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Abstract

Fertilizer has been considered as one of the most important inputs, driving productivity and
economic returns of rice farming systems. This study aimed to determine an optimized fertilizer rate to
maximize grain yields, economic returns over fertilizer cost, and agronomic fertilizer nutrient use
efficiency (ANUE) of Pathum Thani 1 rice grown on Sapphaya soil series. A completely randomized
design with 5 replications was used. The treatments involved 4 fertilizer regimes: 1) no fertilizer
application (control, C), 2) fertilizer application based on soil analysis (SSF) at a rate of 4—4.4—4 kg N-
P,05—K,0/rai (1 rai = 0.16 hectare), 3) fertilizer application based on precision fertilizer management
(PF) at a rate of 7.86-2.52—13.39 kg/rai and 4) fertilizer application based on traditional farmer practice
(F) at a rate of 15.5-5—0 kg/rai. The results uncovered that grain yields (1,055 kg/rai) and economic
return (7,724 Baht/rai) of rice received the PF treatment were significantly highest (P < 0.05), which were
approximately 78, 37, and 27 % greater than those in the C, SSF, and F treatments, respectively.
Similarly, the economic return of the PF was approximately 73, 46, and 35 % superior to those in the C,
SSF, and F treatments, respectively. Moreover, ANUE (nitrogen and phosphorus) of rice received PF
were greater (P < 0.05) than other treatments. These results suggest that productivity and economic
returns of Pathum Thani 1 rice grown on Sapphaya soil series can be optimized by applying fertilizer at a
rate of 7.86-2.52—-13.39 kg N—P,05—K,O/rai.
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Introduction

Fertilizer has been considered as one of the most important inputs in rice farming systems [1]. Many
fertilizer management strategies and technologies (e.g., variable fertilizer management practice and split
fertilizer management practice) have been developed to maximize the productivity and nutrient recovery
efficiency of rice while minimizing the cost associated with fertilizers [2,3]. However, those strategies
and technologies can be different in terms of their application practices and efficiency. For example, Zhao
et al. [4] reported that increased events of nitrogen fertilizer application largely influence the production
and nitrogen use efficiency of rice. Also, Banayo ef al. [5] emphasized that the implementation of site-
specific fertilizer management (SSF) practice where total amounts of fertilizer use are achieved by
accounting for existing nutrients in soils and brought-in nutrient supplies often results in increased
numbers of panicles per hill, leading to increased rice yield. The SSF practice has generally been proven
to support rice production, nutrient use efficiency, and economic returns superior to those in traditional
farmer practice (F) [3,5]. The fertilizer management based on the traditional farmer practice varies,
depending on several constraint factors. A lack of updated knowledge is globally one of the most
constraint factors of farmers. For instance, in China, about 50 % of farmers use fertilizers either over- or
under-requirements of plants [4]. Similarly, in Petchaburi province, more than 50 % of farmers apply
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fertilizers by ignoring existing nutrients in soils and nutrient requirements of rice [6]. As a consequence,
relatively lower production capacity, economic returns over fertilizer cost, and fertilizer nutrient use
efficiency are unavoidable [3,5].

Alternatively, total fertilizer use can be calculated by accounting for nutrient exports (in form of
grain and straw) and natural loss potentials (e.g. ammonia) of individual fertilizers, precision fertilizer
management practice (PF) [7]. In practice, this approach can be combined with the split fertilizer
management practice to maximize rice production and nutrient use efficiency as well as farm profits.
However, this combined approach has not yet been evaluated with regards to its beneficial effects on
productivity, nutrient use efficiency, and economic returns of rice.

Therefore, the present study aimed to determine and compare the productivity and economic returns
over fertilizer cost of photoperiod insensitive rice (Pathum Thani 1) received either SSF or PF or F
fertilizer practices.

Materials and methods

Site and soil properties

The study was conducted at a demonstration farm of the Faculty of Animal Science and Agricultural
Technology, Silpakorn University, Petchaburi IT campus, about 250 km south of Bangkok, during May
and November 2018. Soil properties (Fine-loamy, mixed, active nonacid, isohyperthermic Aquic
(Fluvenntic) Haqlustepts) are present in Table 1. Generally, the soil was under Sapphaya soil series with
mild acidity and medium fertility, although the concentrations of nitrogen and phosphorus were very low.

Table 1 Properties of the soil used in this experiment.

Properties of the soil Methods Soil analysis Interpretation
pH (soil: water; 1:1) McLean [8] 5.83 Mild acidity
Electrical conductivity (dS/cm) Jackson [9] 1.14 Not salty
Organic matter (%) Walkley [10]; FAO [11] 1.74 Medium

Total nitrogen (%) Bremner and Mulvaney [12] 0.09 Very low
Available phosphorus (mg/kg) Bray and Kurtz [13] 4.60 Very low
Exchangeable potassium (mg/kg) Peech et al. [14] 127.30 High
Exchangeable calcium (mg/kg) Peech et al. [14] 510.27 Medium
Exchangeable magnesium (mg/kg) Peech et al. [14] 175.76 Medium

Experimental design

A completely randomized design with 5 replications was used. The treatments involved 4 different
fertilization regimes: (1) no fertilization (control, C), (2) fertilizer use based on soil analysis (site-specific
fertilizer management, SSF) of 4-4-4 kg N-P,0s—K,O/rai (1 rai = 0.16 hectare) or equivalent to 4.96 kg
of 46-0-0 (urea), 9.57 kg of 18-46-0 (diammonium phosphate) and 8.7 kg of 0-0-60 (potassium
chloride), (3) fertilizer use based on estimated nutrients exports (precision fertilizer management, PF) of
7.86-2.52-13.39 kg N-P,05—K,O/rai or equivalent to 14.93 kg of 46—0-0 (urea), 5.48 kg of 18—46-0
(diammonium phosphate) and 22.32 kg of 0-0-60 (potassium chloride), and (4) fertilizer use based on
traditional farmer practice (F) of 15.5-5-0 kg N-P,0s—K,O/rai or equivalent to 28.35 kg of 46—-0-0
(urea), 10.87 kg of 18—46—0 (diammonium phosphate) and 0.0 kg of 0—0—-60 (potassium chloride).

For the SSF treatment, soil samples were analyzed chemically (Table 1) and subject to compute
individual fertilizer demands (nitrogen, phosphorus, and potassium) using the Soil Management
Recommendation Software version 2.1: http://oss101.1dd.go.th. The software has been developed by the
Department of Agriculture, Ministry of Agriculture and Cooperatives, Thailand.
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For the PF treatment, individual fertilizer demands were calculated by using estimated nutrient
export data, where estimated amounts of grain and straw [6] and their nutrient contents [7] were
multiplied. Additionally, in the calculation of demand for nitrogen fertilizer, a potential nitrogen loss as
ammonia was accounted for, using a factor of 0.1 [15], while phosphorus and potassium losses were
assumed to be zero.

For the F treatment, individual fertilizers were based on a survey study [16].

Soil preparation and planting management

The soils were collected to a depth of 0-30 cm, air-dried, and ground to pass through a 2 mm screen.
Subsequently, 50-kg soil was weighed and transferred into a 50 cm diameter x 40 cm height pot. Pots
were spaced 1 m from each other to prevent potential shades.

In each pot, 4 hills of three 20-d old plantlets were transplanted with 25 cm spacing. Other general
management practices such as irrigation and weeding have been described elsewhere [6].

The total amounts of nitrogen fertilizer were split into 2 equal portions. The first portion was
applied together with phosphorus and potassium fertilizers at 30 days after transplanting. The second
portion of nitrogen fertilizer was applied at 52 days after transplanting.

The water level was kept constant at 10 cm above the soil surface over an experimental period. It
should be noted that the irrigated water used in the present study was derived solely from the surface
water reservoir. Even though additional nutrients could be obtained from this source, we expected no
significant influence on the performance of rice as all treatments were received similar amounts of
irrigated water.

Data computation and statistical analysis

Grain yields were harvested at 110 days after transplanting. The yield was standardized to a 14 %
moisture content. Agronomic nutrient use efficiency (ANUE) was calculated according to Ladha et al.
[17]: ANUE = (Yt — Yo)/Fn where Yt is grain yield (kg/rai) of the treatment pots; Yo is grain yield
(kg/rai) of the control pots and Fy is the total amount of individual fertilizer use (kg/rai).

The economic return over fertilizer cost was computed as the total income (standardized yield (kg)
x grain price (7.30 Baht/kg)) less the total fertilizer cost (urea: 12.40 Baht/kg, diammonium phosphate:
21.60 Baht/kg and potassium chloride: 17.80 Baht/kg).

Data were statistically analyzed using Analysis of Variance (ANOVA) and means were compared
using Duncan’s Multiple Range Test.
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Figure 1 Monthly precipitation and temperatures over the experimental period.
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Results and discussion

The monthly precipitation and temperatures over the experimental period were within normal
ranges in Petchaburi province, Thailand (Figure 1). Over the experimental period, the accumulated
precipitation level was 1,143 mm and the average temperature was 28.9 Celsius.

Yield and economic returns

There were significant differences in grain yields and economic returns over the cost of fertilizers of
the Pathum Thani 1 rice received different fertilization regimes (Table 2). The rice that received
fertilizers (SSF, PF, and F) produced higher grain yields and economic returns than the control rice (C)
(P < 0.05). The PF rice demonstrated higher grain yield and economic returns when compared with the
SSF and F rice (P < 0.05). It should be noted that the F rice received approximately fourfold more
nitrogen fertilizer and two-fold more phosphorus fertilizer, while the SSF rice received twofold less
nitrogen fertilizer when compared to the PF rice. In general, Yoshida [18] and Dobermann and Fairhurst
[19] summarized that imbalance of individual nutrients resulting from over-or under-fertilization can
negatively affect productivity and nutrient use efficiency of rice. Furthermore, Fageria [20] reported that
an optimized fertilization regime can help support the maximized genetic performance of rice, leading to
increased plant growth, grain yields, and eventually economic returns [21]. Moreover, Banayo ef al. [21]
reported that the SSF rice in the Philippines generates more net income when compared with the F rice. In
the present study, the PF rice produced about 78, 37, and 27 % more grains and 73, 46 and 35 % more
economic returns than those in the rice received the C, SSF, and F treatments, respectively. Besides, in
our previous study [22] where the PF treatment has not yet been studied, the SSF rice usually resulted in
better productivity and economic returns when compared with the F treatment. This is partly due to the
over-fertilization of the F treatment, especially nitrogen fertilizers that can potentially lead to reduced
nutrient use efficiency while increasing the cost of fertilizer use [3,16].

Table 2 Yield and economic returns of rice grown in Sapphaya soil series and received different
fertilization regimes.

Treatments
C SSF PF F SEM F-test
(0-0-0) (4-4.4-4) (7.86-2.52-13.39) (15.5-5-0)
Grain yield (g/pot) 133.60° 173.80° 237.20° 187.40° 7.56 wkx
Grain yield (kg/rai#) 594.60° 772.20° 1,055.00" 831.60° 33.66 Rk
Returns over fertilizer 4,459.40° 5,296.00b 7,724.00° 5,71 1.80° 252,72  k¥*

cost (Baht/rai")

"1 rai = 0.16 hectare, *** = significantly at P < 0.001 level.
Means with the same row followed by the same letter are not significantly different.

Fertilizer use efficiency

The application of different fertilization regimes resulted in significant differences in agronomic
nutrient use efficiency of rice (Table 3). The agronomic nitrogen use efficiency values of the SSF and PF
rice were not different (P > 0.05), but they were greater (P < 0.05) than that in the F rice. The agronomic
phosphorus use efficiency value of the PF rice was about fourfold better (P < 0.05) than those in the SSF
and F rice. In contrast, there was no difference in the agronomic potassium-use efficiency between the
SSF and PF rice (P > 0.05). It should be noted that no potassium fertilizer was applied in the F rice.

Generally, optimized fertilization practices can lead to maximized nutrient use efficiency [5,21]. In
contrast, the increased use of fertilizers always results in a reduction in nutrient use efficiency [23].
However, in the current study, although the PF rice received a greater amount of nitrogen fertilizer
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(approximately twofold) than the SSF rice, an agronomic nitrogen use efficiency value of the PF rice
remained comparable to the SSF rice. Nevertheless, the agronomic nitrogen use efficiency value of the
F rice was lower (P < 0.05) than those of the SSF and PF rice. This is due partly to over-fertilization
where nitrogen fertilizer in the F rice was approximately twofold compared with the PF rice. In the
tropics, Yoshida [18] reported that the agronomic nitrogen use efficiency of rice ranges from 15 to 25 kg
of rice paddy per kg of fertilizer nitrogen applied. In the present study, the agronomic nitrogen use
efficiency of the F rice was within this range. However, the SSF and PF rice had higher agronomic
nitrogen use efficiency values than the above range which confirmed that the efficiency of rice farming
can be improved substantially by using optimal fertilizer technologies.

It can be seen that, on the one hand, the phosphorus use efficiency value of the PF rice was
significantly higher than other treatments (This is due possibly to the PF rice received the optimal rate of
phosphorus fertilizer which can support maximized plant growth performance and productivity [24]), on
the other hand, overuse of phosphorus fertilizers (as in the SSF and F treatments) led to a reduction in
phosphorus use efficiency of rice (Table 3).

Again, in our previous study [22] where the PF treatment has not been evaluated, the SSF rice
usually revealed better nitrogen use efficiency when compared with the F rice. This is generally due to
over-fertilization in the farmer’s traditional fertilization practice.

Overall, our findings indicated that nitrogen fertilizers at a rate of 4.0 to 7.86 kg of nitrogen/rai,
phosphorus fertilizers at a rate of 2.52 kg of P,Os/rai, and potassium fertilizers at a rate of 4 kg of K,O/rai
can be an optimal rate to maximize nutrient use efficiency of Pathum Thani 1 rice grown on Sapphaya
soil series which contain a very low concentration of nitrogen and phosphorus.

Table 3 Agronomic nutrient use efficiency (ANUE) of Pathum Thani 1 rice grown on Sapphaya soil
series and received different fertilization regimes.

Treatments
SSF PF F SEM  F-test
(4.0-4.4.0-4) (7.86-2.52-13.39)  (15.5-5.0-0.0)
ANUE (kg grain yield’kg N)  44.32° 58.52° 15.77° 5.48 HoHE
ANUE (kg grain yield/kg P) 40.29° 182.52% 47.32° 8.83 HoHE
ANUE (kg grain yield/kg K)  44.32 34.35 Na 6.07 ns

*#* = significantly at p < 0.001 level and ns = not significant.
Means with the same row followed by the same letter are not significantly different.
na = Not available. This was because potassium fertilizers were not used in this treatment.

Conclusions

Fertilization regimes largely influence rice productivity. An optimized fertilizer application can lead
to maximized productivity and economic returns of rice. Taking into account nutrient exports and
unavoidable fertilizer loss potentials can be a practical option for an effective fertilizer management
practice in rice-growing systems. In the present study, it can be concluded that fertilizer application at a
rate of 7.9-2.5-13.4 kg N-P,0s—K,O/rai potentially maximizes productivity and economic returns of
Pathum Thani 1 rice grown on Supphaya soil series.
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