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Abstract

Stevia in the area.

Keywords: Stevia; Nitrogen; Phosphorous; Growth and Stevia leaf yield

A field trial was conducted at Menagesha Cheshire Rehabilitation center to investigate the effect of nitrogen and phosphorus application on
growth and yield of stevia during 2014 /15 and 2015/16 cropping season in supplementary irrigation. The treatments consisted of four levels of
N (0, 23, 46, and 96kg ha-1) and four levels of P (0, 10, 20 and 30kg ha!) arranged in Randomized Complete Block Design with three replications.
The main effect of nitrogen had a significant influence on leaf and above-ground biomass yield of Stevia. The main effect of phosphorous had no
significant effect on all of the parameters. The interaction effect of nitrogen and phosphorus were significantly affected number branch per plant,
fresh leaf weight and above-ground biomass yield of Stevia. Significantly higher fresh leaf yield (17.18t ha') was obtained from the combined
application of 23/30NPkg ha*and 46 /0NPkg ha'. The maximum above-ground biomass (28.3t ha'!) was recorded from the combined application
of 23/30NP kg ha. In conclusion, the results revealed that nitrogen and phosphorous at moderate rates led to a significant increment in growth
components and leaf yield of Stevia. Thus, be realized that the application of nitrogen and phosphorous noticeably increases the production of

Information

Stevia rebaudiana Bertoni, known as the “sweetest plant of the
world”, belongs to the family Asteracea and is native to the South
American center of diversity. The world of sweetness has seen a
sweeter change in the recent past with the introduction of stevia
sugar obtained from leaves of stevia containing compounds about
250 to 300 times sweeter than the table sugar [1]. The substance
of interest is stevioside, rebaudioside - A and at least six other
compounds that have glucosidal groups attached to a three-car-
bon ring central structure. Stevioside could be equivalent to the
sweetening power of 28 tons per acre of sucrose sugar [2]. Though
these sugars have sweetening qualities, they have been found to
contribute to calories and are not advised for the consumption by
diabetic patients.

Growth, yield, and quality of Stevia are not affected by ge-
netic factors, but also environment and one of them is nutrient
availability for the plant. The main nutrients required by the plant
were nitrogen and phosphorous. Nitrogen is an essential nutri-
ent that could improve growth during the vegetative phase and
protein synthesis. According to Hardjowigeno [3] nitrogen is ap-
plied in the plant, which is going to be taken the leaves, because
it would make the foliar grow well. Sufficient nitrogen in the soil
would make the plants look greener, which means that nitrogen

plays its role in forming chlorophyll for the photosynthetic pro-
cess. Phosphorus is needed for normal growth and development
of the plants due to its vital role in chlorophyll synthesis and in-
volvement in various physiological and metabolic processes of the
plant. Based on this information, it is presumed that the produc-
tion of Stevia in Ethiopia is very important however there is lack
of cultivation technology on Stevia, therefore this trial aimed to
improve Stevia productivity.

Materials and Methods

The experimental site, design, and treatments

The experiment was conducted at Menagesha Cheshire Re-
habilitation center, Ethiopia. Menagesha Rehabilitation Cen-
ter-Cheshire is located 20km west of Addis Ababa at 09°03'N lati-
tude and 38°34' 60”E longitude with an altitude of 2812masl. The
site receives a mean annual rainfall of 1056mm with minimum
and maximum temperatures of 6 °C and 22 °C, respectively. The
soil is clay with an average pH of 5.4. Experimental plots were es-
tablished in October; 2014 /15. The experiment comprised a facto-
rial combination of four levels of N (0, 23, 46, and 96kg ha') and
four levels of P (0, 10, 20 and 30kg ha) arranged in Randomized
Complete Block Design (RCBD) with three replications. The sourc-
es of N and P were urea (46% N) and triple superphosphate (TSP)
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(46% P,0,), respectively. Stevia (rebaudiana Bertoni) was used as
a test crop. For seedling preparation, soft stem cutting of 15cm
length was taken from one-year-old disease-free Stevia mother
plants maintained at Wondo Genet Agricultural Research Center
botanical garden. Seedlings were raised in the nursery for three
months in polyethylene pots. Transplanting was done in October
2015. A spacing of inter-row 50cm and intra-row 30cm were used
for transplanting. Nitrogen fertilizer was applied in three equal
splits in each year’s (following the treatment), 1/3 during trans-
planting, and the remaining N was applied on top dressed in two
equal splits at subsequent ratoon plant immediately after the first
and second harvest done. The full dose of phosphorus fertilizer
was applied at transplanting following the treatment. This was
followed and maintained for each cutting throughout the crop
season during both the years. First cycle harvesting was done four
months after transplanting; the plants were cut uniformly 15cm
above the ground level whereas the succeeding crops were har-
vested at a regular interval of three months for two consecutive
years. All pertinent data were collected from net plot five selected
plants excluding plants from either end of the rows.

Soil analysis

Soil samples were collected from a depth of 30cm before
planting at random, and one complete composite sample was

dry leaf weight in kg ha™ was taken three times each year and the
values summed up and the average value of two years was used
for analysis.

Data analysis

All data were subjected to analysis of variance (ANOVA) using
Statistical Analysis Software [7]. The difference among significant
treatment means was tested using the least significant difference
(LSD) at 5% level of significance.

Result and Discussion

Major physico-chemical properties of the soil

The result of the physical and chemical analysis of experimen-
tal soil revealed that the textural class of the surface soil (0-30cm)
was clay with a particle size distribution of 14% sand, 28% silt
and 58% clay. According to Tekalign [8] and Landon [9], the chem-
ical analysis showed that the soil was moderately acidic with rel-
atively low nitrogen, low organic matter, and low organic carbon
and high available phosphorus. The available P, total N and organ-
ic carbon of the soil were 24mg kg™, 0.12%, and 2.3% respectively.
Such soil often responds to P and N application according to Amar
[10] and Landon [9] respectively (Table 1).

Table 1: Pre- transplanting chemical properties of soil (0-30cm depth).

prepared to determine the particle size distribution and chemical Property Values/Type
properties of the soil. Soil texture was determined by Bouyoucos Sand (%) 14
hydrometer method [4], Organic matter determined based on the Silt (%) 28
oxidation of organic carbon with acid dichromate medium fol- Clay (%) 58
lowing the Walkley and Black method And total N determined by
. . . . . Texture class Clay
Kjeldahl method [5] and available soil P determined using Olsen
& Dean [6] method. Soil pH determined in 1:2.5 soil: water ratio pH 54
using a glass electrode attached to a digital pH meter CEC micros/m 276
) Total Nitrogen (%) 0.12
Data on plant height, number of branches per plant, were re-
. Organic carbon (%) 2.3
corded from each harvesting cycle and each year and the average
value of year was used for analysis. In addition to this, the cumu- | Avilable Phosphorous (mg kg-1) 24
lative value of fresh leaf weight, fresh aboveground biomass, and C: N ratio 15.2
Plant height and Number of primary branches per plant
Table 2: Pre- transplanting chemical properties of soil (0-30cm depth).
Source of Variation DF PH NBPP FLW (tha?) DLW (tha) FAGB (tha)
Replication 2 0.11 2.31 6680777 560003.6 13275052
Nitrogen 3 2.45ns 34.97ns 13765279.7* 2169765.7* 32976995.3*
Phosphorous 3 7.81ns 13.92ns 2671301.6ns 564407.4ns 19712119.4ns
NxP 9 9.71ns 54.57* 11437225.3* 622186.54ns 27809165.8*
Error 30 4.96 13.6 4903090 298157.2 8300903
CV% 7.04 9.8 14.6 13.2 12.92

*Significant at p<0.05, ns=Not Significant at p<0.05, Ph = Plant height, NBPP= Number of branches per plant, FLW = fresh leaf weight, FAGB

=Fresh aboveground biomass weight, and DLW= Dry leaf weight.

The main effect, as well as the interaction effect of N and P, did
not show a significant difference (P>0.05) on the plant height of
Stevia (Table 2). The interaction effect of nitrogen and phospho-
rous on the number of primary branches per plant were signifi-
cant (P<0.05); however, the main effect of nitrogen and Phospho-

rous didn’t affect the number of primary branch per plant (Table
2). Maximum number of primary branch per plant (44 plant!) was
obtained in a response of combined application of 69/20 NP kg
ha! which was statistically parity with number of primary branch
per plant (39),(39),(42),(41) & (42) obtained at the combined
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application of 23/10NP kg ha', 23/20 NPkgha, 23/30 NPkgha?,
46/0 NPkgha', 46/10 NPkgha respectively, followed by the com-
bined application of Okg ha'+30 Pkg ha?, 69 Nkgha'+10Pkg ha*,
69Nkgha'+30Pkgha.

Table 3: Main effects of nitrogen and phosphorous on average plant

height and Dry leaf weight of Stevia over the 2014/15 and 2015/16 crop-
ping season.

Treatments Plant Height (cm) | Dry leaf weight (kg ha)
Nitrogen (kg ha)
0 31.4 3548b
23 32.2 4511a
46 31.2 4115a
69 31.7 4371a
LSD NS 455.3
Phosphorous (kg hat)
0 30.4 3844
10 319 4244
20 32 4113
30 32.2 4344
LSD 5% NS 455.3
Nitr(};izr;:up;hos— NS NS
CV% 7.04 13.2

Means followed by the same letter within a column are statistically
non-significant at p<0.05 probability level; CM = Cent meter; CV=Coef-

ficient of Variance; LSD= Least Significant Difference.

Increasing nitrogen and phosphorus fertilizer on the Stevia
plant enhance the number of primary branch per plant over the
control. This could be an adequate supply of nitrogen is associated
with vigorous vegetative growth and more efficient use of other
nutrients. The results are in accordance with the findings of Ala-

dakatti et al. [11], who reported the increased number of branch-
es and leaves plant! of Stevia with higher nitrogen and phospho-
rus. Chalapathi et al. [12], who also reported an increased number
of branches plant™ with nutrient levels of 40:30:45 kg NPK ha' in
sandy loam soils at Bangalore.

Fresh leaf weight (t ha') and dry leaf weight (t ha')

The application of nitrogen was significantly (P<0.05) affect-
ed fresh leaf weight; while no significant variation in fresh leaf
weight was observed due to the application of phosphorus. The
interaction effect of nitrogen and phosphorus was also found to
be significant on fresh leaf weight (Table 2). Although the results
were inconsistent, the interaction of nitrogen with phosphorous
significantly influenced the fresh leaf weight of stevia. Maximum
fresh leaf weight (19.3t ha') was recorded from the combined ap-
plication of 69/20kg ha! which was in statistical parity with the
fresh leaf weight obtained in response to the combined application
of23/10,23/20,23/30,46/0 and 69/10NP kg ha™. Increasing the
rates of nitrogen rates from 0 to 23N kg ha-1 with phosphorous
rates resulted in higher fresh leaf yield; beyond that showed de-
creasing trend except for the combined application of 69/10 and
69/20NP kg ha. Increasing nitrogen and phosphorous rates from
0 to 23/30NP, and 69/20NP kg ha* resulted in about 39.3%, and
56.4% additional increased in fresh leaf weight. The significant
increase in fresh leaf weight in response to the increased rates of
nitrogen and phosphorous application might be ascribed to the
increased availability of nitrogen in the soil for uptake by plant
roots, which may have sufficiently enhanced vegetative growth
through increasing cell division and elongation. The results are in
accordance with the findings of Aladakatti et al. [11], who report-
ed that the highest fresh leaf weight of Stevia with the application
of 400N kg ha* with 200Pkg ha * in medium black, clay soil, India.
Inugraha et al. [13] at Malang also reported applying 200N kg ha™
with 225kg K, 0 ha obtained higher fresh leaf yield of Stevia.

Table 4: Average number of branch per plant, Fresh leaf weight and Fresh Above ground-biomass of Stevia as affected by the interaction effect of
nitrogen and phosphorous over the 2014/15 and 2015 /16 cropping season.

Nitrogen (kg ha') | Phosphorous (kg ha?) Al Slf:;am:h PeT | Eresh Leaf Weight (tha') | Fresh Above Ground Biomass (t ha')

0 35c-f 12.33cd 17.95e
10 33ef 13.97bcd 17.90e
0 20 33ef 14.27bcd 19.06e

30 38b-f 14.53bcd 21.71cde

0 33ef 14.06bcd 19.34de

10 39a-d 15.91abc 24.69abc

23 20 39a-d 15.94abc 23.37bcd
30 42ab 17.18 ab 28.34a

0 4labc 17.19 ab 24.73abc

10 42ab 15.43 cd 22.68b-e

%0 20 32f 11.91d 21.78cde

30 35c-f 15.85bc 22.66b-e

0 35c-f 14.57cd 20.75cde

o9 10 38b-f 16.15 ab 23.36bcd
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20 44a 19.29a 27.20ab

30 38b-f 14.92bcd 21.36c¢cde
LSDO0.05 6.15 3.69 4.8
CV% 9.8 12.9 14.6

Means followed by the same letter within a column are statistically non-significant at p<0.05 probability level; CV=Coefficient of Variance; LSD=

Least Significant Difference.

Applying phosphorous rates with absences of nitrogen result-
ed in lower fresh leaf weight; this result confirmed that nitrogen
fertilizer responded to the crop due to low nitrogen nutrients
found in the soil (Table 1 & 4).

Significant differences were observed due to the main effect
of nitrogen on the dry leaf weight of Stevia. However, the main
effect of phosphorous, as well as its interaction with nitrogen, did
not affect dry leaf weight. Increasing the rate of nitrogen applica-
tion from 0 to 23kg N ha™ resulted in about a 27.1% additional
increase in the dry leaf yield. However, the dry leaf yields obtained
at 23, 46 and 69 kg N ha were in statistical parity (Table 3). Con-
firming the results of this study, Rashid et al. [14] reported that
dry leaf yield increased significantly at 60 kg N ha! compared to
the control treatment. Conduct experiment at Egypt also showed
a significant increase in dry leaf biomass yields of Stevia when
nitrogen fertilizer was increased from 10 to 30kg N ha wherein
the dry leaves yield increased by 64 percent compared to a lower
dose [15]. This result is in contradictory with that of Aladakatti
etal. [11] who reported that dry leaf yield increased significantly
from 9.5 to 11.42t ha due to increased nitrogen application from
200 to 400kg N ha. Increased dry leaf yield was also reported by
Shock [2] in Japan with a moderate application of nitrogen, phos-
phorus, and potassium.

Fresh above-ground biomass (t ha)

Fresh aboveground biomass was significantly (P<0.5) in-
fluenced by the main effect of nitrogen and its interaction with

phosphorous. However, the main effect of phosphorous didn’t
affect fresh above-ground biomass weight (Table 2). Significantly
maximum fresh above-ground biomass (28.34t ha') was obtained
with the combined application of 23/30NP kg ha?, which was in
statistical parity with the fresh above-ground biomass obtained in
response to the combined application of 23/10, 46/0, 69/20NP
kg ha. This could be attributable to the significantly maximum
number of branches per plant and fresh leaf weight obtained that
contribute to the higher fresh above-ground biomass weight. The
lower fresh above-ground biomass weight was recorded at nil
rates of NP kg ha! and ON kg ha' combined with all rates of phos-
phorous application as well as at the combined application rates
of 23/0,46/10, 46/20,46/30, 69/0, 69/30NP kg ha’. Increasing
rates of nitrogen from 23 to 46 and 69N kg ha the result was
not constant. With increasing nitrogen application rates, the fresh
aboveground biomass increased, and this increase was observed
only at the combined application of 46/0NP kg ha' and with the
combined application of 69/20NP kg ha the results were incon-
sistent. The higher rate of nitrogen might have resulted in more
vigorous plant growth, particularly information phase or vegeta-
tive growth, such as stem, and leaf. A similar result was reported
by Aladakatti et al. [11] increased fresh above-ground biomass
with the nutrient level of 400N kg ha* and 200Pkg ha. Mahesh-
war [16] also reported that the application of 105:30:45kg NPK/
ha recorded significantly higher above-ground biomass due to a
maximum number of leaves per plant and branches per plant as
compared to lower doses of nitrogen and phosphorous (Figure 1).

Ve

Figure 1: Field status during experimental period.
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Conclusion

It could be concluded that the two consecutive study years
result showed that nitrogen and phosphorus application signifi-
cantly increased growth and biomass yield of Stevia. The optimum
economic fresh leaf yield (19.29t ha-1) and dry leaf yield (4511kg
ha') were obtained in response to the combined application of
23N kg ha® with 10Pkg ha’. Therefore; around Menagesha and
similar agroecology, soil nutrients condition should apply 23kg
ha! nitrogen + 10kg ha™ phosphorus to optimize the economic
yield of Stevia.
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