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Abstract: With respect to the unreasonable application of phosphorus fertilizer in Yellow Irrigation Area of
Ningxia, we set up field trials in the irrigation area in order to determine suitable application of phosphorus in
rice production in Yellow Irrigation Area of Ningxia. The rice variety ‘Jie No. 3’ was used as the test material,
and a single factor random group test design experiment was conducted to examine the impact of P application
rates (0, 75, 150, 225 kg/hm®) on grain yield, the accumulation of NO; -N and NH; -N, as well as N and P
uptake and utilization of rice. The results showed that, compared with the no application of P, all treatments
with P application increased the spike number, kernels per spike and seed setting rate of rice, which signifi-
cantly increased the grain yield of rice. The grain yield under treatment of 150 kg/hm® P application rate was
higher than that of other P application treatments, which had the highest rice yield of 7 593. 11 kg/hm?*, and
production increase rate of 36.12%. P fertilization reduced the total accumulation of NO; -N and NH, -N in

0—100 cm soil layers. In addition, P application increased N and P uptake of rice at different growth stages,
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especially for 150 kg/hm” P application treatment. With the P application of 150 kg/hm”, the N uptake

efficiencies and N harvest indices of rice were relatively higher. P application decreased the P grain produc-

tion efficiencies and P uptake efficiencies, while the maximum of P harvest index was observed at the P appli-

cation of 150 kg/hm?®. In conclusion, phosphorus fertilizer significantly improved the yield, nitrogen and

phosphorus absorption and utilization efficiency of rice in the Yellow River irrigation area of Ningxia. The

suitable phosphorus application was 150 kg/hm?* in the region.

Keywords: phosphorus fertilization; Ningxia Yellow River irrigation region; rice yield; nitrogen uptake and

utilization; phosphorus uptake and utilization

TG DX TR P AL AR R e DR
TP REC L A BEBE AR 9 697 ho” L KR 2% IX
EEMREEYY . BERME KR E KL E T A
REEIRICR Z— B W R AR R0 1)
M MACR) Y R G 7= ) B 4 5 LR P 2 DR IE K i 43 B
B AH R R i A T B AR R T
BEABA Y[R p 5% 231 FH 3 [ 5% B Wl 3R Bl A2 O
LRI KR s B IR AL AR R Hageit, 7 ] HE
DX PRI 5 2 T 240 ke/ ™), H 150 A
PR REBEAC AR A 4. 2965, At @ AT 1 & 22t
IR DX R 55 77 7 20 e R O . AR L Sl R
B MUK R AR R T X720 B 2R B I i AL 2 4
e KRR 7 MR R AR B B A . A DPFE R I
KRR AR AL 5 00 5 i 5 BT B AR G . &
St 90 T LA 2 o A R 1 7 Al R R AR
T35 BB SWEIL 4 22 FAE B NL POIE BE it $2 5 1
JK RS FE AR RL ™ dt [6) (2 #F T b &8 NORI PRy
W Wi SR AR, Y B £ A i AR 4 e A T 4
Vet FLit B AE A AR AR T BF )2 L S A
KPR L KR X TR B . B AR 1
AR BB L 1000 kg/hm”, i & B B A it A
TIEMERR AN 220 kg/hm* . i EEY
X G R 0 ) WS v IR AR P 28R il b SR 4y
e - b i B BR DA G I 1 398 R0 5 43 1 3L K O T D
AT RARWFIE -V Z 0Tl T i HE Xk 7K A
Fr W AR U AR A 52 0 LK Bk B AKX R
B RAM- 0 TR R SHE I A A AR AR
SERHEAT T OUIE A R AR R TR R AR A A R A
AR R . HAT 2 AU B A
TiC 5 i FH X A RS 7 ek il R AR ) P 2003 1) i 7 T 3
AT T WS TIAE T 5 B DX B K A AR AR AR
B 2R IR MACAM) AR 3R ) R ) 7 T F) BIE S AR R 80 L AN )
TR B R VR M A TR W U I R SN 25 R
HUEE T I R AR P e AR /N B AR e AR A P X
JKAE NP A= 7 30U be i) L o0 3 R T 3R DL R g
THT A J5T 2 R A ML A 2 ik B R AR T T Y R G A I

AARF LD o A 3G 3 % 77 B 5 | B XA [a] it #86 7K F-
TOKAE A AR B KR URT B W A 5 A kR DA
KA A B S AT S . B T G B
DX 7K A 5 A 5 38 it P A B A 4l
1 BRHSJ5%
1.1 X5 #h Lo

5 XA T 77 52 75 4 e Tl KL R %58 37 (106°16'E,
38°8'N) LIk 1 697~2 633 m, & T iR T 25X,
AES K B R 180~220 mm, 4FI 7% K 1 500 mm £
A A BRI 512, 20 k] /em’, H BEETEK 2 322, 3 h,oF
PR 8. 3°CLICRRI 145 d. SRR Ay B Fr s 78 A%
DA HENER -, I pH (R 8. 45, 28k & & 1. 14
g/ kgAML & it 14. 20 g/kg, 2R & & 0. 85 g/kg, i
fife A i 58. 70 mg/ kg, B & & 14. 70 mg/kg, AL
#Er 121,50 mg/kg.
1.2 RIigit

I LY 3 57 A RL, SR /N I g it
FEME R PR Z L & N4620) L CRlAk B, & K. O 607019
LBl FE 4 AN (P, O) K-, 43 3118 :0,75,150, 225
kg/hm® 3 4 AV BEEREBE, AT Py o Prs s Prsg s Poos RIR . B
AMEPRE S 3 U i 12 AN A/ I 40 m?
(10 mX4 m) REHEHLX A HES] . /MK R 33 em = 1Y
BRI A B T O T b ST HEE O, AR B A e s I Im
13 cm, LABJ/NDX 8] B 7K B8 K L 53 00 45 98 A 5c 42 151 4
BRI B, KR T 2014 48 4 F 20 HEERHL,9 H 30 H
Wk AW 163 d. AN /DIXBEE AL 60 keg/hm® A
it 270 kg/hm® , Ho e, B AR AE AT 55 Y0 Y 000 22 it
28 Y0 F 17 U6 1 IR 43 3 6 7K R 11 4 BE B A0 2 Al it
Ao FENE T KR R AT — KUt S AR RIE A 5 em
(12 v, 43 BE AT BRI SR A6 0 77 =X . KR 1) e
7 AR BN CAG R, 46 BATHE 30 em, BREE 10 cm,
5 Ab P () 457 2R 38 e IR R % B R SR R AT
1.3 HmXRE&E

A3 2014 4F 6 A 10 HAKFE/rBE#A.7 A 9 H
WA .8 H 26 HIMAEH .9 H 30 H R T -



5% 2 3

IERAFAF BT T RG] M DOK R ™ RO B R R B R R 51

AR RAE AN S AN EE . FE KRR %
BA/INX 60 7K R TS T AR A R AR AR i F- 1
FHBUBURE R AR BRSNS 9, 25 2 OB B 25 50K T
r A 7 A DR 3R MR R 78 SEAE O B I /N X ERAT
S 5 [ A B 20 em A+ 2 — )2, R4 0100 cm
A2 R AL B/ NX IR 3 AN A,
1.4 MEFHEMITE

VG AE YRR S 43 S oFFRLRE & 5 25 b AR 5, 105C R
T 0.5 h ZJF7E 80°C LT, il & T4 i i 5 ¥ A AT
Ykt ot 60 B, H,SO,—H, 0, &5 FHELIKE
ROLDE MY 4 A S & NaOH B —50 86 bt 1L @
P E A A L KRR A E T B B E KA K
TJE ik 100 B, F 3 350 AR s S A
AR et

72 F5 43 R R B A A F .
B W AT e = AU T ) BT R i AT R B £ /1000
TCE AR PR AR = KR i /AR MR T 2R RO
JCR W ROR = MR T R R I /A TR =
TCRBFRE=APRT R MR/ Rt R < 10076
A Al A= 7 7 = T Wl b 7 o /i AT
Tt JIES ) ) 238 = (it ot A 80 A PR AR — A il ol o) TR
AR T A ) /it A B AT 3 < 100 %%
Tl IO 2% F1) 236 = il Ml Ak B 2 35 7 i — AN il Al o TR

25D /i A BE N
1.5 #HiEsE

FIH Excel 2003 1 SPSS 19. 0 X St vt 74511
SrHr . SR B R 287 229307 (one-way ANOVA) Flife /N i
20 (LSD) #F A7 22 S b 38 PhAGE 500 5 38 ok A DGV 23 By
FIRLA 2RO R 25 0 B 8 br A A OCRR B . TR 3R 19 1
VYERH Origin 9. 0 F1 Excel 2003 {443 ,

2 g5 aPr

2.1 AEBEEKEIKTF=ERBHERN A RKYEN

H 2% 1 AT UL, 76 5t 45 0 T /K RS A AR RURF B i
P4 0 2 B, B PR 4 Bk 5 278, 0~ 8 362. 0,
1 659.0~2 742.0 kg/hm’ . 5 P, ZbBRAHLE J7E Prs WPy »
Pos ROFR T 7K e AF R 1) 1 7= 3243 1) o 25, 5%0,36. 126
27.7% o M= IA I BT s Prs s Prso » Poos A0 PR R /K A5 A
B R, TR E SR B KT P 48, H
A TR B AR LL 7K R BRI A A0 25, T T L 45 R
FR Fee KA M BRAE Pro AL BR B /IME X I BLAE Pos Ab 2R,
25 e b A L 8 AR 2 7 ) Rl IE ) 3R 04 A5 b
Wi it ol ek 184 o 2 G S PR AR A B B R BLAE Pos
AbBE 45 82. 4 kg/kg. 14. 0% ; s AR 4 2% F F &
() 5 KB BRAE Poso A0 3R, Oy 18, 3 kg/kg, @ AL A 2%
I 28 0 SR /MBS BRAE Poos KB B

F1 TEEHKENKESERBHER ARENZN

TbR = 8 R & T/ (52 Yiv 0 THEe B3k BERL O ™ ) BENCAR AR/ BRI/
(10°kg + hm?)  (kg*hm %) (Jjf « hm %) Chi /B % (kg + kg™ 1) (kg+ kg™ 1) (kg+ kg™ )
P, 12.2£0.41a  4850.7454,65a 23.27£0.42a 97.5+0.91a 24,470, 21a 72.0%2. 24a
P;s 17.5£0.58b  6176.64118.75b 28.8+0.40b  102.9+£1.15b 24,340, 13a 74,241, 44ab  82.4%1.58¢c 17.7£2.19b 14.0£1. 24b
Piso 20.6%0.50d 7593.1£78.58c 31.2%0.44d 107.9+£2.23¢ 25.040. 38b 79.941.10c 50,640, 52b 18.340.89b 13.5+1.84b
Pyys  18.7£1.07c  6711.3£120.37b 29.340.51c  105.4%1.16bc  24.5%0.16a 76.441.88b 29.540.53a 7.6+0.59% 5.840.96a
2« 6] 5 A ) 5 3R b 3R] 22 7 Wi 35 (p<<0.. 05),
2.2 AREBEPEKEXKFER RS F A ZE MG AEW MR AR BRI R R . KBERERE

AN [l B K SF- K RS 7E 45 A2 B T M B 43 1 A
F M B LR R R WL 2% 2, K TRl K O R KA
Mo o AR R AR A R R A K 2 R
B8 A i R 4 A e Al B [ KR
Hiu b3 0 22 W L SR AT K T A AR BEI Y 0. 63 %%
K- B 4 e 2 A 72, 35% . 5 R e il b 3 AR
L (P ) o Jiti B Ab B Prs  Prso s Poos T K RS 7E H T 2
PR R W B T 220 13%, 28. 58%,
26.73% . KAERR T ZEHC 2 B i wh ab HE T AR
WA e i I A it Ak L I S it R A 1,
FAEE WM 1A A AR R A 2 R R s
BRI A, S5 KA BAE Poso KRB A [ i 9 7K 7
T KRR AR B 2 W R AR BT AR A AR

TR R AE A e Wl A R G 2R R AR AL
RN AR 15 B A8 fb K BN R P, >
P, >P,,, >P,,

W 3 TR - AN [R) it i 7K P 7K e i 38 43l 26 I
Wi AR Bt 25 A I A HE K 2 B i R A de K (E
o+ BT il e 2 0 T KRR b 43 2 Wk
Pl ST DA M B 2R 0 BEIDI I 0. 32 Y048 K B b B
Wit 73.61% . 5 AT AL B AR H L Prs  Prsg s Pos &b
B KRS 7 b 7 2 A 3R A L R A3 s T
2.57%,3.11%,3.97% . 7EH T 205 K FE#E R
I ALk A b B T % ) e S S RN ) e L h
KA S BRAE Poos b B 5 D53 BE 22 B2 B 25 it 0
V1R 385 o0 7K R 8 25 R A 2 SR B N R B AR B L B K



52 | N S &

% 26 %

{E 1 BUTE P Ab B dRe /M BRAE Py AR BR. Bl 45 e
ek 18 B0 7 RS W98 A 7 AR R Rl R M R R B

2 e I P B T Wl 2 ACHR i K I A it s £ 179 7 AR A
KRBT K Prsg=>Prs =Py >D,

R2 TEEHKENKBEZRESHAREN I

in BB/ (kg bm %) RERMILE/ ) ERSa ST FYUCE TR FC
WE-AEH  E-RTH R-MEN ME-AR BERER AERNE KRR BRI ek Geekgh) BB
Do 07520072 1025215 238328 63482249 0.69£0.07  19.30L56b  22.0443.28b  56.2722.4la  AL2ELTa A0.11£0.98 406723310
P LOE0.05  25.63%232b 19.50x3.15 103502242 0.69%0.05  17.38%L.66b 13202182  66.720.19 AL27£3.9%  55.46EL5Ib  52.393.06
Piso  L2AE0.0le  20.64£2.20b  20.36£L05b 120.20£1.08d  0.6820.0la  15.48%£0.35  1LA9E0.67  T235%L0le  (2.53%Llla  66.13%0.52d 52502233
Ppos  0.96£0.020  25.56L31b  18.08£1.00a 1IL31Z0.91c  0.63£0.022  16,4320.86 1L72£130a  TL31Z0.4%  40.90%L 4%  5T.76£0.%6c  50.40£2.2%
R3 TEEBKTEXKEEER RS F B E R 0E
e iR (kg hm ) RERHE REEFHE BERMIE REAE
WE—ARN  ARHTH RTHEN MERRE RERER REREE R HEN MR ek GekeH B
Po 0.09%0.01a  3,97£0.060  3.01£0.26a 17184065  0.39£0.020  16.38+0.53b  12.4320.1%  70.80%1.6la  107.22£2.55b - {1.48£2.0%
Prs  0.13£0.000  456£0.080  4.81%0.21b  25.23£L3b  0.370.03b 13 ML0.67a  13.8620.80bc 7L62EL3Tab 1TT.65E8.97  6.30xL70c  50.490.82
Piso 0142001 55040150 6.3720.08  324920.41d  0.3220.02%  123520.2%2  1L320.25  T3.00:0.22b  170.64£254  20.67£0.30b  53.04£10Me
Py O.ITE0.01d 4934003 47520040 2.4720.25c 0452002 13.22£0.00  12.72+0.08b  73.61x0.17b  170.93%0.6la  16.58%0.13  49.0020.0%b

2.3 AEBEKERTIESNET RRZRHOEIE
Bl 1 AN [R] it il /K 7 T KR AE 0—100 em 2 h
ISR G R MESA S &, NFEE#EACET 15
B AR R B o RV A R it 1 A8 A L 43 0l o 2. 97 ~
15.43.,0. 36~2. 02 mg/kg. B T /K6 IR S A & 2
P b P 40—60 cm +J2 5 F 2040 em +)2 .+
S AT RAE P LB R 4060 em L2 B EH T

LRI N B 12U BRI w3 B . 70—
40 em - J2 A SR A R B i I A it Wl e 1 1 i
I B KA BRAE Py A0 FE7E 40—100 em + 2, 1
MEAE TR KEZ B P, B, i /MAZ
BAE Prso Ab 2R, HIEES A & & M ZEAE 0—40 cm
+ 2 AR BN T S Py = Pays =>Pos = Puso 5 T 1E
40—100 ecm H 29, FEE S A S E N R KEZ H

2040 cm L2, FIEAHA A S B S A 2L IUAE Poos AL B, fe/IMH 22 1 AR Prsp A0 FE
16 F Be
}4‘) 14 1 Ac Ad Ad
wl2 b Dd
& )
ml%10 - N cd -
a ol —BCb % 7 A Cb
Z 6
| Ca [ - -
) 4r ik i ok . -
2 r E n E n
0 - = :III:I St
PO P75 P150
i #
Dd
~20 F
=]
fd Dc
o0 5 F
® 1.
< )
41 1.0 [ Bd p.
Z| - Ba
E’ 05 ¢ . -
0 :I:I:I ] :I:III
PO P225
i
+TEHE/om B 0—20 20—40 40—60 [ 60—8o 80—100

T AR /NG 5 B R R R AL B ] 32 R TR p<<0. 05 K b2 57 W 3 AR RS 5 B R R A R b LR 12 JR 78 p<0. 05 K B2 3.
1 FEEBHKENABLETRESENHMN



5% 2 3

IERAFAF BT T RG] M DOK R ™ RO B R R B R R 53

NI 2 ] LU HY o AS (6] i s 7K1 4 i 28 A R AR
i VEAS A R AR 1 AR A [ 43 0 R 92, 14 ~120. 46,
8.02~14. 39 kg/hm?,

£ 0—100 cm + )2, ISR B A b
A il Bl 2k P 14 0 I R A R R R AE Py b, A3

140

L

_— =
(=T ]
[T ]

NO,;-NEH &/ (kg » hm?)
3

B A AR AR BN T R B Py > Poys >
P >Pio., BE LJZREMIG N, LM ER ER
SR BRI 2 R AR R BR T
Poys AE IR T 4 18 4 A8 R B PR 1Y B KE HH BLAE 60—
80 cm +JEH,

ST
g [
e -
e 12 |
o 11 |
=~ 10 F
Saf b —
B 3T % ]
B 6 I 1 V] s
i W==N
B 0 v O 5
P75 PISO PZZS
i B
40—60 [m eo—so 80—100

2 AEEHAENAELIEVRERRENZ N

60 -]
o W [ I
20 HHHHH] HHHHH] HHHHH] HHHHH]
P, P, P P
T+ E&E/cm oo 0—20 20—40
3 W

B S b G N S P T K R R A
KRR 25 52 23 RT3 1 KRR PR ™ 8 il vl (2
F 2 T K RERPRLAY P L B 150 ke/hm?® 4b
H(Prso ) T 7K B8 FFORL 7™ B dR s 2 09 B I K P
(Poos ) BEAR 7 /KRG KPR . ASBIFSE v 38 G e I 412
1o 7RO B A S R P 23R it e A T S 3 4R v KA 2 T
Fea, JUH LU B 150 kg/hm® Ab 2R /K ff 48 5 7= &
Feie o (ELBARHE i A 7 g R R HE R 56 B e 9 )
BT REAR R S . 3k 5 AR H o S AL R (14, 70
mg/kg) B AT G . AT it AR AT I 4R
IR A5 A T R R SRR R L i % 150 kg/hm® 4k
PR KR AR WM e v o O XA e 9 T T LU A
HEVEYIRT 3 R Wl AH S S T B K R AR AR
MK R R BB 150 kg/hm® Ab3al i 2%
SR (7 DN E RN Y T g SN
e EFMARERE ., S EY R R
Fy g I 40) AR b 7 TR ORT O A B AL BT AR
SR WA ey 0 ) BLE BV I Lt A E T AR R R R
R e WA T I B ot ILTE B RB I L DT o B T s
JIES Ak 38T A R A 28 ol 0 G 3R A o R S R A
PG, AHTE R . B8 b 0 3 KRS R R A
RO A 45 it Ak PR 22 18] TC 25 22 S T R0 OO
R FMOGRAE B 2 AL 12 55 Th g e BRI py i . it
RIEER TR R AR R R R AR R
T ERFRL R BB A G i AR T R AR
SR N A R R . = BT KRR RCR AR T BRI [
6. 39 i B TR R R O R B IR s e
SLAIE Ry e T S E R - T S G

HAehfifs 150 kg/hm?® kb PR Al 2545 55 5 A & &
W sk e AR IR AR B

B T e 5 N T 0 AR Wk b HE W IR A W i
SR ARHIESE v, KR B 2R W B R O K
SR @H, KRR R R NEFE
B> >, BAE KRR A 30 d DG 8% R R IL
BRI R . VR R W B A I G A Uk
S | oA ol = 1 o ) e Rl L VA el = = ]
FEAE RSP B FIN N TEKEAE
01PN 2 H B AT S T A S Wl R R e
X ] B 5 K R L R A R AR RN A K R B A R OR
A 56t it i IR R it B 150 kg/hm® Ab 3L
AJ 5 B KRS 45 A A R R R . UK
el 28 WO i 37 Ll /K T R 40T e g S T
o A A A ) e B T 0 PR b B b i O
B0 K R BN G AR E L K R IO 2R AR R
{HL v i S B A O VR B v TR K R R
AW RE 702 AR 5 R i i A B4
IR B 2 A 7 AR RN B 2R W WSO 1 R A B R AR Y
AL 1 B i FH R A T K R R R W 3R A
i R A 7= VR B4 B . 16 it Al T AT 8 4R R K RS
Wl B SR 8 B0, EL A i AE 7K T K R 1l 2R 3R 4 B
o3 F AR BEIEE KT W3 5 e 3 o A (g
BEMEAR REEN W+ A RS A2
MW R R W FEERE FlR R pH AR
e AT e e A U i A A DR e AR
M AE HI KR RS A SRR ARk
Filhy 2. 97~15. 43 mg/kg, TIEE S A& &R
Bl 0. 36 ~2. 02 mg/kg, 1 el 245 A 7K Fig
Wi = 0 BRI . AT KEE 0100 em )2



54 /S o T S T

% 26 %

Ha . WAL T REIE ok 5 A AR 2R R AT BT BT e A
F S AU BB DR Uk B A A T 980N 1] R bk
VA T R A A R BUE Y U HAE 40 em LU 22 14
AR R B B FRARY L S S B T
SRERH AL AR TR AR S (LB AT P Ao 2400 o) b S A A 4 1
(o T3 BB S U R AR L DRk KRS - 0—
100 e 2 Hh i 25 580 2R B o B it W k6 o 2 5 IR
JE RS E#E 150 ke/hm® 4b BN /K FH 4 4 B

HREBBR R,
4 4

SmE AL A Eb it w6 10 B R v T K RS AR A
FEORLECRN 28 52 3, JE M2 &5 7 /K R br kL = £, H DAt i
150 kg/hm® AbF(Pys, ) T /KRG KFAE 7= o d5e i » Foe o (LM
7 593. 11 kg/hm’ (7= %y 36.12%) . B T AEMERE IR &b
P BT SR AR S R W I 3 R AR A L it i R
JEHIEH®E 150 kg/hm” Zb3F Al B 4 @K RES 4T
IR PR A 2R A 2R I B o i Al o P 38 K A
REERHER T AL AR W BOSCR A R Wk e
B AR A 5 e T e B AT A 3 s K e e R A 7 R R
Tl 2R WSOk % 1Y) 722 A T o it Tl 348 o b = A IR T
F W AE B e KAE 1 BLAE W 150 kg/hm® Zh 3,
JKFE 0—100 cm + )2 - e & A BB & Rl 5 it
T R AR, e S R R R i o i e b
Jn 52 2 R AIC S 15 G L ia B 150 kg/hm® Zb R
K ISR B E R,

Bk

(1] SRV X Mss. w5 % E RN T H 5] 87 XK
PR AR R R L] MY E 3RS IR 2 R
2015,21(5) :1352-1360.

(2] kWi, 4 5 5. 25 0, 2. Bl 7 =X B 36K 7 B4R
Xof ki A R K R e i MmE R R H B L) FEY E i,
2011,37(8):1423-1431.

(3] >Jomk, 22w A, 00 B, 25 A AL JC AL AR 1 bt %o 5 oK 7= 0 &
R EE R (], A Y 5 5 AR R AR R, 2015,
21(2) :326-335.

(4] KRS,k 8, 5 72, 2. o 4 ik v XK RS 1 kAR % 1)
WFFE[J]. BB RN 4R ,2010,30(8) : 1707-1714.

(5] 0. FIZE 22, J W) 22, 25 S0 A 40 it P 2 o 97 9% 4 /K A
7 KRB BRI SR 2w (). e db el 22 3, 2010, 19
(2).:118-121.

(6] wzd, &5, EAME, 5. KA PLICHLIE B HE X K FE = a5
R A5 m )] 3R, 2014(2) : 314-324.

(7] TAEUE. & 008, T, & %08 B0 HE XS KRS 7= & 5
J R S5y R R B2 L) . Hh KRS B2, 2011, 25

[8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(6):645-653.
TR R IE 22, 492 2 55 i FHBE AR 4 £33 NO,-N 21
rsZ L], R 3% 5 R4 . 2000,6(4) : 397-403.
KB KR ZE R B IE ST F AN E RS
WARRFE R S E BRI T R Xk
MV BFSE ,2009,27(5) 1 30-34.
2, T ACR B, A5 TC 7 i T B i TIE J AS X B 2 A
W M AR = 2 Bk ek i 2 [T ). b [ K R
2% ,2016,30(1) :85-92.
TSFF» 28 M STk, 45, B IRt PR X & /N2 7=t B H R
FA @] A 54, 2015,26(2) :437-442.
XML VPoil , Fe 88, 46, T B A WE K AR AR
e R 25 M AR LT F 54 X Al B 5T, 2016, 34 (1)
140-146.
Fand, R Ak 2 o B Tk [MOL b at s h E R
H AL L 2000.
AT R AR e L 2R TR L 4. i A T v 4 0+ +
AR B 1], 48541 ,2016,53(1) : 271-275.
2 FE S AT L PP AR B KO X R R A
e R gy EA M 02w L1, b AR 2 Rl 2= 4
2013,21(6) :658-665.
X HLF R L 3 S AR L 25 O TRl R RS T
ROV MO TR TE R 58 KU A [T ). A 9 78 5% 5 I kL 2
#2,2016,22(1) :40-47.
BRUGIR , SR B LR 25 Bt X 7 R TR+ 4 i B
KMBENC A 2 0 s ma L], N 4B A5 2% 4, 2016, 27
(2):511-518.
TR XSO L AT AR L A B R AU I K T X R AR
LML w5 HEM A L] R TR 8,
2011,27(8):101-107.
AR A o A PNV, A5 R TR AR TG0 e 5 1 X B ot
INEREW N G5B mT]. 2 B 1EW =ik, 2015,
35(11):1569-1575.
T, PV, TR AR R L A TR N AR IR DT R K S
JIE of A e R 26 W e R R R SE e T ) K R AR R 2R R
2015,29(3) :231-236.
MRim g, J5 i, TR S X 2/ £/ FEERRA R
AR K+ e A/ & =i m )] K 1 R332
#2,2014,28(3):191-196.
e ST TR L B R 35 . AR ME B X R K IR B L R R
S 5 g B A SC R LT . b A AR L 2
#2,2013,21(7) :801-809.
AT BRI ER 28 50 A% » 2408, 55, R A3 A B i 4 X
PR B R W2 m ()], 3%, 2005,42(4)
628-634.
2, TR AR B, A5 TC 7 i AT K T RS X B 2 A
WM AR, P= M2 5 ek i 2 m L) . b K R
B4 ,2016,30(1) :85-92.

(T#% 61 30



76 % T Tl R A AR AR 2R 0] R STl 4 )5 e 61

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

75 30Ty T i B 5 (0] K A AR B 4 . 2013, 33
(6):19-23.

Wang B, Zhang G H, Shi Y Y, et al. Effects of near
soil surface characteristics on the soil detachment
process in a chronological series of vegetation restora-
tion[ J]. Soilence Society of America Journal, 2015,79
(4).1213-1222.

SRR ZEoK B N L 5. A HERT il 2 2 AR 0 R A
MR, Hy 3R 2% 42 . 2001,56(6) :673-681.

WA FR G A, TR UL VL, 55, B RE AR A 0]+ HE Sy B R
Ml I Ry AT ] AR AL A, 2016 (5) :129-137.
Li Z W, Zhang G H. Geng R, et al. Rill erodibility as
influenced by soil and land use in a small watershed of
the Loess Plateau, China[J]. Biosystems Engineering,
2015,129.248-257.

Zhang G H, Tang K, Ren Z, et al. Impact of grass
root mass density on soil detachment capacity by con-
centrated flow on steep slopes[J]. Transactions of the
Asabe, 2013,56(3):927-934.

Baets S D, Poesen J, Gyssels G, et al. Effects of grass
roots on the erodibility of topsoils during concentrated
flow[J]. Geomorphology, 2006,76(1/2):54-67.

B O5 L JHAER L X AL B R BEIX 4 AR T A
R ZR 43 A R AE RS 38 43 B R K S M [T, 7K AR &
2#4%,2017,31(6) : 164-169.

At o o 48 35, X1 ) K L 45 CiteSpace 1 & 3% i 5 32
WIIRELT]. Bhf 2B, 2015,33(2) : 242-253.

FERLBA. i - 9 An vk Tl AR MR R LT ] B
el Bl .2015.43(25) . 71-73.

TG R R (] X - 398 73 8 A e 5 o 1Y i 0 A

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

LT K E PR FE 4R, 2002,16(2) : 1-4.

Zhang G, Liu B, Liu G, et al. Detachment of undis-
turbed soil by shallow flow[]]. Soil Science Society of
America Journal, 2003,67(3).:713-719.

Nearing M A. A process-based soil erosion model for
USDA-water erosion prediction project technology [J].
Trans. Asae, 1989,32(5):1587-1593.
EiHE . REJR . R A K K I S HT R ik A
JIRRMEL) ], 4241 . 2016,53(6) :1389-1398.

Xt o R Rk, A B R T R A B A
HRZR A0 B F1 22 R P50, oK 1 AR 54 412, 2014, 28
(4):66-71.

HILLL IR R AL S P YR R oA i )
FELT]. BEKAL S KRR ,2016,14(5) . 117-123.

TR, 22 KU, IR A L AL K A R R AR R S BT ok Pk RO
WRFELT]. BE A A A2 41 . 2000, 11(3) : 345-348.

XUA MG KR 26 B E P B A M - e X B R A
KRR R 2w L] w0 A4 & 4= #2011, 22
(10):2604-2608.

FMGEE 2 2Rk AR AR RO T R 19 AR R R AT B X
e 58 - PR Mk n 2w [T, Rl % 4z, 2017, 26
(7):45-54.

Bernard Barthes, Eric Roose. Aggregate stability as an
indicator of soil susceptibility to runoff and erosion;
validation at several levels[ J]. Catena, 2002,47(2):
133-149.

XU E W, 2 5. A AR AR 3R R SR R M LR BT Y
(1. K £ A FF2 41, 2003, 17(3) : 34-37.

REMEMY , LD 22754, 55 R DA 2% [ B e ok 1) 24 07 5
HUIRBT T [T ). L A 252417, 2007, 18(4) - 895-904.

(L#%F 54 1)

[25]

[26]

[27]

[28]

IRIGEH L SRIE , 2 R A5 KRR Bl B ORI 3t 1%
FHEATFE k[T ). AR %412 2016, 30(4) :0685-0694.
PRI SR e B A 2 Tl X Sz AR R+ 1 it R
R AR R R i e [T 0. I A 25 24 41, 2016, 27
(2):511-518.

TR LA B L. B D7 =) I A A KRR R
WA TR 2 LT ], VR 924 4, 2008, 34(1) 1 126-132.
FAE PNICHE IR H LS R Ok L AR
Tt 1% 1 X i R o R LT 1. A B 3R A5 IR 2 4R, 2014,

[29]

[30]

[31]

20(6):1368-1377.

Smiciklas K D, Below F E. Role of nitrogen form in
determining yield of field-grown maize[ J]. Crop Sci-
ence, 1992,32(5):1220-1225.

B DS N, 70 B A /N 22 G0 AT 0 T ot %o - A A S 0Ok
WA L] A E AR 5, 2009,42(3) 1 918-925.
U AR R S U L A AN TR it A i X R AR
HFBEAR R AR m T, L5 H.2016.53
(1):177-188.



