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The comparison of nitrogen- and phosphorus- use efficiency
between legume and non-nitrogen-fixing plant

PENG Yunyue', PENG Huiyuan'?, HAN Wenxuan'"
(1. Beijing Key Laboratory of Biodiversity and Organic Farming/Key Laboratory of Plant-Soil Interactions, MOE/
College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;

2. Guizhou Biotechnology Institute, Guiyang 550006, China)

Abstract Research on nutrient use efficiency (NUE) in plants with different nutrient use strategy, can assist the
improvement of crop and fertilizer management. Two nitrogen-fixing species ( Glycine max Merr. and Medicago sativa
Linn.) and two non-nitrogen-fixing species ( Echinochloa crusgali Beauv. and Amaranthus mangostanus Linn.) were
taken as study materials to investigate nitrogen (N) and phosphorus (P) use efficiency (NNUE and PNUE) based on
greenhouse fertilization tests. The results showed that: PNUEs of legume were higher at seedling stage than other
stages; NNUEs of the two legumes were significantly lower than non-nitrogen-fixing plants across all stages. For every
double increment of plant N and P accumulation, the total growth rate increased by 0.5-0.7 times (G. max,N:0.69,
P.0.54; M. sativa, N:0.52,P.0.53) for legumes,which was significantly lower than that in non-nitrogen-fixing species
(A . mangostanus sN.:2.75,P:2.23; E. crusgali,N:2.87,P:2.10). The variances in NNUE and PNUE existed among
these four plants reflect their differences in nutrient use strategies of these two categories of plant functional types
(nitrogen-fixer vs. non-nitrogen-fixer) during their life cycles,although the underlying physiological mechanism is remain
unclear. In conclusion, application of low N P fertilizer ratio to legumes at early stages can make the most of cultivars
nodulation and nitrogen fixation,and leading to higher fertilizer use efficiency.
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551 BB, RN O VPRI B T A0 22,27 26 ds 55 2 B BE, KR SR B R LT A B B R T 43 90 Ry 45,5644 1 67 d;
55 3 WY BL R EL IS R R R BE S I WA B0 75,75, 74170558 4 B Br, R EL SR BB L R IE R 43 B0 96,9698 251 d.
Stage 1,the days after sprouting of G. max,A. mangostanus and E. crusgali were 22,27 and 26 d, respectively; Stage 2, the days
after sprouting of G. max, A. mangostanus, E. crusgali and M. sativa were 45, 56,44 and 67 d, respectively; Stage 3, the days after
sprouting of G. max,A. mangostanus,E. crusgali and M. sativa were 75,75,74 and 170 d,respectively;Stage 4,the days after sprouting

of G. max,A. mangostanus,E. crusgali and M. sativa were 96,96,98 and 251 d,respectively.
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Fig.1 Total growth rates of the four experimental plants at four growth stages
*x1 FAEAEYEHEEKSEABRERES
Table 1 N and P accumulation of different plants at each stage
HAF B2 /g Total N accumulation
o i HE A FAEW e
Seedling stage Vigorous stage Flowering stage Senescence
K& 223.82416. 44 Aa 376.86+25.39 Ab 713.03+43.62 Ac 1 145.60463.15 Ad
Glycine max Merr.
3 164.37420.92 Ba 260.06+15.39 Bb 288.3349.85 Be 317.18£19.05 Bd
Amaranthus mangostanus Linn,
PN N/A 154.184+14.22 Ca 247.08=+44. 24 Bb 162.97+19.05 Ca
Echinochloa crusgali Beauv.
IR 55.35+3.41 a N/A 468.89+21.14 b 1107.50+54.67 ¢

Medicago sativa Linn.

B EE /g Total P accumulation

A )% 31 FFE

Yy b

Species

g =&

Seedling stage

Vigorous stage

Flowering stage

Senescence

PNIE)

Glycine max Merr.

i 3%

it oK

Amaranthus mangostanus Linn,

11.28+£0.80 Aa

18.40+2.83 Ba

46.6944.98 Ab

24.62+2.07 Bb

82.6516.99 Ac

32.39£1.59 Be

57.754£4.70 Ad

38.47+4.23 Bd

piu N/A 16.2442.31 Ca 27.67+1.12 Bb 29.48+5.45 Cb
Echinochloa crusgali Beauv.
B1E 4,70%0.29 a N/A 43.344+1.34 b 79.04+0.73 ¢

Medicago sativa Linn.

TE A RS T REAQ AN 7] 0y e [ — B B 14 22 53 B 35 (P<C0. 05) AN [A) /NG 2 AR 3 ) — W b OAS T W B 1) 22 S 3 (P<C0. 05)
PR 2L K PR AR SR AT B IRORE I AE R BT F AN [R]  ake b A Bk

Note:Different capital letters indicate significant differences among different species within a stage; different lowercase letters indicate

N/A, B

significant differences among different stages within a species. N/A,no data because of missing the sampling time of E. crusgali and

the different experimental design for M. sativa.
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log, N/g log, P/g
A JETRL: Hi3E Amaranthus mangostanus Linn. o TRl HTE' Medicago sativa Linn.'
A JETR: BEL Echinochloa crusgali Beauv. e TRl H715® Medicago saliva Linn.?
® 7 Fl. K& Glycine max Merr. ® TRl BT Medicago sativa Linn.?

TGR, S A K # N AR R PO R,
TGR, total growth rate; N,nitrogen accumulation; P, phosphorus accumulation.
B2 EHFIRBRESERERKERNXR:(A)EKREEREE vs BEKER; (D) ERBBREE v BEKER
Fig. 2 Relationship between nutrient accumulation and the total growth rate of the plants:

(a) N accumulation vs Total growth rate; (b) P accumulation vs Total growth rate

x2 EHFIRRESZEREXRELUS

Table 2 Linear fitting of nutrient accumulation and total growth rate

Z N i P
Zal THOER THOER
Species a Lower Upper b R? a Lower Upper b R?

limit  limit limit  limit
K& Glycine max Merr. 0.76™ 0.60 0. 96 —7.13 0.77 0.62" 0.55 0.70  —3.61 0.94
BT Medicago sativa Linn, ' 0.64" 0.58 0.71 —9.00 0.99 0.62" 0.54 0.71 —6.48 0.98
B fE® Medicago sativa Linn. ? 0.61"™ 0.54 0. 69 —8.68 0.98 0.60™ 0.54 0.67 —6.32 0.99
B 1E® Medicago sativa Linn.* 0.57" 0.51 0.63 —8.50 0.99 0.61" 0.51 0.74 —6.82 0.95
W3 Amaranthus mangostanus Linn, 1,917 1,51 2.42 —16.05 0.77 1.69" 1.20 2.39 —8.93 0.49
I Echinochloa crusgali Beauv. 1.95" 1.23 3.11 —16.36 0.41 1.63™ 1.22 2.19 —9.14 0.76

%, P<L0.05; xx ,P<<0.01, a, HERHE y=ax+b MRbR 0, HEMAWHEE., B VHEHE kA Y K58, 50 3K0R 3 i

e &A=
Note: * , P<C0.05; %% ,P<C0.01. a,the slope of the linear fitting;b,the intercept of the linear fitting. The superscripts 1,2 and3 above M.

sativa , which were from another experiment,indicated three levels of additional fertilizer,respectively® .

WFHERTHMEAEK#EE. 02~0.22 g/d)(P< BHAEY (W% N.2.75,P. 2. 23; B N.2. 87, P,
0.05), ZWIRHGREY BB E RGN — 2,100 ;W H .3 B e 52 00 5 15 0 iR 10 45 Rk %
% 7 A A K R K A SO Y (K E N W o B 7 3% 40 PR 5 A [A) A9 19 0 12 808 AR R
0.69,P:0.54; 45 N:0.52,P:0.53) B #FMTAEE 2 MG RHEY M I T HBCRE B FEM|T 2 fhdE o
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