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Abstract

Rapid selection of drought and phosphorus (P) deficit tolerant cassava varieties by in vitro screening is essential for sustainable food
production. The objectives of this study were to describe the morphological response of eight cassava cultivars to in vitro mannitol-induced
drought and P stress and identify tolerant ones. Plantlets were raised from nodal segments on three stress media: control, moderate and extreme
water and P stress. The study was a 3 x 8 factorial arrangement in completely randomized design with three replicates. All cultivars developed
shoots, roots, leaves and apical meristem from nodal segment explants in control medium while 25% of the cultivars developed those organs on
moderate water and P stress (MS) medium. Cultivar TME 419 developed roots, shoots, leaves and apical meristem in extreme water and P stress
(ES) medium; whereas MS-8 did not produce those organs two weeks after grown on the ES medium. The ES medium reduced number of leaves
by 50% in TME 419 and TMS 97/2205, by greater than 50% in UMUCASS 36, UMUCASS 37, UMUCASS 38 and TMS 4(2) 1425, and 100% in TMS
98/0581 and MS-3. Cultivars UMUCASS 36, UMUCASS 37, UMUCASS 38, TMS 98/0581, MS-8, TMS 4(2) 1425 did not develop root on MS and ES
media. TME 419 developed roots on ES whereas TMS 97 /2205 roots failed to elongate. The study concluded that TME 419 is tolerant of drought
and P deficit stresses and strongly recommended for farmers.

Keywords: Growth; Moisture deficit; Phosphorus deficiency; Root crop; Tolerance

Abbreviations: P: Phosphorus; NL: Number of Leaves Per Plantlet; NR: Number of Roots Per Explant; NS: Number of Shoot; NCHL: Number of
Chlorotic Leaves Per Plantlet; SL: Shoot Length; RL: Root Length

Introduction

Cassava is an important cash and food crop of resource- to drought stress at establishment stage; i.e, from sprouting to 4

limited farmers in Africa, Asia, Latin America and Caribbean
[1]. Cassava produces more carbohydrates per hectare than the
main cereal crops (such as maize, rice and wheat) and it can be
cultivated with considerable lower cost [1]. About 70% of global
cassava root production is consumed by human in various forms
(processed and unprocessed) while the remaining quantity is
utilized for animal feed and industrial products such as starch,
glucose, alcohol [2,3]. Furthermore, cassava young leaves are
consumed as a vegetable in many African countries to provide
protein, calcium, iron and vitamins [2]. As a result, cassava has
great potentials for attainment of food security and alleviation of
poverty in developing countries.

Water deficit or drought stress is becoming a major limitation
to cassava production. This is because global monitoring and
analysis of climatic variables have provided evidence that the
countries where cassava is cultivated are experiencing impacts of
climate change [4]. Though cassava is tolerant of drought stress
to some extent, studies have confirmed that cassava is susceptible

monthold [5,6]. Exposure of cassava young plants to drought stress
has a long term negative impacts on growth and physiological
processes, depending on length and intensity of drought, at later
stage of growth even if the drought stress is removed [6]. Drought
stress during establishment stage of cassava plants significantly
reduces the growth and development of both the primary roots
and shoots [7]. Furthermore, tuber formation is difficult under
water-deficit conditions, which delays harvesting [5,7] A study
has shown that drought stress caused 45% reduction in leaf
formation, which resulted in 83% and 97.8% reduction in tuber
yield and starch content, respectively [8]. Similarly, nitrogen-
use efficiency of cassava experiencing drought is decreased as a
result of the partitioning of higher proportion of nitrogen to root
biomass than to shoot biomass [6]. Vandegeer et al. [8], reported
that cyanide content increased three-fold in young leaves and
four-fold in tubers of water-stressed cassava plants.

In addition to water deficit, Phosphorus deficiency is becoming
amajor limitation of cassava production in many infertile acid soils
such as Ultisols, Alfisols, Oxisols and Inceptisols [9]. Phosphorus
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availability becomes a main problem in highly weathered tropical
soils of most cassava growing regions because such soils have
a significant capacity to sorb large amounts of phosphorus,
taking them out of the soil solution. This limits the availability of
inorganic phosphorus for plants, whether it is already contained
in the soil or added as fertilizer. Phosphorus stimulates plant
processes such as energy transfer reactions, development of
reproductive structures, crop maturity, root growth and protein
synthesis [9,10]. Phosphorus-deficient cassava plants are
generally short and spindly with thin stems, small and narrow
leaves and short petioles. The leaves are generally dark green
while one or two lower leaves may be dark yellow to orange and
in some varieties purplish with necrotic white spots. In cassava,
at severe phosphorus limitation, the rate of photosynthesis is
depressed, as indicated by the decrease in starch accumulation
[11]. The sufficiency range of P in young fully expanded leaf blades
is 0.38-0.50% P. However, the critical level of P in soil is 4-6ug/g
Bray-II extractable P. To control P deflciency, 25-50kg P/ha such
as single or triple superphosphate or compound fertilizers, which
are expensive. Thus, combine drought and P deficiency aggravate
the problems of cassava production in developing countries of
Africa, Asia and Latin America.

Rapid selection of drought and Phosphorus-deficiency
tolerant cassava varieties by in vitro screening is essential for
sustainable production of cassava in developing countries.
Compare with conventional breeding, in vitro screening has the
potential to significantly reduce selection and breeding cycle.

However, response of cassava explants to drought stress and P
starvation in culture medium is not known. Formation of organs by
different explants grown on culture medium subjected to combine
drought and P stresses has not been described. We hypothesized
that cassava nodal segment explants would form organs, grow
and respond to water and P stresses in vitro for identification of
tolerant varieties. The objectives of this study were to describe
the morphological response of eight cassava cultivars to in vitro
drought and phosphorus stresses and identify tolerant ones.

Materials and Methods

Plant materials and conditions of source of explants

Healthy plants were raised from stem-cuttings of eight cassava
cultivars, viz, UMUCASS 36, UMUCASS 37, UMUCASS 38, TMS
97/2205, MS-3, TMS 4(2) 1425, TME 419 and TMS 98/0581, at
the greenhouse facility of NACGRAB, Ibadan. Stem-cuttings (10cm
long) were planted horizontally in plastic pot (19cm x 21cm x
13cm) containing 4kg loamy soil with these soil properties:

a. pH=72

b.  Organic carbon = 4.3%

c.  Total nitrogen=5.1%

d.  Cation exchange capacity =15.3 cmolkg™?

Each plant was irrigated manually, and daily with 800mL tap
water, pH 6.8.

Culture composition, growth conditions, stress treatment and experimental design

Table 1: Composition of the three culture media used for the study.

Nutrient Compound CT (g/1) MS (g/1) ES (g/1)
NH,NO, 1.65 1.65 1.65
KNO, 1.9 2.85 3.8
CaCl,.2H,0 0.44 0.44 0.44
MgS0,.7H,0 0.37 0.37 0.37
KH,PO, 0.17 0.085 _
NaHPO, 0.147 0.074 _
H,BO, 6.2x 103 6.2x103 6.2x10%
MnSO,.4H,0 2.23x10? 2.23x107? 2.23x10?
ZnS0,.H,0 8.6x10° 8.6x10°3 8.6x10°%
Kl 8.3x10° 8.3x10° 8.3x10°
NaMO,.2H,0 2.5x10* 7.4x10%? 1.5x10?
CuS0,.5H,0 2.5x10* 2.5x10* 2.5x10*
CoCl,.6H,0 2.5x10* 2.5x10* 2.5x10*
FeSO,.7H,0 2.78x10* 2.78x10? 2.78x 107
Na,EDTA.2H,0 3.36x10 3.36x10? 3.36x102
Myo-Inositol 10 10 10
Nicotinic Acid 5.0x10° 5.0x10° 5.0x10°
Pyridoxine HCI 5.0x10° 5.0x10° 5.0x10°
Thyamine 1.0x10° 1.0x10° 1.0x10°
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Glycine 2.0x10* 2.0x10* 2.0x10°
Sugar 30 30 30
NAA (Naphthalene acetic acid) 1.0x10° 1.0x10° 1.0x10°
BAP (Benzylaminopurine) 5.0x10° 5.0x10° 5.0x10°
Purified Agar 7 7 7
Mannitol _ 10.00 (-593.0KPa) 20.00 (-740KPa)
pH 5.7+0.10 5.7+0.10 5.7+0.10

*According to Murashige & Skoog [12] with modifications CT= control (unstress) medium; MS= moderate water and P stress medium; ES= extreme water

and P stress medium.

Three culture media were used in the study: Control (unstress),
moderate waeter and P stress and extreme water and P stress.
Control medium contained Murashige & Skoog [12] mineral salt
and vitamins supplemented with 30g/L sucrose and 7g/L agar.
Moderate water and P stress medium contained MS mineral salts
and vitamins (devoid of 50% P) supplemented with 30g/L sucrose,
7g/L agar and 10g/L mannitol. Extreme water and P stress
medium contained MS mineral salts and vitamins (devoid of P)
supplemented with 30g/L sucrose, 7g/L agar and 20g/L mannitol.
Mannitol provided water stress in vitro. Detail composition of the
three culture media is presented in Table 1. The pH of the medium
was adjusted to 5.8 by HCI (1N) or NaOH (1N) prior to autoclaving
at 121 °C for 15min at 1.05kgcm™ pressure. Growth regulators
were filter-sterilized through 0.22uM Millipore filters and added
to media after autoclaving. Cultures were maintained under 16h
photoperiod, with 20pumol m=2 s light intensity provided by cool-
white fluorescent tubes at 25+2 °C.

Plantlets of the eight cassava cultivars were raised from
surfaced sterilized nodal segment (5cm long) explants obtained
from one-month old plants on the three culture media. The study

Results and Discussion

was 3 x 8 factorial arrangement in completely randomized design
with three replicates. Fifteen explants constituted a replicate.
Cultures were kept in a growth chamber at 25+2 °C and 16-hour
photoperiod (irradiation = 90pmol m™ s'). A week after culture
initiation, observations were made on survival of explants.
Presence or absence of elongated stem, elongated root, young
leaves, expanded leaves and axillary buds on the explants were
recorded at six weeks after culture initiation. Data were obtained
on number of leaves per plantlet (NL), number of roots per
explant (NR), number of shoot (NS), number of chlorotic leaves
per plantlet (NCHL), shoot length (SL) and root length (RL) at 12
weeks.

Statistical analysis

Data obtained from tagged, five randomly selected plantlets
averaged per replication were used for analysis of variance. Count
data, not being normally distributed, were subjected to square-
root transformation. The transformed data were subjected to
analysis of variance using PROC GLM of the Statistical Analysis
Systems [13]. Means were separated by Tukey’s test at 5% level
of probability.

Table 2: Formation of organs by cassava nodal segment in vitro grown three stress media at 2 weeks after culture initiation.

Cultivar Apical Meristem Elongated Stem Elongated Root Young Leaves
CT MS ES CT MS ES CT MS ES CT MS ES
UMUCASS 36 + + + + + + + - - + + +
UMUCASS 37 + - - + + + + - - + + +
UMUCASS 38 + + - + + + + - - + + +
TMS 98/0581 + + + + + + + + - + + +
TME 419 + + + + + + + + + + + +
MS-3 + + - + + - + - - + + -
TMS 4(2)1425 + + + + + + + - - + + +
TMS 97/2205 + - + + + + + - - + + +

+: present; -: absent

TMS: Tropical Manihot species; TME: Tropical Manihot esculenta; CT: Control; MS: Moderate Stress; ES: Extreme Stress.

Status of organ development by nodal segment explants
grown in the three media at two weeks of culture initiation is
presented at Table 2. All nodal segment explants survived in the
three cultures media. Developing organs had become visible on
responding explants in all cultivars as from one week after culture
establishment. Explants of all cultivars grown on CT medium
developed apical meristem. However, only two (UMUCASS 37 and

TMS 97/2205) and three (UMUCASS 37, UMUCASS 38 and MS-3)
cultivars did not develop apical meristem on MS and ES media,
respectively. Elongated stems were present in all cultivars on CT
and MS media, and only MS-3 did not produce elongated stem
on ES medium. Nodal segment explant of all cultivars developed
elongated root on CT medium. However, only two (TMS 98/0581
and TME 419) cultivars and TME 419 develop elongated root on
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MS and ES media, respectively. There were presence of young
leaves in all cultivars on CT and MS media but only MS-3 did not
develop young leaves on ES medium. Nodal segment is the most
suitable explant for cassava in vitro propagation [14], hence it was
explant of choice for this study. In normal cassava propagation
culture medium, nodal segment produces shoots and roots in one
week of culture initiation, depending on cultivars and medium
composition [14]. In the present work, nodal segment explant of
all cultivars grown on CT medium produced shoot and root at two
weeks indicating suitable medium composition and environment
for explants growth. However, the situation was not the same with
explants grown on MS and ES media, which is a manifestation
of the cultivars response to the mannitol-induced drought and
P deficiency stresses. Clearly, our results indicated cultivar
difference in organ development under in vitro drought and P
stresses. Although, cassava response to combine in vitro drought
and P stresses has not been reported, Jolayemi and Opabode [15],
have reported differential varietal response in cassava to manntol-

induced drought stress. It is noteworthy that TME 419 developed
all organs examined in ES medium, including root, the most
difficult organ to develop by cassava in vitro. This suggests that
TME 419 is tolerant of drought and P stresses. Recently, TME 419
has been reported to display vigorous growth under mannitol-
induced drought stress, suggesting high productivity potential
under water deficit conditions. Cultivar TME 419 is one of farmer-
preferred cassava cultivars in West Africa because of its fast
growth rate, and ability to suppress weeds and produce high tuber
yield under poor agronomic management [16]. On the other hand,
MS-3 failed to develop any organs in ES medium, suggesting the
cultivar is sensitive to drought and P stresses. Most importantly,
our data established that nodal segment explants grown in culture
medium containing mannitol as drought-inducing agent and
devoid of P developed organs in response to imposed stresses. A
situation that make in vitro selection of drought and P deficiency
tolerant one feasible.

Table 3: Mean squares from analysis of variance of some in vitro growth parameters of cassava plantlets obtained from nodal segment as

influenced by water and phosphorus stresses.

SV DF NL NR NCHL NS SL RL
Rep 2 0.44 0.11 0.14 0 2.91 132
Stress (S) 2 1.13% 0.17** 0.06NS 0.03NS 3.39%* 0.84NS
Cultivar (C) 7 0.42%* 0.33%* 0.17NS 0.06NS 1.60%* 1.86NS
SXC 14 0.71%* 0.14** 0.16NS 0.07NS 1.44%* 0.93NS
Error 46 0.08 0.07 0.06 0 0.39 0.65
R? (%) 81 59 69 100 71 50

*: Level of significance at P < 0.05; **: Level of significance at P < 0.01; ns: not significant; R-sq: R-square value; SV: Source of variation; DF:
Degree of freedom; NL: Number of leaves; NR: Number of root; NCHL: Number of chlorotic leaves; NS: Number of shoot; SL: Shoot length; RL:

Root length.

Results of analysis of variance of growth parameters are
presented in Table 3. Stress medium and cultivar had significant
effects on NL, SL and NS. However, stress medium and cultivar
had no significant effects on NS, RL and NCHL. Also, interaction

of stress medium and cultivar were significant on NL, NR and SL.
Therefore, interactions means were used to examine the influence
of stress medium on each cultivar for NL, NR and SL as presented
in Figure 1.
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Compare with control medium, MS reduced number of leaves
by an average of 17% and ES reduced number of leaves by 50%
in UMUCASS 36, UMUCASS 37, UMUCASS 38 and TMS 4(2) 1425
(Figure 1A). However, in TMS 98/0581 and MS-3, MS reduced
number ofleaves by more than 50% and ES lead to complete loss of
leaves on the plantlets. About 50% reduction in number of leaves

were observed when explants of TME 419 and TMS 97/2205 were
subjected to MS and ES. Reduction in NL under drought and P
stresses might be for the purpose of decreasing transpiration and
adjustment of photosynthetic machinery, as leaves are the organs
that contain chloroplasts and stomata, which are associated with
photosynthesis and transpiration, respectively. According to
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Roitsch [17], when water supply is significantly decreased, plants
adjust growth, leaf formation and photosynthetic activities, which
affect carbon partitioning between tissues that serve as sink
and source. As a result, sugars that are utilized for normal plant
growth are redirected to selective growth of roots and shoots or
towards production of osmoprotectants [18]. Previous laboratory
and field studies have identified stomata closure, reduction in leaf

size and number and restriction in rate of new leaf appearance as
some of the stress-avoidance mechanisms employed by cassava to
ensure conservative use of water to sustain photosynthesis during
water-deficit stress [19,20]. Recently, NL of TMS 84/00353, MM
96/1751 and MM 98/3437 was reported insensitive to mannitol
treatment by Jolayemi & Opabode [15].

Ve

= P

Mumber of
roots/plantlet

UMUCASS UMUCASS UMUCASS
36 37 38

T3
98/0581

Figure 1B

TME 415

M5-3

TM5 4 (2)
1425

iTT i'r'r i'r'r i'r'r I I iTT I'r'r I
1 L i 1 i 1 i 1 1 1 i 1

TMS
97/2205

J

All cultivars produced roots in CT medium with the highest
number of roots produced by TME 419 (FigurelB). Cultivars
UMUCASS 36, UMUCASS 37, UMUCASS 38, TMS 98/0581, MS-3,
TMS 4(2) 1425 did not develop root on MS and ES media. MS and
ES media reduced number of root by 60 and 63%, respectively
in TME 419. In TMS 97/2205, MS reduced number of root by
70% while ES lead total reduction in root formation. Cassava
fibrous root system consists of adventitious and lateral roots.

Experiments have shown that production (formation) and growth
(elongation) of cassava’s adventitious and lateral roots are
suppressed by deficit in soil moisture [5,6]. Root formation and
elongation are difficult processes to achieve by explants under
stress which informed inability of 75% of the cultivars to produce
root under stress. However, TME 419 and TMS 97/2205 produced
roots, suggesting the two cultivars are tolerant of drought and P
stresses [21].
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Figure 1: Interaction of cultivar and stress medium on number of leaves, number of roots and shoot length.
\ J

Shoot length was reduced by an average of 5 and 12% on
MS and ES media, respectively in UMUCASS 36, UMUCASS 37,
UMUCASS 38, TME 419, and TMS 4(2) 1425 (Figure 1C). In TMS
98/0581 and TMS 97/2205, reduction of shoot length was greater
than half on both MS and ES media whereas MS-3 showed no
reduction in shoot length in both MS and ES media. Cessation of
shoot growth is one of the first responses of plants subjected to
drought stress [22,23]. Reduction in shoot growth under moisture
stress has some benefits, i.e.,, reduced metabolic activity in and
energy consumption by plant and re-direction of metabolites to
the production of materials required for osmotic adjustment [23].
Conclusion

All cultivars developed shoots,

roots, leaves and apical

meristem from nodal segment explants on control medium while
25% of the cultivars developed those organs on moderate water
and P stress (MS) medium. Only TME 419 developed roots, shoots,
leaves and apical meristem on extreme water and P stress (ES)
medium while MS-3 produced no organs on ES medium. Our results
suggested that in vitro screening is feasible for identification of
drought and P deficit tolerant cassava varieties. In addition, our
data suggested that TME 419 is tolerant of drought and P deficit
stresses and strongly recommended for farmers.
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