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Nitrogen Utilization Pattern of Sunflower in Saline
Farmland Based on "°N Isotope Tracer
QIAO Tian, LIU Xia, YANG Wei, GAO Hongyuan

(College of Water Conservation and Civil Engineering » Inner Mongolia Agricultural University » Hohhot 010018)

Abstract: To investigate the nitrogen absorption and utilization patterns of sunflower under different levels of
nitrogen application in saline farmland, a field micro-area experiment was conducted using ° N isotope tracing
technique, and three levels of nitrogen application (N1=150 kg/hm*, N2=225 kg/hm*, N3=300 kg/hm?*)
were designed with no nitrogen application treatment (NO) as the control. The "N isotope abundance and to-
tal nitrogen (TN) content of sunflower and 0—100 c¢m soil layer were measured at maturity of sunflower to
study the fate and utilization mechanism of fertilizer nitrogen in each treatment. The results showed that the
nitrogen absorption of sunflower increased with the increasing of nitrogen application, and the nitrogen up-
take of the sunflower at maturity increased significantly by 38.7% at the N2 level compared with no nitrogen
application. The contribution of soil N and fertilizer N to the nitrogen uptake of the sunflower in the current
season was 84.9% and 15.1% ., respectively. At the N2 level, the contribution ratio of fertilizer N increased
by 35.7% compared with N1, and the contribution ratio of soil N decreased by 4.3% compared with N1. The
residual fertilizer N decreased with the increasing of soil depth, and 47.4% of residual fertilizer N in the soil
mainly concentrated in the 0 — 20 cm soil layer. At different N application levels, the fate of fertilizer N
showed loss rate > residual rate > utilization rate, and under the nitrogen application level of N2, N utiliza-
tion rate significantly increased by 22.7% and 14.6% compared with N1 and N3, respectively, and the soil
residual rate reduced by 8.5% and 8.6% compared with N1 and N3, respectively. Considering the nitrogen

uptake and utilization of sunflower and the nitrogen residue in soil, under 225 kg/hm?® of nitrogen applica-
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tion, the nitrogen utilization rate was 27.4% , the nitrogen residue rate was 32.3% and the nitrogen loss rate

was 40.3% , which was a more suitable nitrogen application rate for moderately salinized farmland.

Keywords: salinized farmland; "N tracer technology; nitrogen fertilizer utilization rate; nitrogen fertilizer

residual rate; nitrogen fertilizer loss rate

[ XA S B ) HZE A R X, H A R
Ak Ta) F TR, A M R AR 45 % A2 AT,
AT Y R A0 M 3 A e LB BB R L OF S B
Yy BE F1udi s L EUIE X 1) 3 AR K PR A Y IR AL
SN BT T RE S 7 i AR 3 R A A KA Sk 1R )
S, #h T8 HEXTE IR A s B AR A
R A BETEA R K- 5r L erh A fE 22 5, 4R
IKT A AR B, 1 7t 50 A8 AT BH 8 A 0F A 4 2R K b o
RS, B EHSE AL S FEOR S I T AE W
TRAE e 2% L T BE 1 R R K TS e, 0 B R A
U R A XURS I AR T IR R R HOk R
P2t | - 3 T il AT it % 2 Al 2 2 ) 2808 1) R AL
RHEES . X HEEEY o/ m A — il
FEL o s 2 20 R IE ) S 0 2 Az ]
B P X e B R 9 b R T 3bE FH R R T BE 5 B
IR E X

AEREWERKE L EFRITEZ —, 2N
ZEMZF AN RS T UAR R T HIEY R
1o 7 S B A DRI RURE it R 2 A AR
P BTl £ X ) H 2% iR e 0 B T . mr A
F 5% K 22 46 v it 06 1) H 98K o R R S L5l 2 R
5G5S R L 5 5 0 0TS 5 I, T B XA R
Jit KT AR A RIS it S 3 8 B AR R AR AR
Wi 5 AT ) 2R3 R T 8 1 B O AR X AR DL TR ER
T ER R AL BE X 3 VE P W e i+ 498 0 5 ISR AL,
S WA o 24 Z e A e UM A R SR R
A A SRR TR L 6 T AR RUE R A sk S
AR B H AT 2 B e R 22 A
YED LR 2, 38 5 4 b il S A R TP AR
WK JE Y 2R AR BRI &R
TSR AR A ST ER B AR i H SE Ak R 4 IR k)
M 5 5% )

ARG Xof i) 45 DX BE R B A A L R PN
[ 2R ER A, DL H 28 KM . R G848 —
] H 22 VEY R & v BB AU R /Y )3 ) 1, 5% AN [ it
RV 1] H B8 [ of 5 0 3R WU, 08 v IE R R B
BRIV 10 1520, AT SRy 2 b DX FE 4 7 305 A
it R B AL S AR A
1 bkH5 ik
1.1 AR #EER

R T 2020 4F 6—9 H AE I 2 5 X 0 A e B

B R AT (107°35'70"E, 40°46" 30" ND) #E47 , iZ 4 X & T
SN N T e S P M W 7o Y & I T )
3 230.9 h,4FfE/K = 227.4 mm, A e A, F3
L E 79 L AFEREABE KR, EFYELR
A2 039.2 mm. &R 9.0 £, I8 b 4 1 T b
W1, RS REN 3.3 g/ke BRALE N 14.6%,
BHLRSEN 9.3 g/kg, EHATEN 0.8 g/kg, W f#
R A 44.4 mg/kg HABE S 4 14.1 mg/kg. #
ROPR il 184.3 mg/ kg JE TIE A R Y b R ER 6
fb 13,
F1 KB EENER R

+2 UKL I 44 % 5%
WE/em  <0.002mm  0.02~0.002 mm  2~0.02 mm  [i}
0—20 9.9 39.4 50.7 W+
20—40 5.9 19.7 44.4 g =
40—60 11.9 12.6 75.5 Wi+
60—80 6.5 11.9 81.6 WL
80—100 15.6 18.0 66.4 #iEL

1.2 REgit

Wit 4 & K, i2 i NO.NI,N2,N3,
Xk W e 48w (B 4l N ) 4353l 8 0,150,225, 300
kg/hm?®, F a5 ES N K8 X, 5 A X R
1.5 m® B o 35 Y Bk B2 DB DX O 42 VA ik 2
F R AR 100 em L H S 10 em GRESRFRIC
&k S AR E Y ECE DI w1l = R i)
NWS6901 % & 35, H AT M $h 0k, PLws F e i, F
2019 4 6 H 22 H¥EFh.9 A 27 HIGK.AEB LA N
96 K. =% YHhin HZE R )5 X, A7HE 60 cm, Bk IR
50 cm, 7 A HTIE AR AE B (P, O5) AT IE (K, O)
it JH & 43 5 A 108.4,86.8 kg/hm®, Jiti JH A9 N Frid
PREFFEEHR 10.18% (F & 46.0%) . i L ifE b THF 5
BesE = AR BN . B 3 ANEE,
Yo 52 BN K B 31 0 52w B RS RS B E B3 R
TR WA ) H AR X 545 & Sk KB N 5
E R it 8 7 3K R 7t VR T 2R I REVE K
9900 m®/hm?®, oAl A B RS it 55 24 AR A — 2L,
1.3 WMEmMBEFE

T 1) H 25 57 2 ISR A A B AR , IR 0
M CE IR CE B KRR, o R e A B 4R AF
e I R RN BR S AR R R R T T A
105 CA T 30 min, FHEE 80 CHET 8 h i i



346 K PR R

o536 4%

T8 Bk i O 0 A5 4 bR 45 88 4r T 9 I i R S R A
PR A AL 3 BT B — 3 3 S1IR A L FE DR BR h oM S o
0.5 mm i J5 26 ARE S A8 & .
YIS 3R I X5 38 X 0— 20, 20— 40, 40— 60, 60—
80,80—100 cm 2B AF SR A0 B0 P2 H—
O3 R HEN I E A4 NO,~ — N NH, " —N &4,
AR TR XU 2o 0 5 A8 ) R — AR 3% A1 9 5l ARl K
SFR R SRR 24 BE L 78 [E Elementar 23 74
77 1 Tsoprimel00 Fa 22 [A] o 3 it % A% 3% H2 70 & 43 B
¥ (Vario Isotope Select) il 2E 8 9 %% # 'B M 1+ HE Y
AR B CTND Fe e AR R (8PN,
1.4 3EHRITE
AR AR A KR
a— C
b—c
A N AR R R IR T AER A LB (%) s5a A
RERREE S A N ZEBE (%) 50 MhRic IR 7 N
FREC) 5¢ REALER AR FHE,0.366 3%,

Nd[s:%XIOO% (2)

Ao Ndfs g HIHERF Kk B LR I HI (6 5d S+
AN EE D,

Np=Mp XTNp (3)
KN, HEHEEWAE (g/plant) s M, HEHE
TR () TNy A& WE LA T & (g/ke),

Ndff= X100 % Q)

PNy & A ISR B i (g/plant)
Ns=Np—Np (5)

AN A B A AR (g/plant) ,
Ny
NDRF=N—S><100% (6)

X NDRy I HERFE TR (0) .

A NDRs Jy B R TR (V)

NR =MS X TN X Ndfs (8
K NR Sy HEp IR AR B & (g) s MS R+
H(g);TNs NHIELHEE (g/kg) .

Ng

TFN
P NUE M E A R (%) ; TEN b &8 it A 5

#H(g),

NUE= X 100% (9

Nk

— 0
NRF TFNXlooA (10)
P NRF A AR E R (Y%) .
NLR=1—NUE—NRF (1D

K NLR A AR E ),
1.5 HFELIE

i F| Microsoft Excel 2007 %4 #: 47 % 48 4b 7,
K HI SPSS 20.0 3 A4 #E47 AN [F] Ak B Y B0 PR 3R T 22 43
Mr, 22 5 W EVER I T LSD i, B E MK F «=0.05,
JH Origin 2019b 3 {HEE .
2 RS0
21 HBETYRREERTMER

13 2 AT, ) H 28 Bpk T 0 i AE N2 it K7
A NONT 101 31.7 %0,13.9 % (p<<0.05) , 7E N3 Jiti
BT N2 B3 1.6% (p=>0.05), ZEk T4 i 1E
N1.N2 N3 Jiti &K T 25 5 35 i 3 KPRt 2 AL 2
N 14.4%6,22.2%,24.0% . FHETF N0 K-, it &S (1)
M HZERR VGEFRAE T Y0 5 0 2 0 A R R
BN B RS 34 R 35.7%,28.6 %, it U HE A3 0
HRFN 3 5 2% B AR W) ik oy T 53R 340 9 1 TR 1 A )
SYPLER S 2R R, 2 B G20 R AR Y R B B R 2
2.4% . M EREE AT LUE it 2 AT LA 3 A 33 1)
HZEMRMWARKET WA R T RIBCE 2 1) /A E I
I IR AN E % B 2R b, DU BE R P R it

NDR~:&X100% - R Ry N2 K- Al e ) H 28 AR W) A 4K 5 5K, X 1)
° Np F 28R R 2 A A0 B R ] B 2
*k2 MHETYRRERSEER
e TH i/ (g« plant™") SR/ %
i BRGE b Ak R BIRaH i

NO 112.145.6¢ 346.4413.9c 215.7£10.8b  674.1423.7c 16.6+0.7¢ 51.4+2.1a 32.0+1.3a
N1 129.8+6.5¢ 403.2+16.1b  246.7%+12.3b  779.8+£19.2b 16.741.0b 51.7%3.1a 31.64+1.9a
N2 160.8+9.8a 463.5+18.5a 263.6+10.1a 887.9418.0a 18.1%+0.5a 52.2+2.8a 29.740.9a
N3 165.64+8.1a  469.1+18.6a 267.5+11.1a  902.2420.5a 18.4+0.9a 53.0+2.6a 39.6+t1.5a

TE R B N - (B AR E 22 5 1R 81 A [ 2 /N5 B 38 7R Ak B ) 22 55 W 35 (p<<0.05) . Rl

22 MBEREARSERER

FH P 1 AT 21, N2 N3 it UK T 1) H 2 Rk
B¢ NO 4399 i 40 38.7 96, 55.4 %, ¢ N1 43 1) i 35 3
i 26.3%,41.5% N3 & N2 $#41 12.1% (p >>0.05), 5

NO #H kb, NI, N2, N3 T A9 AR & W 40 & 4 5 3% m 7
22.5%6,112.1%0,135.2 06 5 5 % 2% B WA & 43 0 3 T
12.3%0,46.7%0 5 69.4 %0 s KPR A 5t 43 0 38 T 5.4%,
20.2%0,30.0% . AN[AlitE KSR 0] H 258 5248 B AUk



55

Tr R TN [l A7 2R 5 £h i AR 1 1] B 258 R R ML A 347

W7 R AT LA KB B 2% 5 (3R 3) . 7E N2.N3
2 Pt EKT T AR R A E TR No i E
HEINVE RN 3.6 % ~3.8 %0, i A it 038 I 4% 2% B 6
AR M xR R AR VR Bl

20

- No a
i | B N1 2 %3
=R\ 8%
& EZZ] N3 4
2010 a 4
~ b P.:.:
ﬂﬂmﬂ d ¢ B ::03
B st — 3 o
B /= 3 5
0 m% ' = 1 T o P’O‘ J

i3 EXBE B

HEHELEFARNG FRERAFRSIRZE R EE (p<
0.05), T,
B1 AEAERAFETRHEZRRE

x3 AABBKETRESEE H1.%

wE No N1 N2 N3
UK 6.720.2b 7.520.4b 10.3+0.3ab  10.5£0.5a
ERIE 4631192 4734292 48.9%1.4a 50.542.5a
s 4704192 45.242.7a  40.7+1.3a 39.442.0a

AU N1 392 N3E 2), 1) H 4R A& 5 iRk
R TSR )53 5035 0 113.4 %6, 7.9 %0 5 E IR A%
B AR R A W B 81 43 48 i 49.0%6,18.0 %4
XoF - BGRB8 e AV e 2 40 Ry 1.8%6,13.7 %, 3
Fofrite S5/ T AE ek R B 48 R0 2 bk 1 H 22 R R ik
F TR LG - 24 43 0 R 15.1%6,84.9% , N2, N3 Jifi & 7K
SR R UG S R VE P 1 TR LBl NT 0 8 35 e n
35.7%0,40.5 %0 , T - 3E A 1Y TTER L4 N1 43301 Bk 25 e
1K 4.3%,5.2% , -8R SRR B Ak 1) H 2219 5Tk L
Bil7E N2 N3 Jiti ZUK T T 25 . DL S5 R,
Bt SO AT DA v 452 B R U WL DA A AR AR A
K IR R B F7 it RO AR 28 W A 1 e

2.5

g
=)
T

o ]
ot

L
el

-
A9
T
L
el

,Y
e

_
(=)
T
55
558

EEERER g

o
W
T
5
s

,v
L

IIIIIIIIIIII (e}

50505

f a

| o 2

| = a @ a ad
4, ] |F‘Mlﬂml

0—20 20—40 40—60 60—80 80—100
+EHEE/ cm

s

(=

BE. MHELTRCRAR EERT LA R
HEZE N2 ZKF Al LA 3E AT RL 200 6] H 28 20 Il rd
TTHK LU 20k 2 3 e U e A 8CRA

— a a
ST me®E  , aa b oaa o
E |l X = =
= Ectahad 1= -
iﬁg i b ab a [ ] ]
i = A
m 40 ¢ N1 s b b [
2 o\EAN ;a2 °
= B N3 s
& TIEE b a a
100 1 1 1 J
;. BEREY ¥ Bk

B2 REHEEAT TR R R & % 5kt 6l

23 tTEARERERBE

& 3 AT, ) H SRR L 7E 3 Rt EUK P T .
0—20 cm +JZ MR 5R B T 5 L 43 3 R 48.3 %0
47.2% ,46.7% ,20—40 cm + JZ AERMEER B BT & EE )
IYBIN 27.5%,27.1%,26.9% ,40—60 cm + 2 AE K}
RR B BT o o 16.6%,16.3%,16.1% , 4%+
JZ 58 BA AL RT3 X S R i SR B 1 U /)
##HL,60—100 cm )2 BFRURB LL 45 R 8.5%,
9.3%,10.3% . ¢+ 1w B L, 43 b e R AUk
B S R Ay B 2 R o o o U A e LR
FAEPLE 0—20 em +JZ, 0—100 em )2 AR A SR
B EEAS TR UK R 2B B 2 5, SRR N
N3>>N2>N1, N2 jifi &K F T LR AT B S 25 N1 g
36.5 %6, N3 7KF- T HERMAGR B S B N2 59 42,024,
A 4 AL, AR EE 0—100 em 3 NO, —N &k
6.3~21.6 mg/kg, NH, " —N &1} 1.0~9.8 mg/kg,
FALEEAS + 2 NH, - — N &&= 2T NO, — N, it
BARFEERNO, —NESEKR T 8P, %1,
3¢ v it R R U R A TR L R TR
e (60—100 cm) RERFRUBR B8 B9 HL )

5

~
1

)
T

R ERE R/ g

—
T

(=3

3 FEAEERKFETEMEZREE

24 RIEBFA ZRERBENE

F Tl 5 AT AT, ] H OSSR R IE R A A R R B
A N2>N3>N1.,N2 Jjifi & K F T ZHEF 248 N3,
N1 230l 22,7 9% .14.6 % 5 A0 B[] 22 5 2 0k 18 3%
PEIK A, 32l ZK e 3ok . 3 b U Ak B R

PR 52 B 3 it 2K - 8 o i s/ R B F L Hr N2 i
FOKP N SRR B R B ik, O 32,306 80 N1UN3
it AT B 8.5%,8.6 % AFTE R FEXEF . A
HE A5 2 70 45 it 28K T AN A7 AR B P22 5, U AR
AEAB S BT o Lo 491 32 0 S B9 2 IR A5/ . 3 it 20K



348 K PR R

o536 4%

SR RUIEF R IR 5% B R RUIE 381 2 SR - 24 4 53 A
24.6%6,33.7%0 417 %0 B RFRUFE L BUEE Y SR B AU
e T > FEHR B R > EUE A R, U AL 56 &1k

AN TR A PF R IR R 2 1 B DA R O L N2 i
ROKETE 4 v AR T A A R, AR g T 3

RICA IR
12
"o o N1
" i N2
@ O o c N3
= ! c (5
< 7y e 2
2 6 (=K
B 3 8 L
STEEEHE
# 0 :3:. :3:. .
0—20 20—40 40—60
T E®E/ cm

4 TRAEEKETEHMERKELS

25
= b 2 N1
- = =
. 20 | 7? {{/{/{ N2
Eﬂ ::1 a ESsd N3
a2 | ] b =]
Sy
10 | ks ool oy
: 2] b ]
0—20 20—40 40—60 60—80 80—100
TE®E/cm
BRI %,
REx,
X — BWRE/%
@ 50 ] 45
H 40
1 40
, 35
% 30
BE 30
ﬁ’ 20 25
’?ér 1 20
"=
j=8]
j-==4
< 2,

5 TRAEEXEFTEREEAMNAR KRBEXRREE

3 W
3.0 AEKEKEMEBEFYRERESRKH
=P

AR5 L it KSR N3 S N2 B, H 2T
Wy J5 i R SR ) 38 BB e K 7 A AR 4
30 N2 N3 Fi Z KT 22 ) 25 5 8 1 2, R it
Rt ih — KV 5 4 221 it ZAE X ) B 22 i/ R
A A 0 SV 5 AS B S, ] B8 R R i VIR 46
835 I AR AR U S O B AR Wl K
A AN E— T m A R X AS [ it
IR B FH 3 il L 451 A AR R A R R IR AT 5 L 3
AR AE R EF Nk E R TR A
OESE O N I AU E R R (Ve B o N =N 3/ N
H 228 R 14 TR L ] 38 30 R 498 50> MR, U B it
RN AR ), AR 2 0 H AR R %8
R PN L A TE X AL/ 2 R WO A 5 T AR
HH A 45 18 2 it U 5 1k IR RO & /N 22 R R IR BT
ik L8] 2 2 O R OG5 A A Tk L 1) 2 I R
FAOG . ARWFFE H, IE 2L DT R L 1] 2 B it 2t 184 o 2

P B R g, AR ST L B S A R, ik — 2B 3R
B, it AT AT s ARk S A 9 vl 1 3 i 4 R 43 T
RO, BRI HZEMR RSN, 0] H 25 E R4 B MR+
8 Z80 1) W2 WA b B8 i LA ) AT T RN L T B R R
3R R T DATE R R AR R N B e R R B
BAC2OT SR VR X 1) H 2% b b R R A A AL
PN
32 AEAMBEAETEIERREZRE

B% B8 IERL RU7E B8 v I T U T ke P AR
{FL J] At 3 T T R AR KUY L A s R
THERRMERE T LR EX IR AER T RS A S
Fe A 38 PR Rb 78, B8 W IS — 2 A W Ak 2 0 i R
FHE SRR RE AR X A T A5 Y B R A s
Jiti BB 2 F R 020 em )2 RORMAUR B 450 £
AT RSB B Y 88.9 %0 A1 87.9 % . A HIF 5T IR
BRI E TEEPLE 0—20 cm 2,5 Zhong &
WFoE 45 B AR L. H 020 em )2 AR AR N AL 5 &
BREA BRI 47,400, 5T NP WG 45 A AR R
22 5 00 D R A T e R it R it KO DL AR B
FRRAFEGIRA . DL g RE, - HEER o A5 i i
BHEFE 3 b AR B 2 R (A 4 ik B AU
] iz B . H B it a3 . 0—60 em 2 AR A 5%
BT 7 /N L 60—100 em - 2 AR R A 5R B 4
Fh i 7E 8.5 % ~10.3 %0 » 3 it SN0 2E — A5 3% Jin 7% B3 A
B AE R )2 38 bk ok i KU . — B A 18 it 2L
P T T2 R AR B iR T A AR R ARk
R DA
33 AEABRAFETENEREERE

ARRE 10 H 2 — HHER G FUET R AR
PN BUR R R > R, 5 EE RS R
A6 AE RO 25 1m0 S ) 3 > 5 B R > i R 45
AT I AS ] o B Ry A [ AE 4 22 ) ek S IES Wi s 1) 1) e



55

Tr R TN [l A7 2R 5 £h i AR 1 1] B 258 R R ML A 349

NAFER R ZE T W] 00 X T 2 K Eh i + 5
B R MR R RN T BB R R A R T IRA
ST T R AR AL AR A R S X A R G R L 5
Wi, RS T A AT L N S P R EUIE A R
S SR 34,7 Y6 i it 2R R 1) B U RE R s A R
FI O b 38 o, 4= 48 b UM 3% B8 R /T ARt
R VT S el - S N RIS 1D = 5 ) = 0
FIH R 9 22.3%.27.4%,23.9% , L3R B R
/I BE L E B A 2R B R 30 35,10,
32.3%0+33.8% . — J7y T4 K WL ) H 3 A8 55 B A=
FE B AR S R O R 2 s S —
T 2 PR oAy A S 3k 43 2 - 23 30 A 0 0 203 B WO
FH S DA Bk R A6 3R A s R 2 —5
W it 2Rt 184 R NE 8 O 2R 08D, A7 AR A IR R Y
LA e S m AR AN E L L EREIMASA
S R i 22 0F 5% 4 AN TR il 0K S S5 10 T R
TR R R B 5 RN L BB,

4 g

(DA [a] Jii 82 250 1o H 38 A R WOl i 2% 5 Wk
. 225 kg/hm’ jifi 2 & 75 2 7 H Z2A4E Y 4 K IR
B, B AN il LAk B S S BN T 38,7 V6 1 AR IR i
2k 232 1 it 280 A X R W R o T Y A R

(2) 1) H ZEM i 0 2 . 84.9 Yo ok R F 1AL
15.1 %0 K U8 T N RL AL, 34 A & 225 kg/hm” B i
HE LAY BTk B 48 150 kg/hm?® K SE88 0 35.7%
Ak S it A AR AR AN 2

(3)1 m = 2 v R} S 5k B o o i 20 2 484 i
a2y 47.4 % B 5 R LB A A AE 020 em 12,
32 v W it 27K 23 m R AE R R AE VR 2 (60100 em)
- R B XU

() AN [r) il KT B R 2 ) PR 3R B Ry 4 2 36>
BB >R, N2 il Bk LR 2% N3,
N1 4092 2 5 22,7 %,14.6 % s BAL TR B8 H 8 N1,
N3 43 8.5 %4, 8.6 Y0 s BN 2k 3R 7E 2% )it B K F
TEBEES,

BEX b £ Ak 4 [, 225 kg/hm? i E K FE R
NERHA R 2 27.4 %, AAE 5 B 3258 32.3 %, LK
PR RN 40.3% . FEHE = A F)H 0 [ B BEAL T
- FUIE 5k BR AR O A AT e U ) AR A Bt b
IRBE 15 G 0K L S B A T i AU
5% 3
[0 F RHF. P9 52 78 ) 25 01X 3 sk f 0 Hb e 1L 8% it S 2 i

) A EAKF,2019(15) :40-41,

(2] ZE2rsd, wkoeir, #5h, . 3 B & 1A E #1bid 7

(3]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

5% BN 3 ROR il A2 L) L8 AR A 284, 2020, 31
(11):3915-3924.
G B N S AR N R T e S NS e L
g A% it AT & B 5% [T . %2 BRI Bl 2, 2018, 46 (36)
134-136,145.
B ST AR TR L S R A0 5 SRR A A N B
AR R (T4l TR 254, 2014, 30(3) : 86-94.
R HE I, A S5 R A A F K B R H 2R R
i R HC = e SR RIE 5 [T ). 49 /K B, 2012(6) - 22-26.
BN AT LR B R A2 25 X IV R X R L
KRG P B B U AR ) FH SR 8 R [, 48 o b 2 iR
2018,33(2):125-130.
SRR, G, M A R S B XK [R]KORE A% 1
Tf] H 2% U R 25 Rk e LA L) oK R AR5 253, 2012,
26(5) :39-43.
EARYR e dek B, S P 5 7l R AR S OIS [R) 6 A ] H %%
e i 2 S L] o ] 9 S, 2020(4) 1 140-149.
R TN B SCIA S ALK R R 4 e 3 ELAE R X ) 2%
K53 F I RgsZma L) ], b FE A A K R K L, 2016 (3) : 27-30.
ThHE 8 S0 g L 25 A TR it 0 SR Ak 1 ji |
5 2K 5 AR R R A LT A BLA 25 4, 2020,
51(12):292-303.
Rl A BE R L SRR L S it Bt X £ Y ) H 2 i R
Brg s ()], rb B 408 5 8k, 2019(2) : 126-132.
F R, F e, 254, 25 S 9 bk B IR R B0 )
KA RELT ] L9274 . 2016.,53(5) : 1202-1212.
PG T 59T A5 AN Rt 0 20t 1) B 25 U1 A
FARCR M SR L] ] HE B HE K 247 . 2018, 37(7) : 20-27.
20 B B AL SN S T X ] H 2
SR A O A0 T it A% =X 5 () ). 3K HE /K 2 4, 2020, 39
(8):35-43.
S, TR L 2R L S ] 1S X K ) R R
25 F B 52w L) ] R AL A% i 2021,52(11) « 315-
322,420.
TH4a , BEE FRE, &R B LA RS
hAEEW ORI A MA R L ] s RS
Fh2 48 ,2020,26(4) : 738-745.
T TR T s AR L SR A R R Ky S R AR
78 L W B AR F TR O M s e (). Rl S
2020,29(3) :130-136.
Quan Z, Li S L, Zhang X, et al. Fertilizer nitrogen use
efficiency and fates in maize cropping systems across
China:Field ¥ N tracer studies [J].Soil and Tillage Re-
search,2020,197(C) :1-9.
N R R 25 A B U 4 /N 32 41 R i Y B
R AR - 9 SR A R LT 4 3% 5 IR R 2 3, 2020,
26(3) :413-430.
BRI, B R A ok i . 5 R K S A KA SR B g
JELTL AR A K54, 2013, 44 (4) 1 144-148.



PINERY S R o

o536 4%

(21]

[22]

(23]

[24]

[25]

LA v R 5 % BRI R G B B 7R K IR ] 1
2 [D].BEVE 4% - AR K%, 2019.

Rl AN, T AR Tt Al . 55, AT 7 B & 5 7 4 4t X
NEREF AR W LG/ RG] 5%
#2,2019,56(2) :487-494.

SRR AR A, A5 AR AT i X B TR A K
MR EC A R S s m py s [ ] A8 3R 50k
£ 4,2020,26(7) :1295-1302.

Zhong Y M, Wang X P, Yang ] P, et al. Tracing the
fate of nitrogen with N isotope considering suitable
fertilizer rate related to yield and environment impacts
in paddy field [J]. Paddy and Water Environment,
2017,15(4) :943-949.

K s B A, R GUR]L N BRIC N A R oK

(LB# 343 )

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[0SO = S T I\ S 0 [ s ol = 7 A s
#t,2000.

M5 INEH, R R WA T R X K
o ROR AR AT R [T ). b B A B4 2018, 51(8)
1518-1526.

Zhang F S, Shen ] B, Jing ] Y, et al. Rhizosphere
processes and management for improving nutrient use
efficiency and crop productivity [ ] J]. Advances in
Agronomy,2010,107:1-32.

TN, 242 kg, P e AR L AR R R AR R
ROPEIR L3 37 4 i SR S AL [T AW 8 77 5 I kL 27
#,2017,23(6) :1547-1555.

Li HB, Ma Q H, Li H G, et al. Root morphological
responses to localized nutrient supply differ among
crop species with contrasting root traits [J].Plant and
Soil,2014,376:151-163.

Shen J B, Yuan L X, Zhang J L, et al. Phosphorus dy-
namics: From soil to plant [ J].Plant Physiology,2011,
156(3):997-1005.

YT HE A1 L, R SRObR L AR B T B IE I3
FEKRM RS E B2 [T ] Y E 57 5 0K 2 4
2012,18(3):562-570.

Bardgett R D, Mommer L, Vries F. Going underground:

[26]

[27]

[28]

[29]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

FNERFHAE PR L) 0. v B AR B 24, 2011, 44 (12)
2446-2453.

R, TR TR A5 B X AR AR R R
Sy 52m [T A% AR % 4% . 2020, 34(2) : 370-375.

Shi Z L, Jing Q, CaiJ, et al. The fates of '° N fertilizer
in relation to root distributions of winter wheat under
different N splits [ J].European Journal of Agronomy,
2012,40:86-93.

RAEE LR, KA, A NE A TS KRN
W IS B R LT ] A 8 37 S IR kL 244, 2016, 22
(6):1696-1700.

ZEMEAR RATHL , AR L 55 R Y N 7R BR BF 58 AN ) IS )
AR AL AL WO 1 P i S IR RN [T MY E SRS
AE KL 24 ,2017,23(5) :1199-1206.

Root traits as drivers of ecosystem processes [ J]. Trends in
Ecology and Evolution,2014,29(12) :692-699.

Reich P B, Cornelissen H. The world-wide ‘fast-slow’
plant economics spectrum: A traits manifesto [ J].
Journal of Ecology,2014,102(2):275-301.

BB KRR RIE A4 5 7= 4 | BB B SR 43 )
WA B K FR LT A E AR R, 2011,44(1) £ 36-46.
FREREIDEM EHERRRE LEBESAS
8] 43413 W) G BE X 7K Ak B o g [T ] o el B A
2017,50(11):2166-2178.

TR A L T T L S TR R AR AR X R OK
BRI S A AR ] A E R 5 R =R,
2018,24(4) :880-887.

Einsmann ] C, Jones R H, Pu M, et al. Nutrient foraging
traits in 10 co-occurring plant species of contrasting life
forms [J].Journal of Ecology.1999,87:609-619.

BEIK AT, R A5 58 T, 45 KT — R A B R X AN TR] AR
A DR Bl S AR A e s [T, b AR A RO AR
2014,22(11):1281-1288.

M8 GO, SibR , 457 % 0 J2 3 T T I 8 S A B IR
BEARALLT T HEME LB TR 2741 . 2021, 39(6) :615-621.
M SR K B — R A X B A Bt S ek
AR L. b B A Al 2 4, 2015, 23 (11D
1377-1383.



