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Abstract:  Objective The area of coastal saline soil is recognized as an important land resource with utilization value for
agriculture. However, coastal mudflat area is usually characterized by poor plant growth and low microbial activity due to its high
salinity suppressing most crops via the high osmotic stress, nutrient deficiency, toxicity and poor physical soil conditions. Soil
microbes like Trichoderma spp. play a significant role in assisting plants to tolerate salinity stress. The present study aimed to
investigate the effect of two Trichoderma-enriched bio-organic fertilizers on the yield and quality of cabbages (Brassica oleracea
L.) grown in coastal saline soil as well as their effect on soil nutrient availabilities. =~ Method Field and pot experiments were
carried out with eight treatments: 100% chemical fertilizer (CF), 30% bio-organic fertilizer plus 70% chemical fertilizer, 60%
bio-organic fertilizer plus 40% chemical fertilizer, 100% bio-organic fertilizer (without chemical fertilizers), and using the
non-fertilization treatment as the control (CON). The two bio-organic fertilizers were respectively prepared with strains of
Trichoderma guizhouense NJAU 4742 (which is commercially available in China as a plant-growth-promoting agent) and T
arenarium 1A131 (which was previously isolated from saline mudflat of Dafeng, Jiangsu). The nutrient load of the seven
fertilization treatments was set up to equal in the aspect of the contents of total N, Pand K. ~ Result Results obtained from both
the field and pot experiments demonstrated that there was no significant difference in the effect of the two bio-organic fertilizers.
Compared to the non-fertilized control (CON) and the full chemical fertilization (CF), 30% or 60% bio-organic fertilizer
significantly increased the contents of nitrate N and available P in soil. The treatment of 60% bio-organic fertilizer plus 40%
chemical fertilizer influenced the cabbage growth by significantly (P < 0.05) promoting the biomass of shoot and roots, and the
chlorophyll content (shown by the SPAD values) in leaves. Among the fertilization treatments, application of 60% bio-organic
fertilizer plus 40% chemical fertilizer resulted in the significantly highest yield and best quality of cabbage heads (with increased
sugar and vitamin C contents, and less nitrate accumulation, P < 0.05). Moreover, principal component analysis (PCA)
demonstrated that the significantly better plant growth effect did not correspond to the variation of soil nutrients. Rather, it may be
related to the loaded microbes which were previously reported to be able to promote plant growth via producing phytohormones
and activating the local microbiome. Conclusion Application of 60% bio-organic fertilizer combined with 40% chemical
fertilizer, which allows the roots to develop to the maximum in such a saline ecosystem, is the optimized fertilization regime to
cultivate cabbages in saline agriculture in coastal mud flats. Besides, compared to the nutrient load from the fertilizers, the
function of the Trichoderma strains was found to be more directly linked to the plant-beneficial effect of this fertilization regime.
The biological effect from the applied strains did not significantly rely on the origination of a specific strain. Moreover, the
requirement of applying a local saline soil strain to the saline agriculture was not fully addressed here at least not in this study,

and thus, needs further investigations.

Key words: Trichoderma functional strain; Bio-organic fertilizer; Saline soil; Cabbage; Root development; Yield and quality
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( CGMCC 3308 ) %[ AR T. reesei 917 ( QM6a )
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http://pedologica.issas.ac.cn



4 1 TS ARF YA HUE R TR T FAE Y A= R 1115

FRAERNST, AL ERIE A BB TR 4
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Fig. 1

Effects of different salt concentrations on the growth of three Trichoderma strains
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Table 1 Effect of different fertilization on growth and nutrition of Brassica oleracea L. in the pot experiment

posil SPAD {i FELRA B ) o iiSN HRAEL
Treatment SPAD value Plant fresh biomass/g Root length/cm Tips

CON 7.52t2.11e 4.24+0.08¢ 38.47+11.88¢ 160.7£46.39¢

CF 57.88£3.87f 4.51%+0.10d 27.48+13.94c 288.71£176.2de

30%BFG 52.07£1.79d 4.91%0.17¢ 129.9£29.03ab 5155t 114.1¢c
60%BFG 69.12+3.13a 5.10%0.11b 165.9+43.40a 900.2+212.8a
100%BFG 63.83£2.65b 5.17£0.12b 150.9+24.38a 798.2+186.5a
30%BFA 60.49£8.93bc 5.14£0.18b 46.92+10.84c 438.6%£219.7cd
60%BFA 60.07£3.18bc 5.51%£0.24a 109.0£35.94b 582.2+127.3bc
100%BFA 60.25+3.19bc 5.20£0.18b 157.3+49.77a 743.7+150.0ab

Ak B S-SR Mtk Plant N Hi#kWh Plant P HIFREN Plant K
Treatment Average root diameter/mm content/(g-kg ™) content/(g'kg ™) content/(g'kg ™)

CON 0.52+0.04a 7.15+0.61e 0.5910.04d 9.96+0.26d

CF 0.47%0.12a 9.4910.43d 1.81+0.08a 13.74+0.91c
30%BFG 0.35+0.04bc 22.71£0.97b 1.88+0.08a 15.42+0.34b
60%BFG 0.3340.02¢ 23.0941.18b 1.81+0.21a 14.8040.79b
100%BFG 0.3240.01c 18.3341.05¢ 1.47%0.11c¢ 16.334+1.00a
30%BFA 0.40£0.03b 25.60t1.39a 1.79£0.06a 14.82+0.35b
60%BFA 0.35%+0.01bc 19.18+1.32¢ 1.5540.05bc 13.11£0.53¢
100%BFA 0.31%£0.01c 18.91£0.67¢c 1.61+0.02b 17.01£0.33a

: CON: ARJtifit; CF: 100%ji AL ; 30%BFG: 30%M1 NJAU 4742 ALY HLIE+70% LI ; 60%BFG: 60%[1) NJAU 4742
LY HIE+40%ALHE s 100%BFG: 100%H) NJAU 4742 A ¥ AHUAL s 30%BFA: 30%HY 1A131 AP HLAE+70%ILIE ; 60%BFA :
60%11 1A131 A=A HLIE+40%LIE ; 100%BFA: 100%% 1A131 LA HUIE. TIA . Note: Con, Non-fertilizer application ( control );
CF, Application of 100% chemical fertilizer; 30%BFG, Application of 30% NJAU 4742 bio-organic fertilizer plus 70% chemical
fertilizer; 60%BFG, Application of 60% NJAU 4742 bio-organic fertilizer plus 40% chemical fertilizer; 100%BFG, Application of 100%
NJAU 4742 bio-organic fertilizer; 30%BFA, Application of 30% 1A131 bio-organic fertilizer plus 70% chemical fertilizer; 60%BFA,

Application of 60% 1A131 bio-organic fertilizer plus 40% chemical fertilizer; 100%BFA, Application of 100% 1A131 bio-organic
fertilizer. The same below.

%2 TEMAAET 2L ML R

Table 2  Effect of different fertilization treatments on chemical properties of soil in the pot experiment

s GE AL AR IEROT A Ak A
pH Salt content Organic matter ~ Ammonium N Nitrate N Available P Available K
Treatment
/ (gkg!) / (gkgt) / (mgkg™) / (mg'kg™) / (mgkg™) / (mg'kg™)
CON 8.914+0.02a 6.9710.08d 0.014+0.01d 16.50+1.75a 25.01£0.71c 2.024+0.14d 121.5+1.73¢
CF 8.4740.04bc 7.461+0.04bc  0.02+0.00bcd 3.61+1.47c 23.35+1.36¢ 12.73£0.96¢ 320.6+9.21a
30%BFG 8.2940.11de 7.551+0.14b 0.0140.00cd 19.34+3.40a 33.79+1.42b 13.14£0.89¢ 302.8+2.22bc
60%BFG 8.2740.02de 8.03+0.48a 0.031+0.01bc 2.401+0.92c 46.84+8.88a 14.03£0.75¢ 300.2+5.89¢
100%BFG 8.504+0.07b 7.061+0.40cd 0.04+0.01ab 5.161+4.13bc 36.49+5.18b 17.60£1.02b 292.3+4.35d
30%BFA 8.36+0.14cd 7.0940.19cd 0.04+0.01ab 7.32+2.96b 38.68+4.41b 20.71£1.26a 308.4+3.58b
60%BFA 8.2440.02¢ 7.4010.09bc 0.0540.02a 2.641+0.70c 47.54+10.24a  20.99+2.18a 309.0+2.58b
100%BFA 8.35+0.10cde 7.37+£0.20bc 0.05+0.01a 3.32+1.81c¢ 37.68+5.38b 20.63+2.57a 297.8+£2.63cd
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Fig. 2 Effects of different fertilization treatments on yield and quality of Brassica oleracea L. in the field
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Table 3 Effect of different fertilization treatments on chemical properties of soil in the field experiment
. b AR S HSA Ak A
e pH Salt content Organic matter ~ Ammonium N / Nitrate N Available P Available K
Treatment
/ (gkgt) / (gkg™) (mgkg™) / (mgkg™") / (mgkg™!) / (mgkg™")
CON 8.334+0.06¢ 5.84+0.88abc  4.42+0.13d 8.03+1.30bc  80.06+19.80ab 22.88+3.22d 294.3+17.17¢
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60%BFG 8.2440.04c 5.244+0.81bcd  5.41£0.70b 7.37+0.65bc  53.36+9.63bc 29.96+2.82cd 335.8+7.18cd
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100%BFA  8.69+0.07a 4.56+0.70d 5.8110.10ab 7.91+1.13bc  48.08+18.72¢ 37.114+2.39b  313.5+£25.75d
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Fig. 3  Effects of different fertilization treatments on root growth of Brassica oleracea L. in the field
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