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Influence of Soil Conditioner Rate on Seed Germination
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Asstract. The eftect of five levels (0, 0.2, 0.4, 0.6 and 0.8% on dry
matter basis) of gel-forming conditioner (Broad leat P4) on seed
germination and growth of cucumber, Cucumis sativus L. cv. Dina,
was investigated. The experiment was carried out in greenhouse with
day and night temperature of 25° and 18°C. The gel forming
conditioner was added to the top 10 cm of the pots. Increasing gel
conditioner rate in the growth media has resulted in rapid germination.
The addition of gel conditioner increased the early growth of the
seedlings. Control plants had significantly lower leaf number than the
treated plants but significantly higher average leaf area. At the end of
the experiment, 75 days after sowing, no significant treatments effects
were observed on plant height, or on shoot fresh and dry matter
weights. Relative water content (RWC), Water use efficiency (WUE)
and total yield were significantly increased with addition of gel
conditioner.

Cucumber is one of the main vegetable crops grown in Saudi Arabia, especially
under protected cultivation. Cucumber production has increased from 70 thousand
tons in 1986 to 98 thousand tons in 1990. Almost 59% of the crop is produced under
protected cultivation (Ministry of Agriculture and Water 1990). Cucumber growth
can be affected by many factors, such as soil moisture content. Constant supply of
moisture is necessary during the life of the plant, especially during flowering and
fruiting (Loomis 1977).
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The scarcity of water is a limiting factor for agriculture specially under desert
conditions. With an improved water use efficiency (WUE) limited amount of
available water can be used more effectively by plants. Soil conditioners such as
super-absorbant materials may potentially improve plant access to water. Soil
conditioners reduce evaporation and increase soil available water (Al-Omran et al.
1987). Their application improves soil physical properties (Miller 1979, Johnson
1984, Al-Omran et al. 1987, Wallace and Wallace 1986a), and increases soil
swelling and decreases infiltration rate (Miller 1979). Bres and Weston (1993) found
a linear increase in water retention by the growth media with gel application.

The addition of soil conditioner to the growth media increased seed germination
and early growth of the plants (Cook and Nelson 1986). Seed germination and
seedling growth of tomato, cotton, lettuce and wheat were increased with the
addition of gel conditioner (Wallace and Wallace 1986b, c; Verplancke et al. 1990).

However, other studies showed that water-soluble polymer did not affect plant
growth (Ingram and Yeager 1987, Wang 1989). Recently, Bres and Weston (1993)
examined the effect of hydrosource and Agri-gel incorporated at different levels in a
growth medium containing 1 part peat: 1 part perlite: 1 part vermiculite on the
growth of tomato seedlings. They found that seedling growth was not affected by the
gel application.

Plant response to gel conditioner might be, relatd to the gel type (Wang and
Gregg 1990), rate of application (Al-Harbi ef al. 1994) and irrigation water quality
(Johnson 1984). The objective of this study was to determine the effect of soil
conditioner (Broad leaf P4) on seed germination and the growth of cucumber plants.

Materials and Methods

A surface soil sample (0-20 cm) was collected from the Experimental Research
Station at Dierab, Saudi Arabia. The soil contained 77% sand, 12% silt and 11%
clay. It contained very low organic matter (0.75%), high CaCOy (28%), a low
amount of soluble salts (EC, = 0.76 dSm-') and very low SAR value (0.81). The soil
is classified as a calcareous sandy loam (torripasment). The soil was air dried and
passed through a 2 mm sieve.
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The gel-forming conditioner bought from the local market and used was Broad
leaf P4* manufactured by Agricultural Polymer Ltd, UK, with a grain size of
0.5-1.5 mm. The soil conditioner was applied to the soil at five rates: 0.0 (control),
0.2, 0.4, 0.6, and 0.8% (on a dry weight basis). The corresponding amounts of soil
conditioner were thoroughly hand-mixed with air dried soil. Subsamples were taken
from each treatment to determine the moisture content at 0.01 MPa (Field capacity)
using a pressure plate apparatus (Black 1965).

The soil was placed in plastic pot, 23 c¢cm in diameter and 30 cm in height, to
bulk density of 1.5 g/cm’. The treated soils with the appropriate rate of soil
conditioner were mixed with the top [0 cm of soil in the pots and 5 cm from soil
surface to the edge of the pots was left for soil expansion. The pots were placed in
greenhouse at 25 + 3°C day and 18 £ 3°C night time temperatures. The treatments
were replicated five times and the experiment was carried in completely randomized
design (CRD).

Before sowing cucumber seeds (Cucumis sativus L.), all treatments were
irrigated using tap water (EC = 0.4 dS m™', SAR = 0.9) to field capacity of each
treatment. The amount of irrigation water to reach the field capacity was 2091 ¢cm?
for control, 2538 cm? for 0.2%, 3060 cm? for 0.4%, 3722 cm?® for 0.6% and 4493
cm? for 0.8% of soil conditioner rate. Twenty four hours after wetting the pots to
field capacity, five seeds of cucumber were sown in each pot at a depth of 2 cm.
Seed germination was recorded daily and seed germination index was calculated as

follows: ST, N,
S

Gl =

Where T; is the number of days after sowing, N; is the number of seeds germinated
on day i, and S is the total number of seeds planted (Scott et al. 1984).

At the second true leaf stage the seedlings were thinned to one seedling per pot.
Afterward, all treatments were irrigated every 3 days with a fixed amount of tap
water. The total amount of irrigation water for each pot during growing period (75
days) was 19500 cm? plus the initial amount of irrigation at field capacity for each
treatment. The amount of water added during the growing season was calculated to
ensure that no drainage water were collected from the pots. A fixed amount of
nutrient solution was added to each pot (Collin and Jensen 1983). The retained water
in the soil at harvest was 825 c¢m? for control, 1100 cm?3 for 0.2%, 1310 cm? for
0.4%, 1750 cm3 for 0.6% and 1950 c¢cm?3 for 0.8% soil conditioner rate.

* The use of trade name is for the information and convenience of the reader. Such use does not
constitute an official endorsement of the product.
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Changes in plant height and stem diameter were measured four weeks after
sowing over a 10-day period. Leaf expansion was measured non-destructively four
weeks after germination as described by Ismail (1989). The estimated leaf area (LA)
was calculated based on a series of leaf breadth measurements using a regression
equation of:

LA = 0.1828 * [LB24284
Where LA is estimated leaf area (cm?), LB is leaf breadth (cm). (n = 30, R? =

0.9878). Relative water content (RWC), was measured in the plants seven weeks
after sowing; it was calculated as follows:

RWC = M + 100
TW - DW

Where FW is fresh weight, DW is dry weight and TW is turgor weight.

Water use efficiency (WUE) was calculated as follows:

WUE = total yield (mg)

evapotranspiration (cm?)

At the end of the experiment, plant height, fresh and dry weight of the aerial
parts were measured. Leaf area measurement was carried out on a sample of five
leaves from each plant. Fruit number per plant and total fruit weight per plant were
determined.

Results and Discussion

Cucumber seed germination started five days after sowing. Results presented in
Fig. I and in Table |, indicate a shorter germination time with the addition of soil
conditioner. Germination index (GI) was significantly decreased at the 0.2%
conditioner rate compared to the control. Increasing gel conditioner rate to 0.4, and
0.6 slightly reduced the GI but the difference was not significant. Rapid seed
germination could be attributed to the positive effect of gel conditioner addition
which is reported to increase the available water (Al-Omran et al. 1987) and improve
soil texture (Wallace and Wallace 1986a). Wallace and Wallace (1986b) also
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Fig. 1. Effect of soil conditions, percentage on cumulative seed germination rate.

reported an increase in earliness of seed germination of lettuce and cotton with
addition of combined dry and solution of polyacrylamide (PAM). Cook and Nelson
(1986) found that PAM solution improved seed germination compared to granular
PAM application. Seven days from sowing in the present experiment, 100% of the
seeds germinated for all treatments.

Our results show a progressive increase in the early growth of the stem and
leaves with increasing gel conditioner rate in the growth medium. This is indicated
by the changes in plant height, stem diameter and leaf area (Figs. 2 a, b and 3). The
application of soil conditioner of 0.4 and 0.6% gel significantly increased RWC of
the plants compared to the other treatments (Table 1). Further increase in the
conditioner rate to 0.8% did not affect the RWC of the plants.
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Fig. 2. Changes in plant height (A) and stem diameter (B) as influenced by soil conditioner rate.
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Fig. 3. Changes in leat are as influenced by soil conditioner rate.

Table 1. Effect of soil conditioner rate on seed germination index (Gl) and relative water content

(RWQ)
Soil conditioner rate Gl RWC (%)
Control 6.8 a 84. 79b
0.2% 6.6 ab 87.42 ab
0.4 % 6.0 abc 88.47 a
0.6% 5.8 bc 89.39 a
0.8% 56¢ 87.03 ab

* Means followed by the same letter within a column are not significantly different at the 5% level
as determined by the least significant difference.




Table 2. Effect of the soil conditioner rate on the means of plant height, leaf number, leaf area, shoot fresh and dry weight and dry

weight percentage at the end of the experiment

. . Plant height | Leaf number Leaf area Shoot weight

Soil conditioner rate 2

(cm) (Vp) (em?)

FW (g/p) DW (g/p) DW %

Control 1825 b 24.75b 260.45 a 233.79 a 24.65a 10.67 b
0.2% 206.25 ab 30.75a 216.67b 236.87 a 26.79 a 11.40 ab
04 % 2275 a 28.75a 200.27 b 218.61 a 26.07 a 11.92a
0.6% 181.25b 27.75 ab 210.87b 222.83 a 2383 a 10.67 b
0.8% 211.25 ab 29.00 a 211.51b 220.95a 24.35a 10.90 b

* Means followed by the same letter within a column are not significantly different at the 5% level as determined by least singificant
difference.
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At the end of the experiment, no significant differences were observed between
the treatments for plant height and fresh and dry weight of the shoots (Table 2). The
highest leaf area was recorded in control plants while 0.2% treatment plants gave a
higher leaf number, which resulted in slightly higher shoot fresh and dry weight but
the difference was not significant. These results are in agreement with the results
reported by Wang, (1989) on tropical ornamental plants. Also Bres and Waston
(1993) reported that fresh and dry weights of tomato seedlings were not affected by
adding hydrogel to the growth media when the water supply limitation was removed
as a confounding factor. Fertilizer solution and salts dissolved in irrigation water
might limit the benefits of gel conditioner, as reported by Johnson (1984) who found
that polyacrylamide gel hydration was inhibited more than 75% by a saline water
(EC = 3.2 dS m™'). Also Bowman er al. (1990) reported that gels (hydrophilic
polyacrylamide gels) exclude salts from the absorbed water which led to an increase
in the salt concentration in the external solution. They concluded that, in the
presence of fertilizer salts, gel amendment had a little or no significant effect on the
physical properties of the growth medium.

Table 3. Effect of the soil conditioner rate on the total fruit number per plant, fruit weight (g/p)
and water use efficiency (WUE)

Soil conditioner rate Fruit number Total fruit weight WUE
(f/p) (&/p)
Control 525a 2535 b 12.21b
0.2 % 6.25a 403.42 ba 19.27 ba
0.4 % 75 a 503.87 a 2371 a
0.6 % 7.25a 53770 a 2498 a
0.8 % 7.5 a 540.07 a 24.50 a

* Means followed by the same letter within a column are not significantly different at the 5% level
as determined by the least significant difference.

Water use efficiency (WUE) expressed on total yield basis is presented in Table
3. Generally, the results showed that WUE was significantly increased with
increasing soil conditioner rates compared to that for the control, with the exception
of the 0.2% soil conditioner rate. However, the differences in WUE between the soil
conditioner rates were not significant. Similar results were found in our earlier study
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on tomato (Al-Harbi ez al. 1994). El-Kommes et al. (1989) also reported an increase
in WUE with addition of soil conditioner (Boligrow) at the rate of 0.25%, and a
further increase in soil conditioner rate reduced the WUE. Table 3 also shows that
the fruit number per plant was not affected significantly by the addition of soil
conditioner. However, total yield per plant was rapidly increased with increasing soil
conditioner rate in the growth medium but the differences between effects of soil
conditioner rates were not significant.
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