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Cassava is one of the important tuber crops grown in marginal lands for its edible
tuberous roots. Besides macro nutrient deficiencies, some micronutrient deficiencies
are observed in cassava. To overcome those micronutrient deficiencies as well as to
increase the cassava tuber yield and tuber quality, a field experiment was laid out
during 2014-15, 2015-16 and 2016-17 at Dr. YSRHU - Horticultural Research
Station, Peddapuram with eight treatments in randomized block design with three
replications. The results revealed that the significant differences were observed
between the treatments for all studied characters. The maximum plant height and
stem girth were observed in T; (POP + MgSO, @ 20 kg ha™ + ZnSO, @12.5 kg ha™
+ Borax @10 kg ha™ @ 20 kg ha™ + FeSO, (0.5 % stake dipping)). The maximum
tuber yield per hectare and starch content were also recorded in T; with 42.59 t/ha
and 27.63 per cent followed by T (POP + MgSO, + ZnSO, + Borax) with 38.29
t/ha and Ts (POP + FeSO, (0.5 % stake dipping) with 27.26 per cent respectively.
The highest B:C ratio was recorded for T; whereas it was lowest for Tg (Absolute
control).

Introduction

Cassava (Manihot esculenta Crantz) is also called as
tapioca belongs to Euphorbiaceae family well
known for its tuberous roots and sixth most
important source of calories in the human diet. It is a
perennial shrub and a tuberous root crop and is a
native of Tropical America and was introduced from
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Brazil into India by the Portuguese in the 17th
century (Suganya et al., 2020). This crop has
enormous potential for staple food, industries viz.
sago, flour, starch, dextrin, confectionery,
pharmaceutical, adhesives, explosives, paper,
cookies, textile, bio ethanol, wood, bio-degradable
bags) and animal feed. It is highly drought tolerant
crop and can be successfully grown in marginal soils
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where many crops are not able to grow well and it is
a rain fed crop not required regular irrigation and
also most suitable crop for agency areas. This crop
is grown in varied agro ecological environments and
production systems ranging from highland densely
populated regions to lowland drier areas prone to
droughts or floods (Ugwu et al., 2019). It requires
minimum care during entire period of cultivation
with application of recommended doses of fertilizers
which tends to suitable crop for many small and
marginal farming communities.

Cassava is highly responsive to manures and
fertilizers including secondary and micronutrients
(Susan John et al., 2011). The micronutrients viz.
Mg, Zn, B and Fe have play a vital role for growth
and vyield of cassava, which is generally grown in
poor to marginal soils where micronutrient
deficiency is common. The application of
micronutrients in combination of Mg, Zn, B and Fe
along with recommended doses of FYM and NPK
had a positive effect on growth, yield and quality
attributes of cassava rather than application of micro
nutrients alone (Suganya et al., 2020). When the
plants suffer from malnutrition, they show
symptoms of being unhealthy. Too little or too much
of any one nutrient can show the deficiency or
toxicity symptoms like stunted growth, reduced
internodal length, chlorosis, yellowing of leaves,
thin or thick stem, short petioles, inter venal
chlorosis, small younger leaves etc. (Howeler,
1985). In cassava the micronutrients deficiencies
such as iron, zinc, manganese, copper and boron are
most common in soils of high pH values as the
availability of these elements are decreased rapidly
by precipitation or soil adsorption reactions which
intensify at high pH values (Howeler et al., 1982).
The micronutrients are also required in small
amount to enhance the actions of some enzymes
which aid in the growth and yield of major food
crops (Fageria et al., 2002). So that, the application
of micronutrients (iron, boron, manganese, zinc,
copper, chlorine and molybdenum) along with
primary nutrients (nitrogen, phosphorus, potassium)
and secondary nutrients  (sulfur, calcium,
magnesium) is also very important for cassava to
avoid the deficiencies as well as to carry out the
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their  regular  physiological processes and
metabolisms (photosynthesis etc.), crop growth,
highest tuber yield and tuber quality. Therefore, the
present investigation was carried out to know the
effect of different micronutrients and their
combinations on growth, tuber yield and quality of
cassava tubers.

Materials and Methods

The field experiment was laid out with short
duration cassava variety (Sree Vijaya) to study the
effect of micro nutrients on growth, tuber yield and
quality of cassava tubers during 2014-15, 2015-16
(Dr. YSRHU - Horticultural Research Station,
Venkataramannagudem) and 2016-17 (Dr. YSRHU
- Horticultural Research Station, Peddapuram) with
eight treatments in Randomized Block Design
(RBD) with three replications. The treatment details
viz. POP recommendation (NPK+FY M) specific to
the location (T,), POP + Soil application of MgSO4
@ 20 kg ha™ (T2), POP + Soil application of ZnSO,
@ 12.5 kg ha™ (T53), POP + Soil application of Borax
@ 10 kg ha™ (T,), POP + FeSO, (0.5 % stake
dipping) (Ts), POP + MgSO, @ 20 kg ha™ + ZnSO,
@ 12.5 kg ha™ + Borax @ 10 kg ha™ @ 20 kg ha*
(Te), POP + MgSO, @ 20 kg ha™ + ZnSO, @ 12.5
kg ha™ + Borax @ 10 kg ha™ @ 20 kg ha™ + FeSO,
(0.5 % stake dipping) (T7) and Absolute control
(Tg). The soils are sandy loam soils with pH of 7.2.
MgSQ,, ZnSO, and Borax were applied after top
dressing of NPK fertilizers and within 2 months of
planting of cassava. FeSO, was given as stake
dipping for 15 minutes and foliar application (0.5%
FeSO, solution) 3-4 times at weekly intervals on
appearance of the symptoms.

The planting was taken up during third week of June
and the harvesting was done during the third week
of January. The setts of 20 cm length of short
duration variety Sree Vijaya were prepared and
treated with chemical solution of 2 ml of
Dimethoate and 3 g Mancozeb for 5 min. and
planted in raised nursery beds in side by side and
watered regularly. The well rooted and sprouted
setts were transplanted to well prepared main field
after 7-8 days of planting at a spacing of 90 cm x 90
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cm. The recommended dose of FYM @ 12.5
tonnes/ha and fertilizers of NPK @ 60:60:60 kg /ha
in the form of urea, single super phosphate and
murate of potash respectively were applied. Entire
dose of P was applied as basal while N and K were
applied in three equal splits @ 30, 60 and 90 DAP
and the crop was raised as per the recommended
package of practices.

Randomly selected three plants from each treatment
were tagged in each replication and recorded the
data for growth, yield, CMD and quality characters
and the mean values were calculated. The
observations studied viz. growth parameters (plant
height (cm), stem girth (cm), no. of retained leaves,
no. of fallen leaves) at 90, 180 DAP and at harvest;
the yield & yield parameters (no. of tubers per plant,
tuber length (cm), tuber girth (cm), tuber vyield
(t/ha)) at harvest and quality parameters (starch
content (%) and HCN (ppm)). The data on various
yield and quality parameters were analyzed by
adopting the statistical methods of Panse and
Sukhatme (1985).

The percentage of starch content was calculated by
using the method outlined by Moorthy and Padmaja
(2002). The hydrogen cyanide content (HCN) in
tubers was estimated by the method given by Indira
and Sinha (1969) and expressed in ppm.

Results and Discussion

Growth parameters

The pooled data (Table 1) over three years revealed
that there are significant differences were observed
between the treatments for plant height (3 MAP and
at harvest), stem girth (6 MAP and at harvest), no. of
retained leaves (at harvest) and rest of the characters
were showed non-significant. Maximum plant
height (59.63 cm @ 3 MAP, 188.46 cm @ 6 MAP
and 222.51 cm at harvest) was observed in T; (POP
+ MgSO; @ 20 kg ha™ + ZnSO, @ 12.5 kg ha™ +
Borax @ 10 kg ha™ @ 20 kg ha™ + FeSO, (0.5 %
stake dipping)) which was on par with other
treatments except Tg at 3 MAP and followed by T3
with 211.56 cm at harvest. Ugwu et al., (2019) also
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reported the highest plant height with Fe application.
The maximum stem girth was also observed in T+ at
3 MAP (5 cm) and 6 MAP (8.39 cm) whereas Tg has
recorded the highest stem girth (9.51 cm) at harvest
followed by T; with 9.43 cm. While the no. of
retained leaves were highest in Tg (POP + MgSO, @
20 kg ha™ + ZnSO, @ 12.5 kg ha™ + Borax @ 10 kg
ha' @ 20 kg ha™) at harvest with 155.46 leaves
followed by T, with 142.13 leaves.

Yield and quality parameters

The pooled data (Table 2) over three years revealed
that there are significant differences were observed
between the treatments for all the studied characters.
The number of tubers per plant were highest in T
with 9.58 tubers which is on par with T; (POP
recommendation specific to the location) and Ts
with 8.28 tubers and 8.95 tubers respectively. The
maximum tuber length was observed in Te with
35.79 cm which is on par with T, T3 (POP + Soil
application of ZnSO, @ 12.5 kg ha™) and T with
32.45 cm, 32.29 cm and 32.29 cm respectively.

The tuber girth was also highest in Tg (17.30 cm)
which is on par with the rest of treatments except Ts
and Tg The tuber yield per hectare was highest in T
with 34.33 t/ha which is on par with the Tg with
32.06 t/ha. Similar results were also reported by
Kanto et al., (2011); Mousavi et al., (2012) and
Suganya et al., (2020). The increased tuber vyield
was also associated with the corresponding
significant increase in number of tubers per plant,
tuber length and tuber girth (Suganya et al., 2020).

The highest starch content was observed in T; with
28.28 per cent followed by Ts (POP + FeSQO4 (0.5 %
stake dipping)) with 27.42 per cent. These results
are in conformity with earlier findings of Parkes et
al., (2012) and Suganya et al., (2020). The HCN
content was lowest in Tg (Absolute control) with
68.25 ppm which is on par with the Ts with 72.67
ppm. Magnesium fertilization significantly enhanced
the production of tubers (9.4%) compared to the
non-Mg supplemented treatment (Wang et al.,
2020).
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Magnesium has played the key role in several
biological processes viz. protein and chlorophyll
synthesis, CO, fixation in  photosynthesis,
photophosphorylation, phloem loading, translocation
of assimilates in leaves (Cakmak and Yazici, 2010),
transportation of photosynthetic assimilates from
leaves to sink organs (such as tuberous roots) and
stored as starch (Lemoine et al., 2013) to increase
crop yield under sufficient Mg status (Laing et al.,
2000). Zinc is an essential element required for
many enzymatic reactions (Fergeria et al., 2010) and
protein synthesis (Mousavi et al., 2012). The zinc

and iron are the essential elements for cassava
growth, tuber yield and its quality as they have
played an important role in balancing of crop
nutrition (Mousavi et al., 2011). Zinc is required for
the activity of carbonic anhydrase and auxin (Indole
acetic acid, IAA) biosynthesis whereas Fe is
required for biosynthesis of chlorophyll and high
photosynthetic rate (Suganya et al., 2020).
Appropriate sufficient supply of Fe fertilizer based
on balanced nutrition may contribute to reducing
cassava yield gaps thereby increase cassava root
production (Kabata-Pendias, 2011).

Table.1 Effect of micro nutrients on growth parameters of cassava at 3 months after transplanting (MAT), 6
months after transplanting (6 MAP) and at harvest — Pooled data over 3 years (2014-15 to 2016-17)

Treatment Plant height (cm) Stem girth (cm) No. of retained leaves No. of fallen leaves
3 6 At 3 6 At 3 6 At 3 6 At
MAT MAT | harvest | MAT | MAT | harvest MAT MAT @ harvest | MAT | MAT @ harvest
T 55.17 | 171.22 | 203.55 4.79 7.69 8.46 64.65 | 117.67 | 132.20 8.34 | 123.80 | 200.89
T, 53.00  173.29 208.92 @ 4.50 7.83 8.50 63.43  103.47 @ 12427 = 7.95 @ 106.51 216.50
Ts 53.34 | 171.45 | 211.56 4.67 1.72 8.67 67.34 | 113.07 | 131.04 8.13 | 114.37 | 183.34
T, 5253 | 167.28 @ 201.10 @ 4.56 7.66 8.54 62.44 11427 13799 @ 9.90 @ 115.82 213.20
Ts 55.53 | 175.17 | 203.10 | 4.89 1.77 8.17 54.89 | 98.33 | 118.98 | 8.00 | 90.58 | 190.50
Te 54.62 | 183.05 @ 210.79 @ 4.58 8.20 9.51 63.07  112.72 | 155.46 & 9.91 @ 129.05 216.33
T 59.63 | 188.46 | 222.51 | 5.00 8.39 9.43 57.47 | 115.78 | 142.13 | 8.26 | 97.48 | 207.60
Tg 4165 14730 161.69 @ 3.79 6.27 7.25 52.19 @ 77.82 89.27 6.91 9322 @ 157.63
CD 8.42 N/A 10.43 N/A 0.60 0.43 N/A N/A 18.12 N/A N/A N/A
(P=0.05)
SE(d) 3.89 10.62 4.82 0.33 0.28 0.20 6.03 12.35 8.37 1.05 13.70 20.41
C.V. 8.95 7.55 291 8.68 4.42 2.84 12.17 | 14.18 7.95 15.21 | 15.41 12.61
Table.2 Effect of micro nutrients on yield parameters of cassava — Pooled data over 3 years
(2014-15 to 2016-17)
Treatment No. of Tubers / Tuber length Tuber girth Tuber yield | Starch (%) HCN
plant (cm) (cm) (t/ha) (ppm)
T, 8.28 32.45 17.27 28.35 26.07 90.21
T, 6.88 31.68 16.04 26.82 24.92 91.85
Ts 7.66 32.29 16.46 27.67 26.76 97.58
Ty 7.72 28.92 15.86 29.54 26.59 78.89
Ts 7.80 30.23 15.44 26.77 27.42 72.67
Te 8.95 35.79 17.30 32.06 25.60 90.32
T, 9.58 32.29 17.11 34.33 28.28 82.76
Tg 5.19 27.00 13.00 16.09 25.00 68.25
C.D. 1.60 3.98 1.82 4.61 0.65 10.08
SE(d) 0.74 1.84 0.84 2.13 0.30 4.66
C.V. 11.63 7.18 6.43 9.41 1.40 6.78
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Table.3 Economics of micro nutrient studies in Cassava

S. No. Treatment details B:C ratio
1 T, : POP recommendation (NPK+FYM) specific to the location 1.56
2 T,: POP + Soil application of MgSO, @ 20 kg ha™ 1.83
3 Ts: POP + Soil application of ZnSO, @ 12.5 kg ha™ 1.54
4 T,: POP + Soil application of Borax @ 10 kg ha™ 1.99
5 Ts: POP + FeSO, (0.5 % stake dipping) 1.96
6 Te: POP + MgSO, @ 20 kg ha™+ ZnSO, @ 12.5 kg ha™ + Borax @ 10 kg 1.93
ha' @ 20 kg ha™*
7 T,: POP + MgSO, @ 20 kg ha™+ ZnSO, @ 12.5 kg ha™ + Borax @ 10 kg 2.23
ha™ @ 20 kg ha™* + FeSO, (0.5 % stake dipping)
8 Tg: Absolute control 0.91
B: C Ratio Fageria, N. K., Baliger, V. C. and Jones, C. A. 2010.

Among the eight treatments, T7 (POP + MgSO., @
20 kg ha + ZnSO4 @ 12.5 kg ha™ + Borax @ 10 kg
ha® @ 20 kg ha™ + FeSO, (0.5 % stake dipping)) has
recorded the highest B : C ratio with 2.23 (Table 3)
followed by T, (1.99), Ts (1.96) and Ts (1.93).
Among the eight treatments, the tuber yield per
hectare was highest in T; (POP + MgSO, @ 20 kg
ha® + ZnSO, @ 12.5 kg ha™ + Borax @ 10 kg ha™
@ 20 kg ha™ + FeSO, (0.5 % stake dipping)) with
34.33 t/ha which is on par with the Tg (POP +
MgSO; @ 20 kg ha’ + ZnSO, @ 12.5 kg ha™ +
Borax @ 10 kg ha™ @ 20 kg ha™) with 32.06 t/ha.
The highest starch content was also observed in T
with 28.28 per cent. Therefore, the soil application
of FYM @ 12.5 t/ha, N:P:K @ 60:60:60 kg/ha
(POP) along with MgSO, @ 20 kg ha'l, ZnSO4 @
12.5 kg ha™, Borax @ 10 kg ha™ @ 20 kg ha™ and
FeSO,4 (0.5 % stake dipping) can be recommended
for getting highest tuber yield and highest starch
content besides alleviating micronutrient deficiency.
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