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Abstract: [Objective] To investigate the impact of biochar-based fertilizers and increased biochar application on grain
yield and nitrogen utilization of film-mulched rice, aiming to provide a theoretical foundation for sustainable rice
mulching technology. [ Methods] Utilizing the high-quality conventional japonica rice variety Zhehexiang 2(ZHX2) and
the indica-japonica hybrid rice Yongyou 538(YY538), film-mulched mechanical transplanting experiments were
conducted in 2021 with CK (no nitrogen application), T1 (slow-release fertilizers), and T2 (biochar-based fertilizers)
treatments. In 2022, similar experiments were conducted with CK, T2, T3 (biochar-based fertilizers with an additional 6
t/hm? biochar), and T4 (biochar-based fertilizers with an additional 12 t/hm* biochar) treatments. The study assessed the
effects of biochar-based fertilizer application on dry matter accumulation, yield, yield components, and nitrogen uptake
and utilization in mulched rice fields. [Result] Biochar-based fertilizers enhanced the growth and yield of mulched rice.
They significantly increased dry matter accumulation by 5.40% to 29.69% compared to T1, and additional biochar
application further increased dry matter accumulation by 9.28% to 46.91% compared to T2. The impact was consistent
throughout ZHX2’s growth duration, with YY538 showing more significant effects in the later stages. Biochar-based
fertilizers significantly boosted rice yield by 3.84% to 4.65% compared to T1. Increased biochar application led to a
7.97% to 15.06% yield increase compared to T2. Biochar-based fertilizers enhanced nitrogen uptake and utilization,
improving nitrogen utilization efficiency. They increased nitrogen accumulation in critical growth periods by 4.87% to
31.68%, with higher accumulation observed with additional biochar application. The highest nitrogen accumulation was
achieved in T4, showing an 11.87% to 40.59% increase compared to T2. Biochar-based fertilizers reduced nitrogen dry
matter productivity and nitrogen grain production efficiency but enhanced nitrogen partial factor productivity, nitrogen
agronomic efficiency, and nitrogen recovery efficiency. Increased biochar application further improved nitrogen
utilization and reduced losses. [ Conclusion] Applying biochar-based fertilizers in mulched rice fields enhances dry
matter mass and nitrogen accumulation, with additional biochar application further improving these effects, leading to
increased yield and nitrogen utilization efficiency. The yield increase in ZHX2 was primarily due to panicle number and
grain number per panicle, while in YY538, it was due to panicle number, with the best effect observed in T4.
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T2 LGN T BBOKRE TR R & 9.28%~46.91%. WiIART 2 SEANEKMMRIE, ik 538 45 HIEHE
2F. 5 T1 M, REICEEEZREKE R 3.84%~4.65%. WAV RE T2 #— B e 7B KE> =
7.97%~15.06%; EENEAEHE T K FEXT R R MRMCR A, SR K FE R R R R0 o it F e 2R I 5 25 3 I 7 s 7k
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Fig. 1. Monthly rainfall and monthly average temperature in test site in 2021 (A) and 2022 (B)
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7E 2021 48, CK ALFEANHES: T1 ALFE 2RI 750 kg/hm?, 40 & 195 kg/hm?; T2 R0t A 5% 48 1950 kg/hm?, 2E%CE 195 kg/hm?, 7 2022 48,
CK ALFIANGE R ; CK A IR A, T2 AbFRitE 5L 1950 kg/hm?, 4% & 195 kg/hm?; T3 ZbFRfti 7R IENE 1950 kg/hm?, AP 6 thm?, 2E & 195 kg/hm?;
T4 AbF R IENE 1950 kg/hm?, AP 12 thm®, SHEE 195 kg/hm®. FIE.
In 2021, CK, Zero nitrogen application; T1, 750 kg/hm” slow release fertilizers(195 kg/hm® N); T2, 1950 kg/hm? biochar-based fertilizer(195 kg/hm® N). In
2022, CK, Zero nitrogen application; T2, 1950 kg/hm? biochar-based fertilizer(195 kg/hm” N); T3, 1950 kg/hm® biochar-based fertilizer+6 t/hm*(195 kg/hm®

N); T4, 1950 kg/hm2 biochar-based fertilizer+12 t/hm’ biochar(195 kg/hm2 N).
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Fig. 2. Effect of biochar-based fertilizer on stem tiller dynamics of mulched rice
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Table 1. Effect of biochar-based fertilizer on dry matter accumulation of mulched rice
s o Jh5 T A2 2 & Dry matter accumulation _
Year Varicty Treatment Sy BE FHAMLIR I FEAA 2% 8]
Tillering stage Panicle initiation stage Heading stage Maturing stage
2021 WAE2S CK 1.7£02¢ 3.0£02¢ 6.7+03c¢ 13.8+0.7 ¢
Zhehexiang 2 Tl 23+£02b 41+03b 87+02b 154+03b
T2 30£0.1a 50+04a 9.7+02a 185+0.5a
Ak 538 CK 1.8£0.1b 32+02b 7.6+0.7¢ 147+0.1¢
Yongyou 538 Tl 32+0.1a 45+02a 93+02b 163+03b
T2 31+02a 43+03a 10.8+0.2a 172+0.1a
2022 WAE2S CK 14+02b 28+03d 79+09¢ 144+04c
Zhehexiang 2 T2 26+04a 44+0.1c 10.5+04b 17.6£0.8b
T3 32+06a 55+02b 11.8+0.8b 18.5+04b
T4 30+£03a 64+03a 143+12a 20.8+0.7a
it 538 CK 20£04b 41+0.1c¢ 10.0£0.6b 173409 ¢
Yongyou 538 T2 29+03a 5.6+0.5b 13.5+04a 19.7+04b
T3 35+02a 55+0.1b 13.5+0.5a 199+0.7b
T4 3.0+£06a 74+06a 143+0.1a 215+05a

B EEERHEE (n=3); FSIHAFR/DNG TREORCH B ZR 5% (P<0.05).

Values are Mean+SD (n = 3). Different lowercase letters in the same column indicate significant difference among treatments (P < 0.05).
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538 RIENEIEHE 6 t/hm® EM) R (T3)E X HE LR
EFE, REIEWNE 12 thm® EYR(TA)E, B
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it AR 3 — B BN T REE, AH A R T AEA R b
P RIAEAEZE R o WIRA 2 5l i 1 I FE5ofn &7
FERLEIE =, B 538 N ik 3G i A ER RN £ S R 4
7= AEWIR e FH e P R AN R R R A 2 S
FHorh R FE AR 12 t/hm? AW 5 58 7 AR B BT
24 RERMBRKERENRENEIT

Jiti JFH) 7 25 JIEL R i 25 AL 38 it A= 47 e R 0% 2 5 3
I BOKFES KRNI A ZRRE, HEER
1 2% B i i L e A 2 B P I T B2 R (R 3).
2021 45 CK #HLL, ZERENE(T1). IREENE(T2)Ab 3
BEEMSH PN AR RE N ARE2 5HE,
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Table 2. Effect of biochar-based fertilizer on yield and yield components of mulched rice

G o e ﬁ?ﬂ%ﬁ %%#zzz‘c éﬁ¥$ 'T‘*ﬁﬁ. F%
Year Variety Treatment Effectlvj panzlcle Panicle m'lmber per Seed setting 1009—gra1n Ylel(i
(X10%hm") panicle rate(%) weight(g) (t/hm”)
2021 WiRE2 5 CK 1763+ 14.7 ¢ 1624+63a 922+08a 22.1+0.6a 6.8+03¢
Zhehexiang 2 T1 215.6+3.0b 1553+8.8a 89.5+42a 20.6+£0.4b 88+02b
T2 243.8+7.7a 156.4+6.7a 924+23a 21.2+0.4 ab 92+0.1a
mfl 538 CK 1656 +4.7b 386.8+5.7b 742+57a 20.7+0.4b 88+02¢
Yongyou 538 T1 184.6+57a 387.4+49b 743+54a 22.7+0.7a 10.7+0.1b
T2 193.8+6.5a 463.0+86a 73.0+4.6a 212+0.1b 11.1£02a
JiZ5AT Analysis of variance
s Variety(V) ok *k ok sk s
Kb Treatment(T) * ** NA * **
EAR X AEEE VXT o o NA o NA
2022 WiIREF2 S CK 217.4+10.7d 131.8+9.52a 91.3+0.6a 224+0.1a 67+02¢
Zhehexiang 2 T2 2540+ 12.5¢ 129.6 +6.2a 87.8+09b 22.5+03a 83+03b
T3 2949+10.6b 1354+38a 89.1+£09b 21.8+0.1a 83+02b
T4 316.3+12.7a 1413+45a 88.1+0.8b 202+0.8b 89+0.1a
Ffl 538 CK 169.7+3.2¢ 339.4+57a 8l4+14a 21.8+0.2a 99+0.2c
Yongyou 538 T2 2320+69b 288.4 + 8.6 bc 732+09c 209+0.2a 11.7£05b
T3 232.7+12.4b 296.7+5.7b 742+1.0c 214+05a 124+0.6b
T4 2523+79a 277.0+9.8 ¢ 76.5+1.3D 21.3+0.1a 13.5+0.2a
JiZ M1 Analysis of variance
=8 ﬂ: Variety(V) sk *k k% k% k%
AP Treatment(T) ok ok ok ok ok
SRR X AbEE VX T *% % *% *% *

BT HMEAREE (n=3); AR AR/NG FREREIERZREZE (P<0.05). *FA**3RRRE P<0.05 Ml P<0.01 KFZEFEH;

NA BrRAEE.

Values are Mean + SD (n = 3). Different lowercase letters in the same column indicate significant difference among treatments (P < 0.05). * and **

indicate significance at P<<0.05 and P<<0.01, respectively. NA indicates no significance.

ZREEIEREREKT. ST R 538 #, T2 &
T1 FHIAM AR B0 4.87%, WAMHE RN R
BN 9.92%; 2022 4= T2 AHEL CK 25 48 i 25 34
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16.49%, A BIAIA 2 83 Ko R FEAEIE i 12
t/hm® A5 M) 5 (T4) 5. 35 18 0 78 K FE R R &
2 (26.50%) FFFHHA 0= B R (40.52%) Fl s 24 A
REM B(40.59%). L 538 RILNEH I 6 t/hm? 2E
WD (T3) e 2 B I AR R A R (6.51%),  HoAtS
WILEEZES. BRI 12 thm® EYR (T4
38N MK FEAR A IR R A R (18.35%) 54
R R AR (11.87%) LRI R R B £ (13.92%) .
Tt B 8 i AR A R o B R K R S BN A R R A R AL
BRI, JUHRE RN 12 vhm® A9 5 E A
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25 REEMEEKERRFANENZ N

i 3 JIE % e FIEL 184 it A= 7 k¢ 1 e P S 3 R
IKFEM A, it FH R 3 00 R T3 m & = R
R, I AR 2 48 it 2B A o 5o RUIE A FH 2R i AL

REFEGR 4. 2021 FF4EREKHY, 5 CK ML, TI.
T2 W3 PR KR R T A r= S f S R
BHEFR, WWiARE 2 515, ML T, T2 /&
TYFRAP R BALmAFZ 11, BIRR R A
AR R FH 0% 5y ) 2 25 3 0 13.58% 4.72%
20.50%F1 5.20%, H R4 HNTE %% 7P
<0.05). @k 538 #, T2 5 T1 ML F1.
ZENE A 27 R 2 0 G5 A IR WA R 2802 Ay ) 3G T
3.83%, 22.27%F1 8.47%, HAhIEbs TR %R,
2022 4R LA CK, T2 BARE R TY 0 A
RMBERBEAEER, 5 T2 Mk, #ikE 2 5%
FEAESETE 6 thm® ZEMR(T3), /K AEEAER I
P RCR BN 8.64%, B EA R
10.04%, HAhZH 7% 7 ARIE B W E KT RIEALHY
Jiti 12 thm® A=W09% (T4)E K R RIE A 1. &
REAR 22305 AR USRI FH R 2 2 30 7.84%
40.98%7FH 25.09%, B & TY A= HME XA A
PEEAY TG 9.96%H1 18.57%;: FIAL 538 IR I
Jiti 6 t/hm® AR (T3)E KR RNEA % A
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Table 3. Effect of biochar-based fertilizer on total nitrogen accumulation in mulched rice
i P fhgE o Eﬁ\%fﬁ%% Nitrogen accuml;l:ttion —
Year Variety Treatment . ,;K'ﬁ . héj 1{(. ?ﬁ“'ﬁ EX? WA
Tillering stage Panicle initiation stage Heading stage Maturing stage
2021 WiRE 25 CK 414+54c¢ 51.7+34c¢ 80.5+4.0b 1109+ 7.6 b
Zhehexiang 2 T1 69.0+£5.0b 829+52b 1348+1.7a 173.7+4.7a
T2 86.8+3.6a 109.2+10.5a 139.5+34a 183.9+3.7a
mift 538 CK 424+34b 51.8+2.8b 86.9+6.6b 1252+29b
Yongyou 538 T1 92.6+42a 104.6+39a 1448+93a 166.6+9.2a
T2 90.5+55a 103.7+8.7a 151.8+12.0a 183.1+11.7a
2022 WRE2 5 CK 378+ 14b 548+13¢ 97.2+6.4d 106.7+6.2 ¢
Zhehexiang 2 T2 84.4+6.0a 97.5+12.6b 1209+9.1¢ 150.1+£6.6b
T3 96.6+10.6 a 101.5+4.8b 140.8+1.8b 167.0+£7.7b
T4 942+43a 1233+3.6a 1699+ 7.6a 211.1+16.7a
Ffl 538 CK 35.1+4.9b 509+49c 85.8+8.0c 1242+45d
Yongyou 538 T2 84.6+5.6a 110.5+42b 146.1+43b 174.4+£6.3 ¢
T3 919+56a 116.9+3.8b 142.7+7.0b 185.8+7.1b
T4 86.6+6.1a 130.8+5.8a 163.4+69a 198.7+5.8a
BRI P REARHEZE (n=3); AHHARFR/NG FREF R 227 B3 (P <0.05).
Values are Mean + SD (n = 3). Different lowercase letters in the same column indicate significant difference among treatments (P < 0.05).
F 4 RERMBEKERETAERNZ
Table 4. Effect of biochar-based fertilizer on nitrogen utilization in mulched rice
BETUFAE % BEBEREE FNEMRE™ 71 FUBRE RSN 2
Fy b SOSE] Nitrogen dry matter Nitrogen grain  Nitrogen partial factor Nitrogen agronomic Nitrogen recovery
Year Variety Treatment production efficiency production productivity efficiency efficiency
(kg/kg) efficiency(kg/kg) (kg/kg) (kg/kg) (%)
2021 WARE25 CK 1249+22a 612+23a
Zhehexiang 2 Tl 88.4+04c 50.7+0.5b 452+0.8b 104+0.5b 322+1.6b
T2 1004 +2.0b 50.2+0.8b 473+04a 125+1.0a 374+34a
Ffl 538 CK 117.6+24a 70.6+0.8a
Yongyou 538 T1 98.1+3.8b 642+£28b 548+0.6b 94+0.7b 21.2+£3.2b
T2 94.1+56b 60.7£2.8b 569+1.1a 11.5+03a 29.7+45a
2022 WRE 25 CK 1352+52a 628+13a
Zhehexiang 2 T2 110.3+1.3b 552+1.0b 425+1.6b 82+0.7b 223+24¢
T3 104.7 £ 5.8 be 49.7+1.0c¢ 425+1.1b 82+1.1b 309+23b
T4 993+24c¢ 45.0+2.24d 458+03a 11.5+15a 474+24a
Ffl 538 CK 139.5+24a 79.5+1.8a
Yongyou 538 T2 113.1+2.0b 67.1+£2.7b 60.0+£2.6b 94+14c 258+1.0¢c
T3 107.0+£0.7 ¢ 669+1.1b 63.7+£3.0b 13.1+£2.1b 31.6+1.8b
T4 1085+ 1.1¢ 67.7£0.8b 69.0+12a 184+0.8a 382+09a

Bl IR EZE (n=3), FFHAR/NG FREOREE Z R 22 (P<0.05),

Values are Mean + SD (n = 3). Different lowercase letters in the same column indicate significant difference among treatments (P < 0.05).
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(138 0 2%k SR R 47 . Binh 25U IZE AT MUBR 25 55 (3.05%)
K (0.54%) )P Bl 38 04T T 2 lEs, RS

0%- 1.5%- 3%+ 6%F1 12%1I W R A KTE, 45
REW, EEAENRS ERES, KBEKEEE
YR LT N, 12%M R B SHT &
KA, BN T 47%; K& E %S,
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T 44%. 1X EERT AR R e A v T R IR
pH fE, Mg HE AR 9% & &, Chu 21
WFFLUE B HIE R AE Y R 5, 3B pH {HIRS
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Selvarajh 25 AR IG LW, 76 I PR INRE EE A
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