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Abstract

We investigated the effect of combining organic and inorganic fertilizers on
the growth and yield of hybrid rice (Palethwe-1) in the dry and wet seasons of
2015. Four quantities of inorganic fertilizer were used in the main plot [0%,
50%, 75%, and 100% nitrogen, phosphorus, and potassium (NPK)] based on
the recommended amounts of 150 kg N ha™’, 70 kg P,O, ha™', and 120 kg K,0
ha™', while different organic manures were applied to subplots [no organic
manure (Oy), cow manure (O,), poultry manure (O,), and vermicompost (O,);
all at 5 tha™'] as part of a split-plot experimental design with three replicates.
In both seasons, significant differences in growth parameters including num-
ber of tillers hill”}, soil-plant analysis development (SPAD) values, total dry
matter, yield, and yield components were observed in plants supplied with
different inorganic fertilizers. The 100% NPK (I,,,) fertilizer produced the
maximum yield but similar yields were achieved in plots supplied with 50%
NPK (I,,) and 75% NPK (I,;). Significant differences in growth and yield pa-
rameters were also found in crops supplied with organic manures. Although
identical quantities were supplied, O, produced the best growth parameters in
both seasons including total dry matter, yield, and yield components. O, also
performed well. Combining inorganic and organic fertilizers demonstrated
that I, together with O, (5 tha™) provided similar growth, total dry matter,
and yield parameters to I, in both seasons. O_ (5 t-ha™) plus L5 also achieved
similar yields to I,y,. This study demonstrates that the combined application of
inorganic fertilizers and organic manures has the potential to reduce chemical
fertilizer usage without decreasing the yield of hybrid rice, and can enhance
the growth, yield, and yield components of Palethwe-1.
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1. Introduction

Rice is a staple food in Asia where approximately 92% of the world’s rice is pro-
duced and consumed [1]. It constitutes a significant part of the overall diet for
the 53.9 million people of Myanmar and is harvested from 8 million hectares of
farmland annually [2].

Recent concerns over food security have resulted in the global adoption of hy-
brid rice as an alternative to purebred varieties. Hybrid rice is any genealogy of
rice produced by crossbreeding different kinds of rice. It typically displays het-
erosis (hybrid vigor) and when grown under the same conditions as high-yield
inbred rice varieties can produce a yield that is up to 30% greater [3]. High-yield
crops that include hybrid rice are an important tool in combating world food
shortages. In China, approximately half of the total 30 million hectares used for
growing rice contains hybrid rice and this produces 103.5 million tons (17% of
the world’s paddy rice production), which is 22.5 million tons of extra paddy
every year. This extra production conserves approximately 6 million hectares of
land and consequently hybrid rice not only contributes to food security but also
plays an important part in protection of the global environment [4].

Myanmar has been developing hybrid rice since 1997 and has made the varie-
ties developed available for domestic consumption [5]. Growing hybrid rice is
complex because its agronomic management differs considerably from that of
conventional inbred rice varieties in many respects [6]. For example, although
the life cycles of hybrid and inbred rice are similar, hybrid rice is more vigorous
during its vegetative phase and in particular at the seedling stage. It was recently
demonstrated that the increase in yield per unit of nitrogen (N) supplied de-
creased as the quantity of mineral N fertilizer applied increased. In addition, ex-
cessive use of chemical fertilizers in agriculture has led to a variety of environ-
mental problems and in the future, fertilizers will be a major source of heavy
metals and radionuclides accumulating as inorganic pollutants in plants [7].

In Myanmar’s central dry zone, farmers have tried to maximize their profits
by adopting optimal management practices that include improving the indige-
nous soil N content and applying the minimal amount of fertilizer possible with-
out reducing yield. Another potential improvement is the use of organic ma-
nures in combination with mineral fertilizers [8] [9]. In the dry zone, cow manure
(O,) is readily available for hybrid rice cultivation. Bhuiyan [10] indicated that
the application O, at 5 t-ha™"-year™ improved rice productivity and prevented the
degradation of soil resources. Poultry manure (O,) is also a good source of or-
ganic matter and may improve soil fertility together with supplying the nutrients
necessary for enhanced crop production. O, is a good source of nutrients and

enhances their uptake over a sustained period of time. The addition of organic
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matter can increase the retention of organic and nitrogenous compounds that
are slowly being degraded in the soil [11]. Vermicomposts (O,) have also recently
become popular as organic supplements for Myanmar farmers and can enhance
the growth of cereals that include sorghum and rice [12] [13]. O, are the nutri-
ent-rich, microbiologically-active organic residues derived from the degradation
of organic waste by earthworms and microorganisms. They consist of a stable,
fine peat-like material with a low C:N ratio which is highly porous. They also
have a high capacity for water retention and contain most nutrients in forms
that can be readily absorbed by plants [14]. The capacity for recycling organic
residues has become an increasingly important aspect of environmental safety
and sustainable agriculture.

Organic methods of agricultural production have become increasingly popu-
lar to reflect consumer demand. Organic matter can provide a continuous and
steady source of N for growing plants. However, while it is N that is most likely
to limit growth in irrigated rice systems, P (phosphorus) and K (potassium) de-
ficiencies can also reduce rice yield. As a result, there is increasing interest in the
potential use of livestock waste in agricultural soils because this would enable
organic matter, N, P, and K to be recycled. A major advantage of using organic
waste from farms as fertilizer is that some of the most critical nutritional ele-
ments can be provided at little cost. By contrast, the application of chemical fer-
tilizers is costly and may exacerbate environmental problems. Therefore, utiliza-
tion of organic manures may enhance efficient nutrient use in rice and reduce
the need for chemical fertilizers. As a result, a judicious combination of organic
and inorganic nutrient sources can promote sustainable agriculture and ensure
high quality food production [15].

Combining organic manures and chemical fertilizers has the potential to pro-
vide greater stability in crop production, maintain improvements in soil fertility,
and enhance the efficiency of growth and yield generation in hybrid rice (Paleth-
we-1). Therefore, understanding how combining different quantities or ratios of
organic manures and inorganic fertilizers affects the dry matter, growth, and yield

of hybrid rice (Palethwe-1) is extremely valuable.

2. Materials and Methods

2.1. Experimental Site

Two field experiments were conducted in a farm at the Department of Agron-
omy, Yezin Agricultural University, Yezin, Nay Pyi Taw, Myanmar (19°10'N,
96°07'E) (Figure 1). The first field experiment (dry season) was performed be-
tween January and April 2015 and the second field experiment (wet season) was
performed between August and November 2015. The experimental site is located
in the central dry zone of Myanmar whereas is vulnerable to drought as com-
pared to other parts of the country. The agricultural lands receive low rainfall,
intense heat and degraded soil conditions, affecting social and economic situations
of the communities living in the region (Figure 2). The objective was to study

the effect of combining different organic manures and inorganic fertilizers on
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THAILAND

Figure 1. Location of experimental site in Yezin Agricultural University, Nay Pyi Taw.

45 - =223 Rainfall r 350
40 - — @ = Minimum Temp
—#— Maximum Temp [ 300
35 -
F 250
O 30 1 ~_
T g
g 25 A - 200 £
g g
g 20 - 3 R
;20 150 £
- | =4
SE-h Bt ?‘/ % ] - 100
» ﬁ
" n 7
5 Dry season :A f//j /"f Wet season é é - r 50
< = >
0 — RN —Ed Lo
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Months

Source: Department of Agricultural Research (DAR), Yezin, Nay Pyi Taw.

Figure 2. Mean monthly rainfall and temperature during the experimental periods in Ye-
zin, Nay Pyi Taw, 2015.
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the growth and yield attributes of hybrid rice (Palethwe-1).

2.2. Experimental Design and Treatments

This study was performed using a split-plot experimental design and three rep-
licates. Each experimental plot was 3 X 5 m in size. The distance between each
replicate and each plot was 2 and 0.5 m, respectively. Inorganic NPK fertilizer
(0%, 50%, 75%, and 100%) based on the recommended amounts of 150 kg N
ha™', 70 kg P,O; ha™', and 120 kg K,0 ha™" were supplied to the main plots. Or-
ganic manures [no organic manure (O); O, O,, and O,, 5 t-ha™', each] were su-
pplied to the subplots within each main plot. Each treatment was performed in
the same plot position in the two consecutive field experiments.

The land was prepared by plowing and harrowing, and then divided into three
areas to form the replicates. Each of the replicate areas was further divided into
four main plot areas for each inorganic fertilizer. Each main plot area was di-
vided again into four subplots. Double bunds were constructed to prevent seep-
age between the adjacent plots. The full amount of each organic manure was ap-
plied when the soil was initially prepared. The inorganic fertilizers, which in-
cluded urea (containing N) and muriate of potash (containing K,O) were ap-
plied as three equal splits: one third was applied at baseline before the seedlings
were transplanted, one third was applied at the active tillering stage, and the re-
maining third was applied at the panicle initiation stage. The full amount of tri-

ple superphosphate (containing P,0O;) was applied at baseline.

2.3. Soil Sampling and Analysis

Before performing the field experiments, initial soil samples were collected using
a soil sampling tube (5 cm in diameter) from eight locations in the experimental
field at depths of 0 to 15 cm. These soil samples were air dried at room tempera-
ture, crushed by hand, and passed through a 2-mm mesh sieve. The air dried soil
samples were then analyzed to establish their physical and chemical properties.
The hydrated soil pH (1:5, soil:water) in mass ratio was measured with an F-
51 pH meter (Horiba Ltd., Kyoto, Japan) using the 4A1-1:5 soil water suspension
method [16]. The available soil N (mgkg™) was extracted using the alkaline
permanganate method [17]. Available P (mg-kg™") was analyzed by 9C-Olsen’s
P-malachite green method [18] using a UV-Vis spectrophotometer PD-303 (Apel
Ltd., Saitama, Japan). The available soil K (mg-kg™) was measured using the 1 N
ammonium acetate extraction method [19] and analyzed using an AA-6200
atomic absorption flame emission spectrophotometer (Shimadzu Corp., Kyoto,
Japan). Organic matter (%) was measured using Tyurin’s method [20]. Cation
exchange capacity (CEC) was determined using the Leaching method [21]. All
soil samples were analyzed at the Department of Agricultural Research (DAR)

Yezin, Nay Pyi Taw.

2.4. Organic Manure Analyses

The nutrient contents of O, O,, and O, were measured using a temperature
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controlled oven and analyzed gravimetrically [22]. The total N content was ana-
lyzed by Kjeldahl’s method [23] and measured using Kjeldahl’s digestion method
and a Vapodest 20 s distillation unit (Gerhardt, Apparate GmbH & Co. KG, Ger-
many). The total P was determined using the vanado-molybdate phosphoric acid
method [24] and a 6305 UV-VIS spectrophotometer (Jenway, Stone, UK). The
total K was analyzed by the wet digestion method of Stevenson and de Langen
[25] using a novAA 400 atomic absorption spectrophotometer (Analytik Jena
AG, Jena, Germany). Total S was determined using the turbidimetric method
[26] and a 6305 UV-VIS spectrophotometer (Jenway). Organic carbon was
measured by the loss on ignition method [27] using a temperature controlled oven
and a muffle furnace. The chemical composition of organic manures (Table 1)

was also analyzed at the DAR.

2.5. Crop Management

Hybrid rice (Oryza sativa L.) variety Palethwe-1 (Myanmar hybrid rice) was cul-
tivated for all field experiments. Seeds were obtained from the Yezin Agricul-
tural University farm, soaked in water for 24 h and then incubated at 25°C for 48
h. Once they had sprouted, the seedlings were sown on a prepared seed bed ac-
cording to the wet bed method described by the IRRI (International Rice Re-
search Institute). Subsequently, the water level was gradually increased to ac-
commodate seedling height. Two 23-day-old seedlings were transplanted to each
hill, with hills spaced 20 x 20 cm apart. Throughout the growing season, stan-
dard agricultural practices were used to perform irrigation, and insect, disease, and
weed control. In both seasons, plants were harvested when the crops reached

maturity, approximately 92 d after transplanting (DAT).

2.6. Plant Growth Characteristics

Five hills from each plot were used to determine plant height (cm), number of
tillers hill™', and soil-plant analysis development (SPAD) values. These plant
growth characteristics were measured at two-week intervals from 10 DAT to
50% flowering. SPAD values were measured using a SPAD-502 chlorophyll me-
ter (Konica Minolta Inc., Osaka, Japan). The uppermost fully expanded leaf was
used to measure the SPAD value before the panicle initiation stage and the flag

leaf was used thereafter.

Table 1. Chemical compositions of different organic manures for field experiments.

Total % (oven dry basic)

No. Sample Moisture (%) Organic carbon (%)
N P,0s; KO N
1. Cow manure 18.54 13.39 1.05 1.99 2.34  0.59
2. Poultry manure 33.03 24.73 2.83 490 4.67 0.53
3. Vermicompost 28.10 1391 1.29 042 070 0.28

Source: Soil and Plant Analysis Laboratory, Soil Science Section, Soil Science, Water Utilization and Agri-
cultural Engineering Division, Department of Agricultural Research (DAR).
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2.7. Plant Sampling and Determination of Total Dry Matter, Yield,
and Yield Components

At the active tillering stage, panicle initiation, and flowering, two hills from each
plot were cut (2 - 3 cm above the ground) and used as destructive samples. These
samples were oven-dried at 70°C for 48 h and weighed immediately. The dry
matter accumulation values were expressed as tons per hectare (t-ha™).

At harvest time, five hills were used to measure growth characteristics in each
plot. These were harvested to determine the total dry matter (t-ha™) and yield
components [(number of panicles hill”', number of spikelets panicle™, filled grain
(%), thousand grain weight (g), and panicle length (cm)]. Grain yield (t-ha™)
was measured using the harvest area (5 m?) of each plot. The harvest index was
calculated as the ratio of economic yield (seed weight) to biological yield (total

dry matter weight) [28].

2.8. Statistical Analysis

The data were summarized and subjected to an analysis of variance (ANOVA).
The mean values of treatments were compared using Tukey’s honestly signifi-
cant difference (HSD) test at a 5% probability level using Statistix software (ver.
8.0; Analytical Software, Tallahassee, FL, USA).

3. Results
3.1. Soil Analysis

Table 2 summarizes the physicochemical properties of the soil surface (0 - 15

cm) at the experimental site.

3.2. Plant Growth Characteristics

The height of the rice plants was not significantly affected by the different inor-
ganic fertilizer and organic manure treatments throughout either the wet or dry

seasons. Rice plants grown using 100% NPK (I,,,) plus organic manures attained

Table 2. Physical and chemical properties of the surface (0 - 15 cm) profile of soil at the
experimental site.

Characteristics Value Rating
pH (1:5 soil-water) 6.6 Neutral
Available N (mg-kg™) 73.0 Medium
Available P (mg-kg™) 20.0 Medium
Available K (mgkg™) 77.0 Low
Organic matter (%) 1.8 Low
CEC (cmol,,/kg) 8.0 Low
Texture, % silt, % sand, % clay 19.64,72.57,7.79
Soil textural class Sandy loam

Source: Soil and Plant Analysis Laboratory, Soil Science Section, Soil Science, Water Utilization and Agri-
cultural Engineering Division, Department of Agricultural Research (DAR).
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the maximum plant height but did not differ from those grown using 75% NPK
(I;5) in either season, particularly when these were supplemented with O, (Data
not shown).

The number of tillers hill "' was not significantly affected by the different in-
organic fertilizer treatments in either season (Figure 3). There was no statisti-
cally significant difference in the number of tillers generated using I,,, compared
with 50% NPK (I,,) inorganic fertilizer. However, a larger number of tillers were
present in rice plants grown using I, compared with 0% NPK (I,) fertilizer. The
maximum tiller number was produced using I,;0, in the dry season (19.22 hill™")
and I,,,0, in the wet season (17.00 hill"). The O, and O, treatments did not
produce the maximum number of tillers with any inorganic fertilizer. The O,
plots were also unable to produce the maximum number of tillers with any inor-
ganic fertilizer. The number of tillers hill™" produced using 1,0, was obviously
low since no fertilizer was applied. The results from both seasons were similar
(Figure 3(a) and Figure 3(b)).

At approximately 24 DAT, before the active tillering stage, SPAD values were
not significantly affected by any of the inorganic fertilizer treatments but were
slightly affected at later stages of development. SPAD values produced by I, I,
and I,y treatments were similar throughout both seasons (Figure 4). The or-
ganic manure treatments produced fluctuations in the SPAD values at all growth
stages. The O, treatments performed particularly well compared with other or-
ganic manures, producing higher SPAD values at all developmental stages
(Figure 4(a)). The O, and O, plots had lower SPAD values but these were higher

(a) I, (No inorganic fertilizer) I 5o (50% Inorganic fertilizer) I ;5 (75% Inorganic fertilizer) I 100 (100% Inorganic fertilizer)
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Figure 3. Tillering pattern of hybrid rice (Palethwe-1) as affected by combined application of organic manures and
inorganic fertilizers in (a) dry season and (b) wet season, 2015. The numbers followed by I show the percentage of
NPK applied based on 150 kg N ha™', 70 kg P,O, ha™" and 120 kg K,0 ha™". I = Inorganic fertilizer; O
nure, O, = poultry manure and O, = vermicompost.
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Figure 4. Changes in SPAD values of hybrid rice (Palethwe-1) as affected by combined application of organic ma-

nures and inorganic fertilizers in (a) dry season and (b) wet season, 2015. The numbers followed by I show the

percentage of NPK applied based on 150 kg N ha™', 70 kg P,O, ha™ and 120 kg K,O ha™". I = Inorganic fertilizer; O

c

= cow manure, O, = poultry manure and O, = vermicompost.

than those of the O, plots. A similar pattern was observed during the wet season
where the O, treatments also had a bigger effect on SPAD values than the other
manures (Figure 4(b)). Without organic manure or inorganic fertilizers, opti-
mum SPAD values could not be maintained and these were below 40 at all de-
velopmental stages throughout both seasons in the 1,0, treatment plots (Figure
4).

Significant differences in total dry matter accumulation (TDM) were recorded
using different inorganic fertilizers throughout both seasons (Table 3). In the
dry season, the I, treatment provided the greatest TDM at the active tillering
stage (24 DAT), while the plots with no NPK fertilizer (I,) produced less TDM.
After this developmental stage, differences were observed in the TDM using I,
treatments, but not between I,; and Iy, treatments (Figure 5). During the wet
season, significant differences in TDM produced by the different inorganic fer-
tilizers were observed only at harvest time. However, the different organic ma-
nures significantly influenced TDM throughout both seasons. The O, combined
with inorganic fertilizer treatments produced higher TDM compared with O,
and O, treatments until the plants flowered. At harvest time, the highest TDM
(20 t-ha™") was recorded in the I,,,0, fertilizer treatments and this was similar to
values recorded using I1,,,0, (19 tha™) during the dry season (Figure 5). TDM
values for the different manure treatments combined with I,; did not differ sig-
nificantly. Although it contained only half as much NPK, the I;,0, treatment
produced a similar TDM (17.51 t-ha™) to the I,,,O, treatment (19.54 tha™)
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Table 3. Probability values using ANOVA of dry matter accumulation (t-ha™) of hybrid rice (Palethwe-1) at the critical growth

stages in both season (dry and wet season), 2015.

Probability P value
Dry season (2015) Wet season (2015)
Source
Active tillering Panicle Flowering Active tillering  Panicle initiation Flowering
L Harvest Harvest
stage initiation stage stage stage stage stage
Inorganic fertilizer (I) <0.0001 0.0243 0.0175 <0.0001 0.0011 0.0001 <0.0001 <0.0001
Organic manures (O) <0.0001 <0.0001 <0.0001 <0.0001 0.0244 0.0026 0.0026 <0.0001
IxO 0.0013 ns ns 0.0015 ns ns ns 0.0220
CV % 9.43 12.41 16.73 7.18 19.82 13.66 13.54 6.91
ns = non-significant difference.
At active tillering stage At panicle initiation stage
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Figure 5. Dry matter accumulation (t-ha™) of hybrid rice (Palethwe-1) as affected by combined application of organic manures

and inorganic fertilizers at the critical growth stages in dry season, 2015. The histograms with the same letter are not significantly
different by the Tukey HSD test (p < 0.05). The bar on each histogram indicates standard deviation. The numbers followed by I
show the percentage of NPK applied based on 150 kg N ha™', 70 kg P,O, ha™ and 120 kg K,O ha™". I = Inorganic fertilizer; O, =

cow manure, O, =

poultry manure and O, = vermicompost.

(Figure 5). Similar results were observed during the wet season (Figure 6).
Combining I, with O, (16.18 t-ha™) and O, (16.07 t-ha™") produced TDM simi-
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Total Dry Matter (tha'!)

Total Dry Matter (tha'!)

20

15

10

20

At active tillering stage

lar to that produced by other combinations of organic manures with I,y [I,5,0.
(18.36 t-ha™), 1,00, (18.03 t-ha™), and I,,,0, (18.47 t-ha™)]. The lowest TDM
was recorded in 1,0, plots (5.3 tha™ and 6.1 tha™) in both seasons (Figure 5
and Figure 6).

3.3. Harvest Index, Yield, and Yield Parameters

The harvest index (HI) ranged from 0.42 to 0.56 for both inorganic fertilizer and
organic manure treatments and there were significant differences among them.
However, similar HI values were measured among I, I,;, and Iy, treatments
throughout both seasons. For the organic manures, the O, treatment produced
the highest HI values. These were 0.54 and 0.51 in the dry and wet seasons, re-
spectively. The lowest HI values were recorded for the I,0, treatment (Table 4
and Table 5).

The number of panicles hill™ was significantly affected by different inorganic
fertilizer and organic manure treatments in both seasons. The I, plots produced
the highest mean panicle number (11.47) and this was similar to that produced

At panicle initiation stage
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Figure 6. Dry matter accumulation (t-ha™) of hybrid rice (Palethwe-1) as affected by combined application of organic manures

and inorganic fertilizers at the critical growth stages in wet season, 2015. The histograms with the same letter are not significantly
different by the Tukey HSD test (p < 0.05). The bar on each histogram indicates standard deviation. The numbers followed by I
show the percentage of NPK applied based on 150 kg N ha™', 70 kg P,O, ha™ and 120 kg K,O ha™". I = Inorganic fertilizer; O, =
cow manure, O, = poultry manure and O, = vermicompost.
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Table 4. Yield, yield components and harvest index of hybrid rice (Palethwe-1) affected by organic manures and inorganic ferti-
lizer levels in dry season, 2015.

Treatment Yiel_cl No. ?aflicle No. s?ike_lets Fil.led 1090 grain Panicle Harvest
(tha™) hill™* panicle™ grain % weight (g) length (cm) index
Inorganic fertilizers (I)

I, (0% NPK) 4.26 c 7.03 ¢ 112.63 ¢ 72.86 b 27.18Db 22.75b 0.42b

L5, (50% NPK) 8.13b 9.14b 145.53 b 90.24 a 2833 a 24.19a 0.53 a

L5 (75% NPK) 9.55a 11.32a 147.97 b 89.96 a 28.51a 24.36 a 0.55a
I, (100% NPK) 9.56 a 1147 a 154.39 a 91.62 a 28.72 a 2449 a 0.56 a

Tukey HSDy 5 0.64 0.59 3.79 1.96 0.79 0.46 0.04

Organic manures (O)

O, (omission) 6.72 ¢ 8.47 ¢ 126.87 ¢ 83.57b 27.79 a 2339¢ 0.48 b
O.(5tonha™) 7.93 b 10.02 b 143.22 b 86.93 a 28.34a 24.04 ab 0.52a

O, (5ton ha™) 8.77 a 10.58 a 147.58 a 88.18 a 28.51a 24.46 a 0.54a
O, (5tonha™) 8.08 ab 9.89b 142.85b 87.02 a 28.09 a 23.91ab 0.51 ab

Tukey HSDy 5 0.70 0.36 10.37 2.73 0.70 0.53 0.05

Pr>F

Inorganic fertilizers <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001

Organic manures <0.001 <0.001 <0.001 <0.001 ns 0.004 0.032

IxO 0.004 0.007 <0.001 0.003 ns ns ns
CV% (a) 5.78 4.31 6.33 3.10 2.01 1.94 8.38
CV% (b) 7.90 3.30 7.39 3.62 2.67 2.63 10.39

In each column, means having a common letter are not significantly different at 5% level. The numbers followed by I show the percentage of NPK applied
based on 150 kg N ha™', 70 kg P,0, ha™' and 120 kg K,O ha™. I = Inorganic fertilizer; O, = cow manure, O, = poultry manure and O, = vermicompost. ns =
non-significant difference.

Table 5. Yield, yield components and harvest index of hybrid rice (Palethwe-1) affected by organic manures and inorganic ferti-
lizers levels in wet season, 2015.

Treatment Yiel_d No. pfafﬂcle No. sp?ike}ets Fil‘led 1090 grain Panicle Harvest
(tha™) hill™! panicle™! grain % weight (g) length (cm) index
Inorganic fertilizers (I)
I, (0% NPK) 5.17b 6.72 c 95.95b 75.39b 22.30b 21.84b 0.42b
I, (50% NPK) 8.15a 7.67 b 123.64 a 80.43 a 2342a 22.76 ab 0.50 ab
Is (75% NPK) 8.36a 8.27a 126.41 a 80.78 a 23.51a 2290 a 0.51a
I, (100% NPK) 8.46 a 8.35a 126.14 a 81.04a 23.71a 2322 a 0.52a
Tukey HSDy 5 0.80 0.46 6.92 3.91 0.75 1.05 0.09
Organic manures (O)
O, (omission) 7.17b 7.34b 110.75b 77.33b 22.66 b 2243b 0.46 b
O, (5 ton ha™) 7.66 ab 7.83 ab 116.19 ab 80.11a 23.41 ab 22.62 ab 0.49 ab
O, (5ton ha™) 7.78 a 8.20 a 12599 a 80.67 a 23.58a 23.29a 0.51a
O, (5ton ha™) 7.54 ab 7.60 ab 119.19 ab 79.53 a 23.27 ab 23.00 ab 0.49 ab
Tukey HSDy 5 0.55 0.60 9.23 2.73 0.91 0.79 0.04
Pr>F
Inorganic fertilizers <0.001 <0.001 <0.001 0.007 0.002 0.077 0.024
Organic manures 0.035 0.005 0.019 0.088 0.056 0.456 0.008
IxO 0.997 0.982 0.994 0.997 1.000 1.000 0.984
CV% (a) 7.56 4.29 4.15 3.49 2.30 4.65 13.69
CV% (b) 6.54 6.92 9.29 4.08 3.50 391 7.42

In each column, means having a common letter are not significantly different at 5% level. The numbers followed by I show the percentage of NPK applied
based on 150 kg N ha™, 70 kg P,O; ha™' and 120 kg K,0 ha™". I = Inorganic fertilizer; O, = cow manure, O, = poultry manure and O, = vermicompost.
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by the I,; plots (11.32). Fewer panicles were produced by I, treatments com-
pared with I,; and I, treatments but fewer still were produced by I, treatments.
However, different inorganic fertilizer levels had no significant effect on the
length of panicle, except I, (control) (Table 4). Similar results were recorded for
inorganic fertilizer treatments during the wet season (Table 5). Among the or-
ganic manures, the O, treatment produced the highest mean panicle numbers
(10.58 and 8.2) and the highest panicle length (24.46 cm and 23.29 c¢m) in the
dry and wet seasons, respectively, followed by the O and O, treatments.

The use of I, fertilizer significantly increased the number of spikelets per
panicle, producing the highest values in both the wet (126.14) and dry (154.39)
seasons. Similar numbers of spikelets were produced by I, and I, treatments
during the wet season (Table 5). The fewest spikelets were produced by I, treat-
ments in both the dry (112.63) and wet (95.95) seasons. For the organic ma-
nures, the O, treatment produced the highest number of spikelets in both the
dry (147.58) and wet (125.99) seasons, followed by the O, and O, treatments.
Lower spikelet numbers were produced by O, treatments in the dry (126.87) and
wet (110.75) seasons due to severe deficiencies in N at the vegetative stage
(Table 4 and Table 5).

The different inorganic fertilizer treatments produced significant differences
in the percentage of filled grains. The highest filled grain percentage was pro-
duced by I,y treatments during the dry (91.62%) and wet (81.04%) seasons.
Similar values were produced by I, and I, treatments, with the I, treatment
producing the lowest filled grain percentages in both seasons (Table 4 and Table
5). The O, treatment produced the highest filled grain percentage in both the dry
(88.18%) and wet (80.67%) seasons but these values did not differ significantly
from those recorded for the O, and O, treatments. The O, treatment produced
the lowest percentages in both season (Table 4 and Table 5).

Thousand grain weight was unaffected by the different inorganic fertilizer
treatments in either season. However, the thousand grain weight produced by
the I, treatment was significantly lower than that produced by I, L, and I,
treatments. Although the different organic manure treatments did not have a
significant effect on thousand grain weight, the O, treatment produced the
highest values in both the dry and wet seasons (Table 4 and Table 5). Con-
versely, panicle length was not significantly affected by the different inorganic
fertilizer treatments. However, the I treatment produced the shortest panicles in
both seasons. Although panicles of similar length were produced by different
organic manure treatments, the O, treatment produced slightly longer panicles.
Similar trends were observed during the wet season (Table 5).

Significant differences in yield were produced by the different inorganic fer-
tilizers and organic manures in both seasons. The highest yields were produced
by the I,y, treatments (9.56 t-ha™ in the dry and 8.46 t-ha™" in the wet season) and
these were similar to those produced by the I treatments (9.55 t-ha™ in dry and
8.36 tha™' in the wet season). The I, treatment plots produced lower yields but

these were still higher than in the I; plots. For the organic manures, the O,
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treatments produced the maximum vyields in both the dry (8.77 t-ha™) and wet
(7.78 t-ha™") seasons, followed by the O, and O, treatments. Combining inor-
ganic fertilizers and organic manures demonstrated that the O, plus I, I,5, and
L4 treatments produced the highest yields (9.78, 10.17, and 10.27 t-ha™, respec-
tively). However, there were no significant differences between these values in
the dry season (Figure 7(a)). Similar observations were made for the wet season
(Figure 7(b)). Organic manures alone (O,) did not produce high yields in either

season.

4. Discussion

Our analysis indicated that the soil used in these experiments was a sandy loam.
Regular rice cultivation meant the soil pH was approximately neutral (pH 6.6). It
had a low capacity for cation-exchange (8 cmol/kg) and a low level of organic

matter (1.8%). There were moderate amounts of available N (73 mg-kg™") and P
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Figure 7. Yield (t-ha™) of hybrid rice (Palethwe-1) as affected by combined application of
organic manures and inorganic fertilizers in (a) dry season and (b) wet season, 2015. The
histograms with the same letter are not significantly different by the Tukey HSD test (p <
0.05). The bar on each histogram indicates standard deviation. The numbers followed by
I show the percentage of NPK applied based on 150 kg N ha™', 70 kg P,O, ha™' and 120 kg
K,O ha™'. I = Inorganic fertilizer; O, = cow manure, O, = poultry manure and O, = ver-
micompost.
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(20 mg-kg™), but little available K (77 mg-kg™). The soil data were evaluated us-
ing guidelines published by the Federal Ministry of Agriculture and Natural Re-
sources [29].

This study was conducted in the central dry zone of Myanmar where sandy
loam soils predominate in rice growing areas. The dry zone is characterized by
clay, sandy loam, and sandy soils that also contain gravel. Hadden [30] observed
that soil types found in the dry zone are not particularly fertile and have low
quantities of organic matter. Potassium levels are too low to be ideal for agricul-
ture. N is required for all non-legume crops regardless of soil type. In the dry
zone of Myanmar, rice is cultivated as monsoon and summer rice every year and
most farmers apply large amounts of inorganic fertilizers. Rice straw is used for
animal feed and never returned to the rice field. Crucial soil components are
constantly being depleted due to intensive farming and the extensive use of
chemical fertilizers with little or no organic manure. The increasing intensity of
land use has depleted soil nutrients. The only way to replenish organic matter in
the short term is to apply it directly, for example in the form of manure [31].
The results of this study suggest that the quantities of chemical fertilizers used
for hybrid rice cultivation in the dry zone of Myanmar could be significantly re-
duced and replaced by organic manures.

In this study, the maximum grain yield was produced using I,, treatments in
both seasons. However, combining organic and inorganic fertilizers resulted in
the 15,0, treatment producing a similar yield to that produced by I,, treatments.
The I,,0, and IO, treatments also produced high yields. Our analysis demon-
strated that O, had a higher nutrient content than either O, or O,. Rajni and
Srivastava [32] found that grain yield was significantly increased by combining
organic manures and chemical fertilizers. However, the application of organic
manures alone did not significantly enhance the yield of hybrid rice in either
season. Akter et al [33] also found that combining manure with chemical fertil-
izer treatments led to significantly higher yields and yield parameters than using
chemical fertilizers alone. Therefore, it is clear that the combined application of
organic manures and inorganic fertilizers is highly beneficial for sustainability in
crop production [34].

Our analysis of yield components demonstrated that O, treatment had a sig-
nificant effect on panicle number hill™, spikelet number panicle™, filled grain
(%), and panicle length resulting in the maximum values for both seasons. Babu
et al. [35] noted a significant increase in panicle length due to the application of
organic manure and chemical fertilizers. However, the number of panicles was
not significantly higher than that produced by O, and O, treatments. In general,
panicle number is strongly associated with tiller number. Chaturvedi [36] re-
ported that a greater number of tillers, particularly fertile tillers, led to higher
yields. At the tillering developmental stage, the maximum tiller number was
produced by the 1,0, treatment. However, a similar number of tillers were pro-
duced by 15,0, and I,,,0, treatments. Eghball et al. [37], reported that the min-

eral content of O, is higher than that of O, and O, and that these minerals are
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more readily available to plants during early growth. Arif [38] also demonstrated
that the maximum number of fertile tillers hill™ was produced when O, was
combined with 50% of the recommended amount of fertilizer. Apostol [39] re-
ported that combining organic and inorganic fertilizers increased the production
of panicles plant™ in rice. Generally, tiller number during the wet season is lower
than during the dry season, which might be due to inadequate sunlight essential
for photosynthesis, during the wet season. Sun light levels are higher during the
dry season and higher temperatures may also result in more tillers being pro-
duced [40].

A steady supply of nutrients at the panicle initiation and grain filling stages

ensures that the maximum number of spikelets panicle™

can be attained using
O, treatment. Treatment using O, and O, also results in a high number of
spikelets panicle™. Razzaque [41] also reported that spikelets panicle™ increased
significantly when organic manures and chemical fertilizers were combined. The
maximum filled grain percentage was produced by O, treatment in both seasons.
This is consistent with work by Kenchaiah [42], which demonstrated that O,
treatment produced better physical grain characteristics. The combined applica-
tion of manures and fertilizers also significantly increases the number of filled
grains panicle™ [43]. Thousand grain weight was unaffected by organic and in-
organic fertilizer treatment types in either season. Islam et al [44] reported that
the thousand grain weight of rice was not significantly influenced by inorganic
fertilizer levels because this depends mainly on genetic factors that are unique to
each variety. Combining organic manures and inorganic fertilizers also in-
creased panicle length compared with 1,0, treatment. Rahman [45] observed
that applying organic manures together with chemical fertilizers increased pani-
cle length. Supplying organic and inorganic fertilizers together increases the
quantities of a variety of nutrients simultaneously and can reduce the amount of
N lost by converting inorganic into organic N [46].

Myint et al. [47] suggested that the main advantage of using organic manures
was to provide plants with nutrients that are released slowly throughout the
growing season. Of all the manure types tested in this study, O, produced the
highest SPAD values at all stages of development resulting in the greatest TDM.
The maximum TDM was produced by the I,,,0; treatment but high TDM values
were also obtained using 15,0, and 1,50, treatments in both seasons. Chaturvedi
[36] reported that dry-matter accumulation in rice increased significantly in re-
sponse to N-fertilizer application, at all stages of plant development. Treatment
with O, was able to supply nutrients throughout the growth period. Treatment
using O, and O, was also effective in supporting plant growth. Eghball et al [37]
reported that O, is richer in minerals than O, and O, throughout the first year
after it is applied. In general, the SPAD values produced by all treatments gradu-
ally increased until 30 DAT before decreasing, and this pattern may be linked to
nutrient uptake in rice. SPAD values increased again to a maximum value (50) at
approximately 66 DAT (flowering stage) in both seasons. Our results demon-

strated that the lower leaf began to senesce and translocated N to the flag leaf,
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resulting in the flag leaf becoming greener. Turner and Jund [48] reported that
the SPAD values of rice supplied with low quantities of N increased (to ap-
proximately 35) at the heading stage. Treatment using 15,0, maintains stable
SPAD values and has great potential for decreasing the quantities of chemical
fertilizer used to grow hybrid rice. Liu et al. [49] also reported that the combined
application of organic waste and chemical fertilizer was more effective than us-
ing either alone. This result was supported by Belay et al. [50] who demonstrated
that treatment with O, combined with inorganic fertilizers enhances nutrient
availability and creates suitable conditions for growth by reducing nutrient loss

and increasing plant dry weight.

5. Conclusion

In this study, we demonstrated that the integrated application of organic ma-
nures and inorganic fertilizers was effective in enhancing growth, yield, and the
yield components of hybrid rice. These results have the great potential for re-
ducing the use of chemical fertilizers without decreasing the yield of hybrid rice.
In the central dry zone of Myanmar, the I, (75 kg N ha™') + o, (5 t-ha™) treat-
ment proved extremely good for cultivating hybrid rice. In regions where poul-
try are limited, O, (5 t-ha™) may also be used as an effective fertilizer in combi-
nation with L5 (112.5 kg N ha™). In contrast, O, may be of limited use because of
its low nutrient content and availability in Myanmar. Clearly, the combined ap-
plication of organic manures and inorganic fertilizers can enhance soil N con-
tent for cultivating rice and improve both long term productivity [51] and eco-
logical sustainability [52]. A major advantage of using organic wastes is that they
can provide a variety of nutrients at low cost. Further studies investigating how
different application methods and various types of organic and chemical fertiliz-
ers might enhance the growth of new rice varieties should be performed in the

future.
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