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The Response of Vegetative Growth, Chlorophyll Content and Yield of
Wheat to Grain Soaking in High Concentration of Cycocel (CCC).
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ABSTRACT

The response of vegetative growth, leaf chlorophyll content, grain and straw yield
of the semi-dwarf spring wheat cultivar **Sidi Misri 1" (7. aestivum L.) to grain soaking in
a very high concentration (up to 40,000 ppm) of CCC prior to sowing were studied in
a field experiment at Tripoli, S.P.L.A.J.

Compared to the control, grain soaking in 20,000 and 40,000 ppm CCC for 24 hours
significantly delayed seedling emergence, reduced shoot length and shoot dry weight,
increased root length and root dry weight as estimated three weeks after sowing.

Both chlorophyll a and b contents in leaves of plants 35 days after sowing were not
affected by CCC treatments when expressed on the basis of fresh and dry weights;
whereas a decrease in both chlorophyll pigments, ranging from 22 to 40%/, was observed
on the basis of leaf area. The same magnitude of reduction was found with leaf specific
weight.

When grains were sown dry they produced 3.739 tons/ha grains, 10.500 tons/ha straw,
3.1 head-bearing tillers/plant, and 8.8 cm spike length. The corresponding values for
grains soaked in 20,000 and 40,000 ppm CCC prior to sowing, respectively, were 4.461
and 4.822 tons/ha grains, 8.550 and 8.700 tons/ha straw, 5.0 head-bearing tillers/plant,
9.9 and 10.0 cm spike length.

INTRODUCTION

A series of experiments were conducted in the last few years at the Faculty of Agri-
culture, Tripoli, Libya, to investigate the response of both tall-and short—straw spring
wheat cultivars to CCC application under different levels of nitrogen fertilizer, sali-
nity and water regimes (1,3,4,5,9). A profound response to foliar spray with CCC was
reported in respect to reduction in stem height, increase in grain yield and some yield
components which confirmed earlier reports by other workers (2,6,7). However, the
method of CCC application and equipment required may limit the practical use of this
growth retardant in cereal production.

One of the most convenient method of CCC application is through seed treat-
ment prior to sowing. Previous reports on wheat grains treated with CCC, either under

greenhouse conditions or in field, utilized rates ranging from 500 to 5000 ppm a.i. of
CCC (2,8).
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It appears that higher concentrations of CCC were rarely tested. Therefore, the
present study was conducted to investigate the response of the semi-dwarf wheat
cultivar ‘Sidi Misri 1" to grain soaking in very high concentrations of CCC prior to
sowing in the field.

MATERIALS AND METHODS

A field experiment was carried out in the 1976—1977 growing season at the Faculty
of Agriculture farm in Tripoli, the Libyan Jamahiriya. A randomized complete block
design was used in four replications. Each plot consisted of seven rows 30 cm apart and
5 m long. Sound grains of the semi-drarf spring wheat cultivar *Sidi Misri 1" (Triticum
aestivum L.) were sown on 13 December 1976 at the rate of 80 kg/ha either dry or after
24 hours soaking in water, 0.4%, CCC (4000 ppm a.i.), 2%, CCC (20,000 ppm a.i.), and

9. CCC (40,000 ppm a.i.). A liquid 40%, formulation of cycocel was used to prepare the
above mentioned CCC concentrations for grain soaking.

The experimental plots received 400 kg/ha of the 18-48-0 NPK fertilizer before sowing
and 60 kgN/ha in the form of ammonium sulfate (20%, N) as top dressing 40 days after
sowing. Supplementary sprinkler irrigation was applied whenever needed. The number
of days required for complete seedling emergence was recorded. Three weeks after
sowing, samples of ten seedlings each were carefully dugout to recover the root system
as much as possible. The roots were washed and the seedlings were cleaned for the
determination of their vegetative growth.

For the estimation of the leaf chlorophyll a and b contents, fresh 35-day old plants
were sampled from the field. One gram fresh weight of leaf tissue from each sample was
cut into small pieces and the chlorophyll pigments were extracted by grinding the cut
tissue with a mortar for about five minutes in 100 ml of 85%, (v/v) acetone. Extracts
were centrifuged at 3000 rpm for twenty minutes. Six extracted samples from each
treatment were used for measuring the optical density at both 663 and 644 mu wave-
length by using the ‘Unicam Sp 600" spectrophotometer. Both chlorophyll a and b
pigments were estimated by using the following equations:

(1) mg chl. a/g tissue = 1.07 (O.D. reading at 663 m u) —0.094(0.D. reading at
644 mu)

(2) mg ch. b/g tissue = 1.77 (O.D. reading at 644 m u) —0.280(0.D. reading at 663
mu)

The quantitative content of chlorophyll was estimated on the basis of fresh and dry
weights as well as on a leaf area basis. In May 1977, the five middle rows of each plot
were harvested for estimation of yield and its components.

RESULTS AND DISCUSSION

Seedling emergence was significantly delayed by grain soaking in high concentrations
of CCC compared with either non-treated or water-soaked grains (Table 1). Treatments
with 20,000 and 40,000 ppm CCC retarded the emergence of wheat seedlings under
field conditions by three to four days. Soaking grains in water significantly enhanced the
seedling emergence by an average of two days in comparison with dry grains.

The delay in seedling emergence due to treatments with high CCC concentrations
prior to sowing might be attributed to a slow rate of shoot cell elongation caused by the



Table | Effect of soaking wheat grains in high concentrations of CCC on seedling emergence and vegetative growth (3 weeks after sowing).

Vegetative response

Number of

days to Longest Shoot Root dry Shoot dry Root/shoot Total dry
Treatment of seedling root length weight weight dry weight weight
wheat grains emergence (cm) (cm) (mg/plant) (mg/plant) (A (mg/plant)
Dry 10 9.7 128 8.2 13.8 60 220
Soaked in distilled
water 8 10.8 13.1 11.2 16.0 69 27.2
Soaked in 4,000 ppm
CCC a.i. 11 12.2 9.6 11.2 14.6 77 258
Soaked in 20,000
ppm CCC a.i. 13 14.1 8.5 17.1 12.7 140 29.8
Soaked in 40,000
ppm CCC a.i. 14 13.6 8.0 10.7 12.5 87 23.2
LSD at 5%, 0.9 1.8 1.4 39 2.5 42 42
LSD at 1% 1.4 2.6 1.9 5.5 34 59 59
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inhibiting effect of CCC (6). This was demonstrated by the significant reduction of
shoot length, as shown in Table 1. Compared with dry grains, soaking wheat grains
in 4,000, 20,000, and 40,000 ppm CCC for 24 hours significantly reduced the shoot
length (3 weeks after sowing) by 25, 34, and 389/, respectively.

On the other hand, treatments with CCC significantly increased the root length over
both dry and water-soaked grains. Soaking wheat grains in 4,000, 20,000, and 40,000
ppm CCC resulted in root length increments of 26, 45, and 40%, as compared with dry
grains, respectively. These findings might indicate the beneficial effect on root growth
due to grain treatments with CCC. Under the semi-arid conditions prevailing in the
Jefara area and elsewhere in the Libyan Jamahiriya where most of the wheat acreage
is entirely dependent upon an annual rainfall of 150—450 mm and is produced in light
sandy soil with low water-holding capacity, the enhancement of root growth due to
CCC treatments may improve the efficiency of water use by wheat plants. Humphries
(7) had previously reported such beneficial effect of CCC treatment on wheat yield
under dry conditions. In view of these results, it might be recommended that a more
intensive investigation could be carried out in the future to assess the practical use
on a large scale of the wheat grain treatment with CCC under rainfed conditions in
the Libyan Jamabhiriya.

Root masses, as estimated by the dry weight of recovered rootlets, lend more sup-
porting evidence to the beneficial effect of grain treatments with CCC (Table 1).
Soaking grains in 20,000 ppm CCC significantly increased the root dry weight of wheat
seedlings by about 1089, above the dry grains (control). Moreover, soaking in water
and 4,000 and 40,000 ppm CCC resulted in appreciable increments, although not
significant, in dry weight of seedling roots by 37, 37, and 30%,, respectively, compared
to the control.

The response of shoot-seedling dry weight to soaking of grains in very high concen-
trations of CCC was opposite that of roots. Treatments with 20,000 and 40,000 ppm
CCC insignificantly reduced the shoot dry weight by only 8 and 99, respectively, as
compared with dry grains. This slight negative effect of CCC on shoot dry weight was
less than the increase in dry weight of roots for the same treatments. This may indicate
that the significant shortenting in shoots, due to CCC treatments, does not substract
from the total mass of the wheat seedlings. This conclusion was further substantiated
by the increase in the total seedling dry weight by CCC treatments, as shown in Table
1. Soaking grains in 4,000, 20,000 and 40,000 ppm CCC increased the total seedling
dry weight above dry grains by 17, 35, and 5%, respectively. However, the increment
was significant only with the 20,000 ppm CCC treatment. Also, soaking grains in water,
prior to sowing, significantly increased the total dry weight of seedlings by 249/, as com-
pared with dry grains. This increase probably was due to the earlier emergence (two
days ahead of dry grains) of seedlings. On the other hand, the increments in total dry
weight, with CCC treatments, were mainly attributed to the enhancement of root
growth, since there was a delay of few days in seedling emergence, as was previously
discussed. This observation is further supported by the positive increase in root/shoot
dry weight ratio due to CCC treatments. The root/shoot dry weight ratios were only
60 and 69%, for dry and water-soaked grains; whereas ratios of 77, 140, and 879, were
found with grains soaked in 4,000, 20,000, and 40,000 ppm CCC (see Table 1 and Fig.
1), respectively.

Table 2 summarizes the data of the quantitative contents of chlorophyll a and b in
leaves of 35-day old wheat plants as influenced by CCC treatments. It is apparent from
these results that the estimated leaf chlorophyll pigments a and b, as expressed on
fresh and dry weight bases, were not affected by CCC treatments. However, there



RESPONSE TO GRAIN SOAKING IN CCC 3

Fig. 1. Effect of soaking wheat grains in CCC on seedling growth. Treatments from left
to right are: dry grains, soaked in water, soaked in 4,000 ppm CCC, soaked in 20,000 ppm
CCC, soaked in 40,000 ppm CCC a.i.

were significant reductions in both chlorophyll contents due to CCC treatments when
they were estimated on the basis of leaf area. In the case of chlorophyll a pigment,
soaking wheat grains in 4,000, 20,000, and 40,000 ppm CCC resulted in 26, 28, and 40%;
reductions, respectively, as compared to dry grains. Also, the same treatments dec-
reased chlorophyll b pigment by 22, 23, and 359%,. These results might be explained by
the production of broader and thinner leaves due to CCC treatments. This could be
the case since the leaf specific weight was found to be decreased with grain soaking
in CCC. The values of leaf specific weight were 7.8, 5.4, 5.2, and 4.5 mg/dm? for dry
grains and grains soaked in 4,000, 20,000, and 40,000 pm CCC, respectively. Compared
to the dry grains, these CCC treatments reduced the leaf specific weight by 31, 33, and
429%;. This trend coincides with that of chlorophyll a and b contents on the leaf area
basis.

Earlier reports (2) suggested that wheat grains soaked in the range of 500 ppm CCC
for 14 hours increased chlorophyll content of leaves. The present study, however,
showed that soaking wheat grains in much higher CCC concentrations for 24 bours
either did not affect chlorophyll content of leaves (on both fresh and dry weight bases)
or greatly reduced it when estimated on leaf area basis. These disagreements may be
attributed, beside the differences in CCC concentrations, to varietal and environmental "
factors. El-Damaty er al. (2) used a different wheat cultivar grown under greenhouse
conditions. :

Results of the total yield (grain + straw) did not show significant differences due
to CCC treatments (Table 3). However, there were reductions of 5, 9, and 5%, due to
treatments with 4,000, 20,000, 40,000 ppm CCC, respectively, as compared with dry
grains. On the other hand, there were increases in grain yield, although statistically
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Table 2 Effect of soaking wheat grains in high concentrations of CCC on seedling chlorophyll content

(35 days after sowing).
Fresh weight basis Dry weight basis Leaf area basis
(mg/g) (mg/g) mg/dm?

Treatment of wheat grains Chl. a“ Chl. b Chl. a Chl. b Chl. a Chl. b

0.988" 0.408 6.027 2.489 4.709 1.945
Dry +0.007 +0.008 +0.043 +0.049 +0.034 +0.038

0.945 0.390 6.426 2.652 5.060 2.088
Soaked in distilled water +0.004 +0.005 +0.027 +0.034 +0.021 +0.027
Soaked in 4,000 ppm CCC 1.024 0.449 6.451 2.829 3468 1.521
ai. +0.005 +0.004 +0.032 +0.025 +0.017 +0.013
Soaked in 20,000 ppm CCC 0.970 0.430 6.499 2.881 3.403 1.508
a.i. +0.008 +0.008 +0.054 +0.054 +0.028 +0.028
Soaked in 40,000 ppm CCC 0.977 0.438 6.351 2.847 2.835 1.271
ai. +0.004 +0.003 +0.026 +0.020 +0.012 +0.009

“Chl. = Chlorophyll.
Figures represent the mean values + the standard errors.

not significant, of 19 and 299/ due to grain soaking in 20,000 and 40,000 ppm CCC, res-
pectively, as compared with dry grains. Such increases in wheat grain production, due
to CCC treatments, could not hardly be overlooked since it occurred in the absence
of lodging of the semi-dwarf wheat cultivar “Sidi Misri 1°. It is apparent from the present
study, as well as the previous reports (3,5,9), that CCC treatments, either as a foliar
spray or a grain treatment prior to sowing, had a beneficial effect on grain yield of this
wheat cultivar.

Straw yield, on the other hand, was significantly reduced by the treatment with high
concentrations of CCC. Compared with dry grains, grain soaking in both 20,000 and
40,000 ppm CCC decreased straw yield by 19 and 179, respectively (Table 3). It is
apparent, therefore, that CCC treatments of ‘Sidi Misri 1’ grains favored grain pro-
duction over straw.

Table 3 Effect of soaking wheat grains in high concentrations of CCC on yield and its components.

Total Grain Straw Spike Spike
Treatment of yield yield yield number/ length
wheat grains (tons/ha) (tons/ha) (tons/ha) plant (cm)
Dry 14.239 3.739 10.500 KN 8.8
Soaked in distilled
water 15.030 3.780 11.250 3.6 8.9
Soaked in 4,000 ppm
CCCali. 13.502 3.752 9.750 4.1 9.7
Soaked in 20,000 ppm
CCC a.i. 13.011 4.461 8.550 5.0 99
Soaked in 40,000 ppm
COC ai. 13.522 4.822 8.700 5.0 10.0
LSD at 5% N.S.“ N.S. 1.790 1.6 N.S.

“N.S. = Not significant.

e —————— )
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Also, the number of spikes per plant was significantly increased by grain soaking in
both 20,000 and 40,000 ppm CCC. This apparent significant increase of about 619%
was positively reflected upon the increase in grain yield. The same trend, although
nonsignificant, was observed with respect to spike length.
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