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ABSTRACT

The effects of different priming treatments either at room temperature or at 5°C in an incubator for
16 hours were studied. An experiment of pots was planted using hydro priming celery (4dpium
graveolens L.) seeds for comparison with those primed in different solutions. Seeds were soaked in
Petri dishes containing: tap water, different concentrations of potassium silicate (2, 4, 8, 16 mM Si)
and humic acid concentrations (5, 20,100, 200 mM) at room temperature and 5°C in an incubator
before planting for 16 hours. Also, some dry seeds were exposed to gamma rays at different low doses
(20, 40, 60Gy) before priming in tap water. This work aimed to improve the tolerance of celery seeds
subjected to chilling stress by priming seeds in different concentrations of humic acid and potassium
silicate in addition to use low doses of ionizing radiation to accelerate plants proliferation, growth, and
leaves yield. Humic acid and potassium silicate were effective as priming solutions for alleviating the
chilling stress, stimulating celery growth, and proliferation. In addition, using of low doses of ionizing
radiation had a stimulant effect on plants after 120 days from planting.
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deterioration. Under the influence of humic
acids, plants grow stronger and better resist

INTRODUCTION

Celery (Apium graveolens L.) is a member of
plant species of the family Apiaceae; it is one of
the oldest cultivated plants to be used for
medicinal and dietary purposes. Today it is
mostly used as food and condiment (Mielke and
Schoéber-Butin, 2007). Also, leaf celery(Apium
graveolens L. var. secalinum), known as cutting
celery, is a variety in which the usable parts are
the dark-green, glossy leaves on long, thin leaf
petioles, presenting a strong celery flavor. They
may eaten as fresh or processed, mainly frozen
or dried, with which their aroma is not lost
(Mielke and Schéber-Butin, 2007; Rozek,
2007). Humic acids aid in correcting plant
chlorosis, increase the permeability of the plant
membranes and intensify enzyme systems of
plants. They accelerate cell division, show
greater root development, and decrease stress
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plant diseases. The stimulation of ions uptake in
the applications of humic materials led many
investigators to proposing that these materials
affect membrane permeability (Zientara, 1983).
This is related to the surface activity of humic
substances resulting from the presence of both
hydrophilic and hydrophobic sites (Chen and
Schnitzer, 1978). Therefore, the humic
substances may interact with the phospholipids
structures of the cell membranes and react as
carriers of nutrients through them.

The benefits of silicon (Si) amendments have
been well documented in plants. These include
enhanced productivity and tolerance to various
biotic and abiotic stresses, such as freezing,
drought (Jacob et al., 2009), pests and diseases.
Potassium silicate (K silicate) is a source of
highly soluble K and Si. It is used in agricultural
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production  systems primarily as a silica
amendment, and has the added benefit of
supplying small amounts of K. Silicon is an
essential micronutrient, and deficiencies affect
significantly plant health. Silicon was used in
the form of the potassium (K) salt. Foliar spray
with K silicate showed increments in
chlorophyll content and plant growth. Silicon
can reduce salinity stress and reduce
transpiration in plants (Tisdale et al, 1993;
Epstein, 1994; Marschner, 1995). Furthermore,
in sugarcane, there was evidence that Si may
play an important role in protecting leaves from
ultraviolet radiation damage by filtering out the
harmful ultraviolet rays (Tisdale er al., 1993).
Thus. Si had been shown to ameliorate abiotic
stresses in several ways.

This work aims to improve celery seed face
up to chilling which is necessary for surviving in
winter by priming seeds in different
concentrations of humic acid and potassium
silicate in addition to use of low doses of
ionizing  radiation to  accelerate plants
proliferation, growth, and leaves yields.

MATERIALS AND METHODS

Main Treatments

This experiment was conducted at the
National Center for Radiation Research and
Technology (NCRRT), Cairo, Egypt during
December 2012 season. Seeds of local variety of
celery (Apium graveolens L.) obtained from the
Agricultural Research Center, Giza, Egypt were
used. A pots experiment was conducted using
celery seeds that primed in water for comparison
with those primed in different concentrations of
humic acid or potassium silicate. Seeds were
soaked in Petri dishes containing: normal water,
potassium silicate in concentrations (2, 4, 6, 8,
16 mM Si) and humic acid in concentrations (5,
20. 100 and 200 mM). Soaking process was
achieved at ambient room temperature (20°C £
2) or in an incubator at 5°C for 16 hours before
planting. Some seeds were irradiated on gamma
cell at NCRRT by 20, 40 or 60 gamma rays (Gy)
and soaked in tap water, other seeds (un-
irradiated seeds) were soaked in tap water to
serve as control. Pots were kept under
greenhouse conditions.

Measurement of Growth

Five plants were washed gently with tap
water for few minutes, wiped with paper, shoot
length cm’' was measured from culms base to
the tip of the longest leaf and root length cm”!
was measured from the root-shoot junction to
the tip of the longest root, leaf number (unit
plant™), the plant samples were weighed freshly
then oven dried at 70°C till constant weight and
the dry weight per each plant was recorded.

Measurement of Photosynthetic Pigments

Chlorophyll a, chlorophyll b and carotenoids
were calorimetrically determined in plants
according to Metzner et al. (1965). Fresh leaves
(0.5 g) were extracted twice with 5 ml of 80%
acetone, the combined extract made to constant
volume after filtration. The absorbance of
chiorophyll a, chlorophyll b and carotenoids
were colorimetrically measured on shimadzu
120-02 UV/V  spectrophotometer and the
concentrations were calculated using Metzner
equations.

Measurement of Mineral Concentrations

Dried plants parts were ground into fine
powder and used after digestion of samples
according to AOCS (1984) for measurement of
mineral concentrations. The minerals Ca, Mg,
Mn, Fe, and Zn were estimated on Atomic
Absorption Spectrometer (SOLAR- UNICAM
989) in NCRRT laboratory after complete
digestion according to an appropriate dilution.

Statistical Analysis

Statistical analysis was carried out using SAS
Computer Program (1988) according to general
finear methods procedure (SAS Computer
Program, 1988).

RESULTS

The concentrations of K silicate used as
soaking solution at room temperature or at 5C
increased length of plant, length of shoots,
length of root, number of leaves and fresh
weight of plants and their parts (shoots and
roots) in comparison with control as shown in
Table 1. Priming in silicate solution with
concentration 8 mM before planting in an
incubator increased most of the aforementioned
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Table 1. Effect of seed priming in potassium silicate solutions at room temperature or in an
incubator for 16 hours on some growth parameters of celery plants after 120 days of

planting date

Treatments Room temperature(20 C +2) 5C
(mM) Length  Length No. of Plant Wt.of Wt.of Length Length No. Plant Wtof Wt of
K silicate  ofshoot  of root Iea'ves fresh Wt.  leaves  root  ofshoot ofroot  of fresh  leaves  root
(cm) (cm) () 4] 4] (em) _(em) leaves Wi(g) (2 (®)
Control 1548f  5.64f 3.19d 099d 0.75¢ 0.24f 1027f 3.91f 3.04f 057f 035f 022
2 1727¢  6.73¢e  4.74b 1.55¢ 1.00d  0.55¢ 11.68¢ 439 3.68d 0.64e 038¢ 0.26¢
4 20.14d  961d 3.08d 2.84b 207b 0.77d 13.69d 5.79¢ 528b 1.27d 0.76d 0.51b
6 2534a 11.58¢c 5.73a 3.la 223a  0.87b 14.89¢ 5.13d 346e 134c 1.14c 0.20d
8 233% 1420a 320d 293b 2.08b 0.85¢c 1798a 6.85a 4.27¢c 2.13a 1.37b 0.76a
16 21.56c  13.70b  3.53c¢ 2.68b 1.76c  092a 1738b 6.11b 546a 1.64b 147a 0.17f
F. test Kk Kok * * * * Kok % *% o sk -

* ¥* significant at p < 0.05

growth parameters and the difference was highly
significance. Meanwhile, priming in silicate
solution with concentration 6m M at room
temperature and 8 mM at 5°C before planting
were considered as the best treatment where
they gave the highest values of the measured
growth parameters. The longest shoot part

reached to 2534 and 1798 cm at room
temperature and at 5 C, respectively.
Also, all concentrations of humic acid

stimulated significantly all studied plant growth
parameters (Table 2). The high significance
differences were noticed after priming seeds in
100 or 200 mM humic acid at room temperature
or under low temperature. The same trend was
noticed in concern to elements in shoots or roots
length and weight.

Data obtained after radiation treatments by
20, 40, 60 Gy and primed in tap water before
planting are represented in Table 3. All used
doses increased length of shoot, length of root,
number of leaves and fresh weight of shoot,
either at room temperature or at 5°C. Celery
seeds that exposed to 40 Gy achieved the
highest significance.

Most seeds that primed at room temperature
produced plants had high copper and zinc

concentration, most of seeds that primed at 5°C
produced plants had variation in elements
concentrations, some treatments increased
copper and zinc concentrations and another

decreased them as shown in Figs. 1, 2 and 3. In
respect to copper concentration, 60 Gy dose, 200
mM humic acid and 8 or 10 mM potassium
silicate recorded the highest concentration at
room temperature. Meanwhile, at low temperature
(5°C), 20 Gy for shoot and 60 Gy for roots, 20
mM for shoots and 200 mM humic acid, 10mM
for shoot and 2 mM potassium silicate had the
highest copper content. Roots of plants produced
from priming in 200 mM humic acid at room
temperature or at S5'C gained the highest
concentrations of estimated elements except
manganese and iron only in samples from
200mM at 5°C, While 20, 100 mM humic acid at
room temperature and 5, 20 mM at 5 C produced
significant results with the most measurements.

Zinc concentration behaved like copper, but
SmM humic acid in shoot instead of 20 mM in
case of room temperature and 2 mM silicate
instead of 10mM in shoot at room temperature
had gained the highest concentration of zinc as
compared with the control. The highest dose
(60Gy) that primed in an incubator was not
tested for minerals.

Perusal to Figs., the ions concentration on
dry weight basis mg kg'' in celery plants grown
after seeds priming for 120 days at room
temperature or at 5'C after 16 weeks from
planting date, it was noticed that most of
priming treatments used at room temperature
produced plants had high concentrations of
copper and zinc.
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Table 2. Effect of seed priming in humic acid solutions at room temperature or in an incubator
for16 hours on some growth parameters of celery plants after 120 days of pianting date

Treatments Room temperature(20'C +2) 5C
Humic acid  Length Length A . Wtof Length Length  No.  Plant Wt of Wt.of
(mM) of shoot of root No. of - Plant fresh leaves We.of of shoot ofroot  of fresh leaves root

leaves  Wt.(g) root (g)

(cm)  (cm) ®
éontrol 1521c 6.85d 3.49d 0.94 0.87 0.07 1028d 4594 3.1le 046 034 0.12

{cm) (em) leaves Wt H (@

5 21.7a  9.17c 4.56a  2.76b 1.36c  1.40a 174%9a 593a 4.68b 131b 1.11a 0.20c

20 2223a 13.62a 382c 243c 191b  0.52d [565b 5.03¢c 4.98a 198a 121a 0.77a

100 20.99ab 10.05¢ 349 297a 227a  0.70c 13.80bc  5.80a 429c 137b 091b 0.46b

200 2253a 1149 4.18b 264b  1.83b  081b 14.34b  546b 3.93d 1.2Ic 1.00ab 0.21c

F. test * * * * * * % * * Xk * % * * ok

*, ** significant at p < 0.05

Table 3. Effect of gamma irradiation before sowing and hydro priming at room temperature or
in an incubator for 16 hours on some growth parameters of celery plants after 120 days
of planting date

Gamma Room temperature(20'C £2) 5C
irradiation Length  Length of Plant  Fresh Wt. Wtof Length of length  No. Plant  Fresh Wt. Wt of
of shoot of root ' o fresh Wt ofleaves  root shoot ofroot  of firesh Wt. ofleaves root
em)  (em) (2) () 2) (em) _ (em) leaves  (¢) © ()

Control  11.1lc 7.11d 3.08d 2.14c 192d 022a 9.25d 8.13d 2.58d 2.02d 1.61d 04la

20 14.15b 10.10b 4.18b 299 282b  0.17c 11.53b 10.04b 3.63b 2.54b 2376 0.17d

40 1832a 11.03a 501a 3.7la 350a 021b 1562a 1{.17a 4.6la 294a 2.72a  0.22¢

60 13.03b  7.48c 3.81c 242¢ 229 0.13d 1051c 9.14c 2.78¢ 2.18¢ 1.94c  0.24b

F. test * wk *% * ok *% ok o ok ok ok ®k

*, ** significant or significant at p < 0.05
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Using of potassium silicate as priming
solution in concentrations of (2, 4 and 6 mM) at
room temperature increased chlorophyll (a) and
chlorophyll (b). While the concentrations 4, 6, 8
and 16 mM at an incubator increased
chlorophyll a and (2 and 6 mM) increased
chlorophyll (b) above the control values (Table
4). Humic acid treatments at room temperature
or at incubator cut down on the photosynthetic
pigments, except chlorophyll (a) or chlorophyll
(b) which raised up above its corresponding
control at 200 mM  humic acid. Also,
carotenoids were raised up but at 5 °C only
(Table 5).

Only chlorophyll (a) in plants produced from
seeds irradiated before sowing by 40 or 60Gy
and primed in water at 5°C and chiorophyll b
were increased at 20, 40 Gy as compared with
their corresponding controls. The rest of
treatments (20, 40 and 60 Gy) at room
temperature cut down on the photosynthetic
pigments (Table 6).

DISCUSSION

The plant responses to different priming
solutions together with priming in water to serve
as control were studied. Also. seeds irradiated
by different treatments of gamma rays were
primed in tap water. The overall performance of
grown celery subjected to pre sowing soaking
treatments  were  evaluated  on growth,
photosynthetic pigments (chlorophyll a, b and
carotenoids) and minerals after 120 days from
planting date. Silicate and humic acid improves
plant growth and their minerals content mainly
calcium.

Using of silicates in new seedlings helps
speed up the rate of growth by as much as 90%.
Also, Si is consider as benefit element in higher
plants, its deposition in cell walls of several
organ such as leaf and stem can promote benefit
effects, for this reason it has been frequently
linked to  physiological, morphological
nutritional and molecular aspects in plants. High
silica uptake has been shown to improve drought

I
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Table 4. Photosynthetic pigments (mg g') in celery plants from seeds primed in potassium
silicate solutions at room temperature and in an incubator after 120 days of planting

date
Pigments Potassium silicate (mM)
(mgg") Room temperature(20 C +2) 5C
Control 2 4 6 8 16 Control 2 4 6 8 16
Chlorophyll (a) 1456  19.89 18.85 15.50 11.19 10.98 10.83 9.57 12.7 1432 13.18 18.37
Chlorophyll (b) 6.70 1468 896 688 3.27 3.3 523 809 3.14 559 239 4.02
Carotenoids 5.80 449 471 425 416 3.09 526 5.07 3.99 4.61 344 3.63

Table 5. Photosynthetic pigments (mg g") in celery plants from seeds primed in humic acid
solutions at room temperature and in an incubator after 120 days of planting date

Pigments Humic acid (mM)
(mgg™) Room temperature (20 C £2) 5C
Control 5 20 100 200 Control 5 20 100 200
Chlorophyll (a) 1456 11.54 7.67 7.79 15.44 10.83 1.274 7.73 10.81 17.36
Chlorophyll (b) 6.70 652 382 398 &.16 5.23 1.23 338 4.59 13.21
Carotenoids 5.80 449 260 251 4.00 5.26 1.35 276 3.61 7.37

Table 6. Photosynthetic pigments (mg g') in celery plants treated by gamma irradiation from
seeds primed in water at room temperature and in an incubator after 120 days of

planting date

Pigments Room temperature(20 C £2) 5C

Control 20 40 60 Control 20 40 60
Chlorophyll (a) 14.56 10.00 11.39 12.33 10.83 9.62 12.67 13.68
Chlorophyll (b) 6.70 3.88 5.03 4.64 5.23 6.96 627 578
Carotenoids 5.80 4.08 3.86 5.47 5.26 560 4.13 585

resistance and increase plant growth rate and
yield (Marschner, 1995; Belanger et al.,, 1995).
Silicon nutrition has several beneficial effects on
plant growth largely due to its unique
physiological role (Takahashi ez al, 1990).
Adatia and Besford (1986) reported number of
positive effects of Si on the growth of cucumber
plants such as more leaf thickness, more dry
matter per unit area of leaf, a small but
significant added increment in root fresh and dry
weight, and less propensity of leaves to wilt.

The beneficial effects of Si on crop growth
are well documented especially under biotic and
abiotic stress conditions, Several mechanisms
have been proposed for these responses, Crop
yield responses to Si may be associated with
improved resistance against biotic and abiotic
stresses, such as disease and pest resistance, Al,
Mn and Fe toxicity alleviation, increased P
availability, reduced lodging, improved leaf and
stem  erectness, freeze  resistance  and
improvement in plant water economy (Aziz et
al., 2002).
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Foliar application of humic acids increased
the uptake of P, K, Mg, Na, Cu and Zn. Humic
acids can significantly reduce water evaporation
and increase its use by plants in arid and sandy
soils. Furthermore, they increased the water
holding capacity of soils. Humic acids increased
the permeability of the plant membranes and
intensify enzyme systems of plants and they
accelerated cell division(Khaled and Fawy,
2011).

The absorption of humic substances into
seeds has a positive influence on seed
germination and seedling development. The
application of humic or fulvic acids to seeds will
increase seed germination; resulting in higher
seed germination rates. Application rates of
humic acids or fulvic acids, required for
improving seed germination, range from 20 to
100 mg/liter of seed. In order to improve
germination to occur the humic substances must
be present within the cells of seeds. As the
humic substances enter the seed cells,
respiration rate increases, and cell division
processes are accelerated. These same
respiratory processes enhance root meristems
development and activate other growing points
within the seedlings. Humic substances have
been demonstrated to enhance mitotic activity
during cell division under carefully controlled
experiments.  Placement of these humic
substances on seed (seed treatment) or within
the seed furrow will improve significantly seed
germination and seedling development (Chen ef
al.. 2004 a,b). Adani er al. (1998) concluded that
humic acid stimulated plant growth and mineral
nutrition of tomato plants (Lycopersicon
esculentum L.). They added that, from evidence
in the previous literature, reduction of Fe; to Fe;
by humic acid is considered as a possibility to
explain a higher Fe availability for the plants.

Pre-sowing seed irradiation is one of the
most effective methods to improve plant
production, yield components and chemical
composition (Selenia and Stepanenko, 1979).
The previous studies reported that low doses of
gamma rays stimulated seed germination, plant
growth and oil production as peppermint
(Zheljazkov et al., 1996) and Mathiola incana
and Delphinium ajacis (Mahmoud, 2002).

Conclusion

Humic acid and potassium silicate were
effective as priming solution for stimulating
celery growth, and proliferation. In addition,
using low doses of ionizing radiation had the
same stimulant effect.

REFERENCES

Adani, F., P. Genevini, P. Zaccheo and G.
Zocchi (1998). The effect of commercial
humic acid on tomato plant growth and
mineral nutrition. J. Plant Nutr., 21: 561-575.

Adatia, M.H. and R.T. Besford (1986). The
effect of silicon on cucumber plants grown in

recirculating nutrient solution. Ann. Bot., 58:
343-351.

AOCS (1984). Official and tentative methods 3™
ed. with 1988 revisions, American Oil
Chemists' Society, Champaign, IL.

Aziz, T., AM. Gill and Rahmatullah (2002).
Silicon nutrition and crop production: A
REVIEW. Pak J AgriSa. 'ul., 39: 181-187.

Belanger, R.R., P. A. Bowen, D.L. Ehret and
J.G. Mengzies (1995). Soluble silicon: its role
in crop and disease management of green
house crops. Plant Disease, 79 (4): 329-336.

Chen, Y. and M. Schnitzer (1978). Water
surface tension of aqueous solutions of soil
humic substances. Soil Sci., 125: 7-15.

Chen, Y., C.F. Clapp and H. Magen (2004a).
Mechanisms of plant growth stimulation by
humic substances: the role of organic-iron
complexes. Soil Sci. and Plant Nutr., 50:
1089-1095.

Chen, Y., M. Nobili and T. Aviad (2004 b).
Stimulatory effect of humic substances on
plant growth. In: Magdoft F., Ray R. (eds):
Soil  organic Matter in  Sustainable
Agriculture. CRC Press, Washington.

Epstein, E. (1994). The anomaly of silicon in
plant biology. Proceedings of the National
Academy of Sciences USA, 91:11-17.

Jacob, R.M., C. Phyfer, B.A.M. Potier and D.
Watt (2009). Investigating and manipulating
silicon uptake in sugarcane. SASRI,
Tuesday, 4 August, 2009. KwaShukela



T

P

Zagazig J. Agric. Res., Vol. 41 No. (4) 2014 745

Auditorium, South African Sugar Association,
Durban.

Khaled, H. and H.A. Fawy (2011). Effect of
different levels of humic acids on the nutrient
content, plant growth, and soil properties
under conditions of salinity. Soil & Water
Res., 6 (1) 21-29 Macmillan Publishing
Company, New York.

Mahmoud, F.AN. (2002). Effect of gamma
radiation and some agrochemicals on
germination, growth and flowering of
Delphinium  ajacis and  Muthiolaincana
plants. M.Sc. Thesis, Fac. Agric., Moshtohor,
Zagazig Univ., Egypt.

Marschner, H. (1995). Beneficial mineral elements.
In: Mineral nutrition of higher plants. Inc.
Sandiego. USA.

Metzner, H., H. Rau and H. Senger (1965).
Unterschunger Zur Synchronisier Barkeitein

zelnerpigmenmangel. Mutanten von Chlorella,
Planta., 65 : 186.

Mielke, H. and B. Schéber-Butin (2007). Heil- und
Gewiirzpflanzen-Anbau und Verwendung.
Mitteilungenaus der Biologischen
Bundesanstaltfir Land- und Forstwirtschaft,
N°411. Berlin,

Rozek, E. (2007). Reaction of leaf celery
(Apium graveolens L. var. secalinum) to
planting density and irrigation. Vegetable
Crops Research Bulletin, 66: 69-77.

SAS Computer Program (1988). SAS User's
Guide: Statistics. SAS Institute, INC. Releigh,
NC, 584,

Selenia, L.V. and O.G. Stepanenko (1979).
Effect of pre—sowing gamma irradiation on
the productivity and active principle content

of Matricaria recutita. Rastitel’nye Ressusy,
15: 143-54,

Takahashi, E., L.LF. Ma and Y. Miyake (1990).
The possibility of silicon as an essential
element for higher plants. Comments Agric.
Food Chem., 2: 99-122.

Tisdale, S.L., W.J. Nelson and J. D. Beaton
(1993). Soil Fertility and Fertilizers.
Macmillan Publishing Company, New York.

Zheljazkov, V., A. Margine, T. Stovea and K.
Shetty (1996). Effect of gamma irradiation
on some quantitative characteristics in mint
and cornmint. Acta Hort., 426: 381-8.

Zientara M. (1983). Effect of sodium humate on
membrane potential in internodal cells of
Nitellopsis obtuse. Acta Societatis Botanicorum
Poloniae, 52: 271-277.

“ e Qbﬁje}é“uﬁj‘ém* cd!*a&._\@i\u'éu d@huﬁﬂ\&b.\hﬁw
Lala dnif (e

O Bl |y - O Lo Aaal - aall Lo Al e eyl

Al & A st g bl b e giall g S et ) 3 A AL Be shae anal & ety o]
SIS 5 psieall slo e (s giad g i Bl 25l o8l Cua v el sl S i e gl Jmes b Ll
5l a8 (sedlle) T eA oY) 4 sausall Sl s (JpaalleY o v Vv (Y e 0) o gl mas e JS
Lola &l 2l e 6 e (g pad Ll i g cde 30 8 delu VT saed %0 da oy e laaall 85 48 i
B35l ud S B Jasd B3 Goagy Al pall o2y sad g celall 8 Al i () Ve cE e oY) e
ot ALY s salisdl DLl 5l Sl sl mea (e Adline <3S 5 Jleatiny Sl el s 522l
8wl ) ang S5 ¢ gailly aouill el et 8 el 8 aEl 3 Ll Al e dcamddie e el 0
LS ¢t il b it s el sy 3 Gl 81 38 5 g sl S 5 thin gl imes slae 3 el 0
saill Uadite € daidie e oo Wha A plasind o Lal aa

e e daala — o lall A ¢ jatall Ll i gl g S
G0 daala — Aot N A f il adll AL

‘:OJ—ASM”
Crmiilmia, Aaaf Ay a0 20

el andiae A giall 30 .Y



