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Abstract Atmospheric nitrogen deposition is one of the main features of global climate change. In recent
years, many studies have been conducted to explore the effects of water and nutrient availability on tree growth.
However, how trees dynamically adjust to water and nitrogen supply in terms of biomass accumulation and
distribution remains unclear. Thus, Populus cathayana was selected as the model species in our study for a pot
experiment to explore the response of biomass accumulation and allocation to water and nitrogen availability. A
two-factor (water and nitrogen) randomized block experiment, including three water regimes [field water holding
capacity (FC) of 40%, 60%, and 80%, as W1, W2, and W3, respectively] and three nitrogen levels ( NH,NO,
contents of 0, 4, and 8 gN/mZ/yr, as NO, N1, and N2, respectively), was designed. Samples were taken at 1, 7, 14,
31, and 62 days after nitrogen application to determine the biomass accumulation and distribution of P. cathayana
and then to explore its dynamic response to water and nitrogen availability. The results showed that: (1) Increased
soil water and nitrogen availability significantly promoted the biomass accumulation of roots, stems, leaves, as well
as total biomass of P. cathayana, which reached a maximum under the W3 treatment, and the effect of nitrogen
application became more obvious with time. The promotive effect of N2 was significantly greater than that of N1.
The interaction between water and nitrogen had no effect on biomass accumulation. (2) Biomass allocation of P.
cathayana was mainly controlled by growth rhythm (time). Specifically, the stem and root weight ratios increased,
while the leaf weight ratio decreased with plant growth and treatment time extension. Increasing water availability
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significantly increased the stem weight ratio and deceased the root weight ratio, but had no significant effect on
the leaf weight ratio. Nitrogen and water-nitrogen interactions had no significant effect on the root weight ratio,
stem weight ratio, or leaf weight ratio. (3) Effect of nitrogen addition on leaf mass per area (LMA) varied with P.
cathayana growth time. At the end of the experiment, nitrogen addition significantly increased the LMA under
insufficient soil moisture, and decreased LMA under improved water conditions. (4) With the extension of treatment
time, the increase in soil moisture significantly increased specific root length and specific surface area. The effect
of nitrogen application was gradually observed over time. At the later stage of the experiment, nitrogen application
increased these parameters under sufficient soil water content (W3) but decreased them under drought stress
(W1). In conclusion, nitrogen addition first enhanced leaf biomass, followed by root and stem biomass, and forming
favorable biomass allocation patterns. High soil water availability significantly increased the specific root length
and specific surface area of the cuttings, whereas the effect of nitrogen varied with soil water availability. This
study can deepen our understanding of the response mechanisms of trees to climate change.

Keywords biomass; root weight ratio; water and nitrogen availability; leaf mass per area; specific root length
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Fig. 1 Response of the biomass accumulation of Populus cathayana to soil water and nitrogen treatments at different times (1 d, 7
d, 14 d, 31 d, 62 d) after nitrogen supplication (mean * SE). W1, W2, and W3 are 40%, 60%, and 80% of the maximum field water capacity,
respectively; 0, N1, and N2 are three nitrogen application gradients, which are 0, 4, and 8 g mZa’, respectively. Different lowercase letters above
the error bars indicate significant differences between nitrogen levels under the same water regime (P < 0.05).
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Table 1 Two-way ANOVA results of water and nitrogen treatments on biomass accumulation in Populus cathayana

FE &R #E F and its significance

i 1]

Time (t/d) 251{')‘( 7J<ﬁ‘%(ﬁ ﬁﬂﬂlf&ﬂ“z . . 7J(/§:V)CEL1/Em .
Parameter Watering effect Nitrogen effect The interaction of watering and nitrogen

W) Total biomass 13.223*** 0.042ns 0.161ns

1 M AEW) f Root biomass 4.168* 1.210ns 0.692ns
W& Stem Biomass 10.798*** 0.117ns 0.687ns

44 Leaf biomass 13.190*** 0.172ns 0.100ns

¥ Total biomass 22.54*** 3.134* 1.901ns

7 i 4E9 & Root biomass 17.228*** 1.141ns 1.244ns
Z /Y& Stem Biomass 18.749*** 1.112ns 1.604ns

A9 & Leaf biomass 19.14*** 4.312* 1.768ns

AW & Total biomass 17.169*** 4.209* 0.418ns

14 IR & Root biomass 9.203*** 8.555%** 0.465ns
Z£EW) i Stem Biomass 17.096*** 2.482ns 0.622ns

V)& Leaf biomass 16.56*** 4.263* 0.476ns

MEY) 5 Total biomass 62.02*** 10.058*** 0.417ns

31 RA=¥ = Root biomass 17.802*** 4.648* 1.629ns
Z Y& Stem Biomass 62.992*** 8.668** 0.094ns

-AEY) & Leaf biomass 56.693*** 9.599*** 0.504ns

BAY & Total biomass 105.103*** 8.9*** 0.702ns

62 A% & Root biomass 40.687*** 2.236ns 0.178ns
Z A& Stem Biomass 141.559*** 11.805*** 1.638ns

£ Y & Leaf biomass 76.604*** 8.334*** 0.941ns

*** P <0.001; *P <0.01; *P <0.05; ns: ZFAE#E.
*** P <0.001; ** P <0.01; *P <0.05; ns: Not significant.

®2 K-RAAEBRARNEEHENENRNZAZESNEAESTER.

Table 2 Results of three-way repeated measures ANOVA of biomass allocation of Populus cathayana at different times after water and

nitrogen treatments.

Fii J H 2P F and its significance

BH ANURE BIRRRT KECHAER KSR T BN X ) 7K 43 % X O 82 X ]
Parameter Watering Nitrogen Time Interaction. of watering Waterir_lg effect x Nitroge_n effect Watering effect x nitrogen
effect effect and nitrogen time x time effect x time
R #E L Root mass ratio 6.272*  1.399ns  81.871*** 0.383ns 0.507ns 0.491ns 0.797ns
ZLH L Stem mass ratio  13.943**  3.311ns  35.629*** 0.227ns 5.021** 2.257* 2.090*
- Lt Leaf mass ratio 2.934ns 2.837ns 135.672*** 0.629ns 6.278*** 1.885ns 1.947ns

*** P <0.001; ** P<0.01; * P<0.05; ns: ZRAEE.
*** P <0.001; ** P<0.01; * P < 0.05; ns: Not significant.
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Fig. 2 Response of the biomass allocation of Populus cathayana to soil water and nitrogen treatments at different times (1d, 7 d, 14 d,

31 d, 62 d) after nitrogen supplication (mean * SE).
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Table 3 Two-way ANOVA results of water and nitrogen treatments on biomass allocation of Populus cathayana
. FiE B %M Fand its significance
Time (t/d) ZH IR RN FNERG B IKEAZ HAEH
Parameter Watering effect Nitrogen effect The interaction of watering and nitrogen
M EL Root mass ratio 5.978** 0.528ns 2.583ns
1d ZXH#E Lk Stem mass ratio 0.546ns 1.569ns 1.301ns
-t Leaf mass ratio 0.395ns 1.478ns 1.583ns
MW HEL Root mass ratio 1.339ns 0.641ns 0.175ns
7d ZL#E L Stem mass ratio 1.887ns 1.606ns 0.195ns
e Leaf mass ratio 3.140* 1.154ns 0.157ns
R #E L Root mass ratio 2.429ns 4.211* 1.434ns
14d Z &Lk Stem mass ratio 3.987* 0.858ns 0.983ns
-t Leaf mass ratio 1.867ns 1.678ns 0.374ns
M #EEL Root mass ratio 4.729* 0.023ns 3.596*
31d ZX#E L Stem mass ratio 13.842*** 1.869ns 0.998ns
ek Leaf mass ratio 5.357** 1.535ns 0.287ns
f#E L Root mass ratio 1.415ns 0.427ns 0.773ns
62d Z£#H L Stem mass ratio 63.120*** 4.904* 1.783ns
ntE L Leaf mass ratio 61.885*** 4,965 3.184*
*** P<0.001; ** P<0.01; * P<0.05; ns: ZFAE#.
*** P <0.001; ** P<0.01; * P <0.05; ns: Not significant.
- (A)1 - 14
10 (A)1d We 10p(©)14d W,
N: ns
8 8 W x N: ns
56
jo2]
<
s 4
-
2
0 W1 W1
10 (D) 31d W, 10 (E) 62d 4 W o
8
o [No
56 N
f -2
24
=
—
2
0

W1 W2 W3 W1

W2

W3

E3 MEREAREREISEHLIE (LMA) 3 i#EK-RAA RN (FHMETAROEIR) . R EL L7 AR FBER A R K 3 b 3N [ 5 U0 2 1) 72 57
B (P<0.05). W: K2R N: BB ; W x N: AKEAE AR *** P<0.001; ** P <0.01; * P<0.05; ns: %5 A3,

Fig. 3 Response of leaf mass per area (LMA) of Populus cathayana to soil water and nitrogen treatments at different times after
nitrogen supplication (mean * SE). Different lowercase letters above the error bars indicate significant differences between nitrogen levels
under the same water regime (P < 0.05). W: Watering effect; N: Nitrogen effect; W x N: The interaction of watering and nitrogen. *** P < 0.001; **P

<0.01; *P <0.05; ns: Not significant.
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Fig. 4 Response of specific root length (SRL) of Populus cathayana to soil water and nitrogen treatments at different times after
nitrogen supplication (mean * SE). Different lowercase letters above the error bars indicate significant differences between nitrogen levels
under the same water regime (P < 0.05). W: Watering effect; N: Nitrogen effect; W x N: The interaction of watering and nitrogen. *** P <0.001; ** P

<0.01; * P <0.05; ns: Not significant.
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Fig. 5 Response of specific root length (SRL) of Populus cathayana to soil water and nitrogen treatments at different times after
nitrogen supplication (mean * SE). Different lowercase letters above the error bars indicate significant differences between nitrogen levels
under the same water regime (P < 0.05). W: Watering effect; N: Nitrogen effect; W x N: The interaction of watering and nitrogen. *** P < 0.001; **P
<0.01; * P < 0.05; ns: Not significant.
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