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Abstract
Key message The dioecious Idesia polycarpa all that males and females do not invest in the same way in growth and 
branching in quantity, type of axes and in time (annual growth and sequence of these events over time).
Abstract The annual growth of plants is an important indicator for growth and development, especially for younger trees. The 
aim of this study was to decide the physiological basis for vegetative growth effects on the trunk and crown development in 
Idesia polycarpa by assessing the effects on variations in bud growth, leaf, and canopy size. This study focused on the annual 
vegetative growth of young (3-year old) female and male I. polycarpa Maxim trees and their functions are separate. The 
phenology provides a challenge in the production of resources (seed, oil) and to investigate the effect of sexual specialization. 
Here we describe the variations between two sexes in terms of vegetative growth in our field studies. The study began in the 
sprouting season with observations of the gradual growth of the newly sprouting buds. The length of expansion, diameter 
growth, and leaf production from the terminal bud (TB), lateral terminal bud (LTB) of the first tier of branches (1Y), second 
tier of branches (2Y), and third tier of branches (3Y) of the trees were measured. The results showed growth differences 
between female and male groups in the growing year. The length of shoot expansion, diameter, and leaf production were 
higher for female trees than for male trees. Male trees grew more long and short branches (SB) than the female trees, with 
large numbers of short branches on the 1Y and 2Y of the male trees. Further investigation needed to analyze factors of annual 
fluctuation of the shoot expansion of the tree, with more studies investigating complex branching phenomenon, flowering, 
and fruit production in I. polycarpa Maxim.

Keywords Annual growth variation · Vegetative growth · Dioecious trees · Sexual dimorphisms · Cumulative DBH

Introduction

The tree known as “Chinese Wonder Tree” for its multipurpose 
use, has economic and ecological value. The Idesia polycarpa 
(Flacourtiaceae) fruit oil has the great potential of being used 
as a feedstock for medicine, food, and for bio-diesel produc-
tion to reduce producing cost (Yang et al. 2009). The fruit has 
a high oil content, confirmed to be edible, and has the potency 
to be useful in preparation of biodiesel (Jia et al. 2014). In 

addition, the seed oil has obvious health effects on the cardio-
vascular system and has a good effect on hypertension as well 
as coronary heart disease (Ren 1995; Jun et al. 2004; Zhang 
et al. 2009a, b). Several studies have already been conducted 
on the I. polycarpa flower, fruit, oil, and seed; however, studies 
on vegetative growth, crown development, branching struc-
ture, especially in the young stages of male and female growth 
have not been conducted. Besides, I. polycarpa Maxim is often 
as “Tree Oil Depot” (Yang 2001; Wang et al. 2014), and the 
ideal woody, oil, and garden ornamental trees (Liu et al. 2005; 
Wang et al. 2011) because it is not only used as ornamental 
and greening tree species but also has very high oil content in 
its fruit. Due to the hierarchical structure of the crown of the I. 
polycarpa tree, it is airy and light-transmitting, and the canopy 
has a large number of twigs and can be grown in high yield 
without special pruning. Studying the pattern of vegetative 
growth in I. polycarpa Maxim, which can provide important 
theoretical value and practical significance to the cultivation 
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as well as for regulating the crown structure to promote flower 
and fruit.

The dioecious plants provide an excellent opportunity on 
the production of resources (seed, oil) and examining the dif-
ferences between male and female plants throughout the grow-
ing year, vegetative growth and in their effect on the evolution 
of sexual dimorphism in plants. In addition, molecular genetic 
studies are now starting to discover fully sex-linked markers 
and genes in dioecious plants, confirming genetic sex determi-
nation; such work should help test the genetic basis of plant sex 
determination, including testing whether dioecy that evolved 
from monoecious ancestry or in organisms with complex 
genetics (such as Urtica dioica; Shannon and Holsinger 2007; 
Glawe and de Jong 2009) differs from that from hermaphrodite 
progenitors (Charlesworth 2016). Once expressed, gender is 
likely to remain constant during the lifetime of a tree (Picard 
1982; Wallander 2001). Dioecious woody plants have shown 
sex-specific patterns of extension vegetative growth. The 
vegetative growth of the tree within-sex competition has been 
associated with reductions in growth rates (Zhang et al. 2009a, 
b). However, other studies have reported faster growth rates 
in females (Grant and Mitton 1979; Sakai and Burris 1985; 
Willson 1986; Sakai and Sharik 1988; Davidson and Remph-
ery 1990). It is known that diameter at breast height (DBH) is 
relatively cheaper and can be more accurately obtained than 
total tree height and that a close relationship usually exists 
between DBH and height of individual tree stems (Mayer 
1936). Knowledge of the relationship between tree height and 
diameter is useful in a number of contexts, including stand 
biomass estimation (Huang et al. 1992), and theoretical con-
siderations of tree growth (King 1990).

The main purpose of this study was to describe the effects 
of vegetative growth and variation on young trees trunk and 
crown development, and we describe the annual growth pro-
cess of newly sprouting shoots, its growth and sexual dimor-
phisms between male and female plants of dioecious woody 
tree I. polycarpa. The overall objective of the present study 
was to characterize certain shoot morphology parameters in 
different parts of the crown by sampling shoots in each des-
ignated location and relate this to crown development pat-
terns in young I. polycarpa. Specifically, we characterized 
the annual vegetative growth differences between male and 
female I. polycarpa trees, and determine the growth pattern 
of the trunk, tier of branches, and short branch’s effects for 
crown development in young females and male plants.

Materials and methods

Study site

This study was undertaken at the experimental research sta-
tion (112°42′114°14′ E, and 34°16′34°58′ N), College of 

Forestry, Henan Agricultural University, Zhengzhou, Henan 
Province, China in 2017. The mean annual temperature of 
this site is 14.2 °C, the frost-free period 215 days, the mean 
annual precipitation of 650.1 mm, annual sunshine hours are 
about 2400 h, and the soil is slightly alkaline sandy loam.

Vegetative growth

This study was conducted on the 3-year old young I. poly-
carpa Maxim trees. As this species is dioecious, both males 
and female trees were included. The period of the experi-
ment was from March to October.

Data sampling and preparation

The 1-year old female and male seedlings were planted 
under their natural habitats condition in the college of for-
estry experimental station of Henan Agricultural University 
in 2014, the seedlings were planted in the two plantation 
plots, and planting distance maintained was 1.5 × 1.5 m. The 
plantation plots condition is similar and the plot to plot dis-
tance was nearby 50 m. The terminal bud (TB) and lateral 
terminal bud (LTB) leave scars that constitute the terminal 
bud during the winter.

The population consisted of 120 I. polycarpa plants. The 
vegetative growth of 15 females and 15 male plants (7 and 
8 plants from two plots for each group), selected at ran-
dom from different directions (east, west, north, south, and 
middle portion) of the plantation plot. Trees annual growth 
unit emerged branches from the stem are considered as 1Y 
(first), 2Y (second), and 3Y (third) tier of branches of the 
tree. The 1Y encompassed growth of the first year branch 
section (1BS), second year branch section (2BS), and third 
year branch section (3BS). Correspondingly, the 2Y encom-
passed the 2BS and 3BS, the 3Y encompassed only the 3BS 
(Fig. 1).

The observation was begun nearby 20 days before the 
onset of the sprouting of TB and LTB. The first reading 
was taken 7 days after TB and LTB sprouting. Experimental 
data were collected every 7 days until October 5th, 2017. 
The newly sprouting TB and LTB length, diameter were 
recorded using tree measurement tape, ruler, and a preci-
sion digital calipers with the resolution of 0.01 mm. The 
leaf census was taken for each, weekly estimates of leaf pro-
duction, the latter number based on scar morphology. Leaf 
phenology was recorded by scoring the numbers of young, 
mature, and senescing leaves on the same plants at the same 
time. The largest and the smallest of all developed leaves 
were recorded. The measured variables (length, diameter, 
the number of leaves) always measured on the same buds.

The preceding year’s growth units of the female 
and male tree trunk, first-year growth unit trunk 
length = 1GUTL (2014), Second year growth unit trunk 
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length = 2GUTL (2015), and Third year growth unit trunk 
length = 3GUTL (2016) length and diameter recorded, 
including the lengths and diameters of the 1Y’s of 1BS, 
2BS, and 3BS sections, along the 2Y’s of 2BS and 3BS 
sections, with the 3Y’s of 3BS section. The diameter for 
each entity (trunk growth unit, TB/LTB, 1BS/2BS/3BS) 
measured the immediate next part of the adjoining part in 
between 5 cm.

The number of the long branches arising directly from 
the main stem during the annual growth (tier of branches) 
counted and recorded the data individually of female and 
male groups for comparison. Short branches emerge from 
the long branches and increased their length and diameter 
throughout the growing year. The short branches are not 
emerging immediately on the current growth unit. The 
short branches numbers were recorded, respectively, the 
tier of branches and the branch sections followed.

Cumulative growth of DBH

For the estimation of cumulative DBH growth throughout 
the year, 22 females and 22 male plants were selected with 
the same method. The DBH is defined as the tree diam-
eter at breast height (1.3 m above ground). Every 15 days 
interval the DBH data were taken with precision digital 
calipers with the resolution of 0.01 mm. Individual data 
was recorded on separate datasheets for further analysis 
and comparing between the sexes.

Statistical analysis

Differences between the sexes was analyzed using the IBM 
SPSS Statistics 19 program. One-way analysis of variance 
(ANOVA) and multiple range test using Fisher’s least-sig-
nificant-difference (LSD) procedure at a 95% confidence 
level were used to determine the sex differences in length, 
diameter, and leaf production of the newly sprouted TB, LTB 
shoots, and trunk length and diameters data were analyzed 
by the General linear model. Statically significant differ-
ences between both sex in 1Y, 2Y, 3Y, and TB were tested 
using the Duncan multiple range test at P ≤ 0.05. The vari-
ation of DBH between the sexes was analyzed with one-
way analysis of variance (ANOVA) and multiple range tests 
using Fisher’s least-significant-difference (LSD). Statically 
significant differences were tested using the Duncan multiple 
range test at P ≤ 0.05.

Results

Trunk growth patterns

The growth of the tree trunk during the experimental year 
was observed. The length of the trunk increased over the 
experimental year, and the preceding years, along with the 
diameter. The mean growth of trunk length of female trees 
was higher than male trees from the 1GUTL, 2GUTL, and 
3GUTL but in the 4GUTL (grow in study year) the male 

Fig. 1  Illustration of the model 
tree, and crown attributes for 
the vegetative growth. Different 
stages of growth, during the 
study on young I. polycarpa 
Maxim trees. Sections indicate 
the different year’s growth unit, 
the group of branches consid-
ered as the tier of branches and 
the newly sprouted terminal 
buds observed.TB terminal 
bud,LTB lateral terminal bud,1Y 
first tier bud,2Y second tier 
of branches, 3Y third tier of 
branches,SB short branches,1BS 
first year branch section, 2BS 
second year branch section,  
3BS third year branch section, 
1GUTL first year growth unit 
trunk length, 2GUTL second 
year growth unit trunk length, 
3GUTL third year growth unit 
trunk length, 



72 Trees (2021) 35:69–80

1 3

trees achieved a higher mean trunk length than female trees 
(current year TB considered as the trunk for the next grow-
ing year), when the whole trunk length compared between 
females and male sexes and significant not exhibited 
(P = 0.701), as result showed (Fig. 2).

Meanwhile, the diameter and length of the annual 
growth trunk varied with tree age, and the diameter growth 

of males was higher in the preceding years, also the cur-
rent year than the female trees. The 1GUTL is greater than 
the 4GUTL as the annual growth of diameter decreases 
with tree age. The newly sprouting terminal bud of the 
tree will subsequently follow at the same trend (Fig. 3).

Crown growth pattern

Long branches (tier of branches)

During the growing year TB (current year TB considered 
as the trunk for the next growing year) length and diameter 
increased, and the long branches arising directly from the 
TB during the annual growth, long branches are distrib-
uted all around the trunk on successive leaves constituting 
a tier of branches. In addition, the new tier of branches 
increased incrementally in length and diameter over the 
year, but the number of arising branches was not fixed, 
and they arise randomly. After the growing year, there 
is no chance to grow a new branch from the same loca-
tion, and from the trunk unit. The branches that sprouted 
from the tier of branches of the tree trunk were observed 
and recorded. It was noted that male trees significantly 
produced a higher number of branches from the tier of 
branches of the trunk, whereas female trees produced a 
less significant number of branches. Across four growing 
years, the data showed that in the 3GUTL of 3Y, female 
and male trees produced on the same number of branches 
and there is no significant difference were found, whereas 
in the other year’s male trees significantly produced a 
higher number of long branches than female trees (Fig. 4).

Fig. 2  Trunk length in different years, calculated the mean length for 
young female and male I. polycarpa trees. The different sections indi-
cated different year growth unit. The indication for both 15 female 
and 15 male trees, respectively. Significant differences not exhibited 
when the whole stem length (i.e. 1GUTL, 2GUTL, 3GUTL) com-
pared between females and male sexes; P = 0.701). Data values repre-
sent the mean ± SD

Fig. 3  Trunk diameter at different years. The mean trunk diameter 
at different ages was calculated from young female and male I. poly-
carpa trees. The different sections indicated different year growth 
unit, the indication for both sexes, respectively. Significant differences 
not exhibited when the whole stem diameter (i.e. 1GUTD, 2GUTD, 

3GUTD) compared between females and male sexes; P = 0.419. Data 
values represent the mean ± SD. 1GUTD first year growth unit trunk 
diameter, 2GUTD second year growth unit trunk diameter, 3GUTD 
third year growth unit trunk diameter
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Short branch growth variation

The annual growth also affects the short branches, situated 
on the long branches, which increased in length and diam-
eter with small increments compared to the long branches. 
The young male trees produced significantly higher numbers 
of short branches from the different tier of branches than 
for young female trees. The young male trees 1Y produced 
seven, the 2Y produced six, and the 3Y produced two short 
branches. The female trees produced the less significant 
number of short branches, the 1Y produced five, the 2Y 
produced five, and the 3Y produced of one short branch 
(Fig. 5). Most of the flowering and fruiting occurs directly 
on the short branches. The production of the yield mostly 
depended on the short and the tertiary branches.

Length and diameter of extended long‑branch sections 
in the different tire of branches among preceding years

During the growth from a static state of the study trees of 
I. polycarpa, the branch extended the length and diam-
eter through the year and increased by a particular length 
and diameter each growing year. A comparison was made 

between young female and male I. polycarpa trees. The 
branch length and diameter of the 1Y encompassed growth 
in the 1BS, 2BS, 3BS, and 4BS (grow in study year). The 
branch length and diameter of the 2Y encompassed growth 
in the 2BS, 3BS, and 4BS. The branch length and diameter 
of the 3Y encompassed the 3BS and 4BS. The continued 
upward growth observed in the male trees, contrariwise the 
upward and the downward growth observed in the female 
trees of the branch length static state condition. The diam-
eter growth followed the same trend as the length of both 
sexes. The differences in the branches grow of the length and 
diameter are shown in the figure (Figs. 6, 7).

Annual dynamic growth of shoots sprouted from terminal 
buds of different tier of branches

The newly sprouted LTB of 3Y of the female tree grew rap-
idly from the beginning of the sprouting season whereas the 
LTB’s of 2Y and 1Y’s grew slowly throughout the growing 
year. The newly sprouted LTB of 3Y grew to their maximum 
length, meanwhile, the newly sprouted TB of the female tree 
has greatly increased the diameter along with the greatest 
number of leaves in the new growing year.

Fig. 4  Number of the long 
branches. Mean numbers of 
long branches differences, long 
branches are distributed all 
around the trunk on successive 
leaves constituting a tier of 
branches of the different year’s 
growth unit. Data values repre-
sent the mean ± SD

Fig. 5  Number of the short 
branches. Mean numbers of 
short branches differences, 
located on different branch 
sections of the different tier of 
branches. Data values represent 
the mean ± SD
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The quantitative values of newly sprouted terminal buds 
length extension in the female and male plants

The newly sprouted terminal buds length of female trees 
increased during the growing year; the TB increased by 
79.85 cm, the LTB of 3Y by 93.1 cm, the LTB of 2Y by 45.5, 
and the LTB of 1Y by 27.6 cm. Besides, the male trees the 
newly sprouted TB increased by 56.73 cm, the LTB of 3Y by 
51.4 cm, the LTB of 2Y by 17.1 cm, and the LTB of 1Y by 
14.5 cm. The TB length was significantly greater in females 
than males (mean ± SD = 49.84 ± 25.68 and 36.96 ± 16.45 cm 
for females and males, respectively; P = 0.199). The LTB of 
Y3 length (mean ± SD = 57.54 ± 29.95 and 34.07 ± 14.41 cm 
for females and males, respectively; P = 0.039). The LTB of 
2Y length (mean ± SD = 31.17 ± 12.92 and 12.56 ± 3.71 for 
females and males, respectively; P < 0.001) and the LTB of 

1Y length (mean ± SD = 20.52 ± 6.66 and 10.86 ± 2.91 for 
females and males, respectively; P = 0.001).

Diameter growth of newly sprouted terminal buds female 
and male plants

The mean diameter of the newly sprouted buds of female 
trees increased during the growing year; the diameter 
of the TB was 1.7 cm, while those LTB of 3Y 1.3 cm, 
LTB of 2Y 0.8 cm, and LTB of 1Y 0.8 cm, respectively. 
Contrariwise, the male tree the mean increase in diam-
eter of TB was 1.3 cm, LTB of 3Y 1.0 cm, LTB of 2Y 
0.6  cm, and LTB of 1Y 0.6  cm, respectively. The TB 
diameter growth were significantly greater in females 
than males (mean ± SD = 1.14 ± 0.37 and 0.94 ± 0.25 
for females and males, respectively; P = 0.181). The 

Fig. 6  Length of extended long-branch sections in the different tire 
of branches among preceding and current year. Differences of the 
extended section of branches, comparison between sexes. The indica-

tion for both of the female and male trees, respectively. Data values 
represent the mean ± SD

Fig. 7  Diameter differences of extended long branch sections. Differences in diameter between sexes, the sections of long branches of the tier of 
branches. The indication for both of the female and male trees, respectively. Data values represent the mean ± SD
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LTB of 3Y (mean ± SD = 0.94 ± 0.27 and 0.8 ± 0.16 for 
females and males, respectively; P = 0.081). The LTB of 
2Y (mean ± SD = 0.64 ± 0.12 and 0.52 ± 0.08 for females 
and males, respectively; P = 0.018). The LTB of 1Y 
(mean ± SD = 0.60 ± 0.10 and 0.50 ± 0.07 for females and 
males, respectively; P = 0.027).

Leaf production of newly sprouted terminal buds of female 
and male plants

Newly sprouted TB of the female tree produced the maxi-
mum mean number of leaves; the mean number of the 
leaves produced by female trees during the growing year 
was 157 from the newly sprouted TB, 97 from the LTB 
of 3Y, 44 from the LTB of 2Y, and 34 from the LTB of 
1Y. Contrariwise, the mean number of leaves produced by 
male trees during the growing year was 138 from the TB, 
65 in the LTB of 3Y, 25 in the LTB of 2Y, and 21 in the 
LTB of 1Y. Leaves were produced throughout the experi-
mental year, and were leaf census from the newly sprouted 
TB, along with the LTB’s tier of branches. The TB leaf 
production was significantly greater in females than for 
the males (mean ± SD = 89.70 ± 48.03 and 67.50 ± 47.16 
for females and males, respectively; P = 0.311). The LTB 
of 3Y (mean ± SD = 55.80 ± 30.69 and 42.00 ± 19.24 for 
females and males, respectively; P = 0.244). The LTB 
of 2Y (mean ± SD = 27.80 ± 11.33 and 17.60 ± 6.22 for 
females and males, respectively; P = 0.023). The LTB 
of 1Y (mean ± SD = 22.90 ± 8.23 and 15.20 ± 4.59 for 
females and males, respectively; P = 0.019).

Length extension comparison among TB and LTB extension

The maximum lengths of the newly sprouted LTB of the 
3Y increased in the female trees, but the lengths of the LTB 
of the 1Y of male trees increased minimally, highly sig-
nificance in maximum LTB.3Y and least LTB.1Y length 
of females, respectively; P < 0.001 (Fig. 8). The LTB of 
the 3Y of female trees grew in length by more than other 
LTB of the tire of branches. The LTB of 3Y and LTB of 
2Y females were obtained the significance P = 0.008, and 
the great significance observed in the LTB of 3Y and LTB 
of 1Y P < 0.001. Whereas the LTB of the 2Y and LTB of 
1Y significance P = 0.265 did not differ much in length. 
The lengths of the newly sprouted LTB of the 3Y and the 
newly sprouted TB significance P = 0.419 are similar, but not 
identical. Contrariwise, the male trees, the newly sprouted 
TB were higher than other newly sprouted LTB. The LTB 
of 3Y and LTB of 2Y males showed the high significance 
P < 0.001, and the significance observed in the LTB of 3Y 
and LTB of 1Y of males P < 0.001. Whereas the differences 
in length of the newly sprouted LTB of the 2Y and LTB of 
1Y P = 0.736 was slight. The LTB of 3Y and the length of 
the TB of newly sprouted exhibited differences P = 0.500 in 
growth throughout the growing year.

Diameter growth comparison among TB and LTB extension

The maximum mean diameter obtained the newly sprouted 
TB of the female trees, and the minimum mean diameter 
obtained the newly sprouted LTB of 1Y of the male trees 
(Fig. 9). The TB of the female tree had the greatest increase 
in diameter, and there were considerable differences among 

Fig. 8  Lengths of newly sprouted TB and LTB’s, showing shoot 
growth after the sprouting of terminal buds, and shoot length 
increases over time. The solid lines show the shoot growth length 
over time, asterisk symbol indicated the growth of the LTB of 1Y, cir-
cles indicated LTB of 2Y, triangles indicated LTB of 3Y, and squares 

indicated TB of the tree, female and male tree respectively (the sig-
nificant differences of length extension in newly sprouted shoots of 
females and males were observed; P = 0.199 for TB, P = 0.039 LTB 
of Y3, P < 0.001 LTB of 2Y and P < 0.001 LTB of 1Y). Data values 
represent the mean ± SD
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the newly sprouted TB and LTB of the 2Y significance; 
P < 0.001, TB and LTB of 1Y showed the significant dif-
ferences; P < 0.001. There are no significant differences 
observed between the diameters of the LTB of the 2Y and 
1Y were P = 0.679. The newly sprouted TB and the LTB of 
the 3Y differed in diameter and the significant differences 
were P = 0.072. While, the male trees, the newly sprouted 
TB had the greatest increase in diameter during the growing 
year. Whereas the rest of the newly sprouted LTB had less 
of an increase. The newly sprouted TB and LTB of the 2Y 
showed the considerable significance differences; P < 0.001, 
In the TB and LTB of 1Y exhibited the significance of dif-
ferences; P < 0.001. LTB of 2Y and LTB of the 1Y of males 
have no significant differences; P = 0.777. In the newly 
sprouted TB and LTB of the 3Y exhibited the significance 
of differences in diameter growth; P = 0.012.

Comparison of leaf production among TB and LTB 
extension

Leaves play a vital role in the shape’s development and struc-
ture of the tree. The newly sprouted TB of the female tree 
produced the maximum number of leaves during the grow-
ing year, but the male trees produced the least leaves from 
the newly sprouted LTB of the 1Y (Fig. 10). The female tree 
produces the maximum mean number of leaves in the TB, 
and the differences obvious among the TB and the LTB of 
the 2Y showed the highly significant difference; P < 0.001, 
along TB and LTB of 1Y are considerable; P < 0.001, 
whereas in the newly sprouted LTB of the 2Y and the 1Y; 
P = 0.710 there was no significance. The newly sprouted 
TB and LTB of the 3Y exhibited less significance value; 

P = 0.014. Contrariwise, the male trees, the mean number 
of leaves was highest in the newly sprouted TB, whereas the 
newly sprouted TB and LTB of the 2Y showed the higher 
significance value; P < 0.001, similarly TB and LTB of 1Y 
exhibited high significant differences; P < 0.001, produced 
similar amounts of leaves. In LTB of 2Y and LTB of 1Y 
has not exhibited the significant differences; P = 0.843. The 
newly sprouted TB and LTB of the 3Y showed less signifi-
cant for leaf production; P = 0.033.

The variation of DBH during annual growth

The cumulative growth of DBH through the growing year, 
the variation observed different dates and the values com-
pared between sexes. The females and male trees DBH 
growth pattern showed the differences, the DBH growth rate 
and the timing were significantly differenced. The male trees 
annual DBH growth reached the greatest values throughout 
the growing year. The gradual DBH growth observed from 
the 14-April, the continuous upward trend that can be seen 
in 29-May, and the value decline observed in 13-June. The 
highly significance upward trend observed from 28-June and 
the greatest value reached in 13-July. The declining value 
and risen value can be observed from July to September, 
and the downward trend value recorded in October. The 
fastest DBH growth in the male tree occurs from near end 
of the June to the beginning of the September months, the 
male’s DBH growth occurs the quickest time than for the 
female trees. The highest DBH value achieved on 13-July 
(0.9 ± 0.03  cm, mean ± SE, n = 22) and the least value 
recorded on 30-March (0.02 ± 0.004 cm, mean ± SE, n = 22) 
in the male trees during the growing year. Contrariwise, the 

Fig. 9  Diameter differences in newly sprouted TB and LTB, sprouted 
shoot diameter increased over time for both female and male trees. 
The solid lines show the diameter of shoot growth over time, asterisk 
symbol indicated the growth of the LTB of 1Y, circles indicated LTB 
of 2Y, triangles indicated LTB of 3Y, and squares indicated TB of the 

tree, female and male tree, respectively (the significant differences of 
growth diameter in newly sprouted shoots of females and males were 
observed; P = 0.181 for TB, P = 0.081 LTB of 3Y, P = 0.018 LTB of 
2Y and P = 0.027 LTB of 1Y). Data values represent the mean ± SD
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female trees cumulative DBH growth occurs with longer 
periods. The growth observed from the 30-March, upward 
and downward value trend obvious from 29-May. The nota-
ble DBH value observed from 13-June to the 11-October. 
The fastest growth observed in June-13, decline value 
recorded in 13-July, the second-fastest value recorded from 
the end of July to the end of the September months. The 
highest DBH value recorded in 13-June (0.07 ± 0.01 cm, 
mean ± SE, n = 22) and the least value recorded in 26-Octo-
ber (0.01 ± 0.003 cm, mean ± SE, n = 22) in the female trees 
during the annual growth (Fig. 11).

Discussion

In the females, the expansion of the length, and diameter 
of TB, LTB, and leaf production of the current growing 
year, the trunk length of the preceding years was higher 
than males. The growth of length and diameter of the long-
branch sections demonstrate the upward and downward 
trend followed in females. In the males, the trunk length, and 
diameter of the current growing year, the preceding years of 
trunk diameter, the production of long and short branches 
was higher than females. The growth of the length, diameter 
of the long-branch sections, the upward trend followed in 
males.

In addition, the trunk growth increased in length and 
diameter during the growing year, to develop the struc-
ture and shape of the tree. The recorded data of the trees 
observed in this study explained the differences in growth 
length and diameter between the female and male trees of 
I. polycarpa in different years. The growth unit of the trunk 

length and diameters growth fluctuation rate was observed 
from the earlier years. Additionally, the production of the 
tier of branches associated with annual growth, arising from 
the newly sprouted TB. During the sprouting season from 
the TB several long branches are formed and the number is 
random. The males growing larger numbers of long branches 
than the females, and these numbers are highly significant 
for the further development of the tree as vegetative, as well 
as reproductive, whereas short branches developed from var-
ious locations on the long branches. However, short branches 
grew in high numbers on the male trees. The development of 
short branches was associated with the growing year. They 
directly correlated with flowering and fruit production (fruit-
ing for females), with most of flowering and fruit sections 
occurring on short branches. Annual growth also effects on 
the length and diameter of short branches. For male young 
trees, their 1Y produced more short branches, compared 
to others, including sexes. Furthermore, the growth from a 
static state of young trees of I. polycarpa, the study showed 
differences in the growth length and diameter of the various 
sections of the branch of the tire of branches from preceding 
years that increased during that growing year. The preceding 
year’s growth units indicated that the earlier years growth 
and development of the plant.

The selected trees both of the sexes exhibited distinctly 
different growth rates during the growing year, and the 
newly sprouted TB and LTB of the tier of branches exhibited 
considerable variability regarding length extension, diam-
eter growth, and leaf production. This considerable variation 
may explain the differences in annual growths aim of the TB 
of each tree and the LTB of the tier of branches. It is likely 
that I. polycarpa also has a physiological disparity between 

Fig. 10  Leaf number production among TB and LTB’s. Differences 
in production of leaf number between female and male trees in the 
newly sprouted TB and LTB entire the growing year. The solid lines 
show the number of the leaves on shoot growth over time, asterisk 
symbol indicated the growth of the LTB of 1Y, circles indicated LTB 

of 2Y, triangles indicated LTB of 3Y, and squares indicated TB of 
the tree, female and male tree, respectively (the significant differences 
of leaf production in newly sprouted shoots of females and males; 
P = 0.311 for TB, P = 0.244 LTB of Y3, P = 0.023 LTB of 2Y and 
P = 0.019 LTB of 1Y). Data values represent the mean ± SD
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genders. The highest annual variation in the vegetative 
growth trend of female I. polycarpa than that in male trees. 
Other studies report, J. thurifera females showed higher 
growth rates only when trees are young (Rozas et al. 2009). 
Additionally, the favorable conditions promote the initia-
tion of a large number of vegetative and generative buds 
(Bochenek and Eriksen 2010). The vegetative growth and 
development directly linked with the growing year status 
(data not shown).

During the study year, increments in the length of the 
TB and the LTB of the tier of branches, for both the sexes, 
showed significant growth differences, and the growth ter-
mination occurs when reached the maximum length. The 
growth length of newly sprouting terminal buds (TB and 
LTB) for young female trees was higher than for males dur-
ing the entire studying year. Studies report, females of A. 
negundo show greater shoot growth than males in dry habi-
tats (Dawson and Ehleringer 1993). The similar observations 
have been made on Salix glauca (Dudley 2006).

Moreover, the length of the 1Y described as an impor-
tant factor of branching pattern, especially the character 
of the laterals, by Renton et al. (2006). The high inflores-
cence and yield production occur in the presence of highly 
number of short branches. When a long branch bifurcates, 
the short branches have a smaller diameter than the long 
branches. The shoot diameter of newly sprouted TB and 
LTB of the females showed higher increment during the 
growing year comparison with male plants. The most 

increment of diameter observed in TB of females and least 
observed in LTB-1Y of males.

Alongside, a higher total number of leaf primordia 
particularly in females and turn to greater vegetative 
biomass production. The pre-defined size threshold of 
leaves depends on the tree species. Leaves spiral around 
the branch at a set interval and with randomized orien-
tations. The leaf growth rate has often been reported to 
be positively related to leaf nitrogen and assimilation 
rates (Poorter and Bongers 2006), negative relation-
ships between leaf thickness and growth rates have been 
observed by (Nielsen et al. 1996 and Poorter 1989). Con-
structing toughened leaves is a way of protecting them 
physically from external agents (Westbrook et al. 2011), 
in particular from desiccation (Díaz et al. 2004), herbi-
vores (Dominy et al. 2008), and pathogens (Hantsch et al. 
2014). Our studies of I. polycarpa found that the number 
of the leaves produced on newly sprouted TB and the LTB 
of 1Y, 2Y and 3Y of female tree were higher than for the 
male trees, for the TB and the LTB of the different tier of 
branches, and the leaf size, and weight differences also 
observed in the different tier of branches (data not shown). 
The growth was much faster in the relatively wet and warm 
season than the relatively dry and cold season for all trees 
with varying leaf habits. In the growing year, the rate of 
newly sprouted shoot growth was higher in the warmer 
months, when the temperature was higher, from May to 
August. As the temperature rose the rate of sprouted shoot 

Fig. 11  The cumulative growth of diameter at breast height (DBH) 
throughout the annual growth, the comparison made with females and 
male trees. The male’s DBH increment occurs in the short periods, 
whereas female increases with longer periods. In the month of June, 

the females reached the highest growth rate, whereas the males are in 
July. The higher rate of the DBH occurs during each June to August 
months of the year
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growth gradually increase and as the temperature fell the 
rate was slower and slower.

However, the diameter at breast height (DBH) and cumu-
lative growth throughout the year between the sexes, the 
males attained the greatest DBH increment. The male’s 
DBH increment occurs in the short periods, whereas female 
increases with longer periods. In the month of June, the 
females reached the highest growth rate, whereas the males 
are in July. The higher rate of the DBH occurs during each 
June to August months of the year in young I. polycarpa 
trees. The variation of the DBH throughout the annual 
growth occur at “slow-fast-slow” rate.

The growth pattern in young trees of the deciduous 
species I. polycarpa showed that the growth of females 
exceeded that of males, in terms of length extension, diam-
eter growth, and leaf production in the growing year. In 
contrast, the sexes differed in terms of vegetative growth 
patterns, with males producing more long and short branches 
than females. Besides, the stem-diameter and the variation 
of the diameter at breast height was higher in males. The 
analysis of the allocation of biomass in the crown architec-
ture and the branching structure estimation, need to further 
investigation.

The shoot growth process of the newly sprouted terminal 
bud of the tree and the LTB buds of the different tier of 
branches showed the variation of the length and diameter 
elongation throughout the growing year of female and male 
sexes of young I. polycarpa trees. The studies emphasized 
the annual vegetative growth and examined the pattern 
of the variation in vegetative growth compared to sexual 
dimorphism.

We conclude that during the growing year, the TB and 
LTB of the tier of branches sprouted and the growth of the 
female trees exceeded that of males, In terms of TB, LTB 
of length extension, diameter growth, and leaf production 
and the sexes differed in terms of vegetative growth pat-
tern. In addition, the studies compared the production of 
long and short branches. Males produce considerably higher 
numbers of long and short branches than female trees. A 
new tier of branches formed into the TB in every growing 
year and continued the growth and development of the long 
and short branches for developing the crown formation of 
the tree. However, the growth unit of trunk length showed 
a clear regression in annual trunk length extension of the 
females, while the males showed the opposite. In contrast, 
the male trees showed a significant of height growth of trunk 
diameter, production of long branches, and short branches. 
The highest growth rate observed in I. polycarpa when the 
temperature was above 20 °C (minimum) and below 36 °C 
(maximum). This study of the annual shoot growth processes 
shows growth differences and comparisons between sexes in 
terms of annual vegetative growth. This study also reveals 
how annual growth influences the development of the young 

dioecious tree. Further investigation is required to identify if 
there are any long-term gender-related differences present in 
the shoot growth or not.
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