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Photosynthetic physiological metabolism and yield response of continuous soybean cropping mediated by
long—term application of biochar

WU Di, YUAN Hechong, GU Wenqi, FENG Zhibo, SUN Yuanyuan, XIU Liqun, ZHANG Weiming', CHEN Wenfu"

(Shenyang Agricultural University, Biochar Engineering & Technology Research Center of Liaoning Province, Shenyang 110866, China)
Abstract: To clarify the effects of biochar on the regulation of photosynthetic physiology, yield of continuous cropping soybean and its
relationships under long—term conditions and to explore the feasibility of biochar application, four treatments were set up : CK (fertilizer
application, no biochar application ), B1(biochar 12 t-hm™), B2(biochar 24 t-hm™), and B3 (biochar 48 t-hm™) in a long—term field trial.
The effects of biochar application (9 years) on the material basis of photosynthesis, physiological functions, product accumulation, and
yield of continuous cropping soybean were investigated. The results showed that the application of biochar enhanced the chlorophyll content
(Chla, Chlb), leaf area, and leaf area index of continuous cropping soybean significantly. At the same time, biochar enhanced the
photosynthetic capacity of continuous cropping soybean, with a net photosynthetic rate (Pn), transpiration rate (Tr), stomatal conductance

(Gs), and water—use efficiency significantly increased, and the intercellular CO, concentration (Ci) decreased. Additionally, the Pn, Tr,
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and Gs of the B3 treatment increased by 15.44%, 14.98%, and 117.73%, respectively, compared to the CK. Meanwhile, the biochar—

mediated endowment light energy conversion efficiency (Fv/Fm), potential photochemical efficiency (Fv/Fo), and heat dissipation quantum

ratio(Fo/Fm) in the PSII reaction center of continuous cropping soybean increased, and the plant efficiency of soybean photosynthesis was
enhanced. Further, the soluble protein, soluble sugar, sucrose content, and leaf dry matter weight of the biochar—treated continuous
cropping soybeans increased to varying degrees, and the accumulation of photosynthetic products increased. The final yields showed that
the biochar treatments were higher than the CK, with the soybean yields of the B2 and B3 treatments being 7.69% and 15.38% higher than
the CK, respectively. Further correlation analysis showed that the long—term biochar-mediated yield response of continuous soybean
cropping was closely related to Chla, Pn, Tr, and Gs, as well as leaf soluble sugar content, important factors contributing to the yield
enhancement of continuous soybean. Biochar application enhanced photosynthetic physiological functions of the soybean, promoted the
accumulation of photosynthetic products, and increased the yield of the continuous cropping soybean.

Keywords : biochar; soybean; photosynthesis; continuous cultivation
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Table 1 Basic physicochemical properties of biochar
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Raw Pyrolysis Particle pH Carbon/% Nitrogen/  Phosphorus/ Potassium/  Calcium/ Magnesium/ Iron/ Manganese/
material  temperature/C  size/em arboniz (g-kg™") (g-kg™") (g-kg™") (g-kg™) (g-kg™") (g-kg™") (g-ke™")
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Table 2 Effect of biochar on soybean chlorophyll content under

continuous cropping(mg-g™)

b M2 a MR D 23K (ath)
Treatment Chlorophyll a Chlorophyll b Chlorophyll(a+h)
CK 3.40+0.86d 1.01+0.02b 4.41+0.10¢
B1 3.57+0.06¢ 0.95+0.01b 4.52+0.07¢
B2 4.01+0.10b 1.09+0.04a 5.01+0.11b
B3 4.20+0.06a 1.11£0.04a 5.31+0.05a

T WA RN TR 3R A PR 22 57 i 25 (P<0.05) 0 R Il
Note: Different lowercase letters in the same column mean significant

difference among treatments at 0.05 level. The same below.

WWW.QEs.0r9.CN




NEG2

4000
- a
E 3000 b ab
= +
(5]
G c
= L T
£ 20001 —F
=
e
=
= 1000 F

0
CK Bl B2 B3
AP Treatment

vegllEs g Sl sl 4255 1

6r a
y b ab _
el +
<

- C
Tap <
= 1
s
&
2 oot
=4
E 1 -
=

0

CK B1 B2 B3
Kb Treatment

AR ING PR R A [ b B 22 5 2.3 (P<0.05) . R[]

Different lowercase letters mean significant difference among treatments at 0.05 level. The same below

B 1 EYRIEEREMERE M ERERNZME

Figure 1 Effects of biochar on soybean leaf area and leaf area index under continuous cropping
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Table 3 Effects of biochar on soybean photosynthesis under continuous cropping

fham Holt A AR AT M) CO,He g
Net photosynthetic rate(Pn)/ Transpiration rate(Tr)/ Stomatal conductance(Gs)/ Intercellular CO, concentration( Ci)/
Treatment o4 o P B

(umol'm s (mmol-m72-s7") (mmol-m™-s™") (;Lmnl-mol )

CK 29.60+1.82b 5.54+0.09b 179.67+17.10c 177.00+20.00a

Bl 29.87+0.31b 5.61+0.18b 163.00+19.47¢ 187.00+11.15a

B2 32.27+1.29ab 5.95+0.17ab 275.33+15.65b 134.33+8.35h

B3 34.17+1.53a 6.37+0.06a 387.67+26.74a 123.67+7.26h
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Figure 4 Effects of biochar on soybean soluble protein and

soluble sugar content under continuous cropping
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Table 4 Effects of biochar on soybean photosynthetic product

accumulation under continuous cropping

b3 TEM THEME A
Treatment Content of starch/(mg-g™) Content of sucrose/%
CK 20.90+2.15ab 16.2+1.26¢
Bl 19.21+0.45b 20.9+0.97b
B2 19.31+0.30b 22.6+0.10b
B3 22.88+0.60a 25.8+1.58a
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Figure 5 Effects of biochar on dry matter weight of soybean leaves

under continuous cropping
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Figure 6 Effects of biochar on soybean yield under

continuous cropping
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Figure 7 Correlation analysis of soybean yield formation and photosynthetic physiological characteristics under continuous cropping
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