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Abstract 

Rice (Oryza sativa L.) is a dominant staple food crop of Nepal which production and 
productivity is significantly declining compared to several years due to inappropriate nutrient 
management practices. A field experiment was conducted at Lamahi, Dang to evaluate the 
performance of hybrid rice(US-305) under rain fed condition with five precision nutrient 
management practices [Viz: Nutrient Expert® -Rice (NE) recommendation; Leaf Color Chart 
(LCC) N and Nutrient Expert (P and K); Nutrient Expert (N) and Farmers Fertilizer Practices 
(P and K); Farmers Fertilizer Practices (FFP) and Government Recommendation (GR)] 
replicated four times in RCBD design during June to October, 2018. The experimental 
finding showed that SSNM based Nutrient Expert® -Rice (NE) recommendation gave higher 
grain yield (6.36 ton ha-1) and straw yield (12.62 ton ha-1) which leads to highest gross return 
(NRs 242,498) and B: C ratio (3.08). Between the treatments Nutrient Expert® -Rice (NE) 
recommendation was excellent to growth parameters like plant height, crop growth rate, 
relative growth rate and leaf area index over FFP. Further, Nutrient Expert® -Rice (NE) 
recommendation gave significantly higher effective tiller m-2(354.50), panicle length (26.31), 
panicle weight (81.50), filled grain (390) and fertility (87.56%) over FFP. Nutrient Expert® 
-Rice (NE) recommendation has increased the grain yield by 23.97% with yield difference of 
1.23 ton ha-1 and straw yield by 39.44 % with yield difference of 3.57 ton ha-1 in comparison 
with FFP. Hence the experiment concluded that site specific nutrient management 
recommendation that accounts Nutrient Expert® -Rice and leaf color chart could be the 
practical decision tool for making authentic fertilizer recommendation.  

Keywords: Farmers fertilizer practice, Government recommendation, Leaf Color Chart, 
Nutrient expert-Rice, Profitability 

1. Introduction 

Rice (Oryza sativa L.) a dominant staple food crop for more than half of world population 
and approximately 480 million metric tons of milled rice is produced annually (Muthayya et 
al., 2014). It’s production and consumption are among the highest in Asian region of which 
China and India accounts for about 50% (Doberman & Witt, 2003).  

In Nepal, rice is cultivated under different production environments (irrigated, rain-fed 
lowland and upland) and ecological regions (Terai and Inner Terai- 67 to 900 masl; Mid Hills 
- 1000 to 1500 masl; and High Hills - 1500 to 3050 masl) and dominates the country’s crop 
sector. Almost half of the total cultivated area is devoted to rice annually and Terai shares 
majority of the country’s rice output (MoAD, 2015). Rice is cultivated in approx. 1.5 million 
hectares of land with the production of 5.2 million tones and productivity of 3.53 ton ha-1 
(MoAD, 2017). This low production and productivity of rice along with its increasing 
demand made the country to import rice from foreign countries. The recent official data of 
Government of Nepal revealed that Nepal imported rice of worth NRs 21.24 billion in 
2017/18 (MOF, 2018). The possibility of expanding the area in future is very limited. To 
fulfill the upsurge demand, the farming has shifted from local variety to the hybrid varieties 
for higher yield (Heisey et al., 1998). Agronomic management and technological innovations 
are needed to address these issues at present. Yet, the productivity of hybrid rice is very low 
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in developing countries highlighting the major constraint factor of the production technology 
i.e. proper fertilizer management. 

Less possibility of promising technologies generated by agricultural research in our land, 
owing major improper fertilizer management resulted under or over fertilization. Fertilization 
as a blanket dose without considering site specific soil and weather condition has been 
recommended by government bodies and research station but yield of crop is directly affected 
by nutrient need of crop and nutrient content in soil (Janssen et al., 1990). Poor farmer are 
unaware about the fertilizer dose. So there is great opportunity in increasing productivity of 
rice decreasing yield gap to fulfill national demand through improved nutrient management, 
as there is a considerable gap between researcher managed fertilizer plots and farmer 
managed plots (Ladha et al., 2003).  

Site specific nutrient management (SSNM) is the specific approach that advocates the 
optimum use of indigenous nutrients originating from soil, plant nutrients, manures and 
irrigation water focusing on balanced and crop need based nutrient application (Pampolino et 
al., 2007). Site-Specific Nutrient Management (SSNM) provides opportunities for timely 
application of fertilizer at optimal rates to fill the deficit between nutrient need of high 
yielding crop and nutrient supply from naturally occurring indigenous sources (Singh, 2004). 

Nutrient Expert ® (NE) effortless, interactive and computer based tool with consistent 4R 
stewardship allows fertilizer with right source at right rate, right time and right place that 
works on principles of site specific nutrient management (Dobermann & Witt, 2004). LCC is 
a simple, inexpensive low technology tool of SSNM that is well suited as an indicator of leaf 
N status for small scale farmers in Asia. It enables the application of N as per crop demand 
which enhances the N use efficiency in crops. The approach is known as real- time N 
management. This approach avoids the excessive N application by matching time and amount 
of fertilizers as per the plant need (IRRI, 2010).The research aims at utilizing the best way of 
sustained nutrient management practice in rainfed Mid Western Terai region of Nepal for 
higher rice production. 

2. Materials and Method 

The experiment was conducted during the rainy season of 2018 in farmer’s field of Lamahi 
municipality, Dang district which geographically represents Mid-Western Terai of Nepal. The 
preliminary nutrient expert model questionnaire was prepared and interviewed with four 
different farmers to record the information about their existing nutrient management practices. 
The obtained information’s were entered in NE Rice software and different doses of nitrogen 
through Urea, phosphorus through Diammonium Phosphate (DAP) and potassium through 
Murate of Potash (MOP) were recommended. LCC doses were calculated using leaf color 
chart at every ten days interval starting after ten Days After Transplanting (DAT). The 
experiment was laid out in Randomized Complete Block Design(RCBD) with five precision 
nutrient management practices [Viz: Nutrient Expert® -Rice (NE) recommendation; Leaf 
Color Chart (LCC) N and Nutrient Expert (P and K); Nutrient Expert (N) and Farmers 
Fertilizer Practices (P and K); Farmers Fertilizer Practices (FFP) and Government 
Recommendation (GR)] which were replicated four times. Each experimental plot is of size 
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of 25 m2. The experimented variety was a hybrid variety (US 305). The seedlings were grown 
in nursery bed adopting farmers practice and were transplanted in the main field after 22 days 
maintaining the spacing of 25 cm × 25 cm. Fertilizer recommendations rate was differ for 
each assigned treatments. Harvesting was manually done at the second week of October. 
Various observations like plant height, effective tillers m-2, crop growth rate, relative growth 
rate, leaf area index, length and weight of panicle, test weight, tiller panicle conversion index, 
grain yield, straw yield, biological yield, harvest index was taken.  

Comparison of attainable and observed yield and economics was done in between NE and 
FFP. Gross and Net revenue, B:C ratio, Partial factor productivity and Total Factor 
productivity were calculated for economic analysis. Data entry and analysis was done using 
excel and R-studio. ANOVA was performed at 0.05% level of significance. 

 

Table 1. Treatment details of the experiment 

S.N. Treatments  Fertilizer recommendation 
1.  NE 225.06 Kg Urea ha-1 +80.43 Kg DAP ha-1 + 86.66 

Kg MOP ha-1 (Replication 1) 
182.60 Kg Urea ha-1 + 50.00 kg DAP ha-1 + 48.33 
Kg MOP ha-1 (Replication 2) 
213.15 Kg Urea ha-1 +60.86 Kg DAP ha-1 +76.66 
Kg MOP ha-1 (Replication 3 & 4) 

2. LCC (N) +P and K (NE) 60.86 Kg Urea ha-1 and as P&K calculated from 
NE 
 

3. NE (N) + P and K (FFP)  130.43 Kg Urea ha-1 and P from farmer practice 
4. GR 166.36 Kg Urea ha-1 + 130.43 Kg DAP ha-1 + 

66.67 kg MOP ha-1 
5. FFP As farmer practice, Urea 30 kg ha-1, DAP 15 kg 

ha-1  

Note. NE= Nutrient export®, GR= Government recommendation, FFP= Farmers fertilizer 
Practice LCC= Leaf color chart 

3. Results and Discussions 

3.1 Growth Parameters (Plant height, Crop Growth Rate, Relative Growth Rate, and Leaf 
Area Index) 

The different precision nutrient management practice showed significant effect on growth 
parameters such as plant height, crop growth rate, relative growth rate and leaf area index. 
Plant height was found to significantly higher in NE (99.89cm) as compared to FFP (88.39) 
but are statistically at par with LCC(N) combined with NE(PK), NE(N) combined with 
FFP(PK) and GR. Similarly, Crop growth rate (3.56), relative growth rate (0.06), leaf area 
index (4.08) was significantly higher in NE followed by LCC (N) combined NE(PK) with 
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reduced value observed in FFP respectively. The result is similar to Chaturbedi (2005) 
Budathoki et al. (2018) which reported that balanced application of NPK at a specific site 
gives higher value for growth parameters. 

 

Table 2. Effect of different precision nutrient management on plant height, crop growth rate, 
relative growth rate, LAI in hybrid rice in Lamahi, Dang 2018 

Treatment Plant height 
(cm) 

Crop growth 
rate 

Relative growth 
rate 

Leaf Area 
Index  

NE 99.89a 3.56a 0.06a 4.08a 

LCC (N) +NE (P and K) 94.49a 3.44a 0.05b 3.26ab 

NE (N) + FFP (P and K) 98.41a 1.75b 0.04c 2.72b 

GR 97.75a 1.48bc 0.04c 2.42bc 

FFP 88.39b 1.29c 0.04c 1.75c 

SEM(±) 2.54 0.46 0.04 0.40 
Grand Mean 95.79 2.31 0.04 2.85 
LSD(P<0.05) 5.78** 0.44*** 0.01** 0.88** 
CV% 3.92 12.54 8.80 20.12 

Note. Significant “*”; Highly significant “**”; Very highly significant “***”, NE= Nutrient 
export®, LCC= Leaf color chart, LAI= Leaf area index 

 

3.2 Yield Attributing Characters (Effective Tillers m-2, Length of Panicle, Weight of Panicle, 
Number of Grains per Panicle, Fertility, Test Weight and Tiller Panicle Conversion Index) 

The result showed significant effect of different precision nutrient management practice on 
yield attributing characteristic such as effective tillers m-2, length of panicle, weight of 
panicle, number of grains per panicle, fertility, test weight and tiller panicle conversion index. 
The number of effective tillers m-2 varied from 206 to 354 being significantly higher in NE 
than FFP and are statistically at par with LCC(N) combined with NE(PK), NE(N) combined 
with FFP(PK) and GR. The maximum panicle length of 26.31 cm was recorded in nutrient 
expert recommendation fertilizer dose. The panicle length obtained from LCC(N)combined 
with NE(PK), NE(N) combined with FFP(PK), GR and FFP are at par with lowest panicle in 
farmers practice (20.61 cm). Pertaining to the panicle weight, significantly higher panicle 
weight (81.50 g) was obtained from NE followed by GR (78.25 g). Similarly, number of filled 
grains per panicle was recorded highest in LCC(N)combined with NE(PK) followed by NE, 
NE(N) combined with FFP(PK), GR and FFP respectively. Further, fertility was recorded 
highest in NE(N) combined with FFP(PK) followed by NE, LCC(N) combined with NE(PK), 
GR and FFP being FFP the lowest. Test weight and tiller panicle conversion index was 
recorded lowest (14gm and 50.52 %) in FFP as compared to other treatments. This is because 
of balanced supply and availability of NPK fertilizers to the plants. Similar results were 
reported (Haq et al., 2002; Gupta et al., 2016; Budathoki et al., 2018).  



Journal of Applied Biotechnology 
ISSN 2327-0640 

2019, Vol. 7, No. 2 

http://jab.macrothink.org 6

Table 3. Effect of different precision nutrient management on yield attributing character in 
hybrid rice in Lamahi, Dang 2018 

Treatment Effective tiller 
m-2 

Length of 
panicle (cm) 

Weight of 
panicle (g) 

No of filled 
grains 

NE 354.50a 26.31a 81.50a 337.00b 
LCC (N) + NE (P and 
K) 

292.00a 22.00b 78.00b 390.00a 

NE (N)+ FFP (P and K) 347.00a 21.37b 77.75b 318.00c 

GR 319.00a 22.67b 78.25b 240.00d 

FFP 206.50b 20.61b 72.50c 219.00e 

SEM(±) 2.33 1.03 1.48 2.59 
Grand Mean 303.80 22.59 77.60 301.05 
LSD(P<0.05) 73.11** 2.07*** 2.19*** 9.62*** 
CV% 15.62 5.95 1.83 2.07 

Note. Significant “*”; Highly significant “**”; Very highly significant “***”, NE= Nutrient 
export®, GR= Government recommendation, FFP= Farmers fertilizer Practice 

 

Table 4. Effect of different precision nutrient management on yield attributing character in 
hybrid rice in Lamahi, Dang 2018 

Treatments Fertility (%) Test weight (g) Tiller panicle 
conversion index (%)

NE 87.56b 15.75ab 73.05a 

LCC (N) + NE (P and K) 88.12b 17.00a 64.57b 

NE(N) + FFP (P and K) 90.52a 17.00a 56.85c 

GR 77.55c 15.00bc 55.28c 

FFP 67.24d 14.00c  50.52d  

SEm(±) 4.02 0.61 3.69 
Grand Mean 82.20 15.75 60.05 
LSD(P<0.05) 2.10*** 1.24*** 2.78*** 
CV% 1.66 5.11 3.01 

Note. Significant “*”; Highly significant “**”; Very highly significant “***”, NE= Nutrient 
export®, GR= Government recommendation, FFP= Farmers fertilizer Practice 

3.3 Yield Parameter (Grain Yield, Straw Yield, biological yield and Harvest Index) 

The research revealed that grain yields of rice varied significantly due to various SSNM 
treatments. The highest grain yield of rice (6.36 ton ha-1) was recorded in NE being highly 
significant over GR and FFP but remained at par with the grain yield obtained under LCC 
(N)combined with NE (PK) followed by NE(N) combined with FFP(PK). The highest straw 
yield of 12.62 ton ha-1 was obtained from NE treatment which was significantly superior over 
other treatments GR (9.47 ton ha-1) and FFP (9.50 ton ha-1) treatments but remained at par with 
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LCC(N) combined with NE(PK) (12.87 ton ha-1) and NE(N) combined with FFP(PK) (10.82 
ton ha-1). Highest biological yield was obtained from the LCC(N) combined with NE(PK) 
(18.55 ton ha-1). The lowest biological value obtained in GR and FFP at a statistically par 
(15.65 ton ha-1 and 15.62 ton ha-1). Significantly highest harvest index was obtained from NE 
fertilizer recommendation (41.38%) followed by LCC(N) combined with NE(PK) (39.57%) 
followed by NE(N) combined with FFP(PK) and GR (35.21% and 33.93%) respectively. The 
lowest harvest index was obtained from farmer practice (28.73%). These results are in 
conformity with findings of other researchers (Kabir et al., 2011, Dobermann et al., 2003, 
Biradar et al., 2006). 

 

Table 5. Effect of different precision nutrient management on yields in hybrid rice in Lamahi, 
Dang 2018 

Treatments Grain yield 
(ton ha-1) 

Straw yield 
(ton ha-1) 

Biological 
yield (ton ha-1) 

Harvest index 
(%) 

NE 6.36a 12.62a  18.22a  41.38a 

LCC (N) + NE (P and 
K) 

6.17a  12.87a 18.55a 39.57ab 

NE (N) + FFP ( P and 
K) 

5.84ab  10.82ab  16.15ab 35.21bc 

GR 5.20b 9.47c  15.65b 33.93c 

FFP 5.13b 9.05c  15.62b 28.73d 

SEm(±) 0.29 0.83 2.40 2.31 
Grand Mean 5.7445 10.97 16.84 35.76 
LSD(P<0.05) 0.67** 2.36* 2.36* 4.54*** 
CV% 7.61 13.96 9.11 8.24 

Note. Significant “*”; Highly significant “**”; Very highly significant “***”, NE= Nutrient 
export®, GR= Government recommendation, FFP= Farmers fertilizer Practice 

 

3.4 Comparison of Increase in Grain Yield Over FFP 

The study showed that NE based nutrient management can produce 1.23 ton ha-1 more grain 
yield than the existing FFP which is equivalent to 23.97 % increase in yield. Similar results was 
recorded by Shrestha et al. (2018). 
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Table 6. Effect of different precision nutrient management on grain yield over FFP in hybrid 
rice in Lamahi, Dang 2018 
Treatments Grain yield (ton 

ha-1) 
Yield difference over 
FFP (ton ha-1) 

Increase in yield 
over FFP (%) 

NE 6.36 1.23 23.97 
LCC (N) + NE (P and K) 6.17 1.04 20.27 
NE (N) + FFP ( P and K) 5.84 0.71 13.84 
GR 5.20 0.07 1.36 
FFP 5.13 - - 

Note. NE= Nutrient export®, LCC= Leaf Color Chart GR= Government recommendation, 
FFP= Farmers fertilizer Practice 

 

3.4.1 Comparison of Nutrient Expert Estimated Attainable Rice Yield Versus Actual Rice 
Yield 

The comparative figure of NE-simulated yield and the actual observed yields recorded in the 
farmer field indicates that NE-based fertilizer recommendations formulated by the software 
proved to be zestful to reach the yield targets. The NE-simulated target yield was 6.55 ton 
ha-1 and yield in farmer’s field was 5 ton ha-1 respectively. While, the corresponding average 
actual yield observed was 6.36 ton ha-1 and 5.13 ton ha-1 respectively. This illustrates that the 
fertilizer recommendations developed by NE had attained the targeted attainable yields. A 
similar result was accorded in Karnataka state of India by Majumdar et al. (2013). 

 

 

Figure 1. Comparison of precision nutrient management treatments in stimulated and observed 
yield in hybrid rice in Lamahi, Dang 2018 
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3.4.2 Profitability Ratios of Different Nutrient Practices in Hybrid Rice Production 

Economic analysis of different treatments showed that the highest gross return was obtained 
from NE (Rs 242498) followed by NE(N) combined with FFP(PK) (Rs 206211). The gross 
revenue from GR and LCC(N) combined with NE(PK) are at par and was greater than FFP. The 
lowest gross revenue is obtained from FFP (Rs 151395). The highest net revenue was obtained 
from NE(N) combined with FFP(PK) (Rs 7925) followed by NE and LCC(N) combined with 
NE(PK) (both statistically at par). Though the cost of cultivation is higher in NE than other 
management practices, the gross and net revenue is higher, because of higher grain and straw 
yield. The highest B: C ratio was obtained in NE (3.08) whereas lowest B: C ratio was obtained 
from treatment GR dose. Hence highest B: C ratio of NE shows its superiority amongst the 
others. Similar result was found by IRRI (2010). 

The results depicted that highest PFP was obtained from NE (1.92) which is at par with GR 
management practice (1.91). The PFP of both LCC(N) combined NE(PK) and NE(N) 
combined FFP(PK) are at par being slightly lower than the highest. Similarly, TFP was 
significantly highest in NE (0.49) followed by LCC(N) combined NE(PK) (0.48). PFP 
measures normally show higher rates of growth than TFP because growth in productivity could 
result from more intensive use of inputs, including fertilizer and machinery, rather than TFP 
increase. 

 

Table 7. Effect of different precision nutrient management on profitability ratios in hybrid rice 
in Lamahi, Dang 2018 

Treatment Gross 
Revenue 
(NRs ha-1) 

Net 
Revenue 
(NRs ha-1) 

B:C ratio Partial 
factor 
productivity 

Total factor 
productivity

NER 242498a 64188ab 3.08a 1.92a 0.49a 

LCC(N)+ NE (P and 
K) 

177761c 62302ab 2.26c 1.40b 0.48a 

NE(N)+ FFP (P and 
K) 

206211b 75925a 2.61b 1.51b 0.35b 

GR 173286c 58380b 2.02d 1.91a 0.40ab 

FFP 151395d 51499b 2.26c 1.70ab 0.31b 

SEm(±) 1.7328 3.842496 0.17 0.04 0.13 
Grand Mean 190230.8 62459.35 2.44 1.6915 0.41 
LSD 19699.41*** 13618.16* 0.05*** 0.34* 0.11* 
CV% 6.72 14.15 1.41 13.41 18.47 

Note. Significant “*”; Highly significant “**”; Very highly significant “***” 

 

4. Conclusions 

Comparative analysis of different precision nutrient management practices showed that 
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Nutrient Expert® (NE) was superior among the rest 5 treatments in terms of growth, yield 
attributing characters, yield and economic analysis followed by LCC(N) combined with 
NE(PK). NE has increased grain yield by 23.97% than FFP while 22.30% than GR whereas 
straw yield increased by 39.44% compared to FFP. Physical optimum yield obtained was 
higher in NE dose where Economic optimum yield was higher in NE(N) combined FFP(PK). 
Thus, From the research it can be concluded that the precision nutrient management practice 
using Nutrient Expert® (NE)as a decision tool has brought significant positive effect on hybrid 
rice production as it make use of the right source of fertilizer, at right time, in right amount and 
in right place and fulfilled the growing demand for rice. 
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