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ABSTRACT

Field and greenhouse studies were conducted to determine the

effects of management practices on taro. Three irrigation methods,

three land preparation methods and three population combinations were

studied. Factorial combinations of water treatments, age, and nutrients

were used to study individual plant response in pots. A cost analysis

based on yield from the irrigation experiment and data from puddled

flooded soil condition (population, 27 X 103 plants per hectare) was

presented.

Corm yields were 25, 35 and 26 metric tons/ha at 7, 10 and 13

months under sprinkler irrigation; 27, 41 and 62 tons/ha under furrow

and 33, 48 and 64 tons/ha for flooded soil at the same ages respectively.

Flooding gave significantly higher total yields over sprinkler at

all ages whereas significantly higher yield over furrow was obtained

only at 10 months. The yield from furrow irrigation was 82% of yield

from flooded plot and that from sprinkler was 75% at 7 months.

Corresponding percent yields at 10 and 13 months from the sprinkler

and furrow irrigated plots were 75 and 85; and 41 and 97. Corm yield

per hectare increased with increasing population. Yield per plant

increased as population decreased. The contribution of sucker corms

to total yield per plant increased as plant population decreased,

while sucker yield per hectare increased as population increased.

Suckering was not enough to compensate for increases in yields due

to increasing population per hectare. Both greenhouse and field

experiments showed that sucker yield was highest in flooded soil and

decreased with decreasing wat£~ level. Effect of ridging ranged from
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94% to 101% of yields obtained from non-ridged plots. Puddling of soil

was not essential in taro growth. Yield from unpuddled flooded soil

ranged from 92 to 106% of yield from puddled, flooded soil. Correspond

ing yields from unpuddled furrow and sprinkler irrigated plots were

88 and 92%; and 65 and 58%, respectively.

Leaf area of taro can be accurately evaluated by linear dimensions.

Both plant height and leaf growth approached a maximum between 4

and 5 months irrespective of irrigation and land preparation methods.

Leaf area increased as follows: flood> furrow> sprinkler. The best

linear relationship of leaf area with yield was obtained at 3 months

(r = 0.83~7) and not at 5 and 10 months (r = 0.56i~). Leaf production

at 5 months in excess of amounts required for optimum corm yield was

demonstrated. Maximum leaf area indices (LAl) obtained at 5 months

were 6.9, 6.2 and 4.7 respectively for flooded, furrow and sprinkler

irrigation. Regression of corm yield and LA! showed that LA! approached

3.0 for optimum corm yield. A distinct optimum was established at this

value in the sprinkler treatment while a plasticity in LAl and yield

was observed in the furrow and was extreme in the flooded culture.

Compared with returns from puddled flooded culture, relative

incomes at 27 X 103 plants per hectare were as follows: Sprinkler

52 - 68%, furrow 72 - 87%, flooded unpuddled 70 - 96%.

Owing to higher rate of senescence of leaf growth, the N, P, Ca,

Mg, Fe and Mn concentrations of taro petiole at 6 months were higher

under the sprinkler and furrow irrigation than i~ flooded samples.

There were no differences at 3 months. The N, K, Fe and Mn concentra

tions at 3 and 6 months were significantly higher under ridged



vi

culture in contrast with non-ridged culture. Based on 2-month vegeta

tive growth in a pot study, increases in yield due to application of

Nand P at 800 and 1200 kg/ha under non-flooded culture was not enough

to offset the difference in growth due to flooding. Restricted root

growth and penetration were among factors limiting taro growth under

non-flooded culture in the pot study.

The data presented showed that the difficulty of heavy machinery

use in taro culture could be minimized with no significant difference

in yield by improved crop management practices. Cultural adjustments

suggested include saturated soil by furrow irrigation of non-puddled

soil with 60 cm ridge or row spacing and 30 cm (or less) plant spacing.

~fIhere machinery specifications make it impracticable for 60 cm ridge

or row spacing to be used, a 90 cm spacing could be substituted with

no loss in yield. Pot study showed that Nand P rates in excess of

800 and 1200 kg/ha, respectively, might be required.
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INTRODUCTION

Taro, Colocasia esculenta (L.) Schott, is an edible tuber crop

belonging to the family Araceae. It is a monocot of the order Arales

an order containing about 105 genera and nearly 1,000 species, most

of them distributed in tropical and subtropical regions of the world

(Plowman, 1969).

One of the few edible species in the genus Colocasia is taro,

Colocasia esculenta, hereafter referred to as taro. It is a perennial

herb having large heart shaped, peltate leaf blades borne at the top

of long petioles arising, in turn, as clusters or whorls from compact

corms. Plant height may range from 50 cm to 200 cm. In most taro

producing regions the plants are cultivated for their corms, although

all other plant parts except the real roots may be eaten.

Like rice, Oryza sativa L., taro may be grown under flooded as

well as under dryland conditions. One of the problems of growing taro

under flooded soil condition is a preclusion of the use of heavy

machinery resulting in high labor requirement in production. Plots

must be levelled and puddled in order to control water depth, conserve

water and maintain water circulation within field plots during crop

growth. Secondly, many young potential farmers dislike the idea of

wading in the mud. Yet over 90 percent of taro produced in Hawaii is

flooded. Alternative cultural methods which would over~ome some of

these cultural problems may, therefore, save the industry from

extinction. Because of the high labor requirement, the cost of

production is also high and therefore the finished products are

expensive relative to other food crops such as rice.



Some qualities of taro seem to justify a more extensive study of

the crop. Some of these qualities are:

1) Taro is an important substitute for cereal foods for normal

babies and for babies allergic or potentially allergic to other

baby foods, and it is recommended as such based on clinical evidence

(Roth, et al. 1967; Glaser, et a1. 1967).

2) The digestibility of taro starch ranks higher than those of

some other root crops (Langworthy and Deuel, 1922) and it is high in

protein (2%: Doku, 1967) and in calcium necessary in bone formation

(25 mg/100 g: Doku, 1967).

3) It is high yielding, has high caloric value per unit area,

and is relatively less severely affected where diseases and pests

may result in extensive yield reduction of other crops. Its diversity

of distribution makes it, and other aroids, not only important as

an emergency and subsistence crop but also a home garden crop which

could play an important role in human nutrition (Plucknett, 1970).

4) In Hawaii land areas under taro cultivation have declined

considerably, and yet its importance as an economic crop persists.

Since 1967, there have been 170 hectares (ha) under taro production

in Hawaii compared with 259 ha in 1956.

5) Taro produced from the 170 ha has been estimated to be an

over 3.5 million dollar industry. Gross statewide return of taro

as cormS was $736,000 in 1970 (Wallrabenstein, 1970). This amounted

to over $4,300 per ha. In 1967, per hectare return was about $3,500,

second only to papaya (Carica papaya L.) which was worth $5,483

per ha, and ahead of sweet potato ($2,539), macadamia nut ($1,386),

2
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coffee ($852) and banana ($1,373). As POi l /, the value was $14,100

and $17,751 per ha in 1967 and 1970, respectively.

6) Together with other root crops such as cassava (Manihot

esculenta), yam (Dioscorea spp.), sweet potato (Ipomoea batatas),

and potatoes (Solanum tuberosum), taro can be processed as chips, flour

and could become an important carbohydrate source for livestock

feed and in alcohol distillation.

In spite of the good qualities of taro as a food crop, the

problems of enormous hand labor requirement and the drudgery involved

are still to be solved. Prospects of mechanization are hampered by

some basic cultural problems. Mechanically powered equipment adapted

to wetland conditions is rare. The market for taro is too small

at present to justify extensive expenditure in developing equipment

specifically adapted for taro production. An alternative would,

therefore, be to adapt the cultural methods to the equipment used for

other crops having larger economic values. Thus a tomato transplanter

could be used to plant taro hulis2/ and potato or sugarbeet diggers

could be adapted for digging taro corms (Plucknett, ~ al. 1970).

It has also been suggested that digging of taro could be easier if the

crop is planted on ridges rather than in flat rows as is commonly

practiced. Harvesting of taro corms presents a special problem in

l/Poi is defined as cooked, peeled, ground taro diluted with
water and allowed to ferment (Bowers, et al. 1964).

2/Hul i is a Hawaiian word used to describe the planting material
used in taro propagation in Hawaii. It consists of about 2 cm
of the tip of the corm plus the lower 20 - 30 cm of the petioles.
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that unHke other root and tuber crops such as yams, sweet potatoes

and white potatoes whose real roots tend to wither and die at time of

harvest, taro continues to produce extensive roots even at time of

harvest especially under wetland culture.

The cultural modification to adapt farm equipment used for

other crops to taro production could be possible if a firm land

surface for ease of movement of equipment is available. This suggests

a movement from paddy (continuous flooding) condition to upland (dry

land) culture. Some of the problems associated with such a move would

be:

a) Reduction in corm yield usually obtained under dryland

conditions and

b) increased weed infestation.

The question must be raised; is there another approach which

can be taken to allow the advantages of flooded conditions and yet

allow dry soil for mechanization at planting and harvest? Some

steps to do this could include the following: the plots could be

flooded intermittently and drained prior to harvesting. The overall

aim of maintaining a firm land surface could be achieved in this

manner. Weeds could be controlled with herbicides, and several

chemicals already investigated in both dryland and wetland taro and

other root crops are promising (de la Pena, et ala 1971; Kasasian,

1967; Plucknett, et ala 1967; Plucknett, et ala 1970b; Crozier, et ala

1969; Rincon, 1970; Sivan, 1970; Walker, 1967; Patel and Rhodes, 1969).

As in many other dryland crops, plot preparation could be done with

powered tractors, disc harrows and rotovators before flooding if

necessary. This approach eliminates puddling of the soil.
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One may ask whether puddled soil is really essential for taro

growth under flooded culture. Will yield be reduced if non-puddled

soil is flooded? Supposing the water supply is distributed uniformly

during the cropping season in amounts which are generally required

by vegetable crops in the areas in which taro is grown, would yield

be comparable with that obtained under flooded condition? If those

macronutrients which are usually more available ~nder submergence

(Ponnamperuma, 1955; de 1a Pena, 1967; Cherian, et a1. 1970; Pande

and Mittra, 1968) are applied by fertilization and weeds are controlled,

will taro growth under non-flooded condition be comparable with its

growth under flooded condition? These questions imply a change in

conventional cultural practices for taro.

A change in cultural method requires that the secondary effects

of such a shift be examined. Thus the effects of reducing the quantity

of water used in taro culture on (a) taro quality, (b) taro yield

and (c) time of maturity must be determined. Specifically, components

of taro yield which are adversely affected by reduced water application

must be examined. Thus the necessary changes in cultural practice

to develop a firm land surface for mechanization by limiting water

supplied are important subjects in taro research.

In order to obtain information relating to cultural problems

associated with taro mechanization, this study was initiated to evaluate:

1) the effects of sprinkler and furrow irrigation (intermittent

water supply) versus paddy culture (continuous water supply) on

growth and yield of the 1ehua variety;

2) the effects of ridging, ridge width and non-ridging on growth

and yield;
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3) the effects of plant spacing on growth and yield;

4) the effects of water supply and ridging on nutrient element

composition;

5) methods of leaf area evaluation in taro, and the relationships

between leaf area and corm yield under various cultural methods.



REVIEW OF LITERATURE

In order to obtain maximum yield possible from new crop varieties,

it has been recognized that crop management practices must be adjusted

to suit the growth characteristics of the new varieties. Corn row

spacing has been progressively reduced from the conventional 90 - 107

cm between rows to about 76 cre because of improvement in management

practices, better response to fertilizer applications and better

light interception due to modification in plant type. The need for

cultural adjustments to go in step with progress made in other areas

of crop improvement should be recognized and used in as many crops as

possible. In many areas of the tropics, this need is being recognized

and put into practice. Multiple and alternate cropping of rice with

other crops is slowly gaining ground. In Taiwan rice is grown in

conjunction with sweet potato, corn and vegetable crops. Alternate

and intensive cropping of sorghum, soybean, sweet potato, corn, and a

wide variety of vegetables and rice has been studied in the Philippines

(Bradfield, 1971). His data show no loss in yield of rice compared

with monocropping of rice. Yields from the other crops were equally

high and provided a maximum utilization of a given piece of land

during a cropping season. Description of taro production in several

countri.es has been reviewed (P1ucknett, et a1. 1970). Among the areas

of taro culture discussed were water management and control, planting

methods and spacing, food uses and parts consumed, fertilization and

social values of the crop.

Few recognized cultural adjustments have been made in production

of the edible aroids. Xanthosoma is grown in haphazardly spaced mounds
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in West Africa (Coursey, 1968) and in pits, spaced as far as 90 cm

apart, in the United States Trust Territory (Sproat, 1965). The

cultural methods in taro production in Hawaii are essentially the

same as those employed by the Polynesians, several decades ago.

Almost all of the taro produced in Hawaii is grown in flooded, puddled

soils, and large amounts of circulating water are applied. Today

as one observes taro fields in Hawaii, it seems as if the description

of taro production by Nordhoff in 1874 was written in 1972. Nordhoff

described taro production as follows: "Taro is a kind of arum and

is grown in patches entirely under water. The bottoms of narrow

gorges or valleys are filled with small patches, skillfully laid out

to catch water either from the main stream above or canals taking

water above. The patches are beautifully terraced so that they are

often 50 - 60 feet (16.3 - 20 meters) above the stream, but each patch

receives the proper proportion of water." Supplementing Nordhoff's

description, Marlow (1898) described taro culture as follows: "On

the irrigated lands, wet patches were planted with ka10 (taro). Banks

of earth were first raised above the patch and beaten hard, after

which water was led in, and when this had become nearly dry, the four

banks were reinforced with stones, coconut leaves and sugar cane

leaves, until they were water tight. Then the soil in the patches

was broken up, water let in again and the earth also well mixed and

transplanted with the seed. The trampling rendered the soil partially

waterproof. A line was then stretched to mark the rows after which

the hu1is or taro tops were planted in the rows." These descriptions

by Nordhoff and Marlow reflect essentially the cultural methods

currently used today in taro production in Hawaii.
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The Role of Water in Taro Culture

Although taro grows in submerged soil as well as on dryland

culture, it is basically an aquatic plant (Neal, 1965). That taro is

by nature an aquatic plant is illustrated by its abundant water

requirement especially when grown under paddy conditions (Wilder,

1923; Watson, 1970). Watson reported a water requirement range of

from 140,000 to 373,000 liters/ha/day (15,000 to 60,000 gallons/acre/

day). A general average of 280,000 liters/ha/day was considered

adequate. Taro, like rice, can grow under low O2 conditions, and

Yamasuki (1952) has shown that taro survives at low Eh values

(-0.29 Volts). Several other reports of taro growth in swamps or

under flooded condition have been recorded and reviewed by Plucknett,

~ al. (1970), and Coursey (1968). In most areas of the tropics,

particularly in Africa, taro is grown under dryland condition. Preci

pitation may be the sole source of water supply (Coursey, 1967;

Coursey, 1968; Enyi, 1967a; Enyi, 1967b; Warid, 1970). Upland taro fed

by rain is also grown in areas outside Africa. Reports on upland taro

culture in the Pacific Islands were reviewed by Plucknett, et al. (1970).

Rainfall in areas in which taro is grown is variable. It ranges from

100 cm in parts of Burma to over 500 em annually in Some areas in

India (Spier, 1951). Under rainfed conditions, taro yields are

lower (de la Pena, 1967; de la Pena and Plucknett, 1967) and maturation

is accelerated (Plucknett, ~ al. 1970). The reduction in yield may

be attributed to reduced sucker production (de la Pena, 1967).

There is little information available on sprinkler or furrow

irrigation of taro. However, an unpublished paper by Plucknett and
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de la Pena (1970) indicated suitable growth under furrow irrigation

systems. Plucknett, ~ al. (1970) noted that careful planning of

water supply could result in uniform maturity and prevent a renewal

of growth at time of maturity, an effect which causes a flush of

growth late in the season. Such late growth results in main corms of

lower quaIity •

In most areas where taro is grown, it is cultivated as a sub

sistence crop in small patches of land and is often haphazardly

planted (Gourou, 1965; Coursey, 1968). Carefully constructed terraces

and levees remain the most important method of water control in taro

(Plucknett and de la Pena, 1971).

Akana (1932) noted greater incidence of taro root rot under

flooded conditions. Losses due to this disease, caused by Pythiurn sp.,

can be as high as 100%. Treatment of hulis with captan prior to

planting alleviates the situation, but precautionary measures

recommended by Plucknett, et al. (1970) include crop rotation and

use of planting materials from uninfested fields.

Land Preparation

Wetland taro culture employs small terraces. These patches of

land are either permanently or intermittently flooded (Greenwell,

1947; Nordhoff, 1874; Williams and Calvert, 1859). Water distribution

to these patches was so important that Greenwell (1947) noted: "so that

all could benefit, a great system of canals and locks was devised for

all large streams that flowed into cultivated areas."

Under dryland culture, the primitive practice was to dig holes,

about 22 cm deep and 90 cm in diameter. The holes were fertilized
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with fern leaves, coconut leaves and sugar cane tops, which were

allowed to decay. Hulis were planted later. No mor.e care was

necessary but for occasional weeding. Corms, about 11 kilograms by

weight were often harvested from each pit (Greenwell, 1947). The

same method is still used in Micronesia (Migvar, 1968; de la Cruz,

1970; Sproat, 1965) and in Samoa. This method not cnly leads to

conservation of water but also is good for weed control (Plucknett,

et al. 1970; Greenwell, 1947).

In comrner~ial farms in Hawaii, fields are plowed, disced, and

harrowed using powered agricultural equipment. Tractors equipped

with specially designed wheels to produce traction to move in puddled

or paddy soils are also often used. For dryland culture, plowing,

discing and harrowing are done with equipment similar to those used

for most other dryland crops such as cereal crops and vegetable crops.

Plant Spacing

Spacing generally used in taro culture in lfuwaii is about 45 cm X

60 cm (35,815 plants per ha). Farmers usually plant closer, sometimes

approaching 30 cm X 30 cm (107,590 plants per ha). Close spacings

are especially practiced in paddy culture since moisture supply is

abundant (P1ucknett, et al. 1970; de 1a Pena, 1967). Spacing could

be difficult to estimate in many countries, especi.al1y where mounds

are made with hoes and the crop is planted in a haphazard way

(Gourou, 1965; Enyi, 1965; Coursey, 1970). Similar cultural

practice is often used for some other root and tuber crops grown

in the tropics: yams (Coursey, 1967; Enyi, 1970); cassava (Jennings,



1970; Normanha, 1970) and sweet potato (Kimber, 1970).

In the United States Trust Territory, Migvar (1965), Sproat

(1968) and de la Cruz (1970), reported spacing of 90 cm between hills.

Bates (1957) reported at 90 cm X 90 cm spacing (11,950 plants per ha)

in some West African taro producing areas. In his experiments, Enyi

(1967) using Xanthosome sagittifolium Schott., used a spacing of

120 cm X 120 cm (7,035 plants per ha). This spacing was equal to

that of taro observed by Captain Cook in Hawaii during his Pacific

voyages (Cook and King, 1779). In Thailand, Suwannamekl / reported

spacings of 40 cm X 40 cm, with taro setts planted in pits built on

flat surfaces.

Molisin (1901) cited by Peruwall, et ale (1957) recommended 30 cm

spacing for taro in India. Generally, beds 4 X 1.5 m2 were laid for

irrigation and 40 plants were recommended per bed if grown for

vegetable use, otherwise the plants should be 30 cm apart. Peruwall,

et ale (1957), citing the research of others, recommended ridge

spacing ranging from 45 cm to 60 em and plant spacing of between 22 cm

and 30 cm.

With the spacings indicated, yields of 7.4 - 14.8 tons per ha

are reported in Micronesia (de la Cruz, 1970; Migvar, 1968). Higher

yields are, however, obtained in Hawaii where average yield in the

Hanalei Valley of Kauai Island was about 24.7 tons/ha in 1967

(Plucknett, Unpublished, 1968). Yields have increased considerably

l/Rangdaeng, P. 1936. Taro growing at Prabudhachai. Kasikern
9(4):529 - 530 (as translated in Personal Communication with Urnporn
Suwannamek, March, 1970).

12
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since 1967, and recent information indicate yields of at least 49.4

tons/ha (de 1a Pena, Unpublished seminar, 1970). Experiments at the

Kauai Branch Station of the Hawaii Agricultural Experiment Station

produced yields approaching 50 tons/ha (de 1a Pena, 1967; de 1a Pena

and P1ucknett, 1967) and more recently, a phosphorous trial experiment

in Wai1ua Valley gave 120 metric tons/ha in response to a heavy P

fertilization. These high yields are by far in excess of the 4.5 to

8.9 tons/ha reported for a ten-month crop of Xanthosoma in Nigeria

by Warid (1970). The higher yields of 33.6 tons per ha reported by

Peruwa11, et a1. (1957) in India was obtained with spacing of 54 em X

36 em. However, 54 em X 24 em spacing gave higher leaf number, leaf

area, plant height and yield per plant than did the wider spacing.

Fertilizer Requirement

The response of taro to N, P, and K fertilization has been reported

by de 1a Pena (1967), de 1a Pena and P1ucknett (1967), and Jacoby

(1967). Degree of response varies with water management. Thus in

Hawaii, de 1a Pena (1967), de 1a Pena and P1ucknett (1967) and

P1ucknett, ~ a1. (1970) reported highest response to N fertilization

under wetland condition and varying responses to P and K. P response

was particularly high in highly weathered soils. This condition is

prevalent in 1atoso1s containing oxides of aluminum and iron which

fix large amounts of applied P.

Potassium requirements are high (de 1a Pena, 1967) and are

often related to yield. Evidence of luxurious consumption of K by

taro was provided by de 1a Pena (1967), de 1a Pena and P1ucknett

(1967), and P1ucknett, et a1. (1970). Concentrations of K and P
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approaching 10.3 and 0.6 percent, respectively, have been reported

by P1ucknett, ~ a1. (1970).

Commercial rates of about 2,000 kg/ha of complete fertilizers

in Hawaii were reported by P1ucknett, et a1. (1970) although good

yields were obtained at 250 kg/ha of elemental N, P and K for upland

(dry land) taro and 250 kg, 0 and 250 kg per ha of N, P and K,

respectively, under lowland (wetland) conditions. Split fertilizer

applications, perhaps every two months until the crop is about six

months old, have been suggested although no experimental data are

yet available to give firm recommendations for timing of fertilizer

application (de 1a Pena, 1967; P1ucknett, et a1. 1970).--

Changes in Soil Characteristics Due to Flooding

Ponnamperuma (1955) reported several changes in soil characteristics

caused by inundation. These include physical changes in which there

is a reduction in gas exchange between soil and air, although a

thin layer of soil just below the surface remains relatively high in

02 content while CO2 level is higher than in normal soils (Pearsall,

1950; Mitsui, 1964: International Rice Research Institute, 1965;

Manual of Rice Production, 1967). Hydrogen ion concentration decreased

with submergence. It was noted also by Subrahroanyan (1927) who

attributed it to high ammonia content of soil, but later was

demonstrated to result from increased manganese by Scho11enberger

(1928). Increases in Fe content have also been reported (Mortimer,

1941; 1942). It has been demonstrated by Ponnamperuma (1955) that

reduced compounds of N, Fe and Mn are weak bases capable of neutralizing

ions in submerged soils.
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Varying amounts of CH4 , N2 and H2S are also found in inundated

soil depending upon the nature of inundation, i.e., whether continuous

or intermittent, and with organic matter content (Harrison and Aryers,

1913).

More recently, Williams and Patrick (1971) demonstrated the

reduction of strengite, a non-soluble complex of P and Fe, to soluble

forms under flooded condition, resulting in the release of P and Fe

in soluble and readily available forms. They also showed the dependence

of the reaction upon pH and Eh of the flooded soil. P in solution

increased in a curvilinear pattern with decreasing pH and Eh from 8

and 400 respectively, and became asymptotic at pH = 4.0 and Eh = -240.

Measurement of Irrigation Water

Furrow System

Several devices for measuring irrigation water in furrow systems

are known. Wiers which can be rectangular, Cipolletti or trapezoidal,

or V-notched are frequently used. Also a submerged orifice with

fixed dimensions is a useful device when available water head is

small (Brosz, 1966; Israelsen and Hansen, 1965). This device can be

made of wood, concrete or metal and as described by Brosz (1966),

the essential features of the structures are: "(1) smooth, vertical

face of sufficient size, (2) an orifice with smooth, sharp edges, and

(3) provision for measuring the head." Where loss in water head

between upstream and down stream is hard to attain, parshall flumes are

often used.
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Sprinkler System

Sprinkler irrigation is important on soils having high water

intake rates, shallow profile, irregular and/or steep slopes (Criddle,

et al. 1956; Israelsen and Hansen, 1967; Pillsbury, 1968; and Kidder,

1967). Water is applied to the soil surface in the form of a spray

approximating rain.

For effective use of sprinkler systems, several precautions are

necessary. Criddle, ~ al. (1956) recommended the following procedures:

1) evaluate water distribution pattern and determine amount

of water required to refill the soil in the root zone;

2) assess the sprinkler-system parts and their operating

procedures as well as the characteristics of the system. These checks

include the pumping pressure, nozzle size and pressure in relation

to water requirement and efficiency of water spread in the field.

Distribution cans are often used to measure the amount of water being

applied in a field at a given pump pressure (Israelsen and Hansen,

1967).

Sprinkler irrigation has several advantages. Israelsen and

Hansen (1967) listed them as follows: ease of measurement of water

being applied, higher efficiency of water application, less interference

with economic crops and low cost of distribution. The cost factor is

much lower where natural water heads are high and when water used for

domestic and irrigation purposes comes from a common source. Sprinkler

irrigation is also important in controlling soil and air temperatures.

Increase in the relative humidity in orchards and in coffee farms by

sprinkling has been shown to result in better crops. In California,
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Gilbert, ~ al. (1970) reported cooling of vineyards by intermittent

water application by sprinkling. Grape-berry temperatures were

depressed by 5.40 to 7.2 0 C while leaf tissue temperatures were

reduced by 8.30 to l4°C.

Flood Irrigation

This method, as stated earlier, is the method of water application

commonly used in taro culture. Attempts to estimate the amount of

water supplied to a taro paddy system has resulted in a wide range of

values. The most recent, discussed earlier, was about 280,000

liters/ha/day, given by Watson (1970). However, this figure which

represents approximately 2.54 em per ha of water per day seems a

conservative estimate in view of the enormous amount of water which

flows through most taro fields in Hawaii.

Since the water requirement of crops varies with locality due

to local conditions which are moderated by temperature, elevation of

ground water table, depth of soil, soil texture and amount of rainfall,

no absolute recommendation of the amount of water to apply is good

for all areas. However, vegetable crops generally require about

0.5 - 0.75 cm per day in Hawaii (Gitlin, H. and Ekern, P. C. l / -

Personal Communication; Yee, et al. 1970). Kidder and Schleusener

(1952) recommended 2.5 to 7.5 em per irrigation at a frequency of four

to ten days for root crops in Michigan.

l/Associate Professor of Agricultural Engineering and Professor of
Soil Science, respectively, University of Hawaii, Honolulu, Hawaii.
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Tissue Analysis

The effects of fertilizer treatments or of some other factors

on nutrient supply for plant growth are usually determined by analysis

of representative samples. Tissue analysis is particularly important

for long term crops. This is because the results of such analysis

can be used to correct nutrient deficiency during a growing season

(de la Pena, 1967; Clements, 1958).

Ulrich (1964) noted that "the concentration of a nutrient within

a plant at anyone time is an integrated value of all factors that

have influenced the nutrient concentration of the plant up to the

time of taking the plant sample." This concept is shown in the plant

nutrient equation:

Nutrient Concentration (x) = Function of (soil, plant,
climate, time ••• manage
ment, ••• insects, diseases)

This equation, like JeI1ny's (1941) equation for soil formation,

illustrates the concept of an integrated value. From the complexity

of the equation, one visualizes the enormous variations involved in

evaluating fertilizer requirements of plants.

Tissue or foliar analysis has been used in the study of the

nutrition of many plants: sugar cane (Clements, 1958); sugarbeet

(Ulrich, 1959); corn, soybean and alfalfa (Jones, 1967); pineapple

(Sanford, 1961); and taro (de la Pena, 1967). Emphasis has always

been laid on physiological age and genetic make-up of plants sampled.

More reliable comparison can be made if plants of the same physiological

(instead of chronological) ages are sampled (Jones, 1967). By means
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of foliar analysis, the immediate needs of a crop at any particular

stage in its growth can be predicted.

Three categories for interpretation of nutrient element contents

of plants have been demarcated. Ulrich (1959) has defined the

critical level as the level "below which deficiency occurs and above

which sufficiency of the particular nutrient is observed."

Using the third fully expanded leaf of taro, counting from the

spindle leaf downwards as the "index leaf", de 1a Pena (1967) noted

that for a projected yield of 20 tons/ha of dry1and taro, N, P and K

concentrations should approach 2.0, 0.24 and 9.0% in petioles and 4.2,

0.34 and 5.7% in blades at three months of age. The corresponding

values at the same age for wetland taro with a projected yield of 30

tons/ha were 1.1% N, 0.38% P, and 4.0% K in petioles and 4.3% N,

0.46% P and 4.1% K in blades at three months of age.



MATERIALS AND METHODS

Field and Greenhouse Experiments

The field and greenhouse experiments were designed to obtain some

basic information on possibilities of mechanization of taro production.

Cultural methods were assessed under field conditions. Greenhouse

experiments were conducted under various moisture regimes and levels

of nitrogen and phosphorus nutrition. Leaf area index of plants

(based on linear measurements of leaf blades) and suckering capacity

were determined and related to corm yields. Root growth and nutrient

element composition were also studied.

Site of Experiment

The site chosen for the field experiment is the Wailua River

Valley on the Island of Kauai. This area had earlier been used for

commerical rice production and the particular field was last cropped

with rice in 1960. Since this date, the field had been fallow.

Typical weeds found in the area were paragrass (Brachiaria mutica

(Forsk.) Stapf; syn. = Panicum purpuracens Raddi) , and Ludwigia

octovalvis (Jacq.) Razen; syn. = Jussiaea suffruticosa L.) although

the former dominated the field. The soil belongs to the Hanalei

Series of the alluvial soil group (Mollic Gleysols, typic fluvaqents,

isohyperthermic, very fine, oxidic, non-acid). The mineralogical

composition as determined from X-ray diffraction analysis was as

follows: mica 1%, halloysite (poorly organized) 1 - 10%, gibbsite

1 - 10%, quartz 1%, hematite (poorly organized) 1 - 10% and amorphous

clay minerals 40%. Average annual rainfall in the area ranges
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from 122.5 cm to 147 cm, with a mean of 134.75 cm per year. Detailed

soil analysis is given in Table 1.

Layout of Experiments

Design

The main field experiment was conducted in a split-split plot

design (Figure 1). Water management was the whole plot, method of

plot preparation was the sub-plot, and plant population superimposed

within the sub-plots constituted the sub-sub-plot. There were three

replications. This was therefore, a 3 X 3 X 3 factorial in split-

split plot design replicated three times. Where applicable, ridges

were made using "lister" ploughs. One of the pot experiments was a

3 X 4 X 4 factorial in a completely randomized design with four

moisture levels, four harvesting dates (3, 6, 9 and 12 months of age)

and three replications. A second pot experiment was conducted to

separate the effects of moisture per ~ from those of the macronutrients

usually more available under submergence. This was a 2 X 3 X 3 X 3

factorial in randomized block design of two moisture levels (drained

and flooded condition), three levels each of Nand P and three

replications.

Source of Water Supply

Opaekaa Stream, a tributary of the Wailua River which forms part

of the drainage basin for the water from Mount Waialeale -- a mountain

having an annual precipitation of about 1520 cm (600 inches) -- was

the source of water used in the experiment. Part of the water from

the stream has been directed into the paddy crop station of Kauai

Branch Experiment Station.



Table 1. Analysis of Soil Used in the Experiment

pH (1:1 paste) 4.9 - 5.3

Cation Exchange Capacity (meg./100 g OD Soil) 41

Exchangeable Ca (meg. /100 g OD Soil) 7.7

Exchangeable Mg (meg./lOO g OD Soil) 11.6

Exchangeable K (meg./100 g OD Soil) 0.31

Total N (%) 0.38

Extractable P (ppm) 40.30

Organic matter (%) 11.21

Extractable Mn (%) 0.11

Extractable Fe (ppm) 5.05

Extractable Na (ppm) 5.92

% Base Saturation 69.25

22
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SUB-PLOT: PLOT PREPARATION
R1= 60 CM BETWEEN RIDGES
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Figure 1. The layout of the plot used in the field experiment.
The pipeline in the sprinkler irrigated plots is
represented by thick line starting from the pump.
Locations of risers are represented by thick dots.
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Planting Material

Hu1is were supplied by Mr. William Haraguchi of Hanalei, Kauai.

Only hu1is from suckers of Lehua variety of taro (and not from main

corms) were used.

Irrigation Equipment

Hard plastic flumes were used as supply ditches. Aluminum

siphons, 5 cm in diameter, were used to channel water into furrow or

flood irrigated plots.

A centrifugal pump was used to pump water to the sprinkler plots.

Other provisions for water supply are discussed under water treatments.

Water Treatments

Sprinkler Irrigation

The available sprinkler was Rainbird Model No. 30, with nozzle

diameters of 3/16 X 3/32 - 70 (Rainbird Handbook, 1970). Riser spacings

were dictated by the water distribution pattern which appeared to

best satisfy conditions for uniformity of water supply. Water was

directed into the fields with aluminum pipes, 6 meters long and 5 cm

in diameter, joined end to end with 5 cm couplers, 5 cm elbows and the

ends plugged with 5 em dead ends. The risers were 1.2 meters long

and 2.5 cm in diameter. Test runs were made for varying pump

revolutions per minute (RPM) to obtain the water distribution to the

sprinkler irrigated plots. Depth of water during each test was

measured by equally spaced collection cans, and mean depth over the

entire area per hour was computed. The range of RPM giving the

required application rate to within 20 - 2S% and satisfying the

acceptable sprinkler coverage was maintained throughout the experimental
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period. (Acceptable coverage = coverage within plots designed for

sprinkler irrigation.) Five centimeters per week -- 2.5 cm per

application -- was the rate and frequency of application used for the

sprinkler and furrow irrigated plots. This irrigation schedule was

followed when normal precipitation rate did not exceed 5 cm per week.

After irrigation at this rate, readings of tensiometers positioned

at 21 cm depth were in the 0 - 10 range and increased to 30 - 40

prior to next irrigation.

The layout of the three experimental plots which were sprinkler

irrigated is shown in Figure 1. The Sears Centrifugal pump used in

the experiment had a capacity of 167 liters per minute (44 gallons per

minute (gpm)) at 24 meters (80 feet) head elevation. The maximum

horsepower is 5 when operated continuously at 3,000 revolutions per

minute (RPM).

Sprinkler discharge (gs) was determined in the field. Starting

from the sprinkler located nearest to the pump (Figure 1), the averages

of three separate discharge determinations per sprinkler in liters

per minute were as follows: 24.64, 23.42, 23.12, 23.04, 22.59 and

22.36, respectively. Average discharge per sprinkler was calculated

to be 23.19 liters per minute. Total pump discharge in the whole

system was about 139.14 liters per minute (i.e., 23.19 liters/minute

X 6 sprinklers in system). This discharge which is equivalent to 1.0

cm per hour is less than the minimum infiltration rate of 1.52 cm

per hour when the pump was running for 150 minutes, the maximum

period required to apply 2.5 cm of water (Appendix, Table I, Figure I).

A sprinkler distribution efficiency test was made and a uniformity
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coefficient of 81.76% was obtained. Using an acceptability criterion

of 75%, this uniformity coefficient was considered adequate.

Infiltration rates on which the rate of water application under

furrow and sprinkler irrigation was based were determined using an

infi1trometer. Readings were taken for six hours and the minimum

infiltration rate was determined.

Field capacity measurements were obtained from two sites by the

ponded method as described by Slatyer (1965). Forty-eight hours was

allowed for water held by gravitational force to drain.

Furrow Irrigation

Water for the furrow irrigation system was supplied through the

main ditch. The ditch was lined with specially constructed plastic

channels to prevent seepage of water into experimental plots. Water

was siphoned into furrows with aluminum siphons, 5 cm in diameter.

Five centimeters of water was the water application intended per

week, and application was scheduled in two equal amounts at approximately

equal intervals of time. Slope of the field varied from 0.6 to 0.75

percent. Quantity of water supplied and length of time to run the

furrow was determined using the orifice flow equation: Qf = CA 2g h.

(Computations of amount of water used and other specifications in the

use of the flow equation are given in the Appendix.) The end of each

furrow was blocked with a levee of soil to prevent runoff. Irrigation

was used to supplement cumulative precipitation during the time

interval between successive irrigation periods. Precipitation was

measured with a raingauge placed in the field.
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Flooded Fields

Siphons, 5 em in diameter, were used to direct water into the

three main plots irrigated by flooding. Continuous supply and circu

lation of water within the field was maintained during crop growth.

Water supply in the flooded field was such that the area reflected

practices generally used by farmers, but also provided a means to

evaluate different methods of land preparation, e.g., ridges versus

flat plots. The main difference between the approach in this study

and the method used by farmers in taro and rice production was that

the soil was not puddled.

The inflow and outflow values of water under flood irrigation

could not be accurately determined and therefore consumptive use was

determined indirectly from pan evaporation data. The main reason for

a lack of inflow-outflow data was a frequent incidence of fluctuations

in water supply. This experiment was located at the same site as many

other experiments on rice and taro, for which water was supplied

from the same source. Frequently, the demand on water was high and

therefore amounts flowing into the various fields were proportionally

reduced. This fluctuation in water supply made it difficult to

maintain a given change in water head at all times during crop growth.

Consumptive use of water by plants grown under flooded conditions

was estimated indirectly from pan evaporation data collected from

four locations ranging from 3.6 to 8.7 kilometers from the site of

the experimental plot (Appendix, Table II, Figures II and IV). A

comparison of the mean evaporation rate per day obtained from these

locations gave no significant difference, suggesting that data from
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anyone of these locations could be used to estimate consumptive water

use of taro under flooded conditions.

Other weather information obtain~d were the average daily radia

tion and average daily rainfall during the crop growth period

(Appendix, Table III and Figures III and IV).

Modifications in Water Treatment

Through experience, it is known that hulis used as propagule in

taro propagation do not grow if the soil is deeply flooded before the

hulis root and develop some leaves. This is plausible since indica

tions are that air is supplied to taro roots under flooded culture

through the leaves in the same way flooded rice obtains its air

supply. Consequently the whole field was flooded soon after hulis

were planted and allowed to drain for six weeks. Total rainfall

during this six-week period was 9.93 em (3.91 inches). Since all the

plots received the same amount of water during this period, this was

not considered as a variable in the experiment.

Water treatment was started in July, 1970. The total amount of

water applied during the growing season to the sprinkler and furrow

irrigated plots was estimated as 121.9 ern (48 inches). This amount

covered the months of July, August, September, and October, 1970,

and May and June of 1971.

Soil moisture measured by tensiometers and rainfall determined

from a raingauge placed in the field showed that soil moisture was

above field capacity during the rest of the growing season. At this

time, the moisture level was such that further application was not



necessary since the requirement was satisfied by rainfall alone.

Secondly, the water table at this site of the Wai1ua Paddy Crop

Experiment Station is shallow, about 46 cm (18 inches) during summer

months. Most of the water needed during the winter months was

subsequently satisfied either by ground water movement or by rainfall

(Appendix, Figure III).

Fertilizer Treatments

Rates of fertilizer were 400 kg/ha of elemental N applied in

the form of urea, 600 kg/ha elemental P applied as treble super

phosphate, and 300 kg/ha of K as sulfate of potash. All P was

applied at time of planting and Nand K were applied in split rates.

Half of total Nand 1/3 of total K were applied at time of planting.

The remaining Nand K were applied 3 months later.

Planting Procedure

Lines or planting boards marked with nails were used to denote

the positions corresponding to 30, 60 and 90 cm within ridges.

Pineapple planters were used to make holes 10 - 12 ern deep into which

the base of the hulis were inserted, and covered with soil.

Maintenance of Field

The field was treated with nitrofen (TOK) as a preemergence

herbicide for weed control. A mixture of propani1 and paraquat was

used as a directed spray to control weeds, especially on furrow or

sprinkler irrigated plots. Propanil controlled the grasses, while

paraquat was used to control both grass and broad1eaf weeds.

29
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Field Measurements

Plant height and sucker number were measured on the third,

fourth and fifth months and on the tenth month. The first three

measurements represented periods of vegetative development, while

the fourth period was when the top growth was receding as corm

production increased (Mi1thorpe, 1967; Enyi, 1967a). Leaf area

determinations based on linear measurements from three marked plants

per sub-sub-p1ot were taken by the methods described by Chapman

(1964) for Xanthosoma; Necar, et a1. (1967) for sweet potatoes;

Yoder (1969) for pineapple, and Epstein and Robinson (1965) for

cotton. The tracing method was used to relate actual leaf area to

the linear measurement. Equations relating leaf area index at

maximum vegetative development to mean corm yields under the various

cultural practices were computed and fitted into curves. Maximum

leaf area index for optimum yield was also determined when applicable.

Plant Samples

Index leaves (third leaf counting from the spindle leaf downwards,

de 1a Pena, 1967) were sampled from three plants per sub-sub-p1ot.

Sampling was done on the third and sixth months from planting. The

leaves were severed about 3 ern from the base. These were rinsed with

distilled water, allowed to drain free of water and weighed fresh.

The samples were separated into petioles and blades. Petioles were

sliced into pieces 0.5 to 1.5 em long, bagged and dried at 70 - 75 0 C

in a forced draft oven. Whole leaves were dried at the same temperature.

Dry weights were taken after 48 hours or when dry.
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Yield Data

First corm harvest to determine yield was taken in the seventh

month. Four plants were harvested per sub-sub-plot, taking care to

keep plant spacing intact by harvesting adjacent hills. Thus position

or direction of sampling rather than individual hills was randomized.

The second and third harvests were made in the tenth and thirteenth

months by pulling four and six plants, respectively, from each sub-sub

plot. The three marked plants from which leaf area measurements were

determined were harvested during the tenth month harvest. The corms

were cleaned, allowed to drain free of water and weighed fresh after

separating main corms from sucker C01~S.

The specific gravity of the midsection subsamples of main corms

anc of sucker corms was determined by the displacement method as

described by Bowers, et al. (1964). However, the method was modified

to use the Archimedes' principle in which case, sample weights and

upthrust were determined. Middle core sections of corms and suckers

were also taken for dry weight computations and for nutrient composition

analyses. All dried plant samples for chemical analysis were ground

to pass through 20 mm mesh sieves.

Chemical Analysis

The concentrations of N, P, K, Ca, Mg, Mn and Fe were determined

in 0.5 g of plant samples.

Total N was determined by the Kje1dah1 method. The method was

modified to include nitrates by treatment with salicylic acid followed

by thiosulfate (Chapman and Pratt, 1964).
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Phosphorus was determined co1orimetrica11y by the sulfuric acid -

vanadate - molybdate (Barton's reagent) method from samples (0.5 g)

o
ashed at 550 (Chapman and Pratt, 1964).

Calcium, magnesium, manganese and iron were determined on an

aliquot of ashed sample using an atomic-absorption spectrophotometer.

A flame photometer (Beckman DU) set at 768 mu was used for K determina-

tion using a1iquots from the ashed sample.

Statistical Analysis

Analysis of variance, regression and correlation were used to

statistically evaluate plant growth and corm yields and to relate

them to nutrient composition of plant parts. Duncan's (1965) modified

(Bayesian) Least Significant Difference Test, hereafter referred to

as DLSD test, was used to compare individual means where necessary.

General guidance in statistical procedure was obtained from texts on

statistics (Snedecor, 1967; Cochran and Cox, 1968; Le C1erg, et a1.

1962; Dixon, 1965).

Pot Experiment - I

Lehua variety was grown in 5-ga11on cans to study the effects of

moisture and age at time of harvest on growth and plant nutrient content.

Fifteen kg of air dry soil at 24% moisture content by weight from the

field plot was put into each of the 48 5-ga11on cans. The soil was

packed to a bulk density of approximately 1.18. This was an attempt

to keep the moisture level at approximately the level of field

capacity which was determined in the field plot using the ponded water

method described by Slatyer (1967) and Israe1sen and Hansen (1967).
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The ex} .. riment was set up in a completely randomized design with four

moisture levels in the following percentage ranges: low - below field

capacity (30 - 40%), medium - (50 - 60%); field capacity (high 70%);

and flooded - pots contained standing water (3-5 cm depth) at all

times. There were four harvesting dates (3, 6, 9 and 12 months) and

three replications.

One huli of the lehua variety of taro (the same variety used in

the field experiments) was selected from many hulis for uniformity

of size and planted per pot. The fertilizer rates were the same as

those used in the field plots, i.e., 400 kg/ha elemental N applied

as urea, 600 kg/ha P applied as treble super phosphate and 300 kg/ha

of K applied as sulfate of potash. All the P and only 50 percent of

Nand K were thoroughly mixed with the soil at the time of planting.

Three months after planting the remaining Nand K were broadcast in

the pots. A gradient of moisture levels below field capacity was

developed. Efforts were made to maintain these water levels during

crop growth by daily weighings of those pots in soil moisture ranges

below field capacity and bringing the weights to a predetermined level

by addition of water. Each weight corresponded, therefore, to the

weights of the pot, soil and plant. Soil samples were taken from two

different sites of the pot at fortnightly intervals for six months to

determine in situ moisture levels by gravitational methods. The

samples were obtained by pushing a hand auger at these sites such that

soil columns covering approximately the depth of soil in the pots

were obtained. The soils were returned to the pots from which they

were collected after necessary soil moisture data were taken. The
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values were converted to volumetric water contents. Since the fresh

weights of taro plants are rather large relative to the total pot

weights, adjustments for growth were made at the end of the third

month. The weight was assumed constant for the rest of the crop

period. This assumption seemed plausible in vie~i of the growth habit

of taro in which a decrease in top growth at latter stages of growth

are often compensated for by increased corm gro~rth.

For the flooded treatment approximately 3-5 cm water depth was

maintained during crop growth. A field capacity city water treatment

was obtained by applying water every third day. This treatment corres-

ponded to the high level of water content. The treatments were,

therefore, designated as follows: flooded (above saturation) high

(field capacity) medium and low (in ranges below field capacity).

Pot Experiment - II

To separate the effects of water per ~ from the effects of higher

availability of some nutrients usually obtained by flooding (Ponnamperuma,

1955; de la Pena, 1967), especially those macronutrients most likely

to be limiting in tropical soils, an experiment was set up to study

the effects of varying levels of nitrogen and phosphorus on the

development and foliage yield of taro. Previous field experiments

showed a lack of response by taro to potassium in the Wailua area,

and therefore K effects were not studied (de la Pena, ~ al. 1971,

Unpublished).l/

l/de la Pena, R. S., G. Shibao and D. L. Plucknett. 1971. Unpublished
data, University of Hawaii, Agricultural Expt. Sta., Kauai.
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The experiment was set up in a randomized block design with two

moisture levels: (a) nonflooded or drained; flooded every third day

and allowed to drain, and (b) flooded; a layer of standing water

about 3 cm deep was maintained in each pot during the period of crop

growth. Fertilizer treatments were three levels of N (0, 400 kg N/ha,

and 800 kg N/ha) applied as urea; and three levels of P (0, 600 kg P/ha,

and 1200 kg P/ha) applied as treble superphosphate. Potassium level

was 300 kg K/ha supplied as potassium sulfate. There were three

replications.

One taro huli selected for uniformity of size from among many

hulis was planted per pot. The moisture content was determined at

the end of the third week. Soil samples, 0-8 cm depth, were taken

from one site per pot of the drained treatment at the end of the

first, second and third days just prior to addition of the next

moisture treatment. Sampling was repeated for a further three day

period; i.e., the fourth, fifth and sixth days. Moisture content was

determined by the gravimetric method. Corresponding tensions were

obtained by reference to the moisture release characteristics of

the soil used.

The plants were grown for two months. Data taken were plant

height, leaf and sucker number. Harvesting was at the end of the

second month. A 0-10 cm depth soil sample was taken from each pot,

and the pH of a 1:1 paste (soil:distilled water) subsample was

determined using a Beckman pH meter. Plants were separated into

leaf blades, petioles, corms (if any) and roots, washed, allowed to

drain free of water and weighed fresh. Dry weights were also taken
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by drying samples at 7SoC in a forced draft oven for 48 hours. Before

drying, the roots were cleaned by washing with tap water and a

solution of "Dreft" soap, then rinsing with 0.01 N hydrochloric acid,

washing again with tap water and rinsing with distilled water.

Preparation of plant samples for nutrient analysis, analytical

methods used and data analyses were as described for the field plot

samples.



RESULTS AND DISCUSSION

Water Treatment

Effects of Flooded and Nonflooded Soil Conditions en Yield of

Taro at Various Ages

Table 2 and Figure 2 sh~N the effect of flooding, sprinkler and

furrow irrigation on corm yields. Yields are presented in metric

tons per hectare and in kilograms per plant.

Total corm yield per hectare was highest under flooded conditions

at all ages. Yield per plant was also highest under flood irrigation.

There was, however, no significant difference between total corm

yield per hectare under flood and furrow irrigation at the 7 and 13

month harvests. These yields differed significantly from those

obtained from sprinkler irrigation. Also, no significant yield

differences were obtained between furrow and sprinkler irrigation

in the 7 and 10 month harvests.

A separation of the yields into their components -- main corms

and sucker corms -- showed no significant difference in main corm

yields for all water treatments at the 7 and 10 month harvests.

Yields at 13 months did not differ significantly between furrow and

flood irrigations; however, both yielded significantly higher than

the sprinkler irrigation. The superiority of flood and furrow

irrigation over sprinkler irrigation was demonstrated by the sucker

corm production in which yields from flooded plots were significantly

higher than yields from sprinkler plots at all ages. A significant

difference in yield between furrow irrigated plots and sprinkler

irrigated plots was obtained only for the 13 month harvest.



Table 2. Effect of Methods of Irrigation on Corm Yield of Taro at Three Harvest Dates

Months After Planting
Irrigation

Method 7 10 13 7 10

Tons Per Hectare l / Kg Per Plant l /

Total Yield Total Yield

Sprinkler 24.8a 34.8a 26.0a 0.97a 1.44a
Furrow 27.lab 41.0a 62.0b 1.09ab 1. 7la
Flood 32.8b 48.2b 64.55b 1.3lb 7.80a

Main Corm Yield Main Corm Yield

Sprinkler l1.4a 13.6a 9.lla 0.42a 0.52a
Furrow 11.8a l5.la 19.4b 0.45a 0.58a
Blood l4.0a l7.7a 22.3b 0.53a 0.63a

Sucker Corm Yield Sucker Corm Yield

Sprinkler l3.4a 21. 2ab l6.9a 0.56a 0.92a
Furrow l5.3a 26.0ab 42.7b 0.63a 1.13a
Flood l8.8a 30.65b 42.2b 0.78b 1.l7a

l/Values in the same column followed by the same letters are not significantly different by the
DLSD Test (p = 0.05).
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Figure 2. Effects of methods of irrigation, land preparation and plant
spacing on corm yield and components of corm yield (main
corm and sucker corm) of taro at 7, 10 and 13 months.

Unless otherwise stated, all comparisons are based on DLSD
test (p = 0.05). The following letters were used to compare
mean differences between main treatment effects: a, b, c,
water treatment; x, y, z, land preparation; and h, p, q,
plant spacing. Columns or portions of columns with identical
letters are not significantly different.
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One of the main advantages of growing taro under flooded

conditions is increased yield apparently due to higher sucker corm

weight. The total main corm and sucker corm yields show that the

difference in yield between the different irrigation treatments are

attributable to differences in sucker corm yields. Ching (1970) and

de 1a Pena (1967) have demonstrated earlier maturity of several

varieties of taro under upland (rainfed) conditions. Table 2 shows

that highest corm yield under sprinkler irrigation was obtained at

10 months. Sucker corm yield increased slightly over the 7 month

yield (from 13.4 to 16.9 tons per ha) while main corm yield was

lowest at 13 months.

Effect of irrigation treatment on yield per plant followed a

similar trend as that of yield per hectare (Table 2, Figure L). A

diversion of some interest was noted in the 10 month yield. Although

total corm yield increased from the 1.4 kg/plant under sprinkler

through 1.7 and 1.8 for furrow and flood irrigation, respectively,

these differences were not significant. Similarly no significant

differences were obtained for the main corm and sucker corm yield

components at 10 months. This result tended to suggest that while

sprinkler and furrow plots were nearing maturity at this age, suckering

was still in progress under paddy culture. Therefore, it would be

advisable to harvest at about 10 months instead of 13 months if

sprinkler irrigation method is used. Yields obtained beyond 10

months from the furrow and flood irrigated plots justify extending

harvesting time longer than 10 months. Another reason for the lower

yields at 13 months under sprinkler irrigation was severe incidence of
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corm rot and competition with perennial weeds generated under upland

culture as crop age was prolonged beyond 10 months.

Row Spacing, Ridge and Ridge Spacing Effects

on Corm Yield of Taro

Table 8 and Figure 9 show the effects of row spacing and ridging

and ridge spacing on yield of taro. These parameters are hereafter

referred to as land preparation. There was no significant effect of

land preparation on total corm yields at any age. However, main

corm yields of 14.8 tons/ha obtained at 13 month harvest in the 90 cm

ridge spacing was significantly lower than the 17.4 and 18.5 tons/ha

respectively obtained in 60 cm ridged and flat row plots.

Sucker corm yields at 90 cm ridge spacing and 60 cm flat rows

were significantly higher than sucker corm yields obtained at 60 cm

ridge spacing. Although no yield increases were obtained by ridging

of taro, an advantage of ridging has been demonstrated in harvesting

ridged corms. The case of harvesting is plausible since taro produces

an extensive root system, even at time of maturity (Plucknett, ~ al.,

1970). Contrary to Enyi (1967b) who obtained higher yields under

ridged culture of Xanthosoma Spa in dryland condition in West Africa,

no significant differences were obtained in this study.

Increased row spacing resulted in significantly higher corm

yield per plant except for main corm yield at the seventh month which

did not differ significantly from yields obtained from the other row

spacings used (60 cm flat and ridged rows, Figure 2, Table 3).



Table 3. Effects of Land Preparation on Corm Yield of Taro at Different Ages

Land Months After Planting
Preparation
Method 7 10 13 7 10 13

Tons Per Hectare l / Kg Per Plant l /

Total Total

60 em ridged 27.8a 42.3a 49.2a LOa 1.4a 1. 8a
90 em ridged 27.0a 40.8a 5l.8a 1.4b 2.lb 2.8b
60 em flat rows 29.8a 40.9a 5l.5a l.Oa l.5a 1. 8a

Main Main--

60 em ridged 1l.4a l6.3a l7.4a 0.4a 0.5a 0.6a
90 em ridged 11.8a 13.6a 14.8b 0.5a 0.7b 0.7a
60 em fla trows l4.0a l6.4a l8.5a 0.5a 0.7b 0.6a

Sucker Sucker

60 em ridged l3.4a 26.0a 31.8a 0.5a 0.9a 1.2a
90 em ridged l5.3ab 27.la 37.0a 0.9b l.4b 2.lb
60 em flat rows l8.8b 24.5a 33.0a 0.5a 0.9a l. 2a

l/Values in the same column followed by the same letters are not significantly different by the
DLSD Test at the 5% level.

+'-
N
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The only significant interaction of water treatment and land

preparation was obtained for the main corm yields at 13 months of age

discussed in a latter section. Yield per plant was highest at the

widest row spacing (90 cm). Main corm yields from sprinkler irrigated

plots were lower than those obtained from furrow and flooded plots.

Yields from 60 cm ridged rows and non-ridged rows were not significantly

different for any water treatment method.

Both percent dry matter and specific gravity did not differ with

method of land preparation at any age.

Response to Plant Spacing

The highest corm yield per hectare was obtained at a spacing of

30 cm within rows and ridges. Since 30 cm was the minimum spacing

used in this study, indications are that the optimum spacing for

highest yield was not attained. At 7 months, total corm yields per

hectare wer~ similar for 60 and 90 cm spacing, while yields from the

30 cm spacing were significantly (1% level) higher (Table 4, Figure 2).

Main and sucker corm yields were not different at 60 em and 90 cm

spacings but were significantly lower than those obtained at 30 cm

spacing. Significantly higher yield per plant at 7 months of total,

main and sucker corms resulted with increased plant spacing (Table 4).

By 10 months, total corm yields per hectare decreased significantly

(5% level) with increased plant spacing. Main corm yield per hectare

also decreased with increasing plant spacing. Spacing had no effect

on sucker corm yield at 10 months. Yield per plant at 10 months

increased with wider plant spacing. There was, however, no significant



Table 4. Effect of Plant Spacing on Corm Yield of Taro at Different Harvest Dates

Age at Time of Harvest
Plant
Spacing 7 10 13 7 10 13

1/
Kg Per Plant

1/
Tons Per Hectare

Total Corm Yield Total Corm Yield

30 Cm 3S.7a 47.2a S7.4a O.Sa LOa 1.2a
60 cm 26.Sb 41.9b 49.7b 1.2b 1. 7b 2.2b
90 cm 22.Sb 3S.0c 4S.4c 1. Sc 2.2c 3.0c

Main Corm Yield Main Corm Yield

30 cm l7.3a 20.2a 22.2a 0.4a 0.4a O.Sa
60 cm 1O.9b lS.lb lS.3b O.Sa 0.6b 0.7b
90 cm 9.0b H.lc l3.3c 0.6c 0.7b L9c

Sucker Corm Yield Sucker Corm Yield

30 cm l8.4a 27.0a 3S.3a 0.4a 0.6a O.Sa
60 cm lS.Sb 26.8a 34.4a 0.7b LIb LSb
90 cm l3.Sb 23.9a 32.la 0.9c 1.Sc 2.lc

1/
Values in the same column followed by the same letters are not significantly different by the DLSD
Test (p = 0.05).

~
~
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difference between main corm yield at 60 cm and 90 cm spacing at 10

months (Table 4, Figure 2).

Total and main corm yields per hectare at 13 months decreased

significantly (5% level) with increasing plant spacing. There was

nO effect of spacing on sucker corm yield. Total, main and sucker

corm yields per plant at 13 months increased with increasing plant

spacing.

These results indicate that wider plant spacings brought about

an increased contribution of sucker corms to total yield per plant.

However, higher sucker corm yields were not enough to offset the

effect of increased population on yield per hectare. Table 4 also

shows that sucker corm yield per plant increased with age; for example,

at 7 months, the yield ratio was about 1:1.5:2 for 30 cm, 60 em and

90 cm, respectively. These ratios became 1:1.8:2.5 and 1:2:3 at 10

and 13 months, respectively. On an area basis, the yield ratios for

the respective spacings were about 1.4:1.1:1; 1.2:1.12:1; and

1.3:1.2:1. These results indicate that no matter how large the

spacing, a certain ceiling in suckering capacity probably imposed by

variety may not be exceeded, and therefore sucker production per

plant would be limited by this ceiling. A confirmation of the

'ceiling effect' in the number of suckers which a variety can produce

was given in the discussion of suckering capacity, in which number

of suckers tended to remain constant at a certain level, irrespective

of plant spacing.

Water Treatment X Land Preparation (W X L)

Figure 3 shows a significant water X land preparation (W X L)



80 a
a

«
I

~

w 40
0..

V'l
Z
0
~

5J 5253 5J 5253
FU PA

«
I

80

46

80

«
I

~

w 40
0..

U')

Z
o
I-

a
a

V'l

Z
o
I-

LJ L2L3 LJ L2 L3
FU PA

MAIN CORM

5UCKER CORM

Figure 3. Significant two-way interactions of water
treatment X plant spacing (W X S) -- upper
left; land preparation X plant spacing (L X S)
lower "left; and water X land preparation (W X L)
right on corm yield at 13 months.

Different letters above the columns indicate
significant differences in total corm yield within
individual interactions. Different letters in the
blank and the barred portions of the column
indicate significant differences of sucker corm
yields and main corm yields, respectively, within
individual interactions. Columns with no letters
are not different. All comparisons are based on
the DLSD test (p = 0.05).



47

interaction on corm yields per hectare at 13 months. Main corm yield

was particularly influenced by irrigation treatment. Land preparation

effects on corm yield was influenced by methods of irrigation.

Differences between the various land preparation methods under furrow

and flood irrigation were small, but significantly greater than the

differences resulting from sprinkler irrigation.

The WX L interactions of total, main and sucker corm yields

per plant were significant (Figure 4). As in yields per hectare,

water treatment was the main factor influencing corm yields. Differences

between furrow and flood irrigation were small and in most cases

non-significant. Yield per plant was increased significantly by a

ridge spacing of 90 cm in all methods of irrigation. Total yields

with ridge spacing of 60 em and flat rows of 60 cm were similar in

all irrigation treatments. Sucker corm and total corm yields followed

a similar trend, while main corm yields were variable. There was no

significant effect of land preparation on yield under sprinkler

irrigation.

Figures 3 and 4 show a significant WX L effect which resulted

when water effects were obscured under non-flooded conditions because

of early maturation. The masking of water effects was most pronounced

under sprinkler irrigation in both cases, especially in ridged

sprinkler plots at 7 months.

Water Treatment X Plant Spacing (W X S)

Figure 3 shows a significant water X plant spacing (W X S)

interaction of corm yield at 13 months. There were no significant
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13 month harvest.
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cant differences of yield per plant within
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indicate significant differences of sucker corm
and main corm yields, r.espectively, within
individual interactions. All comparisons are
based on the DLSD test (p = 0.05).
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interactions at the earlier date probably due to a confounding effect

of water treatment with age. Earlier maturity under non-flooded

treatment resulted in relatively higher yields of corms at 7 and 10

months in non-flooded plots, while at the same time plants in flooded

plots were mostly vegetative (Figure 12, page 70). Beyond the 10

months, corm maturation in flooded plots was in progress, while rate

of growth was retarded under non-flooded conditions.

Significance of the WX S interaction on corm yield was due to a

lack of spacing effect on total and sucker corm yields under flooded

conditions. Main corm weights increased as plant spacing decreased

under all modes of water treatment. Sucker corm yields under sprinkler

irrigation in all plant spacings were not different; however, under

flood irrigation, sucker corm yields tended to increase with increased

plant spacing. The response was variable under furrow irrigation.

Land Preparation X Plant Spacing (L X S)

Figure 10 shows a significant L X S interaction for total, main

and sucker corm yields per ha at 13 months. Main corm yield decreased

with wider plant spacing under all ridge spacings and flat row

spacings, although the yield differences at 60 cm and 90 cm plant

spacings were not significant. Total and sucker corm yields were

similar at 60 cm ridge width at all plant spacings (30 cm, 60 cm, and

90 cm).

Increasing ridge width to 90 em resulted in significant differences

between total yield per ha at 30 cm and 90 cm plant spacing, and no

significant differences between these values and yields at 60 cm plant
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Figure 5. Two-way interactions of water treatment X
land preparation (W X L) -- upper figure and
of land preparation X spacing (L X S) -- lower
figure of corm yield per hectare at 10 month
harvest.

Different letters above columns indicate
significant differences of total corm yield
per hectare within individual interactions.
Different letters in the blank and the barred
portions of the columns indicate significant
differences of sucker corm and main corm yields,
respectively, within individual interactions.
Columns with no letters are not different. All
comparisons are based on the DLSD test (p = 0.05).
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spacing. Under flat rows (60 cm width), total corm yield decreased

with wider plant spacing. At the same row width, yield at 30 cm

plant spacing was significantly greater than yields at 60 cm and

90 cm, the latter two not being significantly different. The contribu

tion of sucker corms to total yield was generally higher under ridged

culture. While yield per plant was primarily influenced by density

and was a function of plant spacing with a given row and ridge

spacing (Figures 14 and 6), yield per ha tended to decrease with wider

plant spacing (Figures 3, 5 and 6). Though significant at only the

10% level, figures 5 and 6 were included to show the trends at the

earlier stages of growth, and also to illustrate the paradox of a

community of suppressed individual plants giving the highest yield

per area, as reviewed by Black (1957).

The results suggest that each hill had enough 'space' to produce

the maximum number of suckers possible. In support of this point,

there was no decline in yield, even at the minimum row or ridge and

plant spacing, i.e., 60 cm X 30 cm. It is, therefore, suggested

that yield differences were attributed to increased plant population,

intrahil1 competition between suckers for photosynthate and water in

the non-flooded treatment, and competition between weeds and individual

hills under sprinkler and furrow irrigation and not for 'space'. Also

sizes of both suckers and main corms were influenced directly by

water treatment and plant spacing (assuming no limiting effects of

nutrients) which in turn determined the extent of vegetative cover in

the field.
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the blank and the barred portions of the column
indicate significant differences of sucker
corm and main corm yields, respectively, within
individual interactions. All comparisons are
based on the DLSD test (p = 0.05).



54

Effects of Irrigation, Land Preparation and Population

on Yield of Taro at 7, 10 and 13 Months

Table 5 and Figure 7 show the average effects of land preparation

and population on corm yield of taro at 7, 10 and 13 months. Under

non-ridged culture, corm yield increased with increasing population

up to 54 X 103 plants per hectare. The optimum population for yield

was not attained at the spacings used. However, the rate of increase

in yield with increasing population differed, tending to be slower

at 10 months than at 7 and 13. It may be desirable to estimate

the population (and the corresponding yield) at which a 7 month crop

would give yields equivalent to that of 10 month crop under ridged

culture. This would involve an extrapolation beyond the observed

data and therefore could be questionable. However, such an extra

polation shows that at a population of 78 X 103 plants per ha, corm

yield at 7 months would be 50 tons and would equal to yield obtained

at 10 months with the same population. This population would not be

recommended for a 10 month crop because interplant competition for

light would result in lower yields and therefore may not be economical.

Population under ridged culture approached a maximum at 36 X 103

plants per ha if cropping was for 10 or 13 month harvest. No optimum

population was obtained for a 7 month harvest. By an extrapolation

similar to that shown for the non-ridged culture, a population of

82 X 103 plants per hectare would be required for corm yield at 7

months to be equal to that obtainable at 10 months; and 76 X 103

plants per hectare for yields obtained at 10 months to equal that at
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Table 5. Effects of Irrigation Methods, Land Preparation
and Population on Corm Yield of Taro at Different Ages

Age at Harvest (Months)
7 10 13

Population in Irrigation Method l /
Thousands/Ha Sp Fu Pa Avg. Sp Fu Pa Avg. Sp Fu Pa Avg.

Yield in Tons/Ha2/

Ridged

12 18 24 25 22 31 28 37 32 24 54 62 47

18 20 27 32 26 30 40 42 37 24 67 64 52

18 21 19 26 22 23 36 40 33 27 53 64 48

27 23 25 31 26 42 42 52 45 27 59 59 48

36 23 31 43 32 45 48 57 50 32 77 63 57

54 25 40 41 35 38 41 62 47 26 62 66 51

Flat Rows

18 22 21 27 23 34 35 41 37 13 48 63 41

27 26 23 31 27 37 38 49 41 24 56 68 49

54 46 34- 40 40 34 58 49 47 36 84 71 64

lisp = Sprinkler; Fu = Furrow; Pa = Flood or Paddy

2/Each value is an average of 3 observations.
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13 months under ridged culture. The reasonings presented suggest that

optimum density to use in taro culture depends not only upon cultural

method used but also upon age of crop at harvest. Citing the work

of others, Donald (1963) showed a similar relationship for subterranean

clover swards, potato tubers and grain yields of various cereal crops.

Figures 8 and 9 show increasing corm yield with increasing popula

tion per ha at different ages under the different irrigation methods.

Under ridged flooded culture (Figure 8), competition, for light at

population greater than 36 X 103 plants per ha resulted in a slight

decline in yield at 7 months. Light is suggested as a factor since

leaf and sucker development were still high at this age (Figures 12,

18-20). Yield increased with increasing population up to 54 X 103

plants per ha at 10 and 13 months under flood irrigation. Competition

for water among the sucker corms resulted in decline in yield at

36 X 103 plants per ha in the 10 and 13 month harvests under furrow

irrigation. Such a decline was not obtained at 7 months. With

increasing population to 54 X 103 plants per ha, corm yield at 7 months

equalled yield at 10 months. Restrictions in root growth (Figure 30)

was suggested as the limiting factor in corm yield at 7 months under

sprinkler irrigation and no evidence of competitive effects was

obtained. At 10 months, however, yield declined slightly when

population was increased from 36 X 103 to 54 X 103 plants per ha

probably because of competition for water and for photosynthate

between the corms. Competition would be more acute among the numerous

sucker corms whose initiation had been shown to be determined by

factors, such as variety, rather than cultural treatments (Figures 18-20).
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At all populations, yields under sprinkler at 13 months were

generally low and would not be attributable to any direct effects of

water and population. Incidence of corm rot was high, and competition

with perennial weeds generated under upland culture as age of plant

was prolonged beyond 10 months were important factors which limited

yield under sprinkler irrigation at 13 months.

Figures 8 and 9 also showed that there were certain populations

at which corm yield from furrow and sprinkler irrigated plots would

be equal to or greater than yields from flooded plots. Thus at

36 X 103 plants per ha (Figure 8), yield from furrow irrigated ridged

plots at 13 months was about 21 percent higher than yield obtained

from flooded plot. However, while this population approached the

maximum under furrow irrigation, yield continued to increase with

increasing population beyond 54 X 103 plants per hectare showing that

competition was for water. Similarly, yield from the sprinkler

irrigated plot at 7 months was equal to that obtained from flooded

flat culture when population was 40 X 103 plants per ha (Figure 9).

Figure 9 also shows that at about 43 X 103 plants per ha, yield from

furrow-flat culture (intermittent flooding) at 10 and 13 months were

equivalent to those obtained from continuously flooded plots, and

beyond this population, corm yield from the intermittently flooded

plots were higher by about 16% at 10 and 13 months. Owing to heavy

winter rains, the field was flooded at several occasions during the

experimental period and effective water control was carried out as

scheduled during 7 months out of the 13 months crop period (Appendix,

Figure II).
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Intermittent flooding of soil or maintenance of soil water. at

levels near saturation at all times are, therefore, suggested as

means of increasing yields of taro under dry land culture to levels

equivalent to or higher than that obtainable under flooded culture.

Since there is a high degree of plasticity of leaf growth with corm

yield, increasing populations to levels which would optimize interplant

competition while minimizing intraplant competition would also result

in high yields under saturated soil conditions. Population to use

would depend upon age at which crop is harvested and would be greater

than 54,000 plants per hectare. The results of a greenhouse experiment

designed to investigate the effect of increasing water supply on

taro growth was presented in a latter section of this study.

Plant Height at Different Ages as Affected by Water

Treatment, Row Spacing and Within Row Spacings

Table 6 shows the effects of water treatment, land preparation,

population and age on height of taro. Many investigators have discussed

the relationship between plant height and total top vegetative

development of taro and some other root and tuber crops (Enyi, 1965;

Mi1thorpe, 1967; Spence, 1970; Purewal and Dargan, 1957; Plucknett

and de 1a Pena, 1971). First, a flush of vegetation is produced.

Later, top growth declines and plant height shortens as starch is

accumulated in corms. Since both plant height and leaf development

decline concurrently (Purewa1 and Dargan, 1957), plant height can,

therefore, be used as an index of the stage of maximum top growth

development.



Table 6. Effect of Age, Water Treatment! Land Preparation, and Plant
Population on Beight1 of Taro

Water Treatments

Sprinkler Irrigation Furrow Irrigation Flood Irrigation
Land Plants Age in Months
Preparation Per Ha 3 4 5 10 3 4 5 10 3 4 5 10

Height in Centimeters2/

60 cm 53,890 59 85 96 56 67 119 119 65 99 171 188 95
Ridged Plot

26,910 70 105 117 70 80 143 149 72 93 152 169 91

17,940 79 130 124 73 81 153 113 74 86 147 169 85

90 cm 35,880 66 99 124 68 80 165 172 83 105 193 200 94
Ridged Plot

17,940 79 125 141 66 70 135 154 65 83 176 176 87

11,960 61 115 138 64 86 159 151 65 93 173 189 86

60 cm 53,890 93 141 150 74 88 172 171 85 105 188 197 118
Flat Rows

26,910 82 140 149 68 88 175 163 87 93 183 197 92

17,940 82 115 122 77 79 152 148 96 82 176 192 89

1/P1ant height was measured from ground level to point of petiole attachment to leaf blade.

2/Each value is an average of 9 individual observations.

0'\
N
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In this study, maximum plant height was observed between 4 and

5 months of age, irrespective of method of irrigation, land prepara

tion or plant population. A sharp decline was noted between the

fifth and sixth months, and therefore no further height or leaf area

measurements were made until 10 months since the objective was to

obtain the stage of maximum leaf development (Table 6).

Ranges in maximum plant height varied with irrigation method.

Under sprinkler irrigation, it ranged from a minimum of 95 em

(ridged plots, 60 em apart, 53,890 plants per ha) to a maximum of

150 cm (non-ridged plots, 60 cm rows, population, 53,890 plants per

ha). The corresponding minimum and maximum heights observed for

furrow and flood irrigation were 119 and 175 em, and 152 and 209 em,

respectively. Generally wider row spacings produced plants with

greater heights. Similar observations were made by Purewal and

Dargan (1957) for taro in India.

Estimation of Leaf Area from Length Measurements

The need for a non-destructive, rapid measurement of the leaf

area during the growing season necessitated study of various linear

leaf measurements most likely to be related to the leaf area. Figure

10 shows the linear measurements studied. P is the point of attachment

of the petiole to the leaf blade. Table 7 presents the summary of the

relationship between the linear dimensions (L) and leaf area (A).

The intercept (a), slope (b), and correlation coefficients are given

in Table 7. The high correlation coefficients were an indication

that any of the linear dimensions shown in Figure 10 could be used



Figure 10. A diagramatic representation of a taro leaf
showing the linear dimensions likely to be
related to leaf area. P is the point of
attachment of the petiole to the leaf blade.
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Table 7. Summary of the Statistical Analyses of the
Linear Relationship Between Leal Dimensions

of Taro and Leaf Areal

Dimension
Measured Correlation
(L, see Intercept Slope Coefficient
Figure 10) (a) (b) (i")

1 -8.89 1.10 0.971

2 -9.24 1.11 0.968

3 -8.02 0.66 0.971

4 -7.45 0.62 0.983

5 -9.43 2.53 0.945

4 + 5 -7.99 0.50 0.980

liThe equation is of the general form: A = a + bx where
A = leaf area in dm2 , a = intercept, b = slope and L = linear
measurements; n = 102.
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to evaluate the leaf area of taro. A similar linear study by Chapman

(1964) using Xanthosoma spp. and dimension numbers 1, 2 and 4

(Figure 10) gave correlation coefficients ranging from 0.96 - 0.99.

However, the negative intercept indicates that leaves must be of a

certain minimum dimension for their area to be accurately evaluated.

Using dimension 4, for example, a minimum length of 12 cm would be

required for the area to be determined by the corresponding regression

equation A(dm2) = 0.62L - 7.45, r = 0.983 (Figure 11). An "F" test

based on the ratio of mean squares due to regression and deviation

about regression (Appendix, Table IX; Snedecor and Cochran, 1967)

shows a significant improvement (1%) of the fitness of linear dimension

4 when evaluated by quadratic terms. Improvement in r 2 was about 3%.

Since the fit was very good (r = 0.998, r 2 = 0.996) no significant

improvement was expected by using higher terms. A quadratic relation

ship of dimension 4 and leaf area was used for all subsequent measure

ments. The regression equation was A = 0.5X + 1.06X2 (r = 0.998).

Figure 11 shows the quadratic relationship between leaf area

and linear dimension 4. This dimension was chosen because it was

most highly related to leaf area (Table 7). Since leaf growth starts

at zero length, the corresponding area at L =0 should be zero.

Therefore a case in which a regression equation of length on leaf

area gives negative area should not arise. Both leaf length and leaf

area therefore started at zero. However, whether origin of curve

was zero or not (Figure 11), there was a high correlation between

the linear measurements and actual leaf area (Table 7).
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Effect of Water Treatment, Land Preparation and Plant

Population on Leaf Area Index (LAI) at Different Ages

The leaf area index (LAl) increased with plant density and age

to a maximum and then declined beyond 5 months. Under sprinkler

irrigation, maximum LAl of 4.7 was obtained at a population of

53,840 plants per hectare (60 cm X 30 cm of flat row X plant spacing;

Table 8, Figure 12). This highest LAl value did not correspond with

the method of land preparation (60 cm ridge X 30 cm plant spacing)

which gave the highest number of suckers per plant. This discrepancy

may be explained by differences in sucker leaf size and main plant

leaf sizes. Under these various methods of land preparation,

suckering capacity per area does not explain differences in LAl

values. Fugade and de Datta (1971) found that tiller number alaae

does not explain differences in LAl among several rice varieties.

Contrarily Tanaka (1965) reported that tiller number per unit area

was the main factor determining LAI in rice.

The highest LAl of 6.2 under furrow irrigation was obtained at

a plant spacing of 60 cm X 60 cm. The LAl of 5.3 obtained at 60 cm

X 30 em ridges was also high. Sucker number per unit area was, however,

higher at the latter two treatments than at 60 cm X 90 cm spacing.

Under flood irrigation, the highest LAI value of 6.9 was obtained

by ridging at a spacing of 60 cm X 30 cm (53,890 plants/ha). LAl

values at 3 months were generally higher under flood irrigation than

under furrow irrigation at all ridge, row and plant spacings. However,

at 5 months, approximately the time of maximum LAI development, the

values at 90 cm and 60 em row/ridge spacings and 60 cm and 90 em



Table 8. Effect of Water Treatment, Land Preparation and Plant Population
on Leaf Area Index of Taro at Different Ages

Water Treatments

Sprinkler Irrigation Furrow Irrigation Flood Irrigation
Land Age in Months
Preparation Population 3 5 10 3 5 10 3 5 10

Leaf Area Indexl /

60 em 53,840 1.7 3.3 0.9 3.0 5.3 1.1 3.8 6.9 2.4
Ridged

26,910 1.2 2.3 0.5 1.5 3.8 0.7 1.6 3.2 1.0

17,940 0.9 1.3 0.4 1.0 1.9 0.5 1.5 1.8 0.7

90 em 35,880 1.7 2.2 0.8 1.8 4.1 1.2 2.5 3.6 1.6
Ridged

17,940 0.9 1.6 0.4 0.9 2.0 0.6 1.2 1.8 0.7

11,940 0.7 1.2 0.3 0.7 1.6 0.4 1.0 1.3 0.7

60 em 53,840 2.4 4.7 1.4 2.6 4.9 1.7 2.5 4.9 2.1
Flat

26,910 1.3 3.8 0.6 1.5 6.2 0.9 1.6 2.5 1.2

17,940 1.1 1.3 0.4 1.2 2.4 1.0 1.0 1.5 1.2

l/Eaeh value is average of 9 individual observations.
0\
\0
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Figure 12. Effects of water treatment, land preparation and
plant population on leaf area index (LAl) of taro
at different ages.

The notations are represented as follows:
1 = 53,840, 2 = 26,910, 3 = 17,940, l' = 35,880,
2' = 17,940, 3' = 11,940 plants per hectare
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plant spacings were similar or higher under furrow irrigation. This

difference is explained by a greater degree of mutual shading at time

of high leaf development under flooded conditions. PhytoEhthora

colocasiae leaf damage was also observed, especially in the flooded

plots. Although LAI values declined at 10 months in all treatments,

relatively greater reductions were observed under furrow or sprinkler

irrigation than under flood irrigation, with the highest reduction

observed under sprinkler irrigation.

Many experiments have shown that soil moisture is especially

important in plant competition (Clark, 1940; Cohen and Sprickling,

1968; Fisser, 1968; Rowe and Reinman, 1961; Springfield, 1966, 1968;

Viehmeyer, 1953). In India, Sant (1966) reported that as soil conditions

became drier, the vegetative spread of Eragrostis tenella (Link) Beauv.

was inhibited, but the number of spikelets and total seed output

increased. Enyi (1967) obtained a maximum LAI of 3.8 in about 5 months

using Xanthosoma sagittifolium, grown under fertilized, rainfed

conditions in Nigeria at 120 cm X 120 cm spacing (6,945 plants/hectare).

Unfertilized plots gave maximum LAI of only 2.6 at the same age.

His figures were similar to those obtained by Spence (1970) in

Trinidad who reported a maximum LAI of 3.6 in N-fertilized plots at

a spacing of 45 em X 45 cm (48,400 plants/hectare) under rainfed

conditions. The corresponding maximum LAI value of unfertilized plots

was about 1.7. In this study the maximum LAI value obtained under

sprinkler irrigation, adequate nutrition, and high plant density

(53,840 plants/ha) was 4.7. Higher LAI values were obtained under

furrow (5.3) and flood (6.8) irrigations. These results indicated that
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although different species of aroids were used in these studies,

moisture supply seems to be one of the most important factors

limiting vegetative development. Whether the soil was flooded,

furrow or sprinkler irrigated, vegetative top growth of taro increased

with age to a maximum and then declined. The degree of decline in

LAI at 10 months was higher under non-flooded than under flooded

conditions, irrespective of plant spacing and row or ridge width.

Relationship of Leaf Area Index (LAT) and Corm Yield

as Affected by Irrigation and Land Preparation

As LAI and plant population increased, the yield of some plants

often increased to a maximum and then declined with further increase

in LAI and population beyond the maximum limit (Donald, 1963).

Under sprinkler irrigation, corm yield at 10 months increased with

increasing LAI to 2.8 and declined with further increase in LAI

(Table 9, Figure 13). Figure 13 also shows a wide range of plasticity

in the relationship between LAI and corm yield under furrow and

sprinkler irrigation. Under furrow irrigation, the optimum LAI

for corm yield ranged from 4.5 to 6.5. Flooding resulted in no

distinct optimum with corm yield increasing as LAI increased up to

3.0 and remaining constant with further increase in LAI to 7.0 at

5 months.

Milthorpe (1967) descirbed the phases of differentiation of some

root crops. While sugarbeet (Beta vulgaris, var. utilissima)

exhibited a wide range of plasticity between leaf growth and root

development, with top and root increasing together during the whole

period of growth and neither dominating completely, leaf growth of



Table 9. Relationship of Leaf Area Index (LAI) and Corm Yield of Taro
at 10 Months Age. Effects of Methods of Irrigation.

(LAI was Obtained 5 Months After Planting.)

Water Treatments

Plant Sprinkler Irrigation Furrow Irrigation Flood Irrigation
Plant Spacing LAI Corm Yield LAI Corm Yield LAI Corm Yield
Per Ha cm Tons/Hal! Tons/Hal/ Tons/Hal/

53,840 60 X 30 3.3 38.1 5.3 41.3 6.9 61. 7

26,910 60 X 60 2.3 41.5 3.8 41.8 3.2 51.9

17,940 60 X 90 1.3 23.3 2.0 35.8 1.8 39.5

35,880 90 X 30 2.2 44.6 4.1 47.7 3.6 56.9

17,940 90 X 60 1.6 29.5 2.0 40.4 1.8 41.9

11,940 90 X 90 1.2 31.0 0.6 28.1 1.3 36.8

53,840 60 X 30 4.7 34.1 4.9 51.5 4.9 48.8

26,910 60 X 60 3.9 37.0 6.2 37.7 2.5 49.0

17,940 60 X 90 1.3 34.0 2.4 35.0 1.5 41.3

-
l/Each value is average of 9 individual observations.
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Irish potato (SolanUffi tuberosum) was completely dominated by tuber

growth later in life. In the earlier life cycle, potato leaves had

dominance over root growth. In sweet potato (Ipomoea batatas), however,

the rate of decline (senescence) of leaves was much slower than the

rapid rate observed in Irish potatoes. Thus while sugarbeet development

was insensitive to environmental control, Irish potato development was

controlled by both age and environment.

Although yields of taro corresponding to leaf growth at specific

ages were not obtained total leaf blade area of taro at 3, 5 and 10

months of age were correlated with corm yields at 13 months (Table 10,

Figure 14). The highest c07relation of leaf area on corm yield

was obtained during the third month (r = 0.83~~). The corresponding

correlation coefficients of leaf area and corm yields for 5 and 10

month measurements were 0.56** and 0.54**, respectively. A similar

study conducted by Reddy, ~~ al. (1968) in which the age at time

of harvest was not given gave a highly significant correlation between

individual corm weights and area of second youngest leaf at time of

harvest. His correlation coefficient of 0.571 was strikingly similar

to the relationship obtained during the time of maximum and minimum

leaf area development in this study, i.e., 5 and 10 months. However,

the more important point is that corm yield can be more efficiently

predicted by the extent of leaf development during the period of

rapid leaf growth and not necessarily at time of maximum leaf growth.

Like the sweet potato, the corms of taro commence storing materials

relatively late (2 - 4 months), compared with sugarbeet in which

storage COmmences in concentric rings Soon after germination of seeds.
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Taro corms grow slowly and the leaf surface, which might be in excess

of requirements, declines slowly. This imbalance between leaf growth

and rate of storage of carbohydrates suggests some degree of waste

fulness in vegetative development of taro during very early growth

stages and explains tIle generally low correlation between maximum

leaf growth and corm yield. Also, the lower but significant relation

ship between yield and leaf development at maximum leaf area indicates

leaf area development in excess of that required for optimum carbohydrate

storage. For optimum storage efficiency, therefore, indications are

that leaf area ought to be limited to about the values obtained during

the third month. Indications are that population should be such

that plants should produce the optimum LAI for yield during the third

month, and that efforts should be geared towards maintaining this

optimum level for as long as possible. Humphries and French (1964)

have shown the use of growth regulators in manipulation of leaf

production in sugarbeet. As indicated earlier, the LAI for optimum

corm yield under sprinkler irrigation was about 2.8 and between 4.5

and 6.5 under furrow. Under flooded treatment, a wide range of

plasticity of LAI with corm yield was exhibited with corm yield

increasing as LAI increased up to 3.0. These optimum values were not

attained at any spacings during the third month in the sprinkler and

furrow irrigated plots and was barely attained in the flooded plots

showing that the spacings were too wide for optimum yield (Figure 12).

The fact that no spacing, even the narrowest spacing, produced a

statistically significant decline in yield shows that the maximum

spacing for optimum yield was not attained in this study (Figure 2).



Table 10. Effect of Age, Irrigation Method, Land Preparation and Plant Population
on Mean Taro Leaf Blade Area Per Plant and Corm Yield at 13 Months

Water Treatments

Sprinkler Irrigation Furrow Irrigation Flood Irrigation
Land Plant Age in Months
Preparation Per Ha 13 3 5 10 13 3 5 10 13 3 5 10

Yie1d* Area in dm2* Yie1d* Area in dm2* Yie1d* Area in dm2*
Tons/Ha Tons/Ha Tons/Ha

60 em 53,890 24.4 30 60 16 16.5 54 96 19 78.0 69 123 43
Ridged

26,910 28.6 41 82 19 87.1 53 135 26 64.7 58 114 36

17,940 43.4 49 69 23 68.5 55 103 26 57.7 82 95 37

90 em 35,880 15.1 47 60 22 58.8 49 111 32 62.6 68 96 42
Ridged

17,940 20.0 50 84 22 61.4 46 106 30 ,64.2 63 95 40

11,960 40.0 59 96 23 61.3 52 50 29 63.8 79 107 58

60 em 53,890 14.8 44 85 25 38.0 57 87 30 66.9 45 89 38
Flat Rows

26,910 18.3 41 138 22 60.8 54 222 31 59.8 58 90 42

17,940 31.1 58 71 23 56.8 43 81 129 62.4 53 80 62

* Each value is average of 3 observations.
""-I
""-I
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Spence (1970) emphasized the importance of attaining an optimum

leaf area as early as possible during the growth cycle of Xanthosoma.

Enyi (1967b) also reported a higher positive correlation between large

corm setts and yield in Xanth0soma; this was in contrast to yields

with smaller corm setts, a relationship he explained because of larger

leaf areas produced by the larger corm setts. On the whole, the

relationship between LAI and yield was linear in Xanthosoma because

net assimilation rate was limited by leaf area production (Enyi, 1967b).

A consideration of the morphology of Xanthosoma leaf and the spacings

used (80 cm X 80 cm) indicate that optimum LAI could hardly be

attained since suckering in Xanthosoma, especially under rainfed

culture, was very low compared to Colocasia species (Spence, 1970).

Secondly, the leaf attachment of Xanthosoma is saggittate and often

erect, as contrasted with Colocasia in which the peltate attachment

increases chances of mutual shading.

At a given irrigation treatment, no consistent relationship

was obtained belween average corm yield per ha and LAI per plant under

the various land preparation methods (Table 11, Figures 15, 16 and 17).

Under the sprinkler treatment, most of the LAI were below 2.0 at

90 cm ridge spacing. The LAI values at 60 cm ridge spacing were in

range of 1.5 to 3.5; and about 1.5 to 6.0 in the 60 cm flat rows.

A wide range of LAI giving identical yields was obtained in the

furrow irrigated plots. A significant relationship between LAI

and corm yield at the 60 and 90 cm ridge spacings was obtained by

flooding (Figure 17). At 60 cm ridge spacing, optimum LAI was 3.8.

Increasing ridge spacing to 90 gave a range of LAI between 4.5 and 7.0

for optimum corm yield.



Table 11. Effects of Irrigation Methods, Land Preparation and Plant
Population on the Relationship Between Taro Leaf Area Index

(LAI) at 5 Months and Corm Yield

Water Treatments

Sprinkler Irrigation Furrow Irrigation Flood Irrigation

Land Plant LAlli Yield LAil Yield LAil Yield
Preparation Per Ha Tons/Ha Tons/Ha Tons/Ha

60 em 53,890 3.9 32.8 8.3 36.6 8.5 55.1
Ridged 3.2 43 3.5 55.3 5.9 85.5

2.9 38.5 4.2 32.0 6.2 44.6

26,910 2.4 36.0 3.4 46.9 3.3 61.3
1.8 40.8 3.5 41.8 3.1 64.6
2.6 47.6 4.3 36.0 3.1 64.6

17,940 1.4 10.0 1.9 26.0 1.2 38.9
1.4 21. 7 1.5 45.4 1.8 37.7
1.1 38.3 2.3 35.0 2.2 42.3

90 em 35,880 2.2 33.7 4.0 36.4 2.3 50.9
Ridged 1.8 35.9 3.2 64.9 4.3 56.6

2.7 64.1 5.2 42.0 4.2 63.2

90 em 17,940 1.4 21.3 1.9 49.5 1.8 35.4
Ridged 1.9 30.8 1.9 30.5 2.0 53.9

1.4 36.3 2.1 41.2 1.5 36.5

11,960 1.0 25.1 0.8 39.3 1.3 36.6
1.1 31.9 0.5 36.1 1.2 36.6
1.4 36.1 0.5 39.1 1.5 37.2

00
0



Table 11. (Continued) Effects of Irrigatior- Methods, Land Preparation and Plant
Population on the Relationship Between Taro Leaf Area Index

(LAI) at 5 Months and Corm Yield

Land
Preparation

60 cm
Flat Rows

Plant
Per Ha

53,890

26,910

17,940

Water Treatments

Sprinkler Irrigation Furrow Irrigation Flood Irrigation

LAI I / Yield LAI I / Yield LAI I / Yield
Tons/Ha Tons/Ha Tons/Ha

4.9 28.5 6.8 46.0 3.9 46.0
3.6 30.9 4.3 47.3 4.5 48.0
5.7 42.9 3.4 61.0 6.3 52.3

2.4 36.1 7.3 37.8 2.2 47.5
2.4 35.3 6.4 36.6 2.2 59.3
6.5 39.5 4.9 38.8 3.1 40.0

1.3 37.4 1.1 21.2 1.4 45.4
1.1 25.6 0.8 43.5 1.5 42.5
1.6 39.3 1.1 40.3 1.6 36.1

l/Each value is a mean of 3 observations.

00.....
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Figure 15. Relationship of leaf area index and corm yield under sprinkler irrigation.
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Generally, there was a wide range of LAI giving the same yield,

exhibiting a large degree of plasticity of LAI with corm yield. These

results suggest that LAI based on leaf blade area as affected by land

preparation methods may not be a good indicator of eventual corm yield.

The low relationships of maximum leaf blade index with yield (Figures

13 and 17) and the better relationship obtained when petioles were

included (Figure 24) suggest that the relative contribution of the

petiole to corm yield and the contribution of leaves produced later

in the crop season to photosynthate in corms (i.e., after the maximum

LAI has been attained and decline in leaf growth commenced) need be

evaluated to establish a more meaningful relationship. An evaluation

of the effects of sizes of leaves obtained at period of maximum leaf

development on the duration and size of subsequent leaves arising from

individual plants after the optimum LAI had been attained, would also

give a more meaningful explanation of the relationship of leaf develop

ment and corm yield.

Effects of Irrigation, Land Preparation and Plant Population

on Suckering Capacity of Taro at Different Ages

Suckering at 4 and 5 months was high under sprinkler irrigation

(Tables 12 and 13, Figure 18). The highest sucker number per plant was

obtained at a plant spacing of 90 cm X 90 cm and ridging. Ridging

tended to enhance suckering. However, the relationship between sucker

number and yield under sprinkler irrigation was low (r = 0.219,

r 2 = 0.05), indicating that although suckering was high at 5 rnonths,

sucker contribution to total corm yield at 13 months was not related

to absolute sucker number.



Table 12. Effects of Age, Irrigation Method, Land Preparation and Plant
Population on Taro Suckering Capacity Per Plant

Water Treatments

Land Plant Sprinkler Irrigation Furrow Irrigation Flood Irrigation
Preparation Per Ha 3 4 5 10 3 4 5 10 3 4 5 10

Suckers Per P1ant1/

60 cm 53,890 5.0 8.4 7.9 5.8 6.0 9.2 8.4 7.0 6.9 6.7 7.2 6.7
Ridged

26,910 5.2 8.0 9.1 5.4 7.1 8.8 12.1 9.2 6.2 8.3 8.3 8.3

17,940 5.8 7.8 8.2 6.2 4.6 7.0 9.0 7.0 6.0 6.9 6.7 6.9

90 cm 35,880 5.3 7.2 7.4 6.2 5.9 6.6 6.6 6.6 9.6 7.4 7.1 7.4
Ridged

17,940 6.7 10.3 9.8 7.6 5.3 9.6 10.1 9.6 6.9 7.7 7.6 7.7

11,960 4.6 6.6 7.2 7.1 7.2 8.6 8.0 8.6 6.4 5.6 6.3 9.0

60 cm 53,890 6.6 7.2 7.2 6.8 8.3 7.3 8.0 7.3 7.8 6.8 7.0 6.8
Flat Rows

26,910 6.3 8.8 9.0 7.8 10.0 8.4 9.3 8.4 7.1 9.0 8.1 8.0

17,940 6.0 7.0 6.7 6.7 6.4 13.2 6.4 7.1 7.2 6.8 7.1 6.8

l/Each value is an average of observation from 3 plants per plot.

00
0\
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Table 13. Relationship Between Number of Taro Suckers Per Plant
at Five Months and Corresponding Mean Yield of Sucker

Corm Per Plant as Affected by Water Treatments

Water Treatments

Sprinkler Irrigation Furrow Irrigation Flood Irrigation

Number of Sucker Number of Sucker Number of Sucker
Suckers Corm Yield Suckers Corm Yield Suckers Corm Yield

Per Plant l / kg/Plant2/ Per Plant kg/Plant2/ Per Plant kg/Plant 2/

10.2 0.2 5.3 0.6 6.7 0.8
7.0 0.3 9.7 0.9 6.3 0.7
6.3 0.3 10.3 0.8 8.7 0.6
9.3 0.3 10.0 1.5 10.0 1.0
4.7 0.5 11. 7 1.7 9.3 1.8

13.3 1.0 14.7 1.4 5.7 1.5
8.3 0.5 7.3 1.1 6.0 2.5
7.7 0.8 9.3 2.6 6.7 2.3
8.7 1.8 10.3 2.2 7.3 2.7
6.3 0.4 10.0 1.2 5.7 1.1
9.0 0.5 4.7 1.8 6.0 1.0
7.0 0.9 5.6 1.4 9.7 1.0
9.0 0.6 9.7 2.9 8.0 2.7

10.0 0.6 8.3 2.9 9.0 2.7
10.3 1.7 12.3 2.9 5.7 2.3
8.7 1.3 7.3 3.5 9.7 4.3
6.0 0.9 8.0 4.1 5.7 3.4
7.0 2.4 9.3 3.0 3.7 4.0
8.0 0.4 8.3 1.1 5.3 1.1
5.3 0.3 6.0 1.1 9.7 0.9
8.3 0.5 9.7 0.6 6.7 0.4
8.3 0.3 12.3 1.6 7.3 1.8

10.7 0.4 8.3 1.2 6.3 1.5
8.0 1.0 7.3 1.5 10.7 1.6
5.3 0.4 8.3 1.2 5.3 2.9
7.3 0.6 5.0 1.9 7.7 2.3
7.3 0.4 6.0 2.4 8.3 2.1

1/Averages of 3 individua 1 observations

2/Averages from six plants



88

Figure 18. Effects of age, land preparation and plant
population on suckering capacity of taro under
sprinkler irrigation.

Notations are represented as follows: 1 = 53,840,
2 = 26,910, 3 = 17,940, I' = 35,880, 2' = 17,940,
3' = 11,940 plants per hectare.
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Suckering per plant under furrow irrigation was also highest in

the 60 cm spacing within rows and ridges. Highest sucker number

was produced in the 60 cm X 60 cm ridged spacing (Tables 12 and 13,

Figure 19). Widening the within-row plant spacing to 90 em reduced

the sucker number. This spacing was too wide and allowed weed growth

and competition. The relationship between suckering capacity at

5 months and sucker corm yield was significant although rather low

(r = 0.464*, r 2 = 0.21).

Although it had been generally accepted that flooding enhanced

suckering, data obtained from paddy culture in this study indicate

that in terms of absolute sucker initiated per plant, sucker numbers

were about the same as those obtained under sprinkler and furrow

irrigation (Tables 12 and 13, Figure 20). However, the proportion

of suckers which matured to contribute to total yield was relatively

higher under paddy conditions. Also, the relationship between

sucker number and yield in flood irrigation (r = 0.623**, r 2 = 0.39)

was higher than the figures obtained for sprinkler and furrow irriga

tions. The lack of a strong relationship between sucker number and

yield could be explained by (a) corm size tended to be smaller under

non-flooded culture, (b) differences in specific gravity, because of

differences in maturity of individual corms within individual plant

under different water regimes, and (c) the number of suckers which

attained maturity was increased in this order: paddy furrow

sprinkler. Wider plant and row or ridge spacing and increased water

supply tended to increase the chances of suckers to develop, reach

maturity and contribute significantly to total corm yield.

Under all methods of water treatment, increased plant density due
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Figure 19. Effects of age, land preparation and plant population
on suckering capacity of taro under furrow irrigation.

NotatiG~s are represented in plants per hectare as
follows: 1 = 53,840, 2 = 26,910, 3 = 17,940,
l' = 35,880, 2' = 17,940, 3' = 11,940 plants per hectare
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Figure 20. Effects of age, land preparation and plant population
on suckering capacity of taro under flood irrigation.

Notations are represented as follows: 1 = 53,840,
2 = 26,910, 3 = 17,940, l' = 35,880, 2' = 17,940,
3' = 11,940 plants per hectare
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to closer row (or ridge) spacing and closer within row or ridge plant

spacing gave more suckers per unit area.

Effect of Water Treatment on Specific Gravity

and Percent Dry Matter at Various Ages

The effects of water treatment on specific gravity and percent

dry matter of taro corm core samples are shown in Table 14. Generally,

specific gravity of sucker corms are higher than of main corms. Similar

results have been reported by de la Pena (1967), Bowers, et al. (1966)

and Ezurnah and Plucknett (1972). The specific gravity of main corms

was lower than 1.0 for all irrigation treatments at 7 months. While

specific gravity values tended to increase with increasing age for

the furrow and flood treatments, maximum value of 1.12 was obtained

at 10 months for main corms from sprinkler irrigation. Values

subsequently declined to 1.06 at 13 months. Under both sprinkler and

furrow irrigation, specific gravity of sucker corms tended to remain

constant at 10 and 13 months. Contrarily, a sharp decline was observed

at those periods under paddy culture (1.26 to 1.13) perhaps because

suckering was continuous under flooded conditions, and the likelihood

of sampling suckers of younger age was greater. Therefore, corm

samples at 13 months under furrow and sprinkler irrigation are likely

to be older than those sampled from flooded plots. Bowers, et al.

(1966) demonstrated the use of specific gravity as an index of corm

quality in taro. For lehua variety, a specific gravity in the range

of 1.05 - 1.15 was considered mature, although higher values were also

desirable in view of the higher starch recovery usually obtained. In



Table 14. Effects of ~vater Treatment and Age on Specific Gravity
and Percent Dry Matter of Taro Corms

Age Water Treatments
in

Months Sprinkler Furrow Flood

Specific Gravity of Corms

Main Sucker Main Sucker Main Sucker-- -- --
7 0.97 1.00 0.98 1.01 0.98 1.03

10 1.12 1.16 1.09 1.16 1.05 1,26

13 1.06 1.15 1,13 1, 14 1, 14 1,13

Percent Dry Matter of Corms

7 31. 60 -- 32.23 -- 34.84

10 29.09 33.48 32.15 35.09 39.77 36.40

13 25.47 32.93 31, 17 35.07 35.41 36.95

~

0\
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this study, a specific gravity in this range was reached under

sprinkler and furrow irrigation at 10 months, huwever, this range was

barely attained under flooded culture (1.05). Because of the confound-

ing effects of age on suckering, specific gravity of randomly sampled

sucker corms at any given age may not be a reliable index for comparison

of maturity. Since the suckers on each plant represent plants of

different ages, samples randomly collected may misrepresent the age

of a given plant. This may explain the wide differences in sucker

specific gravity shown in Table 14.

Several investigators have shown a lack of relationship between

specific gravity and percent dry matter (Austin, et al., 1970;--
de la Pena, 1967; Ching, 1970). In this study, the highest percent

dry matter was not obtained at the highest specific gravity value

of the corms.

Nutrient Content of Petioles and Corms Under Different

Irrigation Treatments Sp (Sprinkler),

Fu (Furrow), Pa (Flooded or Paddy)

Nutrients were applied uniformly for all irrigation treatments.

However, it has been observed that some elements are more available

under flooded than under non-flooded soil conditions (Tisdale and

Nelson, 1966; Ponnamperuma, 1955; de la Pena, 1967). Baba (1958)

reported a direct relationship between soil moisture content and the

uptake of N, P, Fe, Mn and Si. Cralley and Adair (1943) noted that

rice grown under continuous submergence tillered more profusely,

was larger in size and gave higher yields than rice grown on moist but

non-submerged soil.
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Table 15 shows the nutrient content of petioles 3 and 6 months

after planting, and of core samples of main corms at 7 months. Percent

N in petiole was not different due to water treatment but decreased

with maturation of petiole at 6 months. At 6 months the N content of

petioles was significantly higher (5% level) under sprinkler irrigation

than under furrow and flood irrigation. Values from the latter

treatments were not different; this was attributed to dilution effect

since petiole dry weights were higher in these treatments. Similar

trends in N composition were reported by de la Pena (1967) under

flooded and rainfed taro culture. P content was not different due

to any of the methods of irrigation used. Unlike N, P in petioles

increased with age up to 6 months (Table 15), and a decline in P

content was noted at 6 months under the non-flooded treatments. This

was apparently due to limited water supply which brought about an

earlier decline in top growth. Another reason suggested for the high

P content of petioles at 6 months was higher cation exchange capacity

(CEC) of roots which were more extensive under flooded treatment. P

has little mobility in soils, and therefore the roots must grow in

the soil volume to extract P. More extensive root systems produced

under flooded conditions was able to obtain more P in adjoining soils.

P plant concentrations, therefore, increased significantly under

flood and furrow irrigation than under sprinkler irrigation, and

root interception is suggested as a factor (Barber, 1965). De la Pena

(1967) reported a similar relationship in which P concentration

increased with increasing dry matter of petioles and blades up to the

sixth month.



Table 15. Nutrient Content of Taro Petioles and Corms Under
Different Water Treatments: Sprinkler (Sp), Furrow (Fu),

Flood or Paddy (Pa) Irrigation

Water Treatments
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Element Sp Fu Pa
Lsd 0.05

(Lsd 0.01)

Concentration in Petiole 3 Months of Age

Percenta!

N
P
K
Ca
Mg

1. 76
0.19
6.65
0.63
0.49

1.60
0.19
6.77
0.57
0.45

1.86
0.22
6.28
0.65
0.33

O 8 NSl!.5
0.04 NS
3.14 NS
0.11 NS
0.07 NS

Fe
Mn

89
348

100
244

109
301

71
206

NS
NS

Concentration in Petiole 6 Months of Age

Percental

S

S21
S

NS
S

N 1.29 1.20
P 0.33 0.47
K 6.49 7.29
Ca 0.47 0.36

Mg 0.36 0.44

0.93
0.45
6.18
0.36

0.28

0.31
0.102
1.35
0.045

(0.061)
0.05

(0.07)

Fe
Mn

350
277

202
262

118
191

207
66

S
S
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Table 15. (Continued) Nutrient Content of Taro Petioles and
Corms Under Different Water Treatments: Sprinkler (Sp),

Furrow (Fu) , Flood or Paddy (Pa) Irrigation

Water Treatments

Element Sp Fu Pa
Lsd 0.05

(Lsd 0.01)

Concentration in Corm 7 Months of Age

Percenta!

N 0.90 0.69 0.45

P 0.20 0.18 0.14

K 0.84 0.80 0.57

Ca 0.047 0.04 0.034

Mg 0.106 0.096 0.084

ppma!

Fe 66 63 47

Mn 39 26 20

a!Average of 9 observations

l!NS: Not significant at P 0.05

2/8: Significant at P 0.05 or P 0.01

0.12 S
(0.17)
0.02 S

(0.03)
0.09 S

(0.12)
0.006 S

(0.009)
0.008 S

(0.01)

15 S
(21)

9 S
(12)
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Potassium concentration of petioles tended to remain constant

at the two ages considered, irrespective of method of irrigation.

Potassium content of the soils in Wailua Valley is generally high

and little response to K application is usually obtained (Plucknett

and de la Pena, unpublished data, 1971). Irrespective of method of

irrigation, Ca, Mg, Fe and Mn tended to decrease, though not signifi

cantly, as mode of water application changed from sprinkler to furrow

and to paddy, and as the age of petiole advanced from 3 to 6 months.

With the exception of Ca and Mn which did not differ significantly

between furrow and flood irrigated plots, all the elements considered

(N, P, K, Mg, and Fe) were significantly higher in 7 month corms

from sprinkler irrigation than were obtained from flooded plots

(Table 15). However, similar P and K levels were obtained under

sprinkler and furrow irrigation.

Nutrient availability, especially P, Fe, Mn, Si and N have been

shown to increase under reduced soil conditions (Mikkelson and Evett,

1966; Ponnamperuma, 1964). It has also been demonstrated by

Ponnamperuma (1964) that one of the beneficial effects of Si in

increasing rice yield is through the promotion of translocation of P

in the plants, and retardation of Fe and Mn uptake by increasing

oxidizing power of rice roots. In agreement with this observation,

Mn and Fe uptake was higher under non-flooded than under flooded

soil conditions (see 6 month petiole data, Table 15). The similar

P uptake might be explained by the high levels used in this study

(600 kg p/ha) and by the relatively low capacity to adsorb phosphate

by the soil used (100 ug/g at 0.2 ppm P in solution: Fox, ~ al.,

unpublished data, April, 1972).
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Effect of Land Preparation on Nutrient Element

Composition of Petioles and Corms

Tables 16 and 17 show the effects of ridging as compared with

non-ridged flat rows on the nutrient element composition and weights

of taro petioles at 3 and 6 months of age and of main corm core

samples at 7 months. Dry and fresh weights of petioles were higher

under flat culture at both ages. Water co~tent was about 91 percent

in all treatments.

Percent N, P, K, Ca, and Mg and ppm Fe and Mn were consistently

higher under ridging than under flat rows. Significant concentration

differences resulted for N, K, Fe, and Mn at 3 and 6 months (Table 16).

Both LA! (Tables 8, 9 and 11, Figures 12 and 15) and petiole dry

weights (Table 17) show a more rapid vegetative growth under flat

culture, suggesting that the lower nutrient element contents may be

attributable to dilution effects. However, the differences in

nutrient composition were not reflected in corm yields. Similar

nutrient compositions in corm core samples were obtained in ridged

and non-ridged treatments (Table 16) indicating that although nutrient

concentrations were lower in non-ridged plots, deficiency did not

occur. De la Pena (1967) suggested that percent N, P and K concep.tra

tions in petioles should approach 2.0, 0.24 and 9.0 at 3 months of age

for a projected corm yield of 20 tons/ha under rainfed culture.

Corresponding percent values for flooded taro petioles at the same

age (for a projected yield of 30 tons/ha) were 1.1, 0.38 and 4.0,

respectively. The values shown in Table 16 are similar to those

suggested by de la Pena who also noted no deficiency symptoms when

such values were attained.



Table 16. Effect of Land Preparation (Ridged Versus Non-ridged) on Nutrient
EleQent Composition of Taro Petioles and Corms at Different Ages

Land Preparation Methods

Element
1 Non- 2 Significant 1 Non- 21 Significant 1 Non-

Ridged 1 _~idge(L~ ~evel __ Ridged_L ~idg~d Level Ridged 1 ridged21
Significant

Level

Concentration in Petiole
3 Months of Age

Concentration in Petiole
6 Months of Age

Percent

Concentration in Corm
7 Months of Age

N

P

K

Ca

Mg

L94

0.19

7.87

0.66

0.46

L09

0.23

3.96

0.53

0.46

**
NS

-1m

NS

NS

1.24

0.44

7.62

0.43

0.32

0.95

0.38

4.72

0.41

0.35

.;:

~..

**

NS

NS

0.71

0.17

0.71

0.042

0.096

0.61

0.18

0.78

0.040

0.094

NS

NS

NS

NS

NS

Fe 113

Mn 373

68

125

i,

*";~

233

287

ppm

202

135

*
-J~

65.7

28.3

55.9

27.2

NS

NS

l/Average of 18 individual observations
2/Average of 9 individual observations
*Significant at the 5% level by the Lsd test

**Significant at the 1% level by the Lsd test
I-'
o
w



Table 17. Total Fresh and Dry weiyhts of
Petioles Sampled for Analysis !

Treatment Fresh Weights Dry Weights Percent Water
(g) (g) Content

Age at Time of Sampling (Months)

3 6 3 6 3 6

Sprink1er2! 135.0 125.0 11.8 12.6 91.3 89.9

Furrow2/ 176.1 168.0 14.7 15.8 91.6 90.6

F1ooded2! 236.0 259.0 19.4 23.9 91. 8 90.8

Ridged3! 167.2 154.7 14.5 13.3 91.3 91.1

Non-Ridged4! 197.4 251.9 16.9 21.6 91.4 90.4

l!Fresh and dry weights of 3 "third" leaves of taro.

2!Averages of 27 individual observations.

3!Averages of 18 individual observations.

4!Averages of 9 individual observations.
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Ridging resulted in incomplete submergence; the tops of the

ridges were satuTated with water but were not submerged. Higher Mn

content of rice foliage grown under non-flooded conditions at about

soil field capacity than for flooded rice was reported by Cherian,

et al. (1968). Similar results were obtained by Pande and Mittra

(1970) for both rice straw and grain grown in saturated, but non-

flooded, soils in India.

Cherian, ~ al. (1968) reported that Mn fertilization resulted

in increased Mn content of rice foliage but had no effect on rice

growth. Also, this treatment decreased K, Fe, Ca and Mg contents of

flooded as compared to non-flooded plants, while giving similar

concentration of P. In addition to dilution effects, the relatively

lower levels of K, Ca and Fe shown in Table 16 could be partly

attributed to depressive effects of Mn on uptake of these nutrients.

Availability of Fe in soil is often depressed by Mn, as indicated in

the following oxidation-reduction reaction:

105

soluble

+

insoluble insoluble

+ ~+2

soluble

Under the highly acid conditions of Hawaiian soils, particularly in

non-flooded lowland soils, this reaction is more likely to go in

+2favor of Mn . In the presence of Mn, abnormally high precipitation

of Fe has been shown in pineapple (Sideris, 1950) suggesting an

antagonism of Mn and Fe in the absorption of these elements.
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Relationship of Nutrient Element Composition of

Petiole and Corm Yields at 13 Months of Age

Generally the relationship between corm yield and nutrient element

composition in petioles and corms at 13 months was poor (Table 18).

The poor relationship is explained by the fact that nutrients were

not varied in this experiment and the amounts of fertilizer applied

were such to ensure optimum growth (page 43). Nutrient levels applied,

especially N, P and K should not have been limiting (de 1a Pena, 1967).

The lowest N, P and K in petioles observed in this experiment at 3

months were 0.84, 0.14 and 2.84 percent, respectively. These levels,

although somewhat lower, approached the adequate levels obtained for

taro by de 1a Pena (1967), and P1ucknett and de 1a Pena (1971)

(N 1.0 - 1.6; P 0.12 - 0.16; K 3 - 10 percent) in a detailed nutrition

experiment in which nutrient levels were varied. Another explanation

for the low correlation coefficients seems to be the narrow range

of nutrient values; for example, Mg at 3 months had the highest

(but non-significant) correlation coefficient of tissue Mg with corm

yield, ranging from 0.31 to 0.57 percent. Equally narrow were the

ranges observed for Ca (0.45 - 0.87 percent) and P (0.14 - 0.31 percent).

Correlation between foliage Mn and Fe and yield was poor, although

the range of these nutrients obtained was high, varying from 34 to 331

ppm for Fe and from 140 to 784 ppm for Mn. Similar observations have

been reported for both flooded and non-flooded rice in which tissue

Mn and Fe increased with increasing availability of these elements,

but bore no relationship to neither dry matter yield (Cherian, ~t a1.,

1968) nor grain yield (Pande and Mittra, 1970).



Table 18. Correlation of Some Major Elements in
Taro Nutrition on Corm Yie1d1/

Age in Months
Elements 3 6 7

Petioles Corms

N -0.094 -0.295 -0. 683*"":

P 0.064 0.468* -0. 587*"":

K -0.118 0.031 -0. 545*"":

Ca -0.168 -0.407* -0.501'lrn

Mg -0.366 -0.252 -0. 635*"":

Fe 0.019 -0.593** -0.467*

Mn -0.024 -0.281 -0.613**

l/r .05 = .381 25df
r .01 = .487 25df
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The correlation between corm yield and P, Ca and Fe improved

as crop age increased from 3 months to 6 months (Table 18). Again,

the relationship, though significant, was low. The intert'elationship

of these elements on the availability of P in soils suggests that

the wider range of P in plants obtained at this age could be

attributable to the release of fixed P in Ca-Fe-complexes under

flooded condition. Williams and Patrick (1971) had shown that

strengite, a non-soluble complex of P and Fe, was reduced to its

soluble components by flooding. Nutrients in petioles bearing a

significant negative relationship on corm yield were Fe (r = -0.59*)

and Ca (r = -0.41*).

Moisture Characteristics of Soil Used in Potted Experiments

and Distribution of Water in Potted Soil

The moisture release curve of the soil used in all experiments

is shown in Figure 21. There is a small segment of rapidly changing

slope, showing that tensiometers would be a poor indicator of soil

water since the proportionate decrease in soil water content in the

range of 0.1 to 1 atmosphere is small. Figure 21 shows that only

56.3% of the available soil moisture is held in this tension range,

i.e., 8.7 cm of water in 30 cm depth of soil. Tables 19 and 20 shows

that almost all the available soil water (13.5 cm out of 14.4 cm in

30 cm soil depth) was available for plant growth at the "high"

moisture level treatment and the corresponding mean tension was 0.12

atmosphere. Values of water available for plant growth at a depth

of 30 cm at the medium and low moisture levels were 5.6 cm (1.5

atmosphere tension) and 2.25 cm (7.5 atmospheres tension), respectively,
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Table 19. Water Content of Soil from Representative Sites in Pots
at 12 Sampling Dates at Two Week Intervals

Date Depth Al B1 A2 B2 Average Vol. Per Trt.
Sampled (em) High Med Low High Med Low High Med Low High Med Low High Med Low

1970 Aug. 15 0-7 58.62 31.25 22.75 62.27 33.36 29.10 62.82 52.00 24.37 65.49 28.94 58.26 62.30 36.39 26.12
7-14 51.12 39.97 17.45 64.82 43.96 17.84 83.39 34.95 64.78 47.58 37.04 53.05 61. 72 41.62 38.28

14-22 54.59 80.74 52.89 45.50 37.50 33.54 47.34 36.66 51.92 86.95 44.89 54.73 58.60 49.95 48.27
60.87 42.65 37.56

Sept. 16 0-7 75.67 49.50 36.96 90.07 57.58 31.19 69.44 47.73 25.04 77.78 54.62 32.05 78.24 52.36 31.17
7-14 78.13 50.30 31. 81 81.99 38.95 48.69 74.86 44.56 27.51 75.30 43.81 37.80 77.57 44.41 36.45

14-22 80.52 79.91 50.80 85.74 47.52 36.95 81.51 51.07 25.96 78.71 50.72 40.38 81. 62 57.31 38.52
79.14 51.36 35.38

Sept. 30 0-7 67.26 51.28 45.21 71. 87 47.21 35.27 89.66 57.44 40.31 80.18 55.22 40.56 77.24 52.79 40.34
7-14 74.47 49.38 41.42 79.10 50.49 38.66 98.62 55.12 36.78 90.55 59.44 35.19 85.69 53.61 38.01

14-22 78.18 46.78 36.26 91.67 50.96 32.62 94.97 51.12 37.98 !l1.14 57.51 22,.25 86.49 51. 59 32.28
83.14 52.66 36.88

Oct. 20 0-7 86.71 49.86 35.06 80.91 48.29 32.77 83.66 54.05 43.44 85.40 49.80 38.71 84.17 50.50 37.50
7-14 94.28 50.87 35.69 87.81 46.00 30.43 87.43 53.24 39.55 85.40 50.42 39.49 88.73 50.13 36.29

14-22 96.71 51.56 38.45 91.02 44.73 26.49 81.96 53.95 43.43 56.66 48.13 43.02 81. 59 49.59 37.85
84.83 50.07 37.21

Nov. 4 0-7 90.36 50.48 38.00 92.74 53.57 39.88 58.26 47.73 24.19 56.33 41.30 33.46 74.42 48.27 33.88
7-14 79.57 57.01 37.94 76.34 55.19 40.34 73.31 45.57 38.83 64.73 45.65 35.45 73.49 50.86 38.14

14-22 84.97 56.45 37.55 81.74 58.10 41.73 77.55 49.28 38.40 77.82 41.72 15.76 80.52 51.39 33.36
76.14 50.17 35.13

..........
o



Table 19. (Continued) Water Content of Soil from Representative Sites in
Pots at 12 Sampling Dates at Two Week Intervals

Date Depth Al B1 A2 B2 Average Vol. Per Trt.
Sampled (em) High Med Low High Med Low High Med Low High l-led Low High Med Low

1970 Nov. 18 0-7 70.27 55.61 50.80 74.40 53.07 42.75 70.62 60.98 49.15 73.99 61.48 25.42 72.32 57.79 41.81
7-14 79.91 49.22 48.63 86.70 55.44 42.75 77.68 60.18 48.60 75.14 66.58 50.14 79.86 57.86 47.53

14-22 85.23 58.19 48.88 92.86 59.49 46.73 85.12 66.01 53.57 60.62 76.49 47.44 80.96 65.05 49.14
77.71 60.23 46.16

Dec. 9 0-7 73.06 45.94 31.49 79.05 56.40 40.21 77.09 53.65 40.86 84.06 52.14 48.26 78.32 52.03 40.21
7-14 63.70 57.51 50.79 83.37 56.40 40.42 86.08 60.75 40.33 79.10 54.91 45.10 78.06 57.51 44.28

14-22 77.92 55.99 54.24 81.37 56.87 43.99 91.44 58.69 33.28 54.88 63.43 46.46 76.53 60.52 44.49
77.64 56.69 42.99

1971 Jan. 18 0-7 76.57 47.36 36.98 -- -- -- 71.69 24.82 46.93 -- -- -- 74.13 36.09 41.96
7-14 74.36 39.39 35.27 -- -- -- 84.21 43.59 21.36 -- -- -- 79.29 41.49 28.32

14-22 89.84 40.34 20.58 -- -- -- 43.44 45.02 36.51 -- -- -- 66.64 42.68 28.55
73.35 40.09 32.94.

Feb. 16 0-7 86.33 53.01 37.61 84.59 54.87 36.32 75.24 42.21 34.61 76.53 40.09 29.75 80.67 47.55 34.57
7-14 80.86 57.67 44.73 82.08 64.54 35.90 75.59 47.82 38.34 73.73 41.03 34.98 78.07 52.77 38.49

14-22 88.24 62.46 37.20 89.57 59.91 37.15 78.62 35.18 40.79 80.07 41.06 36.30 84.13 49.65 37.86
80.96 49.99 36.97

March 11 0-7 64.27 45.94 29.02 66.11 49.17 32.65 83.37 32.11 33.88 84.67 35.57 25.16 74.61 40.70 27.68
7-14 69.96 48.47 32.82 66.81 53.85 34.39 63.27 38.35 32.30 82.40 43.12 31.17 70.61 45.95 32.67

14-22 64.70 55.01 34.50 68.22 56.43 38.3(. 80.27 44.21 36.77 61.86 41.14 31.27 74.47 49.20 35.47
73.23 45.28 31.94

I-'
I-'
I-'



Table 19. (Continued) Water Content of Soil from Representative Sites in
Pots at 12 Sampling Dates at Two Week Intervals

Date Depth Al --Bi -- -A2--~2 Average Vol. Per Trt.
Sampled (cm)__ Hi~h__}led _ kOIJ_~h__ Hed Low __High Hed Low High Hed LOIJ __High Hed Lm.·

1971 March 25

April 14

0-7 62.90 39.60 25.75 65.60 44.35 34.73 58.98 28.07 37.26 64.77 28.36 26.73 63.06 35.09 31.12
7-14 66.61 39.20 32.95 63.25 42.93 40.01 64.58 37.38 41.50 66.64 32.33 28.85 65.27 37.96 35.83

14-22 64.19 40.12 35.02 62.69 45.07 38.73 66.11 41.01 44.16 45.94 38.42 32.79 59.73 41.16 37.63
62.69 38.07 34.83

0-7 75.18 41.86 35.66 65.20 42.73 30.99 76.67 30.99 37.58 77.17 43.50 40.64 73.56 39.77 36.2.2
7-14 62.32 43.85 32.70 65.32 40.01 35.36 54.27 35.36 37.22 62.00 40.69 42.36 60.98 39.98 37.16

14-22 64.99 41.73 39.85 45.37 42.83 39.36 62.67 42.83 39.93 66.18 41.81 27.45 59.80 42.30 36.65
64.78 40.68 36.65

Grand Means 74.54 48.16 37.06

I-'
I-'
N



Table 20. Percent Soil Moisture Content at Various Depths
of Pots and at Three Moisture Levels

Water Treatment
Median Depth
Depth Range Low Medium High

cm Percent l /

3.5 0-7 35.23 48.86 74.42

10.5 7-14 37.64 47.85 74.95

17.5 14-21 38.34 50.86 74.26

l/Averages of 46 observations sampled at twelve different
periods (August 15, 1970 to April 14, 1971) •
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although the effect of hysteris may offset the precision of these

tension values.

Table 19 and Figure 22 also show that by weighing the pots

frequently and adjusting for weight losses by addition of water,

moisture contents of soil could be maintained within ranges which would

enable a study of effect of water gradient on plant growth. Whether

complete drainage was allowed as was the case at high water level,

or not (as was done by lining the pots at lower than field capacity

(FC) with double-layered plastic bags) some variations in water

content with depth were observed in all treatments from FC to below

FC levels (Table 19). These variations did not, ho~qever, preclude

maintenance of moisture gradients whose overall means, based on 138

individual observations obtained over a period of six months from

varying depths, were 74.5 percent at FC and 48.2% and 37.1% at

medium and low water treatments, respectively (Table 20).

Table 19 and Figure 23 show the distribution of water with depth

of soil in pot. The high water content of soil at depths below 15 cm

at the low and medium treatments is explained by lack of roots in

this region, as will be discussed in a later section. Surface

evaporation and water extraction by roots in the top 15 cm depth

resulted in lower water values at the low treatment. As water treat

ment was increased, effect of surface evaporation became negligible

(medium level) and was absent at the high moisture level.

The assumption upon which weight of pot was adjusted for plant

growth only at the third month and presumed constant during the rest

of the crop age was that higher corm weights at the latter stages
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compensated for higher vegetative growth at the earlier stages of

growth. Table 6 shows the fresh weights of top and corm during the

different harvesting dates. Top growth decreased, whereas corm

growth increased, with increasing age (Table 21, Figure 24). Deviations

of total growth (top and corm yields) at other ages from total yield

of the third month harvest are also shown in Table 21. Most of the

deviations were negative and small, compared with overall pot weights

(17.29 kg and 18.57 kg at low and medium treatments, respectively)

suggesting that the assumption was valid and would be expected to be

smaller if root weights were included. An example is the highest

deviation of 344 g which was obtained at the ninth month of the medium

water level treatment. This value was only 1.8 percent of the total

weight and was reduced to 1.6 percent when root fresh weight at this

age was included.

Relationship Between Moisture Gradient and

Age on Corm Yield in Pots

Table 22 and Figures 25 and 26 show the effects of a moisture

gradient on corm yield of taro grown in pots. Total corm yield

(main corm plus sucker corm) increased with increasing age and

moisture level. At 3 months there were no significant differences

between main corm and sucker corm yields as moisture was increased

from low levels to the flooded condition. An analysis of the combined

yield (main plus sucker) improved the sensitivity of the test

(CV = 18 percent versus 25 and 33 for main and sucker corms,

respectively). Consequently total corm yields (main plus suck~r corms)



Table 21. Top, Corm and Total Fresh Weights of Taro Grown at a Gradient of
Four Moisture Levels and Harvest at Different Ages Compared with
Corresponding Weights of Third Month Harvest. ( G = Total
Weights at Third Month Minus Total Weights at Ages and Moisture
Levels Indicated.)

Age Water Top Total Fresh
(G3 - Ga ) 1/(Months) Treatment Top Corm Corm Heights

3 L 505.7 75 6.7 580.7
M 715.0 126 5.7 841.0
H 865.7 248.3 3.5 1114.0
F 1175.0 323.3 3.6 1498.3

6 L 167.7 114.7 1.5 282.2 -298.5
M 235.7 277 .0 0.85 512.7 -328.3
H 311.3 615.3 0.50 926.6 -187.4
F 385.0 765.8 0.50 1150.8 -347.5

9 L 97.0 240.0 0.40 337.0 -243.7
M 111.2 385.8 0.29 497.0 -344.0
H 141.0 872.3 0.16 1013.3 -100.7
F 206.0 1164.9 0.18 1370.9 -127.4

12 L 88.0 233.8 0.38 321.8 -258.9
M 96.5 524.4 0.18 620.9 -220.1
H 107.0 854.7 0.13 961. 7 -152.3
F 249.0 1546.0 0.10 1795.0 +296.7

1/
G = Total fresh weight at 3 months (G3) - total fresh weight at the different ages

of harvest (Ga )
t-'
t-'
co
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Table 22. The Relationship Between Moisture Regime and Age on
Corm Yield of Taro, Grown Twelve Months in Potted Soil

at a Gradient of Four Moisture Levels

Age at Harvest (!Months)
3 6 9 12

Moisture Main Sucker Hain Sucker Main Sucker Main Sucker
Level Corm Corm Total Corm Corm Total Corm Corm Total Corm Corm Total

Tons/Hal /

Low 2.8a 0.0 2.8a3/ 4.3a 0.0 4.3a 8.6a 1.32/ 9.9a 8.4a 1.32/ 9.7a

Medium 3.8a 1.4a s.3a 7.9a 2.4a 10.3a 11.8a 2.7a l4.6a l2.8a 7.0a 10.8b

High 7.la 2.2a 9.2b 19.7b 3.sa 23.2b 24.3b 8.6b 32.9b 22.4b 9.8a 32.2c

Flood 8.0a 4.2a l2.2b 20.8b 8.lb 28.9b 26.4b l7.sc 43.9c 30.6c 27.7b s8.32d

l/Each value is mean of three observations.

2/0nly one observation was taken. Two replications produced no suckers.

3/Values in the same column substended by similar letters are not significantly different
by the Duncan's Multiple Range Test (D}ffi) (5% level).

.....
'"o
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at 3 months from flooded pots were significantly higher than yields

from the high moisture treatment. At 6 months, yields were similar

to those at 3 months, although main corm yields at 6 months signifi

cantly differed with increasing water level. There was no significant

increase between yields at high and flooded conditions, and at low

and medium moisture levels. Sucker corm yields at 6 months were

similar for the medium and high moisture levels.

By 9 months, plants at the low moisture level had attained their

maximum yield, and a slight decline in total yield was obtained at

12 months for this moisture treatment. Increased yields at the

medium water level, from the 14.6 tons/ha at 9 months to 19.8 at 12

months approached significance at the 5% level (LSD 5% = 6.23).

No increase in yield was obtained from 9 to 12 month yields at the

high moisture level. This is attributed to incidence of corm rot in

one of the replicates which produced only 19.7 tons/ha compared with

36.5 tons/ha and 40.5 tons/ha obtained in the other two replications.

Discarding yield from the unhealthy replicate, average yield from

two replications was 38.5 tons/ha (Figure 25).

Figure 26 shows that much of the difference in yield between

the moisture treatments is attributed to differences in sucker yield.

Field data and the data from this study (Figure 26) show that at low

moisture levels, suckers may not be produced at all and, if produced,

they fail to attain large sizes and therefore contribute very little

towards total corm yield. As the soil moisture increased to field

capacity, both sucker and main corm yields increased, with the main

corms increasing relatively more. Flooding resulted in a very rapid
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increase in sucker corms and frequelLt1y at the expense of the main

corm, the yield of which was relatively less than main corm yields at

the high moisture level (Figure 26). Therefore, significant

water X age interaction was attributed to earlier maturity of taro at

moisture levels below field capacity, compared to the flooded and

the high moisture treatment. Another reason for the water X age

interactions was a difference in relative contribution of the yield

components. The contribution of sucker corms to total yield was

reduced as moisture level was reduced confirming the field data

(Table 1, Figure 2). Differences in main corm sizes also increased

with increasing moisture up to the high water level, or approximately

up to a water level corresponding to the moisture equivalent of the soil.

Relationship of Age and Moisture Gradient on

Plant Height and Suckering Capacity

Both plant height and suckering capacity increased with increasing

moisture level. Plant height declined from 77 cm at 3 months to 70 cm

at 5 months, to only about 46 cm at 9 months at the low moisture

level (Table 23, Figure 27). A similar reduction in plant height

with age to that observed at the low moisture treatment was obtained

at the medium treatment. A decline in plant height can be an indica

tion of a preferential translocation of photosynthate from the top

growth to the corm (Spence, 1970; Mi1thorpe, 1967). The earlier

decline at the low and medium moisture levels suggests early corm

formation and probably eventual maturation. Similar observal~ons

were reported by de 1a Pena (1967) for rainfed taro on Kauai. At the



Table 23. Relationship of Age and Moisture Regime on \Q;

Plant Height and (b) Suckering Capacity of Taro Grown
12 Months in Potted Soil at a Gradient

of Four Moisture Levels

Moisture Treatment
Age in
Months Low Medium High Flooded

(a) Plant Height (cm)

31 / 77 82 97 91

52/ 70 76 102 105

93/ 46 52 69 84

(b) Sucker Number

1/
3 0.3 0.8 1.8 2.5

52/ 0.3 1.0 3.3 5.3

93/ 0.5 1.0 4.2 6.7

l/Means of twelve observations

2/Means of nine observations

3/Means of six observations
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high and flooded water treatments, the greatest plant height was not

obtained until 5 months after which plant height declined rapidly

at the high water level and gradually in the flooded treatment.

Spence (1970) noted the importance of maintaining an optimum level of

vegetative growth for yield during the critical period of starch

accumulation in Xanthosoma sp., a period which was shown to be directly

related to eventual total yield (Enyi, 1965; Purewa1 and Dargan, 1957).

At the high and flooded treatments, suckering consistently increased

with increasing age. Slight differences were noted at the low and

medium levels (Table 23).

In addition to other factors relating to root penetration to be

discussed in a latter section, this data suggests that some of the

important factors contributing to higher yields of taro under flooded

compared to non-flooded soil conditions were (a) higher relative

contribution of sucker corms to total corm yield and (b) reduced

rate of vegetative senescence at latter ages of plant growth. This

was further supported by the fact that plant heights at the high and

flooded moisture treatments were almost equal at 3 and 5 months. By

9 months, plant height at the high water level had declined by about

33 percent (102 to 69 cm) while in flooded pots, the height decline

was only about 20 percent (105 to 84 cm). Corresponding relative

decrease in height at the same periods at low and medium water treat

ments were 35 and 31 percent, respectively.
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Relationship Between Moisture Gradient and Root

Growth of Taro Grown in Pots

Root dry weig~~ts increased with increasing water levels and age.

The proportionate increases in root dry weight under flooded and high

moisture treatments, compared with the low and medium treatments, were

very high (Table 24, Figure 28). In comparison to root dry weights

produced under flooded conditions, root growth at 12 months at low

and medium moisture treatments declined from values at 9 months

(Table 24). Percent root growth at the high water level was about

constant at 40 percent of the values obtained under flooded soil

condition at all ages considered. One of the problems in mechanized

taro harvesting is extensive root growth, especially at time of

harvest. Table 24 shows that root growth at 12 months was very

extensive, especially under flooding, in which there was an eight-fold

increase in root weight compared with weights at 9 months. Generally,

fewer roots were observed under non-flooded treatments (Figure 29).

One of the problems which limited root growth seemed to be related

to root penetration. Table 25 and Figure 30 show the root distribution

with soil depth under the various water treatments. At low and

medium moisture levels, over 97 percent of the roots produced at 9

months were found in the first 14 cm soil depth. At the high moisture

level 71 percent of the roots produced at 9 months age were found in

the 14 cm soil depth. A further 20 percent was found between 14 cm

and 21 cm depth, while about 9 percent reached depths greater than

21 cm. Flooding resulted in more uniform distribution of roots in

the soil volume; only 42 percent of the roots were found in the first



Table 24. Relationship Between Moisture Regime and Age on
Root Dry Weights of Taro in Grams Per Plant Grown For

12 Months at a Gradient of Four Moisture Levels

129

Age of Plants (Months) and Corresponding
Ratios of Root Weights

Percent Percent Percent
Moisture 3 of 9 1/ of 12 of

Level G!Plant1! Flooded G!P1ant Flooded G!P1ant1! Flooded

Low 1. 99 0.60 3.23 8.4 4.10 1.57

Medium 5.32 16.00 5.06 13.12 15.83 5.78

High 14.25 42.9 15.58 40.04 106.50 40.87

Flood 33.24 100.00 38.58 100.00 260.57 100.00

l!Each value is an average of three observations.
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Figure 29. Corm and root yield of six month
old taro grown at a gradient of
4 moisture levels (left to right:
Flood, High, Medium, Low).
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Table 25. Relative Root Penetration of Nine Month Old Taro Gro~vn in Potted
Soil at Four Moisture Levels in Greenhouse

Depth of Soil (cm) and Percent Relative Root Penetration

0-7 7-14 14-21 21 Total
Root Root Root Root Root

Moisture Weight Weight ~-leight ~-leight Weight
Level G/Potl / Percent G/Pot1/ Percent G/Potl / Percent G/Potl/ Percent G/Potl/

Low 2.20 68 0.94 29.0 0.09 1.7 -0- -- 3.23

Medium 3.74 74 1.21 24.0 0.11 1. 97 Trace -- 5.06

High 4.36 28 6.71 43.07 3.18 20.41 1.33 8.5 15.58

Flood 7.33 19 8.87 23.0 10.41 27.0 11. 96 31.0 38.58

l/Averages of three observations

t-'
Vol

'"
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14 cm depth while about 58 percent penetrated to depths greater than

14 cm. The largest amount of roots (31%) was found near the base of

the pot. The data reported here are similar to f.'..sld observations in

which over 95 percent of taro roots were found within 30 cm soil

depth; also, about 90 percent were found within the first 21 cm under

both dry1and and flooded soil conditions. A similar root distribution

study by Gooding and Campbell (19~1) in Trinidad showed a maximum

depth of 22 cm for corms of Xanthosoma. In spite of the apparent

uniformity of water distribution with depth (Table 19, Figure 23),

penetration to depths below 21 cm was difficult under non-flooded

treatments. Ponnamperuma (1955) had concluded that the high Mn uptake

should be reduced in acid soils and the absorption of Mn and Fe

increased in neutral and alkaline soils in order to make aerobic soils

as favorable as submerged soils for rice growth. The problem of root

penetration under non-flooded conditions should also be noted. This

problem is important in plants such as taro which are naturally aquatic.

Therefore, the relationship of root penetration to yield of the edible

portions should be included as one of the factors limiting growth and

yield under non-flooded conditions. The positive effect of root

development on yield, especially· of root or tuber crops, needs no

elaboration. Slatyer (1970) stressed that "the source strength

represented by the size and activity of the photosynthetic system and

the sink strength represented by tissue which requires carbohydrate,

but which is not actively photosynthesizing, influences the rate of

translocation." Slatyer's statement seems most applicable to root

and tuber crops whose overall economic yields depend upon the rate and

extent of re-trans1ocation and storage of photosynthetic products for
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corm or root formation and growth (Milthorpe, 1967; Spence, 1970;

Humphreys and French, 1965). Fujise and Tsuno (1967) working in Japan,

have also demonstrated that crop yield of sweet potato was related to

type of root, root distribution in soil and K application.

Table 26 shows that top/corm ratio was highest at 3 months and

decreased with increasing moisture level and age. Since the free

energy of water in the roots exceeds that of tops, one would expect

higher root growth at low water level than top growth because more

water would be readily available for root growth. This is not the

case with taro before 6 months of age. However, at latter stages

(beyond 6 months) when carbohydrate ununed for top growth accumulated

in the leaves, corm enlargement became more important because the

carbohydrate was translocated from top to corm for cell growth and

enlargement. Davis (1942) reported increasing top/tuber ratios of

nutsedge (Cyperus rotundus) as water content of soil was increased.

Contrarily, Widtsoe (1942) noted a decreasing ratio of grain to straw

of spring wheat in Utah as water application was increased. The

rela~ionship between vegetative development and corm, tuber, or grain

yield seems, therefore, to be dependent more upon growth habit of the

plant in question. Thus where tubers are formed concurrently with

top growth, with neither part dominating exclusively at any phase of

growth, tuber yields would increase with increasing water application

(to a limit) as is observed for nutsedge (Davis, 1942) and as would be

expected for sugarbeet (Milthorpe, 1967). If, however, either top or

corm dominates at a given stage, the ratio ~~uld change depending upon

which dominated. Thus the increasing top/corm ratio with decreasing

moisture levels and age indicate that carbohydrate accumulatiop. in



Table 26. Effect of Crop Age and Moisture on Fresh Weights
of Top : Corm Ratios of Taro Grown 12 Months in a

Gradient of Four Moisture Treatments
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Water Age in Months
Treatment 3 6 9

Top Corm Ratios11

Low 6.7 1.5 0.40

Medium 5."1 0.85 0.29

High 3.5 0.50 0.16

Flood 3.6 0.50 0.15

IIAverages of three observations

12

0.38

0.18

0.18

0.10
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taro was dependent not only upon the extent of vegetative growth at

early growth stages, but also depended upon crop age at harvest.

Hastening of corm maturity as shown by higher specific gravity of

corms under non-flooded treatments (Table 27), and the significant

water X age interactions on corm yield, were further indications of

increasing dessication of corm cells due to low water application.

As would be expected, percent dry matter yield gave no index of

maturity, tending to increase with increasing water level (Table 28).

Maximov working in Russia (1929) noted the effect of stage of

growth at which drought was imposed on final yields of cereal crops.

He concluded that maximum reduction in grain yield was obtained if

drought was imposed at the time of rapid internode elongation. More

recently, critical periods for rice grain yield were reported by

Ishizuka and Tanaka (1953), Murata (1969), Welbank, et al. (1968) and

Yoshida and Ahn (1968), who noted that 75 to 80 percent of the carbohydrate

in grain was photosynthesized at time of flowering. In connection with

the field experiment, a critical period for corm production of taro

seemed to exist. Figure II (Appendix), showed that limited water

application was imposed only during the first 5 months of growth. Owing

to high winter rains, the plots under sprinkler and furrow irrigation

were virtually saturated during the rest of the growing season, except

the final two months before harvest (June and July, 1971). Figure II

(Appendix) also shews that based on pan evaporation data, the water

requirements of the crop were satisfied by rainfall, as indicated by

the near overlap of the evaporation and rainfall data. Yet yields from

sprinkler irrigations were lower than those from furrow irrigation.

The explanation for the difference was related to water application



Table 27. Specific Gravity of Main Corms and Sucker Corms
of Taro as Effected by Moisture Regime and Age

138

Age at Harvest

Moisture Six Months Nine Months Twelve Months
Level Main Sucker Main Sucker Main Sucker

Low 1.03 1.01 1. 22 1.16 1.58*

Medium 0.95 0.99 LOS 1.00 LIS 1.33

High 1.00 1.03 1.10 1.27 1.14 1.17

Flood 0.93 0.94 1.09 0.99 1.09 1.12

*Only one observation. No sucker in two replications.
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Table 28. Percent Dry Matter of Main Corms and Sucker
Corms of Taro as Effected by Moisture Regime and Age

Age at Harvest

Moisture Six Months Nine Months Twelve Months
Level Main Sucker Main Sucker Main Sucker

Percent Dry Matter l /

Low 19.5 39.9 48.6 37.9 38.02/

Medium 25.7 27.9 39.7 40.2 39.6 44.2

High 34.8 37.2 41.9 43.6 38.2 41.6

Flood 41.9 42.5 44.6 44.8 43.1 49.5

l/Means of three observations

2/0n1y one observation. No sucker in two replications.
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during the early phase of growth. Both the LAI (Table 8, Figure 12)

and contribution of sucker corms to total yield (Table 13) were limited

under sprinkler irrigation, and seemed to be influenced by extent of

vegetative growth during the early part of crop age at which time

moisture treatment was effectively controlled. In support of this

point, the correlation of leaf area and 13 month corm yields was

highest at 3 months (r = 0.83**) compared with LAI at 5 and 10 months,

r = 0.56** and 0.541rn , respectively (Figure 14).

Effect of Flooded and Non-flooded Soil Conditions,

N, and P Treatments on Two Month Growth

of Taro Grown in Pots: Dry Weights

More dry weight was produced by taro grown under flooded conditions

than was produced under non-flooded (Table 29, Figure 31). Total,

blade, petiole and root dry weights were lower under non-flooded

treatment. Root dry weight under non-flooded condition waS only

about 14% of th2t obtained by flooding (Table 29). Corresponding

relative dry weights of blade and petiole of the non-flooded compared

with the flooded treatment were 55.7 and 56.2 percent, respectively.

Nitrogen and phosphorus treatments, even at high rates (300 kg/ha

and 1200 kg/ha, respectively), did not result in higher dry weight in

the non-flooded treatment than in the flooded (Table 29). Foliage dry

matter increased with higher N under both flooded and non-flooded

treatments. Nitrogen at 400 and 800 kg/ha gave higher total dry

weights than did flooded soil without N fertilization. However, the

difference between the flooded treatment without N and the non-flooded

treatment with 400 kg N was not significant (10.1 and 12.7, respectively,
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Table 29. Effect of Flooded and Non-flooded Soil Condition
and Nand P Rates on Dry Weight of Taro at 2 Months of Age

Fertilizer
Treatment

ppm N

o

170

340

ppm P

Total Dry Blade Dry Petiole Dry Root Dry
Weight Weight Weight Weight

Fertilizer Effects (g/plant) 1,2/

7.la 1. 9a 3.4a 1.8a

22.5b 6.8b 10.8b 5.0a

28.lc 9.4c l4.lc 5.2b

o

325

650

l5.7a

19.4b

22.6c

4.9a

5.6a

7.5b

8.0a

8.9a

l1.4b

2.8a

4.2a

4.9a

Average Water Treatment Effects (g/plant)3/

Non-flooded 11.7a 4.3a 6.8a LOa

Flooded 26.8b 7.7b l2.lb 7.0b

Ratio Non-flooded
Flooded 43.4 55.7 56.2 13.6

l/Averages of 18 individual observations

2/Values in the same column with identical postscripts are not
significantly different at 1% level by the DLSD Test.

3/Averages of 27 individual observations
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Table 30). Increasing N to 800 kg/ha in the non-flooded treatment

resulted in significantly higher (5%) foliage yield than the values

obtained when no N was added to non-flooded soil (Table 30).

The interaction of water X N on total dry matter was highly

significant (Table 30, Figure 32a). In the non-flooded treatment,

total dry matter increased with increasing N, and total dry matter yield

was a function of N rates. Response to increasing N in the flooded

treatment was linear up to 400 kg N pe~ ha. Increasing N to 800 kg/ha

resulted in no increase in dry matter. Increasing both Nand P lev~ls

resulted in increased total dry matter. However, when no P was applied

response to N ceased at 400 kg/ha (Figure 3lb). This effect resulted

in a significant N X P interaction (5%) on total dry matter yield

(Table 31, Figure 32b).

Significant WX Nand WX P interactions on petiole dry matter

yield and a WX N interaction on root dry weight were attributed to

a depression in dry matter under the non-flooded as compared to the

flooded treatment (Table 31, Figures 33a and 33b, 34 and 35). The

interaction of N X P on petiole dry weight was also significant

(Figure 33c). Higher Nand P resulted in increased petiole dry

weight. There was no increase in dry matter with N level beyond

400 kg/ha when no P was applied. Also, the rate of increase in dry

matter varied with P levels as N increased beyond 400 kg/ha. When

P was applied at 600 kg/ha, rate of increase in dry matter was very

rapid (Figure 32) while at a P rate of 1200 kg/ha dry matter produc

tion was slower and tended to coincide with the yield obtained at

600 KgP/ha and 800 kgN/ha.



Table 30. Two Way Interactions of the Effects of Increasing Rates of Nand P
Treatment on Two Month Growth of Taro Under Flooded

and Non-flooded Soil Conditions

Root Dry Weight47
N

Total Dry Weight Petiole Dry Weight

Rates2! Non-flooded Flooded Non-flooded Flooded Non-flooded Flooded
ppm

Grams Per Plantl !

0 4.8 10.1 2.8 4.1 0.2 3.3

170 12.7 32.3 6.9 14.6 1.0 9.0

340 18.8 32.1 10.8 17.5 1.6 8.8

P
Rates3!

ppm

0 8.9 24.5 3.5 12.5 0.7 4.8

325 11. 7 27.2 7.0 10.8 1.2 8.7

650 16.3 28.8 9.8 13.0 0.9 7.6

l!Averages of 9 individual observations
2!N rates in kg!ha were respectively as follows: 0, 400 and 800
3!p rates in kg!ha were respectively as follows: 0, 600 and 1200
4!W X P effect on total plant and root dry weights were not significant

but included to show trend.
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Table 31. Significant Two Way Interactions of the Effects
of Increasing Levels of Nand P

on Two Month Growth of Taro

146

N 11
Rates

ppm

o 325
P Rates21 ppm

650 0

grams per p1ant31
325 650

Total Dry Weight Petiole Dry Weight

0 6.0 6.3 8.9 2.9 3.1 4.4

17(' 19.4 21.0 21.7 10.6 8.6 13.1

340 27.2 31.0 31.7 10.5 15.1 16.8

liN rates in kg/ha were respectively as follows: 0, 400 and 800

2/p rates in kg/ha were respectively as follows: 0, 600 and 1200

3/Averages of 6 individual observations
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Figure 35. Two month root growth of taro from non
flooded or drained (D) and flooded (F)
plants in pots. Nitrogen and phosphorus
treatments were in a factorial combination
with 0, 0.33 and 0.67 gN/pot; and 0, 0.65
and 1.3 gP/pot. These rates were equivalent
to 0, 400 and 800 kgN/ha and 0, 600 and 1200
kgP/ha respectively or 0, 170 and 340 ppm N;
and 0, 325 and 650 ppm P.
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Effects of Flooding, N, and P on Plant Height, Leaf Number,

Sucker Number at Two Months of Age

Both plant height and leaf number increased in the non-flooded

treatment with increasing N (Table 32). No suckers were produced in

the non-flooded treatment. Under flooded conditions, plant height

increased with increasing N from 0 to 400 kg/ha. Further increase

in N to 800 kg/ha gave no increase in plant height. A 50 percent

increase in leaf number was obtained by increasing N from 0 to 400

kg/ha, while 800 kgN/ha resulted in only 21 percent increase in leaf

number. The tendency was for sucker number to increase with increasing

N level (Table 32).

P treatments had no effect on plant height, leaf number nor

suckering in both flooded and non-flooded treatments. This is

contrary to the significant differences in plant dry weights obtained

with increasing P levels (Table 29). The difference might be explained

by relatively greater increases in plant girth and spread with increas

ing P, especially in the non-flooded soil treatment, than in plant

height. Cannell (1963) discussed a similar pattern of growth in

tomato in which P fertilization gave small increase in height but

increased diameter and lateral spread. A similar response to N was

reported by Bosemark (1954) for root elongation of wheat.

Nutrient Composition of Taro

Flooding sh~Ned varying effects on the nutrient contents of

blades, petioles and roots of taro. Total contents of all nutrients

were higher under flooded than under non-flooded soil treatments.



Table 32. Effect of Flooding, Nand P on Two Month Growth of Taro

Fertilizer Plant Leaf Sucker
Treatment Height Number Number

cm

ppm N Non-flooded

0 23 2.3 0

170 38 3.1 0

340 46 4.3 0

Flooded

0 50 3.3 0

170 69 6.6 1.2

340 69 8.4 2.3

ppm P Non-flooded

0 37 3.0 0

325 37 3.9 0

650 32 3.0 0

Flooded

0 62 5.8 1.3

325 62 6.2 1.1

650 64 6.3 1.1
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However, percent nutrient contents were complicated by dilution effects,

with non-flooded plants having consistently higher nutrient concentra

tions. For this reason, N, P and Mn in the blades were depressed

by flooding while there were no significant differences in K, Ca, Mg

and Fe concentrations in the flooded and non-flooded treatments

(Table 33). Nitrogen at 800 kg/ha increased blade N content of non

flooded plants to a greater extent than N concentration resulting from

mere flooding without N treatment. Nitrogen application did not

result in any change in P content under both flooded and non-flooded

treatments, but P content was significantly lower (5%) in the flooded

treatment, probably because of dilution effects.

The N concentration in petioles of non-flooded plants increased

when N increased from a to 400 kg/ha (Table 34). At 800 kgN/ha, N

content was lower due to increased vegetative growth. Nitrogen con

centration increased from 2.0 percent without N to 2.9 percent with

400 kgN/ha. At 800 kgN/ha, percent N in petioles was lower; this

was probably due to dilution effects. The higher petiole dry weight

obtained at the highest N rate supports this suggestion. For the

same reason, concentrations of P, Ca, Mg, Mn and Fe in petioles were

depressed by increasing N rates in the non-flooded treatment. With

increasing N, flooding are higher levels of N, K and Mn in petioles.

Iron concentration was inconsistent, probably because of interactions

with P and Mn which decreased Fe concentrations. Generally, nutrient

content of roots followed a similar trend to those observed for

blades and petioles (Table 35). Nitrogen and Ca concentrations in

roots were depressed by flooding, while P content was increased.

Flooding tended to increase 11n content of roots, but the lack of



Table 33. Growth and Nutrient Content of Taro Blades in Response
to Flooding and N Application

GroTNth
Total Blade

Fertilizer Dry Dry Nutrient Content
Treatment weight H~ight

ppm N g/pot g/pot %N %P %K %Ca %118 Ppm Mn ppm Fe

Non-f1ooded1/

0 4.1 1.1 3.53 0.20 3.93
170 12.7 4.8 4.27 0.33 3.67
340 18.1 7.0 4.36 0.32 3.72

11Flooded

0 10.1 2.7 3.05 0.26 4.28
170 32.3 8.7 3.44 0.26 3.12
340 38.1 11.8 3.78 0.24 2.65

Average Effects2/

Non-flooded 11. 7 4.3 4.05 0.312 3.77
Flooded 26.8 7.7 3.42 0.251 3.35

Lsd 0.05 2.0 0.7 0.44 0.040 0.82
S S NS

11Averages of 3 individual observations

2/Averages of 9 observations

3/Averages of 3 observations

1.15
0.78
0.74

0.63
0.74
0.76

0.89
0.71

0.24
NS

0.26
0.24
0.25

0.12
0.22
0.25

0.25
0.21

0.046
NS

276
437
400

127
140
176

371
148

80
S

367
370
353

323
387
300

363
336

117
NS

I-'
U1
W



Table 34. Growth and Nutrient Content of Taro Petioles in Response
to Flooding and N Application

Growth
Total Petiole

Fertilizer Dry Dry Nutrient Content
Treatment Weight Weight

g/pot g/pot %N %P %K %Ca ~oMg ppm Mn ppm Fe

Non-flooded1/

0 4.1 2.8 2.04 0.70 4.53 0.69 0.35 387 377
170 12.7 6.9 2.91 0.49 3.65 0.67 0.35 563 153
340 18.2 10.8 1. 98 0.33 5.48 0.59 0.29 530 153

F1ooded1!

0 10.1 4.1 1.07 0.45 2.98 0.46 0.17 207 347
170 32.3 14.7 1.38 0.25 4.10 0.47 0.32 243 247
340 38.1 17.5 1.52 0.18 5.83 0.45 0.31 320 273

Lsd 0.05 6.1 2.6 0.37 0.32 1.53 0.13 0.053 126 174

Average Effects2/

Non-flooded 11. 7 6.8 2.31 0.52 4.57 0.65 0.33 493 228
Flooded 26.8 12.1 1.33 0.29 4.31 0.46 0.27 257 289

Lsd 0.05 0.9 0.68 0.204 1.28 0.071 0.06 91 120
S S NS S S S NS

l/Averages of 3 observations

2/Averages of 6 observations ~

VI
.j:'-



Table 35. Growth and Nutrient Content of Taro Roots in Response
to Flooding and N Applications

~owth

Total Root
Fertilizer Dry Dry Nutrient Content
Treatment Weight Weight

ppm N g/pot g/pot %N %P %K %Ca 1~g ppm Mn ppm Fe

1/
Non-flooded

Non-flooded 11.65 0.95
Flooded 26.82 7.01

Lsd 0.05 1.20
0.01 1.61

**

l/Averages of 3 observations
2/Averages of 9 observations

37.8 2777
63.3 2241

42 1263
NS NS

o
170
340

o
170
340

Lsd 0.05

4.08
12.73
18.15

10.08
32.29
38.10

6.12

0.24
0.99
1.60

3.29
8.96
8.80
3.60

2.01 0.24 1.52 0.68 0.15
2.03 0.13 1.37 0.72 0.19
1.89 0.18 1.53 0.69 0.15

F1ooded1/

1.03 0.65 2.48 0.58 0.17
1.20 0.49 1.22 0.54 0.13
1.33 0.37 0.97 0.47 0.10
0.28 0.19 0.41 0.14 0.11

Average Effects2/

1.98 0.18 1.47 0.70 0.16
1.19 0.50 J..56 0.53 0.13

0.17 0.13 0.54 0.08 0.045
0.24 0.18 NS 0.11 NS

** ** **

33
30
50

130
37
23
44

1253
3280
3797

2557
2570
1597
1840

I-'
Ln
Ln
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significance might be attributed to the very high concentrations of

Fe which might have interacted with Mn uptake.

Flooding significantly (5% level) depressed N, P and Mr. concentra

tions of taro leaf blades. Also N, Ca, Mg and Mn concentrations of

taro petiole~ and Nand Ca concentration of taro roots were lower

(5%) under flooded than under non-flooded condition. Phosphorus

concentration of taro roots was significantly lowered (5%) by flooding

(Tables 36 - 38). Percent N, P and K in leaf blades increased with

increasing P rates in the non-flooded treatment, but P at very high

rates (1200 kg/ha) depressed K (Table 36). Increasing P gave significant

increase in P concentration of petioles under both flooded and non

flooded treatments. No significant differences in concentrations of

K, Ca, Mg, Mn and Fe were obtained irrespective of P levels (Table 37).

While N content of roots was depressed by flooding, P and Ca concentra

tions increased significantly with flooding (Table 38).

Phosphorus at 1200 kg/ha significantly increased growth of taro

under both non-flooded and flooded soil conditions. Addition of P

alone was not enough to compensate for the advantageous effects of

flooding. Irrespective of P rates, root growth was much lower in the

non-flooded treatment than with flooding (Table 38). This suggests

that depressed growth under non-flooded conditions might be attributed

to limitations in root penetration and growth rather than lack of

nutrients. Extensive literature from various rice growing areas record

that (a) N, P, Fe and Mn uptake increases with flooding (Baba, 1958);

(b) flooding increases tillering, enhances early flowering and foliar

development (Senewiratre and Mikkelson, 1964); (c) yield reduction of

rice under non-flooded conditions was due to increased weed competition



Table 36. Growth and Nutrient Content of Taro Blades in Response
to Flooding and P Application

Growth
Fertilizer Total Blade
Treatment Cry Dry Nutrient Content
PRates t-leight t-leight

ppm P g/pot g/pot %N %P %K %Ca 7~ ppm Mn ppm Fe

Non-flooded l /

o
325
650

6.87 2.62 3.85 0.21 4.20 0.96 0.21 276 420
11.75 3.56 3.93 0.32 4.38 0.99 0.28 447 373
16.34 6.70 4.38 0.33 2.73 0.71 0.26 390 297

II
Flooded

o
325
650

Lsd 0.05

Non-flooded
Flooded

Lsd 0.05

24.54
27.11
28.82
6.12

11.65
26.82

7.21
7.66
8.30
2.02

4.29
7.75

3.28 0.24 3.33 0.71
3.57 0.25 3.38 0.72
3.41 0.21 3.33 0.70
0.53 0.08 1.24 0.15

Average Effects2/

4.05 0.28 3.77 0.89
3.42 0.25 3.35 0.71

0.44 0.019 0.82 0.24
S S NS NS

0.23
0.22
0.18
0.08

0.25
0.21

0.046
NS

147
153
130
122

371
143

80
S

293
430
287
203

363
337

202
NS

l/Averages of 3 observations

2/Averages of 9 observations
......
VI
-....J



Table 37. Growth and Nutrient Content of Taro Petioles in Response
to Flooding and P Application

Growth
Fertilizer Total Petiole
Treatment Dry Dry Nutrient Content

P Rates Weight Weight
ppm g/pot g/pot %N %P %K %Ca 7J1g ppm Mn ppm Fe

1/
Non-flooded

0 6.87 3.52 2.08 0.47 4.93 00.64 0.32 473 280
325 11.75 7.04 2.31 0.53 4.97 0.66 0.35 463 223
650 16.34 9.84 2.54 0.55 3.80 0.65 0.33 543 180

F1ooded1/

0 24.54 12.52 1.26 0.23 3.63 0.46 0.28 203 343
325 27.11 10.77 1.39 0.31 4.57 0.46 0.27 287 330
650 28.82 12.95 1.33 0.30 4.72 0.45 0.26 280 193

Lsd 0.05 6.12 2.02 0.75 0.042 2.37 0.14 0.12 170 214

Average Effects2/

Non-flooded 11.65 6.80 2.31 0.52 4.57 0.65 0.33 493 228
Flooded 26.82 12.09 1.33 0.29 4.31 0.46 0.27 257 287

Lsd 0.05 0.39 0.35 2.30 0.12 0.104 158 207
S NS NS S S S NS

1/
Averages of 3 observations t-'

Ln

2/Averages of 9 observations
00



Table 38. Growth and Nutrient Content of Taro Roots in Response
to Flooding and P Application

Growth
Fertilizer Tvta1 Root
Treatment :")ry Dry Nutrient Content
PRates ~..,~ight Weight

ppm g!pot g!pot %N %P %K %Ca /'oMg ppm Mn ppm Fe

I!
Non-flooded

0 6.87 0.74 1.83 0.21 1.35 0.74 0.19 37 3020
325 11. 75 1.20 2.00 0.17 1.57 0.69 0.16 40 3027
650 16.34 0.91 2.10 0.18 1.50 0.67 0.14 37 2283

F1ooded1!

0 24.54 4.8£. 1.15 0.42 1.69 0.50 0.13 87 2980
325 27.11 8.67 1.28 0.54 1.53 0.57 0.13 44 2057
650 28.82 7.55 1.12 0.54 1.45 0.52 0.13 60 1689

Lsd 0.05 6.12 2.02 0.50 0.21 1.09 0.05 0.096 31 898
NS NS NS NS

Average Effects2!

Non-floodec 11.65 0.95 1.98 0.18 1.47 0.70 0.16 37.8 2777
Flooded 28.82 7.01 1.43 0.50 1.56 0.53 0.13 63.3 2214

Lsd 0.05 0.17 0.13 0.54 0.08 0.046 31.9 1263
S S NS S NS NS NS

l/Averages of 3 observations

2/Averages of 9 observations

I-'
U1
\0
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(Cralley and Adair, 1943); and (d) rice yield was higller under flooding

even when weed competition was eliminated from a non-flooded growth

environment (Vlamis and Davis, 1944). Results of this experiment

indicate that taro grown in an environment in which most of these

limiting conditions were controlled still gave lower foliage yield

under non-floodeJ soil conditions than that obtained with flooding.

Effects of Cultural Adjustments on Taro Yields,

Production Costs, and Return Per Hectare

Table 39 shows the effects of irrigation methods and land pre

paration on corm yield at 26,910 plants per hectare (60 cm X 60 cm

spacing). Yield obtained by the conventional practice of flooding and

puddling the soil was 63.9 tons/ha per year. Regarding this value

as 100 percent, Table 39 shows that relative yields per ha per year

ranged from a low of 57.9% in the unpuddled, non-ridged, sprinkler

treatment to a high of 105.9% in the unpuddled flooded, non-ridged

culture. Relative yields from unpuddled, flooded, ridge and unpuddled,

furrow, ridged, plots were about equal at 92%. Sprinkler treatment,

whether ridged or unridged, gave poor yields and should not be

recommended in taro culture.

A cost of production study based on data from Ikehara and Hiroshige

(1966) and updated to 1972 values by Anderson, ~ al. (1972) is given

in Table 40. When cost of water and ridging were added to their values,

production costs per hectare were estimated as $5,636.4 and $5,627.9,

respectively, for flooded ridged plots and flooded non-ridged plots.

Table 40 shows that water cost was higher in the flooded treatments

as contrasted with the furrow and sprinkler. Expenditure inctlrred in



Table 39. Relative Effects of Cultural Adjustments on Taro Yield (tons/ha)
population = 26,910 plants/ha; spacing = 60 cm X 60 cm)

Age at
Harvest
(Months)

12

13

13

10

Yield Yield Percent
Per Ha Percent Per Ha Control

Cultural Treatment Per Crop Contro12/ Per Year (Yield 1/
(tons) (Yield) (tons) Per Year)

Control: 3/ Puddled, 63.9 100 63.9 100
flood

a) Unpuddled, flooded, 59.0 92.3 54.5 85.3
ridged

b) Unpuddled, flooded, 67.7 105.9 62.5 97.8
flat

a) Unpuddled, furrow, 58.5 91.6 54.0 84.5
ridge

b) Unpuddled, flat 55.9 87.5 51.6 80.8
(int. flooding)

a) Unpuddled, sprinkler, 41.5 64.9 49.8 77.9
ridge

b) Unpuddled, sprinkler, 37.0 57.9 44.4 69.5
flat

l/Annual yield computed by proportion

2/Actual yield used irrespective of age. Highest yield for sprinkler plots
obtained at 10 months (See Table 2 ).

3/ See Ezurnah and Plucknett I-'
Cl'\
I-'
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extra weeding, herbicide, equipment and installation was high enough

in the furrow and sprinkler treatments to offset the extra cost of

water used in flooding. This point is showr. in Tables 39 and 41.

Table 41 shows that as yield per hectare decreased, the cost of pro

duction as percent of gross return increased. Consequently, the net

income per hectare decreased and net income as percent of income from

control decreased. Where relative yields are not high enough to

offset the additional costs of water, relative income per hectare could

be as low as 70% under flooded treatment (Table 40). This value was

obtained in spite of the 92% relative yield value shown for the ridged,

unpudd1ed, flooded treatment in Table 39.

Ikehara and Hiroshige (1966) had noted that a farmer could work

from 1.9 to 2.4 hectares alone depending on his willingness to work.

This value was possible under partial mechanized culture. The main

deterrent in complete mechanization was a lack of firm land surface

for movement of farm equipment. By intermittent flooding or furrow

irrigation of non-puddled soil, this problem could be averted. A

farmer would, therefore, be able to cultivate more area and generate

higher total net income.
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Table 40. Production Costs Per Hectare of Taro

Basic Costs! $ 3,734.6

(Includes labor for growing, harvesting
marketing, materials, equipment for plot
preparation, and overhead costs (rent,
taxes, insurance».

Flood

Cost of water/year2

(Based on 280,470 l/ha/day)

Cost of Ridging

'rota1 : Ridged

Non-ridged

$ 1,893.3

8.5

$ 5,636.4

5,627.9

Furrow

Cost of water/year (8,414 1/ha/day)3
Water application Cost (Includes Installation)

Cost of additional herbicide
Ridging

Total: Ridged

Non-ridged

Sprinkler
3Cost of water/year (8,414 l/hg/day)

Cost of additional herbicide
Cost irrigation equipment, installation

and operation
Ridging

Total: Ridged

Non-ridged

568.1
179.9

153.6
8.5

$ 4,644.7

4,636.2

568.1

153.6

465.0
8.5

$ 4,929.8

4,921.3

1 Basic cost obtained from cost study by D. Ikehara and H. Hiroshige,
Cost To Produce Taro··Kauai, 1966, Cooperative Extension Service,
University of Hawaii, 1967. 2 ppm mimeographed. Updated values for
1972 obtained from R. N. Anderson, J. L. Barron and W. G. Marders,
Planning for Community Development in Hanalei, Dept. of Agricultural
and Resource Economics, University of Hawaii, March, 1972.

2 Based on water application rate of Watson, 1970 (280,470 l/ha/day)
estimated cost was 7¢ per 3,785 liters.

3 Based on water application rate of 0.71 cm!~/day or 5 c.m/ha/week.



Table 41. Relative Effects of Cultural Adjustment on Returns Per Hectare of Taro

Net Return as Net Return as
Return/Ha Production Cost as Net Return % Gross % Return

Treatment Per Year Cost % Gross Per Ha/Yr Receipt From Control

Control: Puddled,
Flooded 11,246 5,628 50.1 5,618 49.9 100.0

Ridged, Unpuddled,
Flooded 9,592 5,636 58.8 3,956 42.2 70.4

Flat, Unpuddled,
Flooded 11,000 5,628 51.2 5,372 48.8 95.6

Ridged, Unpuddled,
Furrow 9,504 4,645 48.9 4,859 51.1 86.5

Flat, Unpuddled,
Furrow 9,082 4,636 51.0 4,446 49.0 79.1

Ridged, Unpuddled,
Sprinkler 8,765 4,930 56.3 3,335 43.7 68.3

Flat, Unpuddled,
Sprinkler 7,814 4,921 63.0 2,893 37.0 51.5

I-'
0\
.po.



SUMMARY AND CONCLUSION

Taro, Co10casia escu1enta (L) Schott, is a commonly grown tropical

tuber crop in which corm production in a 12 - 15 month crop period is

frequently related to the extent of vegetative production during the

first 4 - 6 months of growth. The effects of water treatment

(sprinkler and furrow irrigation versus flooded unpudd1ed soil), land

preparation (ridges 60 cm and 90 cm apart versus conventional flat

rows usually 60 cm apart) and plant spacing (30 cm, 60 cm and 90 cm

within ridges and rows) on corm yield, suckering capacity and leaf area

index (LAI) were studied. The layout was a split-split plot design.

Water supply under sprinkler and furrow irrigation was scheduled at

5 cm per week.

Greenhouse experiments were also used to supplement the field

studies. A gradient of four moisture levels with tensions ranging

from 0.12 atmosphere (high level) through 1.5 atmospheres (medium) to

7.5 atmosphere (low) was developed in potted soil. A flooded treat

ment was also included as a check. Another pot experiment was set up

to separate the effects of water treatment per ~ from the effects of

some macronutrients usually more available under submergence on two

month growth and nutrient composition of taro. Nitrogen levels were

0, 400 and 800 kgfha, and P levels were 0, 600 and 1200 kgfha. Vegeta

tive dp.ve1opment and nutrient composition of plant parts were studied.

The following salient observations and conclusions were drawn from

the study:

1. Corm yields ranged from 24.9, 34.8, to 26.0 tons per hectare

for the 7, 10 and 13 month harvests under sprinkler irrigation.
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Corresponding yields under furrow and flood irrigation were respectively

as follows: 27.1, 41.0 and 62.0 tons/ha; and 32.8, 48.2 and 64.6

tons/ha at the same ages. Flood and furrow irrigation gave significantly

higher yields (5%) than sprinkler irrigation at all harvest dates.

Compared with yield data from other experimental plots in Wailua area

of Kauai, non-puddling of flooded soil gave yields ranging from 92

to 106 percent. There were no significant differences of land pre

paration methods on total, main or sucker corms. Significantly higher

(5%) corm yield per plant was obtained with the 90 cm ridge spacing.

Total corm yields per plant increased as spacing between plants

increased; yield per hectare decreased as spacing between plants

increased. The contribution of sucker corms to total yield per plant

increased with increasing plant spacing and age. This higher sucker

corm contribution was not, however, enough to compensate for the

effect of increased population on yield when yield per hectare was

considered.

Maximum corm yield under the sprinkler irrigation was obtained at

10 months. Furrow and flooding gave highest yield at 13 months.

Specific gravity measurements showed higher values at 10 months for

taro grown under sprinkler irrigation suggesting early maturity.

Significant water X land preparation interaction resulted when

effects of water on corm yield were obscured under sprinkler and furrow

irrigation because maturity was faster. These masking effects were

more pronounced under the sprinkler treatment than in furrow. Water

X spacing interaction on yield was significant due to a lack of

spacing effect on total and sucker corm yield from the flood irrigated

plots. Flooding caused suckers which initiated to increase ion sizp
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and contribute significantly to yield.

Under field conditions, suckering capacity tended to approach

a "ceiling" number, p;rhaps imposed by variety. This number was

independent of population, land preparation or water treatment.

Sucker yield differences were due to differences in sizes. A regression

of sucker number with average sucker corm yield at 13 months gave the

following r values for the sprinkler, furrow and flood irrigation,

respectively: 0.22, 0.46* and 0.62~w(.

By a non-destructive use of some linear measurements, leaf area

of taro was accurately evaluated and used to study crop development

with age. Quadratic relationships gave the best estimate of taro

leaf area.

The relationship of plant height with age show that maximum

height was obtained between 4 and 5 months. The trend was the same

for leaf development.

Leaf area increased as follows: flood> furrow> sprinkler.

The best linear relationship of total leaf area with yield was

obtained at 3 months (0.83**) and not at 5 and 10 months (0.56**).

Leaf production at 5 months in excess of amounts required for optimum

corm yield was demonstrated.

Regression of corm yield and LAl at 5 months show that LAl for

optimum corm yield was 3.0 for sprinkler irrigation. While flooded

condition showed no distinct optimum LAl, furrow irrigation gave a

range of LAl of 4.5 to 6.5 for optimum corm yield. No consistent

relationship was obtained between LAl per plant and corm yield per

hectare under the various methods of land preparation.
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Percent corm yield (puddled flooded culture versus unpuddled

treatment) ranged from 60 under sprinkler to 106 in the unpuddled

flood treatment with furrow at 92 percent. Corresponding percent net

income were as follows: sprinkler, 52; unpuddled flooded, 96; and

furrow, 87. Returns from flooded plot could be as low as 70 percent.

Yields from flooded puddled plots could be high enough to

compensate for the higher water cost necessary in flooded taro culture

compared with sprinkler and furrow. Additional equipment and weeding

costs in conjunction with reduced yield render sprinkle·' method

uneconomical.

Evidence showing that puddling of soil in flooded taro culture

may not be essential for yields were obtained. Ridging, though giving

no advantage in corm yield, may be necessary in mechanical harvesting

of taro, especially since root spread and growth was less extensive

at time of harvest in contrast with flat culture.

Petiole concentrations of N, P, K, Ca, Mg, Fe and Mn at 3 months

were unaffected by irrigation method. At 6 months, petiole contents

of all the elements were significantly higher in the sprinkler and

furrow irrigated samples. Significantly higher concentrations of all

the elements were obtained in the 7 months main corm samples. Reduced

concentrations in flooded petiole samples was attributed to dilution

effects. Higher nutrient concentrations in corms at 7 months was due

to retranslocation to corms from the rapidly declining top growth.

The N, K, Fe and Mn contents of petioles at 3 months were signifi

cantly increased under ridged culture. The N, P, K, Fe and Mn at 6

months were also significantly higher under ridged culture. There

were no effects of ridging on the concentrations of all the elements
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in 7 months corm and on Ca and Mg in petioles at any age.

Yellowing of leaves due to nitrogen deficiency was observed in

plants grown in the non-flooded field and greenhouse treatment.

From pot experiment it was noted that total plant dry weight at

2 months increased significantly with increasing N rates in both the

flooded and the non-flooded treatments. Response to P was linear in

the non-flooded treatment. In the flooded treatment, total plant

dry weight tended to increase with increasing P rates but not signifi

cantly. Dry weight of petiole increased with increasing N up to

800 kg/ha. No response of petiole to P was obtained. Based on foliage

growth at 2 months, Nand P application, even at very high rates, were

not enough to compensate for the advantages of flooding in taro foliage

dry weights. Root yield was the most depressed plant component by non

flooding of soil.

Pot experiment confirmed the field observation showing that at

any age, highest corm yields were obtained by flooding. Corm yield

increased with increasing water level as follows: flood~ high~ medium>

low. The yield component more adversely affected by non-flooding of

woil was the sucker corm yield. Root production and penetration was

most restricted under non-flooded treatment. Depth of penetration in

pot se1dmn approached 15 em. Rooting was very extensive beyond 9

months age in the high and flooded treatments. With the exception of

P which was higher under flooded treatment, contents of N, K, Ca, Mg,

Fe and Mn in leaf blades and petioles were significantly decreased by

flooding. However, total concentrations of all elements (nutrient

content X dry weight) were higher in the flooded treatment. More Fe,

Mn and P were absorbed by roots grown under flooded culture.
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Results from this study show that the difficulty of heavy

machinery use in flooded, puddled taro culture can be overcome with

no losses in total income by improved crop management practices.

Cultural adjustments suggested for the Wailua area include flooded or

furrow irr~gation of non-puddled soil with 60 cm row (or ridge) spacing,

30 cm or less plant spacing. Based on pot experiment N and Prates

approaching 800 and 1200 kg/ha, respectively may be required.
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Table I. Infiltration Measurement of the Soil Used in the Field Experiment, (The
Soil is a Typic F1uvaqents With Very Shallow Water Table. I = change in depth,

t = corresponding change in time.)

Capacity Intensity
Centimeters Minutes I t I (t + t )

(em) (min) (em) (min) t 2

0 0 0 0 0 0
1.27 4.5 1.27 4.5 17.02 2.25
2.54 11.0 1.2.1 6.5 11.68 7.75
3.81 17.0 1.27 6.0 12.45 14.0
5.08 23.0 1.27 6.0 12.45 20.0
6.35 30.5 1.27 7.5 10.16 26.75
7.62 41.5 1.27 11.0 6.86 36.0
8.89 59.0 1.27 17.5 4.32 50.25

10.16 74.5 1.27 15.5 4.83 66.75
11.43 120 1.27 45.5 1.65 97.25
13.21 150 1. 78 30 3.56 135.0
13.97 180 0.76 30 1.52 165.0
14.73 210 0.76 30 1.52 195.0
15.24 240 0.51 30 1.02 225.0
15.75 270 0.51 30 1.02 255.0
16.00 330 0.25 60 0.51 285.0
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Figure I. Water intake rate Hanalei of soil (Typic fluvaqents)
used in field and greenhouse experiments.



174

Water Application Rate Under Furrow Irrigation
System Using the Orifice Flow Equation

Flow equation:

2g h • (1)

where Qf = discharge into furrows in m3

C = orifice coefficient assumed to be 0.8*

A = area of cross section of siphon in m3

h = head difference

2g = gravitational acceleration (9.81 m/sec )

Furrow length was 18 meters and advance time was 2 minutes.

The value of h was maintained at 2.54 cm at time of water

application from which Qf was computed as 0.00114 m3 per second. Area

irrigated by four siphons running simultaneously was 104.05 m2 (i.e.,

area of a subplot - ~ X 60 square feet (Figure 1). Since applic2tion

rate was 2.5 em per irrigation, time to run four siphons at this rate

was, therefore, 9.6 minutes or approximately 10 minutes (2)

Discharge per siphon = 0.00114 m3/sec

Discharge of 4 siphons = 0.00456 m2/sec

Area irrigated by the siphons = 104.05 m2

Volume of water required to supply 2.5 cm = 2.641 m3

Time to i.rrigate = *= 2.641 m3
X 1 X 0.00456 m3 X ~o mins.

= 9.6 minutes

10 minutes

(2)

*Siphons and coefficient were obtained from Lihue Plantation, Kauai,
Hawaii.
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Table II. Rainfall, Pan Evaporation and Radiation
Data Obtained During the Cropping Season

Cm Per Day Pan Evaporation
and Location of Pan Relative Radiation

Month Rainfall to Experimental rIot (cal/cm2/day)
(em/day) A B C D B

1970

May 0.46 0.59 0.57 0.59 0.52 471
June 0.18 0.59 0.59 0.61 0.57 492
July 0.30 0.56 0.64 0.59 0.58 500
August 0.20 0.62 0.65 0.60 10.60 501
September 0.20 0.56 0.60 0.57 0.57 492
October 0.58 0.46 0.51 0.41~ 0.47 384
November 0.51 0.37 0.42 0.37 0.38 303
December 0.33 0.36 0.47 0.38 0.36 264

1971

January 0.36 0.34 0.38 0.34 0.34 303
February 0.38 0.41 0.41 0.45 0.42 381
March 0.41 0.34 0.43 0.40 0.49 329
April 0.66 0.51 0.50 0.44 0.50 385
May 0.33 0.61 0.64 0.49 0.62 520
June 0.03 0.56 0.75 0.64 0.54 497
July 0.13 0.59 0.77 0.62 0.68 514

Average = 0.34 0.50 0.55 0.50 0.51+

Lsd 0.05 = 0.109 NS

1/ A = 3.6 kilometers from plot
B = 4.2 kilometers from plot
C = 5.8 kilometers from plot
D = 8.7 kilometers from plot

+ No significant difference between these means
indicating that anyone of these locations
could be used to estimate evaporation of the field
plots.
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Figure III. Location of pan evaporation stations relative to
the e{perimental plot. Mean pan evaporation values
from the four locations indicated in map were not
significantly different.
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Table III. Analysis of Variance of 7 Month Corm Yields of Lehua Variety of
Taro Grown Under Different Irrigation Treatments,

Land Preparation and Plant Spacings

Source of Total Main Sucker Total Main Sucker
Variation df Corm Corm Corm Corm Corm Corm

Tons Per Hectare Kilograms Per Plant
Mean Squares

Replications 2 10.4 52.9 18.1 o.on 0.134 O.Oll

Water (m 2 463.8"1: 54.5 204. 9~': 0.809"1: 0.099 0.343
Error a 4 61.6 19.2 22.6 0.109 0.020 0.065
Land Preparation (L) 2 54.9 107.2* 22.0 1. 726** 0.059 1. 1n~':*
1'1 X L 4 124.1 21.4 43.0 0.197 0.036 0.065
Error b 12 64.5 21.4 22.0 0.074 0.024 0.030
Spacing (S) "2 1238.6*"1: 505.8** 164.8*"1: 3.301** 0.305** 1. 613*"1:

WX S 4 1L6 3.8 10.3 0.016 0.010 0.013
L X S 4 38.5 16.4 6.8 0.133 0.009 0.078
1'1 X LX S 8 62.5 12.5 21.9 0.036 0.008 0.013
Error c 36 68.0 13.3 27.3 0.083 0.014 0.041

Total 80
Means 28.2 12.4 15.8 1.12 0.47 0.66
Coefficient of
Veriabi1ity (CV):

Water Treatment (%) 27.8 35.3 30.1 29.5 30.1 38.6
Land Preparation (%) 28.5 37.3 29.7 24.3 33.0 26.2
Plant Spacing (%) 29.2 29.4 33.0 25.7 25.2 30.7

*Significant at 5% level

**Significant at 1% level ~
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Tc:..b1e IV. Effects of Irrigation Methods, Land Preparation and Plant
Spacings on 7 Month Corm Yield and Components

of Yield of Taro (Lehua Variety)

Water Treatment

Sprinkler Furrow Flood
Plant Spacing Land Preparation1!

(cm) R60 R90 F60 R60 R90 F60 R60 R90 F60

Total Corm Yield (tons!ha)2/

30 24.7 22.7 45.9 39.6 31.4 33.5 41.0 42.6 39.8
60 22.6 20.4 25.8 24.6 27.4 23.3 31.2 31.9 30.9
90 21.5 17.7 21.7 19.1 24.0 20.6 26.1 25.2 26.6

Main Corm Yield (tons/ha)2/

30 13.6 11.2 24.3 18.7 12.8 17.7 20.3 16.9 19.9
60 11.1 6.2 12.0 10.1 9.3 10.1 13.6 12.0 l.4.0
90 9.2 6.0 9.2 8.4 9.0 9.7 10.2 8.8 10.7

Sucker Corm Yield (tons/ha)2/

30 11.1 11.4 21.6 20.8 18.6 15.8 20.7 25.7 19.9
60 11.5 14.2 13.8 14.5 18.2 13.2 17.6 20.0 16.9
90 12.3 11.7 12.5 10.6 15.1 10.9 16.0 16.4 15.9

1/R60 = ridges, 60 cm apart; R90 = ridges, 90 cm apart; F60 = flat rows, 60 cm apart

2/Each value is an average of 3 observations

.....
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Table V. Analysis of Variance of 10 Month Corm Yields of Lehua Variety of
Taro Grown Under Different Irrigation Treatments,

Land Preparation and Plant Spacings

Source of Total Main Sucker Total Main Sucker
Variation df Corm Corm Corm Corm Corm Corm

Tons Per Hectare Kilograms Per Plant
Mean Squares

Replications 2 265.2 217.4 58.8 0.393 0.336 0.044
Hater (H) 2 1218.5* 111. 7 597 • 5~': 0.977 0.082 0.502
Error a 4 184.6 71. 7 53.8 0.304 0.110 0.087
Land Preparation (L) 2 19.6 66.6 46.4 3.310** 0.125 7:* 2.176**
HXL 4 79.4 16.6 32.6 0.136 0.015 0.085
Error b 8 45.2 30.3 24.3 0.105 0.012 0.074
Spacing (S) 2 1007.6** 564.4** 77.7 9.246** 0.4547:* 5.650**
H X S 4 45.9 10.5 20.4 0.082 0.017 0.040
LX S 4 144.8 13.5 85.2 0.101 0.010 0.085
l-l X L X S 8 63.8 16.3 27.6 0.249 0.028 0.138
Error c 36 81.7 19.9 40.1 0.111 0.027 0.060

Total 80
Means 41.35 15.45 25.89 1.65 0.58 1.07
Coefficient of
Variability (CV):

Hater Treatment (%) 32.9 54.8 28.3 33.4 57.2 27.6
Land Preparation (%) 16.3 35.6 19.4 19.6 18.9 25.4
Plant Spacing (%) 21.8 28.9 24.5 20.2 28.3 22.9

*Significant at 5% level
**Significant at 1% level

I-'
00
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Table VI. Effects of Irrigation Methods, Land Preparation and Plant
Spacings on 10 Month Corm Yield and Components

of Yield of Taro (Lehua Variety)

Water Treatment

Sprinkler Furrow
1/

Flood
Plant Spacing Land Preparation

(cm) R60 R90 F60 R60 R90 F60 R60 R90 F60

Total Corm Yield (tons/ha)2/

30 38.1 44.6 34.1 41.3 47.7 51.5 61.7 56.9 48.8
60 41.5 29.5 37.0 41.8 40.4 37.7 57.9 42.0 49.0
90 23.3 31.0 34.1 35.8 38.1 35.0 39.5 36.8 41.3

Main Corm Yield (tons/ha)2/

30 17.4 19.0 16.2 18.8 16.6 25.4 25.6 20.2 22.6
60 16.9 10.1 15.6 14.3 13.2 12.9 21.4 14.3 17 .2
90 8.9 7.7 11.0 10.3 11.0 13.1 13.2 10.8 13.7

Sucker Corm Yield (tons/ha)2/

30 20.7 25.6 17.9 22.5 31.1 26.1 36.2 36.7 26.2
60 24.6 19.4 21.4 27.3 27.2 24.8 36.5 27.7 31.8
90 14.4 23.4 23.1 25.5 27.2 21.9 26.3 26.0 27.6

1/R60 = ridges, 60 em apart; R90 = ridges 90 cm apart; F60 = flat rows, 60 cm apart

2/Each value is a mean of 3 observations
I-'
CXl
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Table VIr. Effects of Irrigation Methods, Land Preparation and Plant
Spacings on 13 Month Corm Yield and Components

of Yield of Taro (Lehua Variety)

Water Treatment

Sprinkler Furrow Flood
Plant Spacing Land Preparation1!

(cm) R60 R90 F60 R60 R90 F60 R60 R90 F60

Total Corm Yield (tons!ha)2/

30 26.0 32.0 36.4 61. 8 76.7 83.5 66.4 62.7 71.2
60 26.7 23.8 24.4 58.5 67.0 55.9 59.0 64.0 67.7
90 27.5 23.8 13.0 52.7 54.5 48.6 64.3 62.0 62.7

Hain Corm Yield (tons/ha)2/

30 12.4 10.6 14.5 20.6 24.6 34.2 29.5 25.1 27.9
60 10.2 6.5 8.2 17 .2 15.3 17.4 20.3 18.5 24.0
90 9.2 5.5 4.6 17.7 12.1 16.1 19.8 15.3 19.9

Sucker Corm Yield (tons!ha)2!

30 13.6 21.4 22.0 41.2 52.1 49.4 36.9 37.6 43.3
60 16.5 17 .2 16.3 41.3 51.8 38.5 38.7 45.6 43.6
90 18.3 18.2 8.4 35.0 42.4 32.4 44.4 46.7 42.9

1!R60 = ridges, 60 cm apart; R90 = ridges, 90 cm apart; F60 = flat rows, 60 cm apart

2/Each value is a mean of 3 observations
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Table VIII. Analysis of Variance of 13 Month Corm Yields of Lehua Variety of
Taro Grown Under Different Irrigation Treatments,

Land Preparation and Plant Spacing

Source of Total lofain Sucker Total }fain Sucker
Variation df Corm Corm Corm Corm Corm Corm

Tons Per Hectare Kilograms Per Plant
Mean Squares

Replications 2 306.4 116.0 49.3 0.82 0.19 0.21
Hater 0'1) 2 12578.2** 1302.8*"''c' 5880.4** 23.35** 2.14** 11.4**
Error a 4 706.9 60.5 382.4 1.13 0.08 0.66
Land Preparation (L) 2 54.7 97.8i.....'c' 202.8 9.03** 0.14** 6.87**
HXL 4 85.2 19.9 55.4 0.66** 0.03 0.47*
Error b 12 57.6 8.4 60.6 0.023 0.016 0.13
Spacing (S) 2 1000.5** 578.8*"''c' 73.4 20.05** 0.93** 12.35**
WX S 4 198.0 22.9 155.4* 2.11*"''c' 0.11** 1.30**
LX S 4 215.3~'c' 26.4 94.6 O. 82~'c'* 0.03 0.73**
HXLXS 8 54.9 21.1 17.4 0.102 0.014 0.07
Error c 36 78.7 10.7 59.3 0.140 0.018 0.101

Total 80
Means 50.84 16.92 33.92 2.13 0.66 1.47
Coefficient of
Variability (CV):

l-later Treatment (%) 52.3 46.0 57.7 49.9 42.9 55.3
Land Preparation (%) 14.9 17.1 22.9 7.1 19.2 24.5
Plant Spacing (%) 17.4 19.4 22.7 17 .6 6.3 21.6

--
*Significant at 5% level

**Significant at 1% level I-'
co
+:-



Table IX. Significance of Departure from Linear Regression
of Leaf Area of Taro and Length Measurement

Using Dimension Number 4, Figure 14

185

Source
of

Variation

Deviation from
curvilinear
regression

Deviation from
linear
regression

Increase in
sum of squares
due to curvilinear
regression

df

101

100

1

Sum
of

Squares

560832.8

547587.9

13224.9

Mean
Squares

1.024

F = 13,224.9 = 12934.5
1.024



Table X. Analysis of Variance of Corm Yields (Total,
Main and Sucker Corms) of Lehua Variety of Taro
Harvested at Four Dates and Grown at a Gradient

of Four Moisture Levels in Potted Soil

186

Mean Squares
Total Corm

Main Corms Yield

(a)
Source of
Variation df

Water (W) 3
Date (D) 3
WXD 9
Error 32

Total 47

cv %

(b)
Source of
Variation

Water (W)
Date (D)
WXD
Error

Total

cv

df

2
3
6

23

34

32

650 i :*
435**

37 i : i :

12

25

2066**
1180i,"*

171i,"*
13

18

Mean Squares

Sucker Corm

406 i :*

17
185**

6

32.56

*Significant at 5% level
in~Significant at 1% level

l/Part (b): Analysis different since some replications
produced no suckers at low moisture levels



Table XI. Analysis of Variance of the Effects of Flooded
and Non-flooded Soil Conditions and N and P Treatments

on Two Month Vegetative Growth of Taro

Mean Squares of Dry Weights
Source of
Variation df Total Blade Petiole Root

Replications 2 18.38 6.20 3.23 3.85

Water (W) 1 3106.89** 158. 52"ih', 377.84** 496.80"1'(";'(

Nitrogen (N) 2 2137. 48"1'rn 259. 34*1( 540.44"1'(* 66. 43*"I'(

Phosphorus (P) 2 213.l8*1( 32.28"1'(";'( 55. 54*"I'( 21. 79

~v X N 2 284.l2ki( 12.16 53.47id( 31. 5l"l'(

WXP 2 30.47 11.60 46. 88im 14.09

N X P 4 44.65* 4.67 20.64"1'(* 5.00

WXNXP 4 10.10 4.50 8.53 i( 4.68

Error 34 13.56 4.48 5.70 7.99

Total 53

i(Significant at 5% level

"I'd(Significant at 1% level

187
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Table XII. Taro Production Costs and Returns Per Hectare1/

Item

Receipts

741 bags @ $8.00

Production costs

Labor for growing

Labor for harvest
and marketing

Haterials

Equipment

Overhead (rent,
taxes, insurance)

Total costs

Net income

Dollars

5,928

785.5

1,605.5

896.6

111.2

335.9

3,734.7

Perc""'J.t
of Production

Costs

21

43

24

3

9

100

Percent
of Gross
Receipts

100

63

Receipts - production
costs 5,928 - 3,734.7 = 2,193.3

l/R. N. Anderson, J. L. Barron and W. G. Marders,
Planning for Community Development in Hanalei,
Department of Agricultural and Resource Economics,
University of Hawaii, March, 1972 (Figures changed
from values per acre to corresponding values per
hectare).
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