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Abstract

Upland rice are usually planted on infertile soils that have been eroded and degraded. The high fertilizer inputs to poor nitrogen (N)
content soils can increase plant production but are neither economically viable nor sustainable. Hence, this study was focused on P
fertilizers effects on N use efficiency (NUE) of five upland rice landraces which was conducted at Carey Island, Selangor. The study
was evaluated using two phosphorus levels (0 and 100 kg P/ha). A factorial experiment was conducted with four replications in
randomized complete block design (RCBD). Ammonium sulphate fertilizer [(**NH,),SO,] with 1% N-15 atom excess was applied as
N-labelled fertilizer at the rate of 150 kg N/ha. The source of K in the form of muriate of potash was applied also at the same rate.
Destructive sampling was carried out at week 4, 8 and 16 after transplanting and the NUE of the landraces were evaluated using
isotope dilution technique. The P fertilization had no significant effect on NUE as well as on dry matter yield. These results
suggested that P is not one of the limiting factors in plant growth and production as well as nitrogen use efficiency of these selected
upland rice landraces. The dry matter yield and NUE were not significantly different among landraces at week 4 as the plants
undergo their vegetative growth. These upland rice landraces showed significant differences in dry matter yield and nitrogen use
efficiency at maturity stage (16 weeks). Landrace | showed significantly lower NUE compared to other landraces at week 16, while
landrace 111 is the most efficient in utilizing nitrogen for production of dry matter.

Keywords: NUE, upland rice, *N, phosphorus, nitrogen.
Abbreviations: NUE_nitrogen use efficiency, N_nitrogen, P_phosphorus, CEC_cation exchange capacity, TSP_triple super
phosphate, Ndff_nitrogen derived from fertilizer.

Introduction

Rice is the staple food for half the world’s population. only on the nutrients in the soil (Wang et al., 2008; Musa et
Malaysians consume about 2.2 million tonnes of rice al., 2009). Nitrogen is one of the macro nutrients that is
annually (Hanim, 2009). Around 3 billion people of the world needed by all plants and it is one of the most yield limiting
use rice as a basic food that provides 50 to 80% of their daily nutrients for upland rice production (Fageria et al., 2010). In
calories (Sohrabi et al., 2012). Globally, rice is cultivated on some regions, phosphorus (P) deficiencies can also limit the
more than 150 million hectares, with an annual production of accumulation of crop biomass caused by a reduction in the
around 600 million tons (Guimaraes, 2009). Upland rice partitioning of assimilates to the formation of leaf area, or a
comprises eleven percent of global rice production and is decrease of the efficiency with which the intercepted
cultivated on around 14 million hectares of land. Upland rice radiation is used for the production of above-ground biomass
(Oryza sativa) refers to rice grown on both flat and sloping (Zubillaga et al., 2002). Several studies were conducted in
fields, that were prepared and seeded under dry conditions, understanding P effects. Excess P induced zinc and copper
and that depend on rainfall for moisture (Mae, 1997). Upland deficiencies in soybean (Payne et al., 1986), whereas P
rice has a small role in total rice production but is a major deficiency in soil increased N concentration in rice shoot
source of food in some tropical countries (Thanh et al., 1999). (Saleque et al., 1995) and had lower rice yield (Saleque et al.,
Bangladesh, Indonesia, and Philippines are the areas that 1998). An optimum P nutrition was found to increase the
plant the most upland rice, but the yield is so low (about uptake and leaf concentrations of both Mg and calcium in
1 t/ha on average) (Musa et al., 2009; Reuveni, 2011). wheat seedlings (Reinbott et al., 1991).

In Malaysia, two types of rice are cultivated: wetland rice The research findings cited above indicated that the P
in Peninsular Malaysia (503,184 ha) and upland rice in Sabah nutrition status of a crop might affect its uptake of other
and Sarawak (165,888 ha). The average yield of upland rice elements. Considering these findings, we studied the effect of
ranges from 0.46 to 1.1 t/ha., upland rice is usually cultivated P on NUE of five upland rice landraces because little is
for home consumption by rural people living in Sabah and known about the effect of phosphorus and nitrogen
Sarawak (Sohrabi et al., 2012). It is still an important fertilization on the requirement of N of upland rice landraces.
agricultural activity for home consumption and sometimes The genetic diversity of the upland landraces should be
the farmers sell their surplus to earn some money. However, emphasized as a key to find a more superior cultivar in terms
the upland rice production has not been widely exploited for of nutrient uptake. The findings in identifying the landraces
commercial production as its production is still dependent can be used to increase the current rice production, allowing
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more upland rice to be planted on hilly area with poor
nutrient content and reducing the nutrient input/loss in a long
run. Hence, the objectives of this study were 1) to determine
the NUE of 5 upland rice landraces in the field and 2) to
investigate the effects of phosphorus fertilization on nitrogen
use efficiency of selected upland rice landraces under field
conditions.

Results and Discussions
Dry matter yield of selected upland rice landraces

Landraces showed no significant effects on dry matter yield
at week 4 and 8. At week 16, there was significant
differences on dry matter yield among landraces (Table 2). At
week 16, Landrace 111 had the highest dry matter yield which
was 2519.39 g/m? and it showed the same trend of having
higher dry matter yield compared to other landraces at week
4 and 8.

Nitrogen derived from fertilizer (Ndff)

At week 4, Landrace Il had the highest percent Ndff and
Landrace 111 had the lowest percent Ndff which was 31.54%
and 22.82%, respectively even though there was no
significant difference between landraces and P fertilization
(Table 3). At week 8 and 16, there was also no significant
differences between landraces and P fertilization. Landrace
Il had the lowest percent Ndff which was 18.43% and
29.61% at week 8 and 16, respectively. However, despite the
lower Ndff, landrace Il had the highest NUE at week 16.
Low Ndff but high NUE may indicate that it take up small
amounts of N from fertilizer but utilize quite high amount of
N in the plant. A study by Riga et al. (1980) found that the
Ndff is related to the split fertilizer application schedule and
significantly higher Ndff values had been found for the 3-
split dressings. In this particular study also, the fertilizer
application was made in 3-split applications. The reason
behind this effectiveness of split dressing was because
nutrient supply and plant demand relationship (Chen et al.,
2006).

Nitrogen concentration

Nitrogen concentration of upland rice landraces recorded a
similar trend. There were not statistically different among the
landraces at all weeks (Table 4). However, week 4 recorded
nitrogen concentration between 3.04% and 3.51%. At week
8, these values decrease to 1.82% and 2.28%. Nitrogen
concentration at week 16 was between 0.97% and 1.14%.
This decrease in N concentration was caused by dilution
effect. The dilution effect refers to the change in nutrient
concentration as a function of time in plant growth or
increase in biomass produced with time (Jarrell and Beverly,
1981). The dilution effect often has been found especially for
N that young plants contain higher concentration than older
plants. In this study also, nitrogen concentration showed
decreasing trend from week 4 to week 16 for all landraces.

N yield

The N yield refers to total N uptake of the plant per square
meter. In this study, the total N uptake was not significantly
affected by landraces at week 4 and 8. At week 16, the total
N uptake were significantly affected by landraces (Table 5).
This indicated that up until week 8, all the landraces did not
show enough difference in their total N uptake to
significantly highlight the difference among landraces.
However, at week 16, landrace | had the lowest total N
uptake compared to landrace I1I.
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Fertilizer N yield

Fertilizer N yield is the N yield measured from labelled
fertilizer that has been taken up by the crop. No significant
differences were observed at week 4 and 8 after transplanting
among the landraces. At week 16, landrace Il has
significantly higher fertilizer N yield compared to landrace |
(Table 6). This indicated that, landrace Il had incorporated
more N from labelled fertilizer to the plant compared to other
landraces.

Evaluation of nitrogen use efficiency

The results of nitrogen use efficiency (NUE) with
Phosphorus fertilization and their interactions are shown in
Table 7. The NUE describes the efficiency of N fertilizer
utilization in crop production. For most plant species, NUE
mainly depends on how plants extract inorganic nitrogen
from the soil, assimilate nitrate and ammonium, and recycle
organic nitrogen (Masclaux-Daubresse, et al., 2010). In this
isotope labelling study, N recovered from fertilizer is also
known as NUE. NUE had no significant effects amongst the
landraces at the early stage (week 4). At this stage, the plants
are undergoing the vegetative growth and similar efficiency
in utilizing nitrogen from the fertilizer up until the
reproductive growth stage (week 8). At 8 weeks after
transplanting, landrace | had the highest NUE (33.59 %)
compared to other landraces. At 16 weeks which was the
maturity stage, the plants showed significant nitrogen use
efficiency differences among landraces (p < 0.05). Landrace
111 had the highest NUE (52.59 %), while landrace | showed
27.50 % NUE. This result suggested that the landrace 11l has
used the supplied N fertilizer to produce higher dry matter
more efficiently than landrace | as landrace Il possess
significantly higher DMY compared to landrace I. The others
possible reasons why some landraces are more efficient in N
utilization are probably cause by differing utilization on N
already accumulated in the plant prior to anthesis, water use
efficiency, forms of N uptake due to genotypic variability
(Fageria, 2013).

Phosphorus fertilization

Phosphorus is important elements to plants as its application
can promote root growth, enhance utilization of soil nutrients
and water by plants, and finally increase crop yields (Gao et
al., 1989; Li et al., 1995). In this experiment, the interaction
between upland rice landraces and P fertilizer was not
observed for all the parameters measured. Hence, the
discussion will focus on the main effect of P fertilizer. NUE,
dry matter yield and grain yield under the two different P
levels recorded a similar trend. This also indicates that P
fertilizer does not contribute to significant difference in the
NUE and grain yield across all landraces. In this study, the
soil contained abundant available P (22.19 mg/kg Bray Il
extractable P), and therefore there was no significant
difference in NUE, DMY and grain yield between application
and without application of P fertilizer for all the landraces,
indicating that crops having no response to P fertilizer.
Further application of P fertilizer has no significant effects to
the plants. Although phosphorus is indispensable to plants,
crop response to P fertilizers depends on soil available P as
well as on crop species. In soil deficient in available P, crops
generally have a good response to its application (Wang and
Li, 2004).

The results of this study is concurrent with the findings of
other researcher who have reported that P fertilizers do not



Table 1. Upland rice landraces and their origin.

Upland rice landraces

State of origin (Malaysia)

Landrace | Sabah
Landrace Il Pahang
Landrace 11 Pahang
Landrace IV Pahang
Landrace V Pahang
Table 2. Dry matter yield at week 4, 8 and 16 after transplanting.
DMY (g/m2)
WEEK 4 WEEK 8 WEEK 16
Landraces 0 100 Means 100 Means 0 100 Means
landraces landraces landraces
| 21.68 16.68 19.18° 584.21 501.75 542.98% 1078.48 1289.44 1183.96%
I 27.88 17.88 22.88? 482.88 427.14 455.012 1733.84 1368.76 1551.30%
1] 17.44 26.74 22.09° 664.04 391.30 527.67% 2317.00 2721.79 2519.39°
v 16.12 17.86 16.99% 222.96 349.38 286.17° 1888.92 1984.96 1936.94%¢
V 18.66 17.92 18.29% 450.62 107.51 279.06° 1756.97 2983.61 2370.29™
Means P rates 20.35% 19.42° 480.94% 355.422 1755.04% 2069.71%
Values with the same letter(s) are not significantly different according to the LSD Test at P > 0.05.
Table 3. Nitrogen derived from fertilizer at week 4, 8 and 16 after transplanting.
% NdfF
WEEK 4 WEEK 8 WEEK 16
Landraces 0 100 Means 0 100 Means 0 100 Means
andraces landraces landraces
| 30.34 24.76 27.55° 34.95 28.77 31.86% 38.13 34.14 36.13%
1l 28.53 34.55 31.54° 24,53 19.32 21.92% 31.81 41.34 36.57%
11 25.57 18.99 22.28° 24.32 12.55 18.43? 29.74 29.48 29.61%
v 32.49 29.14 30.58? 30.47 22.21 26.34% 29.31 29.90 29.60%
\Y 32.64 23.50 28.72° 27.51 40.18 33.85° 33.93 29.18 31.55°
Means P rates 29.78° 26.33° 28.36° 24.61° 32.58° 32.81°
Values with the same letter(s) are not significantly different according to the LSD Test at P > 0.05.
Table 4. Nitrogen concentration at week 4, 8 and 16 after transplanting.
% N
WEEK 4 WEEK 8 WEEK 16
Landraces 0 100 pAeans 0 100  Means 0 100 ~ Means
andraces landraces landraces
| 3.48 3.43 3.45° 1.82 2.00 1.91° 0.97 0.99 0.98%
1l 3.19 3.37 3.28% 2.02 2.26 2.14% 1.05 1.13 1.09%
11 351 3.30 3.40% 2.30 1.82 2.06° 1.14 1.13 1.132
v 3.38 3.34 3.36% 2.28 2.03 2.16° 0.89 1.11 1.00%
\Y 3.04 3.42 3.232 1.89 1.91 1.90% 1.12 1.05 1.082
Means P rates 3.32% 3377 2.06°  2.00° 1.03% 1.08%
Values with the same letter(s) are not significantly different according to the LSD Test at P > 0.05.
Table 5. Nitrogen yield at week 4, 8 and 16 after transplanting.
N yield (g/m2)
WEEK 4 WEEK 8 WEEK 16
Landraces 0 100 e 100 Means 0 100 Means
andraces landraces landraces
| 0.74 0.57 0.65% 10.75 9.82 10.28? 10.75 12.83 11.79°
Il 0.88 0.61 0.75% 10.13 9.76 9.95% 18.05 14.99 16.52%
11 0.60 0.86 0.73% 15.24 7.29 11.272 28.92 31.32 30.12¢
v 0.55 0.57 0.56° 5.14 6.37 5.75° 17.15 21.62 19.39%¢
\Y 0.57 0.62 0.59? 7.75 6.81 7.28° 17.88 31.31 24.60%
Means P rates 0.67% 0.65% 9.80? 8.01% 18.55° 22.41°

Values with the same letter(s) are not significantly different according to the LSD Test at P > 0.05.
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Table 6. Fertilizer nitrogen yield at week 4, 8 and 16 after transplanting.

Fertilizer N yield (g/m2)

WEEK 4 WEEK 8 WEEK 16

Landraces 0 100 Means 100 Means 0 100 Means

andraces landraces landraces
| 0.25 0.14 0.19% 3.75 2.97 3.36% 3.82 4.44 4.13%
1 0.22 0.24 0.23% 1.98 1.77 1.872 5.27 6.20 5.73%
Il 0.15 0.16 0.16% 3.29 0.76 2.03% 7.07 8.71 7.89¢
v 0.13 0.16 0.15% 1.58 6.37 1.61% 4,79 5.58 5.19%
\Y/ 0.20 0.13 0.172 2.06 2.99 2.522 5.59 8.55 7.07%
Means P rates 0.192 0.172 9.80? 8.01? 5.312 6.70°
Values with the same letter(s) are not significantly different according to the LSD Test at P > 0.05.
Table 7. Fertilizer nitrogen utilization at week 4, 8 and 16 after transplanting.

% FERT N utilization
WEEK 4 WEEK 8 WEEK 16
Landraces 0 100 Means 0 100 Means 0 100 Means
andraces landraces landraces

| 4.96 2.76 3.86° 37.49 29.68 33.58° 25.43 29.56 27.50°
1 4.36 4.83 4,592 19.82 17.66 18.73% 35.14 41.32 38.23%
11 3.00 3.24 3.122 3291 7.63 20.26% 47.14 58.05 52.59°
v 2.68 3.27 3.02% 15.83 16.38 16.10° 31.92 37.22 34.57%®
Vv 4.09 2.59 3.44% 20.63 29.85 25.24% 37.24 57.02 47.13%
Means P rates 3.87° 3.38° 25.37° 20.24° 35.37° 44.63°

Values with the same letter(s) are not significantly different according to the LSD Test at P > 0.05.

contribute to increase yield in plant at soil P levels >15
mg/kg (Hankinson et al., 2015). Another study done by
Shehu et al., (2010) found that application of P significantly
increased dry matter yields plant™ but no significant increase
in N uptake during P fertilization. Similar result was shown
by Lajtha and Klein (1988) where they found that NUE was
not significantly correlated with P supply rate in Larrea
tridentate and they concluded that there was no evidence of
significant interactions between N and P in Larrea tridentate.
Reich and Schoettle (1998) found that NUE was not well
correlated with PUE in white pine.

Contradictory to this, a study by Verde et al. (2013) in
Kenya found that P fertilizer can improve N uptake but has
no significant effect on N concentration in plant. However,
the results showed that triple super phosphate alone cannot be
a better solution for increased yield. Another study by
Zubillaga et al., (2002) found that P fertilization increased the
N use efficiency in sunflower which also contradicted to the
findings of this study.

Materials and Methods

Planting of upland rice, experimental design and treatments
Study site

This study was conducted in Carey Island, Selangor,
Malaysia (2.8667° N, 101.3667° E). The soils were classified
as Selangor Series (Paramanathan, 2000) or Typic
Endoaquept belonging to the Inceptisol order according to the
USDA soil taxonomy (Soil Survey Staff, 2014), that was
coarse loamy and isohyperthermic. The soils had following
chemical properties before any nutrients treatments: pH 0,
5.8, total carbon (C) 1.69%, total N 0.23%, total
exchangeable bases 1.29 cmol/kg, cation exchange capacity
(CEC) 9.53 cmol,/kg, extractable P 22.2 mg/kg and
aluminium (Al) saturation 53.1 %. Soil pH was measured in
soil:water (1:2.5) extract using PHM210 Standard pH meter
at 30°C (Benton, 2001). Total N in soil was determined by
Kjeldahl digestion method (Bremner and Mulvaney, 1982).
The P was extracted using Bray and Kurtz No. 2 extractants
(Bray and Kurtz, 1945). Organic carbon was analysed using
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Carbon Analyser (Benton, 2001). CEC of the soil was
determined using the leaching method (Thomas, 1982).

Planting materials

Five upland rice landraces were selected for this experiment
based on their origin as summarized in Table 1. The upland
rice seeds were soaked in water at 40 °C for 10 minutes prior
to placing them on wet cocopeat for an effective germination.
After 14 days, all the seedlings were transplanted to the
experimental plots.

Treatments and experimental design

The experiment layout was a factorial arrangement in a
randomized complete block design (RCBD) with four
replications. The treatment consisted of 5 upland rice
landraces in 2 nutrient levels; N input coupled with and
without P input (150 kg N ha™ + 0 kg P ha™* and 150 kg N ha’
1+ at 100 kg P ha'). Each treatment plot measured an area of
4 m? (2 m x 2 m) with a total of 40 plots. Destructive
sampling was carried out at 4" 8" and 16" weeks after
planting. For N application, a 150 kg N ha® in ammonium
sulphate was split applied at the rate of 50 kg N ha™ at 0, 4
and 8 weeks intervals after transplanting. In terms of °N
enriched-N application, the plot was divided into two regions;
where labelled ammonium sulphate was applied to the inner-
centre 1 m? plot, and unlabelled ammonium sulphate
(NH,SO,) was applied to the rest of the outer plot. The **N
source used was °N labelled ammonium sulphate
[*(NH,)?S0,] with 1% *N atom excess. For P application,
100 kg P ha™ as Triple Super Phosphate (TSP) was applied
only once at 0 week of transplant for the plot with P input. In
terms of other nutrients, a 150 kg K ha' as Muriate of Potash
was split applied at the rate of 50 kg K ha™ at 0, 4 and 8
weeks after transplanting.

Destructive sampling

Plant parameter was collected by carrying out destructive
sampling at 4™, 8™ and 16™ weeks after transplanting. At the



4™ and 8™ week after transplanting, only the shoot of the rice
plants were collected. Grains were collected only at 16" week
of transplanting as well as the shoot. All shoot samples were
subjected to 70 °C oven drying until constant weight was
achieved. The dry weights of the samples were recorded
using an analytical balance.

Determination of Total Nitrogen and °N analysis

The ratio on *N/**N isotope were determined using emission
spectrophotometer, NOI-6 (Fisher Analyzer Instruments,
Germany) Nuclear Malaysia laboratory. The percentage of N
derived from fertilizer (%NdFF) was calculated, based on the
isotope dilution technique (IAEA, 1983). The performance of
the landraces in taking up the N fertilizer was evaluated by
comparing total N uptake derived from labelled fertilizer
(Fertilizer N vyield) as well as the NUE (Fertilizer N
utilization).

Statistical analysis

ANOVA was used for data analysis and mean comparison
was made using least significant difference (LSD) at P <0.05
to determine the significant difference among landraces.
Statistical procedure was made by using the Statistical
Analysis System package version 9.1.

Conclusion

The NUE involves complex mechanism. This study revealed
that the P fertilization had no significant effect on NUE of
these upland rice landraces, and may suggest that the P
concentration in the soil at planting time is sufficient for
upland rice planting. Further addition of P fertilizer has no
effect on plant as they had enough from soil. Low Ndff but
high NUE may indicate that it take up small amounts of N
from fertilizer but assimilate quite high amount of N in the
plant. The N isotope labelling technique could provide a
better insight into nitrogen uptake efficiencies in upland rice.
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