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Abstract

This study compared the effects of biochar (B), microbial inoculant (M), and combined treatment (MB) on soil
physicochemical properties, growth, and fruit characteristics in pot-cultivated hot pepper (Capsicum annuumL.) using PLS
regression analysis. Biochar significantly increased initial soil temperature, and final soil pH was higher in M than B. MB
yielded approximately 3.3 times more fruits than the control, with greater leaf length and width. M contributed to higher initial
sugar content, B showed specialized effects on final sugar content, and MB recorded the highest dry weight and overall
productivity. PLS regression identified soil pH and N as primary soil variables. The score plot clearly separated treatments,
with B associated with fruit quality variables and MB aligned with overall productivity variables. Combined treatment was
most effective for improving soil conditions and crop productivity, while biochar alone may serve as a practical alternative
when fruit quality is the primary objective. Limitations include unavailability of soil moisture data and controlled pot
conditions, necessitating further field validation and rhizosphere microbial community analysis.
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Fig. 1. Experimental materials used in this study. (a) Research site, (b) experimental plants, and (c) experimental materials
including biochar, microbial inoculant, and experimental soil.
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Fig. 2. Experimental design. (a) Composition of treatments and (b) arrangement of experimental plots. Cont., Control; M,
Microbial inoculant: B, Biochar: MB, Microbial inoculant + Biochar combined treatment.
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Table 1. Soil physicochemical properties at initial survey
Variable  Treatment’ N (mgkg™) P (mg kg™ K (mg kg™) pH TEMP (T) EC (uS cm™)
F-value® 6.681" 2.545ns 2.850° 1.388ns 33.946" 2.322ns
Cont. 26.14+3.05a 37.2844.47ab  75.06%+8.60ab  6.17+0.07a  28.06+1.08a  371.94+34.44a
Tukey’ M 25.1745.17a  35.14%£7.53ab  71.22+15.39ab  6.17£0.10a  28.36%£1.43a  355.69%71.46a
B 27.2848.70a 39.22+12.98a  79.22423.75a  6.13+0.09a  29.64+0.51b  360.61+79.14a
MB 20.44+£9.09b 31.75+18.29b  63.67%£36.53b  6.12+0.19a  30.66+0.99c  315.83+156.32a
“Mean separation within columns by Tukey HSD at 5% level (n=36)
*Cont.; Control, M; Microbial, B; Biochar, MB; Micr?la*jfil+Biochar combined treatment
*F-values are shown with significance symbols. ns, , : not significant p < 0.05, 0.001 respectively
Table 2. Soil physicochemical properties at final survey
Variable Treatment’ N (mgkg™) P (mg kg™ K (mg kg™ pH TEMP (T) EC (¢S cm™)
F-value* 1.544ns 1.692ns 1.458ns 3.317 0.320ns 2.114ns
Cont. 31.61£9.02a  44.28+12.77a 86.36+28.59a  6.36£0.23ab  25.15%£0.55a  441.28+116.10a
Tukey’ M 34.83+18.98a 48.81+26.21a 96.78+52.27a  6.41+0.26a 25.16£0.53a  536.36+290.07a
B 28.08+7.04a  39.1949.86a  78.61+£19.84a  6.24%0.24b 25.2310.52a  433.361£96.23a
MB 32.53t15.54a 46.42+21.90a 90.75+42.80a  6.29+0.24ab 25.11+£0.59a  488.47+218.98a

“Mean separation within columns by Tukey HSD at 5% level (n=36)
"Cont.; Control, M; Microbial, B; Biochar, MB; Microbial+Biochar combined treatment
*F-values are shown with significance symbols. ns,  not significant p < 0.05 respectively
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Table 3. Growth characteristics of Capsicum annuum L. by treatment and survey period
Survey*  Treatment Plant height” Leaf length Leaf width Stem diameter No. of fruits
(cm) (cm) (cm) (mm) (ea/pot)

Cont. 27.50+4.33a 5.47+0.61a 2.65%0.29a 5.18%0.54a 0.25+0.45a

Ist M 33.42+4.94b 7.14£0.91b 3.23+0.39b 5.83£0.59ab 1.08£0.90a
B 33.83+5.47b 6.67+0.77b 3.54+0.30c 5.72+0.67ab 0.9240.99a

MB 33.75+5.90b 6.67+0.82b 3.53%£0.31c 5.71+0.73ab 1.08£0.90a

Cont. 41.00£9.55a 8.45+0.72a 3.59£0.28a 5.78+0.72a 0.00£0.00a

2ud M 42.67+9.24a 9.61+0.78b 4.0240.33ab 5.94+0.68a 0.58+0.79a
B 43.58+10.98a 9.67+0.95b 4.14%0.38b 5.97£0.75a 0.75%0.75a

MB 41.2549.89a 9.98+0.90b 4.33+0.42b 6.11£0.83a 0.58+0.79a

Cont. 93.75+12.12a 9.72+0.88a 4.4740.34a 12.23+1.54a 5.75+3.17a

M 79.58+12.84b 10.26£0.93ab 4.5940.38ab 13.34+1.57a 9.58+4.08ab

B 81.75£14.58b 10.04£0.93a 4.62%0.33ab 13.94+1.70a 12.25+3.77b

3rd MB 87.50+11.20ab 10.97£0.93b 4.81+0.43b 13.43+1.52a 19.00£5.88¢
T: 2.607ns T: 7.476" T: 28.290" T: 5.409” T:11.7907
RM-ANOVA* Ti: 810.9™ Ti: 1027.7" Ti: 205.3" Ti: 810.8™ Ti: 154.27

TxTi: 5.834™ TxTi: 18.706™ TxTi: 2.625 TxTi: 1.289ns TxTi: 12.734™

“Values are mean * SD. Different superscript letters within the same column and survey indicate significant differences by Tukey HSD
(p=0.05). Plant height, stem diameter, No. of fruits: n=12; Leaf length, leaf width: n=36
"Cont.; Control, M; Microbial, B; Biochar, MB; Microbial+Biochar combined treatment

*RM-ANOVA effects — T: Treatment, Ti: Time, Tx Ti: Treatment x Time interaction. ns, ",
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Table 4. Fruit characteristics at initial survey

. , Fruit length Fruit width Fresh weight Brix Peel thickness Dry weight
Variable Treatment’ —_
(cm) (mm) (8) ("Brix) (mm) (g)
F-value* 0.909ns 3.813 2.691ns 10.094™ 1.086ns 1.391ns
Cont. 14.12+2.27a  20.39+£2.29a  29.60+8.94a 4.82+0.33a 3.41£0.71a 2.27£0.63a
ke’ 14.07+£2.72a  18.81+2.01ab  30.12£10.58a  5.39%0.62b 3.18+0.66a 2.18+0.69a
uke
Y B 13.38+2.46a 18.17+£2.50b 23.89+6.98a 4.8240.39a 3.17£0.70a 1.9240.50a
MB 14.55+1.50a  19.96%2.54ab  24.67%8.51a 5.32+0.38b 3.03+0.59a 2.25+0.61a
“Mean separation within columns by Tukey HSD at 5% level (n=20)
Cont.; Control, M; Microbial, B; Biochar, MB: Microbial+Biochar combined treatment
F-values are shown with significance symbols. ns, ", " not significant p < 0.05, 0.001 respectively
Table 5. Fruit characteristics at final survey
Variable Treatment’ Fruit length Fruit width Fresh weight Br%x Peel thickness Dry weight
(cm) (mm) (8) (Brix) (mm) (8)
F-value* 8.584" 2.392ns 3.822" 14.524™ 1.836ns 10.375™
Cont. 10.75£1.88ab  13.69%2.66a 9.84+4.04a 5.06+0.75a 1.36£0.53a 0.69+0.41a
Tukev? M 10.06+1.92ac 12.26+2.71b 7.74+3.48b 5.53+0.94a 1.28+0.42a 0.64+0.25a
ey B 959+127c  12.85+2.51ab  7.7242.82b  6.06+0.86b  145+053a  0.78+0.42a
MB 11.23+1.88b 13.10+£3.00ab  8.96+4.32ab 6.12+1.10b 1.53£0.77a 1.06+0.54b

“Mean separation within columns by Tukey HSD at 5% level (n=50)

Cont.; Control, M; Microbial, B; Biochar, MB: Microbial+Biochar combined treatment
F-values are shown with significance symbols. ns, ", " not significant p < 0.05, 0.001 respectively
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