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Abstract Root gravitropism makes plant roots maintain a

definite growth toward gravity direction. In this study, the

garden pea seeds were used to investigate the impacts of

exogenous hydrogen peroxide on the primary root hori-

zontal bending. The results showed that exogenous H2O2

inhibited primary root gravitropism and induced horizontal

bending at the initial stage of the pea seed germination, and

the curvature was more severe with the increase of H2O2

concentration. The horizontal bending emerged before the

radicale broke through the seed coat, after which the

bending could not appear, and the earlier H2O2 treated, the

more obvious the effect showed. In accordance with

cytohistological observations, an asymmetrical cell-elon-

gation generated at the elongation zones of the bending

root, in which the outer layer cells was remarkably wider

than the inner layer cells. Besides, it was only found in

Papilionoideae that the primary root horizontal bending

was induced by exogenous H2O2. As the H2O2 concen-

trations raised, the content of gibberellin A3 (GA3)

increased, which stimulated the activity of a-amylase

(EC3.2.1.1) and promoted the hydrolysis of root starch, so

the root-cap parts were dyed much lighter with the raising

concentrations of H2O2. Finally, the root tip lost

gravisensing and horizontally bended.

Keywords Gravitropism � H2O2 � Horizontal bending �
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Introduction

Root gravitropism is one of the important factors that

determine root architecture, and root gravitropic sensitivity

affects spatial distribution of the root system in the soil and

nutrients uptake efficiency (Rubio et al. 2001). The Cho-

lodny–Went theory proposes that lateral auxin transport

and its asymmetrical redistribution across organs upon

gravistimulation are essential for normal gravitropic cur-

vature responses (Chen et al. 2002; Blancaflor and Masson

2003; Perrin et al. 2005; Harrison and Masson 2008).

However, the mechanism of gravity perception in plants

remain poorly understood. The starch-statolith hypothesis

postulates that gravity perception in plants is mediated by

the sedimentation or pressure/tension exerted by starch-

filled statoliths within the gravity-perceiving columella

cells in the root caps and the ectodermal starch sheath cells

in shoots (Morita and Tasaka 2004; Stanga et al. 2009).

Numerous studies showed that amyloplasts are important in

gravity perception. Starch deficient pgm1 mutant lacks a

normal response to gravistimulation compared with the

wild type (WT), and mutants with intermediate levels of

starch are more gravisensitive than starchless mutants but

are less sensitive than the WT (Kiss et al. 1997), while the

starch excess mutant sex1 displays an increased sensitivity

to gravistimulation (Vitha et al. 2007). Until now, there has

been no definitive description of the mechanism that senses

the position or movement of amyloplasts within the
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statocytes. Yoder et al. (2001) proposed that the

cytoskeleton can participate in gravity perception and

amyloplast deposition during signal transduction, actin

filaments can be transmitted to the perception site which in

the cell membrane or endoplasmic reticulum membrane of

cortical cells via the power transmission produced by the

deposition of statolith or transmitted by physical tension of

an indirect physical connection (Baluska and Hasenstein

1997). Guenther et al. (2009) found that in columella cells

of Arabidopsis root, statolith starch could be transformed to

a chemical signal. Statolith can act directly on the endo-

plasmic reticulum membrane of cortex leading to changes

of Ca2? membrane potential, driving the formation of flow

force in cytoplasm, then the force promotes the deforma-

tion of endoplasmic reticulum membrane which produces

dynamic potential in it and the power can activate receptor

sites in small column cells. Although the mechanism of

plant geotropism has certain progress, but several key

issues still are not fully resolved: First, starch-statolith

hypothesis is not the only explanation for the mechanism of

gravity feelings. Because numerous studies have found that

the synthesis of some starch granules or deletion mutant of

small columella cells still have a certain geotropism. Sec-

ond, although some signaling molecules such as Ca2?, IP3,

etc. found in signal transduction are involved in the pro-

cess, it is unclear whether there is a correlation between the

signaling molecules and H2O2.

GA is class of important regulating hormones in the

process of plant growth, which has significant regulation

role in seed germinate, plant growth and the formation of

tubers (Zhong and Wang 2001). a-Amylase is an enzyme

involved in degradation of starch during germination of

plant. GA-induced a-amylase synthesis and secretion in

seed had been confirmed by many experiments (Jian et al.

1989). The expression of genes encoding a-amylase is

induced by GA, GA3 is correlated with acceleration of

starch hydrolysis through a-amylase activity (Kepczynska

and Zielinska 2006). The study of Liu et al. (2008) showed

that GA3 can promote a-amylase activity of cucumber

seeds. Zhao et al. (2011) proposed that exogenous GA3 can

improve a-amylase activity in early germination of Pu-

gionium cornutum. But the relationship among GA3, a-

amylase and gravitropism is not clear.

Numerous studies indicated that H2O2 is an active and

small molecule metabolite produced in plant normal

growth and development and environmental stress con-

ditions (Cheng and Song 2006). It can not only serve as

an important class of signaling molecules involved in the

regulation of the corresponding growth, stress response

and other biological processes, such as the promotion of

seed germination, stomatal closure, etc. (Nanda et al.

2010; Baptista et al. 2007), but also directly mediate

different signal transductions and complete some very

important chemical reactions, such as oxidation injury on

cell membranes and certain macromolecules and cross-

linking of plant cell wall, etc. (Quan et al. 2008; Gabal-

don et al. 2005; Jaleel et al. 2009). Studies have shown

that the pretreatment of pea seeds with exogenous H2O2

can interact with a variety of hormones to promote seed

germination and early seedling growth (Barba-Espin et al.

2010), alleviate cadmium toxic effects on crops (Bai et al.

2011) and oxidative damage of wheat seedlings under salt

stress (Wahid et al. 2007). The data provided by electron

paramagnetic resonance spin-trapping technique showed

that the formation of singlet oxygen observed after

addition of H2O2 correlates with enhancement in bio-

photon emission (Rastogi and Pospisil 2010). Jiang et al.

(2012) found that exogenous H2O2 could inhibit the

geotropism of grass pea primary root and induce hori-

zontal bending, but the mechanism has not been known.

However, the study of the role of exogenous H2O2 on pea

primary root growth and development in the seed ger-

mination has rarely been reported.

In this study, the universality and the dose effect of

exogenous H2O2 which induced the bending of primary pea

root were investigated. Several indicators influencing

starch hydrolysis in root tip were measured according to

the dynamic changes of GA3, so as to provide theoretical

supports for further study of the geotropism and non geo-

tropism growth of plant roots.

Materials and methods

Time of breaking through the coat for radicle

Fully and healthy seeds of pea (Pisum sativum Linn.) were

carefully washed with distilled water, allowed to germinate

on two layer moistened filter papers at 26 �C, and a light

intensity of 2000 lx. Rates of the radicle breaking through

the coat were recorded accurately every 4 h since seeds

were treated for 20 h with distilled water.

Exogenous H2O2 treatments

Seeds of pea were rinsed with distilled water for 2–3 times,

and then put in Petri dishes supplemented with various

concentrations of H2O2 (0, 20, 40, 60, 80, 100 and

120 mM) for 72 h. The seeds cultured in distilled water for

24 h after treating with H2O2 for 24 h were used as the

recovery group. The bending numbers of primary roots

were observed, photographed and recorded at intervals of

4 h. All the seeds were placed horizontally at the bottom of

the Petri dishes. Three replicates for each treatment were to

give a total of 21 dishes.
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Determination of the time point of the horizontal

bending

The pea seeds were carefully soaked in distilled water.

Within 24 h before germination, every 3 h a part of seeds

were picked out and then treated with H2O2 for 24 h, and

the curvature of primary root bending were observed and

recorded. The abluent pea seeds were sown in moist and

loose vermiculite, of which the radicle grew downward.

Once the radicle broke the seed coat, the pea seeds with

upright downward roots were picked out every 6 h, and

then treated with H2O2 for 24 h, a total of 6 times. The

percentage of primary roots with horizontal bending was

counted.

The universality of exogenous H2O2 on primary

roots horizontal bending

To determine the universality of exogenous H2O2 on pri-

mary roots horizontal bending of various crops seeds, pea,

lentil and horsebean (Vetch family of Legume Papil-

ionoideae), beans and black beans (soybeans subfamily

genus Glycine), mung bean and cowpea (kidney beans

subfamily genus Vigna), wheat and corn (Gramineae),

watermelon and melon (Cucurbitaceae) were chosen as

materials. These full and dormancy-completed seeds were

carefully cleaned with distilled water for 2–3 times, and

separated into two groups. One group was allowed to

germinate in Petri dishes supplemented with different

concentrations of H2O2; the other group was placed into a

dish adding a small amount of distilled water. The growth

of those primary roots were recorded and photographed.

Structure observation of the primary roots

The primary roots of pea with treatment of H2O2 were

observed by scanning electron microscope (SEM; Rajesh-

wari et al. 2009). The roots from each culture were washed

with potassium phosphate buffer (50 mM, pH 7.0), then

fixed by immersing in 3 % glutaraldehyde in potassium

phosphate buffer overnight at 4 �C. Then the specimens

were washed twice with buffer and dehydrated by an

ethanol series (v/v) ranging from 30, 40, 50, 60, 70, 80, 90

to 100 % and stored in 100 % ethanol. Then the specimens

were dried to critical-point, coated with gold and examined

with S-200C scanning electron microscope.

Determination of soluble sugar content

Soluble sugar content was measured by Anthrone

Colorimetry (Luo and Huang 2011). One gram dried sample

(shattered, fineness: passing through 100-mesh) was

weighed in a 10 mL centrifuge tube, to which 6 mL of 80 %

ethanol was added. The sample was heated in an 80 �C
water bath for 30 min, then centrifuged at 3000 r min-1 for

5 min. The supernatant was collected, and the extraction

was repeated twice (3000 r min-1 for 10 min each). The

supernatant was collected into a flask, and 80 % ethanol was

added to total volume of 50 mL. Then, 1 mL of solution was

taken, and 1.5 mL of water was added, followed by 6.5 mL

of anthrone reagent. The sample was mixed and incubated at

room temperature (25–30 �C) for 15 min to allow color

developing. The absorbency at 620 nm wavelength was

measured after the sample was cooled down.

Content of total soluble sugar ¼ ½C � ðV=aÞ�=W

C—glucose content obtained by referring to the standard

curve (mg)

V—total volume of the extracted solution (mL)

a—volume of sample solution for color developing (mL)

W—weight of sample (g)

Determination of a-amylase activity

Methods of Bialecka and Veczynski (2003) were used to

determine a-amylase activity. Roots (50 mg FW) were

ground in an Eppendorf tube in 5.0 mL ice-cold buffer

(20 mM TRIS-maleate, pH 6.2, with 1 mM CaCl2). The

homogenate was centrifuged at 12,0009g for 5 min. The

supernatant was removed and a 0.4 mL aliquot was

added to 0.4 mL buffer. The 0.8 mL diluted enzyme

extract was incubated for 2 min at 37 �C, a 0.2 mL

suspension (25 mg mL-1) of starch (Shanghai JiNing

industrial co., Ltd, Shanghai, China) was added, vor-

texed and incubated with shaking for 30 min at 37 �C.

To stop the reaction, 0.2 mL 0.5 M NaOH was added.

The reaction mixture was centrifuged at 80009g for

5 min and the absorbance of the supernatant was mea-

sured at 620 nm. A calibration curve using barley malt

a-amylase was prepared.

Determination of GA3 content

GA3 content was determined by HPLC (Waters model

2695-1201, USA) with the method of Wei et al. (2013), and

the standard sample was purchased from Sigma (USA).

HPLC was performed using a C18 column (4.6 mm 9

250 mm, 5.0 lm), heated at 30 �C. The UV detector was set

at 210 nm. Mobile phase was consisted of methanol

(350 mL) and distilled water (650 mL), the flow rate was

0.6 mL min-1 and the injection volume was 20 lL. The

standard curve of GA3 was y = 0.0004x - 0.5015,

R2 = 0.9995.
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Primary roots were weighed, from which GA3 was

extracted by methanol (m:v = 1:15) for 12 h at 4 �C, and

homogenized in an ice bath for 5 min, centrifuged 5 min at

12,000 rpm. The supernatant was concentrated under vac-

uum at 40 �C, eluted with chromatography methanol,

purified by small C18 column,then filtrated by 0.22 lm

micropore filter, and analyzed with computer.

Detection of starch

The pea primary roots with treatment of different concen-

trations of exogenous H2O2 (0, 40, 80 and 120 mM; 0 mM

was the control group) were treated and observed based on

methods of Takahashi et al. (2003) to detect the starch in

root-cap cells. The pea primary roots, which were treated

with different concentrations of exogenous H2O2 for 24 h,

were soaked in fixative (formalin:glacial acetic acid:alco-

hol = 5:5:9) for 48 h at 4 �C. The roots after fixed were

dyed by Lugol’s solution for 2 min, then rinsed with sterile

deionized water. The dyed primary roots were observed

and photographed.

Statistical analysis

Data from all experiments were subject to ANOVA and

analyzed by SPSS 15.0. Multiple comparisons among

treatments and the figures were performed by software

Graph Pad Prism 6.0.

Results

Table 1 showed that the germination rates of pea seeds

were low before treatment time reached to 40 h and ger-

mination rate increased with the increase of treatment time.

When the treatment time reached to 40 h, germination rate

of pea seed reached the highest value of 100 %. So the time

of the radicle breaking through the coat was 40 h.

Horizontal bending of root with exogenous H2O2

treatment

The seeds of the control began to geminate after cultured

for 24 h, and the primary roots grew vertically downward

as a result of gravitropism (Fig. 1, CK). Comparing with

the control, treatment groups of H2O2 obviously inhibited

the vertically downward trend in all radicles of peas and

bent horizontally, in other words, the gravitropism was

restrained (Fig. 1b). The curvature of radicle became more

and more severe with the increase of H2O2 concentration

and treatment time. As shown in the Fig. 1a, b, the cur-

vature was greater than 360� when peas were treated with

H2O2 at higher concentrations of (100 and 120 mM) for

long time (60 or 72 h). Those primary roots were still

bending and the growth of them was inhibited obviously

when H2O2-cultivation continued.

Dose effect of H2O2 in inducing primary roots

horizontal bending

After being treated with H2O2 for 42 h, the rate of root

curvature were invariable. They were 67 and 60 %

respectively under the treatment of 100 and 120 mM H2O2;

while the rates were 27 and 38 % respectively under the

treatment of 20 and 40 mM H2O2, and it was 0 in control

group (CK). Showing that the rate of curvature heightened

and the curvature extent was severer with the increase of

H2O2 concentration (Fig. 2).

Table 1 Time of the radicle breaking through the coat

Treatment time (h) 20 24 28 32 36 40

Rate of breaking through the coat (%) 0 5 16 33 57 100

A

B
CK 1cm

12h 24h 36h 48h 60h 72h 

20mM 40mM 60mM 80mM 100mM 120mM 

Fig. 1 Primary roots of peas treated with different H2O2 concentra-

tions (b) and different time of 120 mM H2O2 (a)

Fig. 2 Time course of curvature of the primary root treated with

various concentrations of H2O2 for different times
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The accurate time of the horizontal bending

The seedlings cultured in vermiculite for 6, 12 or 36 h after

radicle broke the seed coat had different lengths, and then

the upright primary roots were collected and transferred to

Petri dishes containing 120 mM H2O2 solution. These

seedlings were placed horizontally to keep primary roots

paralleling to the bottom of the dish. The result showed that

H2O2 failed to induce curvature of the root if the radicle

had broken through the testa, and the roots did not hori-

zontally or vertically bent (Fig. 3b).

The curvature of primary pea root treated with 120 mM

H2O2 was 77 % (Fig. 3a), and that of the peas pretreated

for 3 h with water before H2O2 treatment was 71 %, while

that of the peas pretreated for 12, 18, 24 h with water

before H2O2 treatment were 53, 44 and 43 % respectively,

which were 17, 26 and 27 % less than that of the 3 h

pretreatment mentioned above.

The result showed that the bending of primary root

could be induced by H2O2 in any periods before the radicle

broke the seed coat (24 h), and the earlier the pea was

treated with H2O2, the more obvious the curvature occur-

red, the higher the rate was, and vice versa.

Structural changes of the bending primary root

Comparing with the control, there were different cell

elongations in both sides of primary root elongation zone in

the treatment groups. The root epidermal cells of the

control were basically size-unified and neatly arranged

(Fig. 4a, c), but those of the treatments had large gaps

between each other (Fig. 4b, d), and there were four dif-

ferent forms of the cells (Fig. 4d). Shape of the outer layer

cells (first, second) were columnar and closely arranged

(Fig. 4e), but the inner layer cells (third, fourth) were fil-

amentous and loosely arranged (Fig. 4f). It was obvious

that the outer layer cells (first, second) was longer than the

third layer cells, but shorter than the innermost cells

(fourth). On the contrary, the width of those cells were

decreased from outside to inside of bending root, and the

outer layer cells was remarkably wider than the inner layer

cells, the difference was significant (P\ 0.05; Table 2).

The asymmetric growth of these cells might enlarge the

cell turgidity of the outer layer that resulted in the extrusion

of the inner layer cells, and finally led to the root horizontal

bending.

Universality of H2O2-induced horizontal bending

of primary root

Besides of the primary root of pea, those of bean (Vicia

fata L.), lentil (Lablab purpureus L.), soybean (Glycine

max L.), black bean (Soybean L.), mung bean (Vigna

radiate L.) and cowpea (Vigna unguiculata L.) would bend

horizontally under H2O2 treatment as well, but other crop

seeds would not (Fig. 5), including watermelon (Citrullus

lanatus) and melon (Cucumis melo), wheat (Triticum

durum L.) and maize (Zea mays L.). It was estimated that

vetch family, soybean and kidney bean subfamily were

genetically related, all belonging to Papilionoideae of

legume plants, and they had a common mechanism in

terms of the curvature.

Effect of exogenous H2O2 on the content of soluble

sugar

As shown in Fig. 6, soluble sugar content in pea primary

root increased with the increase of exogenous H2O2 con-

centration. The content reached 12.9644 mg g-1 after pea

seeds were cultured for 48 h in 80 mM H2O2, 2.6 times of

that of CK (4.9133 mg g-1)and 5 times of that of the pri-

mary root treated with 20 mM H2O2 (2.6860 mg g-1).

While H2O2 concentration over 80 mM would lead to a

declining trend of soluble sugar content, which was only

3.949 mg g-1 with 120 mM H2O2. We analyzed that the

increase of soluble sugars might be derived from the

hydrolysis of pileorhiza amyloplast.

Fig. 3 a Time course of

120 mM H2O2-induced

horizontal bending of primary

roots. Note Different letters

represented significant

differences of Tukey’s test

(P B 0.05), the same below.

b Pea seedlings of 6, 12, 36 h

after radicle broke though the

seed coat were transferred to the

solution containing 80 mM

H2O2 and treated 24 h

Plant Growth Regul (2016) 78:287–296 291

123



Effect of exogenous H2O2 on a-amylase activity

As shown in Fig. 7, a-amylase activity increased with the

increase of the H2O2 concentration. After seeds were

cultivated in 80 mM H2O2 solution for 48 h, a-amylase

activity reached a maximum value of 10.0491 mg g-1 -

min-1, 4.2 times of the control group (2.3846 mg g-1 -

min-1), but a-amylase activity began to decline when

Fig. 4 Microstructure of primary roots. a Microstructure of primary

root without curvature 950. b Microstructure of primary root with

horizontal curvature 950; OS outside of bending root, IS inner of

bending root. c Microstructure of primary roots without curvature

9200. d Microstructure of primary root with horizontal curvature

9200. e Outer cells of curvature root 9500. f Inner cells of curvature

root 9500. The cell layers of different cell sizes from outside to inside

of bending root were represented by using first, second, third and

fourth

Table 2 The comparison of

inside and outside cell size in

primary pea roots of curvature

Curvature Root

First Second Third Fourth

Length of cells (lm) 44.643 ± 6.377b 49.714 ± 7.242b 27.619 ± 2.502c 60.204 ± 5.620a

Width of cells (lm) 13.571 ± 2.020a 8.571 ± 1.010b 4.643 ± 0.599c 5.102 ± 1.394c

Data represented mean ± standard error. Different letters represented significant difference of Tukey’s test

(P B 0.05)
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H2O2 concentration was higher than 80 mM. It was illus-

trated that H2O2 enhanced the a-amylase activity, then a-

amylase promoted the decomposition of root starch, which

made the seed lose the sense of gravity and then bend

horizontally.

Effect of exogenous H2O2 on GA3 content

As shown in Fig. 8, GA3 content showed an upward trend

with increase of H2O2 concentration. After pea seed was

treated with 80 mM H2O2 for 48 h, GA3 content in the root

reached the maximum value(126.4850 lg g-1), and 6.5

times of that in CK primary root (19.4235 lg g-1), 5.3

times of that in 20 mM H2O2 treatment group

(23.8613 lg g-1). While high H2O2 concentration above

80 mM would lead to a declining trend of GA3 content,

which was only 52.5736 lg g-1 with 100 mM H2O2,

33.6460 lg g-1 with 120 mM H2O2, and decreased

73.9114 and 92.8390 lg g-1 respectively compared with

the maximum value.

Effect of exogenous H2O2 on starch hydrolysis

After being treated with Lugol’s solution, the root-cap parts

of Pea primary roots showed a lighter staining trend with

the increase of exogenous H2O2 (Fig. 9). The staining of

root-cap parts that treated with exogenous H2O2 at 80 mM

was obviously lighter than that of the control group,

showing the decrease of starch. According to the starch-

statolith hypothesis, the root-cap cells in primary roots lost

the sensitivity to gravity because of the hydrolysis of starch

and emerged horizontal bending.

Fig. 5 Primary roots bending of different crop seeds treated with

100 mM H2O2 for 72 h

Fig. 6 Effects of exogenous H2O2 on the content of soluble sugar

Fig. 7 Effects of exogenous H2O2 on a-amylase activity Fig. 8 Effects of exogenous H2O2 on GA3 content
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Discussion

Morphogenesis of root was influenced by external envi-

ronment, and plant root also can make corresponding

response after external stimulation (Malamy 2005). The

root displayed asymmetric growth patterns, including

curved, skewed, spiral, wavy and tilted when stimulated by

various factors (Noriega et al. 2008, 2009; Zou et al. 2012).

The most comprehensive study among these patterns was

gravitropic curvature (Blancaflor and Masson 2003). But

the effects of exogenous H2O2 on root bending growth

during the early stage of seedling growth have been barely

studied. This study was aim to determine whether the

horizontal curvature of pea primary roots can be induced

by exogenous H2O2 and identify the possible underlying

mechanism.

The experiment found that the time of the radicle

breaking through the coat was 40 h. The horizontal bend-

ing of primary root could only be induced on the premise

that the seeds were treated by H2O2 before the radicle

broke the seed coat, otherwise, it would fail to be induced,

which may due to that exogenous H2O2 affected the levels

of hormones, oxidative balance, or changed genes and

protein expression in the seeds or embryos, leading to the

loss of the gravitropic response and horizontal curvature of

primary roots (Blancaflor and Masson 2003). Study of

Jiang et al. (2012) found that the primary roots of wild

Mucuna Adans, peas and beans occurred horizontal bend-

ing under exogenous H2O2 stress, but there was no

occurrence of soybean. In this study, besides the pea pri-

mary root occurred horizontal bending with H2O2 treat-

ment, other seeds of legume Papilionoideae including

vetch family (such as peas, lentils, beans), soybean sub-

family (beans and black beans) and kidney bean subfamily

(green beans and cowpeas) appeared the same phe-

nomenon. Nevertheless, curvature did not take place in the

primary roots of other crop seeds (such as corn, wheat, rice,

watermelon, melon) treated with H2O2. It was considered

that there was common metabolic mechanism among the

plants belonging to legume Papilionoideae, which regu-

lated geotropism growth of primary roots and responded to

exogenous H2O2 stress.

Geotropism growth of plant root generally consists of

three phase: gravity sensing, signal transduction and bend

growth (Moulia and Fournier 2009). Starch-statolith

hypothesis considered that a large proportion of amylo-

plasts distributed in endodermal cells of the root cap,

coleoptile tip and stem, and affected by gravity and

deposited on the cell bottom acting as balancing stone

(Blancaflor et al. 1998; Perbal 2009). The change trend of

soluble sugar content was consistent with those of a-

amylase activity and GA3 content when pea seeds were

treated with various concentrations of H2O2, which showed

that the starch in primary root was hydrolyzed by a-amy-

lase; a-amylase activity was regulated by GA3, this was

consistent with studies of Kepczynska and Zielinska (2006)

and Liu et al. (2008). Thus, the change of substance in pea

primary root may be as follows: firstly, the content of GA3

increased, then a-amylase activity was improved with the

stimulation of GA3, and amyloplasts were hydrolyzed into

soluble sugar with the action of a-amylase.

In summary, our results indicated that exogenous

H2O2 might impede geotropic response of root and lead

to horizontal bending of pea taproot in the early growth

stages, and the degree of curvature increased as the

increase of H2O2 concentration and treatment time. From

the changes of soluble sugar content, a-amylase activity

and GA3 content in primary pea root under stress of

exogenous H2O2, the possible mechanism was that

exogenous H2O2 increased the GA3 content of pea roots,

then GA3 activated the a-amylase activity and amylo-

plasts were hydrolyzed by a-amylase, the roots lost

gravity perception and bent horizontally. The mechanism

may provide a strong evidence for starch-statolith

hypothesis, however, the details of the mechanism are

still unclear and there are some questions need to be

asked: How does exogenous H2O2 change the content of

GA3? What is the relationship among IAA, GA3 and

exogenous H2O2? Can exogenous H2O2 influence Ca2?

concentration changes in pea primary root resulting in

changes of Ca2? signal transduction?

Conclusion

In conclusion, exogenous H2O2 could induce horizontal

bending at the initial stage of the pea seed germination,

and the horizontal bending emerged just before the

radicale broke through the seed coat. Besides, it was

only found in Papilionoideae that the primary root hor-

izontal bending was induced by exogenous H2O2. GA3

content also increased with the raising of H2O2 con-

centrations, which stimulated the activity of a-amylase

(EC3.2.1.1) and promoted the hydrolysis of starch. Root-

cap parts lost the sensitivity to gravity because of the

hydrolysis of starch and led to the horizontal bending of

primary roots finally.

0mM       40mM       80mM      120mM

0.5cm

Fig. 9 Effects of different concentrations of exogenous H2O2 on

starch hydrolysis in primary roots
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