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Differences in the contributions of climate and soil in precipitation gradient
zones to variation in stoichiometric traits of Setaria viridis

MENG Jin, XU Tingfei, MA Jinling, WANG Zhongyuan

(State Key Laboratory for Development and Utilization of Forest Food Resources, College of Forestry and
Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective is to analyze the nutrient stoichiometric patterns among organs of the
widespread species Setaria viridis and the driving factors, so as to reveal its resource acquisition strategies and
growth adaptability on a large regional scale. [Method] 10 sampling sites were selected along a precipitation
gradient from the humid southeast region to the arid northwest region of China, with the widespread species S.
viridis as the target plant. The carbon (C), nitrogen (N), and phosphorus (P) stoichiometric indices in its roots,
stems and leaves were measured. Using one-way ANOVA and principal component analysis, the variation

patterns of stoichiometry along the precipitation gradient were investigated. Structural equation modeling
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(SEM) and hierarchical partitioning were further employed to identify the key environmental factors driving
stoichiometric variation. [Result] (1) The coefficient of variation of total carbon mass fraction in all organs of
S. viridis was the lowest (9.13% for roots and 11.70% for leaves), while the variations of total nitrogen and total
phosphorus were relatively large, reflecting the sensitive response of limiting elements to environmental
changes. (2) Geographical factors such as latitude and elevation had no significant direct effect on the
stoichiometric traits. Their influence was achieved indirectly by regulating climatic and soil conditions. (3) The
differences in environmental driving factors among organs lied in that the variation in root stoichiometry was
primarily explained by soil factors while stem stoichiometry was predominantly driven by climatic factors.
Consequently, leaf stoichiometric characteristics were positively and significantly correlated with mean annual
precipitation, photosynthetically active radiation, and soil total phosphorus. [Coneclusion] The stoichiometric
traits of S. viridis organs exhibit significant differences across different sampling sites, primarily driven by
environmental factors (climate and soil). The chemical diversity of plants is determined jointly by the basic
resource utilization strategies (the first principal component) selected by large-scale climatic conditions and the
specific adaptive characteristics (the second principal component) refined by local soil heterogeneity (especially
phosphorus), through hierarchical regulation. These findings highlight the importance of understanding plant
adaptive differentiation at the organ scale, providing a novel perspective for more accurate prediction of plant
response and adaptation trajectories under future climate change. [Ch, 7 fig. 2 tab. 26 ref.]
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Table 1 Description of study sites and their environmental characteristics
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Figure I  Variation coefficient and variance components analysis of S. viridis stoichiometric traits along precipitation gradients

K R AL 2E T B A AEFEAS [R)RE o5 [B) A 22 52 DL I 20 0 R R4S B A T i A A A 1) R B 3
25 Ho, ZUMABELL (N:P) B AR PE4R 1] 52 K T HARE 55 (P<<0.05), ik ST it 73 B07E 45 FF i ] A5 4k
BN Bk, BEBTE RO LR SR 22 7 B2, (BTCH A
2.2 HIBEFIAEEN FEITEHFERN R

f R TR AR SR SRR (LB TR MALA G R IR 3. IRARELL . 2k, X4
R EREELSERE PR, X0 5K E B E N (P<0.05), LML 5K S W% EAH
K (P<0.05); ZLAMERABGLESERE —RIM& X R (P<0.01); Z2W 54 E 2 & AAHX
(P<0.05),

R B AL A R AR A A LI 40 5 1 R BIRRRRON 30.9%, ek AR ERAE it
RABELL (@ R 0.88) ZEABELL (2474 0.85). M%7 h 0.84) FIZE2A (#fTH 0.82); 42 £
SRR 27.5%, KA R M BRBE L (B R 0.94) . 2546k (B R 0.81) . FHAhk (Zi
Jy0.80) Al 4 8 (R Aar by 0.75). AR 254y BRI AL AT (B 5), BEARLE RIS R (R KR
P=0.505 5 0.154), Hf&kudl, AR5 BERE TR R E T RRE GE 1 280 ¥R BEIEN
R (AR R?=0.39 5 R*=0.43, P<<0.05), iR 7Y BN B3, (Hi I R 1 X
R FAE1E B 2 (R*=0.50, P<<0.01). X FRRFA b EReE G 2 ), AR X0 B Fik s
FHE I S P35 IE A0 ((R?=0.64, P<<0.001), IR T8 E B2 RIFEA B, B, S 115



55 43 5 X )

i PR FOKERRET

480

420

390

R4 1/(mg - g7)

360

330
700

600

500

LA/ (mg-g ™)

400

300
600

500

400

4 f/(mg - g™")

300

200
120

100

80

60

AR L

40

20
100

80

60

WAL

40

20

50

40

30

MR E

20

450 -

~A

I ETJ X
- ﬁbc
2 ; be i phe T

=—E C

1 1 1 1 1 1 1 1 1 ¢

ﬁgb

%* Xb@ @{ %%‘%@

I\fﬁ? b=

SR X R R A
15 B
ab
fb 12 + 2
o gabe
S'/ 9 cde bed @Cde
=
L{":l de= de de
® 6F Q e EI;I
=]
3 1 1 1 1 1 1 1 1 1 ]
16 - E
a
14t
g 12 b
b
E ol
& ﬁ be
4 8 | be c c ¢
#KH = C = C
6L = = E|.;.
4 1 1 1 1 1 1 1 1 1 1
40 - H
! bdd L
: bec bec = -
%‘3 = de cd
= 20 ¢ T oef =
gﬁ =
+= 10r Q
0 1 1 1 1 1 1 1 1 1 ]
400 - K
a
350 | a
)
€ 50 b 2 =
K i bedl
= deE"' d delzgi
250 & e =
=
200 1 1 1 1 1 1 1 1 1 ]
400 N
350 |- ab é
ke b b
& 00 'S E| El%é b
?ﬁ 250 + c C E
200 + c E @
=
150 1 1 1 1 1 1 1 1 1 ]
420 Q a
350 + Q
a b be
¥ 280 Ebc 2
= -T2 = d
=% . e =
e e
210 | e = B8 &
140 1 1 1 1 1 1 1 1 1 ]

I\ﬁﬁ

/T\ﬁ— b=

FAEAR SR TR 2
18  C a
a —
’T; 1.6 b b b =
. be
on = d
E 4= = £ o g
#® g f
ﬁé 1.2 E
4
1.0 1 1 1 1 1 1 1 1 1 ]
30 - F
T o25
o0
=) a
b —
E 20} -
g [0 cgre
o 55
w15 - de ggi
=2
1.0 1 1 1 1 1 1 1 1 1 ]
20 - 1
a a
T?D 1.8 + Iil B 2 b
= =
§ 16F ¢
b &
ﬁ 14 + e de de .i
= & o=
1.2 @I 1 1 Igl 1 1 ]
15 - L
12 +
ﬂ a
E‘g 6 b b-a=b- I;Ib b
b b
5 L Ellgl @r;-a‘;'
0 1 1 1 1 1 1 1 1 1 ]
2.0 é
2 gL
= b
B b
& . Ecd ¢
i cd Cdcdé cd
O 1 1 1 1 1 1 1 1 1 ]
25 FR a
= ab
20 -I% =]
ﬂ d c Cd
%g\— 15 + cd < =
& @cdé d
£ ¢ g =
10 | Q
5 1 1 1 1 1 1 1 1 ]
& i B %
%%Hm Qé&w’é@ o

FEERPAEL LIS RE(75%) TSI E0Q25%) T KA AR AIME TR . AN[R]/NG - REFR RN [FRAF i 10 )T 34 2
S5 (P<0.05).

A2 MRFATITZHAELTRR AR KA £ 57

Figure 2 Differences in stoichiometric traits of S. viridis along different climate regions
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Figure 3 Relationships between ecological stoichiometric traits of S. viridis and geographical factors (latitude and elevation)
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