EXPERIMENTAL RESULTS
Field Study

Physico-chemical analysis of rice field soil

Results in table (1) revealed that, tlie pH values were alkaline, lie
with.in narrow limits 8.3 and 8.4, whereas electrical conductivity (E.C.) of
soil ranged between 1117 and 1407 p.mohs following thiobencarb and
pendimethalin treatments, while with pretilachlor it did not exceed 1112
u.mohs and in control 1150 p...mohs‘. The éontent of organic carbon in all
soil samples sustained 0.42, 048 and 048% with pretilachlor,
pendimethalin and thiobencarb, respectively while in control the percentage
was 0.57%. Calcium concent;ation 4in soil treated by pendimethalin
increased to rqach 22 ppm whereas the control was 17.5 ppm, however 15.4
ppm and 17 ppm were following pretilachlor and thiobencarb treatment,
respectively. The concentration of magnesium, potassium and sodium in
soils treated by herbicides was nearly equal to those of control. Chloridé
percentages in soil samples treated by herbicides were 0.007, 0.005 and
0.003% with pretilachlor, pendimethalin and t_ﬁiobencarb, re-spéctively but
in untreated soil it was 0.004%. The percentage of carbonate, bicarbonate,
nitrite and nitrate in soil treated by herbicides were in the range of controlr
levels. Sulfate in soil treated by thiobencarb aﬁd pretilachlor amounted to
9.9 and 18.3 ppm being less-than the control (31 ppm), v;rherea.s sulfate
concentration in case of pendimethalin treatment was 42.1 ppm.

Concentration of phosphate in soils treated by thiobencarb, pendimethalin
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and pretilachlﬁr were 2.0, 3.7 and 1.3 ppm, respectively which appeared to
be less than the control (4.2 ppm). Silicate level in soils treated by
herbicides were within the control level. Ammonia content in treated soils
exceeded that registered for control experiment, except thiobencarb

treatment which was equal to control value.

Algal flora of rice fields

Soil samples collectively harboured 30 algal species (Tables, 2 & 3).
QOut of these, 15 species belong to Cyahophyta, 11 to Chlorophyta, 3 to
Bacillariophyta and one to Xanthophyta Fig ( 1).

Cyanophyta species represented about 5 0% of total al gal flora of all soil
samples and these were dominated by Tolypothrix distoratu, Anubuacna
constricta, Oscillatoria trebriformis and Nostoc paludosum. Chlorophyta
sp’ecies constituted 36.7% of the total algal flora recorded from soil
samples and were represented by unicellular, colonial and filamentous
forms. The most dominant species were Chlamydomonas reinhardii,
Chlorelfa vulgafis and Tetracystis isobilaterallis. Bacillariophyta species
Navicula cuspidata, Hantzschia virgata and Nizschia filiformis constituted
10% of the recorded algal flora from soil samples. Xanthophyta was
represented only by Tribonema utriculosm. It was revealed that members of
blue green and coccoid green algae represented the predominant forms,
which has been found to have very high level of tolerance against many

agricultural chemicals.
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Response of algal flora to herbicides at Qalubia rice field during 1994
Effect of the three herbicides (thiobencarb, pendimethalin and
pretilachlor) used singly and in combinations at its récor_nmended doses on -
algal flora 6f Qalubia rice field revealed that algal community of the
experimented paddy rice field constituted of 30 spectes from four divisions.
Thirteen specie.s were of scanty countsl, so they were excluded: Cladophora
Crt’spata, Klebsormidium  flaccidium, Protococcus viridious,
Pseudoshizomeris caudata, and Ulothrix cylindricum from Chlorophyta;
Anabaena  helicoda,  Anabaena torulosa, Calothrix  braunii,
Dactylococcopsis  raphidioides | and Oscillatoria acuminata  from
Cyanophyta; Navicula cuspidata, Hontzschia virgata, and Nitzschia
amphibia from Bacillariophyta. The remaining seventeen species were -

responded to the applied herbicides quite differently as the following:

A- Tolerance response: table (6) shows that six species tolerated the
application of the three herbicides when applied singly or in combinations.
These were Anabaena constricta, Nostoc microscopicum, Protosiphon
botryoides,  Tetracystis isobilateralis, Tolypothrix distorta  and

Chlamydomonas reinhardii.

B- Stimulatory response: the data given in table (7) show that three of the
identified algae exhibited different 'stimulatory response to the application
of the three herbicides as follows: Oscillatoria trebrﬁbrmis showed
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stimulatory response to each of the three herbicides when applied singly or
in combinations. Anabaena contorta showed stimulatory response
synergized lately by the application of pretilachlor in combination with
either thiobencarb or pendimethalin but it was completely antagonized by
the combinations of the three herbicides all together. Chlorella vulgaris
exhibited stimulatory response to the application of pendimethalin when
applied singly; however, when it was applied as bnly thiobencarb or
pretilachlor or both together, the sti_1hillat0ry response weakene.d indicating
antaéonistic effect for thiobencarb and pretilachlor to the stimulatory effect

of pendimethalin.

C- Inhibitory response: data in table (8) revealed that the inhibitory
response to the application of the three herbicides was exhibited mainly by
contribution of eight species which are of rare counts. However, such
inhibitory response was of different types as follows: Anabaenopsis
circularis, Chlorella ellipsoidea and Anabaena spiroides were inhiﬁited by
any. combination of the three herbicides. Tribonema utriculosum and
Chlorococcum humicola exhibited slight growth inhibition due to single
application of the herbicides, but any combination of these herbicides lead
to effective inhibition on the growth of these two algae. Anabaena
variabilis, growth. decreased as a response to thiobencarb and
pendimethalin but not to pretilachlor, however, growth of this alga was
inhibited when these herbicides applied in combination. Nostoc paludosum
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exhibited early inhibitory response to the combination of pretilachlor with
thiobencarb and pendimethalin. Oscillatoria limosa growth decreased as a
response to the application of thiobencarb. Such inhibition prolonged to the
30th day of experimentation. It showed early slight inhibition to
pendimethalin through the first week only but tolerated pretilachlor.

Herbicides combination had no clear effect. .
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Table (4): Number of recorded algal species in soil collected from Qalubia rice field treated and

untreated by the different herbicides during summer 1994,

Ll .

Total

Herbicide treatment:
1=Control; 2=Thiobencarb; 3=Pendimethalin; 4=Pretilachlor

80

.Collection Sasr:llle | number
intervals N-g Chlorophyta | Cyanophyta | Bacillariophyta | Xanthophyta ()f
) species
1 5 7 2 1 15
One 2 4 4 - - 8
Day 3 6 5 1 - 12
4 4 6 1 - 11
1 5 11 - ] 17
One 2 5 9 - 1 15
week 3 5 8 ] I 15
4 4 8 - 1 13
1 3 6 - - 9
Two 2 4 6 - I 11
weeks 3 4 7 - 1 12
4 5 6 - ] 12
1 4 2 - - 6
One 2 5 3 - - 8
month 3. 5 4 - 1 10
4 7 3 - 1 11
1 5 6 - l 12
Two 2 4 6 1 - 1
months 3 3 4 - 1 8
4 3 7 - - 10
1 5 7 2 - 14
Three 2 6 6 - - 12
months 3 2 7 - - 9
4 5 7 - - 12




Table (5): Nurﬁber of recorded algal species in soil collected from Qalubia rice field treated by

combination of thiobencarb, pendimethalin and pretilachlor herbicides during summer 1994.
Soil ' Total
Collection Sample number
intervals N([: Chlorophyta | Cyanophyta | Bacillariophyta | Xanthophyta of
. species

5 3 4 - - 7
One 6 3 4 - - 7
Day 7 3 4 - - 7

8 5 3 1 - 9
i 5 5 6 - - 11
One 6 5 4 - - 9
week 7 4 4 - - 3
8 5 6 - - 11
5 5 4 - - 9
Two 6 2 6 - - 8
weeks 7 5 6 - - 11
8 2 6 - ; 8
: 5 3 6 - - 9
One 6 3 5 - - 8
month 7 4 4 . - 8
8 4 4 - - 8

5 3 6 - | 10
Two 6 2 5 I - 8
months 7 2 6 - ] 9.
8 5 4 - - 9

5 4 6 2 - 12

Three 6 4 8 - - 12
months 7 4 7 - - 11
8 3 7 - - 10

Herbicide treatment;:
5=Thiobencarb+Pendimethalin, 6=Thiobencarb+Pretilachlor; 7=Pendimethalin+Pretilachlor;

8=Thiobencarb+ Pendimethalin+ Pretilachlor
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‘Table (6): Tolerance response of some of the recorded algal species to herbicides application at
Qalubia rice field during summer 1994.
r ' Herbicides treatments ﬂ
Algal species |Period| Control B Singly | Combination
(days) 142 | 143 | 243 | 14243
1
7
Anabaena 14
constricta 30
60
90
1
7
- Nostoc 14
microscopicum | 30
60
90
1
-
Protosiphon 14
botryoides 30
60
90
1
7
Tetracystis 14
isobilateralis 30
: 60
90
1
7
Tolypothrix 14
Distorta 30
60
90
1
: 7
Chlamydomonas| 14
reinhardii 30
60
90
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Herbicide treatment:
1=Thiobencarb; 2=Pendimethalin; 3=Pretilachlor

Rank of algal occurrence:

H = high < 50 colonies
M = moderate 6 — 15 colonies
L=low 2 -5 colonies
R =rare one colony

-= not detected
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Table (7): Stimulatory response of some of the recorded algal species to herbicides application at
Qalubia rice field during summer 1994.
' ' Herbicides treatment |
Algal  |Period Control Singly Combination
species | (days) 2 1 133 | 2+3 | 14243
L 1
' 7
Oscillatoria| 14
trebriformis| 30
60
90
1
7
Anabaena | 14
contorta 30
60
90
1
-
Chlorella 14
vulgaris 30
60
-90
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Herbicide treatment:
1=Thiobencarb; 2=Pendimethalin; 3=Pretilachlor

Rank of algal occurrence:

H = high < 50 colonies
M = moderate 6 — 15 colonies
L=1low 2 -5 colonies
R =rare one colony

- = not detected
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Table (8): Inhibitory response of some of the recorded algal species to herbicides application at Qalubia rice field
during sununer 1994,
' "Herbicides treatments
Algal species | Period | Control Singly ' Combination
(days) 1 2 3 1+2 143 [ 243 14243
1 R - - - - - N N
7 R R R R - - - -
Anabaenopsis 14 - - - - - - - -
circularis 30 - - - - - - - -
60 - - - - - - - -
90 - - - - - - - -
1 - -
7 L L
Chiorella 14 - -
ellipsoidea 30 - R
60 - -
90 -
1 R
7 R | L
Anabaena 14 - .
spiroides 30 - - - . - - - -
60 - - - - - - .- -
90 '
1
7
Tribonema 14
utriculosum 30
60
90
1
-7
Chlorococcum 14
humicola 30
60
90
1
7
Anabaena 14
variabils 30
60
90
1
7
Nostoc 14
paludosum 30
60
20
1
2
Oscillatoria 14
limosa 30
60
90
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Herbicide treatment:
1=Thiobencarb; 2=Pendimethalin, 3=Pretilachlor

Rank of algal occurrence:

H = high < 50 colonies
M = moderate 6 —~ 15 colonies
L = low 2 =5 colonies
R =rare onc colony
- = not detected
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Species number

16

14-

12-

Chlorophyta

Bacillariophyta

Xanthophyta

Fig. (1): Algal flora of an Egyptian rice field at Qalubia during summer 1994.
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Laboratory study
I- Herbicides effect on growth and recovery of algae

1- Effect of thiobencarb on Protosiphon and its subsequent recovery
One-way ANOVA revealed a significant effect of thiobencarb on
Protosiphon botryoides incubated for 16 days in standard BBM for all growth
and physiological variables except carbohydrate content and gross
photosynthesis normalized to chlorqphyll a (Px™) (Table, 10). Specific
growth rate (u, days 2-8) significantly increased at low thiobencarb treatment,
but significantly decreased at the highcst concentration. Turbidity, cell
number, Chl a and DW vyields significantly decreased with increasing
thiobencarb concentration as presented in table (10) and illustrated in (Fig. 4).
Chl a (mg g' DW) decreased significantly with increasing thiobencarb
concentration. Dry weight normalized protein, but not carbohydrate content,
decreased significantly at the highest thiobencarb concentration. The ratio of
variable fluorescence to maximal fluorescence (F/Fy), which is a reliable
indicator of the photochemical efficiency of photosystem II decreased slightly
but significantly in the presence of thiobencarb. Gross photosynthesis

Chl

normalized to chlorophyll a (P,~") was not significantly affected by

thiobencarb, whereas dark respiration normalized to chlorophyll a (Rs™)
increased significantly at the highest thiobencarb concentration compared to
the control. |

During the recovery period after resuspension in thiobencarb-free

medium, specific growth rate (u), turbidity, cell number, Chl ¢ and DW

88



yields, and physiological measurements of Protosiphon botryoides were
increased to be in the range of control values, regardless of prior thiobencarb
exposure. The only exception was that cells recovered from 2 mg L’

thioben_cafb had significantly higher protein content than control.
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Fig. (4): Effect of thiobencarb on turbidity, cell number and chlorophyll 2 of
Protosiphon botryoides and its recovery. Means + SD (n=3).
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2- Effect of thiobencarb on Anabaena and its subsequent recovery
One-way ANOVA application  on growth and physiol-ogical
measurements of Anabaena variabilis incubated for 10 days in standard BG-
11 medium containing different fhiobencarb concentrations revealed a
significant effect of thiobencarb oﬁ Anabaena variabilis for all growth and
physiological variables, except gross photosynthesis normalized to chlorophyll

Chl

a (Pn"™) and dark respiration normalized to chlorophyll a (R¢™") as shown in

table (12). Spéciﬁc growth rate (u, days 2-6) significantly d-ecreés.ed at 1 and 2
mg L?, but not 3 mg L thiobencarb. Turbidity, Chl a and DW yields
significantly decreased with inci‘eésing thiobencarb con_ccnlration as presented
in table (12) and illustrated in Fig. (5). Chl a (mg g’ DW) decreased
significantly at 1 mg L™ thiobencarb, whereas it was not significantly affected
at the higher concentrations. Dry weight normalized protein decreased
significantly 1n the presence of thiobencarb, whereas carbohydrate content
significantly increésed at 2 and 3 mg L™ thiobencarb. Variable fluorescence to
maximal fluorescence (F./Fy), which is an indicator of the .photo'chemical
efficiency of photosystem II decreased slightly but significantly at 3 mg L’
thiobencarb. Gross P," increased significantly at 2 mg L compared to

control, whereas Ry™

was not significantly affected by thiobencarb. In
recovery experiment previously thiobencarb exposed Anabaena cells in
thiobencarb-free medium, none of the growth or physiological parameters

were significantly different from controls, except that for a higher

carbohydrate content in cells recovered from 3 mg L thiobencarb (Table, 12).
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Fig. (5): Effect of thiobencarb on turbidity and chlorophyll a of Anabaena variabilis
and its recovery. Means + SD (n=3).

96




3- Effect of simazine on Profosiphon and its subsequent recovery

One-way ANOVA revealed a significant éffect of simazine on
Protosiphon botryoides for all variables except Chl a (mg g' DW) ratio and
carbohydrate content (Table, 14). Specific growth rate (u, days 2-8)
significantly increased at low simazine treatment, but significantly decreased
at the highest concentration. Turbidity, cell numbér, Chl ¢ and DW yields
significantly decrea_sed atoYand a-s-mg L™ simazine conccntratidns as presented
in table (14) and illustrated in Fig. (6). Chl a (mg g DW) increased
significantly at 0.2 and 0.4 mg L simazine. Dry weight normalized protein
content increased significantly with increasing simazine concentration,
whereas carbohydrate content was not significantly affected by simazine.
Variable ﬂudrescence to maximal fluorescence (F,/Fy,), which 1s an indicator
of thé photochemical efficiency of photosystem II significantly decreased with
increasing simazine concentration (Table, 14). Gross photosynthesis
normalized té chlorophyll @ (P,") significantly decreased a_trthe highest
simazine concentration, whereas dark respiration normalized to chlorophyll a
(Rdcm) decreased significantly at 0.4 mg L' compared to the control. During
the recovery period after subculture in simazine-free medium, none of the
measured growth and photosynthetic parameters were significantly affected by

prior simazine exposure (Table, 14).
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Fig. (6): Effect of simazine on turbidity, cell number and chlorophyll aof
Protosiphon botryoides ad its recovery. Means + SD (n=3).
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4- Tffect of simazine on Anabaena and its subsequent recovery

Growth and physiological measurements of Anabaena variabilis
incubated for 10 days in standard BG-11 medium containing different
simazine concentrations, using One-way ANOVA revealed a significant effect
of simazine on all variables except specific growth rate (i) and variable
fluorescence to maximal fluorescence ratié (F/Fin) as presented in table (16).
" Specific growth rate (n, days 2-6) significantly decrcas_;zd at the highest
simazine treatments. Turbidity, Chl @ and DW vyields, and Chl a (mg g! DW)
significantly decreased with increasing simazine concentration as presented in
table (16) and iltustrated in Fig. (7). Dry weight normalized protein increased
significantly at 0.4 and 0.8 mg L' simazine, whereas carbohydrate content
significantly decreased at the highest concentration. F,/Fy, ratio was unaffected
by simazine. Gross photosynthesis normalized to chlorophyll a (Pmcm) ‘and
dark respiration normalized to chlorophyll a (Rdcm) were increased
significantly with increasing in simaziné dose as compared to control. After 10
days of subculture of Anabaena cells 1n simazine-free medium, some variables
(n, turbidity and P,.°™) were identified by Dunnett's test as significantly higher
in cultures previously exposed to simazine, although the ANOVA indicated no

significant treatment effect (Table, 16).

101



[1°0+%68'1 81'0¥10°¢C LO0FT6'L 91 0Fs8'1 T00FTP 0 ¢0'0¥88°0 000FST'L [1°0+£2°C o | skep ol
90'0F9¢'1 SUOFILL 60'0F6¢€1 SLOF8I'1 ZTO'OFIL0 0 0FOL O 60°0¥86°0 GLo+i8'1 T W skep §
o1 0F¢s'L 60°0F6Y'1 70'0¥8T'1 T1T0+LTL 70°0F€C0 - TOOFTS O TO'0+59°0 OLOFLO'T | o= ,w shep 9
0L'0¥860 €1 0FE60 0 0F6L°0 ZI0F9L0 ZO'OFLL O SO0FSE0 70°0+F6L 0 €1 0+990 m,m. skep ¢
TOOFTY'0  90°0FTr 0 80'0FLEO L1 0FSY0 100F61'0°  €00F0€0 £0'0F6L 0 01 0+vS 0 N skep T
10°0%00'1 90 0F00'1 TO'OFLEO LO0F68°0 100+FE1°0 [0°0F1¢°0 10°0F250 90'0+Z8°0 skep Q1
y0'0F6L 0 [0°0F080 TO0FELO $0'0+L9 0 00°0+11°0 10°0¥82°0 [0°0FLEQ SO'0F190 | _ 2 skep g8
€0'0+85°0 00°0F9¢°0 Z0°0%6v 0 YO’ 0FF1'0 00°0F60°0 10°0F02°0 10°0+LC0 0°0FSV 0 uV S | shep9
ZO'0F1E0 €0°0+8C0 10°0FLT O €0 0FPT 0 00'0+L0°0 10°0F21°0 00°0+¥1°0 €0'0F61°0 m\,m,.. sAep ¢
00021 0 10°0+01°0 Z0'0F11°0 10°0F60°0 00°0F90°0 [0°0+80°0 00°0F11C 10°0FP1L 0 shep
v\_—wE € ﬂ.AwE 7 ﬂ.AwE 1 jonuo) _-Aw:. € _.Aw_: v ﬁ.‘.—wE 1 [013uU0)) WY,
A19A009Y juaUI}BAI} [RIIIU]

(g=u) @S F suedN -K19A0091 Juanbasqns s

pUR Syj1qDLIDA DiDGDU U0 aurzewIs Jo 1091 (1) 9198l

102



g-7 SKep 1340 3781 IMOI3 oyioadg (1)

J
SN ) SN SN SN SN SN SN SN g VAONY
Kem-3u()
CFOH1- #xSEFTLL T00F6£0  11F6TI LFSrl S'0F9'¢S FIFLECE [1'0+68°1 +10°0F00°1 10°0F1€0 80
ceF9L- £38FSIL  COOFIVO S 61FELT [1FS+1 ¢'0F0'9 gI1FCECE 81°0%¥10°C «90°0F00' 1T +£0°0FCTC0 0
6l1FCE- SCFY9 mo.o._l,o*q CIF611 ekl 1'0FF'< [4 L2553 LO0FCTE' T Z0'0FL6'0 x90°0%T€0 N.o.
0CFSS- 0ZFE19 CO0FIKO  TIFS1 1 O1F6€1 COFRP'S PIFPPE 91'0%¢8'1 LOOF680 900FCT0 [onuo)
A19A029Y
* % 4% SN * ke 5k ke s ok —_— * ok SN VAONV
‘ Kem-2uQ
++01F6V" »xxCEF08L mo.OHmm.o x+001 ,***omﬂhmm x4V OFLY ***oﬂ.a wxxC00FTP 0 ##x10°0FET°0 +c0°0F80°0 80
+O0TF6E- »+x6TFELS CO0FTr 0  VIFIILI sk ETFRET #xab 0F8°C ok #SFEST #xxS0°0+88°0 «x% 10°0FI1L°0 1000F+1°0 A
+x01FPS- ***Nvﬂhov ZO0°0F1F0 9FEel E1F861 #a¥ OFF 9 wnxE1FCOT #xx000F6T1 «xx10°0FZS0  COOFPIO 0
8F¥61- 87FECET  TO0F3E0 97F0OV1 CIFLO1 9'0F6’ L wmﬂmwm 11T0¥FECTC 90'0¥¢8'0 90°0F81°'C jonucH
_.n.Eo_-m.NO [our Md,s duw 1 8w 1 3w 0sLyy P 1 3w
o Wgssoip  Yyrd oD umold PO Ma ) AnprqIn, o ewzZEwS

epn 100> d x4 -S0°0 > d « A1BNPUL STOTUOD 0 SIUSWELI} JO U0

JueoyusIs J0U ‘SN 1000 > d |
sueduiod papis-ouo spauun(J pue v AONY ABm-2uQ JO S1[NSY ‘(g=u) dS

+ sueopy 'spouiad 1940031 puE JUSWIEa} JUIZBUILS 70 (] Kep UO §j1qILDA DUIDGDUY JO sioyourered snayjudsojoyd pue Yimoln (91) 2[qel.

103



Recovery

fa—
T
1

Log Turbidity (A 7o)

0-01 1 I ] 1 ] 1 ]
Recovery
<1k R
3 _
«
& O Comrol
0 02mgl,
0.1 i A 04mgl
O 08mgL
] 1 L} i 1 1
2 6 10 2 6 10
Incubation days

Fig. (7): Effect of simazine on turbidity and chlorophyll aof Anabaena varabilis
and its recovery. Means £ SD (n=3).
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5. Effect of pendimethalin on Protosiphon and its subsequent recovery
Growth and phyéiological measurements of Protosiphon botryoides
incubated for 16 days in standard BBM contzﬁning different pendimethalin
concentra'tioné, using One-way ANOVA reﬁealed a significant effect of
- pendimethalin on P. botryoides for all variables except gross photosynthesis
normalized to chlorophyll a (PmCh') and dark respiration normalized to (RSM.
Specific growth rate (n, days 2-8), turbidity, cell number, Chl ¢ and DW
yields significantly decreased with increasing pendimethalin co—ncentraﬁon as
presented in fable (18) and illustrated in Fig. (8). Chl a (mg g DW) increased
at 0.25 mg L pendimethalin, but decreased at the highest concentration. Dry
weight normalized protein and carbohydrate content significantly increaséd
with increase in pendimethalin concentration. Variéble fluorescence 10
maximum fluorescence ratio (F./Fun) ratio was slightly but significantly
reduced at all concentrations of pendimethalin. ‘Gross Pm'cm significantly
decreased at the highest pendimethalin concentration, whereas Ry™ was
unaffected by pendimethalin. In contrast to thiobencarb and simazine, P.
botryoides did not. fully recover within 16 days after subculture in
pendimethalin-free medium as shown Table (1 8) and Fig. (8). Chl-a (mg g’
DW), protein, barbohydrate and Ry were not significantly different from
controls. However, p and gross P, were actually higher than controls giving

highly significant values, whereas other variables were still slightly lower.
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Fig. (8): Effect of pendimethalin on turbidity, cell number and chiorophyll aof
Protosiphon botryoides and its recovery. Means £ SD{(n=3).
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I1-Nitrate effect on herbicide toxicity

1-Nitrate effect on thiobencarb toxicity to Protosiphon

Growth and photosynthetic parameters were measured to study the
effect of nitrate concentration on the s.ensitivity of Protosiphon botryoides to
thiobencarb. With varying nitrate concentration at normal BBM media where
phosphate concentration was (1.7 mM), Two-way ANOVA revealed highly
significant effect of thiobencarb on all measured variables, whereas the effect
on specific growth rate was signiﬁcaﬁt. Effect of nitrate conbeﬁtration was
significant on turbidity, éell number, Chl @ and DW yields, Chl a (mg g DW)
and gross P, (Table, 19). Nitrate and thiobencarb ‘interaction significantly
affected turbidity, cells number and Chl a yield, Chl a (mg g’ DW), and gross
P, ™ Within each nitrate level, turbidity, cell number, Chl a and DW yields,
and Chl a (mg g! DW) ratio significantly decreased with increasing
thiobencarb concentration (Table, 19), whereas specific growth rate (u) was
unaffected when compared to control values. Comparing the effect of nitrate
level within each thiobencarb level (Figs. 9-11), turbidity, cell number and Chl
a yields switched from a negative nitrate effect in the absence of thiobencarb
to a positive nitrate effect at 2 and 3 mg L'l- thiobencarb. In contrast, DW yield
was positively related to nitrate at all thiobenc;arb concentrations (Fig. 10), and .
P,.“™ switched from a positive nitrate effect in controls to a negative effect in
the presence of thiobencarb (Fig. 11). The effect of thiobencarb on gross Pp "
was fluctuating, because of the strong interaction with nitrate and the absence

of an obvious trend with increasing thiobencarb. In contrast, R,“™ exhibited a
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clear increase in the presence of thiobencarb, and at 0, 1 and 2 mg L
thiobencarb, Ry decreased with increasing nitrate at thiobencarb higher

doses (Fig. 11).
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Fig. (9): Effect of nitrate interaction with thiobencarb on turbidity, cell number
and Chl a content of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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2-Nitrate effect on pendimethalin toxicity to Profosiphon

Growth and photosynthetic parameters were measured to study the
effect of nitrate concentration on the sensitivity of Protosiphon botryoides to
pendimethalin. With varying nitrate concentration BBM media where
phosphate concentration was (1.7 mM), Two-way ANOVA revealed 2
signiﬁcant primary effect of pendimethalin on all measured variables, and a
significant primary effect of nitrate concentration and nitrate with
pendimethalin interaction on turbidify, cells number, Chl ¢ and DW yields,
and gross P, (Table, 20). Within each nitrate level specific growth rate (p,
days 2-8) and turbidity, cell number, Chl o and DW vyields significantly
decreased with increasing pendimethalin concentfatio.n (Table, 20). Within
each pendimethalin level, turbidity, cell number, Chl ¢ and DW yields values
tended to decrease at 15 mM nitrate as compared with control nitrate leve]
(3mM), and at 0.25 mg L™ pendimethalin, biomass yield also decreased at 0.6
mM nitrate relative to normal BBM (3 mM nitrate; Fig, 12). Contrary to the
initial experiment (Table, 18), gross P,™ and dark respiration rate
significantly increased at 1 mg L' pendimethalin as compared to its control
(Table, 20). However, gross PmC'_11 dfd .not: increase following a 16 days

incubation period in the initia] time-dose experiment (Table, 18).
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Fig. (12): Effect of nitrate interaction with pendimethalin on turbidity, cell number
and Chi a content of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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Fig. (13): Effect of nitrate interaction with pendimethalin on DW, Chl a(mg g'DW)
and p of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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F /F_ of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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I11-Phosphate effect on herbicide toxicity

1-Phosphate effect on thiobencarb toxicity to Protosiphon

To test the effect of phosphate concentration on the sensitivity of
Protosiphon botryoides to thiobencarb, 'différent phosphate concentrations
were added to BBM media with nitrate concentration (3 mM) were conducted.
Two-way ANOVA revealed that both phosphate and thiobencarb si gnificantly
affected specific growtﬁ rate (i, days 2-8), turbidity, cell number, Chl @ and
DW vyields, F,/F, and gross PmC“'_ ThidbencarB also significantly affected Rg™"
whereas phosphate significantly affected Chl a (mg g' DW) (Table, 21).
Phosphate and thiobencarb interaction was significant only for of F./Fy ratio
and gross P, ™. Comparing thiobencarb treatments within different phésphate
levels, specific growth rate (1), turbidity, cells number, Chl a and DW yields.
decreased significantly at 2 and 3 mg L™ thiobencarb (Table, 21). Thiobencarb -
effect on p and biomass yield was low but significant, particularly at 5 mM
phosphate. .In the absence of thiobencarb, Iiigh phosphate level (5 mM)
reduced DW yield Fig. (16). However, turbidity, cell number and Chl a yields
in controls were inversely related to phosphorus concentrations (Fig. 15).
Phosphate at 5 mM level tended to increase the inhibitory effect of
thiobencarb on l;iomass yield especially at higher concéntration Fig. (15) and
specific growth rate (i) Fig. (16). In the absence of thiobencarb, gross P
and Ry™™ were positively related to nitrate (Fig. 11) and negatively related to
phosphate (Fig 17), this provides further evidence of a detrimental effect of

N:P<1 on P. botryoides. Chl a (mg g! DW) significantly increased due to
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increase in thiobencarb concentration at 0.6 and 1.7mM phosphate (Table, 21).
F./F,, variations were not obviously related to thiobencarb.. Gross P,
significantly increased at 3 mg ! thiobencarb at 1.7 & 5 mM phosphate

Chl

levels, while Ry significantly increased at 3 mg L' thiobencarb at all

phosphate levels.
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Fig. (15): Effect of phosphate interaction with thiobencarb on turbidity, cells number
and Chl a content of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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Fig. (16): Effect of phosphate interaction with thiobencarb on DW, Chl a(mg g’ DW)
and p of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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Fig. (17): Effect of phosphate interaction with thiobencarb on gross P ,R,and
F /F_ of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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2-Phosphate effect on thiobencarb toxicity to Anabaena

The effect of phosphate concentration on sensitivity of Anabaena
variabilis to thiobencarb was studied under diazotrophic conditions in BG-11
medium lacking a combined nitrogen source. Two-way ANOVA revealéd a
significant primary effecf of phosphate on all growth and p-hotoéynthetic
variables and a significant primary ¢ffect of thiobencarb on turbidity, Chl «
and DW vyields, Ch! @ (mg g' DW) and F\;/Fm (Table, 22). Phosphate and
thiobencarb interaction significantly affected Anabaena specific growth rate
(u, days 2-6), turbidity and -DW yields, Chl a (mg.g' DW) and gross P
Comparing thiobencarb treatments within phosphate levels, specific growth
rate (L) was not consistently related to thiobencarb concentration, but
turbidity, Chl a and DW yields significantly decreased with increasing |
thiobencarb concentration (Table, 22). F,/F, had no significant differences
with respect to the control at all thiobencarb treatments, but it is highly
affected by phosphate level (Fig. 20). Gross P, & Ry™™ nonsignificantly
affected by thiobencarb, whiie significantly affected by phosphate level (Fig.
20). At 0.06 mM phosphate gross P,“™ tended to decrease its values lower
than at the highest phosphate levels whiéh mean that low phosphate

concentration increase the inhibitory effect, while the highest level decrease it.
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Fig. (18): Effect of phosphate interaction with thiobencarb on turbidity, Chi a
content and DW of Anabaena variabilis after 10 days incubation. Means £ SD (n=3)
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Fig. (19): Effect of phosphate interaction with thiobehcarb on Chl/DW
and p of Anabaena variabilis after 10 days incubation. Means £ SD (n=3)
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Fig. (20): Effect of phosphate interaction with thiobencarb on gross P, R,
and F /F  of Anabacna variabilis after 10 days incubation. Means + SD (n=3)
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3-Phosphate effect oh pendimethalin toxicity to Protosiphon

To test the effect of phosphaté concentration on the sensitivity of ’rotosiphon
to pendimethalin, different phosphate concentrations were conducted to BBM
media with constant nitrate level (3 mM). Two-way “ANOVA revealed that
turbidity, cell number, Chl @ and DW "yields and F,/F,, were significantly
affected by phosphate, while all variables except Chl a (mg g! DW) were
significantly affected by pendimethalin. Phosphate and pendimethalin
interaction significantly affected all biomass yields (Table, 23). ‘Comparing
pe-ndimethalin treatments within phosphate levels, specific growth rate (u,
days 2-8), turbidity, cells number, Chl 4 and DW yields decreased
continuously with increasing pendimethalin concentration (Table, 23). High
phosphate level (8.5 mM) reduced turbidity, cells number, Chl ¢ and DW
yields, as previously observed in the thiobencarb experiment, again
confirming the detrimental effect of N:P<l on Protosiphoh_ borryoides.'
Biomass yields were inversely related to both phosphate and pendimethalin
concentrations (Figs 21 & 22). Chl a (mg g DW) and in general F./F,, were

Chl

unaffected by pendimethalin. Gross Py, significantly increased at 1 mg L

Chl

pendimethalin at all phosphate levels, while Rq significantly increased only

at 8.5 mM phosphate.
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Fig. (21): Effect of phosphate interaction with pendimethalin on turbidity, cells number
and Chl a content of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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Fig. (22): Effect of phosphate interaction with pendimethalin on DW, Chl 2(mg g'DW)
and p of Protosiphon botryoides after 16 days incubation. Means + 8D (n=3)
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Fig. (23): Effect of phosphate interaction with pendimethalin on gross P, R, and
F/F, of Protosiphon botryoides after 16 days incubation. Means + SD (n=3)
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IV-Herbicides uptake by algac

Uptdke of herbicide by algae was determined by measuring its residue
mm culture medium at fhe end of incubation period. The method used to
quantify thiobencarb uptake did not distinguish between absorption and
adsorption to the algal cells, therefore the term uptake is used to designate th_e
combination of these two processes (Neumann et al, 1987; Manthey et al,,
1993). Different thidbcncarb concentrations were added to uninoculated
culture media as control samples and to algal cul.tures placed under the
optimum growth oonditioﬁs to determine the rate of herbicide loss through

biotic and abiotic processes.

1-Thiobencarb uptake by Protosiphon

The entire content of Protosiphon cultures and control media (without
algal cells) were harvested aﬁef 16 days to show the partitioning of
thiobencarb residue. Residual thiobencarb concentrations in control medium
and culture medium, but 1110t in cells, increased progressively with increasing
initial thiobencarb addition (Table 24 & Fig. 24). About half of the
thiobencarb was detected after 16 days in sterile control media, but <5%
remained in algal culture media and <2% in the tissue. The decrease may be

due to either degraded, volatilized or adhered to the culture flasks.
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2-Thiobencarb uptake by Anabaena -

The entire content of Anabaena cultures and control media (without
algal cells) Were harvested after 10 days to show the partitioning of
thiobencarb residue. Residual thiobencarb concentrations in contrp] medium
and culture medium increased progressively with increasing initial
thiobencarb addition, and residual thiobencarb concentrations were negligible
in cells (Table 24 & Fig 24). About one-third of the thiobencarb was detected
after 10 days in sterile control media, but <16% remained in algal culture
media and 2% in the cells. The decrease may be due to either degradation,
volatilization or gdherihg to the culture flasks. Generally, maximum uptake
level was attained in the presence of low thiobencarb concentration where

growth measurements for both of Protosiphon and Anabaena were at their

highest values.
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Table (24): Residual thiobencarb concentration (mg L™} in Protosiphon
botryoides and Anabaena variabilis cultures and uninoculated control media.
Means + SD (n=3). In all thiobencarb treatments, culture media and cells
contained significantly (P < 0.01) less thiobencarb residue than control media

without algae. N.D.. not detected.

Protosiphon botryoides

Initial thiobencarb
1 mg L! 2mg L 3Img L'
Residual thioben_carb
Control media 0411% 0_.219 1.255+£ 0205 | 1.544+0.199
Culture media 0.009+ 0.002 0.023+£0.009 | 0.169+0.274
Cells 0.022+ 0.013 0;028i 0.014 | 0.022+0.014
Anabaena variabilis
Control media 0.346+:0.033 { 0.792+£0.115 | 1.073+0.249
Culture media 0.004+ 0.002 0.29+ 0.023 (0.484+ 0.028
Cells 0.021+0.001 | 0.005£0.005 | 0.001+0.000
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Fig (24): Residual thiobencarb concentrations extracted from treated Profosiphon
and Anabaena culiure media, tissues and its control.
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