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Abstract

Plant in vitro organogenesis is well-controlled and thus provides an ideal system for plant propa-
gation and studying mechanisms of plant development. However, the data on systematic in vitro
organogenesis from leaf explant with various concentrations and combinations of hormones are
limited. Arabidopsis is a very useful model plant species for many aspects of plant biological study.
Here, we reported a simple, fast and efficient one-step process for evaluating leaf explant-derived
in vitro Arabidopsis organogenesis involving the application of various concentrations and com-
binations of exogenous hormones. The central portion of the fourth rosette leaf was harvested
from the 21-days-old seedling and cultured in vitro on the media containing 216 combinations of
exogenous hormones. Different types of organs, including roots, shoots, inflorescences, and leaf-
like organs were initiated from leaf explants. Several optimal experimental combinations were
selected. A hormone combination, 1.00 pM NAA + 10.00 uM ZT, was considered as the most effi-
cient one for adventitious shoot regeneration. And for adventitious root regeneration, six hor-
mone combinations, [(NAA + ZT: 1.00 + 0.10 uM; 10.00 + 0.01 pM; 20.00 + 0.10 pM; 20.00 + 1.00
uM) and (NAA + 6-BA: 10.00 + 0.10 pM; 20.00 + 10.00 uM)], were thought to be the best ones. Fur-
ther, both auxin and cytokinin ratios and concentrations were crucial for efficient in vitro organo-
genesis. Our study provides the important information for hormone-regulated organogenesis.
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1. Introduction

Plant cells, organs and tissues exhibit a remarkable ability to regenerate new organs under in vitro conditions [1].
Various types of organs, including vegetative and reproductive organs, have been successfully regenerated from
hundreds of plant species [2]-[8]. Thus far, in vitro somatic organogenesis has not only been widely used in
plant propagation and plant biotechnology, but also has been proven to be an important system for investigating
mechanisms of plant organ development [9].

Exogenous hormones are widely regarded as being more important than other factors [10]-[18]. Auxin and
cytokinin are critical for the regulation of organ regeneration, with the concentration ratio between these hor-
mones determining the specific types of regenerated organs, such as shoots or roots [19] [20]. However, the spe-
cific roles of different concentrations and/or combinations of auxin and cytokinin during organogenesis remain
to be investigated.

It has been shown that in some plants semi-mature and fully developed leaves gave good response of shoot
organogenesis in vitro [21]-[25]. The advantages of using leaves from in vitro seedlings lie in the abundant
supply of explants and a lower risk of contamination. Leaf discs have been successfully employed as starting
explants for Agrobacterium-mediated transformation in several plant species [26] [27].

Arabidopsis is a very useful model plant species for developmental studies, biological investigations and ge-
netic engineering due to its unique genetic and developmental characteristics. Recent advances in genetic and
molecular techniques, combined with unique approaches to tissue culture, may provide new insights into the
mechanism underlying many fundamental biological activities such as cell dedifferentiation, cell developmental
fate determination and intercellular communication [28]. To our knowledge, current data on systematic in vitro
organogenesis from different types of Arabidopsis explants under the regulation of various concentrations and
combinations of auxin and cytokinin have been limited.

In this study, we describe a simple, fast and efficient one-step process for organogenesis from leaf-derived
callus and present the effects of various concentrations of exogenous hormones on in vitro organogenesis in
Arabidopsis. In our previous work, the one-step process for in vitro organ regeneration had been developed and
defined [29]. This newly developed in vitro organ regeneration system will be useful for more efficient organ
regeneration and for understanding hormone-regulated organogenesis.

2. Materials and Methods
2.1. Plant Materials and Culture Conditions

Arabidopsis Wassilewskija-0 (WS-0) (Provided by the Arabidopsis Biological Resource Center) ecotype seeds
were surface sterilized with 70% (v/v) ethanol for 5 min followed by 2.6% (v/v) commercial bleach with a drop
of tween-20 (Sigma-Aldrich) for 10 min, and then washed four times with sterile ddH,O prior to plating on
half-strength Murashige and Skoog (MS) medium (Sigma-aldarich, pH5.8, 1L, consisting of 0.825 g NH;NO;,
0.95 g KNO;3, 0.22 g CaCl,-2H,0, 0.185 g MgS0O,-7H,0, 0.085 g KH,PO,, 0.83 mg KI, 6.2 mg H;BOs, 22.3 mg
MnSO,4-4H,0, 8.6 mg ZnSO,47H,0, 0.25 mg Na,M00,-2H,0, 0.025 mg CuSO,-5H,0, 0.025 mg CoCl,6H,0,
37.3 mg FeSO,4-7H,0, 27.8 mg Na,-EDTA-2H,0, 100 mg inositol, 0.1 mg VB, 0.5 mg VB3, 0.5 mg VBg, 2.0
mg glycine. Murashige and Skoog, 1962) [30] supplemented with 3% (w/v) sucrose and 0.8% (w/v) gelrite
(sigma-aldarich, G1910). The plates were incubated at 4°C in darkness for two days to overcome dormancy, and
then maintained at typical tissue culture conditions (20°C - 22°C, 16 h light/8 h darkness). The seedlings were
allowed to grow for 7 days and then were sub-cultured on the same medium in 250 mL flasks under the same
conditions for 14 days. When the fourth rosette leaf reached half its full length, the central portion was harvested
and organ induction was stimulated using culture on the medium described as following. All experiments were
repeated three times, and each experiment consisted of >100 explants.

The primary goal of this study was to characterize the effects of exogenous hormones on organogenesis in-
itiated from leaf explants. Systematic changes in auxin and cytokinin concentrations were designed and used to
establish a one-step approach for callus induction as well as organ regeneration. This one step approach includes
the use of the MS basal medium (Sigma-aldarich, pH5.8, 1L, consisting of 1.65 g NH;NO;, 1.9 g KNO3, 0.44 g
CaCl,-2H,0, 0.37 g MgS0O,-7H,0, 0.17 g KH,PO,, 0.83 mg KI, 6.2 mg H3BO3, 22.3 mg MnSO,-4H,0, 8.6 mg
ZnS047H,0, 0.25 mg Na,Mo00,4-2H,0, 0.025 mg CuSO,4-5H,0, 0.025 mg CoCl,-6H,0, 37.3 mg FeSO,-7H,0,
27.8 mg Na,-EDTA-2H,0, 100 mg inositol, 0.1 mg VB3, 0.5 mg VB3, 0.5 mg VBg, 2.0 mg glycine) [30] sup-
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plemented with 3% (w/v) sucrose, 0.8% (w/v) gelrite (sigma-aldarich, G1910) and various concentrations (0.00,
0.01, 0.10, 1.00, 10.00, 20.00 uM) of Zeatin (ZT) or 6-Benzylaminopurine (6-BA) in combination with 0.00,
0.01, 0.10, 1.00, 10.00, 20.00 uM Indole-3-acetic acid (IAA) or 1-Naphthaleneacetic acid (NAA) or 2,4-D,
which results in 36 unique treatments listed in Table S1. Each experimental treatment consisted of three repli-
cates of three Petri dishes with 20 explants in each dish. Two weeks later, the cultured explants were transferred
to fresh media. Cultured explants undergoing callus induction and organ regeneration were maintained under the
conditions of 25°C + 2°C and a 16/8 h day/night photoperiod with 100 mmolm s * cool white fluorescent
lamps.

The pH value of media mentioned above was adjusted to 5.8 using pH meter (UB-7, Denver Instrument
Company, USA) before autoclaving for 20 minutes at 121°C, 105 kPa.

All kinds of hormones were produced by Sigma-Aldrich. One hundred milligram IAA (No. 12886), 2,4-D
(D7299) or NAA (N0640) was dissolved in a small volume of ethyl alcohol, and then brought to 1 ml with
ddH,0. For cytokinin, a few drops of 1 NaOH were required to bring ZT (100 mg) or 6-BA (100 mg) into solu-
tion, and then ddH,O was added up to 100 ml. Filtration was required for ZT solution because it was considered
to be unstable in the heat. The stock solutions of NAA and 2,4-D were stored at 4°C, and 1AA, ZT, and 6-BA
were stored at —20°C.

2.2. Light Microscopy

Morphological observations of regenerated organs were conducted using an Olympus SZX16 stereo microscope
(Olympus America Inc.). Microscopy images were captured using an Olympus DP72 digital camera (Olympus
America Inc.).

2.3. Data Analysis

The frequency of callus induction and number of calli induced from explants was assessed at approximately ex-
perimental day 7. Evaluation of explant regeneration efficiency began after one to two weeks in culture. The pa-
rameters investigated in the present study include the regeneration frequency (% of explants capable of organ
regeneration under the present in vitro conditions) of adventitious shoots, inflorescences, leaf-like organs, and
adventitious roots. Regeneration frequency was calculated as the percentage of explants capable of organ rege-
neration under the culture conditions described above. Equation is as following:

Numbers of Calli Capable of Organs Regeneration
total Number of Explants

Organ Regeneration Frequency = x100%

Data collected from each of three replicate experiments were averaged and expressed as the mean * s.e.m.

3. Results and Discussion
3.1. Leaf Explant-Derived Organ Regeneration

Leaf explant-derived plant regeneration has been widely used for various studies conducted in many plant spe-
cies [25] [26] [31] [32]. To further analyze the effects of concentrations of hormones and the combinations of
various kinds of hormones on Arabidopsis organ regeneration, 216 combinations of exogenous hormones were
designed (Table S1). We reported the capacity of the middle segment of the fourth rosette leaf in the 14-day-old
seedling for leaf-derived organogenesis regulated by various hormone combinations (Figure 1(A)).

Efficient callus induction was observed on all sides of the wounded explant, especially on the midrib, within
two weeks in culture (Figure 1(B)). Indeed, all four types of organogenesis (shoot, inflorescence, leaf-like
structure, and adventitious root) were induced in vitro from leaf explants, as described above using root and in-
florescence stem explants (Figures 1(C)-(F)). Of these structures, adventitious root regeneration appeared to be
most efficient with shoot regeneration second, whereas induction of inflorescences and leaf-like organs was less
efficient (Table S2). The most efficient adventitious shoot regeneration obtained from leaf explants reached
80% under the optimal combination of hormones (1.00 uM NAA + 10.00 uM ZT, Table S2 and Figure 2(E)).

Among the four types of regenerated organs from leaf explants, adventitious root regeneration was the most
frequent. Leaf explants responded well to nearly 50% of the designed media containing various hormone com-
binations [(NAA + ZT: 1.00 + 0.10 pM; 10.00 + 0.01 uM; 20.00 + 0.10 pM; 20.00 + 1.00 uM) or (NAA + 6-BA:
10.00 + 0.10 pM; 20.00 + 10.00 uM)], generating the highest frequency (100%) of adventitious root formation

)
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Figure 1. Leaf explant-derived organogenesis. (A) A leaf explant taken from the central part of the fourth rosette leaf of
a 14-day-old seedling was cultured on MS medium containing various combinations of auxin and cytokinin; (B) Mul-
tiple calli were induced at the wounded sites of the explant, and in particular the midrib, after two weeks in culture; (C)
Adventitious shoots regenerated from “B”; (D) Leaf-like organs; (E) inflorescences and (F) adventitious roots were also
induced. Bars represent 40 pum.
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Figure 2. Variations in shoot and root regeneration from leaf explants following culture on media containing different hor-
mone combinations. (A-F) Efficiency of shoot regeneration induced by multiple combinations and concentrations of (A) IAA
+ 6-BA, (B) NAA + 6-BA, (C) 2,4-D + 6-BA, (D) IAA + ZT, (E) NAA + ZT and (F) 2,4-D + ZT, respectively. (G-L) Effi-
ciency of root regeneration induced by multiple combinations and concentrations of (A) IAA + 6-BA, (B) NAA + 6-BA, (C)
2,4-D + 6-BA, (D) IAA + ZT, (E) NAA + ZT and (F) 2,4-D + ZT, respectively. The histograms were created using Micro-
soft Excel software. The bar colors indicate different auxin concentration lines (Dark blue, 0.00 uM; Red, 0.01 uM; Yellow,
0.10 uM; Powder blue, 1.00 uM; Purple, 10.00 uM; Orange, 20.00 uM).
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(Table S2; Figure 2(H) and Figure 2(1)). The high efficiency of adventitious root induction via leaf explants
may have potential applications in horticulture and agronomy, especially for crops with difficult in vivo rooting
capability [33].

3.2. Both Concentration and Ratio of Exogenous Cytokinin to Auxin Are Critical during in
Vitro Organogenesis

In the present study, different organ types were induced from explants with varying frequency, depending on the
culture conditions (Figure 2; Table 1 and Table S2). Among these regenerated organs, shoots and roots are the
most important organs for plant micropropagation. Thus, the frequencies of shoot and root organogenesis were
further analyzed (Figure 2). Results indicate that the auxin-to-cytokinin ratio has significant effects on shoot
and root regeneration (Table 2), with a low ratio of auxin to cytokinin inducing the maximum frequency of
shoot regeneration. Shoots can also be induced with variable frequency on the intermediate, even lower, auxin-
to-cytokinin ratio combination. A clearly similar trend was also observed with regard to the efficiency of adven-
titious root regeneration (e.g., 20.00 uM NAA plus 20.00 uM 6-BA for leaf explants), with the exception of a
requirement for a higher auxin concentration (Figure 2; Table S2). Our data indicate that the exogenous hor-
mone ratio is not the only critical factor, and that other factors such as hormone concentrations might be equally
important for efficient shoot and root induction. Hence, it is likely that the fine-tuned balance between hormone
ratio and hormone concentration is required for cell fate determination, which supports the need for detailed stu-
dies investigating the effects of various concentrations of hormones on in vitro organogenesis.

To address this topic, six concentrations per hormone were devised in order to determine the best concentra-
tion range based on the response of explant cells. As shown in Figure 3, there were significant differences
among the optimal concentration ranges for different hormones administered for adventitious shoot and root re-
generation. In general, the optimal auxin concentration for inducing the most effective shoot formation from all
three types of explants was lower than that for adventitious root regeneration (Figures 3(A)-(F)), whereas the
effective cytokinin concentration for shoot induction was higher than that for adventitious root formation
(Figures 3(G)-(J)).

Optimal concentrations of IAA for effective shoot induction ranged from 0.01 to 1.00 uM, followed by op-
timal concentrations of NAA (0.01 to 20.00 uM) and 2,4-Dichlorophenoxyacetic acid (2,4-D) (0.01-1.00 uM).
High shoot regeneration frequency occurred when these were combined with 1.00 to 20.00 uM of 6-BA or with
0.10 to 20.00 uM of ZT (Figure 3(A), Figure 3(C), Figure 3(E), Figure 3(G) and Figure 3(I)). Efficient ad-
ventitious root regeneration required either IAA or NAA over a similar concentration range (0.01 to 20.00 uM);
however, a wider range of 2,4-D concentrations was found for adventitious root induction than for shoot rege-
neration (Figure 3(B), Figure 3(D), Figure 3(F), Figure 3(H) and Figure 3(J)). These data demonstrate that

Table 1. In vitro organogenesis from Arabidopsis leaf explants.

Regenerated organs Frequency (%)
Mean® 5.49
Shoots
Maximum® 80.00 +4.58
Mean® 0.49
Inflorescences
Maximum? 55.30 + 2.65
Mean® 1.56
Leaf-like organs
Maximum'’ 21.22 +4.02
Mean? 21.89
Roots
Maximum" 97.07+211

*The number represents the mean arithmetical value of the frequencies of regenerated shoots. "The number represents the highest frequency of
regenerated shoots. “The number represents the mean arithmetical value of the frequencies of regenerated inflorescences. “The number
represents the highest frequency of regenerated inflorescences. The number represents the mean arithmetical value of the frequencies of rege-
nerated leaf-like organs. 'The number represents the highest frequency of regenerated leaf-like organs. 9The number represents the mean
arithmetical value of the frequencies of regenerated roots. h The number represents the highest frequency of regenerated roots.
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Table 2. Hormone combinations suitable for regeneration of shoots or roots from Arabidopsis leaf explants

Type of Regenerated organs Combination (Auxin/CK) Concentration (M) Regenerated Frequency (%)
2,4-D/6-BA 0.10/10.00 81.25+7.02
2,4-DIZT 0.10/10.00 91.30 £5.70
IAA/6-BA 0.10/10.00 19.71 +1.65
Shoots
IAA/ZT 10.00/20.00 62.56 +3.42
NAA/6-BA 1.00/10.00 35.78 £ 2.54
NAA/ZT 1.00/10.00 80.00 £ 4.58
2,4-D/6-BA 0.10/0.10 88.25 £5.34
2,4-DIZT 0.01/0.00 54.50 £ 2.51
IAA/6-BA 20.00/0.00 93.34£2.74
IAA/ZT 10.00/0.01 96.65 £ 0.86
Roots NAA/6-BA 10.00/0.10 100.00
NAA/6-BA 20.00/10.00 100.00
NAA/ZT 1.00/0.10 100.00
NAA/ZT 10.00/0.01 100.00
NAA/ZT 20.00/0.10 100.00
NAA/ZT 20.00/1.00 100.00

both the hormone ratios and their concentrations are crucial for deter mining cell developmental fate during in
vitro organogenesis.

3.3. Hormone Type Affects Organ Regeneration

In the present study, IAA (natural auxin) was the most efficient auxin, whereas 2,4-D (synthetic auxin) was the
least effective auxin at inducing leaf explant-derived shoot regeneration (Figures 2(A)-(F)). A wide range of
NAA (synthetic auxin) concentrations was capable of inducing adventitious roots at very high efficiencies com-
pared to IAA and 2,4-D (Figure 2(H) and Figure 2(K)). In summary, these results indicate that efficient organ
initiation depends largely on the type of auxin and the type of explant. The fact that NAA is more efficient than
IAA and 2,4-D in triggering adventitious root initiation, but less effective than IAA in inducing shoot formation,
implies that hormone requirements for shoot induction may be more complicated than requirements for adventi-
tious root formation.

Another important observation revealed by the present study was that auxin alone could initiate callus and/or
adventitious root formation and sometimes shoot formation from each of the three types of explants with varia-
ble induction rates (Figure 2). Treatment with IAA alone can induce adventitious shoots or roots, and NAA
alone promotes root regeneration. For 2,4-D, soft and light yellowish callus can be developed, but not organ re-
generation (Table S2). Current results also support the hypothesis that in vitro organogenesis can occur through
exposure to exogenous auxin, which in turn triggers the biosynthesis of endogenous cytokinin [34]. Thus, the
present data further suggest that exposure to exogenous auxin during in vitro organogenesis rapidly induces cy-
tokinin biosynthesis. Moreover, the specific regulatory effects may depend on the specific type of auxin.

Additionally, this study has also demonstrated that the use of cytokinin (e.g., ZT or 6-BA) at a lower concen-
tration efficiently induced adventitious root formation (Figures 2(G)-(L)). A similar finding has been reported
by George et al. (2008) [35], who reported that high concentrations of cytokinin (0.5 - 10 mg/l) generally inhi-
bited or delayed root formation. However, in the present study, new shoots were efficiently induced at higher
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Figure 3. Auxin and cytokinin concentration ranges for effective adventitious shoot or root regeneration. Effective concen-
tration ranges of IAA (A), NAA (C) and 2,4-D (E) for shoot regeneration; of IAA (B), NAA (D) and 2,4-D (F) for root re-
generation; of 6-BA (G) and ZT (1) for shoot regeneration; and of 6-BA (H) and ZT (J) for root regeneration. The shoot or
root regeneration frequency is the average of regeneration observed at six cytokinin concentrations (0.00, 0.01, 0.10, 1.00,
10.00, and 20.00 pM) with a defined auxin concentration (A-F). The shoot or root regeneration frequency is the average of
regeneration observed at six auxin concentrations (0.00, 0.01, 0.10, 1.00, 10.00, and 20.00 uM) with a defined cytokinin
concentration (G)-(J). The blue solid circles in (A)-(F) represent that variable adventitious shoot or root regeneration effi-
ciencies for leaf explants treated with 6-BA in combination with three auxins. The red solid rectangles in (A)-(F) represent
that variable adventitious shoot or root regeneration efficiencies for leaf explants treated with ZT in combination with three
auxins. The blue solid circles in (G)-(J) represent that variable adventitious shoot or root regeneration efficiencies for leaf
explants treated with IAA in combination with two cytokinins. The re solid rectangles in (G)-(J) represent that variable ad-
ventitious shoot or root regeneration efficiencies for leaf explants treated with NAA in combination with two cytokinins. The
black solid triangles in (G)-(J) represent that variable adventitious shoot or root regeneration efficiencies for leaf explants
treated with 2,4-D in combination with two cytokinins.
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cytokinin concentrations (Figures 2(G)-(L)). The ZT-treated leaf explants that had undergone a reduced induc-
tion period generated a higher rate of organogenesis than did the 6-BA-treated leaf explants (Figures 2(A)-(F)).
These results indicate that the natural cytokinin ZT might be more efficient than the synthetic cytokinin 6-BA in
triggering Arabidopsis leaf explant-derived shoot initiation.
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Supplementary Tables

Table S1. Combinations of auxin and cytokinin. There is 36 combniations between each type of auxins and each type of cy-
tokinins, such as, IAA+6-BA, IAA+ZT, NAA+6-BA, NAA+6-BA, 2,4-D+6-BA, 2,4-D+ZT. Two hundred and sixteen hor-
mones combinations were designed in all. “Two numbers shown in brackets represents auxin concentration (the former) and
cytokinin concentration (the latter), respectively.

Auxin

0.00
0.01
0.10

IAA or NAA or 2,4-D

(M)

1.00
10.00
20.00

0.00
(0.00, 0.00)"
(0.01, 0.00)
(0.10, 0.00)
(1.00, 0.00)
(10.00, 0.00)
(20.00, 0.00)

0.01
(0.00, 0.01)
(0.01, 0.01)
(0.10, 0.01)
(1.00, 0.01)
(10.00, 0.01)
(20.00, 0.01)

Cytokinin

6-BA or ZT (uM)

0.10 1.00
(0.00,0.10)  (0.00, 1.00)
(0.01,0.10)  (0.00, 1.00)
(0.10,0.10)  (0.00, 1.00)
(1.00,0.10)  (0.00, 1.00)
(10.00, 0.10)  (10.00, 1.00)
(20.00, 0.10)  (20.00, 1.00)

10.00
(0.00, 10.00)
(0.01, 10.00)
(0.10, 10.00)
(1.00, 10.00)
(10.00, 10.00)
(20.00, 10.00)

20.00
(0.00, 20.00)
(0.01, 20.00)
(0.10, 20.00)
(1.00, 20.00)
(10.00, 20.00)
(20.00, 20.00)

Table S2. Mean frequency of leaf explant-derived organogenesis following incubation with various concentrations and com-

binations of auxins and cytokinins.

Exogenous Hormones

Organ Regeneration Frequency (%)

Combination
(Auxin/CK)

2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-DI6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-DI6-BA
2,4-DI6-BA
2,4-DI6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA
2,4-D/6-BA

Concentration
(nM)
0.00/0.00

0.00/0.01
0.00/0.10
0.00/1.00
0.00/10.00
0.00/20.00
0.01/0.00
0.01/0.01
0.01/0.10
0.01/1.00
0.01/10.00
0.01/20.00
0.10/0.00
0.10/0.01
0.10/0.10
0.10/1.00
0.10/10.00
0.10/20.00
1.00/0.00
1.00/0.01
1.00/0.10

Calli
0.00
0.00
0.00
21.55+2.46
31.57+£1.54
31.64+1.98
75.70 £2.59
70.62+1.24
87.90 +3.26
46.34 + 2.57
33.30+3.36
2.95+1.20
37.64 +5.34
76.56 +1.49
91.16 + 3.65
100.00
56.38 +3.54
18.44 £2.54
100.00
97.25+1.48
100.00

Adventitious

Inflorescences

Shoots
0.00 0.00
0.00 0.00
0.00 0.00
6.76 £ 1.52 0.00
5.38 +1.69 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
10.30+1.35 2.92+0.32
79.35+4.32 0.00
81.25+7.02 0.00
0.00 55.30 + 2.65
0.00 0.00
0.00 0.00
0.00 0.00

Leaf-Like
Organs

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7.85+0.75
520+131
0.00
0.00
0.00
0.00

Adventitious Roots
0.00
0.00
0.00
0.00
0.00
0.00

54.55 +4.52
35.32+£1.35
66.77 £ 3.54
31.39+1.30
0.00
0.00
31.38 £2.30
35.35+3.52
88.25 £5.34
20.07 £ 2.10
0.00
0.00
0.00
0.00
0.00
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2,4-D/6-BA 1.00/1.00 100.00 0.00 0.00 0.00 0.00
2,4-D/6-BA 1.00/10.00 93.88 + 3.56 0.00 0.00 0.00 0.00
2,4-D/6-BA 1.00/20.00 97.28 £2.54 0.00 0.00 0.00 0.00
2,4-D/6-BA 10.00/0.00 100.00 0.00 0.00 0.00 0.00
2,4-D/6-BA 10.00/0.01 100.00 0.00 0.00 0.00 0.00
2,4-D/6-BA 10.00/0.10 97.29 +2.43 0.00 0.00 0.00 0.00
2,4-D/6-BA 10.00/1.00 100.00 0.00 0.00 0.00 0.00
2,4-DI6-BA 10.00/10.00 100.00 0.00 0.00 0.00 0.00
2,4-DI6-BA 10.00/20.00 100.00 0.00 0.00 0.00 0.00
2,4-DI6-BA 20.00/0.00 100.00 0.00 0.00 0.00 0.00
2,4-D/I6-BA 20.00/0.01 86.18 + 1.64 0.00 0.00 0.00 0.00
2,4-DI6-BA 20.00/0.10 48.58 + 2.54 0.00 0.00 0.00 0.00
2,4-DI6-BA 20.00/1.00 96.85 + 1.59 0.00 0.00 0.00 0.00
2,4-D/6-BA 20.00/10.00 100.00 0.00 0.00 0.00 0.00
2,4-D/6-BA 20.00/20.00 91.79+1.63 0.00 0.00 0.00 0.00
2,4-DIZT 0.00/0.00 0.00 0.00 0.00 0.00 0.00
2,4-DIZT 0.00/0.01 50.00 £ 2.15 0.00 0.00 0.00 3.33+£235
2,4-DIZT 0.00/0.10 50.80 £ 2.45 0.00 0.00 0.00 0.00
2,4-DIZT 0.00/1.00 58.65 + 1.58 6.90 £ 2.96 0.00 452+1.03 3.45+2.03
2,4-DIZT 0.00/10.00 85.71+4.23 7.14+241 0.00 469+ 1.54 0.00
2,4-DIZT 0.00/20.00 88.25+1.62 14.29 + 1.65 0.00 521+2.01 0.00
2,4-DIZT 0.01/0.00 75.58 £ 0.87 0.00 0.00 0.00 54,50 £ 2.51
2,4-DIZT 0.01/0.01 2552 +2.31 0.00 0.00 0.00 0.00
2,4-DIZT 0.01/0.10 23.53 +3.54 0.00 0.00 0.00 0.00
2,4-DIZT 0.01/1.00 43.75 + 2.46 3.00 £0.36 0.00 0.00 6.25+1.03
2,4-DIZT 0.01/10.00 53.85+2.78 30.77 £1.65 0.00 8.26 + 1.05 0.00
2,4-DIZT 0.01/20.00 86.11+4.18 22.22+4.35 0.00 7.56 + 1.54 0.00
2,4-DIZT 0.10/0.00 90.91+5.14 0.00 0.00 0.00 4242 +401
2,4-DIZT 0.10/0.01 40.00 +4.35 6.98+1.25 0.00 0.00 8.57£1.58
2,4-DIZT 0.10/0.10 100.00 15.70+£0.38 0.00 0.00 43.33 +£3.26
2,4-DIZT 0.10/1.00 96.67 £ 2.65 90.60 + 4.36 0.00 11.02+1.33 6.67 £2.52
2,4-DIZT 0.10/10.00 93.75+ 1.54 91.30 +5.70 0.00 9.78 £2.45 0.00
2,4-DIZT 0.10/20.00 100.00 82.60 £ 5.06 0.00 3.58 £ 0.65 10.81 +4.36
2,4-DIZT 1.00/0.00 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 1.00/0.01 91.45+4.25 0.00 0.00 0.00 0.00
2,4-DIZT 1.00/0.10 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 1.00/1.00 100.00 0.00 0.00 0.00 0.00
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Continued
2,4-DIZT 1.00/10.00 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 1.00/20.00 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 10.00/0.00 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 10.00/0.01 94.15+2.85 0.00 0.00 0.00 0.00
2,4-DIZT 10.00/0.10 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 10.00/1.00 96.96 + 3.26 0.00 0.00 0.00 0.00
2,4-DIZT 10.00/10.00 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 10.00/20.00 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 20.00/0.00 95.88 +1.25 0.00 0.00 0.00 0.00
2,4-DIZT 20.00/0.01 87.55+4.32 0.00 0.00 0.00 0.00
2,4-DIZT 20.00/0.10 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 20.00/1.00 91.47 £1.58 0.00 0.00 0.00 0.00
2,4-DIZT 20.00/10.00 100.00 0.00 0.00 0.00 0.00
2,4-DIZT 20.00/20.00 100.00 0.00 0.00 0.00 0.00
I1AA/6-BA 0.00/0.00 0.00 0.00 0.00 0.00 0.00
I1AA/6-BA 0.00/0.01 0.00 0.00 0.00 0.00 0.00
I1AA/6-BA 0.00/0.10 0.00 0.00 0.00 0.00 0.00
I1AA/6-BA 0.00/1.00 20.00 £ 2.97 6.77+1.29 0.00 6.75+4.31 0.00
I1AA/6-BA 0.00/10.00 31.65 * 3.65 535+ 154 0.00 5.34 £2.56 0.00
I1AA/6-BA 0.00/20.00 30.00 £ 2.65 0.00 0.00 0.00 0.00
IAA/6-BA 0.01/0.00 5.62+1.35 0.00 0.00 0.00 0.00
IAA/6-BA 0.01/0.01 324+211 0.00 0.00 0.00 3.23+£2.67
IAA/6-BA 0.01/0.10 3.32+£2.30 0.00 0.00 0.00 3.35+258
IAA/6-BA 0.01/1.00 8.63+2.01 0.00 0.00 0.00 0.00
IAA/6-BA 0.01/10.00 21.91+2.35 13.15 +0.69 0.00 1.50 + 0.54 0.00
I1AA/6-BA 0.01/20.00 50.00 £2.41 3.12+0.32 0.00 2.16 £ 0.63 0.00
I1AA/6-BA 0.10/0.00 0.00 0.00 0.00 0.00 0.00
I1AA/6-BA 0.10/0.01 3.40 £0.67 0.00 0.00 0.00 0.00
IAA/6-BA 0.10/0.10 5.00 + 0.54 0.00 0.00 0.00 0.00
IAA/6-BA 0.10/1.00 13.34+2.34 0.00 0.00 0.00 13.35+1.63
IAA/6-BA 0.10/10.00 33.40+1.25 19.71 £ 1.65 0.00 421+1.03 0.00
IAA/6-BA 0.10/20.00 60.00 + 2.65 3.32+0.25 0.00 2.25+0.58 0.00
I1AA/6-BA 1.00/0.00 5331254 0.00 0.00 0.00 53.30 £4.20
I1AA/6-BA 1.00/0.01 25.84 £ 0.64 0.00 0.00 0.00 16.10 + 0.96
IAA/6-BA 1.00/0.10 3.25+0.58 0.00 0.00 0.00 320214
IAA/6-BA 1.00/1.00 6.89 +1.32 3.80 +0.63 0.00 310+1.12 3.08 £ 1.65
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Continued
IAA/6-BA 1.00/10.00 60.67 +2.58 6.10 £2.12 0.00 6.16 + 1.45 0.00
IAA/6-BA 1.00/20.00 64.38 £1.45 0.00 0.00 0.00 0.00
IAA/6-BA 10.00/0.00 47.19+1.58 0.00 0.00 0.00 47.18 +5.98
I1AA/6-BA 10.00/0.01 62.95 + 2.34 0.00 0.00 0.00 62.97 £ 3.45
IAA/6-BA 10.00/0.10 86.79 + 1.25 0.00 0.00 0.00 86.78 + 1.54
IAA/6-BA 10.00/1.00 66.80 + 2.58 15.36 £ 3.15 0.00 12.5+2.75 3.01+0.68
I1AA/6-BA 10.00/10.00 64.90 £ 3.62 13.57+£2.10 0.00 10.35+2.05 0.00
1AA/6-BA 10.00/20.00 70.34+ 154 0.00 0.00 0.00 0.00
I1AA/6-BA 20.00/0.00 93.31+1.35 0.00 0.00 0.00 93.34+2.74
I1AA/6-BA 20.00/0.01 87.15+0.35 0.00 0.00 0.00 87.15+ 251
I1AA/6-BA 20.00/0.10 90.38 £0.85 0.00 0.00 0.00 90.38 £ 3.46
IAA/6-BA 20.00/1.00 99.95 £ 0.04 0.00 0.00 15.74 £ 0.86 17.64 £1.42
IAA/6-BA 20.00/10.00 93.58 £ 2.36 0.00 0.00 7.62+0.54 3.24£0.56
IAA/6-BA 20.00/20.00 93.56 £ 2.54 0.00 0.00 256 +1.35 0.00
IAA/ZT 0.00/0.00 0.00 0.00 0.00 0.00 0.00
IAA/ZT 0.00/0.01 50.00 +£1.48 0.00 0.00 0.00 3.33+£2.65
I1AA/IZT 0.00/0.10 58.62 + 2.35 0.00 0.00 0.00 0.00
IAA/IZT 0.00/1.00 75.00 £1.24 0.00 0.00 0.00 345+321
IAA/IZT 0.00/10.00 100.00 7.17+1.36 0.00 0.00 0.00
IAA/ZT 0.00/20.00 91.30+3.51 0.00 0.00 0.00 3.16 £2.58
IAAIZT 0.01/0.00 5.60 £ 2.45 0.00 0.00 0.00 0.00
IAAIZT 0.01/0.01 27.90 £1.45 0.00 0.00 0.00 6.56 £ 2.51
IAA/ZT 0.01/0.10 50.0 + 2.36 0.00 0.00 0.00 3.13+3.01
IAA/ZT 0.01/1.00 80.00 +4.32 9.75+2.41 0.00 0.00 0.00
IAA/ZT 0.01/10.00 96.55 +1.35 12.96 +2.83 0.00 0.00 0.00
IAA/ZT 0.01/20.00 88.89 + 5.60 21.93+1.75 0.00 5.82+1.36 0.00
IAA/ZT 0.10/0.00 3214+ 254 0.00 0.00 0.00 53.35+2.98
I1AA/ZT 0.10/0.01 66.67 + 1.55 0.00 0.00 0.00 17.25+2.45
IAA/ZT 0.10/0.10 72.41 £ 3.58 0.00 0.00 0.00 6.38 + 1.56
IAA/ZT 0.10/1.00 80.85 £ 4.65 0.00 0.00 0.00 0.00
IAA/ZT 0.10/10.00 68.75+1.75 12.19 + 2.67 0.00 5.62£231 0.00
IAA/ZT 0.10/20.00 66.67 £ 2.85 23.38 £ 3.46 0.00 485+152 0.00
IAA/ZT 1.00/0.00 4719 +2.45 0.00 0.00 0.00 4718+ 1.50
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