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ZERRIEXNEMKETE, REFRARK
RIER LT HOMAIRM

AT, ML, X, o A, SRS, RS
(L VA LR R IEsE, SIBIT WAJRE 1500865
2. MIBITAA BB LG TG, BT /R 1500863
3. MRTTARIFIEBER DM, BIEIT KPE 163316)

W OE: G RRUIETETE B A KR A g AR At AR AN 14 B, SR E R A oA 3
AR BB IT, AR ASIE AR (CK) |« 43 AU — 3Lt (BU100%6B ) | 43 2% 45 B I — W M 3L it
(CRUI00%B ) . 4% F TG NIE (FP) . 60% 2% 45 B RUIE HI 40% il RUE TR A — R PE Lt (MBC) 4&1F T, KA
Frat . AEE . A E WA M ICHL A L h B S R ZEREY, 5 CK i, KA H
. fes . WEFHREMICHLAE SR 00 BRE E . MBC ABIYEF=ar . &Les . RIERHR AN+
LM AR B mSC R BT, 5 FP AL SUAH L, MBC AbBE 3 4 K RS -1 77 6.2%, 233z 17.7%, AIE
FIFAIEIN 16.9%, FNEAR 2RI 16.4%, 2503 (P<0.05), JAZERANED T AR (0 ~
90 em ) AR, MBC AMIAL FP 13 TCHLA RARA TR 7.9%, CRUL00%B % BU100%B AbFF-HIREAIL 10.7%,
H2ERBE (P<0.05), TCHLAEAHEN 5010 i L2 28080, 0 ~ 30, 30 ~ 60 160 ~ 90 em £J25351 Y
TOHLA BRI 383% ~ 54.6%. 28.8% ~ 35.7% Fl 14.0% ~ 26.1%. S B E8 I 7 e A 3 B2
HIA (0 ~ 30 em) PR, Wl T IOHLEAE L HERZH (60 ~ 90 em) BB, 7£0 ~ 30 em HiHH, MBC 32
FP AR TCHVECE B4 IN 12.4% , 1% 60 ~ 90 em FIE T, TCHLECFHAIREAR 19.7%. W00, i AR IR 218 m T A0

ZAIA SRS | T 1 € N e o 7 0| R = R R P T 4

HEMTFER TR A PR KB o

KA RERAL; KRR Mg JIERIHER; AR BRSO

REBEYERKEEENFHZ—, THER
AFRHEY AR TR B R, AR AL
BN, A BT IRIR 2, 1 HL™ s Rk A
AFREE L AR s BB AH AR, b B
i, BRI IR TS e i U A2 3112 R . FRIEIK
e o A 3 A7 7 UM Bt P i A v L it U R
AHL, FROMRA R S A Y, SRR R
1R 20% ~ 35%, T RL™ B 1 R IR 2 R AR b 1]
WG Y O G P B NIUREE R 1 4 5 A Ak A
AR5y, I FR P, MR RRIR R R4

RS EEE: 2022-03-23; FAB: 2022-07-13
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T, RISBEIR R — R PEFE ALt A 4 KRG IR 57
77, [FEEA RS, B e s/ ME T EDAK
G208 1) IR AL (BFEAERIN, ZRER
FREMILR AR 2 B s B K%, Tovk ik
ARRIR Y, X T P A
PREA By T e A A 2 i I et 300 20 [ UL L 1
oK, MZEERIR R AT AR ER B A K TG
WU B TR RIES LSS AR
At XV ERI SR SRR R 52, B4 REPR
+ 5 3E PR A A b Bl i PR B R K R ) T
BBMBARAARE L EAEk, AREERA
JEAEKFE E A SO AR IGEIR Z, (HEMN A
JbZEHh B A HERE AR AREAR A 1 0L e 65% L)
EANADFRKA R, KREAEFME TR FRZ) 3020 J7
hm® 1L BB VT A R ] A R AR A
Z—, BRI 1230 7 hm®, KFERIAE R 314.8 T
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hm’, 548 BRI TR 25.6%, 54 KRR AR 1]
P 104% > BAT, FoEARICHEHB B RX K
A KRR FEORFH “—3 08" MEgiahe =k,
FEAERNEFR TR GREPR, SRRSO TR 25, IE
BRI, 57 8homEEREEM @, Rk, AT
SEE R U R LGS B B At IR
FE b P A KR 7 i s I AT R A R AR
RN = ORI PSR SRR

1 #RFnTE

1.1 Rt

P A F IR AL TR 50 km /%%
WS PERIRE, PABICF IR IR, R FE TR KRt Z RS
fige, AESF-H4 H BEIREEL 2599 h, AEF RS 1.69C,
AW 130 d A4, AT HREKE 577 mm. U5

T 2018—2020 4 # 47, R H 8] & Ak 55 2,
RIS B AE PR BV % 2 KO (127°36'47.0" E,
46°56' 53" N), HhfHHERROG R4, HEIE
Bio POREHT A HL A RN 43.7 gke, AR
A5 RN R A4 O 1817 29.4 Fil 159.2
mg/kg, pHE N 6.3, HR4HE 139853 B 45 5 1 24 Hh K
FEA 7K, HEFE R BRI M AE . A (N) . B
(P,05) e (K,0) M55 3128 157.5, 52.5 Fil 75
ke/hm’. IRIGBE 5 LB, /NX AN 40 m?, 3K
T, WHLXAHES . IR E (N 46% ) 1ER
WAL, FIiSBERES (P05 46% ) VEABEAE, &fk
B (K0 60% ) FERHAAE, SRF Agrium 23 ) A7
RBEYIEIRE (N 44% ) 1B EBRAIE, 5%
FHOKFE S A R 2245 18, FiFE 8 30 em x 13 ems,
RIS AL FE L 1,

x1 RELEBEFESAZ (kg/hm®)
AbF BU-N CRU-N P,0; K,0 /T
CK 0 0 525 75 At
BU100%B 157.5 0 52.5 75 100% -3 U it
CRU100%B 0 157.5 52.5 75 100% 2% B I St
FP 1575 0 52.5 75 40% - E A AESLNE , 60% %58 AT B i
MBC 63 94.5 525 75 40% 38 FUE +60% B4R AL IR A S

1 BU FoRIHIRE, CRU BREERIRE,

1.2 5k S5 A

R ERAE O ~ 90 em (0 ~ 30, 30 ~ 60
F160 ~ 90 cm ) A AHEH AR by, ORI R AE KA
FERRFIAFRRE S o FESEIRZ Y, Sl PR AS A
105 °CHIHER H 30 min AT, SRJEFE 75 CHET 2 1E
H, FRE, BEEMFEA, @it 2 mm 5 LAR . H
H,S0,~H,0, Ji4 Ak Al Bl EG s 0 e A A R
e pE B A /NKELO ~ 30, 30 ~ 60 160 ~ 90
em IR HIERE S, 1 0.01 mol/L CaCl, $2H, {8
3010 5 32 NO, =N il NH,—N Bk i 14,
HoHi o 7 R 1 DPS 7.0 B d Ab B &R Gt il Excel
2007 FEATIRIFAEER; A

R (ke/hm®) = FPRI= i x ARG ®E (%) +
FEFF = x AESTE (%) ;

Ay (keg/hm®) = NOy =N 9 LB i +NH,"-N (1)
MBRE=[ LZEE (cm) x THELEE (gem')
x TIENO,-N &4 ] /10+ [ HJZEE (em) x 1
B E (glem’) x 3 NH,'-N & ] /10;

RAEFHR (%) = Ot 20 X R FE o - F
fiti X AR W ) /it x 1005

AR (kg/kg) = (H X" i - JEi
RIX7HE) /R .

2 HBRE5H

2.1 AN[FAEFRAKAR ™ 5 S i B
2018—2020 4F, KA V- 34 77 & 7E 5407 ~ 8063
kg/hm® 22 [0] ( 25 /K& 140% ), CK. BUI00%B. CRU
100%B. FP Fl MBC Ak #4371 2 4585, 6451, 6815,
7378 F17832 kg/hm® (£ 2), 5 CKAHM b, BU
100%B. CRU100%B. FP FI MBC &b ¥ 7K &5 #1 ¥i 43
5] 48 77 1866, 2230, 2793 il 3247 kg/hm®, 14 77 H
I3 91K 40.7% . 48.6% . 60.9% F170.8%, 755 B #
(P<0.05), 5 FPALFAH LG, MBC 4bFE 3 45 ¥
P 6.2%, 2E5RE (P<005), UiHIZERE R
3 PR R LA VRSB — PR A, feA% R 2T 15t
RE XK = A B35 1 IE RN . 5 MBC AL FRAH EL,
BU100%B F1 CRU100%B 43 51| Uik 7™ 21.5% F1 14.9%,
25 (P<0.05), B A NE s g 5 AU
Bt FH P RN AN 3 LB At FH AR AT
CRU100%B % BU100%B 14 1= 5.6%, Vi 2% ¥ B A
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IS Bt P 658383 PR 2R bt P A B 3% &UIE (CKD), CRU100%B 4k PRL4F T BU100%B, MBC
o WEREERE (£3), RIEXKFEAERETH  ABET FP, JUHEXHRA RN TR EACR 2
BERIER . MANCABA SRR, bR, BC. 2019 457 R B AY T2 B2 I5L R Z2 R A 5 KUY 52
POREL, Z5SRF TR EJLISIR I B0 T SEORREEIR, BERAR, I,

x2 ARELEKESE

L i i 3%
ik R ( ng/lfn2 ) ( kgE/ll)lm2 ) E(,)%)z
2018 CK 5004 + 228d — —
BU100%B 6772 = 277¢ 1765 = 499¢ 35.6 + 11.6¢
CRU100%B 7161 +227he 2153 + 128he 43.1 +3.6he
FP 7616 + 152ab 2608 + 378ab 52.4 +10.0ab
MBC 8018 +215a 3010 £ 397a 60.5 +10.7a
2019 CK 3745 £ 391c — —
BU100%B 5843 + 309h 2099 = 143h 56.6 +8.8h
CRU100%B 6185 +257b 2441 +365b 66.1 +14.9h
FP 8035 + 141a 3291 + 436a 89.2+19.5a
MBC 7415 £ 236a 3670 + 245a 99.1+153a
2020 CK 5007 +611d — —
BU100%B 6738 = 350¢ 1747 + 508¢ 35.8 +13.5¢
CRU100%B 7098 + 225hc 2106 + 848he 43.7 +20.8be
FP 7482 + 122ab 2491 + 531b 51.0+15.7b
MBC 8063 + 198a 3072 £ 819a 63.2+22.6a
Ty CK 4585 +728e — —
BU100%B 6451 = 527d 1866 + 198d 40.7 £ 12.1b
CRU100%B 6815 + 546¢ 2230 + 181c 48.6 +13.1b
FP 7378 +304b 2793 + 431b 60.9 +21.7a
MBC 7832 + 362a 3247 £ 365a 70.8 +21.5a

s B EE E T IAN R FR B 25 5 B (P<0.05), T,

R3 AELEIKEF==HR IR

p & e o P ™
i o (ﬁ\xﬁ?) (jﬁfr? ) iff ) (Tfﬁkﬁ ) ?j? ﬁf

2018 CK 231.8 +13.5d 74.8 +2.6¢ 13.3+0.8¢c 69.8 +5.3d 88.2+2.1c 21.7+1.0c
BU100%B 310.2 £26.3¢ 89.3 +3.6b 14.2 + 0.4b 914 +32¢c 90.1 + 1.2be 23.5+ 1.0be
CRU100%B 343.1 +23.7b 95.7+2.3b 15.7 + 0.8ab 102.9 + 13.8bhc 92.1 +3.1ab 24.4 +0.7ab
FP 369.3 + 13.5ab 102.8 +4.4a 16.3 +0.7ab 1129+ 11.2ab 93.0 + 1.3ab 24.9 + 0.8ab

MBC 385.1 +19.2a 105.7 + 3.2a 16.9 + 1.0a 124.1 +9.6a 943 +1.5a 258 +0.9a

2019 CK 197.3 + 16.7d 71.0+3.1c 127 +0.7d 66.3 +4.5¢ 85.2+2.0c 21.6 £0.7d

BU100%B 2753+ 17.0c 84.3 +4.6b 13.5+0.3¢ 82.8 +4.5b 86.1 +2.2¢ 23.0+0.5¢
CRU100%B 312.7 +22.3be 87.9 + 2.6h 14.5 + 0.4bc 89.3 +5.3h 88.3 +2.7he 23.9 + 0.7be
FP 339.0 + 30.6ab 99.1 +4.4a 15.1 £ 0.7ab 103.4 + 8.7a 90.5 + 3.5ab 24.5 +0.7ab

MBC 361.3+17.0a 102.6 £ 4.2a 15.7 +0.5a 112.8 +7.8a 92.6 + 1.9a 254 +0.6a

2020 CK 229.4 +17.1d 78.7 +3.1c 13.7 + 0.6¢ 70.7 + 6.8d 90.2 £ 1.1c 22.1+1.1d
BU100%B 2872+ 17.7c 82.2 +3.7hc 14.1 £ 0.7be 84.3 + 8.9¢ 89.8 +2.9¢ 23.3 + 1.0cd
CRU100%B 3289 +21.7b 85.4 +2.2ab 14.7 + 0.5abc 97.0+4.8b 92.0 +2.5be 24.3 +0.7bc
FP 358.9 + 16.3ab 879 + 1.5a 15.3 +0.8ab 106.9 + 5.8ab 94.4 + 1.8ab 24.8 + 0.8ab

MBC 371.8 +16.0a 91.0+2.6a 15.9 + 0.6a 1159 +5.5a 95.5+1.5a 25.6 +0.9a

Y CK 219.5+£19.2e 74.8 +3.9d 13.2 £0.5¢e 68.9 +2.3d 87.9 +2.5e 21.8+0.3e

BU100%B 290.9 + 17.7d 85.3 +3.6¢ 14.0 £ 0.4d 86.2 + 4.6d 88.7 +2.3d 233 +0.2d

CRU100%B 328.1 +15.2¢ 89.9 + 5.4h 15.0 £ 0.6¢ 96.6 +4.9¢ 90.8 £2.2¢ 242 + 03¢

FP 355.7 + 15.4b 96.6 + 7.8ab 15.6 + 0.6b 107.7 +4.8b 92.6 +2.0b 24.7 + 0.3b

MBC 3727+ 11.9a 99.8 +7.8a 16.2 + 0.6a 117.6 £+ 5.8a 94.1 +1.4a 256 +0.2a
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2.2 A[FEAEFAKFE AR HRCE 5 CKH He, iti & 45 40 PR A 38 5] 1 (0 ~ 90 em)

AFEFEGKFEREZEFABCRIEA AR, Sk JTHLR BBE 2 503 0 49.8% . 33.7% . 41.6% F
PR~ 3EFHEREYN (K la), S5CK  307%, ¥KF 8 EKFE (P<0.05). 5FPH,
b OF &8, BUI00%B. CRUI00%B. FP #1 MBC ~ MBC AbFE 435 (0 ~ 90 em ) KHLA B &
b 3 AR ] R K 26.3% . 32.9% . 35.6% ¥ ¥ & K 7.9%, CRU100%B % BU100%B [% ik
M141.6%, MBC AL P & HE A F K % &, ®FP  10.7%, 253B#F (P<0.05), WEHLERZH0101E
REMHRAEZH60NE A, W169%, HEH (K2), BHLALEO ~ 90 em + I H 1Y
Z S5 # (P<0.05); CRUI00%B AL FE% BUI00%B 20 Aii L 78 K A 3 4RI BeAk — 2, CHLA S
A PR F 6.6 H 4y A, RI251%, 5B EEEWERE IS, £ 0 ~ 30, 30 ~ 60
(P<0.05), MAKTERIERFRCR 3 FEFHLERAKE A60 ~ 90 em + 2, THLA BFE 45 & L
( # 1b), BU100%B. CRUI00%B. FP 1 MBC 4k 3 & RS 38.3% ~ 54.6%. 28.8% ~ 35.7% Fil
MR AR AR N 118, 142, 177 M 206kgkgs  14.0% ~ 26.1%. MBC 4-PE+ 31 (0 ~ 90 em )
MBC Ab PR 45 FP R R AR F AR 2.9 kgkg, Bl THLA R EEFP AL FEFER AR 7.8%, £ 5% 8 &
16.4%, 2= 5 & 3% (P<0.05); CRUI00%B 4t ¥ (P<0.05); CRU100%B % BU100%B Ab ¥, JoHL %A
5 BUI00%B 2 % 2.4 kg/kg, B1203%, 25@%  ZFUHE107%, 258% (P<0.05). g%

( P<0.05 ), FEANEHG N T IR 388 1 )25 (0 ~ 30 em )
@) ) R, MBC 4 FP AL HIE N 5.6 A E 43w, B3
50 020184 @20194 220204 mFHy_ N 12.4%; CRU100%B % BU100%B A4+ F 14 fin 3.6
45 a X , e T I [
= P b ANE S, RIS N 8.0%. Jiti 2% s B mIE /> T
= bkt — TRAY 3
% L TEHLRAE LV T (60 ~ 90 em ) FY B,
2N bl . -
= , MBC 42 FP ARFHIA 4.5 AN F 50, BOFRAR 19.7%;
| :44: R e
fé CRU100%B % BU100%B &b # i /b 3.0 4~ H 43 5.,
% byl :Ni 7 . - N
L EMRRMR 13.5%. AL, ERERERUIE GG R G
Pedsd o5l N N N N 5 2
: L= 5 T2 55303 TR A T 24 mT LASE k2 - AL
. e | L 8 R e . .
UB100%B  CRU100%B FP MBC REM, PRI T2 IHUA B, ML
A RN KI5 G i RS
b
30 (®) 020184 20194 220204F m Ty 1201 H60~90cm B30~60cm B 0~30cm
— B 3 ~ a
L a Eoor ababb ababb c
= appga 2 80r B ALl a @l b
~ Y ~ £ I E o 2 Z y 7
s b 1 =55 ,/77W|ﬂ%/ %u%%%/
= be € il = sz d ] e
5 & = E OIBEEHEERHE BB B
® % = = mm e Ol mm & Ol mm & O
=5 H SEePss§" 85" ¢
a5 = = S s S <
UB100%B  CRU100%B MBC 2 % 2 g 2 %
Ak 20184 20194F 20204
B 1 RESEKFEEIRH A RMRENR A3
VE: HE EANE SRR R LR % (P<0.05), FI. 2 ARSEIFANETINARRS ST
2.3 R[AIAbEE 3R RO AFR B 5 0 A 2.4 ARREMFKREZ TR
3R IR LS R (K2), L8 m BRI EE TR, KR R L5 38

(0 ~ 90cem) THLEFZMETEHEIN 63.6 ~ 953kghm’, &, MIERFHLERE (£4), SAMEENE
CK. BU100%B. CRU100%B. FP Fil MBC 4t F JG (CK) It %, BUI00%B. CRU100%B. FP Fi MBC 4b
HLASN 510 63.6. 953, 85.1, 90.1 #183.1 ke/hm’,  FRAQIGER /344K 4878 . 5848, 7406 1 8716 JC /hm’,
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TeieGe 4 BRI 5 3838 AN BC B it FH A A2 5 it
A AL TR, IR EEKE (P<005), 5
FP AZbFEAHEG, MBC AbSFE05 1310 G hm®, HECER
K 177%, 2538E (P<0.05); 5 BUI00%B &b FA

Eb, CRU100%B AbFEF-H341 970 JG hm®, BEUCR K
199%, 250%E (P<0.05), AU, ¥ a e
T, B R At P AUE R L
ML, 3 ARG R R FIRE RS

x4 ARERIELEKFEEFIE

(T

i o AR EALR el sl
(JC /hm*) (JC /hm*) (JC /hm*) (€ /hm*)
2018 CK 436 0 — —
BU100%B 782 0 4950 + 1397 4604 = 1397¢
CRU100%B 830 0 6038 + 372 5644 + 372bc
FP 782 100 7312 = 1057 6866 = 1057ab
MBC 811 0 8438 + 1102 8063 + 1102a
2019 CK 436 0 — —
BU100%B 782 0 5876 + 399 5530 + 400c
CRU100%B 830 0 6834 + 1022 6440 + 1023¢
FP 782 100 9213 + 1221 8767 + 1221b
MBC 811 0 10277 + 685 9902 + 686a
2020 CK 436 0 — —
BU100%B 782 0 4847 + 1401 4501 = 1401c
CRU100%B 830 0 5854 + 2337 5460 = 2337bc
FP 782 100 6931 = 1451 6485 = 1451b
MBC 811 0 8558 +2258 8183 +2258a
I CK 436 0 — —
BU100%B 782 0 5224 + 567 4878 + 567d
CRU100%B 830 0 6242 + 521 5848 + 521c
FP 782 100 7819 + 1223 7406 + 1203b
MBC 811 0 9091 + 1029 8716 + 1029a

e EAN (N) 2270 kg, EEFAM (N) 2550 kg, BHIL (P,05) 3.3 70 /kg, HIIE (K,0) 3.5 IC kg, RAFMH% 2.8 IC /kg, JHIERMA

T-2% 100 JC /hm’,

3 it

3.0 GepRERNEX AR AL AR ) R

Tl RNCAERLR, 245k . 1. AR R
AR SR IR R, Ja AL M) FH 3 A S BRI £
IR, R S T BN Al A= 77 A
B BRI RSB T RS 1L
BAEE AR | P AR, BEARAA, R
was T, FEHL IR R AU AR e, R
AR, HHRE, ARIR R, KRR
AR IR N 2 L PR . RS 138
K™, BRI AN, B RS 2
AR RAAR A H 3™ 8. AR, SR
— 134 —

R #5838 PR 2 DL 2 e BR A, KRR
8.0% ~ 342%™, EAWFFE T, MBC# FP #4 =
62%, =583 (P<0.05); CRUI00%B % BU100%B
B 5.6%, 156 BHZE 4R R RUIE B it FH 265053 22U
i AT — 3 B3RO, (BN =3 e it PSR
W, AR R B K R & G i A B
OB, HEAE Y pRE R, SRR B
98% SMETF, Ml 2.1%; MRS 7 WL, %
P RO AE A I O B A 20 8T 50% 7 1
T, KURGEEA L H UGN AL FERE A T R, ANFSE
ZE MBC % FP SEXHE 1310 JC /hm’, HEUSCR N
17.7%; CRU100%B % BU100%B 4 1 970 JC /hm’,
R R 19.9%, 1k B G245 B 0 T8 2 sl it FH
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2 5 85 AR LA i AR RE AR AT B I 4 R AL
tho HET, RFFAAES S e, R RILREhE
SCUK RS P, RERRAST s aiAs, IR
BIAFR, b B R S e85y, BAT WM
IO T
3.2 ERERAENER KRG EIE R R

G RNE A R R AR, AR SRR A
RE, BEAEAHROERD 2 XTEER
JIEARE X 7K 8 R0 2R W ORI R R RS 5 il A F S i AR
Z 0B (B SR ZE M B A 2 O K RS R R
R X AR TV E BRI >, H
RZ UL AER R IR 45 o 3 07 ARFse st R
L 3 A RIS AR T, A R BRI A
R ZBL SRR — R A (MBC), BRER
B (FP) KA ENEF A0 16.9%, &
B A F BRI 16.4%, ZF B3 (P<0.05).,
ULIAZEFEM 2+ AR S IX, s R RO R 3 R R i
AR — kMR, BB LN KA AN AT
WIXTRRMWT R, WOREBLR, fEEAREM AR
K, CRU100%B #: BU100%B 4b & B F FH 2524
PE1 25.1%, AR FRCEIR S 203%, 2ZRRE
(P<0.05), ViHAERNLG AR RE T, %
BERNE X S RIE R RBCRAOR 4 it 22 P
FNEAT LU D B & 10% ~ 40%, TE5R &
TEERIRR s R RS 387, e 2R
FHER AR PO AR SO i AT 45 R dE A
—3
3.3 S RBRAVEXTREH AR RES A R

KAt FH 2 7 B I LA A A b i i R
N o % 8 RN — W vt IS 3 3 2R 43 Ik
i P, FEAR T 3% NH, =N FI NO, =N #e B, Ui /b
RIMEIE R, AR T T30 TR U 0,
AW, it PR A i R R 2R 5 R R
IR -8 NH,'-N 5 BEFE AR 18.9% %, Ke % 2 Al
BesR4g DOV RGeS, KRG T 2R B AU A
RMETE 40 ~ 60 em )2, FkER &5 R 5.34
1 6.65 kg/hm®, B ERHAR T HHEURZH R A AR
MREBL, AWML, HZER
RN T TCHURAE - IERZE (60 ~ 90 em ) 1Y
R B, MBC# FP 4L #1870 7.9%, CRU100%B %%
BU100%B [4A% 10.7%. 245 545 ) B oe i is, i
fiti 40% ~ 100% MI¥EREEEALEL, 0 ~ 30 em )2+
BAVA S 5 s Tl R E A, A S oT 4

R, MR AR T M ALK B2 (0 ~
30em ) R, WD TEELARZE (60 ~ 90cem) 1Y
I3y TE0 ~ 30 em HHEH A, MBC 4 FP Ab B
TCHLA BRI 12.4% (0 ~ 30 em ), TEJZH]
1 (60 ~ 90 cm) MIFEAR 19.7%, W ZEERBIR R
it A R A A 82 R R T dR e, W
FIF oD R E MR BNR)Z LR, FBRARIREEIS
JRUBS:

4 25t

REJETE M 2 4 A 2 XK R A P A 1 B35 97T
5, SRR R EEE AR EH ., ZEBIRE
60% 5 R 2% 40% iR E (MBC) — kMt FH AT
DI RDK R A X AR ERNTR, B
EROMOKRE . AUkt e ARAHCE,
W 2R R R AR B, BRI
YUty XU o 122535 A 2 S KR v 7 e SOt E A 1
B Fs A PR R, EIRIX S Sk
TR RAEAL A RO, KRR, TG
T A AR R R AL, PR EE
PR B AR, R RENT sE w C AL A SR R
XFEREE e 4t R, NAIOKE — S E TR A
Jits FH A REAR A5 TSR

SR
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Effects of slow and controlled release nitrogen fertilizer on rice yield, nitrogen use efficiency and nitrogen
distribution in black soil in cold region
ZHENG Yu" >, JI Jing-hong'", LIU Shuang-quan', ZHAO Yue', MA Xing-zhu', LI Jie’ (1. Heilongjiang Black Soil
Conservation and Utilization Research Institute, Haerbin Heilongjiang 150086; 2. Post-doctoral of Heilongjiang Academy
of Agricultural Sciences, Haerbin Heilongjiang 150086; 3. Daqing Branch of Heilongjiang Academy of Agricultural
Sciences, Daqing Heilongjiang 163316 )
Abstract: The effects and application techniques of slow and controlled release nitrogen fertilizer on rice in cold black soil
are not very clear. A 3-year experimental study was conducted by using the method of location test. Five treatments were set
up, including no nitrogen application ( CK ), all common nitrogen one-time base application ( BU100%B ) , all slow and
controlled release nitrogen one-time base application ( CRU100%B ), farmers’ practice ( FP) and 60% slow and controlled
release nitrogen fertilizer and 40% common nitrogen fertilizer mixed one-time base application ( MBC ) . The differences in
rice yield, benefit, nitrogen uptake and utilization, and soil inorganic nitrogen accumulation and distribution in soil profiles
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Effects of foliar selenium fertilizer on cadmium accumulation in lettuce under cadmium pollution condition

DUAN Xue-jiao', MA Qian-qian', WU Jun" *", TENG Bing-qin' , BI Dong-mei’ , MA Wen-jun' , CAI Li-qun'
(1. College of Resources and Environmental Sciences, Gansu Agricultural University, Lanzhou Gansu 730070;
2. College of Innovation and Entrepreneurship, Gansu Agricultural University, Lanzhou Gansu 730070 )

Abstract: In order to explore the effect of foliar selenium fertilizer on cadmium stress in lettuca sativa L., the effects of
different concentrations of foliar selenium fertilizer on cadmium accumulation in lettuce were studied by potting experiments.
Two cadmium pollution concentrations ( 1 mg/kg, Cdl; 3 mg/kg, Cd3) and three foliar selenium fertilizer concentrations
(0 mg/L, Se0; 1 mg/lL, Sel; 3 mg/L, Se3) were set up. The results showed that: (D The spraying of foliar selenium fertilizer
significantly reduced the uptake and accumulation of cadmium by lettuce, compared with the Cd1+Se0 and Cd3+Se0
treatments, and the cadmium content of lettuce leaves in Cd1+Sel and Cd3+Se3 treatments was significantly reduced by
26.29% and 49.05%, respectively. @ Spraying foliar selenium fertilizer at appropriate concentrations increased the activity
of catalase ( CAT ) and superoxide dismutase ( SOD ) in lettuce, reduced the content of malondialdehyde ( MDA ), and
significantly reduced the MDA content of lettuce under Cd1+Sel and Cd3+Se3 treatments by 44.48% and 48.90%, compared
with Cd1+Se0 and Cd3+Se0 treatments, respectively. CAT and SOD under Cd1+Sel treatment were more than Cd1+Se0
treatment by 40.38% and 68.71% respectively. And CAT and SOD under Cd3+Se3 treatment were more than Cd3+Se0
treatment by 77.48% and 51.70% respectively. Therefore, it can be seen that the spraying of foliar selenium fertilizer can
significantly improve the stress resistance characteristics of lettuce, and then effectively inhibit the absorption of cadmium by lettuce.
When the soil cadmium content is 1 mg/kg( Cd1 ), the optimal foliar selenium fertilizer spray concentration is 1 mg/L., while when
the soil cadmium content is 3 mg/kg ( Cd3 ), and the optimal foliar selenium fertilizer spray concentration is 3 mg/L.

Key words: foliar selenium fertilizer; cadmium pollution; lettuce; physiological characteristics
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were determined. The results showed that compared with CK, the yield, benefit, nitrogen use efficiency and soil inorganic
nitrogen accumulation in soil profile were significantly increased by introgen application. MBC treatment had the best effect
on yield, benefit, nitrogen use efficiency and reducing soil inorganic nitrogen accumulation. Compared with FP treatment,
MBC treatment increased rice yield by 6.2%, economic benefit by 17.7%, nitrogen use efficiency by 16.9% and nitrogen
agronomic efficiency by 16.4%, with significant differences ( P<0.05) . Application of slow and controlled release nitrogen
reduced the accumulation of soil inorganic nitrogen in the 0-90 ¢cm profile. Compared with FP treatment, the accumulation of
soil inorganic nitrogen in MBC was reduced by 7.9%, and CRU100%B was 10.7% lower than that of BU100%B, on average
( P<0.05) . The distribution of soil inorganic nitrogen in soil profile decreased gradually from top to hottom, and the soil
layers of 0-30, 30-60 and 60-90 cm accounted for 38.3%-54.6%, 28.8%-35.7% and 14.0%-26.1% of the total soil inorganic
nitrogen accumulation, respectively. Application of slow and controlled release nitrogen fertilizer increased the accumulation
of soil inorganic nitrogen in the upper soil profile ( 0-30 em ) and decreased the accumulation of soil inorganic nitrogen in the
deep soil profile (60-90 cm ) . Compared with FP treatment, soil inorganic nitrogen of MBC. treatment increased by 12.4% in
0-30 ¢m profile, and decreased by 19.7% in 60-90 cm profile, on average. In conclusion, application of slow and controlled
release urea can improve nitrogen use efficiency, increase rice yield and benefit, reduce soil inorganic nitrogen residue in
deep soil profile, and reduce the environmental risk of nitrogen leaching.

Key words: slow and controlled release nitrogen fertilizer; rice yield; benefit; nitrogen use efficiency; nitrogen accumulation

and distribution
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