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Abstract

Aims The research on the response of plant functional traits to environmental change, such as precipitation
change and nutrient additions is very important to understand how plant species adapt to variable environments.
Methods We conducted a pot experiment with a gradient of water treatments (increase precipitation by 50%,
HW; decrease precipitation by 50%, LW; take 498 mm precipitation as control, MW) and nutrient additions
(without nutrient addition, CK; nitrogen (N) addition, NA; phosphorus (P) addition, PA; nitrogen and phosphorus
additions, N+P). We investigated 11 plant functional traits and aboveground biomass of Leymus chinensis.
Important findings The effects of moisture on plant height, tillers, stem biomass, leaf biomass, leaf area, leaf
mass, net photosynthetic rate, transpiration rate, water use efficiency were significant. The effects of fertilizers on
tillers, stem biomass, net photosynthetic rate, transpiration rate, water use efficiency were significant. And the
combination of fertilizers and moisture had a significant influence on tillers, stem biomass, transpiration rate and
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water use efficiency (two-way ANOVA). The pattern of functional traits in response to precipitation differed be-
tween plants with varied fertilizer additions. Tillers and leaf area were increased in treatments with HW under N
and N+P additions, but not changed under CK and P addition. Stem biomass increased along the precipitation gra-
dients under CK, N addition and P addition, but did not change under N+P additions. Specific leaf area with HW
was significantly higher than that of MW under N addition, but not changed under other nutrient addition.
Short-term nutrient additions significantly affected photosynthetic physiological traits of L. chinensis, but it had
no significant effect on morphological traits under the same precipitation. The aboveground biomass of L. chinen-
sis increased with the increase of precipitation, and reached the highest level of 522.55 g-m > with HW treatment
under N addition. In conclusion, our results indicate that the functional traits in L. chinensis respond to precipita-
tion addition and the patterns of responses differ under different nutrient additions, reflecting the adaptation to
changes in water and nutrient availability.
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et al., 2007; Swenson & Enquist, 2007; Violle et al.,
2007; Lavorel et al., 2011; XIBE4EF1 70, 2015).
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IK I3 FIFR Gy R A 77 F1 /KP4 e R OB IR 3R
(BT, 1994; 1R50E%, 1995; EAEK, 1999;
ZEIFUESE, 2010), —F A EAEA . BAHS W, M
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W4, 2007)0 K BATER AR R B FIAE AR
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RefgIE I A5 o P S . e AR R E
PRIEGEAT XEE, 2014; Kunstler et al., 2016); FHE
IR0, R0 22980/ (Wright et al.,
2004). —MEIEHLT, Y _EA YRR K 2
I3 n(Hu et al., 2010; K&, 2014). HIRIE
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= o
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F1 KALER R AL B e HAZ FLAR P S B R RS R B R 7 2 4 i
Table 1 Results of two-way ANOVAs for the effects of water treatments, fertilization treatment and their interactions on functional traits of Leymus chinensis
[ # Factor df. H T ;] LB
F p F p F p F p
AR K4y Water (W) 2 27.819 <0.001 18.582 <0.001 23.314 <0.001 25.679 <0.001
g;?::;;h JMflE Fertilization (F) 3 2307 ns 3436 <0.05 3.600 <0.05 2533 ns
KIEZEH. W x F 6 1.796 ns 2.925 <0.05 5.637 <0.01 2372 ns
LA LM SA
F p F p F p
TEAHEIR Koy W 2 10.384 <0.01 6.842 <0.01 0.846 ns
i\r/;(i)trphological WAL F 3 1.416 ns 1.422 ns 2.991 ns
KAEZZH. W x F 6 0.610 ns 1.424 ns 1.528 ns
P, T. WUE
F P F p F p
AR Koy W 2 115990 <0.001 86.229 <0.001 105.150 <0.001
Physiological  ypp 3 6948 <0.001 5325 <0.01 3972 <0.05
IKHEAEH. W x F 6 1.750 ns 5.608 <0.001 4.828 <0.001

BEMZES(p < 0.05) MM BIR, ns® R B RFENZR(p > 0.05), H, ¥e; LA, IR LB, HAEYE; LM, HHFE; P, WtGH=; B, XEWE;
SLA, LEHTEAR T, ZBEE T, 8RB, WUE, /K FI 2GR

Significant differences (p < 0.05) are highlighted in bold; ns means non-significant (p > 0.05). H, height; LA, leaf area; LB, leaf biomass; LM, leaf dry mass; P,
net photosynthetic rate; SB, stem biomass; SLA, specific leaf area; T, tillers; T,, transpiration rate; WUE, water use efficiency.
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Fig. 1 Effects of fertilization and water on height and tillers of Leymus chinensis (mean + SE). CK, control; NA, N addition; PA, P
addition; N+P, N and P additions; LW, MW, HW represent low, moderate and high precipitation levels. Different lowercase letters
indicate significant difference (p < 0.05) among different water treatments at the same fertilizer addition, and ns indicates
non-significant differences (p > 0.05) among water treatments.
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Fig. 2 Effects of fertilization and water on biomass allocation of Leymus chinensis (mean + SE). CK, control; NA, N addition; PA, P
addition; N+P, N and P additions; LW, MW, HW represent low, moderate and high precipitation levels. Different lowercase letters
indicate significant difference (p < 0.05) among different water treatments at the same fertilizer addition, and ns indicates

non-significant differences (p > 0.05) among water treatments.
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R BB K S T 3 0 (E14) .
2.4 FEHD EA S 3Tk BTN A 2

b b A 57 B B K R it I Ak R £ S
SN UNPESHITR, AR AEALER T, £ F A el
FHRE KRR INEZE TSP < 0.05), IR
T, MW, HWRE/KE T 2ERH ARV R AR LW 4
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Fig. 3  Effects of fertilization and water on morphological traits of Leymus chinensis (mean =+ SE). LA, leaf area; SLA, specific leaf
area. CK, control; NA, N addition; PA, P addition; N+P, N and P additions; LW, MW, HW represent low, moderate and high precipi-
tation levels. Different lowercase letters indicate significant difference (p < 0.05) among different water treatments at the same fertil-
izer addition, and ns indicates non-significant differences (p > 0.05) among water treatments.
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(Reich & Oleksyn, 2004; Faucon et al., 2017). fE#E
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2011; Balachowski & Volaire, 2018). T AWK,
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HEEE, 2010); FEA BT R 2 Bl R K & 1 N
Ji/]N(Wright et al., 2004; Rosbakh et al., 2015; Buck-
ley et al., 2019). AT, FBEAKEXNFEREIAK
AR (p > 0.05), ARG T 2E R0 RK 7>
AL PRI N ASNBH B (Gao et al., 2015; Forrestel et al.,
2017).
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Fig. 4 Effects of fertilization and water on photosynthetic traits of Leymus chinensis (mean + SE). P,, net photosynthesis rate; WUE,
water use efficiency. CK, control; NA, N addition; PA, P addition; N+P, N and P additions; LW, MW, HW represent low, moderate
and high precipitation levels. Different lowercase letters indicate significant difference (p < 0.05) among different water treatments at
the same fertilizer addition, and ns indicates non-significant differences (p > 0.05) among water treatments.
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Fig. 5 Effects of fertilization and water on above-ground biomass of Leymus chinensis (mean + SE). CK, control; NA, N addition;
PA, P addition; N+P, N and P additions; LW, MW, HW represent low, moderate and high precipitation levels. Different lowercase
letters indicate significant difference (p < 0.05) among different water treatments at the same fertilizer addition, and ns indicates
non-significant differences (p > 0.05) among water treatments.
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