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RET T45%~227.4%, A HEREE T 15.3%~227.6%. 6.0x10° cfu/g [ E K ZFERIM A . e, EWE. )R
KR WPFHER. R HRREE PG EE, SLPotE M. SR REIRIELF, SRR ERE
HIBEREE ST AR B Bk, 6.0x10°%cfulg B R ZFAUTF BN B R AR A Kk B BRI HEE A oK.

REEH: FRFF R, RAIER; MALK, BN

doi: 10.11926/jtsh.4462

Effects of Three Bacillus Agents on Growth and Photosynthetic
Characteristics of Parashorea chinensis Seedlings

WANG Congxiao?, HE Fuying?, YANG Meil", DAI Wenjun?, LI Ting?

(1. College of Forestry, Guangxi University, Nanning 530007, China; 2. Guangxi Nanning Liangfengjiang National Forest Park, Nanning 530007, China)

Abstract: In order to accelerate the growth of Parashorea chinensis seedlings, the Bacillus agents and dosage
were selected. The seedlings at 1.5-year old were treated with different concentration Bacillus agents, including B.
mucilaginosus, B. laterosporus, and B. megaterium, respectively. The results showed that the growth and
photosynthetic indexes of seedlings were improved by three Bacillus agents. Compared to CK (irrigated only with
clean water), the height and diameter increment of P. chinensis seedlings increased by 30.2%-57.2% and
5.3%-49.7%, the root activity increased by 74.5%-227.4%, while the net photosynthetic rate increased by
15.3%-227.6%. The seedling height, ground diameter, biomass, root surface area, root average diameter, leaf area
and chlorophyll content were the highest under the treatment of 6.0 <10° cfu/g B. megaterium, as well as the net
photosynthetic rate, ®PS Il and gP, which were consistent with the results of seedling quality index and
membership function method. Therefore, Bacillus megaterium at 6.0 x10° cfu/g was the most beneficial microbial
agent to improve the growth and development of P. chinensis.

Key words: Bacillus agents; Photosynthesis; Seedling growth; Parashorea chinensis
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1.1 BRI

RIS H ST R THACHE (22°40° N, 108°217 E),
JEEARGH ZE AR, B, AFEMETE, T
BN, KRR, RERE, FHE
216 ‘C, Weifmy <l 395 C, BLSiE-14 C. W
B, EHMENE 13042 mm, 2EFES—9 .

1.2 #l

WP ARy 1.5 a L% KW (Parashorea
chinensis) 7545 1 , R & LK 16 cm =20 cm,
2017 4 4 H 1 HaEBUGm U . Jotints . KHBAELL
FRME B P A AT A B A oA, P ETHT ., P
HithAz 5358 25.35 cm. 4.96 mm. BRI E
BH A 1E 3 AR KR 759005 ' 56 (138 6 A FR I,
B R TUNME. A, JeRE@ 1), EFF
RS A AW EESII 2.2, 0.23. 32.83 g/kg,
WA & 2N 75 malkg,  TE RO RN R 40 )
49 0.5 1 139.17 mg/g, A ML % &4 32.24 g/kg, pH
B9 5.3. KA HBhWIE, R LB 3 X,
#K 2 min.

1.3 REWI

TG FTFH (1) 3 Fft 2T B A 7 20 ) R B T 2 AR
¥ % (Bacillus mucilaginosus, JZ). il 2 fl 4T 5 (B.
laterosporus, CB). E_KZF #8045 (B. megaterium, JD),
BT E 98 5.0 109, 2.0 <100 1 2,0 <10 cfu/g,
BN RoT AR A IR A A=, R $®
KR e A BENLR IR v, BRI A E 3 AN
i, 7N 4.0x10° (w5 1).6.0<10° (45 2).8.0 %
10°cful/g (%5 3); WHE 1 MNEATEIEAH, idh
SF, AN P K=1:1:1, jijfcE 5.0 glind.;
PLEEE KA IR(CK), WK E-T H8d, %
Ab3E T EE Y 50 mLs JE 11 AN b3, RRAbEE 3 KE
2, HEL 7 HREAR. R EAT 2 kpeitab L,
Bl 2017 4= 4. 5 A %&¥efta 1 Ik, 2017 49 H 30 H
SEACRIR AT FR AR I E -

1.4 J5ig:

RIS A5 M BT AR A Kt dn, B R
MR E A SE; s R R E AR A
YMJ-C M ARSI AR . AEACFRSEEL 1 FR KT
BIRHACK M 350 N ZEIEVIRR 5, FREURIFE i
0.5 g, KA TTC ENEMR FRIE /720, At FEpEHLIE
1 BRI AR TR A4, B B EmmE R I
FIFH WINRHIZO #i2 2 43 #4440 52 AR P 1) B AR AR
KM K AR - 2 BSR4 R 2 5,

TERG BT A RS TT, T B 9:00—11:30
E WA A FE AR B AR BRI 1 MR AP 411
WA, EEUITG AN 28 3 #ert A, f#H L1-6400
Al 5 LG 5 1 A 2R (net photosynthetic rate,
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Pn)« “fL 5 (stomatal conductance, Gs). ffili] CO
W (intercellular CO2 concentration, Ci)Fil 7% J# i
K (transpiration rate, Ty), 26| =R E LN 28 C,
FHXTEE 65%, 715+ CO2 2/ 400 umol/mol, '
34 200 pmol/(m? s); [A] 537K 43 FH 2% (water
use efficiency, WUE)=P,/T24, F|H PAM2000 i
2R R PO E AR 2R RGBS, A
PSII i K& T 30 (Fu/ Fm)~ PSIH S PR A 3505 (DPS
I1). Yefb2# % K & % (photochemical quenching, gP)
FHAE ek 233 K 2 $(non-photochemical quenching,
NPQ), Il /i fE bk Je & B2 30 min, JefbotFii
Ak 655124 100 F15 000 gmol/(m? ).

W HARRDCETeIR G, /KP4t iR o)
A &Ry, IR IR TR, nlilER . 2.
M, T 105 CAd 30 min, BT 75 CRHtT
WESRETE, HER. 2, ey, EE17|<
JF B FE % (seedling quality index, QI)FHFE A3 JR A1 «

B+ CGETHE MR T E)]. EE UKD = (Xi—Ximin) /
Kimax—Ximin), TCH, Xi AFEARIEAE, Ximax~ Ximin
3 NG RE B R BT R bR A B KA B/ ME . ¥
KA FRAS R HR A5 1) S B A B N 5 3R A1 3 DLER & K
SERCFRIA S, P E RO & Ry . R
SPSS 18.0 H X 1 A B4R AR EAT 5 P K B 3R
77 2453 M1 & Duncan %% B AR, DL P<0.05 Ron 2
Fi#E, P<0.0l RRERMEE.
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HH] Agent 1577 Agent [#7] Agent

B 1 SRR A B SRR A B bR . JZ: IRDUEEARAT IR ID: EOZFAAT A, CB: U ZF AT, 10 4.0 <109 cfu/g; 2: 6.0 <107 cfulg; 3: 8.0%

10°cfu/g; SF: WAE AN, CK: XHE,

e E AR 7 2 5 % (P < 0.05).

Fig. 1 Physiological index of Parashorea chinensis seedlings treated with Bacillus agents. JZ: Bacillus mucilaginosus; JD: B. megaterium; CB: B. laterosporus;

1: 4.0<10°cfu/g; 2: 6.0 x10° cfu/g; 3: 8.0 x10° cfu/g; SF: Compound fertilizer; CK: Control. Different letters upon column indicated significant difference at

0.05 level.
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CK AHRE A B 7R . By IZ fbBAh, AR bE
A 71 B B PR KT 4 v, 9 LA JD-2 1 ID-3 Ab B 1) i
K, BE CK AHEE S T 28.3%F1 41.8%.

WHE ME LA, SRR B B R A B S
RIIRER. R RESARE AR CK. SF g
o JD-2 AR IIARP ¥ E AR SRR AR K. AHH
B 7 LL 6.0 <100 cfu/g AbFE X MR 22 3% A1 (A2 HE1E A A
fE, CB-2 bR RIE Jifmr, 5 CK il SF b2
P T 227.4%F1 158.3%; JZ-2. ID-2 AbEEIKZ

AR K 1AL, 3 R B R A
P HAREKEYEE ST SF M CK 42, H SF
Al CK A% H B& 2 5. ID BRI AR S

1 AURT B BRI AR B 0 B O RRES B A E (0)

e T HAR T, U BRI R E Y T A =
PR SO fetE, JULA ID-2 PR fermy o il
B AL BRI AN AR e A v 1 22 A= L], DL JD-2
AL FR A ZE AW B A e, BE SF T CK 37 1 160.00 %
1 165.11 %.

MEHEEH EZHHT 2 o] i, B,
Hh A7 18 B RN AR 2R 98 70 A 5 3 52 B B 7] el RORD ) =
172 HAE FH (P<0.01), i i i AR A2 4 = 52 18 55
FRRAFE MR AL . WM. R
M RIE J1 52 PRI AL R f e, HLAS [R] Ak 34 )
wE; FEN SN H RS EYEERA

o

BD Rl
D§ 3T

Table 1 Biomass (g) of Parashorea chinensis seedling treated with different Bacillus agents

F 7 Agent i Root % 2% Stem % i Leaf % JSUFT Total
JZ-1 1.77+0.89a 19.0 4.18+0.31ab 441 3.52+0.23ab 37.2 9.47+1.37ab
JZ-2 2.01+0.44ab 17.7 4.86+0.90ab 42.8 4.25+0.86ab 374 11.35+2.09ab
JZ-3 2.24+0.78ab 22.3 4.73+1.90ab 47.2 3.20+1.42ab 31.9 10.03+3.81ab
JD-1 2.32+0.54ab 18.2 5.32+1.32a 41.8 5.10+1.75a 40.0 12.74+3.51ab
JD-2 2.58+1.14a 18.7 6.23+1.65a 45.1 4.93+1.05a 35.7 13.82+3.39a
JD-3 2.1040.54ab 16.1 6.11+0.78a 46.7 4.95+0.5% 379 13.07 +0.62a
CB-1 2.67+0.72a 23.7 4.47+1.78ab 39.7 453+1.17ab 40.2 11.27+3.61ab
CB-2 2.2240.56ab 185 5.39+0.32a 45.0 4.3740.53ab 36.5 11.98+0.97a
CB-3 2.35+1.06ab 21.7 4.80+1.77ab 44.2 3.70+2.10ab 34.1 10.854.93ab
SF 1.11+0.29b 18.4 2.56+1.15b 424 2.38+0.71b 394 6.04+2.10b
CK 1.49+0.66b 24.8 2.35+2.06b 39.0 2.18+0.70b 36.2 6.02+2.60b

JZ: BEFCERIATE ID: EORZEMAT I, CB: MIf 2E AT, 1: 4.0 <109 cfu/g; 2: 6.0 x10° cfu/g; 3: 8.0 x10° cfu/g; SF: WAE AL, CK: XHR. F3EdE )5

ANE PR Z 7 2 % (P <0.05).

JZ: Bacillus mucilaginosus; JD: B. megaterium; CB: B. laterosporus; 1: 4.0 x10° cfu/g; 2: 6.0 x<10° cfu/g; 3: 8.0 %10° cfu/g; SF: Compound fertilizer; CK:

Control. Data followed different letters within column indicated significant difference at 0.05 level.

2R 2 ZFFUAT A R A BB R R R AR AR AR 21 77 2200 A

Table 2 Two way ANOVA of growth indexes of Parashorea chinensis seedling treated with different Bacillus agents

A7 T e AR & A A &)
Factor Height increment Diameter increment Leaf area Biomass Root activity
Fh2& Species 47.121" 3.590™ 0.949 2.126 193.866™
7] Dosage 10.030™ 19.942™ 0.277 0.432 450.001™
A2 <5 & Species xdosage 9.581™ 6.029™ 0.496 0.038 36.551"
*: P<0.05; **: P<0.01
2.2 XMt E BRI HRSMAZH®SH K3 TF, e

HERESE MEH2 R, MK T CK AbH,
AR IEAATE E A B G RSB
BERE. Hob, MK a. R b SEHLLID-2
AEERFAI IR, 3 AL CK 321 T 24%F1 67%; e 4%
RomEt CK#E T 56%.

B R AL S8 0 T ORI AR, R R
AMEES . HRME A B Pay Gs LA JD-2 4b3E
K, BEET CK, HI Gk, EFET CK.
T LA CB-2 f K, % CK #& 1 210.42%; [A]H,
WUE Ll JD-2 Ab3iE K, B CK $igfm 1 96.7%.
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P 2 RS [A)ZF FUAF R A AL B SRR B A (I 3 o 020 JROTR AT ID: ECRZFFAFT ; CB: MR 2R AUAF B, 1: 4.0 <10° cfu/g; 2: 6.0 <10° cfu/g;

3:8.0x10%cfulg; SF: WAE G, CK: M. #: EAFFBFRR%F ¥ P<0.05),

2.0
1.6} abed peq ababc be ab
121 cdmybed
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IR LT
Total Chl content (mg/g)

" ™ RS
WV FIIEEE S

T#37] Agent

Fig. 2 Chlorophyll contents of Parashorea chinensis seedling treated with different Bacillus agents. JZ: Bacillus mucilaginosus; JD: B. megaterium; CB: B.

laterosporus; 1: 4.0 <10° cfu/g; 2: 6.0 x10° cfu/g; 3: 8.0 x10° cfu/g; SF: Compound fertilizer; CK: Control. Different letters upon column indicated significant

difference at 0.05 level.

d

|

(=]
[ P ]

WUE (gmol/mmol)

4.0 0.05
= 3.5 2 =
730w R B
=250, be = 003
g 20 ed cd g
515 oy ddd =00

- 1.0 o
& 0.01
sst LTI
0 0

600 . 20
= 500r ap = 16
£ be be be .

‘E 400 © be be be E 12
=] de =
£ 300 =
3 cd £ 08
> 200 a &g
0= 7% ~ " m» ~ 0 ok 0 3
A PR cl;« N,

~ v,
PGS ITIS S
1#7 Agent

il
i

i

S
o
e
o
{}, =
e
P E—
‘u’ E"
) ——
=
5
g
Y

] fﬂl Agent

[ 3 AT R BB R AR DA . JZ: BT ID: B RZERIRF I, CB: flfd 24T 1, 10 4.0 <100 cfu/g; 2: 6.0 x10° cfulg; 3: 8.0 <
10° cfulg; SF: WA AL, CK: XTI, Py LA, Go SALTE, Ci MUl CO IR, Ty MR, WUE: /KAFIFRER. H EAFF R ZER B3%

(P<0.05),

Fig. 3 Photosynthetic characteristics of Parashorea chinensis seedling under the treatments of different Bacillus agents. JZ: Bacillus mucilaginosus; JD: B.

megaterium; CB: B. laterosporus; 1: 4.0 x10° cfu/g; 2: 6.0 x10° cfu/g; 3: 8.0 x10°cfu/g; SF: Compound fertilizer; CK: Control. P,: Net photosynthetic rate; Gs:

Stomatal conductivity; Ci: Intercellular CO, concentration; T,: Transpiration rate; WUE: Water use efficiency; Different letters upon column indicated

significant difference at 0.05 level.

HERFESH  ME 400, 3 FEEfsT
T B 7 AR T A ) Fol P 7222 25 5200, 1
- F () ®PS L. oP 7R B fE A it m. o,
JD-2 kb#Ef) OPSII. gP #xfE, % CK 4 ildm 1
145.5%7F1 144.4%. W51 NPQ 7E jiti H B 71 f5 2 2%
FAG, LLJID-2. CB-2 AbBE KA.

MHEREFESHT  HE I, WA A1
2R 3 &5 B A P 52 B8 SRR R AN R & () A B 25 18

‘HAE I (P<0.05), WUE 5t &% 132 B (P<
0.01), 15 HHIX BE 5 bR 52 1 77 Fh S A0 51 & 1 3 [F] 52
Wi o 117 DPS L% 18 7R 28 8 3 RN I 5 8 3% 2%

St WA RS R SHE OPSIT 2 i) 3

JE A

2 3 2 FUFT B R AL B AL S R RR RO R 2R 5 22 40 A
Table 3 Two-Way ANOVA of photosynthetic indexes of seedlings treated

with Bacillus agents

A HgEs R
Fcir éhlifn’?eﬁ Pn WUE @PSII
Fhi2 Species 5.138" 4.487" 68.653"  5.066"
7il# Dosage 0.850 12.999™ 27.606™  2.873
Fh <G 4,043" 3.884" 19.732™  2.258

Species x<dosage

*: P<0.05; **: P<0.01.
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a a a a a a a
a < a _
0_6_‘}_}_%_}-1--1-‘1‘{——1—_?‘:" 06} 2 a
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& = b ab a )
= 04t £ 04F  be X
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C
02} 02k
0 0
0.8 05-
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¢ 02+
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NN Yy Y & >3
R R e i R I i
1577 Agent L7 Agent

FEl 4 NIR]ZE PR B AL BB R BRI S R DO S . 32 T AT, 0D RSN, CB: MUt 28 fAF 14; 1: 4.0 <109 cfu/g; 2: 6.0 <109 cfu/g;
3:8.0x10°cfu/g; SF: MRAL A, CK: XTI, Fu/Foi PSH K 8T 205 ; OPSIT: PSI SEFRIGA AR, aP: Jeb 2K REG NPQ: ARG K R B 4
AN AR IR 2 5 B3 (P < 0.05).

Fig. 4 Chlorophyll fluorescence parameters of Parashorea chinensis seedling treated with different Bacillus agents. JZ: Bacillus mucilaginosus; JD: B.
megaterium; CB: B. laterosporus; 1: 4.0 x10°cfu/g; 2: 6.0 x10°cfu/g; 3: 8.0 x10° cfu/g; SF: Compound fertilizer; CK: Control; F,/Fr,: PSII maximum quantum
efficiency; ®PS II: Actual photosynthetic efficiency of PSII; QP: Photochemical quenching coefficient; NPQ: Non-photochemical quenching coefficient.

Different letters upon column indicated significant difference at 0.05 level.

2.3 BiIRRBREHEESREI T
AR R R TR B3,
(1 E NS =117 P o1 o R R DS U e S

F 4 N[ FRUAT A 1 70 Ak B B RO P A B B R AL
Table 4 Quality index (QI) of Parashorea chinensis seedling treated with

Bacillus agents

T EE, WA EIRH(QN) AR EARE RS Bl Rafebt Height- B o A
E@%TE‘*E??%%TE‘@[B]Q }J\%% 4 ﬂﬂ, ID-2 ALI\EEEI@—E%T Agent diameter ratio Stem-root ratio Rank
o e s . 31 8.69 4.34 0.727 8
AT TR A, 79 0.947, 73 H SF CK 1+ 80.7%. ) 1035 5.51 0.824 5
115.2%; i JD-1 ALHEf QI HAAK, A 0.712, 1B 123 9.33 407 0.847 4
Et SF. CK #2751 35.9%. 61.8%, il ZEAIAT I D1 10.01 4.49 0.712 9
AL BT KR B B AT D2 1o o7 1
A R S ML T A R A A TR I S 4 j:?:l 1252 ji: g-j;g z
NETAO6<FBESL). THAOASRIBEHS CB-2 8:26 4:39 0:782 6
0.6). 5P (0.2<RBE<0LHMAI R (FIEME< CB-3 10.27 362 0.781 7
029, LA MR KR AEMIGHI(#R ), HiAS o 844 35 os4 10
EESRERANHS A e—8, (2 ID-2 43 cK 9.21 4.46 0.440 1

Eﬁm*i%@% ﬂEi'j((O 804), W AR A IZ: W AFRATE,; ID: BRI, CB: MUIAIZEMIATE; 10 4.0x

ARG . SR B B AR B S B AR
YIS B IIE R kR E(0.527), BHE & T SF. CK
AbER, 1 BH 2 AR B B A R TR R R AR
IETIE N BE ST

10°cfu/g; 2: 6.0 109 cfu/g; 3: 8.0 x10°cfulg; SF: WAE AN, CK: X,
JZ: Bacillus mucilaginosus; JD: B. megaterium; CB: B. laterosporus; 1: 4.0 x
10°cfu/g; 2: 6.0 x10° cfu/g; 3: 8.0 x10° cfu/g; SF: Compound fertilizer; CK:

Control.
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Table 5 Subordinate analysis of indexes of Parashorea chinensis seedlings treated with Bacillus agents

fatr Index Jz-1 JZ-2 JZ-3 JD-1 JD-2 JD-3 CB-1 CB-2 CB-3 SF CK

T B 4B Height increment 0.946 0.803 0584 0528 0659 0722  1.000  0.531 0.625 0.265  0.000
Hu 4234 Diameter increment 1.000 0.382 0416 0197 0107 0320 0483  0.143 0.781 0.098 0.000
SAY)E: Biomass 0.440 0.900 0681 0858 0671 0511 0997  0.616 0.761 0.000 0.000
-TH AR Leaf area 0.582 0.160 0187 0349 0677 1000 0077 0482 0.235 0.200 0.000
H-F-#4 B4 Mean root diameter 0.130 0.591 0217 0722 1000 0304 029 0417 0.539 0.096 0.000
HR A% 77 Root activity 0513 0.644 0782 0408 0564 0766  0.327 1.000 0.739 0.118 0.000
MR H X Root surface area 0.160 0.239 0738 0255 1.000 0418  0.682  0.358 0.697 0.049 0.000
4k % acChla 0.013 0.806 0510 0493 1.000 1000 0.782 0431 0.000 0.889 0.300
42 b Chl b 0.064 0.371 0029 0319 1.000 0420 0572  0.267 0.000 0.599 0.004
H4%2 a+b Chla+b 0.036 0.507 0219 0355 1.000 0610 0597  0.304 0.000 0.653 0.122
#EATEZ Net photosynthetic rate 0.318 0.717 0.143 0085 1.000 0471 0287  0.300 0.067 0.027 0.000
JFREFRE Quality index (QI) 0.566 0.757 0.803 0536 1.000 0864 0964  0.675 0.673 0.166 0.000
F R Membership 0.401 0.575 0442 0425 0804 0621 0590  0.462 0.424 0.266 0.036
26 HE% Rank 9 4 6 7 1 2 3 5 8 10 1

JZ: BFCERIFTE, ID: EORZEMAT I, CB: Mlft 2E AT 7, 1: 4.0 x10° cfulg; 2: 6.0 x10° cfu/g; 3: 8.0 x10°cfu/g; SF: MAE A, CK: X,

JZ: Bacillus mucilaginosus; JD: B. megaterium; CB: B. laterosporus; 1: 4.0 x10° cfu/g; 2: 6.0 x<10° cfu/g; 3: 8.0 x10° cfu/g; SF: Compound fertilizer; CK: Control.
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