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Abstract 

Chilli is an important crop in Bhutan and it is grown widely throughout the country. However, the 

quantity produced is not adequate to meet the demands of the people and therefore a substantial 

amount is imported from India. Chilli yield of about 6 to 8 t ac
-1

 in Bhutan is lower than the yield of 7 

to 10 t ac
-1

 reported from elsewhere outside the country. Beside the limited land area available for 

growing chillies, inadequate plant nutrients supply is also a crucial yield limiting factor. Farm Yard 

Manure (FYM) is the main external source of plant nutrients but the amount of nutrients supplied 

through FYM is not adequate to meet the demand of the crop. Since chilli is an important crop in 

Bhutan it is important to study how best the crop yield could be improved both in quantity and quality. 

This study conducted over four (2001-2004) consecutive years had the objectives to examine the effect 

of different rates of FYM and inorganic fertilizers on the quality and quantity of chilli, to examine the 

effect of the integrated use of organic and inorganic fertilizers on chilli yield and to formulate an 

optimum nutrient requirement for chilli under the Bhutanese condition. The study conducted on station 

at the National Soil Services Centre had four treatments with three replicates. The study showed higher 

yields of 5.7 to 6.3 t ac
-1

 with higher rates of FYM and NPK combinations. The weight and the number 

of fruits per plant also were higher with higher rates of NPK and FYM. However, the number of 

rejected fruits were higher with higher rates of NPK and FYM. The economic analysis indicated higher 

marginal rate of return with integrated use of organic and inorganic fertilizers. 
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1. Introduction 

Chilli is one of the most important vegetables constituting the Bhutanese diet. 

Although it is grown widely throughout Bhutan, a substantial amount is still imported 

from India to fulfill the requirements of the Bhutanese people. Field experiences 

suggest low soil fertility status to be an important constraint in chilli production. 

 

Chilli is the favoured cash crop for most farmers as the potential returns per unit area 

are high which can be achieved in one season. Until recent times, chillies were mainly 

grown on kitchen garden scale with little or no external nutrient input. Some farmers 

in places like Punakha and Paro have now started growing chillies on a commercial 

scale. Chilli yield in Bhutan has been quoted to be about 6 to 8 t ac
-1

 (Bajo, 1998) and 

elsewhere chilli yields of 7 to 10 t ac
-1

 have been mentioned. One of the major factors 

limiting the yields of chillies in Bhutan would be the availability of plant nutrients as 

                                            
1
 National Soil Services Centre, Ministry of Agriculture 



NSSC, Simtokha Page 2 7/8/2011 

FYM is the main external source of nutrients for chillies. About 1195 kg ac
-1

 of FYM 

is applied in chillies annually and this amount of FYM supplies about 19 kg N ac
-1

, 4 

kg P ac
-1

, 24 kg K ac
-1

, 28 kg Ca ac
-1

 and 4 kg Mg ac
-1

 (RNRRC Bajo and SSF & 

PNM, 2001). Nutrients supplied through FYM alone are not sufficient, as the crop 

nutrient requirements have been quoted to be about 72.8 N kg ac
-1

, 72.8 P2O5 kg ac
-1

, 

80.9 K2O kg ac
-1

 and 14 S kg ac
-1

 (The chilli papper company). 

 

The objectives of this study: 

• To examine the effect of different rates of FYM and inorganic fertilizers on the 

quality and quantity of chilli fruits;  

• To examine the effect of the integrated use of FYM and inorganic fertilizers on 

the quality and quantity of chilli fruits; and  

• To formulate an optimum nutrient requirement for chilli under the Bhutanese 

condition. 

2. Method & materials 

Trials were conducted at the National Soil Services Centre (NSSC) in Simtokha 

between June and September for four consecutive years i.e. 2001 to 2004. The trial 

procedures and treatments were same for all the four years. Before the land 

preparation, the trial area was divided into three large plots i.e. upper, middle and 

lower plots and a composite soil sample was collected from each of these plots. Each 

composite sample had at least five sub-samples and the samples were collected from 

the depth of 0-20 cm.  The samples were and analysed for nutrients at the Soil and 

Plant Analytical Laboratory (SPAL). Land preparation was done in May and to get a 

fine tilth, the land was dug several times manually after the initial ploughing by a 

tractor. Raised bed method was used to prevent chilli blight. Each plot measuring 150 

cm by 200 cm was raised by about 20 cm. In the first week of June, farmyard manure 

(FYM) and inorganic fertilizers (suphala & urea) were applied and mixed thoroughly 

with the soil a day or two before planting chilli seedlings. The chilli seedlings from 

Teobsa bought from the vegetable market were used in all the trials. Seedlings were 

planted at a distance of 30 cm by 25 cm and each plot therefore accommodated 40 

seedlings. Urea top dressings were done around the second week of July after the first 

weeding. The plants were irrigated quite intensively, every morning and evening for 
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at least one week after transplanting, till the roots were well established. Weeding was 

done manually on a regular basis. In the third week of August, leaf samples were 

collected and analysed for nutrients contents. The farmyard manure used in the trial 

was also analysed for nutrient contents. 

 

Each year, fruits were harvested sequentially. First harvesting was carried out in the 

third week of August, second in the first week of September, third towards the end of 

September and the final harvest was done in the third week of October. During each 

harvest, the harvested fruits were separated into two categories i.e. one category 

consisting of saleable fruits and the other category consisting of fruits which were 

likely to be rejected by buyers. Weights and counts of fruits in each of the two 

categories were recorded.  

 

After the harvest, soil samples were collected from each of the sixteen treatments and 

analysed for nutrient status. Plant samples selected randomly in each treatment plots 

were cut above the ground and analysed for plant nutrient status. Genstat 5 Second 

Edition for Windows and Excel were used to analyse the trial data and produce 

graphs. 

 

2.1 Trial design and treatment 

The design of the experiment was a 4x4 factorial involving four rates of FYM and 

four rates of NPK in a randomised complete block design with three replications. 

Each replication had 16 factorial treatment combinations of FYM and inorganic 

fertilizers.  

i. FYM application rate at four levels: 

FYM1 -   0 tonnes ac
-1

 

FYM2 -   2 tonnes ac
-1

  

FYM3 -   4 tonnes ac
-1

 

FYM4 -   8 tonnes ac
-1

 

 

ii. Uniform NPK rate at four levels: 

(NPK)1 -  0 – 0 - 0 kg ac
-1

 

(NPK)2 -  8 -6 - 6 kg ac
-1

 (2 kg N ac
-1

 to be applied as top dressing) 

(NPK)3 - 16 -8 - 8 kg ac
-1

 (8 kg N ac
-1

 to be applied as top dressing) 
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(NPK)4 - 24 - 18 - 18 kg ac
-1

 (6 kg N ac
-1

 to be applied as top dressing) 

 
Table 1. The 4 x 4 factorial treatment combinations of four FYM rates and four NPK 

levels: 

FYM rates NPK1 NPK2 NPK3 NPK4 

FYM1 FYM1, NPK1 FYM1, NPK2 FYM1, NPK3 FYM1, NPK4 

FYM2 FYM2, NPK1 FYM2, NPK2 FYM2, NPK3 FYM2, NPK4 

FYM3 FYM3, NPK1 FYM3, NPK2 FYM3, NPK3 FYM3, NPK4 

FYM4 FYM4, NPK1 FYM4, NPK2 FYM4, NPK3 FYM4, NPK4 

3. Results and Discussions
1
 

3.1. Pre-trial soil fertility status 

The soil fertility status before the trial or before the fertilizer application is shown in 

Table 2. The soil pH of 5.6 was slightly on the lower side although it is said to be 

suitable for growing chillies, they are known to grow well under a wide range of soil 

pH from 5.5 to 7.5. Total carbon percentage of 1.7% was within the medium range 

indicating moderate soil organic matter content. Available K of 41 mg kg
-1

 and the 

available P of 24.7 mg kg
-1

 were both within the moderate ranges of 36-60 mg kg
-1

 

and 16-30 mg kg
-1

 respectively recommended for peppers (Hochmuth & Hanlon, 

1995). Calcium and Mg were both low and the response to fertilizers supplying these 

elements could be expected.  

 

Table 2. Soil nutrient status before the trial  

pH C% C:N ratio 

Av K 

mg/kg 

Av. P 

mg/kg 

Ca 

me/100g 

Mg 

me/100g 

5.55 1.70 12.52 41.20 24.69 4.18 0.52 

 

3.2. FYM nutrient content  

The mean FYM dry matter nutrient contents are shown in the Table 3. The mean dry 

matter content of three FYM sub sample was 36%. Mean values for FYM nutrient 

content of 1.49% N, 0.57% P, 1.70% K, 1.08% Ca and 0.42% Mg are similar to those 

reported by others in Bhutan, e.g. Lingmutey Chhu FYM survey, RNR-RC Bajo, 

2000. They are also comparable to those reported as average values in the literature 
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by Euroconsult, 1989. The average nutrient additions based on the amount of FYM 

ac
-1

, the mean dry matter and individual nutrient contents are also given in the table. 

Nitrogen, potassium and calcium additions from the FYM were quite significant as 

compared to others like the phosphorus and magnesium.  

 

 

 

 

Table 3. FYM nutrient content and nutrients applied (in kg ac
-1

) based on the 

amount of FYM applied. 

 N% P% K% 
Ca% 

Mg% Na% 

FYM nutrient content 1.49 0.57 1.70 1.08 0.58 0.42 

2 t ac
-1

 FYM 11 4 12 8 4 3 

4 t ac
-1

 FYM 22 8 25 16 8 6 

8 t ac
-1

 FYM 43 16 49 31 17 12 

Note: Mean dry matter of FYM was 36% 

 

 Post trial soil fertility status 

There was no significant treatment effect on any of the soil variables measured after 

the crop harvest. The soil fertility status determined based on the mean values of the 

soil variables after the trial is shown in the figures 1 and 2 below. The percentage of 

the samples falling within the different categories or ratings of the soil fertility status 

is shown in figure 1. About 90% of the samples had pH within the medium range; all 

the samples had moderate soil organic matter content and low total nitrogen 

percentage. Available P of the samples ranged between medium (60%) to high (40%) 

while the available K was within the very low (30%) to low (70%) range. About 70% 

of the samples had low calcium and about 50% had very low Mg. The overall soil 

nutrient status is quite low and in the absence of other production constraints, crops 

would show good response to higher rates of fertilizers.  



NSSC, Simtokha Page 6 7/8/2011 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

pH Av P Om %N Av K Ca Mg

Soil parameters 

%
 o

f 
sa

m
p
le

s 

Very low Low Medium High

Figure 1. Soil fertility status. 

 

Although the effect of different treatments on the soil nutrient status was not 

statistically significant, the effect of treatments on the available P and K were quite 

apparent as shown in figure 2 below. Increasing the application rate of NPK upto 16-

8-8 kg ac
-1

 in combination with increasing FYM application upto 4 tons ac
-1

 increased 

the available P and decreased the available K. The available P decreased and available 

K increased with increasing application of NPK with 8 tons ac
-1

 of FYM. This may be 

because the soil already had good P status, which would have improved further with 

the application of the inorganic fertilizer and FYM. Farmyard manure is made up of 

cattle dung and urine with bedding materials like rice straw and other plant materials. 

The potassium concentration in the rice straw can be quite high and when applying 

huge quantities of FYM consisting mainly rice straw, a significant amount of 

potassium would be returned to the soil. Therefore, applying 8 tons ac
-1

 of FYM 

seems to have immensely improved the soil K status. Soil pH, total carbon and Ca 

were not affected by the treatments.  
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Figure 2. Soil fertility status in relation to the treatments. 

 

3. 4. Crop nutrient content 

There were no significant treatment effects on nutrient contents of the chilli plant and 

therefore the data analysis has been based on the average nutrient contents of the chilli 

leaf. As there is scarcity of nutrient contents data for chilli in the region, comparison 

has been made to the reports from elsewhere. The nutrient contents of the chilli in this 

trial were within the adequate range reported by Hochmuth, 1994. Nutrient uptake by 

one ton of fresh fruit in this trial was 3.72 kg N, 0.28 kg P, 4.87 kg K, 1.99 kg Ca and 

0.32 kg Mg. According to the data on nutrient uptake in different studies from 

elsewhere, to produce one ton of fresh fruit, plants need to absorb, on average, 3 – 3.5 

kg N, 0.7 – 1 kg P, 5 – 6 kg K, 1.2 kg Ca and 1.2 kg Mg in the case of chilli or bell 

pepper (Hegde, 1997). Zinc and iron contents were high with 112.3 mg kg
-1

 and 189.9 

mg kg
-1

 respectively. In chillies, adequate range for Zn is between 25 – 80 mg kg
-1

 

and for Fe is between 30 – 150 mg kg
-1

. In the absence of any other production 

constraints, nutrient uptake and dry matter production (fruit yield) are closely related 

(Hegde, 1989). 
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In chillies, concentrations of NPK, Ca and Mg are highest in leaf, followed by that in 

the fruit and the stem (Hegde, 1988) and therefore there is an advantage in this as the 

chilli leaf and stem are of no use and are not removed from the field after the harvest 

and therefore the nutrients in them are released back into the soil.  

  

3.5. Crop yield  

Figure 3a shows the chilli yield difference between the treatments. With p=0.05, the 

effect of different rates of NPK on the yield was significant at 5% significance level. 

Generally the increasing rate of NPK increased the crop yield. The highest yield of 

5.17 t ac
-1

 was obtained with the highest rate of NPK of 24-18-18 kg ac
-1

 and the 

lowest yield of 3.75 t ac
-1

 was with the lowest NPK rate of 8-6-6 kg ac
-1

 averaged 

over different rates of FYM (Figure 1, r
2
 = 0.64). The effect of different rates of the 

FYM or the effect of the FYM and NPK combination on the crop yield was not 

significant. However, the general trend was increasing FYM rates increased the crop 

yield (r
2
 = 0.92). The highest yield of 4.78 t ac

-1
 was obtained with the highest FYM 

rate of 8 t ac
-1

 while the lowest yield of 3.89 t ac
-1

 was without the FYM application 

averaged over different rates of NPK.  

 

R
2
 = 0.64 (FYM) R

2
 = 0.92 (NPK)

0

1

2

3

4

5

6

1 2 3 4

Treatment

Y
ie

ld
 (

t/
a
c
)

Mean FYM Mean NPK
 

0

1

2

3

4

5

6

7

NPK1 NPK2 NPK3 NPK4

Treatment

Y
ie

ld
 (

t/
a

c
)

FYM1 FYM2 FYM3 FYM4
 

Figure 3a. Crop yield trend as affected by 

different treatments. 

Figure 3b. Crop yield as affected by different 

FYM and NPK combinations. 

 

Higher yields (5.74 t ac
-1

 to 6.32 t ac
-1

) were obtained at higher rates of FYM and 

NPK combinations and the yields were also higher with combined use of FYM and 

fertilizers as shown in Figure 3b and Table 4. Hosmani (1993) and Subbiah et al. 
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(1985) also reported higher yields of chilli, tomato and eggplant with integrated use of 

chemical and organic fertilizers than with the use of either of these separately. 

 

Table 4. Yield in t ac
-1

 as affected by the source and amount of nutrients. 

FYM rates NPK1 NPK2 NPK3 NPK4 Treatment 

average 

FYM1 4.13 3.78 3.43 4.23 3.89 

FYM2 3.10 5.01 3.73 4.37 4.05 

FYM3 3.85 2.56 4.19 5.74 4.09 

FYM4 3.92 4.87 4.01 6.32 4.78 

Treatment 

average 
3.75 4.06 3.84 5.17  

 

The yields obtained in this trial were similar to that quoted for Bhutan (Bajo 1998) but 

much higher than the yields of 1.6 to 2.4 tones per acre obtained elsewhere (ADC 

Bulletin # 6, 2001). 

 

3.6.  Yield and fruit per plant 

Figure 4 shows the yield per plant and fruit per plant and they have similar trend. 

Different rates of NPK significantly affected the yield per plant (p=0.046, r
2
=0.66) 

and fruits per plant (p= 0.045, r
2
=0.60). The highest yield of 256 g per plant was 

obtained with the highest rate of NPK and the lowest yield of 171 g per plant was 

with the lowest rate of NPK averaged over FYM rates. The highest number of 22 

fruits per plant was also obtained with the highest NPK rate and the lowest of 16 fruits 

from a plant was obtained with the lowest NPK rate averaged over different rates of 

FYM. While the effect of different rates of FYM, FYM and NPK combination on the 

yield per plant and fruit per plant was not significant, the general trend was increasing 

yield and fruit number per plant with increasing rate of FYM application (r
2
 = 0.97, r

2
 

= 0.92 respectively) or with increasing rates of FYM and NPK combination. The 

highest yield of 229 g per plant was with the highest rate of FYM and the lowest yield 

of 168 g per plant was without FYM application averaged over different rates of 

NPK. The highest number of 19 fruits per plant was obtained with the highest rate of 

FYM application and the lowest of 16 fruits per plant was obtained without the FYM 

application averaged over different NPK rates. The lowest yield of 99 g per plant and 
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the lowest number of 12 fruits per plant were obtained with the lowest rate of NPK 

and without FYM application. Both these parameters generally increased with 

increasing FYM and NPK combinations (Figure 5). The correlation between the yield 

per plant and fruit per plant is significant at the 0.01 level.  
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Figure 4. Yield per plant and fruits per plant with different treatments. 
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Figure 5. Yield per plant and fruits per plant as affected by different FYM and NPK combinations. 

 

3.7. Rejects 

The effect of different rates of NPK on the number of rejected fruits was significant at 

5% significance level. Generally the number of rejected fruits increased with 

increasing NPK rates. The highest number of 664 rejected fruits in an acre was with 
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the highest NPK rate while the lowest number of 293 was without NPK application 

averaged over different FYM rates. The effect of different rates of FYM and FYM 

and NPK interaction on the number of rejected fruits was not significant. However, 

the number of rejected fruits generally increased with increasing FYM application 

(Figure 6). The number of rejected fruits per acre was high (i.e. 529) with the highest 

FYM application while the lowest number of rejected fruits (i.e. 416) was with the 

lowest FYM rate of 2 t ac
-1

. The correlation between the number of plants and the 

number of rejected fruits is significant at the 0.01 level.  Hot pepper is susceptible to 

damage from many insects, nematodes and fungal, viral and bacterial pathogens. Over 

fertilization especially if too much nitrogen is applied, excessive vegetative growth is 

stimulated and creates conducive microclimate for pest and diseases, which reduces 

the quantity, quality and the market value of the fruit.  
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Figure 6. Number of rejected fruits against different treatments. 

4. Economic analysis 
The marginal rate of return (MRR = the profit for every additional Nu. 1 spent) was 

better when using FYM and inorganic fertilizer together than when using them 

separately. The marginal rate of returns were greater when applying 2 tons ac
-1

 FYM 

along with 8-6-6 kg ac
-1

, 16-8-8 kg ac
-1

 and 24-18-18 kg ac
-1

 NPK. Applying 4 and 8 

tons ac
-1

 of FYM along with the three rates of NPK was not very economical, 

however, the value cost ratio (VCR) which is a ratio of the crop value divided by the 

cost of the inputs used, were all greater than 2. The rule of the thumb is that the VCR 
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should be equal to or greater than 2 (in our part of the region) for the farmers to see 

the fertilizer application as profitable.  

 

Table 4. Economic analysis (MRR = marginal rate of return calculation) 

Treatment MRR% Profit Nu. for every Nu. 1 spent 

FYM (0 t ac
-1

) + NPK (24-18-18 kg ac
-1

) 1705 17.05 

FYM (4 t ac
-1

) + NPK (0 kg ac
-1

) 2392 23.92 

FYM (2 t ac
-1

) + NPK (8-6-6 kg ac
-1

) 6765 67.65 

FYM (2 t ac
-1

) + NPK (16-8-8 kg ac
-1

) 2249 22.49 

FYM (2 t ac
-1

) + NPK (24-18-18 kg ac
-1

) 10344 103.4 

 

5. Conclusion   

In this study of four years, the response of the chilli to different rates and 

combinations of FYM and inorganic fertilizers were clearly demonstrated. The 

quantity of fruit increased while the quality of fruit tended to decrease with increasing 

NPK and FYM applications. The highest crop yield of 5.17 t ac
-1

 was obtained with 

the highest rate of 24-18-18 kg ac
-1

 NPK and the lowest yield of 3.75 t ac
-1

 was with 

the lowest NPK rate of 8-6-6 kg ac
-1

 while the highest yield of 4.78 t ac
-1

 and the 

lowest yield of 3.89 t ac
-1

 were obtained with the highest FYM rate of 8 t ac
-1

 and 

without FYM respectively. Both the yield per plant and fruit per plant also increased 

with increasing NPK rates. The highest yield of 256 g per plant and the highest 

number of 22 fruits per plant were obtained with the highest NPK rate while the 

lowest yield per plant of 171 g and the lowest fruit number per plant of 16 fruits were 

with the lowest NPK rate.  

 

The highest yield per plant of 229 g and the highest number of fruits per plant of 19 

fruits were obtained with the highest FYM application while the lowest yield of 168 g 

per plant and the lowest numbers of fruits per plant of 16 fruits were obtained without 

FYM. The highest number of 664 and 529 rejected fruits per acre were with the 

highest NPK and FYM rates while the lowest number of 293 and 416 rejected fruits 

per acre were without NPK and with the lowest FYM rate respectively.  
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Although the effect of NPK and FYM combination on the quantity and quality of the 

fruits was not statistically significant, the general trend was increasing fruit quantity 

and decreasing quality with increasing NPK and FYM rates together. As shown by 

many studies conducted by other, this study also demonstrated the benefit of the 

integrated use of organic and inorganic sources of plant nutrients. The yields were 

higher with integrated use of inorganic and FYM than with the use of either of these 

separately.  

 

Even in Bhutan, the integrated nutrient use has assumed great significance in recent 

years in vegetable production. The results of a large number of experiments on 

manures and fertilizers conducted in several countries reveal that neither chemical 

fertilizers alone, nor organic sources used exclusively, can sustain the productivity of 

soils under highly intensive cropping systems (Singh and Yadav 1992). Keeping in 

focus, the findings of this study and that of others from elsewhere, our farmers who 

have been using FYM for centuries and in recent times the inorganic fertilizers should 

be advised and encouraged to use them correctly to meet the nutrient demands of 

crops.  

 

The economic analysis indicated higher MRR with FYM and inorganic fertilizer used 

together. The best MRR of 10344% was from using 2 tons ac
-1

 FYM along with  

24–18–18 kg ac
-1

 NPK. Using 4 and 8 tons ac
-1

 FYM along with any of the three NPK 

rates was not very economical, however, as indicated by the VCR, applying FYM and 

inorganic fertilizers together and in greater amounts than normally used by the 

farmers is still profitable. 

 

Given the fact that there is a scarcity of fertilizer recommendation guides for chillies, 

the integrated use of FYM and inorganic fertilizers tried in this study can be used as a 

reliable guide for our condition.  

 

Reference 

RNRRC-Bajo (April 1998). Research recommendations for vegetable cultivation. 

Research Extension and Irrigation Division. Ministry of Agriculture. 

 



NSSC, Simtokha Page 14 7/8/2011 

RNRRC-Bajo and SSF&PNM (April, 2001). Management and use of farm-yard 

manure in the Lingmutey Chhu Watershed: results from a household survey. 

Department of Research and Development Services, Ministry of Agriculture. 

 

ADC Commercialisation Bulletin # 6. May 14, 2001. IDEA Project/Hot Pepper. 

 

Hosmani, M.M (1993). Chilli crop (Capsicum annum L.) 2
nd 

Edition.  

 

Subbiah, K., Sundrararajan, S., Muthuswami, S., and Perumal, R. (1995). Responses 

of tomato and brinjal to varying levels of FYM and macronutrients under different 

fertility status of soil. South Indian Horticulturalist 33: 198-205. 

 

Singh and Yadav 1992 


