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Abstract 

   
Two field experiments were conducted during the Kharif season (July-November 2014) at the Regional Agricultural 

Research Station (RARS), BARI, Iswardi, Pabna, Bangladesh, to evaluate the effect of micronutrients on the growth 

and yield of transplant Aman rice (cv. BU dhan-1 and BRRI dhan-52) under calcareous soil conditions. The 

experiments included eight treatments: T1 = Control, T2 = Zn, T3 = Cu, T4 = B, T5 = ZnCu, T6 = ZnB, T7 = CuB, 

and T8 = ZnCuB, arranged in a randomized complete block design (RCBD) with three replications. The 

experimental soil was silty clay loam, moderately fertile, and part of Agro-Ecological Zone (AEZ-11). Fertilizer 

application included a split dose of urea (applied at transplanting, 25 DAT, and 45 DAT), with boric acid (2 g/L) 

sprayed at 25, 40, and 55 DAT. Data analysis using MSTAT-C revealed that micronutrient treatments significantly 

improved rice growth and yield. The ZnCuB treatment recorded the highest plant height (132.36 cm in BU dhan-1 

and 129.44 cm in BRRI dhan-52), maximum effective tillers per hill (statistically similar to ZnB), and the longest 

panicle length (32.23 cm in BU dhan-1 and 30.74 cm in BRRI dhan-52). These results underscore the potential of 

ZnCuB as an optimal micronutrient combination for enhancing rice productivity in calcareous soils. 
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Introduction 

Intensive cropping, imbalanced fertilization, less use 

of organic manure and no use of micronutrients have 

resulted the depletion of soil fertility in Bangladesh. 

Consequently, micronutrients status has been 

decreasing day by day and finally fertility status of 

Bangladesh soils has been declining (Alam, 2006). 

Identification and management of nutrient deficiency 

in soils are pre-requisites for sustainable crop yield. 

Fertilizers are indispensable for the production 

system of modern agriculture and play a vital role to 

increase the yield, provided other factors are not 

limiting. Chemical fertilizers today hold the key to the 

success of the crop production system of Bangladesh 

agriculture, being contributed 50% of the total 

production (BARC, 2005). Use of chemical fertilizers 

as a source of nutrients has been increasing in 

Bangladesh, but most of the farmers are not use in 

balanced fertilizers (BARC, 2005).  Micronutrients 

are equally important in plant nutrition though they 

simply occur in plants and soils in much lower 

concentrations. Plants grown in micronutrients-

deficient soils exhibit similar reductions in 

productivity as they suffer for macronutrient. The use 

of Zn, Cu, B, Mn, Mo alone or in combination with 

NPK for production of garlic under Bangladesh 

condition (Baquee, 1998). Zinc infuences the 

formation of some growth hormones in the plant and 

also helpful in reproduction of certain plants. It is 

involved in auxin metabolism like, tryptophan 

synthetizes, tryptamine metabolism and also 

influences the activity of dehydrogenase enzymes e.g. 

pyridine nucleotide, glucose-6 phosphate and triose 

phosphate etc. Boron helps in the absorption of 

nitrogen and required for the development of new 

cells in meristematic tissue (Das. 2011). Normally, Zn, 

Cu and B become less available to plants with 

increasing soil ph. Requirement of B for plant growth 

and yield is greater when calcium (Ca) availability is 

high (Tisdale et al. 1995). Boron (B) requirements are 

common on upland crops in humid regions and also 

in calcareous soil. Deficiencies of B are widespread in 

humid regions by leaching losses (Troeh et al. 1993). 

It is wide spread and often incipient that B deficiency 

seems to exist in Bangladesh soils (Protch and Islam, 

1984). There are 30 AEZs, 88 sub-zones and 535 

agro- ecological units in Bangladesh (Bhuiya et al. 

2005). The fertility status of soils in different AEZs, 

the experimented area belongs to High Ganges River 

Floodplain soils (AEZ-11) which is one of the most 

important calcareous soils of Bangladesh containing 

large amount of CaCO3 as well as high concentration 

of available Ca2+ in that soil. The pH is generally 

ranging from 7.0-8.5 but in most of the upland soils 

ranges between 8.0-8.5 (Alam et al. 2010).  

 

From the above discussion, the present study was 

undertaken with the aim to investigate the effects of 

different micronutrients on growth and yield of rice. 

It is hoped that this type of research project will be 

helpful for researchers or rice growers in calcareous 

soils of Bangladesh or similar types of the world soils. 

Considering these facts, the present study was 

conducted with the following objectives: 

 

1. To identify the deficiency of micronutrients in 

calcareous soils of Bangladesh for rice production.  

2. To select the suitable combination of 

micronutrients for maximum yield of rice. 

3. To study the relative yield increase by using 

different micronutrients and their combinations. 

4. To identify the recommendation of micronutrients 

for rice production in farmers level. 

5. To select the response of Zn, Cu and B to growth 

and yield of cv. BU Dhan-1 and BRRI Dhan-52 in 

AEZ-11. 

 

Materials and methods 

Location and morphology of soils 

The experiment was conducted at Regional 

Agricultural Research Station (RARS), Bangladesh 

Agricultural Research (BARI), Iswardi, Pabna 

Bangladesh during July to November 2014. The 

experimental field was medium high. 

 

Characteristics of soil 

The soil texture of the experimental site was “Silty 

clay Loam”, land was medium high and belongs to the 

Agro Ecological Zone-11 which was originated “High  
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Ganges River Floodplains” deposits having  

“Calcareous Dark Grey Floodplain soils” (FAO, 1988). 

The Physical and chemical characteristics of 

experimental field soil (Table 2-3). The detail analytical 

methods are presented in this chapter. 

 

Climate 

The experimental area has a sub-tropical climate, 

which is characterized by high temperature, high 

humidity and low rainfall with occasional gusty winds 

in the Kharif-2 season (July to November) and low 

rainfall associated with moderately low temperature 

during Rabi season (October-March). Highest 

temperature is 35°-40°c in March to April and lowest 

is 7°-15°c in December- January. 

 

Crop and variety 

The crop under study was Aman rice (cv. BU dhan-1 

and BRRI dhan-52). These are a variety with high 

yield potential. Life cycle of these variety ranges from 

115 to 125 days (cv. BU dhan-1 and BRRI dhan-52) in 

Aman season. The plant attains a height of 120-130 

cm and 120-135 cm in variety cv. BU dhan-1 and 

BRRI dhan-52) respectively and gives up to 5.0 

ton/ha and 5.5 ton/ha grain yield respectively. Those 

varieties are recommended for cultivation in aman 

season of Bangladesh.   

 

Experimental season 

The field experimental was conducted during Aman 

season of 2014. The experimental period was July-

November 2014. 

 

Land preparation 

Land preparation was started in the first week of July 

2014. The land was prepared by repeated ploughing 

and cross-ploughing with a power tiller. Every 

ploughing was ploughed by laddering to have a good 

tilth. Weeds and stubbles of the previous crop were 

collected and removed from the field. After leveling 

the experimental plots were laid out as per treatments 

and design. 

 

Treatments 

There are eight treatments viz. T1 = Control, T2 = Zn,  

T3 = Cu, T4 = B, T5 = Zn Cu, T6 = ZnB, T7 = CuB, T8 =  

ZnCuB in two experiments. 

 

Nutrients, their sources and doses used in the 

experiment: 

 

Nutrient element Source Rate  

Nitrogen  Urea (46% N)  80 kg N/ha 

Phosphorus  TSP (20% P)  20 kg P/ha 

Potassium  MP (50% K)  40 kg K/ha 

Sulphur                 Gypsum (18%S)     18 kg S/ha 

Zinc                         ZnO (78% Zn)  4 kg Zn/ha 

Copper           CuSO4 (39.827%Cu) 10 kg Cu/ha 

Boron  H3BO3 (17% B)  2 g/L (Spray) 

 

Note: CuSO4, ZnO and H3BO3 used as chemical grade 

in treatments. 

 

Fertilizer application 

Fertilizers were applied N. P. K and S as basal dose in 

all plots and Zn. Cu and B in the treatments. 

Fertilizers such as Urea, TSP, MP, Gypsum, ZnO and 

Boric acid were used as sources for N, P, K, S, Zn and 

B respectively. One-third of urea and the entire 

amount of other fertilizers were applied as basal to 

the individual plots during land preparation. The 

fertilizers were incorporated into soil by spading. As 

the amount of ZnO and CuSO4 (II) anhydrous for a 

unit plot was small, the fertilizer was mixed with 

ground dry soil before application. The second split of 

urea was applied 25 days after transplanting i.e. at 

maximum tilling stage and the remaining split at 45 

days after transplanting i.e. at panicle initiation stage. 

Boric acid was applied by spraying at 25th, 40th and 

55th days after transplanting. 

 

Sowing and transplanting 

A well-puddled land was selected for the raising of 

seedlings. The sprouted seeds of BU dhan7 and BRRI 

dhan52 were sown in the seedbed on 25th July 2014 

and Covered with a thin layer of fine earth. Adequate 

care of the seedling was taken. After 30 days the 

seedlings were uprooted carefully from the seedbed in 

the morning and transplanted on the same day. After 

satisfactory land preparation followed by layout of the 
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experimental field, the rice seedling was transplanted 

in the plots on 25th July, 2014. Three seedlings were 

placed in each hill with a spacing of 20cm x 15cm. 

 

Intercultural operations 

 During growing period of the crop, all necessary 

cares were done for ensuring and maintaining the 

normal growth and development of the crop. The 

following intercultural operations were done. 

 

Irrigation 

After transplanting 5-6 cm water was maintained in 

each plot throughout the growth period. 

 

Weeding 

The experimental plots were infested with some 

common weeds, which were removed twice by 

uprooting. 

 

Insect control  

There was little infestation of insects, pests and 

diseases in the field, therefore, some control 

measures were required against insects, pests and 

diseases. 

 

Harvesting 

After attaining full maturity, the crop was harvested 

on 21 November 2014. The harvested crop from each 

plot was bundled separately and brought to threshing 

floor. The crops were threshed, cleaned and 

processed. 

  

Data collection 

Data on the yield components were recorded on 10- 

hills/plot and the yield data were recorded on 

individual plots. 

 

Plant height 

The height of the plant was measured (cm) from the 

ground level to the top of the panicle. From each plot, 

plants of ten hills were measured and averaged. 

 

Tillering 

 Tillers per hill were counted. It includes both 

productive and unproductive tillers. 

Effective tillers 

Effective tillers were counted per hill. 

 

Panicle length 

Panicle length was measured (cm) from basal node of 

the rachis to apex.  

 

Number of grains panicle 

The number of grains panicle of all fertile tillers was 

counted. 

 

1000-grain weight 

Thousand rice grains from each plot were counted 

and weighed. It was expressed in gram. 

 

Collection, preparation and analysis of soil sample 

Soil samples from the experiential field before the 

start of the experiment and after harvest were 

collected from 10 different random spots from a 

depth of 0-15 cm. The soil samples were mixed 

thoroughly to make a composite sample and the 

unwanted materials such as stubbles, stones, weeds 

etc. were removed from soil. The soil samples were 

air-dried, ground, and sieved through a 2-mm (10 

mesh) sieve. The composite sample was stored in a 

clean container for physical and chemical analyses. 

 

Soil analysis 

The initial soil simple was analyzed for soil texture, 

pH, organic matter, total N, exchangeable K, Ca& Mg, 

available P, S, Fe, Cu, Mn, Zn, B and Mo contents.  

 

Mechanical analysis 

Mechanical analysis was done by hydrometer method 

(Buoyoucos, 1927). The textural class was determined 

following Marshall’s Triangular Coordinate using 

USDA system. 

 

Soil pH 

Soil pH was measured with the help of a glass 

electrode pH meter, the soil-water ratio being 1: 2.5 as 

described by, Jackson (1962). 

 

Organic matter content 

Organic carbon content of soil was determined  
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following wet oxidation method (Page et al., 1982). 

The amount of organic matter was calculated by 

multiplying the percent organic carbon with the van 

Bemmelen factor, 1.73 (Piper, 1950). 

 

Results and discussion 

Effects of micronutrients on yield parameters of rice 

plant height 

The plant height of cv. BU dhan-1 and BRRI dhan-52  

rice were significantly influenced by the application of  

Zn, Cu and B. The highest plant height was observed 

in Zn, Cu, and B and lowest in control. Plant height 

varied from 120.53-132.36 cm and 116.13-129.44 cm 

in BU dhan-1 and BRRI dhan-52 respectively due to 

different treatments. The response of B application on 

plant height is the best followed by Zn and Cu.   

 

Significant effects of Zn and B on plant height of rice 

has been observed. The respond of Cu alone on plant 

height was not significantly increased.  

 

Table 1. Morphological Characteristics of the Experimental Field. 

Morphological Characteristics Characteristics 

1. Location RARS, BARI 

2. Land Type Medium High Land 

3. General Soil Type Calcareous Dark Grey Soil 

4. Agro-Ecological Zone AEZ-11: High Ganges River Floodplain 

5. Topography Fairly Level 

6. Soil Color Dark Grey 

7. Drainage Well Drainage 

8. Soil Series Gopalpur 

 

Hasan zaman (2012) reported that 2g H3BO3/liter 

water at 3 times (different days after transplanting) 

foliar spray increased the highest plant height of 

onion in calcareous soils (AEZ-11). The results are 

also in partial agreement with the findings of Sarfaraz 

et al. (2002); Bhuvaneswari et al. (2005); Gupta et al. 

(1995) and Prasad et al. (2002). 

 

Effective tillers per hill 

The effective tillers per hill were appreciably 

increased with the addition of Zn, Cu and B, 

particularly, when they used combined and 

individually. The effective tillers per hill were 

maximum and statistically similar in ZnCuB and ZnB. 

And minimum in control treatments in both the 

varieties In BU dhan-1 the highest number of effective 

tillers/hill was found in treatment ZnCuB (18.87) and 

followed by ZnB (18.06), CuB (17.25), B (16.46), ZnCu 

(14.97), Zn (14.53), Cu (12.73) and control (12.16), 

respectively.  

 

The highest number of effective tillers was observed 

by the application of B alone or ZnB. The response of 

B is more than Zn and more dominent than Cu. These 

result show conformity with those found Padmaja and 

Raju (1992); Islam and Haque (1998); Chandel et al. 

(2000); Hasanuzaman  

(2012) and Momin (2013). 

 

Table 2. Physical characteristics of experimental initial field soil. 

% Sand % Silt % Clay Textural class 

20.8 % 60.3 % 20.9 % Silty clay Loam 

 

Panicle length 

The panicle length responded significantly by the 

application of Zn, B and their combinations (Table 4a 

and 5a). The ZnCuB treatment produced the highest 

result (32.23 cm and 30.74 cm in BU dhan-1 and 

BRRI dhan-52 respectively) and the control treatment  

showed the lowest (22.18 cm and 20.02 cm in BU  

dhan-1 and BRRI dhan-52, respectively).  
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Filled and Unfilled grains per panicle 

Unlike other parameters, there was a significant effect 

of Zn, Cu and B on the number of grains/panicle 

(Table 4a and 5a). The number of grains/panicles was 

found to vary from 129.75-184.09 and 124.31-173.85 

in BU dhan-1 and BRRI dhan-52 respectively across 

the treatments. The highest number of filled 

grains/panicle was recorded in treatments ZnCuB 

and ZnB but both are statistically similar. The 

increased number of grain/panicles of rice due to 

application of Zn and B was reported by Poongothai 

et al. (1999) and Hussain (1990). The response of Cu 

is little and no significant effect. The unfield grain is a 

most importent indicator of yield loss of rice grain. 

The minimum unfield grain was found by the 

application of Zn, Cu, B and their combinations.

 

Table 3. Chemical characteristics of experimental initial field soil. 

Properties Value Critical level* 

pH 7.8 - 

OM% 1.25 - 

Total N% 0.12 (VL) 0.12 

m
eq

/1
0

0
g Ca 16.2 (VH) 2.0 

Mg 4.37 (OP) 0.80 

K 0.57(L) 0.20 

m
g/

k
g 

or
 p

p
m

 

P 16.2 (L) 14 

S 12.5  (VL) 14 

Fe 13.21  (OP) 4.0 

Cu 0.65(M) 0.20 

Mn 2.78 (OP) 1.0 

Zn 0.33  (VL) 0.60 

B 0.23  (VL) 0.20 

 According to BARC (2005). VL= Very low, L= Low, M= Medium, OP= Optimum, H= High, VH= Very high.

1000- Grain weight 

The weight of 1000-grains significantly affected with 

the treatments. The 1000-grain weight ranged from 

16.33-27.06 g in BU dhan-1 and 18.23-28.09 g in and 

BRRI dhan-52 over the treatments. The highest 1000-

grain weight was observed in ZnCuB treatment 

followed by ZnB and the lowest weight was observed 

in control. The increased in 1000-grain weight of rice 

due to application of Zn, Cu and B was reported by 

Shobhan (2005) and Uddin et al. (2002). 

 

Table 4. Effect of Zn, Cu and B on yield components of BU Dhan-1. 

Treatments Plant height 

(cm) 

Effective 

tillers 

/hill (No)) 

Panicle length 

(cm) 

Filled grains 

/panicle 

(No) 

Unfilled grains 

/panicle 

(No) 

1000-grain 

weight 

(g) 

T1= Control 120.53 12.16 22.18 129.75 25.64 16.33 

T2= Zn 124.66 14.53 24.76 144.66 13.56 21.16 

T3= Cu 121.20 12.73 22.48 137.17 11.23 16.72 

T4  = B 127.93 16.46 27.35 165.78 6.11 24.69 

T5 = ZnCu 125.20 14.97 24.92 154.43 8.05 21.43 

T6= ZnB 131.70 18.06 29.66 176.93 4.47 25.88 

T7= CuB 128.33 17.25 27.63 168.13 4.86 24.76 

T8= ZnCuB 132.36 18.87 32.23 184.09 3.39 27.06 

Significance ** ** ** ** ** ** 

LSD 1.42 1.55 1.08 6.29 1.68 1.32 

CV (%) 5.38 3.52 3.47 7.16 2.27 3.14 

In a column, means value are significantly different at 5% level of DMRT. CV = Co-efficient of variation, LSD = 

Least significant difference. 
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Conclusion 

The study revealed that the combined application of 

Zn, Cu, and B (ZnCuB) significantly enhanced the 

growth and yield of transplant Aman rice (BU dhan-1 

and BRRI dhan-52) under calcareous soil conditions. 

The ZnCuB treatment achieved the highest plant 

height (132.36 cm and 129.44 cm), effective tillers per 

hill (18.87 and 18.09), and grain yield (5.39 t/ha and 

4.83 t/ha), representing yield increases of 71.65% and 

73.74% over the control for BU dhan-1 and BRRI 

dhan-52, respectively. This improvement is attributed 

to increased panicle length, filled grains per panicle, 

and reduced unfilled grains. The findings emphasize 

the effectiveness of ZnCuB for maximizing rice 

productivity in calcareous soils and highlight Zn and 

B as critical contributors to improved yield, 

recommending their balanced application for 

sustainable rice production. The measurement of 

plant parameters – Plant height, Panicle length, 

Effective tillers/hill, 1000-grain weight, Grain yields 

and Straw yields were recorded after harvesting of the 

crops. The grain yield was adjusted to the 14% 

moisture content. The straw was well dried. Ten hills 

were randomly selected for the measurement of other 

parameters. Personal equation was avoided by taking 

measurement of a particular parameters by the same 

person of the same day, at least for all plots in a block. 

Plant height of BU Dhan-1 and BRRI dhan-52 rice 

was significantly affected by the application of Zn, Cu 

and B. The maximum plant height (132.36 cm in BU 

Dhan-1 and 129.44cm in BRRI dhan-52) was 

produced by the treatment ZnCuB. The effective 

tillers per hill were maximum and statistically similar 

in ZnCuB and ZnB and minimum in control 

treatments. Panicle length is also influence by the 

application of Zn, Cu and B. The ZnCuB treatment 

produced the highest result (32.23 cm in BU Dhan-1 

and 30.74cm in BRRI dhan-52). The number of 

grains/panicles was found to vary from 129.75-184.09 

and 124.31-173.85 in BU dhan-1 and BRRI dhan-52 

respectively across the treatments. The unfield grain 

is a most importent indicator of yield loss of rice 

grain. The minimum unfield grain was found by the 

application of Zn, Cu, B and their combinations. The 

1000-grain weight ranged from 16.33-27.06 g in BU 

dhan-1 and 18.23-28.09 g in and BRRI dhan-52 over 

the treatments. The highest 1000-grain weight was 

observed in ZnCuB treatment followed by ZnB and 

the lowest weight was observed in control. The grain 

yield was significantly affected due to application of 

Zn, Cu and B. In BU dhan-1 the grain yield increased 

in treatments ZnCuB, CuB ZnB, ZnCu, B, Cu & Zn by 

71.65%, 55.09%, 63.37%, 36.62%, 50.63%, 2.86% & 

32.48% respectively, over control treatments. In 

BRRI dhan-52 the grain yield increased in treatments 

ZnCuB, CuB ZnB, ZnCu, B, Cu & Zn by 73.74%, 

56.11%, 69.42%, 40.64%, 52.15%, 4.31% & 36.16% 

respectively, over control treatments. The highest and 

statistically similar grain yield (5.39 & 5.13 t/ha and 

4.83 & 4.71 t/ha in BU dhan-1 and BRRI dhan-52 

respectively) were obtained in ZnCuB and ZnB.  

 

The results indicated that Zn at 4 kg/ha and B as 2g 

H3BO3/L with 3 times foliar spray is suitable for 

maximum grain yield of rice in calcareous soil in 

Bangladesh. 
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