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Abstract: Field experiment was conducted to assess the response of five rice varieties; IR6, IR8, DR92, DR84
and Shahkaar at different treatments of fertilizers. Higher uptakes; 4.08± 0.37, 4.72±0.45, 3.88±0.24, 2.47±0.09,
4.08±0.14 µg g  of boron; 15.08±0.83, 12.29±0.05, 13.35±0.57, 11.67±0.3, 15.65±0.21 µg g of Zn and 36.98±0.5,1 1

23.65±0.0.59, 28±0.41, 28.2±0.39, 30.31±0.89 µg g of Fe was recorded in IR6, IR8, DR92, DR83 and Shahkaar1

respectively at T2. Cu contents of the varieties IR8, DR92, DR84 showed an increase than Shahkaar and IR6
over Zn and B application. Higher uptake of Mn: 33.23±0.1 in IR8; 33.43± 0.6 in DR92 and 31.12±1.0 µg g  in1

Shahkaar,  respectively  were  found  at T2. Micronutrients B, Zn, Cu, Fe uptakes into grain of the  varieties;
IR8, DR92, IR6 and DR83 significantly (P< 0.05) increased at T1 and T2. Similar increasing trend for Mn uptake
in all other varieties than IR8 and DR83 was found. It could be concluded that application of Zn and B at the
doze 10 and 2 Kgha  in addition to recommended doses of N and P may be applied to rice crops for better1

nutritional contents within grains.
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INTRODUCTION magnesium (Mg) and sulphur (S) and micronutrients such

Soil is known to be medium that furnish mechanical molybdenum (Mo).
support, space for root penetration and respiration of Some of the micronutrients viz; B, Zn, Cu, Fe and Mn
plants. Soil also is the major source through which plant are as important as macronutrients and play a vital key
receive nutrient elements. It is the main reservoir of most role both for plants and human metabolic functions.
of the essential nutrients and water which play vital role Inadequate supply of these nutrient elements reduce
for plant growth. It was reported that sixteen essential nutritional value of plants and impair severe adverse
nutrients are required by plants [1]. Each nutrient effects on health such as anemia, low immunity functions,
performs specific function in growth and development of skin   diseases,     children    response   and   intelligence
crop plants and their inadequacy lead to reduction in [2-4].  Another  research  study revealed that deficiency
growth and yield. The elements that constitute ninety of Fe and  Zn or vitamin-A in one third of world
percent or more of the plant dry matter are Carbon (C), population is due to imbalance human nutrition [5].
hydrogen (H) and oxygen (O) are obtained by plants from Alternative measures to cater the deficiency through
air and water. All  other  essential nutrients are received fortification of  essential  micronutrients into food have
by plants mainly through root system from soil solution. not been proved cost effective. Rather has been proved
Essential nutrient elements are categorized according to impracticable on regular basis. Therefore, bio-fortification
the requirement of plants; macronutrients such as of food crops is suggested to be an effective measure to
nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), resolve the problem to some extent [6].

as boron (B), copper (Cu), iron (Fe), manganese (Mn) and
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Rice is a staple food and an essential cash crop. It is prepared. Straw and dried leaves were spread on each
among the main export items of the country that accounts nursery bed and burnt. Paddy seed at the rate of 10 Kgh
for 6.4 percent in total agriculture production and its share was sown by broadcasting method from 7-10  May of
in gross domestic production is about 1.4 percent. each year and nursery beds were irrigated with tube well
Pakistan grows high quality rice to meet both domestic water. Main plot was divided into equal 45 sub-plots of
demand and for the export which contribute about fifteen 3x5 m each were designed to irrigate separately from main
percent of the total foreign exchange earnings [7]. Growth channel. After randomized complete block design
and yield of rice is a result of plants interactions with demarcation of main field into sub plots the
environmental factors, soil conditions and availability of transplantation of rice seedlings was done on 20 -28
water and nutrients in soil solution. It is one of the June in 2009 and 2011 and on 7  July in 2011 due to
important resources of hunger world satisfying their delayed water flow in irrigation system. Harvesting of
nutritional requirements. crops was done in October of each cropping season.

The problem about micronutrient deficiency of human Fertilizer Treatments @ 135 N, 90 P, 10 Zn and 2 B Kg
can also be resolved economically and sustainability by ha  were applied. Treatments (C: 390.2 g Urea as nitrogen
increasing microelements contents in rice grain and + 281g of DAP as phosphorus; TI : 390.2 g Urea as N +
improving their bioavailability. Hence, the studies to 281g of DAP as P + 150g ZnSO  as Zn and T2 : 390.2 g
understand the changes and impact factors for Urea as N + 281g of DAP as P + 150g ZnSO  as Zn+ 17g
microelement contents in rice grain, received attention of boric acid as B) were applied to each sub-plot. For nursery
research community. Genetic variations in uptaking bed Fertilizer all DAP (168.75 grams) was applied as basal
micronutrients from soil into rice grain have been dose before broadcasting seed and Urea 233 grams was
observed where some of the varieties showed high applied into two equal split doses 116.5grams with DAP
content of iron (Fe) and zinc (Zn) in their grain. This trend and remaining 116.5 grams  when tillers reached to a
reflected the differential nutrient uptake potential of some height of 3cms. After 30 days, the seedlings of each
varieties [8]. Researchers working with International Rice cultivar were transplanted to their respective plot
Research Institute (IRRI) suggested  that high Fe and according to experimental layout. Sowing was done by
high Zn traits in rice grains expressed in all rice applying 9 cm plant to plant distance. For each
environments although there were some evidences of a experimental plot of 15m  all DAP (281g) was applied as
genotype ×  environment  (G×E) interaction  that varied basal dose before transplantation of rice seedlings
the  relative  advantage  in   extreme   environments   [9]. whereas Urea 390.2 g was applied in two equal split
A research study revealed that  good agricultural doses; 195.1g after 20 days of transplanting and remaining
practices (GAP) that include soil management, proper and 195.1g was applied after 65 days of transplantation or at
timely irrigation and balanced fertilizer application panicle initiation stage before flowering. Mixing of 150g of
increased micronutrient elements in rice grain [10]. Zinc Sulphate (ZnSO ) and 17g Boric acid (H PO ) with
Rational application of nitrogen increases Zn, Cu, Fe and one kilogram of dry soil was done and then was
Mn accumulations of some rice and wheat varieties [11]. broadcasted after twenty days of transplantation along
The main objective of this study was to investigate the with first doze of Urea.
effect of zinc and boron applications together with Before submerging the plots, fifteen composite soil
recommended doses of nitrogen and phosphorus on samples at 0-15 and 15-30 cm from each experimental plot
uptake of micronutrient (B, Zn, Cu, Fe and Mn) in grains were drawn. Air-dried samples were ground, passed
of five different rice varieties. through 2 mm sieve and preserved into polyethylene bags

MATERIALS AND METHODS material. Bouyoucos hydrometer, EC meter Model: Hi833,

The experiment was conducted at Research Field of soil texture, EC, pH and O.M respectively where as Zn,
Shaheed Benazir  Bhutto   Rice  Research Centre Cu, Fe, Mn and B were analyzed using AB-DTPA method.
(previously R.R.I), Dokri at Larkana (27° 33 N, 65° 16 E), Paddy samples of about one kilogram in weight drawn
Sindh, Pakistan. Average temperature recorded was from each plot were preserved into polyethylene bags and
around 44 to 49°C from to July and around 42°C in August were marked accordingly, then were brought to the
with an average rainfall 108 mm and 48 percent humidity. laboratory-Grain Quality Testing Laboratory, PARC,
For each cultivar a nursery bed of 3x3 m  separately was Karachi, Sindh. De-husked rice grain of each treatment of2
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to avoid contamination of moisture and other debris

Suntex pH meter Model: SP-34 was used for analysis of
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cultivar  was  preserved again into  polyethylene  bags. 0.75  and  0.66;   0.46   and   0.46;   0.59   and   0.53;  5.96
All samples were digested separately and analyzed to and 5.54; 0.93 µg g  and 0.89 µg g  for B, Zn, Cu, Fe and
assess the contents of Zn Cu, Fe, Mn and B in rice grain Mn  at  0-15  and  15-30cm  depths,  respectively.  On  the
using method No. 9.1.08 [12]. The variance with Duncan basis of the categorization presented in a research
test of data were statistically analyzed using software findings  that  soils  of  the  experimental  area  were
SPSS-11 [13]. found low in micronutrient contents [16]. The results are

RESULTS and Nazir [18].

Soil Analysis: It  was  found  that  soils  of  the  study Micronutrients (µg g ) in Rice Grain: Successful plant
area were clayey in texture (Sand:20.635; Silt:25.615; growth is dependent on several factors including soil
Clay:53.75), non-saline with an average electrical solution that is basic medium and source of macro
conductivity of 0.40 dSm . According to classification (Nitrogen,  Phosphorus  and  Potassium) and micro1

suggested by a research study that soils of experimental (Boron, Zinc, Copper, Iron and Mn etc) nutrient elements
area were found moderately alkaline in reaction with an required to plants. The content  of  these nutrient
average pH  of  8.12  at  15-30 and 15-30cm depth [14]. elements into plant and grains is an ability of that
With reference to FAO categorization, Organic matter particular crop plant and is mainly is controlled by
content in soils was found to be low (0.535%) at both soil homeostasis mechanism such as translocation, phloem
depths  [15].  Micronutrients  found  in  the  samples  were sap loading unloading etc. [19, 20]. 

1 1

in agreement with those obtained by Memon et al.[17]

1

Table 1: Effect of treatments and responses of varieties to micronutrients (µg g ) uptake in rice grain1

Boron Varieties C T1 T2

 IR6 2.81 ±0.14 aC 2.88 ±0.07 aB 4.08 ±0.37 bB

 IR8 2.49 ±0.07 aB 2.62 ±0.4 aB 4.72 ±0.45 bC

 DR92 2.59 ±0.15 aBC 2.66 ±0.29 aB 3.88 ±0.24 bB

 DR83 1.88 ±0.19 aA 2.06 ±0.13 bA 2.47 ±0.09 cA

 SHAHKAR 2.72 ±0.05 aBC 2.69 ±0.13 aB 4.08 ±0.14 bB

Zinc  IR6 6.91 ±0.19 aB 15.09 ±0.21 bC 15.08 ±0.83 bC

 IR8 6.42 ±0.61 aB 11.96 ±0.46 bA 12.29 ±0.05 bA

 DR92 6.92 ±0.19 aB 13.07 ±0.29 bB 13.35 ±0.57 bB

 DR83 5.85 ±0.22 aA 11.54 ±0.45 bA 11.67 ±0.29 bA

 SHAHKAR 8.02 ±0.13 aC 16.76 ±0.3 cD 15.65 ±0.21 bC

Copper  IR6 2.87 ±0.09 aA 2.89 ±0.05 aA 3.13 ±0.06 aA

 IR8 3.53 ±0.06 aB 3.81 ±0.34 bC 3.86 ±0.22 bC

 DR92 3.4 ±0.12 aB 3.42 ±0.17 aB 3.87 ±0.05 bC

 DR83 3.87 ±0.14 aC 3.9 ±0.19 aC 4.61 ±0.24 bD

 SHAHKAR 3.9 ±0.09 aC 3.62 ±0.1 aB 3.55 ±0.38 aB

Iron  IR6 25.28 ±0.28 aE 26 ±0.18 aE 36.98 ±0.55 bD

 IR8 17.56 ±0.41 bB 15.55 ±0.27 aA 23.65 ±0.59 cA

 DR92 20.43 ±0.77 aC 21.16 ±0.6 aC 28.22 ±0.41 bB

 DR83 22.9 ±0.46 aD 22.89 ±0.45 aD 28.2 ±0.39 bB

 SHAHKAR 16.18 ±0.15 aA 16.62 ±0.29 aB 30.31 ±0.89 bC

Manganese  IR6 32.46 ±1.77 aB 30.6 ±0.81 aA 31.85 ±0.13 Ab

 IR8 28.4 ±0.51 aA 33.23 ± 0.34 bB 31.97 ± 0.56 bB

 DR92 31.14 ±2.02 aB 33.43 ± 0.56 bB 31.41 ± 0.53 aB

 DR83 31.83 ±0.46 bB 31.59 ±0.36 bA 29.62 ±0.13 aA

 SHAHKAR 30.68 ±0.19 aB 31.12 ±1.0 aAB 30.79 ±0.56 aAB

Values with same small letters within row and Values with same capital letters within row and column are not significantly different at p<0.05

Values are mean of 27 independent variables (Replicates: 3, Plots: 3, Years: 3) and ( ± ) is standard deviation of variables.
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Table 2: Analysis of variance (F-values) for some micronutrients 
Source B Zn Cu Fe Mn
R2  0.683 0.891 0.428 0.899 0.159
Corrected Model 17.616*** 67.11*** 6.115*** 73.197*** 1.547*
Treatment 216.0*** 1205.14*** 11.52*** 860.782*** 4.993**
Variety 53.286*** 111.265*** 45.641*** 316.09*** 1.20 ns

Treatment * Year 0.665 0.576 0.297 0.099 0.584 ns  ns  ns  ns  ns 

Treatment * Variety 9.866*** 9.307*** 4.358*** 27.31*** 4.933***
variety *Year 3.513** 0.348 1.271 0.0276 0.751 ns  ns  ns  ns

Treatment* Variety *Year 1.03 0.763 1.069 0.628 0.293 ns  ns  ns  ns  ns

F Values used type III mean squares; ns = non-significant ; * p < 0.05; ** p<0.01 ; *** p < 0.001

Values with same small letters in fiure1(a-e) are not significantly different at p<0.05

Boron: Results of the study presented in Table 1 revealed 2.72±0.05, 2.69±0.13 and 4.08±0.14  µg g  respectively in
that boron content at control: (N+P), T1 (N+P+Zn) and T2 Shahkaar. Statistical analysis of data in table showed that
(N+P+Zn+B) was 2.81±0.14, 2.88±0.07 and 4.08±0.37 µg boron contents of grain within each variety and among
g  respectively in IR6; 2.49±0.07, 2.62±0.4 and 4.72±0.45 other varieties was found to be significant (P<0.05) at T21

µg g  respectively in IR8; 2.59±0.15, 2.66±0.29 and over control (N+P) and T1. F-Vales depicted in table 21

3.88±0.24 bB µg g  respectively in DR92; 1.88±0.19, showed that interaction between variety and treatment1

2.06±0.13 and 2.47±0.09 µg g , respectively in DR83; was highly significant (P<0.001).  Correlation  of  B   with1

1

Fig. 1(a-e): Continued
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Fig. 1(a-e): Influence of Zn and B addition on micronutrient content of rice varieties:

Zn content of grains was found to be highly significant Zinc: Data in Table 1 showed that zinc at control: (N+P),
(P<0.001) whereas with Cu, Mn and Fe was found to be T1: (N+P+Zn) and T2: (N+P+Zn+B) was 6.91 ±0.19, 15.09
non-significant (P> 0.05). Responses of varieties with ±0.21 and 15.08 ±0.83 µg g  respectively in IR6; 6.42
respect to boron uptake into grains over each treatment ±0.61, 11.96 ±0.46 bA and 12.29 ±0.05  µg g , respectively
are depicted in Fig. (1a-e) showed that the highest B in IR8; 6.92 ±0.19, 13.07 ±0.29 and 13.35 ±0.57 µg g ,
accumulation in IR8 was recorded when zinc and boron in respectively  in  DR92;  5.85  ±0.22,   11.54   ±0.45   and
addition to nitrogen and phosphorus was applied. 11.67  ±0.29  µg g   respectively  in DR83 and 8.02 ±0.13,

1

1

1

1
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16.76 ±0.3 and 15.65 ±0.21 µg g , respectively in grain within four varieties showed  significant  responses1

Shahkaar. Statistical analysis of data in table showed that (P <0.05) at T2, whereas effect of treatments on rice
Zn contents of grain within each variety and among other genotype IR8 was found to  be non-significant (P>0.05).
varieties was found to be significant (P<0.05) at T1 F-Vales in Table 2 showed that the interaction between
(N+P+Zn) over control (N+P) and it was evident that variety x treatment for Fe content in grains was highly
addition of boron (T2) showed no further increase in Zn significant (P<0.001). Correlation of Fe with B, Zn, Cu and
content of grains. F-Vales in Table 2 showed that Mn was found to be non-significant (P>0.05). Responses
interaction between variety and treatment for Zn content of varieties with respect to boron uptake into grains over
in grains was highly significant (P<0.001). Correlation each treatment are depicted in figure 1(a-e) and it was
studies revealed that only Zn with B was found to be evident that highest Fe uptake was recorded in IR6 when
significant (P<0.01) whereas with other studied nutrients zinc and boron in addition to nitrogen and phosphorus
it was non-significant (P>0.05). Responses of varieties was applied.
with respect to boron uptake into grains over each
treatment are depicted in figure 1(a-e) showed that highest Manganese: Data in Table 3 showed that Mn contents at
Zn uptake was recorded in a variety Shahkaar when zinc control:(N+P), T1:(N+P+Zn) and T2: (N+P+Zn+B) was
and boron in addition to nitrogen and phosphorus was 32.46 ±1.77, 30.6 ±0.81 and 31.85 ±0.13  µg g ,
applied. respectively in IR6; 28.4 ±0.51, 33.23 ± 0.34 and 31.97 ±

Copper: Data in Table 3 showed that copper at control: and 31.41 ± 0.53  µg g , respectively in DR92; 31.83 ±0.46,
(N+P), T1: (N+P+Zn) and T2:(N+P+Zn+B) was 2.87 ±0.09, 31.59 ±0.36 and 29.62 ±0.13 µg g  respectively in DR83
2.89 ±0.05 and 3.13 ±0.06  µg g  respectively in IRRI -6; and 30.68 ±0.19, 31.12 ±1.0 and 30.79 ±0.56 µg g1

3.53 ±0.06, 3.81 ±0.34 and 3.86 ±0.22 µg g , respectively respectively in Shahkaar. Statistical analysis of data1

in IR8; 3.4 ±0.12, 3.4 ±0.12 and 3.87 ±0.05 µg g , showed influence of the treatments was found to be non-1

respectively in DR92; 3.87 ±0.14, 3.9 ±0.19 and 4.61 ±0.24 significant (P<0.05) in  IR6  and  Shahkaar.  IR8  and  DR92
µg g  respectively in DR83 and 3.9 ±0.09, 3.62 ±0.1 and showed  significant response at T1, whereas DR83 was1

3.55 ±0.38 µg g , respectively in Shahkaar. Statistical found to be  non-significant  at  treatments.  F-Values1

analysis of data in Table 1 showed that Cu contents of depicted  in table 2  showed  that  effect  of  treatments
grain within IR8, DR83 and DR92 was found to be was highly significant at p < 0.01 whereas varieties were
significant (P<0.05) at T1 and T2 where as IR6 and found to be non-significant at (P>0.05). Correlation of Mn,
Shahkaar were found to be non-significant (P>0.05). The with B, Zn, Cu and Fe was found to be non-significant
difference in Cu uptake at treatments by the varieties was (P>0.05). Responses of varieties with respect to Mn
found to be significant (P<0.05). F-Vales in table 2 showed uptake into grains over each treatment depicted in Fig.1(a-
that interaction between variety x treatment for Cu content e) showed that the highest Mn was found in DR92 when
in grains was highly significant (P<0.001). Correlation of zinc in addition to nitrogen and phosphorus was applied.
Cu with other nutrients was found to be non-significant
(P>0.05). Responses of varieties with respect to boron DISCUSSION
uptake into grains over each treatment are depicted in Fig.
1(a-e) showed that highest Cu uptake was recorded in Boron is essentially required to plants for cell wall
DR83 when zinc and boron in addition to nitrogen and biosynthesis and structure and plasma membrane
phosphorus was applied. integrity, carbohydrate metabolism, sugar transport,

Iron: Data in Table 1 showed that Fe contents at control Application of nitrogen, phosphorus and potassium in
(N+P), T1 (N+P+Zn) and T2 (N+P+Zn+B) was 25.28 ±0.28, addition to zinc and boron showed significant impact on
26 ±0.18 and 36.98 ±0.55 µg g , respectively in IR6; 17.56 grain yield and quality. Nutrient concentration into grain1

±0.41, 15.55 ±0.27 and 23.65 ±0.59 µg g , respectively in also was increased with fertilizer application in such a1

IR8; 20.43 ±0.77, 21.16 ±0.6 and 28.22 ±0.41 µg g , combination [22]. Uptake of boron within rice plant is1

respectively in DR92; 22.9 ±0.46, 22.89 ±0.45 and 28.2 enhanced with application of boron fertilizer but only less
±0.39 µg g  respectively in DR83 and 16.18 ±0.15, 16.62 than 40 percent is B is stored into grain remaining portion1

±0.29 and 30.31 ±0.89 µg g , respectively in Shahkaar. is rendered into leaves and stem that may be returned to1

Statistical analysis of data showed that Fe contents of soils  by burning these straw  or  mulching into soils [23].

1

0.56 µg g , respectively in IR8; 31.14 ±2.02, 33.43 ± 0.561

1

1

1

lignifications, nucleotide synthesis and respiration [21].
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It was found that B content of paddy rice significantly CONCLUSIONS
increased with increasing B doses, the highest uptake
(1.03 µg g ) was found at the doze of 3.5 Kg B ha  and Results of the study indicated that in addition to1 1

the lowest 0.9 at no B application [24]. Similar trend of recommended doses of nitrogen and phosphorus
increase  in B content in grain of lentil, chickpea and fertilizers, zinc and boron amendments at 10 Kgha and
wheat over B application was also investigated [25, 26]. at 2 Kgha , respectively, increased  micronutrients, B,
Application of B @ 0.75 Kgha  showed significant Zn, Cu, Fe and Mn uptake into grain of five rice varieties1

impact on quality of rice grain [27]. Our results of the significantly. On the basis of the results obtained from the
study are in conformity also with those obtained by study it is concluded that Zn and B amendments may be
Pervaiz et al. [28] who reported that application of Zn and applied to the studied rice varieties that may improve the
B showed increased chlorophyll content and nutritional content of rice grain.
accumulation of Zn and B in grain.
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