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EFFECT OF ZINC ANI BORON ON THE GROWTH AND YIELD 

OF BRRI dhan29 IN RED-TERRACE SOIL 

ABSTRACT 

The field experiment was conducted at Sher-e-Bangla Agricultural IJniversity 

Farm. Dhaka during the boro season from I November 2007 to 15 March 2008 

to observe the performance of zinc and boron on the yield and yield 

contributing characters of BRRI dhan29. The experiment consists of three 

levels of zinc viz. 0. 2.5 and 5.0 kg ha4  and three levels of boron viz. 0, I and 2 

kg hi'. The experiment was laid out in factorial randomized complete block 

design with three replications. Application of Zn significantly influenced all the 

growth and yield contributing characters except plant height (cm), panicle 

length (cm) and sterile spikelets panicle4  whereas boron fertilization 

significantly influenced all parameters except plant height (cm). panicle length 

(cm) and 1000 grain weight. Five kg Zn hi' and two kg B hi' Zns  x 132  

influenced plant to produce the highest grain yield. The maximum yield 5.56 

thi' was recorded for this combination effect. Integrated use of zinc and boron 

significantly influenced contents and uptake of zinc (Zn) and boron (B) in the 

grain and straw of BRRI dhan29. In all eases of contents and uptakes of Zn and 

B in both grain and straw as allècted by Zn and B fertilizations. Zn5132  

performed the highest results. 
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Chapter 1 

INTRODUCTION 

Rice (Oryza saliva), the staple food crop in Bangladesh, covers about 77% of the 

total cropped area of 13.9 million hectares. Bangladesh ranks fourth in the world 

both in acreage and production of rice (FAO. 2000). But the average yield is quite 

lower (2.15 t ha") compared to other leading rice growing countries such as China. 

Korea. Japan and USA producing 6.23. 6.59, 6.70 and 7.04 t ha", respectively 

(FM). 2000). 

For our existence, priority should be given to attain self sufficiency in grain 

production. This can be done either by increasing the total area under rice crop 

cultivation or by increasing per hectare yield by using fertilizers as a means of 

supplementing the natural food supplies of the soil. But our cultivated land is 

limited and horizontal expansion of land area is not possible. 'therefore. the only 

option left is to increase the per hectare yield of rice. It is now well agreed that 

depleted soil fertility is a major constraint for higher crop production in 

Bangladesh. Indeed, yield of several crops including rice is now stagnating and 

even declining (Bhuiyan, 1991). 

Soil fertility depletion has been resulted from continuous exhaustion of fertility for 

centuries without sufficient return of essential plant nutrients to the soil in the form 

of' fertilizer and lack of proper soil management practices. Due to the crop 

intensification and adoption of modem technology like use of high yielding 

varieties. chemical fertilizer, pesticides etc. the fertility status of the soil in respect 

of' both macro and micronut.rient elements have been depleted (Zaman, 1994) and 

their deficiencies are observed to be more prominent in rice crop. 

Initially the farmers were not a'vare of fertilizer use for commercial production of 

crops as well as proper maintenance of soil fertility. Gradually they are being well 

acquainted with the need for fertilizer for crop nutrition. Farmers were using these 

elements through fertilizers as urea, triple superphosphate and niuriate of potash. 

But recently advanced research have indicated the deficiency of nutrients like B 



and Zn for which gypsum and ZnO or ZnSO4, respectively are recommended to use 

meet the deficiency of these elements. Zinc was recognized as an essential element 

for rice cultivation long ago. In Bangladesh, Zn deficiency has been reported in 

Gangetic alluvium soils, like the soils of Rajshahi. Faridpur. Pabna, Kustia, Jessore, 

Barisal, Khulna. North-west part of Ohaka district. i.e. Manikgonj and Dhamrai and 

in haor areas of Sylhet. The light sandy soils of northern part of Bangladesh are 

also reported to be Zn deficient (BRRI. 1980). Since rice is grown in wet land 

condition under diverse soil and climatic situation, it suffers from deficiency and 

toxicity of mieronutrients like Zn. 

The amount of nutrient taken up by a crop is closely related to the total amount of 

biomass it produces. in general the higher the crops yield the higher the nutrient 

removal by crop. A two fold yield increase will naturally remove two fold more 

nutrients from soil. As a consequence, the practice of intensive cropping system 

coupled with use of high yielding varieties are likely to favour the deterioration of 

soil health and emergence of new nutrient deficiency. Rice is the principal cereal 

crop in Bangladesh. The production of rice in this country has although increased to 

a considerable extent, its yield potential as viewed by Bhuiyan (1991), has leveled 

off. Depletion of soil fertility has been identified as a major constraint for higher 

rice yield. Before 1980's deficiency of NPK was a major problem but thereafter 

along with NPK, deficiency of S and Zn are frequently reported (Jahiruddin et at, 

1981: Hoque. 1986; Islam etal.. 1986) and more frequently B deficiency in wheat 

is reported in some soils (Jahiruddin et al.,1992: Jahiruddin. 1993). It is likely that 

B deficiency may also arise in rice. Zinc deficiency occurs only locally but may be 

widespread on the calcareous Ganges Rivet Floodplain and sandy soils, peat soils, 

high p11 saline soils and light textured Piedmont soils. Zinc deficiency in 

Bangladesh is acute and widespread in light textured and irrigated soils, where high 

yielding varieties are cultivated. Among the different problem soils identified in 

Bangladesh zinc deficient soil occupies 1.75 in hi'. Especially caleareous soils (p14 

>7.5) with moderate to high organic matter content (>1.5% organic C) are likely to 

be Zn-deficient due to high HCO3  in soil solution. 



Boron is a micronutrient requiring for plant growth relatively to a smaller amount. 

The total B content of soils lies between 20 and 200 ppm with the available (hot 

water soluble) B fraction ranging from 0.4-0.5 (Gupta, 1979). Tourmaline 

containing 34% B is the major B bearing mineral. Boron oeurs in soils mainly as 

undissociated H3803  and subject to soil pH changes this acid is not deprotonated 

(dissociated). This may be the main reason why B is leached so easily from soil. 

Plants absorb B principally in the form of 113803  and to a smaller extent as 84072 .  

H2B03 . 1lB0. plant require B for a number of growth processes. such as new cell 

development, sugar transport, cell wall synthesis, reproduction, pollen tube growth. 

pollen gennination. I igni lications. carbohydrate metabolism. RNA metabolism, 

membrane integrity, ascorbate metabolism, respiration. indole acetic acid 

metabolism (fAA), phenol metabolism and oxygen activation. 

thus an investigation was undertaken with an objective of examining the effects of 

zinc and boron on BRRI dhan29 in Red-1'enace Soils. Considering the above facts 

a field study was undertaken with the following objectives: 

To determine the optimum growth and yield performance of BRRI 

dhan29 by the application of different dosages of zinc and boron 

To calculate the effect of zinc and boron on the growth and yield of 

BRRI dhan29 in Red Terrace soil 

f•!: ihrary)) 
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Chapter 2 

REVIEW OF LiTERATURE 

An attempt is made in this chapter to present a brief review of review of research 

works in relation to the effect of Zn and on rice. in the present review, attention 

has been paid to the recent works particularly after 1980.   in the review, effects of 

these elements on yield components and nutrients composition on rice have been 

covered. With regards to nutrient use, their source rate and methods of application 

have been attended. This section is divided in to three subsections with regards to 

Zn and B. This subsection begins with a short description about occurrence, form 

and function of the nutrient elements. 

2.1 Effect of Zinc on Rice 

Chitdcshwari et al., (2005) found that the indirect effect of water soluble + 

exchangeable and complexed Zn fractions through its association with occluded 

form was found to be positive and significant in rice yield. 

Ohatak es al., (2005) showed that application of 30 kg ZnSO4  hi' recorded the 

highest values of yield attributes of rice. 

Rajput ci at, (2005) showed that the recommended rate of fertilizer along with 25 kg 

ha 	of zinc sulphate gave the highest grain yield of rice 50-5 q had. 

Singh ci al., (2005) suggested that magnesium can he beneficial, in addition to 

zinc, in alkali soil. 

Slaton ci al.. (2005) found that Zn treatments included Zn solutions sprayed at I .1 - 

1.2 kg Zn hi' and dry granular Zn fertilizers broadeastcd at 11.2 kg Zn ha'. Zn 

fertilizer source, averaged across application times, significantly affected grain 

yield at all sites, with Zn fertilizer application increasing yields by 12-I80 g 

compared with untreated control in rice. 

4 



l)as ci at, (2004) showed that the amount of Zn content in and uptake by grain 

(17.6 mg kg" and 85.6 g ha") and straw (17.0 mg kg" and 123.4 g ha") were 

increased significantly in the treatment F3  where twice foliar application of Zn as 

Zn-EDTA at 0.058 g was made with the simultaneously highest increase in grain 

(4.9 t hi') and straw (7.2 1 ha"), respectively, compared to foliar applications of 

same levels of Zn as ZnSO4  being 16.0 and 38.8 g increase in the yield of grain 

and straw, respectively, over that of the control, no application of Zn. The result 

also clearly indicated that the yield of both grain and straw due to foliar 

application of Zn either in the form of Zn-EDTA or ZnSO4  were significantly 

positively correlated with the Zn uptake by grain and straw, being more significant 

with Zn-EDTA application. The grain yield VS. Zn content in grain showed a 

significant positive correlation, suggesting an important role of Zn towards 

contributing the yield of rice. 

Jha et al., (2004) found in caleareous soil, the recommended level of zinc as 

ZnSO.1  (5 kg ha") for paddy was favourable for ABA of autochthonous 

cyanobacteria. 

Bhat etal., (2002) carried out a field experiment to study the efficiency of various 

cultural management practices for improving the yield atiributing characters and 

grain yield of rice. Treatments comprised a control: recommended fertilizer dose 

(RE!); 80 : 45 : 20 N: P205 : K20 kg) with 20 x  10cm spacing; RFD4-15 kg with 

20 x 10 cm spacing; 15% F(PD with 20 x  jQ cm spacing; RFD with 15 x  15 cm 

spacing; local practice (60 : 40 : 0 N : P205 : K20) with random spacing; and RFD 

with random spacing. The results of two years study revealed that application of 

15 kg ZnS0.4  in addition to RFD with optimum plant population (4.4 laks ha) 

proved significantly superior to the other treatment combinations. 'l'he yield 

advantage obtained by applying ZnSO4  with RFD was 22.7% over RFD alone and 

61 



12% over RFD+10 t FYM ha Mean maximum panicle number and panick weight 

were also recorded with the application of ZnSO4  +RFD which led to higher grain 

yield of the crop. 

Lora c/ at, (2002) conducted an experiment to determine the effect of Zn 

application (at 0, 8. 16. 24 and 32 kg ZnO hi') on yield and quality of 3 rice 

eultivars. Observations were recorded for yield, tiller number per plant. plant 

height, number of grain per paniele, 1000-seed weight and milling quality. Foliar, 

soil and benefit: cost analyses were also performed. The best effect on yield was 

observed at 16kg Zn/ha for R-). Selecta and Tailandia Ill. A significant effect on 

number of grain per panick and seed weight was also observed. 

Mythili et al., (2002) conducted a greenhouse experiment on two Zn deficient soils 

using rice as a test crop to study the effect of green manure on the relative 

efficiency of applied Zn. Radio-tracer viz., 65Zn was tagged to two sources of Zn 

(ZnSO4  and EDTA-Zn at kg Zn hi') to determine the contribution of fertilizer 

sources. Incorporation of Sesbania aculeata at tO t hi1  could contribute 

approximately 64, 4, 42. 0.6 and II kg of N, P. K. Zn and S ha 4, respectively. The 

beneficial effect of integrated use of green manure (GM) with inorganic fertilizer 

nutrients particularly. ZnSO4  in clay loam and I1DTA-Zn in sandy loam soil was 

evident due to higher uptake and increased dry matter yield obtained at harvest. 

NPK+CiM-47_nS0.+gypsum application recorded the highest grain, straw and root 

yields in both the soils. 

6 



Prasad et at. (2002) conducted a field experiment in Bihar. India for five years to 

study the optimal frequency of zinc fertilizer application on zinc deficient in the 

rice-wheat cropping system. The treatments were soil and Ibliar application ol' zinc 

sulphate at different doses. The results indicated that the pooled yield of rice was 

higher than that of wheat grain. The frequency of zinc application, based on 10 

cropping systems, indicated that the use of 25 kg zinc sulphate ha1  as soil 

application after a two-crop interval was found to be optimal The rates of increase in 

yields of rice and wheat were 52.4 and 21.0 kg per kg of zinc sulphate. respectively 

and the percent increase in yield of rice was 46.6 and in wheat 38. I. The rice and 

wheat yields in the cropping system were significantly correlated with zinc removal. 

Singh ci at. (2002) conducted a field experiment at the North Eastern Hill 

University, Shillong, Meghalaya, India, to elucidate the distribution, adsorption and 

utilization of Zn in wetland soils, and its uptake by plant from nutrient solutions. It 

is concluded that the use of zinc fertilizers increased the yield of rice in wetland 

soils of Meghalaya. The results further indicate that only a fraction of total quality 

of applied Zn could be utilized by rice plants. The availability of residual Zn for the 

next crop was also very low. 

Slaton et at. (2001) reported that zinc is the most growth and yield limiting 

micronutrient in US rice production. They conducted two field Studies to evaluate 

several dry, granular and liquid Zn sources applied at pre-plant incorporated (PPI). 

pre-emergence (PRE) and pre-flood (PF) for rice yield in Arkansas. USA. 

Application of liquid chelated and inorganic Zn sources at rates from I to 2 lb 

acre4  produced high yields across all application times. Application of dry 

granular Zn sources performed the best when applied at either PPI or PRE. 

VA 



Vasudeva and Ananthanarayana (2001) conducted a field experiment in India to 

investigate the effect of added zinc based on zinc adsorption maxima on paddy 

rice yield and nutrient dynamics in acid soils (tiltie Paleustalfl. The treatments 

comprised dif1rent levels (0, 2.5. 10, 20 and 40 kg which correspond to 0. 0.22, 

0.551. 1.10, 1.65 and 2.20% of zinc adsorption maxima) and sources of zinc (and 

ZnO) along with recommended dose of farmyard manure (5 tones) and fertilizers 

N, P205. and K70 (75:75:90). Results showed that the paddy rice responded well 

with zinc application at 20 gm in acid soils which gave a maximum grain yield of 

7002 kg. With regards of zinc source, the plants. which received as ZnO showed 

lower yield compared to zinc. 

Verma ci at, (2001) carried out a field experiment at Chandra Shekhar Azad 

University of Agriculture and Technology. Kanpur, Uttar pradesh. India where 

three levels of zinc sulphate (0. 20, and 40 kg) were tested in paddy grown after 

paddy nursery. The results indicate that the use did not have significant effect in 

grain yield and yield attributes in rice particularly grown after rice nursery in 

which nursery was fertilized at 25 kg. 

Herawati ci al,. (2000) stated that zinc concentrations were the highest in rice 

grown in Histosols (27.4 gg g'). The amount of cadmium, copper and zinc in rice 

were not correlated with the content of these metals in soil, but the presence of 

these metals in soil was correlated with each other. 

Tunga and Nayak (2000) carried out a field study in West Bengal in 1997 at wet 

season, 4 high yielding rice cultivars were given S fertilizers treatments. 

comprising 4 NPK rates plus the highest NPK rate with Zn. Grain yield raised 

from 3.99 t hi' in cv. MW 10 to 5.48 in MPFI 504. Yield was 2.63 t hi' without 

NPK and increased significantly up to 5.03 t with 90: 45 :45 kg NPK ha1. Higher 

NPK application and 30 kg ZnSO,, ha1  did not significantly affect the grain yield. 



lisha at at. (2000) conducted an experiment in Kerala. India in 1997 to study the 

effect of mieronutrients on sustainable rice yields with application of Zn and Cu (5 

and 10 kg ha1). The treatments did not significantly affect grain yield during the 

first and second cropping seasons of 1998 while it was significant in both seasons 

in 1999. The highest yield was obtained with 100% NPK and farm yard manure at 

5 t hi' while 7.nSO4  and CuSO4  was lower in all the cropping seasons. 

Ahmed and 1-lossain (1999) reported from 3 years field experiments of wheat 

mungbcan-rice cropping sequence that application of Zn along with NPKS 

increased rice yield. 

IA et at, (1999) observed in hydroponic and field experiments that rice yield was 

significantly increase and rice quality was improved by zinc fertilizer application. 

Sharma at at, (1999) conducted a field experiment in 1994/95 and 1995196 at 

I-Ianumangarh, Rajasthan. India. rice cv. Java and PR 106 given 0. 12,24 or 36 kg 

ZnSO4  ha' at 30 or 45 days after transplanting. Yields increased with increasing 

rates of Zn application, with 36 kg Zn giving the highest yield followed by 2 

sprayings. 

Chitdeshwari and Krishnasamy (1998) studied the efThct of different levels of zinc 

and zinc enriched organic manures on the availability of micronutrients under 

submergence in zinc deficient rice soils. The application of 2.5 mg Zn kg-1  

enriched with farmyard manure + leaf manure increased the Zn status at all stages 

of crop growth. 
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lIaloi (1998) studied the effect of foliar sprays of four growth promoters (Brassin 

[brassinolide]. Prithvi. Falan and Zinc phenolie) on rice cv. lb .10016 and Ranjit 

and observed the Brassin and Prithvi accelerated vegetative growth, while Zinc 

phenolie and Falan promoted reproductive components of the crop. Falan 

significantly improved harvest index. Grain yield increases over controls varied 

from 19.0% to 40.2% depending on the dose of growth promoter. 

Patra and Poi (1998) applied different lbrrns of trace elements to rice cv 1ET5656 and 

lET-S 141 in trace element deficient soil at Maidia.  North l3engal. India. They 

reported that the best result (grain yield 2.39 t ha') was obtained with foliar 

application of 500 g chelated Zn hi' followed by foliar application of Zn + B + Mo 

mixture + organic manures (grain yield 2.361 ha'). 

Agarwal and Suraj (1997) conducted a field experiment at Kanpur in 1992-93 and 

found that mean yield of each crop (rice/wheat) and net returns were the greatest 

when each crop was given 25 kg ZnSO4  hi'. 

Chen ci al.. (1997) carried out a field experiment in Rice Research Institute of 

Yunnan Agricultural University, Kunming on soil low in zinc with rice cultivars 

Xunza 29. llexi 35 and Yungeng 34 using 0 or 5 kg Zn hi'. They observed that 

application of Zn increased yields significantly especially in Flexi 35 and Yungeng 

34. Grain amylose content of milled rice was increased by Zn application. 

lngle et al., (1997) conducted a field trial at Sindewahi, Maharashtra, using rice 

cv. Sye-75 given 0. 5. 10 or 15 kg Zn ha' as ZnSO4  or ZnO. They observed that 

grain yields was increased with increasing Zn rates but was not affected by 

sources of Zn. 
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Trivedi and Verma (1997) carried out field trials in the 1992 and 1993 seasons, 

rice cv. Jaya and BRII were given 0. 5, 11.2 or 16.8 kg Zn hi'. l'hc experimcntal 

soil was low in IYI'PA extractable Zn (0.06mg kg') with pH of 7.9 crop yield and 

Zn uptake were increased by applied Zn, with quadratic relationships with 

application rate. Economic analysis indicated an optimum application rate of 11.9 

kg Zn hi'. 

Sakal c/at, (1997) reported that the continuous rice-wheat system with increasing 

NPK fertilizer applications is the cause of depleting soil available micronutrients 

reserve, particularly available Zn. leading to decline in crop productively. 

Arifet at, (1996) conducted a field trial with rice (cv. Rio paranaiba) using 0,5. 10 

or 29 kg Zn and 0. 0.5. 1.0 or 2.0 kg B. They observed that seed yield was not 

affected by the treatments, but the yields of whole grain were greatest with 10 kg 

Zn. 

Devarajan and Krishnasamy (1996) conducted a pot experiment with rice cv. ADT-

36 was given the NPK with 0. 1.25. 2. 5, 3.75 or 5.0 ppm Zn as or Zn enriched 

organic manure. They observed that grain yield was highest with FYM composted 

with 2.5 ppm Zn -F  green manure. 

Khanda and Dixit (1996) conducted a field experiment at Bhubaneshwar. Orissa 

during summer 1991 and 1992 with 2 sources of zinc (ZnSO4  and Zn EDTA) and 

reported that application of Zn significantly increased the grain and straw yields 

over the plots without zinc application. They stated that the combined application 

of N and Zn increased the grain yield by 7.2% and straw yield by 12.9% over sole 

N. 



Kumar and Singh (1996) reported that dipping the seedlings in 2% ZnSO4 

solution gave higher yield (5.15 t haS') almost similar to the application of 25 kg 

ZnSO4  compared to control. 

Singh €1 at, (1996) observed that grain yield of rice increased significantly with 

up to 100 kg N hi' alone or with Zn. Net  returns were the highest with applying 

150 kg N + 25 kg Zn hi'. 

Ugurluoglu and Kacar (1996) carried out a green-house experiment; rice was 

grown on soils from different rice growing areas of Turkey. and given 0. 2, 4 or 8 

ppm Zn as ZnO. ZnSO4. 1-120 or Zn-EDTA compared with the control. They round 

that the greatest increase in dry matter was obtained with ZnO on the comm soil. 

2.2 Effect of boron 

Boron deficiency in crops is more widespread than the deficiency of any other 

micronutrient in the world. Adequate B nutrition is critical not only for high yields 

but also for high quality crops. Boron has many physiological functions in plants 

such as sugar transport, cell wall synthesis, reproduction, pollen tube growth, 

pollen germination. lignitication. carbohydrate metabolism. RNA metabolism, 

membrane integrity, aseorhate metabolism, respiration, indole acetic acid 

metabolism (IAA). phenol metabolism and oxygen activation. 

Khan ci' at. (2007) conducted a field experiment during 2004-05 on wheat and 

rice to study the response of boron application in wheat-rice system. Two levels of 

boron viz. I and 2 kg ha 1  with control were studied with the basal dose of N, P205  

and K20 as 120-90-60 kg hi'. Wheat variety Naseer 2000 and rice variety IRRI-

6, both were planted in RCB design with three replications in a permanent layout. 

Boron application significantly affected wheat grain yield that ranged from 2.70 to 

3.49 t hi' giving highest increase of 19.9% over control from 1.0 kg ha'. The 
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number of tillers m'. spike rn'2, spike length. plant height and 1000-grain weight 

of wheat were also significantly different from control for the same treatment. 

Paddy yield was also significantly affected by boron application, which ranged 

from 3.51 to 6.11 t ha'1. The highest yield was obtained from 2 kg B ha when 

applied to both crops. The number of spikes rn'2. number of spikes plant", spike 

length, plant height and 1000-grain weight of paddy were significantly affected 

over control. The direct application of I and 2 kg B ha" gave an increase of 59.6 

and 62.1%, cumulative application of! and 2 kg B ha" increased the paddy yield 

by 61.1 and 74.1%. while residual application of I and 2 kg B ha" increased the 

yield by 36.8 and 48.8% over control. The direct application of 2 kg B ha" to each 

crop could he recommended for economical yield. Boron concentration in the 

leaves of wheat and rice was significantly affected by the application of boron that 

ranged from 10.37-1 4.91 and 3.52-5.8 1 mg kg", respectively. Similarly the boron 

concentration in soil was also significantly affected by boron concentration in 

wheat and rice and ranged from 0.18-0.51 and 0.17-0.61 mg kg', respectively. 

The highest concentration in leaf and soil in wheat was found from 2 kg hi', 

while cumulative application of 2 kg ha" proved to he the highest in both the 

crops. 

Dunn c/ aL, (2005) found that soil sampling and testing for B is currently not a 

common practice for farmers producing rice (Oryza saliva L.) in the south-eastern 

United States and field research in Missouri showed that rice yields were the 

greatest when soil B levels were 0.25 to 0.35 ppm by the hot water extraction 

method. In 2000, rice receiving soil-applied 13 produced significantly greater 

yields than rice with foliar-applied B and rice with no B applied. In 1999 and 

2001. there was no significant difference between yields obtained with foliar or 

soil B applications. 
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Singh ci at, (1990) conducted field trials during the rainy seasons of 1987-88 at 

Barapani, Meghalaya to see the effects of three. six or nine kg Zn had.  1.5 kg B ha 

or applications of Zn + B on yield of rainfed of submerged rice (cv. ngoba). Zinc 

and boron application increased rice yield compared with the untreated control. 

The increase in yield due to be application was 3 1 % higher under submerged than 

raiSed conditions. The highest grain yield of 3.66 t had and straw yield of 4.81 t 

was obtained from application of B under submerged conditions. 

Mondal et al.. (1992) conducted missing element trials to investigate the nutrient 

requirements for 13R1 1 rice in Sonatala silt loam soils at Bangladesh Agricultural 

University farm in the T.arnan season of 1990.   They observed a sigMficant 

response of the crop to NPKSZn and B. Further they noted that unlike their 

elements, Cu and Mo did not have positive effects on rice yield. 
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CHAPTER 3 

MATERIALS AND METHODS 

This chapter presents a brief description about the work which is related to the 

experiment. It represents a brief description about the experimental site, soil, 

climate, crops, treatments, experimental design followed, land preparation, seedling 

transplanting, intercultural operations, harvesting, data recording. collection and 

preparation of soil and plant samples and the methods for the chemical and 

statistical analysis. 

3.1 Experimental site and season 

The experiment was laid out in the Red-terrace soil of Sher-e-Bangla Agricultural 

University, Sher-e-Bangla Nagar, Dhaka. This soil belongs to the Modhupur tract 

(AIiZ 28). The selected plot was medium high land and the soil series was Tejgaon 

series. The soil characteristics were silty loam in texture with pH value 5.8 and C:N 

ratio 8:1. The site of the experimental plot is in the 23174' latitude and 90135 

longitude with an elevation of 8.2 m above sea level. 

3.2 Climate 

The climate of the experimental area is characterized by sub-tropical accompanied 

by bright sunshine associated with moderately high temperature during born 

(November-March) season. 

3.3 Plant materials 

One modern rice variety BRRI dhan29 was tested. The life cycle of this variety ranges 

from 150-155 days. Seed of this variety was collected from Breeding Division of 

Bangladesh Rice Research Institute (BRRI). 
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3.4 Treatments 

There were zinc and boron at three levels each. The experimental treatments were 

as follows: 

Factor-A: Zn (7n0, Zn2•5  and Znc.o kg hi') 

Factor-B: (Be, 131  and 87  kg hi') 

Treatment combinations: 

T, 	: Zn0 +130  

T2 	: Zn0 +B, 

T3 	: Zn0 +87  

14 	: Zn25 +B0  

T5 	: Zn25 +B, 

+ 132 	
L hrarv'j 

T7 	: Zn 5 +80  

TR  Zn6  + 131  

T9 	: Zn5 +132  

Every treatment received P, K, S and Zn as basal doses. The rates and sources of 

nutrients used in the study are given in l'able I. 

Table I. Nutrients, their sources and rates used for the experiment 

Name of the fertilizer Rate (kg hi') - Chemical formula 

Nitrogen 220 CO(N1 12)2 

Triple super phosphate (TSP) 130 Ca(I12PO4)2  

Muriate of potash (MOP) 100 KCI 

Borax 0, 1.0.2.0 Na,B407. 101120 

Zinc oxide 0,2.5.5.0 ZnO 

3.5. Experimental design and layout 

The experiment was laid out in a randomized complete block design (RCBD) with 

three replications whereas nitrogen was in the main plot and spacing in subplot. 

The size of the unit plot was 4.0 m x  2.5 m. Total plots in the experiment field were 

27. There were 1 m drains between the blocks. The treatments were randomly 

distributed to each block. 
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3.6. Land preparation 

Land preparation was started on 10 November 2007. The land was prepared by 

repealed ploughing and cross ploughing followed by laddering. After uniformly 

levelling and puddling, the experimental plots were laid out as per treatments and 

design of the experiment. 

3.7. Seedling raising 

A well puddled land was selected for seedling raising. The sprouted seeds were 

sown uniformly at 3 November. 2007 and covered with a thin layer of fine earth. 

Proper care of the seedlings was taken in the nursery. 

3.8 Fertilizer application 

All the fertilizers except N were added to the soil during final land preparation. 

Urea was applied in three equal splits. The first split was applied on 24 December, 

2008. 15 days after tillering stage. The second split on 11 January. 2008, 32 days 

after transplanting and third split on 2 February, 2008, 52 days after transplanting. 

The fertilizers were mixed thoroughly with the soil by hand (Table 2). 

3.9 Transplanting of seedling 

Thirty two days old seedlings were uprooted carefully from the seedhed and 

transplanted in the experimental plots on 09 December 2007 following different 

spacing. Three seedlings were transplanted in each hill. 

3.10. Intercultural operations 

Intercultural operations were done for ensuring and maintaining the normal growth 

of the crop. The detailed intercultural operations were recorded in the Table 2. The 

following intercultural operations were done as and when required. 

3.11. Irrigation 

After transplanting 5-6 cm water was maintained in each plot through irrigation 

during the growth period. 

3.12. Weeding 

The crop was infested with some common weeds, which were controlled by 

uprooting and remove them three times from the field during the period of 

experiment. Weeding was done after 15. 32 and 52 days of transplanting (Table 2). 
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3.13. Disease and insect pest control 

There were some incidence in insects specially grasshopper. rice stern borer, rice 

ear cutting caterpillar. thrips and rice bug which were controlled by spraying 

Surnithion 50EC and topdressing of Basudin lOG. Narrow brown spot of rice was 

controlled by spraying Tilt. 

3.14 Harvesting and threshing 

The crop was harvested plot wise at maturity from 5 March, 2008. The harvested crop 

of each plot was bundled separately and brought to the threshing floor. The harvested 

crops were threshed, cleaned and processed. Grain and straw yields were recorded 

plot-wise and moisture of straw was calculated on oven dry basis. Grain and straw 

yields were convened into t ha4. 

Table 2. Dates of different operations done during the field study 

Intercultural operations Working date 

First ploughing of the field 10 November, 2007 

Second ploughing and laddering 20 November, 2007 

Third ploughing and laddering 30 November, 2007 

Final 	ploughing, 	plot 	preparation and 	application 	of 

fertilizers (TSP. MP. Gypsum, ZnO) 

2 December. 2007 

Intercultural operations Working date 	- 
Transplanting of seedlings 9 December, 2007 

First split application of urea and first weeding 24 I)eccrnbcr, 2007 

Second split application of urea and second weeding 11 January, 2008 

'l'hird split application of urea and third weeding 2 February. 2008 

Insecticides spraying - 
Basudin lOG (granular) 

Sumithion 50EC 

10 January, 2008 

19 January, 2008 

Ilarvesting and threshing 5 March, 2008 to 

9 March, 2008 



3.15 Data collection and recording 

Six hills were selected randomly from each unit plot prior to harvest for recording 

data on crop parameters and the yield of grain and straw were taken plot wise. 

The following parameters were recorded at harvest. 

Plant height 

Number of tillers hilr' 

Number of effective tillers hilr' 

Number of non-effective tillers hilr t  

V. Panicle length (cm) 

 Total spikeleLs panicle1  

 Grains panicle' 

 Sterile spikelets panicl&' 

 Weight of 1000-grain (g) 

X. Grain yield (t ha4 ) 

 Straw yield (t had) 

 Biological yield (t hi1) 

 Harvest index (%) 

3.15.1 Data collection 

Data on following parameters were collected in average form considering five 

plants or panieles 

3.15.1.1 Plant height 

Plant height was measured from the base of the plant to the tip of the tallest panicle. 

3.15.1.2 Total number of tillers hilr' 

Tillers which had at least one leaf visible were counted. It includes both productive 

and unproductive tillers. 
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3.15.1.3 Number of effective tillers bill' 

The panicles that had at least one grain were considered as bearing tillers. 

3.15.1.4 Number of non-effective tillers hilE' 

Number of non-elTective tillers hilr' was calculated. 

3.15.1.5 Panicle length 

Panicle length was measured from the basal node of rachis to the tip of the paniele. 

3.15.1.6 Total spikelets panicle' 

Number of both tilled and empty spikelets panicl&' was counted. 

3.15.1.7 Number of grains panicle' 

Number of grains panicle' was counted. 

3.15.1.8 Sterile spikelets panicle' 

Sterile spikelets panicle' was counted. 

3.15.1.9 Weight of 1000-grain 

One thousand grain was counted from the seeds obtained from the samples plants 

and weighed by using an electric balance. 

3.15.1.10 Grain and straw yields ha' (t ha') 

After harvesting of the crop. grain yield of each unit plot was dried and weight. The 

result was expressed as kg ha' on 14% moisture basis. After harvesting of the crop, 

straw yields obtained from each unit plot were dried and weighed carefully. The 

results were expressed as kg ha' and expressed on oven dry basis. 

3.15.1.11. Biological yield (t hi') 

Biological yield was calculated from addition of grain yield and straw yield. 

20 



3.15.1.12. Harvest index (%) 

The harvest index (111) was calculated by dividing the actual yield of seeds the 

biological yield of the crop. It was expressed as percentage. 

Seed yield (t hi) 
Harvest index 	 100 

Biological yield (t hi') 

3.16 Collection of samples 

3.16.1 Soil Sample 

The initial soil samples were collected randomly from different spots of the field 

selected for the experiment at 0-15 cm depth beibre the land preparation and mixed 

thoroughly to make a composite sample for analysis. Post harvest soil samples were 

collected from each plot at 0-15 cm depth on 15 October 2007. The samples were 

air-dried, grounded and sieved through a 2 mm (10 meshes) sieve and preserved for 

analysis. 

3.16.2 Plant sample 

Plant samples were collected from every individual plot for laboratory analysis at 

maturity stage of the crop. Plants were collected from each plot by cuning above 

ground level. The plant samples were washed first with tap water and then with 

distilled water several times. The plant samples were dried in the electric oven at 

700C for 48 hours. After that the samples were grounded in an electric grinding 

machine and stored for chemical analysis. The plant samples were collected by 

avoiding the border area of the plots. 

3.17 Soil sample analysis 

The initial and post harvest soil sample were analyzed for both physical and 

chemical properties. The properties studied included texture, p11, bulk density. 

particle density. organic matter, total N, available P. exchangeable K. available S 

and available Zn. The soil was analyzed by the Ihllowing standard methods: 
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3.17.1 Particle size analysis 

Particle size analysis of soil sample was done by hydrometer method.Thc textural 

class was ascertained using USDA textural triangle. 

3.17.2 Soil pH 

Soil p11 was determined by glass electrode p11 meter in soil- water suspension 

having soil: water ratio of 1:2.5 as outlined by Jackson (1962). 

3.17.3 Organic carbon 

Soil organic carbon was determined by wet oxidation method. 

3.17.4 Organic mailer 

The organic matter content was determined by multiplying the percent organic 

carbon with Van Bemmclen factor 1.73. 

3.17.5 Total nitrogen 

fotal nitrogen of soil samples were estimated by Micro-kjeldahl method where 

soils were digested with 30% H202  cone. H2SO4  and catalyst mixture (K2SO4: 

CuSO4.51 120: Selenium powder in the ratio of 100:10:1. respectively). Nitrogen in 

the digest was determined by distillation with 40% NaOH thllowed by titration of 

the distillate absorbed in H3B03 with 0.01 N H7SO4. 

3.17.6 Available Phosphorous 

Available phosphorous was extracted from the soil by shaking with 0.5 M Nal 1CO3  

solution of p1! 8.5. The phosphorous in the extract was then determined by 

developing blue color using SnCl2  reduction of phosphomolybdate complex. The 

absorbance of the molybdophosphate blue color was measured at 660 nm wave 

length by speetrophotometer and available P was calculated with the help of a 

standard curve. 

3.17.7 Exchangeable potassium 

Exchangeable potassium in the soil sample was extracted with IN neutral 

ammonium acetate (NH40Ac) and the potassium content was determined by flame 

photometer (Black, 1965). 
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3.17.8 Available sulphur 

Available sulphur was extracted from the soil with Ca(H21)0.1)2.H20. Sulphur in the 

extract was determined by the turbidimetric method using a Spectrophotometer 

(LKR Novaspec. 4049). 

3.18 Chemical analysis of plant sample 

3.18.1 Digestion of plant samples with nitric-perchioric acid mixture 

An amount of 0.5g of sub-sample was taken into a dry clean IOU ml Kjeldahl flask, 

10 ml of 41-acid mixture (11NO3, 1!Cl04  in the ratio of 2:1) was added and kept for 

few minutes. Then, the flask was heated at a temperature rising slowly to 200°C. 

Heating was instantly stopped as soon as the dense white fumes of HCIO4  occurred 

and after cooling, 6m1 of 6N ITCI were added to it. The content of the flask was 

boiled until they became clear and colorless. This digest was used for determining 

P. K. S and Zn. 

3.18.2 Phosphorous 

Phosphorous in the digest was determined by ascorbic acid blue color method with 

the help of a Spectrophotometer (LKB Novaspec, 4049). 

3.18.3 Potassium 

Potassium content in the digested plant sample was determined by flame 

photometer. 

3.18.4 Sulphur 

Sulphur content in the digest was determined by turbidimetric method using a 

Spectrophotometer (I1KB Novaspec. 4049). 

3.18.5 Nitrogen 

Plant samples were digested with 30% 11202, cone. H2504  and a catalyst mixture 

(K2804: CuSO4.51120: Selenium powder in the ratio of 100: 30: 1. respectively) for 

the determination of total nitrogen by Micro-Kjeldahl method. Nitrogen in the 

digest was determined by distillation with 40% NaOH followed by titration of the 

distillate absorbed in 1131303  with 0.01 N H2SO.1. 
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3.18.6 Zinc 

Zinc content in the digested plant sample was determined by flame photometer. 

3.18.7 Boron 

Boron content in the digested plant sample was determined by flame photometer. 

3.19 Statistical analysis 

The data were analyzed statistically by F-test to examine whether treatment effects 

were significant (Gomez and (iomez. 1984). The mean comparisons for the 

treatments were evaluated by LSD test. The software package. MSTATC was 

foflowed for statistical analysis. 
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Chapter 4 

RESULTS AND DISCUSSION 

An investigation was carried out to find out the effect of different levels of zinc 

(Zn) and boron (B) on the performance of BRRJ dhan29. The results have been 

presented and discussed in this chapter. The effects due to application of 

different levels of boron, namely 0. 1 and 2 kg/ha and different levels of zinc, 

namely 0. 2.5 and 5.0 kg hi' on the performance of BRRI dhan29 have been 

shown in tables 3-5 and figures: 1-9. 

4.1 Plant height (cm) 

4.1.1 Effect of zinc 

The application of different levels of Zn had insignificant effect on plant height. 

The tallest plant (143 em) was found due to application of 5.0 kg Zn hi' (Table 

i.... 3). the shortest plants 136cm were found in the treatment 0kg Zn hi' but plant 

height increased gradually with the increase of rates of Zn. Ahmed ci al. (1986) 

found that application Zn showed an increase in all the growth parameters of 

rice. 
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Table 3. Effect of zinc on yield and yield contributing characters of rice cv. BRRI dhan29 

Effective Non- Total Sterile 1000 
Plant Total Panicle Grains Grain Straw Biological 

tillers hilt effective spikelets spikelets grain 1-larvest 
Parameter height iillem hill" length panicle" yield yield yield 

tll
. 	

hlr' panicle" panicle" weight index (%) 
(cm) (no.) (cn) (no.) a ha") (tha") (c ha') 

(no.) (no.) (no.) (no.) (g) 

Zn0  136a 9.22c 6.24b 4.45a 23.6a 136a 123b 15.1a 25.7a 4.65b 6.1sb 10.79b 43.01a 

Zn2  I39a 10.36b 7.18ab 3.14b 24.2a 139a 124b 14.9a 24.8a 5.20a 6.50ab 11.66th 44.62a 

Zn50  143a 12.40a 8.06a L.94c 24.9a 143a 132a 14.On 25.6a 5.32a 7.05a I l.52a 44.92a 

NS 	* 	* 	* 	NS 	* 	 * 	NS 	** 	* 	* 	 ** 

significance 

- 	0.15 	0.16 	0.11 	- 	0.87 	1.33 	- 	0.25 	0.08 	0.10 	0.15 	0.37 

CV(%) 	- 	4.21 	6.89 	10.01 	- 	3.06 	3.17 	- 	2.99 	4.84 	4.69 	3.83 	3.57 

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT at 5% 

level of probability. 

* = Signiricant at 5% level of probability. 

** = Significant at 1% level of probability. 

NS = Not significant. 
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4.1.2 Effect of boron 

Application of ditierent levels of B had no significant elièct on plant height. The 

tallest (143cm) and shortest (135cm) plants were obtained from the application of 

B at 2kg hi' and 0kg ha4 . respectively (Table 4 and Fig. I). Kendig c/ (IL 2005. 

also reported the similar findings earlier. 

144 - 

142 

140 -. 

133 -. 

.2 136 

134 

132- 

130 - 

So 	 Si 	 82 

Botonlevebs 'kg hai 

Fig I Effect of tiojon levels on plant height of ERRI tilian 29 

4.1.3 Interaction effect of zinc and boron 

Plant height did vary signilicantly due to interaction effect of zinc and boron 

krtilizer at any dates of sampling (i'ahle 5). But, numerically the tallest plant 

height (152 cm) was obtained at the combination of Zn x B2  (5 kg Zn hi' x  2 kg 

B ha4 ). On the other hand, the shortest plant height (134 cm) was obtained at the 

treatment combination of Zn0B (0 kg Zn hi' x  0kg B ha4 ). 

27 



2 

4. 2 Total number of tillers hiIF1  (no.) 

4.2.1 Effect of Zn 

The ellect of Zn on total number of tillers hilr' has showed significant variation. 

in this case, the highest total number of tillers hilF' (12.4) was found at the 

highest level of Zn application (5 kg Zn ha) and the lowest total number of tillers 

hilU' (9.22) was found with no zinc application (Table 3 and Fig. 2). This finding 

coincided with that of Balakrishnan. K. and Natarajaramarn. N. 1986. 

14 - 

ZnO 	 Zn2.5 	 Zn5.0 

Levet ofzijie (kg ha 

j?jg 2 Efkc( of 7111C on tolni tilleis IkI  lull ( no 

4.2.2 Effect of boron 

The result revealed from the 1ahlc 2 that the application of different level of 

boron (B) had significant effect on total number of tillers hilr'. lie highest total 

number of tillers hill' (11.23) was found when applied 2kg B h&' and the lowest 

total number of tillers hill' (9.93) was found when no B was applied (Fable 4). 

Nayar el al. (1983) found that application B showed an increase in all the growth 

parameters of rice. 
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Table 4. Effect of boron on yield and yield contributing characters of rice cv. BRRI dhan29 

Non- Total Sterile 1000 
Plant Total Effective Panicle Grains . Grain Straw Biological 

effective spikelets spikelets grain Flarvest 
Parameter height tillershilE' nhlershilt length . panicle' I  yield yield yield 

tillers hill' pantcle4  paniche weight index (%) 
(cm) (no.) '(no.) (cm) (no.) (t ha') (t ha) (c ha') 

(no.) (no.) (no.) (g) 

135a 9.93b 6.98a 3.65a 24.1a 135a 121b liSa 25.1a 4.75b 6.35a I l.lOb 42.80a 

B, 140a 10.82ab 7.13a 2.37ab 24.3a 140a 128ab 14.8a 25.8a 5.15ab 6.61a I 1.87ab 43.95a 

B: 143u I l.23ab 7,36a 2.52a 24.5a 143a 131a 13.4a 25.2a 5.26a 6.75a 12.07a 43.80a 

Level of 
NS * * NS * NS * * NS 

significance 

SX 	- 	0.15 	0.16 	0.11 	. 	0.87 	1.33 	0.60 	- 	0.10 	0.10 	0.15 

CV(%) 	- 	4.21 	6.89 	10.01 	- 	3.06 	3.17 	12.35 	. 	4.69 	4.69 	3.83 

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT at 5% 

level of probability. 

* = Significant at 5% level of probability. 

** = Significant at 1% level of probability. 

NS = Not significant. 
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4.2.3 Interaction effect of zinc and boron 

The interaction effect of Zn and B fertilizer on total number of tillers hill' was 

insignificant (Table 5). The highest total tillers hill4  (12.98) was obtained at the 

treatment combination of Zn5B2  (5 kg Zn hi' x  2 kg B hi'). Similar result was 

obtained from Zn5B1  (5 kg Zn hi' x  1 kg B hi5. Whereas, the lowest total 

number of tillers hill' (8.55) was obtained at the combination of Zn0130  (0 kg Zn 

hi' 0kg B hi'). 

4.3 Number of effective tillers bitF' 

4.3.1 Effect of zinc 

The effect of Zn on the number of effective tillers hill' was significant (Table 3). 

Application of 5 kg Zn hi' produced the highest number of effective tillers hilr' 

(8.06) which was statistically similar to the amount of 2.56 kg Zn hi' (7.18). The 

lowest number of effective tillers hill' (6.24) was found in the control treatment. 

The application of Zn increased the number of effective tillers hill' and the 

performance of 5 kg Zn hi' was satisfactory in producing number of tillers hill'. 

Khanda. C.M. and Dixit, L. 1996 reported the simliar results. 

4.3.2 Effect of boron 

Boron had significant effect on the number of effective tillers hill' of BRRI 

dhan28. It was observed that all the treatments showed increasing trend on the 

number of effective tillers hill' over control. The results showed that the highest 

effective tillers hilF' (7.36) was found when the dose of 2 kg B ha' was applied 

which was statistically different from other boron levels (Table 4). It might he due 

to more boron received by the plants which enhanced production of effective 

tillers hill'. On the other hand, the lowest number of effective tillers hill' (6.98) 

was found in control treatment when no boron was used. Shorrocks, V.M. 1974 

also reported the similar findings earlier. 
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4.3.3 Interaction effect of zinc and boron 

Combination effect of Zn and B did not show significant on the number of 

effective tillers hill'. It was found that the combination of Zns.oxflz.o (5 kg Zn ha' 

2 kg B ha1) produced the maximum number of effective tillers hill' (8.38) and 

the minimum number of effective tillers hill' (6.12) was produced by the 

combination of Zn(1 3(1 (O kg Zn ha 1 x  0kg B ha') (Table 5). 

4.4 Number of non-effective tillers hill' 

4.4.1 Effect of zinc 

It was observed that the variation due to different levels of zinc was significant for 

non-effective tillers hill' at 1% Level of probability (Table 3). It was observed 

from the results that the control treatment (no zinc) produced the maximum 

number of non-elièctive tillers hiIl1(4.45). The minimum number of non-effective 

tillers hill1  (1.94) was obtained when 3.46 kg Zn h&' was used and the other 

treatments showed statistically similar results (Fig. 3). 
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4.4.2 Effect of boron 

Boron had significant e!Thct on the number of non-effective tillers hilt' of BRRI 

dhan29 at 1% level of probability (Table 4). From the experimental results, it was 

observed that control treatment (0 kg B hi) produced the maximum number of 

non-effective tillers hill' (3.65) differing significantly from the number of non-

effective tillers hilt' in the dose of I and 2 kg B hi'. On the other hand, the 

minimum number of non-effective tillers hilt' (2.52) was obtained when 2 kg B 

hi' was applied (Table 4). 

4.4.3 Interaction effect of zinc and boron 

The variation due to application of different levels of Zn and B was insignificant 

for non-effective tillers hilt' (Table 5). Non-effective tillers hilt' ranged from 

5.20 to 1.36 of which the maximum number of non-effective tillers hilt' (5.20) 

was produced by the combination of Zn0B9  (0 kg Zn hi' x 0 kg 13 hi') and the 

minimum number of non-effective tillers hilt' (1.36) was produced by the 

combination of Zn5B2 (5 kg Zn hi' x  2kg 13 hi') (Table 5). 
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Table S. interaction effect of zinc and boron on yield and yield contributing characters of rice cv. BRRI dhan29 

Non- Total Sterile 1000 
Plant Total Effective Panicte Grains - Grain Straw Biological 

Interaction effective spikelets spikeicts grain Harvest 
height tillers M ' fillers hilt length panicIc .. yield yield yield 

(Rx Zn) tillers hill' panicle' pantcte' weight index (%) 
(cm) (no.) '(no.) (cm) (no.) (I ha4) ft hi') 0 hi') 

(no.) (no.) (no.) (g) 

Zn0 x BO  134b 8.55e 6.12d 5.20a 23.4a 134b 121c 15.8a 25.7th 4.25d 6.00d 10.25e 41.46b 

Zn0 x B, 139ab 9.25dc 6.23d 4.50ab 23.5a 139ab 124c 12.2ab 25.8th 4.83c 6.I9cd I 1.02de 43.82ab 

Zn0  x 82 136ab 9.86ed 6.36cd 3.66b 23.8a 136ab 125c 14.2ab 25.5ab 4.86c 6.25bcd 11.1 Icde 43.74th 

Zn 5  X BO  136ab lQ.00cd 6.96bcd 3.50bc 24.2a 136ab I 19c 16.3a 24.Ib S. IOthc 6.13cd I 1.23cde 45.91a 

Zn1 5  x  Ri 140th I 0.23bcd 722bcd 3.40bc 24.2a 140ab I 26c 13.9th 25.9a S. l5abc 6.63abc I l.ôScd 44.20a 

Zn.x B2  141usb 10.85bc 7.35abc 2.53cd 24.3a 141ab 127bc 14.3ab 24.2b 5.36abc 6.75abc 12.1 labc 44.26a 

Znx B 136is1, I 1.25b 7.85th 2.26de 24.6a 136ab 121c 15.2ab 25.3ab 4.9Ibc 6.91ab I 1.82bcd 41.53b 

Znx B 1403b 12.96a 7.95ab 2.20de 25.Oa 140ab 135ab 12.2ab 25.4ab 5.46th 7.00a 12.94a 43.82ab 

Zn5 x B1 152a 12.98a 8.38a 1.36e 25.3a 152a L41a I l.5b 25.9a 5.56a 7.25a 12.81ab 43.40th 

NS 	NS 	NS 	NS 	NS 	NS 	 so NS 	NS 	NS 	NS 	NS 
significance 

S5 	- 	- 	- 	- 	 - 	1.33 	- 	- 	- 	- 	- 	0.37 

CV(%) 	- 	- 	- 	- 	. 	- 	3.17 	- 	- 	- 	- 	- 	3.57 

Figures in a column having the some letter or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT at 5% 

level of probability. 

* -- Signilicant at 5% level of probability. 

0 = Significant at 1% level of probability. 	NS = Not significant.  _. 
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4.5 Panicle length (cm) 

4.5.1 Effect of zinc 

The length of panicle as affected by different levels of Zn had no significant effect 

(Table 3). But, numerically, the longest panicle (24.9 cm) was obtained when 5 kg 

Zn ha4  was used and the shortest (23.6 cm) was found in control treatment (Table 

The present study is in partial agreement with the result obtained by 

Balakrishnan and Natarajaratnam (1986) who reported that the highest panicle 

length was found by the application of 25 kg Zn ha and the lowest length in 

control treatment. 

4.5.2 Effect of boron 

The panicle length of BRRI dhan28 responded insignificantly to different levels of 

boron (Table 4). The panicle length ranged from 24.5 cm to 24.1 cm. The results 

revealed that the longest panicle (24.5 cm) was produced by the application of 2 kg 

B hi'. The shortest panicle (24.1 cm) was obtained when no boron was used (Table 

 

4.5.3 Interaction effect of zinc and boron 

Panicle length was insignificantly affected by the interaction between Zn and B 

application (Table 5). The longest panicle (25.3 cm) was produced by the treatment 

combination of Zn5B2  (5 kg Zn hi' x  2 kg B hi') and the shortest (23.4 cm) was 

obtained when no Zn and B were used (Table 5). 

4.6. Total spikelets panicle' (no.) 

4.6.1 Effect of zinc 

The results revealed from the Fig. 4, that the application of different levels of Zn 

had significant effect on total spikelets panicle". The highest total spikelets panicle 

'(143) was found when 5 kg Zn ha' was applied and the lowest total spikelets 

panicle" (136) was found in the treatment of 0 kg Zn hi'. 
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4.6.2 Effect of boron 

Results showed that the total spikelets paniel&' of BRRI dhan29 was intluenced 

signilicantly by the different levels of boron (Fig. 5). The total spikelets panicl&' 

was the highest (143) when the highest dose of boron (2 kg B hi') was used which 

was statistically ditterent from other boron levels. The lowest total spikelets 

panieli' (135) was found when no boron was used (Table 4). 
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4.6.3 Interaction effect of boron and zinc 

Total spikelets panicl&' was insignificantly alThcted by the interaction between Zn 

and B application (Table 5). The highest total spikelets paniele4  (152) was found in 

the treatment combination of Zn5B2  (5 kg Zn haS' x  2 kg B ha 1). The lowest total 

spikelets panicle 1  (134) was found in the treatment combination of Zn013 0  (0 kg Zn 

ha 	0 kg B haS') (Table 5) 

4.7. Grains panicl&' 

4.7.1 Effect of zinc 

The variation of the number of grains panicle' due to Zn application at different 

levels was significant at 1% level of probability (Table 3). The results indicate 

that the highest number of grains panicV' (132) was obtained when 5 kg Zn hat 

was applied and the lowest (123) was found in the control treatment. 

4.7.2 Effect of boron 

The results revealed that the number of grains panicl&' was highly significant 

due to the application of B at different levels (Table 4). It was observed that the 

number of grains paniel&' varied 131 to 120 among which the highest number 

of grains panicle" (131) was obtained when 2 kg B ha4  was applied and the 

lowest was obtained with no application of boron (Fig. 6). 
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4.7.3 Interaction effect of zinc and boron 

The combined application of Zn and boron at different levels had a significant 

elièct on the total grains panicl&' (Fig. 8). The results revealed that the number of 

grains panichY' varied from 141 to 122 due to the effect of zinc and boron 

application. The highest number of grains paniel&' was obtained by the treatment 

combination of Zn5B, (5 kg Zn hi' x  2 kg B hi'). On the other hand, the lowest 

number of grains panicl&' was lound in the control treatment where Zn and B were 

not used (Table 5) 

4.8 Sterile spikelets panicl&' 

4.8.1 Effect of zinc 

A significant variation was found in the number of sterile spikelcts panicl&' of 

BRRI dhan29 due to the application of Zn at diflrent levels (Table 3). The 

highest number of sterile spikelets panicl&' (15.1) was obtained in the treatment 

Zn0  and the lowest (14.0) was obtained from the treatment Zn 5  (5 kg Zn hi'). 

4.8.2 Effect of boron 

The variation in the number of sterile spikelets panicle' due to B application was 

significant at 1% level of probability. Number of sterile spikelets paniel&' as 

aflëcted by boron application has been presented in Fig. 7. The results indicate that 
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the number of sterile spikelets panic1e' varied from 15.8 to 13.4 due to the ell - ect of 

boron application. The highest number of sterile spikelets panicle" was produced 

by the control treatment. The lowest number ot'sterile spikelets panicl&' was found 

in the treatment B2  where 2 kg B haS' was applied. 
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4.8.3 Interaction effect of zinc and boron 

The combination of zinc and boron application at different levels had no significant 

effect on sterile spikelets panicle'. l'he highest number of sterile spikelets panicled 

(16.4) was produced by the interaction of Zn2 5B0  treatment. On the contrary, the 

lowest number of sterile spikelets panicle1  (11.5) was produced by the treatment 

combination of Zn5B2  (5 kg Zn hi' x  2 kg B ha ') where the maximum doses were 

applicd (Table 5). 

4.9 1000-grain weight (g) 

4.9.1 Effect of zinc 

The application of dilThrent levels of Zn significantly influenced the 1000-grain 

weight of BRRI dhan29. The highest 1000-grain weight (25.6 g) was recorded in 

the treatment of Zn5  (5 kg Zn had ). On the other hand. the lowest 1000-grain 

weight (24.7 g) was found in the treatment of Zn0  (0 kg Zn hi') (Table 3). 



Balakrishnan and Natarajaratnam (1986) also reported that the application of zinc 

increased the 1000-grain weight of rice. 

4.9.2 Effect of Boron 

The application of different levels of B was not significantly influenced the 1000-

grain weight of BRRI dhan29 ('Fable 4). it was revealed that 1000-grain weight 

varied from 25.1 to 25.2 g due to effect of different levels of B application. The 

highest 1000-grain weight was found when 2 kg B hi' was applied. The lowest 

1000-grain weight was found in the treatment of 130  (51 kg B hi5. Islam (1978) 

reported that B application increased 1000-grain weight of rice. 

4.9.3 Interaction effect of boron and zinc 

The interaction effect of Zn and B application had no significant effect on 1000-

grain weight of BRRI dhan29 (Table 5). The results indicate that 1000-grain weight 

varied from 26.0 to 25.8 g (Fable 5). The highest 1000-grain weight was produced 

when the highest level of B and Zn were applied. On the contrary. the lowest 1000-

grain weight was produced by the interaction of the treatment of Zn25  xB0  (2.5 kg 

Zn hi' x  0kg B hi'). 

4.10 Grain yield (t hi) 

4.10.1 Effect of zinc 

The application of different levels of Zn significantly influenced the grain yield of 

BRRI dhan29 (Fig. 8). It appeared that the grain yield of rice varied from 5.32 to 

4.65 t hi'. Maximum grain yield was recorded in the treatment of Zn5  (5 kg Zn hi 

5. Minimum grain yield was recorded in the control treatment. The increase in 

grain yield due to the application of Zn was reported by many investigators (Das et 

al., 1993; and Sharma etal., 1999). 
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4.10.2 Effect of boron 

Grain yield is the ultimate object of rice cultivation. The yield of rice is mainly 

dependent on the number of ellective tillers hulr'. number of grains panicle* 

weight of individual grains or 1000-grain weight. Analysis olvariance showed that 

boron had a significant effect on grain yield (Table 4). From the results, it was 

observed that grain yield ranged from 5.26 to 4.75 t ha' due to the application of 

different levels of boron. The highest grain yield was produced by the application 

of 2 kg S ha4. The lowest grain yield was recorded when no boron was applied (Fig 

9). Rodrigues etal. also similar result earlier. 
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4.10.3 Interaction effect of zinc and boron 

The interaction effect of zinc and boron application had no significant effect on 

grain yield (Table 5). But numerically. the highest grain yield (5.56 1 ha') was 

obtained from the treatment combination of Zn5112  (5 kg Zn ha' x  2 kg B ha1) and 

the lowest grain yield (4.25 t ha') was obtained from the control treatment (0 kg Zn 

ha1 x  0kg B ha1). 

4.11 Straw yield (t ha') 

4.11.1 Effect of zinc 

Straw yield of BRRI dhan29 was significant due to application oldifferent levels of 

Zn (Table I). From the result it was observed that the straw yield range from 7.053 

to 6.147 t haS'. The highest straw yield was recorded in the treatment of Zn5. The 

lowest straw yield was found in the control treatment. Similar results were also 

reported by Singh c/al (1991) and Jahiruddin ci al(1983). 

4.11.2 Effect of boron 

The effect of different levels of B on straw yield was highly significant (Table 4). It 

was observed that the highest straw yield (6.75 I hi') was obtained with the 

application of the highest dose of boron (B2). The lowest straw yield (6.35 t hi')was 

found in the control treatment. Rodrigues ci al. and Shorroeks, V.M. 1974 also 

reported the similar findings earlier. 
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4.11.3 Interaction effect of boron and zinc 

The analysis of variance shows that the interaction effect of B and Zn at the 

different levels was not significant on the straw yield (Table 5). From the result, it 

was observed that the highest straw yield (7.25 t ha-') was produced by the 

treatment combination of Zn5B2  (5 kg Zn ha'' x  2 kg B ha4). The lowest straw yield 

(6.00 t ha-') was recorded in the control combination. 

4.12 Biological yield (t ha") 

4.12.1 Effect of zinc 

Biological yield of BRRI dhan29 responded significantly due to application of 

different levels of Zn (Table 3). The highest biological yield (11.52 t ha") was 

recorded from the treatment of Zn5  (5 kg Zn ha") which was statistically identical 

with the treatments of Z112 5' On the other hand, the lowest biological yield (10.79 

ha") was found in the control treatment (Table 3). 

4.12.2 Effect of boron 

Significant response was observed in biological yield due to application of different 

levels of B on BRRI dhan29 (Table 4). The biological yield of BRRI dhan29 varied 

from 12.07 to 11.10 t ha-'. The highest biological yield was obtained from the 

treatment of B2  (2 kg B ha4) and the lowest obtained in the control treatment (Table 

4). 

4.12.3 Interaction effect of boron and zinc 

The analysis of variance shows no significant effect of interaction of Zn and B at 

the different levels. From the result, it was observed that the highest biological 

yield (12.94 t ha") was produced by the treatment combination of Zn5B1  (5 kg Zn 

ha" x I kg B ha"). The lowest biological yield (10.25 t ha") was produced by the 

treatment combination of Zn080  (0 kg Zn ha-1 x  0 kg B ha") (Table 5). 
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4.13 Harvest index (%) 

4.13.1 Effect of zinc 

Harvest index was not significantly influences by the application of Zn at different 

levels. It was observed that numerically, the highest harvest index (44.92%) was 

recorded in the treatment of Zn5. On the contrary, the lowest harvest index 

(43.0 1%) was found in the treatment of Zn0  (Table 3). 

4.13.2 Effect of boron 

Application of different levels of B had insignificant effect on harvest index (Table 

4). From the results, it was evident that the treatment of B1  (1 kg B ha4) produced 

the highest harvest index (43.95%). The lowest harvest index (42.80%) was 

obtained in the treatment of B. 

4.13.3 Interaction effect of boron and zinc 

The interaction effect of Zn and 13 at different levels showed significant effect on 

harvest index (Table 5). It reveals that the highest harvest index (45.91%) was 

produced by the interaction of Zn25  X 130  and the lowest harvest index (41.46%) 

was found in the treatment ofZn0 x 130. 

4.14 Contents and uptake of zinc (Zn) and boron (B) in the grain and straw of 

BRRI dhan29 as affected by integrated use of zinc and boron 

4.14.1 Effect of zinc on zinc and boron concentrations in grain and straw of 

BRRI dhan29 

4.14.1.1 Effect of zinc on zinc concentrations in grain and straw of BRRI dhan29 

Zinc concentration of grain and straw was significantly influenced by the 

application levels of zinc (Table 6). The highest zinc concentration in both grain 

(26.50 %) and straw (26.73 %) of BRRI dhan29 was recorded in Zn50  (5 kg/ha). 

which showed statistically different result with Zn25  and Zn0  treatments. On the 

other hand, the lowest zinc concentration in BRRI dhan29 grain (16.28 %) and 

straw (20.87 %) was recorded in Zn0  treatment where no zinc was applied. 
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Table 6. Effect of zinc fertilizer on the zinc concentrations in grain and straw 

of BRRI dhan29 

Zinc fertilizers 

(kØha) 

Zinc concentration (ppm) 

Grain Straw 

4 16.28 c 20.87 c 

20.46 b 2126b 

Zco 26.50 a 26.73 a 

LSD0  0.80 0.04 

4.14.1.2 Effect of zinc on boron concentrations in grain and straw of BRRI 

dhan29 

Boron concentration of grain and straw was significantly influenced by the 

application levels of zinc (Table 7). The highest boron concentration in both grain 

(22.86%) and straw (25.32%) of BRRI dhan29 was recorded in Zn50  (5 kg/ha). 

which showed statistically different result with Zn25  and Zn9  treatments. On the 

other hand, the lowest zinc concentration in BRRI dhan29 grain (19.48 %) and 

straw (21.20 %) was recorded in Zn0  freatment where no zinc was applied. 

Table 7. Effect of zinc fertilizer on the boron concentrations in grain and straw 

of BRRI dhan29 

Zinc fertilizers 

(kglba) 

Boron concentration (ppm) 

Grain Straw 

4 19.48c 21.20c 

20.88 b 23.33 b 

22.86 a - - 25.32 a 

LSDo.os 0.80 0.04 



4.14.1.3 Combined effect of zinc and boron on zinc concentrations in grain and 

straw of BRRI dhan29 

Significant effect of combined application of different doses of zinc and boron 

fertilizer on the zinc concentration was observed in grain and straw of BRRI 

dhan29 (Table 8). The highest concentration of zinc in the grain (29.29 %) and 

straw (29.65 %) was recorded in the treatment combination of Zn5B On the other 

hand, the lowest zinc concentration in grain (15.49 %) and straw (18.11 %) was 

found in Zn0B0•  

TableS. Combined effect of zinc and boron on zinc concentrations in grain 

and straw of BRRI dhan29 

Zn x B Fertilizer 

(kg/ha) 

Zn concentration (ppm) 

Grain Straw 

Zn0 xB0 	- 15.49g 18.11 g 

Za0 x 8 16.39 fg 21.32 f 

Zn0 xB 16.951 23.I9d 

7.n2XB0 18.91e 21.361 

Zn.., x B, 20.11 e 22.29 c 

Zn1xB7  22.35d 23.13d 

ZnxI30 24.0c5 24.14c 

Zn5 x B1  26.15 b 2639 b 

znx n, 29.29 a 29.65 a 

138 0.07 

4.14.2.1 Effect of boron on zinc concentrations in grain and straw of BRRI 

dhan29 

Zinc concentration both grain and straw was not significantly influenced by 

application levels of boron (Table 9). The highest zinc concentration in BRRI 

dhan29 both grain (20.22 %) and straw (16.71 %) was recorded in B2  (1 kg/ha), 

which showed statistically similar result with other treatments. On the other hand, 

the lowest zinc concentration in BRRI dhan29 both grain (18.12 %) and straw 

(12.91 %) was recorded in 80  treatment where no boron was applied. 
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Table 9. Effect of boron fertilizer on the zinc concentrations in grain and straw 

of BRRI dhan29 

B fertilizers 

(kg/ha) 

Zn concentration (ppm) 

Grain Straw 

Bo 18.12c 12.91 c 

1 19.02b I4.22b 

20.22a 16.71a 

LSDom 0.75 1.01 

4.14.2.2 Effect of boron on boron concentrations in grain and straw of BRRI 

dhan29 

Boron concentration of grain and straw was significaruly influenced by the 

application levels of boron (Table 10). The highest boron concentration in both 

grain (2132%) and straw (18.33%) of BRRI dhan29 was recorded in B2  (2kg had), 

which showed statistically different result with B1  and B0  treatments. On the other 

hand, the lowest zinc concentration in BRRI dhan29 grain (16.95 %) and straw 

(9.00 %) was recorded in B0  treatment where no boron was applied. 

Table 10. Effect of boron on boron concentrations in grain and straw of 

BRRI dhan29 

B fertilizers 

(kg/ha) 

B concentration (ppm) 

Grain Straw 

130  16.95 c 9.00c 

B, 18.88h 16.02h 

B2  21.52a 18.83a 

LSD005  0.75 1.02 
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4.14.2.3 Combined effect of zinc and boron fertilizers on the boron 

concentrations in grain and straw of BRRI dhan29 

Significant effect of combined application of different doses of zinc and boron 

fertilizer on the boron concentration was observed in both grain and straw of BRRI 

dhan29 (Table 11). The highest concentration of boron in the both grain (23.50 %) 

and straw (12.91 %) was recorded in the treatment combination of Zn5B7  On the 

other hand, the lowest boron concentration in both grains (16.05 %) and straw (7.95 

%) was found in Zn0B0  

Table 11. Combined effects of zinc and boron fertilizers on the boron 

concentrations in grain and straw of BRRI dhan29 

Zn x B Fertilizer 

(kg/ha) 

B concentration (ppm) 

Grain Straw 

Zn0 x 130  16.05 1 7.95 f 

Zngx B1  18.10 d 14.16 d 

Zn0  x B2  20.22 be 16.63 be 

Zn25  XB0  17.15 ef 8.92 ef 

Z11125 x B1  19.05 cd 15.79 cd 

Zn,cx B, 20.85 b 17.95 b 

Zn5 xB0  17.65e 10.12e 

Zn5 xB1  19.50c 18.10b 

Zn5x132 	- 23.50a 21.91a 

LSDoAr, 1.31 1.75 

4.15.1 Effect of zinc and boron on zinc and boron uptake in grain and straw of 

BRRI dhan29 

4.15.1.1 Effect of zinc on zinc uptake in grain and straw of BRRI dhan29 

Zinc uptake of grain and straw was significantly influenced by application levels of 

zinc (Table 12). The highest zinc uptake in BRRI dhan29 grain (0.160 kg hi') and 

straw (0.2 10 kghi5 was recorded in Zn2  (5 kg ha4) treatment. On the other hand. 
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the lowest Zn uptake in BRRI dhan29 grain (0.082 kg hi') and straw (0.116 kg ha 

1)  was recorded in Zn0  treatment where no zinc was applied. 

Table 12. Effect of zinc on the zinc uptake in the grain and straw 

Zn —fertilizers 

(kg/ha) 

Zn uptake (kg hi') 

Grain Straw 

Zn0  0.082c 0.116c 

Zn, 0.123b 0.171b 

Z112  0.160a 0.210a 

LSDO.M 0.001 0.001 

4.15.1.2 Effect of zinc on boron uptake in grain and straw of BRRI dhan29 

Boron uptake of grain and straw was signiticantly influenced by application levels 

of zinc (Table 13). The highest B uptake ol BRR1 dhan29 in both grain (0.1343 kg 

ha 1 ) and straw (0.1820 kg hi') was recorded in Zn, (5 kg hi') treatment. On the 

other hand, the lowest B uptake in BRRI dhan29 both grain (0.1063 kg hi') and 

straw (0.1477 kg hi') was recorded in Zn0  treatment whcre no zinc was applied. 

Table 13. Effect of zinc on boron uptake in grain and straw of BRRI dhan29 

-- 	Zn- Fertilizer 

(kglha) 

B uptake (kg hi') 

Grain Straw 

Zn0  0.1063c 0.1477c 

Zn2.5  0.1243 b 0.1678 b 

Znso 0.1343 a - 0.1820 a 

LSD0.05  0.001 0.001 

4.15.1.3 Combined effect of zinc and boron fertilizers on zinc uptake in grain 

and straw of BRRI dhan29 

Significant effect of combined application of different doses of zinc and boron 

fertilizer on the Zn uptake was observed in BRRI dhan29 (Table 14). The highest 
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uptake of Zn in both the grain (0.175 kg hi') and straw (0.230 kg ha") was 

recorded in the treatment combination ol' Zn5B2, On the other hand, the lowest Zn 

uptake in both grain (0.072 kg ha") and straw (0.098 kg ha") was found in Zn0B0  

Table 14. Combined effect of zinc and boron fertilizers on zinc uptake in grain 

and straw of BRRI dhan29 

Znx B Fertilizer 
Zn uptake (kg ha-') 

Grain Straw 

Zn(J x B, 0.072 i 0.098 I 

Zn0 x13, 0.085h 0.11911 

Zn0 xB2  0.089g 0.131 g 

Zn2 , 5  X Bo  0.101 1' 0.1561 

Zn25  x B, 0.129 e 0.169 e 

Zn25x82 0.I39d 0.185d 

ZncxBu 0.146c 0.189c 

Zn5xB, 0.159b 0.212b 

Zn5 x B, - 	 0.175 a 0.230 a 

LSDom5  - 0.002 0.002 

4.15.2.1 Effect of boron on zinc uptake in grain and straw of BRRI dhan29 

Zinc uptake of grain and straw was significantly influenced by application levels of 

boron ('Fable 15). The highest Zn uptake of I3RRI dhan29 in both grain (0.0887 kg 

ha") and straw (0.077 kg ha") was recorded in 132  (2 kg hi) treatment. On the 

other hand, the lowest Zn uptake in BRRI dhan29 both grain (0.0677 kg ha-') and 

straw (0. 054 kg ha") was recorded in Bo  treatment where no boron was applied. 

TablelS. Effect of boron on zinc uptake in grain and straw of BRRI dhan29 

B fertilizers 	
1 

(kg/ha) 

Zn uptake (kg ha") 

Grain Straw 

B0  0.0677 e 0.054 e 

B, . 	 0.0740b 0,058h 

82 0.0887 a 0.077 a 

1,SI 0,05  0.001 0.001 
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4.15.2.3 Effect of boron on boron uptake in grain and straw of BRRJdhan29 

Boron uptake of grain and straw was signilicantly influenced by application levels 

of boron (Table 16). The highest B uptake of BRRIdhan29 in both grain (0.089kg 

hi') and straw (0.083 kg hi') was recorded in 132  (2 kg hi) treatment. On the 

other hand, the lowest B uptake in BRRldhan29 both grain (0.060 kg hi') and 

straw (0. 440 kg ha4) was recorded in 130  treatment where no boron was applied. 

Table 16. Effect of boron on boron uptake in grain and straw of BURl dhan29 

B fertilizers 

(kg/ha) 

B uptake (kg ha') 

Grain Straw 

B0  0.060 c 0.440 c 

B, 0.080 b 0.062 b 

B2  0.089 a 0.083 a 

LSD0.05 0.001 0.001 

4.15.2.3 Combined effect of zinc and boron fertilizers on B uptake in grain and 

straw of BRRI dhan29 

Significant effect of combined application of different doses of zinc and boron 

fertilizer on the B uptake was observed in E3RRI dhan29 (Table 17). The highest 

uptake of B in both the grain (0.109 kg hi) and straw (0.113 kg hi) was recorded 

in the treatment combination of Zn5B2  On the other hand, the lowest B uptake in 

both grain (0.053 kg hi') and straw (0.037 kg hi') was found in Zn0130•  
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Table 17. Combined effect of zinc and boron fertilizers on B uptake (kg hi') 

in the grain and straw 

Znx B Fertilizer 

(kgtba) 

B uptake (kg hi') 

Grain Straw 

Zn0 x Rb 0.053h 0.037 g 

Zn0x B, 	- 0.073 e 0.058 d 

Zn0  x B' 0.077 d 0.067 c 

Zn7.5  X B0  0.061 g 0.045 f 

Zn2 5 x Bt  0.078 d 0.059 d 

Zn25x B2 0.083 c 0.071 b 

Zn5 x BO 0.066 f 0.049 e 

Zn5 x II, 0.091 b 0.068c 

Zn5 xB2  0.109a 0.113a 

LSD0, 5  0.002 0.002 

4.16 Nutrient status of soil after harvest of BRRI dhan29 as affected by zinc 

and boron 

4.16.1 Soil pH 

Integrated application of zinc and boron showed insignificant effect respecting soil 

p11 after harvest of BRRldhan29 is presented in Table 18. Soil pit was varied 

significantly at 5.50 to 5.95. The highest p14 of the soil (5.95) was recorded in 

treatment Zn5B0  and the lowest pH value (5.50) was observed in control treatment 

(Zn0B0). 

4.16.2 Organic matter content of soil (%) 

A significant variation was observed in organic matter content in soil after harvest 

of RRRI dhan29. Among the different treatments the highest organic matter content 

(1.38%) was obtained where 5.0 kg Zn and 2 kg B were applied which was 

followed by the treatment of Zn5131  (1.28% OM). On the other hand, the lowest OM 

content (0.97%) was observed in the control (Zn0B0) treatment (Table 18). 
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4.6.3 Total nitrogen content of soil (%) 

Total nitrogen content of soil after harvest of BRRI dhan29 was influenced by 

different doses of zinc and boron showed a statistically significant variation ('Fable 

18). The highest N content (0.16%) of soil was observed in case of treatment Zn5B2  

(5 kg Zn & 2 kg B) and it was followed by the treatment Zn5B1  Zn081  and Zn2•58, 

with the value of 1.14% in both the cases. In contrast. the lowest N content (0.11%) 

was obtained in the Zn5l30  treatment where no fertilizer was applied. 

4.16.4 Phosphorous content of soil (ppm) 

Different combinations of zinc and boron on the available phosphorous content of 

soil after harvest of BRRI dhan29 showed significant variation is presented in 

Table 18. It was revealed from the study that the performances of the most of the 

treatment differ significantly from each other. Among the different treatments, 

Zn5B2  treatment showed the highest P content (23.13 ppm) in soil after the harvest 

of BRRI dhan29. On the other hand, the lowest P content (15.15 ppm) was 

observed in the treatment Zn089  receiving no fertilizer. 

4.16.5 Potassium content of soil (meq 100 g soil") 

The combine effect of zinc and boron showed significant differences in respect of 

K content of soil after harvest of BRRI dhan29 ('fable 18). However, the lowest K 

content of crop-harvested soil (0.11 meq 100 g soil") was recorded in the treatment 

ZnoBo (control) and the highest K content (0.22 meq 100 g soW') was recorded 

with Zn5132  followed by 0.19 meq 100 g soil" in treatment Zn581 . 

4.16.6 Sulphur content of soil (ppm) 

Statistically significant difference was obtained in the sulphur content of soil after 

harvest of BRRI dhan29. Application of 5 kg Zn and 2 kg B showed the highest S 

content (22.23 ppm) in soil. The next highest S content (21.44 ppm) was found in 

treatment (Zn0302). On the contrary, the lowest S content (15.50 ppm) was 

observed in the Zn0B0  treatment where no fertilizer was applied ('fable 18). 

4.16.7 Zinc content of soil (ppm) 

Significant variation was observed in the combine effect of zinc and boron in 

respect of zinc content of soil. Among the 12 treatments Zn5B2  shows the highest 
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Zn content (3.48 ppm) in the soil after harvest of BRR dhan29 when the lowest Zn 

content (1.00 ppm) was observed in control treatment (Table 18). 

4.16.8 Boron content of soil (ppm) 

Significant variation was observed in the combine effect of zinc and boron in 

respect of boron content of soil. Among the 12 treatments Zn582  shows the highest 

Zn content (0.19 ppm) in the soil alter harvest of BRRI dhan29 when the lowest Zn 

content (0.09 ppm) was observed in control treatment (Table 18) 

Table 18. Combined effect of zinc and boron on the pH, OM, total N, available 

P. K, Sand Zn in the soil alter harvest of BRRJ dhan29 

Treatment 

combination 

(Zn x  B) 

pH OM 
Total 

N 

Available 

P 

Available 

K 

Available 

S 

Available 

Zn 

Available 

B 

Zn0 xB0  5.50 0.97 0.13 15.15 0.11 15.50 1.00 0.09 

Znx131  5.52 0.99 0.14 16.00 0.12 16.12 1.28 0.15 

Zn0 xB. 5.60 0.98 0.12 16.15 0.15 21.44 1.22 0.17 

Zn13 XB 5.80 1.10 0.13 15.21 0.14 17.01 1.18 0.10 

Zn, 5 x131  5.89 1.27 0.14 16.41 0.17 20.47 2.05 0.12 

Zn2 ,x132  5.87 1.18 0.15 17.79 0.19 21.46 2.85 0.18 

7.n5 x Rn 5.95 1.18 0.11 1632 0.15 18.54 2.94 0.10 

Znx81  5.80 1.28 0.14 21.01 0.19 18.12 3.00 0.13 

Zn, xB 5.64 1.38 0.16 23.13 0.22 22.23 3.48 0.19 

Level of 

signi!icancc 
NS ** ** 4* *4 * * 4* 

CV(%) 3.09 2.77 2.19 3.44 3.45 3.21 3.55 2.39 

* = Significant at 5% level. ** = Significant at 1% level 

NS = Not significant, CV= Co-efficient of variation 

In this study it was observed that treatment Zn3132  (5 kg Zn and 2 kg B) always 

produce better performance over the growth parameters and yield. So this treatment 

combination of zinc and boron may he helpibl for BRR.1 dhan29 cultivation. 
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CHAPTERS 

SUMMARY AND CONCLUSION 

An experiment was conducted at the Soil Science Field of Sher-e-Bangla 

Agricultural University Farm, Dhaka during the horo season from November I to 

March 15, 2008. to study the effect ol' zinc and boron levels on growth and yield 

contributing characters of BRRI dhan29 in red-terrace soils. The soil of the 

experimental filed belongs to Madhupur tract representing Tejgaon series. The 

experiment was laid out in a Randintized Complete Block Design with three 

replications. The experiment consists of three levels of zinc viz. 0, 2.5 and 5.0 kg 

ha4  and three levels of boron viz. 0. I and 2 kg hi1 . The tested rice variety was 

BRRI dhan29. There were 27 plots (3 x  3), each plot measuring 4mx2.5m. All 

nutrients except N were added to soil at a time during final land preparation. 

Nitrogen was applied in three equal splits, the first application was made 15 days 

after transplanting (DAT), the second application was made 32 days after 

transplanting (DAT) and the third application was made 52 days after transplanting 

(DAT). 

All management practices and intercultural operations such as weeding. irrigation 

and pest management were done as and when necessary. Five hills from each plot 

were selected randomly at harvest and tagged for taking data of plant height, total 

number of tillers hilI', number of effective tillers hilr', number of non-effective 

tillers hiw'. paniele length, number of grains panicl&', number of sterile spikelets 

panicl&', 1000 grain yield (t ha5. grain yield (t had ), straw yield, biological yield 

(t ha4) and harvest index (111%) 

Grain yield t ha4  and straw yield t ha1  were recorded from 25 hills (1m2) and grain 

moisture was recorded and grain yield was expressed at 14% moisture. Straw yield 

was expressed on oven dry basis. The data recorded on plant parameters and 

statistically analyzed and the mean differences were adjudged by LSD test. 

54 



The Zn fertilizer treatments differed significantly on total number of tillers hill'. 

number of effective tillers hill', number of non-effective tillers hill". panicle 

length. total spikelets panicle'. number of grains panicle", number of sterile 

spikelets panicle-', 1000-grain yield (t ha-'), grain yield (t ha"), straw yield, 

biological yield (t ha") and harvest index (1-11%) except plant height (cm). panicle 

length (cm) and sterile spikelets panicic". 

The highest number of total number of tillers hill"( 12.4), number of effective tillers 

hilr'(8.06), panicle length (24.9 cm), number of grains panicle" (132). 1000-grain 

yield (26.0g). grain yield (5.32 t ha"), straw yield (7.05 t ha-'), biological yield 

(11.52 t ha") and harvest index (44.92%) were found in Z50  level except number of 

non-effective tillers hill"(4.45), number of sterile spikelets panicle" (15.1) which 

were found in Zn()  level. 

Boron fertilization significantly influenced total number of tillers hill", number of 

effective tillers hiII', number of non-effective tillers hill-'. number of grains 

panicle". number of sterile spikelets panicle", grain yield (t ha"), straw yield, 

biological yield (t ha") and harvest index (H!%) except plant height (cm). panicle 

length (cm) and 1000-grain weight. The highest number of total number of tillers 

hill"(l 1.23), number of effective tillers hill" (7.36), number of grains panicle" 

(131), 1000-grain yield (25.2g). grain yield (5.26 t ha'). straw yield (6.75 t ha"), 

biological yield (12.07 t ha") and harvest index (44.92 %) were found in B2  level 

except number of non-effective tillers hill" (3.65). number of sterile spikelets 

panicle" (15.81) which were found in B0  level and harvest index (43.95%) in 131  

level. 

The interaction between zinc and boron had significant effect on grains panicle" 

and harvest index but such interaction had no significant effect on plant height. 

total number of tillers hill", number of effective tillers hiII', number of non-

effective tillers hill", panicle length, number of grains panicle". number of sterile 

spikelets panicle', 1000-grain yield (t ha"), grain yield (t ha"), straw yield and 

biological yield (t ha"). The highest number of grains panicle" (141) and grain 

yield was found in Zn5B2  plots and the lowest was found in Zn0B0  (5.56 t ha"). 
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Considering all these factors studied it can be concluded that BRRI dhan29 could 

cultivated with zinc @ 5 kg ha4  along boron 2 kg hi' for maximum yield in 

present situation in Bangladesh. However, before recommendation of the above 

findings to the farmers' level trial should be given in different locations of 

Bangladesh. 
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