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Abstract: [ Objectives ] Nitrogen application promote soybean growth and increase yields, but inhibit nodule
formation and nitrogen fixation. The resource of nitrogen in root and nodules were studied, and the effect of
supplying NO, and NH," on the nitrogen absorption and distribution of soybeans was systematically
investigated. [ Methods ] The grafting method was used to generate soybean plants with dual root systems, in
which two modulated roots shared one symbiotic shoot. Two experimental treatments were conducted with NO,
and NH," as nitrogen sources under sand culture conditions. Experiment I, supplying one side of root with 50
mg/L of "NO; or "NH," (side A), and no nitrogen on the other side (side B). Experiment II, supplying one side of
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root with 50 mg/L "NO; or "NH," (side A), and supplying the other side with 50 mg/L NO, or NH,". At R1
(initial flowering) and R5 (initial seeding) stages of soybean, the plant samples were collected and divided into
separate parts for the analysis of N contents. [ Results ] The “N abundance in the nodules on both the side A and
side B were higher than natural (0.365%), which indicated that the nitrogen in the nodules was derived from both
self-nitrogen fixation and root absorption. The rates of nodule-fixed N in both side A and B of experiment Il were
significantly lower than those in experiment I, indicating that the fertilizer N was preferentially absorbed and
used by soybeans. No significant differences were observed in both the "N abundance and N accumulation in all
parts of soybean when supplied with NO,™ or NH,’, which indicated that soybean was not sensitive to N forms
under the experimental N level of 50 mg/L. In experiment I, the "N abundance of root and nodules on the side
B was higher than the natural but lower than that in the tested fertilizers (3.63%), suggesting that the N
absorbed from root of side A was transferred to the root and nodules in side B via the shoot. Considering the
shoots, root and nodule in the dual root systems as a system, we proposed a method for calculating the amount
of N translocation from shoots to roots and nodules during the R1-R35 stages based on the difference in the "N
abundance. When adding 50 mg/L of N, the translocated N from the shoots accounted for 28.4%-40.8% of the
N accumulation in roots and 14.4%—17.2% of that in nodules of soybeans. [ Conclusions ] The N required for
nodule growth and development is derived from both self-nitrogen fixation and root absorption. The fertilizer N
will be preferentially absorbed and used by soybeans in the presence of fertilizer N. N forms, namely NO; and
NH,’, will not affect the N absorption and distribution of soybean plants under the tested N supply concentration
(50 mg/L). All the N acquired by the roots and nodules will be transported to the shoots, and a portion of them is
then redistributed to the roots and nodules.

Key words: soybean dual root system; nitrogen absorption; nitrogen distribution; NO, ; NH,"
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Fig. 1 Soybean plant with dual root systems

=1 X abE

Table 1 Experiment treatments
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Experiment Al Side A B il Side B Al Side A B fill Side B
I SNO; ToA N free ISNH,* TCA N free
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Table 2 "N abundance of the soybean tissues

NH,*
A3 g2
Stage Tissue iR 1 iR 11 i 1 iR 11
Exp. | Exp. I Exp. | Exp. I
TRAEI AR Root A 221+0.06a 2.10+£0.03 a 230+0.01a 225+0.05a
Initial flowering (R1) 4 500 0.97+0.02a 0.76+0.02 b 0.91+0.01a 0.70+0.03 b
A 198 Nodule A 0.78£0.01 a 0.74+0.01 a 0.80+0.01a 0.79+0.03 a
B 4% Nodule B 0.60+0.01 a 0.53+0.01 b 0.59+0.01 a 0.54+0.02a
2% Stem 1274001 a 1.1140.02 b 1.38+0.06 a 137+0.12a
M1 Leaf 1.37+0.05a 1.07+0.05b 13340052 1.32+£0.06 a
14 Petiole 132+£0.042 116 £0.04 a 136+ 0.06 2 1.24+£0.04 2
ey Al A Root A 1.97 £0.05a 1.87 £0.04 a 22040.01 a 2.18+0.04a
Initial seeding RS) 54 Root B 0.85+0.02a 0.73+0.02 b 0.84+0.01 a 0.67+0.01 b
A F% Nodule A 0.70 + 0.03 a 0.67+0.01 a 0.70 £ 0.01 a 0.70+0.02 a
B HU% Nodule B 0.53+0.01a 0.51+0.01a 0.53+0.01 a 0.51+0.01a
2% Stem 1.09+0.02 a 1.08+0.03a 1.18+0.02a 1.13+£0.04 2
I Leaf 1.20 £ 0.09 a 1.05+0.03a 1.14+0.01 a 1.10£0.03 a
14 Petiole 1.26 £0.09 a 1.13£0.04a 1204001 a 1.144£0.04 2
3% Pod 1.03 £0.08 a 0.96+0.02 a 1.1440.04 1.08 £0.04

1 (Note) : FPEACFFEIEL + #71EIR The values are the means + standard error (n = 3); [R5 %38 5 AS [ 7-FE 2R W 6 A L 6] 22 5

ik 5% {2 %7K Values followed by different lowercase letters in a row indicate significant differences between treatments of experimental I and

Il at the 5% level.
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Table 3 Proportions of nitrogen from "N fertilizer and nodule fixation of soybean tissues in experiment |

NO, NH,*
g it
Stage Tissue . IR [E . IR [ A
Nodule fixation Nodule fixation
TRAEI AR Root A 56.57+1.83 a 4343+1.83b 59.26+0.21a 40.74+0.21 b
Initial flowering (R1) 4 500 18.53+0.66 b 81.47+0.66 a 16.83+0.38 b 83174038 a
A 9% Nodule A 12.81£0.41b 87.19+0.41a 13.33+0.09 b 86.67+0.09 a
B HJ% Nodule B 720023 b 92.80+023a 6.89+032b 93.11+0.32a
2% Stem 27.85+£025b 72.15+025a 31.11£1.74b 68.89+1.74a
M} Leaf 30.69+1.58b 69.31+1.58a 29.72+1.60b 7028+ 1.60 a
4% Petiole 2934+ 1.18b 70.66+1.18 a 3030+£1.95b 69.70+1.95a
UEREI A #2 Root A 49.13+1.652 50.87+1.65a 56.29+0.36a 4371+ 036 b
Initial seeding RS) 545 poor 14.79+0.78 b 8521+0.78a 1454021 85.46+021a
A #8 Nodule A 1020+ 0.82 b 89.80+0.82a 10.13+0.37b 89.87+037a
B #¥J8 Nodule B 5.17+0.14b 94.83+£0.14a 5.16+0.10b 94.84+0.10 a
2% Stem 22.17+0.59b 77.83+0.59a 25.07+0.45b 74.93+045a
M H Leaf 25.70+2.94b 7430+£2.94a 23.63+0.29b 7637029 a
-4 Petiole 27.44+2.70b 7256 £2.70 a 2559+ 039b 7441+039a
¥ Pod 20.46+2.52b 79.54+252a 23.73+ 1240 7627+ 124 a

H (Note) : FAP{EHICFEIIE £ F51EIR The values are the means =+ standard error (n = 3); [FIA TR 5 AR AR AR R UK IR ) 22 535

5% i % KF- Values followed by different lowercase letters in a row indicate significant difference between different N sources at the 5% level.
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Table 4 Proportions of nitrogen from N and "“N-+nodule fixation of soybean tissues in experiment I[
NO,- NH,*
g FRAL
Stage Tissue 15N N+ R 15N N+ AR R
4N + nodule fixation 14N + nodule fixation

LAAE A Root A 53.15+0.99a 46.85+0.99 b 57.69+142a 4231+142b
Initial flowering (R1) g 4 o1 B 12.21+0.63 b 87.79+0.63a 10.40+1.05 b 89.60+1.05a
A 9% Nodule A 11.64+0.18b 88.36£0.18 a 13.12+0.75b 86.88+£0.75a

B #RJ% Nodule B 499+0.10b 95.01£0.10a 530+0.60b 94.70 £ 0.60 a

2% Stem 2290 £0.68 b 77.10 £0.68 a 30.63£3.69b 69.37+3.69a

A Leaf 21.68+1.45b 7832+145a 29.15+1.78b 70.85+1.78 a

-4 Petiole 2443+135b 7557+£1.35a 26.59+1.30b 73.41+130a

iy A A # Root A 4588+121b 54.12+121a 55.64+1.10a 4436+1.10b
Initial seeding RS) 5 poor B 11.31£0.77b 88.69+0.77 a 9.41+0.17b 90.59+0.17 a
A 198 Nodule A 9.22+0.40b 90.78 £0.40 a 10.22+0.56 b 89.78 £0.56 a

B HJ% Nodule B 443£032b 95.57+0.32a 445+0.18b 95.55+0.18a

2% Stem 21.95+0.88b 78.05+0.83 a 2329+1.16b 76.71+1.16a

-} Leaf 21.00+£0.96 b 79.00 £0.96 a 2236+0.86b 77.64+0.86 a

W4 Petiole 23.48+1.19b 76.52+1.19a 2377+£120b 76.23+1.20a

3 Pod 1822+0.74b 81.78 £0.74 a 21.92+1.04b 78.08+1.04a

1 (Note) : FHEUE N FIIE + #71EIR The values are the means = SD (n = 3); [Ff 7885 AN E 7R R A E R IRE 22 535 5% BEK

3 Values followed by different lowercase letters in a row indicate significant difference between different N sources at the 5% level.
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ARG TR A F0 B N AR it i 4 AR R L A
SN FFERIE, HABFARE], BT LA R BIOIAR S AR 95
FITAL B R R AR R, B A RRVE T A DA W0k A
SN FRIC I IE RN SE T B ARIET B MIAR M N (A JE
BHAL, B HET A MR SN FRid i IERRA (PN)
ET A RIET B MRS N EEE, A 1B H
HR Y T XA AR 988 [ 2 19 A TCIE X 43, BRI AT DA X A3
A FB PRI = AR, B A RZCETE T =4~
WAy (£ 4): 1) AT N bric A9 AR &L 6 ;
2) A FRIETF B ARMOIC R N A L6145 F B AR IR
T AR AN fRid s IERFR L] 3) A ARIET
A 1B AR AR BB A T 1 sk R P L
B, BARZEORIE T =000 R 4): 1) T A RNk
AN ARiC B I BHA LE I 2)B AR T B AR IR
SN IERFE L S F A RRTEF A AR SN ARid s

HERFE LB 3)B HRIET A A1 B WA I8 [ 00 He
BT 1825 LI A U, [RIEERTEIARRE Y — RO
Hi 1 FBIZCRIE T A MR TN Fric i AR
ETRIET B ORI )N AEREL, 5T XU AR R
5 A TGIE X 4y, WaT L X xR A =R
s aRIZENE], 1) 22T A RPN ARG
NERHAERY ] (5 4); 2) 25T B AN N IER}
R 5 T 22T A ARTOY N Fric IR RHRY
el (36 4); 3) ZEURT A Fi B PR IR & 000 E 4]
JoU R E LA, Rl E AR
B, A UMY . BIAYE . 25 i, AR JERY
SANRE R LA (3 5).

5 A%, NO, il NH, AP & AR5 1 78
R1 M A REFERIET A AR RE R 53.15% Fil
57.70%, KT B AR IR A R 12.21% Fl
10.40%, KIET A Al B WM AR % [ 52 AN
34.64% F131.90%, R5 H1535°h 45.88% F1 55.64%
11.31% 1 9.41% . 42.81% F1 34.95%, #E—HUEMH

#5 KRB NHPAEFALFRRET N, "N, REERAIELH] (%)

Table 5 Proportions of nitrogen from "N, '“N and nodule fixation of soybean tissues in experiment I[

NO; NH,'
AR A
Stage Tissue 5N . R 1 . . 98 [
Nodule fixation Nodule fixation
HAE (R1) A H Root A 53.15+0.99a 1221+0.63¢c 3464+1.6b 57.70+142a 1040+1.05¢ 31.90+1.66b
Initial flowering 5 44 oo 1221+0.63¢c  53.15+099a 34.64=1.6b 1040+1.05¢ 57.70+142a 31.90+1.66b
A% Nodule A 11.64=0.18b  5.00+0.10c  8336+029a  13.12+0.75b  530+0.60c 81.58+122a
B #34% Nodule B 500+0.10c 11.64+0.18b 83.36+0.29a 530+060c 13.12+075b 81.58+1.22a
2% Stem 2290+£0.68b 2290+0.68b 5420+135a  30.63+3.69a 30.63+3.69a 3874+7.39a
it h Leaf 21.68+1.45b 21.68+145b 56.64+291a 29.15+1.78b 29.15+1.78b 41.70+3.55a
4% Petiole 2443+135b 2443+135b 51.14+27a 2659+130b 2659+130b 46.82+26]a
AR (RS) A R Root A 4588+121a 11.31+0.77b 4281+189a 5564=1.10a 941£0.170c 3495+1.12b
Initial seeding 41 R oot B 1131£0.77b  4588+121a 4281+189a  941+0.17¢c 5564+ 1.10a 3495+1.12b
A H3% Nodule A 922+040b  443+032c 8635+0.53a 1022+0.56b  4.45+0.180c 85.33+0.74a
B %% Nodule B 443+£032¢  922+040b 8635+053a 445+0.18¢c 1022+0.56b 8533+0.74a
2% Stem 2195+0.88b 21.95+0.88b 56.10+1.76a 2329+1.16b 2329+1.16b 53.42+231a
A Leaf 21.00£096b 21.00+£096b 58.00+191a 2236+0.86b 2236+0.86b 5528+1.72a
4% Petiole 2348+1.19b 2348+1.19b 53.04+£237a 23.77+120b 23.77+1.20b 5246+240a
J Pod 1822+£0.74b  1822+0.74b 63.56+1.47a 21.92+1.04b 2192+1.04b 56.16+2.08a

I (Note) : “NIUENH B HRIIAYARIEE ELBI, SN AR A A AR A RERI R LB, ARREAIRFR A A T B PR A
MBI FerP BT IS £ iR (n=3); [RATEUR G AR FE R FoR A R ZUOR IR M 22 5435 5% .35 KF-. “N represents the proportion of

14N fertilizer nitrogen, SN represents the proportion of '*N-labeled fertilizer nitrogen, nodule fixation represents the proportion of nodule-fixed

nitrogen of A and B sides of nodule. The values are the means + SD (n =3). Values followed by different lowercase letters in a row indicate significant

difference among different N sources at the 5% level.
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W) E SR 50 R

25 %

AMRPFRAERR TR A A RRIAEE A, A% A
B AR A AR SR A . 7E R1HT, A AR A
T A MRIIEE AR 11.64% 1 13.12%, KA
T B AR BRI AN 5.00% F15.30%, SKRIET
A MR B AR IO ARE [E &R 83.36% F1 81.58%, RS 1
SRR 9.22% F110.22% . 4.43% Fl 4.45% .
86.35% 1 85.33%, it —LAIEH] T A 20k
BRI A, A — D5k B AR 5 ol i ek
Ko FENO, I NH, WFP AR5 T, 7E R1 W, 2%
AR T A Fl B ARSI LA LB R 45.80%
1 61.26%, AT A Fl B Pl H IR [ & A HL 6
54.20% #138.74%, M FJ& 43.36% . 58.30% #il
56.64% . 41.70%, MHRJE 48.86% . 53.18% Al
51.14% . 46.82% ., fE R5 W], 22 43.90%.
46.58% 1 56.10% . 53.42%, M FHJ&42.00% .
44.72% H158.00% . 55.28%, MH§E 46.96% .
47.54% 1 53.04% . 52.46%, /& 36.44% .
43.84% F1 63.56% . 56.16%.
2.2 KEMEHA~IRNE EMERERBENR
e

R 3. R 405, SUR RGP R R
T E I A A (X R A S AN 2 AT Y
AR, TR S el b5 AR AR AR A DG . 1R
TR AR AR ON FE AN (£ 2), K B ARG -
WEM—R%, X BRME, Hb RN 4
U5, R1~RS i, BHIEHNEN &l LIH RS TR R
FUN 2 R R AN #okg, HN%E T
R1~RS5 W eh #3558 T RGN &, L R1~RS
BB AR A SO [ SRR SN & G5 T AR
A, RIS A ARE [ 20 B AR I A N AR ) 2
A, B M - 3R5E 23] B A AR N, Hi EH
) FHERS AR SN R R1WIAI RS Wb 36N £
JEBPE BRI, NG X (Fg o i rs)/2 038

R1JH] RS W Hb 1 #0 55 F 2) B ARAY N fif; Nys—
Ny, 0 R1 1% RS #] BARMAB R, Nes—Ny—Ny
i R1IE RS W5k H B MR AL R & (B4R
JAHLLA ), HIe LN HARFERE £y, B (Ne—Ng—Ny) x
£, 0% R1WIE RS ) B MW e i Fe AR 8 43k 45 1Y
PN f; Ngs % fos 8 RS I B HRAFRUN &, Ny, x
fo, 0 R1 M B ARAHEON &, i DEFERS 2 B AR
PR AT I Bt dick . XEFRE I, 0N, <
(fio it 1o rs)/2H(Nrs=Np =Np) X £y = Nis X frs—Ng; X
fu. BI,
Nis X fos = Ny X £y, — (N = Npy) x £
T (fmtm + fﬂm:m) /2 - fa @
KX, oo fos A BAREL B AR ZE R1 1. RS HAY
BN ERE (EE D)y furmris furmes jﬂﬂﬂL%B R1 /ﬂﬁ N
RSMZE . R AR JEMPN SRR (R 1) I3
i, f, MAREE (0.365%), Ni . Nis A B HEL
B % R1 B1. RS MIARL R, Wb S50E
Wk 6.
i (4) N&5G3% 6 FTLATHR T b 13 # 21 B AR
K B MR A, A T, 00 247 it i A
[ v FEAH RDE S AL, AXPRICASE], A B3]
A B P E AR S AR e e i A AR ], 1l 1 7
R1~RS5 b [ ) A B A i) AU B R L DL 7.
NO, fl NH, Wi Fh & JEAL P T, 78 R1~RS5
A MRE BRI AMR R = 15.7 mg/BRA 19.7
mg/bk, R1~RS BN [ FB4 5] A R B AR A
FLER N 6.4 mg/BEH 5.6 mg/bk, 5 A Hak BRI
T AR 2 1 40.8% F1 28.4%. R1~RS5 i A
JeE B B AR B i AR R 20.3 mg/BE I 18.8
mg/bk, RI~RS M FEREFL ] A MIFEE B Ml
MR R R R 3.5 mg/BR AN 2.7 mg/kk, 5 A HRIE
o B HURE I AR R 17.2% F1 14.4%,

%6 BIR. BIRERH EERIETEH (R1) FIiShidE RS) N EEREHNES

Table 6 "°N abundance and N accumulation of root B, nodule B and shoot at initial flowering (R1)

and initial seeding (RS) stage

\ NO; NH,*
HhA
Tissue le fki NRl Nl{i fkl fKS N R1 NKS
(%) (%) (mg/plant) (mg/plant) (%) (%) (mg/plant) (mg/plant)
B #3 Root B 0.76 0.73 37.56 53.22 0.70 0.67 41.67 61.32
B #i¥J% Nodule B 0.53 0.51 19.38 39.63 0.54 0.51 15.90 34.71
i 3 Shoot 1.11 1.06 1.31 1.11

i (Note) : fo,—a4EW] N =EJ¥ 5N abundance at initial flowering stage; f,,—fi¥i8l] N =& 15N abundance at initial seeding stage;
No— A AEHI E AL 2 & N accumulation at initial flowering stage; Nps— i 2 L 2 8 N accumulation at initial seeding stage.
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7 MRTEHA (R1) ~3RRIEA (RS) 3B L ERME)IR AR RO R AL T EF0LL I
Table 7 Amount and proportion of N periodically transferred from shoot to root and nodule from initial
flowering (R1) to initial seeding (R5) stage

RES E4A AR E L (mg/plant) §eR 4t (mg/plant) Hetl (%)

N form Tissue Accumulated N Transferred N Proportion
NO,~ A B B #2 Root A or B 15.7 6.4 40.8
A =% B HY% Nodule A or B 20.3 3.5 17.2
33 Total 36.0 9.9 27.5
NH,* A 5 B4 Root A or B 19.7 5.6 28.4
A 3% B 9% Nodule A or B 18.8 2.7 14.4
I3+ Total 38.5 8.3 21.6

3 He BC B S M YA AN — o — S22 A R TR K R H

3 KEERENEARXIE

KIEBEEF R L, B REHANO,,
— BEIH A J5 2 BN Aric i BRZEARE DA S A
AER GRS AR, JUHREARRE AE K, IR
FHF R FE . Sato ZFP0[a) 15 37 K G A0S FRIRP A
BNO, , KRILN FRICH NO, 1 4% 378 K & H-
e, RN R, AR AR BB AR M
(1) NO, TE AL R A 55 A BRI h o ABF5E ik
51, M2—0iEsN Aric AR, i B it A
S A N FRig AR 5 — AR N R
HARFRE, 454 Sato LRI LER, WH—ER
SN B e i B Ui 2 AR, BRI ok B
RAWM AR FE R LS T RN, K
T Fiata 10 A wadi AR R A9 N EBE ) TR AR 3
£ (0.365%), Uit AR A=K & B b A8 T A A
ARAEEK H A S EA, WA —H kAR AR
IR, H A AR N 5 B2 & T B AR
o, UL A DUAR W A SN BRI 0 AR AR A
IR Z T B AR

Wery 25000 5 g JE A7 A IR £ 5 AN it &Y 1k
5, RMMAGEAR SRR LA REEES, HE
FEREA S SRR [ ZCR TR T, Wi J R
T, WHEA S SEM N, FRAENELT,
HE SR AAERE . Ak, 81 5
ML, 5 T oy U g &, xF ks 1T At
T v Ak 5 3505 437 A D el 0 AR 938 ] 401 B 4]
IR T v R e 45 38437 Sk 15— MR 788 1 28 1) B 451 3%
AT T, BIARYE AR R TR, X RUITEE
MHINALENERT, R AR SR AR A

Xof T 25 R R 785 20 1 o 4 28 0 R W A e 4y

R A, TigE NOy ik & NH,, i s — %5
AR 9 K R G NH, R NO, A9, Chaillou
LK ERFAE T, R KGR RS, — Mt
NH,", — Mt fin NO, -, 7% % Bt i NO, il {4+
AT NHAAARTE, 1 Gan 250945 K 543 31 it
B NH, FINO;, WF5E & 3t F NH, Heiti FH NO, /9K
CHAEESAYHER . BB TE. DAHREM
B, AREMEE 1. 1) NO, 5 NH, &b X}
to, & B N FEYRA BEEER, TiEEHT
— LB TR I FE RS NH # 46 NO,, (H LRIk
F, i NOy B NH, I3 5200 K A AR 0 W i
FAYBE, PEMITE 50 mg/L A WIE T, NO,
NH, 5% i K 5% W SO e A 7 L7 A I
32 XS EBMERR. RENERSESHSE
Oghoghorie %5945 Wi 5 T it i “NO,~, & IAE
Hi b MR ARG IR TN bRiE, BB
RS KA T iz, sk B TR AR,
Ito ZFPIHHSNO; B SNH, b # a] H 250 -, 78t &0
AR R AT IRIER IS TN T LT RAG N SRR
TR, R A LR AT g A s
i 4 R AL T DR A 1) R Rz e, B IR A A S
Az FIAR AR Hh . Reynolds SEFE KB 444, H
FARKEMMRARS, —MiE NH,", —MARER, &3
PN S I B, RS I AR R A — AR
o, ULBAR BSOS is i B Ly, B S
s AR . AWESE RIS T AT il B35 . A Rl
B WIIAR . A FI B AR N &AM A
SREFE (0.365%), H/NF iy AEEHAU N 5
(3.63%), FBI A F1 B U 5 W s i) AT A AN
A 1B PRI AR IR [ AT 23 4 — 7 1) L 15138 i 3 b I
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W) E SR 50 R

25 4

s —EAH A RBIAY N FRic IR R3] B AR
s A A RIS N BRI B9 AR RS 2 P
AR, ke T XU AR #R 4L T 50 mg/L fY
MR AR ER T, HARIENEE, WL
AR B R 93 T A 1) 75 SR RS AR AT, R 336 T oo
A RIS SN ARic IRV R SRS 3] B AR, R B
AL, B ARG N B IERL Rt R 3] A AR
A DR WA N R T 8 TR A R 2 3 B 1) 7 0 AR 9
W, [FERRTED, B AR M N B IR R A
PRI o 25 LRTaR, MR ) AN AR 988
I 2R 25 DA — 7 1) Ee )i i ) ot 0, B S S5 PRIRGE
B4 e IR SRR

SR At B M 5 1) AR S AR A B 1 R A B AR R
RO AR LU, A g0 KE K AR R 48 v i &R
AN AR iC HE AR U — AR S AR B i — R B
R4, AN FEEMZES, WET R1~RS Hiih -
) AR AR e B R B R ik . AE e T,
FIHAZ (1) 7B, 7 NO, H NH, i Fp &5
T, R1-R5 3§ A Rk B AR A b B E N
5.6~6.4mg/tk, i R1~R5 M A Hinf B A 2
[ 28.4%~40.8%; R1~R5 ] A M IRk B MK se
K HH EIBR AN 2.7~3.5 mg/fk, 5 R1I~R5 ]
A AR K B AR A R 14.4%~17.2%. Hb
L EB T AR AR PG B R, S AR A A A
fHaF Ay, DA A B4R F Al i A i 4 —
HFE
4 4hg

1) ARIE AR A T T 2 1 ORI AL FE 1 B R T 4
FIHR R W A AN IR AL, LR S R A 2 W i A TR
Ao NEHEY NO, B & NH,", £ N 50 mg/L ¥ J&F
T, REEM RSN B Z BIE AR

2) KGR R WA HE R LA B AR e [ 4R i i )
Mo BRI, S PR B BC EUAR SR . KR
XU 22 40 st b R N AERE UG — DR R AR R
W— R R, AN FENES, WET
R1~RS HA b 1355 1] 42 K AR e B /Ui i T ik o
ZITERY], Y EMRE R 50 mg/L Bf, R1~RS5
(TR A ~Bh R 07) MRk A b 1 3B R A /LS AR A
A ER 28.4%~40.8%, HIEK A B
R AR ZEM 14.4%~17.2%.

£ F X M:

[1] Collino D J, Salvagiotti F, Perticari A, et al. Biological nitrogen

[2]

[31]

[4]

[5]

[6]

[71]

[81]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

fixation in soybean in Argentina: relationships with crop, soil, and
meteorological factors[J]. Plant & Soil, 2015, 392(1-2): 1-14.

¥ REKEX R EL A H3E F 7 i 2R (D). MG /REE: ARIER
M KR8, 2013,

Wan T. Effect of nitrogen levels on photosynthesis rate and yield of
soybean[D]. Harbin: MS Thesis of Northeast Agricultural University,
2013.

Taylor R S, Weaver D B, Wood C W, et al. Nitrogen application
increases yield and early dry matter accumulation in late-planted
soybean[J]. Crop Science, 2005, 45(3): 854-858.

Mahon J D, Child J J. Growth response of inoculated peas (Pisum
sativum) to combined nitrogen[J]. Canadian Journal of Botany, 1979,
57(16): 1687-1693.

Randjelovi¢ V, Prodanovi¢ S, Tomi¢ Z, et al. Genotypic response of
two soybean varieties with reduced content of KTI to application of
different nitrogen level[J]. Biotechnology in Animal Husbandry,
2010, 26(5/6): 403-410.

Puki¢ V, Pordevi¢ V, Popovi¢ V, et al. Effect of nitrogen and
nitragin application on soybean yield and protein content[J].
Ratarstvo I Povrtarstvo, 2010, 47(1): 187-192.

Darbyshire J F. Studies on the physiology of nodule formation: IX.
the influence of combined nitrogen, glucose, light intensity and day
length on root-hair infection in clover[J]. Annals of Botany, 1966,
30(120): 623-638.

Imsande J. Inhibition of nodule development in soybean by nitrate or
reduced nitrogen[J]. Journal of Experimental Botany, 1986, 37(3):
348-355.

Svenning M M, Junttila O, Macduff J H. Differential rates of
inhibition of N, fixation by sustained low concentrations of NH," and
NOj;’ in northern ecotypes of white clover (Trifoliumrepens L.)[J].
Journal of Experimental Botany, 1996, 47(299): 729-738.

HZ, BV RS TRHEIE ZOCRBITBERT]. vl
2#4R, 2017, 48(1): 79-88.

Xia X, Gong Z P. Research advance on the relationship between
nitrogen and Leguminous nitrogen fixation[J]. Journal of Northeast
Agricultural University, 2017, 48(1): 79-88.

Dazzo F B, Brill W J. Regulation by fixed nitrogen of host-symbiont
recognition in the rhizobium-clover symbiosis[J]. Plant Physiology,
1978, 62(1): 18-21.

Tanaka A, Fujlta K, Terasawa H. Growth and dinitrogen fixation of
soybean root system affected by partial exposure to nitrate[J]. Soil
Science and Plant Nutrition, 1985, 31(4): 637-645.

Arnone J A, Kohls S J, Baker D D. Nitrate effects on nodulation and
nitrogenase activity of actinorhizal Casuarina studied in split-root
systems[J]. Soil Biology & Biochemistry, 1994, 26(5): 599-606.
Saito A, Tanabata S, Tanabata T, et al. Effect of nitrate on nodule and
root growth of soybean, (Glycine max L. Merr.)[J]. International
Journal of Molecular Sciences, 2014, 15(3): 4464-4480.

Carroll B J, Gresshoff P M. Nitrate inhibition of nodulation and
nitrogen-fixation in white clover[J]. Zeitschrift Fi
Pflanzenphysiologie, 1981, 110(1): 77-88.

Daimon H, Yoshioka M. Responses of root nodule formation and

nitrogen fixation activity to nitrate in a split-root system in peanut


http://dx.doi.org/10.2135/cropsci2003.0344
http://dx.doi.org/10.1139/b79-206
http://dx.doi.org/10.1093/jxb/37.3.348
http://dx.doi.org/10.3969/j.issn.1005-9369.2017.01.011
http://dx.doi.org/10.3969/j.issn.1005-9369.2017.01.011
http://dx.doi.org/10.3969/j.issn.1005-9369.2017.01.011
http://dx.doi.org/10.3969/j.issn.1005-9369.2017.01.011
http://dx.doi.org/10.1104/pp.62.1.18
http://dx.doi.org/10.1080/00380768.1985.10557471
http://dx.doi.org/10.1080/00380768.1985.10557471
http://dx.doi.org/10.3390/ijms15034464
http://dx.doi.org/10.3390/ijms15034464
http://dx.doi.org/10.2135/cropsci2003.0344
http://dx.doi.org/10.1139/b79-206
http://dx.doi.org/10.1093/jxb/37.3.348
http://dx.doi.org/10.3969/j.issn.1005-9369.2017.01.011
http://dx.doi.org/10.3969/j.issn.1005-9369.2017.01.011
http://dx.doi.org/10.3969/j.issn.1005-9369.2017.01.011
http://dx.doi.org/10.3969/j.issn.1005-9369.2017.01.011
http://dx.doi.org/10.1104/pp.62.1.18
http://dx.doi.org/10.1080/00380768.1985.10557471
http://dx.doi.org/10.1080/00380768.1985.10557471
http://dx.doi.org/10.3390/ijms15034464
http://dx.doi.org/10.3390/ijms15034464

11

ThAMlE, A5 FETUNURERE I XUR K S R G AR WIORI S B R5HET 7E

1919

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

(Arachis hypogaea L.)[J]. Journal of Agronomy & Crop Science,
2010, 187(2): 89-95.

Streeter J G. Effect of nitrate on acetylene reduction activity and
carbohydrate composition of Phaseolus vulgaris nodules[J].
Physiologia Plantarum, 1986, 68(2): 294-300.

Gan Y B, Stulen I, van Keulen H, et al. Low concentrations of nitrate
and ammonium stimulate nodulation and N, fixation while inhibiting
specific nodulation (nodule DW gfl root dry weight) and specific N,
fixation (N, fixed gil root dry weight) in soybean[J]. Plant and Soil,
2004, 258(1/2): 281-292.

Fujikake H, Yamazaki A, Ohtake N, ef al. Quick and reversible
inhibition of soybean root nodule growth by nitrate involves a
decrease in sucrose supply to nodules[J]. Journal of Experimental
Botany, 2003, 54(386): 1379-1388.

Pankhurst C E. Effect of plant nutrient supply on nodule effectiveness
and rhizobium strain competition for nodulation of Lotus
pedunculatus[J]. Plant & Soil, 1981, 60(3): 325-339.

Xia X, Ma C, Dong S, et al. Effects of nitrogen concentrations on
nodulation and nitrogenase activity in dual root systems of soybean
plants[J]. Soil Science and Plant Nutrition, 2017, 63(5): 470-482.
Hinson K. Nodulation responses from nitrogen applied to soybean
half-root systems[J]. Annals of the Royal College of Surgeons of
England, 1975, 80(6): 447-804.

Hinson K. Nodulation responses from nitrogen applied to soybean
half-root systems[J]. Agronomy Journal, 1975, 67: 799-804.
Oghoghorie C G O, Pate J S. Exploration of the nitrogen transport
system of a nodulated legume using ’N[J]. Planta, 1972, 104(1):
35-49.

Pate J S, Herridge D F. Partitioning and utilization of net
photosynthate in a nodulated annual legume[J]. Journal of
Experimental Botany, 1978, 29(109): 401-412.

Hoagland D R, Arnon D 1. The water-culture method for growing
plants without soil[J]. California Agricultural Experiment Station,
1950, 347(5406): 357-359.

HAFI, JRART, . AR E TR K E AR R L7 w5
Wi [J]. AP 5 S AR 2R, 2010, 16(1): 65-70.

Dong S K, Gong Z P, Zu W. Effects of nitrogen nutrition levels on N-

(28]

[29]

[30]

(311

[32]

[33]

[34]

[35]

[36]

accumulation and yields of soybean[J]. Plant Nutrition and Fertilizer
Science, 2010, 16(1): 65-70.

WREL, MhALSE, i, 45 TR UNER TR B G R
1. FoK KEL] A4, 1991, (2): 79-83.

Chen L, Chi HR, Gao Z F, et al. The choice of 5N markers fertilizer
abundance of main crop II. Corn, soybean[J]. Nuclear Agriculture
Bulletin, 1991, (2): 79-83.

RILER (B 3%). KT R AR A SR TR
AP, 1984, (3): 29-31.

Ohyama T(Translated by Chen S S). Study on nitrogen fixation
dynamics of soybean root nodules[J]. Translation of Atomic Energy
Agriculture, 1984, (3): 29-31.

Sato T, Ohtake N, Ohyama T, et al. Analysis of nitrate absorption and
transport in non-nodulated and nodulated soybean plants with NO;
and NO;[J]. Radioisotopes, 1999, 48: 450-458.

Wery J, Turc O, Salsac L. Relationship between growth, nitrogen
fixation and assimilation in a legume (Medicago sativa L.)[J]. Plant
& Soil, 1986, 96(1): 17-29.

Kigh, PHUR, B, 5 SRS ES AR KRG A K AR
FRERBM[T]. KEBLE, 1997, (2): 87-89.

Song H X, Shen S L, Yan S, er al. Effect of NO;~ and NH," on
soybean seedling and nitrogen accumulation[J]. Soybean Science,
1997, (2): 87-89.

Schortemeyer M, Feil B, Stamp P. Root morphology and nitrogen
uptake of maize simultaneously supplied with ammonium and nitrate
in a split-root system[J]. Annals of Botany, 1993, 72: 107-115.
Chaillou S, Rideout J W, Raper C D, et al. Responses of soybean to
ammonium and nitrate supplied in combination to the whole root
system or separately in a split-root system[J]. Physiologia Plantarum,
1994, 90: 260-270.

Ito O, Kumazawa K. Nitrogen assimilation in sunflower leaves and
upward and downward transport of nitrogen[J]. Soil Science & Plant
Nutrition, 1976, 22(2): 181-189.

Reynolds P H S, Boland M J, Mcnaughton G S, et al. Induction of
ammonium assimilation: leguminous roots compared with nodules
using a split root system[J]. Physiologia Plantarum, 1990, 79(2):
359-367.


http://dx.doi.org/10.1111/j.1399-3054.1986.tb01929.x
http://dx.doi.org/10.1093/jxb/erg147
http://dx.doi.org/10.1093/jxb/erg147
http://dx.doi.org/10.1080/00380768.2017.1370960
http://dx.doi.org/10.2134/agronj1975.00021962006700060018x
http://dx.doi.org/10.1007/BF00387682
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.3769/radioisotopes.48.450
http://dx.doi.org/10.1006/anbo.1993.1087
http://dx.doi.org/10.1111/j.1399-3054.1990.tb06754.x
http://dx.doi.org/10.1111/j.1399-3054.1986.tb01929.x
http://dx.doi.org/10.1093/jxb/erg147
http://dx.doi.org/10.1093/jxb/erg147
http://dx.doi.org/10.1080/00380768.2017.1370960
http://dx.doi.org/10.2134/agronj1975.00021962006700060018x
http://dx.doi.org/10.1007/BF00387682
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.1111/j.1399-3054.1986.tb01929.x
http://dx.doi.org/10.1093/jxb/erg147
http://dx.doi.org/10.1093/jxb/erg147
http://dx.doi.org/10.1080/00380768.2017.1370960
http://dx.doi.org/10.2134/agronj1975.00021962006700060018x
http://dx.doi.org/10.1007/BF00387682
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.3769/radioisotopes.48.450
http://dx.doi.org/10.1006/anbo.1993.1087
http://dx.doi.org/10.1111/j.1399-3054.1990.tb06754.x
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.11674/zwyf.2010.0110
http://dx.doi.org/10.3769/radioisotopes.48.450
http://dx.doi.org/10.1006/anbo.1993.1087
http://dx.doi.org/10.1111/j.1399-3054.1990.tb06754.x

