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ABSTRACT

The dynamics of the growth of roots and leaves of the Allium cepa L. after the mechanical removal of a part of the root
system or the bulb was studied. It was shown that, after surgical interference, the potency for organogenesis is retained,

although it is weakened.
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1. Introduction

The bulbs of Allium cepa L. contain biologically active
compounds necessary for the development of the vegetative
elements of the collum (roots and leaves). The activation
of physiological processes in the bulb triggers metabolic
processes vital for the formation of the root system and
above-ground plant organs.

The biochemistry of bulbs of the genus Allium was
studied mainly from the viewpoint of their practical use
as natural row materials for medicinal forms in the phy-
totherapy and homeopathy [3-5]. In addition, onion is a
valuable agricultural crop; therefore, the gustatory and
aromatic features of green leaves and bulbs were intensively
investigated. It was shown that the biochemistry of bulbs
and leaves that determines their consumer’s properties
depend on soils, climatic, and agrotechnical conditions of
cultivation and storage [6,7]. There are a number of pa-
pers concerned with the morphology, biochemistry, and
histochemistry of the structure of some members of the
Allium genus [1,2]. In these papers there are almost no
data on the mechanisms of interaction of the bulb and
vegetative elements of the collum during the initiation of
the organogenesis of the root system and the epigeal part
of onion.

In the present work, we analyzed the dynamics of
growth of vegetative organs (roots and green leaves of
the Allium cepa L.) after mechanical removal of a part of
the root system and a part of the bulb.
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2. Materials and Methods

Bulbs of the onion (Allium cepa L.) of the first-year crop,
variety Stuttgarter Riesen (Plantuitjes, Holland), 16 - 23
mm in diameter were used. In all, 270 bulbs (19 series of
experiments) were used. Bulbs were freed from dry ex-
ternal scales and old roots and germinated in tap water in
the darkness at +24°C - 27°C. After 24 h, bulbs with
germinated roots (6 - 10-mm long) were transferred to
test tubes with tap water. In experimental samples, a part
of the root system or of the bulb was removed. Bulbs
were photographed every 24 h by a digital camera Power-
Shot A650IS (Canon, Japan). The length of roots and
leaves was measured using the program PhotoM
(http://t_lambda.chat.ru). The increment of roots and
leaves (V, mm/h) was calculated by the formula: V =
(L - L/tx, where L, is the length of roots and leaves
at the starting time t, L. is the length at the time of the
next measurement, and tXx is the time between the
increment measurements (24 h). The statistical analysis was
performed using the program Statistica 6.0 (StatSoft. Inc.,
USA, http://www.statsoft.com).

3. Results

1) Growth of roots and green leaves after the removal of
a part of the root system.

In these experiments, a greater part of roots was removed;
one, two, or three roots were left. The results of one series
of experiments are presented in Table 1. It is seen that
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Table 1. Dynamics of the growth of roots and leaves of the onion Allium cepa L. after the removal of a part of the root system.

M + m (root and leaf length. mm)

Hour of experiment

Control 1 root 2 roots 3 roots
(n=10)* (n=3) (n=6) (n=6)
0 R™ 69+04 6.5+0.4 6.3+0.6 34+06
R 229+24 15.0+3.1 165+1.2 151+1.8
0.42™ 0.42 0.31 0.37
24
L” 46+03 9.1+3.7 7.5+£0.9 47+08
42.8+0.8 275+4.8 30.0+1.7 20.8+3.5
y R 0.45 0.07 051 0.38
8
L 13.1+08 123+74 9.7+1.8 5.4+02
0.35 0.13 0.09 0.03
K 57.5+0.8 387+7.6 419+22 238+5.7
0.49 0.17 0.58 0.28
72
1 30.6+2.8 19.7+2.7 158+4.8 62+0.2
0.73 0.31 0.25 0.03
47.7+82 57.5+1.2 39.2 +3.1
o R > 60 0.33 0.33 0.43
36.4+274 354+113 173 £33
L > 60 0.69 0.82 0.46

n, number of measurements; **R, root; L, leaf; """ absolute root length (M £ m); increment (V, mm/h. semibold type).

the absolute increment in the growth of roots in the con-
trol significantly exceeds the growth of roots after the
surgical intervention. There is no correlation between the
number of roots left and the dynamics of their growth.
However, it is evident that the decrease in the number of
the roots and, probably, the operation itself lead to a
reduction of root increment.

After roots were removed the growth of new roots was
observed; newly formed roots were removed every day.
In one series of experiments, delete one root was left and
new roots were not removed, from 2 to 13 additional
roots developed.

The absolute increment in the length of the leaf was
significantly diminished. No direct correlation between
the increment in leaf growth and the number of roots left
was observed over a period of four to five days.

2) Growth of roots and green leaves after the removal
of a part of the bulb.

In another series experiments, the upper half of the
bulb, two thirds of the bulb, and almost the whole bulb
(the collum with the base of juicy leaves was left) were
removed. In some experiments, in addition to a part of
the bulb, a part of the root system was removed (one, two,
or three roots were left). The results of one of these series
of experiments are presented in Tables 2 and 3.

The absolute increment in the root length after the
removal of the upper half of the bulb in the experiment
and control was almost equal. After the removal of the
upper two thirds of the bulb, an insignificant decrease in
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the absolute increment in the root length occure. It
should be noted that the differences were not clearly de-
fined on the first day and somewhat increase at the close
of observations. The removal of almost the entire bulb
led to a significant decrease in the absolute increment of
root length.

The removal of the half of the bulb led to a decrease in
the absolute increment of the green leaf length. This may
be associated with the mechanical injury to the leaf pri-
mordia. After the removal of two thirds of the bulb, the
growth of the leaf decreased almost to zero and in ex-
periments in which collums were retained, no growth
of the green leaf was observed (Table 2).

4. Discussion

In the present work, we analyzed the dynamics of growth
of roots and green leaves of Allium cepa L. after mecha-
nical removal of a part of the root system and the bulb.

The results of the experiments indicated that, with the
disturbance of the initial quantitative roots-bulb relation-
ship, the potency (capacity) for ontogenesis is retained,
though it is weakened. After the initiation of growth
processes in roots in the control, the root growth conti-
nues even though the bulb mass is strongly reduced. The
exchange of metabolites between growing roots and the
bulb upon a decrease in the number of roots or in the
bulb size remains sufficient to provide the activity of the
apical root meristem.
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Table 2. Dynamics of the growth of roots and leaves of the onion Allium cepa L. after the removal of a part of the bulb.

Time of experiment (h)

Part of the bulb
that was left
0 24 48 72 96
R 13940 292407 417+09 49.0+0.9 56.1+ 1.4
Control (n=10) <=0 0.67 052 0.30 0.29
(the whole bulb) L S0+33 14.4+0.7 25.1+5.1 36.0£4.7 46.1+0.4
(n=2) V=3 0.40 0.43 0.45 0.42
R 293+0.6 31+12 524+19 614+2.0
o (n=15) 12.2£04 0.71 0.57 0.39 0.37
L 99+25 16.7+4.7
(n=13) - - 47+10 0.22 0.28
R 88407 21+1.1 293420 38.4+29 427429
(n=15) o=l 055 0.30 0.38 0.18
173
L 41201 33422
@=3% ; ; 184023 0.09 -
R 98+05 78+05 8.0+04 87+05 97+13
(n=10) - - - -
Collum
L - - - - -
(n=2)

Abbreviations, see Table 1.

Table 3. Dynamics of the growth of roots of the onion Allium cepa L. after the removal of a part of the bulb and roots.

Time of experiment (h)

Part of the bulb that Variants of
was left experiment
0 2% 48 72 9%
Control” 164407 272+ 1.1 38.0+2.6
(n=10) 76£02 0.37 0.45 0.45 > 60
1 root 6t 158+ 1.7 249434 332467 504442
/ (n=3) 6+0. 0.34 0.38 0.34 0.72
112
2 roots 800 103£12 19.8+23 340+23 54.0+3.5
(n=6) 8=0. 0.23 0.39 0.59 0.83
3 ro0ts 63204 135418 2341 33.6£7.0 467458
(n=6) 3+0. 0.30 0.37 0.47 0.55
Control 220+1.2 35512 513203
(n=10) 9-6+0.5 0.52 0.56 0.66 > 60
1 root 8101 2910 312444 42395 43075
(n=3) 8£0. 0.59 0.35 0.46 0.03
13
2 roots $9+03 171419 302+ 1.7 45525 513431
(n=6) 9£0. 0.34 0.55 0.64 0.24
3 roots 59+ 12 238417 363424 47551 47157
(n=6) o= 0.62 0.52 0.47 -
Control 16.6+0.6 33.00.6 48909
(n=10) 7.2£03 0.39 0.68 0.66 > 60
1 root 05505 148423 212463 26.1£10.3 307+ 142
(n=3) S £0. 0.22 0.27 0.20 0.19
Collum
2 roots 207 142413 22526 302439 363+5.1
(n=6) 2%0. 0.29 0.35 0.32 0.25
3 ro0ts ey 10,0+ 1.4 16029 216440 275455
(n=6) 4£0. 0.23 0.25 0.23 0.24

"The whole bulb; for other abbreviations. see Table 1.
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It is known that nutrients, which are mainly concentrated
in juicy leaves of the bulbs of Allium cepa L., account for
87% of the bulb mass (open scales 62%, closed scales 25
%). Water-soluble carbohydrates, mainly monosaccha-
rides, constitute on the average more than 50% of the dry
substance of juicy scale leaves, whereas disaccharides and
fructosanes make up a smaller portion. In addition, bulbs
contain flavonoids, glucosides, and thiosulfonates [8-12].

It was shown that, as the bulb exits from rest, active
growth processes occur in the collum. High-polymeric
structural compounds, such as proteins, nucleic acids,
lipids, and others are synthesized in the meristems of the
collum and organs developing from them [2].

However, hormonal compounds that ensure the growth
and development of plant organs receive little attention
[13]. The hormonal regulation of organogenesis in the
onion bulb should be associated with the mechanisms of
the transport of regulators in the system green leaf-bulb-
roots. Auxines are often not introduced into nutrient
media during the cultivation of individual roots in vitro.
Roots under conditions of cultivation are considered to
be capable of synthesizing independently some auxines.
However, this is characteristic for isolated roots of dico-
tyledons. There is no agreement regarding the necessity
of introducing auxines into the nutrient medium during
the cultivation of isolated roots of monocotyledons (maize,
rye, wheat) [14,15]. The data on the effect of gibberellins
and cytokinines on the growth of isolated roots of various
plants are also ambiguous [15].

In our experiments, the growth of leaves occurs even
with the limited number of roots and after the removal
of a part of the bulb. There may be two possible ex-
planation of this: a) even one root is sufficient to pro-
duce the required amount of hormones regulating the
growth; and b) hormonal regulators necessary for the
growth of roots and leaves are synthesized inside the
bulb itself.

We conducted the experiments using unchlorinated
tap water without the addition of any mineral salts.
However, these conditions suffice for the stable growth
of roots and leaves even upon the strong reduction of
the bulb size.
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