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Abstract:In order to clarify the effect of the new carbon-based blended fertilizer (CBF) on wheat fol-
lowing rice stubble, using F,(24-12-8), F, (24-10-10), F,(18-10-7) and F, (15-10-10) as materials,
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four application patterns were designed under similar fertilizer cost conditions: CBF applied once pre
sowing(M,), CBF applied twice(M,), and CBF applied twice along with urea supplemented pre-so-
wing(M;) or at jointing stage(M,). Using urea four times application as control(CK), the effects of
different treatments on wheat population structure, leaf senescence, yield component, nitrogen effi-
ciency, and economic benefit were studied. The results showed that M, had the lowest spike number
at maturity stage and the percentage of ear bearing tiller, as well as the largest decrease of LAI and
SPAD value at milking stage, resulting in a decrease rate in yield of 7. 96% —12.91%, a decrease in
apparent nitrogen use efficiency of 0. 93 — 3. 52 percentage points, and a decrease in net benefit of
2 012.49—3 070.72 yuan * hm ™ ? compared with CK. Compared with M;, M,, M; and M, promoted
spike number, kernel number per spike and 1 000-grain weight, and increased grain yield by 12. 60%
19.20% and 16.46 %, respectively. M; was more conducive to improving tillering and matter accumu-
lation at the early stage of wheat, promoting seedling strength, maintaining higher population LAI
and flag leaf SPAD value, and increasing dry matter and nitrogen accumulation at maturity stage,
which increased yield and apparent nitrogen use efficiency by 2.23% —12.19% and 3. 62—12. 48 per-
centage points compared with CK, respectively. From the perspective of economic benefit, M; a-
chieved the highest output value and saved twice labor input of topdressing, and thus improved net
benefit, compared with CK in F,, F, and F;, which achieved the highest net benefit in F,, with an in-
crease of 1 399. 65 yuan * hm™* compared with CK. In different fertilizer formulations, F, and F, in-
creased apparent nitrogen use efficiency but failed to reach the expected yield and benefits under the
similar fertilizer costs. F, showed higher yield and benefits in M, , My, and M, compared with other
formula fertilizers. In summary, among different formulations of CBF, F, applied twice along with u-
rea supplement pre-sowing is the most beneficial fertilizer method to synergistically improve wheat
yield, economic benefit and apparent nitrogen use efficiency, which can promote the high-yield and
high-efficiency cultivation of wheat following rice stubble.

Keywords: Carbon-based blended fertilizer; Wheat; Yield; Nitrogen use efficiency; Benefit
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Table 1 Different fertilization patterns

[N it AE B

Pattern Fertilization design

CK PRE BN « 43 BEHL « T HE « 2R REAE =5026:10%0:20%6:20 %
’ Urea, basal: tillering® booting*jointing=150%:10%:20%:20%

CBF 100 % — K P S ife

M, 100% CBF applied once pre-sowing
M CBF 60 % F i +40 Y0 4k 77 #1364 jti

2 60% CBF applied pre-sowing + 40% CBF applied at jointing stage
M, CBF 60 % it + 40 %0 44 75 W38 il . ZMLH 150 kg « hm ™2 JRFE

60% CBF applied pre-sowing + 40% CBF applied at jointing stage, 150 kg « hm % urea supplemented pre-sowing

M CBF 60 % F: it +40 Y0 3 W W38 3 . 3B IEAM 150 kg « hm ™2 JR &
' 60% CBF applied pre-sowing + 40% CBF applied at jointing stage, 150 kg *« hm

2 urea supplemented at jointing stage

CBF 3B IR . CBF: Carbon-based blended fertilizer.
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Table 2 Effects of different carbon-based blended fertilizers and application patterns on dynamics of wheat stem and tiller number

ZEHEH Stem and tiller number/ (X 10* « hm™—?2)

N Hﬂ.ﬂ B - - 1 Percei%zi;gof ear
g J g g y

CK 524, 69abc 823. 15ef 622. 22bc 446, 91a-d 404, 01b-e 49.08
R M, 565.43ab 965.74ab 628.40abe 138.27ed 392.59cde  40.65

M, 516. 05bc 867.59¢-1 639. 51abc 456. 79a-d 413. 58a-e 47.67

M; 534.57abc 943. 52abc 674.07a 486. 42a 441.67a 46. 81

M, 520. 99abc 868. 52¢- 641. 98abc 462. 96a-d 425. 00abc 48.93
R M 576.54a 1000.00a 632.10abc 439.51ed 100.62cde  40.06

M, 516. 05be 856. 48def 638. 27abc 462. 96a-d 421. 30a-d 49.19

M; 528. 40abc 945. 37abc 662. 96ab 483. 95ab 435. 80ab 46. 10

M, 512. 35bc 853. 70def 644. 44abc 465. 43a-d 422. 22abc 49. 46
R M 540.Tdabe 937.0dabe  609.88¢ 132.10d 387.35de  AL34

M, 497, 53¢ 813. 89ef 617. 28bc 444, 44bed 400. 93cde 49. 26

M; 518. 52abc 920. 37bed 646. 91abc 469. 14abc 437.96a 47.59

M, 503. 70¢ 810. 19ef 620. 99bc 450. 62a-d 409, 26a-e 50.51
R M 535.80ab §78.70cde  603.70c 127.16d 386.73¢ 440l

M, 488. 89c 812. 04ef 618. 52bc 446, 91a-d 401. 54cde 49. 45

M; 514. 81bc 863. 89c-f 634. 57abc 459, 26a-d 416. 67a-e 48.23

M, 492.59¢ 786. 111 618. 52bc 448, 15a-d 403. 40b-e 51.32

[ 31 £ 45 5 S [6] /NG B R Ak B R 22 53 1 2 (P <<0. 05) . T,

Different lowercase letters following data within the same columns indicate significant differences among different treatments (P

<20. 05). The same in tables 3 and 4.
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FLAM LA F 353 SRR AK 22, 35% F1 18. 97 %
M, 05 M, At M, BCHH LG, R R LALF3
Iy BEAG 4. 75 %0 F 1. 04 % . FLEA LAT 35 5
BIREAL 11, 65% 1 7. 76 % s 7E FL 2, M, 45 2L
LATR T M, #2, HAE 4 FhIE R 22 55 2 K 38
BEKF, 78 M, F1 M, BT 4 FlOIEREFL 20U
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TEE T 2RI R EREXI/NE T YRR R (DMA) 37589500

Table 3 Effects of different carbon-based blended fertilizers and application patterns on

dynamics of wheat dry matter accumulation(DMA ) kg + hm™?
JIE (5N A EL &R ] 2P REI TrAe T 1EJ5
Fertilizer Pattern Over-wintering Jointing Booting Anthesis Maturity Post-anthesis
CK 233. 38f-i 2 480. 30de 7 311.11hi 10 855. 87def 16 267. 96efg 5412.10c-g
T M, 269.85ab 2 907.29ab 7697.84fg 9 645.70gh 14 755.40ik 5109.70fgh
M, 237.38e-h 2 526.60de 7 290. 37hi 11 004. 07cde 16 578. 78def 5 574.70b-g
M; 264. 76abc 2 699. 87bced 8 442.78b 11 723. 45bc 17 521. 80bc 5 798. 35a-d
M, 238. 52efg 2 511.72de 7 735. 80efg 11 262. 85bed 17 176. 16cd 5 913. 32abc
R M, 268.36abc  3093.02a 7996.05de 10 169.66fg 15 203.03hij 5033.36gh
M, 242.43d-g 2 550. 37de 7 866. 70def 11 405. 99bed 17 294. 63bced 5 888. 65abc
M; 277.91a 2 818. 29bc 8 933.43a 12 758. 79a 18 880. 27a 6 121. 48ab
M, 239. 45efg 2 543. 34de 8 297. 22bc 11 902. 17b 18 054. 64b 6 152. 48a
R M 262.91abe  2725.06bed 7 211.79hi  9401.82h 14 576.59%k 5174.77¢h
M, 228. 83ghi 2 363. 20e 7 222.22hi 10 418. 78ef 15 895. 11fgh 5 476.33c-g
M; 259. 34a-d 2 666. 84bced 8 037.90cd 11 292. 33bed 16 959. 68cde 5 667. 34a-e
M, 227.58ghi 2 374.95e 7 482.90gh 10 853. 46def 16 579. 09def 5 725. 64a-e
R M 249.69c-f  2590.78cde 7 168.98i 9475.27h  14275.69k 1800.42h
M, 215. 711 2 097.76f 7 298.52hi 10 249. 96fg 15 543. 34ghi 5 293.37d-h
M; 253. 26b-¢ 2 571.41cde 8 074. 88cd 11 120. 50cde 16 743. 33cde 5 622. 83a-f
M, 219. 77hi 2 120. 48f 7 422.22hi 10 433. 11ef 16 200. 75efg 5 767. 64a-d
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Different lowercase letters above the columns indicate significant differences among different treatments(P<C0. 05). The same in fig-

ures 2 and 3.
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Fig. 1 Effects of different carbon-based blended fertilizers and application patterns on leaf area index(LAI) of wheat
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Fig. 2 Effects of different carbon-based blended fertilizers and application patterns on SPAD value of flag leaves
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FiAE KL £ 0F R 98 T CKL X84 % 4 505k 7. 20%
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(2.23%~12.19%) Fl 4. 72% (1. 09% ~9. 93%) ,
Sy BT 7= g 4 B T LA & B, 7E A TR IR R, M R
KB TR ES M, BT E %R H
M, 5 M, #8E M Hrh M, 84 CK
TE 4 FOIE RS E TS Y B B8R Bk BT 14 5 s Ay
Bk 7.18% M1 5. 47% . £ My BEUF L F, (195
KA REST FLF MF,, THRELES T F,
MEF,.
2.6 ZFIEIEM

H2 5 LA, M, FI M, BEUR, 4 FiIE R
A CK #2755 7 854.11~1 054. 11 5¢ « hm *,4}
B A B AR A T4 450 F1 300 J6 « hm 2, Hid M,
R B RS 5 CK AR 2 012, 49~3 070. 72 JC +
hm M, #:UF, F, Al F, M@k CK $#27+
280. 98 1 739. 53 JC » hm ? H i1 T E 2 F- A~
JELF MF, (k45 5 CK 43 51 F B 820. 82 Al
1735.337C « hm 2, M, fl M, BERX A5 M,
A L2 TF 375 98 « hm 2, Ho , M, A%
258 M, BER L 141, 79~1 187. 77 JC » hm 2,
M, B e B M, B 5 — 337, 67 ~814. 52
JC » hm * AUAE Fy 400 F K BB S8 9L &% 45 48 Tt
1E 4 FOIEEET . My B 2 as = T He s,
HEAEAE Fo o 38 CK #2711 .399. 65 73 »
hm ™, kA Fy fUE, 50T 0 0l 422, 77

M1 366.95 56 « hm *,F, Fl CK M b & 325 F F
702.40 & « hm™?,
2.7 INEREREERGERIAFBERS W

T AR [FAE A, /N 22 U A R TR i 1 3%
PR M, >M, >M, >M, (E 3), M, fl M,
AR M BE & WS T CK, T80 5 5 i
17.77%F 13.87% ; M, #i0FE F, fl F, #4FF
BERET CKEEF, &0 F BEMKT CK, IR
K5.25% M, BER T 4 FHIER A X R E R
B EMT CKLOFHIFEIRES 11, 3420, 7640 R it AT
BT L.F, MARB RS T MR, 27
M, B F8% F L F, M F, 4 5T T 6. 63% .
7.45% 1 10.50% ,5 CK ML #2 T+ 24. 84 %,

e R E)RE AL o, 45 it AES A 2 ) 2R BER 3 0 )
R K M, >M, >M, >M, (Kl 3), A~[FH
JERE R, ML 85 SR IR UL A R 5 CK SF 1
T 9.86 4 2y il T M3 Hl M4 8 =L % b
Fite PR 2 FL AU 3R 0 R R 8 M, 5 A ]
FEREAR B4 CK P 8T 7. 28 F14.76 A~ A
a3 a0 M B EUIE 2R R KT CKL R
T2 17T N ES M. EAHABEREXTF,
R FWA RS T FAEAE M, BN 2R
BECHYHBMKT F, M F,,EEEHRT F, M
F, & A &R IR TE.

x4 TRBRFHRESBREREREXNNEFER BRI

Table 4 Effects of different carbon-based blended fertilizers and application patterns on wheat yield and yield components

i) N = ISR
(X10* « hm ?) (kg * hm %)
CK 404. 01b-e 35. 65ef 55. 68ab 7 875.87d -
"""" F, M, 392.59ede  36.12cf 5351 7212.626g  —8.42
M, 413. 58a-e 37. 54bcd 54, 04def 8 220. 24cd 4. 37
M; 441. 67a 37.47bcd 55. 24abc 8 433. 35abc 7.08
M, 425. 00abc 37.72bed 54. 45¢-f 8 235.63cd 4.57
"""" F, M, 400.62cde  37.12be  54.92bed  7019.3g  —10.88
M, 421. 30a-d 37. 86abc 55.61ab 8 409. 33bc 6.77
M; 435, 80ab 39. 38a 56.12a 8 836. 19a 12.19
M, 422. 22abc 37.98ab 56.12a 8 657. 63ab 9.93
"""" F, M,  387.35de  36.12cf  s53.52f  7248.78fg  —7.96
M, 400. 93cde 36. 29b-f 53. Tdef 7 807.12de —0. 87
M; 437.96a 37. 47bed 54.77b-e 8 451. 57abc 7.31
M, 409. 26a-e 36.72b-e 54. 86bcd 8 136.01cd 3. 30
"""" F, M,  38.73% 3478  53.65f 6887  —l12.91
M, 401. 54cde 34. 861 53. 79ef 7 471. 25¢f —5. 14
M; 416. 67a-e 36. 07def 54. 84bed 8 051. 83cd 2.23
M, 403. 40b-e 36. 31b-f 54.77b-e 7961.77d 1.09
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Table 5 Wheat economic berefits under different carbon-based blended fertilizers and application patterns

yuan * hm™?
JIE R ! RE A} R A BIEANTHRA HR A BA I E A gk G
Fertilizer Pattern Output Fertilizer cost  Topdressing labor cost Other cost Net benefit  Benefit increase
CK 19 098. 99 2 545. 89 450. 00 4 765.00 11 338.10 —
Fy M, 17 490. 61 3 400. 00 0. 00 4 765.00 9 325.61 —2012.49
M, 19 934. 08 3 400. 00 150. 00 4 765.00 11 619. 08 280. 98
M; 20 450. 87 3 775.00 150. 00 4 765.00 11 760. 87 422.77
M, 19 971. 41 3 775.00 150. 00 4 765.00 11 281.41 —56.69
F, M, 17 021. 84 3 400. 00 0. 00 4 765.00 8 856. 84 —2 481. 26
M, 20 392.63 3 400. 00 150. 00 4 765.00 12 077.63 739.53
M; 21 427.75 3 775.00 150. 00 4 765.00 12 737.75 1 399. 65
M, 20 994.76 3 775.00 150. 00 4 765.00 12 304.76 966. 66
Fs M, 17 578. 29 3 500. 00 0. 00 4 765. 00 9 313.29 —2024.81
M, 18 932. 28 3 500. 00 150. 00 4 765. 00 10 517. 28 —820. 82
M; 20 495. 05 3 875.00 150. 00 4 765. 00 11 705. 05 366. 95
M, 19 729. 82 3 875. 00 150. 00 4 765.00 10 939. 82 —398. 28
Fy M, 16 632. 37 3 600. 00 0. 00 4 765.00 8 267.37 —3070.72
M, 18 117.77 3 600. 00 150. 00 4 765.00 9 602.77 —1735.33
M; 19 525.70 3 975.00 150. 00 4 765.00 10 635. 70 —702. 40
M, 19 307. 29 3 975.00 150. 00 4 765.00 10 417.29 —920. 80
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Fig. 3 Effects of different carbon-based blended fertilizers and application patterns on nitrogen

accumulation(NA) of wheat at maturity stage and apparent nitrogen use efficiency (NRE)
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