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Abstract
Lateral branches (LBs) pruning is performed frequently to keep the tomato plants in optimal growth
conditions. However, the suitable pruning length of LBs, as well as it-mediated physiological and
molecular mechanisms on plant growth regulation remains elusive in tomato. The effects of pruning
length of LBs from 0 to 20 cm on vegetative growth, reproductive growth, labor costs, hormone
metabolism and genes transcripts were evaluated on indeterminate type tomato cultivar. By
comprehensive analysis, we provided evidence that pruning length of LBs at about 6 ~ 7 cm was suitable
for plant growth, high yield, and low labor costs in tomato production. For mechanisms, appropriate
extension of pruning length of LBs increased indole acetic acid (IAA) concentrations in root, which
promoted the biosynthesis and upward transport of inactive cytokinins (CKs), as well as root
development. Meanwhile, existence of LBs had inhibited effect on auxin out�ow of the lower fruit stalks
by testing transcripts of AUX1 and PIN , which increased the IAA and CKs concentrations of ovary and
then promoted fruit setting and swelling. Additionally, pruning length of LBs also in�uenced the leaf
senescence to control assimilation. Taken together, we highlighted that pruning length of LBs in�uenced
auxin and cytokinins homeostasis in relation to growth and yields in tomato plants.

Background
Shoot branching is an important agronomic trait that directly determines plant architecture and affects
plant growth and crop productivity (Barbier et al., 2019). During shoot branching, the axillary meristem in
the leaf axils is activated, leading to generation of a lateral branch. Tomato (Solanum lycopersicum L.), a
worldwide cultivated vegetable crop that is consumed freshly or processed into ketchup, has sympodial
shoot architecture with determinate or indeterminate growth habits as well as bushy lateral branches
phenotype (New et al., 2015). One-stem pruning approach is usually introduced in the current tomato
production, especially for fresh market. Excess of lateral branches (LBs) often compete for nutrient
allocation and light harvesting, and lead to disease especially in lower leaves, which generally have
negative in�uences on tomato yield (Navarrete et al., 2000; Gong et al., 2019). Accordingly, though tomato
pruning is labor intensive and time-consuming, LBs should be manually removed for maintaining a
proper plant community and successful fruiting.

There is a general phenomenon that the growing shoot apex inhibits the outgrowth of LBs in plants,
which is termed ‘apical dominance’ (Müller & Leyser, 2011). Pruning of apical or lateral buds to control
apical dominance has been widely used in horticultural production, which can balance vegetative growth
and reproductive growth and create high-yield architecture for economic bene�ts. Auxin is known as the
most direct and important signal molecule for apical dominance (Barbier et al., 2019). It also controls
other aspects of developmental processes at the whole plant level, including lateral root formation, tropic
responses, vascular initiation and differentiation, embryogenesis, and fruit development (El-Sharkawy et
al., 2016). It is known that auxin is mainly synthesized in the young leaves of apical and lateral buds and
subsequently transported basipetally in the polar auxin transport stream (PATS) based on auxin in�ux
and e�ux carriers (AUXs and PINs) (Ljung et al., 2001). Evidence shows that shoot-derived auxin is
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downward transported to roots and accounted as the major source of auxin to drive root growth and
development (Morffy et al., 2018). However, not only auxin but also cytokinins (CKs) play central roles to
control the development and architecture of the root system (Tang et al., 2017; Jing & Strader, 2019). CKs
antagonize auxin signaling by promoting the degradation of PIN1 protein (Marhavý et al., 2011) and
interfering with PATS during lateral root organogenesis (Marhavý et al., 2014). Moreover, CKs have also
been implicated as the second messenger of auxin for apical dominance, but display an antagonistic
relationship with each other (Zha et al., 2019). Roots are the main CKs-producing organ in plants, and
CKs biosynthesized in the roots is transported into the shoot system via the xylem (Shimizu-Sato et al.,
2009).

Excepting apical dominance and root development, auxin and CKs also play important roles in regulation
of fruit set and development, which are focused by tomato producers. The fruit set and development is
associated with increased concentrations of auxin and CKs in tomato plant (Mariotti et al., 2011). So,
exogenous synthetic analogues of auxin and CKs, such as 2,4-dichlorophenoxyacetic acid (2,4-D), 1-
naphthylacetic acid (NAA), 6-benzylaminopurine (6-BA), and N-(2-chloro-pyridin-4-yl)-N’-phenylurea
(CPPU), have been successfully and widely used in improving fruit set and development in fruit crops
such as tomato, watermelon, melon, eggplant, grape and apple (Matsuo et al., 2012; Ding et al., 2013).
Genetic evidences indicate that overexpression of auxin receptor TIR1 results in a positive effect on
tomato fruits development (Ren et al., 2011; El-Sharkawy et al., 2016). Meanwhile, improving root-
synthesized CKs by overexpression of IPT can signi�cantly enhance the tomato fruit yield, especially in
stress condition (Ghanem et al., 2011). Until now, several auxin and CKs signaling participators, including
auxin/IAA repressors (IAAs), auxin response factors (ARFs) and cyclins (CYCA3;1 and CYCD3;1), have
been identi�ed and evidenced to in�uence the tomato fruit development (Joubès et al., 2000; de Jong et
al., 2011; Su et al., 2014; Liu et al., 2018; Yuan et al., 2018).

Leaf senescence, a key high-yield constraint in later stage of tomato production, has also been linked
with homeostasis of auxin and CKs (Gan & Amasino, 2010; Mueller-Roeber & Balazadeh, 2014).
Overexpression of auxin- or CKs-synthesized gene (FZY or IPT) has been reported to delay leaf
senescence (Ghanem et al., 2011; Kim et al., 2011). Similarly, multiple studies indicate that elevated levels
of auxin and CKs cause the delay of leaf senescence (Gan & Amasino, 2010; Mueller-Roeber & Balazadeh,
2014). Moreover, loss-of-function Arabidopsis mutants (ahk2, ahk3 and ahk4) of CKs receptors show a
senescence-sensitive phenotype. The above physiological and genetic evidences indicate that these two
hormones play positive roles against leaf senescence.

In greenhouse tomato production, labor costs amount to about 30 % to 50 % of production costs. As
competition among production areas throughout the world is increasing and tomato prices are
decreasing, growers are trying to reduce production costs, in particular labor costs. As we known, there is
often an inverse correlation between pruning length of LBs and labor intensity. Based on previous studies,
we suppose that pruning length of LBs could change the homeostasis of auxin and CKs to in�uence the
whole plant growth and development. Nevertheless, direct experimental evidence about this scienti�c
problem remains elusive. Therefore, the present study is undertaken to investigate the effect as well as
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regulatory mechanism of pruning length of LBs on better growth of plant, higher yield, and low labor
intensity in tomato production.

Results

In�uences of pruning length of LBs on plant growth
We �rst compared the growth parameters of plant height and stem diameter when tomato plants were
grown for 30, 60, 90 and 120 d. No signi�cant differences of these two parameters could be observed at
30 d after planting (Fig. 1A,B). However, values of plant height were increased with elevated pruning
length of LBs, which peaked at T4, and then decreased from T5 to T7 at 60 and 90 d after planting (Fig.
1A). The plant heights of T2 to T5 treatments arrived at 2.5 m with removed apical buds at 120 d after
planting, so the plant heights of T2 to T5 treatments were equal (Fig. 1A). Values of stem diameter
showed similar trends with plant height, whose max values were shown in T3 from 60 to 120 d (Fig. 1B).
The biomass accumulations showed that both root and shoot dry weight increased �rst and then
decreased from T1 to T7 treatments, among which the max values were also observed in T4 treatments
(Fig. 1C,D). However, enhanced ratios of root / shoot were shown with increased pruning length of LBs
(Fig. 1E). This suggested an apparent interaction between plant growth and pruning length of LBs on
plant physiology.

 

In�uences of pruning length of LBs on yields
Early product launch usually brings an amount of economic bene�ts for growers, especially for inverse-
seasonal vegetable production in greenhouse. Excitedly, fruit weight of the �rst in�orescence showed that
the early tomato yield was increased with the increased pruning length of LBs (Fig. 2A). However, the
pruning lengths of LBs in T5 to T7 treatments were not always bene�ted for fruit yield with the growth of
tomato plants as well as fruit setting. The fruit weights of the second to �fth in�orescences increased
�rst and then decreased from T1 to T7 treatments, among which the max yield was obtained in T4
treatments (Fig. 2A). The best value for total yield was recorded by the T4 treatment that was 15.2 % and
12.8 % higher as compared to T1 and T7 treatments, respectively (Fig. 2B). Accordingly, it is highlighted
that pruning length of LBs played a critical role in regulating vegetative growth and reproductive growth
to in�uence tomato yield.

 

In�uences of pruning length of LBs on labor costs
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Labor costs were estimated by two kinds of measurements: numbers of removed branches and pruning
times. As shown in Fig. 3, numbers of both removed branches and pruning times were all decreased with
the increased pruning length of LBs. It should be noted that T4 treatment not only improved the plant
growth and yield but also decreased the numbers of removed branches and pruning times by 45.9 % and
52.3 % when compared with T1 treatment (Fig. 3). Taken together, Fig. 2 and 3 showed that appropriate
extension of the pruning length of LBs to 6 ~ 7 cm could improve tomato yield and save labor costs when
compared with traditional pruning approach of T1 treatment. According to a comprehensive estimation
for the above parameters, treatments of T1, T4 and T7 were used for further studies to unravel the
regulatory mechanism of pruning length of LBs on the reproductive/vegetative balance on the tomato
plant.

 

In�uences of pruning length of LBs on auxin and CKs signaling in
roots
Current opinion indicates that auxin promotes but CKs inhibits root growth and development (Marhavý et
al., 2011; Marhavý et al., 2014; Morffy et al., 2018; Jing & Strader, 2019). Root IAA concentrations of T4
and T7 treatments were about 61.6 % and 121.1 % higher than that of T1 treatment (Fig. 4A). Meanwhile,
T4 and T7 treatments showed signi�cantly lower CKs accumulation involved both active forms (IP, tZ and
cZ) and storage forms (DZ) of CKs in roots (Fig. 4B). However, the differences of tZ, cZ and DZ forms in
T4 and T7 treatments were not signi�cant (Fig. 4B). In comparison, T7 had a signi�cantly inhibiting
effect on IP forms accumulation when compared with T4 treatment (Fig. 4B). Thus, we con�rmed that
pruning length of LBs had signi�cant effects on auxin and CKs homeostasis in roots.

Though there were signi�cant differences of IAA concentrations among T1, T4 and T7, no differences of
IAA biosynthesis gene (�avin monooxygenase, FZY1) transcript were detected in these treatments (Fig.
4C). For auxin signaling, down-regulated transcript of IAA16 with up-regulated transcripts of ARF5 and
ARF7 were shown in T4 and T7 treatments when compared with T1 treatment (Fig. 4C). These results
implied that though the enhanced levels of IAA were not de novo synthesized in roots of T4 and T7
treatments, which could activate the auxin signaling in tomato roots. Meanwhile, transcripts of genes
involving CKs synthesis (adenosine phosphate-isopentenyltransferase, IPT2) and degradation (cytokinin
oxidase, CKX2) were up-regulated, but CKs activation (LONELY GUY, LOG2) and signaling (type-A
response regulators, TRR3/4 and TRR7/15) were down-regulated in T4 and T7 treatments when
compared with T1 treatment (Fig. 4C).

 

In�uences of pruning length of LBs on auxin and CKs signaling in
fruits
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Because auxin plays the critical role in fruit development, we �rst addressed the involvement of AUX1 and
PIN1 in mediating the auxin �ow from the fruit stalks. Both transcripts of AUX1 and PIN1 were
signi�cantly up-regulated after pruning treatment (Fig. 5A,B), which indicated that the upper LBs had
inhibited effects on auxin out�ow of the lower fruit stalks. Importantly, the transcripts of AUX1 and PIN1
showed rising abundance with increased length of LBs before pruning treatment, but interestingly, no
signi�cant differences were observed among T1, T4 and T7 treatments after pruning treatment (Fig.
5A,B).

Correlating with the establishment of auxin export by AUX1 and PIN1 from the fruit stalks, a signi�cantly
rising gradient of IAA was shown from T1 to T7 in ovaries (Fig. 5C). For CKs homeostasis of ovaries, T4
and T7 treatments showed signi�cantly higher accumulations of four types of CKs when compared with
T1 treatment; however, little difference was shown between each other (Fig. 5D).

The transcripts of FZY1, ARF5 and ARF7 were up-regulated, but IAA14 transcript was down-regulated in
T4 and T7 treatments when compared with T1 treatment (Fig. 5E), which is correlative with IAA
homeostasis (Fig. 5C). Meanwhile, transcripts of IPT2, LOG2, LOG6 and CYCA3;1 were up-regulated, but
CKX2 transcript was down-regulated in T4 and T7 treatments when compared with T1 treatment (Fig. 5E),
which is correlative with CKs homeostasis (Fig. 5D).

 

In�uences of pruning length of LBs on auxin and CKs signaling in
lower leaves
Leaf senescence is a form of programmed cell death and is characterized by decline in both chlorophyll
and photosynthesis (Dai and Dong, 2011). The max values of chlorophyll concentrations, Fv/Fm and PN

were shown in T4 treatment, and the subsequent values were shown in T7 treatment (Fig. 6A-C), which
indicated that suitably increasing the pruning length of LBs was bene�t for delaying senescence of the
lower leaves. To analyze the underlying molecular mechanisms for senescence regulation by pruning
length of LBs, we examined the transcripts of four important senescence-responsive genes. One
senescence-resistive gene of CRF6 and three senescence-sensitive genes of MYB2, SAG12 and ORE1
showed positive and negative correlations separately with the above senescence-related indicators (Fig.
6F). Importantly, both concentrations of auxin and CKs showed similar trends with the above senescence-
related indicators (Fig. 6D,E). However, no signi�cant differences were observed in transcripts of auxin-
and CKs-synthetic genes (FZY1 and IPT2) in different treatments (Fig. 6F). Interestingly, reduced
transcripts of PIN1 and CKX2, as well as enhanced transcripts of LOG2 were shown from T1 to T7
treatments (Fig. 6F). Taken together, these results indicated that the homeostasis of these two hormones
were mainly regulated by auxin �ow and CKs activation and degradation through changing pruning
length of LBs, which further in�uenced the senescence-related gene expression as well as senescence
process of lower leaves.
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Discussion
The present study highlighted that LBs of tomato plants should be removed at a suitable length at about
6 ~ 7 cm (T4 treatment), which was bene�t for promoting plant growth and yield, as well as for reducing
labor costs when compared with blindly or lazily pruning (T1 or T7 treatments). Considering that auxin is
mainly synthesized in the young leaves of apical and lateral buds (Ljung et al., 2001). We thought that
pruning length of LBs could change the auxin homeostasis, which combined with CKs to play important
roles in regulating the whole plant growth and development. However, the physiological and molecular
mechanisms of the regulation of pruning length of LBs on plant growth and yield have not been well
investigated in fruit crops. The present study, as far as is known for the �rst time, described a complete
set of auxin and CKs homeostasis and signaling in responding to pruning length of LBs for revealing the
mechanisms of pruning-regulated plant growth and yield at hormone levels in tomato plants.

One of the main functions of roots is in the acquisition of water and mineral nutrients from the soil
environment (Shin et al., 2007). To maximize the capture of nutrients utilization, roots may proliferate or
elongate resulting in increased root weight and root / shoot ratio for the patches of soil that contain
mineral nutrients. Here, we found that tomato plants with pruning length of LBs at about 6 ~ 7 cm (T4
treatment) had an optimal architecture for high yield production as indicated by the increased root dry
weight, shoot dry weight and root / shoot ratio (Fig. 1). As we known, lateral roots constituted the major
components of the whole root system for both biomass and function. Previous studies indicated that
interplay of auxin and CKs played central roles during lateral root development (Jing and Strader, 2019).
Decades ago, it was described that auxin promoted but CKs inhibited the lateral root formation (Bottger,
1974; Goodwin and Morris, 1979; Wightman, et al., 1980). Subsequent studies indicate that cytokinin
treatment inhibits lateral root initiation and development, converse to the stimulatory effects of auxin
treatment (Mason et al., 2005; Li et al., 2006). In accordance with root dry weight (Fig. 1C), signi�cantly
enhanced concentrations of IAA and reduced concentrations of four forms of CKs were observed in T4
treatment when compared with T1 treatment (Fig. 4A,B). Because there was no difference of FZY1
expression among T1, T4 and T7 treatments, we considered that the enhanced accumulation of IAA was
mainly obtained from the LBs of shoot. The gain-of-function mutation of IAA16 has been reported to
display resistance to the auxin and impede root elongation and fertility in Arabidopsis (Rinaldi et al.,
2012). Additionally, loss function of ARF5 and ARF7 inhibited lateral root development and showed a
SOLITARY ROOT phenotype in Arabidopsis (Okushima et al., 2005; Smet, 2010). Thus, the reduced
transcripts of IAA16 and enhanced transcripts of ARF5 and ARF7 in T4 treatment were responsible for the
positive auxin signaling response and root development (Fig. 1C and 4C). Auxin has been found to
stimulate oxidative breakdown of active CKs, which is mediated by CKXs (Coenen and Lomax, 1997). The
varying patterns of IPT2, LOG2 and CKX2 (Fig. 4C) implied that enhanced accumulations of IAA in T4 and
T7 treatments resulting in total CKs biosynthesis; however, the active CKs were degraded by CKX2 or
inactivated by LOG2 in roots. To our interesting, both active and inactive forms of CKs were reduced in T4
and T7 treatments (Fig. 4B), which implied that the inactive CKs might be transported and activated in
shoot. Moreover, auxin has also been demonstrated to have effects on increasing the activity of CKX at
enzyme levels (Palni et al., 1998). So, we also examined the expression of TRRs, which have been used
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as markers of CKs signaling (Shani et al., 2010). The transcripts of TRR3/4 and TTR7/15 were decreased
with the increased pruning length of LBs (Fig. 4C). Together with changes in CKs concentrations, these
results suggest that the CK signal transduction pathway is partly inhibited by the excess LBs. Totally,
these evidences suggested that adequately increasing the pruning length of LBs has a positive effect on
root development via regulating the hormones and signaling of auxin and CKs.

The competition between vegetative growth and reproductive growth is universal law in plants, especially
in fruit crops (Navarrete and Jeannequin, 2000). The vegetative growth of tomato is estimated visually by
measurements of stem diameter and shoot dry weight. Both notations are useful: though the stem
diameter is an objective indicator of the vegetative growth, the shoot dry weight is an accurate estimation
of the vegetative growth and is more comprehensive than stem diameter (Hall, 1983; Navarrete et al.,
1997). In this study, when pruning length of LBs reaches to 8 ~ 10 cm, the stem diameter and shoot dry
weight are signi�cantly lower in comparison with the pruning length of LBs at 4 ~ 7 cm (Fig. 1B,C), which
indicates a decrease in vegetative growth (Navarrete and Jeannequin, 2000). The phenomenon of
de�cient vegetative growth in T5 ~ T7 treatments led to a signi�cant decrease in total yield (Fig. 2B) and
in particular in later yield of the fourth and �fth in�orescences (Fig. 2A). Hartmann (1977) showed that
non pruning operation reduced the tomato yield liking our result of T8 treatment: one explanation is that
instead of assigning part of assimilates to tomato fruit, large part of assimilates is diverted to the LBs. In
T1 and T2 treatments, the LBs are pruned frequently. Therefore, the labor costs are signi�cantly higher
than other treatments (Fig. 3). In this case, the stem diameter, shoot dry weight and yield are signi�cantly
lower than that in T3 and T4 treatments (Fig. 1B,D and Fig. 2B). We consider that this phenomenon is
mainly caused by three reasons. First, weakly root system has incompetent nutrition and water support
for both vegetative growth and reproductive growth (Fig. 1C). Second, de�cits of LBs-sourced auxin and
root-sourced CKs (Fig. 4A,B; Fig. 5C,D and Fig. 6D,E) have detrimental effects on cell differentiation and
elongation at the whole plants level (Su et al., 2011). Third, the mechanical stress, which is caused by the
high frequency of pruning operations, is also considered as a inhibited factor for vegetative growth and
reproductive growth. Several lines of evidence indicate that most of the mechanical stresses tested
reduce leaf growth, stem diameter and even sometimes yield on several crop materials, which is
especially serious on tomato plants (Heuchert and Mitchell, 1983; Biddington, 1986; Mitchell and Myers,
1995). Taken together, These explain why T4 treatment show better effects than T1 and T7 treatments
for pruning management in tomato production.

Except for the balance between vegetative growth and reproductive growth, hormones of auxin and CKs
also play important roles in fruit setting and swelling and then in�uence the tomato yield. The
homeostasis of PATS is important for fruit retention and development (Pattison and Catalá, 2012).
Because excessive PATS could reduce the concentrations of auxin in ovaries, which is postulated to have
a direct effect on assimilate partitioning (Agusti et al., 2002). If PATS is reduced too much, the fruit may
abscind by the activation of an abscission zone at the base of the subtending organ (Else et al., 2004).
The PATS velocity is in�uenced most strongly by the activity of AUX1 and PIN1 (Pattison and Catalá,
2012). We found that pruning operations signi�cantly enhanced the transcripts of AUX1 and PIN1 (Fig.
5A,B). Moreover, shorter pruning length of LBs (T1) in “before pruning” treatment showed similar
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expression patterns of AUX1 and PIN1 with that in “after pruning” treatment (Fig. 5A,B). These data
suggest that adequate reserve LBs is important for PATS homeostasis, which further in�uence the fruit
yield. In recent years, the molecular mechanisms of the auxin and CKs signaling cascades have been well
characterized in tomato fruit setting (Else et al., 2004; de Jong et al., 2011; Ding et al., 2013; El-Sharkawy
et al., 2016). In tomato, both ARF5 (Liu et al., 2018) and ARF7 (de Jong et al., 2011) have been
demonstrated to act as a negative regulator of fruit set. Furthermore, function of ARF7 depends on
interaction with IAA14 (Ito, J. et al. 2016). So, high transcripts of ARF5 and ARF7 with low transcripts of
IAA14 (Fig. 5E) can be responsible for yield inhibition that is caused by strong vegetative growth at
hormone signaling levels. For CKs signaling, transcripts of IPT2, LOG2, LOG6 and CYCD3;1 showed
positively response to CKs accumulation (Fig. 5D,E). Similar results can be observed in both exogenous
CKs-treated or pollinated tomato fruits (Matsuo et al., 2012). The present study provides evidence that
retention of LBs is bene�t for maintaining the PATS of main stem, which inhibits the PATS of fruit stalks
and promotes root development for CKs generation and ascending transport (Fig. 5). Thus, the transcripts
of auxin- or CKs-related signaling genes were activated during early fruit development (Fig. 5E).

A unsuspected phenotype of retardant senescence of tomato lower leaves was observed in T4 treatment
when compared with T1 and T7 treatments (Fig. 6A-C). The transcripts of FZY1 and PIN1 imply that the
in�uence of pruning length of LBs on the IAA concentrations of lower leaves remain depends on PATS
(Fig. 6E,F). Thus, high level of IAA can be responsible for dominant nutrients competition, which delays
senescence (Agusti et al., 2002). Previous study showed that using constitutive IPT-expressing rootstock
(35S::IPT) signi�cantly enhanced the shoot CKs levels and inhibited the leaf senescence in salinized
tomato plants (Ghanem et al., 2011). And we also found that the concentrations of CKs were signi�cantly
higher in T4 treatment when compared with T1 and T7 treatments (Fig. 6E). Meanwhile, the transcript
patterns of IPT2, LOG2 and CKX2 indicated that the enhanced CKs mainly synthesized in root and
activated in leaves (Fig. 6E,F). These results are compatible with well developed root system in T4
treatment (Fig. 1C). Together with IAA, CKs play key roles in regulating senescence-related genes
expression of CRF6, MYB2, SAG12 and ORE1 against senescence (Fig. 6F). Based on hormone theory, we
have discussed the different senescence phenotype between T1 and T4 treatment. When compared with
T4 treatment, T7 treatment signi�cantly increased lower leaves density, which led to less sunlight and
senescence phenotype. Thus, the stronger photosynthesis of lower leaves in T4 treatment can also
contribute assimilation for high fruit yield.

Conclusion
The present study demonstrates that pruning length of LBs plays important roles in regulating whole
plant growth and development, as well as fruit yield in tomato plants. As shown in Fig. 7, the crucially
contributory factor is that LBs are IAA sources, which can in�uence the PATS by pruning operation.
Changed PATS regulates root IAA concentrations to promote or inhibit root development, which is the
main sources of CKs to control fruit setting and leaf senescence. Thus, the pruning-induced homeostasis
of auxin and CKs are comprehensively in�uence the whole plant growth and development. At last, we
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highlight that pruning length of LBs at about 6 ~ 7 cm is suitable for plant growth, high yield, and low
labor costs in tomato production.

Methods

Cropping conditions, plant material and experimental design
This experiment was conducted in a solar greenhouse located at Shandong Agricultural University, Tai’an,
China (117° E and 36° N). The mean temperatures were 18 °C at night and 28 °C at day in spring and
autumn, and 10 °C at night and 25 °C at day in winter.

Seeds of tomato (Solanum lycopersicum L.) cultivar ‘Qidali’ (Syngenta; acquired from the Shandong
Province Seeds Group Co., Ltd, Jinan 250100, P.R. China) were sown in 50 ml plastic pot �lled with a
mixture of peat and vermiculite. When seedlings had 4 true leaves, they were planted onto �eld in the
greenhouse. One-stem pruning approach was conducted. And the trusses were pruned to �ve
in�orescences with four fruits in each in�orescence. The apical buds were removed when plant height
arrived at 2.5 m. The plants were grown in the greenhouse until the harvest stopped.

This experiment included seven treatments depending on the pruning length of LBs: T1 (0 ~ 1 cm), T2 (2
~ 3 cm), T3 (4 ~ 5 cm), T4 (6 ~ 7 cm), T5 (8 ~ 10 cm), T6 (10 ~ 15 cm) and T7 (15 ~ 20 cm). The
experiment was set up in a randomized complete block design with three replicates, and each replicate
contained twenty plants.

 

Parameters of plant growth, yield and labor costs
Plant height and stem diameter were measured at 30, 60, 90, 120 d after planting. Roots and shoots were
collected at 120 d after planting and then oven-dried to get root and shoot dry weight. Fruit weight of
each in�orescence and total yield were measured when the fruit ripening. Numbers of removed branches
and pruning times were recorded for labor costs evaluation.

 

RNA extraction and gene expression analysis
Total RNA was extracted from roots, ovaries and leaves using TRIzol method (Gong et al., 2014). Then,
cDNA synthesis was performed according to standard procedures of a SuperScriptTM First-Strand
Synthesis System (Invitrogen). Three technical replicates of qRT-PCR were performed per primer pair
(Supplementary Table 1) using an aliquot of cDNA (1/500), Power SYBR Green PCR Master Mix (ABI),
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and 200 nM each primer on an ABI Prism 7900 HT machine. Relative expression was calculated
according to Vandesompele et al. (2002) and Yan et al. (2019)

 

Measurements of endogenous phytohormones
Concentrations of indole acetic acid (IAA) and CKs (N6-isopentenyladenine, IP; trans-Zeatin, tZ; cis-Zeatin,
cZ; Dihydrozeatin, DZ) were detected by liquid chromatography-tandem mass spectrometry methods
(Roman et al., 2016). About 20 mg samples of roots, ovaries and leaves were homogenized and extracted
in 1 mL Bieleski buffer (methanol : methanoic acid : water = 6 : 1 : 3, m : m : m) together with a cocktail of
stable isotope-labeled internal standards (0.25 pmol of CKs bases, ribosides, and N-glucosides, 0.5 pmol
of CKs O-glucosides and nucleotides, and 5 pmol of [2H5] IAA per sample added). The extracts were
puri�ed using two solid-phase extraction columns, the octadecylsilica-based column (C18, 500 mg of
sorbent; Applied Separations) and after that the Oasis MCX column (30 mg mL-1; Waters). Analytes were
eluted by a three step elution using a 60 % (v / v) methanol, 0.35 M NH4OH aqueous solution and 0.35 M
NH4OH in 60 % (v / v) methanol solution. IAA and CKs levels were determined using ultra-HPLC-
electrospray-tandem mass spectrometry using stable isotope-labeled internal standards as a reference.

 

Statistical Analysis
ANOVA statistical analyses were performed on all data using SPSS 15.0 (P < 0.01) and data were tested
for signi�cant differences (P < 0.05) using Tukey’s test. Means and standard errors were calculated from
three biological replicates.
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Figures

Figure 1

In�uences of pruning length of LBs on plant growth. (A) Plant height and (B) stem diameter were
measured at 30, 60, 90, 120 d after planting. (C) Root dry weight, (D) shoot dry weight and (E) root / shoot
ratio were determined at 120 d after planting. Data are means of three different independent replicates (±
SE). Different letters indicate signi�cant difference at P < 0.05 between different treatments according to
the Tukey’s test.
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Figure 2

In�uences of pruning length of LBs on yields. (A) Fruit weight of each in�orescence and (B) total yield
were measured when the fruit ripening. Data are means of three different independent replicates (± SE).
Different letters indicate signi�cant difference at P < 0.05 between different treatments according to the
Tukey’s test.

Figure 3

In�uences of pruning length of LBs on labor costs. Numbers of removed branches and pruning times
were recorded for labor costs evaluation. Data are means of three different independent replicates (± SE).
Different letters indicate signi�cant difference at P < 0.05 between different treatments according to the
Tukey’s test.
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Figure 4

In�uences of pruning length of LBs on auxin and CKs signaling in roots. (A) IAA concentrations, (B) CKs
concentrations and (C) relative transcript abundance of auxin- and CKs-related genes were determined in
tomato roots at 60 d after planting. Data are means of three different independent replicates (± SE).
Different letters indicate signi�cant difference at P < 0.05 between different treatments according to the
Tukey’s test.
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Figure 5

In�uences of pruning length of LBs on auxin and CKs signaling in fruits. Relative transcript abundance of
(A) AUX1 and (B) PIN1 were determined in the fruit stalks of the second in�orescence before and after
pruning treatment. (C) IAA concentrations, (D) CKs concentrations and (C) relative transcript abundance
of auxin- and CKs-related genes were determined in tomato ovaries at 5 d after anthesis. Data are means
of three different independent replicates (± SE). Different letters indicate signi�cant difference at P < 0.05
between different treatments according to the Tukey’s test.
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Figure 6

In�uences of pruning length of LBs on auxin and CKs signaling in lower leaves. (A) Chlorophyll
concentrations, (B) Fv/Fm, (C) PN, (D) IAA concentrations, (E) CKs concentrations and (F) relative
transcript abundance of auxin- and CKs-related genes were determined in tomato lower leaves at 120 d
after planting. Data are means of three different independent replicates (± SE). Different letters indicate
signi�cant difference at P < 0.05 between different treatments according to the Tukey’s test.
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Figure 7

Proposed model for pruning length of LBs in�uences auxin and cytokinins homeostasis in relation to
growth and yields in tomato plants. Promoted process is marked by red colour, and inhibited process is
marked by green colour.


