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ABSTRACT

Two field experiments were carried out at Sakha Agricultural Research

Station to study the effect of soil wetness status on contents of the three heavy metals

i.e. Copper (CU), Iron {Fe) and Manganese (Mn), in some rice cultivars. Main

treatments were A. low wetness status 2.5 cm of irrigation water above soil surface

(one third of traditional practice), B. medium wetness status roughly 5.0 cm of

irrigation water above soil surface (two third of traditionai) and C. high wetness status

give or take 7.5 cm (traditional rice watering in the studied area by the local farmers).

Subtreatments were assigned for rice cultivars which were Giza 171 (as along

duration variety), Sakha 101 (as a medium duration variety) and Giza 177 {as a short

duration one). in the first growing season the two rice cuitivars Giza 171 and Giza 177

were urder study), while in the second one, Sakha 101 was added to the

abovementioned cuitivars.
The main results in this present study can be summarized as follows:

. With all the studied rice cultivars and different soil wetness status, the contents
of the studied elements (Cu, Fe and Mn) were higher in shoots in comparison
with grains. The highest mean values were recorded in shoots of Sakha 101 rice
cultivar and the values for Cu, Fe and Mn were 1329.9, 2150.5 and 1068.6 ppm,
respectively. On the contrary, the lowest mean values were recorded in grains of
Giza 171 rice cultivar for Cu, but the other two elements were in Giza 177 and
the values were 800.0, 1451.4 and 628.0 ppm, respectively.

. Content of (Fe) was higher in both grains and shoots than the other two studied
elements Cu and Mn.

. Under traditional irrigation, local farmers practice i.e. the high wetness status led
o decreasing the contents of the three studied heavy metals in both grains and
shoots for all studied rice cultivars.

INTRODUCTION

In Egypt, rice (Oryza sativa L.} is considered as the second export
crop after cotton. Moreover, it is one of the most important cereal crops
following to wheat. The present national cullivated area of rice is about 1,
400.000 feddan (5688, 235 ha.) which equaled about one third from summer
cropped aree in the Nile Delta. Comparing with other regions all over Egypt,
because of adaptation of both climatic and soil conditions for rice cuitivation.
M addition, rice grains consider a main nutritiona! food for the Egyptian
people, also shoots are considered a main animal feeder particularly in winter
season.

In Egypt, water resources have become limited in relation to irrigation
and possible land reclamation purposes so, great efforts should be
implemented to overcome the problem of water shortage which faces Egypt,
presently. Excessive of irigatior sater always leads to increasing leaching of
soil nutrients such as heavy metals of Fe,-Cu and Mn which find their way to
pollute groundwater, drainage water and decreasing upiake raie by piants as
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well. Under conditions of water shortage, we will have to use ground and
drainage water in the near future which have a high content in heavy metals,
which move easily direct to human or to animals and indirectlty way to human
by eating meat and drinking milk of these animals. Higher amounts of heavy
metals involved may have significant effect on either soil fertility or animal
and human health (Oliver 1997 and El-Sanafawy, 2002).

MATERIALS AND METHODS

Two field trials were conduced at Sakha Agricuitural Research
Station, Kafr EI-Sheikh Governorate in the North Middle Nile Delta region
during the two successive growing seascons 2006 and 2007 to study the
impact of soil wetness status on the cuntents of Cu, Fe and Mn in some rice
cultivars. The soll texture of the experim :ntal site is heavy clayey which is the
most suitable soil for rice cultivation by having a high water holding capacity
in comparison with the other types of soils. Some soil physical and chemicals
properties for the experimental site were assigned in Tables {1 and 2).

Table (1): Mean values of some physical characteristics for the soil
before cuitivation in the two growing seasons.

Soil Particle size distribution Texture Bulk Field
depth, Sand, Silt, Clay, class densﬂy capacity,
cm. % % % kg/m %, wi
D-15 12.30 33.3 54.40 Clay 1.26 47.50
15-30 20.20 34.2 45.60 Clay 1.31 39.87
30-45 20.40 41.40 38.20 |Clay loam 1.29 38.40
4560 [ 21.10 41.50 37.40 [Clay loam 1.38 36.39

Table (2): Mean values of some soil chemical characteristics bhefore
cultlvatlon in the twao growing seasons.

[ Soil EC Cations, meq/L Anions, meg/L
di'r’;h SAR | ESP| ESR dS/m}Ca™ |Mg™ | Na' | K' |CO;[HCOY CI (SO7,
0-20 | 2.20 11.95] 0.02 | 1.24 {4.60[4.39 [4.64[0.193]0.25[ 4.63 [ 7.59 [ 1.32
20-4013.995] 4.7 |0.046] 1.7516.1313.71[8.82/0.157{0.38 | 2.88 {10.93]|4.62
40-80! 3.84 !_4.11 0.044) 1951704 13.88(9.67/0.206/0.38|13.63|8.58| 8.4 |

Treatments and experimental design: _

The split plot experimental design with four replicates was used in
this study where main plots were assigned by soil wetness status which were
as follows: '

A.  Low wetness status roughly 2.5 cm of irrigation water depth above soil
surface (A.5.5.) (one third of traditional water).

B. Medium wetness status roughly 5.0 cm of irrigation water depth above
soil surface (A.S.8.) (two third of traditional water) and.

C. High wetness status roughly 7.5 cm of irrigation water dapth above soil
surface (A.S.3) (traditional watering by local farmers in the  studied
area). *

9794



J. Agric. Sci. Mansoura Univ., 32 (11), November, 2007

Sub plots were assigned by rice cuitivars as follows:

1. Giza 171 (as a long duration variety).

2. Giza 177 (as a short duration one). These two varieties were cuitivated
in the first growing seasons. In the second growing season, in addition
to the above mentioned two cultivars Sakha 101 (as a medium duration
variety was added).

Experimental layout:

All of common agricultural practices for rice production were carried
out as recommended from preparation of nursery bed tili harvesting,
otherwise, the studied parameters in this work. The submain experimental
plot area was 52.5 m® (i.e. 1/80 feddan), where each plot was isolated to
prevent any horizontal water movement from one plot to another. Soil
samples were taken before cultivation for analysis were done and required
according to (Jackson, 1967).

Data collection:

Plant sampies (straw and grains) were collected from each plot at the
end of the two growing seasons. Each piant sample was thoroughly washed
with distilled water and dried in an oven at 65°C for 24 hours. One gram of
each sample was wet digested in H,SO,. H,O0, mixture to determine the
concentration of the three heavy metals Cu, Fe and Mn by using atomic
absorption 3300.

RESULTS AND DISCUSSION

Effect of watering status on contents of Cu, Fe and Mn in rice grains
and shoots:

Presenied data in Tables {3, 4 and 5) clearly showed that under alf
irrigation treatments and studied rice cultivars, the contents of the three
heavy metais under study were increased in shoots in comparison with
grains. The mean values for Cu in grains were 800.0, 1047.2 ppm and in
shoots were 978.3 and 1225.3 ppm for Giza 171 rice cultivar in 1% and 2
seasons, respectively. The same trend was obtainec for Fe element but the
mean values were higher than that obtained for Cu, Fe which reached
1592.7, 1596.7 ppm and in shoots were 1608.6 and 1796.7 ppm in 1% and 2"
seasons, respectively. Far Mn content the samea trend was recorded but the
mean values were lower it comparison with the other two elements, and
comprised in grains 839.8, 7 '6.1 and in shoots were 853.8 and 1004.5 ppm
1% angd 2™ seasons, respectively. The same was found for the other two rice
cultivars Giza 177 and Sakha 101. The mean value of the three studied
cultivars can be, generaily, arranged for the-three rice cultivars as follows
Sakha 101 > Giza 177 > Giza 171, Increasing the contents of these shoots
eiements in comparison with graing, may be due to the iow mobility resulting
in through plant so, these elements were more accumulated in shoots in
comparison with grains (Zein et al, 1998). The obtained values for the three
studied eiements are high and exceeded the safe limits for these elemeants
and this is great dangerous for both human being and animal health but these
values are not reached the toxicity iimit, where toxicity limit for Mn for
example in rice leaves ranges from 4000 to 8000 ppm (Adrianc, 1986).
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Moreover, the sufficiency ranges fc- Fe 90-190 ppm, Mn 40-740 ppm and Cu
6-25 ppm.

Table (3): Effect of water status on content of Cu, Fe and Mn in grains
and shoots of Giza 171 rice cultivar grown in the North of
Middle Nile Delta.

Irrigation First season (2006) I Second season (2007)
depth Copper {Cu) (ppm)
{cm) Grains Shoots Grains Shoots
25 871.3 9894 1067.5 1097.5
5.0 745.1 1000.0 950.8 1226.0
7.5 783.8 945.6 1123.3 1352.5
Mean 800.0 978.3 1047.2 12253
1 Iron (Fe)
2.5 | 1638.8 1601.3 1612.5 20325
5.0 1546.9 1681.3 1830.8 2004.2
7.5 15892.5 L 1543.3 1346.7 13534
Mean 1592.7 | 1608.6 1586.7 1798.7
] Manganese (Mn)
25 753.8 833.1 690.8 926.9
5.0 960.0 9194 726.7 1001.7
7.5 805.6 808.8 730.8 1085.0
Mean 838.8 853.8 716.1 1004.5

Takie (4): Effect of water status on content of Cu, Fe and Mn in grains
and shoots of Giza 177 rice cultivar grown in the North of
Middle Niie Delta.

Irrigation | First season (2006) [ Second season {2007) |
depth [ Copper (Cu} (ppm)
{cm) | Grains Shoots Grains Shoots
2.5 518.1 997.5 1115.0 1314.8
5.0 873.8 106.9 1042.5 1337.5
7.5 786.3 1020.6 985.8 1245.8
Mean 859.4 1026.7 | 10478 1299.4
lron {Fe}
25 1643.1 2328.8 1849.2 1845.0
5.0 1736.3 1537.5 12725 1767.5
75 1 18275 | 14800 12325 1745.8
Mean ! 16358 | 17821 1451.4 1786.1
1 Mangansse (Mn)
25 1017.5 723.8 6435.8 1140.8
5.0 8910.6 871.3 668.3 9925
7.5 721.9 796.9 570.0 979.2
Mean 883.3 797.3 628.0 1037.2
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Table (5): Effect of water status on content of Cu, Fe and Mn in grains
and shoots of Sakha 101 rice cultivar grown in the North of
Middle Nile Delta.

irrigation Copper (Cu) Iron (Fe) Manganese (Mn)
depth {ppm) {ppm) {ppm)
{cm) Grains | Shoots | Grains | Shoots | Grains | Shoots
25 1083.3 | 13408 | 16625 | 22883 | 1510.2 | 1000.0
5.0 945.0 | 1306.3 | 2138.3 | 2015.0 | 7642 | 10475
7.5 1181.7 | 13425 | 1860.8 j 21483 | 7792 | 1158.3
Mean | 1070.0 | 1329.9 | 1887.2 | 2150.5 | 1017.9 | 1068.6

Data in the same Tables illustrated that the content of Fe in grains
and shoots was higher in comparison with the other two elements Cu and
Mn. This may be due to the highest availability of Fe element in the soil
because of iis lower catchments power so, it moves more freely in soils,
consequently, the higher amount was absorbed by plants for this element,
comparing with the other two elements. These resuits are in a great harmony
with those obtained by Barsoum (1898) who declared that the absorption of
iron was higher than manganese.

Increasing the contents of these elements in shoots is very
dangerous due to easily moves to the animals and then accumulate in meat
and milk and, cansequently, transplant to the human being and causes a lot
of problems. The most dangerous aspect for transportation such toxic
etements by milk to the kids and cause a lot of dangerous diseases such as
cancer. Finding these elements in grains is also dangerous because find
direct way to move {0 human being.

Increasing these elements to such level may be attrituted to
decreasing the quality of drainage water used under shortage of fresh
irrigation water, since the farmers always will have to mix fresh water with
drainage water and in some cases use drainage water only which is rich in
contents of these elements, that plays a drastic effect on increasing the level
of these elements (Oliver, 1997).

Increasing these elements in Sakha 101 rice cultivar in comparison
with the other two cultivars Giza 171 and Giza 177 is a great problem
because this cultivar is a h.ah yielding and it is widely grown by the local
farmers in cultivation in this area as a main food (Zein er al., 2002¢).

in a general with increasing irrigation water depth up to 7.5 c¢m
decreased the amounts of absorbed elements, where the highest mean
values usually recorded under the lowest depth of irrigation water of 2.5 cm.
Irrigation depths 5 and 7.5 cm. may led to losses of a large amount of these
elements with drainage water so, the contents in soil are low, subsequently,
low absorbed amount by plants in comparison with the lowest irrigation depth
2.5 cm. The movement of these elements to drainage water is low so, highly
increasing absorbed amount by pfants under these conditions. These findings
are in a good agreement with those obtained by Abou-Seada et af. (1997).
Who' found that the highest.Cu, Zn and Cd concentrations were recorded
under the sirongly oxidizing condiions.
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The problem is how to reduce the plant contents of such heavy
metals under low irrigation rate? so freating the drainage water before mixing
and irrigation with higher Fe, may be the simpiest solution in that aspect.

REFERENCES

Abou-Seada, A.; 3. Slayman and A. Khatter {1997). Cu, Zn and Cd content in
rice planis and their fractions in soil amended with sewage sludge
controlled pH and redox. Potential Egyptran Journal of Soil Science
Vol. 37: 61-79, 1997.

Adriano, D.C. (1986). Trace elements in the terrestrial environment. New
York: Springer-Verlage.

Barsoum, W.W. (1896). Effect of nitrogen sources on some micronutrients
uptake. Annals of Agricultural Science. SPC. [ss P. 279-286.

El-Sanafawy, HM.AM. (2002). Geochemical investigation of soil and water
on polluted areas in Mid. Nile Deita for Environmental assessment,
Ph.D. Thesis, Fac. of Science, Geoiogy Department, Mansoura
University.

Jackson, M.L. (1967). Scil Chemical Analysis Preniice-Hall of india, New
Dethi.

Mahrous, F.N.; 8.A. Abd El-Hafez; AY. Badawi; M.A. Metwally and H.W.
Tawadros (1984). Water management and irrigation schedule for rice
production in North Deita Agric. Res. Rev., Egypt. 62(4A).

Ofiver, M.A. (1997). Oil and human heaith: a review. European Journal of Soil
Science, 48, 573-592.

Zein, F.l; EH. Omar; MAA. Abd Allah and M.S. El-Yamani (2002c).
Influence of irrigation water quality on some crops, soils and water
table and their content of heavy metals, at the Northern Nile Delta.
Egypt. Egypt. J. Soll Sci., Vol. 42 (In Press).

Zein, F.I.;, O.A. Hegab and M. El-Sanafawy, Hamida (1998). Geochemical
studies on some polluted soils in Kafr El-Sheikh Governorate, Egypt. J.
Agric. Sci. Mansoura Univ., Vol. 23(6). 2887-2918.

9798



J. Agric. Sci. Mansoura Univ., 32 (11), November, 2007

Laall o guladll G oY Qb pran Chigiaa o dldl 4l g glaa g0
Wl do g Jlad Adkiay uiadallg

u.u_;nc;ﬁ“y\ Aedl — (g gldiall el dasia Siiaa — Clus Jaas Ala

Al 38 Gt 38 e — Adndl g Sluall g ol 0 Zigay g2a

LAl s i it A ) W Bet 55 el dlbaey Laa 35 5 s (3 a3 Dy el
Gl a3 piaiall g daadl ¢ ulaill Fie ALER pealied Gy Dl gina de il
fet s oilall Al s A Aot ) OO0l CailS Caa L Y
(Aikiady 55 G A G ALl Y)Y = s V,0) hddie s s e )
ARkl 5 WY 5 A Bl &Gkl V)Y = an o) bugie osh ) 5 fae Y
(anY,o = Akl Lyl 45, phll 4 g an Vi0) (Mo gk s siae =T

agall il by 5 Gilal e 5 e il Sl Ciad Caleall il
o Sy il e s gais 38 8 jually bk ciiaS YVY s G 0 VYD o e Y
o ¢ WYY s ALY el da i aiaS 10 Lo Caiia ddlial o3 G s gall
Ay
P ol U 3 L) Jaa lt a3 A8 pIEY aal

Al 5l paia e pesliall S gine Adlidal Ay gla ) ¥ la g Y Ul S a3
— s s g el nliall adll lef cail€y gt e N8 Alle culg
e VOTAT VIO e YT s il g VY L il (88 a8 (iaia
WYY s g caiall ga B alaa 08 a0l JB WD e Sl e s il e o plall S
f—t ardll g VYV o5 i all bl iaiall y spasd) a4l K1 0 sl aial
’ aog il e sedddl Al i YAL (N E0Y

G aaic e il g wasadl A We S naal 5 oseee O alhs__uj'.c_‘.l_ull
, iade € el < apa 13S LGS Ll 5 Sy il s aiadall y uladll

o sl (il s b Al cead) o gla ol Ay 8l 5 gime 5203 ¢ Rsle i
gl YRy Gl el 8 Al ol aie e ealied) ol siae il

OSadl e Sy 5 slie Mgl and 58 st sladY) il s oKD
V,2) e Jaaadly 5 05 Alladl sagadl 45 5 0 sbae as Lhals (8 co el Sl Aadlas
SN By e A pualiall ada abiaied L ) o 35 (e

9799





