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Abstract: A split-split-plots experiment in a randomized complete block design with three replications was setup
to determine the impact of nitrogen fertilization on the physiological aspects (height, leaf area index (LAI),
number of leaves and number of suckers) of two improved taro cultivars (Samoa 1 and Samoa 2). Each replicate
contain two main plots (cultivars) which were split to accommodate three nitrogen rates (0, 100, 200 kg ha ).1

These were further split to have five sampling dates (35, 70, 105, 140, 175 days after planting (DAP)). The data
collected from the experiment were analysed using the GenStat statistical software. The LAI, plant height,
number of leaves and suckers of Samoa 1 and Samoa 2 were increased during the early growth stages until 105
and 140 DAP before declining at 175 DAP. The difference in plant height, LAI, number of leaves and suckers
were highly significant (P<0.001) between the two cultivars during the five harvest dates (DAP). The difference
in plant height between the two cultivars was also significant (P = 0.04) as result of nitrogen fertilization.
Moreover, the difference in LAI between the two cultivars was significant (P = 0.003) as well. The results had
shown that there were significant differences between the two cultivars with regards to their physiological
aspects.
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INTRODUCTION Nitrogen  is  one   of   the   most  influential nutrient

During the last century, agriculture in Samoa and  yield  [5].  It  is  often the most limiting mineral
supported half of the country’s population and farmers nutrient   for   taro   growth,  nitrogen   deficient  taro
working on taro plantations earned more income than plants  have   stunted  roots,   yellowing  of the leaf
those working on other crops [1]. Samoa started exporting blades,  premature  death  of  older  leaves, and lower
taro to New Zealand in 1957, followed by exports to yields  [6,  7].   Under   optimum   nitrogen  supply, taro
Australia and America [2]. Taro production was has  four    distinct     growth    stages:   early
temporarily interrupted by cyclones Ofa in 1990 and Val in establishment (40 DAP), corm initiation to early
1991, but much worse followed in June 1993 during the enlargement  (40-90DAP),  maximum  corm enlargement
taro leaf blight (TLB) outbreak in Samoa [3]. TLB is an (90-130   DAP)    and    maturity   stage     (130-160   DAP)
aerial pathogen that hinders taro production, and is the [8, 9].   Jacobs   (1990)   conducted   an  experiment  on
most destructive Oomycete disease of taro [4]. After years four  local   Samoan   taro   cultivars   (Niue,  Manua,
of research, TLB resistant taro cultivars were developed Samoa hybrid and Alafua Sunrise) to determine their
which are assisting in the revival of taro production in response  to  applied  nitrogen.  The  study  concluded
Samoa. Two of the TLB resistant taro cultivars (Samoa 1 that  the  application   of   nitrogen   increased  the leaf
and Samoa 2) were selected for this study to determine the area,  number  of  leaves, root surface area, dry weights
effect of three nitrogen rates (0, 100, 200 kg ha ) on their and nitrogen content of the cultivars under investigation1

physiological aspects. [10].

in   terms     of    crop    growth,    biological  production
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MATERIALS AND METHODS contained 16 plants spaced; the inner 4 plants were

The  experiment   was   conducted   at  the  USP nitrogen  rates  (0,  100  and 200 kg ha ) were applied
Samoa,  Alafua  Campus  (13  51°S  171   47°W). The soil (split  application)  to  each  plant  during the first month
in   the    study   area   is   a   well   drained  Inceptisol of planting whereby the nitrogen was applied as urea
(very fine, halloysitic, isohyperthermic family of the (46% nitrogen). The experiment was kept free from weeds
Fluventic-Oxic  Dystropepts),  specifically  classified as throughout by hand weeding and by spraying with the
the Alafua  soil  series [11]. The pre-plant soil nitrogen Gramoxone herbicide.
was  0.38%  (medium  level,  according to Blakemore The plant height, LAI, number of leaves and suckers
(1981))  and  the   average   soil   pH   was  6.1 at the 0-15 of the two cultivars were collected on a fortnightly basis.
cm  soil  depth. The mean lowland daily temperature The plant height which was defined as the distance from
ranged from 27 °C to 30 °C while the monthly rainfall ground level to the highest leaf blade was measured using
ranged from 250 to 700 mm and the site was previously a meter ruler. The LAI was measured using the LAI-2200
used by IRETA (Institute for Research, Extension and Plant Canopy Analyser by LI-COR Biosciences. Leaf and
Training in Agriculture) for planting taro during the past sucker numbers were counted and recorded during the
decades. fortnightly measurements on the same plant during the six

Samoa 1 and Samoa 2 taro cultivars were planted in months of the study. Rainfall data were collected using
the field for six months. The planting materials were the WatchDog 2000 Series weather station from Spectrum
randomly arranged in a split-split plot design and Technologies, Inc (Illinois, USA). Data collected were
replicated three times. Each replication contained two subjected to the standard analysis of variance (ANOVA)
main plots (cultivars) which were splited into three of a split-split plot design using the GenStat Discovery
nitrogen rates (0, 100 and 200 kg ha ), and then split Edition 4 statistical software. The comparisons between1

again to accommodate five dates of harvest. The taro the treatment means were created using the least
cultivars were planted in holes of 20 cm deep and 10 cm significant difference (LSD) at the 5% probability level (P
wide  and   spaced   at   1   x  1  meter  apart.  Each  subplot values <0.05).

sampled for physiological measurements. The three
1

RESULTS

Monthly Rainfall During Field Experiment:

Fig. 1: “Weekly rainfall recordings at the project site.” 

The weekly rainfall recorded shows wet conditions in Feb). The high humid conditions in the early months of
the first 3 months of the year with the highest weekly the year coincide with the wet seasonal months. Most of
rainfall recorded in week 5 (end of Jan to beginning of the weeks registered rainfall above 50 mm with generally
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less  rainfall  in  July  and  August  when  drier  than needed  rain to the Alafua area. The high rainfall
normal   rainfall    conditions   set   in.  The   second conditions in the first 4 months of the year positively
highest  weekly  rainfall  was   recorded  in the second impacted on the taro growth and are also thought to have
week of  May.  The  subsequent  2  weeks  also influenced treatment effects and cultivar responses in this
experienced  fairly     good       rainfall   brining       much research.

Plant Height:

Fig. 2: The effect of three nitrogen rates and five harvest dates on the heights (cm) of Samoa 1 and Samoa 2.

The differences between the heights of Samoa 1 and experienced during the first four months of the growing
Samoa 2 as a result of the three rates of nitrogen (P = 0.04) season (January to May) is responsible for this extended
and the five harvest dates (P < 0.001) are significant. Also, vegetative growth.
the interaction between the nitrogen rates and harvest
dates is highly significant (P < 0.001). The heights was Leaf Area Index (LAI):
increased from 35 DAP and peaked at 140 DAP at 100 kg
ha  of nitrogen for both cultivars which ranged from 40-1

115 cm for Samoa 1 and 58-114 cm for Samoa 2.
Afterwards, the heights of the two cultivars started to
decline, with Samoa 1 dropping from 94 to 89.2 cm, while
the height of Samoa 2 was reduced from 100 to 97.2 cm.
Previous work on a local taro cultivar (Niue) in Samoa
supported the above results in which the taro heights at
30 DAP was 60 cm, while at 60 DAP the heights reached
82 cm and continued to increase until 120 DAP whereby
the heights started to decline [12]. Furthermore, Amosa Fig. 3: The effect five harvest dates on the LAIs of
(1993) found that taro plant heights at 40 and 80 DAP Samoa 1 and Samoa 2.
were approximately 50 and 90cm, respectively in a study
conducted in Hawaii. Similar taro heights at 30, 60 and 90 There are significant differences in LAI between the
DAP were recorded in Uganda [13]. Therefore, the heights cultivars (P = 0.003) and between harvest dates (P <
achieved by Samoa 1 and Samoa 2 are in accordance with 0.001). However there is no significant difference with
the heights reported by other researchers mentioned respect to the influence of the applied nitrogen on the
above. However in the above study, the maximum heights LAIs of the two cultivars. The LAI for Samoa 1 and Samoa
at all rates of nitrogen were achieved at 140 DAP which is 2 increased from 35 to 140 DAP where they obtained
a bit late compared to other studies [12, 14]. This would maximum LAIs of 2.15 at the 0 kg ha  and 2.93 at the 100
suggest that the vegetative growth of the crop was kg ha  N, respectively. The highest LAIs were attained
extended in this study and it is thought that high rainfall at the same time when the cultivars were at their maximum

1

1
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heights. Sivan (1976) provided similar results when he planting date to 7 after six months of planting. Amosa
measured the maximum LAIs for Tausala ni Samoa (2) and (1993) also found similar results where the number of
Qaweni Urau (3) taro cultivars at 119 DAP. Further leaves at 140 DAPS was 13, while Tumuhimbise et al.
support for the attainment of maximum LAI at midway (2009) recorded a 50 % rise in l eaf numbers after 30 days
through the growing season was put forward by Amosa of planting.
(1993),who found that the Lehua cultivar in Hawaii
reached a maximum LAI of 1.6 at 150 DAP. Miyasaka Sucker Production:
(2003) also reported that the LAI for the Bun Long cultivar
in Hawaii reached a maximum LAI of 3 as it approached
maturity. Likewise, the maximum LAIs for the Blanca (2.0)
and Lila (2.1) cultivars were both recorded at 145DAP [15].
Hence as stated by [14-16] and from the results above, the
maximum LAI of taro is expected somewhere between 120
and 150 DAP. 

Number of Leaves:

Fig. 4: The effect of five harvest dates on the number of (1976), who concluded that suckers only emerged from the
leaves of Samoa 1 and Samoa 2. mother plants at 65 DAP and continued to accumulate

The difference in the number of leaves between the Qawe ni Urau cultivars had 9, 3 and 4 suckers respectively
two cultivars at the five harvest dates is highly significant during harvest. Meanwhile, ..........[17] found that
(P < 0.001). Also, the difference in the number of leaves traditional Samoan taro cultivars such as Niue, Paepae,
between Samoa 1 and Samoa 2   is   significantly   different Tusitusi and Pula all increased sucker production during
(P = 0.005). The interactions between the nitrogen rates the seven months of growth and development. In Fiji, the
and harvest dates (P = 0.004) as well  between  the Tausala ni Samoa increased its suckers from 1 to 3, while
cultivars and harvest dates (P < 0.001) are also significant. Vula Ono showed a 60% jump in sucker production after
The numbers of leaves for the two cultivars increased the application of higher levels of nitrogen [18].
during the growing season from 35 to 175 DAP. For
example, the number of leaves of Samoa 1 accumulated up DISCUSSION
to10 while Samoa 2 increased its leaves to reach 13 after
six months of growth and development. Despite that, the Jacobs (1990) suggested that higher levels of
number of leaves for Samoa 1 was increased from 6 to 7 nitrogen will increase the leaf area and the number of
when the rate of nitrogen was raised to 100 kg ha , but leaves of traditional and improved taro cultivars during1

the application of 200 Kg ha did not change the number the early growth stages. Similarly, Prasad (1999) had-1

of leaves which still remained at 6. The above results are shown that the number of suckers of Vula Ono all
also supported by Cable and Asghar (1983) after increased after improving the nitrogen rates from 0 to 200
comparing the performance of six traditional Samoan taro kg ha . As shown in Fig. 3, the LAI for Samoa 1 and
cultivars. The two researchers concluded that the Faeleele Samoa 2 was increased from planting until they both
cultivar increased its leaves production from 0 at the initial reached maximum LAI’s (Samoa 1 = 2.2; Samoa 2 = 2.9) at

Fig. 5: The effect of five harvest dates on the number of
suckers of Samoa 1 and Samoa 2.

The number of suckers produced between each of the
five harvest dates is highly significant (P < 0.001). Sucker
production started at 70DAP for both Samoa 1 and Samoa
2 and the number of suckers rapidly accumulated from 70
to 140 DAP until 175 DAP, where a gradual decline was
observed. The above results are supported by Sivan

until the final harvest. The Hawaii, Tausala ni Samoa and

1
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140 DAP. Afterwards, the two cultivars LAI declined at 6. Osorio, N., et al., 2003. Nitrogen level and form affect
harvest. Likewise, the maximum heights of 115 and 114cm taro growth and nutrition. HortScience, 38(1): 36-40.
were recorded for Samoa 1 and Samoa 2, respectively at 7. Miyasaka, S.C., R.T. Hamasaki and R.S. De la Pena,
140 DAP with the application of 100 kg ha  of nitrogen. 2002. Nutrient Deficiences and Excesses in Taro.1

For the leaves production, Samoa 2 (13) had more leaves 8. Manrique, L.A., 1994. Nitrogen requirements of taro.
than Samoa 1 (10), while the application of different rates Journal of Plant Nutrition, 17(8): 1429-1441.
of nitrogen had no significant effect on the number of 9. Pardales Jr, J., 1986. Characteristics of growth and
leaves produced by each cultivar. However, the number development of taro (Colocasia esculenta (L.) Schott)
of suckers produced by Samoa 1 and Samoa 2 peaked at under upland environment. Philippine Journal of Crop
140 DAP and the addition of 100 kg ha  of nitrogen Science, 11(3): 209-212.1

produce highest number of suckers in the two cultivars. 10. Jacobs, B., 1990. Accumulation and partitioning of
Lastly, the weather data collected from the Watchdog dry matter and nitrogen by improved and traditional
weather station also revealed that at 175 DAP (July) the cultivars of taro under varying nitrogen supply. in
total rainfalls drastically declined from 100.3 to 12.7 mm. Final report to IRETA on research conducted by Dr.
On the other hand, the mean temperatures at 140 and 175 Brent C. Jacobs and collaborators., USP, Editor. 1990,
DAP were almost the same at 26 and 26.5°C, respectively. USP: USP Alafau.
Hence, the changes in environmental parameters such as 11. Schroth, C.L., 1970. Analysis and prediction of the
the rainfall distribution within the growing season may properties of Western Samoa soils. 1970, [Honolulu].
also contribute to the trends observed in the 12. Rogers, S., et al., 1992. Effects of shade and mulch on
physiological aspects of Samoa 1 and Samoa 2. the growth and dry matter accumulation of taro
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