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Abstract: The government of Nepal has recommended blanket fertilizer application for rice cultiva-
tion, which results in lower nutrient use efficiency (NUE) particularly under rainfed conditions. With
the aim of finding an appropriate nutrient management practices concerning rice production and prof-
itability, a field experiment was conducted during rainy season of 2017 and 2018 at Kavrepalanchowk
and Dang district of Nepal. Altogether, five treatments comprising various nutrient management
practices viz. Nutrient Expert Model (NE), use of Leaf Color Chart (LCC), Government Recom-
mended Fertilizer Dose (GON), Farm Yard Manure (FYM), and Farmers’ Field Practice (FFP), were
laid out in RCBD with four replications in farmers’ fields. The analysis of variance showed signif-
icant difference between treatments for test weight and grain yield in Kavrepalanchowk whereas
all traits except number of effective tillers were significant in Dang. The significantly higher grain
yield and harvest index were obtained in NE, followed by LCC; and the overall straw yield was
highest in LCC, followed by NE in both the locations. Also, yield gap analysis suggested the NE had
44.44% and 23.97% increase in yield as compared to FPP in Kavrepalanchowk and Dang, respectively.
The combined analysis with Best Linear Unbiased Estimator revealed the interaction of nutrient
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management and location significantly effects the straw yield and harvest index across both the
locations. The estimated mean straw yield and harvest index were 10.93 t/ha and 34.98%, respectively.
Both correlation study and biplot of principal component analysis signaled grain yield had positive
correlation with all other traits. Furthermore, the net revenue was maximum for NE, followed by LCC
in both the locations. The benefit: cost ratio was highest for NE which was 1.55 in Kavrepalanchowk
and 2.61 in Dang. On the basis of these findings, NE and LCC can be effectively used as nutrient
management practice by the farmers to obtain maximum production and profitability in Rice.

Keywords: hybrid rice; nutrient management practices; production and profitability

1. Introduction

Rice (Oryza sativa) is important cereals fulfilling food necessities of more than half
of the world’s population [1]. Globally, rice is cultivated over 162.06 million hectares,
producing 504.17 million metric tons of milled rice in 2019 [2]. Rice is mainly grown
and consumed in Asian countries (China, India, Indonesia, Bangladesh, Vietnam) with
80% of global production [3]. In Nepal, rice is cultivated in 1,458,915-hectare, producing
5,550,878 metric tons of rice, with an average productivity of 3.8 tons/ha during fiscal year
2019-2020 [4]. Nepal’s Gross Domestic Product (GDP) is largely sustained by agriculture,
of which rice alone represents 20.75 percent [5]. Nepal’s current rice demand (2512 tons
currently) is predicted to double by 2030 (4518 tons) due to population pressure. Further,
the study of [6] forecasted that household demand and production would fluctuate from
19% to 80% by 2030. It is necessary to increase rice production and productivity to close the
gap in supply and demand with the limited resource available, owing to the unstable rice
yield due to insect, pest, nematodes, declination of soil fertility, imbalanced fertilizer use
and poor nutrient management practices [7,8].

In Nepal, rice is grown with urea as the primary nitrogen source, but plants utilize
only 30% of the applied urea, whereas the rest 70% is lost due to NH3 volatilization, surface
runoff and leaching in lowland rice therefore, rice farmers need to maximize nitrogen use
efficiency (NUE) while maintaining low nitrogen inputs [9,10]. Concept of Site-Specific
Nutrient Management (SSNM) was developed to apply nutrients at the optimal rates with
maximum nutrient use efficiency [11]. SSNM is a component of precision agriculture as
it combines the nutrient requirements of plants at various growth stages with the soil’s
ability to supplying them. Further, SSNM integrates with Nutrient Expert; computer-based
tool to estimate fertilizer requirement considering nutrient use efficiency, estimated yield,
along with nutrient balance and added nutrients effect on yield [12]. SSNM principles
recommend fertilizer based on the 4'R’-right dose, right method, right source, and right
timing [13].

There have been different trails deploying Nutrient Expert in wheat and maize [14], in
wheat [15] and in Rice [16]. These studies have demonstrated the significance of nutrient
experts’ recommendations over practices adapted by farmers concerning yield and prof-
itability. The amount of fertilizer required for a field is calculated from the predicted yield
in response to every fertilizer nutrient which is the contrast between the attainable yield
and the nutrient-limited yield. Further, Nutrient osmosis trials are performed in farmer’s
fields to determine the attainable yield Attainable yield is the yield of particular without
any nutrient limitation under best management practice in the farmer’s location [17].

Government of Nepal's fertilizer dose recommendations are based on the fertility
status of particular region in Nepal, rather than the soil fertility of the individual farmer.
This leads to a need for SSNM techniques such as Leaf color chart (LCC) due to the lack of
adequate dissemination of the developed approach. Thus, this research aims to evaluate
the production and profitability of hybrid rice through different nutrient management
practices at two locations; and to analyze the traits associated with higher yield.
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2. Materials and Methods
2.1. Study Site and Weather Conditions

A field experiment was conducted in farmers’ field of Mahadevsthan of Kavrepalan-
chok (Kavre) during rainy season of 2017 and in Lamahi municipality, Dang district during
the rainy season of 2018. The site of Kavre is at 27°71’ North latitude and 85°61" East
longitudes which is 670 m above MSL. The site of Dang is at 27.8771° N, 82.5727° E, with
250 above meter sea level. An experimental site is located in a dry rain-fed region of Nepal
with a subtropical climate consisting of wet summers and dry winters. The weather of the
research area is presented in Figure 1.
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Figure 1. Climatic data of Research area.
2.2. Experimental Setup and Crop Management
A field experiment was conducted in Kavre and Dang districts of Nepal during the
kharif seasons of 2017 and 2018 with hybrid rice transplanted to the main field after 22 days
in the nursery bed as per farmer’s practice. The details of soil chemical properties are
given on Table 1. Experimental treatments were laid out on Randomized Complete Block
Design with four replications in both locations. Seedlings were transplanted one per hill
with a spacing of 25 cm x 25 cm i.e., the seed rate was 10 kg/ha. Each plot was fertilized
according to the treatment (nutrient management practice) assigned to it in Table 2.
Table 1. Soil chemical properties of research area.
Properties pH Organic Total Available Phosphorus  Available Potassium Zine: Boron:
P Value: Matter: Nitrogen: (P,05): (K,0): : :
Dang 7.091 2.71% 0.13% 73.128 kg/ha 396.539 kg/ha 0.612ppm  1.283 ppm
Kavre 6.088 1.81% 0.07% 127.277 kg/ha 285.611 kg/ha 1.561 ppm 0.897 ppm

Three fertilizers named as Urea (46% N), Diammonium phosphate (18% N and 46%
P,05) and Muriate of Potash (60% K,O) were used as a source of Nitrogen, Phosphorus and
Potassium as per guidelines of Government of Nepal. In the Nutrient Expert (NE), fertilizer
dose along with the application time as per the recommendation of NE model was applied.
The model was run with the data of surveyed (interviewed farmer with questionnaire).
In the Leaf Color Chart (LCC), P & K was applied as per the recommendation made by
NE and N was applied as per need on the basis of Leaf Color Chart (LCC) score. In the
Government of Nepal recommended fertilizer dose (GON)), fertilizer in each plot was
applied as per the recommendation by National Agriculture Research Council (NARC);
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140:60:30 kg NPK ha~! [18]. In the Farmyard Manure (FYM), FYM was applied to each
field at 15-ton ha™!.

Table 2. Treatment details for the experiment in both Kavre and Dang.

Treatment
Number

Symbol Treatment Combination

Nutrient Expert recommended dose at Kavre
-Farmer 1: 141:39:72 kg NPK/ha
-Farmer 2: 132:38:61 kg NPK/ha
-Farmer 3: 132:38:61 kg NPK/ha
-Farmer 4-132:38:61 kg NPK/ha

Nutrient Expert recommended dose at Dang
-Farmer 1: 118:37:52 kg NPK/ha

-Farmer 2: 93:23:29 kg NPK/ha
-Farmer 3: 109:28:46 kg NPK/ha
-Farmer 4: 109:28:46 kg NPK/ha

NE

T

LCC Nitrogen as per LCC and P & K calculated from Nutrient Expert

Government of Nepal recommended dose

GON -140:60:30 kg NPK/ha (Shah and Yadav, 2001)

Ty

FYM -Farm Yard Manure (FYM) (15-ton ha~1)

Ts

Farmers’ existing practices at Kavre
-Farmer 1: 60.4:36.8:36 kg NPK/ha
-Farmer 2: 71.2:64.4:0 kg NPK/ha
FFP -Farmer 3: 45.08:36.8:0 kg NPK/ha
-Farmer 4: 31.8:46:0 kg NPK/ha
Farmer’s existing practice at Dang
-Farmer 1, 2, 3, and 4: 16.5:15:0 kg NPK/ha

NE, Nutrient Expert; LCC, Leaf Color Chart, GON, Government of Nepal recommended dose of fertilizer; FFP,
Farmer Field Practice.

2.3. Measurement and Data Collection

The agro-morphological traits such as plant height, number of effective tillers per
meter square, length of panicle, test weight, straw and grain yield were recorded. The
total cost and gross revenue of the rice production was calculated. The harvest index and
fertility were taken and economic parameters (B:C ratio) were evaluated by using following
formulae:

a. Fertility: Fertility was calculated as per [19] i.e.,

Fertility% = (number of fertile grains/total number of florets) x 100
b. Harvest Index: Harvest index (HI) was computed by
H.L% = (grain yield/(grain yield + straw yield) x 100

c. Benefit cost (B:C) ratio was calculated by using gross return and cost of cultiva-
tion [20]; Benefit: cost ratio = Net return/cost of cultivation

2.4. Data Analysis

MS Excel was used to enter and process all the data. An analysis of variance (ANOVA)
was carried out using R version 3.6.0. R package-Agricoale to test for significant difference
between treatment means at the 0.05 level of significance. The combined analysis of two
sites was carried out by Meta-R with the Best Linear Unbiased Estimator (BLUE). MINITAB
14.0 was used to prepare the principal component biplot.
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3. Results and Discussion
3.1. Result of Mean Performance of Rice Traits
3.1.1. Plant Height (PH)

An analysis of variance revealed a highly significant difference (p < 0.01) between the
treatments for plants in Dang, but while in Kavre difference was not significant statistically
(Figure 2). The overall mean of the plant height was 91.63 cm. The mean plant height was
87.47 cm and 95.78 cm in Kavre and Dang, respectively. Plant height was maximum in FYM
(91.58 cm) and minimum in NE (83.76 cm) at Kavre while at Dang maximum plant height
was observed in NE (99.89 cm), followed by GON (98.41 cm) and minimum plant height
was observed in FFP (88.39), respectively). These findings are supported by report of [21].
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Figure 2. Effect of nutrient management practices on Plant Height of Rice at Kavrepalanchowk

and Dang.
3.1.2. Number of Effective Tiller (NOET)

A significant difference (p < 0.05) was found for the number of effective tillers per m
at Kavre, while it was not significant at Dang (Figure 3). The mean number of tillers per m
was 258, 363, and 315.50 in Kavre, Dang and the overall field, respectively. The number of
effective tillers per m? was highest in GON plots (278.40) followed by LCC (273.00) and
minimum in FFP plots (224.80) in Kavre while LCC had the maximum number of effective
tillers per m? (387.65) and NE had the lowest number of effective tillers per m? (355.20) at
harvest in Dang.

2
2

BEavre BDang
i 388 386

300 F 964 278

NCET

NE
Treatments

Figure 3. Effect of nutrient management practices on Number of Effective Tillers per Square Meter of
Rice at Kavrepalanchowk and Dang.
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3.2. Panicle Length (PL)

Panicle length was statistically significant (p < 0.01) in Dang while non-significant in
Kavre (Figure 4). The overall mean of the panicle length was 24.76 cm. Kavre and Dang
had mean panicle lengths of 26.92 cm and 22.59 cm, respectively.
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Figure 4. Effect of nutrient management practices on Panicle Length of rice at Kavrepalanchowk
and Dang.

3.3. Kavre

LCC had the longest panicle length (27.41 cm), followed by NE (27.18 cm), and FYM
and FPP both had the shortest panicles (26.56 cm). These result are in line with result
obtained by [22].

3.4. Dang

The longest panicle length was found in NE (26.31 cm) which was statically superior
to all other treatments. The shortest panicle was found in FPP (20.61 cm) which was
statistically at par with LCC, GON, and FYM. Similar result was obtained by [23].

3.5. Fertility (FT)

In Kavre, there was no significant difference between treatments in regards to per-
centage fertility, while in Dang, there was significant difference (Figure 5). The overall
mean of the fertility was 77.40%. The mean percentage of fertility in Kavre and Dang were
72.6% and 82.2%, respectively. The percentage of fertility ranged from 68.5% to 80.25% with
highest fertility recorded in LCC and lowest fertility recorded in FYM in Kavre. In dang,
the percentage of fertility ranged from 67.24% to 90.52%. The highest fertility recorded in
FYM was statistically superior to other treatments. It was followed by LCC (88.12%) and
NE (87.56%). The lowest fertility recorded in FPP.

3.6. Test Weight

The ANOVA showed significant effects (p < 0.01) of treatments on test weight of rice
in both Kavre and Dang (Figure 6). The mean thousand grain weight was 15.7 g in Kavre
and was 15.75 g in Dang. The overall mean was 15.73 g.

In Kavre, the maximum test weight recorded was 17.0 g in NE which was followed
by LCC (16.5 g). While, the minimum test weight recorded was 14.0 g in FYM. Similarly,
in Dang, the maximum test weight recorded was 17.00 g in FYM and LCC. While, the
minimum test weight recorded was 14.0 g in FPP.
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3.7. Grain Yield
3.7.1. Kavrepalanchowk

and Dang.

The ANOVA elucidated significant effects of treatments on grain yield of rice at 0.05
level of significance (Figure 7). The highest grain yield (5.84 t/ha) was recorded in NE

management followed by LCC (5.61 t/ha), GON (5.34 t/ha) and FYM (5.14 t/ha). The

lowest yield (4.10 t/ha) was obtained in FYM.
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Figure 7. Effect of nutrient management practices on grain yield of rice at Kavrepalanchowk

and Dang.
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Strawr yield (tha)

3.7.2. Dang

The ANOVA elucidated treatments caused significant variation on the grain yield of
rice at 0.01 level of significance. The highest grain yield of rice (6.36 t/ha) was recorded in
NE in NE management followed by LCC (6.17 t/ha), and FYM (5.8004 t/ha). The lowest
yield (5.13 t/ha and 5.20 t/ha) was obtained in FPP and GON, statically at par with FYM.

3.8. Straw Yield

There was significant difference between nutrient management treatments for straw
yield in Kavre and Dang (Figure 8). The mean straw yield in Kavre was 10.9 t/ha and in
Dang was 10.97 t/ha. The overall mean was found to be 10.93 t/ha. The highest straw
yield was 12.04 t/ha in FFP, followed by 11.50 t/ha in GON statistically at par with FFP
while the lowest yield was found in LCC (9.50 t/ha) in Kavre. In Dang, the highest straw
yield was found in LCC (12.87 t/ha) statistically at par with NE (12.62 t/ha). The lowest
straw yield was found in FFP (12.04 t/ha).
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Figure 8. Effect of nutrient management practices on straw yield of rice at Kavrepalanchowk
and Dang.

3.9. Harvest Index

The harvest index between treatments differed significantly in Dang while it did not
differ significantly in Kavre (Figure 9). The mean harvest index was 33.92% and 35.76% in
Kavre and Dang, respectively.
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Figure 9. Effect of nutrient management practices on harvest index of rice at Kavrepalanchowk
and Dang.
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3.9.1. Kavrepalanchowk

In terms of harvest index, NE had the highest harvest index with 38.52%, followed
by LCC with 38.47%. The lowest harvest index was found in FYM (29.20%). Ref. [24]
reported NE in wheat produces 38% higher harvest index than FFP, which is consistent
with our findings.

3.9.2. Dang

Significantly higher harvest index was obtained from NE fertilizer recommendation
(41.38%) than other treatments, followed by LCC (39.57%) which are statistically at par. The
lowest harvest index found was 28.73% in FYM.

4. Discussion on Mean Performance of Rice Traits

This research was similar to one by [25]. where balanced use of fertilizer boosted plant
growth and produced maximum height, whereas poorly fertilized plots produced plants
with minimal height. The application of macronutrients according to site requirements
leads to higher plant heights in rice [26,27]. Further, this finding is in line with [28], who
reported SSNM had more effective tillers than FFP. Optimal fertilizer application leads
to higher tiller productivity per area when nutrient-balanced fertilizers are used [29-31]
mention a similar pattern of straw yield under different nutrient management. The reason
for high straw yield in LCC and NE because of balance nitrogen applied that influenced
the vegetative growth, plant height and number of tillers leading to a high straw yield.

The nutritional management practices in Kavre and Dang differed significantly in
terms of grain yield. A higher yield was recorded in NE, while a lower yield was recorded
in FFP. This finding is in line with [32], they performed fifty six on-farm researches in rice
and found out SSNM yielded 17% higher than FFP. In addition, they mention SSNM yield is
higher than average yield for all other nutrient managements. The evidence of NE superior
to over government recommendations or existing practices is reported by [13] using NE
for maize and wheat. Hence, NE is far better nutrient management practice over GON
and FFP [33]. Further, the authors claimed that rice managed under NE performs better
than rice managed under FFP and GON due to the balanced and right source of fertilizer
applied at the right time.

The grain yield is a complex trait attributed by different components. Ref. [34] found
that higher yield in NE is the result of better panicle length, number of effective tillers
per square meter, and test weight, which also result in higher harvest index and 30% less
fertilizer use. Similar to this research, lowest HI in FFP and highest HI in NE is reported
by [14,35].

The research of [15] also shows that under NE there is 38% more HI. Likewise, Ref. [32]
found a trend in HI that is consistent with the results of this study.

4.1. Combined Analysis of Straw Yield and Harvest Index in Kavre and Dang

The Nutrient management and Location Interaction showed significant effect in the
combined straw yield and harvest index across both the locations while treatment effect
was found to be statistically non-significant as presented in Table 3. These findings suggest
that combine performance of the nutrient management for biological yield is influenced
by the environment of the location. This implies that combined straw yield and harvest
index across both locations are determined by the interaction effect and are not influenced
by nutrient management alone.

The mean of the overall straw yield estimated across both the environment was
10.93 t/ha. In terms of straw yield, the highest yield was given by NE (11.45 t/ha) and
the lowest yield by GON (10.26 t/ha). The mean of overall straw yield estimated across
each environment was found to be 34.98%. The maximum harvest index has been found in
GON (37.67%) and the minimum harvest index has been found in FYM (31.14%).
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Table 3. Combined Statistics (ANOVA) of Straw Yield and Harvest Index with Best Linear Unbaised
Estimator (BLUE) across both the location.

Treatment SY HI
NE 11.45 34.65
LCC 11.20 34.50
GON 10.26 37.67
FYM 11.01 31.14
FPP 10.76 36.94
Residual Variance 2.808 16.673
Treatment significance 0.977 0.794
Trt x Loc significance 0.010 0.001
Grand Mean 10.93 34.98
LSD 5.31 15.53
cv 15.33 11.67

4.2. Yield Gap Analysis
4.2.1. Yield Gap at Kavre

In comparison with FFP, yields from NE increased by 42.44%, followed by LCC and
GON by 36.82% and 30.24%, respectively (Table 4). Similar result of grain yield increased
by 37.62% in NE-Rice recommendation over the FFP [36]. These results are in agreement
with [15] in wheat reported NE produced 57% more grain yield than FFP. This implies that
in contrast with FFP, different treatments showed increased grain yield.

Table 4. Increment on grain yield of hybrid rice over Farmer fertilizer practice through different
nutrient management practices in Kavre and Dang,.

Kavre Dang
Treatments Grain Yield Yield Difference Increase Grain Yield Yield Difference Increase (%)
(t/ha) over FPP (%) (t/ha) over FPP
NE 5.84 +1.74 42.44 6.36 +1.23 23.97
LCC 5.61 +1.51 36.82 6.17 +1.04 20.27
GON 5.34 +1.24 30.24 5.20 +0.07 1.36
FFP 4.10 513 - -

4.2.2. Yield Gap at Dang

The study showed that NE based nutrient management can produce 1.23 tons ha™!
more grain yield than the existing FFP, which is 23.97% higher (Table 5). Additionally, LCC
and GON yielded 20.27% and 1.36%, respectively. Shrestha et al. (2018) reported similar
results for the Dang condition.

4.3. Correlation among Different Rice Trait across Both the Location

The correlation coefficient between different Rice trait and harvested index is presented
in Table 5. The grain yield had significant strong positive correlation with Fertility (0.90),
Test Weight (0.93), Straw Yield (0.89), and Harvest Index (0.94). There was significant strong
positive correlation of Harvest Index with Test Weight (0.95) and Grain Yield. Further, the
correlation between Test Weight, Fertility and Grain Yield was significant. [37] support the
significant positive correlation between GY and NOET, PL, and SY. Positive correlation
between GY and PL is in line with results of [38—40]; while positive correlation with
NOET was supported by finding of by [41,42]. Moreover, [43] reported significant positive
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association between GY and NOET, TW. Similarly, positive correlation of GY with TW and
PL was found in [44]. Ref. [45] also reported a positive relation of plant height and number
of tillers per plant with grain yield of rice.

Table 5. Correlation between different traits of rice in both the locations.

PH NOET PL FT ™ SY HI

NOET 0.69

PL 0.25 0.22

FT 0.80 0.66 0.45

™ 0.50 0.50 0.64 0.92*

SY 0.78 0.30 0.55 0.86 0.76

HI 0.42 0.48 0.83 0.80 0.95* 0.69

GY 0.68 0.51 0.78 0.90 * 0.93 * 0.89* 0.94 *

* Significant at 0.05 level of significance.

4.4. Principal Component Analysis of Different Rice Traits

The correlation presented the relation among the tested variable. The PCA was
performed with the view to clarify the relation and present the variation explained by
each trait.

4.5. Eigen Value and Principal Component

The first four principal components explained 100% of the existing variation in which
principal component 1 (PC1), PC2, PC3 and PC4 explained 72.2%, 15%, 0.81%, and 0.47%
of the variation, respectively (Table 6).

Table 6. Eigen value and Principal Component of different Rice traits.

Traits PC1 PC2 PC3 PC4
Plant Height 0.310 —0.531 —0.264 —0.406
Number of Effective Tillers 0.258 —0.507 0.679 —0.145
Panicle Length 0.292 0.533 0.167 —0.629

Fertility 0.395 —0.203 —0.076 0.351

Test Weight 0.387 0.151 0.093 0.518
Straw Yield 0.364 —0.024 —0.598 —0.057

Harvest Index 0.380 0.312 0.253 0.145
Grain Yield 0.411 0.126 —0.065 —0.063
Eigenvalue 5.776 1.1965 0.6478 0.3797

Proportion explained 0.722 0.15 0.081 0.047

Cumulative% explained 72.2 87.2 95.3 100

PC-Principal Component.

A positive correlation exists between all tested traits and PC1, and Grain Yield (0.411)
is the main contributor to variability.PC2 was positively affected by Panicle Length, Test
Weight, Harvest Index, and Grain Yield. Panicle length (0.533) was the major contributor
toPC2. PC3 was positively influenced by Number of Effective Tillers, Panicle length, and
Test Weight. The major contributing trait was the Number of Effective Tillers (0.679). PC4
was positive correlated with Fertility, Test Weight, and Harvest Index with Test weight
(0.518) contributing the highest.
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4.6. Biplot of PCA

The biplot of PCA was prepared to identify the trend of traits for main source of
variation under both the location. The biplot component accounted 87.2%, PC1 (72.2%) and
PC2 (15%), of the variability for the traits (Figure 10).
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Figure 10. Loading biplot of different Rice traits in both the locations.

The biplot showed PC2 is able to separate the traits. The traits were grouped in four
Groups (G). The Group 1 had low positive value of PC1 and high positive value of PC2;
and consist of PL only. The Group 2 had high positive value of PC1 and low positive value
of PC2 which comprises of TW, GY, and HI. The Group 3 had high positive value PC1 and
low negative value of PC2; and consist of SY and FT. Finally, the Group 4 had low positive
value of PC1 and high negative value of PC2 which comprises of NOET and PH.

The biplot shows that PC2 separates G1 from G2, G2 from G3 and G3 from G4. Also,
PC1 separates G1 and G4 from G2 and G4. The traits in the G2 and G3 had the higher
variance than the G1 and G4. Furthermore, GY had the highest variance and NOET had
the lowest variance, among all the traits.

The vector angle of the traits has acute angle with each other revealed that each trait
are positively correlated with another trait. Among the traits, within G2 (TW, GY and HI)
have very small angles so, are strongly correlated to each other. Similarly, traits in G3 (SY
and FT), traits in G4 (NOET and PH) are also strongly correlated. The traits in G1 (PL) have
low positive correlation with traits in G4 (NOET and PH) because they have large acute
angle between their vectors.

Correlation only shows strength of relationship between yield and other traits [46]
while PCA is useful of identification of traits of high variability which helps in improvement
of grain yield [47]. The similar analysis of different Rice trait with the help of PCA and
biplot is observed in the report of [48] and [49]. Ref. [50] reported 65.4% of the total variation
was because of first five principal components. This finding is in line with [51,52] and
our finding.

4.7. Production Economics at Kavre and Dang

Significant result among the treatments was obtained for calculated economics of
production viz. gross revenue, net revenue and benefit: cost ratio of rice production in
Kavre and Dang (Table 7).
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Table 7. Gross return, net return and B: C ratio of rice influenced by nutrient management practices
in Kavrepalanchowk and Dang.

Kavre Dang
Treatment ~ CfossRevene  NetRevenmue | popug,  GroseRevenwe  NetRevenue  picRatio
NE 182,710 64,516 2 1.552 206,211 2 75,9252 26142
LCC 161,936 2P 42,543 2 1.362 177,761 b 62,302 2b 2.26b
GON 149,646 2 32,338 ab 1.282b 173,289 b 58,380 b 2.02°¢
FEP 151,859 2b 40,497 @ 0.882 151,395 © 51,499 b 226"
SEM 11,484.6 11,373.3 0.09 1.7328 3.842496 0.17
Grand mean 151,099 24,635 1.22 177,164 62,026.5 2.29
LSD (0.05) 34,618.4 34,282.8 0.25 19,699.41 13,618.16 0.05
CV (%) 15.2 923 14 6.72 14.15 1.41
F test . - - - . -

** Significant at 0.01 level of significance, * Significant at 0.05 level of significance, SEM—Standard Error Mean,
CV—Coefficient of Variation, LSD—Least Significant Difference at 0.05 level of significance.

4.7.1. Kavre

The mean gross revenue and net revenue of all the nutrient management practices
were 151,099 NRs/ha and 23,635 NRs/ha, respectively.

The highest gross revenue was obtained in NE (182,710 NRs/ha) which is followed by
LCC (64,516 NRs/ha). The high gross revenue in NE can be attributed to its high grain and
straw yield.

Similarly, the net revenue was found higher in NE (64,516 NRs/ha) followed by LCC
(42,543 NRs ha~!). The lowest net revenue was found in FYM (—12,869 NRs/ha). Ref. [53]
mentioned in their reported that NE tools enables farmer to gain higher profits over the
traditional fertilizer use practices.

Furthermore, NE (1.545) recorded the highest B:C ratio followed by LCC (1.356) and
then FFP (0.879) with all three statistically at par. While lowest B:C ratio was recorded
in FYM (0.879). This higher B:C ratio in NE treatments maybe because of N saving and
increased yield of crop which ultimately increased gross and net return and reduced
production cost. Ref. [54] reported the reduction of production cost with site specific
nutrient management which agrees to findings of present research.

4.7.2. Dang

The highest gross revenue was obtained in NE (206,211 NRs/ha) which is followed by
LCC (177,761 NRs/ha) and GON (173,289 NRs/ha). The lowest gross revenue is obtained
in FFP (151,395 NRs/ha).

Similarly, the net revenue was found higher in NE (75,925 NRs/ha) which was statisti-
cally at par with LCC (62,302 NRs ha1).

Furthermore, NE (2.61) recorded the highest B:C ratio followed by LCC and FFP both
with 1.356 B:C ratio and then GON (2.02) was the lowest B:C ratio recorded.

5. Conclusions

Nepal’s rice production is much below its potential due to farmers” imbalanced fer-
tilizer application practices. The proper nutrient management, i.e., the correct amount
and timing of fertilizer application, minimizes the yield gap in crops.NE and LCC have
both been proven effective in increasing grain and straw yield. Furthermore, the highest
benefit-cost ratio for the Rice production was achieved in NE due to its high net revenue
for farmers. According to BLUE estimates, the straw yield and harvest index were both
affected by nutrient management and location interaction. Furthermore, all the tested
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traits were found positively correlated with the grain yield of Rice. This experiment con-
cluded that nutrient management practices (Nutrient expert and Leaf Color Chart) are most
appropriate for increasing the profitability of farms producing rice.
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