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Abstract: In order to explore the effects of land use types with different slope aspects on soil properties, five
land use types (different slope aspect) in Weibei highlands were selected to analyze the differences of soil
physical, chemical and biological properties in different land use types. The results showed that: (1) Soil wa-
ter content, soil total porosity, soil organic matter content, total nitrogen content, microbial biomass carbon
and nitrogen content decreased with the increase of soil depth, soil bulk density was the opposite except soil
pH and particle composition in different land use types. (2)In 0—30 cm soil layer, on the sunny slope, soil
water content, clay content and pH were the highest, while silt and total nitrogen content were the lowest in
farmland; sand and total nitrogen content were the highest, while clay content was the lowest in artificial
grassland; soil total porosity, soil organic matter content, microbial biomass carbon and nitrogen content
were the highest, while soil water content, soil bulk density and pH were the lowest in artificial forest; soil
bulk density and silt content were the highest, while soil total porosity and sand content were the lowest in
natural grassland; soil organic matter content, microbial biomass carbon and nitrogen content were the low-

est in abandoned farmland. On the shady slope, soil water content, silt content and pH were the highest,
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while clay content and total nitrogen content were the lowest in farmland; soil bulk density, clay content and
microbial biomass nitrogen content were the highest, while soil total porosity, silt, sand and soil organic
matter content were the lowest in artificial grassland; soil organic matter content and microbial biomass car-
bon content were the highest in artificial forest; soil total porosity, sand and total nitrogen content were the
highest, while soil bulk density and pH were the lowest in natural grassland; soil water content, microbial
biomass carbon and nitrogen content were the lowest in abandoned farmland. (3) Among the 5 types of land
use, soil bulk density, fine clay, coarse clay, fine silt, coarse sand, soil pH, soil organic matter content (ex-
cept abandoned farmland) of sunny slope were higher than those of shady slope. Soil water content (except
abandoned farmland and farmland) , soil total porosity, the coarse silt, fine sand, soil texture coarsening de-

grees, soil total nitrogen content (except artificial grassland), soil microbial biomass carbon and nitrogen

content of shady slope were higher than those of sunny slope.

Keywords: Weibei highlands; slope aspect; land use types; soil properties
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FIH KR LA KRR N FL_S> AG_S >

AL_S>NG_S>AF_S,

B3 B AL_N b, Hofth + 3t A1) B 25 A0 + 3% pH Bt
2R B 0 2 e S G . 4 pH
7.38~8.42, & A AR LA R IH FLLN>AG_
N>AL_N> AF_N>NG_N, X T FH 3% . B 3% &
- 4 2R 1 pH WA

®3 FEHEME LA ALE L pH

0—10 cm 10—20 cm 20—30 cm
RS LR Vi
- W3 S B3N Pk S B N P S BIY N
THE BREJY O VHE BRFR/ O FHE ERAR/ PHE BERER/Y OTHE BRFR/ O TFHE EREE/ K
AF 7.41 0.02 7.62 0.03 7.31 0.02 7.21 0.03 7.12 0.05 7.51 0.03
AG 8.21 0.03 8.52 0.02 8.61 0.01 7.92 0.03 8.31 0.03 8.52 0.02
NG 7.61 0.02 7.41 0.02 7.92 0.03 7.31 0.02 7.42 0.01 7.41 0.03
FL 8.72 0.04 8.41 0.05 8.52 0. 04 8.32 0.05 8.42 0.06 8.52 0.01
AL 8.32 0.03 8.12 0.02 8.23 0.01 8.22 0.03 8.11 0.03 8.21 0.01

2.2.2 EX¥EAMAE WE 4 AEL A 0—30 em
JZ B AL_S FEHb A 2 3 A LT RE + )2 B8 B JC B g AR
FRAh  Hopth 4 b A ORI FH S 78 4 A L 5 Bl 1 2R
JE G EE AT b A [] 1) IS B 4% J2 (]l /b 1) 22 R

A AR SR B AR R I AF_S(23. 94 g/kg) >
NG_S>AG_S>FL_S>AL_S(20. 41 g/kg). 0—10 cm
+J2,AF_S=NG_S>AG_S=FL_S>AL_S, 1 ,AF_S
5 NG SZW.AG S 5 FL_SzZH¥ Ll EEER.H
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P T AL_S;10—20 em 12, AF_S=NG_S=AG_
S=FL_S=AL_S.AF_S 5 NG_S Z i} [NG_S,AG_S 5
FL_SZ LK AG_S.FL_S 5 AL_S Z ¥ 5 E
P25 520—30 ecm + 2, AF_S>NG_S>FL_S=AL
_S=AG_S,AF_S 5 NG_S +HANE TR Em
T H A 3 A A bR 2SR (P<C0. 05),

B3 0—30 em 4 2, M L RUEE 1.5 Fh = F1) FH 2
U S S| Wil o i = N - 0 | WTIT £ (3
BRI RPEE AR RIS AF_N(23. 55 g/kg) >

NG_N>AL_N>FL_N>AG_N(19. 94 g/kg). 0—10 cm
+J2.AF_N=NG_N=AL_N=FL_N=AG_N, H,
AF_N 5FL_N,AG_N 25 g 2 , Al 4 = [8] 3 6 8
PR 10— 20 em 2. AF_N>AL_N= NG_N >
FL_N=AG_N,H s NG_N 5 AL_N Z Ji] .FL_N
5 AG_N Z a1 ¥ 06 i # P22 5320 —30 cm 1 )2,
AF_N=AL_N=NG_N=FL_N=AG_N, H# AG_N,
FL_N 5 AF_N.AL_N Z |2 % 3 % ,NG_N 5

AF_N zZ 25 5%,

00 A 0—10cm B 10—20cm B 20—30cm O F#HE
‘a0 c bp
n b ab i = Ry abap abab pe
;320 L 7z fl_-m = > ;a EEEEE :P;a - =St ab__ ::-ETE
i hitE = =] Al A = )
4 St = = 1 ;: - i
i< St = £ a -: = =i
20 L B = S 3 = i
m 10 1 = = il ! 2 -1
B SH = = S ! = i
+H 1 E = Tl = = g il
0 7L I = 1 =5 1 B T = L s S HE
AG_S NG_S AL_S AF N AG N FL_N AL N
TR 2R
4 FRKEHTHIALXBRIEENRSE
2.2.3 E3EAR HES ML HEYE 0—30 em 12,5 AF_S Z[A \AF_S,NG_S 5 AL_S Z [l K NG_S,AL_

T - bR RS AN 4 0 e B 1 2 R B 3 n
AN [RVFE B A . ISR & &R 0.52~0. 76 g/kg,
SRR 2 A TR A S BRI E R AZ Iy AG_S
>AF_S>NG_S>AL_S>FL_S, +HE4% &R
TR EAFAEZER,0—10 em +)2.AG_S=FL_S=AF_S
=NG_S=AL_S, HH AG_S 5 NG_S,AL_S Z i % %
9 A 2 [A]34 JC 25 55 10— 20 em 12,
AG_S=AF_S=NG_S=AL_S=FL_S, 1 AG_S 5

S 5 FL_S Z[EHTREM2ER;20—30 ecm 1 2,AG
_S=AF_S>NG_S=AL_S>FL_S,FL_S B Z{%k T
HoAth 4 Ff A+ o F) 280

Bk 0—30 em £+ 2,5 B+ MR FH2E AT + 5845
TR Z R AR RS . 5 A b A RS +
B AR E N 0.67 g/ke. & TR0 61 g/ke) .
LAY 5 A SRR 0—30 em 45 2 B2 A&
HEATC 0 E M2 R PR 0. 63~0. 72 g/ke.

AI'O [ 0—100m B 10—20cm El 20—30cm O M
0.8 | . ab
R cip = me B B R AT
& ! 1 ?E - ? = = = -+ it
® 04 & %E % =i St 3
§§ ! = %E % I = af S
W02 B R (B g T =cHl SRl c=il st
E 1 E: EE 1 /E . 1 1 / 1 EE E: 1 :E :E 1 :E E: 1 EE :E 1 EEE J
° AG.S  NG_S ALS AFN AGN NGN FLN  ALN
R T

BS5 AEEEIMAAEBLTEETRE

2.3 AEHE T F FHEBR T IEME RN
2.3.1 xEmAHmEam mE 6 M HYE S F L
RIS A 4 558 2R ) = i 7 1 X BE T )R TR Y
RS . #E 0—30 em + )2, AW & ik & = A
AT A R T AAEERRY ES. RAN
AF_S(47. 60 mg/kg) >AG_S>FL_S>NG_S>AL_S
(5.77 mg/kg) , X4 )2 A W) &0k % .0 —10 em +

2 AF_S>AG_S>FIL_S>NG_S>AL_S, + B LW
WS B AE 5 Fb 4 MR ISR 225 57 1 3 (P<<0. 05)
10—20 cm £ )2, AF_S 3 HUE Yy ik & & B 2w T
il 4 FhAITIZER L AG_S 5 FL_S Z [ . NG_S 5 AL_S
ZE¥ IR FEM,E2EH;20—30 cm + 2. AF_S>
FL_S>NG_S=AG_S>AL_S.NG_S 5 AG_S Z i
TREEES.
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e R L BASE 5 AR 2R AR IR G
SRR B R BB R B B AR . A 0—30 cm
T )2 BIEMAE Y RS R RIS AF_N(63. 09 mg/
kg) >FL_N>AG_N>NG_N>AL_N(24. 20 mg/
kg), H$10—10 cm +)2,AF_N>FL_N=AG_N>

10—20 em + 2. AF_N>FL_N>AG_N>NG_N=
AL_N,NG_N 5 AL_N Z 8] J& g # M2 H 20— 30
em 12, AF_ N 5 AL_N M4 ERS BT E
T H A 3 A A AL (P<<0. 05), & FL 20— 30
em £ 240, Hofth - b R A% + 2 HHERUE Y &

NG_N>AL_N,FL_N 5 AG_N Z it #2245 T 5 35 R BB T PR3
120

o 0—10 cm B 10—20cm d

g0 | Bl 20—30cm O FHE 7

£

&

w [ d e

R ¢ =

§ 30 f b L = _

+H 2 b :EE 2a, E: E_a_

0 1 = ': 1 = W1 Wﬁ?‘"ﬂ 1 - 1 1 1 E-1 ]
NG_S FL_S AL S AF N NG N FL N
TR KA

B6 FARKELMARLMIENENERSE

2.3.2 XEmAMHER HE 7O, HPE 0—30 cm
26 FL_S 4b. HoAth 4 Fb 4 R B 26 80 + 3304
Ao bl - 2R B B34 I B AR, A A 4 R FH 26
BT LAY R A BAEERKRES . RIN AF_S
(28.94 mg/kg) >FL_S>AG_S>NG_S>AL_S(6. 06
mg/kg), 0—10 em +J2.AF_S 5 AG_S ¥t
WA S A, B E S T AR 2R A (P<C0. 05),
HoHM2SAE%E;10—20 cm +)2.FL_S + 1
A R & R85 37. 11 mg/kg, HAE 3 )2
WA CR 20— 30 em +J2.FL_S>AF_S>
AG_S>NG_S>AL_S, AR A 2SR ] 22 57 3% .
B3 5 Fp A SR e B A S B
Bifi 2 VR B G B4 I AR, 0—30 em 2. R

EWe A 5 E N AG_N(34. 00 mg/kg) >AF_N>
FL_N>NG_N>AL_N(21. 30 mg/kg). 5 Fl + b7
FHARBK R Z A E R EE 2R, P 0—10
em +)2,AF_N 5 AG_N +HifAYRA S8 L E
A 3 R AR A ;10—20 em + 2, FL_N
- HERAE W R A B I T A - R 2R
AL AL_N 88 60E 9 8 & i 0 35K T HoAth 4
Fb A H R 267, AF_N.AG_N 5 NG_N 2 [a] JC i
EM2E320—30 om +)2,AF_N 5 AG_N + 14
WA SRR E R T HA 3 A AL, AGNG LU
K AL 3 Fh L MR A H A Y R A SR A 2
MBS TR . 5 AR AR R 0—30 em )2
TR O B 2 I B AR T BB

:‘\60 [ 0—10cm B 10—20cm c
e B 20—30cm O Pl % o
. b
540 B d [
Z ]
®
g i
St E
= E
® = 24 s
H g =i -
0 —] 1 1 1 1 i L 1 1 J
AF_S AL_S AF_N
TR AR
B7 AEFEETHAARBELERENERSE
3 i DEX £ ST L M S EER: £ 98 L

A B3R 1) 1 3t F) PR 38 B % £ 458 490 3 1k Y 22 i
3t ) P 2JS TR 52 ) - 48 2 T Y B i L P T )
THER WMDY . ORI R R — KRR
e SR S B DR T o M AR G v ) T AR T ER
AR N R A A K A DL XA S R G
AHETEMmW Y ARWEFE N [F] L )2 R

3.1

T A 4 b R 2B R R SR DA D A
R PRV 0 A I 2 X B o UK o 11 T AR A
A AT B B Y A KT AT AT
M L R AR o 8 KR BH IR T B 3 X ORI
(RPN R TR N = w7/ B iy R S B 1 D)
BT AR M AR B AR S X T RE 2 R BH D A
H 3R I AR A S5 R0 L RIS L5 R 1 A
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AR IS KEAARER N EERTFFE . X5
FEAF A S AL B MR 2R o0 A SRR KRR P 28 VAR G
- 42 T LG L R R R R AT A M 3 BT )
Bhm s HR/NE 8 b A AL B i S g S A
FEUIRAOC, 1 Hb R FH S AL 2 52 ) - 39 25 o R0 S L B 3
MELNERZ —., PR X N T + 35 &
I s A0 AL B R R e s KR R A N TR L Sy A
20 AR IR AR, LR R R R A 00 08 95 Al R g
AL AR R T A A 1 g B T, ) A0 K )N
() 1 e 75 H A K B R HE AL RN . 5 Ak AN ]
A 2+ A T SR 2B = TR, L2
MFTFZE HEOALBRES Z MR X5 3K &
PR hE A b A Ch TR P AR R A A OG
WX 0—30 em +J2 .5 Fp -+ HF| 2SR R My ks &
Tt » HORDESRI AR 5 R (CV) /0N, U B HLAE 1 4
RSB TRE . ANEHAHER TR ,0—30 cm +
JE IR RL e g 53X ] R R IR B Az N R
BHRYRZ AL /N » B A P Bl R 7 B ARG, AR XA /)N
AR R R i N TR b R L X Al
AE55 78 A 2R 0] - HE A SR A g 6 45 1 FH LA B 4 b A
J5 20 505 Bl ORI FH S A A SR AN R i R
Wk E i AR R BT W RZ OKE, X2
DAL kg 0 88 A AR A R AR 38 /D 7E 4 385 1f vh 45 5 Bifi
FEREKANB SN LT IZBsh . M 4 R 2%
RIS, a5 & B R 22 B0 Sk BH 3 << B, + HE A
R AE S . X PTRE & N o R IEA AL S LR A&
TSR S U OET AR g L BH A AL R
T B3 B LA A & 1 3 30 Sk BH3E /N T B 3%
3.2 FAEKE A AR TEAXFHFENZ D
ARAFFEH,0—30 em )25 Fh A H AT
A I A48 pH e 23X R R R VR B B E (45 -
FeA P MBS FE T 2 Ao ™ A 0 25 Rl A LR
Oy E AR HT il M st G o . T BH 3 L TARCHb
pH Ffik, 3 & B A TMOHE 25 77 2E 38 2 0 b R 9%
W FE 43 fff Ao B o ) - B RE A LR . A T i 4 1
pH B B 42 G, N Topk A T8
M43 pH B ARTE s HoAth 3 b A R FH 2 70 ) 5 B
Sl e o A B T e S PIAR &R TRk £ 5 XA
YRGS A K. J3hh, 185 pH SRR I BISAL T
FH 35, AT fig 2 PR Sk 9 39 08 B2 5 BH 3 A0, 1= S8 ™ Ak o 32
VR - T 530+ 1€ pH FRAIC.
AN]SR A ML & B B 2
S RBF A TN TR A LR A R e . X
SN AR R B R VR W DA B s rp L B i T - 4
AN AR B AR SRR N
FH 3 AIG F B 31, At 4 Fb 4= Mo 1) 26 A9 AR =2 5 X /2
PR A 1R B b b 26 B 6 , PRI OGRS R 47 28 R K
G KRR, R A T A LY T

R EE IR N 3 B ML S BT Y. A
TR N T b AR AR M BH 35 ) 08 VR 0 VH AR
KA TR R 2, AL S .
A FH b A 9 6 K BH 3™ 5 8 T B3 . B OK 77 H A
HRAR MR IF IR m A K, SBCE LR & & T, 5
P - R R A G AL & B A B BN R Z &
TR )Z JKJZE X AT B o 1 38 2 W R AL 75 4
BMAFE MERZAVE SRR, MIEREE)Z
2 MR R W I AL/ R B FR)E IR )E A LR
FEINTREZ,

ARIFFEH,0—30 em + )2, BB T B H + 398 4
i XN T BRI G AR A O ok
YEPI R ICE TR R R H e, R I e/ &
e BRA TR LIS  FOA 4 A FH 2 A 3 0
SN I 0 v BH B 5 PR A B 4 3 4 A7 O R A
5 AT B ZE W R A, K 4378 R A R B - K A K
Bk PR K 2 0E MR e R R R AR T+
AR 5 IR, PH 33 1 5 20 5 e 98 5 AT 4 5 R
JE T AR T L EOR HS S A E R B
B, SR AR IR S E RN
KEGTURZIJEE. — g5 A LHEE
R AE YRR ) B e R G, S — Al BE S
K o 8 B BHE 7 SR 2R A K
3.3 AR E TR SERIRT + ERE YR

TR AEY R AS RGN E ARG  ME N E
TR B A R R ) T H ) 52 A MR B R
M) S B A 4 B B T A ) B B AR5
H,0—30 em 2 A T ML + 48 MBC & & e & - Ul
BAE A 5 X, N TRRHE B A ) F 3 3 A W e e 1
B X 0] Be 5 000 MR A AR K Ak i v bR H 0 5 4 o3 il
A W AR O i R Bk Y £ 5 MIBC I
MBN & & & fll. Al Re 2 Ky BF IR e 5 . A S R 4
1) FF T30 00 JBT A0 B 485 A e A8 Sy = DA sl > 3 P ) T 9
IG5 R HAE B 5 FE PRI R IR B AE R RGP Y
AR V6 W R SR T R AR BT D A R ) e D
FVRR BFAS , AT 52 8 18 MBC A1 MBC & & 5 Ik .

AHFFE L5 Fl A H R 2 A 4 18 MBC #1 MBN
TERHEFNN LEST R X T RZE R
5 RN AIAR A ) SR 2 MR L B G SR 1
WAL, T BT T T G i L (R A A R A R b 3 VR
(1) 4 fide B 8 L I Ak IR B R ) R 2R L (o 3R 2 £ 3
AR E YRR S B e T L AN PR 3 MBC
1 MBN 5 s Y408 F [ 33, 33 ] 68 2 PR oy BH 3 6 R o 5
K HHERE B, 28 4 K, S KRR, SR M 5
M) - S G2 A ) A K BB AN B SR ) SR
4 %%

(1)0—30 em + 2.5 F - Mo F| IS AR 485
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7K B Ay BH A P b B e o N T AR S B A1, B 3 AR
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S SORE 20 18 R B B v BB 7 1 3 0k o

(¥ L35 3] 63. 052 . I 62. 9324,

(2)0—=30 cm + 2.5 F LA JHER T pH £
IR Ay B 33 A FH b f v o N TR b i A1 o 7D 3 R it e
18 s KRR b Fe A% HLBA B <<PR 3 s HIEA LGS =%
IR Ay B 3 N ARl e 8 1B B b A A1, B 3 N T bR
ey N LR SRR B3 <<BA 3 GRBF AR SO » F
JE=>TFJZ s A R I B3N T e v A
b 5 A0 B3 TR 9K s bl e v AR T 3t e A ELBA 3>
Pe(NTHEHAHERD , ERE>TE.

(3)0—30 em 2 JZ .5 Bl 4 A FHIE TR £ 5L
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Rotational Tillage with Straw Returning Increased Dry Matter Accumulation and
Utilization Efficiency of Water and Nitrogen in Winter Wheat
GUAN Xiaokang', WANG Jingli', LIU Ying', YANG Mingda',
WANG Hezhou?» WANG Huaiping’ , WANG Tongchao!

(1. Collaborative Innovation Center of Henan Grain Crops. Agronomy College . Henan Agricultural
University s Zhengzhou 450046; 2. Farmland Irrigation Research Institute, Chinese Academy of
Agricultural Science ,» Xinxiang, Henan 453002; 3. Xunxian Fengli Seed Industry Co. Ltd. . Hebi, Henan 456250)
Abstract: The field experiment has been conducted to investigate the effects of different tillage practices and
straw treatments on dry matter accumulation, nitrogen accumulation, and water, nitrogen use efficiency of
winter wheat in 2015—2017. The split-plot experiment design was adopted. The main plot was straw retur-
ning (S) and no straw returning (NS). The sub-plot was deep tillage (DT), rotation tillage (RT) and no
tillage (NT). The results showed that, compared with NS treatment, S treatment significantly increased flag
leaf SPAD, photosynthetic rate and aboveground biomass in mature stage of winter wheat, while the yield of
winter wheat was not significantly increased. The yield of winter wheat was significantly influenced by tillage
practices. Yield of RT was significantly higher than that of DT for 4. 88% and 9. 05% in 2015—2016 and
2016—2017 respectively, and it was significantly higher than that of NT for 3.64% in 2016 —2017. Signifi-
cant interaction existed between straw returning and tillage practices. Yield of S+RT was significantly high-
er than that of NS+DT for 8. 68% and 16. 98% in 2015—2016 and 2016—2017 respectively. Compared with

NS treatment, S treatment significantly increased aboveground N accumulation and water use efficiency of

Y FE EH3.2017-12-30

BENE . [HF H KB40 H (31471452,31601258) 5 [1 5 & 5 F & %135 H (2017 YFD0301106)
FE—1EE /N EA984—) , B PFIm, EB N FAED LR KR IS 5 AR5 . E-mail: guanxk06@126. com
BIEEE . LR@IA964—) . 5 B8 A4 20, FENFEYI RN ACRE L S5 HE AR . E-mail: wtewrn@126. com



533 SR/NFEAE  FEPFRE AT 1B WA 2 4 /N2 T AR 24 s K R Ak 281

winter wheat. RT treatment significantly increased water use efficiency, aboveground N accumulation,
kernel N accumulation, nutritional organs N operation rate and N grain production efficiency. Water use effi-
ciency of RT was significantly higher than that of NT for 8. 45% and 8. 92% in 2015—2016 and 2016—2017
respectively, and it was higher than that of DT for 5. 24% in 2015 —2016. The partial productivity of N
fertilizer in RT was higher than in NT and DT for 3. 68% and 9. 16% respectively, and N grain production
efficiency of RT was significantly higher than that of NT and DT for 10. 60% and 4. 78%. There was a small
decline in SPAD after anthesis, higher photosynthesis rater in anthesis and mature stage of winter wheat
existed in S+ RT treatment, that yield, water use efficiency, N partial productivity were significantly higher
than those of NS+ DT and S+ DT treatments for 12. 58% and 8. 53%, 7. 95% and 4. 11%, 19.79% and

11.44% respectively. Therefore, the treatment of straw returning with rotational tillage was suitable for

Huang-Huai-Hai Plain as a water and N saving cultivation practice.

Keywords: straw returning; rotational tillage; winter wheat; water and nitrogen utilization efficiency

DL B 0 e 45 1 2 52 BUAE e 7 R ™ B R A
T HERRE B T el R A R s
HEOK o3 25 AR E 1 B3R 0 WO AR 2R 5 ek A9 Bl
i RLAE AR BRI AT i AR AR AR IR R s
B, AR R, LU B SS SRR IE
Tl PR PRSP PR A AN S RE A 28 e AR 937 20 T2k T L
REWS 4 o 1 S 37 o3 B 1V BB . B3 b e A= Wy o T 1
P I o RN R SE T = . B BRI . e
BEANFS FF AL B2 455 REAE G2 /N A2 M i 3 2, AR
2 R A o S0 O & R AT T 4 AR 2R
B /A R SR AR B — B AR A L
B o AR T AR A K 2 S A 1 A R S Bk
MRS AP B IR 2 B R 0 ok R fh 178 1R R
EHHENZS, FBAEY L BRI E L FEAEY
PR REIEAIN G SRR LR TR R
233 U A UK R O HLE SR AR T 3h 1
FE - 4 AR | O S B R HE O i o B X i 2k
B — B VR AR S A A Y )L [ IS N B3 3 o A8 B A
AP AL T E TR IR KB R B R IR
AU BRI OROR K T RBE B S DS
AL A T LA 2800 e 1 0] B — B PR AR R 9 A A
PR 2R I G 6 P i T B R AT e ik 4 S 3 AE , X 4
R I 4 e o e B B A B A

Bt X e BIF AR AR 2 I AT B R WE S 1)
SFUUWRTE R B WERE 2 AR IS IR AT LUA RO B %
ZEHERHIE ML AL JZ L OF H. 2 48 S5 TR B A T o A
JRJZ o TR R B B9 A I 1 2 17 38 B2 TR A R % 11
PR 38 8 BEAY 35 52 4 8 B AR TR S A0 . 3
T IEALBRE s R RS AR IR R AR R
) 3 0P R JE 1) 1 M B A, DT S B
Yo T A RIS R L S TR A TR A/ B A
BBE/ S oF 00 e B e 2 BBE A ) TR = 3
SR L SRR TR RS A A TR Rt

KRR R 1 45 H R T+ 585 K ORI FIE D
Ry, BEAb AE RIS AL AT DL ot - e A, 1 s
HEE KRR R Ty 42 1 AR 32 T R A IR $2
EAE PR REFE A 45 Al B B A R
Y B EE R A AL b R R SR A BOK AR
T 552 W) AR e 50 A BRI AR PR X K FTA R
TR R iz T S AE I K o VR R I = 2R
SR A S VAR BE/ S By 32 01 45 & F FF 16 15t 1
AR A EYARET  TYWRHEKAZSEN
WFTEAT IR FRIRAMEGE o PR s AR AIF 52 78 1 309 5 7 3
B Y B AN L BR9E 8 AR R B AR S B SR/ e
LIF GG T X &N 0GRtk VAR iz Jok
RAABCEN W, BERAPHES R R m L NE
IR R FHRCEE Sy B T T & b DX 3% G A 1 AR
Sy R TR B B NS
1AL AR S
1.1 I8 Hh iR R

2012 4F 10 H 7EW E 44 7 oAk HAE S R G0 K 27 41
BRI B ST 5k (34°34" N, 115°33" ) FFbE#E4T K HBHE
LS WA (VAT WL I N SR e D VA W o T e 2
X T 2015 4F 10 A & 2017 4F 6 HiE4E 2 4E /N R,
BSRLN . Pt 4R 55. 6 m AR 13.9 CL 8
FEW] 180~230 d, AEZE & 1 735 mm. 4F [ K i 708
mm, [fi/NA2 A= B B IE 30 4F 1y P S K i 232, 8
mm, ¥ FAERE KR 32. 9%, 56 1 328+
A BE 5T R B RS I TTIER) . 0— 40 em H)Z2 3+
B E R 1,45 g/em’  H IR K 5 25. 21 %0 (i 15 7K
) MR KHEYR 2.9~6.8 m, 2015 4FF 2016 4E4 /N3
FERTA K 0—40 cm #F2 L& 25510 0. 86,
0.95 g/kg, A ML 535K 16. 39,15, 22 g/ kg, BB 73
Hoh 18.52,10. 69 g/ kg, HUAER 4391k 143. 02,131, 78 g/
kg, 2015—2016 44 /NF 4B W N BEK &2 188. 8
mm, 2016 — 2017 4F & /N3 24 B 3 9 [ K B R 265. 0



282 KPR R

%32 &

mm, %7K§EL@ 10

140 r wk® - PEE )0
120 . 25
2100 20
E ~
mﬁ 80 152§

g
% 60 10%
& 40 5 B
20 E 11 ©
0 1 |E| |H|m| || -5

N =N Nno
—

2016—20174F

E1 NELBEHBRAESATEHSE
1.2 RI&igit
IR AU R X R BT, EXCR 2 FpRSFF
i AR B B X Ry 3 A HHERS I, 3t 6 AL ERAE A
A HHEE RS AT AL BE AN 1 froR .3 IE A L It 18
AP R 10 mX 12 m, FXZHEAH
2 m UL SE T, B X Z 8] EA A 1 o f 08 I R

DX JE B 2 m 3 R DR AP X

2015—2016 4F Fl 2016 — 2017 4F 4 /N 2 {3
Tl o < BB 587 A /NFEREFP H W 43501y 2015 4F 10
H 15 B F 2016 4E 10 A 19 H . #E & ¥R 150 kg/
hm” ;43 F 2016 4F 6 J1 4 H 12017 4E 6 J 3 HUK
K. 2015—2016 4E L& /N R HT & G IE R (N—P,O; —
K,0=20: 20 : 6)600 kg/hm*.4& 5 #] (2016 4 2 J
24 H)IBEMEE AR (N—P,0, —K,0=30: 10 : 0)
600 kg/hm* ;2016 — 2017 44 /N2 F5 1 it 42 1R 2 K
(N—P,0, —K,0=20 : 20 : 5)600 kg/hm®, & 35
(2017 5 2 A 19 HO MR &R (N—P,0;, —K,0=
3010t 00600 kg/hm®, 2015—2016 4EL&/NEEH
W RETT 8 188. 8 mm, [ I 78 1R i 81 — #7717 1 7]
(2016 4 3 H 2 H ) R FAIK H= m E #E 7K 45 mm, 2016 —
2017 AEA/NZE B W N BE T &2 265, 0 mm, 3K 5 1
V] 5 A TR R o a6 300 [ s it e 245 7 ¥ s B, LA,
FH 1] A8 B 45 5 — R R A PR )

F1 HiXWAEHE

T FF 4b 2 HEVE TS i 5 b B it
BT NS+DT FARFERF TG BR L 2012 4F 10 H JTF 4R 45 4F & /N 22 BT 3 #F 47 B (BF R 30 em 72
0B 2015 4F 10 A .2016 4 10 A ¥R #F
FEFF AR I H B RT) NS4 RT FARFER TG R, 2012 48 10 A PG A58 1 ARGRHE. & 3 4R AF 1 ;K0 2015
(NS) A 10 A WRBHERERN L2016 4 10 J G R4 Fb
GEHNT) NS+NT FORFEFF 2 TIEER 2012 4F 10 H H 45 545 & /N 22 8 P i 33 o HFVE 16 it 5 15 19 2015
4F 10 H .2016 4F 10 H ¥ BF#EF
FHEDT)  S+DT KRB R M, HE 11 700 kg/hm? ;2012 4£ 10 J JF & HHERS G R T #
FEA IR H BRI Ak 3
Fi#tic BHHRT)  SLRT EREF 4 RE M, & 11 700 kg/hm? ;2012 4£ 10 J IF & HHERS G R T #
S FEAS IR H 56 8 b 2
GHENT)  SENT TR FEFER AR AR L, 3 M & 11 700 kg/hm? ;2012 4F 10 A JF & BE1E RS 56 [7) F 55

FEAN L H G B Ak 3

TE B ETE & /N PRI HEAT - 24 39 O B R G AT 34 T B 22 0 95 P R PR ML B0 5 A 42 37 SO 40 04 3 2 38 1 S AN 38 FH Ol T4 B
LR 3t b3 53 s TROBE b BHR T R BB ARk TR BB 30 e IR BHE AL IS 40 D 2 38 .

1.3 MEEFR

K H SPAD— 502 (Konica Minolta, Japan) fF 4
/INZE TF A6 3 R A 3 T ) SPAD A R
LA E £ 4 (Li—6400,L1—COR, USA)#E4
/INZE T A6 01 I IR A0 7 A% /N 22 THE I ) v Ol A AR
(Pn) s 763 75 W B 00 TR AE 0 sl 20 T 5 A~ /N X
WK 5] — B0 30 em BB A /N R R TE 105
C&MTF A% 30 min,.80 CTHTZEIEE,MEEY
5 43 0 E T A RN B 3 BURE R A0 R LT R
Ja R 4 8 sl g 2 GERE K1100, H ED I %2 #
MRS E AR /N RS SR B 38R S
(TRIME, German) Il & + SR B &K & ZE 7 0 — iR
H I EA AT I IIE 1O AR — R P )
B 10 d I 1V, 05 TR BE 433k 0—20,20—40,40—

60,60—80,80—100,100— 120,120 — 140 cm, %4> kb B
WAk 34~ 1 m’® FEJy KPR KL IS W, D 7= g 5 [R] B
BEA/NXHERL 10 #RHEAT = N HFp .
1.4 ERItE
1.4.1 REHEHE
RS E A ZIEHE (kg/hm?) = FF {6 5 55 2
BEAZEMEE kg/hm®) — A EFRBEAREHER
H (kg/hm?)
BRGBARBERD)=E8ERNTAXsHE
(kg/hm’) / FFAEIAE SR 45 B LS i (kg/hm®) X 100%
REMWGAEE 0 =R A E B & (kg/hm’) /#l
BB A FE R (kg/hm*) X100 %
RN A 77 T (kg/kg) = Jiti & X 77 i (kg/hm?) /
it A (kg/hm?)



SR/NFEAE  FEPFRE AT 1B WA 2 4 /N2 T AR 24 s K R Ak 283

RFFPRLAE 77 205 (kg/ kg) = FFRL™ fE (kg/hm®) /
R B A R B (kg/hm*)
1.4.2 REEKRTHERSFMEE KK
P BB AT B A AR K (ET, »mm)
ET,=I+P+U—R—F+AW
o T I B Y K B (mm) 5 PRy I B AT R R K
H(mm) ;U S /K GE i B8 EH LB AE Y
K (mm) , 7 R 50 R KR 3 m LA, M
R KA A B AR 05 R A R A2 i B (mm) L i 56 b
HWHSEH, YRR N 0 F hIR)ZE B e &
(mm) , (i il W2 B 05 AW Sy i Br g+ fif
IKAE L B K T AR
AR (AW A AN .
AWtqqixHxap—m>
i HEBEGT i MEEEEGy, N R A E
(g/em’®) s H; 55 1 )7 HHERRE (em) 50,1 F 0. 5300 0 36
i 2 T Boy R BER A3 R K (V)
TSR EITR AN
0=W/y
A0 A FE A KR ;W bR TRIME il &
PR RS K (V) sy A HHER T (g/em?) .,
KRR (WUE, kg/(hm® « mm)) = 4L
e (kg/hm?) /F#E 7K 7 (mm)
1.5 HIBEBABRESEITHH
K] Excel 2013 X3 56 B4 #E 47 &b 2253 17 5 1
Kl Jf F SAS V8. 0 HiAT BRI R 250 i il 2 IR 3
DA J7 2243 - S I LSD f /N i 4 2% 1 ik 4T
FER B (P<<0.05),
2 RS0
2.1 HHTHMHERBENENEEREBTHNEIT
2.1.1 Ak SPAD/E &l 2 TN, RS AT A H &
ZRJI 2015 — 2016 4FEFl 2016 — 2017 4F 4 /N32 FF4E
W] S ] SPAD, 2015 — 2016 4F M\ FF 15 B 31 33 3¢
WIS AbFERREEEEE R 7. 62% ~14. 14% , NS kb ¥R
R R B A 8. 70 %6 ~14. 06 % 32016 — 2017 4 M I 1E 1)
FIHERI S AL T B BN 16. 2596 ~33. 482, NS
b PR R R 15, 59 % ~36. 15%,2 4F S+RT 4b
FROT A8 1) 2] 3 3% ) SPAD T B i 24 5 ik, 2015 —
2016 4E 1 2016—2017 4E4 %R 7. 62 % il 16. 25% .,
BV A 31 25 52 ) A1 T S 0 & /N 22 T 1Y) SPAD,
2015—2016 4EFEFFIR T RT &b B4 /N 32 FF 48 3] A
JEIE ) SPAD #¢ DT Ab ¥R 45155 1. 90 %0 1 3. 68%
FEFF AR H T RT Ab# 4 /N2 #E K SPAD % DT
AbFEES 8. 07% 3 S+ RT 4b B E 4 ) SPAD %8 NS+
DT @& 9.98%, 2016 —2017 4EFEFFiA T RT

Qb 34N TE AR R HE 2K ] SPAD ¢ DT 4b 2 43 5]
B 17500 16, 8200 . FEFF AR R RT Ab# 4 /N
VEI ] SPAD % DT AbFE g5 13.25% ; S+RT 4b #
$ W SPAD # NS+DT %5 20.09%,

O NS+DT  El NS+RT -
60 [ NS+NT B S+DT cdqedbem?
El S+RT B S+NT F

55 - aaba

e

e

L
NN Y
A

L
L

e
SN

i
L

L
T,
T,

LA
ST
S

S

ol €9

%

;

FFIE B ¥R
2016—20174F
B
W [ — N AN R B R 25 5 1 3 (P<<0. 05)
B2 FFLESHIEEENES/NESEEY SPAD MM
2.1.2 A EkE®EFE K A, FEFEH D
FHEHN 2015— 2016 4EF1 2016 —2017 4E & /NFEIFAE
TR SR M G G A, BEHE L BN 2 AR AN
FEAE I RIHE 3R 301 4 /)N 22 T 19 't 5 R R85 ) d 3
2015—2016 4FEFF L WIS #Fi8 T RT 43 F1 DT
Wb PR /N E S A R NT Ab 3 45 3l & 18, 7204 Al
20.47% AEAF AR H R RT &b ¥EA DT 4b 34 /N3
JeA A NT 4B 4351 55 20. 77 % F1 20. 43 % ; ¥
FIMFEFFEH T RT AL /NE LG #2245 DT 4k
P 7.10% B AP R H R RT 4b B4 /NZE GG
A DT Ab#EE 15, 33% 3 S+RT AL FRE R W&
BORIENS+ DT AbBE g 2 5 22, 53% ., 2016 — 2017
TP FEFF L BT RT &b F A /N4 R
NT 23 4. 10% , fEFF R B B RT 4B A& /N
AR DT A H v 5. 75 % B RS AFE T
RT kb BR & /NG A w4 DT AP 31, 34 %, 7%
FAREH T RT g ¥4 /N2 GG # R 5 DT 4b
33.63% ;S RT kb HE SR ML A B 48 NS+ DT &b
PR R 34,410,

25 — E NS+DT
= B S+DT

L
S

FFIE R
2015—2016%F

NS+RT
El S+RT

[0 NS+NT
EH S+NT

ot

L
ool o
o

o
[T T
L
REEREEREREERE R EERERRERR |

15 L

o

AT
P ©
AT

W
T
RN
e
L
LT

KA EZE/ (umol + m

(T
Y

e
N

L
L
T

2

(NNNRRRNARNRRRNRRARARNARNRNLE:
o

(=]
FLr

FIEH R
2015—2016%F

B3 FEFLESHEREN SN ESE TR SRR
2.2 HFTHMBHERELSNEEMEMTENTIE
2.2.1 AN xAHE HE 4AHL2015—2016 4



284

PSR R

%32 &

Fli PRI H A4 /N22 3R 7 30 AR T I AR ) ' 5 R AR R
I 22 55 A8 W 35 {H TF A6 300 R0 0 A ) RS AT R
W RN 4. 78% ~18.89%, 2016 —2017 4EH%
FFIE H A /N2 TE AR L B A ) i SRS AR AN i L I
EHEIN 2. 1926 ~5.70% . B AL 31 B3 52w AR A
INZZ T AE AN R A AR . 2015 — 2016 AR T
FEFFAH T RT ALBEA DT A& /NFE AR NT
A FRAY 5 11,63 %0 F0 8. 94 % W FEFF AR HF RT 4b
FA DT Ab # 4 /N2 AR W) & 8 NT 4b 2 55 5
2.81 00 13. 69 % ; FFAEIAFEFFIB R RT Ab B A/

A DT AL 12, 46 %, B FF AL H T RT
21000

A F A /NFEHE R DT b B ES 6. 60 % 5 Al 2 01 7%
FRif | RT kb A /N AR i3 NT Ak 3 &
4.52% JAEFFAREH T RT A B4 /N AP w5 DT
AP ES 3018 %% 5 B SHRT Ab 3 4 /N2 A ik b
ZEF NS+DT A HE 9. 52%, 2016 — 2017 4F B JF
WA FFIRH T RT AbBEA /NZZ A 4 e DT ib 3
W 13.61% AL H T RT 4b# 48 DT 4b B 5
7.93% s A RE TS H T RT A FEA/NEZ A Y &
B DTANHL S 3. 65 % . AP AR BN RT AbBEA /N
WA DT AR 3. 58 % 5 ] S+RT 4b 3%
NS+DT 4b B & 35 6. 81%.

9 217000 |

.-Cl

&"13000 -

N —2— NS+DT —o— NS+RT

] —o— NS+NT —o— S+DT

ﬁ 9000 [ —s— S+RT —x— S+NT

.1.]

H 5000

1000 L L L L L L L J
B WA P 5% 3] R H# I He FrEH R
2015—2016%F 2016—20174F

EHNH

B4 HHLESHERENESNESEEFTHM EEYENZN

2.2.2 AN EFERMMREE MR 2 AL
A3y R E S 2015 — 2016 4E 1 2016 — 2017 4F
L /NAZ REORL BN 2015 — 2016 4E 4 /N TR HE (P <<
0. 05)  FRAF Ab B AR A 4b 2 P 5 58 A FH & 35 5% i
2 A FE AL /N I BEORL B TR EE RN i A H 2016 —
2017 4EAG BB (P<C0. 05) , 2 4F Ji f% #F i M 4b 33
PR REREL TR E Y TR A F AR, 2015 —
2016 4EF1 2016 — 2017 AFEF5 AR 38 B 4 /N2 7 i A
FFASIE B 43530 8 1. 24 % Fi1 1. 63% . 2015 — 2016 4F
FEFFIE T RT &b B A /N 22 A7 20005 HI0ORT B8R 508
NT AbH 435175 3. 26 %0 A1 11. 26 % , T & Al 7= & 4y

W4 DT A 4. 32 % 1 6. 42 % F5FFAE H F RT
b FR AL /N7 AT BRI Tk F RN 4 i) 4 DT Ab R
1 03.60%,4.73%.3.31% s S+ RT &b B4 /)N 52 kL
B TR A B NSHDT AbH43 1) f 2 % 5. 19%,
8.78%.,8.68%, 2016 —2017 4EFE AT HI F RT Ab 4
/INFE A ORI TR R A NT A 2 45 51
5 6.51%,8.01%,1.35%,13. 88%; & FF Ak H R RT
Qb PR A/ INAZ AT RS RS TR R N R 4 3 DT
A PRES 9. 87%,2.96%,9. 76 %,6. 53% ; SHRT AbFEA 2%
RS RS TR E R 6 0 3 5 T NS+DT b3, 43
A 8.90%0,9.61%.,9.76%.16.98%

R2 FARALEBEMNENEFEREMBERNZM

2015—2016 4F 2016 —2017 4%
b B ﬁxﬁl%%éﬂl( — FThiE/, R/ | ﬁxﬂ%%ﬂ — ThidE/ R/ |
(X10" hm %) g (kg « hm %) (X10" hm™?) g (kg + hm %)
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$I{E 563.4 36.8 46. 3 8762. 3 540.7 41.58 43.6 8035. 6
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AR A E T AU 150 kg/hm® B AR 3R ZRBEAR LR 6 ¢ 4 ¢ 0 REER I B0 B P2 B AL

JRZ KR,
XER: JER; AREE; TWERE; i; Mk
hES#ES.S512.1 icﬁﬂm,\a.%:A XEHS:1009-2242(2018)03-0289-06

DOI: 10. 13870/]j. cnki. stbexb. 2018, 03. 043

Effects of Postponing Nitrogen Application on Accumulation and Transport of
Nitrogen and Yield and Quality of Grain in Strong-gluten Wheat
DAI Xinjun, XIA Qing, YANG Zhenping, GAO Zhiqgiang
(College of Agriculture , Shanxi Agriculture University » Taigu, Shanxi 030801)
Abstract: In order to explore the reasonable ratio of topdressing gluten wheat with nitrogen fertilizer, the
effect of basal nitrogen application rate, dressing rate at jointing stage and booting stage (10 : 0 ¢ 0, 7 : 3 3
0,7:2:1,6:4:0,6:2:2,5:5:0and5:3:2) onthe N accumulate and transfer and grain yield and
quality of CA0547 (strong gluten wheat) were studied in the irrigated wheat field in central of Shanxi Prov-
ince. The results showed: (1) Appropriate dressing N had a significant regulatory effect on accumulation and
translocation of N and dry matter, yield and quality of CA0547. (2) Dressing nitrogen could significantly
increase nitrogen content after jointing stage, N transfer amount pre-anthesis and N accumulation amount
post-anthesis, promote accumulation of N in grain, increase dry matter transport pre-anthesis and dry matter
accumulation post-anthesis, which provided a material basis for the increase of yield. (3) About 68. 38% ~
75.18% of N in the grains came {rom nitrogen translocation pre-anthesis, and 55. 12% ~70. 04% of yield
came from dry matter accumulation post-anthesis. Dressing nitrogen increased yield by increasing the number
of ears and per spike, and increased N absorption and production efficiency. (4) Dressing nitrogen could
improve the contents of gliadin, gluten, protein and wet-gluten, improve the gluten index and starch
content, improve glutenin/gliadin ratio and straight/branch ratio, and improve grain quality. Correlation
analysis also showed that increase dry matter accumulation post- anthesis and pre-anthesis nitrogen transloca-
tion amount of vegetative organs could improve quality. (5) The effect of N application at jointing and

booting stage was inferior to N application at jointing stage. Comprehensive analysis showed that N amount
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of 150 kg/hm?®, at nitrogen ratio of 6 * 4 + 0 (base fertilizer :

jointing fertilizer : boosting fertilizer) could

better coordinate the relationship between yield and quality.

Keywords: postponing nitrogen application; nitrogen transport; dry matter accumulation; yield; quality
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I T 2016 4 9 & 2017 4E 6 A L7644 %
T R A B Ll PG ROl R 2 AR 2 B S B R S R AT . iR
5 H g4, R L 0—40 em BFE 1
B AL 12, 6~13.9 g/kg, &4 1. 80~
1. 98 g/kg, &M 770~320 mg/kg, AL & 53. 6 mg/
kg, WAL 9. 63 mg/kg, WALH 135 mg/kg.

1.2 R|KEi&it

HE/NEE SRR Ry CA0547, Fie B B 3% W HE# it

NPK Fie £ A, ZIE S 8% R 4 (B BR % N==20. 5%0) 4 &

HE CBR R Bic NZ=>20. 5700 4 5 A /N X [R] B A A4S /N X i
FHARRE AR G BEIRES .16 %0 P, O,)105 kg/hm” | 4fi# AL (5
b .52 % K.O)75 kg/hm® U0 it FH 245 56 A A A
2 A B AE S A3 AR 1 UGB AR AR T I 5 A B
W2 PGB, BEAPAE 2. i 7 AN GE D,
FEASALBRFE AP Om AL 30 m” L % 225 JiAk/hm’ A1 HE 20
em, A 3 K. it 21 A/NX . FNE A (2016 4
12 A 20 HYFIKATHA (2017 45 4 A 13 H)OFEWE . & R
KR 50 mm, HHLE R,

®1ORKBEET {7 ke/hm’
Jil HE L A R BN R BAEE
10:0:0 150 0 0 150
7:3:0 105 45 0 150
72201 105 30 15 150
6:4:0 90 60 0 150
6:2:2 90 30 30 150
5:5:0 75 75 0 150
5:3:2 75 45 30 150

YV <AL 014 2R L 5 036 P2 RSB BB B L. I,
1.3 MEMBEEAZE
1.3.1 HHFHREEAARFHNE T/EBEL
(2016 4F 12 A 18 H) iR # (2017 4E 3 A 20
HO (2017 42 4 A 11 H) (2R (2017 4% 4
H 28 H) JF#E (2017 4 5 H 8 H) AL (2017
£ 6 A 19 H) 2 BIBURE 20 Bk FEMZ 105 TR 0.5 h,
80 CRHLE=fHE, AR E. KI5 M, RH H,SO, —
H, O, — & M i b 0200 22 1 20%

REME & (kg/hm’) = F ¥ i & (kg/hm’) X
FRRD

WA Z s R (kg/hm®) = FFAE DI A Z T E
it (kg/hm*) — AU E S8 B AR L R it (kg/hm*)

WEAZEMER (kg/hm?) = AW bk A ZH
S (kg/hm”) — FF L WA bR R R LR & (kg/hm®)

WHT R R R (VO =i A KB/ e
R EMHE i (kg/hm*) X100 %

AT R R AR A E 5T lkoR (V) =i A
Fieic o /AR R F LR & (kg/hm?) X100 %

WiE REB BB AZTlR OO =HE4A
EHRE /IR AZ B R R (kg/hm®) X100 %

AT T W s B (kg/ hm® ) = JF AL BAAE AR T 1 o AR
Fig(kg/hm’) — AW EFRAEE TY B R & (kg/ hm')

A6 )5 T B Bk (kg/hm® ) = J B AR B T4 ot
R (kg/hm®) — TR BRI TP B A R i (kg/hm™)

W) i %328 2 (V0) = 16w T ¥ 55 i 1/ TF A6 )
HEBR T i AR B4R (kg/hm”) X100 %
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TERTHEZE (FE 5 B 20 T4 O kR 5T kR (Vo) =
Rl Ty iz s GEfE T R R & ke/hm®) /¥
Hi 77 (kg/hm?) X 100 %

R AWK (NUPE, kg/kg) = Hi thk A % L &
i (kg/hm”) /jifi & # (kg/hm*)

HE L = %0F (NPE, kg/kg) = ¥ hi = 2 (kg/
hm?) /jii & & (kg/hm*)

1.3.2 FEegmE T/, B/ X
[ ERERE 3 A4 A FERE 16 m”, A R 5 () L fl
R R CRD VTR (o) VEY PR B RS &
1.3.3 S asAregml e 8 I R FH i 22 45
P IEAT s OB K T 5 T Ry B L AR TE R s AT
VA R TR FE LT L £ 3 ) 5 o R I T, R
Hii B Perten A& A2 7= DA7200 B 5 5T 23 M A &
T T 77 5 R 0 T 4 A
1.4 #IEAIE
K H Excel 2010 A1 STATA 12. 0 %4 % 48 ik
16500

—— 10:0:0
§°14000 F —— 7:2:1
g —— 6:2:2
< 11500 | —— 5:3:2
£ 9000
g
6500
8 7
H#- 4000 4
N N
1500 . ——— 1 1 1 1 J
MAH BEH RTY 2BY FEN AR
46000 a
0 10:0:0 E7:3:0 bz
| m7:2:1 O6:4:0 ez
2500 1 meiziz  BEsisio e[
1312 Tl 22
B 4000 O 07 a S |llelss
B% . [ B
S ; B
. 3000 | " I BEA
mmﬂ :I 7 b’{%’i
e a,p 2 i 1 ERR
4o 2000 | edm? -: I EEA
& L g = ligsm
s 1000 LEHALL! LN L EAEEE
# RIS EERR
o 80
S 0 10:0:0
3 m7:2:1 dren
Beo | B6:2:2 &
HE B 5:3:2 5
M40 -
1K)
a
B0 [ metac,
0 ! 1 [ E )

TEHT i & T JE TR &
T A — 3845 T 0 7] 5 B8 38R A [7] b 1 22 53 W 35 (P<T0. 05) .

T3 AL BRSO LSD i3k ib 47 W E MR 56

2 RS0
2.1 REEEBMEZF/NEZEKEAZEZRFENEZID
A 1 RT AL, 4B AR T T R R AR F R
B BT ) R R 0 W B A R, 7E A 3k )
IRAR . JB AP A ERAE B9 IS 0 45 I 30 9 o i 0
JLLL6 s 4 s 0 kb FRIE RO B . KPR R h A
55.1206~70. 04 % &k A AL JF T W AL R, 1 B e
B i 2 3 I S 9 3  AE BT T i is i B S T
JR R SR RV R e S B R . 2 YGRS
L YGEIEH LG AR T 9 Bt s B hn, 1 WGe e
B Wi T P A AR AR 1T W I is R MAE T T
Wy 5 Bk R AR S B R T I DT R
. 4y 2 YGBRERT, 5 1 PGB MR AH Lt A6 FT TP i
16 H KRG A8 T ) T 5T R R A BT R L 2 S T
Py I B 2R X R 1Y) BT R R 2 A I (P<20. 05)

o5 | —o— 10i0l0 —a— 71310
g —— 7:2: —*x— 6:4:0
S 190 F —— 6:2: —— 5:5:0
w165 —— 5:
ﬁ 140 [
" 115 |
TE; 92 |
& 65 .
M :’(5) A///f 1 1 1 J
AW BREH RWH ZEEM FEY SR
~ 200 [ .
g
. 160 |
é}’ cd
B s
K80 oy
M40 | SR
& ]
o LE <
K RS
80 2a 3 10:0:0
° cbebebpot 7 7:3:0
b A m7:2:1
= 60 [ N O6:4:0
! B 6:2:2
= i B s:g:g
. i B 5:3:
40 f
R " a b b
) N 14 5
V! —f ]
w2 T e lRse
N " ik
® & |l - ]
0 -] 1 L = [ [ ]
A B R LET B E LETBRE

B1 SEEBMINETYRMEAZREEEZNHN

HIPEL 1 AT Bl A R RS L 25 A B A /N 22 AR A
R AR S I S 8 e i 38 A R A e 3]
P EN 2RI BT A 0 I Ak B R R Tk b i e
JEHALL6 1 4 0 AR AR IR BE R (72.58)0) . 4K
AT LB —FE AR AR FH (10 = 0 = O) (R AR A AU e

Wi 5 IS P BRI A PR 7 R 2 B B R AR 3. R
535 2 A L BE S AR 0 A bR AR R
Th 5 Ja B B a3, B 1 UGB i 31 AR B B AL T 4 2
UGB, PR A E PR 68.38% ~T75. 18% &K H
TR FE iz, i B 0 02 3, e it " K itz



292 KPR R ¥ 32%

BAE A R ST R .6 4 0 2.2 FMIREBNENEFRAREERAKENEN
bR A A BB R B T T, 1 U i 2 TR AR 1 YR IR 3 R T R
MG R 2 R R A T4 2 YRR (P<00,05), 76 AVEEKIEC B AR JTTRER I R KR R 6 T 5
TR 2 3 R B TR R TR K AERT 2 B 7T WRARAORSS .6 = 4 ¢ 0 AL fk 5 3 5 T Al A b 3
RS2 3 N B e 5 B SRR FC10 ¢ 05 0)  (P<00.05). SE N0 R i VR 26 2 7 o
TEJR B SR AR TR R R I FIOR DIER TR JEIRA (10 £ 05 0), 43 2 YOBAER,
B A i B 51 YGEIRA e TR B 75 2 1 A

AR R TR E R BRI  B L UGEAE 75 3 ¢ 0 AbBEATRON . VA AR T
R A BRI T A LB M TR AR S 60 4t 0 AbHICP<T0.05). ZFHEE Mk BN KO s
TR B R RAE I T A B TR SRR L7, 2790, = h b R 28 R ) RO B
P I T IR AR AR SR (6.480), LU TORLE (5. 3190 AL 51%) ., 7]
BREE BB R AR R R AR AR L IR O L AR 2 I BRI OB HOR A 5/
BB AR R R 35, T 6 40 0 st Z R SRR R OCR B MR IE 6 ¢ 42 0)
M P AR A R BB R R A S B, AR AR kR R 2 WO

2 ARERBWNEZFEMHEZRANENZ

¥ Y7 = R = =i R ES
— T/ B - TFhiE/ ﬂ%%ﬁ%x{(}:/ REHE) x;jc$/
(X10" f# « hm™%) g (kg « kg™") (kg « kg™
10:0:0 296.50£5. 71c 38.50+1. 63c 39.8540. 11bc 0.80+£0.03e 28.9540.52f
7:3:0 317.75+5.72b 42.00+1.71b 38.4740. 24bc 1.124+0.0lc 32.66+0. 36¢
7:+2:1 317.75+5. 41b 42.504+2.52b 40. 88+0.09ab 1.03+0. 05cd 35.1340.49b
6:4:0 327.75+7.06a 45.50+1.42a 38.6840. 14bc 1.46+0.02a 36.7010. 40a
6:2:2 325.75+6.68a 41.5041.56b 40.3940. 18ab 1.22+0.01b 34.7540.33b
5:5:0 315.50+£5. 83b 42.5041.62b 36.91+0. 10c 1.0840.01c 31.5040. 45d
5:3:2 290. 75+6. 46¢ 37.50=41. 38¢ 43.53740. 14a 0.98+0.02d 30.1340. 50e
S #44E 313.11 41. 43 39.81 1.10 32.83
CV/% 4.51 6.48 5.31 17.27 7.98
2 A — B R [ 8 R R R Rl 3 25 5 G 3% (P<<0.05) . [l
2.3 AREBHENEERLROLM VR MR 3 1 A B A 9

2.3.1 REBEHFLDZEORA@HGYH K BN T 1 UGB . 28358 Ho g, b B ) 28 S B R 1Y
F 3 AHLYCTH 1 YGRNERT .6+ 45 0 AR FTE REABUT R (12,2000 KRR EH (7. 78%0) . 1
o I TR S 3k B 5 N bR (GB/T 17892— B PJLTF AR ZIB AL (0. 87 0) , HAR TR AR AL 5 R &K
1999) . K& B AE BN R ER A ER B EA. 2. 14%~5.82% . WL, AAEJS B Be A AR PR
AT A A A AR BRI R BRI R A B L6 ¢ 4+ 0 AR PRBEAS W] 4 R AR 1 B
R FA(P<<0. 05) B H—JEABAL P10 = O = O) 3l B 5 5 | 360 v f4f3 5 i R0 v 473 i 2 i v oo 7905 5 A o
T 18.4%,26.4%,14. 6%,45.5%,13. 8%,10. 0%, 2 U R R BT
®3 ARERBXLSNEEARMEHHZM

e HEN BRE/ B AEH - 1R BRI/ 5 T
b Y % /% % ‘ SR/%  (kgebhm2) SR/IY O
10:0:0 2.4240.06a 1.93+0.05a 4.1340.04e  4.3940.04f 1.06+0.0lcd 12.86+0.19 558.50+17.92f  33.23+0.46e  75.47+0.52¢
7:3:0 2.3940.13a  1.91+0.11a  4.62+0.0lc  5.08£0.02c 1.10£0.03b 13.9940.21d 685.49+20.86c  35.56+0.15¢c 79.12+0.31c
7:2:1 2.404+0.03a  1.92£0.02a 4.34+0.05d 4.60£0.07e 1.06£0.03d 13.2540.13c 698.46+14.20c 32.17£0.51f  76.73+0.38d
6:+4:0 2.4010.04a  1.924+0.03a 4.89+0.02a 5.55+0.12a 1.1340.0la 14.75+0.17a 812.294+18.52a 37.8240.81a  83.0310.76a
6:2:2 2.42+0.0la  1.9440.02a 4.78+0.06b  5.2240.03b 1.0940.01be 14.36+0.11b 748.28+16.87h 36.5740.21b  81.1340.42b
5:5:0 2.4140.0la  1.9240.0la  4.55+0.0lc  5.04£0.03c 1.11£0.02ab 13.9140.14c 657.29+19.85d  35.25+0.23cd 78.50+0. 46¢c
5:3:2 2.364+0.15a  2.03£0.06a 4.39+0.01d 4.89£0.01d 1.1240.0lab 13.67£0.08c 617.97+23.63¢ 34.26+0.17d  77.02+0.57d
RSl 2.40 1.94 4,53 4,97 1.10 13.83 682. 61 34.98 78.71
CV/% 0,87 2.14 5.82 7.78 2.52 4,63 12.20 5.53 3.36

2.3.2 RICBBIL D TR AT EMNEG e H HETEM L — FE AL B (10 = 0 = )43 IR & T 9. 8%,
2 4 AU 1 UGE IR /N SOUER EEEVERY . 20.7800,5. 5002 YKB BT, BERY  ELEETE R S HETE B
SCHEFENS AT VERE A RS & B R RS T R R R S EE/NT 1 UGB AT . T R AR S 0 B T 2
M EEF(P<C0.05)56 = 4 + 0 AbFLRVEN HEEVER L 5. STHRHLES B2 IB IEAE R BOR (15, 7200)  Hok
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JEEBETERY (7. 48Y0) R AT I MERE (6. 41%0) , S BETE B 28
SN 80%), AT A E

H. B
FE 5

M 53 i S ) 375 BB )

B/t

x4 RWEEBZ/NETEHAFEENZE

2,6+ 4+ 0 eIy AR AR mTERY A2 0 3 i
A DR AL R L st /N AT RLA T

it JE 4 B BIER/ % HEETER/ Y% WHETERY/ V6 H/ZH Al VAR Yo REBE/ %
10:0:0 61.4040.17{ 17.4240. 26d 43.9840. 12d 0.4040.01d 59.4940. 49d 15.95240.11d
7:3:0 65.2440. 16d 19.5740. 30b 45.6740.11b 0.43%0.02b 63.4740. 37¢ 20.8640.17b
7:2:1 63.1440.07e 18.460. 36¢ 44, 6840. 22¢ 0.4140.02¢ 66.5740.46b 21.9640. 10b
6:4:0 67.4740.12a 21.0440. 21a 46.4340. 32a 0.454-0.03a 65.5340. 64b 21.2140.22b
6:2¢:2 66.0740.06¢ 20.5540. 25a 45.5240. 28b 0.4540.01a 68.8440. 35a 23.4140.08a
5:5:0 66.5940. 14b 21.0340. 29a 45.5740. 15b 0.4640.01a 62.5940. 33¢ 17.8440. 17¢
5:3:2 62.99+0. 12¢ 18.2740. 18¢ 44, 7240. 20¢ 0.414-0.02cd 57.16+0.47¢ 15.6040. 16d
S P4 64.70 19. 48 45,22 0.43 63. 38 19. 55

CVY% 3. 44 7.48 1. 80 5.54 6.41 15.72

2.4 FREFUHRESAR.TORBESHBENEX 3 3} B

XF A N P dl B MR 5 R R T i i Rk
MIAHC BT W (3R 5)  fE 7 it M H M &R 1 T
Y RAC T s i S TR EE 5 P 3 I A X (P<C0. 05)
T B e I PR R 5 R A ROk B A B 2 IE A G
(P<<0.01), #E—2b52m 1 = &, 577 & W3 EA G,
TR R i /2 58 R Al ™ i 5t 35 IR AR OG
WWEAREFRERS &R EEMC, EaRERT
W: TYRAGRER SEREARAMEC, SEAR
PR EIEMAG, WA REEE SEREN.
AEAVGEARS & CGHEAR 8 A S TER .
SCHEVERY 1 5 0 3 TE AR DG, A DG R U B2 0. 959,
0. 968,0. 963,0. 922,0. 950,0. 924,0. 966, 5 ;=& I If
T ELBEVE M RN /S I R R E EA G, S A
FREAESEEED AEA EORSE EAR™
LA TE A R E M B R IEAEOC . RS T
YRR AR S AT AR s & Tt m/h &L
i N N A B SR A

RS FERREREEE . TYRRBRSHENEXREY

h T AE
fkwtze HEREE  fAu¥zs HREREE
5973 —0.110  0.960" " 0.760" 0.614
RS —0.200 0,975 " 0.798" 0,713
THE 0.848" —0.655 —0.339 —0.094
e 0.299  0.856" 0.785" 0.792"
B EA —0.066  0.792" 0.959* " 0.784"
REH —0.102  0.711 0.968" " 0.811"
EAMAE —0.069  0.721 0.963* " 0.807"
N 0.174  0.880" " 0.922"* 0.867"
Vi T8 A —0.280  0.642 0.861" 0.649
T i 1 5 —0.058  0.846" 0.950" " 0.827"
BER —0.332  0.842" 0.924" " 0.748
HHEER —0.390  0.825" 0.872" 0.708
SO VE B —0.213  0.826" 0.966" * 0.779"
H/ % —0.478  0.762" 0.791" 0.614
pgidi 0.114  0.809" 0. 540 0.464
TR 0.256  0.760" 0.574 0. 466

Heox Flx o« FKoR 5% M 1% B EKFE,

3.1 RBEEXENERZMTYRR BTN

CA I WYL 4t UIE 4R i T/ 22 A R R
GRS JRE IR SRR B L O i i R R P B A A A
il AT RS R AR A i 180 kg/hm® IR AL
AR R G F ey A3 ZUIE & IR A R
PSRt AR . i 2804 R [) B 200 T LA 55
AN AR AR PR R A R W RORN B
SEIBEIE R W AL R S R BUNEZEK B
S JE AR R ESA T 3 ¢ 7 AR R AU R Rk
AR ARG A W] A il A A TR I 048 3 0E
R LB A TR ROT A3 LSO R B T
HR iz e A R AR A e ok 26 AT 20K 10 kR
Wi e T RS S A . RlE B AL I I8
¥ o 4B )5 AR B R AR R R 9 STRR A i, 31X AT BE
S RO T /N AR R SE B B B TR 2 06
NERE S5/NAZ 19 A4 & B BOAH W L 31X 5 T & = A6 B
FEAERIEAR — . AWIELIRIEL R 73 2 YGB ALY
RORA KA 1 UGB

T AR B 7 R R B L 3R 2 RO T
JEUW B 1 Al 60 36 416 B 5 T 4 R B AR OGS
36 GRS A TR o e 280 % 0 BORR 3R Y 9 4 A A
1 ARBFFE R W] R0 A B 5 150 kg/hm® T .
AL — I L J5 AR LU EE AR T S AR A5 4
FERT T 9 5% iz 1 AL T AR R v fe it
T B A AR R L B SR TN PR R
P R MACRI il T 38 0 A T 95 2
3.2 RREEEMZNEFERRAVENRIT

RN IZ 75 % 7 B PR RN SR 2 L (R 45 2R
AR—B BT U R Y 38 A6 XX/
A2 7 ik B R B TH 35 AN B 2 2 T R 4 B Y
KL BT EZ TR 270 kg/hm® , 73k
TIFEIE B 3 ¢ 7 JB A AT AR R RORLROR TR
ABEFEFR W] AR TG P A2 DXL 30 1 OE ol i
B SRR RO RO ROk AR R /N A R R T AU
MR BRI T AUIEAE LIPS L. XS E AR
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SEUBE TS AR — B, IR R T 8 A
SRR SR 2 R PGB AE SO AN Ik ) 1k
16 R & 3 PR DA 4 B /N A2 B R A R 1 AR B AR
A B0 S BE RT3 L 5 K 5 B B 22 O R O3 BESB T I 2K
AR BE BB TT R K — AR R
B2 R L D0 A /N RN I R R T U
RO BENE 22 /N A B K DL 25 DL BT RRAR L B2
Wi 3 400 S5 8 A R T 0 S5 r) R R B B as L
P 1 UGB HEAR L R T R A
3.3 RBEZEXZ/NE MR

B SRAEBE R R W NP 1 AR T
Xk A P o A AR B Sy . AR ST R LGB X
B e A 1 T AR R A RO BT ) 1
UGB AR A 22 R 2 B AN BRI E A A R
FVE 5 T A e TR A 4 R TR A 3 AR
PR 828 AT 2438 1 R R 0 0. A OC 23 M ik 3
W1 f v T B AR e R R i S AR AT AR B s i ek
He/NAE R, AT UL 3 A L AR S S
RE A ] 12 2 /IN A2 1) 2 13 o 25 R QL 1477 5 &k X 1l vy
Hh R 2 DX Bl it A O AT — o AR R

4 Hw

P I3E SN SR /N A2 CAOSAT Bl 7=k Rl ity St
A A PR TR B AT AR /DN A2 AT 0 I ke
LR 282 0T o g R B 1 m 4E i 260 AT ) 5 1)
FFRL R A 5 328 S T 30 Ao Y 2 0 RO AR R
7 R i R R A R A T AR AT
B AR R O AR B LU L/ S L BT
P /NE AT, T 1 O B AUIEROR kT
2RI 7 2 OB RNE I ROCREF . 2G5 0 i i 7
AR FZ T A #0150 kg/hm® B, 3R ¢ 3%
THE R LGN 6 ¢ 4 ¢ 0 fEH L 1Y P 9 7=
JiZ T8 Y SR 2R

B E 3k
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Effects of Different Fertilization Models on Nitrogen, Phosphorus
Accumulation and Yield of Cotton in Coastal Saline-alkali Soil
HE Wei, HAN Fei, GUAN Rui, WANG Guiwei, WANG Hui,

LOU Yanhong, SONG Fupeng, ZHUGE Yuping

(National Engineering Laboratory for Ef ficient Utilization of Soil and Fertilizer Resources ,
College of Resources and Environment , Shandong Agricultural University, Tai’an, Shandong 271018)
Abstract: In order to get optimal fertilization model for cotton planting in saline-alkali soil, a field experiment
was conducted in a moderate saline-alkali soil in Dongying, Shandong Province. Six fertilization treatments
(including control without fertilization, conventional fertilization, optimized fertilization, one-time fertiliza-
tion, chemical fertilizer reduction, chemical fertilizer reduction + organic fertilizer) were set up. The nutri-
ent accumulation and yield of cotton were studied by sampling and analyzing the plant during the key growth
periods. Results showed that compared with optimized fertilization treatment, dry matter yield and the nutri-
ent contents of nitrogen and phosphorus in the organs for the one-time fertilization treatment were signifi-
cantly increased. The total accumulations of nitrogen and phosphorus in the boll stage of one-time fertiliza-
tion treatment were 23. 39% and 13. 97% higher than those of optimized fertilization treatment, respectively.
Furthermore, these two increasing rates were 50. 98% and 46. 94 % respectively compared with control. The
treatment of chemical fertilizer reduction (N, P,O;, K,O reduced 20%) —+ organic fertilizer had the highest
cotton yield, which was 31. 14% higher than control, 13. 37% higher than conventional fertilization treat-
ment, and the economic benefit was 1 925 Yuan/hm?® higher than conventional fertilization. Cotton yield of
one-time fertilization treatment was similar to that of custom fertilization treatment, and economic benefit
was 279 Yuan/hm’ higher than conventional fertilization Cotton yields were positively correlated with the

contents of soil alkaline hydrolysable nitrogen and available phosphorus. In the moderate coastal saline soil,
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the chemical fertilizer reduction (N, P,Os, K,O reduced 20%) -+ organic fertilizer and one-time fertilization

measures would give the better performance in cost-saving and yield-increasing.

Keywords: coastal saline soil; one-time fertilization; organic fertilizer; cotton; nutrient accumulation

BT = A U R B TR A S A R R,
A 4. 43X 10° hm®, HEAEL4 (1. 33~2.00) X 10°
hm? B A= (ol oE a . FF R Ak ™ L H
TS ) PR T ST 6 B AT = A U b VR A T
S IF R AR R B A LA IR X,
ARt b 2 T AR A 6 R A B ks K
A R A O Y 5 B HER BE E
VR R LA K& F R 1K I VR AR
T30 9 R B AR K, AR A = S b L 5
HRGE H — F ) (% R0 T & A B R 404z i T
W RS FFIE H AR T ER VR W UR B TR LS Ak 2
RIS Hod, & Rt 3 i) A BE $2 & + Hbh g
FEIIK IR A R FEm AR TR AR SN B
06 P F0 BR824 7E AR AR W 7™ 10 [R) s 52 B X6 3
B - S HE AT R B kDA A O R Bk T R R A
Sk 2 T R A e

ML RREEENATEY Z —  BA BRI BT
BB AE 1 6 BT = AN I 2 5 Ak £ % v A
MV KON L it 5 T AR P R R 5 A
RIR A YTt AT AT DL 35 48 e A AR ™ 1 B 4R s
Vel s MRS . Y24 2R 1k R 5 38 X 46 Rl it 1) 732 4
SRS EESOLi VARSI AL E 2T SN (EP SE St
LA T AR G B ORISR S R AR Y
L A AE SN I e AN TR K R 2k AR
FE—URTHE IR 2o 2 i 300t P RE A B i KRR R, B
A BRI LI AR AR T I R R A A O R, 4 0
A0 1 v A ) - A ML RN R A A B L
SRR AL A 7 i TG T QM i A B R G — kM
Jifi AE (2 R AR 5 R 4 AR IE ) P JE Dk £ T it A ML
Xof A A A A BR T00 7 1 5 ) 5 A G

AW 5T L IT e V5 U 6 e — VR it A . kA
et A I D T Tl AT LA A R A it A B AR X A AR A
K T 25 AL UM 5 43 it 1) 52 W), PR U Vg R B . |
FRAELEA A E AR 19 55 0 B B A, AR R i
AR S5 F T 1 w5 6 o 22 T 5 2% ) SR A it I T B
SRy 20 Bk v R b R 43 ) FH KT | A a2 R Bk v
I 2 1AL B A
1 bS5k
1.1 #HRRXHR

I TE IR AR E AR EIT S HE LAY
(37.79° N, 118. 63" E) #4174 37 5§ #& & Il 8 18] b
Jt s P R EL YT B, AR 2 O A4S X T = A A

PR AL BN O XS A S % HLJE B R A KRG
A AR 12,8 CLIeRE 206 d.==10 CY
FURZy 4 300 C, AFEFE/KE 555. 9 mm, ZHEHTEHE &,
b7 AR R 6500,

THEA RS O E R R
RO AETE ) W IR AT LA VL S =R
11.06 g/kg, Gl fift 20« A 2088 1 2080 1) & o 43 30l
42.33,12.14,209. 40 mg/kg, -3 pH (+ /K i & I
H 12,5k 7.70, LA AN 556, 6 pS/cm(+
KE 1 s 5), e & il 3. 66%0.,

1.2 REwigit

FRAET 2016 45 5 F 7 HEER, X5 6 it
AR ALFE 1 ASAHEAE T IR 1 A4S AR L1 AN Ak it AR
3 BRI E AR (2 L3 WEE I 18 MR
AN, R R B AL X ZH BT BRI /N X T AR R 20
m’ (4 mX5 m), B/NXFHE 6 AT AL, TEAEAT R AE
7 0.5 my 84T 0.9 m, F/NXZ[E 535 0.3 m [ZE
.22 0.9 m MHEK M HEBCW /K . 23 i
PREE 3 m, PR AEAE R IR AT

ARV 5 FIr £ 0 AR R S PR 2 (N 46 20) L B TR

T (N 15%,P, 05 42%) RR A (K, O 50%), %
Jiti PR 25 A Ll AR Al K 2 i R A b acs A 7 R
JRALRR PR 25 (N 43 %) s 45 HILAE S X4 M 7 5 A HLIE , LA
A% ORI O B IEORE A ML BT A 4500, A R
MFES5%(N1.3%,.P,0, 1.9%,K,0 1.8%), —
UM it IE 4 3 CCINPKO) 4 38 BT R X5 48 8 it 5 H: At
it I A B (CF \NPK . RNPK , RNPK M) 1k A 55 A F11 38
RE it FH EE 51 43 531 S 40 %6 A1 60 %6 o Ak BB i 1= + A HLAE
A0 FE(RNPKM) (1 4 AILE A8 S — PRt . i A
5 b E O 5L E O B0 AL RS I AT B IE . AR
B BB S K AR TR
1.3 WEmMBS5F*
1.3.1 #&K%E S5l FE#G H 20 H) B
H 10 H) LW A 15 H) 239 A 17 H)R
B LSRR LIRS AR S o /DN X R AR BURE TR
T EFCNAE 5 em) ZEARAEZAE AT R AE 3 4~ 0—20 em
BEE R 908 3 > LG IR N — MRS HE AR
[ B i e il o S w2 8 = I A 2
B /INDCHL 3 BRAR AE | A 25 2Bk 45 A A 4 B,
FEAEY RS AE 105 CTF R 30 min f5 . 7E 60
CHETFRE Ry 000 2 57 40 & . WO A/ XA AE
537 e 4k I 7



%3 5 A5 < Y TR 6 Bl b AN [ it A X A A U 5% 40 B B PR I A B R 297
£1 BoEBEEFXREIESE Hif7  kg/hm?
Ak RE it F = A MR i FH B it AUt
b i v
i HERR 77 2 N P, O K,O N P, O; K,O J 5
CK X BE AN it e 0 0 0 0 0 0
CF WA LB 2 ¢ 3 228 90 90 0 0 0 0
NPK AL AR, Fe3E 1 2 ¢ 3 180 105 90 0 0 0 0
CNPK  — Mt GEERAEMERA 1 204) 180 105 90 0 0 0 120
RNPK A RE S 20% KRB F 2 ¢ 3 144 84 72 0 0 0 0
RNPKM AL 20 %6, FE3B FE 2 ¢ 3Lt A HLAR 144 84 72 39 57 54 0
1.3.2 maEmFE BRI RE SRS,
L MR ARG TR g s g
Fe AR T 40 00 BE A A . A R A S ‘ ‘
2.1 AEABEEREXNBETYRREZEN I

BB R AL TR R B, YA S 21
W& ¥k e H, SO, — H, O, {2 Ik 2. 4 A 3
b2 43 B AL (Smartchem200) I 52 , I & % 7K ¥ 2
b — YCEUR R b vk I R B AR B L st
- S A I S R R O s R R 0.5
mol/L NaHCO; 124, 8 # b e e,
1.4 HiEKEBES5SH

IR B R ) SPSS 18, 0 % Ab 33 4% 14 3k 47 05
255 T FAR A 43 B » 2 H L # R H Duncan 37 & i)
2505 M5 MR A Pearson 5,

A TR A2 7 T 55 A A A e DR A 40 2 5 40
FIAEE ] R BN X — I AR A AR AR T ) o B SRR 1
B fe 22 o A [F) A B DR AE 66, 32 ~92. 47 g/#k (5
2) 5 AR A% S B k2R S A6 R AR 1) T R X A
N AR AR BRER W AE — 3. 09~ 44. 69 g/#k . JLHIE XS
MEAE PR (CRO 9 o B 8 24 IR X 53X — B B
MRAE AT B IR AR R A A B AE KA C . HR A
A BTy R A4S AR E IR B R AR FE (P >
0. 05) » 1t 5 h B 3t = ] 53 o PR KA 6 .

K2 TELBETARPERBENTUREE A g/ bR

b Hi Y EH I 24

CK 1.7140. 33a 16.07+2. 18a 92.9545. 43a 89.86410. 34a

CF 3.19%+1. 20a 19.92+4. 06a 90.70£18. 36a 135.39%19. 31a

NPK 2.46=£1. 30a 13.01£6.73a 79.33£25. 59 114.17£47. 34a
CNPK 2.47+0.98a 16.65+6. 13a 109.12+10. 26a 113.77427. 37a
RNPK 2.48+0.53a 13.00£3. 25a 80.60=E11. 75a 120.05%21. 06a
RNPKM 2.49+0. 14a 13.56+1.47a 96.80=+10. 39a 132. 64415, 32a

TE B T Y (B AR R 22 5 [R) 81 R O ] 5 B AR 22 St 38 3 K P (P<C0. 05) . R

2.2 AEEEREAWNBEAZRRFLENZ N

AR ALK E . AR REEE
SR (P>0.05), 7 ] CK f1 RNPK 4t B AL F
CF b, £ RH B2 (P<0.05) R WA ZH ER K
K CK A 3T g AR T A 4% b B (% 3) . X AR [F]
it Ak B — PR AE (R R R R R 1+ 2 D
B HL(CNPR) e e FR R A B 2. 24 134. 57 kg/
hm” , Ho Wkl A6 BB i & + A HLAE &9 RNPKM 4k 33,
A 117,69 kg/hm*,CK #% /b & 89. 13 kg/hm?, H

fb b A BB AE 101. 6 ~109. 06 kg/hm* (% 3),
CNPK 1 RNPKM &b # Z0F R 543 He CK = 50. 98 %
H132.04% 4391 CF &b =5 33. 16 % #1 16. 46 % ,
AR AE S0 P A ) 9 45 R — W it AR Ak 3 (R
BERAMERA 1 2 A (CNPK) It NPK 43 /)
AR & 23,390 s M A ALAC A RNPKM &b # [,
RNPK Zh B AL R 9. 96 %0 . SR WM,
220 AP B WA BRI X 5 AR AR A g
R B T EIA G,

R3 TEAEEEXTHEEHHERRE Hfr  kg/hm?
Ak B B EH I nt 24
CK 1.6840. 39 12.86=1.70b 89.134+3. 24b 60.90+4. 73¢
CF 2.12%£0.19a 25.54+3.98a 101.06%12. 76ab 97.49+3.60a
NPK 1.9740.21a 18.80+4. 18ab 109. 06%9. 02ab 101.60+3. 89a
CNPK 2.32%+0.10a 17.7242.17ab 134.57415.91a 112.04+8.47a
RNPK 2.05+0. 15a 16.87+1.71ab 107.03415. 30ab 74.0343. 38bc
RNPKM 2.34%0. 36a 11.30£1. 24b 117. 69%5. 18ab 90. 24=F11. 50ab

2.3 AEEERERBIEHERRSFTEHZN0
MR ERE2Z SR B (P>0.05),7% 3 NPK

AR Y W R B R A T A A A B 25 R B (P <
0. 05) EAEFE ) CNPK b 215 4 W 2 25 i T Ho At 4k



298

PSR R

%32 &

FH(P<C0. 05), ik 5] 35. 26 kg/hm? , Hyk H 0 4kt A 4 21
NPK., % 30. 94 kg/hm” ,CK #fH 28/ 24. 00 kg/hm?
(3 4), CF.NPK,CNPK,RNPK 1 RNPKM 4t ¥ ffy
PR E 4 4 W b CK & 24, 09%, 28. 93%, 46. 94 %,
17.62%,15.75%, NPK HI CNPK 4t 34 it i i £ 2 5 1
AR AL ER (CF) 23 51 1 3. 89 %0 Al 18. 41 % . Ak AT i
A3 RNPK F1 RNPKM (%) 8% F1 R £ L CF 4b 38 43 ) 1%

5. 22001 6. 73 %0 , & W M it FH 2 6 22, A A6 W 110 B 2R
SRR 2 L (H 25 5 R G T D0 Ak A ek e R RF R AR A
XTI TR o 78 A7l JIE it ) 2 4 0 %) 2% 42 - CNPK
AbFR B AN 2t NPK 5 13. 97% , RNPK I RNPKM
A B P B FR SR A 22 A8 K 150 I 8 T R S — o e it
RIVRT 5 AT A A A R I X 1 75 2K 1 it FE A LA %o
FAE B 2 A B Fe I W SR A HEVE

R4 AEAEERATREENPHRRE P kg/hm?
4k 3 15 3] £2. LAY 54
CK 0.5540.12a 3.63+0.34b 24.00%2. 68b 23.68+2.16b
CF 0.6740.09a 5.690.82b 29.78+1.27b 28.69+1. 30ab
NPK 0.6040.09a 8.6341.58a 30.94+3.05b 31.02+2. 90ab
CNPK 0.6740.06a 6. 39+0. 88ab 35.2643.58a 34.16+2. 66a
RNPK 0.5040.10a 5.00£0.50b 28.23+2.19b 24.14+1.72b
RNPKM 0.5640. 14a 4.1740.63b 27.78+1.33b 30.54+3. 47ab

2.4 FAEEEAMNBEFERELLFUAFNZME

AN TR) it S Ak A LY AN T S X AR AR Y A 4
PR AR b L RNPKM &b 3 7= & 5 5 4
A/NXIRE] 6,19 kg, #H T CF Ab P4 & T 13, 37%.
AR AEALEC RNPK 77 i 5 I, AR~ /NXCH 5. 34 kg,
T CK 5477 7 14.59% (& 1) ,NPK #l CNPK 43 41
Fe CF 371 3. 11% 1 2.20%,

8

ab ab

L (=)}

=8/ (kg « K
[\

NPK CNPK RNPK RNPKM
i =

<

CK

E1 FEEEERX THRESE

HRAE 2016-—2017 4 A6 WS W H 4 ~F- 12148, 76 H:
b AR 77 A A RIS O T A5 845 A IR AR 3 5
A TAEEL = E SR . 2R 5 AT, DA I R
80 A FR I ff RE 2 R 9 AR T A ATLIE Ak B Y
FE B K A 18 298 Ju/hm* ., b CK FiE i 2 920
JG/hm? ., Ho CF AR 1 925 J6/hm? , Hok A1k
i AE AL FE, A WE Sk 17 042 J6/hm*, b CK A i@ 34 i
1 66475/hm?*, [t CF FiE8 b0 669 55/hm’,

x5 EMERAXTHERENEFHE
i FR=R, MR/ i TERHR A/ G
(kgehm™) L+ hm™?) (L +hm™ %) (OC*hm %) G+ hm™?)
CK 2330 6.6 15378 0 15378
CF 2730 6.6 18018 1645 16373
NPK 2815 6.6 18579 1537 17042
CNPK 2790 6.6 18414 1762 16652
RNPK 2670 6.6 17622 1229 16393
RNPKM 3095 6.6 20427 2129 18298

2.5 AEBEEXNNTEEFAFEINZE

22 CK Ak B 4 g i fige 2 7 o AR T At & Ak
({5 RNPKM 4h B K 5] 25 573 i 3 4 (P<<0. 05),
Bk RNPKM 4b #, H iy & 4b 3 (8] T W] W 22 5% (P>
0.05) , RNPKM 4k # + 38 i fift 0 % &t 1 CK Ab 3
41.39% ., 1 CF 4P 10.51% (| 2), k24 CK
b BEAT S A R AR, S R CF Ab B LM Y H At b 22
2 SR ) B FE VK FE (P<< 0.05), RNPKM Ak 3
AR &R CK AP 64, 32%, [ CF 4b3g
7 39.21% (& 3),

80
270 s ab ab ?;
50 7 .
El
%30 -
20 L 1 1 L 1 J
CK CF NPK CNPK RNPK RNPKM
A B
B2 BEEEEHEHLIEEMBESE
20 -
~ 2 ab a
‘op
s b %‘7 % be 7
o cd
& d
w10
RS
{m
0 1 1 1 1 1 ]
CK CF NPK CNPK RNPK RNPKM

o
B3 BEEREHERTEFUESE
3w
VR0 10 1 02 18 R LR 2 M e 0 L O
HEXT 1E W) B 7 A PR 2 R — B TS, AT B
FE g% RO T BB AR SR BB



533

e 5 5« 9 9 0 R A T e A ASE 20T A A Ul 5 2 B3R L ik ) B TR 299

FATRmEMGEDR " RAE —EMN LR HX
Tt G 22 0] i DRV W Al 2 | R B LA e o5 2T 5
AT LW T Y R AR R SRR -
S R R AR O B i MR AR T R R AT T A
KM (R 6) ., 45 F R BURF AR R B S A R T
AR G R BR 0. 783, AH G A 35 31 I 3 MK - (P=
0.066) , 2= B 4% S5 W 58 7 A [A) 458 B8 IE & % 46
A6 AR 0 A AT g 1 5% it A AL &G SR 5 R A
5 AU B R R R A A G R Bl 0. 643
(P=0.168) 1 0. 682(P=0. 135) , AR F W 111 9] i
M 56 2,3k 5 B AR A5 RIBR 32 e 26 X R Wl
HUAE S A NE il FH 2% 42 T A% 46 B TR) 328 56 %) BF 53 45 SR A
. MAET YRR FRa MBS 8 Z AR
F AR R X 5 XN S HABAE Y B 9T 45 R AN
— AT BE S A LA AR B B TR UK AR B AR A
5K 5[] B 3 358 BH A A6 19 5% 235 3K 5 3% 20 R A X R
FRAE Y SR A K T E B L 3 A A9 A K T R
JE o IR S BB R BB AL L i e R AR
P 5 R A A E Rk 0. 981, KL
W BB W IE A 6 56 2 (P=0. 001) , A1 4 = 42 5 4 158
B S BMHERECH 0. 815, W XM B E W IE
LR (P=0. 048) , 1R SCE A5 38 o X AE 9 3 1
XoF 4 AE A A R BRSSO A8 ™ 00 52 e L A5 S 2 A
S5, PR A] AL ik 2 A R A 0 AR L G

RAEMALR =5,
£6 RRERLBUSHRSFREANEXLER
o ®R mB_  H#
W e g gy AWE MR
FORE 1

AR EE 0.505 1

HHEE 0.376 0.946° 1

WA 0.862°  0.705  0.707 1

R 0.378  0.702  0.762  0.736 1

A 0.783  0.643  0.682  0.981** 0.815" 1

H T YRR AR R L3 AR A & 0RO 35 R Rk
B FRAE 0. 01 KT UMD - B E M %, FRTE
0. 057K (UMD | i 3 A7

A ALIE B e ok 3% + 5 B v R O R v
RIS HENE BE T o 2 4 4 3 AR W IE T L DR AIE A 1l 7T 45
S A ORI R A g R
8t A FLIE RE RE 1S IR AE 77 73 AR 3R B SCRE 4R R A 4K 7
. ARG 45 R SR it A HLIE 2L 3 (RNPKMD 5 4
[ Ak A it FH 2 178 A it A5 ML AE Ak 2L CRINPEO A B B 7T 386
MEAE L BB Rt A A AR AL P B B 5 T 15, 9206, 31X
CIR:ERST O SR I N (VS I A i N K @ I £
SO0 TR Bt it FH A MLAE S5 1 8 7% o e I 4R
o O B T B A B K e A . KA MLIEAE R

PRI F 2 AR R Bl 7 4650 A L AR X 1 F 58 R

LA HUAEE AR 20 %6 ~40 %0 F B AL AL FH & AE W 2 AR

FETEH A, JF BB I8 B 5 B it 16 1 Ak B AH [R) 57 4

ABIF ST L, FAR W Bl A S+ HUAE b 38 LY > 158 it

FESG = 13,37 % . bb AR Ak it AE Ak 2 3% 7= 9. 9506, TIE 52

Bt 7 ol it £ A A% 42 188 A ML A it T s T

VEC T R B b AR 4B 1 7
555 ISR H 2 B AT 9 7 434k iy T8 fin A g

745 25 o BN Ay o i e A M 2 77 8 U5 38 4 R P 5 8 4

A RMF B, BRESAEERIEYS G — kM

FH AT LA D 4 RS AE VR 9 2 1 A0 30 3% 03 RS R 12 1

[m) 0 0 AR R R KR B W FR oKk e

HEFR A ACHE L AT T R L R Ok B g

HEVEY B = CRE T 2595 8 0y, Bk Rl ARV, B

SRAEEILE BT 5 4 0 I 5 R B PR E S Al s BT

S5 5 09— U IS X AR B 7 i e I e P D

FEAE R VR = 1 R A 2 5 it e & 3 i Ak IS i VE )

7 A E RO . A9 45 SR e B — U it A Ak L

CEERBAEMERE 1 2 BLA) MHFE ™= & b 2] 15 it

JIEAb HR A AR A= G 2. 2020 . U REIE 5B

TN 255 1 — U P i T 7 8000 U 2 1) 15 0 [ 4 g

P R AR AR AR 77 R S IARO A 7 B T AR I R T A

Sy R B, 2% €5, T ¢ B RIS b R 1 — b A 280 AR

PEHENE A .

4w
5l AR e — U A B R 3 R

FERA 1 2 2 FC8) i BN i B R 1 O dic ey o AE 28 M

RO ZE A F) 134, 57,35, 26 kg/hm®, &

FRIE + A HLIE AL B5FF A 7= S de s Ll 2T A8 IE &

13,37 % Z 345 e BB AE K 7 1 925 J6/hm”,

ARGARTE T b R O AR AL AR K . — PR T

GO PR AR B A BEA 1 2 2 i) AR i 5 2 1]

it A8 R 00T 8 U A ik bE AT B IE B 4 T 279 Ju/

hm?® KA ™ 5 50 Y A B A 3R 5 0 B B oG OC

F o AH 5ok 200 T T A A R R R R B

KR A TR A RO S 5 W AR AR 7 Y SC B

. BETAUOREAE R AR RE T 24 H

] 3056 i — AP Bk

eS¢

(1] S SF-. i = £ s v b it e R T . 1t ARl
KEFEZHMR GESBHF D ,2009,11(3) :68-69.

[2] Karamesouti M, Detsis V., Kounalaki A, et al. Land-use
and land degradation processes affecting soil resources:
Evidence from a traditional Mediterranean cropland
(Greece) [J]. Catena, 2015, 132 45-55.

[3] Xie X F, PuLJ, Wang Q Q, et al. Response of soil



300

PSR R

% 32 %

(4]

(5]

L6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

physicochemical properties and enzyme activities to long-
term reclamation of coastal saline soil, Eastern China
[J]. Science of The Total Environment, 2017, 607/
608: 1419-1427.
Nouri H, Borujeni S C, Nirola R, et al. Application of
green remediation on soil salinity treatment: A review
on halophytoremediation[ J]. Process Safety and Envi-
ronmental Protection, 2017, 107 94-107.
Han L P, Liu H T, Yu S H, et al. Potential application of
oat for phytoremediation of salt ions in coastal saline-alkali
soil[J]. Ecological Engineering, 2013, 61 274-281.
SRR, FUR s, Sk S KR A H 4 VD W SR B 2
GIREHAR T R WF5E L) ). Rl T AL 24k, 2005, 21 (3 T
2):136-141.
H =, 36 30k, B 4R 55 . 37 5 1 5 DX Eh B i 2F 2SR oG
SR AR ] A B4, 2016,36(22) : 7064-7068.
ESTI R (F=% O () A N e B E= Y #: S |
AATFELT . 3B A, 2001, 5(1) - 46-52.
ZEARMR U PN IR S U T 09 0t AR A A AR IS H
Xof 39 S A P BT A AR AE T B S e LT AR o
2017,43(7):1030-1042.
Tian X F, Li L, Zhang M, et al. Controlled release u-
rea improved crop yields and mitigated nitrate leaching
under cotton-garlic intercropping system in a 4-year
field trial [J]. Soil and Tillage Research, 2018, 175:
158-167.
e A= 2 F S 7 NI 7 o VN N 1 B
BAS LA FT (). £eolk TRE %4, 2005,21(5) . 7-11.
SR N S ARVARY 7R NN N 2 S AT
F[1]. M AE 24,1994, 6 (B 7] 1) 1 46-51.
A5, PR 2R E L AR K BUBE I B AR L K A
B L il S A BB m [T 0 A A &8 24l
2017,28(12) :3945-3954.
G RN R A I AR AR TR I L B ARy
53553 10 251 P AR AL B xR AL 7 B s L], AR AR
% ,2006,18(6) :362-366.
Tyl ol 2R U i b X R A g TR LT ] SR
ARl R 1998(6) :13-16.
B U T I | ST s 9 v )8 = R Ui < s B U
U5 B 43 A0 R AR R BUE A LT ). B RL %2, 2014,
35(5).1727-1734.
fif 1 AL R A BT LML 3 iR dE at b E Al b
#t,2000.
R, 5K I AR AL BRI R PR B AR B X
PR ALY 2 4 L) DL b B RO B2, 2014, 47
(5):1013-1028.
SRR U AR YR L SR L A R T OCTR AT I R i A AR
st A AR 2O FET 2 i BT IR A S A AL Rk R A AR LT .
ARl B2 ,2015,48(15) : 2891-2910.

[20]

[21]

[22]

[23]

[24]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Pandey V, Patra D D. Crop productivity, aroma profile and
antioxidant activity in Pelargonium graveolens 1.” Hér. un-
der integrated supply of various organic and chemical
fertilizers [ J]. Industrial Crops and Products, 2015,
67. 257-263.

RS B L SRR SR RIS T A X AR AE A R 1
THEAR S W [T, R AR . 2014,51(2) - 295-305.
B BRI S 1062 A HUAE X 6 Wi AL B s A 1L T
YRR B FR 4y Wl e i iy e L . o [ SR
#},2017(2):107-113.

W e, L6 4 i, 55 AR AR B I ) SPAD (8 e
PESREARBWM R LT P E AL AL 2, 2011,44(22)
4748-4755.

R ROM, BUR, B Ui, S5 T ER X 45 2 158 S/ i b
135 4 S A= B s [T ], 1342 4] . 2001, 38
(3):301-307.

BE R SRSCHY T AR, 45, S Rt IR 7K 7 T A 46 AR 9
AR RAFAERT LT . #E27 41,2006, 18(6) : 323-326.
e B UL 2T S AR AE O X VR AR H R
i e e = py 2w L) . ol TR 42,2011, 27(3)
271-275.

/N 2R A fa i ML 55 3 2R 3 AR F AR W A HLIE
Xf LA BT A S AR AR 3R 4 Wl B s e L.
HP 8 35 5 IR AR . 2012,18(5) : 1111-1118,

Geng J B, Sun Y B, Zhang M. et al. Long-term
effects of controlled release urea application on crop
yields and soil fertility under rice-oilseed rape rotation
system [J]. Field Crops Research, 2015, 184 65-73.
Ve Tt » 2= B3 TR L 4. el 20 1 I T i A LTS X 38 9 A A
NP i = i /9 S i [T ). A A6 % i 2014, 26 (4)
342-349.

LR 52 T 9 R L G it A AL X A AR 7 A 0 8 e BF 5
(I YT PE AR A6, 2010,32(4) 1 42-44.

W 3 % ST XU 55 AT HLIE R AR A8 23 A IE %o K 3%
PEAR H =, A oA o Mo Rl vE M s (). A=
M 2014,34(21) :6137-6146.

Trinh T H, Kushaari K Z. Dynamic of Water absorp-
tion in controlled release fertilizer and its relationship
with the release of nutrient [J]. Procedia Engineering,
2016, 148, 319-326.

Nardi P, Neri U, Matteo G D, et al. Nitrogen release
from slow-release fertilizers in soils with different mi-
crobial activity [J]. Pedosphere, 2017, doi: 10. 1016/
S1002-0160(17)60429-6.

Ihom A oK B IRBR AL S S REICTE AR AR 4B B IR %
WEFELT ] 7K £ R FE 2412 2006, 20(6) - 133-136.
BRI AR SO L S Ul I X I e 5 A e
MABRRBEMZmLT] b EA SR =0, 2013,
21(5) :536-543.



%32 B 3 K AR R Vol. 32 No. 3
2018 4 6 A Journal of Soil and Water Conservation Jun. ,2018

KBEEXNZ/NEXEEEFEM=ER R

i%a ﬁ’b‘f 95“ HHQJ ﬂ‘-ﬂrﬂi i?ﬁ\‘
(I ARAON K2 22 BE AEWAEY ¥ E R E AR, LR R% 271018)

FEE . Fh X v M T DX AN AR 7 A A Y K B AR R e DR ) Y 3R A 4 ] L B TR 5 B 5 K B ELAE
K A7 INF2 S B A SR M R P 5 T 5 Dl B U VAT b DX 80R) FH K R B TR AR I B K . 2015 — 2017 4R LU
17 15(SM15) Jgkt Rk F FH K IR 3B IR A 58 3k, 3% 3 2 Aok &K S (500,250 mm) 52 A i % 2 7K - (90,
180 kg/hm?) ;2 NANEHK T CEHMIR R AP 42 . 5 R T 2 F 50 9 & /N2 e 5b & A B 4
AR AR L, 25 AL B A /N T OG5 38R ZE I R K R AR EE BTN 2% LG
TR K AN /NE M A R 0 B, W1 (/K B 500 mm) b B 9 1 5% & 4 R B 5 5
T W2 (kK3 250 mm) AL 3, it ZUIC 180 kg/hm® 4b 3 A9 HE iS50 & 3 22 W 8 & Tl 0N 90 kg/hm” 1y &b
B, 5t JC ML AR L it A HLIE AT ORIE A /N A JE W4k R B s i IO & R 2 aE e T R
D RL U RS AR WIMIL (K 500 mm, A HLENE 180 kg/hm?) . 254 & /N2 A A P4
P SRR AR RS A5 T A HUIE B 7= ORI AR L &/ 22 4R T WK B 500 mm, jifi A #L IR 180
kg/hm?® B} 4 /N F2 R Y6 A AR B4R MRS RS R R e

KHWE . KABAE: &/NE; LEETRE TYWE k™ &

mESERE.S512.1 HERARIAED . A T EHS:1009-2242(2018)03-0301-08
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Effects of Water and Nitrogen Interaction on Physiological and
Photosynthetic Characteristics and Yield of Winter Wheat
WANG Lei, DONG Shuting, LIU Peng, ZHANG Jiwang, ZHAO Bin

(College of Agronomy, Shandong Agricultural University, State Key Laboratory of Crop Biology, Tai’an, Shandong 271018)
Abstract: Water resource deficiency and low nitrogen use efficiency are very common in Huang Huai-Hai
Plain (HHP). In order to deal with these problems, the experiment, using SM15 as the tested winter wheat
cultivar, with different water supplies and nitrogen fertilizer combinations (two types of fertilizers, two application
rates, two water supply levels), was carried out in the lysimeters in 2015—2017. The photosynthetic characteristics of
all the treatments showed the same variation pattern: the flag leaf photosynthetic rate, transpiration rate and leaf water
use efficiency (LWUE) increased firstly and then decreased. The flag leaf photosynthetic rate of W1 water supply
quantity of 500 mm was significantly higher than that of W2 (water supply quantily of 250 mm), and the flag
leaf photosynthetic rate of 180 kg/hm? was significantly higher than that of nitrogen application of 90 kg/
hm?®. Cormparing with the application of inorganic fertilizers, the application of organic fertilizer could ensure
the higher growth rate of flag leaf photosynthesis. The grain yield and dry matter accumulation in the W1M1
(water supply quantity of 500 mm and application of organic manure with about 180 kg/hm® treatment) were
significantly higher than those in other treatments in the two growing seasons. According to the photosyn-
thetic characteristics and grain yields of winter wheat, the experiment areas with organic fertilizers got higher
yield and the rate of increasing production than those with inorganic. W1M1 was the best treatment, which
had the highest yield and better photosynthetic characteristics.

Keywords: water and nitrogen interaction; winter wheat; photosynthetic and physiological characteristics; dry matter;

grain yield
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DX 11 5 AR AR L /N2 AR D B AL T 5 — KR A
Py ™ RGP T R e 4 vh A
IR S AL AR B DX K B AL I S
5 o ik Rt AT A R AR H AR . RS, T X
KRR R A A Y 20 %6, 1A 1T R gk 2 4 [
(¥ 4100 MR OP JE 2t ARl A v h /N 22 7 i e
3t i 55+ AT REF T AL R 2000 ~ 40265 i fa] £y
PR ER RS R Z AP JEE 5 Z &
Mo A A 7 i FA 7R o3 FUIEEHBEA BRI 45 B AG 7K
RSB A 2 A W 0 AR RRON 3 K e A
TAEYG A A B R S B Y ™ I T 2 A it
T WD AR AN 2 AR AR O 5 R A
U (R F S INTTE - = L ) S D B S
AT F WY, A b i KIS AR Ak L 2 S R A A
(' 15 Y B = L AR E 52 A5 WIS R T L it U
/NG PR B ™ i B . KBTI AEC Y RIS
8 KO 5 B AR A N R e G R AR E
J SYE > 0 T 3 R Ot S Pk R R R ™ A B 2 4
e Gu S WEFE R WL AE BOK S5 1 R 1 it A0S, 58
HAENE S K BRI e AF T B Kt i i 7K
REAR A B 5w/ E T R R et /N A2
7o SRR A R 2 WYL 3 R e /b it AR A AR K
TR L K o AR R RCR A
P . SCHR RSO A B HE I AT L 42 K S
A AE A 2803 2 G Tl DX 4% il 38 it v A5 e ok
— R AR R R, AT Gt AU Ak K
HH AR W e 2t L AR 26 A it R LA
KA 3 HRMEARAT B A . A I R R FK o
PR T H T T AN [R] I AR 28 R i A 3
IR A AR A /NE O A BRI B A B R ST
PRUT P e b RL ™ B IR AR O UV 3 X/ 2 i A ok
o3 AL 5 B P B2 0t B e A A B AR R

1 #et 55
1.1 RIS R

2015—2017 AFAE 111 2R A M K 2 8 U 1 R K 45 AR 1]
s (36°09" NL117°09" ED il FH /K AR5 WA 5% i A7k
I T LR A8 e, AR AR 12,8 C L AR
K& 700 mm, K ZEH TR N 657, & FH
KA 3. 6%, 2 4F/INEE A K 2 [ SR B K B 0 i o
110,120. 8 mm, FPAE R4 /N E — B K —4F 1
Ak, RHERRCNRER L. BB RIS
Gk 2.5,2.5,2 m Ml F BN ) BRI ST 15 em
AP ,5 em 4070 ,180 em + 88, HIER B A M, +
eI R R 4 . I T 4R A 45 15 U Tt B b o 3
A—F, 2015 AEFEFPRT 0—20 em + 2 A HLIR & &
11.21 g/kg, &R 0.7 g/kg, AW 27. 41 mg/kg.
A 92,01 mg/kg;2016 FE#EFIHT 0—20 em L2 A
LI i 14. 01 g/kg, & A 1. 21 g/kg, Ak 26. 92
mg/kg, 4 97. 01 mg/kg.,
1.2 RIEigit

RIS 2 AR 2 AN AU 2 Mk KR, 8
AMbEE, 3 R ST 24 KRB T it BER A /NEE
Fp kA1 32 15 CRAME L FR L AE F 1 250 d, BURRRE Y K04
TEEE b, g B AR, IR ), P S A N 240 T
/o’ BEAS/NXFA 12 47,478 20 em, 2 MK S
FE R0 SR H 153518 2015 410 H 10 55 F,2016 4
6 J1 8 HUidk ;2016 4F 10 F 10 SR, 2017 4E 6 /] 6 5
Wk, B 2 FpoK o S fF AR F I EHE K B 500 mm
(W1),250 mm(W2); W1 b3 87K 73 3% Al 500 mm,
B 25 A SRFRERR . 2 AR RS BRyE g 43 31 390,379, 2
mm, W2 kb3 5 W1 W B30 A [ 8 O A e F L BR
2 ESRBET . 2 A A K Z 2 PR o I 2 43 ) oA 147. 5,
129. 2 mm, JEBE/K IR Ho T 7K o 3 BE B A it 2R
2l VEE R, VR T 3R K SRR A B I . 2015 —
2017 47 HLARFE LS 0L 1,

.

Rl ZNEFRAEEHNERE HLAL :mm
AEDY 4k 3 R R #ATH JFAEH IFAE — A B
w1 75.0 16.0 75.0 75.0 146. 0 390.0
2015—2016
w2 37.5 0 37.5 37.5 35.0 147.5
w1 75.0 0 75.0 75.0 154.2 379.2
2016—2017
w2 37.5 0 37.5 37.5 16.7 129.2

R F IR S 2015 4F 10 A 10 H A1 2016 4 10 J1 10 H 3R AR Ay 2016 48 3 J1 5 H A1 2017 4 3 J1 6 H ;37 IS (6] 24 2016 4 3 J
29 HA 2017 4E 4 A 1 H ; FEAEWIRFE Jy 2016 4F 4 F 29 H 1 2017 4E 4 [ 30 H s BESWImE R 2016 4£ 5 7 12 HHI 2017 4E 5 7 13 H.

2 I 2 AR 4 ) Oy -l R 3R (UD B B A
B4R 25 (M), it A 7K F 43 51 8 180 kg/hm* (U1,
MDD F1 90 kg/hm® (U2, M2) ., HaAEATx 42603540 &
TR AT I E 2 AF I B T A 2555 43 1 40 i)

7 2015—2016 4F, £ & (N 0. 35% , &5 (P,O,)0. 42%,
LK. 0)0. 33%6, Jfi i 7 /K &R 78. 987652016 — 2017
AE LA (ND 0. 40%, 4 B (P,O,) 0. 49%, 42 41 (K, O0)
0.35% . Bt &K N 77.25%, BAAEA P.K
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LG IR RN A /N2 A R SRR 7 A A 5 e 303

598 P,O; 150 kg/hm? 5 K,0O 150 kg/hm?, ffi
FHEF U 2 2 i & B0 B . 4 28 B A0IE — oM 5
i, R B FEM AT 12 1 55, 2 4506 3L A0 it
MHEBE 10 A 10 B3B8 H H 8128 2016 4F 3
H 29 H.,2017 4 4 H 1 H,2015— 2017 4 H {4 jits AL

L2,
x2 AEAEELENEXEEE
Eﬁ{ﬁ:kg/hmz
AEAy AR ERAFE IRE RS MM

Ul 0 218 2158 470
U2 0 109 2158 470

2015—2016
M1 50561 0 234 132
M2 25280 0 1196 301
Ul 0 218 2158 470
U2 0 109 2158 470

2016—2017
M1 47474 0 171 167
M2 23737 0 1164 319

1.3 MEMBRAZX

1.3.1 xkbamiFrnz T/AFEALR 30 K
(2016 4F 3 J1 31 HAI 2017 4 4 A 1 H) L 4ERT 15 K
(2016 4F 4 H 14 H 1 2017 4E 4 A 21 H), FF4£ 1
(2016 4F 4 J 29 HFI 2017 44 F 30 H) . MEJG 15 K
(2016 4F 5 15 HA1 2017 45 7 16 H) . 4EJ5 30 K
(2016 4E 5 H 30 HF1 2017 4E 6 H 1 H) 4 37E 3 4~
FEEM/NX P REALEEER 5 A A K — B o8 4 ' i
M, 4 bR IS . R B CIRAS— 1T %0 #5 X 5 4 0 2
RGN K A 9:30 — 11230 M 2 HE 1Ol A 14
(Pn,mmol/(m?* « 8)), 2& B ¥ X (Tr, mmol/(m”* -
SO AENAHER B R B BRI 2 Yk, 10 IRES R Y
IR . MR DU E 0 1 O G R 28 T AR A
7K 43 F) FH 2% % (LWUE., gmol/mmoD) i+ % 2 2 K
LWUE=Pn/Tr.

1.3.2 @434 (LAD  7E4ERT 30 K, 4ERT 15
KW TG 7 K AEIE 15 K 4EJ5 30 REUFE , B
Ab B E I 20 B FA— 35000 40 2 M AR B L T S AR 1Y
R R R T T AR B, AR T A = R X
R 5 ><0. 83, it T FH A8 %0 = (BB i T FH X B0 -
T AR BR O / B 4 i TR

1.3.3 vt@E &4 FmaE  fEMERT 30 K. IERT 15
KIFW G 7 Kbl 15 K. AEJG 30 KEURE &
INKIER S RS - AAREENT F, 2]
Arnont o k  EUEERERR B S L FH 10 mL 95% 21
WG4 HL 48 h, F WU E 5 A — BT 4y ok % B I
(UV—2450 A, HA S EAFD e,

1.3.4 FTHRESZTME TE/NELA 30 K. 4k
A 15 KL HF4E M 65 15 K165 30 K, b 40 K
IR B/ X B HLERORE 20 N RZE .3 IREE A, K Hil

HRFR Kl b 3850 0 R i L B 5T -+ R A R RL
PUFER Sy KA 105 C 2644 287 30 min, 80 CHLT =
fEHE LR &/NE B A A/NX PR 1T m® g
M7 BRLIT 2 B AR T G FREE . WO I T R 4L
AIVRERL 8 o 75 JBEORL T AU B AF KL Fh B AL IBORE I 2 Tk
H.ELE 3K,

Fei (kg/hm”) = F 80 (B /hm®) X 7 80 X T
RLTE /10 X (1— &K 200/ (1—14%)
1.4 HiE4hE

% F Excel 2010,.DPS 7. 5 #1 SPSS 19. 0 #4347,
SR AT . LSD k047 22 5 B E A 56 (0=0. 05)
FH Sigmaplot 12. 5 BAAEHE .
2 gk 5nbr
2.1 XEEEMNZNZXAEEFENZID

B &1 A] T, K LA X 4 /N 22 T v O
AR P2, 4% Ak HOE G 8 AR A T AR ) 1k B 0
AE 5 Fifi G B[R] #E 2E L 2% Ab B4 O G A8 1 B AR 2
TRER) #2015 — 2016 4ETF AL WIUTL 4k 3 Y
THE G 3R 2 e e s W2 M2 IR, 2016 — 2017 4EFF 4K
1 WIMI 4b B O & o SR (E f s W2 U2 il A
BOKKFF 2 AR . W, A B A R 35 g %
T W2 A B AR K e e 25 e T OGS R Uit
RKFPRF R 180 kg/hm® Y 4k BEAY HE 56
BHREE TR SN 90 kg/hm® (4 3, 35 B
T it 2R 0 AR o /N 2 T O B AR A [ I R 2R A
FALG P65 G A= 8 W HE#E, U AL 31 o6 & 3R T
FEBH 0, i M AR B 0l G 3R R T 22,
TR H R AR TE B R KT, 2 B TR
KNG A R R K R EAE RN I8 B KO (P<
0. 05) At X 4 /)N 22 18 5l G 303 79 52 Wi 35 ) 1R
BF K (P<<0.0D),

THE I 2% i R 5005 BRI AR LB AR AR — 3L
X 1 B 2 I8 R O R AR B Y T 4 06 & (1A
2) . A5 Kb B 25 P AR U (R S R TF AR L 2 4R
5 W6 P i v (A AL B XY SR WML, S [ 3 I8k = 22 () A
o, W2 Ab B 2 i 3K 30 0 IR T W AR 3L, 26 2 4F
TG A W2 Ab T 7 I AT R i S A 5 R i R
Aib B ) 205 I R I 3 o TN U AR L xR
TR I 25 5 0 TR oK B 5 S A R A% 1
AN TR RUIE 26 B 2 [ ) 28 I R 90 2 S AN I 3

Bk K43 F I RCR (LWUE) BT VR 5 35 b
D B A A R B H B 3 AT 2T, AN ] RN 2 A8 2 [ 1Y)
LWUE 2 5 R 2, & it A & A 31 LWUE i TR it
REAI, W2 h3r) LWUE &1 W1 Ab2E,
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2.3 AREEMENENHEZELRSENEN
NG g 2 A R S N ) R
RS (E 5. 2 I R R LS EYERE 7
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TR £ A0 N0 28 BUAH ) 0 2% 0 R it 0 & 180 kg/
hm” i kb BRIt 2% R & i 2 8 Tl o 90 kg/
hm® Ay Ab 3, R [ RE RS Y 22 (3] 2015 —2016 4 U 4b
PR A RS BT M ARFE, 2016 —2017 4E M 4b
By RERET UAHE, U AR ELE
WEARE G W R R, MR B R E A
AR TR, 2ERGH 5 2 F& LY
] 22 A5 1 AR



53 1 F 3% KA EAEXR A /NE A A B P 8 B 5% 305
=~ 5 r =~ 5 r
E E
84T g 4T
° 3 F = 3 }
g , 2015—20164F g , 2015—20164F
S~ B g .
5 —o— WIUI —— WIU2 % Ww2ul wau2
§ 1L WMl WM Eé 1 b —— waMmi —— W2M2
@ 0 1 1 1 1 1 1 J @ 0 I 1 1 I I I J
& 30 20 -10 0 10 20 30 & 30 20 -10 0 10 20 30
® BT AE T 1)/ d ® VA TFAE i 18]/ d
~5r ~5r
) °
= L g B
g 4 g 4
s 3F = 3
§ 2016—20174F g_ 2016—20174F
;/ 2r < 2 F
+;§g+ —o— WIUI —— WIU2 H —o— W2UI —— W2U2
Bl —e WMl —— WIM2 § 1 o w2Ml —o— W2M2
@ 0 1 1 1 1 1 1 J ﬁ 0 1 1 1 1 1 1 J
3§ 30 20 -10 0 10 20 30 R 30 20 -10 0 10 20 30
= BT LR 1)/ d ¥ PR TR B 15/ d
B3 AEKRAETNEEMHKSFIBAEE
10 r 2015—20164F 10 r 2015—20164F
8 | g8 —o0— W2Ul —v— W2U2
= & o W2Ml —— W2IM2
o6 |6
&® B
E? 4 F E? 4 F
s F —o— WIUL —v— WI1U02 2 F
—o— WiMl —— WIM2
0 1 1 1 1 1 1 J 0
30 20 -10 0 10 20 30 30 20 -10 0 10 20 30
PR FF A6 B 1E)/d BE FF A6 B [al/d
10 10 -
2016—20174 2016—20174¢
g | g | —o— W2U1 —_— W2U2
- = o W2Ml —o— W2M2
&= 6 wm o6 F
179 128
47 £47
5 | —o— Wil —— WIU2 , b
—o— WIMI —— WIM2
0 1 1 1 1 1 1 1 0 1 1 1 1 1 1

30 <20 -10 0 10 20 30
B FF AL B [B]/d

10 20 30

30 <20 -10 0
BE FF A B 1R/ d

4 AEKFELAET/NMNEMHERIEH

2.4 KEEEWNENETURRESHSENZM
2.4.1 FARAAFHHTHAREE HIE 6 A,
MK i it U IR R R B 5 e & N T R R 2
ARG T R R e 2 M AR B Y S WIML it 2
FE R ARAA ) 0 464 T W1 AR B 49 5 R 28 i
T W2 Lb B AN )it 1 it S5 R T it AU 180 kg/hm? b
FRAY 9 5 A 285 T 90 kg/hm? R[] 0 0E 25 % 4
FoL 2 AR B R B o AE)E 15 KRG U kb BR 4+ 9 R
RERKT M AR, HE 15 X5 M 4 H i+ 9 R
R R X RE S5 A LA RERCE R A K.
2.4.2 REZMEHLNER‘BTFHRERREE

T E g Fem A 3 AL 2 AR N AN
WY R AE A A8 B A LB EL B A R 37, 7106 ~
47.13% M F i 11, 68% ~ 16. 28% 5 25 + i |
27.20%6~32. 90 %0 s 5% +Hfh 5 12. 0396 ~18.98%% ;%%
Ab B A] By 51 R L 25 R A 0 C 25 B OR B
8.,2015—2016 4 A < 2= &% 4b B[R] ) S5 1] FF R L 0
76+ AR Y 4 e 25 RO B 5 2016 — 2017 AEAE K
Zerh, W2U2 , W2M2 b BE )+ 4 5 1) #7c + A8 gl
B 0 2 T H M A B, WIUL, WIML &3R5+ 4
JO ) KR 43 T et S R T LAt A B, W A B R R
SrlcE AT W2 b,



306 KPR R %3285
~ 8 r ~8 r
N 2015—2016%F ) 2015—2016%F
=11] = [TV L
E° £°
e e
4+ 4 |
& &
ﬂ%‘ s b —— WIUI —v— WIU2 ﬂ[gg 5 L —o— W2Ul —v— W2U2
+ —0— WIMI —— WIM2 45 —o— W2M1 —o— W2M2
0 1 1 1 1 1 J 0 1 1 1 1 1 1 J
300 200 100 10 20 30 30 20 10 0 10 20 30
¥E FFFE B 1|)/d ¥ FFAE BT H)/d
~8r 2016—20174 ~8 r
) ) 2016—20174F
a0 - ) -
g° Ea
= i
4 r 4 t
4 4t
% 5 b —o— WIMIL —— WIM2 % 5 b —o— W2U1 —— W2U2
) v —o— W2MI —— W2M2
= =
0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 J
30 20 -10 0 10 20 30 30 20 -10 0 10 20 30
BE AR IH)/d BRI AR E/4
Bs5s AEKEALEBETNEEMNMHEESE
25000 25000 -
g 2015—2016%F g 2015—2016%F
T 20000 F —o— wiU1 < 20000 |
ey —— W1U2 & —o— W2UIL
< 15000 [ —o— WIMI < 15000 [ —v— W2U2
Bk WiM2 B —o— W2M1
& 10000 F % 10000 | —o— W2M2
s s
5000 | 5000 |
i i
ﬁ O 1 1 1 1 1 1 1 1 ﬁ O 1 1 1 1 1 1 1 1
= 30 20 <10 0 10 20 30 40 = 30 20 <10 0 10 20 30 40
6 FFAE B[R]/ d B FF A6 B[R]/ d
25000 £ 25000
B 2016—20174F g 2016—20174
. 20000 . 20000 |
& < —o— W2Ul
< 15000 | < 15000 - —v— W202
g % —— W2M1
10000 | 10000
g g W2M2
& 5000 T 5000 -
% 0 1 1 1 1 1 1 1 1 ﬁ 0 1 1 1 1 1 1 1 J
- i
30 20 -10 0 10 20 30 40 30 20 -10 0 10 20 30 40
PEFF TR BT fE)/ d BE FFAE B[R]/ d
Bl6 ARKELABTNETHRMEDS
z3 FAEAKELEXNBRAPAESRETTFYRSEERESHER LK
P b AR E TY R E/ g FY B He B/ %
ha% A I H EAnREY Bige R A R ZEAME B AR
WI1UL  3.2lab L 17b 2.59% 1.21b 39.20a 14.36b  31.66a 14.76d
wi1uz2 3.07b 1.01bc 2. 18¢ 1.22b 40.98a 13.55¢ 29.10b 16. 35b
WIMI  3.38a 1.42a 2. 65a 1.27b 38.73ab 16. 28a 30. 42ab 14. 55d
) WIM2  2.95b  1.11b 2. 11c¢ 1.31a 39.38a 14.86b  28.17bc 17.57a
2015—2016 W2Ul  2.82bc  0.83cd  2.28b 1. 16¢ 39.72a 11.68¢  32.18a 16. 39b
W2U2  2.54c  0.78d 2. 15¢ 1. 05¢ 38.90ab 12.01d  32.90a 16.17b
W2M1 2.97b 0.92¢ 2.36b 1.02¢ 40.79a 12.63cd 32.44a 14.11d
W2M2  2.52¢  0.80d 2. 06¢d 0.99d 39.60ab 12.58d  32.29a 15.51¢
W1Ul1l 3.50b 1.01ab 2. 36a 0.95b 44. 66ab 12.96d 30. 19ab 12.17d
w1uz2 2.93¢ 0.97ab 2.29a 1.17ab 39.73b 13.26¢c 31.09a 15. 90c
WIMl 3.88a  1.09a 2.27ab 0.99b 47.13a 13.27¢ 27. 55¢ 12.03d
WIM2  3.22bc  0.99ab 2.09b 1. 22a 42.72ab 13.17¢ 27. 83c¢ 16. 26bc
2016—2017 W2Ul  2.46d 0. 8lc 1. 89be 1. 12ab 39.16b 12.76d  30.17ab 17. 90ab
Ww2U2  2.18¢ 0. 86¢ 1. 65c¢ 0.98b 38.41b 15.17a 29.12b 17. 27b
W2MlL  2.47d  0.94b 2.00b 1. 14ab 37.71b 14.33ab  30.54ab 17. 40b
W2M2  2.25de  0.94b 1.61c 1.13ab 37.92b  15.87a 27. 20c 18.98a




533

LG IR RN A /N2 A R SRR 7 A A 5 e 307

2.5 KREMEMENEFERFTEMREZNZNE
12 4 T KR EAEXT A /NS P i A R R
FR . EUIE 2S5 K R Xt /N2 TR AR A
SMAETE S HAE T, WL 2500 F, TR R B M1 >
U1, U2 5 M2 2258/ R EcR 38 M1>U1, W2 2%
PER .2 FRIORE S R ROR RO 38 25 5. il Ui A IE K
I OB RO TR AL BEZ 3G 0. 2 AR R
B ALFEE S WIMI,2015—2016 4F 5 & 7=tk 8 655. 1
kg/hm’ ,2016—2017 4E= 44 9 953. 4 kg/hn’ .
4 FAKRERLBTENEFBR=EMHES

ey omm H gy TREED T
(X10* fE » hm™ %) g (kg+ hm™?)

WiU1 133, 0a 1.0b 46.4b  8239.7h

WiU2 426. 5 40.8bc  45.3c  7871.6c

WiMl 434.0a 4232 4T.2c  8655.1a

WIM? 426, 0a 40.9¢d  44.2d  7561.6d

2015-2016  wor 415.5h 39.6d  43.9d  7224.8e
Wau2 409, 0b ST.70 42,34 65101

WoMl 432, 5 38.7e  45.5¢  7614.8d

WoM2 408. 0b 3780 41.9e 647350

WiU1 458, 5 40.8be  47.9b  8970.3b

WiU2 440 5b 39.8bc  43.9d  7703.8d

WiMl 471, 0a 42.1a 50.2a  9953.4a

WIM2 443 0b 4016 45.7c  8248.9¢

20162017 oy 387, 5¢ 38.8¢cd 41,9 6307.1e
w202 377.5¢ 36.3¢  40.lef  5602.5g

W2M1 388. 0c 38.9¢ 41. 9e 6336. 3e

WoM2 378. 5¢ 3794 40.31  5778.31

3w
3.1 KBEREEMNZNEAGEEFENT I
MG A e T R AT Y G A 1E FH 5 55 14 FE 2 S e
HARUOE B Y AL 0 AR, K EGE 5 e i
(S SNUNTTEAE R NN A DS E SO R IR 7 S e (Y2 bt
SRS M, TR TR A PR EOKOR JE 2 3 SO 2K I
A, 25 i AR E R  wl K R S B A
MO AR RS R B TR, AR Eas R
B LK 500 mm CW 1) &b BR G E G 4 8 % L 28 i
% 2 T K & 250 mm(W2) 4B, W2 b (1
kK A AR =T W AR HE, IR AR 5 5
INFZE I BV R 2 T R R 3 I K A AN
JE T 2T B AT 2 8 1 B K A R AR X
FLCE I A AR — 0, KA JE B A T it
FH IR AT L2 it 7K 4 W 300 %6F /N 22 56 B A TR 1)
RS i, BRSBTS T G i IR T /N 2 i
I I 2R 357 5 A0 AL IR K 4 R A0 56 il R0 o v L O
2 B I BUE K AR 3 56 4 [R] Ik K 88 4504 F 1 it
G A B A I £ 2 S AT B K 3 R SR B B
T = A B K 5 500 m, A LA 180 kg/
hm® &b B4 8 B b A G At &b 2 — AR 45 45 s K
- 3 HAR R O A R R IR S A R L E

1 3 i e BB s T IR A . i v AR RO b B e
THET R AERE BB AR L R R, 5L
JE Ab BEAH L, A HLAE Ak 2R ot i AR AR B N A F R
T B R 28 L KB 500 mm 5T i
R fif W T RS BT B R L K i 250 mm R
B AN 2 SOR B 2L BRI AR B R WK A R R AR R
L T 2 A 35 20 1T 52 i) 20 2R o IR i A LR P AR AR
Jiti A HUAE 251 F & B R K R AR /N AL B R )
A A0 i o T RS T B R R RO A R R
Fr e 1 25 AR B AR 97 5 /N 22 e R R
3.2 KREEWREZENETUREFENE T

INFE BRI T T 2026 ~30 %0k A it
ISP E N (IS 2 (SEDUR (7 Baah QSR B
90 %60 & B A K AU AN T 9 R R 5 4 il % D)
MISE. AHT % BT R R R AE K 4 B 7R F
INE TR R AR 22 5 AR K 500 mm
T A A PR TP A R B B s KR 250
mm F b B, 350 B 5 v G (K A R T /N e
WAEKEBNTE, &85 E 7 HREN . NETY
o AR S i i A 4 o i 4 s AR 3K 56 A TR K R Ak
Rt A 180 kg/hm® Ab H i+ 4 it AL 2 5 W 8
Fhiti & 90 kg/hm® fY 4 B, 4 BH 54 it &0 HE 42 28 1
SR R N A S KR A M R T T R
A HERR R WG N, AR 56 1K i 500 mm & F R OR
I it 2 2 Ak R 174 ol 2 AT ok 4 5 R R R 4 R
A3 T 22 S A K it L 180 kg/hm? &b B 9 F 4
TR SOFF R 1 9 2 43 I I I i Tl AL 90 kg/
hm?® (1 &b 30 26 W 35 ‘7 (0 K o 57 4 AR W T
K /NFE T TR R BE 1L 06 A T W 1 RERL Y S
e ok B 250 mm(W2) 44 F 4 4b B T 9 i
24 I B AT K i 500 mm (W1, Ui Bl W2 451
R /N XK SRR R R R BOR A HET
M e A FAL = A . T8 A 77 2 77 B A
(18 3 ity 5 7K RN A& /N 22 6 A A BRAREE 11 5 T o e A T
Yy R R h A8 A 55 4 e L) L 1 I A 285 Wi /N 22
FEar . AR K R 500 mm 4R A 180 kg/
hm? Kb 2 AT B B B A = 3 B 3 | T L 90
kg/hm® AbHE, 560 78 2 (14 7K 2 5 it 0 i TR AR TR
TR T 50 & 4% AR e AT B R 3w
ANFE 7 AR 2 1 T A ALIE Ak R 7 T
MLAE &b B, w] B8 A Ji PRI it A I 3 K = JC LA JR R
A3 R R R 43+ A LR AE 8 R A L33 i 1 3964 HL
A0S o L 06 Ak 88 T VR 7 9% 40 R 8 A ) 24 0
P OKIBECRM BAE R T NEE TR AE
e >R IR T vt A AL AES f Ak B AR AS B g A e



308 KPR R

% 32 %

4 45

N T RSN VESEIE ARSI
3 RS £ i 3 BT B2 T (B A B 9 25K L &
B K U2 25 7T DA 4/ A2 Ok A PERE L 3 1 T 1)
TS5 3 T AR 0 P A . K 4 TR T R
T I DA R 4 VR A TR S R B K 43R
RCR L HETTRE I T /N2 (10506 2 A BIRR 1 5 T0 R0TE A
MG JR0 A R S R O A A L K A e
S 010 305 52005 38 K AR 0 £ i % 5 A WL 1 B A
SR T FFAE 00 I TR 7 0 )
N R A TR R R K AR B T AN R
S ) AR BT O B 7S KR 4 B L AT
PN 17T 5 R IE T2 U 900 B 3 4
5N R Y M K B IR A 0 A R TR
X 32 43 B R ORI

(227K 4 RN FA - R 200 0 48 /N e 4 4 T
AT P 0 A0 A HILIE 6 588 72 R O T L
M. AIRE 40 LR 7 I HEK 500 mm. i F 180
ke/hm? 4 HLEUIE A /N S A HEREAT R 1

B E K.

[1] Yang XL, Gao W S, Shi Q H, et al. Impact of climate
change on the water requirement of summer maize in the
Huang-Huai-Hai farming region [J]. Agricultural Wa-
ter Management, 2013, 124(2). 20-27.

(2] SRIEH . AEEE, G2, T EK R B A A Y51
BT P G s L) ). F R IXAF5T . 2005,22(2) : 162-166.

(3] eRmm i Ay o X RL. B N2 R AR IR -6 B 5 -
RRAELY ] AR 25 % 4. 2015, 26 (1) . 76-86.

(4] WM, B4, Phazid. R[]k &AL 33 6 i E 4 /N 22 H
FEA R Kok BRI R 2 [J ], 2 RAIEY S 4.
2016,36(8) :1050-1059.

(5] wIEVL. R, X268, 55, 98 = BEM X B E KO8 & 4
PRV A2 [ ], K 1 PR3543, 2006, 20(3) : 182-186.

(6] o, SEm0 . dk R, 55 it 20 5 W /K 4 B K K 7™
AKER Y 5% ma LT A 9 8 3% 5 I8 B2 4R, 2012, 18
(6):1354-1361.

(7] sk, s 85, £ %M, 55, A ST A HLICHLIE B iE X5
INFESGE R BRI S R f e [ ], Ot A B ik
2017,26(3) :281-288.

[8] Wang Y Q, Wen-xing X I, Wang Z M, et al. Contribution
of ear photosynthesis to grain yield under rainfed and irriga-
tion conditions for winter wheat cultivars released in the
past 30 years in North China Plain [J]. Journal of Inte-
grative Agriculture, 2016, 15(10): 2247-2256.

(9] AR5 o, gt W, 45, i it X 5 i B & N &
JeE R R AR A L] AEY) 2 4. 2013,
39(4) .704-711.

C10]  sKRITHT, J& 25 B, ok 8, 45 Wl 0 #b K O3 /) 22 08 77 A
AR RE L R L) ] N AR AR AR 2016,27(3)
863-872.

[11] GuL M, Liu T N, Zhao J, et al. Nitrate leaching of
winter wheat grown in lysimeters as affected by fertil-
izers and irrigation on the North China Plain [J]. Jour-
nal of Integrative Agriculture, 2015, 14(2) . 374-388.

[12] SRS RS 5 K S ME RZ BN L NEA
HRWOE A R Ko n 2w LT v LR % R,
2003,23(9):1512-1517.

(131 SC#. A IE A} FH o A7 76 1 ) B L K s 3LLT . P [
AR5 E,2017(18) :15-17.

C14]  Phoi e, Pl bl 2 A0 5, 5. KA AR R KRS A ARG
BRGNP 5 A R R O R LT AR % 4. 2009, 35
(11):2055-2063.

C157 Pt el Bl A3 0, 4. K R0 IR 0 AN TR B 0%
K AE R R A R L i s L. AR % 4. 2014,
40(9):1639-1649.

[16] Arnon D I. Copper enzymes in isolated chloroplasts:
Polyphenoloxidase in Beta vulgaris [ J]. Plant Physiolo-
gy, 1949, 24(1). 1.

[17]  ZEfh&G . THE 2R, 55 RIRDKAIE X & /N2 Bt
A= b ) L] ], TR A R, 2017, 46 (5) - 27-33.

(18]  F L6, THR3C. BRI » 5. W0 35 b HE X /N 22 0l 5 e
MT YRR S rEnyszm ()], v AE S5 . 2011,
22(10) :2495-2503.

(197 M, 928 B, TR AR AR, 55 K A EAEXT /N it i 2
Eo ROt A BN Em T T 5 X Rl 5,
2012,30(6) :88-93.

[20] T WA R0 KARS . KA BEAEXN FNEN FR
RS e F 2 R 9L S B AL LT ], PU b ARl 2
#2,2008,17(3) :117-12.

[21] ##75.TXE.B&E. % TREBAT&L&NELE
Wormas R LS E M R R T] EE %M ,2010,30
(5):1167-1173.

[22]  BABTE B [RIRE. W0 35 %0 FbE BR A /N 7= o e R R
o me sz ma ). K AR REER . 2017, 31(2) :233-239.

(23] tREAME. R EXIE . % T 28 # 8 5 t A fx)
AKAE G PR R A O[], A AR S TR 2
#%,2017,23(5):1225-1237.

[24]  FFG BRI X B ARRIESXNERE TYRR RS
SyBLRyZNaL) ] b E A A 4z . 2009, 25(13) : 78-81.

[25] g4, 2248 03, . 5. A7 ML ICHTLIC e it 38 5 &2 — R 4t
fEZ gk R EUIE R A HLRI L], R A= A5 % 4%
2012,23(1) :81-86.



%32 B 3 K AR R Vol. 32 No. 3
2018 4 6 A Journal of Soil and Water Conservation Jun. ,2018

ARERIEWEFEREN B R EREEmERESLH
K . FEMHRRNRIN

koONZE, A, k4R, Fee, é‘FJJr
&R 2 A B It EH F W E A LR AL TR EME 2 ARSI TR MR X TRLEE.
e BH A K 2 BE 2522 e, W FH 110866)

HE. SRR R T BISRE S — kM AT LW Y 4 A2 A A4 & B 55 409 7 R Se Bl
T A B4 v SR R A K B PP A B AN . A R A T A% A o 9 R O A 0 A AR R H O
T 25 7 il 9% 20 W WSO R A L 7E R BT A S IS TR T i P R SR R RN R AL B AU Lo 1 1.5, &2 4 fF ¢
ZiLH iR E AN TSR FE AP (A B .C. D), Ui IE (CKO) il #ii I (CKT) Jy % 18, #F 5%
TR Kb B 4 1 e 5T % 43 AR Ak B H e T kA R A A O R AL BRI, S5 SRR A R RIC T E
TR 2 A R A A 3 7 o B IS N S R AR Y S b A B C R i T SBOR R A B BT EC L RUE
T 50 A ) Ak U A S B T AT 4R s 5 CK Ltk b B C MR 4R 7 21, 759 ZE MR R 59. 46 %6 A &
P75, 12% PRI 226, 36 %0, AT MR AT ME R R A A iR L R SE AR B R 5 CKT MIE, 4b 3 C
B R P D B TR SR A0 5 B D L SR AR A L PR B S 240 A8 Y0 L AR R R . A5 SRR L e AR R L
FENEAATNT LASE & 1O T 3 6 o 4 55 3 0 9% 4 R 3803, i EL39 = i, SE AR T AL B 3L

KB T A BRI, U SR

hES %S S641.3 XHRERIAAD : A X EHE.1009-2242(2018)03-0309-06

DOI.10. 13870/j. cnki. stbexb. 2018. 03. 046

Effects of Controlled Release Fertilizer with Different Ratio on the
Substrate Nutrient, Growth, Yield and Quality of
Tomato Cultured in Bags in Solar Greenhouse
ZHANG Xiaolan, XU yang, ZHANG Jinwei, WU Xiaoyang, SUN Zhouping

(Key Laboratory of Protected Horticulture , Ministry of Education, Liaoning Key
Laboratory of Protected Horticulture , Key Laboratory of Protected Vegetables Engineering of
Liaoning Province College of Horticulture, Shenyang Agricultural University . Shenyang 110866)
Abstract: As a result of the controlled release of nutrients, controlled release fertilizer (CRF), used once,
can meet the nutrient demand of field crops for more than 4 months, which can realize the efficient use of fer-
tilizer. Now it is applied successfully in field crops. For this reason, according to the law of tomato nutrient
absorption in solar greenhouse, four kinds of different CRF treatments (A, B, C, D) were established
through added different quantity of controlled release urea and potassium chloride into growth-bag substrate,
the paper investigated the effects of different CRF treatments on the growth-bag substrate nutrient change,
and the growth, yield and quality of tomato in solar greenhouse compared with no fertilizer (CK) and con-
ventional fertilization (CKT). The experiment results showed that with the increase of CRF dosage, tomato
plants growth and yield showed a change trend of first increase and then decrease. Among all treatments, the
treatment C was the best, of which the substrate EC value was stable, the nutrient content of available nitro-
gen, phosphorus and potassium in growth-bag substrate of treatment C became slightly lower than that at
the beginning; Compared with CK, the plant height increased by 21. 75%, the stem width increased by
59.46% , the biomass accumulation increased by 75. 12%, the yield increased by 226. 36% , and the fruit
quality was much improved. Compared with CKT, little nutrient was left in the substrate and the fruit yield

increased by 24. 48%. The experiment result indicates that CRF could increase the nutrient use efficiency and
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{ruit yield for substrate growth-bag of tomato in solar greenhouse.
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Effects of Different Water and Nitrogen Conditions on
Characteristics of Light Response Curve of Direct-seeding
Rice in Cold and Black Soil Region of Northeast China
YUN Ninghan', ZHANG Zhongxue'**, LI Meijuan®, LI Tienan’®

(1. College of Water and Civil Engineering . Northeast Agriculture University . Harbin 1500305 2. Key Laboratory of Water-saving
Agriculture of Heilongjiang Province , Harbin 150030;3. Heilongjiang Water Conservancy Science Research Institute s Harbin 150080)
Abstract: In order to reveal the influence of irrigation methods and nitrogen fertilizer on characteristics of
functional leaf’s photosynthetic light response of direct-seeding rice in cold and black soil region, the test-pit
experiments was carried out Two factors were set, including irrigation methods and nitrogen fertilizers. The
characteristics of photosynthetic light curve of rice leaf with different water and nitrogen regulations in the
tillering stage and the heading-and-flowering stage was studied by using comprehensive test design. The re-
sult showed that when nitrogen rate increased, photosynthetic light response curves of direct-seeding leaf
rised, especially when the photosynthetic photon flux density was higher than 600 pmol/(m® « s). Parame-
ters derived from non-rectangular hyperbola model indicated P,.. (maximum photosynthesis rate), o (appar-
ent quantum yield) and LSP (light saturation points) increased with the increase of the nitrogen rate, while
LCP (light compensation points) reduced. P,...» « and LSP of controlled irrigation treatments were higher
than those of flood irrigation treatments at the same nitrogen rate, while LCP was lower. In conclusion,
higher nitrogen inputs, within the range of 0~135 kg/hm?®, and controlled irrigation method lead to the in-
crease of photosynthetic capacity, enhancing the light use efficiency and the adaptability to both strong and
weak light of rice leal. These findings were helpful for improvement of photosynthetic light response curve
and rice yield. It should be taken into full consideration for the effects different nitrogen levels and irrigation

ways on leaf’s photosynthetic light response curve in paddy of direct-seeding rice.
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G35 IR Z . (4) R BTAR RCR  BE A T A AR WE LR G B L AR IR BE E AL (RS — K FR
AW R E M R T 0.09,0.41,0. 007 8 mg/g. {0 0 A & T R 3. 37 mg/g. PRI, 25 A 5 A
7R K S ) RS B B A R b o TR ST AR B A AT A, BB AR K 2R 6096 ~
90 %% » T LA AT Ay T P S JHG 2k Y VB XA W e O AR 55 i 1) — b 2
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Responses of Growth, Photosynthetic Characteristics and Quality of Isatis in
Hexi Corridor to Mulched Drip Irrigation Under Water Deficit
DENG Haoliang'**, ZHANG Hengjia', LI Fugiang' ,» WANG Yucai',
ZHOU Hong*®, DENG Zhanrui', HAO Nan*

(1. College of Water Resources and Hydropower engineering » Gansu Agricultural University/Gansu
Key Laboratory of Arid Land Crop Science , Lanzhou 730070; 2. Northwest Institute of
Eco-Environment and Resources Chinese Academy of Sciences, Lanzhou 730000; 3. The Institute of Arid

Agroecology, School of Life Sciences, Lanzhou University, State Key Laboratory of Grassland Agroecology ,

Lanzhou 730000;4. College of Food Science and Engineering Gansu Agricultural University ., Lanzhou 730070)
Abstract: The field experiment was carried out to study the effects of different growing stages and different
gradient way of regulated deficit irrigation (RDI) on growth, photosynthetic characteristics, yield and quality
in Isatis indigotica of the Hexi oasis. Field experiments were conducted from 2016 in the National Key Irriga-
tion Experimental Station of Zhangye Water Resources Bureau in Central Hexi Corridor District, from nu-
merous The Isatis indigotica seeds, bred by the Department of Chinese herbal medicine of Gansu Agricultural
University, were used as tested materials. Two-factor randomized blocks were designed with nine treat-
ments, including different growing periods and different gradient way of RDI. Each treatment had three plots
as repeats in a completely random-sized design. In each growth period, the photosynthetic parameters of Isa-
tis indigotica were determined, and after the harvest, yield and quality index were measured on fresh Radix
Isatis. The results would provide a theoretical basis for reasonable planting and sustainable development of
Isatis indigotica in Hexi oasis. The results showed that: (1) In the periods of vegetative stage and fleshy root

growth, the water deficit significantly reduced the Isatis leaf net photosynthetic rate, transpiration rate and
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stomata conductance, and the declines increased with the raising water deficit regulation (WDR) level. (2)
The highest yield was achieved under light WDR (7 342. 05 kg/hm®) in the mature period of the regressed
deficit, which was 5.32% lower than that of the full irrigation (P>> 0.05). (3) The highest utilization effi-
ciency of WDR (2. 14 kg/m?), was followed by mild WDR in the flesh root maturity stage. (4) The quality
of Isatis root was greatly improved especially in maturity period by mild WDR. The indigo, indirubin and
(R,S)-goitrin content of Isatis root were improved by 0. 09, 0.41 mg/kg and 0. 007 8 mg/g,but content of
polysaccharide reduced by 3. 37 mg/g, respectively. Therefore, considering the yield, water use efficiency
and quality, the fleshy root maturity could be implemented with RDI slightly, i. e. , the relative water content of the
soil was 60% ~90% during this period, which could be used as the optimum way of cultivating irrigation.

Keywords: Regulated deficit irrigation; growth index; photosynthetic characteristics; quality; Isatis (Isati-

sindigotica Fort)

W5 (Isatisindigotica Fort, ) X 44 35 ¥, 10 ¥
S T FAERHE Y LT AR R I AZY PR TE L IR
T A R e R R S
IR T AE S5 AR Oy A AR HE L R A sk AR T DL
R F1R B RS R A 2 7 R W e R T A
. E RN PEALE A B2 M 2 — . (H i T 2 b
TG T B AN G B S OB W BT B AR T 2
TRSWE P TR R R . HAT O TR T HR
TEE WA E 7= 52 bR b B W © A K 5 4HGE ,
Saraiva &% Lellis 2557 Greaves 251 | Levin %507,
2 IR A S TR AR T AF T 43 B HEAT T 3V R 5 % P IR
(Citrulluslanatus) %8 b (Daucuscarota L.) | F K
(Zea mays L.) .15 R (Mangi feraindica 1..) | % %
(Vitis vinifera L.) & # (Capsicum annuum var.
grossum) S5 AE W) HE AR BL L 7 & F BT AT A O
UEWT T & B0 T 0 0 =5 ) B B B 1 Y K G R Ak
L IFREA R VR A BT . A A A AR R R T T
[l A 27 25 5 Je DR 3 O =X 8 i S L R o S
N TR) iy X A W 7 A R B R A AR
T S AN () R 5 A = Ty U R i A 2 MR
FEAR 7 5 St BT 52 e, 2 B 28 A BT DR IR B AR
KPR EA KR R KRR RS, 7 &
i s o= A A0 A 2 AR 9 OK T 38 i 60 NE kAR i
GG 28 B BT T 4 5T AR B R P Ay
52, 2% BB i AL & 675 ~900 kg/hm® I A
IR/ = A A WA D RE U e v SN W { V= 2953 R 1]
CO, WHE 75 5 A, [) if = i A2y Y B de fE . 22
SCHA AR S F 5T AN [R) E K A HE K O O RS
FRFE K RRAE 7 1 B 52 ) & B 2 WK N TR] A 7
8 A A HEBEE B R 2 250 m®/hm® W), 77 0
Ko BEHTE NSRS 0B 5T 32 B8 7E X RS R
2P AR L RS T L
P W i A 7 2CAIF 5 A /0 HLAUER v 306 7 6 1 S
KT AR A= 7 ) R0 AN () B T i o A X R R
AR DG A 38 2 8, 7 R A 25 S SR TR D

PRI s 3R — G 3L v 50 1 R R ) R O i e S
7 g K A ) SR RD O B R A ) A O L AR
WL H R R K2 h B 25 2 3 B R iR/ 1 R
WFFEXT G A Bl BT i 8 1 R 3l 2o K 3 5
ZEAHT TN A AN IR B B A IR 5 X R
AR RORBL DA R B S E ™ iR TS bR R
DA Ay 0T DG B XS v ORI AB SR A R S5 IR B
AR IE =R R B .
1 #et S5
1.1 I8 Hh iR R

R T 2016 4F 5—10 H 16 H & sk ik 55 7
[ 5 H 5 3 90 346 (100°26" E,38°56" ND#E4T, %
g X KRl 5 A IR 20 1 482, 7 m, 4R X
SR 6.2 CL4E H BEFHE 3 000 h, LFEM 128 d, 4
1995—2015 4F S 4 WE R 7R » % ML XA - 34 [ K i
140 mm, Z& & & 2 000 mm, & & i 25 K, T 550
2, Rk gt AR S 45 pH 8. 4. 8E2
498 P A e KRR K R 22, 8%, HIEATE 146 g/em’,
0—20 emiff) HHEE LT & 13. 56 g/ kg, UM & &
13. 4 mg/ kg, BlfFA & 61. 8 mg/ ke, BAH & i 190. 4
mg/ kg, TREE X HL T AR HERER , SRR AL R )
1.2 A&t

AT 10 d XA/ X HEAT 30 em A BABFLEFE, AT
M2, ] B it A PR 28 (N & 46%0) 210 kg/hm” 5
BERRES (P, Os it 1200.S F it 10%0.Ca &t 160)340
kg/hm? G465 (K, O & 60%)130 kg/hm? , B 47 B
HIAE g FERE AE R b i — Wit AL A3 5 R e B H R AR
NS S ENCE I N o R s g R R
TRl 96%. T 5 A5 HiER.10 A 21 Hiksk,
FEFI A 45. 0 kg/hm” , FiE 2 i Ry 850 000 #k/hm’ ,
W77 3R RS T T L /NI TR 55 m’ (10 m X 5. 5
m) . RIS K 508 5 7KF- FiE =5 A2 5 Wk 8 A~k
A PHEE AL IR (WD1~WDS8) , 1 A%} B8 (CK) |, 43 Bl 78 #5
WA T ) B R AR TR TR A K AR AT 4
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AEF B BT K (R D .
F1 FRRRLEBHLEAKE

(HEBFKENESHE 0%

e - HIR A Jo AR I’Aﬂiﬁﬂ%

AR R JAS)
CK 65~100  65~100  65~100  65~100
WD1 60~90  65~100  65~100  65~100
WD2  65~100  60~90  65~100  65~100
WD3  65~100  65~100  60~90  65~100
WD4  65~100  65~100  65~100  60~90
WD5 55~80  65~100  65~100  65~100
WD6  65~100  55~80  65~100  65~100
WD7  65~100  65~100  55~80  65~100
WD8  65~100  65~100  65~100  55~80

VE s CK %5 45 4 7 015 3 {15 K s WD %77 i 309 B8 J 7 /K s WD2
TR T KR K s WD F % 1 AR A I 0 B
7K s WD 577 1 FR AR B3 300 46 ¥ 5 7Kk s WS 475 i 90 o J 5
TK WD 377 5 30 A T 1 5 K s WDT 26 75 1A R AR 21 < 390
s K s WDS 7% P AR I B 5 ok . TR
1.3 N=EER
13,1 AK$EA I A RN TR A S, 54
NI 3 B A AR — B 20 BRAS B E T . E R
RS EE 0.1 em LRGN E BR &5 T LAM— B (4 i 1 1
A4S Cr ot 7R U R SRS A BR 2 w0 5 1 A
1.3.2 AmAZK BT EKSET OGS
5 RPEATINE R B R AN 3 7 T g A A
e FE AL, AT LT — 6400 4 #5 0% & 4 AE 1 000
pmol/(m” « ) (6T 3R & T 5 vt A 1o & 3R
(PO VSAILRE(G) MZEBHER(T)EEMSHH
AR £ /INK I SE 5 Bk L 45 SR A Ak BT 2 4A
1.3.3 FEMRAMIEWMN TN E  FFIATER
Jei s BRSNS DX AR I AR, 3 AT AW F B (E
RS AL RSB . RSN 0. 01 [ FRESEAT
R I AR o P B (kg/hm?®) . [A) B 4% /N X8
SE T 20 BRAR BE IR A5 [0 25 P b e LBt o KR AR
MAERE E3 R SRR E A 0.1 em B UIE TR K,
R FORG BE 2R 0. 01 mm JiEA5 I~ RO & AR B AR O 3k
T 1 em Ab I EAR) 45 FEHUAS Ab BEAA A

1.3.4 K5 A gk &9
Rwue=Y/Ex,
Iyoe=Y/I

P Ryoe 3R 78 5 08 2 28 & WK 40 R 20 % (kg/
m®) 5 Twop 8 718 #5 W 4 A2 8 010 W /K R 20 (kg/
m®) ;Y RN I AL A & (kg/hm?) 5 Eq, KR8
WA S B o 1 B K B (m® /hm®) 5 T EOR
2 F W AR K A (m? /hm®)

1.3.5 &AM E SR (RS —HKES &
FE 2R FH v 5 A 0 3k I . LC— 10AT v 2 20T
FHETEA A TS S5 : SPD—10Avp (UV—VIS) £ M 5 . £,

4~ Agilent Zorbax SB—C18 ( 100 mm X 4.6 mm,
3.5 pm), L EE —0. 120 H RV W R I s AH 3 340 1.0
mlL/min, F S AL & SRR SERE 50 20 s R DU K
280 nm, AFIRA AR 25 C. AN MR TP 2B I E 7
0 SR — BRRR Lo gk I
1.4 HBESHITHH

FIH Excel 2010 X o U & 4 o 173+ &, Rl H
SPSS 19. 0 {4 Duncan 2 5 LA #5845 b #HEAH
BRI 2% S B 2 L Origin 8. 0 fEE, & 2 b i 3t
(R B A8 14 2 ~F- S (E
2 gR50M
2.1 BETHEASHAEERKERNZIE

I 2 AT AN [FIR BE 7K 318 75 X 7 0 4 A K R b
MFEE AR, 5 CK A H 25 A B = 359 AS R R 1Y)
FAAR AH W1, WD4 1 WDS Rk 25 B9 5% W JE A 3. T
Al 3] =5 A PGP AR e 1 5 i )8 ) g 2 KO, CK o
YRk R 31. 87 cm, i WD2,WD6 4351 26. 15,22. 61
e, PRI BE A 17. 95 % F1 29. 06 % 5 - T AR 45 B A8 Akt
P PR A — B0, CK g 1 AR Bl KL 35 1) 8. 30,
WD1 (R, WD2 Fl WD6 T [ I £ 5 o 35, 43 ) T B
23. 61 Y0 F1 34. 58 % (P<<0. 05) , dBHFERS 5 8 55 A4 K 1)
IR G375 BRA A A K 3 5 X ok v RN i T FR 4 A
S B LS I R o R 7 P 38 i s . K
G3 RS X RS WEAR R AR R AR B[R], WD AT WD5 3
FRK: B CK 4» B30 6. 58 %6 1 0. 48% , A hb 1 32 4R
K BE WD R FE IR AS HH TR He v WD3, WD6 il WD7 Jig /b
W B Ak 9. 11%,12. 77 % ,13. 56 % (P<<0. 05)
A Ak B 1 N AR AR R (R R R AIC BTG RE N
1.56 %6 ~18. 75 % , Hor 0 LA P o AR A < 00 2 3 A o
KAy Ab B WD3H WD7 iz & 3% . 43 31k 14. 06 %6 1l
18. 7596 (P<<0. 05) , H A Ab B 2 W] JC | 3% 22 5% . Ui W
FEAR W5 IR AR AR R I K 43 75 Bk LA AR 7 K 4y 5
B AR N AR B R R, B KAy T Y
) 2 8 KT 4% B K 435 Bk

F2 BETHEEESWHEEKERNZME
b it i K E i
cm B4 cm 1% /em

CK 31.87%1.15a .301+0.42a 22,9441, 1dab 1.92£0.058a
WD1  31.67+2.33ab 7.94+0.35ab 24.4540.95a .8940.076ab
WD2  26.15+1.47¢ .3440.39¢ 21.5241.37he  1.76£0. 082bed

8 1
7 1
6 1
WD3  29.60+1.14b  7.6940.30ab 20.85%1.40bc 1.6520.077de
WD4  31.0742.83ab  7.8740.28ab 22.52£1.65abe 1.860.102abe
7 1
5 1
7 1
7 1

yUBE

WD5  29.54+1.05b  7.7440.44ab 23.0540.84ab 1.8520. 088abc
WD6  22.61+1.19d  5.434+0.21d  20.01£1.23¢  1.6940.093cde
WD7  28.37+1.22bc 7.0440.57bc 19.83%1.01c  1.56£0.064e
WD8  30.4542.10ab 7.3840.41b 22.22+0.66b 1.79£0.070a

W BB AT £ AR IR 2 AR R NG FRRRER
BE(P<0.05), R,
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2.2 ETHERASHBEMAXGSAETIHRSHNY
A1

2.2.1 FhE&EFE FOCEHERP) RPN
SR RS W RO A AE BB 55 . I T AL 3R RS
W 01 G 230 A 1 ) ) AR AR K A R I L T
PR JBT AR A A 0 38 1) e KM B S T 6 T e 2 S iy
LA (E D, WL, 2K WDL 4b3F P,
W = T CKL Ol 1014 06 1 v BE 7K 4398 75 WDS 5 CK R
ik 1. 2326 (P>0. 05) s B F2 A K 4, WDI1 Al WD5 7&K
Jei P, B RN N i #E it CK 4390 ik 18, 32,18, 18
) MZAE B W B b BE K 43 75 WD2,
WD6 [ P, $5 2GS, H WD6 BRI ik 10. 39%
(P<<0.05); A I AR A= K 41, WD2 Al WD6 7£ & /K5 P,
Pt — 2 B B R RN AE AT IR T CKL 4351
18.43,18. 10 pmol/(m® = s, 1fii 4% & A1 v 7K 43 98 5
WD3 . WD7 ) P, 751% 4= 5 11 4 A0 e 8 o K, 1 1 3%
/NTEHA CK 9 11, 75 % F 16, 55% (P<<0. 05) 5 P BT Ml
B 5 B K 4398 5 WDA il vh BE K 43 5 WDS %
CK 235 FF& 0. 20% 1 1. 69% (P=>0. 05) , i WD3 % 7k
J5 P, W& T CKL.{U R 0.84%,

M

pmol/ (m’

1 . A EW B BHRAERH
o B A RAR K B ARRARRY
cB8FH N d 7 B Hl H
g5 BN : Al
T2 L t e [

g o H HE BE E
< 9 FElE B . 0 E wh
Jg 6 LEA! o E

@ st A

‘ﬁ :I 1 :I

& 0 ' ' '

WD1 WD2 WD3 WD4 WD5 WD6 WD7 WD8 CK
ab #

E 1 BETEZES RS s =N
2.2.2 AILFE mE2WHLKEEEFMHIER,
25 M FRAR W B AL BE (GO 3B W18 A (HJE AN [R) Ak 2R
() RN E] . DATE 99 8 3% AR R0 R PR B AR AR T 3R
BOC g 2 o T AR 2 I8 5 b BEXT G 52 e SR/
LB K 0 5 AEEE WD (Y G, %A CK &A%
16. 02 % , 1 [F) 3 o B 7K 43 0 5 4 B WDS (1 G, AU R
0.10 mol/(m* « s), 5 CK 257 . & (P<C0. 05); &
FEAERKIM . WDL 1 WD5 2 KiG G, ¥k — &
TR (0 AR R %, H WD1 &R 3k 137 B &8, 35 0. 32
e ) B EW CK 427 12. 64 % (P<<0.05),
B2 EE AT BE K 43R T A B WD2 , WD6 %8 G, 451k
0.19,0. 15 mol/(m’ « ), #& [A] ] CK F# A% 30. 69 % il
48.01% (P<C0.05) ; W AR K, WD2 &K )5 G,
T+ CK, 8 5.65% .05 CK TR &5, M, %
AH R R R K A E T AR WD3 L, WD7 ) G,
Y /N F R CK 35, 44 % F1 21. 74 % (P<<0. 05) ;

mol/(m?

P R B, WD3, WD7 B K5 G, A — E R
RN =2 VAN (B0 =g 7 0 N T A L K (3 R ST ) (@
RPN AP BE K 43 8 5 Ab EE WD, WDS [ G, 435I R
0.79,0. 74 mol/(m® « s), 43 Hl & [F # CK F&AL9. 37%
A1 14, 95% (P<<0.05),

i
1o o T REARA R

i g I
« 0.8 | g :
g g )
306 B ]
g 5 )
\04 r | [
! E :
Bo2 - = :
~ pE b
r o H )
(] [sa) <
a o A
CI-

B2 BTHEZEASHRESILSENZN

2.2.3 AMEFE GBI REESEFTHHRZE
T S AR CT, ) DA 39 31 58 97 2R R R B 1 T 3, B
JE TFUG T 7R 8 50 A R 300 3k 3] i R 2 e oy 2%
AL (B 3) o K a3 8 5 XA W R A A E N I AR
1 S AR T A 5 R PA) SR IS 5 KOO RS 2
R ARG N TR I L R A R A AR A
WIXEZ KXz AT BT BN T, R B 3% . BB K 2y
P T FEEE RGN T, iR g .

g | BErREkH
w6 I ARAR A K 3 = WERRRH

B3 BTFEEASHRELERERNEN
T B EE AR EE K 40P 5 AR B WD Al WD5 4351l

7 1.05,0. 93 pmol/ (m + s) .48 CK 43 HIFEAK 15. 27 %1
25.40% , H 22 5 i 2 (P<<0. 05); & A4 K 89, WD1 F1
WD5 fEK G G 5 CK Tt 3 2 5 R — &
TR 0 AN RN . 2 ) 3] 4% B R o B K G R 5 Ak B
WD2 Fl WD6 435 4. 42,3. 69 pmol/ (m? = ), %% CK
I3 AR 19. 94 %01 33. 18 %4 , 22 573 1 3 (P<C0. 05) 5 A i
AR, WD2 BZKJE M G, 3 CK AR 8.19% ., 5 CK
Jo i FHEH(P>>0.05), 1 WD6 4% CK {i§ 23. 62%, 25 5
3 (P<<0.05), F2EE/K 40 75 Ab 3 WD3 #5¢ CK Rk
3.71%,5 CK LRE 2R (P>>0. 05), 1 H B K438 5
AbEE WD7 g 3.85 pmol/ (m” + s) . % CK A% 16. 15%,
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2551 2 (P<C0. 05) 5 A BT A B 20 B0, 4% 3 v BEOK 43
P AL EE WD4 Fl WDS 5 CK 2 [a] & 22 5 i % (P>
0.05), K 2.62,2. 47 ymol/(m” « s), % CK 43l [%
ik 3.50% A1 8. 86% .,
2.3 ETHEASHBERRNTIE

P& 3 AT, A B B Y K 43 T e E AN S )
22 W5 10 () B 34 I RS i b e R L BE B 4D (R, S) —
R O, DU /=0 P R & BT HL B K 4 i T R
JEE BRSNS TR . R R N b B K A R S
b3 WDI1, WD5 ¢ i &% & 2 % & 5. 82,5. 85 mg/
kg, 3 9l# CK A% 1. 02% 1 0. 51% JH L . 3% 22 5
(P>0.05) , HoAp A= W3R A7 0 75 b 31 2 w384 ik
e W A B AR 0.51%~2.55%  Hodh Ju LA AR
R R K 4 E T A B WDS 5 R ik 6. 03
mg/kg; W o EE K 43 98 5 4b B WDS 5 RS 5 b
FLLERBEAR 1. 7400, A AR & WK 40 0 =5 nl 3
BEEL SR LVNIE R 0.93% ~5.10% ., Hrd, AR
LA A B K 4y U 5 Ab B WD4 R WD8 i R
ST 5 REBG I00R B A B B 43 136 0. 41,0. 44 mg/kg;
K3 E T A EEX (R, S) — AR 52 1 5 e i FISE LI
[Fi) , 70 Vi 3O 2 8 0 v B K 99 7 Ab B WD it WD5 (R,
S) — G E Frd > 0. 98 %0l 2. 6426, 5 CK TGl 3 2%
S (P>>0.05) . 7575 ¢ AR A 42 5 0 v B2 K 4394 5 4k 2
WD2 Fl WD6 (R,S) — 454K & B it Jol 2D i B2 35K, 4333
Jp4.43%F12.07% , 5 CK 2257 53 (P<<0.05) 1

SR
2

M AN TR . P4 v R K 3 I 7 b 3 WD5 42 A BITFE K
/DR 3 237, 3 m /hm? , & CK FE{I% 15. 97%,
W RE K438 5 4B WD k2 8 CK &A% 11, 09%
(P<<0.05), Hos b A FWFE Kt 5 CK i 3% 2%
53 K3V 75 B3 R W 7 R RIS , I 7 A B e Y AR
B2 B K 43 T8 5 b 38 WDA 77 4 B 85 L 38 7 342. 05
kg/hm®, # CK F&{% 5. 32% (P>>0. 05) , N i i 2 K
R KA E 5 A B WDT7 AKX 5 075. 77 kg/
hm’ . % CK [#{% 34. 55% (P>0.05), WDI1 =& #
CK FEAK 5. 37 % (P=>0. 05) , Hi 42 2 & WK 4394 5 4k
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Remote Sensing Inversion and Distribution Characteristics of Soil
Organic Carbon Content in Coal Mining Area
SUN Wenjuan, LI Xinju

(College of Resources and Environment » Shandong Agricultural University . Taian, Shandong 271018)

Abstract: The combination of hyperspectral data and multi spectral image enables high-precision and large-
area inversion of soil organic carbon content to be achieved. Taking the organic carbon content in 0—20 cm
soil layer of Bao Dian mining area in Shandong Province as the study object, this study first applied the band
averaging method to synthesize the hyperspectral narrow band into the wide band of GF—1 WFV, based on
which the hyperspectral model of soil organic carbon content were established. Then the optimal hyperspec-
tral model was corrected to the multispectral model through the ratio correction method, and the spatial
distribution map of soil organic carbon content was obtained through decision tree classification. Finally, the
distribution characteristics of soil organic carbon content were analyzed combined with the land use status
map. The results showed: (1) The determination coefficient of the multi spectral model obtained by band
fitting and ratio correction was 0. 76, indicating that the soil organic carbon content could be retrieved steadi-
ly via the model. (2) The soil organic carbon content in the study area varied from 0. 71 to 38. 15 g/kg, with
a mean value of 14. 12 g/kg, which was at a medium level in general. The soil organic carbon content was
mainly 11. 60 ~ 17. 40 g/kg, followed by 5.80 ~ 11. 60 g/kg, occupying 48% and 29% respectively in the
study area. (3) The soil organic carbon content of mining area, some roads and settlements was high. The
soil organic carbon content of cultivated land was at medium level, and the content in woodland and grassland
was relatively low. The content of organic carbon around the subsidence area was obviously lower than that
in other land use types.

Keywords: hyperspectral; multispectral; soil organic carbon content; land-use type
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Research on Soil Absorbent Polymer and Microbial Fertiliser to
Improve Semi-arid Soil and Afforestation

SONG Shuangshuang, SUN Baoping, ZHANG Jianfeng
(Beijing Forestry University» School of Soil and Water Conservation » Beijing 100083)
Abstract; The mixed applications of an eco-friendly soil absorbent polymer (SAP) and a compound microbial
fertiliser (MF) in the aeolian sandy soil was studied for the improvement project of afforestation in Zhangbei
County. The mixed applications with low, moderate or high SAP (20,40,60g/tree) and MF (150,300,450
g/tree) concentrations were used for the afforestation of Scots pine. Differences in field moisture capacities,
available water contents, WSA percentages, microbial colony count and soil microbial biomass carbon/nitro-
gen (Suie/Sum) at different mixing ratios were analysed. The effects of SAP and MF on soil physical proper-
ties, soil microbes and survival rates of Scots pine were examined. The mixing ratio and amount applicable to
afforestation in arid and semi-arid regions were explored. Results showed that SAP and MF could remarkably
improve soil and increase survival rate, but the effects of the mixing ratio on these indicators varied with con-
centrations. When a single highly concentrated SAP was used, the field moisture capacity, available water
content and WSA content were increased by 141%, 150% and 63. 8% respectively compared with the con-
trol. The mixed application of moderate SAP concentration and MF significantly increased the microbial ac-
tivity and microbial colony count. In particular, the microbial activity and microbial colony count of fungi/
bacteria/actinomycetes increased by 77%, 108% and 93% compared with the control, respectively, and the
Sube/ S increased by 132%,178%. The application of SAP and MF significantly promoted plant growth.
The plant height and basal diameter respectively increased by 6% and 12% compared with the control. The
improvement of survival rate by single SAP was greater than that of the mixed application. The moderate
SAP concentrations increased the survival rate of Scots pine. During afforestation in arid and semi-arid re-
gions, the application of moderate SAP concentration mixed with MF could improve soil and increase survival

rate of afforestation.
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Diffident Analysis on Accumulation of Cadmium in
Rice Plants with Zinc Application
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(1. College o f Environment Science and Engineering , Central South University of
Forestry and Technology , Changsha 410004 ; 2. Hunan Engineering Laboratory for Control of
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Abstract: The objectives of this study were to investigate the influences of different concentrations of zinc
(Zn) application on cadmium (Cd) bioavailability in soil and Cd accumulation in rice grown in two Cd-pollu-
ted soils. Rice pot experiment was carried out and the rice variety was Weiyou 46. Application exogenous Cd
and Zn, curing generated two Cd-polluted soil (0. 72 and 5. 26 mg/kg Cd) and four Zn-treated soil (0, 40, 80
and 160 mg/kg). Results showed that the application of Zn had an influence on the test indexes, while soil
Cd concentration was the dominant factor affecting the soil Cd activity and the Cd accumulation in the rice
plants. In the 0. 72 mg/kg Cd treatment, the application of Zn reduced exchangeable Cd concentration in soil
by 1. 9% ~17.0%, while increased the uptake and accumulation of Cd in the iron plaque, roots, and brown
rice, the Cd concentration in brown rice was ranging from 0. 09 to 0. 17 mg/kg, furthermore, the Cd concen-
tration in brown rice was linearly positively related to the exchangeable Zn concentration in soil. In the 5. 26
mg/kg Cd treatment, the exchangeable Cd concentration in soil was increased by 2. 1% ~4. 8%, the Cd
concentration in various rice organs was decreased. Moreover, the Cd concentration in brown rice decreased
to 0. 12 mg/kg when the Zn concentration increased to 80 mg/kg, whereas it was 0. 45 mg/kg at 0 mg/kg
Zn, lower than the National Food Safety Standard of 0. 2 mg/kg (GB 2762—2017). In addition, the correla-
tions of the Cd concentration in brown rice and exchangeable Zn in soil were linear and negative. The experi-

ment results also found that application of Zn increase the accumulation rate of Cd in the underground part of
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rice planed in two Cd-polluted soils, and then decreased the Cd accumulation rate of aerial part. A certain
amount of Zn to reduce the Cd concentration in brown rice was feasible in the soil treated with 5. 26 mg/kg

Cd and the amount of Zn 80 mg/kg was the best applied in the experiment, while it increased the risk of Cd

accumulation in the soil treated with 0. 72 mg/kg.

Keywords: zinc; cadmium; accumulation; rice; soil

2014 4 [ G2 IR B AR A 1 A B U R A A A
1A 4 ] - 8 75 GobR 00 R A A i) s TR A2 75 e 1)
Al FH b 257 AR AT R (19, 4%, 3248 (Cd) V5 Y i 4k
b b s A AR R H ik TS BRI 2 AR
15435 1 000 277 t. HELFHIK 200 £4270, 3% L
A 4R A KRS B B AR X
MNERHE RS ES . BARRERRMEEZ —,
AR Cd AW | B ED Wk, IF R R K
FEk Cd mym i BRIESE, SCBRE KR & A 7= it
RS, B T+ aEEME L, F(Zn) 5 Cd £
JEICE NS AHIE B TR . R & B i
Zn NE AT KA Cd 15 G 4 58 v B AR 19 7K R FF 55 K £ oK
Ko Cd &0, b i Wit Zn I8 A A ) A9 I
ORI ORAE N 108 AR KOk S £
BRI FHEA RS Zo & m nT 0 REOR X Cd iy R
Fo FIFHE Zn REFEAR 3 Cd 183 BEATRAE
Pl B AL Cd &, BN Ry 2 — B B A AL O
B, BHAE K. Zn B8k T IR R CET
WA R IR T A Cd 59 BR it Zn K
TEFAMXT Cd B, [ BF 100~150 pm Zn 4b 35
R A E I Z B . it Zn BREAG T M0 R AR A
Zip Cd & HINE T Cd %4 B H ks 5 i

(GR) Fi 48 S Ak Wy ;A B (SOD) il 35 , {75 41 4 4 K
ZAMEI T ATt Zn AR — E A R BRI
TEYI T B AL Cd & &, £V PR A8k AE Y
il P IR A AL R 23 B MR Zn (4 BN . 24w R il
Zn 22X ff Cd 3 F 190 98 3 22 02 MK 35 0 W
Znt T Zn BBV R AR i Zn ARG BE
Cd V5 Y 448 S 7 T HEAT » 106 FL Ao v B AN Cd
1o YeAE H HHOR R Zn e BEXS AR Cd SR AR DG A
FERARD i = 18 T 50 bR A 7= 1 B FH SR ). AR 5% 8
e JCHE 4w V5 Y () R 48 5l o AR Cd i) 45 b
B (0. 72 mg/kg) F1EE B (5. 26 mg/kg) 2 4~ Cd 75 YL 18 )&
SRS FE RS R BE Zn, BFSE 03 Cd Se s & i
(AL L B K R4 e Cd A4k o Cd i3 e 1 45
EEL WS 7 o A YRRt Y L 0 N2
1 bR ik
1.1 RIEHR

M NI R A K W T T £ BOBUL R A
(28°27. 716" N,113°16. 356" E), 5t A< 3 £k 14 it W, 32
Lo JKFE SRR AR 46 5, il 789 o6 A5 , 18 1 9 VAL 7T 2%
Vi /N K U RSN W 7.1 b o A W S R ES B A R P
SR PR AR

F1 il TEERBELER

+ 1 H PHEF2c4i/ AP EE B Cd/ T Cd/ B Zn/ L Zn/
P

2 (cmol » kg™") (g kg™ H) (mg + kg™ ") (mg *+ kg™ ") (mg + kg™ ") (mg » kg™ 1)

FA: 5.61 31.3 32.0 0.23A/0.72B/5. 26B 0.06 78. 80 4. 17

T A FOR R 8 Cd &8 B RR T CdCL J5 158 Cd & &,

1.2 REHE

1.2.1 RRKRECIF Zn FE LEHHNE
0.5,5. 0 mg/kg V5 YL 7K F-ifil #& rfr B A e B Cd 75 4
3, A AR Cdo. 72, Cd5. 26, 1 Cd s H I
F£ 1, e HHE S Zn 5 (78. 80 mg/kg) 1 0,0. 5,
1.2 %, %3 4 ANUKSFE Zno s W EE S B 0,40, 80,
160 mg/kg, /3 MFR1E N Zn0,Znd0, Zn80,Znl60, H:
H Zn0 S X ER . B A% T vk k- AR AR R SR A (L
£ 30 em, 7 24 cm) N3 A SR X T 2% BT ) R 1
5 kg, InA AR SESTRIE . H M el CdCl, -
2. 5H, O B il He £ >~ 250. 0 mg/L CdCl, #+ ¥, 45 %%
TS B A 10,100 mL £ 8 il & b B fn B
Cdig 4« 3. (o #r 4l ZnCl, B2 &1 % & 20
mg/L ) ZnCl, B} . 5 %% £ 55 Bm A 0,10,20,40

mL BERCHI 4 DR Zn £85I 8
A CdCL ¥, P2k 7 K, Fm A ZnCl, 3 W T
i Al 14 K, DT il £ Hh 3 06 ok 1 8 L A A P i
HI3ANHE.

1.2.2 &#KE 2015 4 710 A #E47K G &4k
TR, A I b oW A KRG FAR S b . ok 1 BB AL
DX AR, B A A AT 2 d i AFEAE (JREK 0. 28 g/
kg(3% N i+8),K,CO, 0. 22 g/kg (3% K,O i+%5).,
(NH,);PO, 0.21 g/kg(3% P,O, it&)). 7 H 26 H
PER FHH A A 46 5 Bl RS AR (B $R AT AE T Cd
ARG HE R R R E D) L1 A1 X 2 BR. R AE
iR E R KL AL K SR 2GR, KRR
F 95 KJgF 10 H 29 HULHR, RAEKRIHEAK . 43R .
ZEnt A 5E REK 4 IR AT B Al K P SRR AR R
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%32 &

Bif5,105 CRE M 70 CHET, 57 F i J5 AR HCT
#L R, 1k 10 B, % B T A . AR R
KRR 0~2 cm &b+, ARINT JG , HER BRI, 53
Slat 10,100 B i . % B AR 2 4 H .
1.3 MEEIRSHE

5 R AR B AR VR R i (A A Ak 2E 4 BT
PO A I, e Cd 1 Zn B R AR
2 — AR — m AR L Y . 1 mol/L MgClL, ¥ ik
FEH A HE R Cd R Zn 825 & Y 1 B IR
B — R IR = — R & (DCB) 10 41 BUK AR
RFMME MR, R T K% (GB/T 5009.
15—2003) VM i K R LA LA vp Cd Ml Zn i, WL
R A S5 B TR & B 615 A (ICP 6300, Thermo) il
SEKFERE ST Zn & HIERE S WCh Cd A
Zn & ik, £ AR WO 4 o6k B 1 GCE — 3500,
Thermo)MEKBHEMBEB W Cd & &, L
W KK (GBW 10045 (GSB—23)) 1 [ 5 b 1fE 9 5
+ 3 (GBW(E) —070009) ¥ 47 Jit £ 2 1 40 B7 - [ i £
25 R G, Cd A [ % 94. 5% ~98. 6%, Zn Ay 1]
BN 97, 200~102. 3%,
1.4 HEHITSHHT

KRR AL Cd R (BA. pg/po) " IH5 24
W

BA =C,XB,

KGR R ZEM R 5E Rk Cd & i (mg/

kg) s B, AR ZEM 485 KK T (mg/pot) .
MRRBME T Cd B AU (Trey » pg/ pot) ) THE AN -
Thes = Coe X Broo
X Coep W T BRME H Cd & 5 (mg/kg) 5 Buw K
TR & T H (mg/pot) . 7K A AR 2 Bk L 7K A5 4% &8 L
Cd ZFRIHEA XN
Tpes ¥, BA

322 (0 —
Cd ZBRCOD =7 "= 5a

IR SPSS 19. 0 #E4740 b, KA ZH
R 25101 M LSD K g 43 M AN Rl A2 B2 Cd v e I FIAR
R B Zn it FH i X S 6 mh ARG 8 A 114 S e 3 » B PR 3%
ANOVA ' Duncan [b #5081 £ 40 B Ja] 22 5, Person & %%
S PTERE I AR . Origin 8.5 £ HIEDE
2 RS0
2.1 TEPHREEZEXHEESETH

M2 2 w0, B Zn jits W B Y 3% K (40 ~ 160
mg/kg) , 5 X Zn0 ML, #E Cdo. 72 + 3 rp, 1 5
pH R % (H R IEAZ A Cd & & 2 A
PO T 1.9% ~17.0% ;76 Cd5. 26 + 3, 113 pH
AREGER KBS CdEEE2R EHER M RT
2.1%~4. 8% s Kb FR M R AR E ., 7 2 F Cd 5
e 4 rh  AC A Zn FELFE Zo it F 3 nm g oK.
WK Hr R, £ Cd V5 Je F2 & + 3¢ pH &+
Heg s Cd & A fb i B4 L 1 Zn 197t FH vk
JE U] 2 A AR S Zn AR BRI R

R2 AAKEImEANEpHRESEXBRESSETUNZN

b g TS Cd/(mg » kg™ ) TS Zn/(mg « kg™ ) pH
Cdo. 72 Cds. 26 Cdo. 72 Cd5. 26 Cdo. 72 Cd5. 26
Zn0 0.534-0. 05a 3.3020. 14a 4.4640.60d  2.064+0.18d 4. 8940, 24a 5.23240.05a
Zn40 0.524-0. 06a 3.3740.18a 13.4944. 14c 19,5345, 86¢ 4.7040. 32a 5.0540. 03bc
Zn80 0.460.02a 3.3974:0.19a  35.5946.88b  37.34413.49b 5.0020. 10a 5.08240.07b
Zn160 0.444-0. 04a 3.4640.03a  65.61+£12.87a 62.16+3.33a 4.784+0. 30a 4.964-0. 05c¢
Cd F {4 4197. 35" 0.02 10. 24"
Zn F (4 0.16 72.91° 1. 86
CdX7Zn F{H 1.36 0.49 0.73

T R PR N BE T AR IR R 22 =35 MBI A 7 B R R R[] — Cd 15 YR R[] Zn A0 B i 1y 22 53 2 35 (p<70. 05) 5 % Rom WU R 53 H7

F Al AE p<<0. 05 KTVAEAE B, T,
2.2 KIEKIAL CAFZn EEHT

& 3 AL AR Cdo. 72 T3, B Zn i H] ¥k
JERYHE K (40 ~ 160 mg/kg) . A & 4 JIE L AR R oK X
Cd By Wl AR, A 1 Zn0 &b BB 43 51319 K 8. 8% ~
184.2%,25. 4% ~63.5% ,11. 1% ~88. 9% ; & 4b Ak K
Cd &K T 0. 2 mg/keg. £F & EZ & W15 J YR &=
PRfE(GB 2762—2017) By %K . 7E Cds. 26 1% . Zn Jifi
FHHE RS 19 38 K (40~ 160 mg/kg) , # & Bk AR 25 |
Bk Cd & 5 MR T Zn0 23R, 23 5 AR T
11.6%~34.5%,0. 4% ~51. 9%.57. 8% ~78. 1%,

66.7%~87.5%,33.3%~73.3% ;Zn80 Fl Zn160 4k
FLREK Cd & & BEALH] 0. 12 mg/kg, WAL T 0. 2
mg/kg MRR AR E, I8 B T &R Bk, W
Rorbr R, 158 Cd 0975 YL BB UL & Zn 1Y it FH K
LR SE 7K R A AL Cd R Wi R AR

HHE 4 FATHL i Zn 2 5% W 7K 75 45 5807 Zn & &
MERKER., WA Zn jit H kA3 K (40 ~ 160
mg/kg) . KT £ # 7 Zn 7 5 B W F+ s 78 Cdo. 72
M Cd5. 26 3 Bk Zn & /o0 THE 13,200 ~
36.5% M 0.5%~19.0%,
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3 FREKE InEAMKBEAREGH Cd SEHHM LAY mg/ kg
. Wk i %0t B Bk
Cdo., 72 Cdbs. 26 Cdo. 72 Cd>. 26 Cdo., 72 Cdb. 26 Cdo. 72 Cdb. 26 Cdo. 72 Cd>. 26
Zn0 0.57+0.38b 1.45+0.08a 1.15+0.18b 4.86+1.36a 0.12+0.01a 0.64+0.0la 0.06+0.03b 0.48+0.07a 0.0940.00b 0.4540.06a
Zn40 0.64+0.22b 1,27+0.08ab 1.88+0.11a 4.63£0.20a 0.13£0.02a 0.27+0.04b 0.1140.04a 0.16+0.02b 0.10%0.02b 0.3010.02b
7n80 0.7340.22b 1.18+0.13bc 1.65%0.22ab 2.34£0.47b  0.09£0.01b 0.15+0.01lc 0.06%0.01b 0.1140.02bc 0.1740.02a 0.1240.02¢
Zn160 1.6240.20a 0.9540.20c 1.444+0.33b  4.84+1.53a  0.0940.01b 0.14£0.04c 0.06+0.01b 0.06%0.01c 0.15+0.01a 0.1240,02¢c
Cd F{f 24,127 71.23" 417,027 96. 04~ 118. 64~
InF 8 5.827 3,157 179.20° 53,547 32.84"
CdXZn F 27.58* 4,747 138.73* 54,72 82.51"
£4 AEKE Zn A KBEAAMMEH ZIn SEHEM ¥ 17 mg/ ke
. [ i %0 A% Bk
Cdo, 72 Cds. 26 Cdo, 72 Cds. 26 Cdo. 72 (Cdo. 26 Cdo, 72 Cds. 26 Cdo. 72 (Cdo. 26
7n0 18.8243.78¢  22.85+1.72¢ 8.2610.48c 23.12£8.22b  28.54%4.40b 21.15£2.54c 17.11£2.63b 16.35%1.24a 19.300.74b 21.90%1.84h
7040 36,1047, 67be  41.42£5.33h  39.234+9.41b  29,04+9.41b  45,28+5,05h 41.91+9.18b  23.83+1.06a 16,304,060 29.59+4,27a 22.01+1.38h
7n80 55.89118.89b  40.74£4.60b  54.84+11.72b 27.5245.38b  67.11£9.53a 39.4248.34h  16.70£2.89b 18.43£6.61a 21.85+0.62b 25.90+1.28a
Znl60 98.65118.56a 102.23£9.50a  94.55+16.32a 74.0949.22a 72.65%9.47a 73.34%3.55a 21.35%1.66a 17.89£0.70a 26.34+0.25a 26.06+2.82a
CdFfg 0.01 7.317 6.82" 3.71 0.13
InF{g 65,787 53. 157 31,647 1.52 9,187
CdXZnF{ 1.33 5,387 3.15 2.33 9,417
2.3 XBEHKSEEVENTK 2 fih Cd 75 Ye 4 32 R A /Y 7K G BR & AR B A R

i 5 Al %, 78 Cdo. 72 -+ 5 RhRE A4 K FE AR 5 e
Cd5.26 3R 1. 66 ~8. 00 cm, i K T 5 1 A0 1
i 2. 43~4. 54 g/pot, MM KFEMR . ZEiH FI 45 721 T
T2 ZEFB/N, HEXTI Zn0,Zn10,Zn80 4b H Xf

A, BB PR N, H Znl60 &b B 5L /N i B H A
Cds. 26 3 REK T 8 W3 TR 19. 520 (p<<0.05), X
R iR . 23 Cd 1975 Je K 7 J& K Rg bk o L 25
R OK T E AR R &R

x5 AEAKREInEAMNKBESMEYEMNH N
i & /om B/(gepot™ ") ZM/(gepot 1) A5/ (gepot ) BEK/(gepot™ ")
(Cdo. 72 (Cds. 26 (Cdo. 72 (Cds. 26 (Cdo. 72 (Cd5. 26 (Cdo. 72 (Cd5. 26 (Cdo. 72 (Cds. 26
In0 83.33£2.89a 81.6742.52b 5.62%0.35%  5.88£0,60a 17.40£1.65b 19.1242,15a 4,671,042 4,371, 80¢ 16,8044, 63a 14,3740, 55ab
Ind() 86.33+1.53a 86.67L1.15a 6.48%0.73a  5.67£0,51a 19.50£5.21a 18,9042, %4a 4,23%0.57a  5.30%0.26b 17.934£2. 75 15,20£2, 60a
In80 88.00+2,65a 83.00£2.00ab  6.74+0.42a 5.67£0,53a 20.50+4,78a 19.83%2,30a 4.70£1. 25 5.40%0,20b 18.63+1. 152 15,6743, 31a
Znl60 91.334+7.57a 83.33£3.06ab  5.7840.86a 5.94%0, 46a 13.23+1.10c 21,8741, 35 4.37£0.25a  5.83+1,95 16,102,552 11,5740, 96b
CdF{§ 6.42" 2,35 902" 1.10 8.63"
InF{ 2,23 0.77 1.85 0.34 1.81
CdXZn F{fi 1.69 2.05 4,007 0.99 0.19

2.4 KFBEIA Cd EREHTL

XK RE £ 0r Cd BARE (& D, 7E Cdo. 72 +
e WA Zn it B W B 0BG R AR R XT Cd iy R
FUR BT 3 A, 25 ik X Cd 1y BB 5 % i s /5 78
Cd5. 26 T3, Jifi Zn W) fiff 15 7K g AR 6 Bk S L AR X Cd
() SRR AR K, ZE i FRE K X Cd Y 58 FH 38 38 37 ik
/No FE CdO. 72 1 Cd5. 26 - 3Erf, K A Hb R 3 (B %
HRF RO H 2 Cd T2 RFHAL, Cd B0 2
71.0%~82. 0% Fl 63. 2% ~87. 8%, ifif #b I 3 (2%
A5 78 RS KO Cd g SRR 0 43 031) 5 3] 18, 406 ~
32.0% F1 12. 8% ~42. 6%, Cdo. 72 + HEFh A (Y 7k
Feidth 36 Cd 2R T Cd5. 26 L3, FEE Zn i
FH YV BE (19 19 K (40 ~ 160 mg/kg) . Cdo. 72 - 45 K F5
R Cd Y RN 71, 0 %035 #i 1 K 51 82. 0%,
Tt _E A7 %) Cd i) 8RR M 32, 0% 98 /N2 18. 4045
Cd5. 26 + /K Fei st R 37 X Cd A9 B LR 63. 2%

BTG R F 87. 804 i My b AR AL Cd i R B
42,6 Vol /NE] 12,800, AT WLt Zn 38 KT KA R B
i BB FE AR T 3 B3 A R,

60 b S [m #5 7
i3
40 |
20 | s
e 0
"
B2
B 40 |
60 |
80 |
Zn0 Znd40 Zn80 Znl60 Zn0 Zn40 Zn80 Znl60
100 - Cdo0.72 Cds.26
B1 AERE Zn E AT KBEEBA Cd ER RN

2.5 HEXMESH
2.5.1 KBEFECdWZIn b ThEE HES
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%32 &

AT, FE CdO. 72 458 K R AR e 2k AT 23 5238 Cd Al
Zn it W O 2 M A G 3 U I KRS AR 2R R A
FEHB Zn FEGE R, Cd i R, 31X 0] BB B R T
Cdo. 72 L 8Erpifs Zn, 2 i A3 4R R KB 43 52 b Cd
Al Zn F R RIAT 38 K. 76 Cd5. 26 + 3, AR R ER B I
Bk Cd Al Zn & 3 43 ) 52 B0 67 4 MR OG L 16 W AR
FERBEARER D Zn & 8K, Cd & &/, £ 9
6]+ 3t Zn, 2338 KM R KB FBE K T Zn & 4, [
i B2 AR A B2 Cd & 4

R6 ABEALAMUERCIA Zn TEZ AMNHEXRH
g MR ' M A Bk
Cdo.72  0.871°°  0.063 —0.554  0.664°  0.130
Cd5.26 —0.748" " 0.303 —0.499 0.170  —0.693"

W ox Flox x AR RIFR p<<0.05 Fl p<<0.01 BEKTF, K.,

HFHFEE BEED Cd Zn A SR (KL
FOoKAEAS AL Cd Zn & (R 2.3 3) 43 Bl k4140 56
PEAM BT, M 7 WAL TE Cdo. 72 A3, IS
Cd Fr52nt Cd &0 % IEZ MM ¢ (p<<0.05),
M5 kK Cd & & B & &AM X (p<<0.01); £
s In R, S BB KD Cd 2R
FIELRIEME (p<<0. 01, T 5 2Emtrh Cd A& &
LR (p<<0. 05), 7F Cd5. 26 +- 3, + 1S #H4 Cd
B ARSI SRS KRN A5 ARk Cd
Brit MR ARG (p<<0. 01), HAZHZS Zn &5
FRRME Cd & I 25 T 2R AH G (p<<0. 0D, K AFAR
PRI ARFIZEN T Zn F B35 RIS Zn S
FAELRMER 2 (p<<0. 01, Al L. 7E Cdo. 72 + 3 it
I ffAS - HEZ RS Zn M2 REK R Cd B K 1

2.5.2 LHFLBRHBAELFTLAMBEHRECAZn  Cd5. 26 +HE MIRSSHRA Zn 82 Bk Cd &N,
R 1EEEEXBRTSEESABEHMLCIM Zn SEZHWEXEY
o THRERRE KFEH AL Cd & KT AL Zn & &t
A RERRK i EUs G Bk LESN [ it A5 ES

L XA G —0.557 0. 281 0.591" 0.118 —0.687" —0.546  —0.588"  —0.581°  —0.020  —0.005
COT2 gefids n 0.875°°  0.130  —0.626°  —0.338 0.710" " 0.923°* 0.934"*  0.873°°  0.121 0.217
L TmAC —0.256 0.245  —0.787" "  —0.960" " —0.671" " 0.377 0.247 0.174 —0.161 0. 321
CB26 g Zn —0.838" " 0.152  —0.736"°°  —0.801" " —0.837" " 0.875°* 0.777° " 0.876°°  0.364 0. 660"
3 i FERER R Cd A5 4R Zn SeHds & B IE & M A

Jiti Zn Ji , HR B Cd ¥4 Y 58 (Cdo. 72) &8 e 2 Cd
TSI M EE Cd 54+ HE(Cds. 26) th &
PUBE FR B (5 2) 5 Y K — AH B s i J I AT R 2
I EE R oY SR P o S B T e I ) B
W B AR AR F AN M E R AR B Y O A A
M A B oC R Cd it B SR IC R Zn (1) iz i i 8
ATK B RLARAR Y KRB AT Zn S sk, %F Cd 2
B X R T Cd 5 Zn A A R e 25 F0E 2
AR B 2 420, 7E Cdo. 72 158 ok A K A —
7 AT 38 35 AR S W i SRR - s W b v 4 CdL s — T
T, U AR P WS Zn TR Z KRS E S
WU Zn B[R B 7 Wl T Cd s JE T BRI T 4R PR £
Herp g s Cd & i mifE Cd5. 26 4, H 3 rh g i
A& Cd Y5 Zn [FB KEAFE,Cd 5 Zn 760 Y 1R 40 i
FR 5 4 25 5 00 1 AR PR BRI B Zn, TN B0 Cd i
f bR sR Y A Cd sg e S & =3 K AW A stk
HaoR AR Cd g fnE .,

M 3 Al 7E -3 Cd 25 4L (Cdo. 72) , B
Sy Cd 5 Zn AR (432 Fi 8 16 K FEXF Zn S0 &
SIS B [ N % B W i Cd L R L, Y g s
A Zn RKEHAE T KR ABARES KFEEED R
W Zn B[] B 32 IR 0T - A VR R U S ) Cd, DT
S I T SR S Cd & & 5 IR IK i 3, 1 /K
FEAR 2 Bk I AR FDRE K b Cd & & 5 308G e 34, ok

K(F D LA BOKRERFRBEMAFEh Cd Ml Zn F &
IEZ A OE (3£ 6), X —fE 45 SR . Cherif
LRI R it Zn AR PR A X Cd I Tkalec
R R L Zn JNE TR Cd HEEM . 5A
TR 25 SR A .

MR 3 WA, 7F 3 Cd & A5 4L (Cd5. 26),
Jiti Zn ¥ FEEAE 40,80 mg/kg W] LAV /D K FE MR & X Cd
(R 2 WA & R AT 7K B oK XoF Cdl By R, 3 T fig S R
Zn 5 Cd 76 W WCAE i i B2 o 4 I R — A %42 ]
ATPase 2 (OsHM2)"# [jfif Zn J& Cd 78 % 5% is &
FIEs AL i B e Y 2+ R b sS e s
Zn KA AEAE I AR 40 i RS 08 B A7 0 B Zn, AT X
Cd W BT A5 B8/ o e Zn FEAR T K 40 M %k Cd iy g
W5z, WMEHRBEMAKS Cd F RS Zn FER
LMK CR 6O, B LIPS Zn & 5 4t
MKGE D TR R X —EH 255, Akay
e, oG Zo I8 BEAR T HESK I Cd MAR IR F; iz
FPFPR L AR IR 5 2 AT, Cds. 26 +
.34 Zn it FH vk B 4k 2238 i ) 160 mg/kg B, K FF
I ZE & Cd S A0 Zn 7E 80 mg/kg ¥k & 4b
AR R B R KR Cd M, X R N
+ER LA Cd 5 Zn [FEK & A7 76 7E R AR 40
L8 3 4 485 5 67 05 S B Cd By IR A pE s s
LA HFEM KGR 2, MK TRAR Cd Wi, f2f
Cd MR ) b 13856 % , B A Cd Jpaa >,
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2 Cd {5 Y FERE 48, it Zn XJ /K AF Cd B
M) RE M T — 30, X LK RS 25 AU 1) B
Cdo. 72 #1 Cd5. 26 4, HE & Zn jii FH ¥ B /38 K,
FRFARAEXT Cd 1Y R 4 18 2 730 7 15 KA T 7K A AR
2S5k JIEETT BEL B 7K RS HR 2R X Cd A Wz e, /b MR R % Cd
1y SRS A LA R 5 v it Zn fi A5 MR 3 K I B B
Cd MY RE 7 s, DT ek 20 T M b3 % Cd i B
. R KR M b RO R R, 2 Rl Cd V5 e AR B 4
B, it Zn YYBE K T KA ML R A B BRI R T H
LRy B, HEEIRZE 38 Cd B R G HI B,
A UL Zn J& 0] DL AR K A Hb 38 Cd SRR W, 0
HJEAE 3 Cd HE B YA T (HEF Cdo. 72 £
AP R KRR B RE K Cd & A 3 K3, 5t 75 I ik
BREmA Zn B, B8 2 i Cd 5 Y 8 5 44,
Znd0 1 Zn80 Ab B XF /K F A Wy A B R A (G
5) AH itk B2 35 F) 160 mg/kg . {115 13 & Zn ik
F %y 240 mg/kg B AK R Al oK Az P B KM B 3 1
Zge 8 Zn Sl KRS BE =T Zn
BE L ASF KRB IE# A K

ARG R FH AU 2 43 B T it Zn X 4 38 v 328 4
A Cd Ml Zn & 1 DL KoK AE &AL B Cd Fl Zn &
HAYEMAE (K 2~% 5, T LR B, £ Cd 75
YRR BE  Zn (it FH K S DL K 3 1) 25 5 VR AR 25 3%
Wi 3 3 — KRS R G i Cd & DL Rk R i 4R K
A3 Cd B RET R ERENE, @il Zn
FEAR K R RE K Cd 15 Y2 3R it Zn & L 3 Cd ¥5
PBREAFRMAELZS, A Cd EEG RBRE
T Zn Wit A RR S AT AL R AR K TR Cd & i
Wl &M, L IEE W A A Cd F Zn MR BEAS
]+ 7 i R 40 5 5 iz Cd 6 W) 07 2 AN ) /) 5 o o F
¢ T BB AL 1 38 Cd R Zn it R T
FI T B K AF w1 Cd 1 Zn 0 AEH 37 5, Cd 5
Yy 4 HE I B K OK R () % A e SR A A R SRR
4%

fE Cd P EEs e 38, i Zn BOAT R AR 4 3 28
A Cd & A AT CAdER KT ER,Cd &
HM 0.09 mg/kg b FFE 0. 17 mg/kg; + 5858 e &
Zn FEEREOK Cd &8 B FIEL MG, 78 Cd &
JEG Y D i Zn W HE R R g A Cd S At (H
JEREAR T KRGS EBAL Cd & &, BEk Cd f & M 0. 45
mg/kg FEARE] 0. 12 mg/kg, ik 3% 4577 1 BOK; -
HEEHLA Zn SRS ECK Cd S B E AL,
1E Cd o B FVE V5 Y 48, B Zn 2 0] 36 KOK RE Hb
T Cd BB, K 36 Cd B, (0] H i
Zn FFEAR L Cd 75 3 KRS . 75 $2 5 2] 7 1 Cd 15 %
K ALHE 3 Cd 3B V5 Yol 00 T A4 A B aR
Zn Jiti FH7KFAE 80 mg/kg My i fE.
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EHFEB, ke, T ALY
(L. BB K2 A B 2 2R g 248 SET 2410005
2. BBIME KRFAEYIRIE S ERL LB B E W E S SLIE S, L8 I8 241000)

FEE. L H AT EANAR PP Cd ¥5 4s b i I AS 7] 500 32 B IS XS ) 22 A5 AR A5 | S I v 45
B2 A Sk A B FH B AL L B Cd ¥5 2 BRI B ORI S B R0 . S5 R W 22 7E 100 mg/kg
B Cd ¥5 % + A RBIE B AE 4K L P X i 22 09 b S 3R 200 M0 R 328 M L e 4 Ak B O PR 5% ) 8 38 (p<<0. 01) , R 3
AR BE AR m R BEIRIAE ] . MR N 200 mg/kg B, SRR S i CAT MG P R Ab s o
M MDA & 3 5 ik, POD 5 3% P I¥ 4 b Th . 30 B it 9 B8 el 17 == 174 48 if 58 52 5 2 B e AR B S AL PR T 3 5
[F 5t P A A T2 Cd s g 1 R R 40, % i el fb SR IR 16 A 3% 14 9 30 D IR ok B A2 s ke BE AR
X TR I 1 3% 1 98 AR 2 o X Tl R I 1 9 M R I R T 5 HL 200 mg/ kg RYBEAL BRI L i A0 SRS L IR 9 1Y
T P A e s PR A O TG PR A AR, 4 R R IEERIE VR XY 5P vk BE 5 BE AR G M (p<T0. 05) AR SE M S IR g > i
AL S > FE M I > T TR G

KEWR . BEIC; WIS B LR MYEBR

FE %S .X173;X53 X ERARIRAD : A XEHS:1009-2242(2018)03-0346-06

DOI.10. 13870/j. cnki. stbexb. 2018. 03. 052

Effects of Phosphate Fertilizer on Phytoremediation of
Chlorophytum comosum and Soil Enzyme Activity in Cd-contaminated Soils

PAN Fanghui' s ZHANG Xiaowei', WANG Youbao'*?
(1. College of Life Sciences» Anhui Normal University s Wuhu » Anhui 2410005
2. Anhui Key Laboratory of Biotic Environment and Ecological Safety Anhui Normal University » Wuhu » Anhui 241000)

Abstract: The effect of phosphate fertilization on the growth of Chlorophytum comosum and soil enzyme
activities in Cd-contaminated soils were investigated. The results showed that C. comosum was able to grow
well in Cd-contaminated soils contained 100 mg/kg Cd. The appropriate addition of P fertilization was capa-
ble of distinctly improving chlorophyll content, cell membrane permeability and antioxidase activities of C.
comosum (p<<0.01). The chlorophyll content, cell membrane permeability and antioxidase activities of C.
comosum were promoted by low P level fertilization and inhibited by high P level fertilization. Both the chlo-
rophyll content and the CAT activity increased to the maximum at 200 mg/kg of P. Election Conductivity
and MDA content dropped to the minimum value at the same time. The POD activity started to rise when the
P content were at 200 mg/kg. The results indicated that P addition could reduce the degree of damage to the
cell membrane to the lowest level, and significantly enhance antioxidation. Simultaneously, the soil enzyme
system in Cd-contaminated soils could also be improved by using phosphate fertilizer. The activities of cata-
lase and urease were enhanced at low P content while they were decreased at high P content. The urease
activity showed the opposite trend of the catalase and urease activities. The phosphatase activity was inhibi-
ted. Besides, the activities of catalase and urease were elevated to the maximum values while the sucrase
activity was decreased to the minimum value at 200 mg/kg of P content. Moreover, the four soil enzyme
were highly correlated with P concentration (p<C0. 05) and the correlation sequence of the four soil enzymes
was urease > catalase > sucrose > phosphatase.

Keywords: phosphate fertilization; Cd-contaminated soils; Chlorophytum comosum ; soil enzyme; phytoreme-

diation
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I S B+ Cd g e Bl g kY, EEE
A 3 JE WA Palmerton FRIGHRT B34 138 Cd &
ik 1020 mg/keg™ ™ M7 3R H 1L 74 # 2 SR,
WEE L) M, A RE L Cd HEEE S
2 587 mg/kg™, 43 Cd ¥ JEBIRAH G M R EY
(9 A= K T L B B ) 0 A% 3 18 T N SRR . A
B R AR Cd 54 £ HEM A HLE 8 78 JE i,
VTAER S BT X5 BENEAE FHAE Y W Wi Fl e B+ I & R
Cd J5 T A AIF 5 5| R BE 2% AT M I 1 248, i e
AT DVA R = AR i R R Y PR A K
I — 5 T W NIE R 2 A - g v B S A3 A s DT ek AR
TR I A A R A TP B AR
PEEAY N E A RS B E R T Cd
15 g T AR YME S HOR S IR T TS AE A R
A B i R (R P AR R T 1 TR A, v D - HE R Y
fE L R AN B Xt - I S v A
YERT . GG PR A0 ) (%) T B4R b o AT 4 I
BIRICE RS Z H IR B,
FEAZ T 4 @ TS Y 1 - M b L 3 i b R T A A
YK R+ A B AR oy

i == (Chlorophytum comosum) J& T B & F | =
J& e BB A A, X 4 R Cd B AT AR 4 1 T
PSR BRSO EENEE L RESJE Cd W
W A SR ks A S A B Y B
B N e . R A RIS BE R 2L AT E N A
e RIHE Cd 15 4% + 5 b it AN W) 590 3 8 AE X s
2R AR AR | A S TS R A Y R L o G e
BENE 3R m A A Cd V5 4 1B B BUR IS %,
1 BhRHS5i%
1.1 s

At 3R 3 2B R A 5 L, g B
FE3gE, pH 5. 33, 8 VA VB A AL & 4 B 2. 06,
1.55,9.69,25. 55 g/kg, f& & &t 0. 68 mg/kg, +1E
Kl 5 KT . 5 3 mm 55 76401845 % H

At i 2= 4 A A ] BEAS B i Y [R) — AR .
XA SRR A D 8 2 L fR AR AR AR S5 B
AR A BRI ) 4 8 TR

DL A S R s 4 — M AR R A Bk
ffi+5ES P &R (UL PO, 31) 4851k 50,100,200,
400,600,800 mg/kg (FT A &L B H] NH, Cl #b 2 N &
L N XHR I A 52 0D I UR G P oAb HE Y
Mt 32 X IR (CKO , 47 2 AR 06, e 7 (L 2
10 ecm) %€+ 300 g,

ZEm LI RWE Cd 5y £ nl A4 KL i 2
E W Cd V54 + R P 18 52 i 2ok it i £

BN 2 B4R (UL Cd ) il 3 Cd e 100
mg/kg., WIZTRM M LR & 15 d J5 , B A Al
22 2 Bk LIRE I Cd (1 4 18 A 5t B8 L 55 B R i
m2E . U A s ik 3 MEE . 4
TF1) 0 S A 0 0 K B RE IR L 60 d R SR FESM T
1.2 WRFAE
12,1 EEFFMAMNE +HENPKFESHEH
CLO-12JHEA 7900 5 5 A5 HILJE & 1t R AT i #t— K, Cr. O;
ZRAE I s Cd & B 2R HNO, — H, SO, — HCIO,
(8 1+ DIFALSE KA J5 7 Wl 43 6 % B 31 CAA6800
R, HASHED,
1.2.2 J2KHBMMFrt Frig oz R
RO R 22 A SRR AT ORI, A Ak A [R) T B XA AR
T 0.2 g BFEES) 3K 7558 AU 4300 B T
FE 663,645 nm AL B IF AT SRR a PR E b
P42 a+b & (mg/g FW)!108
1.2.3 HZrr h @ el M MDA 4 % & 4t &L
B &M 2 R A R A 8 i DDS—11A AU
S E H A X F R (S o) Y R
(MDA) & 8 5 SR S A H AR ks Ak
Py ity (POD) % ¥ 5% FH 45 A s il szt 5 s Ak
S (CAT) SR FH 2R Ao et B vk et -1,
1.2.4  X3geggiae fms A4S AL B+ e rp g
FRIBCHS B 22 MR 2 i A 398, 4 B RE PR AR AR
AT B, 28 0. 1 mm G 5 A7 . o S Ak Ul o vk
ME, L1 g H3ERESE 20 min J5 FTH#E 0. 1 mol/L KM-
nO, PR (ml) 278 H 6 s A B >R H 0. 1 mol/L
Na, SO, 52 , Hih M ] 0. 1 mol/L Na, SO, i & 4 1
(ml) 2 25 R 5 IR Bl FH 2 13 A B € 3k 00 52, 3% 1 DA
24h N 1 g 18 NH,” —N B F & (mg) Fn; R
P R 0 R O A b i s VS LA 2 h iy
100 g 3 P, O (i i (mg) Fom't 1,
1.2.5 3454 i Excel 2003 {4 i 17 3
EAAREZE A R AR 2K a 2K b
b WG . fd ] SPSS 19. 0 #kpk HE AT 0T 248
ZE L MO TR A A5 . B S 0l 3
WHEE R BIE.
2 RS0
2.1 AEAPREMNBEZHFESENEMN

M-I RAEM Y G ER D R R TEEN,
o R HE A A e A ER L R Z A E
FHWCE AR T ERS . 3 100 mg/kg Cd &b
B 22 KB, TCAT AT A RRE IR 5 R 0 Jin &b 31 E
M@ 20, & 1 T, B 224 100 mg/kg Cd AYT5
e+ BRI AR K. B PR MK a
e S R bW O SR I (ER e R v N T2
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(p=0.062), M4 2 b & & G5 B, 22 1k
B#F(p<<0.0D), 4 P FiiAF 200 mg/kg B, i
REPRIH 2R ER a Mgk R b HEMA R K, XUIR
T e A BT B 22 R AE KA R
F1 EMPAMCIMBE=HFRELENF M
Cd ik Pk % a HEE D KRG
(mg+ kg ™) (mgekg™) (mgeg 'FW) (mg+g 'FW) (mg+g 'FW)

0 CK 2.7940.56abc  1.2140.22¢  4.00£0.78¢
0 50 2.86%0.12abc  1.4640.02bc 4.32£0. 14he
0 100 3.2040.31ab  1.60£0.25b  4.80£0.13ab
0 200 3.5540.06a  1.9940.16a  5.5440.15a
0 400 3.2740.50ab  2.0540.24a  5.3140.26a
0 600 2.5610.44bc  1.59£0.14b  4.1540.47be
0 800 2.2940. 48¢ 1.4840.22bc 3,770, 55¢
100 CK 3.1640.32a  1.90£0.21b  5.05£0. 1dbe
100 50 3.42%0.53a  2.33%0.4dab 5.75%0.47ab
100 100 3.6440.49a  2.3840.16a  6.03%0.60c
100 200 3.6840.22a  2.5140.08a  6.1940.23a
100 400 3.6840.31a  2.3740.23a  6.0540.18a
100 600 2.73%0.23a  2.2840.23ab 6.01£0.46a
100 800 3.2340.13a  1.3240.23¢  4.55£0.11c

- BRI A IR 25 5 R B OR R B R OR [ — A
BRI AL & T 22 R M B E (p=>0.05), T,
22 MPXEEMENRENZN
2.2.1 PR 2t rmpaEra o Qi
FEE 35 P 1 DR /N AT T) 42 FH AH LR AR O L S ol . 28

FKIFCd
100 mg/kg Cd
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= = ol e Wl ole

5 R B R RS

i} e ] [ ] ]

<
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PR/ (mg * kg™

(=]

600 800

ZURH XoF A, 3 5 7 A R 5 A T 30 e R 1 R R
Ko I g HME L 38, AT DA () 42 S o A2 4
R

M 1 ATALZEATRIN Cd b B 78 P X F
ZH LU NT HL 5 SR 100 S T AN S 3 o 00 R o 1l S %o 4
FRAE YRS M R A TS N 100 mg/ kg Cd Ab 3R A A5 H
FERRE P W R T JE RS G CREARBE T 28 4k
AN T P ik E 200 mg/ kg WEIFGRIGHD L B 24 P ik
JE T 200 mg/ kg B 1 22 TR 42 @ % iz B |
TR B BE 0T 41 IS 3 Bl — 2 405 3

P (MDAYE R B s as AR B 2 2
— AT LS ER 0T KR S B R A I M I S Bk T B
JEHE 2 (— AR TR B TURUE A 90 - DT - 40 it 1)
EEAMIES ., EEEIEEEAE T MY E S
Azt 2210 1 H R X ) E S IR A AR P R 1 3k
SEACVE A A B AR R 7 ) MDA & 58 AR
A A R B T AR .

&1 A #E X B4 R, MDA [ & & AR 1B A
Wik 38 f SPSS (B R 5 22 40 B W P X
MDA )& &R0 83 (p=>0. 05), i £E # i 100
mg/kg Cd Zh L rh P ik i 35 3| 100 mg/kg, MDA
TR R EIRE, TR S R OR Y Cd 51 &0t
F 22 R AR AR I3 5 A G

0.35 =3 RFncd
& 0.30 100 mg/kg Cd
m 0. B
‘a0 B 2]
. 025 1] 5 o
3] b [
=) -] ] [
g 020 f L %% o i
g - i %% o] [
= L [ i %% o] [
J 0.15 - i %% o] [
1 bl
i) - o b
N —+] ] — ]
40 0.10 i %% o] [
i %% o] [
< = i %% o] [
0.05 Fay b -1
g i o5 <
E -] o< ]
0
20

100 400
PR JE/(mg * kg™)

(=]

1 AEAREPHBEMNFALAESERII MDA =M

2.2.2 AP FEZREABEERG Y HK 20
LR PR R, X B 41 POD 36 PR TS
P RN 200 mg/kg Wik B de KL A5 A KR B AR
HE R B A e, N 100 mg/kg Cd &b B
T POD JE PR AEAR Py B T A8 10 R BH 5, Y ol vk 2 34
JNZ 200 mg/kg W FF 46 5 I, Ud B 7 22 19 P SR T4
FHMBE U B2 2 200 mg/kg JF 1f 742 75 B 5, 413 1H 4= 0l
T 22 0] 5 4 i 0 I et 8 2 2

A AbBE CAT i 4 B 2 8k B 1 in 34 e 7 ) e
(&l 2) JfH I 0~200 mg/kg IR EE T . 78 100 mg/ kg
Cd b F Y CAT s 4 A8 Ak 3 fin & 3, 8 FA 7 ek B v
FEI AN P e i 02 i i 225 Cd IR

WS AR I 38 2 (oA ) L U M B
(35 P FR R (ROS) L i ROS X5 4 s P9 1) B 22 45 1
J R RN IR 5 K 4y 1 FLA R A B SRR T
Ferrer-Sueta 55" )\ 35 450 A 400 A 40 Jt JE iy 7
FEPUEA I IR R S8 BB SV BR R N 240 1 B | 2k, O
TR A BRI A S S AR R L X — PR
RGP IR MR RGBSR V2 B R SR
YIRARL, Horh SOD.POD,CAT & 32 B2 (1§ E ALl »
BT R S AT 3 R A A A PN T A R R 4 A
b 32 T MR AR B 7 AT ORI AR P RS R 8 . FEAH
Y15 5 5 4 J8 B8 i, POD A1 CAT il 16 P 2 ol 28
AT ) 2 o2 el ) 232 40 5 T A B
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o 140 F ¥ ncd & 1200 i Cd

20 - 100 mg/kg Cd I 100 mg/kg Cd
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PR E/(mg « kg™)

PR JE/ (mg » kg™)

B2 AEREPERTR=K POD B &4 CAT BgiF 1%

2.3 MEPXBEMBE CdiSLTEBNYZM

2.3.1 HBFFEZNCdFEIEBEIRGYm 1 IE
Bt VE Ry A= s BT LT e Ak - 358 ob I 08 26 A S v;
A S0 B o 6 S - AR B AR AR,
% 2 A1, 100 mg/kg Cd TG 2425 FIAL 3 5 R
Cd TC i 2225 FUARBRNT LY, o S0k S0 | TR it | JOR 1
AR5 T S S R AR, U R 42 i Cd X 3P 3 Rl A
BH S AR S T 68 -5 B 4 0 v A 3 R A A

PRAELE G A T 5 R 58 A PRI IR F A OEE s
T ik ) 955 P 20 498 1 D] 100 mg/ kg Cd %o - HE B 1 il
WA —E AR FEVEA . 100 mg/keCd BY M 22k K 41
5 100 mg/kg Cd A TC M 2225 H A L o 48Tk &I O
PEAS A AN WY S R T DK T Wl TR IO R 1 L
BT M A 100 mg/kg Cd V54 ) 3 e A 3t
B0 R T, X Cd 53 H R BB S .
XA A AR AR R g A R — 5K

R2 FHEMP REMNBEASARER=ZNTAHTHBEY

Cd e Ji& / oo i 48 b S/ THE W i/ K it / T 192 g/
(mg + kg ") I (mL+g ) (mLeg'+d") (mgeg'+d') (10°mg-100g'+2h")
0 T 0.47+0.032 2.00210. 248 14.3+0.3 7.29310. 165
100 I 22 0. 360, 044 1. 4304-0. 143 11.440.6 11.95940. 675
100 S 0.3240. 025 1.573£0. 000 19.241.4 14. 3370, 604

VE « 2 PRI P 08 - A 25
2.3.2 #4PxCdiFsktEmBETRtYh HES
AL AERS I Cd g abBE b Bl 2 P v BE 34, i 4
b ST  RE R T V6 1 8 % B 2 B S T R B T ik
it 3 P A8 b B OE I A R E 200 mg/ kg Pk BT
TR IR B ARAE s B R 1 1) 16 M — L R B AR 3, 45
ST, it IE e 6% R+ SRS 1, X E AT
WAk = A 2 s

=& 3 Al %50 100 mg/kg Cd Zb3H, B P ki
(BN 3ok G Pl S T i P St 0 G 448 S o e 3, T AR
AR A G AR B B P RSl 200 mg/ kg BFEAT]
AT P 2 381 A 1 DK T ) i P A o A, w9 IR I 1)
TV I W AIG 35, 17 P b I 0 P 00 34 (8 LG RS IR
Cd (R b 3R R 11 8 355 P 2 (81K (25 5 W 38 1k 0 0l oy
0.038,0.051) 1M J& 2 i il 1 P 1 B {8 228 TR s
Cd 7y Ak 27 A 58 v oAH 7 19 il 3 1 (25 5 I 3 1k 43 5l
0.055,0.041), Z5HFEM.100 mg/kg Cd - 3 i fiff
WEPER 32 Cd 5 g A el i n P s . vl ok %
BRALE S5, A BT P A B — e R T AT
2.3.3 AP HLMELLBEBERY YA HES3
AL SAES I Cd 2 FRAR HE, %S 100 mg/ kg Cd &b 38
Hh b AUk U 9 0 PR R BRSBTS B Y #5200 mg/ kg
() Tl e 3 Ah 3T, R P 3K 3 e R X T B 5 4 A 4
ASRBEA G, 0 3 4 18 v i Sk S X o AR A A A

fife NI REAR R M A R 22 1 R AP A K. RERERG 1Y
HPESCRE RS 4. 200 me/ ke RREVR BZAL I | R Al
A PR 2 B I 3 AT BB 2 Fh T i 22 A R E e, ISR
ALY BTCI YR MR AR B IR Y
EPESE TR . 200 me/ke B P AR B . JIR G 93 74
IRF R U WA S P X IR AT (2 2 A T e e % P
B AR R HAT A A i e —
P — S UF MR AR IR PR 585 2 I e 1k
VEF RS N AR HE T 52 00 RS PRBE i . BEFRG
AR P — BT B AT R S A1 Sy 2 S v e o e FES I A
WS T ICHILBAE A 75 SRS Dol /> iy 98 v R £ 0 TR T
WREZ I A BT BEFREEAS REVE S St P 3R AL fh
2BE Cd g L BCRTEIR .

R Ao S S | TRE il L O P B e T Al 0 S P
WEEAERTZ AT, 3 4 AT, 4 Fh LR S PR E
S FEAH M (p<0. 05) » HLAH G R/ Ry IR = i 41
e STt = P it > B9 1R it » 150 B DR o S F e S L AR
BRI PR TS Tt P ook - AR A O FE R bR JF HAR
P BEAE T 515 2 A rh i S A U | RER DR Tl
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Experimental Study on the Accurate Division of Soil
Layers Based on Resistivity Imaging

ZHANG Pingsong, OU Yuanchao, WANG Wu, LI Jianning

(School of Earth and Environment » Anhui University of Science and Technology . Huainan, Anhui 232001)
Abstract: Layered soil medium is a commonly existed soil layer structure. The accurate division of soil layers
determines the accuracy of related researches on soil science. Therefore, it is of practical significance to study
the techniques of fine soil layering. In order to classify the upper soil non-destructively in the field scale, the
resistivity imaging technology was used. Based on the changes of the resistivity curve longitudinally, the
stratification results were adopted to study the spatial variability of the soil resistivity. Results showed that;
After finely classifying resistivity data using resistivity curve method, the result map could meet the need of
visualization and fine expression in the research process. Using the Wenner quadrupole inversion resistivity
curve method, the shallow soil in the research area were divided into four layers, including 5—13, 13—24,
24—50 and 50—70 cm, the prediction value and actual value were closest. T was found that the coefficient of
variation of 5—13 cm (plough layer) was the highest (0. 28) and the average resistivity value at 13—24 cm
(plow bottom layer) was the lowest (17.35 Q » m). The results conformed to the actual soil conditions in
the test area, through this method, the soil condition could be obtained accurately, quickly and even non-de-
structively. The findings attained in this research provided technical support for the research on accurate ag-
riculture and preferential flow of soil fracture.

Keywords: electrical resistivity tomography; layered soil; fine stratification; soil structure; spatial variability

bR e M R TP O A AE B — B R A
PRE s o o A I 2 R B R — R AR
A 3 K SR R g i E A M A AR S G Y R
R EET R TR AR 0 2 R Ay )z R 4
JEIURE BB AL GRS AR S B 45 A1 I 38 3 6 T 9%
J1. SN EZEE A Z R0 0 F B AR E K+
SERIPE 22 S EA TR A3 FIW . Shin 555 58 1 524 43

AR TR EE 1 S o A 22 5 8 0—200 em ) -8
TR > o Vb S b R S R 3 YR UG K
S0 BRI SRR A B A T B 2 12 AR HFE K
AR B DI B - 9K o T R AT 2 B )R
HbERYYPRE 7 v BA TCA | i 5 LRI w2 A 5,
TE 3 TR AT K AT 2 U T 224 3T 4 R L 4R
ZBWFTEHE GBI AR LB MOCHE T p AR A

175 B #5:2018-01-02

BNV E . {5 SR H (2016 YFC0600900) 5 [ 58 [ SARF 2 H G 0 H (41172137) 5 2 BUAE B B2 BH (R D 3R AN A2 R BE B

i H (gxbjZD2016048)

H—{EE KT (LOT1) 3, %, 1+ S0, 5 B IS5 SRR AR M4 A 2% 5T . E-mail: pszhang@ sohu. com
S 1R WOTH (1993, 53 B+, 2 % S Mo SRy B IR 0 FIFSE . E-mail yeou623@163. com



533

GV A% - T L BH AR B 1Y 2 J2 R 2 X 23 353

5T R M B 3R )2 A R IR B R W L T 5 B
R URIR I 5 2 4 A B AR AR Y S A B
HE T AT ] R R A TR R A BE 3 Y 43 2 - R BH R
FELR W R 46 s Hsu 880 SR T 48 W BHL R (R R
K7 45 985 LT i 0 DURR W 5 B 2 1A] A 2% ik
AT 43 AT 17 00« F 9 45 5% 2 B W B %6 T80 v o R B Y
BHT % H AR AE 5000 AE L UR W B A RN e R 4 G
FEREA TR N AT . BAR M ER Y AR T ke
L RERE RS &K RS W] 2 7 R
HOROLE IR TR Z MR AR 2R £
B ERS BE A3 A W TE 0 s i LUK Hodk— 28 F £ 1
K 453 JA TR B — o S B X

- 9 v BH %R S e - S Y R LR AR R R — A
FEA) FLAEVE , H 27 A T R K R S 2 R R L
[t S SRR - HEAS ] )2 W TR] 4 HE T b K
TR 25 5 AR SO 9T A8 H BE R R AR 2 AR
A o R RN SR 6 H A T T A2 L BE R i 4R ik
XoF Y A = A A IR 40 D B T R SR AT 2R R R
53 BRG BE W AR I DA 2 45 S AR P R A7 )2k - e e
BH 2R 25 [A] 748 S M 0F 5 o DA Ry 38 K S FORS Al
GRS AR HE R R SR
1 BRHS05i%
1.1 A RS R ST

PRAIRS T 2016 4F 5 F S B AE L8008 W g T b 3B
AR TAT AT 18 1 R AT, % X B A B UK R4 1R 5 U
T B X M, (T AR TTBUE BT 4 JE B
() IR 1 VR E bR KR 2 2 m A AR LUK ARG
ANFE RN FE . HUERR T ST X R IR L, %
R T A7 A 10 320 80 o AR A P 9 B R R R sk 1, I
G55 AR YDA BRI B 7 18 $5 1 SR AR N TR 42
HK 6.0 mX5E 0.7 mXE 1.6 m i 4 HFIH, EBHE
R A B RO SRR R A9 5 cm 58, I X}
P T P A0 B 1 TR AT R AR ST Ab3E TE Y
AT T A 0—85 e 3 [l PN 19 3 B 7 1) b A7 76 B i
A8 S 38 2 X ) T A [) J2 57 P 1) = 98 R A7 R 43
T TR R 43R 5—15 em (I AR A5 10 T
4, 1522 em G AR (5 S BTRG +) . 2245 em (B
@ D B 1) . 45— 70 em (2T AR (0, BB B ) Fl 70—
85 eo(E AR AP 1)5 D EIR
1.2 B8P R AR AR B9S2 R

AR I Bl NPEI—DHZI— 1 % [ 4% 3 17 H, 32
A T I T, AR A0 $E A7 J2 IR A 48/ BHR AR
P RAE . ZAUES B BT R (AM 3 58T
HL R (ABM #5) 2 FlECHE T/E Oy 0. AM 32 B R 46
F14) FEL A7 52 B 1 2 B o R VR R T A FL A B — R
HEr CA B L AR FARAE Ry MR [RIB AT f A7 0 4, 4%

J&i B0 1 H A T EE A A 52 R L Horp B
WO T IC 5 e A R A JEFE AR N B 0 2 B 3 A
SRy EL A HL AT 1) 2 B AR 1 5 ABM 2% SR 4 B0 40 e 2 e
F8 DU S A A A A 0, 5 AML VR [ 1 2 A — X FL I
MM AB fEH . S5AE50 Y &% R B R AR AR L T AT
B R U R A e o E IR 5]
PAFE MR E M 5 B

LRI 2R e A s B L 1, o s i Sk B
& 11 2 ] R R i R T B A RS ) R A AR
(K 3 em, H#&E 1 mm), 554k, R 504 2Z 18] 1 %
LR LS A S5 2k 1 V50 — V0 VO M R TR PR
ONEVR TR & . BB (0 Sk BT 48 19 O 1) o H B DA
1 3 644 (A B 7 . 03 AR L B A 15 A ) T
B Fr ek B IRIE A2 2 cm IR, Hrp B AN H AR JA] BE
BN 5 em, BEARIMNAR AT B 64 S HLHL, K 3. 15
m, 2R BE 2 30 1 3 5 0. 35 m, I ERAE R &4
IG5 S R 158 22 XEHIF 5 DX PN 3 T34 1647 T 4K
PR . PG R T B P 2R 4 HE A S B
FAH, Jf R H] EarthImager 2D {4 v i1 B &/ —
A 3 B v LS A B S R 3L A S

6.0 m |
e | 3.5 m— > | 7~ N
pe ||||||||||--'-|||||||||||||O;g35m
1#—> 64#

wo'l

Bl BREZMNXREZHETE

1.3 TEBASERFERBEENEEFHELERRE

FARUUERAE P A 1 A T 22 U ) 5 3 | 5 7K B 45
YIRS AT 22 572 S BUR KM A B P 28 A
LK1 B S X 2 S L R R R SR ) T R
PERFAE i BELARAE 1 843 2 Ak 25 W) Jl S e

R 16 P BEL 3 ) T ] o e BB ] — T 2 Ak ) 5 1
W ORI Y (e RPAG 21 25 B 2T T BEVR 281k
A R BEL AR 2 o WL 2 1) 22 A 3 R 493 i A 2 A AR
JAR B AT A TR A0 53 2 L 43 544 3 22 L2 L T
IMZEIR O T 18 IR 2 30 S92 b WL 2R A 2300 J2= A6 )
T AE A T LR T AN [ 3 2 R T J2 47 55 S /2
(LA R 22 S A4 07 iR 22 AT BN 40 00 )2 07 i v e 4%
TSR 502 T5 4 MK 32 7 4k 1 73 J2 45 R E
S FL B A S L+ 2 T A X 4 4 g G P AT
FRbn a2 o fe 245 2RS40 53 )2 J5 19 T2 IR - 2 v B =3 )
P o LT e BEL 3 gt O kT T R IR 1
K4 oy RS - DUWIHR v 0 R 45 R HORS JEE



354 KPR R

% 32 %

2 HiR50r
2.1 AEFEEXBTERTESERRIL

e 5 Fi A [] 25 B R BOHE Bk A7 B i B S
A B I AT BRI TR | - S 1o SRR o3 R B
T R A T T 25 0F LG A3 BT A% e R R ) 45 2R
B JZAR 0 0 R IR IASCR . i 38 1 n] 0 %7 [
() R 8 2R e 38 70 J2 R0 T 5 AN () 2 R L (Y
FRMBCRAFAEAR K ZE S o Horp s PR B SR I TR L
BOA P A = A R AR — i A R N o R i L 4 DY A
RN R FE B 1 5 X 452 B B 9 16) 73 30 LU 5k Bt 4
V0 A P9 2002 e B T A AR — AP R L B — A 9 R
B 28 WO MR O BORS 240 30  vh il h DU A B AT —
SE WYL 53 8h A 5 B 5 2 UL [R5 0 5 AN [ 0
e RN 1) S ABORE FIMERA P L LA R e B I 4 DY
P15 5 5 B2 A AR DR R =R A —
AR L BN — (A 5 550 5 7 2% T 2 0 i 00 R A 1
ELE D5 10T I 4 DY A it A DL R B R A = ARk
AR — AR L BRI — AN A 22 5 L A B ) ) TR O
7 T 2% I B2 B B ROR BR T REAE DR R 2240 HoR
RORY— . 308 3 ek BRI R B L N 1) o3 B R A D 0
JE S5 7 T 2545 23 BT A R T SR R 23 1 45 2
I 2 DU B 3 R R 2 SR R TR A — e AR DLUR 1
e — f R o B — (AR RO A 2

F1 ERATIEMNSPHERBEENERENR
E3 EAMG M IUR B E R =R B

PRITR B L M H H M
P B H M L M L
A5 mE H M L M L
0 RS H H L M I
8 1) 0 8 M I M M M

VE LML AR SRR o R 05 B AE R 2R
2.2 ERLIERASE
A AL A3 J2 28 R o At 1 P 2 e SIS TR I g B 1

WK E/m
0 0.5 1.0 1.5 2.0 2.5 3.0 3:5
5 T T T
- -

35

" r Y

93
15 2 = 1 =3 e B 3R

WE/cm

N R bR o 55 X 43 )20k 32 0 ] BE S RN A )2
R RE SO LA v BH 6 oty 4 v ok S B 4R 5 o 2R
F TS [v] O 294 2 SIS AR SR AR 30 %) Bl S8R AP AR 25 5%
BRCAS YR AP 9 AN 328 B 351 ThT - 498 43 J23 38O R B 0 1) R 2
AN R I A D R S Y L 3RS R AT T E A

W&l 2 Sk I RS 4t 43 J2% 5 15 1) T A 2 g i PR
R385 T . 7 H BH 58 51 T &1 rh 38 P b 2 A5 8 BCHAH
[F) 4% 1) T 300 2 T 50 A o B0 49 (6 P A5 3] 32 Hy
WHES 7 2N BER B AR Ak ny L PR Hh 2 1. BT 3 Oy
JEAR RG22 o b 4 e L R B R R %
B MRS 252 e 1117 38 g v B 232 B8040 38 50 Tt A0 0
Ah HAbAS Z RN LR T A MU S
WG P BH R B A 5 A ) 0 AR Ak fa 3 Sl Ah R A
5 VI TET A B T e L 2% P T X 5 v BEL 8 i 2k i AT
gr)z . LAHITE 1 @l A7 3B, 1 2 BRI #ITE 1 AY J
T P B 23 35 T T A 2 T S i i, L 25 ) T ] e 2 T I
B2 0 F B R E LA A L L X A BT R I 1A
16 PR BH 232 il Ze g AT e B AR O U Bl T LA L X A
BFSE X 322 2 B0 B 1E IR 3 5 e, iRk
NO. 1 #fi£ 5—14 em JEH NO. 2 {1k 513 cm {8
Bl R 7 Ry BEAE )22 5 42 46 WL 4% i v v, BHL 238 (&1 AT DL AE AE H
RH. 23 (B B A A IR HL 8O A2 8 19— A4S J2 3 HlL X
NO. 1 4k 14—29 cm JEF . NO. 2 #i£k 1324 cm
T FBL 9 B50H0 AR AE — /N H B Y L XA A
HEVEZ T SR AL 2 00 v P e A 80 n] 2R A X5 0 40 )2
Pl 2 v 2 S5 v v BE 5 8] T LT A e BH R € bR
Sk AT RS AR AR E i BRI £ B T 0L NO.L Tl 2k
29—59 cm JEHE NO. 2 £k 24—50 cm 78 B N 19 %k
YL K5 NO. 1 i1 59—77 em 5 H . NO. 2
2 5070 cm i [ N B BCHE AR FR AR E . o o
Xof IS 7 F, L 2% ) T P LA K X 7 () R L 5 i 2 0 47 25

G AT T A R ) X )2 IR A B
W 2K FE/m
0 0.5 1.0 1.5 2.0 2:5 3.0 3.5
5 1 I - 1] - L] ] — F 1
\525 - -
B s
ES 65 1P %/om

10 16 22 28 34 40 49 60

18 44 U AR J 95 e FEL %R

B2 REBERIEEI L

2 HATESZ T 36 0 B0 )2 07 5 52 2 &
(A AR VR BE AR F] 70 em L 70 em HiZAb 42
PEED RS T SRS 4143 )2 7 ¥k 00+ 52 T
2% T 5 52 0 2 L A AR X IR 22 (RED RN Yy 7 Al i 22
(RMSE) K/NE(E B . FTLLE B, 32 A BH 26 il 42 4
BE7 B R AR R AT T JE K RUBE RS

PR (2. 12<<RMSE<C8. 55) , ¥ 5 Wik 17 Hp H -F
JER LSRN o 5 Al . B AR B o it 44
=5 DU 2 S v B Rt £ ) 22 ] RS B AR AE 22001
RGBT LS AR B BRI RIR DR 25 BT AR 22 L A
Sy BB T2 A AR XTI 5 R A R O g L BN A )= O
T R BN 45 2R 55 Sl e 2 R



%3 kTR A < BT H B R B R 9 2R Ak 4y 355
£, FH 2/Qm B PH Z/Qm B PH Z/OQm B PH Z/Qm
10 20 30 40 50 10 20 30 40 50 60 10 20 30 40 50 60 70 10 20 30 40 50 60
0 T T T 1 1 1 1 1 1 1 T T T T T 1 T 1 T 1 1
(2) BImEIRE (b) 2R # (c) 3R E (d) 4R H
20 BFHEME B, BHL 28 if % - HmFHEME | B, BHL 2 it R
8
W40 T - L L
%
60 - - -
—— No.l
—o— No.2
80 - = = =

TE : No. 1. No. 2 3 AQF B 49 =1 S5 180 v BHL A L I 490 DU A 52 38 o BEL A
3 ERIERAESE

£2 BERIEFRRSEFEOTNEMLSSZEA
BIJZ AL/ em
wlms SR R = 1294 DU
A RS2/ ¥ J7 iR 2% /em B FXT 522/ 0 YT R/ em

15 14 —0.07 13 —0.13

1 22 29 0.32 6. 16 24 0.09 5 57
45 59 0.31 50 0.11
70 77 0.10 70 0
15 16 0.07 15 0

5 22 31 0.41 8. 55 26 0.18 9 42
45 50 0.11 48 0.07
70 60 —0. 14 70 0
15 19 0.27 15 0

3 22 36 0. 64 717 26 0.18 2 12
45 46 0.02 46 0.02
70 80 0.14 70 0
15 18 0. 20 14 —0.07

4 22 32 0.45 760 31 0.41 5. 24
45 42 —0.07 47 0.04
70 80 0. 14 70 0

TE A H B 205 QR TR0 = 4 S 16 v BHL 25t 2 v % TR 49 DU S 3 vl BH A 2 1k

AR SCLAFTE 1 A 8] E A7 R 48 R BH 2R LB X
T TET PR AT AR T HE B R A (R AR SRR AR A O . AR
T 305 40 D A R L 23R gy £ 92 %o 5 1 A 2 R4 (5—
13,13—24,24—50,50—70 cm) 15 &8, 5 H 4] 43 08 B
XtR T 3a o No. 2 figk L s BHRE., 5%, %
JE 2 13 cm Kb X 7 B AR AR T AL BHZR(E Ry 20 Q + m,
B 20 Q « m S R 40 A7 B Y A BH 3R R AR AL 3L
WGTREER 24 cm XF L 1) A8 A b b 11 H B 38 (5 ok
20 Q » m, i 20 Q + m [FIRE A% TR BE 1 L BH SRR AR
{H IR BEH 50 cm X B Ak bR 1Y H BH R (S 37
Q » o, WOH R IZ A AL I B R AR (R . e AR
A5 21 JZ IR 4358 43 )2 F B R AR AR (B (20,37 Q = m),
A EE R B 0 AR R AR A R

o7 2R S A0 )22 T vk I AR X B an
A Fis, Horp B 4b b b Y 42 R Rl A i R R
53 51w A7 CRPH B R ARAE(E A 20,37 Q « m A A

B X AL 4 HokS A4 2 A0 P RCR B AT DUE
RS 20 43 )23 I B4 4 2 A T IORS 48 L3 M, A BE
2R v AL ) B DX A R T B L OKG E A J2
Tk TR R R S RS L U T LA S
JH HaL B 56 B AR B AR X A 498 2 R R A 7 B R Rl 43 1Y
ik 33t T A e T R RBE Y A A GBI 5 R A
T (1 15 22 7] 8 BLAT — 2 B HE S VR
2.3 KHBERKRTEBBEERTETRIFE

T AL 43 AT A 1 H BE 3R BT S e i) R TP DA R
- RG22 S L I T BT S ) T AR DG Y
Rtk S B Z R LR

VEWCGRITE 1 M 8F 504, LA B3R 2 R IE 45 5
AR XF &1 Ab HpO [R]JZ2 O B BOE SET SE T
HEERNEE 3 ., miR 3 fIAEM,.5—13 cm &b
+ B R R B (0. 28) , L BH R A ZRoK. 454
SR O B 43 J 4 S B4 B A R S K I A S T



356 KPR R

%32 &

FEGIZZ APEE ;1324 em Ab £ 278 5 R R
(0.13) , HL BH AR e K AR 5 fe /IMEAH 22K 11,33 Q » m,
HAF¥ B R AE N 17,35 Q » m, X EEH T HAE
B % 2 K 0 32 31 52 DA K Bk B BT B, % )2
WAEREAKBRECAER T R ELNL)E,
iR AL 2 5 24—50 em b8 S R B R (0. 23)
i BH R e K5 e /ME 22 73K 25.39 Q - m, AT REJE
TAEYIAR 2 B9 KA LA K 38 A /Y K 43 A 4
LR T IR T RER T2 L, LHA
JEJE B AEAE AT T Hodkgkn -, Hl FRZEMR R
23 A3 A AN B BOR )2 K 5 3R 40 A5 0 A AN ¥ N
1% 2 B R 25 R R HLAR S R B0 55070

WELKE/m
0 05 10 15 20 25 30 35

(@) B B

10 16 22 28 34 40 49 60

cm A AE S 2R BT 4% 2 v e (I (E P 24 F B AR R O
B b e 2 R B SR A AR AR R AR B
BOR R 37 20 FUK 3+ BRI = B 2 1 2 1) AR 4
SR H T W /K AL T 35 2 m AR ME X% )2 19 7K 23 R 4T
AT AN S AT B AR AR M vy . X S ok g
A5 R LR N 114 PR ) S [ 9% 1 L 1 e
P20 I K2 52 B BEE 2 w5t 20 5 1007 1) B A
TR E B AR AR )R . (EARNTT R BT I B K
or AR HER (2 T2 A LA 20 em LY
— AR AT R FE AR il 23 X i T e A R
FERE AR 53 o R T X 44 J2 A7 N B S BT ST 0 BT - 15
BB T4 A S R T

WL K FE/m
0 05 10 15 20 25 30 3.5
5 BT RS S T S D S SR = 1
gzs % - -
45
S

10 16 22 28 34 40 49 60
B4 NAERBKITERASEFEZMERRILL
*3 FAEIERIEEEREEXZITHESH

Iz B MEI/0 - m ) s o I3
W /cm R BAME  BAE PHE B2 A% e e H
5—13 512 13.10 66. 70 26. 88 7.60 0.28 1.49 3.42 &
13—24 384 12.48 23.81 17. 35 2.17 0.13 0. 20 —0.02 EX
24—50 640 16.59 41. 98 28.02 6.31 0.23 0. 25 —0.78 &
50—70 384 30. 38 45.47 39. 36 4. 44 0.11 —0. 40 —1.19 EX

3 W FRHE T AR5 o5 B AR 5 b 53 B S e LA —

SXF LA AT - L BH A6 5 K LR A R
FRRFPE R A8 A 56 2R 2 BITEBRE 10,20,30,40,50,60,
70 cm Kb RAEIG LR BT AR K FLBRE
LB R E . Hob O T BRE I ) A B2
BIHC 3 AN RE, HIE 5 AT, 45 B A B R R 1 3 A
A —ERNAR LA, XTI 3 A - E B il 2R 1
REfS &I, Bl 1 2 TR 38 s+ SRR 5 K i S
TG B B0/ T FEL B 23R ) 2 S s /N 5 2 4G L AR
3 K v B L BELSRAR X 2 A1 B 2 AR S 5 55 4b
REE 10 em 405 20 em b ) 7K 5 25 5 K M 30 em |
50 cm Ab{E Y & K B — 3L, 60,70 em Kb 1Y 55 K &
B — 3 Z AR A R BB A5 K IR [ J2 67 9 1) - HE 4k
MEKEAEEAHENZES ., WEEEALRES
F B R 22 1] A A8 A ML % B TR 10 em Ab L Bt de
KLk A T AR 2 B SO BE R R 0 L A
B MR EE 20 em A ) L BR BE S5c /N, 45 & BLR 2 %% 5K
JFER FLBRBE /N BB 7K i S W B 0, 3 Tk R Y
FLBEE Kt B BB A X & K, R Z A B . AR 4 R
[ )2 N B K LB SR 22 5 R A AL B =R
BAG B AN H )R BE b ) 4 3 gk A7 45 2 0F 5 9 F1)
CERUERE S O N R R S AR (115 B = =0 @
R0 KG ff b 2 4 2 R S5, X T R K S

TERIHESAE T o FLBH AR B B L5 - i
2y JEUAL AR E I L 2 N [R) 25 Sk g 00 n] i A2 )
SESIEURII PSSO IRR - E ARl

BB EKE/ (cm’ « cm”) TR/ %
0 0.1 02 0.3 0.4 0.5 34 36 38 40 42 44 46
0 ———— — T
10 - -
g20r D\D/” I
230 + -
%40 - I'!| B
¥ 50 | /:( L
Hego L L
70 | 4 I
80 b L

BS5 ARTEREMNTEMEHFEEL

4 &5

(1) BB A AR B AR JZ AR 2 &) o By
B B8 3 P 3 P L BEL 23R 2 7 0] il R A Ak B
AT RO B e o TR RORS AR AR L . b TR0 O A e
PR L 25y £ 32 0 AT 5 DX A T2 0K 2 Tk R o 28R
BRUF . FAh . AL B AR AR S e b A R R R K IR
SRR RS A A R R 1R A e B
KA HUBH A AR 12 7T S B0 - R RS i 2 R
JEE T A 14 52 s I 33K Sy 3 e - 4 e SH A 00 S 0 K A



533

GV A% - T L BH AR B 1Y 2 J2 R 2 X 23 357

TR S T — R AT R iR AR
()M & T 1 45 2 AL B AR AE L ol il 4 Sy 5—

13 em (BHEJR) L 1% )2 HL B3 30 il B K, 28 5 28 iR

i N RGNS B 0 13—24 em (LR R L LR

HL B AR S (R f /)N A8 S R BRI O S K RS

H AR 9252450 cm gb it B A B R 5 e /MEAH 22

BOR R S B s o th T2 9 K B AR H K 5343

A AR 550—70 cm Kb ¥ 24 Ht B A A B KL A2 S R AL

R AR s 2 R T K AR LK 3 20 A 2 20 36 Y

BTk

(1] SRWEEK . Xk, Ty, 45, +3E 53 2 G4 R Tl - LA &
S A H B[], BRI ST, 2014,33(11) : 2125-2134.

(2] HKME. M, LSS, 55 W AN T )2 LIEAS
Rtk [T K LR FF2# 4, 2012,26(5) :217-219.

[3] Coulouma G, Samyn B, Grandjean G, et al. Combining
seismic and electric methods for predicting bedrock
depth along a Mediterranean soil toposequence [ ] ].
Geoderma, 2012, 170(15): 39-47.

[4] Lookingbill T, Urban D. An empirical approach to-
wards improved spatial estimates of soil moisture for
vegetation analysis [ J]. Landscape Ecology, 2004, 19
(4). 417-433.

[5] Morse M, Lu N, Godt J, et al. Comparison of soil
thickness in a zero-order basin in the Oregon coast range
using a soil probe and electrical resistivity tomography
[J]. Journal of Geotechnical and Geoenvironmental En-
gineering, 2012, 138(12). 1470-1482.

[6] Shin Y, Mohanty B P, Ines A V M. Soil hydraulic
properties in one-dimensional layered soil profile using
layer-specific soil moisture assimilation scheme []].
Water Resources Research, 2012, 48(48). 116-120.

(7] k¥, sRAERZE, 28k, 5. B8 DX B bk b 1 33K 23
HIE I 2T ] P EK R 2, 2010,8(4) .
39-44.

[8] Samouelian A, Cousin I. Tabbagh A, et al. Electrical
resistivity survey in soil science: A review [J]. Soil &
Tillage Research, 2005, 83(2): 173-193.

(9] il 2R, gk U, 5. T ri BE SR BT 2 0 i HOR S b
ot JRIE LT Aol TR, 2015.31(4) . 212-216.

[10] Coulouma G, Lagacherie P, Samyn K, et al. Compari-

sons of dry ERT. diachronic ERT and the spectral a-

nalysis of surface waves for estimating bedrock depth

in various Mediterranean landscapes [J]. Geoderma,

2013, 199(5) . 128-134.

AR e, 2 55 RIS E TR N R LI R4

F R EEM LT 1. S5 E,2013,30(9) :217-220.

[12]  SRFEAE, SREAR, MR, 55, 402 LA B AR TEL

RG] AR, 2014,35(6) : 1306-1314.

Hsu H L, Yanites B J. Chen C C, et al. Bedrock de-

tection using 2D electrical resistivity imaging along the

(11]

[13]

Peikang River, central Taiwan [J]. Geomorphology,

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

2010, 114(3): 406-414.

WdE R G 55 BT H AR AL B Y K A A
BRI . 7K SO B TR . 2012,39(3) 145,
Brunet P, Clement R, Bouvier C. Monitoring soil wa-
ter content and deficit using Electrical Resistivity
Tomography (ERT): A case study in the Cevennes ar-
ea, France [J]. Journal of Hydrology, 2010, 380:
146-153.

AN T, Ak IR AR . B E VD ORI IR G X+
Pk Gy os ) AR L] K LR FE SR, 2017, 31(6)
90-93,219.

RS RS R EIR A BB BRI e Rk S
SO R N K Bk R LT ], LR R, 2014, 51(3)
439-447.

A AL R TR T R X R A K
xR ], HEMEHEK 54, 2016,35(4) : 81-86.
Mojid M A, Cbo H. Wetting solution and electrical
double layer contributions to bulk electrical conductivi-
ty of sand-clay mixtures [ J]. Vadose Zone Journal,
2008, 7(3): 972-980.

kR e kMR R B LM B 5 . H BT R
#,2013.

TSR, FL, S50, S R MR TAE SRR 2
HOKSE XARA TR R 5 %48 TR0,
2015,32(4) :639-643.

XBEAR oA Al OF A7 e i A o 22 0 5 R A T
HEMARS. JE Z1.200410014020. 0[ P, 2005-05-18.

BT TP AN 2l 7 S LT IFAT B Tk I B R AR
F 2 A AR IR B AR LT B R 5 T2, 2017,
17(10) :131-135.

M AR a0 B A0 S S0 i B L RO R g
BRI SE T ). HuER Y B2y BEJE . 2011, 26 (4) . 1464-1472.
Chu X, Marino M A. Determination of ponding condi-
tion and infiltration into layered soils under unsteady
rainfall [J]. Journal of Hydrology, 2005, 313 (3);
195-207.

AL, TR L. AN R il RV 40 % A B 9K 23 B4 5
(7. EWEHE K 2412, 2016, 35(5) : 89-92.

Rilling M C, Mummey D L. Mycorrhizas and soil structure
[J]. New Phytologist, 2006, 171(1): 41-53.

Samouelian A, Cousin I, Tabbagh A, et al. Electrical
resistivity survey in soil science: A review [ J]. Soil
and Tillage Research, 2005, 83(2): 173-193.

Wright A L, Hons F M. Carbon and nitrogen seques-
tration and soil aggregation under sorghum cropping
sequences [ J]. Biology and fertility of soils, 2005, 41
(2): 95-100.

/N5 . WL BEL 8 R HG 22 43 i 4R 7R 2 = 4 2 v 1% I
(7. 3Ry 302 33 Ji& L 2004, 19(2) :455-459,

aRH A S Bk VT SR R E T B9 o U RETR
B¢ gk 4y 25 u) AR S Ay A (D). HE R HE K 22 3R,
2013,32(1):39-42.



%32 B 3 K AR R Vol. 32 No. 3
2018 4 6 A Journal of Soil and Water Conservation Jun. ,2018

E [a] GF—1 HiEA R RS 77753 3h s BR BY 42 BY

X 4E, FAEEAD, Keem', B, AT g, RAEE, R K
LAl FOMOl 2 B Bl I 5T 8 05 0 58 40 0 S 0B 77 15 0 30 07 B0 0056 0058 L L 50 1000835
2. QLSO Kk AR I 50 100083 53, KR AK £ (5 B o JE 5100053
4. PALA MBS K RIS BITEIT . BEPE B 712100)

WE. U GF—1 1% M EPE R, % HPF 48 # (High-Pass fusion, &3 3§ % 48 #2) . Ehlers 28 # (25 [8] 3§ I
A5 Brovey 748 #t (R {8, 47 HE S 42 ) L GS 28 4 (Gram-Schmidt, 1F 3¢ £k 48 #) . PC 4% #t (Principle Compo-
nents, AR ) 5 5 FiE F RS Sk AR O 08 43 7 RV BCIL G 140 B X Bl TS RS2 AR AT I AT O
T 2L T % 2 0 20 R S R B A AT B B, BT oY 5E FH T A e R 0B 4 P X P gh b R AR B R E
G, SR ERV] AT PC A GS Bk 0 Rl& 45 K32 858 RUR T 40 T W, (0 B 48, SO 3 5 )
BLEIMRLS T 26 R OGIEE B A4 AR A RE B . 8 e &40 e AL PC AR fie KR
AR5 2 61 AR A G ISR - GS Rl BVE FE 1S 25 ROCR B A 3 Bl G AR 5 B i de K, 8O Bl 2
., BRI E PC AR A GS AR s AR Al A S0 vk A AF 7™ e 0 H 3 3l (BB A5 2 3R I b B AR R L 44 78
S e DX R TBUIE B R 25 100 %6 , 7 AR 5% b 38 R 7E #2850 FH L TR & IX K F 80 %6 IR IR 2 i S 4% 40 28
REREAR & T 20 10% . X9 o 4 30k [ 7= v 0 38 S SO e A 7= R T K b R R WA o A e sk iy Y 29 4K
o Sy, b B A e A 0 H K R AR R ARG BAOK P EAEFEENE X,

KEWR: WBEAEG: GF—1 TR, A/ @i s R4 w0 KB %

i E 4 %5 . P237 XEkFRIRAD : A T EHS1009-2242(2018)03-0358-06

DOI.:10. 13870/]. cnki. stbexb. 2018. 03. 054

Comparison of Fusion Algorithms for GF—1 Data from Extracted of
Distribution Information on Production and Construction Projects
LIU Erjia', LUO Zhidong*?, ZHANG Xiaoli', QU Shuai' ,

HE liang', ZHU Chenghao', ZHAO Yuan®

(1. Beijing Key Laboratory of Precision Forestry, Key Lab. for Silviculture and Conservation
Co-constructed by China Ministry of Education and Beijing . Forestry College . Beijing Forestry
University, Beijing 100083; 2. Beijing Institute of Soil and Water Conservation , Beijing Forestry
University , Beijing 100083; 3. Water and Soil Conservation Monitoring Center of Ministry of Water Resources,
Beijing 100053; 4. Institute of Soil and Water Conservation s Northwest A&F University , Yangling s Shaanzi 712100)

Abstract: Based on the GF—1 satellite images, the study used five different methods including high-pass fu-
sion, Ehlers transformation, Brovey transformation, Gram-Schmidt spectral sharpening., and principle com-
ponents spectral sharpening to obtain an optimal method for image enhancement of production and construc-
tion projects. To access the performance of these fusion methods, the quality of the fused image was evalua-
ted by the visual and statistical analyses. Moreover, the object-oriented classification method was used to ex-
amine the accuracy of extracting the disturbance information on production and construction projects in the
central area. Results showed that the principle components and gram-schmidt fusion algorithm achieved bet-
ter fusion of multispectral spectral information and panchromatic image spatial information, and therefore,
higher spectral fidelity, richer spatial information and better visual effect were obtained. Quantitative analy-
sis showed that the principle components transform preserved the spectral characteristics of the original mul-
tispectral image to the maximum extent. The gram-schmidt fusion algorithm had the advantage of gain, and
the fused image had the largest amount of information and the most detailed texture. Overall, the principle
components and Gram-Schmidt image fusion algorithms had great advantages in information extraction of dis-

turbance information on production and construction projects. The extraction accuracy in the coal-covering
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area was 100% , and greater than 80% in the mixed area of bare land and construction land and the classifica-

tion accuracy was 10% higher than that of the original multispectral image. This research provide a solid

foundation for promoting the efficient application of domestic high-resolution remote sensing data in water

and soil conservation regulation of production and construction projects, and is of great significance to ad-

vance the efficiency and informationization of soil and water conservation supervision on production and con-

struction projects.

Keywords: fused image; GF—1 satellite; extraction of distribution on production and construction projects;

object-oriented image classification
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Effects of Humic Acid on Nutrient Release from Coal Gangue
YU Jian', ZHOU Guang', WANG Mengtian' , FANG Li',
ZHU Kaiqun', XIE Jinfei', YU Yuanchun?, XU Zhanjun®

(1. College of Territorial Resources and Tourism , Anhui Normal University, Anhui Key Laboratory of Natural
Disaster Process and Prevention » Wuhu » Anhui 2410033 2. College of Forest Resources and Environment » Nanjing Forestry
University, Nanjing 210037; 3. College of Resource and Environment , Shanxi Agricultural University, Taigu, Shanxi 030801)

Abstract; Coal gangue is a potential resource. A large number of coal gangues not able to be disposed quickly
due to the existing technical conditions occupied land and caused ecological environment problem, which has
become a hot issue of ecological environment conservation in coal mining area. The vegetation restoration of
coal gangue mountain is the best way for in-situ conservation and environmental protection. Humic acid
(HA) , as the main component of humus, has a positive effect on improving the unfavorable plant growth en-
vironment. To discuss the effects of HA on nutrient release from coal gangue, an experiment of incubator at
constant temperature was conducted to study the characteristics of the pH and electrical conductivity (EC) of
coal gangue and the release of alkali hydrolysable nitrogen (AN), available phosphorus (AP) and available
potassium (AK) from gangues under different humic acid concentrations and incubation durations. Compared
with treatment without HA (CK), the pH of coal gangue with HA increased significantly, the highest value
reached 7. 77, while the EC value decreased sharply. with an average of 126. 13 ;xS/cm. dropped by 77. 81%
compared with the average EC value of CK. All the AP and AN of coal gangue added with HA increased
greatly. The content of AP was 2. 33 times that of CK, and the content of AN reached 1. 94 times that of
CK. The same is true of AK. The greater the concentration of humic acid added, the better the effect of pro-
moting the release of nutrients from coal gangue. During the incubation, all the indicators for study presen-
ted a change characterized as “V” or “N”, and in the later stage, the change gradually showed trend of stabil-
ity. Coal gangue has a certain potential for nutrient supply, therefore, adding humic acid to coal gangue can
improve the availability of plant nutrients.

Keywords: humic acid; coal gangue; available nutrient; ecological restoration; organic acid
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NN IR AT A1 119 EC Y47 bt i3 5 I Ve 2 11 1 K i 444
K3 MiHEFR 30.60,90 d 3 A>Bir Be . 13 I B IR I AT A1 14
EC £ B 155 5E R ) e B2 3 DR Fie . e A B R 03 ]
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155 30 KBNS 90 KB MR T R, 55 90 REH 120 R
T T v R AE L S “NVIE (8] 2)

WG AR KM T SR — e EE 1. B/
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REAR L T3 90~120 RiZ#i T 2 “VIE(E 5.

RS R, K S I AT A R R o B
AR RV FH S T X B R AR A o E AT — s R s
B TR 0 %o A A R W B R i L A A 1 R
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FETE W A% T & AR ) R AR RS 58 e A FH BRI
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VEF s vh A 76— A 37 0 il 15 R R B B 24 2 55 43 )
FH ) sh 2 - i 72 5 5 A MR /E T . an 2R AE et
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2.3 ERHEHES pH.ESEHNHEXELF
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4 5 TR A SR A bR L AU A A
IbTF 2 K AL T 5 K 4 4 9. R AR
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