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Abstract; Field experiments were conducted to study the effects of different water and nitrogen
managements on nitrogen remobilization efficiency during maize leaf senescence process. The experiment
included three irrigation levels (150 m’/hm*, 300 m’/hm’ and 450 m’/hm’) and four nitrogen
application levels (0 kg/hm”, 180 kg/hm’, 220 kg/hm’ and 260 kg/hm”). The date of onset of leaf
senescence, maximum rate of decrease in relative green leaf area, mean rate of decrease in relative green
leaf area and the day of maximum rate of decrease in relative green leaf area under different water and
nitrogen conditions were analyzed. The effects of nitrogen remobilization efficiency and grain filling
process during leaf senescence process were also studied. The results showed that the date of onset of leaf
senescence under each treatment occurred about 10 days after silking, and it was less affected by
irrigation and nitrogen application. Under sufficient irrigation conditions, increasing nitrogen application
could reduce maximum rate of decrease in relative green leaf area and prolong the day of maximum rate of
decrease in relative green leaf area. With the same amount of nitrogen application, leaf nitrogen
accumulation was increased first and then decreased with the increase of irrigation at silking stage. Within
a certain range, leaf nitrogen remobilization efficiency was increased with the continuous increase of the
day of maximum rate of decrease in relative green leaf area, and the maximum increment was 25.78
percentage points. The grain filling rate was slow first, and then fast, and eventually tended to change
smoothly. The grain filling rate reached the maximum value after 30 ~40 days of silking. Delaying leaf

senescence rate was helpful to improve 100-grain quality. When the amount of irrigation was 300 m’/hm’
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and the nitrogen amount applied was 260 kg/hm”, the day of maximum rate of decrease in relative green

leaf area occurred at 48.90 days after silking and both leaf nitrogen remobilization efficiency and 100-

grain quality were the highest.

Key words: maize; water and nitrogen management; nitrogen remobilization; Logistic model
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Fig.1 Dynamic changing curves of relative green leaf area of maize under different treatments
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Tab.1 Leaf senescence parameters under different treatments

yis. ] b c R T./d V. % V.. % T,./d
W1NO 3.6747 0.1043 0.9337 7.00° 1.4114° 2.6075* 35. 234
WINI 3.7630 0.094 5 0.940 7 8. 66" 1.286 4° 2.3625° 39. 824
WI1N2 3.7712 0.0818 0.9455 10.11° 1.108 6 2.044 0" 46.13°
WIN3 3.966 4 0.097 0 0.944 6 10. 53° 1.3852° 2.4260° 40. 87
W2NO 3.5747 0. 096 8 0.9279 6.51° 1.399 6° 2.4200° 36. 931
W2NI1 3.799 2 0.089 9 0.9422 9.51% 1.291 4* 2.2470° 42.27°
W2N2 3.4327 0.076 7 0.9335 6.36° 1.0758" 1.918 3¢ 44.74°
W2N3 3.496 6 0.0715 0.9382 7. 72 0.969 4" 1.787 5 48.90"
W3NO 3.6535 0.0879 0.940 5 8.06" 1.133 0% 2.198 3° 41.55¢
W3NI 3.7232 0.077 5 0.945 4 10. 05* 1.003 4° 1.9380"™ 48.03"
W3N2 3.767 8 0.076 8 0.947 4 10. 72° 0.9750" 1.9200° 49. 06"
W3N3 3.6747 0. 068 4 0.943 3 9.71° 0. 820 8° 1.710 3" 52.75°

T« [ SRR 5 A /NS 5 B R A TR AL BETE 0. 05 K- 2 5 3% .

2.3 MAREEEFHAREREEREMHETL

M i A R R AR 2 BT
NG AN AR BRI A R 2 sk 22 )5 10 d 3k
F K, Hd WINO,WIN3  W2NO &b Fnd B & &
HIEMZ WA K, 25 2 —H FREE, 5 R
B TR . 225 20 ~40 d M A S = TR
A S PR, 55 R X g i T AR AR R — B, BRI
HEMNT R AREBA W, AT LR
PETEE Kk 22 W S AR RO it A AL PR AR
77.78% ~162.44% . =7 KW B 4 A 2t 2
Wit FRER R Bt 2 )5 AR iz i L W,
FEE R N1 B, W3 4 B 80 2 e i o 49 i) 4%
W2 GbFRA W1 AbFRER RS 7. 529% Fi1 48. 41% ; 16 )i A
O N2 N3 BF, W2 Ah Bt " R s s W3 4
FREL ) 25.55% (36.55% , 3% W AE it 2 it B AIK B
KA BT 8 i i R A i it K e e
K BT A R R R s .

H. T ( Specific leaf weight) 5 By M- T £H A4 i
Fr R, SR e e
M E AR AN 3 T, 22 0 I U B AS [ Ak B B
2 0 W2N3 AbBR e A g iA %] 4. 75 mg/em’
B IRAL FE WINO 42 &5 39.30% (P <0.05), M:-#2
J& 10 d £ 40P L i B A T RE AR, HAERE 22)5 10 ~30 d

—a— WINO
—e— WIN1

WIN2
—v— WIN3

W2NO
—4— W2N1

W2N2
t —e— W2N3
—e— W3NO
—a— W3N1
—a— W3N2
—— W3N3

o
v
=

i<

. j . ; i j
205 0 20 0 10 50

22 J )
M2 mhEgd b ZARREBRL AL
Fig.2 Changing curves of nitrogen accumulation

during leaf senescence process

R o IR N 50 47 g 1 B R N G P W A i e
Vi) P10 2 B 24 /0N, G Al A B ol 28 1) L I B e I Ak 3
WINO 375 0.63% ~13.21% . & 33 AS 6] 4k B Hb
M 22 W] R % 5. 04% ~29.06% , Hivp W2N2 |
W2N3 4hH FE 5 R FR 5 ik 28. 29% .29. 06% |, 13 B
Hotk R kA E 2 Y RS .
2.4 MAZEEZSEIFHAEROZNE

FFRL T S5 0 38 R RE PR 25 1) 78 SRR BE A S I
TR R R B R EE " A fE 4R
W 3 2 A AR b R T AR A I B 4 TR R 4



%12 g G RFKEE BT E K R 288 06 BB SR 5 301
4.8 40
4.6 35k
il —s— WINO —+— W2N2

* —s— WIN| —e— W2N3 301
T 4o —a— WIN2 —— W3NO ;
£y —v— WIN3 —=— W3NI o 25
o 4.0 \\  —e— W2NO —e— W3N2 ;_“ ;5
5 N\ —— W2NI —— W3N3 =20
fH 38 o
R

1 1 1 1 i
0 10 20 30 40 50
- 4% 5 1 [a)/d

B3 R g ad B L E A i 2R
Fig.3 Changing curves of specific leaf weight during

leaf senescence process

AT A () A 3 KRR T8 3 % St BRI il 2 AR AL
i KSR BRI B 22 )5 30 ~40 d, 7EHE A
W (k22 )5 10 ~20 d) , AN [f] 4b 337 s T 3 22 53 AN
B OFPRLE S GE RS ik 22 )5 30 d, &AL B R
UG B2 5 R R R in . b W2N3
Qb 3T S5 KR IR T 3 B R Ak ) 2. 01 g/d, A Al
Ab PR TR TE 117 15% , EH 45 )5 P ik 2 Y
Foe K KL JTT i 32 E 7K ORI R AL [R5 o AN (R K 2%
PR, B A il 20 A 15 0 AR i RO [A] AR R
W1 LbBER B & il 20 5 i 35 I A Rz T i A SE n
JEw N B RB MRy N2 N1 N3 N0, H
JERAE I E R R R E S T ABALIE (P <
0.05), 4 B % NO & 28.69% .18.25% . 12.79% .
W2 W3 LB, B Jith 20 S 0 3% 0 A R BT i Ak
Hahn e it AL B ORL BT A NO Ak 343 O
19.19% 29.73% .37.92% (W2 b ¥ ) F1 13.15% .
22.80% 28.21% (W3 Ab#H) . 7 it 2 5 AH [/l B (N1 ~
N3) , W2 4b P/ k7 i 4 W3 b P4 1.03% ~
3.16% . W UL, KAV DL E R T FOR A R i 2
TR AN ], o 6 it 2605 T 2 AV P o o ko i
JK 3 R 2 s e R AR B AN R T A
2.5 HMAEEEEMNREREUERNEITE

MR AREHIE TR gl g
PR Z —, SFPRLE SR R B AT, i i AU B Ak
R T X RR g R Ttk R
R RRBCE IR 2200 5 i M AR & 2
MGtz A R Z SR . AELHT
R R RCR K S (B AN E NG F R R A
[ AL BRI H U5 B SORTE 0. 05 K25 5% W) T
N, HELS AT, AN A b B 5 R R R AR R
14.15% ~39.93% , WIN3 gb 3 & %% % 3 R 5 A%,
ALK 14.15% , 3 BIVE KO 2 it 2803 e 1) I R i
AL R R 2 0 T 4R A B4R, kR S5 4= 5l

1 1 L ]
10 20 30 40 50
£ 5w fE)d

B4 bR i B P TR A Al 4R
Fig.4 Changes of 100-grain quality during leaf

senescence process

L
=Y
T T

<
X

RUEFERCRI%

i I )
n
T

n
T

F5 AR Ak 8RR AR

Fig.5 Leaf nitrogen remobilization efficiency

under different treatments

W E RIS ERHEK Gy W2 W3 i S AL B
M BB RO B m T A AL, W2 4B
TRy N3 It B R RO B, R it A
I HE 5 93.37% (P <0.05), W3 4bFF | Jiti & &+
Sy N1 R U5 7% 8808 e, 5 A it R0RH bE 4
56.26% (P <0.05) .

M R R ER 5 8 ROR T H K S e R B
[i] 5 5 25 TE A OG, AHOG R B 0.65, 5 P 1 3
TR AL 2 UM DG A OC R B 0,676, 5t i
K A AR 3 TR G, AR OC R B 0.753,
W R e ds R bR O s B Y X R AR ek 22
20 d J5 , e et g AR e N 25 i e [ AR OE G
Yine Jr i 55 , oIk 2 A B AR TR, B kL Y
3 itig

TR EREREE S BABEAT &
AR R AE AT 0B AR I £ 23 i, ke L

IKARME AR . i 2R AR AR KO e v Y LB
S CHARERBEMWEY B . EE R E N



302 B 1 Y = SR

201094

I e B A R s R DL R
FEWy 7= i F AR P 238 TR o, A 3 36 o 2 S /K R
RS T B R Ak B R 3 2 1 ) gl ]
R 2 R AR i R I il 3 B [R] St
3 b R R R S R R R B B AR Y R
W5 45 T 2 W1 AN [ b B 6 K i R 3 2 3 )
6.36 ~ 10.72 d, & /K Al it & 5% W A K. CHEN
2 U S O i) 2 52 6 A i R BIE 5 6 1, RS TR) o ol K
MR R S 25 5 B O ROk R
Bl A] 55 F K 4 5L R AT O, T -5 9 7K F0 it 2R 5F Ah
IEAETE O o 1Y 7K AT DA REAIR oK i o o
A HE % ek B 0 R B ] A
X 40 SR oK o R R, AR B 2L
(DS Ro =N TR Ry G N i = g N S S A
WRBF 5T 26 W, it 60 5 180 kg/hm” 25 fi i - 42 37
W MAMIRY] FERE KRR W I i 2 - o
220 kg/hm® 2 ffi i} F- 42 1 5 2%, 72K B W2 W3
BF, 38 0t 0 AT DA SE G2 o . LR AT fE 2
AR T K BRI, S 67 500 Bk/hm® i Hif
PR B AR, N 82 500 ~ 125 000 #k/hm® , Flifl
5 2ok v 3 0 R AR A 6 S BRCBE R B S A, 1 it
I o3 (IR AT, 1 e 2 O IR A R 2%
FEO IR E . A TERHEOK R AT IR
2 19t 0 &I BRI DARIEAE 90 0 /&R 8 97 AT DGR
FrfEp & BB 1L, R

MR R R, i e AR O R R R A
R AR KA RRES PRI PR A
BEWR G ok — R 5 14 5 SN HEA T VR AR 9 R T
B RBIR R, 0225 20 ~ 40 d, M B E E
B, A5 3.93 ~27.67 kg/hm” | [ S iE B
50.45% ~95.28% 7% W] 8] i Jr 68 2 3 AR A 38 3
R o AHRME R BB RCR S R i
RO R A MG, YANG 2P R EN
AN ERHCRIRTE KM i BR e B AL A5 1 2R L
5ie. TE—EBE b, B B ROR B A fo K&
1 =R/ ET N TN ST By | W1 =1 E P S et
0. 65, 5 i 3 1E A OC o H f K 2t v 2 ikl 2 % i B e
(] 3k W S T 25 3 T R R B s i RR RO
B . ASHEFE T W3N2  W3N3 4b 3 f K 4 i 52 0
5 A (] 5 M 43 30l D ik 22 )5 49. 06 d Rk 22 )5
52.75d, HHE M 5 A iz MA R EBIEN
22.39 25.42 kg/hm’Fi1 28.92% .30. 04% , 5 £ & A
Feim A MR RERSUR AL W2N3 M kL, i A i ia
MR R A% 5 F B 35.49% .26.76% Fil
27.58% \24.78% . WEFZAIRE S H Z WA K
SREEM RS EH F AR AR

H W3N2 b FEFT W3N3 A B 20 i R AU 4 B
L E R E AL W2N3 4R 5.42% f1 13.41% .,

VIR K B R DG R . BRI
2 SRR B T AR A R OR R AR ok
1) 3 3 5 R R B R A #E ] — I . okt
F 3 2 3 R T e 5 ) R OKOR R T A 4 R ) K
Pl EAAMNFZ T T I R
T AR /IN S AR 7 i, T 20l e ISR i
effvh . ARIGHETT T B 3 B S5 AR S 3t
FRIAI G R, 45 SRR WY, it 7 3 2 0% 5 s 3Rk
RECREE R, G T PFER S E kAL
A, 25 Ak R T 7R HE ROT R i A 25 8 K T
WHER G 25 03 WEH S S TR R A R
T R 453 I il o o o A ) S KT AR L AR T R
I R PR A5 K 1 ) 8 0D 2 R R SR A w3 7 1 i 4
[ F S 23U R %o 2 o 1 R 2 45 SRS R TR
B — M DG B R 3R B Dy o S0 A GF S - T
AV NI TR NP 5 N e (Y E ot S L BUN L
SER, A HEE B2 AU R YRR T R
BEERE TG RARE  te)s
30 dAH X & i T AT U U0 P T R g R
P AL B HOG A T R G A B )R R T AR Y g
AN/ R BOE A AL = P/ 9 5 B 5 Ul
N AN ) A SRR R T 22 S O b R B

4 £

(1) FEIK A0 A 2 1) Z5 A0 AN it 281 B8 o it 20 4
Sx ol BT T HE R A LR T AR K R4 1 A%
AT 184 it 22 AT AR IR I O R I K ARt
TR RRAE 282 1) () DA TG B 2% i 3 2 . 5 H At Ak B A
L, W3N3 Lb 3 f i R AR T 34.41% , & K
e it ik A 8 LR BB [R] B T 17,52 L, BN A X
T AR s B 1,003 £,

(2) BN HE £ KM i BT AR5
R AR S R G, fE—E N,
BREAR I Fr o 2 o 38 | JIE K & i [T R e 2L s (8] o B T
Bt AR Fis i, Bt B AU SRR R A R
o (iR s R R AE KR, AR EZ5RE
TEN v N5 [ R A0 B s AR R T i

(3) /KN 300 m’/hm® it &L 260 kg/hm?
B, g i T AR R ALK AT AR R B
65 M U R AR B Ik B o, bR R L ik B
oK, A B AF: A FE K R RAL A DALk
JIEL % 905 5 2 A 1y BB 2 R, B UK 300 m’/hm® | it
%260 kg/hm® 2 5 J Y145 4 355 4t IX 6 K 9 /K it 4
1) m B A 7 =



55 12 3] KA GE s AR R RS BT BRI b 5 X U B RO Y 5 303

[3]

(4]

[5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[17]

[18]

2 £ x #

A NRIEAE E R g it R, RS HHELEIM]. degt: s E g A, 2017.
INICHF, IhEHE, EIRA, . BRI AR T EORKAEHE S RO BT SE[T]. E R R, 2006, 39(3) :563 - 568.
SUN Wentao, SUN Zhanxiang, WANG Congxiang, et al. Coupling effect of water and fertilizer on corn yield under drip
fertigation [ J]. Scientia Agricultura Sinica, 2006, 39(3) :563 —568. (in Chinese)
JU X T, XING G X, CHEN X P, et al. Reducing environmental risk by improving N management in intensive Chinese
agricultural systems [ J]. Proceedings of the National Academy of Sciences of the United States of America, 2009, 106(9) :
3041 -3046.
GILES J. Nitrogen study fertilizes fears of pollution[ J]. Nature, 2005, 433(7028) . 791.
CHEN Xinping, CUI Zhenling, FAN Mingsheng, et al. Producing more grain with lower environmental costs[J]. Nature,
2014, 514(7523) . 486 —489.
A, B, WA, LT NIRRT E R RIEBABMERE [ T]. folk TR, 2016, 32(12) :136 - 143.
ZHANG Jun, ZHAO Peiyi, PAN Zhihua, et al. Determination of input threshold of nitrogen fertilizer based on environment-
friendly agriculture and maize yield[ J]. Transactions of the CSAE, 2016, 32(12): 136 — 143. (in Chinese)
R, LA, Mgk, 5. AR EILIE XN LK i Bh X A A G R[] RHGER, 2011, 42(5) .
1196 - 1199.
XU Yu, JIANG Lihua, LIN Haitao, et al. Effects of different nitrogen regulation on maize yield, economic benefit and the
content of soil nitrate-N[ J]. Chinese Journal of Soil Science,2011, 42(5): 1196 —1199. (in Chinese)
GALLAIS A, COQUE M. Genetic variation and selection for nitrogen use efficiency in maize: a synthesis[ J]. Maydica, 2005,
50(3 -4):531 -547.
CHEN Y, XIAO C, CHEN X, et al. Characterization of the plant traits contributed to high grain yield and high grain nitrogen
concentration in maize[ J]. Field Crops Research, 2014, 159(6) .1 - 9.
XUV, SAWE, A, . ARG BT R 36 AR K AR EOK 7 R B 2 [J/0L ] ROl ML < i, 2015,
46(10) :93 -104,135.
LIU Yang, LI Yanfeng, LI Jiusheng, et al. Effects of mulched drip irrigation on water and heat conditions in field and maize
yield in sub-humid region of Northeast China[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015,
46(10) :93 —104,135. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20151014&flag = 1. DOI;
10.6041/j. issn. 1000-1298.2015. 10. 014. (in Chinese)
SRR AR, JUECR, SRR, S TS KT T AR K KIS A R RCR s [T ] ol TR AR R, 2018,
34(22):111 - 120.
ZHANG Fucang, YAN Fulai, FAN Xingke, et al. Effects of irrigation and fertilization levels on grain yield and water-fertilizer
use efficiency of drip-fertigation spring maize in Ningxia [ J]. Transactions of the CSAE, 2018, 34 (22): 111 - 120. (in
Chinese)
Ju P2, £BE, BOENING-ZILKENS M, 45, [ # 8k 5 EORBERAFEDF AL T]. EKFHE:, 2001(2) 247 -49.
FAN Zhongxue, WANG Pu, BOENING-ZILLENS M, et al. Study on grain filling characteristics of transplanted summer maize
[J]. Journal of Maize Science, 2001(2) :47 —49. (in Chinese)
SRAA, BAE SE, BHIREE, S A RR B 0 Rt B B KOG A R ERUK A AR R m [T]. fE9 4%, 2013,
39(9) :1619 - 1627.
ZHANG Renhe, HU Fuliang, YANG Xiaoqin, et al. Effects of different cultivation patterns on photosynthetic characteristics
and water use efficiency in dryland spring maize[ J]. Acta Agronmica Sinica, 2013, 39(9) : 1619 - 1627. (in Chinese)
CHEN X, CHEN F, CHEN Y, et al. Modern maize hybrids in Northeast China exhibit increased yield potential and resource
use efficiency despite adverse climate change[ J]. Global Change Biology, 2013, 19(3) :923 - 936.
POORTER L, BONGERS F. Leaf traits are good predictors of plant performance across 53 rain forest species[ J]. Ecology,
2006, 87(7) :1733 - 1743.
e, BER, A, 5 EBESHALSG T LA RHER S BIG 8r [1/0L]. Rl AL, 2018, 49(8) .
245 -252.
FANG Heng, LI Yuannong, GU Xiaobo, et al. Fitting and analysis of grain filling of summer maize under combination of film
mulching and nitrogen fertilizer[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018,49(8) :245 -
252. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20180829&flag = 1. DOI; 10. 6041/j. issn.
1000-1298.2018. 08.029. (in Chinese)
MASCLAUX-DAUBRESSE C, REISDORF-CREN M, ORSEL M. Leaf nitrogen remobilization for plant development and grain
filling[ J]. Plant Biology, 2008, 10( Supp. ) :23 - 36.
THOMAS H, OUGHAM H. The stay-green trait[ J]. Journal of Experimental Botany, 2014, 65(14) :3889 —-3900.
(T %% 267 1)



B2 INETE 5 2 B bR £ (A0 R 4R B0 T S8 VR BT 5T 267

[16]

[17]

[18]

[19]

[20]

2017.2780842.

KUANG H L, LIU C R, CHAN L LL H, et al. Multi-class fruit detection based on image region selection and improved object
proposals[ J]. Neurocomputing, 2018 ,283:241 - 255.

NEUBECK A, VAN GOOL L. Efficient non-maximum suppression [ C] // International Conference on Pattern Recognition.
IEEE, 2006 :850 —855.

ZHANG T Y, SUEN C Y. A fast parallel algorithm for thinning digital patterns [ J]. Communications of the ACM, 1984,
27(3) :236 —239.

DENG Weian, IYENGAR S S, BRENER N E. A fast parallel thinning algorithm for the binary image skeletonization [ J]. The
International Journal of High Performance Computing Applications,2000, 14 (1) .65 —81.

DOLLAR P, ZITNICK C L. Fast edge detection using structured forests [ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence,2015,37(8) :1558 - 1570.

CHAN T H, JIA K, GAO S H, et al. PCANet: a simple deep learning baseline for image classification [ J]. IEEE
Transactions on Image Processing, 2015, 24(12) :5017 - 5032.

HOSANG J, BENENSON R, DOLLAR P, et al. What makes for effective detection proposals [ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence ,2016,38(4) :814 - 830.

(L#EE 303 T)

[19]

(20]

[21]

[22]

[23]

[24]

[25]

EMWE, HRKE, B, KR mpr Rt R, PR EEMR, 2005,21(3): 187 -190,210.
WANG Xujun, XU Qingguo, YANG Zhijian. Advances of research on rice leaf senescence physiology [ J]. Chinese
Agricultural Science Bulletin, 2005,21(3) : 187 =190,210. (in Chinese)
FREM, QMEM, o, . EHHETREEARCE R 20T R KRG E L)) TR R R,
2017, 35(6) :19 -26.
WANG Guodong, ZENG Shenghe, CHEN Yun, et al. Estimation of photosynthetic characteristics, leaf senescence and optimal
irrigation amount for spring maize by drip irrigation under controlled soil moisture and supplementary irrigation[ J]. Agricultural
Research in the Arid Areas, 2017, 35(6) :19 —26. (in Chinese)

B, B, AR, & ARG AT B K EE S O AR AR T]. B AF 2, 2008, 41(9) : 2624 -
2632.
LU Lihua, ZHAO Ming, ZHAO Jiuran, et al. Canopy structure and photosynthesis of summer maize under different nitrogen
fertilizer application rates[ J]. Scientia Agricultura Sinica, 2008, 41(9) : 2624 —2632. (in Chinese)

Xk, XNT, BETF, F ORFEEKT T /N AR s R AR Rk AU S AR R O R [T ] P EABRLER,
2014, 22(7) . 782 -789.
LIU Haikun, LIU Xiaoning, HUANG Yufang, et al. Effect of nitrogen application on carbon and nitrogen metabolisms and
relationship between carbon metabolism and wheat scab[ J]. Chinese Journal of Eco-Agriculture, 2014, 22(7) . 782 - 789.
(in Chinese)

AVILA-OSPINA L, MASCLAUX-DAUBRESSE C. Autophagy, plant senescence, and nutrient recycling[ J]. Journal of
Experimental Botany, 2014, 65(14) :3799 -3811.
YANG L, GUO S, CHEN Q W, et al. Use of the stable nitrogen isotope to reveal the source-sink regulation of nitrogen uptake
and remobilization during grain filling phase in maize[ J]. PLOS ONE, 2016, 11(9) :e0162201.
PRiih, E8E9, MR, 5. SHLAET 2 Ab B0 B FOKRAPRL S K g [T ). e bl 2 4R, 2018, 27(9)
1296 - 1304.
CHEN Junzhi, WANG Yigian, XIE Jun, et al. Effects of leaf removal on grain filling and yield of summer maize under high
density [J]. Acta Agriculturae Boreali-occidentalis Sinica, 2018, 27(9) ; 1296 - 1304. (in Chinese)

EWEE, E, XDWA, S R [R A K G AP RLE S AR ML T ] T E AR, 2014, 47(18) ¢ 3557 - 3565.
WANG Xiaohui, ZHANG Lei, LIU Shuangli, et al. Grain filling characteristics of maize hybrids differing in maturities[ J].
Scientia Agricultura Sinica, 2014, 47 (18) : 3557 —3565. (in Chinese)

MG, 3, MR 7 mAA D A AT R ERT F g ERaEm ], RS EY, 2018, 7(1) :55 - 62.
TIAN Chang, WANG Yang, BU Xianfeng. Effects of orientations and planting patterns on senescence of maize leaves at later
growth stage[ J]. Soils and Crops, 2018, 7(1) :55 -62. (in Chinese)

HUFFAKER R C. Proteolytic activity during senescence of plants [ J]. New Phytologist, 2010, 116(2) :199 - 231.
HWANG S M. Power velocity integral technique for quantification of flow in valvular heart disease[ D]. Massachusetts Institute
of Technology, 2000.

FHL, AEHE, RN, SF. T IS R AR I 6 R RO S AR R R AR R i s [T ] TR AR AR, 2018,
34(6) :1276 - 1286.

GAO Qi, LI Ming, PIAO Lin, et al. Effects of weak light and waterlogging stress at jointing stage on photosynthesis, root
growth and yield of spring maize[ J]. Jiangsu Journal of Agricultural Science, 2018, 34(6) :1276 - 1286. (in Chinese)



