Effectsof Arsenic Contamination on Rice Crop (Oryza sativa L.)
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Abstract

A pot-culture experiment was conducted at Bangladesh Agricultural University (BAU),
Mymensngh during February to October 2002 in order to examine the adver s effectin
rice, if any, dueto arsenic (As) contamination of soil. Boro rice (dry season rice) and T.
Aman rice (wet season rice) were grown in sequence. Thesoil had 2.6 mg kgt background
As. Arsenic wasaddedto soil at variousratesviz. 0, 5, 10, 15, 20, 25, 30,40 and 50 mg
kg*for thefirst crop only. No addition of Aswasmade to the second crop. Arsenic was
added as Na2HAsO4.7H20 in solution. TheAscontamination of s0il significantly affected
theyidd and yidd componentsof Boro and T. Aman rice. Generally, the values decreased
asthedosesof arsenicincreased. Therewasmorethan 45%yidd reduction dueto use of
As at 10 mg kgtor abovedoses. The concentrationsof N, P, K and Sin grainand sraw of
both the rice crops were negatively correlated with the As concentrations Thegrain-As
concentration did not exceed 1 mg kg? (the maximum permissible limit) all over the As
treatments whilethe straw-As concentration in all caseswent well above 1 mg kg™ Thus,

a il having more than 10 mg kg! As may cause a great yied loss of rice with a
concomitant loss of graw quality as animal feed.
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Introduction

Arsenc contamnation of groundwater is a sevemblgm in Bangladesh. At present, 59
out of 64 districts and 60% of lands across thentcpuare affected by arsenic
contamination. Consequently, 80 milion people acsv exposed to arsenic poisoning and
10,000 people have shown the symptoms of arsemicBsickground levek of arsenic in
soils can be between 4 and 8 mg As kut in the areas irrigated with As contamiated
water, the soi kevel can reach up to 83 mg A3 {dllah 1998). Jahruddiet al., (2000)
reported that the arsenic content of non-calcarsais ranged from 4.85 to 12.2 mglkg
and that of calcareous sois from 11.6 to 24.4 mg Khe maxmum acceptable limit of
As in agricultural sois as stated by Kabata-Pendiad Pendias, (2001), is 20 mgtkén
countries where rice is the staple food, the dietxposure to arsenic through rice is
highly important. Levels of arsenic in rice graire @ypicaly between 0.05 — 0.4 g €pr
North America, Europe and Tawan (Schoaf al. 1998). In Bangladesh, irrigation is
principally used in dry season for Boro rice cation. Irrigaton of rice and other crops
with arsencc contaminated groundwater is likely imorease accumulaton of As in the
surface sol from where it may be transported tantplsystems and consequently
contaminate the food chan. Thus, a pot-cultureedgent was carried out to assess the
effects of arsenic contamination on the growthdyend nutrient concentration of Boro
rce and its residual effects on T. Amanrce.
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M aerids and M ethods

The experiment was conducted at Bangkhdesh AgriaulitUniversity, Mymensingh
(Latitude 2443.407 and Longitude 9026.22) with rce as the test crop. Two crops, Boro
and T. Aman were grown in sequence during the mgpEeason of 2002. The soil was
collected from 0-15 cm depth. Texturaly the seds sit loam having pH of 6.5, organic
matter content of 1.61%, total N of 0.1%, avaiaBeof 10.2 mg k§ avaiabe S of 13
mg kg', avaiable Fe of 512, exchangeabe K 0.12 me%, tatal As of 2.6 mg kY
Twelve kg of air dried soill was taken into each Ipating size of 43 cm diameter and 40
cm height. There were nne treatments consisting, &, 10, 15, 20, 25, 30, 40 and 50 mg
kgl of As (soil bask), each treatment was replicdteide. Only the first crop received
the As treatment. Arsenic was added as sodium aesgNaHAsO,.7H,O) n solution.
All the pots received a blanket dose of 100 mg Ky 25 mg kg P, 40 mg kg K and 25
mg kgt S from urea, potassium biphosphate, muriate dishoand gypsum, respectively.
The first of the three doses of urea with all otfertiizers were applied as basal during
fnal pot preparation. The remaining amount of umas top dressed n two equal spits at
active tilering and panicle initaton stages fboth Boro and T. Aman rice. Healthy
seedings at thirty five days od were transplantd the pots on 23 February 2002 for
Boro rice and 18 July 2002 for T. Aman rice. Intdireal operations such as weeding and
irigation water maintaining 5-6 cm depth were ddnesupport normal plant growth. The
crops were harvested at maturity. Grain and strialdsyper pot were recorded. Plants of
all three hils from each pot were measured andaged to record the yield contributing
parameters. Grain and straw samples were analmedl,fP, K, S, Fe and As contents.
The As contents n rice grain and straw were datednby digestng the sample wih di-
acid mixture (HNQ@+ HCIO,) followed by flow njection hydride generating atio
absorption spectrophotometer (Perkin-Elmer modeéd0)2:and MHS-10 hydride generator
assembly using matrix-matching standard (Welsctal. 1990). Al the plant data were
statisticaly analyzed folowing F-test and thefalifnce between treatments means were
adjudged by Duncan’'s Multiple Range Test (DMRT).

Results and Discussion

First crop (Boro rice)

Arsenc contamination of sol significanty affedteplant height, tillering, grains per
pancle and 100-grain weight of Boro rice (Table dpd the values for most of the
parameters were found to decrease as arsenic doseased. The grain and straw yields
of Boro rce were also markedly affected by As aomhation to soil The grain yield
varied from 0.7 to 70.8 g pbtwith no grain in the 50 mg KgAs treatment (Table 1). The
highest grain yield was recorded in the controbttrent (0 mg kg As). There was 5.5-
100% grain yield reduction due to use of 550 md Kgs, compared to the control.
Similar to the effect on grain yield, the As treatinhad negatve effect on the straw yield
of Boro rice. The highest straw yield of 78.4 g powas found in the control and the
lowest yield of 5.6g potl in 50 mg kg As treated pots. There was no significant yield
difference between 0 and 5 mglkds treatments. The reduction of straw yeld due to
various As treatments was 7.4 to 92.9% over corRelduction in rice yield due to As
toxicity has been reported by a number of previmaskers (Liu and Goa 1987, Tang and
Miler 1991; Abedn etal. 2002).
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Table 1. Effects of added arsenic on the growth and yield components of Boro rice
(cv. BRRI dhan 29) (Values having same letter in each column do ffer cignificantly
at 5% level by DMRT).

Plant Tillers Panices  Grains 100 grain  Grain Straw
As added  height pot? pot? panicle!  weight yield yield
(mgkgh)  (om) (no.) (no.) (no.) (9) g pot* g pot*
0 86.8¢ 36.0¢ 32.7¢ 83.9al 2.2al 70.8¢ 78.4¢
5 87.0¢ 32.0a 27.3a 92.7¢ 2.3 66.9¢ 72.6al
10 70.7t 24.7ab 20.7kx 80.8al 2.1ab 38.3t 56.7b
15 67.5t 33.0a 24.3t 62.4t 2.0bc 375t 39.7¢
20 47 .6¢ 29.0ab 17.3¢ 17.2¢c 1.9cc 5.8¢ 29.4c
25 43.7 25.(ahc 8.3c 30.7¢ 1.9cc 4.5¢ 10.4¢
30 36.4¢ 20.7hce 9.0c 4.5¢ 1.7¢ 0.7¢ 14.4d
40 44 .8 16.3cc 9.0c 14.2c 1.8de 2.6¢ 14 5d
50 23.9¢ 8.3c 1.7¢ 0.0 of 0.0c 5.6¢
SE (3) 2.8% 3.9t 2.1€ 7.4¢ 0.07 4.91 5.3

The concentration of nutrients viz. N, P, K, S dpe in the grain of Boro rce was
significantly affected by As additon to soil (TabR). Straw concentrations of N and S
remained unaffected by As treatments. The conealtment (0 mg Ky As) recorded the
highest concentration of al the nutrients except Fe n both the gran and straw and the
lowest concentration was observed n 40 mdg lys treatment. In most cases, the
concentration of a nutrient was higher in grainnthia straw. The grain concentration of
As in all the As treated pots was below 1 mg, kghich is considered to be the maximum
permissible limit. Straw, concentration of As il tile treatments was above 1 mglkg
with 6.25 mg kg as the maxmum. The grain concentration of As rsele affected the
gran-P (r=-0.720 and grain-K (r=-0.73% contents of rice.

Second Crop (T. Aman rice)

There was a significant residual effect of the dddes on the growth, yield and yield
parameters of T. Aman rice (Table 3). Generallg tiighest results of the parameters
tested were observed in the control and the lowes0 mg kgt As treatment. The grain
yield varied from 8.7 to 53.6 g pot over the treatments (Tabke 3). The grain yield
decreased steadiy as the As addition increasedreTivas no significant yield difference
for 0, 5, 10, and 15 mg #gAs doses. The yield declned markedly when addedwas
mg kgl or more. The grain yields reduction in T. Amacerirom resdual effect of As
treatments was as high as 83.9%, compared to theolctreatment. The straw vyield
varied between 13.5 and 65.6 g-pavith the lowest result in 50 mg kgAs and the
highest n the control treatment. The reductionstraw yield due to different As doses
aganst control treatment was between 21.9 -79.8%.
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Table 2. Effects of added arsenicon N, P, K, S, Fe and As concentrationsin grain and straw of Bor rice (cv. BRRI dhan 29). (Values
having same letter in the same column do not difignificantly at 5% level b{pMRT).

Grain Straw
As added| N (%) | P (%) ‘ K (%) S (%) Fe As N P ‘K S Fe ‘As
(mgkd) (mgkd) | (mgkg) | (%) | (%) (%) (%) (mgkgd’) | (mgkg)
0 1.4% 0.45¢ 0.42¢ 0.095al  49.6¢ 0.262( 1.01  0.17c 0.98: 0.08¢ 303.8  2.556t
5 1.07t 0.38abi  0.38l  0.075al 75.0b¢  0.628t 091 0.20bc  0.92al 0.07: 472.2cc  3.864t
1C 1.12t 0.39a  0.33abc 0.071al 130.3  0.956: 1.1¢  0.2labc  0.68h 0.1¢ 485.0bct  4.942:
15 1.02 0.28¢ 0.30b¢  0.063t 150.%  0.982 1.11  0.25ab¢  0.55c« 0.10¢ 673.8ab  6.250:
20 0.86b 0.28¢c 0.19de  0.074ab 124.5ab  0.99%a 1.1830a0  0.47cd 0.092 623.5abc  5.332a
25 0.92 0.29¢ 0.19d¢  0.082al 80.4b¢  0.720t 115 0.26al  0.59c 0.10: 768.1  5.217
30 0.92b 0.33bc  0.27cd  0.108a  118.9ab  0.652b 1.3522b®  0.34d 0.088 637.0abc  5.860a
40 0.85t 0.33b¢  0.16¢ 0.102¢  75.5b¢  0.514t 1.2¢  0.25ab¢  0.43c 0.11: 735.5al  6.181:
5C - - - - - - 101  0.26al  0.42c 0.11: 712.2ab  6.248:
SE@* 010 0.03: 0.02¢ 0.00¢ 12.4: 0.07¢ NS  0.02¢ 0.08¢ NS 75.2: 0.59¢
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Table 3. Residual effeds of added arsenic on the growth and yield components of
T. Aman rice (cv. BRRI dhan 33).Values having same letter in each column do néérdif
significantly at 5% level by DMRT.

*As added | Plant Tillers Panicles Grains 100 grain | Grain Straw
(mg kgb) height pot! (no) | pot? (no.) | panick! weight (g) | yield yield
(cm) (no.) g pot! g pot?!
0 94.6¢ 27.3b 24.7¢ 88.4: 2.3% 53.6¢ 65.6¢
5 92.9¢ 28.0a 22.3al 86.3al 2.33 49.1al 51.24
10 88.4¢ 28.0a 26.7¢ 69.5b 2.46¢ 41.1ab 46.3hx
15 81.5al 33.0¢ 27.7¢ 56.5¢¢ 2.22¢ 38.4ab 44.6h
20 80.3al 23.7hx 22.3al 54.3cc 2.24¢ 33.1b 37.8bcd
25 82.5al 22.7hx 22.7al 56.2cc 2.37¢ 27.7¢ 33.9x
30 77.3al 22.3hx 21.0al 46.1d 2.35¢ 33.2¢c 25.5d
40 70.4b 19.7bc 17.7bc 32.9¢f 1.94b 9.3d 14.2e
50 56.3( 15.3¢ 13.7¢ 21.91 1.92 8.7t 13.5¢
SE 4.34 262 2.0z 5.7¢ 0.08¢ 5.71 4.8(C

* Aswas added in the previous rice crop but nohisdrop

There was no significant residual effect of As aaimg N, S and Fe concentrations, w hile
the P, K and As concentrations in gran were sipiitly affected by the arsenic doses
(Table 4). The control treatment recorded the Isighautrient concentratons i grain
whie the opposite result was obtained in case m@dingAs content. As for N and S
concentrations n grain, there was no residual céffef As on straw N and S
concentrations. Further, like grain K and As cotgethe added As to the first crop (Boro
rice) significantly affected the straw K and As tams. Unlike grain result, the straw
concentration of Fe was significantly affected by Aadded to the first crop. The As
concentration in the T. Aman rice adversely affdctee S content of grain (r=-0.7)9
There was sinificant posive reltionship (r=@8P between gran and straw
concentration of As.

Application of As at 10 mg kyor more to the soil (2.6 mg Rgbackground As) reduced
the grain yield by more than 40%. The grain conegioh of As for every As treatments
did not exceed 1 mg Kg(the maximum permissble limit) but the straw cemtration of
As far exceeded this Imit indicating that thisastr might be unfit for animal consumption
as feed. Thus, it can be concluded that high arsaacumulation in sail through inherent
minerals, firigaton water or any other source magsult in a yeld loss of rice
accompanied with deterioration in straw (animaldiequalty.
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Table 4 Residual effects ofadded Ason N, P, K, S, Fe and As concentrationsin grain and strav of T. Aman rice (cv. BRRI dhan 33).
(Values having same letter in each column do nferdifignificantly at 5% level bPMRT).

Grair Straw
*As added N P K S Fe ) As ) N P K S Fe _ As )
(mg kg?) (%) (%) (%) (%) (mg kg) | (mg kg) | (%) (%) (%) (%) (mg kg')  (mg kg")
0 124 0.41: 0.41: 0.122 74.8t 0.148c¢ 0.64 0.19¢ 1.01: 0.081 90.8ef 1.891
5 112 0.38ab 0.38a 0.117 75.53 0.193cd 0.64 0.187 1.04a 0.090 104.3de 3.74e
1C 117 0.32c¢ 0.32t 0.11¢ 90.5¢ 0.354t 0.62 0.18¢ 0.99: 0.08¢t 112.8cd 4.74cd
15 106 0.32cd 0.28hc 0.105 111.97 0.308bc 0.63 910.1 0.86ab 0.077 121.4bcd 4.78cde
2C 11¢ 0.31c 0.24x 0.10¢ 107.8 0.376t 0.5¢ 0.187 0.87a 0.07¢ 140.2I 6.82L
25 112 0.30bc 0.26cd 0.105 112.27 0.308bc 0.61 860.1 0.89ab 0.073 138.0bc 4.02de
3C 12 0.35b 0.22d 0.10: 72.8: 0.285hx 0.62 0.18¢ 0.75b 0.07¢ 7231 5.47hct
40 122 0.31d 0.20de 0.104 86.76 0.308bc 0.61 0.189 0.65c 0.092 90.8ef 5.95hc
5C 111 0.31c 0.19¢ 0.10¢ 8188 0.583: 0.5¢ 0.187 0.58¢( 0.08: 182.1: 9.10:
SE (£ NE 0.012 0.01¢ N< NE 0.04 N < NE 0.05¢ NE 9.2¢ 042

* Aswas added in the previous rice crop but nohisdrop
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