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a b s t r a c t

A field experiment was conducted on an Ultic Haplustalf at the Kanchanaburi Research Station, Muang
district, Kanchanaburi province, western Thailand between July 2011 and June 2012. Split plots in a
randomized complete block design with four replications were employed, having eight main plots (soil
moisture conservation practice and irrigation, W1eW8) and 2 sub plots (fertilization, F1 and F2). Jatropha
curcas (KUBP 78-9 Var.), having been planted at 2 � 2 m spacing, was aged 2 yr when the experiment was
commenced. The highly significantly heaviest 100-seed weight of 42 g was obtained 1 mth after water
irrigation which had been applied at the rate of 16 L/plant, particularly in the treatment with crop
residue mulching (W8) but there were no significant differences among the other treatments where
irrigation had been applied (W5eW7). Fertilization and a combination between different fertilizers and
soil moisture conservation schemes plus irrigation showed no different effect on the weight of 100 seeds
throughout the year of measurement. Growing J. curcas with drip-irrigated water at the rate of 16 L/plant
applied every 2 d and crop residue mulching (W8) significantly gave the highest seed yield of 1301.3 kg/
ha at 15% moisture content. There were no significant differences among the seed yields from the plots
applied with the same amount of irrigated water but with no mulching (W7) and half that amount of
irrigated water with crop residue mulching (W6), producing yields of 1112.0 kg/ha and 1236.3 kg/ha,
respectively. Three-year-old J. curcas gave inferior seed yield when grown with no irrigated water supply
(W1eW4). The application of 50e150e150 kg/ha of NeP2O5eK2O significantly induced a higher amount
of seed yield (933.9 kg/ha) than did the addition of 93.75e93.75e93.75 kg/ha of NeP2O5eK2O (786.3 kg/
ha). The interaction between soil moisture conservation plus irrigation and fertilizer was clear. Applying
50e150e150 kg/ha of NeP2O5eK2O together with water irrigation at the rate of 16 L/plant (W7F2)
significantly promoted the greatest seed yield of 1415.2 kg/ha. However, irrigated water can be reduced
to 8 L/plant in combination with crop residue mulching and the addition of 50e150e150 kg/ha of N
eP2O5eK2O (W6F2) and the plants still performed well, producing a seed yield of 1356.4 kg/ha. In
addition, with no irrigation, none of the moisture conservation practices (W2eW4) showed any sig-
nificant effects regardless of the different fertilizers applied.
Copyright © 2016, Kasetsart University. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Jatropha curcas L. (Jatropha or Physic nut) is a wild plant that
has been cultivated as a result of variety research and belongs to
the family Euphorbiaceae being classified as having plant oil
similar to palm oil (Anderson and Ingram, 1993; Sricharoenchaikul
et al., 2008). What distinguishes J. curcas from many other bio fuel
crops are the benefits it can offer to relatively small rural areas in
rnperm).

Production and hosting by Elsev
less developed countries. In recent years, J. curcas has been planted
widely, using artificial management (Openshaw, 2000). However,
soil water and plant nutrients are the most important factors
affecting the growth and water use of this plant (Heller, 1996). The
plant is commercially rather new toThailand so that there is scarce
information about fertilization to improve the yield of J. curcas
grown in the Kingdom. General recommendations for fertilizer use
when growing J. curcas are based on those used in other plants
such as cassava, where a ratio of 1:1:1 for the plant major nutrients
is broadly recommended (Chinawong, 2006). Recent study
has indicated that the application of nitrogen and phosphorus
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increased the growth, seed yield and oil yield of J. curcas (Patolia
et al., 2007; Yin et al., 2010). These results also conformed with
the findings of Yong et al. (2010) and Kalannvar (2008). A pot
experiment was conducted in the greenhouse and the result
showed that the optimal nitrogen supply was 288 kg/ha, which
can increase the photosynthetic rate and growth of J. curcas under
mild drought conditions (Yin et al., 2011). Nitrogen addition
significantly promotes the growth of the main stem, and added P
or K fertilizer can clearly increase the yield of J. curcas (Liu et al.,
2009; Gu et al., 2011). Previous study also showed that to opti-
mize the yield for degraded soils in India, the recommended
regime was an irrigation frequency at 30 d as water is required,
2 kg of farmyard manure and N, P and K at 10 g, 20 g and 10 g per
plant, respectively (Singh et al., 2013). In addition, nitrogen
fertilization improved photosynthesis at 80% of water holding
capacity (Yin et al., 2010). Nitrogen addition also increased the
total dry mass, whole plant water storage capacity, total evapo-
transpiration and water use efficiency (Yang et al., 2013). A study
in the coarse-textured soils of northwest India (Tikkoo et al., 2013)
showed that J. curcas seed yield increased significantly at 60 kg/ha
N with no irrigation whereas seed yield increased significantly up
to 90 kg/ha N with one and two irrigation events. A significant
effect of potassium application on seed yield was found up to
45 kg/ha K2O in the absence of irrigation but its effect was sig-
nificant up to 60 kg/ha K2O with one and two irrigation events. As
mentioned earlier, additional information on fertilization for
growing J. curcas is essential, particularly in tropical regions where
this plant has the potential to be grown for use as a source of
energy. Thus, the current study was undertaken as a preliminary
investigation into the yield response of Jatropha grown on an Ultic
Haplustalf soil in western Thailand to different types of soil
moisture conservation practice, irrigation and fertilization.
Materials and methods

Experimental site description

The experiment was conducted at the Kanchanaburi Research
Station, Muang district Kanchanaburi province in western Thailand
(47 535142� E, 1561440� N). The area has a tropical climate with an
average annual rainfall of 1114.3 mm (2012e2014), having a
bimodal pattern and a mean annual temperature of 27.7 �C
(National Statistical Office, 2014). The average rainfall is slightly
lower than normal for the area because the station is located on the
lee side of a mountainous area (away from the wind). The moun-
tains block the passage of rain-producing weather systems and cast
a “rain shadow” behind them. Soil at the experimental site is an
Ultic Haplustalf, having been formed on a nearly flat surface on the
dissected footslope of a limestone mountain. The soil has loam and
clay loam textures in the topsoil and subsoil, respectively, with clay
particle increasing with increasing depth. Table 1 summarizes the
properties of soil prior to conducting the experiment. The soil pH
values varied slightly within 60 cm from the mineral soil surface, in
the range 5.1e5.4. Soil organic matter had clearly accumulated in
Table 1
Properties of soil prior to conducting the experiment (before placing seedbed).

Depth Textural pH 1:1 OM Total N Avail. P Avail. K

(cm) class (H2O) (g/kg) (g/kg) (mg/kg) (mg/kg)

0e20 Silt loam 5.1 10.52 0.84 4.52 54.1
20e40 Clay loam 5.2 6.81 0.70 3.52 49.9
40e60 Clay loam 5.4 2.72 0.63 2.54 41.2

Note: Avail. P ¼ available P, Avail. K ¼ available K.
the topsoil layers (10.5 g/kg) and decreased in the layers below
(6.81 and 2.72 g/kg). The total nitrogen content of the soil was very
low (0.63e0.84 g/kg), while available phosphorus was very low to
low (2.54e4.52mg/kg). The range of available potassium content in
the top 60 cm of the soil was low (41.2e54.1 mg/kg).
Experimental trial design and crop management

J. curcas (KUBP 78-9 Var.) was planted in June 2009, using direct
seeding at a spacing of 2 � 2 m, giving a total population of 2500
plants/ha. Basal dressing fertilization was applied using 56.25 g/
plant consisting of equal amounts of N, P and K chemical fertilizer
with 2.5 kg compost per hole; the compost properties are pre-
sented in Table 2. Then, three J. curcas seeds per hole were sown.
The growing plant was tipped at 50 cm height to allow the plant to
branch laterally at the beginning of its growth in the first year. Drip
irrigation at the rate of 2 L/plant every 2 d was performed
throughout the whole period of growth in the first year. In the
second year, the plants were irrigated in accordance with the
treatments described below. The same amount of fertilizer
(93.75e93.75e93.75 kg/ha of NeP2O5eK2O) was applied to all
plots in both years.

The current study utilized data gathered from the same experi-
ment butwas commencedwhen the plants were fully two years old.
It began with hard pruning being done for all plants in July 2010. A
split plot in a randomized complete block design with four repli-
cations was employed for the experiment. The main plots consisted
of:W1¼ control,W2¼ crop residuemulching (mainly local weeds),
W3 ¼ vetiver grass grown between rows of J. curcas and the vetiver
leaves were slashed twice a year and then mulched around the J
curcas plants, W4 ¼ jack bean grown as ground cover, W5 ¼ drip
irrigation applied at the rate of 8 L/plant every 2 d, W6 ¼ drip irri-
gation applied at the rate of 8 L/plant every 2 d with crop residue
mulching as in W2, W7 ¼ drip irrigation applied at the rate of 16 L/
plant every 2 d and W8 ¼ drip irrigation applied at the rate of 16 L/
plant every 2 d with crop residue mulching as in W2. Crop residue
mulchwas composedmainly of rice straw and a layer approximately
2.5 cm thick of the residue was placed to wholly cover all designed
plots at the beginning of the rainy season in each year. Vetiver grass
was grown using a spacing between tillers of 30 cm in the first year
at the time when the J. curcas plants were aged 2 mth and their
leaves were slashed at a height of 20 cm twice a year during the
rainy season for mulching purposes. Jack bean was grown using
direct seeding at a rate of 62.5 kg/ha at the same time as the vetiver
grass and it was re-sown each year at the beginning of the rainy
season. Irrigationwas performed during the drought period, starting
from October 2011 until the end of April 2012. Subplots comprised
two rates of chemical fertilizer: F1 ¼ 93.75e93.75e93.75 kg/ha of
NeP2O5eK2O and F2 ¼ 50e150e150 kg/ha of NeP2O5eK2O. These
fertilizer rates were based on the result of the response of J. curcas
grown on an Ultic Paleustalf to chemical fertilizers and compost
previously studied nearby (Saikaew et al., 2014) where the charac-
teristics of the soil and its fertility level were rather similar to those
in this experiment. Split applications of equal amounts of these
Table 2
Properties of compost used in the experiment.

Parameter Analysis Unit Parameter Analysis Unit

pH (H2O 1:2) 6.20 e Total Mg 0.29 g/kg
Organic matter 24.59 g/kg Total Na 0.08 g/kg
Total N 5.12 g/kg Total Fe 1.03 mg/kg
Total P2O5 4.72 g/kg Total Zn 0.84 mg/kg
Total K2O 0.93 g/kg Total Cu 0.21 mg/kg
Total Ca 0.52 g/kg Total Mn 0.11 mg/kg



Table 3
Effect of type of soil moisture conservation scheme, irrigation and fertilizer on
average monthly number of inflorescence.

Treatmenty Inflorescence (number/plant)

2010 2011

Sep Oct Nov Dec Jan Feb Mar Apr May Jun

W1 9.0 2.2 0.8 0.2 6.0 24.3 21.5abz 15.2 7.9 5.6
W2 5.4 2.2 0.3 0.0 9.1 23.0 26.8a 15.7 7.0 2.6
W3 8.5 1.8 0.1 0.1 5.9 21.5 27.7a 11.8 9.4 4.7
W4 6.5 2.5 1.0 0.2 7.5 20.5 28.7a 16.4 8.3 3.5
W5 5.7 1.7 0.4 0.1 4.0 21.3 13.1cd 12.4 5.9 2.5
W6 7.8 1.2 0.2 0.1 6.2 25.9 14.9bc 9.4 6.3 3.7
W7 5.4 1.7 0.5 0.7 5.2 26.6 7.8cd 6.6 4.2 1.3
W8 7.3 0.8 0.4 0.4 10.3 30.3 5.8d 10.8 4.2 1.6

F-test (W) nsz ns ns ns ns ns ** ns ns ns

F1 6.6 1.7 0.5 0.2 7.3 24.1 17.4 11.9 6.2 3.1
F2 7.3 1.7 0.5 0.3 6.2 24.2 19.2 12.6 7.1 3.2

F-test (F) ns ns ns ns ns ns ns ns ns ns

%CV 57.8 67.3 190.3 187.8 51.9 18.3 37.5 30.7 59.0 55.7

yW1 ¼ control; W2 ¼ crop residue mulching; W3 ¼ vetiver grass grown between
rows of J. curcas with vetiver leaves slashed and used as mulching material;
W4 ¼ jack bean as ground cover; W5 ¼ drip irrigation at the rate of 8 L/plant every
2 d; W6 ¼ drip irrigation at the rate of 8 L/plant every 2 d crop residue mulching;
W7 ¼ drip irrigation at the rate of 16 L/plant every 2 d; W8 ¼ drip irrigation at the
rate of 16 L/plant every 2 d with crop residue mulching; F1 ¼ Fertilizer
93.75e93.75e93.75 kg/ha NeP2O5eK2O; F2 ¼ Fertilizer 50e150e150 kg/ha
NeP2O5eK2O; %CV ¼ Coefficient of variation; No interaction at all, between W (soil
moisture conservation plus irrigation) and F (fertilizer) in any month, thus results of
the combination are not shown in the table.
zns ¼ not significant; *, ** significantly different at 0.05 and 0.01 probability levels,
respectively; means with different lowercase superscript letters within a column
indicate a significant difference according to Duncan's multiple range test at
p � 0.05.
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chemical fertilizers were applied in July and September 2011. Pest
and weed controls were performed according to general local
practices and recommendations. All other necessary operations
were kept normal and uniform for all treatments.

Soil and plant sampling and analyses

Composite soil samples were collected prior to conducting the
experiment and the soil properties were analyzed. The numbers of
inflorescence and capsule clusters were counted at the end of every
month and seed yield was measured every month.

Soil analysis was carried out based on standard methods. The
particle size distribution was determined using a combination of
sieve and pipette analysis (Day,1965). Bulk density was determined
using a cold method (Blake and Hartge, 1986). Soil pH was deter-
mined for a 1:1 soil:water mixture using a pH meter (National Soil
Survey Center, 1996). Organic carbon was determined according to
the Walkley and Black wet oxidation and titration procedure
(Walkley and Black, 1934; Nelson and Sommers, 1996). Total N was
determined usingMicro Kjeldahl digestion (Jackson,1965). Soil was
extracted using the Bray II method and subsequently the available
phosphorus content was determined using the molybdate blue
method (Bray and Kurtz, 1945). Available potassium was deter-
mined using NH4OAc pH 7.0 (Pratt, 1965); K in the extract was
measured using atomic absorption spectrometry (Peech, 1945). For
compost analysis, pH and total nitrogenwere determined using the
same procedure as those for soil analysis. The compost was diges-
ted using digestion mixture (HNO3eH2SO4eHClO4) (Johnson and
Ulrich, 1959). Total P2O5, was determined by vanado-molybyellow
colour method (Westerman, 1990) and then measured by spec-
trophotometer with 440 nmwavelength (Murphy and Riley, 1962).
Total K2O, Ca, Mg, Na, Fe, Zn, Cu andMnwere determined by atomic
absorption spectrophotometer (Westerman, 1990).

Statistical analysis

Analysis of variance was performed using the SPSS Statistics
software package (version 17.0; SPSS; Chicago, IL, USA). Data were
analyzed using a general linear model. Means among treatments
were compared using Duncan's multiple range test (SAS Institute,
Inc., 1990) with significant differences being tested at p � 0.05
(Steel and Torrie, 1987).

Results and discussion

J. curcas influorescence and capsule clustering

The first countable inflorescence of J. curcas was observed in
September 2011. The average numbers per month increased rather
steadily from this month and peaked in February and March 2012
depending on the treatment (Table 3). However, the numbers
decreased slightly in April and considerably in May and June 2012.
There were no statistical differences among treatments involving
irrigation and the types of soil moisture conservation (W1eW8)
except for those measured in March 2012. In this month, J curcas
grown with jack bean ground cover (W4) highly significantly
produced the highest number of inflorescence (28.7 inflorescence
per plant) compared toW5, W6 andW7, but showed no difference
from the control (W1), the treatment with crop residue mulching
(W2) and the treatment with vetiver grass being grown between
rows of J. curcas with where the leaves of the grass had been
slashed and used for mulching (W3). The plants grown with the
regular supply of water tended to produce lower amounts of
inflorescence. However, it cannot be concluded that irrigation
depressed the number of inflorescence of J. curcas but rather
capsule clusters (discussed in the next paragraph) were produced
in much greater numbers in place of the inflorescence in the same
month (Table 3). Neither different rates of applied chemical fer-
tilizer (F1 and F2) nor combinations between chemical fertilizer
added and types of soil moisture conservation scheme and irri-
gation had a significant impact on the number of inflorescence
throughout the measuring months.

Capsule clusters (Table 4) were detected and counted 1 mth
after J. curcas initiated flowering. The numbers increased in the
same pattern as the average monthly number of inflorescence
(Table 3). The peak period of capsule cluster production began in
March and lasted until May 2012. Significant differences in the
numbers of capsule clusters among treatments were recorded in
February, March andMay 2012. In February 2012, irrigation tended
to induce capsule clustering, especially when applied at the rate of
16 L/plant every 2 d with no mulching (W7) and with crop residue
mulching (W8). Both treatments produced highly significantly
more capsule clusters with 5.4 capsule clusters per plant and 6.5
capsule clusters per plant, respectively. A similar pattern was
found in March 2012. However, the treatments with no irrigation
(W1eW4) tended to produce greater numbers of capsule clusters
later in May 2012. By the end of the experiment (June 2012), the
numbers of capsule clusters were not significantly different among
treatments. The application of 93.75e93.75e93.75 kg/ha of
NeP2O5eK2O (F1) induced highly significantly better formation of
capsule clusters than did the addition of 50e150-150 kg/ha of
NeP2O5eK2O (F2) only in February 2012, while in the other
months, there were no significant differences. Nonetheless, there
was no interaction between soil moisture conservation practices
plus irrigation and applied fertilizer in terms of capsule clusters
produced throughout the period of measurement.



Table 4
Effect of type of soil moisture conservation scheme, irrigation and fertilizer on
average monthly number of capsule clusters.

Treatmenty Capsule cluster (number/plant)

Year 2011 Year 2012

Sep Oct Nov Dec Jan Feb Mar Apr May Jun

W1 0.0 6.3 1.3 1.0 0.4 1.8bcz 7.5cde 11.5 13.5ab 4.3
W2 0.0 6.3 1.9 0.9 0.0 1.9bc 9.5bcd 8.1 17.8a 2.0
W3 0.1 8.0 1.8 1.0 0.1 1.2bc 5.4de 16.0 19.5a 1.9
W4 0.0 5.3 1.2 1.0 0.3 0.84c 2.6d 6.4 16.0ab 4.4
W5 0.1 4.8 2.1 0.5 0.4 2.3bc 13.6bc 9.3 14.2ab 1.5
W6 0.1 7.2 1.6 1.1 0.3 3.0b 12.5bc 10.5 14.0ab 2.9
W7 0.0 4.4 2.1 1.7 0.3 5.4a 15.7ab 13.4 8.5b 0.7
W8 0.0 6.6 1.3 0.7 0.1 6.5a 21.2a 12.4 8.7b 1.5

F-test (W) nsz ns ns ns ns ** * ns * ns

F1 0.0 5.8 1.5 1.0 0.2 3.8a 12.2 11.1 14.0 2.1
F2 0.0 6.3 1.7 1.0 0.3 1.9b 9.8 10.7 14.0 2.7

F-test (F) ns ns ns ns ns ** ns ns ns ns

%CV 417.7 63.1 71.1 114.0 154.4 62.7 55.1 38.5 46.7 80.3

yW1 ¼ control; W2 ¼ crop residue mulching; W3 ¼ vetiver grass grown between
rows of J. curcas with vetiver leaves slashed and used as mulching material;
W4 ¼ jack bean as ground cover; W5 ¼ drip irrigation at the rate of 8 L/plant every
2 d; W6 ¼ drip irrigation at the rate of 8 L/plant every 2 d crop residue mulching;
W7 ¼ drip irrigation at the rate of 16 L/plant every 2 d; W8 ¼ drip irrigation at the
rate of 16 L/plant every 2 d with crop residue mulching; F1 ¼ Fertilizer
93.75e93.75e93.75 kg/ha NeP2O5eK2O; F2 ¼ Fertilizer 50-150-150 kg/ha
NeP2O5eK2O; %CV ¼ Coefficient of variation; No interaction at all, between W (soil
moisture conservation plus irrigation) and F (fertilizer) in any month, thus results of
the combination are not shown in the table.
zns ¼ not significant; *, ** significantly different at 0.05 and 0.01 probability levels,
respectively; means with different lowercase superscript letters within a column
indicate a significant difference according to Duncan's multiple range test at
p � 0.05.

Table 5
Effect of type of soil moisture conservation scheme, irrigation and fertilizer on
weight of 100 seeds (15% moisture).

Treatmenty 100-seed weight (g)

Year 2011 Year 2012 Mean

Nov Dec Jan Feb Mar Apr May Jun

W1 0.48 0.48 0.38 0.41abcz 0.29c 0.28 0.27 0.28 0.36
W2 0.46 0.46 0.33 0.33c 0.33bc 0.32 0.31 0.26 0.35
W3 0.48 0.48 0.36 0.35bc 0.32bc 0.30 0.30 0.28 0.36
W4 0.45 0.45 0.38 0.34bc 0.33bc 0.30 0.30 0.26 0.35
W5 0.48 0.48 0.41 0.42ab 0.37ab 0.30 0.30 0.26 0.37
W6 0.47 0.47 0.42 0.46a 0.37ab 0.30 0.30 0.27 0.37
W7 0.50 0.50 0.42 0.46a 0.39ab 0.31 0.31 0.26 0.37
W8 0.47 0.47 0.41 0.37bc 0.42a 0.32 0.32 0.25 0.37

F-test nsz ns ns ** ** ns ns ns ns

F1 0.47 0.43 0.38 0.41 0.36 0.31 0.31 0.26 0.36
F2 0.47 0.43 0.39 0.38 0.35 0.29 0.29 0.27 0.36

F-test ns ns ns ns ns ns ns ns ns

%CV 5.5 6.0 16.1 5.9 12.2 11.5 11.0 11.6 8.3

yW1 ¼ control; W2 ¼ crop residue mulching; W3 ¼ vetiver grass grown between
rows of J. curcas with vetiver leaves slashed and used as mulching material;
W4 ¼ jack bean as ground cover; W5 ¼ drip irrigation at the rate of 8 L/plant every
2 d; W6 ¼ drip irrigation at the rate of 8 L/plant every 2 d crop residue mulching;
W7 ¼ drip irrigation at the rate of 16 L/plant every 2 d; W8 ¼ drip irrigation at the
rate of 16 L/plant every 2 d with crop residue mulching; F1¼ Fertilizer
93.75e93.75e93.75 kg/ha NeP2O5eK2O; F2¼ Fertilizer 50-150-150 kg/ha
NeP2O5eK2O; %CV¼ Coefficient of variation; No interaction at all, between W (soil
moisture conservation plus irrigation) and F (fertilizer) in any month, thus results of
the combination are not shown in the table.
zns ¼ not significant; *, ** significantly different at 0.05 and 0.01 probability levels,
respectively; means with different lowercase superscript letters within a column
indicate a significant difference according to Duncan's multiple range test at
p � 0.05.

A. Phiwngam et al. / Agriculture and Natural Resources 50 (2016) 454e459 457
Weight of 100 J. curcas seeds

The average 100-seed weight was recorded monthly, starting
from November 2011 until June 2012 as shown in Table 5. There
were highly significant different 100-seed weights in February and
March 2012. The heaviest 100-seed weight was found when water
at both rates was applied with crop residue mulching (W6) and
withoutmulching (W7), giving a 100-seedweight of 0.46 g per 100
seeds, although this was not significantly different from the con-
trol (0.41 g per 100 seeds). Differences were evident in the month
after irrigation was applied at the rate of 16 L/plant, particularly in
the treatment with crop residue mulching (W8) resulting in highly
significantly the heaviest 100-seed weight of 0.42 g compared to
no irrigation treatments (W1, W2, W3 and W4). However, the
weight was not clearly different from other treatments involving
irrigation (W5eW7). Again, fertilization and a combination of
different fertilizer and soil moisture conservation schemes plus
irrigation showed no significant differences in the 100-seed
weight throughout the year of measurement.
Seed yields of J. curcas

J. curcas flowered and produced significant amounts of fruit
twice a year (SeptembereDecember and MarcheMay) as indicated
by the results from this study. Soil moisture conservation practices
and irrigation clearly affected the yield of J curcas, particularly in
the second peak and the total yield for awhole year. In the first peak
where the plants received some rain for a few months, mulching
(W2, W6 and W8) could effectively induce a good seed yield
(363.8 t/ha, 350.5 t/ha and 286.1 t/ha, respectively) although there
was no statistical difference among treatments (Table 6). A clearer
difference was evident in the second peak (the drought period,
especially in April 2012). The J. curcas plants produced significantly
better seed yield when they received irrigated water at both rates
with or without mulching (W5eW8). The yields were far greater
than those without irrigation (W1eW4). Drip irrigation at the rate
of 16 L/plant significantly gave the highest seed yield of 377.9 kg/ha
which was in clear contrast to the lowest amount of 9.6 kg/ha
gathered from the plot covered with jack bean (W4). The result was
consistent with a study in southern Haryana, India by Tikkoo et al.
(2013) that found increased irrigation events (that is, the amount of
irrigated water applied) can increase the seed yield of J. curcas and
was also in conformity with the findings of Kheira and Atta (2009).
Comparisons among soil moisture conservation practices without
irrigation applied were rather surprising, since the control with no
conservation practice tended to give the highest seed yield of
147.7 kg/ha.

The total seed yield per year indicated some complexity in the
data but the overall results seemed reasonable. The highest seed
yield measured at 15% moisture content was obtained when
J. curcas was grown with 16 L of drip water per plant every 2 d and
mulching (W8), producing 1301.3 kg/ha/yr. Nevertheless, there was
no statistical difference among treatments involving the use of
irrigated water with the exception of W5. The lesser amounts
among these treatments were in following orderdW6, W7 and
W5dwith the seed yields gained being 1236.3 kg/ha/yr, 1112.0 kg/
ha/yr and 810.2 kg/ha/yr, respectively. Comparing between
mulching and no mulching with both rates of water supplied,
despite there being no statistical difference, mulching with water
addition enhanced the yield and was likely to give a higher seed
yield than irrigation without mulching.

Data retrieved from this study also illustrated that growing
J. curcas without irrigation can produce a satisfactory annual seed



Table 6
Effect of type of soil moisture conservation scheme, irrigation and fertilizer on seed
yield at 15% moisture content.

Treatmenty Seed yield at 15% moisture content (kg/ha)

Year 2011 Year 2012 Sum

Nov Dec Jan Feb Mar Apr May Jun

W1 165 87 19 12.7 40 148bcdz 208 25 624b

W2 364 88 32 28.4 59 61cd 111 20 697b

W3 275 102 21 3.4 66 73cd 286 22 726b

W4 206 71 11 5.2 66 9.6d 99 68 374c

W5 182 64 29 7.6 61 223abc 243 28 810b

W6 351 77 28 7.4 88 292ab 370 41 1236a

W7 181 63 47 21.8 74 378a 341 43 1112a

W8 286 91 13 1.9 118 323ab 445 32 1301a

F-test nsz ns ns ns ns * ns ns *

F1 173b 76 28 12.3 77 184 269 32 786b

F2 330a 85 22 9.9 66 199 257 37 934a

F-test * ns ns ns ns ns ns ns *

W1F1 161 107 18 7.0 49 212 233 27 738cdef

W2F1 268 108 44 36.6 68 86 180 19 738cdef

W3F1 182 76 12 3.6 58 85 285 17 594def

W4F1 91 48 15 7.8 66 9 53 86 253f

W5F1 101 59 32 9.8 63 212 204 23 675cdef

W6F1 237 66 21 9.8 115 309 348 32 1116abcd

W7F1 90 53 66 20.7 86 291 246 18 809bcdef

W8F1 252 92 15 2.5 112 271 603 35 1368ab

W1F2 168 67 21 18.4 32 84 184 23 511ef

W2F2 459 68 20 20.1 51 58 42 21 656cdef

W3F2 369 128 31 3.2 74 94 287 26 858bcde

W4F2 322 94 8 2.6 66 10 145 49 495ef

W5F2 262 70 25 5.4 59 235 283 33 945abcde

W6F2 464 88 34 4.9 60 275 391 50 1356ab

W7F2 271 74 27 22.9 62 465 437 68 1415a

W8F2 321 91 11 1.3 125 374 286 29 1235abc

F-test ns ns ns ns ns ns ns ns *
%CV 48.9 41.0 70.2 184.1 55.8 61.9 59.0 63.3 25.2

yW1 ¼ control; W2 ¼ crop residue mulching; W3 ¼ vetiver grass grown between
rows of J. curcas with vetiver leaves slashed and used as mulching material;
W4 ¼ jack bean as ground cover; W5 ¼ drip irrigation at the rate of 8 L/plant every
2 d; W6 ¼ drip irrigation at the rate of 8 L/plant every 2 d crop residue mulching;
W7 ¼ drip irrigation at the rate of 16 L/plant every 2 d; W8 ¼ drip irrigation at the
rate of 16 L/plant every 2 d with crop residue mulching; F1¼ Fertilizer
93.75e93.75e93.75 kg/ha NeP2O5eK2O; F2¼ Fertilizer 50-150-150 kg/ha
NeP2O5eK2O; %CV ¼ Coefficient of variation.
zns ¼ not significant; *, ** significantly different at 0.05 and 0.01 probability levels,
respectively; means with different lowercase superscript letters within a column
indicate a significant difference according to Duncan's multiple range test at
p � 0.05.
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yield to some degree but it does require mulching using crop res-
idue (W2; 696.9 kg/ha/yr) or with vetiver grass grown between
J. curcas rowswheremulching occurred from the regular slashing of
the leaves of the vetiver grass (W3: 726.1 kg/ha/yr). This is quite
practical in terms of the materials available on site (vetiver leaves),
whereas crop residues will be costly unless they are close at hand.
In addition, further investigation regarding W3 with irrigation
applied will be of interest to see how much the yield of this plant
can be increased based on the demand on the available water
supply by the vetiver grass for its rapid growth and leaf production
for later use in mulching. In addition, this practice will be much
more practical where J. curcas is grown on a sloping surface because
vetiver grass is well known for its ability to protect soil loss due to
water erosion. The use of jack bean as ground cover for J. curcas
produced an inferior annual seed yield (evenwhen compared to the
control without soil moisture conservation practice), with the
significantly lowest yield of 374.1 kg/ha/yr. While not conclusive,
this may have been due to this ground cover plant competing
successfully with J. curcas for soil moisture stored on the surface
and for the fertilizer applied, resulting in poor performance of the
major crop plant.

The results of the study on the influence of two different rates of
nitrogen, phosphorus and potassium showed that the application
of 50e150e150 kg/ha of NeP2O5eK2O (F2) gave significantly better
seed yield (933.9 kg/ha/yr) than did the addition of
93.75e93.75e93.75 kg/ha of NeP2O5eK2O (F1) with a yield of
786.3 kg/ha/yr. A significant difference between the effect of fer-
tilizers appliedwas also found in the first harvest in November 2011
where F2 produced almost twice as much seed than did F1
(329.8 kg/ha compared to 172.8 kg/ha). The higher amounts of
phosphorus and potassium applied in F2 were likely, with phos-
phorus contributing to enhanced inflorescence and capsule cluster
formation and potassium improving the seed quantity and quality
of the plant. In addition, soil analytical data prior to conducting this
experiment showed that the soil lacked these two plant nutrients
as the amounts were very low to low. This was consistent with the
study by Saikaew et al. (2014) in one year old J. curcas even though
other studies involving high nitrogen and phosphorus
addition showed otherwise (Patolia et al., 2007; Kalannvar, 2008;
Yin et al., 2010; Yong et al., 2010). This study and the study of
Saikaew et al. (2014) also reaffirmed that the recommended use of
15Ne15Pe15K chemical fertilizer for J. curcas may not be suitable,
particularly when grown on Ultic Paleustalf soils that contain low
amounts of the major plant nutrients.

There was no monthly interaction of the effect between soil
moisture conservation practice and irrigation, and chemical fertil-
izer on seed yield of J. curcas due to the fluctuations in the yield
collected each month (Table 6). However, the total seed yield
demonstrated a significant difference which is rare for experiments
conducted on-farm. This interaction result revealed that the prac-
tice comprising irrigated water applied at the rate of 16 L/plant
together with the addition of 50e150e150 kg/ha NeP2O5eK2O
(W7F2) gave the highest seed yield of J. curcas of 1415.2 kg/ha/yr.
This result also indicated that water supply and mulching
were more pivotal than fertilization as the application of
93.75e93.75e93.75 kg/ha NeP2O5eK2O together with the supply
of irrigatedwater at both rates together with crop residuemulching
(W6F1 and W8F1) showed no significant differences in the annual
seed yield from those irrigated together with the application of
50e150e150 kg/ha NeP2O5eK2O/ha (W5F2, W6F2, W7F2 and
W8F2). Growing J. curcaswithout irrigation resulted in an irregular
trend in the seed yield nomatter what type of fertilizer was applied
owing to the plant water needs limiting growth as just mentioned.
However, without irrigation, none of the moisture conservation
practices (W2eW4) showed any significant effects, regardless of
fertilizer practice.

In addition, the use of 93.75e93.75e93.75 kg/ha NeP2O5eK2O
with the higher rate of irrigated water and no mulching (W7F1)
was significantly less effective in the context of seed yield of
J. curcas than the application of 50e150e150 kg/ha NeP2O5eK2O
with the same irrigation practice with no mulching (W7F2). A
rather similar result was also found in the case of the lower rate of
irrigated water supply with no mulching (W5F1 and W5F2). These
results demonstrated that the latter rate of nitrogen, phosphorus
and potassium was more suitable when drip irrigation was per-
formed with no soil moisture conservation against evaporation in
the topsoil by using crop residue mulching. In the other words, the
plant required greater amounts of chemical fertilizer in total,
especially phosphorus and potassium. The balance of NPK fertilizer
or the fertilizer ratio may also exert some notable influence on seed
yield production. This also suggested that crop residue mulching
positively enhanced the efficiency of fertilizer on seed yield, or in
the other words, mulching helped lower the fertilizer rate neces-
sary to achieve a desired yield.
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J. curcas responded well to soil moisture conservation practice,
irrigation and fertilization when grown on Ultic Paleustalf soil that
had very low total nitrogen and available phosphorus and low
available potassium. The peaks of inflorescence were in February
and March while capsule clusters flourished a month later after
until May in the same year. There was an indifferent effect of
different treatments on 100-seed weight. Plants produced a greater
annual seed yield with irrigation than without irrigation, particu-
larly when combined with crop residue mulching. In the case of no
irrigation, J. curcaswasmore productive undermulching conditions
as well as growing vetiver grass between J. curcas rows and using
the slashed vetiver leaves for mulching. The application of
50e150e150 kg/ha NeP2O5eK2O induced better seed yield than
did the addition of 93.75e93.75e93.75 kg/ha NeP2O5eK2O. Irri-
gation at the rate of 16 L/plant together with fertilization using
50e150e150 kg/ha NeP2O5eK2O was the best practice for gaining
the highest seed yield, while water supply in the form of drip
irrigation at the rate of 8 L/ha was preferable from an economic
viewpoint because it halved the amount of water required. Further
trials on growing vetiver grass between rows of J. curcas together
with irrigation supply should be undertaken, especially where
cultivation is on sloping ground for the purpose of conserving soil
moisture by applying slashed vetiver leaves as mulch on site since
the vetiver plant itself can help to prevent soil erosion.
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