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ABSTRACT

Two pot experiments were conducted during two growing seasons, 2001-
2002 at greenhouse of National Research Centre, Dokki, Cairo, Egypt to study the
influence of Thicbencarb herbicide and Sitosterol on rice plant (Oryza sativa L ) cv.
G177 . Thiobencarb herbicide concentrations (2,4 and 6 mifl ) were applied at 8 days
from transplanting. Sitosterol concentrations(100 and 200 mg/l) were sprayed after 7
days from Thiobencarb application the main finding could be summarized as
following :

Thiobencarb significantly decreased root and vegetative characteristics ,
yield, photosynthetic pigments of flag leaf , sugars , protein and indoles contents of all
rice plant orgrans . However , it increased free amino acids and total phenole
contents at leaf tube and grain ripe stages. Sitosterol application had stimulatory
improvement the previous characters . Thiobencarb and Sitosterol combinations
significantly improved root , vegetative and yield and its components compared with
Thiobencarb treatment alone especially 2ml/l Thiobencarb and 200 mg/ Sitosterol .
Sitosterol at 200 mg/l significantly improved all growth characters of root, vegetative
and yield of rice plant . Also , these treatments significantly increased root soluble
sugars , total phenols at leaf tube stage and decreased free amino acids content .
There were significant increases in sugars , protein, free amino acids and total phenol
contents of vegetative growth, photosynthetic pigments of flag leaf and grain
biochemical contents at the physiological stages . Sitosterol at 200 mg/t with
Thiobencarb levels was more effective on root and vegetative growth.

Keywords: Thiobencarb , Sitosterol , Root growth, Vegetative growth Biochemical

constituents .
INTRODUCTION

Thiobencarb has become important tool in the light of reducing
weeds and increasing the efficiency of other cultural practice. While, it causes
injury to rice plant as inhibition of photosynthesis, respiration, reduce
glutathione and the enzyme glutathione - S - Transferase levels ( Fedtke,
1982). Thiobencarb was found to reduce the activity of nbonuclease at 72 h
after treatment in rice seedling while Deoxyribonuclease activity is increased.
Maximum activity of Deoxyribonuclease in rice was observed during the 96 h
after treatmen (Jitender ef a/., 1995) . Thiobencarb phytotoxicity appeared as
inhibition of germination, shoot and root growth of rice that was due to
straight chain substitutes. There was an inhibition of alpha amylase
biosynthesis in rice seeds also , Thiocbencarb inhibited Indole - 3 - acetic acid
and induced cell elongation ( Chon and Guh, 1995; Chun et af., 1995a and
Chun et al,1995b). Thiobencarb phytoxicity include inhibition of plant
elongation and tillering stage in transplanted rice seedlings . Sg, the herbicide
was more toxic to nursery stage seedlings than to young seedlings. Inhibition
of leaf elongation was more pronounced and showed one leaf less in nursery
stage seedlings . While in the root system, inhibition of elongation and
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distortion of the basal portion of crown roots were observed after herbicide
application, the number of crown roots decreased and their efongation was
strongly inhibited in nursery stage seedling than in young seedling (Fujita
1996) Sitosterol was used to overcome these harmful effects of Thiobencarb
on rice plant.

Sitosterol is the major compound of the steroids that are phytosterois
(Deliu et al., 1992) . Brassinosteroid promoted root growth. Amylase activity
was associated with root growth, root weight, root: shoot ratio and rooting
ability were significantly increased with brassinosteroid application (Wang
and Deng, 1992)and Fujii and Saka (2001). Additionally, rice lamina joint
inclination increased with brassinosteroid concentration and exposure period
. Etiolated lamina were more sensitive to Brassinosteriod than green lamina .
The brassionsteriod induced inclination was accompanied by increased
lamina fresh weight, totai water content, free water content, proton extrusion
and ethylene and decreased bound water content (Cao and Chen 1995) .
Brassinosteriod gave the greatest shoot height, seedling dry weight,
chiorophyll concentration, root dehydrogenase activity and activity of aipha
and beta amylase (Wang and Wang,1997) So, brassinosteroid couid
stimulate a variety of physiological processes including changes in enzymatic
activities, membrane potential , DNA, RNA and protein synthesis,
photosynthetic activity and. changes in the balance of the endogenous
phytohormones (Mandava 1988and Szekers and Konez,1998). High leaf area
index (LAI), increased accumulation of chlorophylls , higher soluble protein
content and higher Nitrate reeducates activity were evident in the treated rice
ptant with brassinosteroid resulting in increased biomass accumulation .
Increased number of spikelets and reduction in spikelet sterility contributed to
higher yield (Maibangsa ef a/ ., 2000) Sitosterol had stimulatory effect on
vascular differentiation, thickness of the upper epidermal layer, mesophyll
tissue layer , photosynthetic pigments, growth and yield as well as chemical
composition of wheat Abd El -Wahed et al. (2001).

Therefore , the objective of the present investigation is to an attempt
to overcome the harmful effect of the herbicide (Thiobencarb ) on rice by
adding Sitosterol .

MATERIALS AND METHEDOS

The experiments were conducted to study the influence of
Thiobencarb and Sitosterol effect on rice (Oryza sativa L.) during 2001 and
2002 seasons under green house condition at National Reseach Centre,
Dokki, Cairo.

Herbicide: one herbicide was used in this work {Thiobencarb
(Saturn.) : S (4 — chiorobenzyl) N,N diethyl thiocarbamate} at three
concentrations 2, 4 and 6 mll ., Sitosterol at two concentrations (100 and
200 mgi.) as well as control. Thiobencarb treatments were added after 8
days from rice transplanting and Sitosterol treatments were added after 7
days from Thiobencarb application . Grain of rice (Oryza sativa L.) cultivar G
177 were sown at 18 May in pots with clay soil . Rice seedlings were
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transplanted after 30 days to permanent soil at 18 June in two seasons in
pots No. 40 contained Shills (15 plants / pot ) . The following treatments were
applied - ‘

1- Control

2- Thiobencarb at 2miA .

3- Sitosterol at 100 mg/|

4- Thiobencarb at 2ml/l + Sitosterol at 100mg/l .

5- Thiobencarb at 2ml/l + Sitosterol at 200mg/l.

6 Thiobencarb at 4ml/l + Sitosterol at 100mg/! .

7- Thiobencarb at 4ml/l + Sitosterol . at 200mg/l .

8- Thiobencarb at6mi/l + Sitosterol at 100mg/l .

9- Thiobencarb at 6ml/l + Sitosterol at 200mg/l.

The experiment was arranged as a complete randomized block
design with three replications . Calcium superphosphate fertilizer (15-5% P2
05 ) was added to soil pretrasplanting at 6 gm / pot . Nitrogen fertilizer at a
rate of 24 gm as urea (46 % N ) was also added at a rate of 24 gram/pot at
three equal doses (21, 30 and 39 ) days from transplanting .

Growth and yield measurements :

Growth measurements were taken at leaf tube stage (55 days after
transplanting) and ripe grain stage (110 days from transplanting ), yield and
its components were determined at late stage . Root measurements (length ,
fresh and dry weight ) were also taken as well as, vegetative growth
measurements (plant height , fresh, dry weight and root : shoot ratio) and
flag leaf area determined at milk stage , yield and its components ( length ,
spikelet number , grain number, empty grain number/ panicle , grain yield /
plant and 100 grain weight .

Biochemical constituents:

Photosynthetic pigments (chlorophyll a,b and carotenoids) were
determined in fresh flag leaves according to Saric et al .(1967) .Root |, top and
grain samples were dried in a ventilated oven at 70 °; then finally ground in
stainless steel mill to determine total, soluble and nonsoluble sugars
according to Dubois et al. (1956) , protein percentage was calculated
according to A.O.A.C. (1975) as well as free amino acids according to
Plummer (1978) , total phenols according to Daniel and George (1972) and
total indoles according to Glickmann and Dessaux (1995). Statistical analysis
of data were carried out for analysis of variance as described of by Snedcor
and Cochran (1980). L.S.D. at 5% level of probability was used to compare
between means .

RESULTS AND DTSCUSSION

Effect of herbicide and Sitosterol on rice plant :
In this study rice cv. Giza 177 was cultivated for two consecutive
years 2001 and 2002 under the effect of the tested compounds i.e.
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Thiobencarb and Sitosterol and the average of the two year values of all
data were calculated .

Thiobencarb and Sitosterol effect of on roots :
Data presented in Table 1 show that Thiobencarb alone , Sitosterol
alone, and Thiobencarb at high dose with Sitosterol at low dose caused

significant decrease in mean values of root fresh and dry weight when

compared with control and other combinations at all physiological stages.
Thiobencarb at 2ml/| with Sitosterol at 200mg/i gave pronounced effect for
root dry weight at all stages. The other combinations were insignificantly
affected compared with control. The highest root length was obtained by
using Sitosterol alone. Thicbencarb alone and Thiobencarb at high dose with
Sitosterol at two doses decreased the root length at grain ripe stage . These
data showed that Sitosterol was more effective to avoid the effect of
Thiobencarb on rice root growth characters. Our data are in agreement with
those obtained by (Chon and Guh 1995, Chun et al,, 1995 a) who reported
that Thiobencarb application inhibited root growth of rice, Indole - 3 acetic
acid and cell elongation . Thiobencarb phytotoxicity appeared in transplanted
rice seedlings. While, the root system inhibition of elongation and distartion of
the basal portion of crown root were observed after herbicide application
(Fujita 1996) . On the other hand, Sitosterol is the major compound of the
steroids that are phytosterols ( Deliu et al., 1992}, that was related to auxin
and cytokinin in Euphoria characias cali ( Fernandes et al., 1992) .

Table 1: Effect of thiobencarb and sitosterol on root characterstitic

Leaf tube stage Grain ripe stage
Root fresh| Root dry | Root |Root fresh|Root dry
Treatments weight weighl;y length| weight | weight

{gm) (gm) | (cm) {gm) (gm)
Control 2.15 0.59 124 3.0 0.40
[Thiobencarb2mi/L. 1.21 0.18 9.5 1.7 0.42
Sitosterol 100 mg /L. 1.73 032 | 145 25 0.43
Thiobencarb2mL + Stiosterol 100m 2.21 0.58 11.2 23 0.57
[Thiobencarb2mL + Stiosterol 200m: 2.80 0.77 11.3 2.4 0.71

217 0.56 104 | ~ 21 0.45
2.57 0.60 | 10.9 2.5 0.51
1.63 0.46 9.9 1.7 0.40
2.10 0.60 110.0 2.5 0.59
0.72 0.05 24 0.9 0.17

hiobencarb 4mL + Sitosterol 100m

hiobencarb2ml + Stiosterol 200 m

hiobencarb 6mL + Stiosterol100m
Thiobencarb 6mL + Stiosterol200m
L .S.D. at5%

Thiobencarb and Sitosterol effect of on vegetative growth
characteristics :-

It is evident from Tabie 2 that significant differences in rice growth
characteristics of vegetative growth at leaf tub stage and ripe stages . At leaf
tube stage , plant height, plant dry weight and root : shoot ratio gave
significant differences between treatments . Sitosterol alone at 100mg/l gave
the highest plant height at this stage while , Thiobencarb at 6 ml/l with 100
mg/l Sitosterol and Thiobencarb alone at 2mll gave the lowest piant height
when compared with the other treatments and control . '
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Table 2: Effect of thiobencarb and sitosterol on rice plant charaters.

Treatments leaf tube stage s Ripe grain stage :
plant helgl_\t plant fresh | plant dry sl?::t plant plant fresh plantdry | Number of 2:" :;.t
{cm) wplght (om)} welght (gm) ratio heigth{cm)| weight (gm)| weight (gm) | titler/ plant ratio
Control - 59.1 9.0 1.6 0.39 80.8 15.8 4.5 25 0.13
Thiobencarb 2mL/L 555 10.6 1.5 0.13 79.0 8.3 4.4 2.5 0.11
Sitosterol 100 mg/L. 78.1 9.7 1.6 0.21 82.5 10.9 3.2 2.3 0.14
Thiobencarb 2mi+Sitosterol 100 -76.5 8.7 2.5 0,23 87.5 9.5 3.2 3.3 0.18
_IThiobencarb 2m! + Sitosterol 66.8 9.8 2.8 0.27 91.3 17 4.8 35 0.15
200mg ' '
[Thiobencarb 4mL+ Sitostero! 83.3 - 95 21 0.17 85.3 9.1 24 3.3 0.16
100mg '
“fThiobencarb 2ml + Sitosterol 5§7.3 11.9 286 029-| 858 11.9 3.0 33 0.17
00mg _ _ .
Thiobencarb 6mL+ Sitosterol 50.3 8.0 1.9 0.20 | 84.0 9.0 23 3.3 017
100mg , '
Thiobencarb 2ml + Sitosterol 64.0 94 23 0.29 95.0 9.6 28 3.8 0.21
00mg
... S .D. at 5% 5.9 NS 0.9 0.11 NS 4.0 1.8 0.7 NS

£00Z ‘Y21eW ‘(£)8Z “Alun Binosuey ‘198 “LbY
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Thiobencarb at 2mi/l with Sitosterol at 100 mg/l or 200mg/l gave the
second rank at this stage . Plant dry weight showed significant variation
between treatments . Thiobencarb with Sitosterol gave the heighest dry
weight while , Thiobencarb alone , Sitosterol and control gave the lowest dry
weight when compared with other treatments . The same trend was obtained
with root : shoot ratio and plant fresh weight affected were insignificantly at
this stage.

At ripe stage, plant fresh weight , plant dry weight and number of
tillers / plant gave significant variation between treatments except plant height
and shoot :root ratio .The highest number of tillers / plant was obtained by
using Thiobencarb at 6ml/l with Sitosterol at 200mg/| and Thiobencarb at 2m/l
with 200mg/l Sitosterol. It appeared that Thiobencarb alone at 2ml/
phytotoxicity was continual at all developmental stages of rice . These results
are in agreement with those obtained by (Chon and Guh 1995, Chun et af .
1995 a, Chun et al. 1995 b and Fujita 1996 ) who reported that Thiobencarb
inhibited germination , shoot, root growth , plant elongation and tillering of
rice plant . In this trend Mandava 1988 , Wang and Deng, 1992 , Cao and
Chen 1995 , Abd EL Samie and EL Bially 1996, Szekers and Konez , 1998
found that increasing Brassionsteroid concentration promoted root : shoot
ratio as well as rice lamina inclination .

Influence of Thiobencarb and Sitosterol on flag leaf characteristics :

The data in Table 3 showed that all flag leaf characters ( fresh , dry
weight and leaf area) were significantly increased with Thiobencarb and
Sitosterol levels as foliar applications compared with control at all
physiological stages except fresh weight at leaf tube stage. Flag leaf
characteristics were significantly decreased with increasing Thiobencarb
level. Thiobencarb at 2ml/l with 100 or 200 mg/l Sitosterol treatments were
more effective on flag leaf characteristics in developmental stages.

Table 3: Effect of thiobencarb and sitosterol on flag leaf charaters.

Leaf Tube Stage | Milk Stage Ripe Grain Stage
Treatments Fresh |Dryweight| Flag Leaf (Fresh weight|Dry weight
weight (gm {gm) area (cm)2 (gm) (gm)
iControl 0.44 0.19 20.5 0.19 0.13
Thiobencarb 2mbL /L 0.39 0.18 21.5 0.17 0.12 |
Sitosterol 100mg/L 0.43 0.18 23.3 0.16 0.11
hiobencarb 2mt_+Sitosterol 0.43 0.17 25.3 0.26 0.13
100mg
R 200mg 0.44 0.17 27.3 0.36 0.15
" 4mL+ " 100mg 0.46 0.14 20.8 0.23 0.14
" " 200m: 0.35 0.20 219 0.27 0.15
" eémL+ " 100mg | 0.35 0.14 22.3 0.18 0.09
" A 200m: 0.33 0.15 23.8 0. 30 0.16
L.S.Dat 5% NS 0.04 27 0.11 0.04

Sitosterol at 200 mg/ with Thiobencarb at 2 and 4ml/l gave significant
stimulation for increasing resistance ability of rice plant to Thiobencarb
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application. it appeared that Sitosterol concentrations were sufficient to
avoid the phytotoxicity of Thiobencarb on rice plant. It could be due to its
ability to overcome the inhibitory effect of the herbicide . These results were
in agreement with those reported by Chon and Guh (1995), Chun et al.
(1995) and Fuijita (1996) who found that thiobencarb inhibited leaf elongation
and straw yield . However , LAl and higher Nitrate reeducates (NR ase)
activity were evident in the treated rice plant with brassinosteroid resulting in
increased biomass accumulation (Maibangsa et al. 2000) .On the other hand
, Sitosterol had stimulatory effect on flag leaf structure of wheat ( Abd EL.
Wahed et al., 2001 ) .

Influence of Thiobencarb and Sitosterol on rice yield and its
components:- .

Thiobencarb and Sitosterol treatments on rice plant resulted ina
substantial increase in grain weight/ plant as reflected in increments in yield
components recorded in Table 4 . Significant increases in grains yield / plant
were related to Thiobencarb with Sitosterol concentrations . From data in
Table 4 , it appeared that all characters except spikelets number / panicle and
100 grain weight were significantly affected by Thiobencarb, Sitosterol and
their combinations especially Thiobencarb 2ml/t with 200mg # Sitosterol
which mostly gave the highest mean values in the number of grain / panicle
and also in the grain weight /panicle as well as grain yield / plant .

Table 4: Effect of thiobencarb and sitosterol on yield and its component
of rice plant.

Grain | Grain | 100 -
weight /] yield | grain
Panicl | /plant | weight
(gm) | (gm) | (gm)

Panicle| Number of| Grain |Empty
Treatments length | spikelets / | number/ [grains /|
(cm) | panicle | Panicle [Panicle

[Control 18.9 | - 8.9 78.0 1163 14 | 3.0 [2.50]
hiobencarb 2mL /L 15.5 8.2 71.0 [ 132 14 | 28 |2.33
Sitosterol 100 mg/ L ~ 191 9.6 963 (239] 18 [ 39 | 252

Thiobencarb 2mL+ Sitosterol | 18.5 9.9 909 | 74 | 22 | 3.7 | 248
100mg :

"+ " 200mg{19.0| 10.0 (1042 | 162 2.3 | 6.2 | 2.58

" _4mlL+ " 100mg | 16.9 8.7 83.0 1147 1.7 | 37 |2.39

" o+ " 200mg | 18.1 9.8 10151163 ] 2.0 | 43 | 242

" _6mL+ " 100mg | 19.6 7.8 686 13.7 ] 1.7 | 35 | 2.56

N S 200mg | 18.0 9.1 899 1156 ] 18 | 3.7 [ 2.1
L.S.D .at5% 1.0 NS ]120.0 (66 |0.5] 16 | NS

Although the decrease the mentioned characters with increasing
Thiobencarb level . This effect could be due to the enhancement of root
growth and criteria of vegetative growth of rice plant, panicle length, grain
number /panicle, grain weight and panicle . These results are in accordance
with Abd EI Samie and El Bially , 1996 who found that panicle numbers / m?
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grain number / panicle and panicle length were in rice cultivar as response
to Thiobencarb application . On the other hand , Basudey et al. (1997) and
Brar and Kolar ( 1997) reported that grain yield and its components in rice
plant increased with thiobencarb application. On the other side, Abd EL -
Wahed (2001) found that Sitosterol application was significantly increased
spikelet number / spike ,1000 grain weight of wheat. So, plant yield and
grains number /row in maize plant with Sitosterol treated  significantly
increased with increasing sitosterol concentrations (Abd EL - Wahed 2001 ) .

Influence of Thiobencarb and Sitosterol on photosynthetic pigments :-
Significant differences between treatments in concentrations in mg of
chi . a, chl .b and carotenocids of flag leaf were recorded at leaf tube stage
and soft dough grain stage (Table 5). Sever reduction was found by
Thiobencarb alone at 2ml/!l and treatment with Thiobencarb at 6m/l with
100mg/l  Sitosterol. Thiobencarb application at 2ml/| with Sitosterol at 100
and 200mg/l gave significant increases of photosynthetic pigments at leaf
tube stage compared at control treatment . At soft dough stage , The heighest
amount of chl.a were obtained by using Thiobencarb at 2,4 and 6 ml/l with
200 mg/l Sitosterol .These results showed that 200 mg/l of Sitosterol was
able to reduced the sensitivity of rice plantto Thiobencarb phytotoxicity,
which caused on increase in photosynthetic pigment contents of rice flag leaf

Table 5: Effect of thiobencarb and sitosterol on rice plant charaters.

leaf tube stage soft dough grain stage
Treatments chl.a [chl .blcaro%noids chi.a|chl .b carotenoidj
mg/gm
Control 1.0910.301 0.40 1.48 1 0.79 0.64
Thiobencarb 2mL / L 1.01/0.25| 0.34 [1.48(0.55 0.48
itosterol 100 mg/ L 1.15(0.36 0.38 1.50] 0.48 0.51

Thiobencarb 2mL+ Sitosterol | 1.63 | 0.37 | 047 |1.90|0.68| 0.58
100 mg/L

" "ot 200mg 1183|1048 0.60 |2.16(0.80 0.64
" 4mL+ " 100mg | 1.15]0.26 0.35 1.6110.54 0.51
" N 200mg| 1.33 | 0.37 048 1208)0.74 0. 60
" 6mL+ " 100mg| 1.01 ] 0.27 0.39 1.8110.80 0.58
" "o+ 200mg| 1.18 [ 0.38 048 [2.34]085 0.62
L.S.D .at 5% 0.21]0.07 009 1045|014 0.09

The other combinations did not differ statistically from control in the
amount of chl.b and carotenoids . In this respect Fedtke, 1982 and Deka et
al. (1996) mentioned that the harmfull effect of Thiobencarb might be due to
inhibition of long chain fatty acids and related to alcohols as well as alkanes,
‘which reflected at reducing phospholipids synthesis . Whereas , the lipids are
essential components in all contents of the cell. In addition , it conjugates
with Sitosterol being the major compound of the steroids that are phytosterols
(Deliu ‘et al. 1992) .So, brassiosteroids could stimulate a variety of
physiological processes including changes in enzymatic a activities ,
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membrane potential , DNA , RNA , protein synthesis , photosynthetic activity
and changes in the blance of the endogenous phytohormones ( Mandava ,
1988 Szekers and Konez 1998 ).

Influence of Thiobencarb and Sitosterol on biochemical content of plant
rice root:-

Rice plant root content of sugars were significantly variable in Table 6
. Thiobencarb treatment (2m/l) gave higher root total sugar percentage than
the other treatments in leaf tube and ripe grain physiological stages .High
values of total sugar percentage were recorded by Thiobencarb alone at 2ml/!
and Thiobencarb at 6ml/! with Sitosterol at 100mg/l at ripe grain stage .
Thiobencarb concentrations with 100 mg/l Sitosterol significantly increased
root total sugar percentage contents compared with control and other
treatments .These results are in agreement with those obtained by (Chon and
Guh 1995 and Chun et al, 1995 b) who stated that Thiobencarb inhibited
alpha amylase, that leads to accumulation of sugars in root and didn’t
translocate to plant organs . On the contrary, brassinosteroid gave the
greatest activity of alpha and beta amylase (Wang and Deng ,1992 and
Wang and Wang , 1997 ) . Also Abd EL Wahed (2001) found that root sugars
content of maize significantly increased with Sitosterol leading to maiz plant
development . -

Concerning , free amino acids , total indoles and total phenols were
significantly affected with application of Thiobencarb, Sitosterol and their
combinations at leaf tube and ripe grain stages as show in Table (6) . Free
amino acids and total indoles contrasted in the two physiological stages .
Whereas, it decreased in the first stage and increased in the second stage
especially with the highest concentration of Thiobencarb with Sitosterol
treatments compared with control .While , Thiobencarb at 2ml/l gave the
highest phenols content in rice plant root . This effect led to increase
resistance of rice plant to Thiobencarb herbicide with Sitosterol application .
These results were in agreement with Jitender ef al. (1995) who found that
Thiobencarb herbicide reduced the activity ribnuclease and increased
Deoxyribonucleas activity in rice seedling. Therefore, thiocarbamate herbicide
cleavage occurs between the sulphur atom and ethyl group which led to
produce phenols organic acid and amino acids metabolites(Fletcher and
Kirkwood , 1982). While, brassinosteroid gave the highest dehydrogenase
activity(Wang and Wang , 1997) and stimulate DNA and RNA (Mandava,
1988 and Szekers and Konez , 1998).

Effect of Thiobencarb and Sitosterol on biochemical contents of
vegetative plants : -

Data in Table 7 revealed that Thiobencarb and Sitosterol treatments
caused significant increases in all sugars content of vegetative rice plant at
ripe grain stage . Sugar content increases were attributed to Thiobencarb at
2mi/l and 4ml/l with Sitosterol at 100and 200mg/l concentrations in the ripe
grain stage , while, Thiobencarb application at 6ml/l with sitosterol at 100, 200
mg/l showed decrease in soluble sugar content when compared with the
other combination . ,
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Table 6: Effect of thiobencarb and sitosterol on biochemical content of root plant rice

Leaf tube stage Ripe grain stage %
Non :
Treatments Soluble{soluble| Total | Free | Total Totat [Soluble Non Total Free | Total Total
sugars sugars |sugars | amino | indoles | phenols |sugars| soluble uaa amio )indales| phenols
% % % |acids%| mg/gm | mg/gm % | sugars % sugars | .cids % mg/gm| mg/gm
Control 16 11221138 | 2.64 | 3.87 7.0 59 17.1 23.0] 3.0 3.4 3.6
Thiobencarb 2mL / L 29 | 238267259 | 3.88 8.6 4.2 34.5 39.7 3.6 3.0 6.1
Sitosterol 100 mg/ L 39 |159 {198 1267 | 4.04 6.4 5.5 18.9 244 4.6 29 5.6
Thiobencarb 2mL+ Sitosterol 100 mg| 3.8 [ 19.5(23.3(1.75| 3.70 8.3 7.1 20.0 27.1 3.7 3.2 4.2
hiobencarb 2mL + Sitosterol 200mgj (2.9 {119 148 | 1.94 | 3.65 2.1 4.8 22.3 27.1 3.2 2.8 4.2
‘[Thiobencarb 4mL  + Sitosterol 26 (17712031156 | 3.76 8.1 4.7 27.3 32.01 33 29 1.8
100mg :
Thiobencarb 2mL + Sitosterol 200mg| 3.1 | 9.2 | 12.3 ] 1.79 | 3.68 5.6 6.0 25.9 31.9] 33 2.8 47
- [Thiobencarb 6mL + Sitosterol | 2.3 | 18.4 |1 20.7 | 1.95 ]| 3.87 6.7 5.0 343 39.3 53 31 3.2
100m:
Thiobencarb 2mL + Sitosterol 200miqli 43 [ 108 ] 151243 | 3.66 5.6 4.2 16.5 20.7 5.1 2.8 3.8
L. S.D. at5% 0.6 14 | 1.3 ] 08 ‘ NS 1.5 1.1 2.1 2.2 0.9 0.3 1.2

‘e 3o ‘v 'S'W ‘ peyem 13 pqy
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Table 7: Effect of thiobencarb and sitosterol on vegetative biochemical contents of rice plant

Leaf tube stage

Ripe grain stage

free
Sugars % . . Sugar % . | amino
Treatments ._Jfree amio| Total | Total Protein :
Proo/tem acid |indoles|phenols % | acid | Total | Total
b Soluble Non indoles }phenols
Soluble |Nonsoluble|Total soluble|Total
mg /g mglg
Control 5.7 18.1 123.9] 4.3 6.8 36 { 23 ] 41 11861227} 29 | 5.0 ] 453 | 3.73
Thiobencarb 2mL /L 4.8 198 [246] 39 | 6.3 6.0 | 3.7 ] 22 [23.0]252]{ 3.0 | 56 |3.87|4.19
itosterol 100 mg/ L 7.0 17.7 1246] 4.8 8.1 54 | 26 | 3.8 {22.0(25.8] 2.6 61 (391 (2.00
hiobencar 2mL+Sitosterol 5.0 19.4 |24.4] 46 45 75 | 25 | 59 [ 164 (22.3] 4.1 41 | 367 1296
100mg /L : , .
Thiobencar 2mL + Sitosterol 200 { 5.2 17.0 [22.2{ 6.1 4.8 58 { 74 | 6.7 117.6 |24.3] 3.6 42 | 365|248
mg /L :
Thiobencar 4mL + Sitosterol 100 5.2 18.8 - 123.9] 6.1 14.4 52 { 3.0 65 | 192 25.7{ 5.0 | 42 (3.70/3.05
/L ) . '
Thiobencar 4mL + Sitosterol 200| 5.7 '18.9 |24.5( 5.9 7.0 44 72 | 91 [ 145 1236] 42 | 43 13621243
. .mg/L
Thiobencar 6mL + Sitosterol 100{ 6.5 205 {271) 4.9 170 | 68 | 7.8 4.3 | 20.8 |25.1] 4.5 35 | 379 ] 421
mg /L : . , '
Thiobencar 6mL + Sitosterol 7.4 16.0- (231 5.0 1356 | 7.0 | 72 | 44 | 19.5 |23.9] 4.8 6.2 | 3.77 | 4.21
00mg /L 1 B P
1..8.D. at 5% ) 11 _ NS - |NS| 0.6 1.8 0.5 1.3 | 06 {25 {21] 0.9 09 (0221091
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Conceming total protein and free amino acids , content of vegetative
rice plant there was significant increase with increasing Thiobencarb and
Sitosterol concentrations when compared with control .However total indoie
showed high values with Thiobencarb at 2mi/l with Sitosterol at 100mgrl,
6ml/l Thiobencarb with 100 or 200 mg/i Sitosterol and Thiobencarb alone at
2ml/l , while total phenols increased with 6mUI Thiobencarb with 100mg/l or
200 mg/l Sitosterol, 4ml/l Thiobencarb with 200mg/l Sitosterol as well as
treatment Thiobencarb at 2mi /1 with. 200mg/t Sitosterol at leaf tube stage.
These results reflect the sensitivity of rice plant to Thiobencarb application in
increasing soluble sugar, protein , total free amino acids indoles and phenols
in vegetative rice plant . These results conferm those reported by Chun et a/
(1995a) who found that thiocarbamate herbicides application led to
accumulation of sugars .(Fletcher and Kirkwood , 1982 )as the resultto
inhibite alpha amylase biosynthesis (Chun et al, 1995 b) . Also, protein
content of vegetative rice plant was attributed with cultivars resistance to
Thiobencarb application (Kim et al, 1996) . While, the total SH- content in
tissue treated with thiocarbamate decrease (Fedtke , 1982 ).

On the other hand , thiocarbamates degradation produced organic
acid and amino acid metabolites (Fletcher and Kirkwood, 1982) . Also,
phenolic compounds accumulate to a greater extent particularly at
unfavorable conditions . Whereas , nonstructural carbohydrates and amino
acid diversion model of secondary plant metabolism led to accumulation of
plenolics stems from a decreased use of a common precursor (phenylalanine
or tyrosine ) for protein synthesis (Lambers, 1993) .

Brassinolide treatment promoted 14c assimilation in leaf blades and
subsequent fransiocation of assimulate to panicle of rice plant (Fuijii et al.
1991) . So, brassinosteroids induced an increase of invertase activity , alpha
and beta amylase in rice plant (Adam et al., 1991,Wang and Wang , 1997 )as
well as sterols were found to enhance nitrogen of wheat (Abd EL wahed et al.
2000) and nitrogenase enzyme activity of groundnut (Vidya and Seeta 1998).

Influence of Thiobencarb and Sitosterol on flog leaf sugar contents :-

A significant decrease in flag leaf nonsoluble sugar content was
observed when compared with control as shown in Table 8 at the leaf tube -
stage. Soluble and total sugar contents were significantly affected with
Thiobencarb and Sitosterol treatments, there was significant increases in flag
leaf sugar contents (Nonsoluble and total sugar %) at ripe grain stage.
However, soluble sugars content gave the opposite trend. The enhancement
of sugar contents were attributed to the concentration of Thiobencarb and
Sitosterol . Sitosterol treatment at 200mg/l treatment under Thiobencarb
levels were more affective on the soluble and nonsoluble sugars but ,
100mg/1 Sitosterol had stimulatory effect on total sugar content in all stages of
rice plant development. These results were in agreement with Chun et al.,
1995b who found that Thiobencarb inhibited alpha and beta amylase
biosynthesis in rice plant. On the other hand Wang and Wang , 1997 gave
the apposite trend whereas, berassmostero:d increased alpha and beta
amylase activity in rice plant . '
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Table 8: Effect of thiobencarb and sitosterol on flag leaf sugars

contents .
Leaf tube stage Ripe stage
Treatmets soluble Non Total |Soluble| Non Total
% |soluble%| % % {soluble%| %
Control 9.0 17.2 26.2 9.7 16.6 26.3
[Thiobencarb 2mi / L 7.2 17.6 24.8 8.9 18.1 27.0
Sitosterol 100mg/ L 9.3 16.0 | 25.3 7.6 18.1 26.2

IThiobencarb2mbL/L+Sitosterol 9.7 13.6 23.3 8.8 21.9 30.7
100mg/ L

+ " 200mg 9.6 149 245 82 202 284
" 4ml+ " 100 8.0 162 [242] 8.0 135 [215
"+ " 200mg 9.2 16.0 [25.0f 8.0 214 [ 294
" 6émi_ + " _100mg 9.4 146 [ 254 78 234 [31.0]
"+ " 200mg 9.4 14.0 [ 234 9.0 182 [ 27.2
[L.S.D.at 5% NS 2.9 NS | 05 3.9 4.0

Influence of Thiobencarb and Sitosterol on biochemical contents of rice
grain :-

Data presented in Table 9 show that grain soluble, nonsotuble ,total
sugars , protein percentage, and total indoles were significantly increased
with Thiobencarb and Sitosterol application compared with control .The
enhancement was attributed to Thiobencarb and Sitosterol concentration .
Total sugars and nonsoluble sugars were in opposite direction with soluble
sugars in this concentration .Whereas , Thiobencarb at 2,4 and 6 mi/l with
100 mg/l Sitosterol was effective than 200 mg/! Sitosterol . This showed that
Sitosterol had a role on sugars translocation to grains . Increasing total
protein percentage in rice grains were concomitant with 200mg/1 Sitosterol
with different Thiobencarb level applications. While, total phenolic compound
was decreased in all treatments. But, total indoles gave opposite trend
compared with control . It might be due to thiocarbamate herbicides effect on
accumulation  of sugars and quinone phenolic compound in_the roots
(Fletcher and Kirkwood , 1982). This effect was attributed to cultivar rice
resistance to thiobencarb whereas, protein content of the tolerant cultivars
were little affected than susceptible (Kim et al. 1996 , Abd El Samie and EL
Bially (1996). It might be due to the effect of thiobencarb on the activity of
ribonuclease and deoxyribonuclease (Jitender et al., 1995). On the opposite,
brassinolide increased starch accumulation in panicles and altered
endogenous IAA (Fujii et al. 1991). So, Maibangra et al., (2000) found
increasing soluble protein content and higher NRase activity in the treated
rice plants by brassinosteroid resuiting in biomass that were correlated with
carbohydrate and protein content (Abd EL Wahed et al., 2000) .
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Table 9: Effect of thiobencarb and sitosterol on biochemical contents of
rice grain

Sugars % Total Frge Total | Total
. | amino |.
Treatments Non prc‘),teln acids indoles| phenols
Soluble soluble Total' % mg
ontrol 2.0 | 745 [764| 26 2.3 0.36 1.30
Thiobencarb 2mL /L 2.0 | 804 |824] 1.7 3.1 0.31 1. 00
Sitosterol 100 mg/L 29 | 752 |781| 2.0 | 29 | 054 | 1.20
[Thiobencarb 2mL+ Sitosterol 100mg/L. | 2.2 76.4 |78.6| 2.0 3.1 0.49 1.30
" "oy " 200mg 36 | 72.0]75.6] 26 3.3 | 0.41 1. 40
4mL+ " 100mg 2.3 81.8 [84.1]| 25 2.9 0.47 1.00
" "+ " 200mg 25 | 76.0 |78.5] 34 3.1 0.45 1. 20
émL+ " 100mg 1.7 82.7 |84.4] 1.8 3.0 | 0.41 1.10
émL+ 200mg 2.1 79.7 [81.8( 2.9 3.0 | 0.33 1.30
L.S.D.at5 % 0.5 5.0 |50] 02 NS 0.03 0.24
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