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Effects of biochar on dry matter transport, yield and interspecific competition of crops in flax//pea system
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Abstract: In order to clarify the effect of biochar on product and interspecific relationship of flax // pea inter-
cropping system, a field split—plot experiment was conducted using 3 biochar application rates (CO, 0 t/hm* C1, 10
t/hm?; C2, 20 t/hm*) and different planting patterns (as monoculture flax; monoculture pea, intercropping of flax //
pea). The two crops’ dry matter accumulation, translocation, yield components were investigated, as well as grain
yield and interspecific competitiveness under intercropping system of flax and pea. Results showed that biochar ap-

plications for two consecutive years could significantly increase dry matter, maximum growth rate and average
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growth rate of both crops, which increased with the biochar dosage. However, in the third year of continuous applica-
tion, the effect of 20 t/hm* biochar was lower than that of 10 t/hm* biochar. In different intercropping systems, inter-
cropping significantly promoted dry matter accumulation and transport of flax compared with monoculture, the pre—
anthesis dry matter transport, transport rate, contribution rate and post—anthesis dry matter accumulation were sig-
nificantly higher than monoculture by 61.03%, 42.87%, 29.88% and 13.85%, while for pea, pre—anthesis dry matter
transport, transport rate and contribution rate were better in monoculture system. Compared with no biochar applica-
tion, the effective capsule number and yield of flax increased significantly by 13.30% and 12.81% under C2 treat-
ment in 2022; and pod number per plant, grain number per pod and yield of pea increased significantly by 30.44%,
17.00% and 20.46%, respectively. In 2023, C1 treatment was the best, and flax and pea yields increased by 13.52%
and 18.42% respectively. Compared with monoculture, sesame under intercropping had an average significant in-
crease of 18.26% in yield over two years. Peas had higher yields under monoculture. In 2022, there was an average
significant increase of 9.47% across all levels of biochar. In 2023, there was a significant increase of 7.81% at the
no—biochar level. In the flax // pea system, the relative competitiveness of flax was greater than 0, and the competi-
tion ratio was greater than 1, which was the dominant crop, while pea was the inferior crop. The land equivalent ratio
under each biochar level was greater than 1, and the intercropping planting mode had obvious yield advantage. In
summary, the application of biochar could significantly increase dry matter accumulation and transport of the flax //
pea system, thereby increasing both grain yields of flax and pea, but long—term excessive biochar accumulation is
not conducive to yield.
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Fig.1 Flax dry matter accumulation under different planting patterns after using biochar
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Fig. 2 Dry matter accumulation of peas under biochar and different planting patterns
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Table 1 Logistic equation regression analysis of biochar and planting patterns on dry matter accumulation of flax and pea

YE#) AEG b B Jy PR
V,./(kg/hm*d)  V_/(kg/hm*/d) R?
Crop Year Treatments Equation model )
MFCO y=5452.35/(1+e3947013) 173.45 50.48 0.9593
MFC1 y= 6114.00/(1+e>147012) 176.94 56.61 0.9611
022 MFC2 y=6327.21/(1+e" 701 175.63 58.59 0.9625
IFCO y= 6588.23/(1+¢"77011) 182.03 61.00 0.9666
IFC1 y=7304.33/(1+e302011) 205.84 67.63 0.9639
il IFC2 y=7486.89/(1+e"#*7*!") 208.21 69.32 0.9650
Flax MFCO y= 6704.23/(1+e5827010) 162.48 54.07 0.9867
MFCI y=7804.07/(1+¢%770%") 185.07 62.94 0.9908
023 MFC2 y=7161.38/(1+5817010) 171.78 57.75 0.9909
IFCO y=8050.03/( 1+580700%) 190.85 64.92 0.9934
IFC1 y=9072.41/(1+e537700%) 199.18 73.16 0.9934
IFC2 y= 8606.51/(1+e573700%) 199.26 69.41 0.9935
MPCO y= 6496.63/(1+¢>7011) 172.73 73.83 0.9994
MPC1 y= 8295.38/(1+¢>#701%) 212.28 94.27 0.9992
MPC2 y= 8793.62/(1+e>7011) 234.94 99.93 0.9995
2022 IPCO y=5969.49/(1+e>717011) 169.35 67.84 0.9999
IPC1 y= 6674.82/(1+e>57012) 197.54 75.85 0.9999
it IPC2 y= 7271.49/(1+¢>56°012) 211.02 82.63 0.9999
Pea MPCO y=8295.87/(1+'+01%) 392.31 80.54 0.9931
MPC1 y=10410.52/(1+¢'*17701%) 470.48 101.07 0.9815
2023 MPC2 y=9815.82/(1+¢'7401") 465.59 95.30 0.9887
IPCO y=7116.51/(1+e!05020) 354.67 69.09 0.9974
IPC1 y= 8879.63/(1+e!2702) 451.82 86.21 0.9925
IPC2 y=8599.14/(1+e!47021) 443.72 83.49 0.9953

VE VPR KRV TR KR

Note: V :maximum growth rate of dry matter; V : average growth rate of dry matter

PEBRAE G 40 5 ) R 32 FNAE 5 T8 LR
BAE )5 T X R 04 BTk 324 i FAAIG , EL RSt
FH 20 vhm? Az 49 ¢ 2 (S RRAL T T 0 A 32 1t
i8R GTHCR ARG T A R e R R A

HY 2 2 AT, ARy RS X K A ) e Xof i A
HE T4 0 B 38 48 56328 R STk R AR IS BTk R
R . MR AP RIK-F , P4 B 5 AL AT
B s R BT BITE C2 R CLK P i, 5
CO Ab A LE , -3 4331 f 35 38 111 50. 03% . 18. 63%
F130. 64% , T 4F 76 5 T4 J3 X AT BL 14 BT ik 25 53 51
FE C2 F C1 AL PR Fe ik, 43 3l ¢ CO F- 24t 25 AR
12.95% F117. 91 NI —A= 9y e KPS [ml Fefo i

WA, PRVEAL B B S AL T i is R is R
FITT k3 35 0 2K T (R VR AL B2, 1P 3 MP 4303 °F- 1
B E AR 16. 37%.9. 10% 1 15. 37%, 15 AL S8
Dl TR (o = R o [
10. 00% F1 11. 44% ., =4 h¢ -5 P A5 X 00) 890 T2 AR T
T W) it e i 1 5 ) 1 B AR SO0 S T AR 43 AR
MPC2 FI MPC1 Ab 3 b e Bl A A4, 43 ) H Al Ak 33

Y0 P 35, 79% H130. 67%., 4 LRk, A /ERE
35 A4 1y e T i T AR 1 PR 5 8 0 A6 | T 4 R
] FFRL AU 42 SRR T EE R G 7= T B 3L
B
2.2 4YREAXNAKITERZENTEWK
PSR R:EA

FH 2% 3 AT, A0 ] A5 A0 25 55 B 3 52 ) A JRR A
591 545 7 ) PR B e (BRSO TRE EE ) L A
B AR W i o 25 5 W JRR RN 59 245 7 ) L PR 1
Byt BiARASE 2R AR ) o o) 59 JBR 7 ek R 0 17 R 3
BEGE WA BEAE 5% . Al —AA T, AR
W R R 90 4% 7 R PR R (R A JRR T
&)W A e T B T A A 2022 4
C2 7KV fc e, 458 CO A RAT 2030 SR B0OR ™= 6 4 331 ik
RN 13. 30% F 12. 81%, i 0. ARk 45 8% 45 3%
BB R E R R A 4 B 3 KGN 30. 44% .
17. 00% . 7. 62% 1 20. 46% ; 2023 4F: W 7E C1 /K F %
T, B RR A R0 SR RO P N 13, 619% M
13. 52% , i G FARR S JERL R IERLER LA R R



196

rEEHE R

2026,48(5)

x2 HARAEVMREARMEEX THHKRMESRATEE TYREES
Table 2 Dry matter transport of flax and pea before and after anthesis under biochar and different planting patterns
B Flax Wi Pea
P e AT e ALY AT IR
Assimilates before anthesis ~ Assimilates after anthesis ~ Assimilates before anthesis ~ Assimilates after anthesis
Year Treatment
it sk TueR R TR HRishn FER ST AR piEs
TA /(kg/hm®) TE/% CR/% Acc (kgthm®)  CR/% TA /(kg/hm?) TE/% CR/% Acc/(kg/hm*) CR /%
MCO 382.62¢ 12.76¢ 17.85e 1760.53d 82.15a 760.51e 16.99¢ 35.35¢d 1390.40d 64.65hc
MC1 486.62d 14.91be 20.10de 1932.56¢ 79.90ab  1152.23hb  20.29b 41.75b 1607.52b 58.25d
MC2 532.09¢d 15.27h 21.15¢d 1983.20¢ 78.85bc  1248.36a  21.18a 45.94a 1468.27cd 54.06e
2022 1CO 590.98¢ 16.70b  22.80c 2000.00¢ 77.20¢ 703.58e 16.23f 31.58e 1524.33¢ 68.42a
IC1 777.97b 21.01a 25.87b 2226.72b 74.13d 892.94d 17.73d 34.34de 1707.52a 65.66ab
1C2 865.04a 22.86a 27.10a 2329.51a 72.90d 998.5¢ 18.91¢ 38.09¢ 1622.61b 61.91c
MCO 600.67f 15.40¢ 20.11d 2386.15d 79.89a 1077.63d  20.32¢ 36.57d 1866.51¢ 63.43b
MC1 908.56d 20.97b 25.94be 2593.23¢ 74.06bc  1583.4la  23.66a 48.40a 1688.53d 51.60e
2023 MC2 731.97e 17.87¢  23.76¢ 2347.69d 76.24b  1428.64b  22.45b 44.95b 1749.56d 55.05d
1CO 1026.44¢  22.95b 27.92h 2648.00¢ 72.08¢ 908.44e 18.89d 30.25e 2094.90a 69.75a
IC1 1383.89a  28.88a 32.75a 2841.66a 67.25d  1336.53b  22.08b 42.23¢ 1827.07¢ 57.77¢
1C2 1215.77b  26.63a 30.80a 2729.78b 69.20d 1186.45¢  20.44¢ 37.45d 1980.85h 62.55b
BEME(PAE) Significance (P value)
@{h\ Year (Y) TS EXS EXS EXS EXS ®% EXS ET 3 ET 3 k%
ﬁ:/ﬁ,ﬁﬂ‘ Planling mode (P) k% k% k% k% XS ®%k k% ET 3 ET 3 ET 3
/EE%?]J% Biochar ((J) *% k% k% k% k% *k k% ok ns ok
YXP ok * ns ns ns ns ns ns * ns
PxC ns ns ns HE ns HE ns ns ns ns
YXPxC ns ns ns ns ns ns ns ns ns ns

TE:TAHEI2 4 TE FL 185 CR: TR ; Ace : FRR I ; R PR ING FRER IR AL BRRITE 0.05 /K 22 53 .35 5 R A

Note: TA: Translation amount; TE: Translation rate; CR: Contribution rate; Acc: Accumulation; The different lowercase letters in the table indicated that

there was a significant difference between the treatments at the 0.05 level. Same as below
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Table 3 Yield components and yield of flax and pea under biochar and different planting patterns

B Flax HitJ Pea
G0y JOEL A RHREL FEARLEL TRLE FohE PBREEIERL IR [ER i i
Year Treatment  Effecive pods ~ Seed number 1000—-grain Yield / Pod number ~ Seed number  100-grain Yield /
per plant per pod weight /g (kg/hm?) per plant per pod weight /g (kg/hm?)
MCO 10.53d 6.93d 6.60c 1343.15d 3.33¢ 4.14c¢ 17.67d 1750.92¢
MC1 11.00cd 7.20cd 6.73be 1419.18d 4.05b 4.48ab 1991a 1959.75ab
MC2 11.93be 7.27hed 6.83abc 1515.30¢ 4.79a 4.67a 19.31ab 2016.63a
2022 1CO 12.80ab 7.60abc 6.83abc 1590.98¢ 3.29¢ 3.65d 17.37d 1527.91d
IC1 12.93a 7.67ab 6.90ab 1704.70b 3.74b 4.29bc 18.99hc 1800.47¢
1C2 13.60a 7.87a 7.00a 1794.55a 3.85b 4.43abc 18.40¢ 1921.12b
MCO 13.73d 6.97d 6.72b 1586.83¢ 4.70¢ 4.49h 19.87¢ 1944.14¢
MC1 15.67¢ 7.66bc 6.85ab 1701.80d 5.63a 4.87a 21.23ab 2271.94a
2003 MC2 14.07d 7.23cd 6.78ab 1679.67d 5.37ab 4.69b 21.58a 2178.20ab
1CO 15.73be 7.93ab 6.89ab 1774.44c¢ 4.03d 3.95¢ 18.67d 1803.34d
IC1 17.80a 8.20a 7.06a 2125.56a 5.17abe 4.62b 20.31be  2163.60ab
1C2 16.47b 8.00ab 7.03ab 1945.55b 4.94bc 4.54b 20.81abc  2067.31b
B EME(PAE) Significance (P value)
i‘:{ﬁ Year (Y) X3 EX 3 ns k% ETY *k k% X3
Pt N . . . . " " o
Planting mode (P)
A= ¥ Biochar (C) ok * * Hok Hk ok ok ok
YXP ns ns ns ns ns ns ns ns
YxC % ns ns *% * * ns %
PxC ns ns ns ok ns * ns ns
YXPXC ns ns ns * ns ns ns ns
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Note: A: Interspecific relative competitiveness of flax; A: Interspecific relative competitiveness of peas; C;: Flax competition ratio; C,: Pea competition
ratio; LER: Flax relative land equivalent ratio; LER,: Pea relative land equivalent ratio; LER: Land equivalent ratio
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Fig.3 Interspecific competition and land equivalent ratio of flax//pea cropping under biochar
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