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. Abstrad g

Hai district is.one 0f the major vegetable producing areas of Tanzania. Copper fungicides have been used for along
time in the district, but no studies have been conducted to evaLiiate‘aceumulaﬁon of Cu in the soils in that district.
This study was, therefore, initiated.to survey and. to documenit the status of fungicide use in some toi
Generally, the total.or D1 P-extractable Cu contents weie significantly (P<0.03) higher in fungicide-tri
- than in control soils;: the levels reaching 7305 mg total Cu/kg soil where fungicides have been used for 15 to 30 vears
(long-term use). The total-and: extractable Cu- contents of the ‘soils mcreased with increasing duration of Cu
fungicide iuse. This resulted in lower microbial populations with mcreasmg duration of ﬁmgwtde use, the
populations decreasing from logio = 6.4 in control ‘soils to logio = 3.1 in long-term use  soils. Zing and manganese
did not show clear trends. Thére was no significant relationship between total or DTPA-extractable Cu, Zn or Mn
and soil pH. Total Cu ‘was significantly and positively correlated with organic carbon, while total Mn was
significantly but negatively correlated with organic carbon. It is concluded that long-terni use of Cu fungicides in
Hai district has resulted ina butld—up of Cu residues in the soils, and thts may tmpatr mtcmbtal pmcesses in those

A

soils. - - : .- .
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Introduction . In Tanzama accumulation and fate of the
. A heavy metal containing fung1c1des has not been
V:getable production in Tanzania, if fully'de- ~ -adequately studied. Some of the limited research
veloped, can contribute to increased food se- - done ircludes assessment.of Cu accumulation in
curity. In addition to food security, the vegetable * a-few soils of coffee growing farms in Moshi
industry provides income and employment to “ (Mkindi; 1990), Lushoto (Baruti, 1997) and in
farmers and other workers (Nyange, 1994). How- - :some soils of tobacco and vegetable growing ar-
ever, diseases have threatened the continued culti- * eag ‘of southern Tanzanla (Semu and Smgh
vation of vegetables in major producing areas of 1996 Mwalilino, 1997).
the country, especially during rainy periods. To ~ - -In Irlnga district, Semu and Singh (1996)
control diseases and sustain production, fungicide ™ ?-found that soils under tomato production which
use jhas been indispensable. Copper (Cu) com- * had received Cu fungicides contained signifi-
pounds have been the most widely used fungicides ™ cantly‘(P<0.05) higher levels of total Cu than in
in vegetable production: But use of these com-  the-virginsoils. In'Lushoto; Baruti (1997) re-
pounds may lead to build-up or accumulation of " ported an average of 52 mg total Cu/kg soil in
their residues in the environment: . vegetable fields which had received Cu
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fungicides for more than 20 years. Mwalilino
(1977) reported that total ‘Cu was'significantly _
(P<0.05) higher in fung1c1de-treated vegetable
growing soil§ than in virgin ones in Mbeya dis-
trict.

" Hai district is one of the major vegetable pro-
ducing areas of Tanzania. Despite use of Cu fungi-
cides for a long time in that district, no studies
have been conducted to. evaluate accumulation of
Cu in soils in the district. Such studies would pro-
vide data on the basis of which recommendations
on the course of future use of Cu fungicides in the
district could be made. This study was, therefore,

. initiated to survey and to document the status of
-fungicide use in some tomato fields. Accumula-
tion of Cu and other heavy. metals in soils as a re-
‘sult of fungicide use was assessed. Because Cu in
high amounts is toxic to biological systems, ef-
fects of the Cu fungicide residues on soil microor-
. ganisms, which are the agents of. organic matter

decomposmon and nutnent cyc11ng, were assessed '

in those soils.

Matenals and Methods

ThlS study was undertaken in Hai D1str1ct .

which is situated in the Northeastern part of Tan-
zania, in Kilimanjaro Region. The District lies on

tween 2°50° and 3°29° South and 30°30” and
'37°18’ East. It has a bimodal rainfall pattern, of
which the long rains are from March to June, with
the short rains from October/November to Decem-
ber. Rainfall varies from 900mm in the lowland
areas to 1800mm in the lughlands The dom1nant
so1ls are volcanic and are deep, dark reddish, dark
,yellow1sh or brown clay loams on lower slopes.

The upper slopes have dark brown srlt loams over _. =

reddish brown silty clay loams. . e

.. A'survey was undertaken, usmg a questlon-
.naire, to document the main vegetable crops -
‘grown and different durations of t1me fung1c1des

have been used in various farms The duratlons )

were. grouped into short- term use of fung1c1des

(1-5 years), 1ntermed1ate term (6-14 years) and -

long-term ( 15-30 years) Locations, which prev1-
ously had not received intentional applrcatlons of
fungicides were identified and taken as being con-
trols. These were chosen away from the cultivated
fields, which receive fungicide treatments, so as to

i 0(4=c6mrol)' -
the Southwestern slopes of Mt. Kilimanjaro, be- . .

avoid unintentional fallout of fung1c1de residues
to them. "~
-Soil samples were collected in four rep11-

*"caies, at a depth of 0- -10cm. Two sets of samples

were collected. In‘one set, repl1cates were taken
within each field. In another set, entire fields
served as replicates: The sampled fields were
drawn from the different categories of duration

. of tomato_cultivation and,.hence, of fungicide

use as already described.

The soils were air-dried, ground and passed
through the 10 mesh (2mm) sieve. The soils’ pH
was determined in water (1:2.5 soil:water ratio)
(MacLean, 1982) using the glass electrode. Or-
ganic carbon (O.C.) was determined by .the wet
digestion-method of Walkley. and Black (Nelson .
and Sommers, 1982). These properties are pre-
sented in Table 1.-From those data, pH of the
soils was generally. around neutral, while O.C.
values were low t0 med1um e
Table 1: Some propertles of the sorls - -

. Duration of fungicide use, ywls Soil sampling protocal

-.wv . Replicates within Fields as repli-

o afield cew .. CAlES
R pH(water) A.ijI(wate_r)‘
%0.C. %0.C.

PUCIFEOI | ST .ﬂ, L .
7 6:8:0.1° 31017 6.7:0.2 4.2+ 1.0

1-5(=short term) 7.0:0.1 3.1:0.3 7.1:0.2 4.2:0.2

. 6-14)=medium term) 6.7+0.4 .2-5_.¢~()'l'r‘7:210.3 4.5:0:5
TN e e TR Tl ‘

e B e e e
e fepte . e N tare

15-30 (=long term) . 6.9:0.1 :2.9:04 7.0:0.3.5.3:04

Caasl oo ad oo

~
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" Total heavy metal contents of the SOllS were

“+.determined “using-an atom1c‘absorpt1on
. spectrophotometer'(AA\lS),‘following aqua regia

- digestion of the:samples-(Jeng and Bergseth,
-'1992)Copper, Zn-and. Mn in the soils were ex-
tracted using.0. OOSM DTPA:(Lindsay-and
-Norvell, 1978)and deterriiined using-AAS.

- ‘Viable microbial populatlons in the samples
were determined.in nutrient agar using the plate
count method (Wollum 1982). The petri dishes
were incubated at 25-28°C for 2 weeks and colo-
nies counted. The data were expressed as micro-
bial populations per gramme of soil and’ trans-



formed into logio:values prior to statistical analy-
sis. T e e Cor
Results and Dis‘c’uss’iOn

I R
Range of Vegetable crops grown in. Hal
District ~ ~° -

The different types of vegetables grown in the
surveyed sites 1nclude tomatoes (Lycoperstcum
esculentum), omons (Alxum cepa) egg plant
(Solanum melongena) ‘sweet pepper (Capsxcum
annuum) Carrots (Daucus carota) chlnese -cab-
bage (Brassica chmensxs) and ‘Afficaf’ spmach
(Amaranthus sp). Tomatoes -and sweet pepper ac-
count for appmxrmately 80% of all the vegetables
produced in this drstnct and feceive large quantl-
ties of Cu fung1c1des for controllmg dlseases ‘ B
~ InHai, these vegetables are sometlmes
mtercropped with maize or sunﬂower and in some
other cases they are’ ralsed as sole crop-in small
plots of less than 0.2 hectare. The maJorlty of
growers rotate’ vegetables with' other f1eld crops
such as maize; béans; or sunflower 7

Pests and therr control strategres in Hal dlS-
trict o b

The vegetable growers m the district face lugh
levels of pest infestation dunng the' vegetable pro-
duction cycle. Pest problems, espec1ally diseases,
have been exacerbated by thé fact that irrigation,
widely practised in the area, enables off-season
producuon from which the outbreak of secondary
inoculum isvery ‘high, resultmg in hlgh infection
rates. The main funigal ‘diseases are-late blight
(Phytophthora mfestans) and ‘Fusarium w1lt of to-
matoes, blight (Phytophthora palmxvora) of pep-
pers and white rot (Sclerotium cepivorim) of on-
1ons Use of fungicides, especially during rainy
seasons, becomes a prerequisite for crop. protec-
tion'and assurance of highyields. - - o

Farmers in the vegetable growing areas have
for long been using Cu fungicides such-as-those
bearing the trade names Blue copper, Red copper,
Cobox, Copper Nordox, Copper Sandoz, Recop,
Delan, and Kocide. Other formulations in use con-

~
Lo

tain Mn, and include trade names such as Brestan,’

Dithane, Ridomil, and Octave. These fungicides
are used especially on tomatoes and, to a:lesser
extent, on sweet pepper and oriions, to:control fun-
gal diseases. Other formulatlons which contain -
Mn (e.g. Maneb), Zn (e.g. Zineb),"and Mn.++Zn

(Mancozeb) may also have been'used as they have
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been ‘gazetted in-this country:in the past. The
rates of_fungicide use.are usually high during
rainy seasons. According to some; growers inter-
viewed, the amounts_of fungicide used'per plot
of 0:2 hectare in a single spray may range from
..0.5-3.0 kg of the product, depending on crop
‘growth stage. When the crop is young, with a
less developed canopy, the application rate is
lower than when the crop is well developed with
a full canopy. High rates are necessary because
the high humidity during rainy- seasons favours
and accelerates growth of pathogens leadmg to
increased levels of infestation. Also, following
" spraying, the pesticides are often washed away
by the rains, thus reducing their effectiveness.
This necessitates shorter intervals of spraying,
' eventually increasing the number of sprays and
. quantity ‘of fungicide used in the season.
"’%‘ -Again, the rates of application depend on
“availability of the fungicides. When a certain
¢ chemical is easily available, growers tend to
- overdose; thinking that the larger the dose the
better the control. When pesticides are scarce,
" growers tend to underdose in order to meet the
. prescribed number of sprayings. In Hai, where
““'pesticides are readily available, the tendency
usually has been to overdose. '

- After many years of fungicide use on these
vegetable plots; substantial amounts of heavy
metals such as Cu, Mn and Zn are likely to have
* accurnulated in these Hai soils. This is because
“metal removal from the top soil via crop uptake,

" and/or leaching to the sub-soil, are usually tela-
- UVely little (Lexmond, 1980).

. Distribution of heavy metals in soils of to;
mato. growing areas in relation to dura-. ’
tion of .fungicide use . .

Copper levels 1n the soils

The total and DTPA-extractable Cu in the

- soils are presented in Table 2. In the case where
--replicates were taken within a field, the total and

- “extractable Cu levels increased with increasing
duration of Cu fungicide use. Generally, the total

~_or DTPA-¢xtractable Cu.contents were signifi-

- cantly (P<0.05) higher in fungicide-treated soils
_than in control soils. No significant (P<0.05) dif-
ference ~was. observed  in. total or
DTPA-extractable Cu between short-and me-
- "dium.term soils.: ,
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Tible 2: . Copper. levels in the soils, mg/kg.

b ny TN

vy

Duration3of" funglcrde *Fields as repllcates

use, years - - - - s S
Tt Repliéate‘s‘_’wiﬂiinaﬁeld Fields as replicates
. ‘57'!" - .

Total Ci ° DTPA-Cu™ Total Cu DTPA-Cu

0=C) 10134:62.6c 52.1:6.1c 816:275.6¢ 33.3:3.6b

1-'5(='S’r) 31309:258.5b 3763:759b  1315:2732bc  2142:63.4b

?M(=ME)—' 3569.5:367.2b 4719:64.4b  24352:4421ab 268.6:85.6ab

15-30(=LT) - 7305.4:284.2a  1365.5:68.6a * 3100+99.0a 459.2: 146.4a

C=Conlrol; ST=Short term; MT=Medium term; LT= Long term.
Meang within a column followed by the same letter are not signifi-
cantly dllTerent at P<0.05 according to the Duncnn s New Multiple
Range T est 7 .

, Similarly, in the case where entire fields were
used as replicates; there were significantly
(P<0.05) higher total and extractable Cu contents
in the soils-of long term use of fungicides than in

the control ones.-There was no significant .

(P<0.05) dlfference in Cu contents between the *
short term and medium term sorls o

-The lack of significant drfference between
short and medium term soils may be due to- differ-
ential intensity -of fungicide use within the individ-
ual farms, such that some medium terin soils may
have received lower dosages while some short
term soils could have received hlgher doses of the
fungicides.

The trend of these data vis-a-vis duration of
fungicide use was generally similar in the two
sampling protocols. The difference between the
protocols was in the fact that higher Cu levels
. were found in the situation where replication was
done within each field than where fields were used
as replicates. The possible reasons for this differ-
ence may be related to differential intensity of
sampling between the two protocols. The lower
levels of Cu revealed from using fields as repli-
cates would mask the true levels of pollution due
to its low intensity of sampling, thereby leading to
erroneous conclusions. Thus. any sampling
programme should integrate replication within
fields to reflect the true situation. " :

From this study it was observed that the’ mean
Cu concentrations in the soils increased with in-
crease in duration of fungicides.use. The easy
availability of Cu-based fungicides from the
neighbouring villages ‘of Mbosho and Kibohehe,
where there is-intensive use of these fungicides in
coffee production. has facilitated their widespread

.. soils-of virgin sites.. ‘ .

use in'tomato production also. Apart from us-
ing Cu fungicides such as Kocide and Blue cop-
per to control fungal diseases, most growers also
use Red copper for enhancing ripening of tomato
fruits, especially during the cold season (Ndosi.
1998, personal.communication). In add1t10n
most growers use doses higher than those recom-

_ mended by manufacturers. With time, all these
- factors increased. the rate of bulld-up of Cu fun-

» gicide residues in these soils. with greater accu-
. mulation assocrated w1th longer durations of use
~of the fungicides. ... ..

According to Baker (1991) total Cu levels in
‘most uncontaminated soils averaged 30mg/kg
- while the normal range of Cu for most soils
based on extraction by DTPA was-0.1-2. 5mg/kg
(Sims and Johnson, 1991) Mwalilino- (1997)
found that total and DTPA-extractable Cu levels
in control soils of Mbeya:_'were 18.5.and
1.44mg/kg, respectively. In the present studies it
_was found that the total Cu levels in control smls
were 1013.4 and. 816. 8mg/kg. . \\ hile
DTPA-extractable Cu lei els were 52. 1 and
.-33.3mglkg. in the case where rephcatlons were
taken within a field and where ficlds were taken

. as replicates, respectively, These high levéls im-

- ply that Cu-based funglcldes may have been
~used in these sorls in the past. Perhaps some of
these soils had. been cropped to coffee or vegeta-
bles prevroush
The significantly hlgher amoums of total Cu
in the soils receiving copper funglcldes in ‘this
study agree with other ﬁndmgs Semu. and Smgh
(1996), working with sorls of tomato growing ar:
_eas of Iringa dlstrlct reported 51gmfrcant1x
. higher amounts of Cu in'soils with long term use
of fungicides compared to. those from virgin
sites. Similarly Baruti (1997) and Mwalllmo
(1997) revealed that sorlls of vegetable growmg
areas of Lushoto and Mbeya districts treated
-, with fungicides for long perlods had 51gmﬁ-
- cantly (P<0.05) hlgher Cu levels as compared to

3
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ch levels m the sorls

_There were no 51gmf1cant (P<0.05) d1ffer-
ences inthe total Zn levels between soils of fun-

- gicide treated.and ho_n-t_reated sites where repli-
-‘cates were taken within fields (Table 3). How-
-ever, DTPA-éxtractable Zn was significantly’
. higher in the long-tern fungicide-treated soils

-



compared to the rest. When fields were used as
replrcates there were srgmﬁcant (P<0.05) differ-
ences in the total as well’ -as in the
DTPA-extractable Zn levels between pesti-
cide-treated and non-treated soils.

The fact that the control soils; in’the case
where fields were used as replicates, had higher
Jevels of Zn compared to treated sités may -imply
that little or no Zn-based fungicides have been
used in this area. If they ever were used, it is prob-
able that small quantities-were used, and hence
their contribution to the Zn content of the soils
was insignificant.- . .

J

Manganese levels in the soils

The total and DTPA extractable Mn 1n the
soils are presented in Table 4. When repllcates
were taken within fields there were srgmflcant
(P<0.05) differences ' in 'total’ "and
DTPA-extractable Mn levels bétween control and
treated soils. No differences were obsérved when
fields served as replicates.

Table 3. Zinc levels in the soils, mg/kg

Duration of fungicide use; *Soil sampling protocoL D

(year) LSt c A
Replicates within a field . Fields as,replicates
Total an 3 °DTPA-Zn TotalZn' - (DTPA-Zn,
o=C) ~ 6209.8+364:92) 129.7:2.7b ¢ ;8_1.28:2:3(25;13» :~-13.}t 1;6b', K
1-5(=8T) 8128.1:8_1.8;1[\;_019.4:3.5&: ; 6502.5:2:4b 27:2*;3;5,"“
6-14(=MT)- 11379r4136317a vld,ltl,%b; ‘422|6.16:_520ch¢ j‘27r9‘16.2'b>
15-30(_=L_T) 3576.4:325.1a . 637+11.2a 5201.0¢1.2¢ ) _70.2:'18.3a _

C=Control;ST=Short term M'E——Medlum ter?n
LT=Long term.

Means within a column followed by the same letter
are not significantly different-at: P<0.05 according to
the Duncan s New, Multlple Range Test, , . «jr

e IO -
\ . PR Tk T

W
‘In both protocols of soil sampling there were
inconsistent trends of total and extractable'Mn
levels in the soil with relatiofi:to duration of fungi-
cide use. Also. levels of-Mn in control soils were
higher than those irt treated soils, This- implies that
levels of naturally occurring Mn are high and that
if there was any use of Mn-based fungicides in
this area, it must: ﬁnot,h_ave been extensive.; -,

Heavy metal contents of soils S

Table 4: Manganese levels in the soils, mgkg .

Duration of fungicide Soil sampling protocol
use ,

Fields as rq)licates
Total Mn DTPA-Mn
77379.8£61 13a 194.8:8.83.92

.4Re:phcates wrthm a field
- DTPA Mn
780 4+ 66 la

Year-
o=C)

.Total Mn
99813.4: 144.2a

1-5ST)  73250.6+134.]ab 629 2~40 4ab 64374:1.22 90.2+15.4a

CIUMT) 504979:432.6b 4326:390c 74453:7200a  1767:413

I-30LT 7282805341 7ab $89,0:249b 705522:540.6a 13015159

C=Control, ST=Short.tenn; MT=Mediurn (term;
"LT=Long ter: - - cenA
Means within a column followed by the same letter
are not significantly different at P<0.05 according
to.the: Duncan’s New Multiple Range Test- - '
Influence of heavy metals on mlcroblal
1populatlons m funglcrde-treated sorls
- One consequence of presence'of heavy met—
als in the environment is toxicity. to lrvmg organs
, isms;-including'soil microorganisms. The drstrr-
bution of total (viable)- microbial populatrons in
-the soils as influenced by the heavy metals is
presented.in Table.5: The: populations were sig-
“nificantly (P<0.05)-higher in control sites thanin
all the funglcrde-treated sites. -As-the duratron of
fungicide use increased the populations of mi-
“¢roorganisms-in those soils showed a consrs-
tently -decreasing trend, although the drfferences
. in populations between the treated sites them-
selves were not significant (P<0.05). - - -
This consistent trend of decrease of micro-
bial populatrons in soils with increasing duration
_of fungicide use implies that. the levels of heavy
_metals in-soils exerted deletenous effects on soil

-

> microorganisms and-that this reduced their num-

bers. This may be due to the fact that heavy met—
als interfere with metabolic activities of sorl mi-
.«croorganisms. For instance Hiroki (1991) found
: that simple bacteria as well as actinomycetes
were stronglv affected when soils contained
:310-751mg Cwkg. Chang and Broadbent (1981)
and Ohya et al.- (1985) reported a.decrease in mi-
.crobial-respiration in soils with high amounts of
‘Cu and Zn. Such effects may have operated in
“the present soils:which had high levels of- these
metals; leadmg tod reducnon in microbial popu-

--lations.-

.o
".)t-
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Table 5: Log10 of microbial population in the soils in rela-
tion to the duration of pesticide use

_Soil sampling protocol

Duration of fungicide use, years
’ ‘Replicates within a field

' Legm of microbial populations

®=C)y 64+0.2a
1-5 (=Sil)v 601035
614-MT), 54:01b
15-30(=LT)’ 5.1 £0.1b

C=Control; ST= Short term; MT=Medium term; LT=Long term.
Means within a column followed by the same letter are not signifi-
cantly different at P<0.05 according to the Duncan’s New Multiple
Range Test ¢ :

Relatlonshlps between heavy metals and
some soil propertles

Regressmn equations of total and
DTPA-extractable heavy metal contents on pH
and % organic ‘carbon are presented in Tables 6
and 7. In both. samplmg procedures no 51gmﬂcan1
‘relationship was found fo exist in these soﬂs be-
tween total or DTPA-extractabie Cu, Zn or Mn
and soil pH. But it was observed that where repli-
cates were taken within a field, total Mn was sig-
nificantly (P<0.05) and positively correlated with
the soils’ organic carbon content. In both sam-
pling procedures, DTPA-extractable Mn was cor-
related with organic carbon content. Where dif-
ferent fields served as replicates, total Cu was
significantly and positively correlated with or-
ganic carbon, while total Mn was significantly
but negatively correlated with organic carbon..

This lack of correlation between heavy metals
and soil pH may be due to the narrow range of pH
(6.7 - 7.2) in the present soils: However, the re-
sults obtained in this study agree with those of
Piper and Beckwith (1949) who found that cop-
per'was not affected much even over a wider
range of soil pH, between 4.5 and 7.5. Similar re-

sults have also been reported by Archer (1971)
and Brennan et al. (1980). ’

The positive comelatlons between total heavy
metals with soil organic carbon contents indicate
the contribution of soil organic matter in the re-
tention of heavy metals in these soils. This rela-
tionship will prolong the residence time as'well
as toxicity of these metals in this environment.
The positive and significant correlations pres-
ently observed agree with the findings of

Sangwan and Singh (1993) and Vadivelu and
Bandyopadhyay (1995). '

Table 6: Relationships between total heavy metals and
some soil properties. .

Y

Regression equation . , ) ., :Rz- Siéﬁﬂca.tié
A: Replicates _Lak_en‘wn:hin aﬁeq . ; . T
Total Cu = 11135.8.+ 21679 pH. - | 0,035: ( NS

Total Zn\i76388.7 - 8020.8 pH _* 0.002 NS, ¢
Total Mn=42315.6;+.18053.2.pH . 0.044 +.© NS

Total Cu=7044.5 - 1142.0 0.C 0.019 - NS

Total Zn=311022+11189.70.C 0016 . 'NS*'
Total Mn = 39149.8 + 419483 0.C  0.463 e

B: Fields taken as replicates

Total Cu=-127073+20762pH  0.223 NS
¥

Total Zn =2228.9 - 2310.6 pH 0167 7'Ns
v Sl L
Total Mn= 74508.6 - 400.2 pH 0.001 NS
| TotalCu=14037+39730.C . . _ 0045 % .
Total Zn=112856-11786 .0.C 024, ... NS
R : Y e Y g T
_Total Mn = ,

120656.9 - 109499 0.C -0.28 - ¥ e 9

- var

Table 7: Relatlonlhlps between DTPA - extractable heavy
metals and some soil properties .

NPERA

Regre-saion equation S S Si@iﬁcaht:e
_ A: Replicates taken Wi!hin‘a fied oo -
. Total Cu=11i358+2i67.9pH G035 NS

Total Zn = 76388.7- 80208 pH . < 0002- . NS

Total Mn=42315.6+'18053.2pH ~"-0.044°<-"".* NS

Total Cu = 7044.5 -142.0 0.C 0.019 " NS

Total Zn = 311022+ 11189.70.C 0016~ * NS

Total Mn = 39149.8 + 41483 O.C --.-0.463- . owe

B: Fields taken as replicates X

Total Cu=-127073 +2076.3pH 0223 N8

Total Zn =2228.9 - 2310, pH _-0.167 NS

"Total Mn= 74508.6 - 400.2pH - ~7"0.001 = = NS

Towl Cu=14037+38730C" |~ 0048 %"

Total Zn = 112856 - 1178.6 0.C| 024 " Ns

Total Mn = 120656.9 - 10949.9 o*c 028 *

1
/

Relatlonshlps between DTPA-extractable
metals and.total heavy metals . Y. -

Regression equatlons of DTPA-extractable
heavy metals on total heavy metals are presented
in Table 8 In both jsamplmg protocols,
extractable Cu and Mn were significantly
(P=0.05) and positively correlated with total Cu



and Mn. This positive correlation indicates that |

'the more total heavy metals there-are in soil, as
can be introduced via 1ntensrf1ed use of fungi- .
cides, the greater the-extent of extractability and,
probably, bioavailability- to ‘growing plants and
soil-inhabiting microorganisms:- Such mobilized
metals may be dispersed and-eventually may con-
taminate water resources. 'Long-‘terrn consumption
‘of contaminated crops ; and water may then affect
human health e

e . -
e P

Table 8: Relatlonshrps hetween DTPA extractahle heavy
metals and total heavy metals Coe

i RV LT

. PRI R A P
'Regression equation., . Signifi-
S * carice
BTSN
A: Replicates taken within a field N
. . . P
DTPA Cu=-237.9 + 0.2 T..Cu’ 098  **

' . I LN
DTPA Zn=33.5-0000084T.Zn = 0023 NS :
DTPA Mn= 98.6-+0.006-T. Mn' " -- 46.52 e

. o ’ e o '
B: Fields taken as replicates
DTPA Cu=-123.6+0.5T.Cu 072 L **
DTPA Zu= 562 +0.00072 TZi .. 040 NS
DTPA Mn=241.8 +0.09 T. Mn 002 - *

Relationships between miicrobial popula-
tions and sorl heavy metal contents

Regressmn equatrons of mlcroblal populatlons
(expressed as logio) ¢ on total and DTPA-extractable
heavy metals are presented ini Table 9. In both
sampling protocols microbial populations were
significantly and negatively correlated with total
Cu and DTPA -extractable Cu. The populations
were also significantly but positively correlated
with total Mn and DTPA-Mn.

The negative correlations observed in this
study indicate that Cu exerted deleterious effects
on some metabolic functrons of microorganisms
in these soils. An example is the inhibition of soil
microbial respiration (Bemhard etal., 1986). Sim-
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ilar results have been reported by some other re-

. searchers, . for example Entze,et.al..,.(.1989) and
- Philip (1998), who.found that microbial
populaions were reduced-in, soﬂs polluted with

heavy metals. ... . .-L.oo b CsuT

Table 9: Relationships between mlcroblal populatlons

v

and heavy metal contentsmsoll ws t
. M Dorirs, o F v,

N

. Regressipn equa'tion*‘" ) ~R®* 7 .- Significance
s -
* 1. A: Replicates taken within a field * - ot

Log,o CF.U=6.5-0.0002 Total Cu ) 0'57. B

| LoguCFU= 564 90006 Towl zo ' 015 ' NS
Logm c FU .y 4s+0 00003Total Mn = 0.59 s«

B Logro C F U —6 23 - 00009 DTPA Cu 0354 : ; hiid
._Logwc_f U-612-0012DTPA Zn - =019 | NS

.» Logio CF.U =4.38 +0.0022 DTPA Mn . 0.28 *

~Note: C.F.U= Colony Forming Units of microbial
population

_ . In conclusion, the: present study has shown
that long-term use of fungicides in Hai district

+;-has led to a build-up,of, Cu residues in those

. soils:-Soil organic matter contributed.to.the re-

. .tention of Cu in the: soils. The Cu fungicide resi-

dues reduced microbial populatiofis, .and this
may affect organic matter décomposition and
- plant nutrient cycling in these soils-
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