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T EISAAE K S K ST R AR R B

»—1 2 > 2 A 2 1, 2* b 1, 2*
X2 A3 x| E42 kA BA K, BA"Y, TAE
TEAR RO R R B, KB 130118; 235 MR AR 2 B A b E 5 BREE AF A0 BT AR W A R S A A A B AR S S HHE
A, KB 130033; dH MRS MR S B E G s SR TR SEie =, K& 130062

WE WAENEDRSEHE, LN TreR R acn EERm, (HC T 322 5 bR 20 2 17 19 2% R 8
o TP R K (Zea mays) i IR IS AR - BR A B BEVE BRI, DAZRAEER FOKIX 3ANAS R B K bk (R R R
17 (H17). ARG FIE 8111 (Z111) AR BGR R IE 521 (S21)) W RIGATARE, M BGT Fl A6 HH 46 5 34N T K B R o7 1+ 3
ITBUREURE, e 32 AR PR AR, TR R T rand B B A 2 B PR AT SR A b 1RV 2R 25 RR M, TEAEE G,
SRR 30 0 ol A 2 K B it LAk 4 il (POD) TR 48 4k 4 5 Ak il (SOD) TG 1t 2 25 s T 8 i B o 7E TR, B H 1)
(Cyanobacteria) & H B AR ARG BT, ERACE, F KR 8 SN LA 41 1 1 20 B 51 1 )& (Sphingomonas )« B ST B
J& (Methylobacterium)F1 5 & Bk 1 J& (Deinococcus)#H % =F FE 7E IVAIVES 1 5. 2% PR, 1 P Y40 B 5% 55 1 J8 (Streptomyces) #l
AN P30B-42)F N E 2 5 R B4, B3NMAMAREAMU, HNEEETRE. NWINEAEHE N £ EAERE
5, BISALI MR H60% LA b, WXt NIRRT =, AISAAN H30% L b, M AR S E. LA B RS EMSOD
TEPE S PR R SR R R B OG . G b, R AR B R RE R RUE KRR G, dERR AR E S AN AR ER R,
RELRIE L o T2 50T PSR T v 4L RSO 22 B P I S S 2 KT AR A B, A TR B R P () AP 7E R o R, vk ]
WG, JeB R S B ASODIE M2 520 B gH i B V% UL R AR 354 Fh (1) SR R 1

KEIR EOK, B, W aERR, MBRYUE, KA

WX, 25|, XE8, TkEE, GO BHA, TKE (2024). AN[FEIH) KM Fr 58200 K H BRI RS2, 1
P1E4R 59, 1024—1040.

TK(zea mays)fE il E R L4 HEE
B (EAKZESE, 2019), 11N T K ETE
HaE, HIFEENEZAREN TR R
SOMA . CEAR A SR AN R IR J 46 0F R, AR B
TR KR I B R W 2 R (R A%
2009). MR KHE FREK SERBAEKIFTEAN
ETHA K B, MRS T ARG ILAEK, HEA
TEEW B, PEBEE SR A B AR RR AR, DLRE
FEVIR (A% BRI ) 3 2 ORI (E°F, 2015). Utk
B B B T A AN B - R AR B | 4k TR, A
A FAKCT RIS R PR R A BT T R, M
VG EBE T T I(ZEIR, 2014). iAok, TEZMRIYA
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WG TR R, BalEAR I E AR, 5 SRR 7
AR, 51 R NR I A 7= P — 1% (MDA) 7 & 1
e FESEAY) LR (SOD) At A b B (POD) 2 5 14
FIERR R E R RE, BERT LR R IS AL, W
0, IERMEY)E 2 (R ELE, 2010; Hu et al.,, 2010).
W AR I R F R A K AR A P 575 ik 7K
WEY, WR— ML, R EE KR
WAEY), OISR RS, X R YRR A bR
¥ (Lindow and Brandl, 2003; Vorholt, 2012). fx
AR R 5 A Y B AR A A B,
AR R TE R Rk 4E K (Rastogi et al.,
2013; Bulgarelli et al., 2013). A4 % (Murty, 1983;
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Flrnkranz et al., 2008). [¥j 4l 35 A 1 55815 G4
(Yutthammo et al., 2010)5 . T K & Fr B )7
AW % B A5 B (Zhang et al., 2018; Xiong
et al., 2021). {EMY)EZEREH, M RIS WIS 7R
B (B, AP RTINS ) S & SKE. Mgk
B AN PR S R AR AR, S I R A P A
H %A1 =E & & (Hunter et al., 2010; Naveed et al.,
2014; RE5E, 2024). (#£57(2020) RN, 4B E A
YRR R A R E A . SRR [ ](Chloroflexi) fE T 1¢ 1
HGHEA R, B FF 1 ] (Actinobacteria) 2 5 + AR 115 21
FEREUE B AR 2 IR AE 2 0, 17554 2 (Solanum
tuberosum)SCER AR = FE 2 25 1w (B4R, 2020).
Zhang%5(2018) &I, 7K#&(Oryza sativa)7rBEi )=, fid
AT R = P R 2 S v, 3R B OKRE AT RE AR A S X
AHPH TS BUEIS, 4ERRAE B R AR RS

BIANFFRM, LEHMEREIER AR E
(75 &5, 2021) LA KA Y04k A B Bt 484G i (POD A
SOD)iF t:, ¥ S il P i A vl M A & 5 e 44 (B
B4, 2018), MIMELEFEE . BeAb, — L6l % 5 il
kA R AR TR S WROSORT A AR A T U
HHEYAE K, EEY P & (Canfield et al., 2010).
DRI, B A R PT LA 2R RR I o SRIUAE A7
BT @ B Re B AE FRY BT, A Lol it B S AR )
BE S AR AE KR

LS St o ) A A SR, S T R T R A
P AR B S BAM LR A, AR T KO A A AL
FRettl, e | WOuee R H 2 MY ™ & (Borrel
et al, 2000). AFEFMASEM KM 2 RS RGY]
TFE S, HIXLZE 7R M Y RS Ak, B
P AMIEARAE P B] 2 15 22 7 R WARGE o AHIT 5T DL A
L RIS KGRI RL, RS N
ORI A BRARE, RIS R bR . R EnEE
WU FFEARNT bR A SNRA BT IY, RFC AR E
W5 RO BRA RS S5 IR R, TR BRgE R 5 i
R AR FRAR AT AN 4, IR NERABEAN R 2
A ORI BRAN B 5y 3852 Z A 5C R IR 00T %

1 MR5REE

1.1 AR EMHFRE
U T 202248 1 7 AR A AL B 27 Bt 24 32 08 1 6 o

(124°49'E, 43°31'N, #3201 m)JFfE, ZH)E iR
KBt M2 S M, R34 H RIS 02 867/, 4 4E3G
B2 885°C, FHTCFE 146K o 1% DX I AR il
N, HEBADNE AL, RO K
MR BRI 17 (Zea mays L. cv. ‘H17"), i&EshFERZ)
1.900°C; 2 i B b B 111 (Z111), &SI AR A
2 650°C; Mi# Ak K21 (S21), HEhFLIES3 000°C
Feda o K HUH B ZEAE B, RO %5 R 25 60 000
Fe-hm™, 515 H 4%, 9730 F i3k, M55 Fi
MR EAT 22 B TF R 5 S SRR, S R BE 20 K HL
FE, JLEUSIR, B (0K, BEETHA7 Auk 2231, Z111 40
S21MERESE A ) 11 (7R, HEARZ111F1S21 it 22
W, HA74bF k22 K 0). 11 (27K, HrfZ111F1S21
NFFM, H17A T2 IV 47K, B Z111A0
S21 - MIBE A, HA74b T BV (67 K, B
ZAFIS21 4 F ), HATHERRZE M iK™, 4
AT WURERT IR B & — IR B W T8, AN
X H B 4 — R M TFE, A8 SRR BR B T AT
o MANDNXFEHLIEESE K, BYEUK 130 ecmif)
FEALI R B o R B BOFE S AR EUs i, I
RIS Ll N . ANERE T 70 88, 2 JRN-80°C
UKFE VA VR ARAT o

1.2 MEEEELIERNE

(1) DU bR M

FRELO.2 gt A RE, BT FA mmt ek, FIRE A%
e, BREERTI10.05 mol-L™ " 5 22 ik (pH7 .8) il /b
A JER UK T BE 2 ) SR (R BE I, SN N2 mLBkER
SRR, WTEEES1E A mLBERR 2% vh i ik e 3IR),
MEBLEST, T4°CT5 000 xgB 0307080, ik
TN T T B . B A AL i (SOD )i i U
DO e 3o ) o (R A S R R0, 2015), ik A AL W
(POD)JiE 4 F B G Ay 2 34 %€ (Hernandez et al.,
2000); 1 i i A5 Ak 7 0 T I (MDA) &5 2 H i
AR B b2 BRI 5E (Velikova et al., 2000).

(2) THEMEASE

K7 e i G-2507%: (k5 R AN EE A3, 2003)ll5E
Al ¥ 8 H (soluble protein). LAFRHEA: LG & A AHR
HERE o

(3) Ml MR

K F R LE 53500 58 ] 35 PE K (soluble sugar) & &
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(KERMEH, 2003), HER S =HIERENZ.
(4) A=

FtF{ETOC TR fEE, RETHE, tHEANS
K& BT BRI (100 H ), FRR A3 X
(Elementar-TOC & Water Analysis, Germany)iill &8
I 42 f% (total carbon, TC).

(5) M EKE

JeRREM EEE, REH T EEE, FREM T,
THEAX B K E.

(6) MR G &

7 mmITFLEEFT10 7 [, H95% L BE i G T
FRHA8/NINF, K FH 4 060 D € FLAE665. 6494
470 nm T HOGAE(ODE), R¥E A Xt HE M4 %a
(chlorophyll a). 4t Db (chlorophyll b)FIZEHE M
# (carotenoids) & & .

1.3 MAREHEREZZUHES T

FE R KIFAEIA, 00 HUAEAS 5t Bl 4G 35— B M vk S 1k,
MAFARIC, 10 M5 2 AR PR T I A8 I (L) A0
5 (W)

BT A (LA) (em® #ET)=LxWx0.75;

T F6 $ (leaf area index, LAI)=(LAx &k
v B B AT TR A PR AR )/ BT T A

2 MR 2 8 i 207 B y=ae®(1+
e” VIR M T TR AR, Hhy AR %l
AT SR (relative green leaf area, RGLA) (%),
XN 22 Ja REL, 8@ NRGLARIE R YIIG(E, bS5
FEZMEANA R, cH B TR K. A
AHX SR TH B (relative green leaf area at maturity,
RGLAM) (%)= 1 34 31 25 i [ AR/ 1 22 3 ¢ ot 1 AR
RGLA B KL JE RV max=c/4; IR K 2R 2 Rk
R [E] T max=b/co

1.4 MERAEHIDNATZE

22 I T ARG 135 (2021) DL A REHEZE(2021) FI$R B
Ty B U A AN AR . B 1015 gty
TN 150 mLTE B 22 3(0.1 mol- L™ i R 40 22 v i,
%0.1%H 1 F10.15% Tween 80, pH7.0)(%]250 mL7t
P . (£40 kKHZ TEEA 15080, S8 5 ER 7
200%% FIHE IR _EHRZ 45780, XA P an M i AT AR,
ZIS R EE 2-31R . B 5 A A Y A i ) 2% i

F10.22 pmiE I uE, SCERANERAE AL . B, TE
1 TAE & F TG B 8T 0K R BT R S A8 A Power-
Soil DNASZHGAA &L, M8 Ui B 5 2E T DNASR . 4
F o 2 T K0 43 T AR P 4 s TR R v R P JE T K
Yeidg, RIGATHT. EEDE: JMAT0% L
RIS, FFIN5.25% IR SR AN T HH IR 557
B, SRIGIINTO0% L HRIE308), &5 FH G KiE
Yoz /DBIR, G LERR R o A JC AR FE T A R
BE A E R RIR, FREXO0.4 ghE N, ] PowerSoil
DNA#Z BT & 4% 18 1 B R HUDNA.

1.5 16SrRNAERENSEENF

& Bhlllumina Miseqill /7~ & XJ 1504 iy P Y5 4 BT
16S rRNAJ K FIVE-V7 X HATIIE, ¥ 405190
799F: 5-AACMGGATTAGATACCCKG-3', 1193R: 5'-
ACGTCACCCCACCTTCC-3"; 4MNE4NE16S rRNA
FLRIV3-VAX BTN, B S 40 1 51 47 51 338F:
5'-ACTCCTACGGGAGGCAGCA-3', 806R: 5-GGA-
CTCHVGGGTWTCTAAT-3'. # HFLFF: 98°C244t;
98°C15%F, 55°C30%;, 72°C30%), 25-30M1EH;
72°C5%5r4%h. PCRMAAZR: 5 pL 5% bufferZZ i, 5
uL 5% GC buffer, 2 uL dNTP (2.5 pmol-L™"), 1 pL L
W51 4910 pmol-L™"), 1 L R 5142(10 pmol-L™"), 2
uL DNA#HR, 0.25 uL Q5DNAK &, HIddH,O%h &
%225 pL. PCRY™ 18 74 FH 2% i M Wi e e L vk b A7 46
M, FKPCRY 3 B4 k47 74t & EEPCRAG
R A 25 5, 4 RO P 8 75 SR SRR AR [ 4t A b 7= 4
DAFA R LG BIR &, HEAT B AL AT SR T 4347

1.6 ¥BGitoh

KHISPSS 20.0% 4%k i Jr A2 B0 AL Ak i b A 2 R
FRBCIAT IR R 7 ZR 56 . K H Graphpad prism 81F
- 1 4:f# FIQIIME2 dada2Ff1Vsearch ¥ /4 %} J5i 46
BIREAT i . AW APt . FF Greengenes$ 47 J#
(Release 13.8, http://greengenes.secondgenome.
com/), i FHVsearch/y &85 434 1 7 51| 22 44 (ampl-
icon sequence variant, ASV)# TR 20T, 2
FRREAT 2 1) SRR R 7 21, FK i 3= B
ARt F2 B2, BEAT SRR B . A FIRBA:
£ f1VennDiagram £ flplotrix . 2 #il] ASV 73 2 /K T 1)
4R A HQIME2% fF 1t FEAlpha % FEMEFEHL, K
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FGraphpad prism 8/EE . {f HREIA AT HE AR %
20 AR 22 5 1 32 AL BR 43 BT (principal co-ordinate analy-
sis, PCOA)FI{E &l . ¥ Pearsontf 5% 5 £ 2 il #4
K], DURA € G e Uk S 5 e AR B AR AL R A 1]
IR AR

2 HR5%H

21 FEBHAERBMHHEREZRHNE

A R 6 298t o SRR P TR v T L BGE FR (EA,
I T i B A T TR PR RS R PR A (E1C). 34
P RS E R A BT R, R B R Z 1 T 2
Fi1S21 \IRGLAM 5 B 245 A HA 7 4 Eb 4 51l #2751 0.97
FEA1.2805 (1) 2 3 22 5 Bl 8] (Ts) Al
R R £ W} TR AR 5 K 3 YRR 26 HH AL ) 1) (T ) 53¢ -,
53 910.88 K FI51.2K, 17 H 224 it b A 6 28 & o 43
HIA11.20 K154 K. 12.30KH157.8°K; I H AN 4%
T T A )~ 48 3 22 2 (V ) P B DR S R 2 (Vi) 2
KT r ORG24 S P, 43 J31) B b 38l it o 19 23.30% A1
10.75%, LG G Fh 75 34.45%125.61% . 4 & Ja i,
S TR G PR ot e A P v TH RRURR 2 8K (ET1B)

2.2 FERIAEXRGEMHFEBE BRI
FCACAS ] St ot B 2B ORI B R AR AR AL . 45
R, HELE B, tEEESENEKE
SRR T B ((E2). B H17)RPODMSOD
TETERRE R B, thE(Z111) TG 2(S21) R 2 31 2
1 5 5 BRI 3, PODYEMETEIVIF i K, SODEHE
FENI 35 B e v A . MDA BEAENIN )5 & ETHE
H HEARWRES R, HAEEEASRLT
e JE BEAG, ZEINR IR B Rl 2 5 R TR, nf
YRR R AR R TR SRR R IR R
B, FLEGTFRE NN HA, o R 20 AE IV I A5 K
B E K. TCHEAE 4= B e 258 T ey, R
T &I ) 2 e R, P BRI B P A
MLREESR.

XF A — K I BABAS [A) R g AT oA, RIAEIV
AIVES ], 2(Z111)FIRE 24(S21) AP I Sk R a sy
R AGF(HAT7)53 0 59.07%F111.01%; FH4k R
TR I(HA7)57311516.36%H115.35%.
HMFN(S21)KHY MR EEAEEFTEMEZER TR

H17 2111 S21

Z11

C 5- o H17
. 2111
3 47 s21
£
o 3
)
@
% 21
(4]
-
1_
0 T T T 1
Lo m v v

Sampling period

L = AR AR AN I A AEAN ORI ] f R 2
(A) IVEUFEIT [B] 55 ) B KBk (bar=20 cm); (B) IVEUEER [a] fifi
BAz I (bar=10 cm); (C) ASFEIN M- AR SR B AL 1k

Figure 1 Leaf phenotype of three maize varieties at differ-
ent sampling times

(A) Whole maize plant at the sampling time point IV (bar=20
cm); (B) Ear leaf at the sampling time point IV (bar=10 cm);
(C) Changes in leaf area index at different sampling period

P A (HA7) A0 b 245 R (Z111). SODAMIPODIE 1%
m A K NEEFE NZ111>821>H17, Hor v 345,
(Z111) ) SODHIPOD ¥ 14: 45 5 3 it Bk (H1 7) 73 il i
80.39%71189.72%; M3 it F(S21)H)SODAIPODE
PR AP (H17) 5 7 =133.13% F158.04% . 1EIV
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RL =AEKRWFRH 25

Table 1 Leaf senescence characteristics of three maize varieties

Fit coefficient

Senescence traits parameter

Hybrids Senescence equation 2
(R%) RGLAM (%) Vi (%) Vmax(%) Ts(days) Tmax(days)
H17 y=g*2169-0.0823x){ 4 4.2169-0.0823x) 0.9918 20.60 1.19 2.06 10.88 51.2
Z111 y=g*0195-0.0744x) 1 4 g4.0155-0.0744x) 0.9935 40.69 0.89 1.86 11.20 54.0
S21 y=g®7895-0.0885x) 1 4 3.7835-0.0655x) 0.9954 47.61 0.78 1.64 12.30 57.8

RGLAM: BEHSIAER S8 TR Vit SFIIFEZ A, Vinax: TSI To: FEE R BN 1] Tonaw: BORIE HOE 2 HH LI (1]
RGLAM: Relative green leaf area at maturity; Vi,: Average senescence rate; Vmax: Maximum attenuation rate; Ts: Senescence

initiation time; Tmax: The time at which the maximum decay rate occurs

T 50 15 ~ 6
& —~ H17 £ - H17 £
o 404, : — 2111 4 . X . - Z111 o
2 * — S21 2104 4 — 821 g 4
s 30q% : s |7 N r
= : = °
E 2 Zs N S 2
g 10 : 5
< 2 3
(&] 0 T T T 1 (-:J 0 T T T (&) 0 L T T 1
11 1] [\ V 11 1] [\ \" 11 1] [\ \"
Sampling period Sampling period Sampling period
£ 800 1o € 250 \ T 30
£ 600, ! o 2009 . gzo
o - ‘> 150 =
=) 400 ) * . 2100 . E’
2> I > S 10
£ 200 = H17 Q
2 = 50 - Z111 <
5 g — 821 S
[a) 0 T T T T 1 I} 0 T T T 1 > 0 T T T 1
[e) (| ] v \Y o) (| 1l \Y) \Y 11 ] v \Y
@ Sampling period o Sampling period Sampling period
< -
§ 40 ~an % T Z11
° . » — S21 8_. 30 ] zit
5% 30 . B . -
22 — . $2 20, -~
22 20 3 g f\/\%Q/(
~ o~ L
3 10 g 10q¢ ?
(’6) 0 T T T T 1 UOJ 0 T T T T 1
I ] v \Y (| 1] [\ \Y
Sampling period Sampling period
H17
~ 100 —-—Z111 600 H17
S " — S21 550 — Z111
€ eem——— : * T : — S21
2 g ~ < |
: 2 o P
; 40 o 450
g 20 F 400
0 T T T T 1 350 T T T T 1
(| 1] v \ (| 1] v \%

Sampling period
B2 =AAREEKREEF AR A A SR 4

Sampling period

SOD: BN EALES; POD: i E MW MDA: N _%; TC: Ak, * FRRTER—BURERTIA3AN Sk 2 5 2.2 (P<0.05).

Figure 2 Analysis of leaf physiological and biochemical indexes of three maize varieties
SOD: Superoxide dismutase; POD: Peroxidase; MDA: Malondialdehyde; TC: Total carbon. * indicate significant differences

among the three varieties at the same sampling period (P<0.05).
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AV, A (Z111) R 20(S21) i B (1 ] i 1 2
TR S M (H7) 75 50 5 52.53% 113.97%, I

KBRS FI(H17) 7373 5161.64%F163.71%.
EAE G, RN 2 5 R &K &L PODAI
SODE P W3 i T B3 i Fl, S PEAUS FR e J1 1S 0,
HEFE T AEE R IR A RS . e AL, 3 TR K
TEIVI BAM Fr 78 22 53 0 5 (B11B), R W34 fh 22
LN EREE,

2.3 ARIAHERSEMHEEAR L BEEIME
YRR

X R OKSAN K G I A AT sl I,
Fraf R e ig)a, LIRS NIEGIEGE 414 1765%
reads, ZreadsHifEid k5 IL15 54 894 7915 i i &=
Fr%l(clean tags), #FM¥AHiclean tags#i7/y36 151
122 887; K15 4ME N5 185 7414 reads, Zreads
PR L5 814 068 9004 =i /i &7 41, FRAMFEA
Hiclean tags% 43 531-67 952,

RGN IR LN B HL4 46649 1 T 7 51 AR R ASY,
ANRANET 12110ASV. RRFESBEAE R BN
JRANANIE A R ASV S EH A A R (EI3A, B), sk R
Je TR FRERE S . LN, 34N 5 A A U5 40 7
ASVH{ (465, 820F1731)FIAMJE4N EASVE (899,
785HM1742) 11k B Ko Fa 34 A5 I 1A ASY
BEAT F AT, RIS Fh A VR4 B A ASV 1T
AN(EI3C), AL A ASV 764 (EI3D), A E4
P ASVELE W3 = T RN R

FETMP SR, 73 ml v FAS [F 2 FOK i A EAS
[ 6 B SR PR 4 B B 7% 22 FE 1 FE 2 Chao 1#1Shan-
non (KI3E—H). 4553 B3 2 5 I R KM Brat i #7&
M EERRAC . SN EE, IV N 5 RS540 5
FEVE I35 BE AN 2 R 35 15 35 PG . JB I PCoA S BT
E— 25 B R A [ 38 30 K B R A AN 8] A B B 2
R TR 1) 22 S PR AU o S [R) 00 K it P E AN )
A E I PR AH BE REVR (A AE 2 2 (M, B
2), WA R, [R]— SRR & R I ] B
BANTE; AR —BFEATR, 34 b ol ) 4 Y05 44 B A 5 1)
BHUERTNENE. R REW, AFRPE
KA B W B A 5 T - o7 200 A 9 2FL R ) o R

2.4 AERFBHEREHHHEERR L BN
EYIBEAR
£ T-Pearsont & 53 A AN [F] K it B 4% A A
A AL AR DG (1 4) . R, WAL E
IR HERE, w R AMUR 4H B R TR S5 A E NN BT iR
€, HLA I AR AR O VR By, 1T PN 54 TR % IS S ) 22
SRR, REIIE VIS H5 e A R B R A DG 1 38 45
I, HL & I A) B AH S AR T A4 1, 34w M AE
SIS RO Z= 5, EAREFAEL XRA
(5] A= SR T 2K 4 TR R Vi S A 1R 5 P KT o i ) 22
g, HOO P USGH T 520 KT SIS T

it — AR FEAN[F) B K e AN [R] A2 & I 49
8 T T A ) ARk, FRATECER T34 b 5
ANAEE I B AH B TR AT AR = BE(E]5) . — LB
P ELEIVEVES AR R 2, 7T TKF b, 4wk 3
B9k 1] (Actinobacteria, 3.63%—69.60%). 4%
JE 1 |1 (Proteobacteria, 16.94%—79.89%)F14LLFT 14 ']
(Bacteroidetes, 0.01%—15.96%), H=F /¥ b AR ]
FREEM0%LL b Horh, FEAMEAB Y, WA R ]
(Thermus)fEH17 7 {2 3% & £, Deinococcus-Thermus
FIE 1 '] (Cyanobacteria) /£ 211151821 1 & 2 & 4
(KI5A, B).

FEJE K L, 34N it A A U 40 000 3% 11 T D i 2
Fi% H ity 1 JE8 (Sphingomonas, 0.03%—34.61%). FiJ&
i J& (Methylobacterium, 0.00%—25.95%). 5% Bk
I# J& (Deinococcus, 0.00%—14.19%). /i ¥ )&
(Cutibacterium, 2.61%-55.31% A 5. i i )&
(Pseudomonas, 1.83%-23.39%), 4/ 5 EAN
TR F T 132.51%-83.21% (KI5C). #MEMEH L
P B NS & 5 1 8 (Sphingomonas, 8.07%—
35.01%). H AT # )& (Methylobacterium, 16.02%—
58.83%). 7+ Bk JE(Deinococcus, 5.44%—
37.47%). i# 2 # J& (Hymenobacter, 2.59%—26.35%)
FSFT B & (Microbacterium, 2.52%—-10.57%), .3
JE o AR AR A T T FE 11163.35%-93.61% (&15D).
AR R E . HEAFT RN R EREE N Ab
RAHE LA NA R, £& R Z R B, 300k
FEL WRTITS ST B AR X =R 5 225 K FIVATVIRE . A
SMEME AR R R, Rl E IO R, £V
I, 34 b B P U 2 B E 7 BB (Streptomyces,
20.04%—32.05%) .3 4 N (FE5E); 7EIVAIVIR I, 3
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B 900-
7504
3 600
S
2 450
%
2 3004
150
0
Sampling period
c 18 17 D 80 76
P 5 0
£ 5 121 55 &
"5"8' 104 10 9 -oc—)*g 50
g 848 g o 404 37
€2 61 22 304 27 26
SE 4] 4 5€ 20417
z 2 1 2 4 104 10 9
0 0

36 e 21 . I 112 S21 .

33—z . [ I [ 139 pn Z111 . I I I [

29 i H17 .

—_— 148 mmmmn H17 .

3 18 0 148 74 0

Number in each set Number in each set
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Figure 3 Changes of leaf microorganisms of three maize varieties in different development periods
(A) Total number of endogenous bacterial amplicon sequence variants (ASVs) in different samples; (B) Total number of exoge-
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nous bacterial ASVs in different samples; (C) Endogenous bacterial shared ASVs in different samples; (D) Exogenous bacterial
shared ASVs in different samples; (E) Chao1 diversity index of endogenous bacterial communities in different samples; (F)
Chao1 diversity index of exogenous bacterial communities in different samples; (G) Shannon’s diversity index of endogenous
bacterial communities in different samples; (H) Shannon’s diversity index of exogenous bacterial communities in different sam-
ples. Different lowercase letters indicate significant differences among different development periods of the same species

(P<0.05).
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Figure 4 Correlation among leaf microbial communities of three maize varieties at different development time points
(A)—(C) Correlation of endogenous bacterial communities in leaves of three maize varieties; (D)—(F) Correlation of exogenous
bacterial communities in leaves of three maize varieties. Pie charts and colors represent Pearson correlation coefficient values.
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Figure 5 Leaf microbial community composition of 3 maize varieties at different maturity stages

(A) The community composition of endogenous bacteria at the phylum level; (B) The community composition of exogenous
bacteria at the phylum level; (C) The community composition of endogenous bacteria at the genus level; (D) The community
composition of exogenous bacteria at the genus level; (E) Composition of horizontally dominant communities of endogenous
bacterial genera (the dashed box indicate specific dominant genera, and outside the dashed box indicate dominant genera
shared with exogenous bacteria); (F) Composition of horizontally dominant communities of exogenous bacterial genera (the
dashed box indicate specific dominant genera, and outside the dashed box indicate dominant genera shared with endogenous

bacteria).
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F2 = AEOK B TE AR I (1) POe BB R M 2 8
Table 2 Properties of endogenous bacterial co-occurrence

network attributes in three maize varieties at different periods
(=v)

Average path

Samples Nodes Edges Density

length
I-H17 14 20 0.235 1.812
I-Z111 19 27 0.171 2417
I-S21 19 32 0.222 2.625
II-H17 22 40 0.253 2.633
-2111 18 31 0.298 2.252
11-S21 21 34 0.258 2717
-H17 25 46 0.275 2,771
m-z111 29 41 0.329 2.256
11-S21 27 37 0.278 2.820
IV-H17 21 38 0.202 2.157
IV-Z111 22 30 0.125 2.160
IV-S21 22 34 0.184 2.638
V-H17 15 22 0.195 1.447
V-Z111 18 28 0.185 1.707
V-S21 19 33 0.122 1.612

®3 =AM IOKGFITEA I (1-V) SR R LR 2% 8 1S4

Table 3 Properties of exogenous bacterial co-occurrence
network attributes in three maize varieties at different periods
(=V)

Average path

Samples Nodes Edges Density

length
[-H17 63 184 0.039 2.466
I-Z111 65 160 0.040 2.937
1-S21 53 130 0.037 2.445
II-H17 77 212 0.045 2.101
-2111 84 289 0.048 1.993
[1-S21 89 371 0.056 2.161
m-H17 150 632 0.056 3.481
m-z111 138 599 0.065 3.483
-S21 136 605 0.067 3.300
IV-H17 120 321 0.051 3.139
IV-Z111 95 144 0.037 2.676
IV-S21 81 125 0.049 2.743
V-H17 85 127 0.033 2.559
V-Z111 92 127 0.031 2.595
V-S21 74 117 0.040 2.632

fr) 48 % J& . Sphingomonas. Methylobacterium.
Deinococcus. Pseudomonas. Hymenobacter. Mic-
robacteriumfliPantoea® & #MF 4 & ¥ G H i g ;
HP30B-422 IVAIVIN KR O 04 e 1 (P 1 4) o

26 AEBEAEKRBIHHHEREL B4R
 igtr S RAEER X R

- 41 2 FEVE 5 AR B A A SR AR A 5% 1 5 #
KW, PUEGHTE A SMEZH # ) Chao 145 %155 Shannon
TR B TEA DG, WIRAE 1) Chao1 485 51
LR Fafint L Kb a2 0 IEA G (EIBA) . MF4HEE
[F)Chao1#5 £ 5 MDA & £ .3 4 2¢; Shannonfi
$ 5SODEE. MDAGRMKIHE PREERELH
A, [N, @idMantel testfr kKB, EKAJE
MR AL SIEERESEN GO REERE
AHIG; AR GH R B V% 25 7 5 SODIE PEFI & |/ &
= i3 A O (KI6B).

HE— 30 40 B K 4 B 8 43 2K ST AR =
1T 20 A1 B4 I 5 i AR 3 AR AL R AR 19 A4 06 0% & (B16C,
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# IEMI9%; Lactobacillus 5TCH & 2 12 3 IEAH % . Sp-
hingomonas 5 t& th & & & 2 W IEAHG . SMEZH
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A RS EE RE fAHE, Hymenobacter5POD
PR R IEHOE; P30OB-42 5 AR SR 2%
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Figure 6 Relationships between leaf physicochemical properties and phyllosphere microorganisms of three maize varieties at
different reproductive stages

(A) Correlation between leaf physicochemical properties and bacterial diversity (E: Endogenous; F: Exogenous); (B) Mantel
correlation between leaf physicochemical properties and leaf endogenous and exogenous bacterial community structure; (C)
Correlation analysis between endogenous bacterial dominant species and leaf physicochemical properties; (D) Correlation
analysis between exogenous bacterial dominant species and leaf physicochemical properties. POD, SOD, MDA and TC are the
same as shown in Figure 2. *, **, and *** indicate significant differences at 0.05, 0.01, and 0.001 levels, respectively.
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3.1 FERBREBAEXRGMHAFREZRSYE

MRS AT A A ER N R ER Y, 2R
6 R F#K(Rogers, 2017), FEAERE & Fh A 3 A4 (L
TRAR AR AL, LARCE FRA) 5 (U 28 RTRE ) 1) T 43 B
M, AR ERIAHZREMEARESE T
B, Mg E b, JeA BERR IR T FRARSE .
Difie B = g R 45 L 2 (BUR 5%, 1997). H A
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Jr SRR RE K I A B ) S50 12 SR 12 i R ZE K AE
Ja BEA A R (X B 45, 2003). ARFFER, £k
FENNR 2 5 30 NTEERY B, & DA B AR AR R AR 3
Ak o T HP ARG A P B R B R e A 3
EHEABUEAGRE T, KM RS, B . v
BHEORMEYEARM EEAERA, AT & E
IR RLER . B G AR R BE e BEal, NI A S EN
FERM B, HIFFhLg i & 2 Eay, SE
HEASER FHEH(EE %, 2014). SODAM
POD /& PE A BR R4t 1) E BRI R, BeA RLPH 14
AR BT H13E(0,). A A (H0,). B
HI%E(-OH) 2 32 B (O) S R, B Ik At 48k
WG, AEEAHY) A (R ESE, 2010; Hu et al.,
2010). AHFFLRI, HEEFH, TE(Z111) R0 24
(S21) & Fh 1 LA AL VS M B3 KT R BGE R (HA7),
Tt B A SRR G 28 5 o 30 3 7 o o i RO R e i A
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M #4(S21)>H B(Z111)> R 2(H17), R 2BEHE bR
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3.2 ARFRHEXREMHEARARSE SETHIMBR
MEEHET U SEBENERNXEA

TN N SRS A WD VA AE AR 3 A A7) A K A
R IEEE{ER (Ren et al., 2015). K 7REMH,

AN AEE M. EPESAURTE F YRR S A
AR S5 R B YR VR 45 74 (Redford et al., 2010;
Vorholt, 2012). A8 Ftiid AR P4 1 FoKet A
W SNRA BRI 2500, R B R A AR SRS R0 i
W) ) 24 R T 5 A A RS

Atged, A E I EORH B L ) S A
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R R A DA« PP AT B R e BR T R S5 T
AW AFDGS = B S 25 B 1K o Y M T i A B 2
i R S A A AL BE 8 HEAT O & /R I 4 TR (Su et
al., 2017; Luo et al., 2019; Cheng et al., 2022).
A 4 S A SR G RN L 3T O
SYEM .. BN B R G R, R R
YBCE SRR A 3R (RIS, 2023), W] i R
RENYOTEAEY) (5KRFHEE, 2020), B
45 HLi5 %<1 (Kolvenbach and Corvini, 2012), #58h
FELPIHCPUA B3 B A o AHIF 70 R IR, 8 S B v
g MBI bR EEEREIEHK. 5155, VIS
I B AR S21 S8 B EE I 2B BN P U e B
JEEAFINT = 5 5 2 v T R AR rp 2GR B, IR R
AR R A T BRI N B R RIS R &
WK R AR E S, S 2 MPUA s, B
SRAPUEAL ORI IS, X f SR A SO K
ERA A B R, TR mER PR e
FIRIRE £ A BT 52 1% (Morano et al., 2012; X1 %%
%5, 2015). FEVIRH, iR ZA 1105 5 R R R
R F BE R, T SODIE TEAUIC, MR 5 BRI & 1
FEAERTRed i 1 PR 1. M R 2 S80S
PR R, HERRBEMADCEEEIE T, s
REJI NI, A SRR b . B R RS
PAEGUER . PIRWZ) . BEOLT BlE. i SpE A AN &
i )R e AE 0S4 T4 (Chen et al., 2018), X
S AT RE DT VR RN T, L RE T AR M5 W TR (1AA)
SR, RIEMEY A K K E (Goudjal et al.,
2013). AHFLH, VIRHASAS 5P 2 b 8 - R T
e, W OO YRR B R S B B R (7).

ARV VE Z FEIE AR W], SN AREE, IV
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Figure 7 Bacterial dominant species interact with leaves to delay senescence

ROS: Reactive oxygen species
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Appendix figure 3 Co-occurrence network analysis of endogenous bacteria in three maize varieties at five time points (I-V)
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Appendix figure 4 Co-occurrence network analysis of exogenous bacteria in three maize varieties at five time points (I-V)
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Senescence Characteristics of Maize Leaves at Different Maturity
Stages and Their Effect on Phyllosphere Bacteria

Wenli Yang" % *", Zhao Li*', Zhiming Liu® Zhihua Zhang®, Jinsheng Yang®
Yanjie Lu"?, Yongjun Wang1’ z
'College of Agronomy, Jilin Agricultural University, Changchun 130118, China; 2Key Laboratory of Crop Physiology, Ecology
and Tillage, Ministry of Agriculture and Rural Affairs/Institute of Agricultural Resources and Environment, Jilin Academy of
Agricultural Sciences, Changchun 130033, China; %Jilin Plant Genetic Improvement Engineering Laboratory/School of Plant
Science, Jilin University, Changchun 130062, China

Abstract Leaf, as a photosynthetic organ of crops, its senescence process has an important impact on yield formation,
but the relationship between leaf senescence and phyllosphere microorganisms has been less studied. In order to explore
the impact of the senescence process of maize leaves on the phyllosphere bacterial community, this study used three
maize varieties of different maturity time (early-maturation variety Heike Yu 17 (H17), mid-maturation variety Zhongdan
111 (Z2111), and late-maturation variety Shen Yu 21 (S21) in Northeast China as the experimental materials, and the
leaves of the ear position of the three maize varieties were sampled five times starting from the blooming stage of early-
maturation varieties, and the physiological indexes of senescence were determined. And at the same time, the community
composition of endogenous and exogenous bacteria in/on the leaves was determined based on high-throughput sequen-
cing technology. The results showed that at the late reproductive stage, leaf water content, POD and SOD activities were
significantly higher in the mid- and late-maturation varieties than in the early-maturation varieties. At the phylum level,
Cyanobacteria were endemic to mid- and late-maturation cultivars; at the genus level, the relative abundance of the en-
dogenous shared bacteria Sphingomonas, Methylobacterium, and Deinococcus in maize leaves decreased significantly at
later stages of maturation (IV and V). The relative abundance of endogenous bacteria Streptomyces and exogenous
bacteria P30OB-42 were significantly enriched in the late senescence period, with similar trends and significant differences
in relative abundance among the three species. The relative abundance of endogenous and exogenous bacteria differed
significantly, with the top 5 exogenous bacteria accounting for more than 60%, while for endogenous bacteria, the top 5
accounted for only more than 30%. Soluble sugar content, photosynthetic pigment content and SOD activity were sig-
nificantly correlated with bacterial community structure and abundance. In conclusion, mid- and late-maturation varieties
were effective in prolonging leaf greening period, maintaining late leaf physiological activity with delaying senescence.
The effects of senescence on the composition and diversity of endogenous bacterial communities were significantly
greater than those of exogenous bacteria, and there were significantly different genera among three maize varieties
studied. Moreover, soluble sugar content, photosynthetic pigment content and SOD activity were the key factors affecting
the phyllosphere bacterial communities as well as the dominant species.

Key words maize, ripening stage, leaf senescence, phyllosphere microbes, community composition

Yang WL, Li Z, Liu ZM, Zhang ZH, Yang JS, Lu YJ, Wang YJ (2024). Senescence characteristics of maize leaves at
different maturity stages and their effect on phyllosphere bacteria. Chin Bull Bot 59, 1024—1040.
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Appendix figure 1 Principal coordinate analysis (PCoA) of endogenous bacterial communities based on
Bray-Curtis distance

(A-C) Effect of fecundity on endogenous bacterial community structure; (D-H) Effect of species on

endogenous bacterial community structure.
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Appendix figure 2 Principal coordinate analysis (PCoA) of exogenous bacterial communities based on

Bray-Curtis distance
(A-C) Effect of fertility stage on exogenous bacterial community structure; (D-H) Effect of variety on

exogenous bacterial community structure
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Appendix figure 3 Co-occurrence network analysis of endogenous bacteria in three types of maize

varieties at five time points (I-V)
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Appendix figure 4 Co-occurrence network analysis of exogenous bacteria in three types of maize

varieties at five time points (I-V)



