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# OE:[00] REFLHRFERETHSGEEEX, AHEERIeRZ T ETASRLR ) R = Z %R,
[ 7k 1A% 30 3 4% & 40 RUE 8 120 kg/hm? (TN) A3 8, 3% F 358 RIE 4 R6 % 120 kg/hm?(T1) . 108 kg/hm?
(T2) . 96 kglhm? (T3) . 84 kg/hm? (T4) . 72 kglhm? (T5) A= REFIE (TO) 7 AM&HE, HELRE RIELEE
BT FARARE S, et ko4, SPAD/E, NBI & =20 TME, [ZER]OAAEERSGTETESLEFTY
FTHRARBEERMT ALY, SFEALEZML, BBEAIFELANATRGETATTENTHAMRE R
4.44%~8.77%, 3 4o m BI0TF 4 BB F 491649 1.58%~2.75%, HFIFRM4REEAR—5; QAEBRIERS
JEF vt SPAD {E A= NBI 5 A1 A 2.19%~5.05%#= 2.66%~8.34%, 2a F34e B BEFH X MA LS RE, AILFHEK
R ik 4 5] 77 3.90%. 6.40%7= 4.20%, 3 A IsHE RACTE IR E] CO, & R 4k 4.45%. @A 125 ALt 8 EIK, B
FFHRMR B AW TE, HAEMA 20%8 L FKT TN &2, E-F#et SPAD {a4= NBl 5F#mimE £,
BAERERFEHIEAMARR, APRTHFERXBANBI 52 EHRIF IR, QANFAZTHEEALTE
FREBETF & 4.42%, ¥4 M & 121~280 hm?, 8 RAEB & 10%~20%0 EF - %5 TN &% £ 5 R 2%,
R RICRE 30%~40%0 BT~ & 2 F MK 3.19%~5.23%. [4t)] S LAk, AXEZRAKKETA~ Fik

AEBRIEERERINN FFH0E = BBRES .
X 8 iR THWRARENE: RC-FHrHK;
hESHES: S513 WHEARERRS: A

A% SPAD
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PG A B LB N, WA BT e s

COIN R Y AT A2 BRI B T 2 SR R AR 0K

N b, R TR RUIRAE B s SR R X BE T
A7 e A S AT R T T BT U L AROE . LU R
PR S B ] LD AT FE BT 24 i JBE A7 v A7 AE I SR
TSR — o JRLA R ARSE L, SR TR R LR
X BET TR R S BRIk K R, JF
BE— DA A B I NBIL 5T BRI R . DU
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1 MRIA7A

1.1 RIS HBEER
WIS 7E N 23 K B B R OK 2 5 A
(39°57'N, 111°39°E) #EAT, 1%t X & S B {1 3
W AR X, LR 90%LL b, P
K 1374 m AP 7.1 °C, =10 "CHRUE 2 370 °C,
JoFE 1 140 d, 4 H BRI 2 914 h, P KR (45
ik () IR 17 mifs, BPJAZELLE) HEuk 19d, Fi@
N 570.6 kilem?, TR 3.94, 4E 7 K & 2 577 mm.,
PRG-I ACR B 4R 1, JRET 0~40 em it E 1 e
AR LR 1o 12X S il o 2 KR 1 2
RS, BEKE > ARSI #E, 2018—2019 4
Rk & A SR L 1.

k1 KB xeHt & R
Table 1 Physicochemical properties of soil in the experimental site

Fy HIURENgkgY) SEEI(gkgh) ABiE(gkgl) AHE(gkgY) BMER/(mgkgl) HABEE/(mg kgl  HEMME/(mg kgl pHE
2018 3.45 0.51 1.23 22.50 49.80 10.70 139.62 7.75
2019 3.12 0.43 112 1951 42.20 7.20 121.51 7.62
2 r -
00 s HFKE %0
. 20 ©
150 [—m— ji i =
£ 10 7
£ r
= 100 | w
uﬂﬂh‘ 0 3
% B
£ 50 10 ™
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0 -20

B 1 X% 2018, 2019 F A MK EAA FH AR
Fig.1 Monthly variation of rainfall and temperature in 2018 and 2019

1.2 iRe#R
PERBE T Ao M b AR R “EEET, HIE
KA RS . AHRAER: PRI ARG 90 d
(IR g LA PR A BN 44.5%, T H s Aa (Rl
BATIR A AR LA R BN 46%[M R & & 12% P,0s
fid BERR S . & 51% K0 HIBRERER .
1.3 Rt
IR FHBEAL X 3 1h, 75 4 i & & 120
kg/hm?® B %L 13 B A R BRI R A HAEE TO
(AFEZEAED . TN CRIEE ML, Hi@EKRE N, 120
kg/hm?). T1 CEEERFEE, N 120 kg/hm?), T2
(FEREAIEUE 10%, N 108 kg/hm?). T3 (FRA
JE R 20%, N 96 kg/hm?®) . T4 (R EUIEIR & 30%,
N 84 kg/hm?) ., T5 (R ZUAIE & 40%, N 72 kg/hm?).
B AR TS TR A A — VPR i B R A AR R, P
B P,0580 kg/hm?. K,0 25 kg/hm?. 56 5% FI ALk
% F%, 1THE 25 cm, FHIESEE 60 Jikk/hm?, /NX AR

30m? (6mx&m), HFAALEE3RER, T 201845
H 28 HiE#, 9 H 27 Hikgk; 2019 45 H 31 H¥%
fh, 9 H 26 HkGk.
1.4 ERNESHE
THRATHI R R R RN X
10 #REE T, BMEbkZrt. 258, AR ST 00
4bFE, BT 105 CHFEN AT 30 min, SRJ5T80 C
MEEFE, HRTFRIPRESSE TRE, TYHR
MRBANSBE TUREZMN, TEFIHERAEK
150 30 AREERE, FEPRTTHIL e AR
SPAD-502 ZY 23 Z A 52 JBE I Hh 5 SPAD 1,
F Dualex-4 %V 48 200G 2 B Pl 4 7R 88
THRER W VRS X 09:00—11:00 7E H ARG TR %
PP-System 2 7] 247 CIRAS-3 HU{g 4 0% & 3G 5
JEM A EZE (PR, SALFE (Gs). MifE CO,
EEIR L (Ci R Z&MEHZ (Tr); T RGAIE 15 B
BEFRATHE R, KON EZZRE 1 oA S
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KK E, FED e R TR R, TR
T, 2 /NX R 1 m? 5 KT JS BORERR 5
SR JE TR TR P s 2R AR A I ) A
I Ut P B e N R P HH ) 2548, AT A o2 42 5%
Bas e K AL BE o S FEN 32 AL HE b AN FH ) 5 3 4%
AN, HHJRE 1.8 ju/kg, ERBEEIE 3.2 ju/kg, il ET
3.5 Ju/kg, iHEERES 0.62 ju/kg, AT 100 yo/d, BRAE
5 N A1 HE 1765 B 9 FH 45 A B34 2 100 T6/hm?, 7%
HBE T AN 3.1 JT/kg.
15 HELLIE

K H Excel 2021 #2554, F SAS 9.4 1T
(P<0.05) 77 243 B FHAH A 73 B

2 RS D

21 ERRIEEMNEFTFYRRZENFNT

Bl 2 AR IRRE N BT AR T YR R I
s, PN R]ING FRER IR [F] — I BAAS [F] Ab 2 [R) 22
FRF (P<0.05), FHE. K 2 oM, BEELEEY

25

HHET TR R RS FTHEH, EERERS
TETSEGHTYRRRRE, 2 a P &4 F Wi
WHEEF TR RES mT TO B, HMiEHRN
6.61%~31.59%. KT, 2 a FEEF TR R &Y
PLTN abFig s, HYS T1 A ERAREE. Mk
FNLI R BE T TP R R R P8, 5 TN b3
M, FWRALHE TR EAEREN
1.07%~17.94%, Frf 2 a " T5 AP EELT TN
ARPE . FHEEIA. BESI. B, BT TR RE
BIPL T1 Ab¥ifg R, HAE 2018 4F 3 M H MK 2019
AR E ST TN A3, B TN AHIEiEA
4.44%~8.77%, XKWt =R AR T LR 5t

FHEEHE TR R E. EEREILEE, 2a
A BRI B TR AR RERIA
T1 AbFE>T2 AbFE>T3 4B >T4 AbFE >T5 kb3, H
2 art T2, T3 /bBHE TN b ERARZE, T5
ARBREE TN AbFH i 25 PG 7.34%~11.49%.

R E/(g %Y
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Fig.2 Effect of controlled-release N fertilizer reduction on dry matter accumulation of proso millets
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W Sl A HER I [D%23:
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(a) 2018 4
2.2 ERAIRE T EEF AT R 2B av52 0

AR E R T ET TR NS E, 2a
RIS il B BT 2 BRI B il TO Ab
FEH N 14.11%~30.53%, 515 LU $2 51 0.77%~4.26%.
it ZE A T BRI o L 21 BE T L2 )

R, 2 TC A5 20 5 P4 0.31%~3.66% £ 2.01%~6.98%

L5t FH R 2= A BRAR L, T A5 R EUIEAE 2018 41 2019
A3 ) HE v A3 B 2 A T 5 L8] 1.43%40 0.64%,
Horb 2018 4F TN AbFHAN T1 Ab3E[A) 2 Bk B2 KT,
AE I PR it FH 92 88 0 IS Ak B e 28 34 2 i 1) 25 A m )
T . AR AR, BT B
T4 A AC L) B Sy, o T2 Ab s
TP L b 2 a “T35%0 TN Ab3E 425 0.39%,
T3. T4, T5 BTG 2 a T8
TN Kb 5P 0.52%. 1.53%F1 2.40%. #5BEE
Jit 5 [ AP JBE T4 52 7 T 1) 25 B R0 1 mR 4 5 43
[MERES ISR
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2.3 IERRAERE XN R FERAATEM L S AR
AN [F) U Ak B BE 1 T 6 B R PR (R B M T 36 3
Fras, it 20 n] e 25 4 v BE 1 I EE SR IV A T R,
2018 5% il FACHLEE T e Al R R TO MRS
8.79%~20.07%, 2019 4F4¢ TO AbFRHE 1 11.19%~24.73%.
B 5 2 R I it 2 B AR BE e A Tl R BRI 3,
2. a BV T1 AbFEAN T2 Ab3E T TN A0, 2018 4F T1
ARBRAN T2 AbFE 73 )% TN AL N 2.71%F1 0.65%
2019 4F T1 AbFEAN T2 4B 73 54 TN ALEE 3 h1 5.08%
A1 0.82%. T3 ALBEBET-1H6EH A TN ALBFEAL,
HZERAREE ., T4 AFEA TS A B TS HE R 5
ZLT TN Ab3, 2018 4243 AL TN b3 FE1IK 6.54%
F16.93%, 2019 473 58 TN AbFH A% 4.90% A1 6.31%.
Jit 28 AT 3 B B T S AL R, &l A AL
TR 2 a5 TO ARG HN 12.71%~32.99%, [ 2019
T T5 A PRANHAth % kb 385 B 25 = T TO b BE TS
FLT Bl A5 U it B PRI S PRI %y, 2018 4 T1
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ACFRAN T2 AbEEER TN AL 53551 T 51 6.38%F1 2.12%,
2019 8 TN 4bFE 53555 6.51%7F1 4.95%, 2 a
T3. T4, T5 AbBLEE TS AL TR P35 TN A2 551
P& % 5.88%-7.64%71 9.79%. 2 a 71 BEF-jif -] CO,
FEIR A B35 LA TO b By, 5 TO AbFRAHEL, & Hthe
Ab TR B AL 7.98%~14.81%. P& 5 R EUIL it &4
i, BEFHEM IR CO, BE/R /BRI Ina%s, 2 arh
T1. T2 AbEEAEIE] CO, BE /R 3B TN Ab B T35 AKX
4.44%F1 0.33%, Hr 2019 4F T1 4B E ZMLT TN

AEFR, T3 T4 TS5 AL FEEE TN AL PR 2 a T 142 7 2.48%.
5.32%71 8.04%, {HAY T5 Ab¥ & &+ TN AbH,
F AL P BE T A R R E & T TO A 5
TO b BEAH B, % i 4 A BE 7R WS o 2R K iR 1R
8.65%~20.63% [i] . [ifi 4 45 FE ZUNE I 1 E 1 26 JH ok
FREFMLHA, 2arh T1. T2, T3 AF T4 TN At
FRIEAN 4.19%. 3.14%F1 0.33%, T4 ALFRAN TS AbFHE:
TN AEFEBEAK 1.37%H1 4.10%, H &R EEALFE 5 TN
Wb ZE I AR

& 2 =45 RSB A BT o I T 4 R B G o0
Table 2  Effect of controlled-release N fertilizer reduction on dry matter partitioning in proso millets at maturity

i i A 7 g A A 7 it A A 7 b A
MRS (g #7Y) SHCECA1/% SAHCES (g #57Y) SHE ECA1/% SHC e (g #K7Y) S3HE ECA1/%
TO 4.4940).06e 27.3440.38 2.8140.11b 17.0840.68 9.1340.05e 55.58+4).33
TN 5.5340).1abc 26.7140.48 3.2940.06a 15.9140.27 11.87+1.04bhc 57.3840.22
T1 5.69-4.16a 26.3440.73 3.3440.04a 15.4740.19 12.5840.07a 58.240.31
2018 T2 5.6440.12ab 26.4740.59 3.3440.19a 15.6440.87 12.3440.08ab 57.8940.39
T3 5.4740.08bc 26.6740.37 3.2940.12a 16.0440.59 11.7540.13bc 57.2940.63
T4 5.38:40.09cd 27.0140.47 3.29+40.19a 16.5140.98 11.2540.11cd 56.4740.54
T5 5.2240.11d 27.254).57 3.2140.06a 16.7440.32 10.7440.05d 56.0140.28
T0 4.4740.01d 27.2240.06 2.8540.11c 17.3240.68 9.1140.06e 55.46:40.35
TN 5.4740.15ab 26.4440.73 3.3440.16ab 16.1140.77 11.8940.11ab 57.4540.53
T1 5.6940.19a 26.3340.89 3.4340.15a 15.8540.67 12.540.16a 57.824.75
2019 T2 5.640.13a 26.474).6 3.4140.11a 16.1440.51 12.13#0.14a 57.3940.67
T3 5.28:40.130c 26.5440.65 3.29+40.03ab 16.5240.17 11.33+1.02bc 56.94-40.61
T4 5.1440.14¢ 26.7540.72 3.240.05b 16.660.24 10.8740.17cd 56.60.88
T5 5.140.13c 27.0640.69 3.1840.12b 16.8740.66 10.5740.13d 56.0740.71

W OBEEHARNG T RERR S P<0.05 K FEREE, FH.

k3 EBIEBMEANET AT ARG A
Table 3  Effect of controlled-release N fertilizer reduction on photosynthetic characteristics of proso millets flag leaf

HEHy WE e AR (umol-m? s ™) LS (mmol m? s Jfa 18] CO, BE /K43 ¥/ (umol-mol ™) #5132/ (mmol m2 s
TO 22.53+.11d 0.292+40.004e 146.47+44.70a 5.3140.08¢
N 26.3320.27ab 0.37626.023ahc 122.9145 54cd 6.1820.28ab
T1 27.0540.51a 0.40026.015a 119.0347.97d 6.400.24a

2018 T2 26.5110.1ab 0.38440.014ab 122.5445 55¢d 6.330.32a
T3 25.25:.69bc 0.34840.018bcd 126.7345.05bcd 6.160.36ab
T4 24.614.03¢ 0.34440.035¢d 131.6347.69hc 6.0520.31ab
T5 24.514.03c 0.33520.03d 134.46:41.81b 5.8240.07b
TO 22.940.21e 0.32546.008d 143.3146.18a 5.8620.10d
N 27.1840.2bc 0.39426.029abc 123.8942.83¢ 6.5240.19abc
T1 28.5640.11a 0.4240.011a 116.784.97d 6.830.09a

2019 T2 27.404.12b 0.4130.017ab 123.4443 94cd 6.7740.22ab
T3 26.3720.58cd 0.37740.021hc 126.204.57hc 6.5940.27abc
T4 25.8540.64d 0.36740.038¢ 128.2842.11hc 6.4740.23hc
T5 25.460.34d 0.35920.02cd 132.1840.81b 6.3620.04¢

2.4 =R AL EXTBEFHEM SPAD {ERISZMT

FH 4 ] i, it 260 RT3 4 e BE T I SPAD R
5 TO AbEEAH L, M AR ARSI AR
SPAD fH %3t E 4.39%~17.36%. 7.87%~20.43%F/
6.63%~21.03%. 4} Ti#l], 2018. 2019 4FBE T-jifEiH SPAD
E LA TN AbEE & = 7 ik 3] 32.90 A1 30.40, FHEAFE
ZEAEALEE SPAD HMAMIREERARE, BEERRE
RNEIHEBE i SPAD [ 2 FFIGE S, T1. T2, T3,
T4.T5 AbFEEL TN Ab3E 53 51 BF K 1.62%-4.25%.5.28%
6.59%71 9.51%. Jiti =B AL R =B T AT G
WM SPAD fi, 2018. 2019 4FhiEEN T1 4P SPAD

i TN ACFEy 3R s 2.19%F0 3.14%, 2018. 2019
SEVER R4 A TN AR B 24215 5.05%F1 3.81%. ifi
5 R U it 2 PRI BE T SPAD 1 2 a 35 2 P3G
. Hr 2018, 2019 AR T3 T4, T5 AbHEET
i SPAD {EIAIKT TN 42, H 2018. 2019 4 T5
AbEE SPAD {E#E TN Ab#E 25 F4IK T 5.83%11 6.64%.
VER T1 AbEEAN T2 Ab3EAb3E BET 1 SPAD A 2 a
P TN ALFRIE N 4.43%F1 1.17%. T3. T4, T5 4k
FE i SPAD 18 2 a P-4 TN AL FE 4K 0.94%..4.03%
6.05%. Hot T1 ACBREE =T TN 402, 2 a T5 4t
i SPAD {H#3 R E(RT TN A2,

13
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* 4 R E T BTt SPAD 1849 %7k
Table 4 Effect of controlled-release N fertilizer
reduction on SPAD values of proso millets flag leaves

FEy e P EiliE s ]
T0 28.0340.59 29.2620.18d 30.8640.57d
TN 32.9040.46a 34.48+0.16ab 35.5540.46b
T1 32.3740.47ab 35.23+1.03a 37.3440.24a

2018 T2 31.5340.32hc 34.2040.15ab 36.0140.15b
T3 31.2740.86¢ 33.5740.09bc 35.1640.26b
T4 30.80+0.62cd 33.414.12bc 33.4740.61c
T5 29.8440.42d 32.47H.21c 32.90+.10c
T0 26.29140.54e 27.53.76e 27.6720.81d
TN 30.4040.37a 31.77+0.80ab 32.0540.59b
T1 29.91+40.41ab 32.7740.43a 33.2740.22a

2019 T2 29.0840.61bc 32.2940.48a 32.3840.61ab
T3 28.7040.49bc 30.8240.30bc 31.8040.48b
T4 28.33+.42cd 30.1940.89cd 31.3440.88hc
T5 27.4440.47de 29.6620.43d 30.5640.68¢

25 FRENREETFERFEER (NBD B
A

5 A, MR EREET NBI, 2 aff
it S8 AL EE NBI %52 TO AbFR I 11 9.45%~44.51% . 4K 11 1,
JBEF NBI DL TN Ab¥if i, (H S T1 b 22 R AN B3,
BAREEUIEAL TR NBI 5 TN AL F A 2.41%~20.07%.
55 38 PR AL FEAR LG, it P A B AU T B
BEF A F 5 BT NBI, g A K B BE T NBI 7E
2RI T AP ey, BTN AL RIS I 2.66%~8.34% .
I o 7 R U Tt B PR BE T~ NBI 2 £, 2 a
T1 ACFRAN T2 A FRIS 5 TN Ab3 22 BOR 2%, T5 Ab3
IR FELT TN kb3, DL 2018 FERER W N0, T1 &b
FRFD T2 ALFEEE T NBI ¢ TN AEFEH 0 8.34%1
3.88%, T3. T4, T5 AbFHE: TN Ab3 53 HIFF(K 4.11%-
7.20%. 10.86%, H:FF T1. T4, T5 4¥5 TN 4b#E
R

£ 5 B AR E BT AT 580
Table 5 Effect of controlled-release nitrogen fertilizer
reduction on the nitrogen balance index of proso millets

F HATH EiliEss S
T0 20.71+2.02d 21.65+.24c 21.8740.91f
TN 28.95# .40a 28.7842.55a 29.1740.42bc
T1 27.8740.68ab 29.54+2.31a 31.60#0.17a

2018 T2 27.1620.92ab 28.20+.23a 30.30+1.35ab
T3 26.19+4.54bc 27.7142.22ab 27.9740.51cd
T4 24.6320.75¢ 26.9140.51ab 27.07+.29de
T5 23.93+.44c 25.0920.78b 26.00+.64e
T0 17.06+.04e 18.6540.85e 20.60+.24¢e
TN 23.36+.20a 24.00+0.60ab 27.08+.2b
T1 22.8040.70a 25.1140.70a 29.0540.50a

2019 T2 21.4320.50b 23.1940.80bc 28.7140.58a
T3 20.4820.42bc 22.5340.42cd 25.89+.00bc
T4 19.9620.76¢d 22.014.25¢cd 25.0040.80cd
T5 18.6740.65d 21.5320.59d 24.0320.5d

2.6 EERIZERENEFFEREMREZENR D

& 6 nl A, E ] BER S E AR &, 2a
F1TN. T1. T2. T3. T4. T5 &bBF= 855 TO 4k
14

FEIE TN 36.88%- 42.92%. 40.75%-. 35.39%. 32.29%.
30.31%. S FACALELEE 7o 2 a FRSLL T1 AbEE
B, Hedt 20182019 4 T1 AP~ &4 73k 4 400.01.
4 198.43 kg/lhm?; 5@ R ZALL, S B RA
JEAT S B B T R, 2018, 2019 SEFEE S A
i 4.97%F1 3.88%. ifi & 4 R ZUIE it B2 PRAC B 177 &
R, o T1AMETF~E 2 alREST
TN b3, T2, T3 4P 5 TN B EF AL, T4,
TS5 AbFE 8 E KT TN AR, X R BB RUIEI 2 20%
DAL I B A5 M d PR R 22 o R SR BE T A R B
K, 2a T1. T2, T3 AHEE FRIK S5 TN &
T2 NG F, 2018 4 T5 AbFH B LT TN kb3,
it R E P T BT TR R, (E R AR AL B
JBE TR o £ 5 e FH At 0 PR 2R AR T 2 S AN 2 . R
AR AR T e R R ER R, FEEERER
it B BT BE 7 AR 2 Pk s, Hi 2ad T1L T2,
T3 AbEE Y TN B ERA G, 2018 4 T4 ALBEAI
T5 AbHE R T TN b2, BEIEA 0.40%~5.75%. B
THR 2 F A E R, 2 af T, T2 4bH
JEE AR BT TN ALERSR 57 4.44%F1 1.86%, 2 a
W T3, T4, T5 KbFHEEFF8)i 27358 TN AR B (K
2.19%. 7.64%. 9.22%.
2.7 BEBHIMEM SPAD {5, NBI 5~ 2rVHEX M4

- Fr SPAD {EAT NBI A R [ BRAEVI B B 77 2
PR, B4 F M SPAD {H. NBI 57 &
SEREARIAH R AR 7. BE T 3 AME B Wi SPAD fH
MINBI 5FYAR R @E M= B 2 AR
KFR. TV R SHEIRIA SPAD fH. #4771 NBI %
EEIEADE, SHIFEHARIES I NBI B35 IEAHDG; 1§
A AR A ST EAFIEESR A SPAD fEAT NBI ) 5i
FIEAHSE, SHiEEY] SPAD i &35 IEAHE, BT &
55 HESR 1) SPAD {E AT NBIL 34 15 B NBI ) 2. 3% 1EAH G,
5357571 SPAD {H B3 IEAHOG . IX BT HAFIHES
HIIY) SPAD {H & NBI $Re/E— EFEfE b R BE 76 &
KT R e )85, {HY SPAD {EAHEL, NBI 5
TYIBAR BAH I 5, TR R BLBE T & BV TR
2.8 IERRILBEX R FEF AR

AN T ZRUIE b B X BE T 2 B AU IR S LR 8.
PR BB R I 1.78 1%, T1 AR5 N\ 5t i
3 522.70 7t/hm?, T1. T2. T3. T4. T5 AbHEHNE
TN 4b# %515 10.37%-.8.19%.5.91%.3.51%-0.98%.
it T R BE T, S i AR B R TO AR EEIY
g% 30.28%~42.89%. 2 a 7145 i AL HE JBE 177 Hi 44
PATL AbBE i, H T1 ARFEAT T2 AbBE = H 2 514 TN
AL 4.96%~3.88%F1 3.54%~2.12%. 2 a H %Ak
HE U R DA T1 ARFEAN T2 Ab By, 5 TN AEEAREL,
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2018 4F T1 AbFAN T2 kb3l 435l 280.02 Jt./hm?
1 179.14 Jt/hm?, 2019 4FAY T1 ALFRZABFRLESEm
121.15 Jo/hm?, T2 AbFRZ 35 K 14.95 T6/hm?,

BB AN MRS, 2 ad T3, T4, T5 4bH-F
ARG TN AL FEFEIK 332.45. 525.86. 641.69
J6/hm?,

k6 BHEAEREET ZE A EMRE F 9 h
Table 6 Effect of controlled-release N fertilizer reduction on proso millets yield and its constituent factors

FEAy Sz P28/ (kg hm2) FiK/em FHiR Ry FEHU(=<10% hm™®) T Rg
T0 3108.55+12.00e 32.8343.62¢ 7.3440.24b 47.7040.28¢ 10.3020.03d
N 4191.87+106.11b 38.241.56ab 7.9740.78a 54.500.55ah 11.6140.98ab
T1 4400.01+114.67a 39.97+1.01a 8.0040.06a 55.4540.66a 12.1040.01a

2018 T2 4340.54453.84a 39.1740.85ab 7.8040.10ab 54.7440.15ab 11.7440.55ab
T3 4 156.84+101.51bc 37.541.40ab 7.7040.30ab 53.2642.37hc 11.3240.55abc
T4 4 058.30#45.96¢cd 36.57+1.80ab 7.6740.15ab 52.7940.26¢d 10.9240.09bcd
T5 4011.76+19.56d 35.9342.72hc 7.4340.20ab 51.360.24d 10.5740.06¢d
T0 2 909.39487.27e 29.13+1.95d 7.1540.15¢ 40.75+1.83d 8.6840.57¢
N 4041.54468.67bc 33.8740.9ab 7.6740.13ab 45.6240.24abc 9.7540.70ab
T1 4198.43423.03a 34.5340.953 7.7740.15a 46.910.80a 10.2140.61a

2019 T2 4 127.6476.32ab 32.500.89abc 7.6740.05ab 46.2140.66ab 10.0140.36a
T3 3 957.00+70.82cd 32.8742.55abc 7.6740.23ab 46.360.14ab 9.5740.44abc
T4 3 899.89494.3d 31.60-..49bcd 7.5540.21ab 45.449 43hc 8.8440.81bc
T5 3827.85487.29d 30.570.23cd 7.430.15ab 44,330 .35¢ 8.8310.41bc

& 7 et SPAD{E. R RHrEHE FEMm X
Table 7 Correlation of SPAD, nitrogen
balance index of flag leaf and yield

Eiz7 7 E=gil TR R AR R
T 0.73" 0.92™ 0.76"
SPAD Y 0.17 052" 0.43
R 0.94™ 0.97" 0.94"
T 0.90™ 0.96" 0.89"
NBI i 0.60" 0.26 051
R 0.73" 0.93™ 0.74”

W ERIRTE P<0.05 /K RFAER, LR IE P<0.01 /KFRFMK.
%8 R RARBENETFTERFAENY N
Table 8 Effect of controlled-release N fertilizer reduction on

economic efficiency of proso millets

i e j”i)\/z f H-'(/2 Jfllllﬁﬁzl
(T hm™) (Gt hm”) (T hm™)

TO 2100.00 9 634.80 7534.80

TN 3157.49 12 994.80 9837.31

T1 3522.70 13 640.04 10117.34

2018 T2 3439.22 13 455.68 10 016.45
T3 3355.75 12988.50 9632.75

T4 327227 12580.74 9339.47

T5 3188.79 12 436.43 9 247.65

TO 2100.00 9019.12 6919.12

TN 3157.49 12528.77 9371.29

T1 3522.70 13015.14 9492.44

2019 T2 3439.22 12 795.56 9356.34
T3 3355.75 12 266.69 8910.94

T4 327227 12 089.67 8817.40

T5 3188.79 11 866.35 8 677.56

33 it

RILIZ RS FERIR F 26, $RAT = 3
fiff, FERERNET SUEYIFRACHERAMILE, RE&EFH
InEr= g i H AU e (0 T R AR R R TR
iR MR R SR TR R
AR5 %t AL BLBE T TV AR R TO AbBE SR

" 4.84%~31.58%. FEMEIIHI LN, EHEEK
AR N R R AR I I AR S 25% 175 7]
R ERTYRMREE 7.70%. REEUIE 4 & it F Al
Uk FE 25% W BE E K OCK B EVHE il B &R
4.78%~10.43%" , AHF e LW, it 1B R IR AL B
B R EZAE IR ETAEE T E TR R
&= 8.77%, MEEREILGEFIRE T YRR R E
SNBSS, 7RI 1090 BE -4 AN 2 i FH R
FACHEHE E 1.37%~4.88%, 8 & 20%0 T4 i f B 55
TN bR ARE . XRAPREEALRE 5 4 VL AL EE
TRAEF N EEITE R, AT 2V EV AL = 2
7, X Ham NPT g R e EIEE R T
JBE U5 ZE LU B, T DAPERR SR T AR 2R 1)
A2 3E JFG M b 547 J5 ) e 1 o T L A7) 32 i 4
PRV s RSB AR AR, M R EIEE &
K A TR R Th B SR 1.94% 7%, AR
Borh, it AR R I P AR i BE - R AT ot [
Iz . & R B ARSI R AR T4 5 )
FERL P RS, I B MR R R IR SOR 32 g 1,
AGRIGH, BEE 5 R U it 1 A BE 1 20 B 2 A R
TR EH AR G, X 0]He SRV AR R Uit
FEA K. il IR 2 AL BE 5 R 10 BE 742 B A RS Tt
Z, fem VIR IE T TR R, HERE R E
A B AN SRR, RINTEVED A B v A YE KR
TR TYRAA R Bk, BRI T4
B R R i B R LR, R HTYRAR &R,
PR B B
BRERMEVMEKKE R T RER KN ST
JUER, R EIE R IR R KA R TR
oA e I RERARE K3 Ry, BB B AR 2R I 1
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W, TEREEMRERINMEEER, W
VRV % B 2R B 5 IR R L e 2, B
ACERE T R T INE A i R E R ETREPL,
AR R N R EIE A B2 m ok gt R
BREEE TR, HAER AL E 25%0] 1§t Al
KA ZEL, 5 R BT L, 2R
B — ML R IR 50% 17 AT {35 T K AN
MR B, AR, iR R AL
BEFAE WM SPAD 1, %% TN AbBE B
2.19%~5.50% , {H ifi 45 4% % %0 00 it == A {1 B8 1 i
SPAD Iiftfidi# ) B RIS, EIRE 20% 5
TN ACFEZE AN o IX 3R IAE T 4 v R e X it
BRENEJOE B A A mE T AR/, fE—
SEFEE PR BRI EE AR G AT A KO B, FRDL S
BE 77 AN 9 AU 12, AR e i P 4 B RO S S
PN BE T A 1k B R T i PN 7 45 SR AR
XA AR ATEY) . 3K G B R TR TH]
FEI .. AR, FEEEREIERERE TS
JE R, faE CO, BRI BT mfa, Xk
AH 3T B 1) 4% R U BN v e B 3 R (R 4R T — Jy T @ ik
BEINARFL TR, (R IR ISEE £ 1) CO,, 55— 5 TH
R CO, MR 2R, HmmisaE 7%, NBI
1 SPAD { Stk & R R EHIOE, AR A Sz HE
EWEM R RS TR M4EN, B NBI ZEARFRIKD FM4 T
I et Hh S i KT, SEE AR L R I IR AR
b R, ARG R, BE T NBI R B Bt
JIEL B FAA T R B (% . Tremblay 250%VRfF 5% % 3R,
NBI % SPAD {H A LA 4745 ) MK FE = . 7RS4
Frmrse B g, ik NBI R SPAD {f 5 iU F
FHOE, HBEER A NBI S AR R U H PO~ & o IX
AR TG A A, RIHR T 5 RE S 188 7 i NBI
57 R R IEAR DG, RIS B K T B 1 7= = 1
AP

R ENE AT LR SR E R, (R T )0 2
MRt s nr= &, HMNATERbEER . PP 8K
25 T ERCR B ERY,  F RR E IR S A
JREFEMCBEA /N 2 a I3 9.2%, H & Suiti e b2
FHEL, R BUIEAE FRAIK 23% 1 it B I 77 8 T B 35 22
B8 @ B R R PR IR B O TR )
MR s &, BRI ST it AR 250%0T, oK™
B TYRAEREBRREIFRRERE H2 a P
7 4.5%0, ARIG R, i SRR R R A B
Jiti PR AL 2 a 3977 4.97%F1 3.88%, HIEBEE
PR 20060 He 7 B R 3 R, X ST AR g g5
AL = R IR 2 T e S AR R A . Uit
& K& HEAE Ty R S KRS R M
16

T W e B R SR 4 i e,
4 25

D TR, BETiEr SPAD {5 NBI
TR R AR e R R IEH R,
SO PR AT AR E SR A BE T IE T NBI 51 e &R I
FE R R IEAH G, A A T T R v

2) it A P R RN PR 2R AT (I i3 B 7 eI SPAD A
NBI Kt aidRk e, WinE LR EHTY
R R B IS TR E RS I L], e 2 g
T 3.88%~4.97%, £k 25 10 121~280 Ft/hm?,
I 5 R N it i PR BE 7 &% A B R A R PR 34
A 20% 0L LI BE T A RE I B3 NI, TR R
B EYBEET TN AR, 22 LR, £t
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Effects of Reduced Nitrogen Fertilization Via Controlled Release on
Dry Matter Accumulation, Photosynthetic Traits and Yield of Proso Millet

WANG Ying®, LIU Jinghui'", WU Junying”, MI Junzhen!, SUN Mengyuan®, ZHANG Lanying', FENG Xueying"
(1. College of Agronomy, Inner Mongolia Agricultural University/Inner Mongolia Coarse Grain Engineering Technology Research
Center, Hohhot 010019, China; 2. Vocational and Technical College, Inner Mongolia Agricultural University, Baotou 014109, China)

Abstract: [Objective] Proso millet is a common crop cultivated in the Loess Plateau in northwestern China and
sustainable production needs to reduce nitrogen fertilization. This paper presents the findings of an experimental
study that investigated the impact of reducing nitrogen fertilization through controlled release on photosynthetic
traits and yield of the millet. [ Method] The field experiment was conducted with application of 120 kg/hm? of urea
taken as the control (TN). There were seven controlled-release treatments, which applied N fertilizer at 120 kg/hm?
(T1), 108 kg/hm? (T2), 96 kg/hm? (T3), 84 kg/hm? (T4), 72 kg/hm? (T5), and zero (T0). During the experiment, we
measured the changes in dry matter accumulation, photosynthetic traits of the flag leaves, SPAD, NBI and yield of
the millets in each treatment and the CK. [Result] (DNitrogen fertilization significantly improved the dry matter
accumulation and photosynthetic traits of the flag leaves at all growing stages, regardless of treatments. Compared
with CK, applying the same amount of N fertilizer but at controlled release increased the dry matter accumulation in
the middle and late stages by 4.44%~8.77%, proportion of the dry matter allocated to the ears at maturity stage by
1.58%~2.75%. @Depending on the application rate, controlled release of N fertilizer led to a 2.19% to 5.05%
increase in chlorophyll content and a 2.66% to 8.34% increase in nitrogen balance index of the flag leaves; it also
increased the net photosynthetic rate, stomatal conductance and transpiration rate at the filling stage by 3.90%, 6.40%
and 4.20%, respectively, while reducing the average intercellular CO, concentration by 4.45%. (3With the decrease
in controlled-release N fertilization, both dry matter accumulation and photosynthetic rate decreased, and the
decrease was more significant in T3—T0. SPAD and NBI of the flag leaves were positively correlated with the dry
matter accumulation, net photosynthetic rate and the yield; the correlations between yield and NBI at the jointing and
filling stages was significantly positive. @Applying the same amount of N as in TN but with controlled release
increased the yield of the millet by 4.42%, equivalent to an increase in net income by 121~280 Yuan/hm?. Reducing
10%~20% of N used in the TN with the controlled release did not reduce the yield significantly, but further reduction
beyond 20% led to a decrease in yield by 3.19%~5.23%. [ Conclusion] Applying N fertilizer in controlled release to
proso millet in hilly areas in Loess Plateau can improve its yield. It hence has a potential application for other crops
in this region and other regions with similar growing environments.
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