A R4 2024,29(7) :139-147
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

S ER BETAK, SR, =) K AEE L HFE FILH . BHMENEEEERRASEARMEI]. RERLXFEFEIR,2024,29(07):139-147.

ZHANG Meiwei, MU Weilin, GUO Hanxiao, LI Chuan, ZHANG Panpan, HE Jiawen, NIU Jun, QIAO Jiangfang. Effects of staggered planting on carbon and
nitrogen allocation of summer maize with close planting[J]. Journal of China Agricultural University,2024,29(07) :139-147.

DOI: 10. 11841/j. issn. 1007-4333. 2024. 07. 13

EPR TR XS B E B E Kk & 50 BL RY 52 1

KEM BRAA HEBF F ) Kemn FEX £ F OIS
I A8 AR Ml B 27 B AR IS B M 450002)

B ARERNEST X T EER R FH L2 R AR R 6 B E R, 2L #3058 A M4, E6.75
7% (D)).8.257% (D)= 9. 00 7 #k/hm*(Dy) 3 A % JE K -F , A4k (S) Ao xR (CKOAPHL 2 47 77 X, il 2 ALk R & (ND A
FEMBERANEHINSONREZT LA EF LN HEXRE LS4 EFRGTRE LEREZ UK
KR, ZREAMN DA MEETESRGHEMNFNSCHREST LA ETFEERET, LEKT NF
NSC #4520 £ AL 347405 TR E(P<<0.05); 3 HFHAF (D) RA FHEFH A MR EEE L P, 38R
RAdiE D, R . 2BAH(S) TR H3 m A 2 KM NA NSC 698 R &, 423 N F= NSC 78 77 69 4435 fe
BIEHR R, FTREFRGIEA NA NSC#E#4 F(P<0.05), DAELLIEEAL T, D,SH NANSCREE GEH
HESRILERETHIEH FTLALE(P<0.05), L D,S# N NSC # 5 2 £ R L 25 409 Tk £ 5 5 B
(DICKIABF AR F TR, L, FEERLREELERES 257 #/hm* FAH (D) R F T R (SO A H 5 X 7T
BERSERG R E RS MBS RS W RE I L G 48 4515 3P4 589 N NSCHK K 35 3 A = 5.
KW A ER; WA TH; RE; EEMBRBERLEY

FESZ%ES  S513 XEHE  1007-4333(2024)07-0139-09 XHEFRERR A

Effects of staggered planting on carbon and nitrogen
allocation of summer maize with close planting

ZHANG Meiwei, MU Weilin, GUO Hanxiao, LI Chuan, ZHANG Panpan, HE Jiawen,

NIU Jun, QIAO Jiangfang”
(Cereal Crops Institute, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China)

Abstract In order to explore the effects of planting density and staggered planting on carbon and nitrogen
allocation in summer maize, ‘Zhengdan 958’ was taken as the material. Three planting densities (D, as
6. 75x10* plants/hm?, D, as 8.25x10* plants/hm® and D; as 9. 00x10* plants/hm?®) and two panting patterns
(CK as the parallel planting pattern and S as the staggered planting pattern) were set. The nitrogen and
non-structural carbohydrate (NSC) accumulation in plant organs at both silking stage and maturity stage,
translocation amount of pre-silking, translocation rate of pre-silking, contribution rate of translocation
amount of pre-silking, and accumulation of post-silking for nitrogen and NSC were determined. The results
showed that: 1) Increasing planting density significantly increased the accumulation, pre-silking
translocation and post-silking accumulation of nitrogen and NSC (P<C0.05). Nevertheless, it significantly

reduced nitrogen and NSC translocation efficiency and their contribution to grains (P<<0.05). The high

Wi BEH: 2024-01-10

EEUH.: EBRERH LTI (2022YFD2300805, 2022YFD2300803) ; i 7 & FH Bk (242102110165) ; 57 By & 4 Ml F4 2 Bz B & €137 51 B (20242C009)
EZ B HKERMCORCID:0000-0001-6864-2331) , BN B R 5, EEN B R K HIFEBH K, E-mail: zhangmeiweil 986 @163. com

BIIEE . FFI7 (ORCID0000-0001-8502-3786) , BIF 5% 5 , £ BN FE E K & = #EH 5%, E-mail: qiaojf@126. com



140 o &l k%

2024 4F 55 29 %

planting density of D;was disadvantage to the accumulation and transport of carbon and nitrogen in grains ( P<<

0.05). 2) The S planting pattern significantly increased the nitrogen and NSC accumulation of plants, promoted

the nitrogen and NSC pre-silking translocation and post-silking accumulation, improved NSC translocation

efficiency (P<<0.05). 3) Among all combination treatments, the nitrogen and NSC accumulation, nitrogen and

NSC pre-silking translocation and post-silking accumulation in combination D,S were all higher than those in

other combinations, and there was no significant decline in translocation rate of pre-silking and contribution rate

of pre-silking translocation amount compared with D,CK, which meant D,S was the optimal planting pattern in

this study (P<C0.05). Therefore, under the planting level of 8. 25x10* plants/hm?® for summer maize planting in

Huang-huai-hai area, adoption of staggered planting method can significantly increase the carbon and nitrogen

accumulation, promote their transportation to grains, and obtain higher nitrogen harvest index, NSC harvest

index and yield.

Keywords summer maize; staggered planting; close planting; nitrogen; non-structural carbohydrate
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Table 1 Variance analysis of panting density and pattern on grain yield, nitrogen and carbon translocation, and

accumulation mount in summer maize

A5 5K U5 Source of variation NTA NAA NSCTA NSCAA NHI NSCHI
WE?IE . 10. 73*x* 24.96%* 6. 70%x* 105. 00 26. 31%* 41. 37#*
Planting density
ﬁﬁ.ﬁﬁ 29. 51%* 1.86 1.50 51.16%* 12. 45%x 26. 20%*
Planting pattern
PR B OCGHUE T = 9. 15%x* 1.98 7.99%x 5.10% 1.28 1.70

Planting density X Planting pattern

I NTA,ERT A F 2 B NAA LB G A EBURE NSCTA, AT AEZ5 M MK tb & 9% iz B s NSCAA B 5 3R 45 M vk b &
PIB B s NHI, AR WO 80 NSCHI, AR 45 H PR K AL & IR FE B, + A 433 40 3% P<<0. 05 Al P<<0. 01 . F 7K T,

Note: NTA, nitrogen translocation amount of pre-silking; NAA, nitrogen accumulation amount of post-silking; NSCTA, NSC

translocation amount of pre-silking; NSCAA ,NSC accumulation amount of post-silking; NHI, nitrogen harvest index; NSCHI,

NSC harvest index. * and ** indicated significantly different at 0. 05 and 0. 01 level,respectively.
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Fig. 1 Nitrogen accumulation in summer maize with different planting density and pattern
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Table 2 Effect of planting density and pattern on nitrogen translocation of summer maize
% ¥ Density Fh#8 J7 20 Planting pattern  NTA/(kg/hm*)  NTR/% CNTA/%  NAA/(kg/hm?*) NHI
D, CK 32.30 ¢ 52.27 ¢ 34.90 ¢ 60.32 b 0.76 a
S 44.49 ab 58.31 a 42.94 a 59.21b 0.77 a
b, CK 41.65b 51.07 ¢ 35.53 ¢ 75.63 a 0.75 ab

) S 47.06 a 55.25b 38.01 be 76.73 a 0.77 a
D, CK 42.91 ab 48.12d 40. 46 ab 63.29 b 0.70 ¢
) S 43.48 ab 50.80 ¢ 37.97 be 71.07 a 0.73b

A NTR, R A Z 55250 ; CNTA LRI A Z #5383 R i stk R . T IH.

Note: NTR: nitrogen translocation rate of pre-silking; CNTA, contribution rate of nitrogen translocation amount of pre-silking. The same

below.
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Fig. 2 Non-structural carbohydrate accumulation in summer maize with different planting density and pattern
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Table 3 Effect of planting density and pattern on non-structural carbohydrate translocation of summer maize

ﬁmgrg ) ﬁ*ﬁﬁﬁ NSCTA/(kg/hm*) NSCTR/%  CNSCTA/%  NSCAA/(kg/hm*) NSCHI
Planting density Planting pattern

CK 439.43 be 61.95a 7.04 a 5811.82d 0.959 ab

D S 500. 84 ab 64.40 a 7.11a 6 539.90 ¢ 0.962 a
CK 448.95b 55.07 b 5.60b 7 568.95 a 0. 956 be

D S 513.21 a 60.52 a 6.16 ab 7 803.40 a 0.961 a

CK 381.76 ¢ 50.64 b 5.60b 6 365.93 ¢ 0.948 d

D S 450.50 b 53.29b 5.91b 7238.22b 0.951 ¢

15 :NSCTR, FEHTAR S5 PR K AL 5 W05 12 804 s CNSCT A FE T IE 45 F VERR K A6 8 e 32 xR R B TR
Note: NSCTR, NSC translocation rate of pre-silking; CNSCTA, Contribution rate of NSC translocation amount of pre-silking.
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FHE CKIFE 9. 90% (P<<0.05) ., 4% 4b 31 20 4 6] Al
Fb, D,S £ 1T NSC ¥z i 6 5 NSC LB 35
o, % DICK 4r 5l F+ ® 16.79% Fl 34.27%
(P<C0.05) ;1 DS 8 By NSC % 12 50 % 4L 1 NSC
52 AT ORL Y BT Mk R 0 NSC W3R 48 B i (P<
0.05), L% 3,
RIS o I
3.1 MEZEENEEARKRAREREZHNEIG

TR FFRL Y U E BRI T A AR AR R A T
WS FRARE L2 K AE A W) 38 Bk U5 T R Ak
165 6 A TR AR 90 B A 1R AE BT 5 37 4 B A Rk UK
oA W0 T R R B As 0 SRk ) TR R
P& 1 IR A B AW BT n] KR Y B Gs X K S
E B EEE X, AE6.07~9. 07 Bk /hm’ i,
FORBEARAE 5 A 2R B R & Bl % B i 3o e T s
BEAR 2 AP A R A R e iz AR bl 3 5 Z AH )
Mt AR ic i Mk ARL S RMA R s i
XF R R B BT R 3R 0 B A A RN R B B E
LS BRI kAR AR AT A Ry R R K S
TR A Z W . AW 25 3 R |, B0 Fp A 2%
JE AT G 3 v ok 22 R R RO S AR AR
o (H RN E 9. 0 J7 kR /hm* (D B, kL A
ERE SR TE Y R R A -
R AR EEG RS HREE T ARz
R ML T AR B da X RF R DTER %2 . X U I
= AP AR T ERFFR AR MR

WA A% 7K S ORI O a1 P R % R A B
G g (S A RS R L P o
DK 4 bR ATV PR B O ik B B R ORE 2B R Y & S T
F A R AR B A 3 T 7E 6. 0 71 ~10. 503 #k /hm? i, i
v AT M O D0 B S R AR KT 4R o T AR
H A B A K i R AT R i W T
R K22 AR IR 9 5 S s | B 2 O R Y
i, w22 2R FF R R DL RS RE R Y NSC
SEXE NG RS, BV ZE A R R A NS C 3% i
BN X i B R 04 R K AS F T RERL R NSC
R R . FERT NSC §% iz 1 4L Jg NSC L R & 3y
Wi 5 ol L 5 R 1 448 i 552 B ST B4 0 AR T AE AT IR
48 b M B K AR B W 9 % 22 SR R KR Y BTk R
D) 357 B R R R A DRI, R R OK B A A
e S 1) B B RN 32 2 () B AH BB R SOAH B 24, 3R

B bR % AT DU 2 i R O ) AT R R 2 R
3.2 HBHREENEEABREREREEZNEMN

B KAES. 25 bk /hm® B S E T, Al bk b A
75 2T DL o 4 i B AR S R B n 2R et e £l L 47
1o 6 8 R KRR 5 % Ak RSP 24 48 7 3.8 %0~
6. 1%, WAT3CHE R 7 20 B B KR R B0
TE R ZEAFRDE: AT T ELRE
R E T R R T 12, 25% , W 2 25 98 1 Tt
B 0.75 7 #k/hm®, 7 ¥ 38 7= 14,3097 . 305
SRS IN N AE 7.5 0 Bk /hm® B B AR KR L 54T
Hitkpy AR 7N RS E ERS R EARH
B Fhis g NS seR . DB R A
F1XAT = fA BB A A A 5 =CRT DA Ak E AR b R
b 2 RO AR 4R e O S R e K AR
J1o iAE R I ZEAERLUR, KZE AT 1 Rl J =X
2 o B R R R A R R /AR
T OGS R S AR B AR, A HE R RE B U TR
B i B b R Oy 2 32 A e T RO B AR
PREE S T T R 2R 2R S B

K SE R A O TR bk B 8 6T T S e Y B 5
S5 AL R Bk AR =X 2o O Ak 8 A A e 2
SEF 2 v TR BE B R R D 7E B R AR R R A
Bk FbAE 7 A AT B4 72 10, 23 % ~14.08% , HAE 8. 257
PR /hm® Ffoke 25 B2 T SR FH RS R R 5 =CRT 3R A 0
FEAE K OF 13 767. 77kg/hm? (2 45 5F- By 45 5D o AR HF
GEGE S R Al R R 55 0 ik A T AR M R
REMNSC R, e AL AT AL J5 A R I NSC 1Y
FUE R AL AT &2 A1 NSC 5as 8CR L K — 5 4
FERL Y TR 2 . e Ah B8 bR Bl AL 3G T AU A
NSC Wik 5%k Kk, AR 2 EKAES. 2571
B /hm® B R 2R S bk Fi i 75 XA A AT D) 42
o L K Bt R O R R 4G 0 6 i RAE S e L o AR
S, 6 AR i AW R 02 B B AL ) T i
RORE LA B X AR 1 BT RR 3R, AR A 7 i KA
PRk B AR B s ORI R IE 5 AT R R B R G R I
HAREHLRIE A it — 25 .

4% ®

Fofv A 25 5 A0 b R X0 B R R R AU R R
Fe 38 LA B R FNSC WAk 18 50 A 1 % 52
AR T LB e R B R TR R R A i (R
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2024 4F 55 29 %

K T % 32 B5OR AN X FF R 1Y sk e, EL kv i) 2 A K
- (9. 0 J7 8k /hm®, Do) A F) F 47 R Bk 240 B &R
AR RO (S) J7 2T g 35 B 5 Ak e AL o AR SR R
Weid DL Kot ROWCAR 4R B . £ b, BRI Ml X AE
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