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ABSTRACT

Pot experiments were conducted during 1998/99 and 1999/2000
seasons, at greenhouse of Agriculture Faculty, Tanta University, at Kafr El-
Sheikh, Egypt. Experiments were designed to determine the allelopathic
influence of chopped-sunflower stems (mixed with clay so1l at levels of 0, 2,
4, 6, 8 and 10% w/w) on germination, growth, grain yield and its attributes
of wheat as well as germination and growth of two wheat-weeds {canary
grass (Phalaris minor, Retz.) and wild oats (dvena fatua, 1..}}. Experimental
design was a completely randomized with 12 replicates. The important
findings could be summarized as follows: :

* Incorporating of chopped sunflower into pots soil above 8% (w/w)
significantly affected the final germination percentage of wheat grains only
in the 1% season, only as compared with control at 12 days from sowing.
However, increasing the level of chopped-sunflower above 4% significantly
decreased seed germination of the two weeds and delayed their initiation in
both seasons.

* Germination speed and mean germination time indices of wheat were
significantly affected by increasing sunflower debris level above 6%, while
those of the two weed species were significantly affected by increasing the
level above 2%. :
*  Dry weight (g/plant) of wheat wassignificantly decreased by increasing
sunflower debris rate above 4%, while dry weight of canary grass and wild
oats was gradually suppressed by increasing the debris rate above 2% as
compared with control.

*  Leaf area/plant of wheat plants and the two weed species was
significantly reduced at the rate of 4% or greater from sunflower mass,
except wild oats at 86 days after sowing in the first season.

* Increasing the level of incorporated sunflower debris into pots soil from 0
to 10% (w/v) suppressed plant height of wheat plants, number of tillers and
spikes/plant, spike length, number of spikelets and grains/spike, 1000-grain
weight and grain yield (g/plant) as compared with control. Incorporating
sunflower debris into soil at 0-6% had no depressing impact on grain
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yield/plant. Hoever the reduction was fact only at 8% and 6% rAtesin
1998/99 and 1999/2000 seasons, respectively.

INTRODUCTION

One of the most serious problems of modern agriculture is crop
losses caused by weeds. Worldwide 10% loss of agricultural production is
caused by weeds alone (Altieri and Liebman, 1988). Controlling weeds
through allelopathy is one focal point for researches working to sustain the
world’s food supply for future generations. The allelopathy is any direct or
indirect harmful or beneficial effect by one plant (including
microorganisms) on another through production of chemical compounds
that escape into environment (Rizvi ef al, 1992). Allelopathy is an
important mechanism of plant interference mediate by the addition of plant-
produced phytotoxins to the plant environment. Irons and Burnside (1982)
in greenhouse, found that incorporation of ground sunflower leaves into soil
at the rate of 2% (w/w) or greater reduced emergence and growth of
soybeans, sorghum and sunflower. Naseem (1997) in pot experiments,
noticed that chopped sunflower plant materials suppressed the germination
and growth of wheat, Phalaris minor and Avena fatua. He also stated that
suppressive effects increased with each increment of chopped sunflower
biomass as well as the germination and growth of weeds, were inhibited
more than wheat. Kazinczi ef al. (1998) in pot studies under glasshouse
conditions, concluded that incorporation of root residues of milkweed into
the soil significantly retarded the germination of Brassica napus but did not
influence the germination of wheat, comn, sunflower, Amaranthus
retroflexus, sugarbeet and Chenopodium album. He also reported that root
residues significantly enbanced the fresh weight of corn, sunflower, 4
retrofexus and C. album and it had no effect on fresh weight of sugarbeet,
wheat and B. napus.

The main objectives of this study were to investigate the allelopathic
influence of chopped-sunflower stems on germination, growth and grain
yield of wheat as well as germination and growth of the two common wheat
weeds (canary grass and wild oats).

MATERIALS AND METHODS

Pot experiments were conducted during 1998/99 and 1999/2000
seasons, at greenhouse of Agriculture Faculty, Tanta University, at Kafr El-
Sheikh, Egypt, to determine the allelopathic influence of chopped-
sunflower stems on germination, growth and grain yield of wheat as well as
germination and growth of two wheat-weeds [canary grass (Phalaris minor,
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Retz.) and wild oats (4vena fatua, L.)}. After the harvest of sunflower (cv.
Eurflore) heads and stems were air dried and then chopped into 1-5cm
small pieces with an electric fodder cutter. This material was mixed with
clay soil at levels of [0, 2, 4, 6, 8 and 10% (w/w)]. Plastic pots measuring 20
c¢cm diameter and 15 cm depth were filled with this mixture, while the
control pots were filled with clay soil only. Ten of seeds each of wheat,
canary grass and wild oats were sown per pot on December 20™ 1998 and
December 4™ 1999. Water was added when even it is required to avoid
water stress. Experimental design was a completely randomized with 12
replicates. Soon after complete emergence, pots of each treatment were
divided into three sections. One section of 6 pots was used to determine
grain yield and its components, other section was used for two plant growth
samplings (3 pots each). The followings data were recorded:

1. Number of seedlings emerged in each pot was counted daily till the
completion of germination and the following characters were determined:
germination percentage as well as germination speed index (Maguire, 1962)
and mean germination time index (Nichols and Heydecker, 1968) of all
tested species were computed as the following formula:

Germination speed index =X (n/t)

Mean germination time index = Z (nt) / Zn

Where : n = number of seeds newly germinating at time t.
t = days or hours from sowing.

2. Plants of three pots were taken from each treatment at 70 and 86 days
after sowing (DAS). Plants of wheat, canary grass and wild oats per each
pot were cut off at the soil surface and separated into leaves (leaf blades),
stems (stems + sheaths) and spikes. The different plant parts were oven
dried to a constant weight for 48 hours at 70°C. The sum of dried plant parts
was used to calculate the total dry matter accumulation/plant. Leaf area
(blade area) was measured by Portable Area Meter (Model LI-3000A).

3. At harvest, plant height of wheat plants and number of tillers and fertile
tillers (spikes) were counted per pot and expressed as a number/plant.
Wheat plants of 6 pots were harvested and the following data were
recorded: [spike length, number of spikelets and grains/spike, 1000-grain
weight and grain yield (g/plant).

The analysis of varitance was carried out according to Gomez and
Gomez (1984). Treatment means were compared by Duncan’s multiple
range test (Duncan, 1955). All statistical analysis was performed using
analysis of variance technique by means of “IRRISTAT” computer software
package.
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RESULTS AND DISCUSSION

1._ Germination percentage :

Incorporation of chopped-sunflower had a significant effect on seed
germination of the three tested species, except on wheat in the second
season (Table, 1 and Fig., 4). Incorporating of chopped sunflower into pots
soil up to 8% (w/w) did not affect the final germination percent of wheat
sced as compared with control at 12 days from sowing in the two seasons
(Fi., 1). The degree of inhibition increased as the incorporation of chopped
sunflower increased above 4% in the two weed species (Fig., 2 and 3).
Generally, the allelopathic effect of chopped-sunflower was slight on
germination of wheat seed, while it's deletrious on germination of two tested
weeds. These results are supported by the finding of Nassem (1997), who
found suppressive effect of chopped-sunflower on the germination of
Phalaris minor, Avena fatua and wheat. The inhibition or promotion of
germination may be arise from the species specific allelopathic effects of
sunflower plants.

Table (1): Germination (%) of wheat and two wheat-weeds as affected by
different rates of chopped-sunflower stems in 1998/99 and

1999/2000 seasons.
g Chopped
& . { sunflower Wheat Canary grass Wild oats
& %
* % &
0 963 a 889a 913a
) 2 97.5a 89.6a 92.5a
o 4 95.0a 732 a 750b
5 6 938a 38.1b 73.8b
8 875a 3170 72.5b
10 76.3 b 28.7b 51.3 ¢
NS *E *
o 0 93.2 90.8a 9.2a
S 2 93.3 90.8 a 97.5a
S 4 92.5 79.2 ab 95.0a
R 6 92.5 65.0 be 84.1b
- 8 88.5 62.5¢ 742 ¢
10 88.3 40.04d 51.7d

*  *#*and N.8. indicate p<0.05, p<0.01 and not significant, respectively. Means designated
by the same letters are not significantly different at 5% level, using DMR test.
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2. Germination speed and mean germination_time indices :

Sunflower chopped material had a significant effect on the two
germination indices of seed for the three tested species in both season
{Table, 2). Increasing the rate of chopped-sunflower stems into pot soils
reduced germination speed index, while it increased mean germination time
index of wheat, canary grass and wild oats in the two seasons. The greatest
reduction germination speed index, while it increased mean germination
time index of wheat, canary grass and wild oats in the two seasons. The
greatest reduction in germination speed index for seed of all tested speices
occurred at the high level (10%) of chopped-sunflower in the two seasons.
In wheat, the two indices of germination were not affected by increasing
sunflower matter level up to 6 % as compared with control in both seasons.
In the two weed species, soil incorporation of sunflower mass above 2%

Table (2): Germination speed index and mean germination time index of
wheat and two wheat-weeds as affected by different rates of
chopped-sunflower stems in 1998/99 and 1999/2000 seasons.

= '§_ § Germination speed index I[Mean germination time index
LR :
315 S | Wheat Canary Wild oatgy Wheat Canary Wild oats
grass grass
# ok * EE * %
- 0 2.35a) 151a 137afl 404b [ 6.23bc | 6.73b
o 2 2.44al 13%ab| 14lall 417b | 694bc | 681D
% 4 230al 1.18b| 1.13bj 439b | 6.48bc | 6.88Db
o 6 2.23a|l 055c¢| l106b}l 447b | 7.19ab | 7.17a
~ 8 1.88b| 042¢ 1.03bff 5132 | 7.78a | 728 a
10 | 164b| 037c| 074c}| 5.10a | 7.97a | 7.20a
* * % * * * e *
2 0 296al 152ai 2.02af] 3.25¢ | 6.11b | 5.04¢
S 2 288a; 147a | 203a|| 339c | 6.61a | 507¢c
S|4 1 287a) 1266 1.90all 337¢ | 661a | 5.17be
o 6 285al 1.05¢c 171 b} 3.41bc | 6.63a | 530ab
i 8 |265ab 094c¢ i 1.50c| 3.62b | 7.04a | 531ab
10 2.51b] 060d¢{ 1.04c{yf 3.88a ; 7.03a | 545a

* and ** indicate p<0.05 and p<0.01, respectively. Means designated by the same letters
are not significantly different at 5% level, using DMR test.
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significantly reduced germination speed index and above 4% significantly
delayed germination time compared with the control in the two seasons. At
any level of sunflower mass, germination speed of wheat was faster than
that of the two weed species. The differential response of species may be
due to the selective effect of allelochemicals that is species specific.

3. Dry weight (g/ plant):

Allelopathic effect of soil incorporated chopped-sunflower stems
was substantial on dry weight (g/plant) of wheat, canary grass and wild oats
in the two seasons (Table, 3). Incorporation of chopped-sunflower stems
into pots soil up to 4% (w/w) did not affect dry weight, (g/plant) of wheat as
compared with the control at all sampling dates in both seasons. However,
dry weight of canary grass and wild oats was gradually suppressed by
increasing the rate of chopped-sunflower above 2% (w/w) at all sampling
dates (Table, 3) and at harvest in the two seasons (Table, 4). Stimulatory
effects at low residue level and inhibitory effects at high residue level have
also been reported by Ahmad et al. (1995), Naseem (1997) and Kazinczi et
al. (1998).

4. Leaf area (cm?/ plant) :

Soil ncorporation of chopped sunflower stem significantly affected
leaf area per plant of all test species, except wild oats at 86 days after
sowing in the first season (Table, 3). Leaf area of wheat was not
significantly affected by increasing the rate of sunflower mass up to 4%
compared with control at the two sampling dates, while it was significantly
reduced at the high residue level of 10% in both seasons. The 2% residue
level did not affect leaf area per plant of canary grass and wild oats at all
sampling dates in both seasons. However, increasing chopped-sunflower
level greater than 2% reduced gradually leaf area of the two weed species.
These results concur with the findings of Arshad (1995), Nassem (1997) and
Zouza et al. (1997), who reported suppressive effect of several crop residues
on leaf area of weeds and crops.
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Table (3): Dry weight (g/plant) and leaf area (cm?/ plant) of wheat, canary
grass and wild oats at two sampling dates as affected by
different rates of chopped-sunflower stems in 1998/99 and

1999/2000 seasons.
)
= E_ "E | Dry weight (¢/plant) Leaf area (cm*/plant)
v (& ©
3igE 15 Wheat | Canary | Wild | o [ Canary | Wild
"’ Prass oats grass oats
* * * * % * % %ok
0 17012.82a 10.091a |0.741a;211.8a |23.92a (1256a
2 271ab j0.114a |(0.781a|2274a (2643a ([1236a
4 1.98 abc {0.049b [0.627b | 188.8ab |20.86b 10020
6 1.90bc 10.040b [0.636b) 1574bc |15.69¢c (844 be
g 8 1.63cd 0.029b [0.559b{1089cd {12.64d |[763 cd
-~ 10 1.01d 10027b 10396c) 78.8d (1142d |594d
;\O 3k ¥ ¥ %k * ¥ F %k NS
1 0 (86(394a |0215a [1.071a|1159a |23.17a |128.3
2 325a [0224a {1.005ab| 100.6a [22.67ab |123.7
4 343a (0.156b [0.766b1 99.2a {19.76bc [118.0
6 2.15b  (0.150b |0.990b] 97.3a |1862c¢ (114.0
8 199b [0.116bc |0983b] 96.5a [(17.17c |103.6
10 1.44b {0.093¢ 10871cy 69.7b 8.80d [108.7
* % * % % * * *
0 1700349a 0.177a (1.132a{2076a {(3444a {132.1a
2 320ab [0.197a j1.061ab] 1753 ab [36.10a (1282 ab
4 276ab |0.131b {1.036b{1524ab |31.86b (1209b
- 6 250b }0.121bc j1.003 b 157.6ab {30.60b {123.0b
o 8 1.54¢ (0092¢ [0.814c1459b ]29.76b {12550
110 148¢ [0.060d 0.806¢c | 129.7b 1202%c¢ [123.5b
[=)] * % *ok ko sk K13 *%k
: 0 [86(4.35a (0256a (1.790a|1904a {2997a (1744 a
—i 2 3.84ab |0.269a 1{1.828a]159.7ab [28.61a |[149.5ab
4 396ab [0.232b 1.603.b[ 133.2abc{21.93b {132.5bc
6 337b [0211b (1.608b} 125.6bc [18.05b {I1219¢c¢
8 2.15¢ ]0.132c¢ {1.186c | 123.0bc |1749b (110.0c¢
10 1.75¢ 10.090d [0.967d| 83.3c¢ 6.75¢ (758d

*, ** and N.S. indicate p<0.05, p<0.0! and not significant, respectively. Means designated
by the same letters are not significantly different at 5% level, using DMR test.
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Table (4): Dry weight (g/plant) of canary grass and wild oats at harvest as

affected by different levels of chopped-sunflower stems in
1998/99 and 1999/2000 seasons.

Chopped Canary grass Wild oats
Sm(f}/“)w “ 1 1998/99 | 1999/2000 1998/99 | 1999/2000
0 .
* * % * *
0 0.272a 0.381a 2902a 4522 a
2 0193ab | 0.395a 2729 ab 4817 a
4 0.133 b 0258 b 2.512 be 4014 b
6 0.158 b 0203bc | 2.464 bc 3.992 b
8 0.175 b 0.181bc | 2315cd 3.885 b
10 0.122b 0.106 2.041 d 3.028 ¢

* and **, indicate p<0.05 and p<0.01, respectively. Means designated by the same letters
are not significantly different at 5% level, using DMR test.

5. Grain yield and its attributes of wheat :

Plant height of wheat plants at harvest, grain yield/plant and its
attributes as affected by chopped-sunflower stems in pots soil during
1998/99 and 1999/2000 seasons are shown in Table (5).

Data revealed that chopped-sunflower stems in pots soil significantly
reduced plant height, number of tillers and spikes/plant, spike length,
number of spikelets and grains/spike, 1000- grain weight (in the 2™ season,
only) and grain yield/plant. The degree of reduction increased as the amount
of sunflower stems debris into pots soil progressively increased from 2% to
10% (w/w). Increasing sunflower debris level above 6% (w/w) substantially
reduced grain yield of wheat/plant and the most vield attributes
characterestices. Such reduction in grain yield/plant might be attributed to
decrease in number of grains/spike in both seasons. The contribution of
spike length in the reduction was recognized at the highest level. These
variable effects were presumably due to the production and release of
different concentrations of allelochemicals from sunflower stem debris.
Allelochemicals at low concentration enhanced the growth and vyield of
wheat, while at high concentration depressed it (Ahmed er al., 1994 and
Naseem, 1997).



Table (5): Grain yield and its attributes as affected by different levels of chopped-sunflower stems in pots in 1998/99

and 1999/2000 seasons.

= N8~
o 2 2B . 1000- _—
i §: 2 :_% Plant height] No. of No. of ] Sg:ke ng‘lof y Ng: Osi; grain G(rga/ln] ;;1) f)ld
2|8 E < | (ecm) |tillers/plant |spikes/plant| €8 (M) Poke | Sk W(ziéht P
ok * * * * * N.S *

o 0 759a 222a 1.54a 856a |17.79a (252 a 47.8 1.855 a
> 2 76.9 a 1.88ab | 1.26b 845a [17.26ab |27.1a 47.6 1.617 a
oo 4 76.8 a 1.60bc | 1.10be 785a [1686ab [289a 478 1.525a
2 6 76.8 a 1.59bc | 1.03bc 833a 116.03b 130.0a 48.3 1493 a
—_ 8 73.3a 1.18cd {1.03bc 808a {1598b |21.7b 48.8 1.087b

10 60.5 b 1.03d 1.00 ¢ 671b [1332¢ {156¢c 47.9 0.750 b
é} * ¥ * % % * * * %k * % %
o 0 816a 2.86a 1.93 a 890a 18.82a [38.1a 488a 3.294a
2 2 858a 234 a 1.52b 9.29a 1946a [40.0a 448a 2714 a
- 4 82.7a 1.76 b 1.44 b 9.05a 1870 a |41.82 450a 2711 a
g 6 823a 1.64bc | 1.07¢ 8.99a 18.12a [41.5a 43.7b 1.943 b
o 8 79.0 a 1.18cd | 1.05¢ 8.67a 17.96a (23.7b 43.7b 1.138¢
— 10 64.9b 1.05d 101 ¢ 7.61b 15.58b 173 ¢ 43.0b 0.752 ¢

*

significantly different at 5% level, using DMR test.

» **and N.S. indicate p<0.05, p<0.01 and not significant, respectively. Means designated by the same letters are not
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