Tuberisation pattern of tannia (Xanthosoma sagittifolium (L.) Schott) in response to
crop management practices in the South-Central Laterites of Kerala, India

ABSTRACT

The study was conducted to outline the rooting and tuberisation pattern of tannia
(Xanthosoma sagittifolium (L.) Schott) as influenced by different crop management practices. As an
underutilised crop, it was uncertain as to the management techniques which would increase
tuberisation and productivity levels of tannia. Hence the study was to promote tuberisation in tannia
with a focus on the underground portions of the plant. The variation in rooting pattern was studied in
terms of root number, root weight and root volume and the tuberisation pattern consists of cormels
number per plant, corm weight per plant, cormel weight per plant and rate of tuber bulking. The study
was conducted in farmers field at Ezhukone during the period from Feb 2021- Dec 2021. The
experiment comprised three treatments in completely randomised design with six replications. The
treatments were t; - Kerala Agricultural University Package of Practices Recommendations (KAU
POP), t, - farmers’ practice and t; - absolute control. The results revealed that, the root number
(43.29), root weight (32.74 ¢ plant"l) and the root volume (38.22 g plant'l) were significantly the
highest in t; (KAU POP) at harvest followed by farmers’ practice and absolute control. When
considering the percentage increase in root production, KAU POP recorded 19.22 per cent, 8.79
percent, 11.04 per cent and 15.66 per cent, the highest number of roots respectively at 4 MAP, 6 MAP,
8 MAP and harvest than farmers’ practice. The number of cormels per plant (12.16), corm weight per
plant (563.16 g), cormel weight per plant (439.16 g) at harvest and the rate of tuber bulking (1.27 kg
ha™ d*) at 4 to 5 MAP were found to be the highest with t; followed by t, and t,.

Keywords: Farmer’s practice; package of practices, rate of tuber bulking; rooting pattern;
tuberisation pattern.
INTRODUCTION

Cocoyams (Xanthosoma spp.) are the most extensive root and tuber crops cultivated almost
everywhere throughout the tropics and in over 65 countries of the world [24]. Different types of crop
production practices are followed for growing tannia in Kerala. They are grown in lands with even low
innate soil fertility. The yield under the tannia has been fluctuating between 6 to 10 tonnes per hectare
since the past. But now, it has reached 20 to 50 tonnes per hectare with disease free healthy planting
materials and better cultural practices. Consequently, cocoyams could feed the growing global
population [24, 23, 9].

It's an important food crop, which is consumed in many parts of the world. It is particularly
essential for small holder farmers since it plays a significant role in the lives of many people as a food

security crop and has socio-cultural ramifications [26, 22, 19]. Despite high productivity level,



nutritional quality and better storability compared to other tuber crops; tannia has been relegated in
agricultural policies and research on root and tuber crops and it remains an under exploited food
resource [18, 6, 3].

The South-Central Laterites is a major tuber growing region of Kerala, cultivating tubers viz.,
cassava, yams, and aroids. It belongs to mid-land laterite terrain of strong acidic soil with plinthite.
The districts of Thiruvananthapuram, Kollam, Pathanamthitta, Alappuzha, Kottayam and Ernakulam
are covered by the 161 mid-land panchayats [2]. Several homesteads of South-Central Laterites have
widespread cultivation of tannia, not only due to the crop adaptation, but also due to the stable market
price of the crop. However, the farm-to-farm yield variability has been observed to be high, which
could be attributed to the wide variation in the combination(s) of management practices adopted by
the farmers.

Conventionally, tannia are fertilized with Farmyard Manure (FYM) and ash only. However,
studies have revealed the positive influence of both organic manure and chemical fertilizers in tannia.
The ICAR- CTCRI developed an Integrated Nutrient Management (INM) strategy consisting of FYM
@ 25 t ha™ + 80:50:150 kg NPK ha™ [5] which resulted in higher yield. However, the tuberisation
pattern of the crop in response to contrasting management practices has not been probed into in
detail. In this backdrop, the present study was undertaken with the objective of elucidating the

tuberisation pattern of tannia as a function of its response to the management practices.
1. MATERIAL AND METHODS

The study on tuberisation pattern of tannia as influenced by different crop production
practices were conducted in South Central Laterites during 2021-2022 (February to December 2021).
The field was located at Ezhukone in Kollam district which is situated at 9.02° N latitude and 76.7° E
longtitude and at an altitude of 57 m above mean sea level. The objective of the study was to analyse

the rooting pattern and tuberisation pattern of tannia grown under South Central Laterites.

The experiment was a pot study with three treatments and 6 replications laid out in completely
randomized design (CRD). The treatments consisted of t; - KAU POP (Kerala Agricultural University

Package of Practices), t, - farmers’ practice and t; - absolute control.

Plastic sacks of 50 kg capacity were used for planting the corm pieces. The sacks were
arranged in 90 x 90 cm from centre to centre. Potting mixture was prepared by mixing soil, sand, and
farmyard manure (FYM) in the ratio 1: 1: 1. Potting mixture was filled uniformly in plastic sacks and
the cormels (100 g each) were planted. The P" of potting mixture was 5.45 and the oganic carbon
content was 1.05 per cent in medium range. A local variety procured from the farmer’s field was used
for the study. In treatment t;, dolomite (1 t ha‘l) was used as soil amendment at 15 days before
sowing and (FYM 25t ha'l) was applied prior to sowing. Nutrients, viz., nitrogen (N), phosphorus (P)
and potassium (K) were applied at 80: 50: 150 kg NPK ha,™. While FYM and P were applied as basal,
N and K were applied in three split doses (2 MAP, 4 MAP and 6 MAP). In the case of N, 25 per cent
was applied as chemical and 75 per cent as green manure (cowpea). Further, at 20 days after
planting, Azotobacter chroococcum was applied at 10 g plant™” followed by the application of neem



cake (375 kg ha™) after one month [11]. Green leaf mulching was also done at 15 t ha.™ In the case of
farmers’ practice (t,) the inputs used for nutrient management were quantified. It comprised NPK dose
of 25: 25: 50 kg ha™. Lime (350 kg CaCO; ha™) was used as soil amendment before the field
preparation and ash (2 t ha'l) was applied along with the fertilizers. The observations related to
rooting pattern were recorded by adopting destructive sampling at 4™ MAP, 6" MAP, 8" MAP and at
harvest. The crop was harvested when the upper part started yellowing and dried which was around

nine months after planting.
3. RESULTS AND DISCUSSION
3.1 Rooting Pattern

The rooting pattern was observed at 4™ 6™ and 8™ month after planting (MAP), and at harvest.

3.1.1 Root Number

The results revealed that the different crop production practices had significant effect on the
root number per plant at all stages of crop growth (Table 1). In general, up to 6 MAP the number of
roots showed an increasing trend in all the treatments. Among the three treatments, KAU POP (t,)
recorded the highest root number at 4 MAP (62.70), 6 MAP (86.67), 8 MAP (63.67) and at harvest
(43.28). As expected, the absolute control recorded the lowest root number at harvest (13.86). When
considering the percentage increase in root number, KAU POP recorded 19.22 per cent, 8.79 per
cent, 11.04 per cent and 15.66 per cent more roots than the farmers’ practice at 4 MAP, 6 MAP, 8
MAP and harvest respectively. From 6 MAP to 8 MAP and 6 MAP to harvest the percentage reduction
in number of roots per plant was found lesser (25.54 % and 50.06 % respectively) in KAU POP (t,)
than farmers ‘practice (t,) (28.03 % and 53.03 % respectively).

Root growth could be normally impeded by harsh effects of acidic soil present in the South-
Central Laterites. The application of lime is effective for recovering acid soils but not as fast as
dolomite application since the mobility of lime is limited and further, the carbonates of Ca or Mg
present in dolomite has been reported to neutralize the soil faster than lime. This might be the reason
for the better root production observed on t; (KAU POP) The effect of dolomite over lime was

previously reported by [25, 21, 4].

In addition, growth promoting effects of Azotobacter chroococcum by way of production of
phytohormones and promotion of enzymatic activities as reported by [13] might have also resulted in

improved root production of tannia with KAU POP.

3.1.2 Root Weight

Root weight per plant was observed to vary significantly among the three different crop
production practices, (Table 1). The root weight per plant was observed to increase from 4 MAP to 6
MAP, later it decreased towards 8 MAP and harvest in all the treatments. KAU POP recorded the
highest root weight per plant (48.03 g, 86.67 g, 46.03 g and 32.74 g) at all stages of observation

followed by farmers’ practice and absolute control. It was interesting to note that the percentage



reduction in root weight from 6 to 8 MAP and 8 MAP to harvest was also the highest (70.11 %, 60.15
%) in t3 (absolute control). Between t; (KAU POP) and t, (farmers’ practice), the percentage reduction
in root weight per plant during the period from 6 MAP to 8 MAP was more for t, (59.94 %) and from 8
MAP to harvest it was higher for t; (28.87 %). During the period from 6 MAP to harvest, KAU POP (t,)
recorded the least reduction in root weight per plant (62.22 %) followed by t, (70.27 %) and t3 (88.09
%).

Studies have shown that the grand growth period of tannia occurred between 8-20 weeks [20].
In the present study, the root number and root weight showed an increasing trend up to 6 MAP and
declined towards harvest. The highest root weight recorded with KAU POP (t;) at all stages of
observations could reflect the effect of balanced nutrition supported with higher doses of organic
matter and adequate amelioration of the soil acidity. Similar results have been reported earlier in taro,
from the lateritic soils of Kerala [14]. Further, the proper timing of application of soil amendments,

nutrients and biofertilizer could also have contributed to the better root weight.

3.1.3 Root Volume

The data presented in Table 1 showed a significant difference in root volume of tannia under
the influence of different crop production practices. KAU POP (t,) Significantly recorded the highest
root volume at all stages of crop growth. At harvest, the root volume recorded with KAU POP (t,) was

41 per cent and 97.47 per cent greater than farmers’ practice and absolute control respectively.

Apart from the beneficial effects of balanced nutrition, the enhancement observed in root
volume with KAU POP (t;) could also be attributed to the favourable effect of mulching. Mulching has
been reported to improve the physical properties of soil, increase the soil nutrient content, and
enhance the microbial activity of the soil resulting better availability of nutrients. Thus, the rooting
volume might have increased to make use of the accessible nutrients. So, the higher root volume of
tannia in t; might be due to the effect of the green mulching involved in it as observed previously in
taro [17].

3.2 Tuberisation Pattern

Tuberisation pattern of tannia was recorded at 4™ 6" and 8" month after planting (MAP), and at

harvest.

3.2.1 Number of Cormels per Plant

Results on the effect of crop production practices on the number of cormels per plant in tannia
are presented in Table 2. The treatment t; (KAU POP) recorded the highest cormel number per plant
at all stages of observation (2.94 at 4 MAP, 5.79 at 6 MAP, 10.27 at 8 MAP, 12.16 at harvest). It was
followed by farmers’ practice. The variation in cormel count per plant between KAU POP and farmers’
practice were to the tune of 56.38 per cent at 4 MAP, 61.73 per cent at 6 MAP, 34.42 per cent at 8
MAP and 46.15 per cent at harvest.



Table 1. Effect of crop production practices on root number, root weight and root

volume per plant in tannia

Root number Root weight (g plant™) Root volume (cm® plant™)
Treatments 4 6 3 4 6 8 4 6 3
Harvest Harvest Harvest
MAP MAP MAP MAP MAP MAP MAP MAP MAP
t1 - KAU
POP 62.70 | 86.67 | 63.67 43.29 48.03 | 86.67 | 46.03 32.74 72.56 | 98.10 | 68.99 38.22
to - Farmers’
) 52.59 | 79.67 | 57.33 37.43 30.72 | 79.67 | 31.92 23.68 66.00 | 86.61 | 56.69 27.10
practice
t3 - Absute
23.36 | 45.00 | 22.24 13.87 12.62 | 45.00 | 13.45 5.37 38.10 | 52.26 | 38.44 19.35
control
SEm () 0.61 1.06 0.91 0.63 0.37 1.06 0.87 0.61 1.11 2.24 1.27 1.22
CD (0.05) 1.83 3.188 | 2.729 1.909 1.122 | 3.188 | 2.609 1.851 3.355 | 6.747 | 3.818 3.669

KAU POP - Kerala Agricultural University Package of Practices
MAP - Months After Planting

Split application of fertilizers in KAU POP (t;) might have enhanced the production of tubers and
reduced the loss of N [1]. Application of N, both as organic and inorganic would have more efficiently
addressed the crop requirement. The time of application of N and K was significant in production of

cormels [15]. Both, limited and excessive N could lead to decreased tuber size [18].

Integrated nutrient management is the pre-eminent combination for sustainable tuber yield as
reported by [7]. The increased cormel production in KAU POP might also due to the additive effect of

soil amelioration. These findings corroborate with those reported by [10].

3.2.2 Corm weight per plant

The data on the Table 2 represent the effect of crop production practices on corm weight per
plant in tannia. There was noted a significant variation in corm weight per plant with the treatments.
The highest corm weight per plant at 4 MAP, 6 MAP, 8 MAP and at harvest (397.83 g, 426.66 g,
478.27 g, 563.16 g respectively) was observed in KAU POP followed by farmers’ practice. While
comparing, the corm weight per plant at harvest in KAU POP was 53.73 per cent greater than

farmers’ practice and 217.27 per cent greater than absolute control.

The mean weight of cormel and corm were positively and significantly correlated with yield
[16]. Bio fertilizer inoculations of Azotobacter c. in the field integrated with organic matter and reduced
chemical fertilizer are reported to improve plant root growth and yield described by [8]. Application of

organic matter addition and bio fertilizer in t; improves the weight of tuber in turn improves the yield.




3.2.3 Cormel weight per plant

Scrutiny of data on table 2 revealed that, cormel weight per plant also significantly varied
among the three crop production practices. At 4 MAP, 6 MAP, 8 MAP and harvest, the KAU POP
recorded the highest cormel weight (151.66 g, 217.41 g, 323.98 g and 439.16 g respectively). It was
followed by farmers’ practice and absolute control. The cormel weight per plant recorded in KAU POP

was 63.16 per cent greater than farmers’ practice and 182.42 per cent greater than absolute control.

It was reported by [13] formerly that the rapid availability of nutrients from chemical fertilizers
could result in higher cormel weight during the earlier stages of crop growth. In the present study,
chemical fertilizers supplemented with neem cake along with biofertilizer could also have resulted in
the rapid and constant release of nutrients which might have in turn helped in the gain in weight and

yield of tannia.

Table 2. Effect of crop production practices on number of cormels, corm weight and

cormel weight per plant in tannia

Number of cormels corm weight (g plant™) Cormel weight (g plant™)
Treatments Harve
4 MAP | 6 MAP | 8 MAP | Harvest 4 MAP 6 MAP | 8 MAP " 4 MAP | 6 MAP | 8 MAP | Harvest
s
t: - KAU POP 2.94 5.79 10.27 12.16 397.83 | 426.66 | 478.27 | 563.16 | 151.66 | 217.41 | 323.98 | 439.16
t,- Farmers’
. 1.88 3.58 7.64 8.32 266.16 | 314.66 | 350.44 | 366.33 | 121.79 | 159.83 | 224.79 | 269.16
practice
ts - Absolute
0.74 2.05 4.15 5.24 68.48 111.36 | 157.79 | 177.50 | 70.16 | 110.83 | 142.16 155.50
control
SEm (z) 0.25 0.23 0.17 0.14 10.63 9.016 10.17 13.47 12.68 11.64 8.70 10.58
CD (0.05) 0.754 0.72 0.524 0.449 32.05 27.178 | 30.676 | 40.613 | 38.225 | 35.099 | 26.25 31.896

KAU POP - Kerala Agricultural University Package of Practices

MAP - Months After Planting
3.2.4 Rate of tuber bulking

The results on the rate of tuber bulking in tannia as influenced by crop production practices
are depicted in Fig. 1. It is clear that, irrespective of the practice adopted, the rate of tuber bulking was
higher at 4 MAP to 5 MAP. At 4 MAP to 5 MAP, the highest cormel bulking rate (1.27 kg ha™* d-') was
observed in KAU POP followed by farmers’ practice (1.07 kg ha™ d-l) and absolute control (0.69 kg
ha™ d-l). At 4 to 5 MAP, The tuber bulking rate under absolute control was 1.84 and 1.55 times lower
than that under KAU POP and farmers’ practice, respectively. From 5 to 6 MAP onwards the rate was
decreased, where KAU POP (t;) produced (0.84 kg ha™ d-") followed by t, (0.68 kg ha™ d-') and t,
(0.29 kg ha™ d-1). At 6 to 7 MAP, KAU POP recorded 0.68 kg ha™ d-' rate of tuber bulking, and the
farmers’ practice and absolute control recorded (0.42 and 0.29 kg ha™ d-! respectively). At harvest,

the least rate was observed.



It was reported by [12] that the highest cormel bulking rate of taro was noticed at 3 MAP to 4
MAP which denoted the period of active tuber development and hence the peak value was obtained
here. After that a decreasing trend of bulking rate was observed towards harvest in all the treatments.
Correspondingly in this experiment, the rate of tuber bulking was higher at 4-5 MAP, later the
decrease was noted in all the treatments. The FYM application had significant effect on the rate of
tuber bulking, but the effect was slow as it releases the nutrients slowly into the soil [13]. The crop
production practice (KAU POP) which used FYM was reported the higher bulking rate among all
treatments.
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Fig. 1 Effect of different crop production practices on tuber bulking rate (kg ha'd™) of
tannia
4. CONCLUSION

The multiple crop production practices tested in the present study affected the rooting and
tuberisation pattern of tannia. Integrating both organic and inorganic fertilizers along with the
recommended dose of fertilizers enhanced the rooting and tuberistion of tannia. Application of the
nutrients at the rate of 80: 50: 150, N P K kg ha™in split doses was recorded as the best in acquiring
root and tuber growth. The use of soil amendments and soil conditioners is crucial in acidic soil.
However, the selection of the type of amendment / conditioner was more important as evidenced by
the effectiveness of dolomite over lime in promoting better tuberisation in tannia. Application of green
manures, bio fertilizers, and green mulches enhanced the cormel yield of tannia. Thus, the present

study demonstrated that, good crop production techniques were crucial for the cultivation of tannia.
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