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ABSTRACT

Dormant propagules (turions) of curlypond weed Potamogeton
crispus L. are the principal for weed persistence and survival. In
Egypt, laboratory(out-doors) and field experiments were carried out
at Bahteem during summer months 1999 and 2000.to study the
response of turions to solarization (solar heating). Maximum
moistened (M) soil temperature under plastic cover (TPES,BPES) and
UC at 5 cm depth averaged 63,52 and 40 °C in June, 65,54 and 41°C
in July as well as 59,49 and 38 °C in August, respectively. No sprouts
of Potamogeton crispus L. emerged from turions during
solarization.The effect of solar heating decreased with increasing soil
depth. Higher temperature as well as solar heating effect was
produced by TPES than by BPES. Under Egypt conditions, the effect
of solarization on viability of turions took place 3days through out-
doors, while under field experiment the effect took place after 5 days.
Soil solarization is considered one of the novel,non pollution and
non-chemical methods for controlling Potamogeton crispus L. turions
by using TPES during July and August for 5 days in the small
irrigation canals(2 m wide) in Egypt.
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1. INTRODUCTION

Perennial terresterial Of aquatic weeds are becoming the
dominant weed problems of the world (Pietrese 1979). These plants
proliferate from dormant buds originating on propagative Organs
such as rhizomes, tubers, basal-bulbs, roots and turions buried at
various depths below the soil surface (Holm eZ al., 1969, Sculthorpe,
1971 and Holm et al., 1977).

In Egypt, more than 3900 Km of canals and drains are heavily
infested by all types of aquatic weeds after the construction of High
Dam. These weeds have seriously reduced the hydraulic efficiency of
irrigation system and quantities of water are lost (Khattab and El-
Gharably 1982&1984).

Submerged aquatic weeds caused hydrological problem in
small canals where the excessive growth reduces the rate of water
flow and prevents water from reaching the end of the canals
(Tackholm 1974, Khattab and El-Gharably 1986). Potamogeton
crispus L.1is 2 submerged aguatic weed which produces turions and
perennate in summer and survive in winter(Waisel 1971, Sastroutomo
1981 and Kunii 1982). Attalla (1985) mentioned that turions of
Potamogeton Crispus L. are the most important propagules which
bear 3-13 buds, and the number of turions/m” was about 895 turions.
This means that reserves of turions in hydrosoil provide a source of
turions for persistent weed problems in canals that often require
repeated control treatments. Reduction in the number of dormant
turions in hydrosoil would correspondingly reduce this plant
persistence and its control.

Katan et al., (1976) and others (Horowitz et al., 1983, Kamar
et al., 1993 and Yaduraju ef al., 1999) used soil solarization for
controlling soil-borne  pests including terrestrial weeds in certain
crops. He mentioned that the method is based on: mulching or
covering of moist soil by transparent polyethylene sheets during the
hot season (months June,July and August). Mulching with
polyethylene sheets is widely used to increase the soil temperature.

This investigation is an attempt to study the effect of solar
heating on the viability of Potamogeton crispus L. turion buds by
using transparent and black polyethylene sheets to control it in small
canals.
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2. MATERIALS AND METHODS

Turions of Potamogeton crispus L. were collected from a
dense stand, which existed in an irrigation canal at the Agricultural
Experiment Station at Bahteem, Kalubia Governorate, during May
1999.

Laboratory experiments were conducted during summer
months (June,July and August) to measure soil temperature and the
effect of solar heating on Potamogeton crispus L. buds viability under
transparent and black polyethylene sheets. Plastic basins 50x 40x 35
cm were used. Four thermometers were fixed in one side of the basin.
The basins were filled with soil to a depth of 20 cm and were divided
to 3 groups. In the 1¥ group, the soil of the basins was adjusted daily
to reach the water holding capacity. In the 2™ and 3™ groups, the soil
in the basin was covered with 5 and 10 cm tap water.

Each group was covered with either black or transparent
polyethylene sheets or left uncovered to serve as controls. The sheet
in each treatment was placed on the surface of the soil or water. The
basins were left out-doors and exposed to solar heating during the
summer months of 1999. Soil temperatures were measured
continuously at depths 0,5,10 and 20 em at 14 p.m. daily in both
covered and uncovered treatments. Air temperature was measured
daily during June, July and August 1999. In each basin turions were
placed on a plastic net at a depth of 5 cm below the soil surface and
each treatment was replicated 3 times, after the basins were exposed
to the solar heating (sun), 10 turions which carried 69-82 buds were
taken from each basin at 16 p.m. for 3 days during July and repeated
in August. The treatments were distributed according to a split plot
design with 3 replicates of each group of water in soil [water holding
capacity, covered with water 5 and 10 cm] as a main plot. The type of
sheet(uncovered, black and transparent sheet) was used as subplots.

Field experiment was conducted during 2000 in five canals in
July and repeated in August for 5 days to study the effect of solar
heating on Potamogeton crispus L. buds viability under transparent
and black polyethylene sheets in the canal. The length of each canal
was 10 m long, 1m wide and 1m height. One thousand turions/canal
were placed on plastic nets covered with 5 cm soil. The treatments
were arranged in a complete randomized block design.
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Treatments were as following:

1-Moistened and uncovered canal.

2-Moistened and covered canal with black polyethylene sheet.

3-Moistened and covered canal with transparent polyethylene sheet.

4-Canal containing about 5 cm water and covered with transparent
polyethylene sheet.

5-Canal containing about 10 cm water and covered with transparent

polyethylene sheet.

A fixed number of turions i.e.200 turions (50 turions as a
replicate which carry (319-447 buds) were taken daily for 5 days at
16 p. m. The viability of the turions taken daily from Laboratory or
Canals was examined by Benzyladenine (BA) as mentioned by Imam
et al..(1983).

Total killed buds =T.B — T. L. B. by BA after solarization .
Total killed buds % was estimated by the following equation:

Total killed buds % = T.K.B /T. B. of turions x100.

Data were statistically analyzed according to Snedecor and
Cochran (1972). Means were compared using the Least Significant
Difference (L.S.D.) at the level of 5% probability.

3. RESULTS AND DISCUSSION

Fig. (1) shows the fluctuation of temperature in the different
treatments during June, July and August. It is clear that the surface
temperatures of moistened (M) and covered soil with transparent,
black polyethylene sheet (TPES),(BPES) and uncovered (UC) were
68,57 and 42 °C, respectively. However, the (M) covered with
(TPES),(BPES) and (UC) at 5cm depth of the soil, the temperature
was 63,52 and 40 °C, respectively.

In treatment which the soil was covered with Scm tap water
(WS) and (TPES),(BPES) and (UC), the temperature at the soil
surface was 57, 49 and 39 °C,respectively.

In treatment which the soil was covered with 10cm tap water
(W10) and (TPES),(BPES) and (UC), the temperature at the soil
surface was 53,46 and 36 °C, respectively. However, the temperature
of soil at adepth 5 cm was 49,42 and 34 °C, respectively.
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FIG. (1): Maximum soil temperatures recorded during June, July
and August 1999.
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It is worthy to mention that the temperature of the surface of
(M) soil and covered with (TPES) was higher with 26 °C than the
(UC-M) soil. However, at 5 cm depth, the difference was 23 °C.
These results are due to the high thermal capacity of the soil and
poor heat conductivity. These result in a very slow heat penetration
and temperature that travels at 2-3cm/hr. These results are in
agreement with those obtained by Army and Hudspeth, Jr (1960),
Katan et al.,(1976), Grinstein ef al., (1979), Mahrer (1979) and Katan
(1981).

The temperature of the surface of (M) soil and covered soil
with  (BPES) was higher with 15 °C than the (UC-M) soil. However,
at 5 cm depth the difference was 12 °C.

In the treatment (W3), the temperature of the surface under
covered soil with (TPES) and (BPES) was higher with 18 and 10 °C,
respectively than the (UC) soil. However, at Sem depth the difference
was 16 and 7 °C,respectively.

In the treatment (W10), the temperature of the surface under
covered soil with (TPES) and (BPES) was higher with 17 and 10
°C,respectively than the (UC) soil. However.at Sem depth the
difference was 15 and 8 °C, respectively.

Soil temperature at the depth of 10 and 20 cm in (M) and (UC)
or covered with (TPES) and (BPES) was less than those recorded at
5cm depth.

Katan (1981) and Horowitz efal., (1983) mentioned that soil
temperature under plastic cover is a function of incoming radiation
and thermal characteristics of the mulching material and soil. The
incoming solar radiation is the main heat source, and transparent
covers are more efficient soil heaters than black plastic.

Similar trend in the flactuation of temperature was also
recorded during July and August.

Table(1) shows that soil moisture[moistened(M), soil covered
with 5 em water (W53) and soil covered with 10cm water(W10)
exposed to solar heating had significant effect on the viability of
Potamogeton crispus L. turions burried at a depth of 5 em for 3 days
during July and August,1999. (M) gave the highest reduction of
turion buds after the 1% 2™ and 3™ day exposure to solar heating, the
values were 45.2,57.2 and 64.2 % in July and 40.4,55.7 and 64.2% in
August, respectively. (W5) causing reduction in the same days and
the values were 23.5,32.8 and 38.5% in July and 22.2,32.5 and 38%
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in August, respectively. The corresponding values of (W10) were
17.9,26.4 and 32.5% in July and 17.5,24.9 and 32.2% in August,
Tespectively. The differences and reduction % among treatments of 1%

T able (1): Average number of total buds,total killed buds and %killed buds
as affected by soil moisture (M,W5 andW10) exposed to solar
heating on the viability of Potamogeton crispus L. turion buds
burried at a depth of Sem for 3 days in July and August 1999.

DAE Treatment July 1999 August 1999
Total Total % Total | Total %
buds killed | Killed | buds | killed | Killed

buds buds buds buds

1t M 74,7 33.8 45.2 760 | 30.7 40.4

day w5 73.3 17.2 235 76.0 169 | 222

w10 73.1 13.1 17.9 74.8 13.1 17.5
LSD NS 7.0 s NS 2.6 —
ond M 74.2 424 572 77.0 42.9 55.7
day w5 72.8 23.9 328 | 719 23.3 325
W10 75.0 19.8 26.4 75.4 18.8 24.9
LSD NS 8.8 s NS 1.7
3 M 74,9 48.1 64.2 78.4 50.3 64.2
day w5 75.0 28.9 385 73.7 | 280 | 38.0
w10 75.7 24.6 325 78.6 | 253 22
LSD NS 10.7 — NS 2.1 -

day involving M and WS5M and W10 ,W5 andW10 were
16.6(21.7),20.7(27.3) and 4.1(6.6) in July and 13.8(18.2),17.6(22.9)
and 3.8 (4.7) in August, espectively. The corresponding values of 2™
day in July and August were significant, where the differences and
their reduction % among the same order were 18.5 (24.4),22.6(30.8)
and 4.1(6.4) in July and 19.6(23.2),24.1(30.8) and 4.5 (7.6) in August,
respectively. The respective values of the 3 day of soil moisture
(M,W5 and W10) in both experiments were significant, where the
differences and their reduction % among the same treatments were
19.2 (25.7), 23.5 (31.7) and 4.3 (6) in July and 22.3 (26.2), 25 (31)
and 2.7 (4.8) in August, respectively. It is clear that the high
temperature injurious effect of the solar heating on the viability of
turion buds had increased by increasing the duration of solarization
in July and August 1999, ie., the dead turions % increased by
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increasing the days of exposure 10 solarization, where turion buds
lost their viability by high temperature 60 °c for 30 minutes (Attalla
unpublished). These results are in agreement with those obtained by
Army and Hudspeth, Jr (1960), Katan et al., (1976), Grinstein et
al.,(1979), Mahrer (1979), Katan(1981),Horowitz et al.,(1983) and
Yaduraju et al., (1999).

Table (2): Average number of total buds,total killed buds and %killed buds
as affected by sheet types (UC,BPES and TPES) on the viability
of Potamogeton crispus L. turion buds burried at a depth of 5 cm
for 3 days in July and August 1999.

DAE | Treatment July 1999 August 1999
Total | Total | % Total | Total %
buds | killed | Killed | buds | killed | Killed

buds buds buds buds

1% ucC 65.6 1.9 2.9 75.6 1.9 2.5

day. BPES 759 | 14.4 19.0 | 78.3 16.6 21.1

TPES 731 | 47.8 65.3 72.1 422 58.5
LSD NS 6.8 NS 2.2 -
2nd ucC 736 | 3.9 5.3 71.9 3.9 5.0
day BPES 748 | 224 | 30.0 74.3 23.9 32.1
TPES 737 | 59.7 81.1 72.1 57.2 79.4
LSD NS 9.9 NS 1.7
31 ucC 743 | 6.0 8.1 75.3 6.7 8.9
day BPES 78.6 | 29.6 37.6 75.8 30.0 39.6
TPES 72.7 | 66.0 90.8 76.2 67.0 87.9
LSD NS 8.3 NS 0.7

Table(2) shows the effect of sheet type on the viability of
Potamogeton crispus L. turions burried at a depth of 5 cm for 3days
during July and August 1999. Sheet type had significant effect on the
viability of turions for 1, 2 and 3 days exposure to solar heating when
compared with uncovered (uc).

(BPES) caused reduction with the same days and the values
were 19,30 and 37.6% in July and 21.1,32.1 and 39.6% in August,
respectively. The corresponding values of (UC) were 2.9,5.3 and
8.1% in July and 2.5,5 and 8.9% in August, respectively.
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These results are in agreement with those obtained by Army
and Hudspeth,Jr (1960), Andrew et al, (1976) , Mahrer (1979)
Katan (1981), Mahrer and Katan (1981).

Table (3) shows the interaction effect between soil moisture
and sheet type on the viability of turions burred at Scm during July
and August. It is clear from the Table that the injurious effect of solar
heating on the viability of turion buds increased with increasing
duration of solarization. The percentage of dead buds in the uo)
treatment after the [*,2" gpd 3™ days during July was 7.9,14.1 and
19.8 respectively. The tendency was also recorded during August.
The injurious effect on covered turions with both black and
transparent was obvious in treatments (TPES) whether the soil was M
or W5 or W10 during J uly and August.

The data showed also that the percentage of killed buds in the
(UC) soil was less than the percentage of killed buds in the covered
soil with (TPES) and (BPES) during July and August.

The percentage of killed buds in (M) soil with (TPES) during
July and August was 97.3 and 95.2%, respectively. However, in
treatments (W5) and (W10) and covered with (TPES),the percentage
of killed buds after 3 days exposure was 92 and 83.8% during July
and 88.1 and 80.3% during August, respectively,

The percentage of killed buds in (M) soil with (BPES) during
July and August was 75.1 and 772 % respectively. However, in
treatments (W5) and (W1 0) and covered with (BPES),the percentage
of killed buds after 3days exposure was 23.5 and 14.3 % during July
and 20.2 and 17.3 % during August respectively.

The percentage of killed buds in the (UC-M) soil was 19.8%
during July and 20.1% during August. However, in treatments (W5)
and (W10) and without sheet,the percentage of killed buds after 3
days exposure was 4.6 and 0.0 % during July and 5 and 0.0% during
August respectively.

These results are in agreement with those obtained by Army
and Hudspeth, Jr (1960), Andrew et al., (1976), Mahrer ( 1979), Katan
(1981), Mahrer and Katan ( 1981 ), Horowitz er al., (1983),
Mahrer ez al., (1984) and Yaduraju et af., (1999).
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for 3 days in July and August 1999.
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Table (4): Average number of total buds,total killed buds and %Kkilled buds of
Potamogeton crispus L. turion buds as affected by UC,M-BPES,M-
TPES,W5-TPES, and W10-TPES in irrigation canals for 5days in July

and August 2000.
Month Day after | Treatments | UC | M- M- W5- | W10- | LSD |
exposure BPES | TPES | TPES | TPES
July 1% day TB 3655 | 3275 | 4058 | 3918 | 3463 | NS
2000
TKB 215 | 983 284.0 | 164.5 | 103.8 | 21.7
%KB 5.9 30.0 70.0 420 300 | —
2" day TB 393.0 | 322.0 | 4350 |380.0 | 3550 | NS
TKB 43.0 | 1643 | 370.0 | 236.0 | 184.5 | 29.4
% KB 109 | 510 85.0 620 |51.9 [
3" day TB 3350 | 371.0 | 446.0 | 421.0 | 342.0 | NS
TKB 50.0 | 2375 | 405.0 [307.5 | 215.0 | 232
%KB 149 |640 [90.8 729 1629 [
4" day B 396.0 | 408.0 | 340.0 | 336.0 | 364.0 | Ns
TKB 75.0 3025 | 3200 [269.5 | 2585 | 178
%KB 189 | 741 94.1 80.2 | 710 [-—-
5% day TB 4380 | 386.0 | 355.8 | 418.8 | 409.0 | NS
TKB 105.0 | 312.5 | 3415 [ 3555 | 319.6 | 12.8
%KB 240 1810 [96.0 849 | 780 [ -
August 1" day TB 3370 | 355.0 |322.0 | 4150 | 3865 | NS
2000
TKB 16.5 | 100.0 | 206.5 |161.0 | 1135 | 10.6
%KB 4.9 28.2 64.1 388 1294 [ -—
2™ day B 3920 | 433.0 | 348.0 | 446.0 | 4921.0 | NS
TKB 365 |207.0 |266.0 |2425 | 2025 | 112
%KB 9.3 47.8 76.4 544 | 481 |
37 day TB 366.0 | 391.0 | 336.0 | 399.0 | 366.0 | NS
TKB 520 | 2310 12860 [255.0 | 2050 | 7.8
%KB 142 1591 85.1 639 1560 | -—
4™ day TB 3100 | 4150 | 3910 | 441.0 | 4120 | NS
TKB 56.5 | 2850 | 358.0 [309.0 | 2720 | 93
%KB 182 687 [9L6 70.1 | 660 | -—
5™ day TB 3380 |3163 |3v3.5 [4360 | 417.0 | NS
TKB 80.5 |2395 |370.0 |344.5 | 308.0 | 9.7
%KB 238 757 [94.0 790 | 749 [ o

TB=Total Buds. TKB= Total Killed Buds. %KB=% Killed Buds.
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Table(4) shows the effect of solar heating for 5 days on the
viability of Potamogeton crispus L. turions in the small irrigation
canal during July and August. Generally the results obtained in the
irrigation canal were more or less similar to those obtained from the
laboratory basins.

The percentage of killed buds in (M) soil with (TPES) after 5
days exposure was 96 % during July and 94% during August.
However, in the treatments (W5) and (W10) and covered with
(TPES), the percentage of killed buds after Sdays exposure was 84.9
and 78 % during July and 79 and 73.9 % during August, respectively.

The percentage of killed buds in (M) soil with (BPES) after 5
days exposure was 81% during July and 75.7% during August. The
percentage of killed buds in (UC-M) soil after 5 days was 24%
during July and 23.8 % during August. It is concluded that the
results of this investigation showed clearly that Potamogeton crispus
L. turions could be efficiently controlled in hot summer months
(June, July and August) in wet canals using (TPES). Moreover, the
injurious effect in (M) soil with (TPES) was higher than in any other
treatment using (BPES) or (W5) and (W10) with (TPES) or (UC).
The percentage of killed buds increased by increasing the duration of
solarization and took place 5 days in the canals. The percentage of
killed buds in (M) soil with (TPES)was 70-96% in July and 64.1-
94% in August.

Katan (1981), Horowitz ef al., 1983 and Yaduraju et al., 1999
mentioned that after covering the soil by plastic sheets, a heat build-
up occurs for 2-4 days, (continuous sun shine). They alco mentioned
that solarization is a method of heating moist soil by covering it with
plastic sheets to trap solar radiation. No weeds emerged under the
plastic cover during solarization. The heating effect from solarization
decreased with soil depth, and the maximum soil temperature under
plastic cover was at the Scm depth where it reduced terrestrial weed
buds and weed populations.The response of weed species to
solarization differed from 10-28 days where solarization produced
effective control of annual weeds.

The soil solarization is considered one of the novel, non-
chemical method for controlling aquatic weeds, and being much safer,
involving no phytotoxicity or pesticide residues and can be carried
out manually it is a non-chemical weed control method. The use of



(TPES) for controlling submerged aquatic weed populations and
reduce the weed persistance in small canal is a relatively new
technique.
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