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Abstract: To elucidate the application effects of biochar in the cultivation of dryland wheat, a field ex-
periment initiated in 2012 was conducted to compare the yield, water and nitrogen utilization, and soil
nutrient differences of dryland winter wheat under the four biochar application levels of 0, 10, 30, and
50 t «+ hm *(designated as B0, Bl, B2, and B3, respectively, with biochar applied in 2012 and no fur-
ther application thereafter). The results indicated that, compared to the control without biochar ap-
plication(B0) , B2 and B3 treatments showed a significant increase in the yield and dry matter accumu-
lation at maturity of winter wheat, with yield increase rate of 4. 9% and 11. 3%, and dry matter in-
crease rate of 16. 3% and 20. 0%, respectively. The application of high amounts of biochar(B2 and
B3) promoted the accumulation of nitrogen after flowering in winter wheat, by significantly enhancing

the accumulation of nitrogen in the aerial parts and various organs. with increase rates in nitrogen ac-
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cumulation in the stem, leaf, and grain by 11.3% to 18.2%, 4.9% to 16.5%, and 4. 2% to 10. 9%,
respectively. The addition of biochar significantly reduced the apparent nitrogen loss(by 34.5% to 38.5%)
and improved the nitrogen and water use efficiency, with the highest nitrogen use efficiency and water

', respective-

use efficiency observed in the B3 treatment, at 12.3 kg * kg"' and 9.1 t « hm ? « mm~
ly. Additionally, the application of biochar significantly increased the content of soil organic matter,
ammonium nitrogen, total nitrogen, and available phosphorus. Under the conditions of this experi-
ment, the application of biochar at 30 and 50 t «+ hm ™ ? effectively promoted the dry matter accumula-
tion, nitrogen absorption and utilization, increased yield and nitrogen and water use efficiency, as well
as increased in soil nutrient content, which is beneficial for high yield and efficiency in dryland wheat

cultivation.

Keywords: Biochar; Winter wheat; Yield; Nitrogen fertilizer use efficiency; Water use efficiency; Soil

nutrients
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Table 1 Influence of biochar on grain yield and yield components of winter wheat

47 Pt s
Treatment Yield/(kg « hm %) Ear number/
¢ /e (X10" « hm )
BO 3 398. 2¢ 471. 5d
Bl 3 493. 3¢ 467. 0c
B2 3 669.0b 491. 2b
B3 3 894. 4a 496. 7b

FHRL£R TR Wk 45 £
Kernel number per ear 1 000-kernel weight/g Harvest index/ %

29. 5a 31.1b 24. 1a

29. 3a 34. 2a 22.8b

29. 6a 33. 2a 22.6b

30. 2a 34. 2a 23.1b

[ S BE G ARG B SR AL LR 22 53 8 35 (P <<0. 05) . & 2~3K 4 [,

Different lowercase letters after the values within the same columns indicate significant differences among the treatments(P<C0. 05).

The same in tables 2—4.
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Table 2 Influence of biochar on the dry matter accumulation of winter wheat t+ hm™?
A H M poE:i EYis iy L FERL psyii]
Growth stage Treatment Stem Leaf Glume Grain Total
FFAE M BO 6. 3a 3. 4a 1. 0a 10. 7b
Flowering Bl 6. 3a 3. 5a 1. 0a 10. 8b
B2 6. 5a 3. 6a 1. 1a 11. 2a
B3 6. 6a 3.4a 1. 1a 11. 1a
3 BO 6. 6c 2. de 1.6b 1. 4a 12.0d
Filling Bl 7.2b 2.6b 1.7h 1. 5a 13. 0c
B2 7.5b 2.9b 1. 9a 1. 6a 13.9b
B3 8. 5a 3. 2a 1. 9a 1. 6a 15. 1a
22t BO 5.5b 2.6b 1.9b 4.0b 14. 1c
Maturity Bl 5.9 2. 9a 2. 2a 4.3a 15. 3b
B2 6. 7a 3. 1la 2. 3a 4. 4a 16. 4a

B3 6. 8a

3. 4a 2. 2a 4. 6a 16. 9a
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Table 3 Influence of biochar on nitrogen accumulation in different organs of winter wheat shoot kg * hm™?
4b 3 ZEFT sy Hiae HFRL M b
Treatment Stem Leafl Glume Seed Shoot
BO 34.5b 24.9b 20. 9a 97. 7be 178.0b
Bl 34.0b 24.2b 20. 3a 93. 9¢ 172. 4b
B2 38. 4a 26.0b 20. 3a 108. 3a 193. 0a
B3 40. 8a 29. 0a 20. 4a 101. 8b 192. 0a
R4 EYRNNERZRBENEEHZ N
Table 4 Influence of biochar on nitrogen accumulation and transportation of wheat
ARPER FEHT AR
e N accumulation/(kg « hm ™ ?) Pre-anthesis N SOl TS B
! g o s s Nitrogen
Treatment e . % ic 7 Loy DUk % o8
P 74{‘ Ei o Po *tfhElh . Transfer amount/ Transfer Contribution harvest index/ %
re-anthesis stranthests (kg « hm—2) efficiency/ % rate/ %
Bo 137. 0be 41. 0c 56.7b 41.4b 58.0b 54. 9a
Bl 148. 7a 20. 6d 73. 2a 49, 2a 61. 3a 55. 4a
B2 139. 2b 53.0b 55.4b 39. 8b 56.2b 56. 4a
B3 131. 2¢ 60. 7a 41. 0c 31. 3¢ 56. 3b 53.0a




* 684 -

&

IE
b=
B
o

~ 10 a
TE b b b
g 8r ]
T&l 6k
=
o 4f
=
& L
= 2
= 0
BO B1 B2 B3
AbF Treatment
35- a
c ¢ 2™
~ 28r
'op
I
o
2 14f
=W
[
a7k
0
BO Bl B2 B3
AL Treatment

20
a
g 16 |
g
- 12F b b b
a0
=]
= 8r
)
2
z 4r
0
BO B1 B2 B3
Kb B Treatment
15
a
— 12 b
- ¢
p
< 6f
IS
< 3l
0
BO Bl B2 B3
Kb Treatment

WUE: K Zr FIUHRR s N loss: WA K 4 PFP: AL A= 7= 1 5 AE: RALAR 2 RBOGR . WAL LR [/NG 5 hE AR 3 b B8] 22 5 W 3%

(P<C0.05),

WUE: Water use efficiency; N loss: Apparent nitrogen loss; PFP: Nitrogen fertilizer partial factor productivity; AE: Nitrogen fer-

tilizer agronomic efficiency. Different lowercase letters above the columns indicate significant differences among the treatments(P<Z0. 05).

B1 E¥r3tZ/NEKRIMEER BN

Fig. 1 Influence of biochar on water and nitrogen fertilizer utilization in winter wheat
RS5 EPRMNTERSHZMN
Table 5 Influence of biochar on soil nutrients

545 Index Bo Bl B2 B3
BD/(g* cm ™ 3) 1. 29a 1. 28a 1.22b 1.22b
pH 8.25a 8.22a 8.19b 8. 25a

SOM/(g+ kg™ 1) 9.8d 10. 8c 12.5b 13. 2a
TN/(g kg 1) 1.02b 1. 04b 1. 15a 1. 15a
TP/(g+ kg V) 0. 85b 0. 87ab 0. 87ab 0. 89a
DOC/(mg + kg™ 1) 32. 3¢ 33. 1bc 37.0a 35. 2ab

NO;  -N/(mg * kg™ 1) 3. 2a 3.0a 3.2a 2.9a
NH,; "-N/(mg + kg™ ") 3. 2¢c 3. 7ab 4. 1a 3. 4bc

AP/(mg -+ kg™ 1) 8.5b 10. 8a 12. 2a 10. 6a

AK/(mg * kg~ ) 446. 0b 456. 0b 480. 7b 527. 3a

MBC/(mg * kg™ 1) 218. 8a 195. 1a 202. 5a 190. 3a

MBN/(mg * kg™ 1) 29. 4ab 25.8b 31.0a 30. 8a

BD:%?E;S()MJ??F)LB?;;TN:%A{/ITL;TP:%%;D()C:W‘Jﬁﬁﬁ*}Lﬁi)’%;NHL ‘ *N;%ﬁ?&iff?\;A\I();gifN;ﬁﬁ?Sﬁ;AP;i%E&ﬂ[@Q;AK;j:j;ﬁt
HAH ; MBC: fd/E ¥ &k s MBN. L8R E Y RA . FATHURE G AR R 5 B 3278 b 38 7] 22 576 0. 05 7K i35,
BD: Bulk density; SOM: Organic matter; TN: Total nitrogen; TP: Total phosphorus; DOC: Soluble organic carbon; NH; " -N:

Ammonium nitrogen; NO; -N: Nitrate nitrogen; AP: Soil available phosphorus; AK: Soil available potassium; MBC: Microbial bio-

mass carbon; MBN: Soil microbial biomass nitrogen. Different letters after the values in the same rows indicate significant difference a-

mong the treatments at 0. 05 level.

NH, “-N &4 536 i 15. 6% F1 28. 1% ; BL.B2 il
B3 Ab ¥ 45 AP E it I IN T 27. 126,43, 5% F
24.7% ;B2 F1 B3 4b B 3 AK A & 43 B3
T 7.8% M 18.2% . ASIE A < Ak PR 1] + 5E pH

i.NO, -N & 8M MBC &2 %M AEE Bl
F1 B3 Ab L) MBC 7 1 3 5 25 B AIG, F5e 43 501 ok
10. 8% /11 13% ; Bl 4L By MBN & & 2 & MG, %
& 12.2%,
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