if there is a concurrent infection of two or
more viruses resulting in synergistic interactions
(Ogwoket al., 2012)).

There are big differences between cassava varieties in
the type, extent and severity of the symptoms caused by
cassava viruses where tolerant varieties express much
less severe symptoms than susceptible ones, especially
during the late stage of crop growth when tolerant
varieties may even become symptomless (Calvert and
Thresh, 2002). Symptom expression is also influenced by
environmental factors and leaves produced during hot
weather tend to be affected less than those produced at
other times. Moreover, virulent strains cause more severe
symptoms than avirulent ones and have greater effects
on growth and yield. Such a complex puzzle of symptoms
makes it difficult to ascertain disease severity and hence
easily determine the extent of damage to the crop.

Much as there is no evidence of consistent differences
between symptoms caused by the different cassava
viruses, dual infection with two different viruses causes
more severe symptoms than either virus alone, as
reported in studies in Uganda and Cameroon (Ogwok et
al., 2010; Fondong et al., 2000). For cassava brown
streak disease, the noticeable symptoms occur on leaves
with varying patterns of chlorosis and can be used to
distinguish at least two types of CBSV isolates
(Mbanzibwa et al., 2009). Leaf chlorosis appears in a
feathery pattern, first along the margins of the secondary
veins, later affecting tertiary veins and may develop into
chlorotic blotches. Alternatively, the chlorosis may not be
associated with the veins but appear in near circular
patches between the main veins. There is considerable
variation in foliar symptoms expression depending on
variety, growing conditions, age of the plant, and the virus
isolate involved in causing the symptoms (Ogwok et al.,
2010). Some cultivars show marked foliar symptoms but
without or delayed root symptoms and vice versa. With
such complexity in system identification, biochemical
phenotyping is required to specifically understand
symptom diversity in the root and the leaves among
cassava viruses and resultant effects on plant yield
components which in effect affects the farmers that
derive their livelihoods from cassava.

In addition, the observed symptoms are usually due to
systemic viral infection that result into necrotic lesions,
indicative of structural changes in the chloroplasts,
altered carbon metabolism, and the accumulation of
starch grains as has been observed in a number of plant
species (Goodman et al., 1986). Chlorophyll get reduced
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in diseased plants compared to healthy plants due to
either inhibition of chlorophyll synthesis or destruction of
chloroplasts (Goodman et al., 1986) which may result into
observed yellowing in cassava plants. The changes that
occur hence forth affects storage root properties in the
host plants by influencing sugar transport, carbohydrate
levels and the amounts of the various sugars either in the
phloem (Shalitin and Wolf, 2000) or in the storage organs
(Tecsi et al.,, 1996). This also affects photosynthetic
metabolism by reducing it significantly (Goodman et al.,
1986) while increasing the net respiratory rate (Fraser,
1987). In particular, downstream effects of viral infection
resulting from altered metabolism have been observed as
changes in total reducing sugars content where the
diseased plants tend to have high available metabolic
sugar contents. This has been attributed to the need for
use of carbon and carbohydrate sources for protein
synthesis and production of abnormal proteins used for
viral replication (Goncalcaves et al., 2005) but may be
related to lack of chlorophyll and related pigments for
carbon dioxide fixation (Handford and Carr, 2007) hence
reductions in total starch contents (Singh and Shukla,
2009). Other studies have also shown that an increase in
reducing sugars and a reduction in starch content may be
due to viral induced higher starch hydrolase and lower
ADP-Glc pyrophosphorylase activities (Tecsi et al., 1994)
that results into the inhibition of starch accumulation
and/increased starch degradation. Thus, from the above,
sugar compositions change with viral attack from
complex sugars to derivatives of complex sugars
representing hydrolytic pathways.

Viruses can cause significant adjustments in short term
photosynthetic storage and export (Olensiki et al., 1995)
which in turn affects the accumulation of secondary
metabolites after viral attack, as an important plant
defense factor. The secondary metabolites such as
cyanide activate the defensive signals allowing the
induction of specific resistance mechanisms by the plant.
Relatedly, nitrogen content increases in diseased
compared to healthy plants due to production of less
structural protein and nitrogen sources as the virus
reverts the plant system to allow for its replication and
multiplication. Such proteins are of no importance to the
plant but occur mostly as physiological proteins (Selman
and Grant, 2008).

From the above, it is apparent that an alteration in plant
metabolism results into visible phenotypic and bioche-
mical differences between the diseased and healthy
plants. Such an alteration may directly influence the
susceptibility of plants to viral attack and may serve to
explain the diversity of symptoms presented after viral
attack. Thus in this study, such alterations have been
profiled at a macro level to explain the changes in the
plants’ main carbohydrate and nitrogen metabolism. This
will be key in understanding the processes involved in
viral infection and establishment of the virus within the
plant and provide suggestive strategies for managing
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cassava brown streak disease. It will also provide
inferences on the apparent measure of susceptibility
and/or tolerance based on biochemical manifestations
rather than visual inferences.

MATERIALS AND METHODS
Plant material used

Four varieties of cassava were selected on the basis of their
response to cassava brown streak disease and earlier observations
on the level of tolerance to the disease (Ogwok et al., 2010). The
varieties included the highly tolerant variety NASE 14 and the
moderately tolerant variety TME 14. In addition, the susceptible
varieties included the highly susceptible TME 204 and the
moderately susceptible 1/92/0067 (Plate 1). The varieties were
established in a randomized complete block design (RCBD) trial
involving both healthy and diseased plots for each of the varieties
replicated four times in a low disease pressure location of Kayunga
which was suitable for this experiment since the spread of the
disease between the diseased and healthy plots was low. In
addition, healthy plants maintained a healthy state for a long time in
their growing cycle in this location compared to areas with high
disease pressure. At 10 months after planting, the cassava was
harvested and roots selected from each of the plots for further
analysis. The selected roots from the diseased plots included a
collection of roots while for lignin determination, roots with different
disease scores (score 1-5) were considered. Score 1 (one) roots
were considered healthy and with no visible root CBSD symptoms
while score 2-5 were diseased roots with different root scores. For
other measurements, at least two roots were selected from each of
the selected five-seven plants in each plot and prepared for dry
matter content determination and starch extraction by peeling and
washing to remove dirt and any other debris.

Determination of dry matter content

Cassava storage root dry matter content (DM) was determined
within 8-12 hafter harvest to avoid post-harvest physiological
deterioration or moisture loss of the root using the method by
Benesi (2005). Roots were randomly selected from each plot. The
mid sections of selected roots were cut into thin slices using a knife,
mixed thoroughly and a triplicate of 200 g samples (X;) were dried
at 105°C for 24 h. After removal from the oven, samples were
weighed immediately (X2). Dry matter content as a percentage (DM
%) was calculated as follows:

X2
DM(%) = 100 %=

Starch extraction and determination of starch yield

Cassava starch extraction was carried out using a method
described by Benesi (2005) and modified according to Nuwamanya
et al. (2010). Five hundred grams (500 g) of the fresh tuberous
cassava roots were washed, peeled, and homogenized with 500-
700 mL of 1 M NaCl (BDH) to aid the release of starch from the
solution using a Waring blender. The mixture was stirred with a
stirring rod for about 5 min and filtered using a triple cheese
(muslin) cloth. The filtrate was allowed to stand for 1 h to facilitate
starch sedimentation and the top liquid was decanted and
discarded. 200 ml of distiled water was added followed by
centrifugation at 3,000 g for 10 min. The starch was air-dried on

aluminum pans at room temperature for 24 - 36 h and stored in
plastic air tight containers at room temperature. The extracted
starch from each of the plots for a particular variety was bulked
before analyses. Starch yield (SY) was determined as a percentage
of the extracted starch (ES) in grams from each plant in the plot to
the total amount of fresh root (FR) in grams used for extraction
using the equation below:

- ES
SY (%) = 100x =

Determination of pH

The pH was determined using pH meter (UltraBasic, Denver
Instruments Model UB10) equipment with a glass electrode by
dissolving 10 g of the starch sample in 100 mL sterile distilled water.
The mixture was thoroughly mixed to allow for improved dissolution
of starch and any other components. The pH of the resulting
solution was then determined in comparison to the pH of the
processing water.

Determination of starch content and reducing sugars

The starch content was determined using a Megazyme total starch
assay kit based on the AOAC method 996.11 by enzymatic
hydrolysis of starch (0.1 g) using amylase/amyloglucosidases and
guantification of glucose using glucose oxidase/peroxidase reagent.
The reducing sugar content of the extracted starch samples were
determined by dissolving 0.5 g of the starch powder in hot 95%
ethanol for initial extraction. Reducing sugars extracted into the
ethanol where then subsequently quantified using the Dubois et al.
(1956) method of reducing sugar quantification.

Determination of total protein content and cyanogenic
potential

Total protein determination was carried out using the Bradford
method (Bradford, 1976) with adaptations to cassava starch by
dissolving the samples in distilled water at 50°C. All reagents used
were supplied by BDH laboratories. The cyanogenic potential was
also determined using fresh samples by the method of Bradbury et
al. (1994).

Determination of lignin content

Lignin content was determined according to Morrison et al. (1995)
with modification for cassava. Cassava roots were ground into flour
with particles of mess sieve size 40 as the extractive-free biomass
sample. From this sample, the moisture content was determined
using the oven method. 0.2 g oven dried samples were weighed in
digestion tubes (50 ml falcon tubes). 1.5 mL of sulfuric acid were
added to this sample and the uniform mixture was generated by
stirring. The mixture was placed in a water bath at 30°C for 1 hafter
which 42 ml of deionized water containing 3% sulfuric acid was
added. The resultant mixture was placed in an autoclave set at
121°C for 1 h after which it was taken out and cooled in iced water
bath. The mixture was then filtered with glass fiber into 50 ml
beakers followed by re-filtration using double layered filter paper.
The filter paper was then washed and dried in an oven at 105° C.
The remaining solid was weighed and determined as Klason lignin.
The amount of lignin was presented as the percentage of the total
weight of the flour sample analyzed.



Plate 1. A pictorial representation of cassava roots with varying
CBSD root scores depending on the observed symptoms. Score
1 represents asymptomatic roots from healthy and tolerant variety
MH96/4271 while score 5 represents a diseased root with varying
symptom expressions from variety TME 204.

Determination of amylose/amylopectin content

Starch (1 g) was dispersed into ethanol and then gelatinized using
0.1 M sodium hydroxide in a 5 mL solution. An aliquot (1.0 mL)
was then obtained from the gelatinized solution and treated with an
equal volume of citric acid (0.1 M). This was followed by addition of
3.5 mL of water and 0.5 mL of 10% iodine/Kl solution. The
absorbance of the resultant stained solution was then read at 620
nm to determine the concentration of amylose and then re-read at
680 nm to determine the apparent concentration of amylopectin.
The ratio of the absorbance obtained at the different wavelengths
was used to calculate the amylose/amylopectin ratios
(Nuwamanya et al., 2009).

Determination of starch pasting properties

Cassava starch samples were milled and screened through a 0.5
mm sieve. To produce slurries, 3 g of the milled sample was
weighed into an RVA canister. A volume of equal to 25 mL of
distilled water minus the moisture present in the sample was added
to the RVA canister. The RVA (RVA-4500, Perten Instruments,
Australia) equipped with Thermocline software version 3 for
Windows was held constant at 50° C, and mixing speed was set at
960 rpm for 10 sec followed by 14 minand 50 s at 160 rpm.
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Viscosity was recorded every 4 s, and the final viscosity was noted
at the end of 15 min.

RESULTS AND DISCUSSION

There were significant differences for DM between the
diseased and healthy plants for each variety (p <0.05)
with an average 4% increment in the DM for diseased
plots compared to healthy plots (Figure 1), which can be
attributed to accumulation of lignified tissues presented
as brown necrosis within the root (Alicai et al., 2007). No
significant differences (p<0.05) were observed between
the tolerant varieties (TME 14, and MM96/4271) and the
more susceptible varieties (1/92/0067 and TME 204) for
each of the treatments used in terms of the DM, much as
significant differences (p<0.05) were observed between
the varieties tested. The specific variety differences in
accumulation of root based “impurities” as DM may point
to differences in the effect of the virus on plant
photochemistry and assimilate movement as suggested
by Sajnan et al., (2007).

The amount of pure starch produced per 100 g of fresh
roots was high among the healthy plots compared to the
diseased plots (Figure 2). Clear significant differences
were observed among the treatments and among the
varieties for starch yield with between 55-65% in starch
reductions observed in the diseased treatments. This was
expected since on viral attack, starch deposition in plant
storage organs is compromised (Watson and Watson,
2008). Among the healthy plants, high starch yield was
observed for TME 14 at 25% while low starch yield was
observed for 1/192/0067 at 21.8%. These differences point
to inherent yield differences among these varieties with
TME 14 having higher vyield. On the other hand,
differences for starch yield among diseased plots were
also observed with tolerant variety MM96/4271 having
high starch yields compared to the susceptible varieties
(Figure 2). The low starch yield for 1/92/0067 was
consistent among the healthy and diseased plots much
as it was highly diminished among the diseased plots.
The reduction in starch yield observed in diseased plots
can be attributed to reduction in photosynthetic starch
production (Handford and Carr, 2000) as leaf morphology
is affected by Cassava Brown Streak Virus (CBSV)
attack. This is because CBSD leaf symptoms are
characterized by leaf browning (Ogwok et al., 2010)
hence possible chlorophyll losses and an alteration in the
photosystems architecture that reduces the photosyn-
thetic potential resulting into poor source strength. In
addition, low starch quantities in the root may be due to
effects of the virus on sink strength that arise from viral
movement proteins that operate along the sieve elements
affecting phloem loading and translocation as suggested
by (Goodman et al., 1987). This alone can affect the type
and amount of loaded photo assimilates which in turn
affects what reaches the sink (Handford and Carr, 2000)
and hence reduces on the total storable carbohydrate
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Figure 1. pH of the starches from different varieties from both diseased and healthy plots.

in form of starch.

Much as there were no significant differences among
varieties and the treatment groups for pH, a clear pattern
was observed among the tolerant and susceptible
varieties with starch pH being higher for diseased
susceptible plots and lower for diseased tolerant plots
(Figure 3). However the reverse was true for the healthy
plots with significant differences observed for TME 204
for the diseased and healthy plots. The pH of the starch
solution is affected by a number of factors but impor-
tantly the chemical composition of starch constituents. In
particular it is affected by the amount of soluble material
in starch which depending on the composition and
charge differences will affect the pH of any starch
solution. It also affected positively by the amount of
available starch (r= 0.762) although accumu-lation of
fibrous material within the root had a negative effect on
the pH (r= -0.560). In particular the pH of the starch was
also affected by the level of cyanide (r=0.468) in the
health treatments although in the diseased treatments
changes in protein content also had a significant effect
on the pH (r=-0.680).

The starch content measured as the total amount of
enzyme digestible starch was low among the healthy
plots but high among the diseased plots (Table 1). There
were significant differences (P<0.05) among the varieties

used in each of the treatments for starch content,
implying that the amount and type of digestible starch
may change with viral infection. This may result into
deposition of low molecular weight starch derived oligo
saccharides and related compounds (Shaltin and Wolf,
2000) which on digestion produce high sugar contents
that are quantified as starch partly explaining the high
starch contents observed for the diseased plots. The
results also show that starch based accumulations
depend on either the tolerance or susceptibility of the
plant and how the plant responds to viral attack. This is
because different rates of respiration and hence starch
degradation occurs in different plants depending on the
variety in regard to the requirements of the plant in any
particular state (Shaltin and Wolf, 2000).

As expected, the reducing sugar contents were higher
for the diseased plots (0.10-0.18mg/g) compared to the
healthy plots (0.052-0.071 mg/g) (Table 1). Significant
differences (P<0.05) occurred between the two treat-
ments for all the test varieties and among the varieties
themselves. However, the accumulated sugars for the
diseased plots were higher in quantity among the
susceptible varieties 1/92/0067 and TME 204 (0.138-
0.178 mg/g) compared to the tolerant varieties TME 14
and MM96/4271 (0.101-0.132 mg/qg). In contrast, for the
healthy plots, the reducing sugar contents fell within the
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Table 1. Composition of starch and reducing sugar content, and total fiber for the different starches.

Variety Starch content (%) Reducing sugar content (%) Fiber (%)

H D H D H D
TME 14 73.23+0.40 77.34+0.72 9.47+0.018 19.1+0.014 5.04+0.96 7.50%1.36
192/0067 65.33+0.51 78.43+0.11 11.55+0.019 17.840.032  4.92+0.70 9.28+1.18
TME 204 75.45+0.24 77.45+0.06 9.54+0.016 18.8+0.068 4.72+0.83 9.84%4.32
MM96/4271 72.92+0.21 77.59+0.09  12.19+0.023 18.2+0.035 4.72+0.70 7.96+3.25
L.S.D 0.02130 0.0789 0.02130 0.05100 1.082 0.879
CV % 32.4 12.4 27.6 27.7 16.6 7.6

H=Healthy sample; D=diseased sample.

Table 2. Protein content and Cyanide levels from the different varieties.

Protein content (%protein)

Cyanide content (mg/g)

Variety
H D H D

TME 14 0.53+0.09 0.57+0.09 1.407+0.525 1.615+0.873
192/0067 0.58+0.07 0.54+0.09  0.815%0.388 1.626x+0.557
TME 204 0.60+0.03 0.18+0.06  0.892+0.371 1.540+0.744
MM96/4271  0.77+0.15 0.89+0.12  0.981+0.384 1.916+0.946
L.S.D 0.1496 0.1494 0.3461 0.878
CV% 18.0 20.3 25.3 38.7

Mean values of four analyses are presented.

sample.

same range with no apparent significant differences
observed among them. It was also observed that
reducing sugars accumulated with decrease in starch
yield/starch content (Table 2). The accumulation of
reducing sugars has been observed in many instances
especially where stress (abiotic and biotic) is observed
and in particular, in viral stress related effects (Fraser,
1987). This may be due to the compromised photo-
synthetic processes by the virus which result into
deposition of sugars as important metabolites for viral
metabolism (Tecsi et al., 1994) or it may be due to
remobilization of starch resources from the sink by the
plant (Goodman et al., 1986) which may help the plant to
improve its defensive mechanism. Viral infection can also
result into altered localization of sugar and other
carbohydrate resources leading to their accumulation in
the root (Haritatos et al., 1996). Ideally, reducing sugars
followed an inverse pattern as for starch, with more
percentages increments observed for the susceptible
varieties implying that there was possible degradation of
starch due to the effects of viral attack.

The fiber content was also significantly different
(P<0.05) between the healthy and diseased plots with the
diseased plots having high fiber contents (7.4-13%)
compared to the healthy plots (3.9-6.0%) showing an
average 50% increment in fiber content (Table 1). In
particular, the tolerant varieties which had lower fiber
contents in the healthy state accumulated more than 55%

H=healthy sample; D=diseased

fiber in the diseased state that can be attributed to
accumulation of non-starch and other indigestible
materials in the storage root. On further analysis, the
percentage proportion of starch to fiber was determined
for each of the test varieties among the two different
treatments used and was found to be low for the
diseased plots (51-63%) while it was considerably high
for the health plots (74-84%). Similarly, the percentage
proportion of starch to reducing sugars was found to be
higher in healthy plots than diseased plots pointing to
possible starch degradation to sugars in diseased plots.
The protein content was determined as root starch
protein percentage using the BSA as a standard. A
narrow range for protein content was observed in the
healthy plots (0.52-0.77% protein) compared to the
diseased plots (0.18-0.91% protein) (Table 2). This
implied that different varieties accumulated different
amounts of protein in the diseased state compared to the
healthy state where protein accumulation was uniform.
Significant differences (p< 0.05) were observed between
the diseased and healthy plots for individual varieties
where among the tolerant varieties the diseased plots
had higher protein contents compared to the healthy plots
(about 10-20% increments) while among the susceptible
varieties the diseased plots having lower protein contents
(12-58% less). Changes in the amount of available
protein may be due to either shutdown of protein
synthesizing processes by the viral components (Tecsi et
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Table 3. Percentage lignin content (Klason lignin) for milled cassava flour from roots with different CBSD scores.

Variety Score 5 (% lignin)  Score 4 (%lignin)  Score 3 (%lignin) Score 2 (%lignin) Score 1 (%lignin)
TME204 85.32+ 0.82 60.77+ 0.75 34.98+ 0.38 27.01£ 0.73 8.47+0.06
1/92/0067 73.64+ 1.77 64.98+ 2.02 40.19+ 3.12 26.25+ 0.50 12.41+ 0.51
MM96/4271 81.52+ 1.03 55.86% 0.28 40.96% 0.43 20.96% 0.31 9.72£ 0.12
TME 14 55.54+ 1.29 32.61+ 2.34 19.38+ 0.80 9.68+ 0.27 8.08 + 0.49

al., 1996) or due to the hijack of protein synthesis by the
virus and using it for its advantage (Good man et al.,
1986). It may also be due to production of defensive
proteins mounted by the plant against the virus (Shaltin
and Wolf, 2000).

For the cyanide content, over all increments were
observed among the diseased plots regardless the
tolerance levels of the varieties used. Much as there were
significant differences (p<0.05) among the varieties for
the cyanide content in the healthy plots, the diseased
treatments accumulated cyanide in almost a similar way
and thus there were no significant differences among
them (Table 3). In particular over 60% increments were
observed for the tolerant variety MM96/4271 a known
non cyanogenic variety while about 30% increments were
observed for the cyanogenic variety TME 14. Overall
increase in cyanide content point to the role of this
secondary metabolite in plant defense (Fu et al., 2010)
much as the increments did not depend on prior cyanide
accumulation within a particular variety. Since cyanide is
derived from existing carbon sources; its accumulation
may explain the losses in starch based metabolites
observed as a function of utilized reducing sugars.
However, on the dietary and food functionality point, viral
attack is risky since it renders the root toxic and hence
unpalatable for food or feed (Baguma et al., 2003).

The lignin content was determined depending on the
root CBSD score and was found to increase with
increase in the CBSD score. In the tested varieties, the
lignin content ranged from 55-85% at score five (5), 31-
60% at score four (4), 18-35% at score three (3), 8-27%
at score two (2) and 7.5-13% for the health tubers (Table
3). Variations within the varieties were also observed with
TME 204 having the highest lignin content in all cases
except for the health plots. TME 14 had the lowest lignin
contents in all cases even for the healthy varieties with
significantly low lignin contents even at score 2 and score
three. The accumulation of lignin in diseased plants has
been reported before in some studies (Morrison et al.,
1995), although it has not been reported in cassava. The
causes may range from a number of physiological
changes resulting from disease causing agents exploiting
the phenyl propanoid pathway and genetic manipulation
of genes that shut down starch synthesis and promote
lignin deposition (Rastogi and Dwivedi, 2008). The high
lignin percentages at score five and four may describe
the selective accumulation of lignols in the root which

increase with root growth time as has been evidenced in
the progressive necrotic patches in the roots with growth
time (Odpio et al, 2013). Given the high lignin
percentages at both score 2 and score 3, it was observed
that the necrotic patch size and necrosis intensity do not
correlate well with the accumulation of lignin. Such roots
with scores between 2 and 3 have already accumulated
lignin as evidenced by the changes in the root color from
whitish to brownish patches or parts of the root.

The effects of viral attack on the components of starch
that is the amylose and amylopectin content were
analyzed spectrophotometrically. The results given are
absolute absorbance values reflecting the differences in
guantities of these starch components after iodine
staining. In all cases, the quantity of amylose was high in
the healthy state compared to the diseased (Table 4) with
major reductions observed for the susceptible varieties
(38.5% reduction) compared to the tolerant varieties
(29.7%). The same applied to the amylopectin content
much as the reductions were not so different when the
tolerant varieties were compared to the susceptible
varieties. The amylose/amylopectin ratio was similar
across all the varieties and lower in the healthy plots
compared to the diseased plots, too. This implies that
there was selective accumulation of amylose in the
diseased plots compared to amylopectin content which
may be due to alteration in the starch synthesis pathway
but importantly the enzymes involved in the synthesis of
starch (Baguma et al., 2003). Such changes in the
accumulation of amylose especially in the diseased state
can also serve to explain the differences observed for
starch solution properties. The relationship between
amylose and amylopectin content and protein content in
the diseased and healthy state was also tested where in
the diseased state; reductions in protein were
accompanied with reductions in starch components
unlike in the healthy state. Therefore the deposition of
lignified and brown materials within the root in the
diseased state may be as a result of compromised
amylopectin and protein synthesis especially for the
susceptible varieties. Further still, significant differences
(p<0.05) were observed for amylopectin content in the
diseased treatments whereas no significant differences
were observed for amylopectin in the healthy treatments
showing that viral attack has significant effects on the
starch components amylose and amylopectin rather than
total starch contents as earlier observed.
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Table 4. Comparison of Amylose and Amylopectin content for the different variety starches sources.
Variet Amylose (Abs) Amylopectin (Abs) Ratio (Amylose:Amylopectin)
y H D H D H D
TME 14 0.471+0.046 0.299+0.072 0.448+0.046 0.267+0.069 1.05 1.12
192/0067 0.477+0.074 0.263+£0.076 0.452+0.076 0.230+0.074 1.05 1.14
TME 204 0.386+0.075 0.262+0.058 0.366+0.076 0.238+0.056 1.05 1.10
MM96/4271 0.413+0.057 0.319+0.070 0.389+0.059 0.287+0.067 1.06 1.11
L.S.D 0.0647 0.0798 0.0657 0.0774 . .
Average ratio: 1.05 Average ratio: 1.12
CV% 11.1 20.8 11.8 22.6 g g
Mean absorbance of 10 analyses at 620 and 680 nm. H=Healthy sample; D=diseased sample.
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Figure 4. Pasting curves of cassava starch from diseased and healthy plots as compared across the test varieties.

From the pasting curves (Figure 4), differences in the
starch pasting properties were observed among the test
varieties. High peak viscosity was observed for variety
1/92/0067 in both healthy (average 6408 cP) and
diseased (average 6114 cP) plots compared to the rest of

the test varieties. Low paste viscosity was observed for
TME 14 still in both healthy (average 4282 cP) and
diseased plots (5110.5 cP). Significant differences
(P<0.05) were observed for the peak viscosity, break-
down viscosity and the final viscosity among the test



varieties although no significant differences were
observed for the peak time. The pasting temperatures
were also not significantly different much as TME 14 had
higher pasting temperatures (71.2°C) compared to other
varieties were the pasting temperature ranged from 67-
69°C.

A mixed reaction was observed when starch from
diseased cassava plots was compared with starch from
healthy plots in terms of the peak viscosity where in
varieties NASE 14 and 1/92/0067 the healthy plots had
higher peak viscosity while in varieties TME14 and TME
204; the diseased plots had higher peak viscosity.
Significant differences (P<0.05) were observed among
the diseased and healthy plots for break down viscosity,
final viscosity and the pasting temperatures much as no
significant differences were observed for setback
viscosity, peak time and the trough viscosity. However,
significant (P<0.05) differences were observed for the
peak area which was bigger in the diseased plots
compared to the healthy plots signifying changes in the
starch pasting properties.

From the above, it can be noted that CBSD has
significant effects on the quality properties of the starch
produced. In particular, it affects the processing attributes
of the starch. Such effects seem to be variety specific
giving hope for possibilities of selection of varieties that
can be used for various purposes even in the diseased
state. However, coupled to effects in starch quantity
properties, the detrimental effects of the disease are
manifested.

Conclusions

From this study, it was observed that CBSD affects the
accumulation of storage root components in addition to
altering the composition and molecular structures of
these components. Such effects are thought to be linked
to altered carbohydrate and nitrogen based compounds
metabolism much as at this stage it is not clear whether it
is for viral establishment or for plant defensive strategies.
However, it is clear that viral attack in the cassava
varieties tested has significant and broader effects on the
cassava growing communities that use it for food. The
inferences in this study show that symptom based
selection for susceptibility is key much as broad range
selection of tolerance to viral diseases may need to
employ biochemical based manifestations in the cassava
root in regard to observed leaf based symptomology. In
particular, alterations in carbohydrate based metabolite
guantities and the quality of starch/changes in starch
components is very key in this aspect. It is easy to use
and can be employed on a number of samples producing
results faster and in a reliable fashion. Nitrogen based
metabolites such as proteins and secondary metabolites
such as cyanide are also key selection indicators to
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supplement genetic based selection tools for easy
identification of viral tolerant varieties. However, more
work needs to be done to understand the interaction of
the root based biomass accumulated in form of fiber and
starch with the main plant photosynthesizing organs, the
leaves. Such will provide lasting solutions and
dependable tools for biochemical based selections.

Conflict of interest

The authors did not declare any conflict of interest.

ACKNOWLEDGEMENTS

Our studies were made possible by financial support from
the East African Agricultural Productivity project, hosted
at the National Crops resources Research Institute
(NaCRRI). Special thanks to Phillip Abidrabo and the
pathology team at NaCRRI for their valued input and Mrs
Genevieve Einau for technical support.

REFERENCES

Alabi OJ, Kumar PL, Naidu, RA (2011). Cassava mosaic disease: A
curse to food security in Sub-Saharan Africa. Online. APSnet
Features.

Alicai T, Omongo CA, Maruthi MN, Hillocks RJ, Baguma Y, Kawuki R,
Bua A, Otim-Nape GW, Colvin J (2007). Re-emergence of cassava
brown streak disease in Uganda. Plant Dis. 91:24-29.

Baguma Y, Sun C, Ahlandsberg S, Mutisya J, Palmqvist S, Rubaihayo
PR, Magambo MJ, Egwang TG, Larsson H, Jansson C (2003).
Expression pattern of the gene encoding starch branching enzyme Il
in storage root of cassava (Manihot esculenta Crantz). Plant Sci.
164:833-839.

Benesi IR (2005). Characterization of Malawian cassava germplasm for
diversity, starch extraction and its native and modified properties.
PhD Thesis, Department of Plant Sciences, University of the Free
State, South Africa pp. 74-123

Bradbury JH, Bradbury MG, Egan SV (1994). Comparison of Methods
of analysis of cyanogens in cassava. Cassava Safety. Acta
Horticulturae. 375:87-96.

Bradford MM (1976). A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem. 72:248-254.

Calvert LA, Thresh JM (2002). Viruses and Virus Diseases of Cassava.
In  Cassava: Biology, Production and Utilization; Hillocks, R.J.,
Thresh, J.M., Bellotti, A.C., Eds.; CABI Publishing: Oxon, UK. pp.
237-260.

Dubois M, Gilles K, Hamilton K, Rebers A, Smith F (1956). Colorimetric
Method for Determination of Sugars and Related Substances.
Analytical Chem. 28:350-356.

Fondong VNF, Pita S, Rey MEC, de Kochko A, Beachy RN, Fauquet
CM (2000). Evidence of synergism between African cassava mosaic
virus and a new double-recombinant geminivirus infecting cassava in
Cameroon. J. Gen. Virol. 81:287-297.

Fraser RSS (1987). Biochemistry of Virus-Infected Plants. (Research
Studies Press, Letchworth, Hartfordshire, UK).

Fu LJ, Shi K, Gu M, Zhou YH, Dong DK, Liang WS, Song FM,and and
Yu JQ (2010). Systemic induction and role of mitochondrial
alternative oxidase and nitric oxide in a compatible tomato-Tobacco
mosaic virus interaction. Mol Plant Microbe Interact. 23(1):39-48.


http://www.ncbi.nlm.nih.gov/pubmed?term=Fu%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=19958137
http://www.ncbi.nlm.nih.gov/pubmed?term=Shi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19958137
http://www.ncbi.nlm.nih.gov/pubmed?term=Gu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19958137
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=19958137
http://www.ncbi.nlm.nih.gov/pubmed?term=Dong%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=19958137
http://www.ncbi.nlm.nih.gov/pubmed?term=Liang%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=19958137
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=19958137
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=19958137
http://www.ncbi.nlm.nih.gov/pubmed/19958137

22 Int. J. Plant Physiol. Biochem.

Goodman RN, Kiraly Z, and Wood KR. 1986. The Biochemistry and
Physiology of Plant Disease. (University of  Missouri
Press, Columbia).

Handford MG, Carr JP (2006). Plant metabolism associated with
resistance and susceptibility. In Natural Resistance Mechanisms of
Plants to Viruses, pp. 315-340. Dordrecht: Springer.

Haritatos E, Ayre BG, Turgeon R (2000). Identification of phloem
involved in assimilate loading in leaves by the activity of the galactinol
synthase promoter. Plant Physiol. 123:929-937

Mbanzibwa DR, Tian YP, Tugume AK, Mukasa SB, Tairo F,
Kyamanywa S, Kullaya A, and Valkonen JP (2009). Genetically
distinct strains of Cassava brown streak virus in the Lake Victoria
basin and the Indian Ocean coastal area of East Africa. Arch. Virol.
6:353-359.

Morrison |, MIM, Asiedu EA, Stuchburry T, Powell AA (1995),
Determination of lignin and Tannin content of cowpea seed coats.
Annals of botany 76:287-290.

Nuwamanya E, Baguma Y, Emmambux N, Taylor J, Patrick R (2010).
Physicochemical and functional characteristics of cassava starch in
Ugandan varieties and their progenies. J. Plant Breed. Crop Sci. 2:1-
11

Odpio J, Ogwok E, Taylor NJ, Halsey M, Bua A, Fauquet CM and Alicai
T (2013). Transgenic RNA interference (RNAi)-derived field
resistance to cassava brown streak disease. Mol Plant Pathol
13:1019-31.

Ogwok E, Patil BL, Alicai T, Fauquet CM (2010). Transmission studies
with Cassava brown streak Uganda virus (Potyviridae: Ipomovirus)
and its interaction with abiotic and biotic factors in Nicotiana
benthamiana. J. Virol. Methods. 6:296-304.

Olesinski AA, Lucas WJ, Galun E, Wolf S (1995). Pleiotropic effects of
tobacco-mosaic-virus movement protein on carbon metabolism in
transgenic tobacco plants. Planta 197:118-126.

Sajnani C, Zurita JZ, Roncel M, Ortega JM, Baron M, Ducruet JM
(2007). Changes in photosynthetic metabolism induced by
tobamovirus infection in Nicotiana benthamiana studied in vivo by
chlorophyll thermoluminescence. New Phytologist, 175:120-130.

Selman IW and SA Grant (2008). Some effects of nitrogen supply on
the infection of tomato plants with tomato spotted wilt virus. Ann.
Applied Biol., 45:448-455.

Shalitin D and Wolf S (2000). Cucumber Mosaic Virus Infection Affects
Sugar Transport in Melon Plants. Plant Physiol. 123(2):597-604

Singh V, Shukla K (2009). Effect of PRSV infection on pigment content
and assimilation of carbohydrate in Carica papaya L. Ann. Plant Prot.
Sci. 17.

Sserubombwe WS, Briddon RW, Baguma YK, Ssemakula GN,Bull SE,
Bua A, Stanley J (2008).Diversity of begomoviruses associated with
mosaic disease of cultivated cassava (Manihot esculenta Crantz) and
its wild relative (Manihot glaziovii Mull. Arg.) in Uganda. J. Gen. Virol.
89(7):1759-1769

Tecsi LI, Maule AJ, Smith AM, Leegood RC (1996). A spatial analysis of
physiological changes associated with infection of cotyledons of
marrow plants with cucumber mosaic virus. Plant Physiol. 111:975-
985.

Watson MA, Watson DJ (1951). The effect of infection with beet yellows
and beet mosaic viruses on the carbohydrate content of sugar-beet
leaves, and on translocation. Annals Appl. Biol. 38(1):276-288.


http://vir.sgmjournals.org/search?author1=W.+S.+Sserubombwe&sortspec=date&submit=Submit
http://vir.sgmjournals.org/search?author1=R.+W.+Briddon&sortspec=date&submit=Submit
http://vir.sgmjournals.org/search?author1=Y.+K.+Baguma&sortspec=date&submit=Submit
http://vir.sgmjournals.org/search?author1=G.+N.+Ssemakula&sortspec=date&submit=Submit
http://vir.sgmjournals.org/search?author1=S.+E.+Bull&sortspec=date&submit=Submit
http://vir.sgmjournals.org/search?author1=A.+Bua&sortspec=date&submit=Submit
http://vir.sgmjournals.org/search?author1=J.+Stanley&sortspec=date&submit=Submit
http://onlinelibrary.wiley.com/doi/10.1111/aab.1951.38.issue-1/issuetoc

academic]ournals

Full Length Research Paper

The physiological and chemical response of stone fruit
rootstocks (Prunus L.) to sulphur application under two
different soil textures

M. Mirabdulbaghi

Department of Horticulture, Seed and Plant Improvement Research Institute, Karaj, Iran.

Received 26 January, 2015; Accepted 16 March, 2015

A pot experiment was conducted during 2014 seasons at the field of Seed and Plant Institute, Karaj, Iran,
to study the effect of sulphur application (with and without thiobacillus) on the physiological and
chemical response of stone fruit rootstocks (Prunus L.) including "Myrobalan","GF 677", "Penta" and
peach seedling rootstock (native) grown on two selected calcareous and alkaline (with pH values
greater than 7) soil series of Karaj province. The experiment was laid out in a split- split plot experiment
in the randomized complete blocks design with three replications. The main plot treatments included
twodifferent soil textures (silty clay loam and loam with pH 8 and 7.3, respectively) while the sub plot
treatments were four stone fruit rootstocks (Prunus L.) including "Myrobalan","GF 677", "Penta" and
peach seedling rootstock (native) and finally six different levels of sulphur application (sulphur
application of 0, 500 and 1000 g/pot with and without thiobacillus of 10 g/pot) as sub-sub factor.
Statistical analysis of data indicated that the factors alone and together had a significant effect on leaf
mineral content, shoot number/rootstock and shoot length of studied rootstocks. The effects of two-fold
and three-fold interactions were also significant in these attributes (except for the interactive effects of
soil texture x sulphur application and rootstock x sulphur application for shoot number/rootstock).
Mean comparisons of the three-fold interaction effects between factors showed that these attributes had
higher average value than the control treatment (without any sulphur and thiobacillus application). Also,
the results of the project showed that application of 500 g sulphur/pot and/ or 10 g thiobacillus/pot
would increase the chlorophyll fluorescence parameters, leaf surface, and leaf SPAF-value.

Key words: Sulphur application, stone fruit rootstocks (Prunus L.), physiological and chemical response.

INTRODUCTION

The stone fruit decline condition in Iran has been own to (Agricultural Scientific Information and Documentation
biotic (Pseudomonas sp., nematodes, etc.) and abiotic Centre of Iran, 2014). Many soils of Karaj province in Iran
(high soil pH, alkaline soil, nutrition, etc.) factors contain one or more calcareous horizons or layers and
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Table 1. Different soil textures of Karaj province used for growing rootstocks.

Soil K-soil soil-P N-soil  Soil Electrical Soil organic Total Saturation
treatment (ppm) (ppm) (%) pH conductivity (dS m™) matters (%) n\e/:ltlﬁll(zo}or;g percentage (%)
Eigﬁ’nc'ay 9434 2414 0035 8 0.33 0.86 10.75 52

loam 42.5 34.754 0.023 7.3 0.50 1.72 11.80 37.34

have pH values greater than 7 (Fallahi, 1995, 1998).
These soils are important for stone fruit rootstocks
production in Iran. Increased nutritional management
often is required to grow stone fruit rootstocks
successfully on calcareous soils with high pH values.
Sulphur plays an important role in increasing the growth
and nutrient absorption. In other words, it plays a
significant role in the growth and nutrient absorption of
Prunus avium L (Neilsen et al., 1990) as well as a
modifier in the soil (Besharati, 1999). Importance of this
element in our country soil, which is dominantly limy, will
be represented more than other elements. The main
objective of this work was to determine the influence of
different rate of sulphur (with and without thiobacillus) on
physiological attributes, chemical composition and the
growth of stone fruit rootstocks (Prunus L.) including
"Myrobalan”,"GF 677", "Penta" and peach seedling
rootstock (native) grown on two selected calcareous and
alkaline (with pH values greater than 7) soils of Karaj
province

MATERIALS AND METHODS

A pot experiment was conducted during 2014 seasons at the field
of Seed and Plant Institute, Karaj, Iran. At first composite solil
samples were prepared from the field in the 0-30 cm depth and
after drying the samples, they were analyzed for soil physical and
chemical characters. Soil texture was determined using the
hydrometric method, pH and electrical conductivity of the saturated
paste, soil organic matters, total neutralizing value, total N and
available P, K and neutralizing material were measured using
standard methods. Treatments in this research were different
combinations of three factors namely: 1, two different soil textures
(Table 1) as main factor, 2, the stone fruit rootstocks (Prunus L.)
including "Myrobalan","GF 677", "Penta" and peach seedling
rootstock (native) as sub factor and finally 3, six different levels of
sulphur application [ S;=0 (control), S,=500 g/pot, S3=1000 g/pot,
S4,=10 g/pot thiobacillus (without any sulphur application), Ss=10
g/pot thiobacillus+500 g/pot, Se=10 g/pot thiobacillus+500 g/pot] as
sub-sub factor. The young stone fruit rootstocks were grown
individually in plastic pots (40 cm in diameter and 42 cm in height),
filled with studied soil particles. In the present work, leaves were
sampled from 48 treatments and 3 replications (144 experimental
units). The leaf samples (gathered at spring of 2014) were dried at
75°C for 72 h and ground to pass a 40-mesh screen, and their
mass was measured. The nitrogen content was estimated by the
Kjeldahl method. Ca, Mg, Fe, Zn and B were determined by atomic
absorption spectrophotometry. P was analyzed by the molybdo-
vanadat method. K was analyzed by flame photometry [Association
of Official Analytical Chemists (AOAC) 1980]. Nutrient concen-

trations in leave were expressed on a dry weight (DW) basis. The
mean leaf surface of individual rootstocks (cm?) was determined by
portable leaf area meter LI — 3000 (Li-Cor, USA). The plant
chlorophyll was indirectly measured during the experimental period
using a portable SPAD-502 device (Minolta Camera CO, Ltd.,
Japan) in two young expanded leaves with two readings per leaf.
Chlorophyll fluorescence parameters (FO: minimum fluorescence;
Fm: maximum fluorescence; Fv = Fm - FO: variable fluorescence)
and value of photochemical capacity of photosystem 2 (FV/FM)
were measured with a portable fluorimeter (Plant Efficiency
Analyser, PEA, Hansatech Instruments Ltd., England). Prior to the
measurements, the leaves were kept in the dark for 30 min using
cuvettes. A 5-s light pulse at 400 ymolm-2 s-' was used. Shoot
length, shoot diameter and shoot number/rootstock was also
measured at the end of August 2014. This paper used SAS statistic
computer system (version 6.12) to calculate the surveyed data and
means were evaluated using Duncan’s multiple range test at
P=0.05. The relationships between studied parameters were
evaluated by Pearson’s correlation coefficients at P < 0.05.

RESULTS

Statistical analysis of data indicated that the main (soil
textures), sub (rootstocks) and sub-sub (Sulphur levels)
factors alone and together had a significant effect at 1%
probability level on leaf mineral content, shoot number/
rootstock and shoot length (soil texture as the main factor
had a significant effect at 5% probability level on shoot
length) of stone  fruit  rootstocks including
"Myrobalan”,"GF 677", "Penta" and peach seedling
rootstock (native) at the two studied soil textures [loam
(pH=7.3) and silty clay loam (pH=8) soil]. The effects of
three-fold interactions were also significant at 1%
probability level in these attributes (Table 2). Mean
Comparisons of the three-fold interaction effects between
factors showed that these attributes had higher average
value than the control treatment (without any sulphur and
Thiobacillus application).

"GF677" rootstocks grown in loam soil had the highest
leaf-P (1.39%) and leaf-N (6.78%) content, when sulphur
application of 500 g/pot (for leaf-P content) and
combination of 500 gsulphur/pot+ 10 g thiobacillus (for
leaf-N content) was used. Tree length and leaf-Fe
content of the "Myrobalan" rootstock grown in silty clay
loam soil were the highest (173.33 cm for shoot length
and 32.78 ppm for leaf-Fe content), when sulphur
application (500 g/pot for tree length and 1000 g/pot for
leaf-P content) was used. "Penta" rootstocks grown in
loam soil had the highest leaf-K (6.3%) and leaf-B
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Table 2. The results of analysis variance for physiological and chemical parameters of studied stone fruit rootstocks.

Chlorophyll Shoot Shoot Shoot

S.0V df N P K Ca Mg Zn B Fe fluorescence parameters ?I:ﬁi Leaf surface diameter number/ length
% ppm FO FM FV cm? mm rootstock cm

Block 2 0.01ns 0.0003' 029 002 0371 1.20ns 0.02ns 0.12n  0.04ns  0.04ns  0.020  13547ns  1375469.96° 29.61ns 3.53 1844.02'
i()’('t'ure 1 2.88" 0.03" 1558 008" 952"  846.70" 32424 6864 007  0.16n 0.02 0.92m  558507.11" 0.58s 11.67" 2268.141"
Soil texture*block 2 0.0004ns  0.0000008' 0.037ns  0.01s  0.08s 2490 2,77 4350 0.004ns  0.04n  0.003s  16.06m 1195.01ns 22.49ns 1.30ns 1635.94"
Rootstock 3 1.06" 0.005" 172" 034" 298" 1521.37"  4535"  153.91" 050"  0.22°  0.0031ns  112.93ns  386662.87n 84.27ns 28.49" 16334.31"
Sé’(')';fs’&“cf 3 362" 0.004" 1342" 023" 1866  130.62"  80.36"  4571" 032 0220 0.0033  164.04ns  303963.46n 57.31ns 10.58" 2196.38'
Soil texture 12 0190 000017 0278 0004w 0210 272 1.85" 5921 0048 0034 00061 97.44n 213760540 64.221 0.950 425.120s
Rootstock*Block
Sulphur application 5 2417 0.0009" 575" 047" 2.08"  389.31" 6944  3043" 045 0.1 0.006  77.44nms  82943.01ns 45.41ns 5.07" 2439.22"
§°" texture 0.60" 0.002" 165" 009" 463" 19824  63.001" 5640  0.42ns  042rs 00070 53.86"  676861.11° 43.71ns 1.236ns 2198.71"
Sulphur application
Eg‘g’ﬁzgﬁ‘n Suphur 45 943 0003 244" 010" 565"  22453"  69.24"  88.02° 0109 008 00041  96.35%  248414.190s 57470 1.79 686.480s
Soil texture
Rootstock* 15 2.10" 0.001" 158" 046" 271" 160.10"  105.74"  100.19"  0.04n  0.05n  0.0044ns  101.45n 195544 64ns 44 460 312" 1794.33"
*Sulphur application
CV (%) 8.19 0.75 1051 945 1526 8.55 14.81 9.22 4127 4693  46.14 48.89 61.76 48.79 24.65 19.96

ns, * and ** non-significant and significant at the 5 and 1 percent level of probability respectively.

(38.67 ppm) content, when sulphur application of
1000 g/pot (for leaf-K content) and combination of
10 g thiobacillus+500 g sulphur /pot (for leaf-B
content) was used. Peach "Seedling" rootstock
grown in silty clay loam soil showed the highest
shoot number/roots (7), when sulphur application
of 500 g/pot +10 g thiobacillus was used (Table
3).

Chlorophyll fluorescence parameters (FV and
FO) were significantly affected by using different
soil textures, different rootstocks (FO and FM) and
also different sulphur levels (F0), although three-
fold interaction of experimental treatments for the
chlorophyll fluorescence parameters (FV, FM and
FO) was not significant. The results for chlorophyll

fluorescence parameters (FM and FO0) showed
that only the interaction effect between different
soil textures and rootstocks was significant (Table
2)."Penta" rootstocks grown in loam soil had the
highest value of FO (0.36) and FV (0.89), when
500 g sulphur/pot (for FO) and 10 g thiobacillus
/pot (for FV) was used. FM value of "Myrobalan”
rootstock grown in silty clay loam was the highest
(0.87), when 10 g thiobacillus /pot was received
(Table 3). Moreover, there was remarkable
interaction effect (significant at 1% probability
level) between soil texture x sulphur applications
for SPAD-value. Also, soil texture as main factor
had a significant effect at 1% probability level on
leaf surface. However, the highest value of SPAD-

value (32.8) and leaf surface (46.43 cm? was
observed with the "Seedling' rootstocks received
10 g thiobacillus /pot grown on silty clay loam (for
SPAD-Value) and 500 g sulphur/pot grown on
loam soil (for leaf surface). Shoot diameter was
not significantly affected by using the treatments.
However the highest shoot diameter (37.16 mm)
belonged to the application of 10 g thiobacillus/pot
for "GF677" rootstock grown in loam soil.

DISCUSSION

According to Duncan multiple range test, all
ofstudied physiological and chemical parameters
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Table 3. The effects of different treatments on the average of physiological and chemical parameters of studied stone fruit rootstocks.

Treatment P K Ca Mg Zn B Fe ChIororIJ)t;)r/;IrrflI:tt;:esscence SPAD- s:;:ie d;?::t:ar Shoot Shoot length
- number/
Soil Rootstock Sulphur % ppm FO FM FV Value cm? mm rootstock cm
texture
S1 403 137 578 061 185 3891 437 2888 0.13 0.7 0.81 17.97 1.07 11.49 4.00 119.00
s2 403 139 430 068 156 3728 409 2631 0.12 0.7 0.82 19.07 9.63 11.75 4.00 130.67
Loam S3 368 133 506 080 173 4382 1226  21.76 0.1 0.45 0.58 12.93 6.49 13.23 4.00 152.50
s4 337 136 461 070 182 3729 744  20.70 0.1 0.63 0.82 19.67 5.14 37.16 3.67 106.67
S5 679 133 353 080 312 343 456  24.32 0.1 0.48 0.58 26.37 76 10.80 450 115.00
o S6 417 134 374 069 260 3793 361  16.10 0.13 0.73 0.82 2113 9.26 11.88 5.00 126.33
S1 450 133 389 069 191 50689 470 2249 0.23 0.75 0.82 14.6 8.37 12.23 3.00 151.67
S2 422 129 374 070 370 4676 560 2508 0.13 0.76 0.30 19.97 512 11.82 3.00 135.00
Silty clay S3 255 130 280 063 173 3891 475 2432 0.12 0.69 0.82 15.47 13.75 12.66 3.00 7750
loam S4 302 130 328 070 416 5069 447  27.55 0.12 0.65 0.82 16.53 11.62 13.92 3.33 105.00
S5 481 135 272 080 196 4414 133 2907 0.15 0.81 0.82 24.03 11.31 15.33 450 110.00
S6 452 130 328 072 139 2943  0.10 19 0.12 0.53 0.58 14.27 1.72 13.15 5.00 105.00
S1 403 100 440 060 4619 3630 760 3069 0.1 0.57 0.81 14,57 1213 17.89 5.00 168.33
2 410 131 402 072 248 3385 499 1691 0.13 0.69 0.82 14 8.66 13.52 6.33 164.00
Loan S3 355 127 522 070 339 3761 912 2299 0.12 0.48 0.57 1347 10.67 11.70 5.00 145.00
sS4 355 131 257 038 081 2829 603  32.39 0.1 0.56 0.82 1213 12.38 14.81 6.67 145.00
S5 324 131 379 03 371 654 204 3167 0.13 0.70 0.82 16.07 353 14.45 55 145.00
Myrobalan S6 446 131 422 081 265 2306 318 1672 0.13 0.73 0.82 15.42 6.61 14.01 6.33 126.67
S1 333 130 378 057 255 3466 295  27.93 0.26 0.8 0.82 16.57 7.46 15.53 4.00 170.00
_ S2 336 131 369 068 023 4251 19 2755 0.15 0.63 0.83 19.6 8.40 18.19 5,67 173.33
lso'%day S3 457 130 435 068 139 3761 342 3278 0.13 0.71 0.82 18.6 10.84 14.60 467 160.00
sS4 408 131 347 059 139 2878 513 2556 0.15 0.87 0.82 1817 743 14.80 433 148.33
S5 309 127 259 027 225 2327 556  19.49 0.14 0.65 0.79 21.33 7413 16.745 6.50 157.50
6 400 133 481 042 0346 2028 561 2446 0.18 0.59 0.81 21.37 8.67 15.257 6.00 108.33
S1 271 132 501 107 075 4055 694 2204 0.10 0.50 0.56 18.33 1.27 6.98 167 48.33
S2 324 127 313 069 116 4055 58  31.73 0.30 0.75 0.81 246 9.16 1227 4.00 121.67
Loam Benta S3 435 131 614 068 219 4382 513 2461 0.10 0.25 0.33 2457 8.79 11.18 2.00 160.00
S4 346 132 583 080 173 4153 456 262 0.13 0.62 0.89 23.94 1.1 10.25 3.50 95.00
S5 302 134 598 087 139 5523 3866 2500 0.1 0.45 0.57 22.20 7.29 1145 4.00 117.50
S6 368 133 496 080 127 3728 475  26.73 0.08 0.29 0.33 16.40 9.78 11.51 3.00 110.00
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Treatment N P K Ca Mg Zn B Fe Chloror,))l;}glr:ll:tt;zscence SPAD- s:ref:::e dg::tter Shoot Shoot length
. number/
Soil Rootstocks  Sulphur % ppm FO FM FV Value cm? mm rootstock cm
texture
S1 3.06 1.25 522  1.05 5.08 53.96  4.94 24.32 0.12 0.31 0.33 13.20 9.24 12.58 6.00 90.00
S2 2.53 1.26 430 070 4,388 2024 485 19.57 0.14 0.77 0.82 20.00 5.65 11.53 6.00 97.50
Silty clay S3 3.80 1.30 491  0.80 M 4529 489 23.66 0.15 0.78 0.81 31.07 7.77 12.39 467 98.33
loam S4 2.24 1.29 204 080 1.73 4002  5.00 15.11 0.12 0.31 0.34 12.50 5.7 11.34 5.00 60.00
S5 3.41 1.30 371 095 3.70 36.62  2.56 24.75 0.15 0.73 0.82 23.40 12.46 12.32 467 76.67
S6 412 1.33 500 099 1.62 42.51 295 27.00 0.12 0.33 0.34 17.33 1.38 15.13 5.00 105.00
S1 4.66 1.34 466  0.34 0.52 2485  7.00 3.33 0.13 0.33 0.32 1217 10.35 13.37 3.00 113.33
S2 4.00 1.34 374 080 1.16 40.5 2.19 22.04 0.14 0.52 0.58 1717 17.54 13.10 3.00 115.00
Loam S3 5.77 1.31 394 110 4.042 3924 513 20.47 0.13 0.47 0.56 28.40 8.88 18.29 3.00 115.00
S4 257 1.30 221 053 0.924 34.01 8.55 22.80 0.12 0.33 0.33 23.23 12.12 15.17 333 121.67
S5 3.72 1.36 216 0.38 1.386 2518  6.745 26.60 0.14 0.59 0.57 235 46.43 125 4.00 125.00
Seeding S6 3.96 1.29 338 0.70 1.79 3810 532 25.46 0.12 0.31 0.33 28.07 10.59 13.11 3.00 103.33
S1 3.57 1.33 387 144 1.905 6213  6.98 30.78 0.14 0.49 0.55 28.87 6.64 17.00 4.00 143.33
S2 4.79 1.34 374 076 1.155 4088 219 22.04 0.12 0.47 0.56 15.03 3.92 12.69 5.00 117.50
Silty clay S3 3.02 1.32 249  1.06 1.732 5428 342 26.93 0.25 0.71 0.78 27.87 5.69 14.437 4.67 121.67
loam S4 3.21 1.32 282 053 4.85 4218 513 28.50 0.11 0.64 0.8 328 4.33 15.48 4.67 108.33
S5 3.90 1.26 3.53 04 4.273 4088  5.61 27.00 0.13 0.34 0.32 11.77 7.18 15.52 7.00 125.00
S6 3.59 1.26 2.16 0.7 4.157 4414 371 23.43 0.1 0.1 0.10 8.90 11.52 9.00 2.00 67.00

of "Myrobalan", "GF 677", "Penta" and peach
seedling rootstocks had significantly (at the 0.05
probability level) higher mean values (except for
SPAD-Value, leaf surface and shoot diameter) by
the added different sulphur treatment (as sub-sub
factor) compared to the control (without any
application of sulphur or Thiobacillus) (Table 4).
Data in Figure 1 indicated significant positive
correlation (r = 0.411 P<0.05) indicating more N
uptake in leaves of studied rootstocks as
compared to control treatment where 1000 g/pot
sulphur application was added to 10 g/pot

thiobacillus).Similar results have been reported
elsewhere for apples (Neilsen et al., 1990) as well
as for other crops (Besharati, 1999). The results
indicate that rootstock as sub factor had also
significantly affected the studied physiological and
chemical parameters [except for shoot diameter,
leaf surface and Chlorophyll fluorescence
parameters (F0)] at the 0.05 probability level.
Compared to the other studied rootstocks,
"GF677" rootstock demonstrated the highest
value of leaf-Mg (2.56%), leaf Ca (0.76%), leaf-P
(1.33%), and leaf- N (4.02%) content. Also,

"Myrobalan" rootstock showed the highest value
of leaf-Fe content (25.75 ppm), Chlorophyll
fluorescence parameters including FM and FV
(0.67), shoot number/rootstock (5.50) and shoot
length (150.96 cm). In addition, " penta’ rootstock
illustrated the highest mean of leaf-B (7.23 ppm),
leaf-Zn (43.30 ppm), leaf Ca (0.76%) and leaf-K
(4.23%). Compared to the other studied
rootstocks, SPAD-value (20.75) and leaf Ca
(0.76%) of "Seedling" rootstock were the highest
(Table 4). According to previous results, it has
been shown that all the studied stone fruit
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Figure 1. Linear regression of leaf-N content (%) and sulphur application added by Thiobacillus (g/plot).

rootstocks have varying degrees of tree growth and leaf
nutrient absorption, stress tolerance such as lime, salt
and/or drought (Fulton et al., 1996; Kramer and Boyer,
1995). Most of soils of Iran, such as soil of Karaj
province, are calcareous in nature. High pH and
carbonate levels are common of these soils (Ghaheri,
2009; Fallahi, 1995, 1998).

In contrast, these textures of soils are important for
stone fruit rootstocks. As a result, in this project, the
effectiveness assessments of two soil texture as main
plot (either or not received sulphur application) for studied
rootstocks were performed.

The results showed that the Leaf-Fe (7.07 ppm), leaf-K
(4.24%), leaf-N (3.92 and leaf surface (9.34 cm?) of
studied rootstock grown in loam soil had higher average
value (at the 0.05 probability level) than those grown in
silty clay loam. On the other hand, leaf-Zn (40.53 ppm)
and leaf-Mg (2.54%) of studied rootstock grown in loam

soil had higher average value at the 0.05 probability level
(Table 4).

Conclusions

In summary, the benefits of sulphur application compared
to the control (without any application of sulphur or
Thiobacillus) increased values of physiological and
chemical properties for all stone fruit rootstocks (Prunus
L.) tested in this study. It must be noted that most data
obtained in this research present the first evaluations of
the stone fruit rootstocks which were grown in loam or
silty clay loam soil with high pH and carbonate levels.
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Table 4. The effects of main (Soil textures), sub (Rootstocks) and sub-sub (Sulphur levels) factors on the average of physiological and chemical parameters of studied stone fruit rootstocks.

Leave-Fe Leave- Leave- Leave- Leave- Leave- Leave- Leave- Chlorophyll SPAD- Leaf §hoot Shoot Shoot
S.0V B Zn Mg Ca K P N fluorescence parameters surface diameter  number/ length
(ppm) (%) FO M v T o mm  rootstock  cm

Soil texture Loam 23.62a 707a 3568b 2.027b 0.69a  4.24a 1.32a 392a 0.13a 054a 0.54a 19.34a 9.34a 14.04a 4.06a 125.11a
Silty Clay loam 25.01a 407b  40.53a 2.54a 0.73a 3.59b 1.30b 364b 014a 0.60a 0.60a 19.18a  8.10b 13.91a 4.63a 117.17a

GF677 24.89 525b  42.84a  2.56a 0.76a 3.76b 1.33a 402a 0.13a 0.54bc 0.54bc 20.20a  7.42a 15.13a 4.31b 120.46b

Rootstocks Myrobalanan 25.75a 479%  2939¢ 2.15b 0.57b 3.90b  1.31cb 379% 014a 067a 0.67a 16.75a  8.66a 15.13a 5.50a 150.96a
Penta 25.37a 7.23a 4330a 1.94b 0.76a  4.23a 1.31b 366b  0.15a 0.59pa 0.5%a 19.33a  9.95a 11.90a 3.33¢c 111.39bc

Seedling 21.26b 501b  3691b  248a 0.76a 3.77b 1.30c 365b 0.13a 048 048c 20.75a  8.86a 13.76a 4.22b 101.74c
S1 23.80bc 569  42.76a  2.40b 0.79a  4.57a 1.32a 371c  0.16a 0.56ba 0.56ba 17.03a  9.51a 13.38a 3.83c 125.50ba

S2 23.91bc 395¢ 37.87b  1.98c 0.72b 3.83b 1.31b 3.78bc 0.15a 0.66a 0.66a 18.30a  8.51a 13.11a 4.58ba 131.83a

Sulphur S3 24.69ba 6.02b  4257a  2.45b 0.81a 4.36a 1.31c 391ba 0.15a 0.57ba 057ba 2151a  9.11a 13.56a 3.88¢c 128.75a
level S4 2484ba 575 3809  2.18c 0.64c 3.29%¢ 1.31c 320d 0.12a 0.58ba 058ba 19.87a  8.73a 16.62a 4.31bc 111.25bc
S5 25.98a 838a 3327c 272a 0.60d 3.50c 1.31c 500a 0.13a 0.59ba 0.59ba 20.96a 7.77a 14.28a 5.06a 123.02ba

S6 22.67c 365c  34.09c  1.98c 0.72b 393b  131cb  408a 012a 0450 045b 17.86a  8.69a 12.92a 4.38bc 106.46¢

The values in the same column followed by the same letters are not significantly different at the 0.05 probability level, according to Duncan multiple range test.
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