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225 kg/hm®; N2: 275 kg/hm®; N3: 325 kg/hm®) A EX, FEREFRT. KWW 16 AE 20500 5 B 1Y 20% . 40%
FUEF, DRENIEREB G (LEEIE M1 S0 18] 40%; AL 10% M2: k151 30%+ FF4E)5 10 d 10%; AL
JE 8% 20% M3 KT 20%+ FFAEIS 10 d 20%; FICJEEE 30% M4: K58 10%+ HAEE 10 d 30% ) JElX, IE
FORARAF B B e 5w mF (NR) iEd: . R 2 A S w28 ik . 05 W R S R e AR ™ 2 .
SEIRFI M4 RbBR RN T OIS ok NR TN, F—ARE ST, il (N2) e THER I &
TR Z 5 TR R NR 36PE, @A (N3) Bl NR . FAEE R E TAE] . A TR ZEFFIT RS
i, BV N3 AR AUILE R AR EE M2, M3, M4 BALSEIE AL M1 A0 10.1% . 14.7% F123.5%. [F—jifi &
KFT, AEERHAIEK, FREFRAREZE . FH2 AR STlkR i, 11 N2 KT, M4 LbHE 5
BN T A XRERL G TR . N2 A1 N3 ZKSE R M4 AbBRFERL = RG22 5, (H N2 Kb BRAAIE 2% 5 T N3 ARBE.
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PRI EORAE BRI A, B v P e RN = Kl
P, FUIEAS A2 NR $EE L g
R, MR R m T R B R SR
( GOGAT 1 GS) 1T, Wang 255" Ak, 285 mghm’
Jiti B ALBE S 195 mg/hm® i ZUE AL PEA EE, /N TR
i NR JEH G 2257

AR T F KRB EBMER, 285 TA
RS RS x Bk T B R R Y Fph s AR
Wﬂm“%ﬁm&ﬂﬁm%ﬁﬁ X T /A
MFsE, FEEPTTARMBAE. ARARES
[ AR ﬁéﬂﬁwﬁﬁfﬁﬁﬁﬁ%Wﬁm
1T G T[] it 2086 B2 285 5 AUIE 5 A8 X 45 K 52 )
ISR D, R 2 AN A ZEBR T AL 5 FE X%
AT A PR8N 7 T ST A A A . R,
AW AR, TERRE A AT,
H A% B — YR A8 it RN it S mp R 441 I RS 2= T
AEMAIB i, B9 EIEIE X BRI B NR 36 M

JERRAATE LR ILE, N ERARERL
W A v UNE R 55 A AR 2R R 0 K S A P
A

1 HARMXEHARTE

T XA

RIET 2018—2019 FFAF4F 4—9 A H M K
FH AT A5 E (35°30' N, 107°29'E) i#E47, %X
H Ak Bl B 4 v R B AR X, R 17723 m, 4R
ISR 83°C, AW 155d, = 10°CHIAZUE )
FUR 2664°C AT, ZHAHIREKE 500 mm 47,
+HEEES A+, 0 ~ 200 em T2V AT R
1.23 glem’, REGHL O ~ 30 em 1 )2 + I FAR B AL
PERN: 2R 098 gke, BfFA 89.1 mgkg, A AL
W 12.8 mg/kg, 4 40 233.1 mgkg, A Pl 11.4
gkeg, pH {H 7.4, MEFEKE 21.8%, FEX4EFH
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0 ||_II Ty | II_lI —I 1 HI pu | Ll ml LACT 1 I—II (TmN| ’I_II |I_l | 10
PP W KW AP N R VETEN SR OR P\ = TN WP S WKL KPS oL
Ay (E, bBAl; M, s L, Fh)) Ay (E, bA; M, sfg; L, Fh))
1 EREFHRKEMASFYERE
1.2 ikt B NI (225 kg/hm?) . N2 (275 kg/hm®) . N3

BRI P OC 4 E 3357 E K G Rh b AR A
B, RAMXKIRE BT, DIAIEEE X, L
WAT W M F 46 J5 10 d &I 3B AR & 8 &) X, %

(325 kg/hm® ) 3 ANHAUEE, SR SRmlwl it A

AR A AR 20% . 40%; R 4 SR
AR M1- 4T 40% (f£40380E ) . M2— 415
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19 30%+ JF £ )5 10 d 10% ( FAEJEH# 10% ) . M3-
AT W 20%+ T AE 5 10 d 20% ( AL )G #% 20% ) |
M4— 4 5 W1 10%+ FF4E J5 10 d 30% ( A B 5 #
30% ). AN B IR R (N 46% ). Jifi 8% (P,05)
150 kg/hm®, BEAE SRR ORE BEERES (P,05 16% ).

TR R BB RERAR, K2EFE 70 em, /)
ZESE 40 em, K. /NER ASRIEBEEFNE , JHNFTAL
S, BREE 25 em, FARRTEETE 75000 BE mm®, 56N
XK 6m, &5 m, /DX 30m’, 2018 4F 4 H 27
H#&H, 9 H 26 Hlgk, A& W 153 d; 2019 4F 4
H 25 &R, 9 H 29 HlGk, £&W 1574,

1.3 WEm H 507k
1.3.1 PRI B S P 0

FEEAFEZATH . 70 Ryt
T, JFAEH . FESR AR R ) RAE £ K TRk
M, JFAEZ AT EZLREAE K L B, BT IR R
e =0, HRHS ARG B, 2 AR AR
AR, AL S 2 SR AR R 7 B 07 B E NR
WEPE, AN pe/ (gFW - h),

132 i E¥ASE

ot B I a vE i NN VAN B RS i 3 N
SR BN, AR/ X BEBURR T2 O AHARLRR 5 B,
BOH b F34Y, T 105 °CHE4E TP A% 30min, TG
PR R S0 CHET EEE, 4 BIFREuTtH . 25,
AL R TP R A R R AL R, TR,
K H H,80,-H,0, T4k, PAE it B G e A/ e
HMRABREASE ", gismitaatmF .

B EARHERER = K4 TYIE x
BAETRE
B HARIGE = S EVLNAZRHERE -
B E AN AR R
BWBERRFKIZBE (%) = KW ERAE Kz R/
HarBEVIEIAR
REE x 100
KA B s A E RPN DTIRE (%)
= BAEREK iz R | PR AR
FERE x 100
133 FPR i

e R E N K IR T Sy N T B & S )
B, AR /NX PR .

1.4 HdEkbr

K HH Excel 2016 i1 SPSS 24.0 %} 8¥i k174031
Mo R — MR MR AR P AT 7 2240 BT R
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ZH L (a=0.05), F]H Excel 2016 /EK ., K&
R I+ BRUEZE

2 ER5HMH
2.1 ARREREEZE 2 F TR H SR RS 5

O

M2 vl 0, RFEIEARE % 7T ok R
NR i PERlAE B R TR R TR, At
55 AT F ORI NR {4 9 52 ) A BN A RS
WS, i, EREEOKET, AFANEE %
7 AL W 2019 4F NR 15 M, N1KFE T, M1
M3 Fll M4 43 55l 5 82.4% F176.2% ( P<0.05) ; N2 7K
SR, ML M2, M3 FI M4 43 51 55 22.9% . 27.6%
M 32.6%. TE[F— MKFT, 2018 4% NR i1 bt
R W% m 5 TR, 2019 4E7E M2, M4 Fl
M3 KT, B S R . I, M1
TR R NR G R 7EF—B A LLBI R, NR
T 2018 A bifi it Ui B3 N Se T e R R, N2 A%
N1 1 N3 F ] = 51.8% F140.9%, 2019 4F 1£ M2,
M3 Fl M4 7K, B S 3 g, N3 &
N1 F1 N2 V-3 19.6% 1 8.9%,

KIIWCE I, WA E R RS AR AL T NR
TEPEY R M4 B, M3 IR, M1 &AL (2018
AE NIMI BRAM ). 2018 4F M3 ALFETR, NR {6 1 Fifi it
RIS & 5 TR, T M4 AR, NR G
PE B 2 R . 2019 AR — M KT,
NR ¥ P B it 20 £ 09 3 0 i 35 hn, N3 B N1, N2
e 16.0% ., 6.1% (M1), 14.4%. 3.3% (M2),
152%. 5.7% (M3 ), 143%. 4.6% (M4), JF 1
B, 5 M1 A, AFEZKET M3 A1 M4 4k
PRI A NR TE . 7ER— M KB, 2018
AE A5 A0 B K I 7 NR {349 i it 20 £ 1 355 m 5
ThE 55 N FE, 2019 4F M1, M3 Fil M4 40 3 T B e
R 1Y HE hnOm BG . #E K ], 2018 4F M2, M3,
M4 Ab B F K i NR G P M1 53 51 &t 30.0%
34.1%. 49.8% (N1), 22.6%. 39.5%. 43.8% (N2)
F113.8%. 304%. 24.5% (N3), 2019 4F 43 5l &
H22.7% ., 32.2%. 42.7% (N1), 86.3%. 140.8%.
137.5% (N2) #16.9%. 13.6%. 23.3% (N3), 7%
[Al— M KT, B R NR G PR bl it 2 1
e T R R (2019 45 M1 R 06 0988 hin
B ), AEIY M3 A M4 4b 3R] F ORI R NR IS 1
TR FEES, HEBEET M1LA M2 43, fEF—

S

(T
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M ZKFR, 2018 4R KM NR I PR Bl A 5 1Y
BT IS R, N2&E N1, N3 347 34.8% .
14.5%, 2019 45 Fifi it 20 1 (9 39 Jnnifii F B, N3, N2
3 N1 15.6% . 19.0%.

ZE LRk, ERM A NR IS MR R 2 A,

2018 4 Fif jfi 2 f 19 3G e S S T B, N2 Ab 3R
T NR ISR w2019 48 Fif it 20 5 093 i 7 &
N3 AT NR G P s ERIZ G, oKk A

100 50184

80 o

60 I -

40+ I

NR I P Bifi it 8t 03 S s Je R R AL IS
FEXT FOKRIT B NR TG PR A2 £ 2R AR T
J&, REIWCEH . TSI, RIEEH 30%
(M4) KbFENR WEPES EE . Al 0L, AN E AT
KR NR IS P 52 e 381 oK A K & B 3
i, HrZ (N2) AP e 7RI SR 2 e
TR A NR I, AL (N3) AbEE i il 1
W RN 2 S5 KM A NR 16

——M] ——M2 ——M3 ——M4

EE

I** ) I .
. | I ]
20 F I

100
80 *%
60 [ I I

TR ARG P [ng/ (gFW - h) ]

40'1 *

Se ‘ Jo ‘Fla‘Flo‘ Fi ‘Ma‘
N1 (225 kg/hm? )

Se ‘ Jo ‘Fla‘Flo| Fi ‘Ma
N2 (275kg/hm?)

Se ‘ Jo |F]a‘Flo‘ Fi ‘Ma
N3 (325 kg/hm?)

it R ANAE B Y
B2 RIEEEFITEENZE DM F K EERIE REET R0
e Se, Wil Jo, VTHI; Fla, KWW Flo, JFAERT; Fi, HERT; Ma, ACAM],

2.2 ANFENMEZE T T ERZEM LS s
RomAfb

M 3 AT, ARERZEE R T EKRZE, if
RS A s, AR, ANEAIEEZETT
KA, A A S AR

WA K AR 2SR S B A A — it EUK - T
BE AL IS 7% Lu @l g hnmi g in, 7Rl —ZNE S 1
5] Kb BT B it 2 RGN RG 0. A Rt R K
T, ANEEBAIZERA & & B m T eIt
Mo AFEEGEMERIE ST, Z2FFE & SRR
AT TR, N3 AN, N2 P 92.8% . 19.1%
(2018 4F ) H159.0%. 7.8% (2019 4F ), WL M,
N1 KR, M3 AbBEZEFF R & d s, B M1 AR
1 23.8% (2018 4F ) F16.0% (2019 4 ) ; N2 /K 3
T, M4 AbFZEFFA S A, B M1 AR 59.3%
(2018 4F ) H145.4% (2019 4F ) ; N3 /KETF, A
JE B AL BRZEFF A o TAAGIB LA, E M1,

M2, M3 AbHRR, ZEFFEUS 2 bt 0 i g n T
1R M4 AbERR i 2 s i s

X RS, AR EY RN
e [a] — it 07K 7 Bl &R 5 A L 3] 1 3 o i 44
i, AE Rl — R 5 A% L5 Ak BT i i G A 38
M hn. 4681, 5 M1ACBAHEL, M4 b3 i 2 42
BT R A R, R, 2018 AR R R B R A
S5 38 0 A B B RS B 22.3% ~ 41.7% (N1) |
12.8% ~ 36.0% (N2) H123.9% ~ 34.6% (N3);
2019 4EFR N1 AbFESL, FALE AR 7 A & 5 i
E R TR GERE EE AR
23 AFEMEZE AT FREH AR i

1A, A (N). &SR
(M) . &It x BALGH L6 (NxM) YIhe &
i EOKRZEFF . M AREIE . s R AR
A B X FERLH R R B o1 mz 5 M1 AL BRAH EE,
AFEREKFET M3, M4 Ab3 R 248 5 T 2R R
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R

AEE (%)

ba cbab

NI | N2 | N3

20184F

(225 kg/hm? ) (275 kg/hm?) ( 325 kg/hm? )

N1 | N2 | N3
(225 kg/hm? ) (275 kg/hm?) (325 kg/hm? )
20194F
AR

B3 ARREBZEAXNTEKREY. APERERSE
L, AR I, Al

iz, fER—0HT, MMNEREEFARE
e 359 3 B i 2R R B I e, N3 KO
HmT EMR R s R, N2KEF, ARFiX
Bl EUIE 5 R LR B i 4 =y, M4 A8 ML, M2 43
3 R 42.2% ., 20.8% (2018 4E ) Fl1 41.8%.
36.9% (2019 4F ), fE M2 FI M3 4bFE R, A E#is
Rt U B IS RS TS M4 BT, 2018
AR R s b A = IS N RS T,
2019 4F bifi it 0 & A3 i Je e e R R s ASAE
KB PBEM F, SRR R W STRkR RN
N3>N2>N1, M4>M3>M2>M1, 13 B 75 7] — jifi &L 7K
T, RIEEB AR, FREFRZisH.
T3z RO ATAL ) DT R0 5

[ — i Z AT, BRASGIAEA, AR
iz AL RS LE R RN . 5 M1 kb3
FHLG, ARFREAEKE T M4 Zb3H 5 245w T A4
Rtz g (2018 4EFRAN ). [l — MALFE R, otk
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RER iz 1 fl it 0/ 3 i 3G i, 5 N1 AR,
ANEAEMGR R T N2 FI N3 B3 T A&
Eeistg, 5 MI AR, M4 AbPEE RS T
RAKE MR ARz %, 2018 A A it A K
T, XPRFRL Y BT R % Rl IS S RS LR 0 3 o
;2019 4 N2, N3JKFT, BEREGFS LRy
IneREsE THE . AFEEREBARTR, 2018 4F
N2 FI N3 # N1 43 5] 42 55 31.8% F149.7% (M2) |
28.8% M131.2% (M3 ), 34.9% F135.6% (M4 ) ;
2019 4F N2 %8 N3 FI N1 43 51 2 /5 47.2% F113.3%
(M2). 1.5% f12.2% (M3 ) . 24.% F18.1% (M4 ),
A= FAKE T, M3 F1 M4 b # [ i R AR5
Bt EER; TAEUKFET, M4 E ST
HALARPE, M4 AP 288 T o R R ) BTk
F, MBS, AP ARES R EF
I 7.04%, 0 B Hp 50 6 RERL A TR OR 5 R AT
28.71%,

S
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®1 ARAREEEAXMEREIFIMFERRIEZE, BREXREMFH P RETHERIIT

EX L
RN hbs iz ik E sk ez it iz TR
(of #R) (%) (%) (o BR) (%) (%)
2018 NI Ml 12,53 = 1.23d 3477 £544bec 2548 +0.58¢ 15.74 £ 1.34e 36.12£225bc  44.67 £231d
M2 13.93 +0.85d 31.69 + 3.82¢ 23.01 = 1.45e 16.69 =2.21e 34.19 +3.34c 50.18 = 1.83d
M3 21.82+237c 38.97 £4.11a 37.78 £2.22cd 2215+2.19de 3830+ 1.82a 60.45 + 2.36¢
M4 23.63 = 1.14c 41.40 +1.25a 38.47 + 1.49cd 23.70+0.88de  38.81+0.94a 71.00 + 7.14be
N2 M1 17.95 = 0.99¢d 26.90 + 0.94d 21.96 = 0.83e 3213 £446cd  38.67+22la 68.10 = 4.23hc
M2 25.87 +2.33be 31.65 +3.17¢ 36.96 + 0.96cd 31.02£229d  35.19+56lbc  66.16 +5.55hc
M3 3126 +3.12b 32.93 +2.09¢ 40.46 + 5.44c 3844+333be  37.86+422ab  77.87+4.15b
M4 40.14 + 4.92ab 3824 £6.13a 58.86 = 3.81b 47.78 £ 0.94a 39.46 +3.97a 95.75 £8.82a
N3 Ml 22.75 +3.83¢ 26.67 +1.52d 32.00 + 4.44d 33.30 £ 4.18¢ 33.59 + 4.43¢ 61.63 = 5.44¢
M2 3345+ 4.11b 33.10£4.23bc 4470 +6.12¢ 3526 +3.67c 33.21 £0.83¢ 75.10 £ 6.38b
M3 45.82 +5.26a 40.29 + 6.67a 68.83 +5.87a 45.12+421ab 3414 1.17c 7931 £5.11b
M4 4755+5.17a 39.60 + 5.49 65.56 = 1.19a 52.81+2.85a 37.00 £3.64ab  96.30 £3.29a
2019 NI M1 24.69 = 0.56f 37.95 £2.07¢ 61.15 = 2.24d 19.80  1.53e 4524 +4.16b 82.60 = 4.17hc
M2 36.64 + 1.22f 4256 +531bc  74.08 +6.67c 18.97 £2.03e 33.36 +2.88e 50.07 =3.12d
M3 44.08 = 3.84e 4459 +6.22ab  80.47 +5.54he 29.89 + 1.11d 4557 + 1.59b 83.73 £5.63b
M4 57.10 = 6.91de 4731 = 6.06a 89.79 + 11.22a 34.84 £2.25d 48.67 + 6.22a 94.82 + 8.94a
N2 Ml 41.79 + 5.44e 34.20 + 3.88¢ 51.98 +8.87¢ 38.28 +2.41d 4329+543bc 7634 +225¢
M2 51.57 + 5.83de 3542 +0.68¢ 54.84+7.13e 4249+566cd  4243+198cd  73.69 £ 1.19¢
M3 72.81 £9.16¢d 4437+127ab  79.77 £6.55hc 57.67 = 4.15¢ 45.93+2.23b 84.95 + 6.94h
M4 84.89 + 5.69ab 48.49 +7.13a 94.12 = 10.05a 69.10 = 6.77b 49.27 +3.67a 97.14 % 11.25a
N3 Ml 60.87 = 11.33d 44.47 +544ab  80.10= 11.27he 57.48 £ 6.03¢ 4835+ 4.19a 93.60 + 8.83a
M2 70.49 = 10.05cd  43.69+1.09ab  77.59 + 3.86hc 54.11 = 5.44¢ 39.42 +5.24d 65.06 = 5.16¢
M3 81.46 +5.27b 45.66+2.44ab  84.04 £9.55ab 77.24+999b 4538 +5.15b 83.08 + 4.45h
M4 90.09 +3.33a 4823 +56la 93.15+4.41a 85.05 £ 6.54a 4733+43lab  89.86 % 6.66ab
J5 25307 F(Y) 15.9% 20,1 2.3% 22.6ns 5.7ns
N 33.0% 11.2ns 30.6* 9. 1% 3.4 8.5%
M 2.9% 5.9% 7.8 16.4% 15.5% 22.3%
Y xN 22.4ns 8.3ns 12.5ns 21.0% 31.7ns 7.7ns
Y xM 18.7ns 22.6ns 9.9% 18.8ns 4.9ns 18.2ns
NxM 6.9%% 15.4% 13.7% 28 4% 15.3%* 4.3%
YxNxM 5.2ns 22.3ns 30.6* 11.5ns 27.1ns 25.4ns

. PR EVING PR AR BRA 22 5 B (P<0.05) 5 *, * | ns A 0l3/R P<0.05, P<0.01, P>0.05, FI[Al,

2.4 ANEFENLIZ %5 J7 2O K d B FHoAg A R 2R
A1

HIZR 2 FJH0, No MR N x M & 35 52 i oK 7
B, FEORLECRN ™ 5, Y x MR 35 52 0 R K BB AL
= 8D, Y x N x M A 553200 KRR AR
KRNI B B i 1 FORBEER, 4R iR

1.7% ~ 13.1%., 1£ M1, M4 (2018 4 ) F1 M3, M4
(2019 4 ) AFRR, T RTEEFHE i A &t 13 hn st
FE R, 7E 2018 4F M2 il M3 ZbBET, Bt 2
FOXE I 76 2019 4F M1 A M2 AbEE R, Bt
R G IMAE RN G s o B e AU 5 8 LL 1)
PRGN, AFRZKET M3, M4 Lb 2 i 253
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I T RLE, AR 5.0% ~ 13.5%., B OKFEUREL
TE M1 AT M3 23T, B g i i, M4
WP, Bl RIS RS TR, AR
Ll ST oK R TG i 2 s e, i it R A 1 3
Jn S 0, N2 FN3 4 N1 A 9 2 E H10.1% .
9.8% (2018 4F ) 1 4.8% . 0.8% (2019 4F ),

R —iEREUKE T, FRFPR =2 A
Eb i B3 R 0, RUIE S R AL G R AL B e
505% ~ 21.1% (2018 4 ) f14.5% ~ 36.1% (2019

), FE ML, M2 Fil M3 AbFET, 2018 4F N2 ¥fhi™
HHEENL, N3 235425 10.9% . 7.8% (M1), 8.4%.
7.3% (M2) F112.7%. 11.3% (M3 ), 2019 4F N2,
N3 FfRL 7™ 5 8 N, 2 3 492 &5 7.3%. 10.0% (M) ,
8.4%. 85% (M2) MI155%. 17.4% (M3); 1E
M4 AbFER, N2 AbEUFERL R A . T, AR
B G AEA  ARECR A R ER RS, AR
Ji 7 L 2% S 3 2k 3G 0 R OK AR BRI AR Bk 1
Sy e AT E

(T

®2 ARRBEEAFXERIFH=BREHHREFHIRIT

M b3 HEL (A /hm®) BREL (A4>) FHRE (g) 7eit (kg/hm?®)
2018 N1 Ml 65442.8 + 124.6d 548.69 = 15.54e 28.68 = 0.67d 5656.30 + 188.54f
M2 66546.8 + 237.8¢ 555.02 +22.31e 29.18 + 1.54cd 6138.10 = 213.29¢
M3 66705.8 + 328.5¢ 576.12 £ 8.94d 29.95 + 0.39¢d 6324.92 +199.61d
M4 67023.0 + 166.2bc 600.39 + 22.37cd 32.46 = 1.55b 6672.46 = 125.73¢
N2 M1 65597.3 = 544.5d 582.18 + 18.22d 31.66 + 3.64c 6273.97 £223.37de
M2 68295.2 + 432.4he 591.93 +20.11cd 33.03 + 2.58ab 6651.23 + 259.68¢
M3 70471.4 + 555.5h 622.57 +9.45hc 32.05+5.71b 7127.37 + 303.44b
M4 72862.6 + 333.3a 653.75 + 12.23a 35.76 + 2.24a 7235.14 £ 274.19ab
N3 M1 65546.2 = 455.6d 583.04 + 22.45d 30.83 + 4.19¢ 5819.27 + 166.53f
M2 70070.9 = 587.4b 611.15 + 30.04c 31.99 + 3.22hc 6196.19 £ 202.31de
M3 71740.6 + 635.2ab 649.89 + 28.87a 33.60 = 1.15ab 6402.42 + 255.55d
M4 72548.2 + 566.6a 651.13 +30.12a 35.69 + 0.94a 7375.55 + 164.33a
2019 N1 M1 674472.2 +230.1d 526.33 + 15.43e 30.63 + 1.26h 5151.78 + 119.92f
M2 679315.5 = 412.6d 557.15 + 16.64d 31.60 + 3.55b 5467.19 + 257.76e
M3 695259.2 + 553.8¢d 602.89 + 18.88cd 32.36 + 4.16ab 6016.05 = 311.52¢
M4 7065474 + 514.9¢ 636.89 + 22.63bc 33.41 % 1.67a 6292.11 = 296.45¢
N2 M1 645457.5 + 607.8e 610.03 £32.11c¢ 32.81 +2.24ab 5529.47 £ 220.07de
M2 668137.6 + 229.9¢ 631.88 + 34.14bc 32.84 % 1.59ab 5928.88 + 180.00cd
M3 722152.6 + 166.7b 654.69 + 28.92h 33.85+2.43a 6948.81 + 305.40b
M4 730082.3 + 583.0a 692.69 + 37.16a 34.64+291a 7524.59 + 188.47a
N3 Ml 663325.3 +419.7e 612.47 £22.29¢ 32.98 + 4.53ab 5667.93 + 236.59d
M2 706100.0 = 558.8¢ 629.28 + 18.83¢ 33.08 +2.88a 5932.07 + 288.64cd
M3 695375.5  607.1cd 656.44 + 24.99h 33.28 + 1.76a 7062.37 + 329.40b
M4 715550.4 = 444.0be 688.13 +25.55a 33.68 + 3.64a 7546.71 £ 355.66a
VR (YY) 323.25ns 67.88ns 3.33ns 67.41ns
N 544.17* 23.11% 2.99% 55.39%
M 236.73% 94,33 1.24ns 43207
Y x N 443.95ns 35.19ns 4.11ns 33.24ns
Y xM 117.88ns 44.42% 2.63ns 55.11%
NxM 566.36* 18.84% 0.97ns 22.10%
Y xNxM 375.55ns 36.55% 1.15ns 43.56ns
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Regulation effects of nitrogen fertilizer management on grain yield formation and nitrogen transportation of spring
maize in the Loess Plateau, China

GAO Yu', YAN Yao-ting”, ZHAO Gang’ , ZHANG Wen-wei' , DOU Li-ping', LI Ke-fu', SONG Zhan-shu’, GAO Li’
(1. Qingyang Academy of Agricultural Sciences, Qingyang Gansu 745000; 2. Qingyang Agricultural Technology
Extension Center, Qingyang Gansu 745000; 3. Gansu Academy of Agricultural Sciences Institute of Dryland Agriculture,
Lanzhou Gansu 730070 )

Abstract: A completely random split zone test with nitrogen application level as main plots and nitrogen-fertilizer postponing
application ratio as sub-plots was designed to clarify the scientific production mode for reducing fertilizer application and
increasing efficiency of spring maize in the dryland of Loess Plateau. Three nitrogen application levels were 225 kg/lhm*( N1 ) ,
275 kg/hm® (N2 ) and 325 kg/hm® (N3 ) ; sub-plot was nitrogen-fertilizer postponing application ratio, based on base
application of 20% nitrogen-fertilizer before sowing and topdressing of 40% nitrogen-fertilizer at the big bell mouth stage, four
types of nitrogen-fertilizer postponing application ratio were set up, including M1: traditional nitrogen application, i.e. 40%
nitrogen-fertilizer applied at jointing stage; M2: 10% of nitrogen postponing applied, i.e. 30% nitrogen-fertilizer applied at
jointing stage and 10% at 10 days after flowering stage; M3: 20% of nitrogen postponing applied, i.e. 20% nitrogen-fertilizer
applied at jointing stage and 20% at 10 days after flowering stage; M4: 30% of nitrogen postponing applied, i.e. 10%
nitrogen-fertilizer applied at jointing stage and 30% at 10 days after flowering stage. The nitrate reductase ( NR ) activity in
leaves at different growth stages of spring maize, the changes of nitrogen contents of stems and leaves at anthesis and maturity
stages, nitrogen transport characteristics after anthesis and grain yield were determined. Results showed that the treatment
of M4 significantly increased the activity of NR after jointing in maize leaves, under the same nitrogen fertilizer management
mode, medium nitrogen (N2 ) increased the activity of NR at filling stage and after filling stage of maize leaves, while high
nitrogen ( N3 ) inhibited the activity of NR. Nitrogen-fertilizer postponing application increased the nitrogen content of maize
stems and leaves at anthesis and maturity stages, nitrogen content of maize leaves in N3 with nitrogen-fertilizer postponing
application treatments were 10.1%, 14.7% and 23.5% higher than that of M1, respectively. At the same nitrogen level, the
more ratio of nitrogen-fertilizer postponing application, the more nitrogen translocation amount, translocation rate and the
contribution rate of nitrogen to grain of spring maize stems, while the treatment of M4 significantly increased the contribution
rate of leaves to grains at the N2 level. There was no significant difference in grain yield between N2 and N3 treatments in M4.
However, the net profit of N2 treatment was significantly higher than that of N3 treatment. Nitrogen application of 275 kg/hm’
and 30% nitrogen fertilizer ( 27.5 kg/hm’ N fertilizer was topdressing at the joining stage + 82.5 kg/hm” at 10 days after flowering )
was beneficial to the increase of maize yield and farmers’ income.

Key words: nitrogen fertilizer management; spring maize; nitrogen content; nitrogen translocation; grain yield
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