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B OE: (6] RAERMBERE ML 5 E X FIAFE M28 #F LR AT 2R A
Mag iR R R A A £ 7. [F&x] FREZFRE, KEEF LE 5 B (control check, CK).
&7~ 24 22 (low nutrient treatment, LNT) Z AKX x4 77 4 22 (MI1+LNT. M28+LNT). T &K Jhig
MW EE S HRAE KRR, AKRIBEAK., THEXAFRARRTEREZRAEF AT
(O-J-I-P chlorophyll a fluorescence transient, OJIP) ¥ £, TNz ==, [£XR] M1l 2FR
T LEA A, RBATRANTL ST, BRT 5, MR EFRAT LELSRAESE. 2 &
BRI ERIEREK, BREHKG. tER. SPADEAAYN T, MEEZRASFLLGEE
(net photosynthetic rate, P,). “.3L-F /& (stomatal conductance, Gy). 75 1% & (transpiration rate, T;)F= 7K
4 F| Bl 2 Z (water use efficiency, WUE), MK JeLia] CO, K & (intercellular CO- concentration, C;). &
KA H R 7 &) & H(minimal fluorescence, F,) 1%, & K KA % 2 & (maximum quantum yield of
PSII, F\/Fy). 5 IR XA 5 & F & £ (actual quantum yield of PSII, @psy). & WA A o F 45 i ik &
(electron transport rate, ETR). AL 52 X % #X (photochemical quenching, gP)#= 2 T & 48 /& 71 49 K
15 % R % ¥ (fraction of open PSII centers based on excitation energy, gL) 2 % #2 &, FFAMFHEKXR £
4% (non-photochemical quenching, NPQ) L 2 # % At.. OJIP #h & R AEA A A B I K &, J 2L
Bk, 18P ERARSG, MATEREGERSDAF AV SATEZARE FRMAALZ L 1T
(photosystem II, PSIT) A4k 1] 5 2 Ak Ml 49 &, T 45 3%, 1-P AB4R 4@ 3% K & 9 & & 42 1 (photosystem 1,
PSI)i& Mg 5%, ik et k& %L F 30 /) F 2 #7 (junction-intermediate-peak test, JIP-test) 244 2 7 ,
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FAP A R E AR G T AR L R H K Bk 69 1 AR 48 4K (performance index based on absorbed light
energy, Plags). VA3 45 dy AR A A ah 69 14 68 48 2L (performance index on a cross-section basis, Plcs). 4# 3k
TR T AE 8 B b T AE 3 4k P A2 AT Q, 69 A B T AR A9 4 (probability that a trapped exciton
moves an electron into the electron transport chain beyond Qa, %) ® T 4% i# 49 € T /* %1 (quantum
yield for electron transport, gg,)Fe A% KL P 5 48 3% 69 ) T &, 4% 1% 49 4% & (electron transport flux per
RC, ETJ/RC), FBAKT £4L R AL P 424K 49 $5 & (dissipated energy flux per cross-sectional area, DI/RC)
F= ) F #A 44569 F F b & (quantum ratio for dissipated energy, ¢p,). I, M1 Fo M28 4t 32 1& £ K
BT LNT Ao A R FRF 30.61% F 22.64%. T E 4 AR F 26.68% F2 23.41%. (441 Ml
FERBIARZEEAH . AL T AER R ERHSEAIEFH;, - M28 T 2d@TRA L
BAEREE, METHRIASIMEHN., —F LRRP LEIMTEM TR R Gb FTAEE K
£, REWEBTREAMEATERGLEGMGEETF, AMEMBANELZER L ARET
it X F.

X KEAMie; B ERBEIE; EXFIHATEH; LA

Comparison of the regulatory mechanisms of photosynthetic
characteristics in maize by Pseudomonas huaxiensis M11 and
Bacillus megaterium M28 under low fertility stress

MA Jia", LI Mengkai'*, JIA Nan', WANG Xu', PENG Jieli', WEI Lulu', WANG Hao* HU Dong"’

1 Hebei Fertilizer Technology Innovation Center, Institute of Agro-Resources and Environment, Hebei Academy of
Agriculture and Forestry Sciences, Shijiazhuang, Hebei, China

2 College of Life Sciences, Northeast Agricultural University, Harbin, Heilongjiang, China

Abstract: [Objective] To compare the regulatory effects and underlying physiological mechanisms
of Pseudomonas huaxiensis MI11 and Bacillus megaterium M28 on the photosynthetic
characteristics of maize subjected to low soil fertility stress. [Methods] A pot experiment was
implemented with four treatments: normal soil control (CK), low nutrient treatment (LNT), and
bacterial inoculation under LNT conditions (M11+LNT, M28+LNT). At the tasseling stage,
measurements were taken for soil nutrients, plant growth indices, gas exchange parameters,
chlorophyll fluorescence characteristics, and the fast chlorophyll a fluorescence induction kinetics
(O-J-I-P chlorophyll a fluorescence transient, OJIP curve). Yield components were assessed at
physiological maturity. [Results] Inoculation with M11 significantly increased the content of
available phosphorus, available potassium, and organic matter, while reducing the electrical
conductivity in soil. M28 significantly enhanced the total nitrogen content. Both bacterial
treatments significantly promoted maize growth, increasing the plant height, leaf area, SPAD value,
and biomass. Moreover, they highly significantly enhanced the net photosynthetic rate (P,),
stomatal conductance (Gj), transpiration rate (7;), and water use efficiency (WUE), while reducing
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the intercellular CO, concentration (Cj). Chlorophyll fluorescence analysis revealed a decrease in
minimal fluorescence (F,) and increases in the maximum photochemical efficiency (F\/Fy,), actual
photochemical quantum yield of PSII (®psy), apparent photosynthetic electron transport rate
(ETR), photochemical quenching (¢P), and the fraction of open PSII centers based on excitation
energy (gL), with no significant change in non-photochemical quenching (NPQ). The OJIP curves
indicated the absence of a K-step in inoculated plants, a decrease in fluorescence at the J-step, and
increases at the I-step and P-step. The differential kinetic curves of relative variable fluorescence
(AV; analysis) confirmed that both strains synchronized the optimization of electron transport on
both the donor and acceptor sides of photosystem II (PSII). The increased amplitude of the [-P
phase suggested enhanced photosystem I (PSI) activity. Junction-intermediate-peak test (JIP-test)
parameters demonstrated that inoculation significantly enhanced the performance index based on
absorbed light energy (Plsps), the performance index on a cross-section basis (Plcs), the probability
that a trapped exciton moves an electron into the electron transport chain beyond Qa (¥,), the
quantum yield for electron transport (¢g,), and the electron transport flux per reaction center
(ET,/RC). Conversely, dissipated energy flux per cross-sectional area (DI,/RC) and quantum ratio
for dissipated energy (¢p,) decreased. Consequently, compared with the LNT group, the M11 and
M28 treatments resulted in significant increases of 30.61% and 22.64% in maize fresh weight and
26.68% and 23.41% in dry weight, respectively. [Conclusion] P. huaxiensis MI11 primarily
enhances photosynthetic performance by increasing soil available phosphorus and potassium
content, directly optimizing energy metabolism and stomatal movement, whereas B. megaterium
M28 mainly acts by elevating soil total nitrogen content, focusing on stabilizing the structure of the
photosynthetic apparatus. Together, they protect the integrity of photosynthetic apparatus and
optimize the electron transport efficiency of photosystems, significantly improving the
photosynthetic performance and yield of maize under low fertility stress. These findings provide a
theoretical basis for the targeted application of microbial inoculants in sustainable agricultural
production.

Keywords: low fertility stress; maize; Pseudomonas huaxiensis; Bacillus megaterium;
photosynthesis
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Wt B S E ™Y, EAT, AR S bai A H 3
A7 7E A B B = s Ak FARBE I A RS, X b
KA RIEIEY B ER AR, bt
GESE, AT WNRE, RBETER
i/, IETEACA SEAEY v 5| Ktk [l Ak 3Z BELFT Y
M E g0,

FEYI 6 A B 1 BRI T A 3R AR H
FEREMIRCR, SR PR A AR A KR DRI & 1) ¢
HEERM A ERMLRB T, ek %
MM B ARNE R — PP INFERRET, MR TAUR
LR FOUAE R, RES A BT SO R AN
TG A LIRS S A v R R RO S R
M2 2R a P ¢ 3l J) 2% (0-J-1-P chlorophyll
a fluorescence transient, OJIP) 2k, REW% 5¢ 3% Jx
S R 48 11 (photosystem 11, PSIT) Y A= BEARZS .
2 n] 578 PSIT AR PERIR b B Ao S
IR BB AL RCR B RN L B AR R
B, s O, T, 1. P SREREAN, 45
AEASE X I 1) ¢ S ik B K A8 AR 25 mT H T fig b ot
A LB R RCR S OLRE B B, BRI
SERUH ARG A HERE O RS,

Ee=h R N S U N = S R L B N
FRAEYRIZ ORI IR, FORIEEBE . 1H
BRI RS2 EHE, MEZRE LR
W . AR R AL AR AES (<Y
Fo 4 EFAE ML R AR, #E 2021 4F, 2
FORAAE R 27 255 7 (1) #RE 2023 48,
P T BLA R 2 4 200 J7 he™ VMR EE £
KB = X, ARdUAE FOKRAE 7= i g DG4
ML, SR, M XA AE g i 4 g
[ W ey S 0 E 752 s, i ES [ 597 S
K EERER, EIERT, RIEEY
faott AR K R B = K | 1 R R —
KWLk, fh BRI AR g A = T R T
AFTEMRER, [HiEEREm S EHRAS
ANEHEHMR H w5, AU R TG Gy
R, gl B R g ok M, i,
ekt . AR Al A Oy E R A TR

P [ SO B A AR TR Rl 3 DI oK
PR, BF9E R I 25 AR PR A Y 1 22
RBE P38 XA P A A B AN 52 ey T B A
YER . Bltn, Velivelli 748, MR BRAE A4 3
(plant growth-promoting rhizobacteria, PGPR) I\
5 B AR LB (arbuscular mycorrhizal fungi, AMF)fE
g 3E LA HEVEYI X Z R E TR R W, g
P PR AR FEAR DL, SE T 4 = VE 9 7 & . Bashan
SR E— N, A W AN B e
7] W TR R AT A R 55 AT BILTR , (o JH o6 i AR 3 ik
BEOWSAMHE T ca™ . FOm AP, ok
i oF BB (H) B AR 18 pH, DA TTHE AS 3
PEBERE AL Al B My O A ROE RS, X —
WA HGE T AR, WA B TR
H 7= He MBI BF TR, F2 B M
(Pseudomonas sp.) M30-35 %Hﬁ@*?%(Bacillus
sp.) WM13-24 nJ (i 2 48 v SR A R B3R A=)
o, MR ERE. 2ASeWmEE, JHmH
fET2WHE TG ERET . Ah, R AMF
POEPIRE S S m 2 R & i . BGEL A TERE,
[F] I S OR PR B A R 5 B IR RE ), A
1713 28 i AV R T KRR 22 i 3 0 020 S
TN 7 i 5w S R R = RBUEYOC S
RO T A= a2 R, I e R Rg ek R %
PEALAE BT X RS THEYIOG G T B AR PR 2
AYE N BRI IR S A R . ARSI
I kB, 2 IR BRI TR (Pseudomonas
huaxiensis) M11 HA A AR LD RPE, BER
KT 7 (Bacillus megaterium) M28 E. A7 [&
PRI -3- Z, % (indole-3-acetic acid, TAA)HHRVE
RBSUEIR 2 PP MRTEAR DA 8 1 S Bt 2R CR
AT I 2o AR PEAL T e A TAEARAE I i E
TR EARAERKEBEUCEE- . SR, HEAR
(04 B2 5 73 1 AP AR FALSI A B . AWE5E
W E BRI ML AT M28 JHIGIE 1 st F B K2k
KEBHOCAVERFZ AN, LA B A A1 E
B2 PR R G2 i ORTEARIE ) 38 T OB G b
)G BRALE] , B AR FOK AR B S Ak
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T8 P AR FR AL IE R N R385
1 KRG
1.1 EHRFIEFEE

P. huaxiensis M11 1 B. megaterium M28 i
ARSI ERAF A, BA DA S A
PUYERSPE I . kR M11 FI M28 By T I 45
B 2 BRBAAR ST 3 A T LB [ER R IR I (& iR
PR 10.0 g/L, BEREEEHCY 5.0 g/, S ALEN
10.0 g/L, g 15.0-20.0 g/L, pH 7.0-7.2),
30 °CTHERIEFE 48 h i fTiHfb. ZJEHBUEE R
U R VR R 2 LB AR IR 3, 7 30 °C
200 r/min Z57F FIRGHEFRE 12-16 h, HFAHTERE
WePE N 1x10° CFU/mL B & . EKFh T
TEHT < KEL 958
1.2 Rt

RIS T 2024 AR LA ARMB2E BEA Ol TF
Y5 RS T 58 T A8 e IR 3 58 il o 356 BRORF AL G
KNS TP AT R RE . B 75%
LR UL 1 min, FEHH 5% KGR M v Ak B
2 min, ZJFHTHKZE ik 7-8 Ik, &/5H
TCHUE AR TR K5y K8 T R
THEW T, R AR E IR R
PSR E R TR AR . R E R
32 cm. & 25 em (46, BRAR I 10 kg, dE
W 4 HAPE. (1) % B& 4 (control check, CK),
A e HC A T A AR 2 B Al B IR IR A 5T
FIr KM, SR8 3% 0% IE % A9 1+ 12 (38°05'63"N,
114°44'02"E, R 52.1 m); (2) KI5 FE (low
nutrient treatment, LNT), + 3N H W db & A

®1 AWSETA IR R AT R

K E T HE 3 X R A 7 B 30 1 3 (38°05'95"N,
114°76"28"E, ¥4k 53.7 m); (3) [R50 Ab B +5%
VEE W M11 (M11+LNT); (4) %3545 ih 3+
I M28 (M28+LNT), 2 Fh H3EH)E FE 0K I
AfEEILFR 1, GAMEE 10 4, B EHM
1 8k, T 3K, MII+LNT 1 M28+LNT 4k 3
TR R AE AR BRAR TP BERE 10 mL &
W, CK Fl LNT ZHEEiE St i /K o A Af bR
TATA MRS, WERER 25°C, St
W20 12 h JGHE/12 h SRS . 30 d J DAARTE) D7 0%
MII+LNT 41 F1 M28+LNT #4745 IR B Wi
e FEARIE . T EORHh A TR R T S
HEPREEARINAE . i FH 2% 224X (Konica Minolta 2y
AW A2 Ty fig i R 0 ik 2 A X7 & (soil and
plant analyzer development value, SPAD {H); ¥
T A R ZESETR AT MR A AR B i 0 A0 TR B
JE s SRR BEREE B HAR 55 R Et
(44 BE R 5 K T8 B A e s i 5 5E . =2
Ja K AE R IR RAR R0 TF, 43l Bk E e
FE it BT H AR R B XU TR A (0 R 3 A
P A BRA F)HZ 105 °CA T 15 min, FRKF
MREEBEE N 70 cCHERE T, WIS IE T,
1.3 LTIEFTEUNE

T T K A K Z il ST SE /N0 B B R AR 2R
B, BRI BIE B A T A2 0 b ik 48 B AR
+ o WEBIFRI 10 g BESL, A TCHREREELS T,
PP AT B AR 2 mm i, 3950 VR T AR
b, FENFZETAHRKT . KT G0
TR R RN E . HIEAPLR S &
K E R A A - FNmBGEI ;. 2R Gl
FHEILE BOE AT AE 5 AW 5 SR TR I -

Table 1  Soil basic physicochemical properties of this study
b3 sl AR KA R AR L pH
Treatments  Total nitrogen Organic matter  Alkaline hydrolyzable Available Available

(g/kg) (g/kg) nitrogen (mg/kg) phosphorus (mg/kg) potassium (mg/kg)
LNT 0.16 4.00 13.00 7.28 24.67 8.78
CK 1.45 18.17 68.60 27.19 150.00 7.27
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H SRS & 55 B9 1R & B D65 £ (acid digestion-
inductively coupled plasma optical
spectrometry, ICP-OES)/#T; AU & o il 13 ik
R S MR - DT L BRI e s SRR & ok
T PR B R AR - I WM A OO EE R I A 5 ki
Ao gy sk fr e a, Bl R
(electrical conductivity, EC)F1 pH {H 43 7| 4% /K +
FC 51 A0 2.5:1 BARJE, Sl T R AN pH
MR T M - FE A 2 A (i) A PR W 14T
et
14 XESHBINE

T KA R 2l R A 4 =06 A0
7E R GE(PP System 22 F)XTiZ B BAR /R A LT
%3 o e RITM R I RIR S S BT R S
M 5%E , AL45 1% 64 % %R (net photosynthetic rate,
P.). 7% 3 K (transpiration rate, ;). X fL T
fg 8] co, ¥k B
(intercellular CO, concentration, C;). 7K &L
K (water use efficiency, WUE) A f /K 7% & 2
(vapour pressure deficit, VPD), il % i F2 Hp if 2=
S8 E . LA A B B (photosynthetically
active radiation, PAR)} 1 600 pmol/(m*+s), CO,
W A 360 pmol/mol, JEIE K LEDP, A4~
YL YEAT 3 M A
1.5 KASHBINE

K P 4 206 A X (Li-COR 2 @)X okt
R M SRR VOCSEGHEATINGE . WERT, Rtk
TRRREAEE IE N — e, BEHUAE ORI R4
HEREISEE 3 R ot 2RI AE A 4 .
T OCHIPE DG, o ge A ik ot bRk
8 000 pmol/(m?*+s), KUK AR UG T [ fie /N
Y6 (minimal fluorescence, F,)-5 i K %% (maximal
fluorescence, Fy,) LA Stz K OGAL 230 (maximum
quantum yield of PSII, F\/Fy). F)5, TEGCIREE
TIEAL 1 h, R S BRI O i B T 1 O
3%, F 600 umol/(m?+s) 4 ' BB 44 1l 22 Yk

emission

(stomatal conductance, Gy).

MR AT B B /) 2% )% (light-adapted minimal
fluorescence, F,' ). # K % Jt (light-adapted
maximal fluorescence, Fy'). JE Gk 518 K R 4L
(non-photochemical quenching, NPQ). L PrJt1k
2f i 177 & (actual quantum yield of PSII, @pgy).
2% WG A HE T 1% 35 1 K (electron transport rate,
ETR). b2+ K Z % (photochemical quenching,
qP) FIl 5 T 30 & BE Fe J1 1 6 fb 22 K R
(fraction of open PSII centers based on excitation
energy, qL).
1.6 [RIERMZRRHIFSENHZF(OJIIP)
Hh 2 B9 E

3 99K A T Ak B ) T K & 5 4 R T T g
M- BEAT 20-30 min FY 5T AR HE R 5 5C
A A % iz R i) OJTP fl £k . 0 =g sk i FF
KX, R 3 000 pmol/(m? - s) ik
LTI R 906, 5 REMTEIH 2 ps i
F s B, B 3 WE R . DA EU ]
SRR, ARG E R GEH S S [
ZN DG FEAH L ] OJIP #HZE . K il 2 e 45 1]
X RN ZECAF S AR AL A AR X AT A2 58, i H]
T —H—EFATAE . MR A O (0 ms)AbAYAH
XA 0, 4350 T 252 ms). 1 £(30 ms)FH
P 5 (1 000 ms) A ZOLIEARE N 1, PLIHSEEl
PRl . SR Li PRI L, TR AR
¢ Y (standardized variable fluorescence at time ¢,
V). X A] AR 9¢ ) (difference in relative variable
fluorescence, AVY), LK ZH1 M%) P AHZ 6] 1)
iy i £ (band area between the I and P steps, Wy_p).
1-P 77 1 R A9 22 {H (difference in the band area
between the I and P steps, AW p). O #1%] K #H=Z
5] %) 7 18] FH (band area between the O and K steps,
Wo-x). O-K 7 Il F2 1) 2% {H (difference in the
band area between the O and K steps, AWo_g), H
W FEAR TR ¢ FARRTE 1T A 5¢ ) (standardized
variable fluorescence at time ¢, V)15 412y 2 (1)

Fi7R
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VE(FFo)/ (Fn—Fo) (1)
A: FOFRORIE IS WA S TR DG REIS [R] Ry ¢ B )2
s AL, Fo oA PSIT W Hpt b 158 2 HCIRZS
B () R /N9 DGR (B =0 B A9 2¢ %), Fo A0
OJIP [hiZerr P i Irdh O 1) e KGR B
K 5 Ak 1 A X5 AT AR %¢ ) (relative variable
fluorescence at the K-step, Vi) i1 58 W 2 X (2)
FI7s o
Vik=(Fx—Fo)/(Fn=F) (2)
Krp: Fx i OJIP 2G5 122 AE 300 ps B [A]
FUK B CEE
J 5 Ab W AR 6 ] AR 92 9% (relative variable
fluorescence at the J-step, Vy)iT B UNAXG) IR,
ViE(Fr=Fo ) (Fin=Fo) 3)
H. Fy g OJTP fHZRTE 2 ms Ab (T A5) B2 G
&

=13

K SRRSO T s S ROtz 22 T
1] 2 %X (fluorescence kinetic parameter at the K-
step, W)X M AX(4)PIR .
Wx=(Fx—F)/(Fi—F,) (4)
WA Strasser AE20200 - A=l R AERTIE ST () 43
MrHEZR, Bt 5 R 9OUTE T80 12 i
(junction-intermediate-peak test, JIP-test)£$ i ¢ ;
ZH

x2 TELEXNTIRF DS ENEI

17 R
FRIRFI A E, A FRREHLR S 10 4>
FORBEAE A, e R B i, B
ARG AR B, P A B
T,
1.8 HESZItS S
B b ¥ 5 G2 i 3 #9351 R A Microsoft
Excel 2016 Al SPSS 22.0 Ak {5¢ i, Hir, 3%
PE 22 5K 5 08 i B R 5 2% 49 BT (one-way
ANOVA) 254 Duncan’s £ 5 ¢ 7 L b 1T,
BEAE T EVEK R P<0.05, 2 &{fi ] GraphPad
Prism 8 F1 Origin 2021 HEf T4,

2 ER599

21 TEFPSE

LNT Ab B B F2 03005, 577 il
BT CK 41(P<0.01), pH #1 EC {H 0] &% 5
F CK 41(3% 2). 5 LNT AbPRAIAHEL, MIT+LNT
FT M28+LNT AbFEXT +HEF 348 b5 1 HH Y
PR, Hod MI11+LNT 4k B4 725 L o ok i
. MII+LNT b PR 52 1 1 b il 2k |
LT . AR RLR & (P<0.05), M T
LNT &b 2 25 3 05 73 5] 3k 3] 12.76%. 18.05%.
23.12% F 50.88%, H: v A5 1 48 v T Sk 58
L I M B MR S AR T g s i B

Table 2 Effects of different treatments on soil nutrient content

Ab 3 £ X AL IKFRPER AR A pH SR

Treatments Total Total Organic Alkaline Available Available Electrical
nitrogen phosphorus  matter hydrolyzable phosphorus potassium conductivity
(g/kg) (g/keg) (g/kg) nitrogen (mg/kg) (mg/kg) (ns/cm)

(mg/kg)

MII+LNT 0.29+0.04c 0.75+0.05b  5.08+0.11b 25.21+1.84b 34.72+2.79a 71.17+£9.07b  7.99+£0.20a  125.00+24.02b

M28+LNT 0.32+0.02b 0.71+0.04dbc  4.40+0.39c 20.94+4.65b 22.12+5.75bc  55.17+£8.08¢c 7.89+0.11ab 137.67+25.58b

LNT 0.26+0.02c 0.66+0.03¢c  4.31+0.12c 20.48+5.18b 16.42+3.36¢ 47.17£6.51c  8.30+0.13a  205.33+28.58a

CK 1.52+0.05a 1.15+0.09a 19.07+0.50a 74.64+4.35a 28.42+2.44ab 151.1749.50a 7.45+0.40b 103.67+11.59b

ARG FREFR R AR AR BE 2 8] (422 5778 B2 7K (P<0.05)

Means followed by different lowercase letters are significantly different according to Duncan’s test (P<0.05).
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AHRFEEM. B—H, MI+LNT ZbEERfE 1
e SR E AR T 39.12%, Ui L HEER S
ROBCAFEN e, ol BB A A FAEYAR R AE KA
FEMU ., teAh, RE L ERKMER S B
PRSI BT H, H 2% R oKk B K
(P>0.05). M28+LNT A4bH ] i 2 #2251 38 AY
ARG, HALEAE bR BRI A 4R S, (AR
A B2 (P>0.05).
2.2 EREIBIEIR

ECIE T W 30 Ach B 8 2 B AR T B R B &

L SRR T E AR (B 1), 5 CK ML,
LNT AbFRAY FOKRBR R . MR S840 00 R R T
43.13%. 38.35% #l137.63%. 5 LNT LbFAALL,
MIT+LNT ZbBE ) F Rk . ISR 58 530 1
T 38.63%. 24.42% £l 21.26%, i M28+LNT
Ak PR AV BE & O B 3 22 5 (P<0.05), T
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Figure 1 Effects of different treatments on physiological indices of maize plants at the tasseling stage. A: Plant
height; B: Leaf length; C: Leaf width; D: Chlorophyll content; E: Shoot fresh weight; F: Root fresh weight; G:
Shoot dry weight; H: Root dry weight. Different lowercase letters above the columns indicated that there was

significant difference among different treatments at P<0.05. The same below.
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Figure 2  Effects of different treatments on the photosynthetic parameters of maize plants at the tasseling stage.

A: Net photosynthetic rate; B: Transpiration rate; C: Water use efficiency; D: Intercellular CO, concentration; E:

Stomatal conductance; F: Vapour pressure deficit.
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Figure 3  Effects of different treatments on chlorophyll fluorescence parameters in maize leaves at the tasseling
stage. A: Minimal fluorescence; B: Maximal fluorescence; C: Maximum quantum yield of PSII; D: Actual
quantum yield of PSII; E: Electron transport rate; F: Non-photochemical quenching; G: Photochemical

quenching; H: Fraction of open PSII centers based on excitation energy.
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Figure 4 Effects of different treatments on the OJIP curves and standard OJIP curves in maize leaves at the

tasseling stage. A: The OJIP curves in maize leaves; B: The standard OJIP curves in maize leaves.
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Figure 5 Effects of different treatments on the differential kinetic curves of relative variable fluorescence AV,

and difference of relative variable fluorescence intensity AV, in maize leaves at the tasseling stage. A: Differential

kinetic curves of relative variable fluorescence AV, B: Difference of relative variable fluorescence intensity AV..
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Figure 7 Effects of different treatments on the fluorescence difference kinetics of the O—-K phase in maize

leaves.
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Figure 8 Effects of different treatments on fluorescence parameters of JIP-test in maize leaves.
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Figure 9 Effects of different treatments on maize

yield at the mature stage.
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