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Abstract: To investigate the effects of biochar application duration on the growth and yield of spring
wheat, a randomized block design experiment was conducted using the cultivar Xinchun 37 as materi-
al. Two nitrogen treatments(no nitrogen and 255 kg * hm ?) and three biochar treatments(no bio-
char, one-year biochar application, and five-years biochar application, with an application rate of 20 t *
hm™?) were set up. Differences in photosynthetic parameters, relative chlorophyll content, dry mat-
ter accumulation and translocation, grain filling dynamics, yield, and yield components of spring
wheat under different treatments were analyzed. The results showed that compared with no biochar
application, both sole biochar application and biochar combined with nitrogen fertilizer significantly
increased the net photosynthetic rate of spring wheat after 1- and 5-year biochar application, promoted

the accumulation of dry matter in stems, leaves, and spikes at all growth stages, and enhanced the al-
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location of dry matter to grains at maturity, thereby increasing grain yield. Overall, the effects of 5-
year biochar application were better than those of 1-year. Specifically, the yield under the treatment of
5-year biochar combined with nitrogen fertilizer reached 7 508. 91 kg « hm™*, which was 37. 56%
higher compared to the treatment without nitrogen fertilizer or biochar. Orthogonal partial least
squares-discriminant analysis revealed significant differences in net photosynthetic rate, effective pani-
cle number, and yield of spring wheat under different biochar application durations, whether applied
alone or combined with nitrogen. In conclusion, biochar application can effectively promote the

growth and yield of spring wheat, and the longer the application duration, the more pronounced the

promoting effect.

Keywords: Biochar; Application duration; Spring wheat
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BO: No biochar; FB: Biochar applied for 1 year; AB: Biochar applied for 5 years; NO: No nitrogen N1: Nitrogen applied. Different

letters above the columns indicate significant differences among different treatments at the same measuring stages at 0. 05 level. The

same in figures 3—6.
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Fig. 2 Photosynthetic parameters of flag leaves of spring wheat
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Table 1 SPAD value of flag leaves of spring wheat
4b 5 KB Days after anthesis/d
Treatment 5 10 15 20

BONO 49, 3740.70d 50.9340. 17¢ 48.40+1. 85b 45.40740. 22d
FBNO 52.83£0.12¢ 54.4040. 37b 52.5740. 21a 48.7740. 41bc
ABNO 53.47+1. 21c 56.83+0. 21a 52.7740. 46a 48.0340. 31c
BON1 57.37=+0. 48b 57.20=%0. 80a 52.7340.61a 48.8740. 87bc
FBN1 58.60+0. 22ab 57.6040. 85a 53.6740.69a 50.1740.99b
ABNI1 58.97+0. 50a 57.5740. 34a 53.5740.61a 51.7740. 94a

BO: At 24 9 56 FB il FH AR H0 5% 14F 5 AB: it JH A ¢ 5 485
FREAE 0.05 K P 2R RE, FTHER,

NO: ATt % s N1 J 4

7] 51 B J5 AN TR 5 B e 7 [ — 0 2 I i) AS [ Ak

BO: No biochar; FB: Biochar applied for 1 year; AB: Biochar applied for 5 years; NO: No nitrogen N1: Nitrogen applied. Different

letters following data within the same columns indicate significant differences among different treatments at the same measuring stages at

0. 05 level. The same in tables 2—4.

2.3 EYIRERAERMENETYRBEMFE
BRI R M

] — i &K R . 5 Bo M. AR B it 1
AR5 AR AN 25 o R T R R R R
[vi) 2 B i v (&1 3) , it Jr 38 i 43301 R 2.6 00 ~
13. 2% 4. 5% ~18. 0% . A8 4351 4 6. 7% ~
9.3% M1 2. 6% ~8. 4% . FEF/NEBAM, AW
A E KT AR st 1 AR 5 4R TS HUAR R
7T R, LA R it T 5 AR Y B
s HHTE NO S50 T A it FH 1 AE AN 5 4[]
225 W3 (B 4 . X W FH Az P e AT AR 2E AR /N
ZTYRAEARNSE R R, W5 S AR A

FERe ST HLVER Bt T 5 AR ROR B .

A= Wy e B B RUNE TEE Tt 1) RE 4R i R N
AETT T4 o B 32 e 3 A R S HL R RO 7
f SRR, S e s T4 AR R AR o fE No
FAF R AUEY R 5 AE R ARG T AR R A
5 B0 25 B E ., M AE NL &AM T AW B 1
AR5 AR XS A T T W) iR as B s R KK
X RL ™ A SRR R I 5 Bo 25 S R {H IR
TAEJE T BON KF KL B B BT RK R 45 18 AR TR
PN AEBR E] 22 5 249 R 3% (3R 2) i 1 T )
ey e L i Bk B T T TR A FAE S T B
MEA,

[z stems [ZA v leaf T ear

) 24r (2)3R T Jointing stage ; 24r (b)Z3 33 Booting stage
£~ 2.0 & ~2.0F /: /;
S = © = 5
%%m- gg%%“'// 7?/;/////
§§§1.2- 7 §§§12/ //j 4 )
sEZ sEZ :
L EE 087 //////////// i § 0
§§0.4- / / /// / 250.4- b a a a a a
A b a b b b a A

0.0 BONO FBNO ABNO BON1 FBNI1 ABN]I 0.0 BONO FBNO ABNO BON1 FBNI1 ABNII
Kb # Treatment Kb # Treatment

- r (c)FFFEHH Anthesis stage - i (AP Filling stage .

- S Sl \ W
s 8 NEEEE ¢S \ \\
K] QQ&\\\> 7/ %%93.\\\\\§\ N
s NP ) s NI A
ig.gz-//‘f S\ ﬁggz-/ AV 4

§» % IH ¢ b a a a a § §- 1H d c c b ab a

[a] A

0 0

BONO FBNO ABNO BON1 FBN1 ABN
A Treatment

1

BONO FBNO ABNO BON1 FBN1 ABNI
b3 Treatment

B3 FENEZLEEHATYURMREREE

Fig.3 Accumulation of dry matter at each growth stage of spring wheat
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Fig.4 Dry matter accumulation at the maturity stage of spring wheat
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Table 2 Dry matter translocation(accumulation) before and after antthesis of spring wheat and its contribution rate to grain yield

T REIfEY) Assimilates before anthesis

WG R4 Assimilates after anthesis

4b B

Treatment k18wt LT & DS MER DY S
Translocation/ Transport Contribution Accumulation/ Contribution

(g e+ stem 1) efficiency/ % rate/ % (g e+ stem 1) rate/ %
BONO 0.1040.01c 3.47+0. 44b 7.75£0.91b 1.2340.02b 92.2540.91a
FBNO 0.16=40. 06bc 4,87+1.82b 10.86+4.19b 1.2940.07ab 89.14744.19a
ABNO 0.1540. 05bc 4.5341.48b 10. 13£3. 74b 1.3740.09a 89.87+3.74a
BON1 0.21+0.05b 5.51+1.33b 12.98-+3.29b 1.4140.07a 87.02+3.29a
FBN1 0.354-0. 05a 8.65E1.20a 20.7643. 28a 1.3240. 06ab 79.2443.28b
ABNI 0.3540. 5a 8.84£0. 88a 20.5342. 10a 1.360.05a 79.47£2.10b
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Table 3 Characteristic parameters of grain filling in spring wheat
] » o

Trffrfcnt Fittﬁ%?ﬁiﬁion W to/d t/d t2/d & (g~ d"lj“-‘/stem") R?
NOBO y =49, 9336 /[ 1+ (2 530870. 22079820 7 49.93 11. 46 5. 50 17.43 11.93 2.76 0.994
NOFB y=051.7360/[ (142 188370.1883182) 7] 51.74 11.62 4.63 18.61 13.99 2.44 0.984
NOAB y=51.4703/[ 1+ 197070 18568500 7] 51.47 10. 61 3.52 17.71 14.18 2.39 0.991
N1Bo y=148.9104/[ 1+ % 511970. 17015050 7] 48.91 14.76 7.02 22.50 15.48 2.08 0. 990
N1FB y =49, 4525/[ 1+ e(? 136070.1780262) 7] 49. 45 13.68 6.29 21.08 14. 80 2.20 0.994
NOAB y =49, 3985/[ 1+ 2 109070. 1655400 7 49. 40 14.55 6. 60 22.51 15.91 2.04 0.996

W FFRET YRR R R RS KB o ORMER A B ] 5 21 vc0 43BN Logistic 77 B ALK BRI BI85 25 A, HFAL

DRI I B BERF SRR Vi KPR ORISR A

W : Grain dry matter accumulation; x : Days after sowing; ¢o: Time of maximum grain filling rate; ¢, and ¢, are the two inflection

points of the logistic equation growth function; A, : Duration of rapid grain filling; V,,: Maximum grain f{illing rate.
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Table 4 Spring wheat yield and its components

Treatment Spike numl;ir/ Grain nu.mber 1 000-grain Grain yleld/
(X10* « hm—?) per spike weight/g (kg « hm~?)
BONO 429.67+2.05e 32.6740.57c 45.7610. 42b 5 458. 63+ 84. 83e
FBNO 426.67+2. 49e 33.9340. 23b 47.0940. 34a 5 794.51431.43d
ABNO 449, 67+3. 40d 34.9340. 32a 47.5640. 31a 63 50.864106. 71c
BON1 483.33+5. 25¢ 35.3340. 64a 46.96+0. 54a 6 816.564+161.22b
FBN1 507.6746.18b 35.6340.42a 47.3440.57a 7 278.734143. 54a
ABNI1 522.0045. 10a 35.7040.72a 47.4140.72a 7 508.914199. 79a
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Fig.5 Scores of OPLS-DA analysis on agronomic traits and yield of spring wheat
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GY: Yield.
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