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MREMMEMFER IR TEZEX ESmEE EZE
REWIEF BN =259 220
By gE L 2 RSP ET TR, X 2%, BeE
BV, 4 &, SmEE, BEapx!

(1. WSS R R EBE, WS
2. NS RO BB, S

FEAIVEAS  010019;
IEFIESE  010031)

& E: ek E g IR R S A AR TR, O AN ) it 2R A G A T A K i, - R
43 1] H ZE R EWOBOR LA RN = A5, DA X 3Rl 4= A A AT X o e K RS, B A R IE
AP R, A EE (A0), JAMAEYREIE [A1 (7.5 vhm®) ] ; fli%E [0 keg/hm® (NO) ,
210 kg/hm® (N1), 420 kg/hm® (N2) ], &55RFW: (1) A D EFMK LA SR, KA - Hm 5 %K
AN Jita 28 R A B WA 0.5 ~ 0.8 0.7 ~ 1.2 dS/m, T oh 280 & 3 v H 4 pH, 7 28 A0 38 40 A it 4 Ak B
7 pH $2 5 0.2 ~ 0.3; it FMCE D IC 13 pH R R 08 AIG, SR RUE Y i AL BEAE L, i P AR P B
S E A T A A B g TR (2) I I R S 0 i B R, IR U AS il RN A EET
RLE AN 49.3% ~ 72.6% F16.1% ~ 8.9%, A% 7 e it 1 A= 4 v IE A B (%) R 7 2 die A, oM 4695.0 ~ 4855.1
kg/hm®, (3) Jili Z A2 ] H SRR R R AR, 183 — @i BUK I, kit U A R 2 R ARG A
W, Rl il R0 EE R FHRCR AR b Y RIE R TR A B R R R i, (IR Bt L
AR E B T AR RTECR, (4) IR = BAL PR R B 175.7 ~ 177.7 kg/hm®, TRINGA: A
M HE— 2L HETR 19.9% ~ 342%. L5 PR, 254G TIEIARRVEY i . SR FRCR R 3R R i 4
HZE, MAYHEIREE 210 ke/hm® jifi 2052 PUIb A B ER ARk SRR B IX A FE 4365 Fbta AR =X o

KR Ehmh; AU ; SRR FURMSCRIFIRCE W H 25

hm? (ERBEOTEHE -, A S IRBEME S, AR &2
B R mRAL . AETIMR, ROK GEIRINy 25 oA AN 48 5

SRR RACAE Ry — A AR B TR, A
AR A R AR B AR W 00 A R R R TR A

RO RO A 7 P I A T R vk A R AL S
Ko BRI . VR 5 A B T RS
Z g, O Em B0 A S R G R Rk
Wz gy kR L BT, ERSEEREXA 37.3
T % hm® Brb R IR RIFE R Eh ik, A
BB IR R 233 T hm®, AN, A 53 T £

KR EE: 2024-01-17; FABH: 2024-05-12

BEEmA: SRR EARHE T (2022EEDSKIZDZX011 )5 K
S A KB RIUE (2022YFXZ0031) 5 N5 AIAIX 2024
AR CREEIAT TARRGIUN A N AR R AP0 R A
SIH (HEHES: 2023CXJIN14) 5 NS FYA X B RFRE R4 T
H (HtifES . 2023ZD28 ),

PEE R RIS (1999-), W-LWFse/E, MSEHEERE 5400
BRGNS . E-mail : 15147657620@emails.imau.edu.cn,
BIFAEE . 7%, E-mail:imaullj@163.com; FH&EH, E-mail:
yeyliuhu@163.com,

EGNZY, B HBEIEA A . KR (&)
B AV P 0 AR M FT 4 e (0 S e

REMYAERKEFTLTFHREERICEZ—,
Jiti S i X VR P AR W) A L, WY R
WY, MR X EOKE AR 5T 240 ke/hm? B, 7= AT
WA O RIS TR B, M AU B
B AR FOR R, MBS S A 30% 17
BIEEBEES; BOoey U MpgGE, FHNER)
7 AU W) B A it U 150 kg/hm® B e, 7EIE
SEnh LA RN, Rk R R R AL, AR
AR T RVR AR SRR i S A 25 Lk, AR
i b VR 7 R IR R R ARG X U F g 7 T
27 | it RKOF A SAE AR S T 5, ifd ELTRT
B I AR P R R R A SR FH s 600 kg/hm?,
A AR, Rk, PRSI ESRE X ER
A i) H 22 130 Bt AU 2T — B A

S
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AR R I v A g A o B BRI DA
IR AL, SRAGEA, BCEEY R, BT
VEUIRHALRE BRI E ' H AT 22 E W] T 4
YA AT DR SV Y% SR o i, 3 s VEY
B PN B DO X BRI AR A OB S 4 SRR
WY, A I S 2 PR AU Rt P i, XHAE AR
TSR W S ek s sk Y R, AR
AVIEA RIS ERKER, A w; A
SRS R T A B T G fo 2 1 T ) 7 8
A RERE R F A R, A gT R, Ak IR e it
40% e i w2 4 T A A B8 %) SRR R R e, Ak
JIE Rt 20% B it S 2 490 8 N 1 38 i = e g o K
SRS R RW, R Ay e R
JIES P 7t %) 20 2R WSO P 38 34 i 3 v T AR A it A
L, 70% BIALIE S 30% B A ) e A C it 1 i AR A
X, A B TR HEAS R 2RO R 9 AR K & R
PR o (HT ST DR Bl FH B A O Tt AL =
A= 1y R A DR 25 B/ T) ke ) I 5% 2 2 MR
A= T . A ST T N Rl it 0 A5 F T BE

T A P AL, At S A el A M R X £
A SO RL 0 R R P AL AN G R P A )
S, BRI R DR R LS, A AT &
TRE DX R A FH RIS At 2 T I 1) 45 B A 2
PR

1 #REFE

1.1 BRI

KR IR T 2021—2022 4E7E N 56 HIA X
E LR AU A I = TEHr s Je st (40°49'42.7"N,
106°54' 28.5" E) #47, KK XA FREVR, &
THAIAFER X, PIFERKE 1359 mm, AR
B P, 7—8 H B K il . AR R
IR 8.7°C, ZEK & 19843 mm, JCFEIH 152 d A4,
A H AL 3220 h DL, BUE 3520°C LA L, HEE
FiK 73%, EE DAY - iR E, REL
geonwiEt, WR R gL, iR
M TN Nat, CI7, SO% . I+ Hemfb 15 b
# 1 0R,.

® 1 TEBHIER

; I A LR 28 A A A ML
P (dS/m) (g/kg) (g/kg) ('mg/kg ) ('mg/kg ) ('mg/kg ) ('mg/kg )
8.0 2.4 17.20 0.78 21.35 18.88 13.79 32.67
1.2 35T x2 RGAE
FH AR 86 /N X TR R R 36 m?, U ] 51 FH v i B e MU (ke/hm?) kb 34 =
B, R ALEE N . AN AR AR (A0, it EN R 0 (NO) AONO
WA [AL (7.5 thm®)]; A& [0 ke/hm® (40) 210 (N1) AON1
(NO), 210 keg/hm®* (N1), 420 kg/hm> (N2) 1, 420 (N2) AON2
s N - T y it FH i A= 4 TR AT 0 (NO) AINO
AR E 3 W E R, AR ERE ey,  OHReE
. ) o (7.5thm>) (A1) 210 (N1) AIN1

K,0=126-125-75 kg/hm*, AERHiE H 7 X35 0 &
BBAE AW FAEIED A H2E (GEF 5 ),
RIEAIRZE (N 46% ), BEIE AL BERRES (PO,
12% ), PIAEHBRRA (K0 52% ) ; L& &
AEYRAE e 1S, AR AT ey I w4
ft, FEEMERE: FRERE 5%, BARE 20%,
FORZF AT 10%, Al 50 28 AT 1 10%, K5t
ZFAFT I 15%, AR ZFRATE 5%, & BH 5%
W 5%, A EE=5%10°CFU/g, (SZPREH
H 1x10°CFU/g), AHLE = 60%, 5% %5 W
#2,

S

1.3 WE kS RERINTE

T 1) H 225 Hr AR I AR A5 /N X 0 ~ 20
em & 2 B MR, AT L B0 EpH, T
F(EC), BER. MAA. AU, AR
HOCE R, ORI R IEESAL AR
2%, pH. EC, FEARIE £/ NX A H ZF PR 5
MR . MRS A PR A,

+ 48 EC F1 pH BRI E ;. HIEEASA
FERAN R @ EmE ™ FEmSE s
R K AN E T R
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P R PP ILIOE ZEIE ;. R A S ER
FH H2504_H202 fﬁ%%ﬂ EE%%/%@U/‘E, igﬁﬁlﬁ%
FHES PR ARBYMIIEN E ;. HHEA R A 0.5
mol/L NaHCO, 35 10,
BRI AR 1
HIELHASTE (mgkg) = HIEEERASE +
IS AT &
RMEImA =) (kelkg) = HEARXFPRL = / il A
RIAZFFIRE (ke/kg ) = Ot U DXOFFRL ™ i — ANt 2
DOFPRL™ 5 )/ it &
RIERMFTHAE (%) = (AR SR A -
TCR X AR R SR A e )/
Jiti & x 100
RIETTIRRE (%) = A AFPRL ™ 5 - A X
FPRIF i) /iR X kR e
7 x 100
REFWEA (ke/hm®) = (AR + HIHERIGTEHL
REH) - (FEYOR
Wk A S - WokE L
TCHLUAGR A )
1.4 Fdli b
K H Excel 2016 #7504 1155 R H Origin Pro
2023 PEATERIF L, SR SPSS 19.0 47 7 2250 #7,

10T,
I 20214 [ 20224

8+ B pe ABab A a B . Bhbe AB ab

0 L
AONO AONI1 AON2 AINO AINI AIN2
b

PARI R TT 225981128 ] Duncan K556 ( P<0.05 ), WA
E7 25 HT% ] Duncan #5567 ( P<0.05 1 P<0.01 ),

2 BRSS9

2.1 il 28R AN A 4 R A X Bl A T A 3 pH A
EC H52 00

FEANE I AE R IE AT, 2021 F1 2022 4F
AT (AON2) BORNEALLIE (AONO) -3 pH
WERE T 02 ~ 03 (P<0.05), HHERSRE
P AON2>AONO>AONT, H: I 40 4k 3 ( AONT )
AT (AONO ) il A AL 2 (AON2) 43 51 G
Z K 705 ~ 08F10.7 ~ 1.2 dS/m (P<0.05),
it FH AR W AR 25 T, Bl 2 it R A 1 3
B pH W8 A FF 5, {H 2021 4E 40 FE A 2% BN BE
(P>0.05), 2022 4F AINO 5 AIN2 [AI477E B k4 5
(P<0.05), 13 S REH N AINO>AIN2>AINT,
HAPRAALHE (AIND) BORHEA (AINO) FlE A
AbFE (AIN2) 30l EFEMR T 0.5 ~ 0.7 F1 0.1 dS/m
(P<0.05), fEAIEE SN, it HEY A
AT ATNO 4 33 pH FI AINT 8 330 SR A%
MM EE T, EHMEYRIEARE (A1) 8RN
AbFE (AO) THE pH FIHL SR REAL, X B
Wi NE T 238 - AR BB A — a2 (AU )

B 20214 [ 20224
A

EHEHEER (dS/m)
= D
OI N OI n

IS
n

0
AONO  AONI1 AIN2

AON2 AINO AINI
b3

B 1 AEHEARAIERE B =Wk T35 pH #1 EC B350
s REHVNG TR IFR A R AL ZE 2021 F1 2022 4F7AAE B EHELE S (P<0.05), R,

32 3 it A A R EXS 1358 pH F EC 5200
B REE T, Z5RE, WIS PR E Y R RS
I RN B (P<001), AR
HE 435 pH 284k 2 (P<0.05) , Jifi &% pH 44
HL R B (P<001 ), (A=A e A
HIAS ARG e S 3 (P<001 ),

*3 HMEEMREYHEXT 8 pH 0
EC MMM EAEFZEZHH

m - mnssll

b 2021 4 2022 4
pH EC pH EC
EEHEAL (A) 559" 9.59™ 455 29.10™
i (N) 9.15" 15.23" 12717 60.04"
AxN 0.51 11.817 0.61 40.35"

e * R P<0.05, ** FR P<0.01, .,

S
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2.2 it G RN A 4 TR I T el A P AU R R
A

T A= 4 T S R it 2 o 1) 5 A I i )
KRR = R AR RCR A RE 51wk
RIS (P<0.01) (£ 4), TEAE T
EPEIESAET , A B 225 A HReR
FHOCHE PRI FTRER, Zr s R, AL
B (AONT) MM A: = 1. AAEAR 2= FH 2 A
RIETTIR R W& = T = AL P (AON2) (P<0.05),
2 AH MR R W A A R R 2R A e, IRAEAL

AN =%

FOCAONT) #m A AL (AON2) g E 5 T &
JE W2 i F) FH 6 58.0% ~ 66.0% ( P<0.05 ), Jifii FH ik
AR, KRR CAINT) B
FIHH . AR A T B A2 F AR
TTHR R S T AL (AIN2) (P<0.05 ),
e AL SR T, A 4845 v 2 LUK 0 it 7
RE AL BE CAINT) e, AHE G & T, i@
A B AL PR (A1) 3R AL BE (A0) ZE
A7 BIEA AR RN AL Tk R W
( P<0.05 ),

F4 HREMBEMEIER 6 HERBF ARERN T

FHEMTFIHA (% )

A7) (kelkg)

AR (ke/ke) FHLTRE (%)

o 2021 4 2022 4 2021 4F 2022 4 2021 4 2022 4 2021 4 2022 4
AON1 35.30b 34.53a 18.78b 17.52b 6.20b 7.37b 33.00¢ 41.98¢
AON2 21.27¢ 21.86b 8.85d 8.05d 2.56d 2.97d 28.83d 36.83d
AINI 48.75a 41.43a 22.90a 22.15a 10.32a 11.99a 45.06a 54.13a
AIN2 25.72¢ 24.73b 10.66¢ 9.72¢ 4.37c 4.64c 40.94h 47.71b
AR (A) 13.65™ 498 360.23" 120.50™ 360.23" 120.50™ 161.82" 103.22"
i = (N) 60.02" 44.92" 5036.67" 1458.34™ 942.95™ 419.59™ 19.05" 26.05"
AxN 4.00 0.84 54.86" 26.43" 54.86" 2643 0.00” 0.31
e VAR AR NG AR IR AR A 2 25 57 (P<0.05 ),
23 SRS TR H IEA RS 23.2 A EFCE Y R IE X ER A ) H 2R R R

T AR P 9 5
2.3.1 it e A AR W B AR R B A FH - HETEHL A
B B R

NG GRS s AL

Wi (P<0.01), W53 HAERIRT 2021 4F 1) 1- 4%
REFEEMWEE (P<0.01) (F£5), Nt HARE
YHIBAME R, EENEALEE (AONT, AON2) nJ Ll
FE LA S (P<0.05), 2021 12022 4
() IETCHLA & s 47 9K AON2>AONT>AONO, 4k
P22 57 B (P<0.05 ), WINMGBUEY R AT,
FIETCHVA & IR R A A B T, AL
H(AINT, AIN2) BE & TAMEALIE (AINO) ,
AL (AIN2) WEHIETHA S ERESTA
Jiti . (AINO) FIIK & AL FE (AINT) (P<0.05), 7
G A T, Yok B S A, mS AR
AR S RS EYRIELE (A1) B3
T ARG ARFE (A0, Njifi 2040 BRI 22 S A8 B 3
(P>0.05), PIMEEIEERY], HHTHA S EYFRN
4 AIN2>AON2>AINI>AONT>AINO>AONI .

S

W SR - 98 20 3R P18 1) S i

Jiti 480 ek AN A A 2 R R K 1) 5 A R R R IR
O IR R BT 52 i 2% (P<0.01) (%6
MK 7)o AHEHMAEYRERET, AR,
Ti1) H S AR 28028 WA o R 38 R W0 2 itk 3
i (P<0.05), @ RALHE (AON2) 8 AN i 20 Ak #i
(AONO ) FIEZAALFE ( AONT ) 435 54w 1 1a) H
SR EWIE 127.9% ~ 147.0% F1 12.5% ~ 13.4%
(P<0.05), Jifi % 4b B AON1 5 AON2 [f] 4% bk A &
W 2 RN B E (P>0.05), {RALLFE (AONT)
o AALHE (AON2 ) A Z R WK i I 3 BT
175.7 ~ 177.7 kg/hm® ( P<0.05 ), Jiti FH 8 2E 4 1 AE
SRUET, ) H ZERER W A 2R 3 et Bl
A S £, SALLHE (AIN2) Bl A
AbE (AINO ) FIMRAEALEE (AINT) 435425 T 1)
H 28 A Z M Ici: 90.2% ~ 91.9% F13.4% ~ 10.6%,
AL FE CAINT) B m AR (AIN2 ) AEREM
P B ERR T 178.6% ~ 186.8 kg/hm( P<0.05 ).,
FER it AR SR, it A W o A Ak 3
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x5 MEEMHEYEEXE BB ERESENFN (mg/kg)
e B R A HSRE S = THUVR S
2021 4 2022 4F 2021 4F 2022 4F 2021 4 2022 4F
AONO 9.68 + 0.25¢ 7.73 +0.08d 3.08 +0.10e 2.02+0.12¢ 12.77 + 0.14e 9.75 + 0.04e
AON1 15.38 +0.85d 11.52 +0.10¢ 5.25+0.05d 4.92 +0.49d 20.63 + 0.80d 16.43 £ 0.46d
AON2 19.77 + 0.16h 14.20 £ 0.65h 6.75 + 0.42h 6.65 = 0.39h 26.51 +0.39h 20.85 + 0.58h
AINO 9.53 + 0.49% 7.58 +0.66d 3.45 +0.05¢ 24120.11e 12.98 + 0.52e 9.99 + 0.70e
AINI 17.28 + 0.66¢ 1234 +0.57¢ 6.18 +0.33¢ 5.63 0.36¢ 23.47 +0.58¢ 17.98 +0.92¢
AIN2 20.95 + 0.09a 15.20 £ 0.38a 8.57+0.13a 7.73 +0.28a 29.52 +0.07a 2293 +0.21a
WAL (A) 23.06" 6.27° 93.62" 23.19” 77.38" 23427
A (N) 948.86" 336.54" 557.76" 363.65" 1472.52" 687.61"
AxN 8.70 " 2.57 15.52" 1.75 15.46" 422
F o6 2021 EEREMMEYEIEY E HZE & T E N (kg/hm®)
i - A - i - - RE T
WIRTEHLA NEEHE AR REA FERI BR TR S 1
AONO 94.74 0 94.74 62.65 + 1.36d 37.02 99.67 -493+1.72e
AON1 94.74 210 304.74 137.48 £9.07b 59.84 197.32 107.42 £9.77¢
AON2 94.74 420 514.74 154.72 = 14.21ab 76.89 231.61 283.13 = 14.44a
AINO 94.74 0 94.74 89.15 + 5.87¢ 37.65 126.80 -32.06 = 7.37f
AINI 94.74 210 304.74 166.01 £ 10.44a 68.06 234.07 70.68 + 10.96d
AIN2 94.74 420 514.74 171.70 £ 15.43a 85.60 257.30 257.43 + 15.26h
MAIEIL (A) 23317 33717
it A= (N) 121.417 1073.75"
AxN 0.51 0.46
x7 2022 FEREMAEMHEIERT E B ERFENINE (kg/hm®)
pis: | - A - - il - - RE Ty
WIRTCHLA NEEHE AR LA FER SREBTCHLA S
AONO 79.15 0 79.15 72.45 +12.03d 28.28 100.72 -21.57 £ 12.16e
AON1 79.15 210 289.15 145.65 +9.76b 47.66 193.31 95.84 + 8.93¢
AON2 79.15 420 499.15 165.12 = 16.15ab 60.47 225.58 273.57 +17.76a
AINO 79.15 0 79.15 93.22 +3.98¢ 28.98 122.19 ~43.04 £ 6.00f
AINI 79.15 210 289.15 160.28 + 8.19ab 52.13 21241 76.74 +7.28d
AIN2 79.15 420 499.15 177.31 £11.19a 66.51 243.82 255.33 +11.80b
WAITEIE (A) 9.58" 13.46”
A= (N) 110.53" 1041.47"
AxN 0.25 0.03

(AINO ) BARMiFHALFE (AONO) &5 T H 2%
REW I 28.7% ~ 42.3% (P<0.05); jifi AN
ZUET, M EY R AEALEE CAINT, AIN2) &8
K FHALFE (AONT. AON2) 44w 7 1 H 254
WU fE 10.0% ~ 20.8% (NI) F17.4% ~ 11.0%
(N2), FRIRAEZEMKE 19.9% ~ 342% (NI) Al
6.7% ~ 9.1% (N2), Hrf, AINI AbPREE AIN2 b
PRI A s D AR BURBE T, 7E 2021 AN
2022 505080 T 186.8 F1 178.6 kg/hm® ( P<0.05 ),

2.4 it R AN W B AR R A A ) H 28
P

WE 2 fis, ABMEEFRESRET, EA
AT DL S BN ) H SRR R, 2021 AT 2022 4EAY
FERL ™ 1 Bl it 0 1 AR A A — 2, BRI R
AALEE (AON1) P, (RAUEHE (AOND) A
J ZAL . (AONO) FlE A AbHE (AON2) J= 5431 ik
FHEHNT 493% ~ 72.6% F16.1% ~ 89% ( P<0.05 ),
T AE 40 e e 280t 1% 165 0 5 1S o, e A AL

S

(T
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20000 [y 20214F: [ 20224F
18000 F

16000 |
14000 b

b
C

< 12000 C -
2 D¢
Z 10000 F ‘
i i
= 000 gyl
H 6000}

4000

2000

0

AONO AONI AON2 AINO AINI AINE
pii

B a

60001 mm 202145 [ 20224

5000+

A
(X q B
b
L C f
d
18 3000 E
3 e
1000

0 .
AONO AON1 AON2 AINO AINI AIN2
4be

(kg/hm?)
EN
s
(=3
3
o
@)

B

kPR
S
S

2 AEMEABAL IR [E B 2= 2RS0T

HE(AON2) 35 TNt 20 (AONO ) MG 4 &b 3
(AON1 ), M AEMWEESAMT, frh= &R
7 AINISAIN2>AINO, 98 R AIN2>AINT>
AINO, A AL (AINT) B A A AL HE (AINO)
Al AAL B CAIN2) KR ™ 550 0 o 35 1S m 1
76.5% ~ 113.6% 1 7.5% ~ 13.9% (P<0.05), 7F
AH R it 80 25 R, it SN0 A 3 A kP ™ i 2 3
UM it P AE D AR AL B (A1) S 3 S TR AL
F (A0) (P<0.05), AINI &b BH ¥k 7= & & K,
T 0 R A S it PR R ™ i 4 52 e O i 2
(P>0.05), AWERS TAEYE (P<0.05),

7 8 it L AR D B T X ] H 25 A4 ) A
KPR RS A B VR T, 4RI, AR
Hh A P TR R AR S R b S 2 (P<0.01)
2021 4F it FH B AR B IR AR i AR AR B B 3
(P<0.01 ), it 05X A= 4 UK FAL ™ S 247 i b 3
S (P<0.01) , fC2E ) NS At L 19 58 5
KEFFRL = i R (P<0.01), X 2022 4FAY4E
YrrE s 3 (P<0.05 ).

*®8 MREMEBEMEER 5 pH 1
EC #MmME N E RS Z 51

. 2021 4 _ 2022 4F §
EC7/E S A s GEL7/E G SO A
WEEMIRAE (A)  17.0087  107.344™ 4.480 80.788"
Mg (N) 1700257 363.097 213.553"  367.404"
AxN 0.714 19.862" 5.903" 18.653"
3 Itig

3.1 i 28 EE G ) T A X e PR A P T
eSS LAl
Jit 23 i A S R R M R IR

SRR LA K R T, SRR A
T DA TR M R WA R A
T X 4378 AL B 7= A S 20 T AN R [ i
B T L S R R A R A8 A
SEEMR LY, A IR R SR S, B
0 ~ 20 cm R+ ZE0 BREUMBE, it 5Lk 5 bl
0N e sy 11Ty R 1 EF <25 Al 117 /I B ==
JE Ry 1A, B AU e SRR P
oy, B U RN R SRB A AR,
B, O TR S AR R B <>
AR R L, RIS AR 200, IR 0 B AR
T HEER Y, T AL R T R, X
ATRER P NGRS TR R A K, A B T3
SRR A A B RE T, 4R AR R AR,
BB MR ERVE T, ) A 98 o B B AR 250
AT DA — 2 R b PR ER 2 i BT, (R R R
RS FaEEh o S i, A —E B
R A 135 b 32K S AR M, i T -3
SR AR, BRI pH RN 2 A
W h, R pH B R BT BT, HE
b B 5 2 TN AL B, AR 56 45 S 5 T i 0
fi 20T QRIF SR o R — B, W T T R Bk o
TS, R IR BE I S0 2
IKAYFER, IR BEACR B 7E L3R 2R E,
AR T R SRR 78 (e B I X 6
SR 14 J5 R — 7 T 2 DR R AS B e 1 1 v A v
AR, WA 85 & A BRI RS, AT
T LSRR i, WUEM R A K
OTIRE YD, A A Ay R v 3 5 2 AR R AR
Wy SR P IR, AT AR AR ek e >
it 1O S0 g £ A B RGP R S W 3 ok 2 1+

| S

m - mnssll
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B SR, BT AR 14, F R Rmm i,
eI T 10.46%, BUPIREAG 22.02%, A
PEERACR B Brbms U BRI LB, iR R
P AR W B I S8 T RIS - SR 4. A
GEFMA, i A W e R v R 4 pH R
PP AR R, BRI A A AR T Ak
PR pH L 2%, (HAUE B IEXT pH 52 0 I
ANERE, XRS5 AR A X, TR
ISARSEIEI . A R AR A M R R
Z—, ARWEES &8 BB E 8 57
HERFRE S P — SO, A InAN R AUIE AT LR
o SR AN R R, A A R
AR, AW REY, AL
Yo T HIErP LA R S T AR IR
B, EhmR b A B E R H LA S, A
HLIERHFN TCHLAE ROt B (2 2 AL L 43 B Tl =
4y, MREWATCHLAEREX FRA A E R, AT 1
HEFEAY O BEAIERRI IR 8 sloreas ) g
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Effects of nitrogen application rate and microbial fertilizer on nitrogen absorption and utilization and yield of
sunflower in saline—alkali land of Hetao Irrigation Area

ZHAO Hao-geng" >, LI Li-jun'", YIN Chun-yan®, ZHAO Ju’, YANG Jin-hu', ZHOU Yang', JIN Xin', NIE Xiao-
xue', BI Lu-guang' (1. Agricultural College, Inner Mongolia Agricultural University, Hohhot Inner Mongolia 010019;
2. Inner Mongolia Academy of Agricultural & Animal Husbandry Sciences, Hohhot Inner Mongolia 010031 )

Abstract: Soil salinization seriously affected soil nutrient utilization and productivity improvement. In order to clarify the

effects of different nitrogen application rates and microbial fertilizer on soil salinity, nitrogen absorption and utilization
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of sunflower and yield in saline-alkali soil, this study took moderately salinized soil in Hetao Irrigation District as the
research object, field experiments were carried out with two factors of microbial fertilizer and nitrogen application rate,
the microbial fertilizer treatments included A1 (7.5 t/hm”) and AO ( without microbial fertilizer ), nitrogen application
rate were 0 (NO), 210 ( N1) and 420 kg/hm”> (N2 ). The results showed that: (1) Low nitrogen significantly
reduced soil electrical conductivity. The soil electrical conductivity of low nitrogen treatment was 0.5-0.8 dS/m and 0.7-
1.2 dS/m lower than that of no nitrogen application and high nitrogen treatment, respectively. High nitrogen significantly
increased soil pH, and the pH of high nitrogen treatment was 0.2-0.3 higher than that of no nitrogen treatment.
The soil pH and electrical conductivity decreased with the application of microbial fertilizer. Compared with the treatment
without microbial fertilizer, the application of microbial fertilizer significantly reduced the soil electrical conductivity of high
nitrogen treatment. (2 ) The grain yield of low nitrogen treatment increased by 49.3%~72.6% and 6.1%-8.9% compared with
that of no nitrogen and high nitrogen treatment. The grain yield of low nitrogen combined with microbial fertilizer was the
best, which was 4695.0-4855.1 kg/hm’. (3) Nitrogen application promoted the absorption of nitrogen by sunflower plants.
After reaching a certain nitrogen application level, the absorption effect of nitrogen fertilizer plants on nitrogen was not
significant, and the utilization efficiency of nitrogen fertilizer decreased with the increase of nitrogen application rate. The
application of microbial fertilizer significantly increased the nitrogen content of plants without nitrogen application, and the
low nitrogen combined with microbial fertilizer significantly increased the nitrogen use efficiency. (4 ) Compared with high
nitrogen treatment, low nitrogen treatment reduced nitrogen loss by 175.7-177.7 kg/hm®, and the addition of microbial
fertilizer further reduced nitrogen loss by 19.9%-34.2%. In summary, combined with soil desalination and crop yield,
nitrogen use efficiency and nitrogen apparent balance, microbial fertilizer combined with 210 kg/hm” nitrogen application rate
was a suitable fertilization method for farmland in moderate salinization and similar areas in the northwest inland.

Key words: moderate salinization; nitrogen application rate; microbial fertilizer; nitrogen absorption and utilization

efficiency; sunflower yield




