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Effects of two types of microbial fertilizers on growth of Camellia oleifera
seedlings and the influence of photosynthetic characteristics

XIE Daiyu, LI Rui, XIANG Dayan, YIN Aixin, SHU Yan, CHEN Tao, FENG Shiling, DING Chunbang, ZHOU Lijun

(College of Life Science, Sichuan Agricultural University, Ya’an 625014, Sichuan, China)

Abstract: [Objective] To investigate the effects of two microbial fertilizers on the growth and photosynthetic characteristics of
Camellia oleifera seedlings, and to provide some practical references and theoretical support for the nutrient management of Camellia
oleifera. [Method] The growth indexes, gas exchange parameters, chlorophyll fluorescence parameters and antioxidant enzyme
activities of Camellia oleifera seedlings were measured after applying two kinds of microbial fertilizers, and combined with the principal
component and subordinate function analysis to comprehensively evaluate the effects of different treatments and screen the optimal
fertilizers and application rates. [ Result] The application of microbial fertilizer significantly promoted the growth and photosynthetic
characteristics of Camellia oleifera. Compared with the control group (CK), A4 and L2 treatments increased plant height by 71.74% and
67.94%, respectively; A2 and L2 treatments increased ground diameter by 60.00% and 45.40%, respectively. Chlorophyll and carotenoid
contents were significantly increased by A3 and L3 treatments, where the increase in chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids were 147.64%, 90.62%, 122.08%, 213.43% and 130.27%, 121.03%, 126.85% and 280.07%, respectively. The A2 treatment
increased the net photosynthetic rate (P,) compared to the 93.03% and 66.66% in the control (CK) and nitrogen fertilizer treatment (N),
respectively. qP and ETR of A2-treated leaves were 31.03% and 35.95% higher than that of CK, and 46.15% and 33.75% higher than
that of N group, respectively. In addition, superoxide dismutase (SOD) activities of A4 and L2 treatments were significantly higher than
CK and N by 24.69%, 28.57% and 51.82%, 56.54%, respectively, while peroxidase (POD) and catalase (CAT) activities were enhanced.
The comprehensive evaluation of principal component analysis and affiliation function indicated that the growth, photosynthetic

characteristics and antioxidant enzyme activities of Camellia oleifera performed best under A2 treatment. [ Conclusion] The microbial
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fertilizer and Randidobond significantly promoted the growth of Camellia oleifera seedlings, and enhanced the antioxidant enzyme

activities by increasing the chlorophyll content, gas exchange parameters, chlorophyll fluorescence parameters of the leaves, effectively

enhanced the photosynthesis of the plants, and provided a strong support for the high-efficiency cultivation of Camellia oleifera.

Keywords: Camellia oleifera seedlings; microbial fertilizer; growth and development; photosynthetic characteristics
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Table 1 Experimental design and the amount of microbial
fertilizer under different treatments

BERE T i
Tested bacterial fertilizer ~ Processing No. .
applied
X Ht Contrasting CK THK
Al 2.5 ¢/
A2 5o/ bk
WAEME L A "
Microbial fertilizer A A3 10g/ ¥
A4 20 g/ Pk
AS 40 g/ tk
L1 0.1 mL/ #k
L2 0.3 mL/ £k
ZBEH L3 0.5 mL/ ¥k
Land
L4 0.7 mL/ #k
LS 0.9 mL/ #k
%UIE Nitrogen fertilizer N 2o/ B

132 MWRpMgEss

4% 2 B SR F A o BV MY, RREUH
BEE 0.1 g, TRNES LB AN 95% LR i
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Table 2 Growth index of Camellia oleifera under different fertilization treatments
] PR et K Y =T
Treatment Plant height growth /cm Ground diameter growth /mm Leaf area /cm® Branching number
CK 1497+1.68 g 1.85+£0.05 ¢ 16.51£0.97 cd 2.00£0.33 ef
Al 23.97£0.30 bed 2.124+0.27 ef 16.67+1.42cd 2.67+0.33 ¢
A2 25.22+2.55be 2.96+0.03 a 20.30+0.55a 2.78+0.19 be
A3 22.19+0.88 de 2.33+0.12 de 19.26+1.32 ab 1.67+0.33 f
A4 25.71+1.64 ab 2.5040.22 bed 20.95+0.55a 2.78+0.19 be
AS 23.09+1.32 cde 2.44+0.23 cd 17.72+1.81 be 2.4440.19 c¢d
L1 22.80+1.64 cde 2.631+0.25 be 16.11£0.39 cd 3.334+0.00 a
L2 25.14+1.36 be 2.691+0.16 b 16.6941.05 cd 2.11£0.19 de
L3 19.48+0.82 f 2.4740.08 bed 19.99+0.90 a 1.8940.19 ef
L4 21.98+2.65 de 2.1740.03 ef 14.894+0.85d 2.14+0.19 de
L5 21.13£1.50 ef 2.0040.04 fg 16.02+1.20 cd 1.8+0.19 ef
N 27.87+0.85a 2.69+0.10 be 17.83+1.54 be 3.11£0.19 ab
b3 HRREL ISYISIS =R MR )
Treatment Root tips number Total root length /mm Root diameter /mm Root surface area /mm”
CK 259.33+44.81 bed 5470.734+627.07 cd 0.3940.04 be 6 180.831+236.85 de
Al 238.334+26.85d 6182.244711.94 abc 0.42+0.01 abc 8465.23+544.18 ab
A2 324.331t42.39 ab 4 867.501594.96 de 0.461+0.04 ab 6963.471+101.66 cd
A3 348.33+37.64a 6830.45+719.39 a 0.50+0.05a 8828.17+552.33 a
A4 313.33£38.99 abc 6389.861+405.43 ab 0.45+0.04 abc 7 841.524+735.97 be
A5 256.67+48.60 cd 3547.17+708.50 g 0.3740.04 abc 4484.461+613.86 g
L1 237.67+£20.81d 3930.65+42.23 fg 0.3940.05 be 4776.931+535.90 fg
L2 298.67442.25 abed 4738.65+420.93 de 0.4340.05 abc 6581.11+465.98 d
L3 255.33+25.92cd 34783121844 ¢ 0.4240.05 abe 4425.13+796.82 g
L4 232.674+24.13d 4439.34+518.16 ef 0.4140.04 be 5654.844362.70 ef
LS 239.67+£47.05d 3 868.55+276.77 fg 0.441+0.05¢ 4898.98+891.28 fg
N 309.00£18.02 abe 5 828.154276.00 be 0.43£0.03 abc 6885.82+770.25d

T RPANFANEGFERORAEI M 2Z R 82 (P <005 , TH.

Different lowercase letters in the table indicate significant differences between treatments (P << 0.05), the same below.
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Fig. 1 Chloroplast pigment content of Camellia oleifera leaves under different fertilization treatments
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Table 3 Photosynthetic indexes of Camellia oleifera leaves under different fertilization treatments

szl i VU Haia) CO, W AL
Treatment P, /(mmol-m~s™) T, /(mmol-m™-s™) C; /(umol-m™-s™) G, /(umol-m~s™)
CK 1.58+0.22 ¢ 0.49+0.04 ab 290.67+£8.29a 4.43+0.66 d
Al 2.034+0.19 be 0.6110.09 ab 238.17£12.57 cde 8.9710.48 be
A2 3.05+0.28 a 0.63+0.08 ab 181.50+14.56 f 22.87+1.86a
A3 0.76+0.10d 0.44+0.17 ab 246.43+9.80 bed 7.57%+1.91 bed
A4 2.23+0.31b 0.60£0.05 ab 227.60£8.51 cde 9.63+2.79 be
A5 1.681+0.16 be 0.4540.09 ab 186.2746.93 de 7.5310.90 bed
L1 0.86+0.06 d 0.284+0.06 b 233.23+14.27 cde 6.331+0.85cd
L2 0.89+0.02d 0.42+0.10 ab 280.80+5.51 ab 9.70+1.45 be
L3 1.604+0.01 ¢ 0.754+0.07 a 245.50+14.03 abed 6.33+1.08 bed
L4 0.87+0.17d 0.294+0.09 b 233.10%£15.63 ef 10.67+0.67 b
L5 0.69+0.10d 0.5240.01 ab 191.77£5.22 f 6.80%1.00 bed
N 1.834+0.36 be 0.49+0.14 ab 261.671+9.46 abc 8.27+1.33 bed
223 MBRIOESU B CK 89 W8 73 71 04 77.37%- 70.73%- 79.53%-

Wi 2 Fras, AN TR FE B sk A 4 T AE A 22 et
ZH AR B ) FJ/F,. NPQ 5 CK ¥ &%
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PR A gP ETR 5 CK A1 N AbHE 2 53 5 3%, %
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Wi 3 o, A A SOD Mg iE 1t & & A4
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tt CK % 51.82%. 37.77%- 29.70%, % N &b #i
53 H T 56.54% 42.05%. 33.73%. Jiti N 2 P
AR RS, WA POD B S MR AA I 1
FHiE NS, Hd A2 A1 L2 40 ) POD fiff
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Fig.2 Chlorophyll fluorescence parameters of Camellia oleifera leaves under different fertilization treatments
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Fig. 3 Effects of different fertilization treatments on antioxidant enzyme activity in Camellia oleifera leaf slices
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PHG: Phmll K, SDG: HEHKE, LA: HHA, BN: 2B RTN: M, TRL: SR, RD: IREAR, RS: HEEME, Car: KHY FREH,
Chlt: WEEEEE, P HOGHEE, 7. ABEE, C: MW _EMBIKRE, 6. ULTE, F/F,: PS ITRIIHERE, qP: K RE,
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PHG: Plant height growth, SDG: Seedling diameter growth, LA: Leaf area, BN: Branching number, RTN: Root tips number, TRL: Total root length,

RD: Root diameter, RS: Root surface, Car: Carotenoid content, Chl t: Total chlorophyll content, P,: Net photosynthetic rate, 7,: Transpiration rate, C;: CO, concentration,
G:stomatal conductivity, F,/F,: maximum photochemical efficiency of PS 1l , qP: photochemical quenching coefficient, NPQ: none photochemical quenching coefficient,
ETR: electron transport rate, SOD: SOD activity, POD: POD activity, CAT: CAT activity. The color of different squares in the figure represents correlation,
red is positive correlation, blue is negative correlation, the size of the squares represents the strength of correlation, the correlation of large squares is strong,
and the correlation of small squares is weak.
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Fig. 4 Correlation heat map of effects of two types of microbial fertilizers on growth of Camellia oleifera seedlings and the
influence of photosynthetic characteristics
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Table 5 Comprehensive evaluation of different fertilization treatments
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