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Abstract

The concern for food safety, environmental issues and human health has stimulated interest in
alternative agricultural systems like organic farming. Cassava (Manihot esculenta Crantz) is an important
tropical tuber crop that plays a significant role in the food and nutritional security in rural livelihoods.
Since the information on the quality of organically grown cassava tubers is meagre, a field experiment
was conducted in split plot design over a period of three years at ICAR-Central Tuber Crops Research
Institute, Thiruvananthapuram, Kerala, India. The aim was to compare the tuber quality by evaluating
the biochemical and mineral contents of tubers of three varieties of cassava, H-165, Sree Vijaya and
Vellayani Hraswa grown under various production systems, viz., traditional, conventional, integrated
and two types of organic (with or without biofertilizers). The varieties were assigned to main plots and
production systems to subplots. Organic farming improved biochemical parameters by lowering the
cyanogenic glucoside content (-19.60%), enhancing dry matter (+2.72%), starch (+ 8.60%), crude
protein (+7.72%), sugar (+54.62%), ash (+38.42%) and fibre (+20.56%) contents. Besides, the
mineral contents like P, K, Ca, Mg, Fe, Mn and Zn status of the tubers were enhanced by 1.25, 10.13,
12.89, 40.79, 59.03, 6.92 and 27.40% respectively over conventional practice in the current research.

Thus, organic management in cassava produced quality and safe tubers.
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Introduction

The combined awareness of food safety and security,
environmental protection, biodiversity as well as human
well-being has stimulated considerable concern,
favouring ecologically-grown animal and human foods
(FAO, 2010; De Schutter, 2011; SCAR, 2011). The
growing public concern about environmental and
personal health issues have generated great consumer
interest in organic farming and organically produced food
(Suja et al., 2012a; Suja et al., 2012b). Consequently
foods produced by organic methods are usually believed
to be of superior in quality with better taste, biochemical
constituents, minerals and absence of contaminants and
toxic substances (Worthington, 2001; Azami et al., 2003;
Perez-Lopez et al., 2007; Bimova and Pokluda, 2009).

Cassava (Manihot esculenta Crantz) is an important tropical
tuber crop that plays a significant role in the food and
nutritional security in rural livelihoods. It is one of the
most important food crops in the world, after rice, wheat

and maize, but ahead of potato in terms of total area
planted (Howeler, 2017). Ethnic tuberous vegetables like
cassava, elephant foot yam, yams etc. are preferred and
are in great demand among affluent Asians and Africans
living in Europe, USA and Middle East. Higher tuber
quality has been documented earlier in tropical tuber
crops under organic management; higher crude protein,
significantly lower oxalate contents, higher K, Ca and
Mg contents in elephant foot yam (Suja et al., 2012b),
significantly higher Ca, slightly higher dry matter, crude
protein, K and Mg contents in yams (Suja and Sreekumar,
2014) and higher dry matter, starch, sugars, P, K, Ca
and Mg contents in taro (Suja et al., 2017). However, at
present there is no clear scientific evidence about the
impact of organic management on the tuber quality of
cassava, the major tropical tuber crop. Hence the
objectives were to explore the comparative advantages
of organic management over conventional management
on biochemical and mineral composition of cassava
tubers.
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Materials and Methods

Field experiments were conducted for three years (from
2011 to 2013) during June-December at ICAR-Central
Tuber Crops Research Institute (CTCRI) (8°29'N,
76°57°E, 64 m altitude), Thiruvananthapuram, Kerala,
India, to compare the varietal response and tuber quality
under various production systems in cassava. In the land
used for this study, green manure cowpea was raised and
incorporated. Chemical inputs were not used for an year
before taking up the current research. The soil of the
experimental site was acidic (pH: 4.78) with low available
N (159.94 kg ha?), high available P (163.30 kg ha™)
and organic C (1.01) and medium available K (162.33
kg ha). The site experiences a typical humid tropical
climate. The mean annual rainfall was 1817 mm,
maximum and minimum temperatures were 31.52°C
and 24.32°C respectively and mean relative humidity was
76.50%. The experiment was laid out in split plot design
with three varieties, H-165, Sree Vijaya and Vellayani
Hraswa in main plots and five production systems,
traditional, conventional, integrated and two types of
organic in sub plots (Table 1). The gross plot size was
5.4 m x 5.4 m accommodating 16 net plants.

The crop was harvested six months after planting during
the three years and the plot wise fresh samples of tubers
were collected and analysed for biochemical characters
like cyanogenic glucoside content (Bala Nambisan and
Shanavas, 2013), dry matter, starch, total sugars (Aminoff
etal., 1970), crude protein (Simpson et al., 1965), fibre
and ash contents (AOAC, 2005) as per standard
procedures. The mineral composition of tubers like P

Table 1. Treatment details of the experiment

(Jackson, 1973), K, Ca (Piper, 1970), Mg, Fe, Mn and
Zn contents (Lindsay and Norwell, 1978) were also
estimated as per standard methods. The experimental
data were analysed statistically using SAS (2010) by
applying the technique of analysis of variance (ANOVA)
for split plot design.

Results and Discussion
Biochemical composition
Cyanogenic glucoside content

The cyanogenic glucoside content varied significantly
among the varieties (Table 2). Vellayani Hraswa had
significantly lower cyanogenic glucoside content in the
first year. However, during the second and third years,
both the domestic varieties, Sree Vijaya and Vellayani
Hraswa had significantly lower cyanogenic glucoside
contents. Production systems imparted significant effect
on cyanogenic glucoside content during the second and
third years. In the first year, cyanogenic glucoside content
was lowered insignificantly by 18.66% under organic
management when compared to conventional practice.
It is worthy to mention that organic management lowered
the cyanogenic glucoside content significantly by 22.89%
and 19.94% by the second and the third year respectively,
when compared to conventional practice, where
chemical fertilizers were used. The effect of varieties x
production systems interaction was not significant during
the period of study.

Averaging over the years, in the present study, organic
management could lower the anti-nutritional principle,
cyanogenic glucoside content in the tubers by 19.60%

Production systems

Name of inputs and quantity

Traditional (farmers’ practice)

Conventional (present Package of
Practices (POP) Recommendations)
Integrated

FYM @ 125thatand ash @ 2 t ha*

FYM @ 12.5 t hatand NPK @ 100:50:100 kg ha™
FYM @ 12.5tha'+ NPK @ 50:25:100 kg ha* + Azospirillum @ 3

kg ha* and phosphobacteria @ 3 kg ha*

Organic

FYM @ 12.5 t ha?, in situ green manuring (normally produces green

matter @ 10-15 t ha), crop residue incorporation (generates dry
biomass @ 3 t ha') and ash @ 2t ha!

Organic (including biofertilizers)

FYM @ 12.5 t ha'?, in situ green manuring (normally produces green

matter @ 10-15 t ha), crop residue incorporation (generates dry
biomass @ 3 t ha™) Azospirillum @ 3 kg ha*, phosphobacteria @ 3
kg ha'*and K solubilizer @ 3 kg ha™




when compared to the conventional system, where chemical
fertilizers, especially urea were used (Fig.1). Similar results of
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Fig.1. Per cent increase or decrease in biochemical composition of

tubers under organic production of cassava over conventional
practice

significant lowering of anti-nutritional principle like oxalate
by 21% under organic management was reported previously
by Sujaetal. 2012(b) in elephant foot yam in long-term studies.
The observed result in the present study is consistent with the
earlier report by Omar et al. (2012) that organic fertilizer
application resulted in significantly lower cyanide content
compared to inorganic fertilizer and application of
vermicompost resulted in higher nutritional quality in cassava.
Furthermore, Omar et al. (2012) proposed that the low content
of these anti-nutrients using organic fertilizer would therefore
permit the absorption of these elements, which they form
complexes with. Anti-nutrients are natural or synthetic
compounds that interfere with the absorption of nutrients.
Synthetic N fertilizer like urea might have led to faster and
greater absorption of N in one stroke for storing in the N-
reserve as cyanogenic glucoside, particularly when the N
absorbed was in excess of that needed for the normal
physiological and metabolic functions. This might have
triggered the content of cyanogenic glucoside under
conventional system. The comparatively slower and smaller
release of N for an extended period from the organic manures
used in the study, especially green manures, resulting in lower
rate of N availability for crop uptake and synthesis of cyanogenic
glucoside probably might have lowered its content compared
to the chemical system.

Dry matter content

Varieties varied significantly in dry matter percentage during
the period of experimentation (Table 2). The dry matter
content of Sree Vijaya and Vellayani Hraswa was on par in the

Table 2. Effect of treatments on biochemical composition of tubers

Fibre (%)
FW basis

Crude Total Ash (%)
FW hasis

protein

Starch

Dry matter (%)

Cyanogenic glucoside FW

Varieties/Production

systems

sugars

(% FW)

3 year
1.26
1.46
151

(% FW)

(% FW)

basis (1 9 ¢*)

3 year
39.16

2" year
29.75
32.96
40.26

15 year
31.56
35.83
39.33
4.187

3 year
103.20

2" year
98.50

47.10

15 year
85.00
57.90

42.10

Varieties

121
0.830

2.38
2.20
1.72

2.69

2.70

2.67
NS

33.53
31.67
31.54

NS

H-165
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33.96
25.50

54.60
46.60

Sree Vijaya

0.606
0.105

49.80

\ellayani Hraswa
CD (0.05)

NS

NS

1.038

6.694

25.100 11.020

15.25

Production systems

Traditional

0.918

2.38
1.90
1.67
2.63
191
0.457

1.43
1.19
1.54
1.37
1.84

2.37
2.59
2.92
2.79
2.68
NS

31.39
3151

33.54
31.94

34.34

35.85
34.42

36.50
34.59

35.28

71.90
77.20
65.90
64.00

71.30
76.10
59.00
58.70
60.50
12.680

69.40
60.00
67.30
48.80

0.827

Conventional
Integrated

Organic

0.923
0.997

31.64
32.46

34.22

33.97

32.58 30.60

36.54
34.97

0.750

33.95

34.78

61.80
7.270

62.80

Organic (Biofertilizers)

CD (0.05)

5

NS

NS

NS

1.784

NS

NS

NS
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first year. Vellayani Hraswa produced significantly higher dry
matter content in the second year, and H-165 proved superior in
the third year. Among the production systems, significant effect
was absent in the first two years. In the third year, integrated
practice produced tubers with highest dry matter content on par
with that of organic (with biofertilizer) and traditional treatments.
Considering the average of three years, organic management led
to slight increment (+2.72%) in dry matter content in cassava
tubers. Higher dry matter content has been earlier documented
in other tropical tuber crops like yams (Suja and Sreekumar, 2014)
and taro (Suja et al., 2017) under organic management. Abu-
Zahra (2016) reported that organic treatments tended to produce
fruits with higher dry matter percentage over conventionally
produced ones. The effect of varieties x production systems
interaction was significant in the third year. Among the varieties x
production systems interaction, the variety H-165 under
integrated and conventional systems resulted in tubers with higher
dry matter content.

Starch, crude protein, total sugar, fibre and ash contents

The starch, crude protein, total sugars and ash contents did not
vary significantly among the varieties, production systems and
varieties x production systems interaction (Table 2). Though the
varieties did not vary significantly in starch content, the industrial
variety H-165 had higher starch content, as expected. The
domestic varieties, Vellayani Hraswa and Sree Vijaya had slightly
higher crude protein and sugar contents. The fibre content of H-
165 (1.21%) was significantly higher. Starch (+ 8.60%), crude
protein (+7.72%), sugar (+54.62%), ash (+38.42%) and fibre
(+20.56%) contents were higher in the organically produced
tubers (with or without biofertilizers) over conventional tubers
(Fig. 1). This result conforms to the earlier reports in other tropical
tuber crops. Organic management enhanced the crude protein
contents by 12% in elephant foot yam (Suja et al., 2012b) and
6% in yams (Suja and Sreekumar, 2014) and starch by 10.78%
and sugar by 31.55% in taro (Sujaetal., 2017). Abu-Zahra (2016)
also found that organic treatments tended to produce fruits with
higher crude fibre content over conventionally produced ones.

Mineral composition

The results of the mineral composition of the tubers estimated
during the second and third years are given in Table 3. During the
second year, the mineral composition of the tubers viz., B K, Mg
and Mn contents of the varieties varied significantly. The industrial
variety, H-165 contained significantly higher P Mg and Mn
contents in tubers. The K content of H-165 and Sree Vijaya was
on par. In the third year, though the varieties did not vary
significantly, H-165 had slightly higher mineral contents in tuber.

Table 3. Effect of treatments on mineral composition of tubers (DW basis, mg 100g?)

Varieties/Production

systems

Zn
2"dyear 3 year

Mg Fe Mn

Ca
2"9year 3 year

2"9year 3 year

3 year

3dyear 2" year

2" year
36.90

23.10

3dyear 2year 3" year
1250
1133
610
340.20

2" year

Varieties

2.43

2.18

1.55
NS

2.54

1.69

2.54
NS

3.03

2.43

1.96
NS

5.64
4.08
3.42
0.36

36.10

36.00 41.00

22.40
20.00
3.00

235.90 214.00
251.10 149.00

160.10 127.00

1130
830
666

161.70 190.70
13140 14210
116.70  140.10

H-165

29.20
26.90

33.20

Sree Vijaya

28.80
NS

17.60

\ellayani Hraswa
CD (0.05)

NS

NS NS 5.83

NS

NS

24.95

Production systems

Traditional

2.70
2.39
1.88
1.79
1.50
NS

1.80
177
1.90
2.02
3.80
NS

2.43
2.22
2.66
2.54
251
NS

4.75
4.28
4.16
4.41
4.30
NS

30.20 42.80 3450
21.20

25.80

30.30

203.40 217.00

882
923

849
1041
903
1137
1057

127.40 202.80

20.50
27.70
38.20
32.60

27.10

19.50
26.70

28.30

205.50 153.00

136.90 151.90

Conventional
Integrated

Organic

32.40

665  206.60 135.00

1026

128.70 145.30

146.50 139.40

29.00 37.50

2430 31.90
NS

232.70 172.00

230.40 140.00

24.50

Organic (Biofertilizers) 143.60 148.80

CD (0.05)

NS

NS

NS NS 21580 NS NS NS

NS




The mineral composition was not significantly influenced by the
production systems, except the K content in the third year. The K
content was appreciably higher in tubers produced under organic
mode, which was on par with all the other treatments, except
integrated. Organic management (with or without biofertilizers)
could enhance the P, K, Ca, Mg, Fe, Mn and Zn status of the tubers
by 1.25, 10.13, 12.89, 40.79, 59.03, 6.92 and 27.40% respectively
over conventional practice in the current research (Fig. 2). The
effect of the interaction between varieties and production systems
was not significant.

The higher mineral content in organic crops may be due to the
better availability of nutrients due to higher abundance of micro-
organisms in organically managed soil. The micro-organisms produce
many compounds that help plants to combine with soil minerals
and make them more available to plant roots (Worthington, 2001).

Analysis of the tuber quality attributes in most years in the present
study indicated that there was no significant difference in the
biochemical composition and mineral content of tubers in the
various production systems. This is similar to the finding of
Radhakrishnan et al. (2006) that quality parameters of tea
manufactured from different farming systems, including organic
system, did not vary significantly. This may be due to the fact that
regardless of whether the nutrients are from organic or inorganic
source, plants absorb the same as inorganic ions and once absorbed
the nutrients are re-synthesized into compounds that determine
the quality of the produce, which is predominantly the function of
genetic makeup of the plants (Chhonkar, 2008). Product quality is
the complex result of a range of factors, including variety, location,
fertilization and weather conditions during crop growth. However,
product quality also includes the absence of harmful compounds,
which is certainly determined by the management options and hence
on the lower side in the organic system (Neuhoff et al., 2011).
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Fig.2. Per cent mcrease in mmeral composmon of tuber under organlc
production of cassava over conventional practice
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Higher mineral content has been earlier
documented in other tropical tuber crops
under organic management. In elephant foot
yam, organic corms had 3-7% higher K, Ca
and Mg contents under organic farming (Suja
etal., 2012b). Mineral content was improved
with significantly higher Ca (+26%), slightly
higher K (+2.40%) and Mg (+11.69%)
contents in yams (Suja and Sreekumar, 2014).
Cormel mineral composition was better
under organic management, with higher P
(+3.22%), K (1.77%), Ca (+5.52%) and Mg
(+20.80%) contents in taro (Suja et al.,
2017).

Well-documented studies in other crops also
supports the above findings in cassava that
organic cultivation can generate tubers with
distinct spectrum of minerals over
conventionally grown tubers. Rembialkowska
(2007) stated that organic crops contain more
dry matter, minerals, especially Fe, Mg and P
by 21%, 29% and 14% over conventionally
produced ones. Pieper and Barrett (2008)
also found higher levels of K in organic
tomatoes. Comparative data between organic
and conventional food items indicates that
organic plant products had higher dry matter
and Mg contents in 310 and 162 studies
conducted by AFSSA, France (2003) and
FSA, UK (2009) respectively in vegetables
and fruits (Lairon and Huber, 2014).
Lombardo et al. (2014) observed that P,
Mg and Cu were well represented in organic
potatoes over conventional ones. Dvorak
et al. (2016) highlighted that organic
farming improved the quality characteristics
of potatoes by increasing the content
of polyphenols and decreasing the contents
of nitrates and reducing sugars. Recent
epidemiological studies advocate that under
organic farming practices that use natural and
safe agronomical inputs, plants can
accumulate nutrients and phytochemicals,
enhancing their biological value and
thus increasing the nutritional quality of foods
(Aires, 2016).
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Conclusion

The industrial as well as domestic varieties of cassava
exhibited similar performance under organic and
conventional management. The study revealed the
improved tuber quality of organically produced tubers
over conventional tubers by reduction in the cyanogenic
glucoside content, higher dry matter, starch, crude
protein, sugar, fibre and ash contents and the contents
of almost all minerals. Thus the study has generated new
information on the safety and quality of organic cassava.
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