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Investigation of bud burst, shoot growth and leaf expansion in Populus euphratica

of different ages
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Abstract: Populus euphratica Oliv., a member in the subgenus populous, family Salicaceae, is the oldest and most
primitive desert riparian forest species, mainly distributed in central Asia, west Asia and the Mediterranean region. Over
60% of natural P. euphratica forest is distributed in China, of which, 89.1% of P. euphratica is concentrated in the Tarim
Basin of Xinjiang. Earlier research indicated that at different growth and development stages of P. euphratica individuals,
leaf morphology was different, showing a clear heterophylly. Leaves of seedlings, saplings and young branches sprouted from
adult trees are of linear and lanceolate, but with tree growth, ovate and broadly ovate leaves start to form giving the tree a
unique look. In adult tree, the top canopy is dominated by broadly ovate leaves and the bottom canopy is of mainly linear
and lanceolate leaves. This is known as exclusive or variant leaves of P. euphratica. Studies also shown that, in the same
growing season of the same P. euphratica individual, it is always the case that the broadly ovate leaves on the top canopy
start to burst first followed by the linear, lanceolate and ovate leaves at the bottom of the canopy, indicating a vertical
inherent coordination of development. A clear relationship among branching, bud growth, leaf phenology and leaf shape
change exist in this unique species worth detailed investigation. Most of the previous research was focused on flowering

phenology, but the relationship among branching, bud growth, leaf phenology and leaf shape change and their vertical
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distribution have not been studied in detail at different developmental stages. We examined the development of these organs
and their relationships and interactions using P. euphratica individuals at different developmental stages to lay a foundation
for revealing the significance of leaf shape changes in P. euphratica life history. P. euphratica trees at five different
development stages were investigated to study the characteristics of growth and the spatial distribution pattern of leaf shape
changes. Results indicated that different growth pattern and leaf phenology were shown both in spatial distribution and
phenological developmental stages at different individual canopy levels and trees of different ages. With the increase of tree
age and canopy level (from base to top), new shoot length, leaf number per shoot and leaf shape index have decrease
trend, but a gradual increase trend of leaf area and leaf dry weight were observed. Regardless of developmental stages, leaf
expansion started on the top of the canopy and gradually moved to wards the base. Bud opened in early April, leaf expansion
commenced in mid—April and finished from early to late May. Older trees showed earlier bud burst and leaf expansion than
younger tress and they also finish leaf expansion early. Different bud burst and leaf expansion were observed on trees of
different developmental stages but the commencement and termination of leaf expansion were relatively similar. Leaf
emergence period was positively correlated with branch length, leaf number and leaf shape index but negatively correlated

with leaf area and leafl dry weight and both correlations were significant.

Key Words: P. euphratica; emergence and growth of bud burst; leaf phenology; leaf shape index; leaf area; leaf
dry weight
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Fig.2  Variation in branch length of different development stages and tree levels
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Table 1 The leaf phenology in germinating branch bud of different development stages Populus euphratica Oliv different layers

AR B H1)2 M2z A3z #r 4z s )R h2/d Coefficient
Individual stage First layer Second layer Third layer Fourth layer Fifth layer Range variation
A 04-18 04-15 04-13 04-12 04-10 8 0. 65

B 04- 16 04-15 04- 13 04-10 04-09 7 0.97

C 04-17 04-15 04-12 04- 10 04-08 9 0. 83

D 04-13 04-12 04-09 04-06 04-05 8 0. 88

E 04-07 04-06 04-04 04-03 04-01 6 0.75
2% Range /d 9 9 9 9 9

0. 62 0.59 0. 62 0.70 0.65

Coefficient variation
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Table 2  The leaf initiation period branch bud phenology different development stages of P. euphratica different layers

- - ” - - : 5 R
BT B Bz H2z H3= 4R 52 W2z/d Coofficiont
Individual stage First layer Second layer Third layer Fourth layer Fifth layer Range .

variation

A 04-25 04-23 04-21 04-20 04-17 8 0.72
B 04-24 04-23 04-21 04-19 04-16 8 0.70
C 04-25 04-22 04-20 04-17 04-16 9 0.92
D 04-21 04-19 04-16 04-12 04-11 10 0.90
E 04-15 04-12 04-10 04-08 04-07 8 0.94
2% Range /d 10 11 11 12 10
R EL ZZ K
AR 0.61 0. 60 0.62 0.70 0.67

Coefficient variation
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Table 3 The leaf eventually period branch bud phenology different development stages of P. euphratica different layers

AR B 51 oy 53 a4k %52 Be22/d A
Individual stage First layer Second layer Third layer Fourth layer Fifth layer Range variation
A 05-22 05-19 05-17 05-14 05-10 12 0.72
B 05-17 05-14 05-12 05-09 05-06 11 0.76

C 05-13 05-10 05-07 05-03 05-02 11 0.93

D 05-07 05-05 05-01 04-28 04-26 11 0.85

E 05-01 04-28 04-25 04-23 04-21 10 0. 86
122 Range /d 21 21 22 21 19

BFRAB 0.75 0.72 0.76 0. 81 0.76

Coefficient variation
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Fig.7 Individual average leaf emergence of different development stages and the change rule in different tree levels
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Table 4 The correlation between leaf emergence, length of branches, leaf umber, leaf shape index, leaf area and leaf dry weight

HE R MO R (e SN *hf‘ L I”*T%
Correlatian coefficient Leaf emergence  Branch length  Leaf umber index Leaf area weight
HitJEH Leal emergence 1.00

ki 4 K Branch length 0.97** 1.00

M4 Leaf umber 0.96** 0.93** 1.00

HIEFE L Leafl shape index 0.99 " 0.99** 0.95"" 1.00

M1 A Leaf area -0.98 ** -0.98** -0.98 -0.98** 1.00

T Leal dry weight -0.84" -0.87" -0.86" -0.87" 0.89* 1.00

* P<0.05, * * P<0.01
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