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Effects of bacterial agent application on physiological characteristics of
photosynthesis and stress resistance in Dicranopteris pedata under high
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Abstract: In order to investigate study the influence of microbial agent Bacillus natto on the
ability of Dicranopteris pedata to tolerate high temperature stress, this study determined the
physiological indexes of photosynthesis and resistance to high temperature of annual D. pedata
under different temperatures and fertilizers treatments. The results showed that: (1) both
temperature and fertilizer could significantly affect the photosynthesis and high temperature
resistance physiology of D. pedata (P<<0.05). (2) The net photosynthetic rate, transpiration rate,
stomatal conductance, and chlorophyll content of D. pedata leaves were significantly reduced (P
<{0.05) when the temperature was increased to 45°C. The inhibition of photosynthetic physiology
of D. pedata by high-temperature stress was an non-stomatal limiting. To defend the high
temperature stress, the superoxide dismutase, peroxidase activity, proline, malondialdehyde
content, and relative conductivity of D. pedata were increased significantly (P << 0.05). (3)
Compared with the control group and the organic fertilizer group, the fertilizer with microbial
agent audition significantly increased the net photosynthetic rate, transpiration rate, stomatal
conductance, chlorophyll content, and the activities of peroxide dismutase and catalase in leaves
of D. pedata, and decreased the intercellular CO2 concentration, malondialdehyde content and
the relative electrical conductivity of D. pedata leaves (P < 0.05). (4) The evaluation method
combining principal component analysis and membership function method was used to evaluate
the high temperature resistance of D. pedata. It was found that the D. pedata scored higher in

resistance to high temperature under fertilizer-added origin manure application. Overall, D. pedata



has a certain degree of resistance to high temperature, and can selectively induce stress resistance
physiology to adapt the high temperatures environment according to different stress environments.
The Bacillus natto can alleviate the photosynthesis inhibition of D. pedata by high temperature
stress, induce the increase of antioxidant enzyme activities to alleviate cell damage, reduce the
pressure of osmoregulation, and effectively improved the resistance of D. pedata induced by high
temperature stress. This study provide a reference for the ecological restoration and soil and water
conservation in the southern red soil erosion area and similar areas.

Key words: Dicranopteris pedata;, high temperature stress; Bacillus natto; photosynthetic

characteristics; stress resistance physiology
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EAENARED D E R T, SHMEEDEDCE RS, RIS (Hayat et al,, 2009), [FF
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Prpiitt, FEEY IR IERfEE (Levy, etal., 1983). RHik, WAIRH T SHE
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PRI AR M AR AR M T8 (119°22'—119°25" E. 25°20'—26°05' N) Ak (1) 1
AR, R B L KGR X AR R 2 R B L 2 o A R R D g A T P AP
H % BT N S 2 FOFF B T 1), J7vEIn R« 0 S R 1R TR R AR S PR s R A
(Luria-Bertani, LB: 0.5%MEHERY), 1%HEE M, 0.5%FM, pH7.2~7.4) F158EH
HFEEIRRE 7% (Potato Dextrose Agar, PDA: 20%t 5, 2%W&iME, 2% +, BT
37 °C. 150 rmin! [UIEIRIEARRE F5. 24 h JGEUEE IR (KR T L 1% R EIR S1 IR 25
REERFREE (BRF 1 kg, TH18kg, K 6.5L) , 37 CMERFE 48 ho ) Bihs 37 i 1 [ &
RIEDF 50 C TR
1.2 RE

TEARM B R BRI — B0 M AT, BRE AR E I T I N LR 7%
fa. ¥iFR2 HJa, WE 3 A, FAAmMAEMER (FD , BHBHAAIE (F2,
GO/ E3E=1/4, V/V) , 5= 90 S 2 AT B R A UL (F3, 3570/ HUIE/ 1%
=1/1/4, VIVIV) . T IRIIIE], BEoR M BRI E VA& 16 h, 25 °C; A 8 h, 20 C;
FREEEAE 1 000 umol-m2-s7!

MEARALEE 1 A H S, AT SR E R . B, BRI, R E

A 25 °C/20 “C .35 ‘C/30 ‘C.45 “C/40 °C, HAbFH 48 h. Hirh, 25 'C/20 “CHRXTHEL, 35 'C/30 C.



45 °C/40 CHmiMa 4. P E+5, B E e &L B R 3 B4 7:00 347
e, M IRRRKEREFT 60%~70%. B EERIE S, KH 9:00-11:00 DG5S 24
TA T EE I 3 HReSHE, BRI 2 i, e Yk SAE, BT R IR DB EERM
TR A RIR R . N NE TSI AR R Ay, MR 3 N EE
1.3 A 75

FIREH I EEEH RS (Li-6800, USA) 7E1H & (1% P IR R I % A0 B =
FHeESH: b aHER (P, BBEE (1), SILTE (G AR COLIRE (C).
WA, = R R E N 500 pmol-m2-s, JE 1N 0.1 kPa, YR 5EE A 1600
pmol-m?-s™, CO2¥KFEHN 400 pmol-m?-s!, M iRAEN 25 °C, M= N IR A 55%~60%.
KA AERERIIH 42 (ChD &8, W E BRI A T SR AU DU me i As )
HAYEALES (SOD) &M, @AIARI ARG Al (POD) WM, SAMEETHER
Wit A ERE (CAT) VETE, Ei=FER IR (Pro) &8, SACE R ZIAN RN —
B (MDA) &, HSAGTIAHYBFE (REC) .
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Ha I 52 BB AE B FR AR B S\ Microsoft Excel 2019 31788 2 5157 . % SPSS 22
B AT B (U R 2577 22 0 W7 (two-way ANOVAD FIHLERI 277 24001 (one-way ANOVA),
RSk W it A Ak R AR AR ) PR A AR B AN BT R AE B R2 0 . One-way ANOVA 20 #iT i,
A I Ty 255 A S MR A S-N-K Ik J5 2 B LU AR 56, A AR ad iy 22 55 P A 4 T H
Dunnett's C {5 )5 % B LB .
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{8 F ¥ 14 Origin Pro 2022 i [& .
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WHEFETTZAEERER G D, AENREFAFE IR AR w5 & AR R iR
FERL RN (P<0.05) o [FJR, il EE R IEASE XU K] 32 32 AR F 0 1 3L % e A Fia b A S 35 R

(P<0.05)

W& IR BT (B 1D, F2 2130 P, 56 B TR RIE N [ (P<0.05) , THREZM 25 C
THE 35 Cly, F2 H 03 T Gs M CREARRFFAAE, (H ETHE] 45 TR, T8 Gy .35 T,
M C &3 FTF (P<0.05) 5 F3 153 P, A G, BEIE R AR ka3 5 F2 AL, 1H 7, 231
Jo bIHE TR, CREIG TG ETHRES, B EREE (P<0.05) « =FiEIEA R E H
BRI, HIREFEE 45 CHE, Bk CAb, F3ATHEA 3 HAKSHSHMEER T F2
IR FL 4L (P<0.05) o =P iEACHE (9753 Chl & EREEEE M E AR E R (P<0.05) .
55t F1 4LAHEL, 7€ 35 ‘CAl 45 CRY F2 40R1 F3 4053 Chl 488 %/ T F1 41, a5 C

B F3 4H15H Chl s B & T F2 40 (P<0.05) .

R IR LA R 1 O AR AU 2 7 22 73 B
Table 1 Two-way ANOVA of the effects of temperature and fertilizer on photosynthetic

characteristics of Dicranopteris pedata

[XIZ Factor P, T, G;s G Chl
I8 Temperature 0.000 0.000 0.000 0.000 0.000
AEEL Fertilizer 0.000 0.000 0.000 0.000 0.000
JE i
ALK Temperature and 0.000 0.000 0.000 0.016 0.019
fertilizer

T RPEEONEZENE PHE, BEVEERKTRRN P<0.05. TH.
Note: The data in the table are significant P values, and the level of significant difference is expressed as P <

0.05. The same below.
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F1. Without fertilization; F2. Applying organic fertilizer; F3. Applying Bacillus natto bacteria agent and
organic fertilizer; different uppercase letters indicate the level of significant difference (P < 0.05) between
different fertilizers applied at the same treatment temperature; different lowercase letters indicate the level of
significant difference (P < 0.05) between different temperatures applied with the same fertilizer. The same

below.
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Fig. 1 Effects of different fertilization treatments on photosynthetic parameters of Dicranopteris

pedata leaves under high temperature stress
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BEEE R B (F2) , =FhiEEAb# T P H ) REC 1 MDA # R Z 25 (P<0.05).
5F1HAMEEI, F2 HTEFHN REC 1 MDA 5 FI # LB EMER, F3 HEH ¥ REC

1 MDA 7E 45 C =i i 223K T F1 41 (P<0.05) -
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Table 2 Two-way ANOVA of the effects of temperature and fertilizer on the cell membrane of

Dicranopteris pedata
K25 Factor REC MDA
W Temperature 0.000 0.000
EEL Fertilizer 0.048 0.042
N=g:=d 3y
AR T.er.nperature and 0.462 0.688
fertilizer
A A B30y Adpa I
aAap 11 Ba —
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o S # s JF
= ; Il E15¢
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Fig. 2 Damage of cell membranes in leaves of Dicranopteris padata under high temperature

stress by different fertilization treatments
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SOD. CAT F Pro #B/™ 42 & Z f M (P<0.05)
BEEIRER BT (B3) , SLALE 223 SOD #1 POD W A 3 THE i &,
F3 4110 CAT fKARBEIRFE 1) T B3 T, 1M F2 400 2 30 0 225 T v - 0 3 PR R AR ks
# (P<0.05) o A[AEFEACALEE A ELBUR I, 35 CIRFE F3 4153 CAT WG LM 45 CIfiY F3 41
T2H SOD Ml CAT iEME#I R & = T F1 AL F2 41 (P<0.05) . —FPi b3~ = E M Pro &

wEHEE AR B R E RS (P<0.05) o AEEEI LRI, 25 CHF F2 Fil F3 22 H A Pro



o

SE W E T F1 4, 35 CHF F3 ZHH 1 Pro =53 /N1 F1 A1 F2 4 (P<0.05) , 1fj 45 C

i = 4L Pro S REEA REEER (P>0.05) .
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Table 3 Two-way ANOVA of the effects of temperature and fertilizer on antioxidative enzyme

activity and osmotic regulators of Dicranopteris pedata

HE ALY AL i LA A A AR
A
% Factor SOD POD CAT Pro
I8 Temperature 0.00 0.000 0.000 0.00
ARl Fertilizer 0.016 0.006 0.000 0.00
JE i
i EAACR Temperature and 0.001 0.492 0.000 0.016
Fertilizer
A 1800, B 25
=l
% ~1200} g g s
N Bl
Z 5 900} AbAcac APADAD R Ac
S x - w2 AcAc
= 8 600 moa O e
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B 300 ~0.5
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Fig. 3 Effects of different fertilization treatments on antioxidant enzymes and proline of

Dicranopteris pedata under high temperature stress
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<0.005. [k, Ais Hod i & i s i o
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T.. transpiration rate; P,. net photosynthetic rate; Gs. stomatal conductance; Ci. intercellular CO, concentration;

SOD. superoxide dismutase; POD. Peroxidase; CAT. Catalase; Pro. Proline; MDA. Malondialdehyde; REC.

relative electrical conductivity; Chl. Chlorophyll.
Kl 4 sl R HOG S 5 P AR B R AR AR RO SR BT CAD MRy 70 Hr (B AT O

Fig. 4 Correlation analysis (A) and principle component analysis (B and C) of photosynthesis

and stress resistance physiology of Dicranopteris pedata under high temperature stress

R4 FRMHE T EROLE 5 PSR B SRR R i

Table 4 Principal component analysis of each index of photosynthesis and stress resistance

physiology of Dicranopteris pedata under high temperature stress

F— BT
jo%x FFIEAE IR ’C\l Ji . E=7 Component matrix
Component Eigenvalue  Contribution colrllnt?ilbittli\(])fl Index B RG B RGY
First principal component Second principal component

1 8.71 79.18 79.18 Gs -0.97 0.18

2 1.43 13.00 92.18 T, -0.97 0.09

3 0.50 4.50 96.68 Chl -0.97 -0.02

4 0.14 1.25 97.93 P, -0.96 0.23

5 0.08 0.76 98.69 Pro 0.96 0.08

6 0.06 0.58 99.27 SOD 0.96 0.11

7 0.04 0.38 99.65 Ci 0.94 -0.22

8 0.03 0.27 99.92 MDA 0.93 -0.1

9 0.01 0.05 99.96 REC 0.83 0.23

10 0.003 0.03 99.99 POD 0.82 0.52

11 0.001 0.01 100.00 CAT -0.04 0.97

y1=-0.33x1-0.33x2-0.33x3+0.32x4+0.32x5+0.28x6-0.01x7+0.32x3+0.33x9+0.28x10-0.33x11

12=0.07x1+0.19x2+0.15x3-0.18x410.09x5+0.43x6+0.8 1x7-0.08x5+0.06x9+0.19x10-0.02x1;

R 5 =RhEiRpE T T s e Y

Table 5 Evaluation of the high temperature tolerance of Dicranopteris pedata under three high

temperature stresses

4

(5)

BN PCYiy BRI
HE M Principal component score Subordinative function value R U Hr
Tempe- oo SR RS T s e Vs Composite ~ p.
rature First principal Second principal First principal Second principal scores
component component component component
F1 -2.17 0.08 0.55 0.43 0.53 3
25C F2 -2.06 -0.01 0.64 0.43 0.61 2
F3 -2.15 0.13 0.63 0.64 0.63 1
Fl -0.58 0.59 0.60 0.41 0.57 2
35C F2 -0.70 0.53 0.47 0.57 0.48 3
F3 -0.54 0.11 0.58 0.54 0.58 1
Fl 2.66 -0.28 0.65 0.61 0.65 1
45°C F2 2.53 -0.27 0.45 0.45 0.45 3
3 3.01 -0.45 0.53 0.48 0.53 2




3. Bhig
3.1 HEMHEMHI S ER

TG VEF R0 AR M A B, o &b IR (1728 T bl FE RURK G 2 45,
2011), BRI A R AR AL BE S i a1 E o o, Pay T GoRI Gt 4 F
HARMNAESH, Chl =W YW ERE . AT, MERER A, Fl
I Pos T Go1E 45 CRI R TR, X W w2 3 R AE AU — 2 P2 B2 (¥ il e, {2
P R P o e 2 PO SR I PR MIC . X 5 AT 45 AL (A58 %R %, 2012; Feng et
al., 2014)c Puv Tv G iR ZRHY), miRPHE 2 FEHEY) G, MK, 21 F3 P, AT T, P
(SR, 2010). FHOLFT L, TR EiR e, i TOE 2 A R AL R L. AR
ifi, 745 CHHaRr, 5 G HIEE FFHWILR, X A8 MR e IR T alER,
EAE R LI CO IR TR 1 4 SR B WA FH 3G I COo XA 30 B i I B B ) 12 3,
AR RS FLBR ] (Drake et al., 2017). MRS RER G5 P T G255t
EARPRA IR RO R, BE—E W] 1 PR HAE w iR A T AR AL R H1 B 6 A 1E
B G FRMHE T, A FOEE RS AR PS 1T BUR R &k 345
F, R DA E PRI R R, BUE RS R A SRS BE 02 B, N PR 2
CO, J/ T B i), JF 23 G BTt
3.2 EEMIM SRR

REC I MDA ‘4% FI /AP0 4H 5 55 2 53R FE VP AN (R PR M fie b GBUE SR, 2015, 5K #9
& 2022). AHFFEH, F1 HT5H M A REC 1 MDA X FE B iR FE A 3] 45°C i 2 25 5 T 5 iE .
XFR, fE—E R SRR R R O SR, 4ERRIE W AR FLThRE . AR,
AR R m, AR AR AR 2 B ROS EALKI I T 4. O KEFFREN, &
TR IE R R B 5 BRIE I T SOD. POD FiI CAT “5 i A AL B AT Pro 53535 A 354 5 LLIR A8 b
BB (Ul Hassan et al., 2021). 7£ 35 CHIMIEFEER, T9#H POD. CAT ! Pro KIFHHK
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