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 OE: ONHEISTORARAR S . A T R A O LA A AR R A MR R, T 2021—2022 4EAE 1L
PEATIRAREIX, LB 605 ki i, 5 R P&l (210 kg - hm™, N1) . HHUEE 15% b2
HE (i AE2F % 178.5 kg » hm ™2, N2) . AHLIEEEAL 30% b2z R0 (i AFL2E 147 kg + hm™>, N3) . AHLIEE
R 45% fR2F 50 O AFB2A%0 115.5 kg - hm™, N4 ) AbER, A5 HLAC GG A EAR PR AR LU B 40 i BoRAEH
BN B JOK S AT . RRARKARE | AR AR IS R SRR ™ R BT, ARFEANIR] L A AUIE AR 2= B X
TRy . MARA KRR AIIE R, RO SBGRIIAFRL - 0GR . 451KV, AHUEZ LA
#5740 ~ 80 em HJEFHI LIS KRG, JUHAE N3 T, 40 ~ 60 em £ /2 A AY 1 HEE R L HABAL B2 R
11.3% ~ 22.6%; AHERIEINT 0 ~ 40 em 2R AR E A, b, N3 AT AR T R A F 4R
T 6.4% ~ 20.6%; WAL, A BRI 4R = M ZR S 0 ARG T PO BE KNSRI T, U 0 ~ 40 em
TIEARRE R, 20 ~ 60 em MR ZRTE ) LA R U S PR A $2 S o6 ™ i 72 2E T IR 10N, N3 A PR FF R o |
A R NTER S B A AL B SRS T 4.4% ~ 9.3% . 3.3% ~ 12.7% M 7.4% ~ 22.4%., [Hitl, 7E3% 76/ S
FORFEIX, HEFEK 30% HYTHLE RS AL, AU BT DLeicE H Ik ae Ty, il i 4 &
R 2R A KRR 28 0 A B PR SR R R SR FE 45 R = R T, XX 22 L X ) 5 K P e A 7 ELA T2

e
KEIA: TR AU RFEWBL AR

AEMYRNEEENER TR —, By
RINEIIR . & E G A ER M R
LHRERSY, T MR A T A, ZEAR KRR
FYCEEY R, EE D B R S A
MHEIAEIEMSC, o8 EZ AN UAGERZ:R
EAEY R, R RS SEEYES L P E R
e /) EEE P E, fEad X 30 4, hEK
PP 247t FH i JE AL R B AR 9 B s & 40% ~
50% ), SEUKKE SR, EERNT SR
FUBREEIR]A ), R, $RRGE 2 i RIS B 28
X TR PRAR & A IR AR AR 2 2L

AR FEEY AR R S ENE R FHRCR, A4
T2 RIBE BT %, ARG . it

Wi B 2023-11-17; RAHE: 2023-12-15

EEWE: HHEEERIFEI (QZX-2023029 ) ; iEIR2ABE
KRBT H (YY-202213) 5 i@3k#Beti-LRMIFS sh T H (YQ-
2023009 ),

EZ/ A B (1990-), 1H-LWFFeA, YRif, E2NFEYR
FELEHUE S, E-mail: 17735621796@163.com.,

BUIE T AHUIE S CHLRER AR L b R
SUIE DRG0 0500 45 0L, AR T A S, AL
TOHLECHE B N2 T, b2l i AL, £
S 2 UM - BRI AR o RSN, R
LB I8 7/ ER N N (151 1 s > q )
A5 A R XV EPIAR AL AR B
AT BRI A G, IRA RV A K 5PN
M E AR E, PERAIMR SR A= A AR AR 16
PR ARG R = M RTER 1O PRI AR IR
THRAEYE, B TR AR L Y2 87 A
R AR D T AEIR R KR S B
FREPEAT AL, b5z . DL BB e A v
AKFIAE AT AR . BEADFTERMT, FoRA ™
HhE B IS AT L e e AR T AR R
HFUESAAR R, PEmR AT LR FIK I3 B
WARE ST, fRHEM B e E A . BRI
iz, MR ERRL i

gLk, AR ZE T T . i
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FALRIPERT, AT HLAE B 20 AR ML UL X T oK AR
B R B AR AR RS R R BT ED . I,
ASBIFFEAE B VY g A L 5 ORI AT 1 o )
PHAFE YR FHS:, WFFEANTA] HE 51 ) A LIS AR AT
FOA FARM RS AL | A2 B 22 53 B
ARSI, A S OKOFPRL ™ B S AR AR AR R A B
W IC AR, PRI VU g 5 TR MAe DX s R ROt AT
HUIEHY & BEAC 7 3, O 5l ORGP H 7 LR
FEWGEHE ARSI A SHE

1 #REIZE

1.1 R X HEAL

B F 2021—2022 4FFE 1L P9 48 7 5 B )5 48
Jeak A (110° 86" E, 35° 44’ N) 47, ZXJE
TR KREERRAEX, 5k 354.5 m, FIS
IR 14.4°C, FHAEROKE 624.5 mm, 3458 H I
#2216 h, AN+, HIHER O FEL
PLRDRL RS R . 0 ~ 20 em + )2 HIEA LR
2351g-kg', @A 1.12g - kg, &M 0855 kg ',
Bl 113.42 mg - kg_l, 5% 5.52 mg - kg_l, e
4 108.23 mg * kg™, pH 7.9,
1.2 Rt

F K IR BB R B 605, 2021 F 2022 4F
=5 H ARG, o H T AR, FhRLATIE R 55
em, PREEH 30.3 em, FRAEZEE K 60000 £k « hm™,
TR AW N TAE RS, B2k, #FiK4 ~ 5
em, /NXTFL S50 m> (10 mx 5 m ), REGBEE 44
AbEf: 24 A P it i (210 kg - hm™, N1) |
AHUIEEAR 15% fb=2- %8 (178.5 kg + hm™, N2) |
A HLAE AR 30% fh 24 A (147 kg + hm™, N3) |
FHLIBEAR 45% L4 A8 (1155 kg * hm™, N4),
B 3 W ER, A /NXBEPLIXAHES], S
Jith S Y 40% VE M FERRE A, A HUIEAR 35 =R L
91130 14 2 ot R A G 4 i, e A A IR 5 R
1 s 1A EGABI 23 S0 40 S Al A 1 B3 e 3
55 BT R b A AL A AR BURAA LIS (A SR
YRR R AR, AL 45% . N 3%, P,0
2%. K,0 2% ). AHUIERAALNEAL 3 A HILIE FH i
A0, 1.1, 21, 32t-hm”, AL KIRE (N
46% ), BEAL I BERRES (P05 16% ), FRAE AR
B (K0 50% ), FrAaAbFRAGHE . AP AE = AR R —
., /98 120, 90 kg - hm™ (A HLE A AL BE R
B AN R 8 FH S B R S AR R B A A2 )

1.3 WREJrik
13,1 U= R B o

T 2021 F 2022 4E 1 BRI, 4% /NX N Bl
LBk 1 m® KH—B AR, BOt E3455T 105°C
NAT 30 min, 85CHT EEFEGHE, i[chTH
e [, BEA/NX B R 5 m® ) T oK
SERRSCIRIN A P, K 14% TR SEbR
BEFE 5 AN KNS R R B Rk, T 45°CHE T,
RIS BRS A , 2R P BIL G 8 R0 S b 7 U
P2 RS ) Pl 9 28 sk bs fh 2R
EARSE (mg-g') =FHRASE x625,
Unity 2600XTR I £LA1 73 B AR 25 b BRFFRL (14 GE K3
BT
132 HEES/KENE

T 2021 #2022 4F, 7E &AM XA TR A
AriE), FEHLZERE 3 NERE S, T#EF S 75, 100
1125 d i R4 38 (R RS KR, Dl
UREE R 100 em, SRFE SRS 20 cm, B3
BIRO0 ~ 20, 20 ~ 40, 40 ~ 60, 60 ~ 80, 80 ~
100 em 54>+ )2, HHEHE S ST R RS
IKE,
133 MRAETE., KEMRmEZ

FEWA BRAERK BR8], AN X Rk
BE 3 BRI AT I EORMIAR, DIRERE L, 1
—FATHE (30 cm) A1—2FHEEE (10 em) 0L B
YRR E A 100 em HIERRIAR £, 20 em H—JZ,
52, KaE— 12 A 0425 mm WA f PEFTE
JKIEEE, BLO ~ 20 F120 ~ 60 em (#4520 ~ 40,
40 ~ 60 em L2 HATEIF) LR R
REFTHEILEPRAE, HFERRWE AR
R IGE PEFE A, IR ARBEARZ VRIS, T E R
( Epson Perfection V700 photo, Seiko Epson Crop.,
Japan) 7E 500 TR & T AR R &, 1 Win-
RHIZO ( Regentlnstrument Inc., Canada ) HFT50¥T,
PATRE . ARFmA, B AR R AT S E
WATE, #4085 1)Z (0 ~ 20, 20 ~ 40,
40 ~ 60, 60 ~ 80, 80 ~ 100 cm) MY K K. #
FEA, R ERLERK . BRFEmAAER
F&E, UIMEA L E20REK . REmEMR T H
di b
1.3.4  MRERNEG S1 K ARG s

HETRFRELO ~ 20 F120 ~ 60 em + 21 0.25 ¢
HRFRILA 10 mL B0, il 0.4% A Ak = 2R3 Y
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AW (TTC) FWCFBERRZE MR IR A 5 mL (K
AR 1:1), 37CFRARE 1h J5INA 1 mol - L™
H,S0, 1 mL, ¥ 10 min; HCH AR FH MK 4805+ #2
F AR, BAWFER T, A 2 mL 2R L ER
AIYERPERE, FRBOR A B.04, 12000 1+ min™
BEOREREER, HCROBRERZE S5 mL. VL4
R L6 X IR, 7E 485 nm T EEHUROGREE, R IEAR
HEM AR R IE T

B A0 ~ 60 ecm L2 ARSI, HERMFREL
0.5 g STFIRZE RIS | ORI TR, B
FFEK G ek (ELISA ) DU A 2 Wik & i (GS) .
HHEIR A (GOGAT) | fiFRIEJEE (NR)
WAKFR IS JEE (NiR) WM. BEd S Rigg
VIR A R A Wl 32 LA P GS. GOGAT, NR Fl
NiR i ELISA A5 & B id BH 45261 7 .
14 HdEabEE s 5rHr

K H] Excel 2019 #ATEMHRFEI, SPSS 25.0 #17
J5 22T T AL, Origin 2022 HEATEE

FHEEKE (om*om™)
0.0 0.2 0.4 0.6 0.0

FHEEKE (em*om™)

2 ER5HMH

2.1 A HLIBERACER AL T A ] 4 2 4 e
WSS

o1 AT, BT RN, S K
LR A, A HLIE AL IR AR T
0~ 100 cm + 23S KE, Hdo ~ 20
80 ~ 100 em + )2 1y + B K # P sh /N, (H
DL N3 Ab BE AR m, BENTL N2, N4 4b BE 43 5
W 42.5% ( AR A 20 F ¥, TR .
22.4% . 20.8%. ML, WAF Y 4 S OK R T
40 ~ 60 em t)Z e, FEREME 754140 ~ 60
em 2, N3 Ab 3R HC A 2 AR AL B AR 1 42
& 1 194% ~ 25.7%; TER#EFIG 100 d F¥8EE T
6.54% ~ 19.7%; TEREFE 125 d FHHRE T 7.4% ~
224%., SRV, BEIA HUIEE AL AU He i mT
P HIEEOKAE ), JUHEHEE T 40 ~ 60 em 1)E
H K

FHESKE (em®om™)

0~20

20~40

40~60

FJZHRE (em)
FJZHE (em)

60~80

80~100

0.6 0.0

02 04 06 00 02 04 06
T 1
20214F
100 d
g
Q
iid
K
il
_H

20224F 0~20

20~40

40~60

FERE (em)
FJZHEE (em)

60~80

80~100

0~20

20~40

40~60

FZHE (em)

60~80

80~100

B 1 BHRBERBLSUEERNARLTERES K=
1 ANRVNE PR R R 225 B3 (P<0.05), T,

2.2 AHLEEACGHE L IE RN AR L ER R AR
ARSI
HiP 2 ml L, R JRIRE R N, RTE, R

KOAR L AR OB S, RARAERKEZEES
1E0 ~ 40 em )2 A HUIEEACH 70 L IE AR =
TAFLEFORTE, RRARE R, JTH

S
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TEN3IE T femre Hf, 7E0 ~ 20 em £ )2,
N3 ZbPRAGAR T8 . AR FTAR 2 T AR A At B A Ak
FOONL, N2 FIN4) B4R 5 6.4% ~ 20.6% .
13.0% ~ 24.2% f111.3% ~ 22.1%; 1E20 ~ 40 cm
T2, N3IAHAMR T E . AR AR 2R AR
At 5 AR Ah B A 5 4.8% ~ 8.9%. 16.1% ~

26.9% M15.6% ~ 10.4%., Bfi+ ZHEM (40 ~
100 cm ), BACABEZ (A AR T8 . AR FIAR 2 i
FESEUN, (HILL N3 AbHigs s, DA gs i
A LIRS o3 A0 R 200 o 1 AR R AR = 1 LR
T EARRRAR, 8 TARTYERER, JUHAR
HT 0~ 40em HEPHRAEK,

20214F WTE (g) 20214F 4 (em) 20214 MREEH (em?)
0 5 10 15 20 25 0 100 200 300 0 2000 4000 6000
1 1
0~20 0~20 0~20
~  20~40 ~  20~40 ~  20~40
=) =) =)
Qo Qo Qo
a0 40~60 4 40~60 2 40~60
< K <
il il il
-+ 60~80 +  60~80 +  60~80
80~100 80~100 80~100
20224F 0 4 8 12 16 20 20224F 0 100 200 300 20224 0 2000 4000 6000
1 T
0~20 0~20 0~20
—~ 20~40 —~  20~40 —~  20~40
=) g =)
o o Q
X 40~60 B 40~60 B 40~60
IS K S
il il il
H 60~80 +H  60~80 - 60~80
80~100 80~100 80~100

B2 AHEEKRIBIURENAELERREERKZIN

2.3 A HLEERACER AR E X A ] L 2R R 8 b
i L5 )

W EAR L )ZMR T E S, RBEK S
Lo AR e 1 AL e el 0, Bl R IR R, AR
R AR R AN & REL (EI3), WAE
P, RE, REKAMRREFE O ~ 20 em 12435
b W 41% ~ 43%. 33% ~ 36% Fl138% ~ 40%; 1F
20 ~ 40 em 125300 5 25% ~ 31%. 24% ~ 26%
F129% ~ 31%; 7E 40 ~ 100 em 243515 26% ~
33%. 38% ~ 41% F129% ~ 33%, F IR E, #H
KR LW EZ MO ~ 40 em 12, 55
d BRI AR R AR 66% ~ 74%. 57% ~
62% 1 67% ~ 71%.

2.4 AHURERACE AL ZAR 216 T A5 0
& 4RI, AR ZR 9 7 4 J2 TR BE I B i ke
fi%, (EAVERAH It A S = TR S, bl
AR LB, AR ZRTE ) R E R
P, TE N3 PR IRE A S . AR, N3 AR
ZIE B NL, N2, N4 AEFETE O ~ 20 em F 24
HEE 21.7% . 11.8% . 9.4%; £20 ~ 60 cm 1 )2
oy ) 18.7% . 8.7% . 3.5%., N2, N3, N4 4b
PHIE AR R TG I7E 0 ~ 60 em T2 A BELER,
XU, AP IE A 1T 12
+4E (0 ~ 20 em ) BIARRMIPSOKALRTENE, (HIH
I AR — P SR R, X ATRER
IR R L 3 A R A AR AN R TR

S
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Sl Z ARG (%)

Sl LR A (%)

20214F 20214

100 100

801 (4304 [41%[ |43%| |43% 80+ ([38%| [38%[ |39%]| |38%

29%| [29%| 128%]| |29%

a0l 131%]| [31%] |29%| [29%

ANl L JEHORACER B (%)
Nl 2R R I AL (%)

100

100

801 |42%| [42%| [d1%] [42% B0 -|38%| |38%| 140%| |39%

60 -

sl %] [28%| (2% |27% 31%| [30%| |29%/ |29%

ANl LR EB] (%)
ANl LR R AR L] (%)

3%

NI N NI N2 N3 N4

pla

I 50~100 cn [ 60~80 cm [ 40~60 cm [__]20~40cm [___]0~20cm
B3 BIREEREIMULEERNAELERIRE, RKMRFTER G L0

20214 20214F
400 240
0~20 cm 20~60 cm a a
= a =
=350 = 2201 a
TOD ab a Tbl) b %
on =)
E b % E)
= 300 - = 200 -
i i
= E
250 | | | | 180 | | | |
N1 N2 N3 N4 N1 N2 N3 N4
20224F 20224F
400 260
0~20 cm | 20~60 cm
— L —_ a
— — a
E a E 240 a
S =. I &
‘OD ‘Dl)
: | o % L 20T
on on
£, = e
= 300 % R
b 51200 -
We L W&
E =
250 | | | | 180 | | | |
N1 N2 N3 N4 N1 N2 N3 N4
AR p3E

4 BHEHREHBSLBEN 0 ~ 20120 ~ 60 cm TEFHIRERF HHZM
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2.5 A HUAEEARE /A I E AR 2R EAC A O i
T4 B2 )

M5 AL, AR e A = T
0 ~ 60 cm 1 )2 AR R A A BTG 1. B L
B, GS. GOGAT. NR. NiR 1% & Jo b8 )5
B R, 76 N3 AL HE R B, 7E N1ALBE T &%

GOGAT. NR. NiR Wi4Eor 52 M T 7.5% ~ 35.8%.
3.9% ~ 20.8%. 9.8% ~ 25.7%. SR W 4E P N3
b F ) GS. GOGAT., NR. NiR % &, HH 5
N4 Zh BTG 35 25 57 . XSE S R UL, A ALIE R
PRI A3 AL T DLAR 2 K AR 2R 0 U ST AH O
WM, H S S A LB AR AR — 2P 4R X —

flio 5 N1, N2, N4 AbHE A, N3AHE M GS, fE.
T 20214F —~ 20214F ~ 20214F ~ 2021
P18 1,087 o 0.8 o 0.8 - *
g a i ;‘o | B a ‘;3 I a ‘;3 I a
m12pd - %0'6,_13 £ go'6fa . a §0'6fb b ab
§ Hoo4r o 04f o 04f
fzé %02~ an 02 ’K:}o.z—
= & %ﬁ i a
1}2‘3 00T\ N2 N3 N4 SN TN N N (M R NG R N B VR ST R X X M N B N
/_‘\ 20224F — 20224F — 20224F —_
W Tosp  0se T s 20224F
= lé6r a 6 r a a - b a T: L
Eﬂ,zib ab a Eo6r E 061 ) N §0.6—b . a b
o -] o |2 P
# H
go.g_ §0-4- ﬁo.m gz 041
= dicg L 4 T%
$0.47 QOZ féo.z— go.z—
% 0 0 I 1 1 Il % 00 1 1 J%flﬁ I E%lé I
§ON N NN T UND N2 N3N SN M o 20NN N N
A L JbH YL L]
5 BHIEERISUEREIT 0 ~ 60 cm T EHRIR R T HE LB FER
2.6 A HLARAERAC R 2 Ak A0 06T T K 7= R 5 ) £ 1 BAHRSREBSMLIEERN KB RRNHM
2 gy g PUUCECRETR SRR AR
RN 2 2 -2
2 1 Al AL, APUIERCH MR E g T £ (kg-hm?) (kg-hm™) (%) (%)
KTY Ry . Kk m AR . AR E: 2021 N1 19059h 12435.7h 58.4b 8.7b
LB, Y=, FR= g, JEm S N2 20068h  12674.0ab  60.1b 10.1a
R A & m ) B R R a3, 78 N3 ALBE T N3 24990a  13447.9a 67.5a 11.5a
B HHAERALEE (N1, N2, N4) #HE, N3 N4 22595ab  12857.3ab 64.3ab 10.7a
V=R Ny =N Nz AN = R
SEEREY T Y I hE L FPRL R SR O B E 2022 N1 19923h 12591.5¢ 62.4h 11.9ab
=X JAN Fre= N N
FTRPIARIM R T 7.0% 24'1%“ 4.4% ?’3% ) N2 22556ab  13183.4b 66.5a 12.0a
33% ~ 12.7% M 74% ~ 22.4%., %64k G5 B, X “ 06 s )
N — N3 23341a 13906.6a Sa 13.4a
A LR E AR HB 44 I 00T LA n 62K 174 7= & AL
. . A N4 23199a 13356.8b 67.4a 12.5a
o, EtE FH B e A HLIE AN e 35 4 e
B H: ARVNG TR R R R AR B ) 25 57 0 2 (P<0.05 ),
E“ﬂ:‘n ﬂﬂﬁ%o
2.7 ARARERKFAAMIT ERF=EMGSTIE R #b22 EC G XT F KRR = & 7= A 52 0 (14 AH ¢
=2 Ahr, HEMD ISR (K6) AlA, WAEN,

R A AR . R AEBE PERE AR
AR AT AT, DIRTEA FA FUIEEAL

S

TR 1R R4 2 43 AR T A AR AR S Y
97.9% F1 94.1%, VLB FEMS> 1 FFES 2 ] IR
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S ERAR A IR MR S . Hoh, AP AR R AR
KAgbr . R HEER RS - R IEA e, il
FA e dre/ N 3 Xof 52 ) 7 e AR 2R AR R AR b A A B8
Febrdt T BT AT, 2021 4F, 0 ~ 20em HJ2
PIAR ZRTE ) R = A, HKJE 20 ~ 60 em
T EMMHRRE . GOGATIEM. 0 ~ 40em + 2

AT T35
-0.4 -0.2 0.0 0.2 0.4
1.5 : : : : : : 1.0
r GY
LO - RA (20-60)
3 * RA (G201 0.5
0.5 A OGAT
/\: L ]%MY
S NR
:f; 0.0 = %SC 0.0
8 -05f ¢ ONIR
& r RSA (49-1005 =05
-1.0 - (40-100)
L (0-40)
—15F -=1.0
F20214F
2.0 L L I L
=5 0 5
PC1 (94.3%)
R
-0.4 -0.2 0.0 0.2 0.4
1.5F T 1 ' ' T i 3 1.0
[ GOGAT ,,v |
1.0 - RL (449
L RSA(HOL 0.5
05 L GS ’
~ U . SA (40-100
X PCy
) IR
200 Gy 100
— N SC
g -05F RA (20-60) RL (49-100)
&~ F RA(429) NR 4-05
_10 L
-15} . 1-1.0
F20224F
-2.0 L L
-5 0 5
PCI1 (86.6% )
o N1 A N2 VY N3 & N4

MR 2T R 2022 4F, 40 ~ 60 em T 2 AR R 3
T AR I 2 S e 7 R, R NRTEPE. 20 ~
60 cm HEMR ARG T, 0 ~ 40 em +JZ IR F
DL E TR, A HUIEEACER b2 R i
WRAAEK, R REBE:, B8R R XK1
FROPW, ERZAR IR

RA (0-20)
DMY
RA (20-60)
GOGAT
PC
ffl, RSA (0-40)
N NR
E e
= RSA (40-100)
RL (40-100)
NiR
GS
RL (0-40)

0.0 0.5 1.0 1.5
RA (0-20)
DMY
RA (20-60)
GOGAT
§T§ PC
ﬁ\: RSA (0-40)
NR
= sc
®w RSA (40-100)
RL (40-100)
NiR
GS
RL (0-40)

B o6 MREKSEEREXERFEFMAREIMEIER 5
11::RA (0-20) HIRA (20-60) 435F7R 0~20 F120~60 em 12 FRIE 7 RL (0-40) H1 RL (40-100) Z351F7R 0~40 F140~100 em )2 YRR 5
RSA (0-40) FIRSA (40-100) 435I5R7R 0~40 H1 40~100 em LJRHRI; GOGAT FIRA AR A G ; NR FORMEIRIL NG ; GS FRB a2 MG
s NIR FORMEASRIA)EAT ; DMY FRtEkig T Bt s SC FURVEm & it ; PC R BT i GY FUR FRbFR ™t

3 itig

3.1 AHUEEAE M AE RO 5K B

AHUIER R AR T, P LA DL &
AR Ay SO B AR . (B LG R TC
LD B ST, XL ARSI AT A K e
Feor, BRHIVE A R R — R T B
— 100 —

FEFWY, AHUTCHLA BB T LR M T 3 g
JE N A B, Aokt e i L $i
TS K AE Sy . B KA, SIS AR
IR R A K WA AR Y e R B, A LR
R 509% B A2 0 RE 25 1 v - L R - A AR
Sk, EFIEF R RIR IR . EATR P
AEMEESR, B A AU B L

S

(T




| T T

rhE ISR 2024 (9)

——

U REEOK R, BAERTE s, AU RE
FHEIN O ~ 25 em LR L EIKE, AR KL
W, AR THRERZ (0 ~ 40 ecm) HIED
TOKESN, BRERE T 40 ~ 60 cm 1+ )2 E
Kiar (B 1), —Jrm, iXAlaE2H TA LIS A
Jattm TRZ LR OKE, SR RAI/KTKH
R EEOKAER, W E R KRR K
PE7 X 12 MUK AR TR S T S — T T,
Ji A MR JS AT BEsE I 3G - BE LR RS, (R 2=
AMBEAR T BREZ LIERIAE, i, AL
REBE TN TIR)Z I ek, 8 256 S 2 A HLIE
Ja AR T DA By - LI, (HR s £ 15
IKIYFER:, WA T A fk
3.2 AHLAEEARES AL I AT FORAR &R AR K S ™
5

HHARE L 1) I KA ] BE5 | A AR F 7
A TR RN, B RS KRR E A+
FEAK . TEARRE MK, SFEUR R
TR B A Y R AR R, R
FRE 7 S PGV A AR AR R XK o F SR 47
W SCRE 7 0 B S, MR RIS TR, A B R
B, X EOKAE S 0037 43 WOROR 44 S
TE A B e EA B M 0 AR LB,
APV EARR R FZETAEO ~ 40 em L2
A (K 2), HFEMZ RT3 T K 66% 1
R 69% B FEF (K 3), XATREEH TAH
FUEAR AT LUIE iR AL R 3 i 1) b 2% - 4 s ) &
t, fEERR R ACE AR, B TR R R
W, 55k, L2 g IRk TRAM
“TRET RER, AP AR IR SR AR DL S AR
TEPEIESR WO . U HA RS = A PR L
LRGP ERE 0 ~ 60 em 2 H AR R G
JIM AR RS (B4, B5), Hid&mWA
MU RO A RE I — 2D R AR ZR AR AR 2
TGP, XATHEE T s R AUk AU R A AL
TR A BT EL
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Effects of organic fertilizer substitution of chemical nitrogen on root growth and physiological activity of maize in
arid area of southwest Shanxi province
FEI Cong ( Department of Life Sciences, Yuncheng University, Yuncheng Shanxi 044000 )

Abstract: To study the response of root distribution, physiological activity, yield and quality of maize to partial nitrogen
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replacement by organic fertilizer, the variety ‘Denghai 605 was used in 2021 and 2022 in the dry area of southwest Shanxi
province. Four organic fertilizer substituting chemical fertilizer nitrogen treatments were conducted, including local nitrogen
application rate (210 kg * hm™, N1), 15% nitrogen reduction combined with organic fertilizer ( 178.5 kg * hm™, N2 ),
30% nitrogen reduction combined with organic fertilizer ( 147 kg + hm™, N3) and 45% nitrogen reduction combined with
organic fertilizer ( 115.5 kg * hm™, N4 ). The amount of organic fertilizer used was calculated based on the substitution ratio.
The soil water distribution, root growth characteristics, root physiological activities, yield and quality were measured during
the growth period of maize. The relationship between soil moisture, root growth, root physiological activity and grain yield
at harvest was studied under different organic replacement ratios. The results showed that the soil water content in 40-80 cm
soil layer was increased by organic substitution, especially in N3 treatment. The soil water content in 40-60 cm soil layer
was 11.3%-22.6% higher than that in other treatments. Organic substitution increased root length and root surface area in 0-40
cm soil layer, and root dry weight was increased by 6.4%-20.6%, compared with other treatments. Organic substitution also
promoted water and fertilizer absorption and utilization by increasing root activity and nitrogen metabolism enzyme activity.
The root surface area of 0-40 cm soil layer, the root activity of 20-60 c¢m soil layer and the activity of nitrogen metabolism
enzymes had positive effects on yield. The grain yield, protein and starch content of N3 treatment were increased by 4.4%—
9.3%, 3.3%-12.7% and 7.4%-22.4%, respectively, compared with other treatments. Therefore, it is recommended to
replace 30% inorganic nitrogen with organic fertilizer in dryland maize growing areas of southwest Shanxi province. It also
could promote water and fertilizer absorption and utilization by improving root growth and root physiological activity, and
improve grain yield and quality, which plays an important role in sustainable maize production in this area.

Key words: maize; organic substitution; root surface area; seed yield
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