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Effects of compound fungi inoculant application on growth,
root configuration. and photosynthetic characteristics of

Chinese flowering cabbage cultivated in continuous cropping soil

XU Lei', WANG Jitao®, DING Zengwei’, LUO Yuan', CHEN Qiwei', YE Lin""’
(1 College of Wine and Horticulture, Ningxia University, Yinchuan 750021, China; 2 Ningxia Department of Agriculture and
Rural Affairs, Yinchuan, 750002, China; 3 Bureau of Agriculture and Rural and Water Affairs of Xixia District, Yinchuan,
750021, China)

Abstract [ Objective] The study aims to explore the effects of compound fungi inoculant application on the
growth, root morphology, and photosynthetic characteristics of Chinese flowering cabbage seedlings, and
provide a theoretical basis for the application of compound fungi inoculant to alleviate the obstacle of con-
tinuous cropping of Chinese flowering cabbage. [ Methods] The Chinese flowering cabbage variety ‘Jianye-

707, with which microbial agents and soil had been continuously cropped for 9 years, were used in pot ex-
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periments. Four treatments were set up: No compound microbial agents (control), foliar spraying, soil
spraying. and foliar spraying plus soil spraying. The plant growth indicators, root system configuration,
and leaf photosynthetic characteristics were observed after sowing for 30 days. [Results| Every application
method could increase growth indicators, root system conformation, leaf photosynthetic characteristics net
photosynthetic rate (P,), actual photochemical efficiency (@pg; ), and photochemical quenching coeffi-
cient (¢,) etc., as well as decrease transpiration rate (T,), intercellular carbon dioxide concentration
(C,), and non photochemical quenching coefficient (NPQ) etc. Among the application methods, foliar
spraying had the best effect. Its above-ground and underground dry weight and root length were signifi-
cantly increased by 128.57%, 85.71%., and 91.81%. P,, q,» and @ps; were significantly increased by
24.55%, 22. 68%, and 23. 93%, while T,, C,, and NPQ were significantly decreased by 72. 73%,
20.01%, and 39.78% , respectively. [Conclusion] Foliar spraying of compound fungi can effectively pro-
mote the growth of continuous cropping cabbage seedlings, improve root configuration, enhance plant
photosynthetic efficiency. which is the best way of compound fungi application.

Key words Chinese flowering cabbage; continuous cropping; compound bacterial agents; growth; root

system configuration; photosynthetic characteristics
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Table 1 The growth index of Chinese flowering cabbage seedlings under different composite fungicide application

Ab 7 e (PH) ZEHL(SD) A (LN - AL (LA
Treatment Plant height/cm Stem diameter/mm Leaf number Leaf area/cm”
CK 12.4040.277¢ 2.82+0.193b 4.00+0.000a 9.07+0.869b
T 15.3640. 581a 3.32+0.058a 4.00+0.000a 13.2341.213a
T, 13,260, 353be 3.1670. 068ab 4,000, 000a 10. 524 1. 054ab
T, 14.3240. 600ab 3.2440.108a 4.0040. 000a 12.0340. 722ab
b3 M b E (AF) i b+ # (AD) 1T i F (UF) R T E(UD)
Treatment Aboveground fresh weight/g Aboveground dry weight/g Underground fresh weight/g Underground dry weight/g
CK 1.180=£0. 186¢ 0.070+0.015¢ 0.07240.013c 0.014=+0.005¢
T, 1.87040. 444a 0.160+0. 040a 0.186=+0.047a 0.026=+0.008a
1.26440. 211bc 0.098+0.019bc 0.140£0.012b 0.016=+0. 005bc
T, 1.346£0. 255ab 0.120+0.025b 0.168+0.013ab 0.01840.004b

T CK FR A& A WA R T, R B E 4 /-5, T, F#ox LiEEEWEH, T, FXamtmniit+ e &m0 . FIARRNE F 8RR
HEZ WITE 0. 05 K- A7 7E i 35 M 22 57 (P <<0.05) . T,

Note: CK denotes no application of composite fungus, T, denotes foliar spraying of composite fungus, T, denotes soil application of composite fun-
gus, and T, denotes foliar spraying + soil application of composite fungus. Different normal letters within same column indicate significant difference

among treatments at 0. 05 level (P<C0.05). The same as below.

®2 FRESFEFANEAAXTROGHRRBBMEIER

Table 2 The root conformation of Chinese flowering cabbage seedlings under different composite fungicide application

fb MK (RL) RERBRA  REBRY)  FHHEEZRD) HEHA(CND) BWRE(TND  SHIE4H(FD)
T y Root length Root surface  Root volumetric Average Number of Root tip Root fractal
reatment 2 3 . . . .
/mm area/cm /cm diameter/mm connections number dimension
CK 41.6644. 85¢ 17.99+3.63b 1.0540. 26¢ 1.134+0.03b 210.67+53. 80c 47.334+5.13b 1.4740.08b
T, 79.9142.12a  42.85%7.87a 3.05+0.02a 1.594+0. 11a 470.33+24,.34a  67.00%+12.12a 1.63%0.06a
T, 64.2444.70b  23.61%4.61b 1.3240. 06bc 1.23+0.17b 308.00+66.01b  57.00%6.56ab  1.5140.03b

T, 73.3844.89ab  23.984+1.44b 1.67£0.55b

—_

.2540.19b 400.67+7.23a 58.0445.34ab  1.534:0.02b
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Table 3 The gas exchange parameters in leaves of Chinese flowering cabbage seedlings

under different composite fungicide application

Trea ; 5
reatment [pmol/(m?® « s)] [mmol/(m” « s) ]

[mmol/(m?” « )]

= L BF I} N Ve pFE
LR MR CO, X I K 5 T

s i/ WUEI
(pmol/mol)

CK 5.05+0. 13c 0.01140.002a 0.48+0.096a 361.79+3.23a 492.54+83.68b

T, 6.29+0.41b 0.003+0.001c 0.11+0.017b 289.4049. 86b 2353.79+317.06a

T, 7.6420. 15a 0.0060. 002be 0.3020. 100ab 320.95+28.39ab  1700. 27 +354. 14a

T, 6.70=0.17b 0.0090. 000ab 0.4420. 053a 356.89+1. 24a 765.06+38. 22
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leaves of Chinese flowering cabbage seedlings under

The chlorophyll fluorescence parameters in

different composite fungicide application
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Red color indicates positive correlation and blue color indicates negative correlation.

Fig. 2 Thermogram of correlation coefficients of relevant indicators of

Chinese flowering cabbage seedlings under different compound fungicide application
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Table 4 Coefficient and contribution rate of each comprehensive index

£ 2

Index

Ty 3

Principal component 3

Mk Plant height
ZEM Stem diameter
1 A Leaf area
Mo I35 i 8 Aboveground fresh weight
Hi R #6438 B Underground fresh weight
Mo b4 T % Aboveground dry weight
M F 4> T & Underground dry weight
K Root length
R ZF ML Total root surface area
MR A Total root volume
FH A% Average root diameter
#%50 Number of connections
A% Tip number
I 4E$ Root fractal dimension
M T,
FOLB MR P,
Jara CO, W C,
KILGE G
% 1 7K 43 ) I 20% WUEL
BAEALFME F/F
T =K R q,
I a2 VR R B NPQ
FRNAL L gy
FEE{H Eigen values
Bk % Contribution/ %

23 5k % Cumulative contribution/ %

TS 1 EWr 2
Principal component 1 Principal component 2
0.920 0.120
0. 820 0.195
0.799 0.098
0.837 0.114
0. 935 0.109
0. 838 0.187
0.742 0.399
0. 895 0. 240
0. 899 0. 030
0. 905 —0.110
0.862 0.070
0.921 0.158
0. 808 0.352
0. 844 0.188
—0.668 0.703
0.408 0.076
—0.580 0.768
—0.625 0.743
0.735 —0. 275
0.935 0.015
0.955 0.016
—0.807 0.341
0.965 0. 006
15.621 2.374
67.918 10. 324
67.918 78.241

0.272
—0. 480

0.224

—0.176
—0.242
0.214
—0.245
0. 257
0. 300
0. 236

—0.102

0.125
0.076
—0.782
—0.015

—0.041

—0.031
—0. 141
0. 189

—0.114

85.399

x5 BRESZE

EREMNERE

FYE.D BERERITN

Table 5 The comprehensive indicator values, index weight, membership function value, D values,
and comprehensive evaluation of each treatment
b0 ESL YL 5 3 iy
T Principal Principal Principal Ux,) Ux,) UX,) D Comprehensive
reatment .
component 1 component 2 component 3 evaluation
CK —1.272 0. 069 1.019 0.109 0. 644 0.778 0.182 4
T, 1.371 —0. 469 0. 780 0. 841 0. 484 0. 704 0.731 1
T, —0. 204 —0.401 —0.994 0. 405 0. 504 0.152 0. 383 3
T, 0.106 0. 800 —0. 805 0.491 0. 862 0.211 0.494 2
AL Weight 0.795 0.121 0.084
R M R R RAERK S ZREEMH . REER
7 : . \
B AR T R Ak Y AR B A R 2R RS B DG B

Bt
=
b
ﬁ

> A K 0 Y G B Y B, A

(O TEFEME HITT o R A AR R AT LI R 3 43 1 W2 i
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