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Responses of Plant Multi-element Stoichiometric Characteristics of Leguminous
and Gramineous Forages to Mixed Sowing

LIU Lei', LIU Gui-he®, TAN Qi-qi"
(1. College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China;
2. Hebei North University, Zhangjiakou, Hebei Province 075000, China)

Abstract: Multi-element stoichiometric coupling is critical for plant growth. To investigate the effects of mixed
cultivation of leguminous and gramineous forages on their multi-element stoichiometric characteristics in the
Bashang agro-pastoral ecotone, this study used the monoculture of Medicago sativa and Bromus inermis as the
control treatment and further analyzed the influences of two mixed sowing combinations, i.e. , M. sativa—+ B.
inermis (MW) and M. sativa+ B. inermis+ Elymus nutans (MWP) , on plant nitrogen and phosphorus stoi-
chiometric characteristics, macro-element (potassium, calcium, magnesium, sulfur) contents, and microele-
ment (iron, manganese, copper, zinc, nickel) contents. The results showed that the nitrogen and phosphorus
contents of M. sativa and B. inermis in the monoculture treatment were higher than those in the MW and
MWP mixed sowing treatments. The ratio of nitrogen to phosphorus (N: P ratio) of M. sativa in the monocul-
ture treatment showed no difference compared to those in the MW and MWP mixed sowing treatments (all
exceed 16D, indicating the phosphorus limitation of M. sativa. However, the N: P ratio of B. inermis in the
monoculture treatment was lower than those in the MW and MWP mixed sowing treatments, indicating a shift
from nitrogen limitation to phosphorus limitation or dual limitation of nitrogen and phosphorus of B. inermis.
Except for the zinc content of B. inermis, no differences in the macroelement and microelement contents of M.
sativa and B. inermis were observed between monoculture treatments and mixed sowing treatments. In conclu-
sion, nitrogen and phosphorus limitations might still exist in the leguminous and gramineous mixed sowing
grassland in the Bashang agro-pastoral ecotone.
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Fig.1 Effects of monoculture and mixed sowing on plant nitrogen and phosphorus stoichiometry
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Note: Different lowercase letters indicate the significant difference of nitrogen and phosphorus stoichiometry of Medicago sativa across different

planting methods (P<C0.05). Different capital letters indicate the significant difference of nitrogen and phosphorus stoichiometry of Bromus iner-

mis across different planting methods (P<C0.05). The comparison of the difference of nitrogen and phosphorus stoichiometry between Medicago

sativa and Bromus inermis under the same treatment was expressed by the following symbols, ns, P=>0.05; *, P<C0.05; **, P<C0.01; *¥*, P<C

0.001; the same as below
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Fig. 2 Effects of monoculture and mixed sowing on plant macronutrient contents
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Fig. 3 Effects of monoculture and mixed sowing on plant micronutrient contents
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Table. 1 Correlations of element contents of Medicago sativa
A HMEA BT Correlation analysis
AN wE P 1K 5 Ca B Mg i S # Fe i Mn i Cu B Zn NI
AN 0.94™ —0.43 —0.16 0.02 0.17 —0.04 —0.23 —0.38 0.13 —0.71"
WP 0.94™ —0.47 —0.36 —0.19 0.18 0.05 —0.41 —0.47 0.00 —0.61"
K —0.43 —0.47 —0.02 —0.40 —0.66" 0.30 —0.08 0.45 —0.20 0.25
5 Ca —0.16 —0.36 —0.02 0.63° 0.35 —0.25 0.34 0.15 0.20 0.09
B Mg —0.02 —0.19 —0.40 0.63" 0.58" —0.67" 0.58" 0.29 0.49 0.15
it S 0.17 0.18 —0.66" 0.35 0.58" —0.76" 0.25 —0.21 0.39 —0.17
# Fe —0.04 0.05 0.30 —0.25 —0.67"" —0.76™ —0.46 —0.30 —0.45 0.06
i Mn —0.23 —0.41 —0.08 0.34 0.58" 0.25 —0.46 —0.04 0.40 0.20
#i Cu —0.38 —0.47 0.45 0.15 0.29 —0.21 —0.30 —0.04 0.07 0.33
B Zn 0.13 0.00 —0.20 0.20 0.49 0.39 —0.45 0.40 0.07 —0.13

BN —0717 —0.61 0.25 0.09 0.15 —0.17 0.06 0.20 0.33 —0.13

¥, P<C0.055%%, P<C0.01;%%%, P<C0.001; %, N, P8, K45, Cas 86, Mg i, S; 8k, Fes &, Mn; 8, Cus 1, Zn; 8L, Ni, T Il

Note, *, P<<0.05; **, P<<0.01; ***, P<<0.001; nitrogen, N; phosphorus, P; potassium, K; calcium, Ca; magnesium, Mg; sulfur, S;
iron, Fe; manganese, Mn; copper, Cu; zinc, Zn; nickel, Ni. The same as below
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PRI CE D, X SIS E A 5 2 IR T EERE(E D KWy, S EE S T 2L RE
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Table 2 Correlations of element contents of Bromus inermis
A& BT Correlation analysis
AN % P K #5 Ca B Mg i S £ Fe i Mn #i Cu £ Zn # Ni
AN 0.84™ 0.18 —0.20 —0.15 —0.35 —0.19 0.23 —0.08 —0.77" 0.11
i P 0.84™ 0.52 —0.41 —0.35 —0.63" —0.23 —0.02 —0.16 —0.77" —0.36
K 0.18 0.52 —0.83"  —0.79" —0.74" —0.35 —0.63" —0.31 —0.16 —0.62"
5 Ca —0.20 —0.41 —0.83"" 0.94™" 0.79" 0.25 0.63" 0.27 0.11 0.51
B Mg —0.15 —0.35 —0.79" 0.94™ 0.68" 0.41 0.74 0.21 —0.05 0.48
i S —0.35 —0.63" —0.74" 0.79" 0.68" 0.24 0.36 0.39 0.45 0.67"
% Fe —0.19 —0.23 —0.35 0.25 0.41 0.24 0.13 0.05 0.03 0.23
i Mn 0.23 —0.02 —0.63" 0.63" 0.74" 0.36 0.13 0.43 —0.45 0.54
#l Cu —0.08 —0.16 —0.31 0.27 0.21 0.39 0.05 0.43 0.03 0.41
B Zn —0.77" —0.77" —0.16 0.11 —0.05 0.45 0.03 —0.45 —0.03 0.17
NI 0.11 —0.36 —0.62" 0.51 0.48 0.67" 0.23 0.54 0.41 0.17
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