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Impacts of temperature rising, photoperiod and nitrogen addition changes on leaf

yellow phenology of Larix gmelini seedlings
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Abstract: Phenology is a sensitive indicator of climate change and a key parameter of terrestrial ecosystem model. At
present, there are many studies on the impact of climate change on phenology, but there are still few studies on the
synergistic effects of climate change and air pollution on leaf yellow phenology, which restricts the cognition of phenological
mechanism and model development. In this article, Larix gmelini seedlings with three years old were taken as the research

objects by using the controlled experiment to study the response of its leaf yellow period to the changes of temperature,
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photoperiod , nitrogen addition and their interaction. The results showed that; (1) temperature rising had a significant effect
on the leaf yellow stage. Rising temperature significantly advanced initial and common stages of leaf yellow, but did not
significantly delay leaf complete discoloration stage. (2) The effect of photoperiod on the leaf yellow stage was very
significant. Extension of photoperiod significantly advanced initial and common stages of the leaf yellow, and significantly
delayed leaf complete discoloration stage. (3) The correlation between the stage of leaf yellow and nitrogen addition amount
was not significant. (4) The interactive effects between temperature, photoperiod, and nitrogen addition on initial and
common stages of leal yellow were extremely significant and had extreme values, but the effects on leal complete
discoloration stage were not significant. The interaction between temperature rising and photoperiodic extension advanced
initial and common stages of leaf yellow, and the most significant effect happened at temperature rising of 1.5%C and
photoperiod of 14h. The interaction between photoperiodic extension and nitrogen addition advanced initial and common
stages of leaf yellow, and the most significant effect happened at low nitrogen addition (5¢ N m™ a™') and photoperiod of
10h. The interaction between temperature rising and nitrogen addition advanced initial and common stages of yellow leaf,

2

and the most significant effect happened at high nitrogen addition (20g N m™ a™") and temperature rising of 1.5°C. (5)
The interactive effects among temperature rising, photoperiod, and nitrogen addition were very significant on initial and
common stages of leaf yellow, and not significant on leaf complete discoloration. It indicates that the changes of
temperature, photoperiod, and nitrogen addition would prolong the duration of leaf yellow of Larix gmelini seedlings, as a

result, the duration of carbon sequestraction would prolong. These results can provide a basis for developing phenological

models and estimating carbon sequestration of forest ecosystems.

Key Words: Larix gmelini seedlings; leaf yellow phenology; temperature rising; photoperiod ; nitrogen addition
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Table 1 Settings of temperature, humidity, irrigation amount in the artificial climate chamber

SV k1= E o3 iE ¢ e EL
At AFHSER A ]LYlk)x. JEL VS 53 Tk
Monthly average Monthly relative Monthly
Month A . Water every 3 days/mL
temperature/ °C humidity/ % precipitation/mm
4 5.65 50.94 19.51 55
5 14.02 51.41 37.64 107
6 19.96 65.16 87.04 247
7 22.33 76.87 155.24 440
8 20.28 78.68 113.22 321
9 13.61 69.75 54.45 154
10 4.45 61.76 20.16 57
11 -8.2 73.11 5.27 -
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Table 2 Correlation between leaf yellow initial stage of Larix gmelini seedlings and single environmental factor

Pearson 15/ AT Spearman fH ¢4t DA &4 4T
- Pearson correlation analysis Spearman correlation analysis Partial correlation analysis
28 AR 2 N -
Environmental factors SRR i EME UIESRS B ARRRH BEM
Correlation Correlation ) Correlation )

Significance Significance Significance

coefficient coefficient coefficient
IS Temperature -0.316*" 0.000 -0.280 0.001 -0.407 ** 0.000
JEJE ] Photoperiod -0.690 ** 0.000 -0.727"* 0.000 -0.719 ** 0.000
AR Nitrogen addition 0.036 0.349 0.079 0.196 0.075 0.209

# . P<0.05; ** . P<0.01
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Fig.1 Mean values and 95% confidence intervals of leaf yellow initial stage of Larix gmelini seedlings under different levels of temperature

rise, photoperiod and nitrogen addition
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Table 3 Three—factor analysis of variance between leaf yellow initial stage of Larix gmelini seedlings and interactive environmental factors

2R . I i ¥J5 P .E‘%ﬁ
Source of variance Sum of squares Mean square Significance
HRIE Intercept 6092452.081 1 6092452.081  1421572.152 0.000 **
W Temperature 845.466 2 422.733 98.638 0.000 **
SEJAH Photoperiod 3427.863 2 1713.932 399.917 0.000 **
RIS Nitrogen addition 381.967 3 127.322 29.709 0.000**
TELEE xS A Temperaturexphotoperiod 73.020 4 18.255 4.260 0.003 **
TR X F AN Temperaturexnitrogen addition 581.440 6 96.907 22.612 0.000**
FCTAWIXE B N2 Photoperiod Xnitrogen addition 592.369 6 98.728 23.037 0.000 **

TRLEE < Ja < A A
Temperature X photoperiod Xnitrogen addition

5% 2 Residual 360.000 84 4.286
R*. 0.955; * . P<0.05; =% . P<0.01

1558.336 12 129.861 30.301 0.000 "
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Table 4 Correlation between leaf yellow common stage of Larix gmelini seedlings and single environmental factor

Pearson 36504

Pearson correlation analysis

Spearman #3437

Spearman correlation analysis

TR

Partial correlation analysis

S e T e
Environmental factors AR 2 HRARAL M R 0
Correlation o Correlation o Correlation o
.. Significance .. Significance .. Significance
coefficient coefficient coefficient
HREE Temperature -0.189 " 0.025 -0.250 " 0.005 -0.189 ** 0.026
YEJE# Photoperiod -0.674"" 0.000 -0.680 " 0.000 -0.672"" 0.000
Z VRN Nitrogen addition 0.128 0.094 0.154 0.056 0.117 0.117

#* . P<0.05; **, P<0.01
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Fig.2 Mean values and 95% confidence intervals of leaf yellow common stage of Larix gmelini seedlings under different levels of

temperature rise, photoperiod and nitrogen addition
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Table 5 Three-factor analysis of variance between leaf yellow end stage of Larix gmelini seedlings and interactive environmental factors

22511 Rkl of ¥y v e
Source of variance Sum of square Mean square Significance
UL Tntercept 7692915.741 1 7692915.741 415391.488 0.000
IR Temperature 610.349 2 305.174 16.478 0.000"*
S Photoperiod 4330.086 2 2165.043 116.905 0.000 **
R AN Nitrogen addition 201.915 3 67.305 3.634 0.017*
TREE XA ] Temperaturexphotoperiod 1420.506 4 355.126 19.176 0.000 "
TELBE A I i TemperatureXnitrogen addition 747.835 6 124.639 6.730 0.000 **
R A BN Photoperiodxnitrogen addition 483.722 6 80.620 4.353 0.001 **
TRLEE x5 R I x s & )
'{Iimerji)eﬁfefphﬁ(ffrli](fxmtmgen addition 986.301 12 82.1%2 4.438 0.000""
5%7% Residual 1333.417 72 18.520

R*. 0.875; * . P<0.05; =% . P<0.01
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Table 6 Correlation between complete discoloration stage of Larix gmelini seedlings and single environmental factor

Pearson FH2C/H T Spearman H5& 54T i AH 553 H
Pearson correlation analysis Spearman correlation analysis Partial correlation analysis
sl LEESES s LIPS LEESES s
Environmental factors HXR B oA B A B
Correlation Correlation Correlation

Significance Significance Significance

coefficient coefficient coefficient

R Temperature 0.099 0.119 0.122 0.072 0.111 0.094
JEJE ] Photoperiod 0.458 ** 0.000 0.441** 0.000 0.460 ** 0.000
AR N Nitrogen addition 0.009 0.459 0.011 0.448 0.010 0.454

#; P<0.05; ==, P<0.01
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Fig.3 Mean values and 95% confidence intervals of complete discoloration stage of Larix gmelini seedlings under different levels of

temperature rise, photoperiod and nitrogen addition
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Table 7  Three-factor analysis of variance between leaf yellow complete discoloration stage of Larix gmelini seedlings and interactive
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