55 36 4555 6 K LA R Vol.36 No.6
2022 4F 12 H Journal of Soil and Water Conservation Dec.,2022

REBERED R KBE=EEMFSF AT

gﬁ}igl ’ %IS%/EK ’ ’ff /2 ’ %%/& 2 ’ X']’i"%ﬂtg ’ /f%ﬁ‘%tdt ’ glé jiﬁfa i']‘ﬁqz
1.5 M 22 0 R 22 B, 5 M 48 00 R S AE 9% B S SE B 2 L B BH 5500255 2. 58 M R 2Rk 2 B
%Mﬂ 550025 ;3. 50 M 48 R R AT, 55 FH 550001 ;4. 5% MM 45 B B R & A/, 55 M 414~ 565100)

FEE . O U KRS A 77 o R A T A % JEG B 458 TR v 80 P T R, R0 5% M 8 S e ) 2 it R 2B W e . A B
M 45 T e B B TR RS T R IR AN B i (T0) ANAEUIE I 10 Y006 2.5 ¢/hm* (T, ZJE W 20 %)ifi 5.0 t/hm?
(T2) , BJEW 30 %0 7.5 t/hm? (T3) , BAEIK 40 % 10.0 t/hm® £ 8y 5 (T4) AR jifi AT X B8 (CKO 3 6 4~ 4k
B3 R E W/ K BEAL K AR50 AR5 T 000 8 it A6 0 % KR 7™ ™ o g 0 R R0l B 75 4 T e )
FHBE M, g5 5 B, RUNE I o i 25 ) ¢ W 255 ) 5 M) R EH KR i L o A R L b T A R R
SRR RO . KRR 7= it TR0 2800 0 R B i 2 Ot R ZE 4 e P o G 0 SE R R 8 . 2019 4F L2020 4R
1 2021 AR KRG ILBR = AR ™ 35 400 B T2 T3 F1 T2 5 -3¢ TO 4350 i 18 ™ 16.04%6,17.94 %01 14.73%
PI 55.72% .64.08 % F1 118.91 % . /KRG KR NP, O M1 K, O LR R i 25 72 1 AR 2 8% 3R R WA H R M
WK T8 B8 38 o A BT 1 U NE B i A kAL B, il 2E 4 0] U iy AR R AR 1B 43 BT R BT, 2019
4F.2020 4FF0 2021 AR B 43 B0 21.76 %6 ,24.60 %6 F1 19.00 % CH 32.64,36.90,28.50 kg/hm?) if £ 4 Ji¢
45.44,6.15,4.75 t/hm’ Hq‘7j<$§'ﬁ"%§i%‘<ﬁ%%ﬂj@ 7.80,8.57,8.03 t/hm?) ,# TO 43 JIH4 7= 22.52% ,18.78 %
F13.74% o AU A it A= 4 it 4 v Rl T Ak IE R 2R (B S SRk BE + A el R R SRR AL A
I, 53 B A Bﬂﬁﬁét%ﬁﬁﬂ“’ﬁhﬁ#‘%ﬁ”tﬂﬁ[u it A E ) DL BT i 19.00 96 ~24.60 %4 it A 4 o
5.00~6.25 t/hm® N H . WF5E 45 R 45 T 5t M B 4900 I S0 W 0 A IO sl 2 Rt A ) ok LA B3 4R AR )
K@ AN KA R PEAREE; FORRE; FAOMMHRCE; AWk HIERA
hE 425 :5153.6;5158.3 XERFRIRAD : A XEHS:1009-2242(2022)06-0298-11
DOI:10.13870/j.cnki.stbexb.2022.06.036

Effects of Biochar Application with Reduced Nitrogen Fertilizer on
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Abstract: This study aimed to solve the problem of excessive dependence of rice yield on pure chemical nitrogen
fertilizer, the environmental problem and high efficiency utilization of chemical nitrogen fertilizer, and even
the scientific application of biochar in paddy field. A field experiment was conducted from 2019 to 2021 in
Sinan county, Guizhou province. Taking no fertilization as the control (CK), five treatments of chemical
nitrogen fertilizer dosages: TO~T4, i.e., 100%, 90%, 80%, 70% and 60% of nitrogen fertilizer, respectively,
was set up under the principle of equal total nitrogen application. The rice yield, yield components and
nitrogen, phosphorus and potassium uptake and utilization were studied. The results showed that biochar
application with reduced nitrogen fertilizer significantly affected the yield, yield composition, aboveground
nitrogen, phosphorus and potassium accumulation, and nitrogen, phosphorus, and potassium utilization
efficiency of rice. The grain yield and nitrogen, phosphorus and potassium accumulation of rice increased first

and then decreased with the increase of biochar application amount and the decrease of nitrogen fertilizer. The
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highest actual and theoretical rice yield were found under T2, T3 and T2 respectively in 2019, 2020 and
2021, which three significantly increased by 16.04%, 17.94% and 14.73%, and 55.72% ., 64.08% and
118.91% , respectively, compared with TO. The accumulation of N, P,O; and K, O, partial productivity,
agronomic efficiency, apparent utilization, and harvest index of rice grains were also higher. So T2 and T3
were the relatively better treatments with reduced nitrogen fertilizer application of biochar. The regression
equation of yield-biochar application and extreme value analysis showed that the applied nitrogen fertilizer
decreased by 21.76%, 24.60% and 19.00%, respectively in 2019, 2020 and 2021, i.e., 32.64, 36.90 and
28.50 kg/hm?*. The highest rice yield (7.80, 8.57 and 8.03 t/hm?*, respectively) was obtained at the biochar
application of 5.44, 6.15 and 4.75 t/hm®, these yields were increased by 22.52%, 18.78% and 13.74%,
respectively, compared with TO. Application of biochar with reduced N fertilizer significantly increased the
utilization rate of N, P and K of chemical N, P and K fertilizers, but decreased the utilization rate of that of
the chemical fertilizers plus biochar. Therefore, N, P and K fertilizers should be reduced simultaneously
when applying biochar in Guizhou yellow soil paddy fields, the reduction percentage of which are 19.00 % ~
24.60% and best application rate of biochar is 5.00~6.25 t/hm*. This study has important guiding significance for
N, P, and K fertilizer reduction and biochar application in yellow soil paddy fields in Guizhou Province.

Keywords: nitrogen fertilizer; rice yield; yield components; nutrient accumulation; nutriment use efficiency;

biochar; paddy field of yellow soil
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7.00%),(15.72% ,155.64 % F1 27.13%) F1(3.50% ,
66.70% Al 12.65%), B K,O Bl 2 & £ F ¥R 8%
b N HLPO; FRR i A E| 3 25 K (p <
0.05), Hr T1 Kk R N LR B E R K. HE
T3 Z 2% A8 E (p=>0.05; T3 KK P,O;
R K, HS T1,T2 f1 T4 Z [ ¥5 5] &

EEFIKF(p<<0.05); T1~ T4 KRR K,O L E
B2 AR5, 2021 4, KRR NLP,O;
MK, O MBEREYLL T2 fem . RS T3 ¥ & 2%
SO By 5 T A A AR B (p<<0.05)

2.3 WIEEEEEWRIKGE. BMEHBNZN
2.3.1 R ERAWFEEA ARG w  FALK
it A5 SR A W A S S ) K R R it A 1k TE
PRRE + A= e A 2 7™ AR S s 3 L 3RO S A
FAWORIE R (R O . HPAFEEY R ANE T,
2019 4EAL A A de R mT BEdm 2B 7 ) T2~ T4 ¥ R & &
T To Ml T1, e KAl REAR 24 %0% T2 & & T To M
Tl KA RERMAI R T1.T2 fit T3 ¥ &E&ET
TO(p<C0.05), fir F5 4b B 2 [) & Wi 3K F5 £ G W 35 22
5. 2020 4 T1~ T4 fb 0 0 d5 K mT B A A 7™ 7 L I
TR AT BB A 27 0% M e K AT g 2 00 R R 1 B 2 8 1
TO(p<C0.05) ; ALK FE £L To &/, H i ZF LT CK
K T1~T4(p<<0.05), 2021 4FAk 0 E 5 K T BE fh A=
PR T4 B . H O T1~Td ¥ 8 E & T To(p<<0.05),
A T2~T4 ZEEFHARE  AHEBERT TI(p<
0.05) s e K AT BEAR 2 2L T2 A T3 W3 = T To
(p<0.05), H T2 fz i ; I KA BER WA % T2 &
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ELHBEST ToTL A T4(p<<0.05) s AR5 %L
TO fef, H B EFE T CK M T1(p<<0.05),

IR R A LT AHE A+ A W ik S e K AT g
A== 73 2019 4F T2 & &, {H5 ToT1 A1 T3 [h] 22
SR E(p=>0.05);2020 4F T3 Fm H 5 T1 M
T2 25 AWFE(p=>0.05);2021 4F T2 & &, HE Tl
M T3 2Z2RHAEREH=>0.05), LI+ 49 % A i

A (p=>0.05) , T 5 Fe At 4b BTG B 3% 2% 55 2020 4F
T3 AK.EHS T1 M T2 2R AEE(H>0.05), 1
FE T To Ml T4(p<<0.05) ;2021 4E75 T2 ek, HY5 T1
T3 ZHAEE(p=>0.05), LI+ 4= ¥y & e KAl
REFMAI I 2019 4F T2 &K, IF W2 T To Fl T4
(p<<0.05);2020 4F T1 H K. bR T3 25 A8 F 4,
B T HAL & A (p<<0.05) ;2021 4F T2 & K. IR

RATREAR R0 2019 4F T2 e KL AR E & T T4 WES TR T3 S A HAbkb 3 (p<<0.05)
E K0 P,0, B’ N E X,0 P,0, B’ N E K0 P,0, B’ N
200 1 (@) 201948 il 200 0 (b) 20208 2001 (o) 20214
-:E=|'150 %_E_E -,5150— -,5150—
2 [ 2 2
ml\TmT 100 7 mﬁ 100 mﬁ 100
Bk Bk s
£ 50 L % £ 50 £ 50
R Bl * s
0 0 0
CK ToO TI T2 T3 T4 CK ToO Tl T2 T3 T4 CK To Tl T2 T3 T4
&b PO POt
B3 @mEREREYRINKBHFAUAFIREENE N
T4 REREEEYRIMKBRANANEZN
o g %k?ﬁ?ﬂﬁifﬂﬁj(kg ckg D E%kﬂ{ﬁ‘éi%%%l%j(kg ckg D %Ajtﬁﬁﬁiﬂmﬁjlﬁ?%/% —
A AL+ AW A R+ AW i% A R+ AWy 7%
CK — - — - - - 0.6740.07a
TO  48.60+0.59b  48.6040.59ab  10.93£0.59b  10.93+0.59ab  21.01£0.4dc  21.0140.44b  0.6640.01a
porg 11 B8SER0b4850E2T4b 12035300 10.834274ab 404754720 364354250 0.7040.0la
T2 70.49+9.96a  56.4147.97a 23.4149.96a  18.73+7.97a 49.88+15.80a  39.92+12.64a  0.6920.03a
T3 70.15+6.28a  49.134+4.40ab  16.34£6.28ab 11.44+4.40ab  40.73+£9.7dab  28.52+6.82ab  0.7140.01a
T4 75.99+3.4d4a  45.6342.07b 13.2243.44ab  7.93+2.07b 31.48+8.07bc  18.90+4.85b  0.6540.03a
CK - - - - - - 0.7440.01a
TO  39.43+1.0le  39.43+1.01c 6.73£1.01d  6.73+1.01c 11.38+0.20c  11.3840.20c  0.63£0.01c
yogo 1L 03840320 45.3500.20ab  1405H03%  12.8540.20ab 22,943 75ab 20.64£3.38a  0.72+0.01a
T2 57.21+1.5lc  45.78+1.21a 16.33+1.51b  13.07+1.21a 20.51+£1.88b  16.41+1.50b  0.7140.02ab
T3 66.42+0.82b  46.5240.57a 19.71+0.81a  13.80£0.57a 25.74+1.30a  18.02+0.91ab  0.6940.02b
T4 73.60+0.51a  44.1940.31b 19.10+0.51a  11.4640.31b 21.4241.18b  12.8540.71c  0.74%0.01a
CK - - - - - - 0.6640.02b
TO  47.08+3.66c  47.0843.66bc 9.97+3.66b  9.97+3.66bc 9.26+£2.07b  9.26+2.07cd  0.74%0.02a
ypy U OTS5ELTOb SL81EL6lab  16.32417%b 1469416lab  14.0743.48b  12.6643.14be  0.660.03b
T2 67.60+2.91a  54.10%£2.33a 21.2142.91a  16.97+2.33a 24.36+5.11a  19.49+4.09a  0.7140.04ab
T3 72.86+2.60a 51.03+1.83ab  19.85+2.60a  13.90+1.82ab  21.59+2.94a  15.11+2.06ab  0.6940.05ab
T4 73.87+5.22a  44.3543.14c 12.02+5.22b  7.2243.13¢ 10.33+2.79b  6.20+1.68d  0.6940.05ab
2.3.2 RIEBFHRAYEATHEHNAG YA T JEAEY) A N T SRR WE BT, B B K AT BE I A=

2% B AW e A B 28 IE ek i e 2B )k 2019 4R
W J AT R A 2 7= 0 L i K AT RE AR S 0 R i R T
AE F LA FH S AR T8 B DL T2 e (& 5) . Hop
AN G e N HERE R BT B B K T BE I
A2 R AT R AR A R RN B R AT g 3R OW R
F T2 HTO 20 B4 16.02% ,71.30 % 1 89.95 % s %

727 B R T BE AR 2 0% R i K 0] BE R WA H R T2
e TO 43 5148 8.71% ,60.47 % 1 77.97 %, 2020 4E
AN A ) R N I DL B AR K AT e e 2
F1 R AT REAR 2F R R 5 K AT RE A SR LA T3
MR B TO 435N 17.94 % ,104.99 % Fl 2 175.00% 5
B AW o AN IS BT S B SR R AT RE e 2R T T
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o536 4%

T R AT Rl AR 2 50 RN I R RT R 2 WA 34 S LA
T1.T1 F T3 Jgfsci 48 TO 40 i fin 4.45% ,70.67 % il
1668.33% ., 2021 4F A5 B A Wy e ald A B ol 14 1
T g R AT BE A AR 7 ) L B K AT BE AR 2 R R i
RATREZR A Z B DL T2 hyfe i 8 To 43 38

14.88%,70.30% F1 181.36 % ; % [& A= W) B 5 A 14 W
G 0 Bl 5 R AT BB D A 77 ) L B R AT RE AR 2 R %
F i K AT RE WA T2 430 LA To, T2 # T2 Jy fix
15 » B¢ K AT AR 2 R0 R R K AT i 3ROUL R HT 8% To
A3 BN 41.58 Y% F1 133.90 %,

F 5 BRI E YR XK BRI A R
wpy g TR G ke D RKTRERFAEK (g - kg D SR AT B B T/ % —
R AU+ A4 57 A AU+ A5 A A+ A
CK - - - - - - 0.6140.03a
TO 49.26+£0.60ab  49.2640.6ab 11.0840.60ab  11.0810.60ab 21.294+0.45b  21.2940.45b 0.664-0.04a
2019 T1 49.1542.78ab  47.5542.69abc  10.9842.78ab  10.62+2.69ab 36.91+4.31ab  35.71+£4.17a 0.64+0.03a
T2 57.15+8.07a 53.55+7.57a 18.98+8.07a 17.7847.57a 40.44+12.81a  37.89£12.00a  0.67+0.0la
T3 49.7744.46ab  45.2144.05bc  11.59+4.46ab  10.5314.05ab 28.891+6.91ab  26.25+6.28ab  0.6240.15a
T4 46.2142.09b 40.73+1.85¢ 8.04£2.09b 7.08+1.85b 19.14£4.91b  16.8814.33b 0.59+0.02a
CK - - - - - - 0.621+0.04c
TO 39.9641.02¢ 39.96£1.02b 6.8241.02¢ 6.8241.02c 0.6040.25¢ 0.6010.25d 0.5810.03¢
2020 T1 45.9640.29ab  41.7440.27a 12.8240.29ab  11.64+0.27a 6.15+0.78b 5.59+0.70b 0.70+£0b
T2 46.38+1.22a 38.57+1.02¢ 13.2441.22a  11.01+1.02a 4.2441.93b 3.5241.60c 0.7140.08b
T3 47.13£0.58a 36.1540.45d 13.984:0.58a 10.7340.45a 13.0541.36a 10.0141.04a 0.7940.01a
T4 44.7640.31b 31.8640.22¢ 11.61+0.31b 8.27+0.22b 5.9440.45b 4.2240.32bc  0.77£0.02ab
CK - - - - - - 0.59+0.03a
TO 47.714£3.70be  47.7143.70a 10.10+3.70be  10.10£3.70a 2.9540.93b 2.9540.93ab  0.62+0.03a
2091 T1 52.50+1.64ab  47.67+1.48a 14.89+1.64ab  13.52+1.48a 3.5411.36b 3.22+1.24ab  0.54£0.02a
T2 54.81+2.36a 45.58+1.96a 17.20+2.36a 14.3041.96a 8.30+4.41a 6.9043.67a 0.6040.08a
T3 51.69+1.85ab  39.65+1.42b 14.08+1.85ab  10.80%1.42a 6.4942.75ab  4.98x2.11ab  0.61£0.06a
T4 44.9243.17¢ 31.98+2.26¢ 7.31£3.17¢ 5.20+2.26b 2.10%0.64bc 1.4940.46b 0.59+0.09a
2.3.3 RIEERFBHRAEMEAFARG Y0 ALK BES TR T4 T4 LI (p<<0.05);2021 4 TO

YA AR KO B BT 2019 42020 4EH1 2021
A K, O e KA B A 7= J1 ¥ LA T2 i K, 43 5l # To
K 16.03%,16.10% 11 14.89% , H. 2020 4F il 2021 4F
PR T To; K, O e KAl e R #8040 5l UL T2,
T3 F1 T2 fems 439k To #K 71.25% ,104.78 % il
50.62%, H 2020 4E#1 2021 4E¥ B #E KT T0; K, 0
e K AT BE LA H 43 I 2L T2, T3 Al T2 i,
A3 TO #4K 89.93%,31.78 % Fl1 26.45% , H. 441k
FREEFKFE(p<<0.05), ZEEY R AN
K, O M 1E & T, KO & KA B8 W 2E 7™ 1 2019 4F
2020 A1 2021 405 2L To, T1 A1 T1 A&k, H
2019 4EFN 2020 4F 34 & 25w T H M ab 3R, 2021 4E S
TO Al T2 Jo &g 3 2 575 K, O fig Kl fig 4 24 50K 40 i)
DL T2.T1 F1 T2 f5ei 4358 To #8 K 7.71%,76.31 % Al
26.45% , H. 2020 4EF1 2021 4E34 1 3 K T To(p<<0.05) 5
K, O e KA R R WA HI 240 3 LA T1.T3 Fil T2 A #x
AR A TO B4 K 33.87%,96.26 % 1 100.41% , H.
2020 AN 2021 4FEH 8 3 8 3 25 55 OKF (p <<0.05)
K, O WOk %0 2019 4E L T3 . 1H 4% 4b 2R 2 Ja] R
KFEFBEKF(p=>0.05);2020 4F CK . H

W LBRE TL M T4 K8 %27 (p<<0.05), 5
T2 Fl T3 ZHARE(p=>0.05 (K 6),

2.3.4  RICR T AL M BT BB A 8ok
FEAAZE A Y e AR NP, O, Fil K, O 3250150
AU R B it AR ) e 1 3 R e K R X NG P, O;
K, O BFR53 1Y A 77 1 AR 2 380 58 3 W A 38 RIig 4R
FEEL(p<<0.05) (& . Hi A H AW W A N,
P,O, F1 K, O F24ME M T, 2019 4£.,2020 4EF1 2021 4F 4
BB A I A B LL T2, T3 F1 T2 S K, 8 T0 435
R 23.03%,28.93% F1 21.84% , H¥ B EH T To(p<<
0.05) s B AR 43 LA T2, T3 A1 T2 fe iy, 43 55
TO 4K 81.35% ,124.08 % Fl 80.57 % . H. 2020 4E 1 2021
AR ERT To(p<C0.05) 5 26 WA FH #4331 L T2,
T1 A T2 Jy .40 % To 35K 101.34 % . 86.69 % F
139.43% , H¥ik 3| 1 2 22 H K (p<<0.05) . FEAEY
BRI NP, O; 1K, O MIEGLT B A 01 2019 48
2020 4EFI 2021 4E 43 HILA TOT1 A1 T1 & Kk B 224k
FArHILA T2 T1 T2 f iy s R WA I 430 LA T,
T1 A T2 fe . SR $8 28 2019 4F . 2020 4 FI
2021 4E43HILL T3, T4 A TO fie i .
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*6 RIEBEHEEWRITKBEAN AT
G g %ﬁ?ﬁﬁﬁiﬁj}l(kg-kg") E’ak?ﬁ% %&ﬁ%j(kg-kgﬂ E’&jﬂﬁ%i’%m@m%/% ek ds
AN FNE A9 HIE HE A W A BB+ AW 7%
CK — — — — — — 0.160.06a
TO 31.7040.38ab 31.704+0.38a 7.1340.38ab 7.134+0.38ab 13.70+0.29b 13.7040.29ab 0.14+0.01a
2019 T1 31.634+1.79ab 24.424+1.38b 7.06+1.79ab 5.454+1.38abc 23.75+2.77ab  18.34+2.14a 0.14+0.02a
T2 36.78+5.20a 23.134+3.27b 12.21£5.20a 7.68+3.27a 26.0248.24a 16.36£5.18a 0.18+0.03a
T3 32.02+2.87ab 16.99+1.52¢ 7.46+2.87ab 3.96+1.52bc 18.59+4.45ab 9.86+2.36bc 0.19+0.01a
T4 29.744+1.35b 13.64+0.62d 5.174+1.35b 2.371+0.62¢ 12.32£3.16b 5.6541.45¢ 0.16+£0.03a
CK — — — — — — 0.12+0.01a
TO 25.71+0.65¢ 25.714+0.65bc 4.394+0.65¢ 4.3940.65¢ 0.85+0.15¢ 0.85+0.15¢ 0.08+0d
T1 29.5840.19ab 27.77+0.18a 8.25+0.19ab 7.744+0.18a 1.76£0.17ab 1.65+0.16ab 0.10+0.01bc
2020 T2 29.8540.79%a 26.4140.70b 8.52+0.79a 7.5440.70a 1.21£0.40bc 1.07£0.35bc 0.01£0.02¢
T3 30.3240.37a 25.371+0.32¢ 8.99+0.37a 7.524+0.31a 2.261+0.85a 1.89+0.71a 0.10+0.01bc
T4 28.8040.20b 22.8540.16d 7.4740.20b 5.934+0.16b 1.50£0.29abec  1.1940.23abc  0.11£0.01ab
CK — — — — — — 0.12+0.02ab
TO 30.704+2.38bc 30.70+2.38a 6.5042.38bc 6.50+2.38bc 2.4240.69bc 2.42+0.69b 0.14+0a
T1 33.78+1.05ab 31.7140.98a 9.58+1.05ab 8.9940.98ab 3.084+0.76abc  2.89+0.72ab 0.10£0.02b
w0z T2 35.27+1.52a 31.214+1.34a 11.07£1.52a 9.79+1.34a 5.48+2.35a 4.85+2.08a 0.13+0.01a
T3 33.26+1.18ab 27.83£0.99b 9.06+1.19ab 7.5840.99ab 4,194+1.27ab 3.50+1.06ab 0.13+0.01a
T4 28.90+2.04¢ 22.94+1.62¢ 4.70+2.04c¢ 3.74+1.62¢ 1.61£0.31c 1.28£0.25b 0.10£0.02b
x7 REBRBEEEWRINT KB LIERBERMAE+EYREBBHEIFTSM AN E
G b RARTERERAT T/ (kg » kg™ ') AW HRERFAMR/ (kg kg™ ") R ATRER WA R/ % e
e A RE + A el B + A e HENE + A 7
CK — — — 0.38+0.08b
TO 13.81£0.17b 13.81£0.17a 3.114+0.17ab 3.114+0.17ab 5.974+0.13b 5.9740.13b 0.4040.02ab
2019 Tl 14.18+0.80b 12.114+0.68a 3.1740.80ab 2.7040.68ab 10.65+1.24ab 9.0941.06a 0.4340.03ab
T2 16.9942.40a 12.56+1.77a 5.6442.40a 4.17+1.77a 12.02+3.81a 8.88+2.81a 0.4540.03ab
T3 15.25+1.37ab 9.8740.88b 3.554+1.37ab 2.301+0.88b 8.85+2.12ab 5.734+1.37b 0.474+0.03a
T4 14.6140.66ab 8.354+0.38b 2.5440.66b 1.4540.38b 6.05+1.55b 3.4640.89b 0.3940.03ab
CK — — — — — — 0.42+0.01ab
TO 11.20£0.29d 11.20£0.29¢ 1.91+0.29¢ 1.91+0.29¢ 3.90+0.10d 3.904+0.10¢ 0.3240.01c
2020 T1 13.2640.08¢c 12.1940.08a 3.7040.08ab 3.4010.08a 8.731+1.28b 8.03+1.17a 0.4010.02ab
T2 13.78+0.37b 11.68+0.31b 3.93£0.37ab 3.33%0.31a 6.901+1.09¢ 5.8440.93b 0.3940.03b
T3 14.4440.17a 11.2940.14¢ 4.28+0.18a 3.3540.14a 10.81£1.03a 8.4540.80a 0.4040.01ab
T4 14.154+0.10ab ~ 10.23£0.08d 3.6740.10b 2.65+0.07b 6.88+0.11c¢ 4.97+0.08bc 0.434+0.01a
CK — — — — — — 0.324+0.03bc
To 13.37£1.04¢ 13.37£1.04ab 2.83+1.04bc 2.834+1.04bc 4,514+1.04bc 4.51+1.04be 0.37+0a
2091 T1 15.1540.47ab  13.92£0.43a 4.2940.47ab 3.9540.43ab 6.11+t1.51abc  5.6141.39bc 0.2940.03¢
T2 16.294+0.70a 13.80£0.60a 5.11£0.70a 4,3340.60a 10.87£3.63a 9.214+3.07a 0.3540.01ab
T3 15.8440.56a 12.3840.44b 4.3140.57ab 3.3740.44ab 8.6742.05ab 6.7941.60ab 0.3540.02ab
T4 14.21+1.00bc 10.2740.73¢ 2.31+1.00c¢ 1.67+0.72¢ 3.4440.54¢ 2.4940.39¢ 0.294+0.04c¢
3 i G303k 16.04%,17.94 % F1 14.73% . [F) I 7 & 5 it
3.1 SEBRIR R M A R X K R PR AN KRR A B B PRy Ak T A R AR 3 B 45 2R W 2019 45,2020

AR5 5% B2 0T U WA A ) 5 R A 7

o T L AR S B (1),

2019 4E.2020 4 M

2021 AE A B & 20%, 30 % A1 20 %6 Jiti 4 W % 5.0,

7.5,5.0 t/hm* =& ¥ B #

T T, 3 AF (4 )7 I

AEFN 2021 AEE IR 21.76 % ,24.60 % F1 19.00 %6 it
MR 5.44,6.15,4.75 t/hm? I &% 55 K A8 77 4 4
5k 7.80,8.57,8.03 t/hm’

LAY B To HE PR 22,529,
18.78 % Fll 13.74 % » B 38 7= i 88 328 4F- P A1

Bl T3 A



306 K PR R

o536 4%

B A7 e 412 450 Bk 5% 2 B AR 280 i A ) ok L A
KR P i A 5 235 kg/hm? B it A= ) e ki
FE S R B 85 Feng 485 408000 50 2% B, /K R T
Jiti 0.5 %6 F1 3.0 %6 FE 7% B 0.5 Y6 7K $R R 458 B it 40 AL 184 7=
1.8%6~7.3%0 , M BLHit 3.0 Vo 7K A ™ 60.40 %0 . AMF 5%
rP A ok A i 2 ) % G SR 3 AR Y 7R RIUR 1 AT R IR
AR A W R ) RN AT G, SR WY AN B Y SR
B B8R0 10 06 ~ 30 Y6 L it A= ) i g 08 £ IE 7K g 14 7 5
HNE E R R, R RE A WA 20% + 4
Wy MIRE G2 P A BT 20 %5 + AR By ¢ b B K R e
5 TR R bE R L 20 00 Ak B 5 e A AR
ERR MM 410 t/hm” A= W) i FICAL 30 26 +- 10
t/hm? 4= ¥ 7% 5 % HUt 2 (180 kg/hm®) kb B AH 1L &
AN KRG P L R R 9.9% ~11.9% . KAE S =
A DR 28 R DA A B3 N AT 7 o A i ) L TR
R MeEbR . A TR LIRME . KRS AL
T QS TR N A R e Sty NS I i A N
WFoE 20, 5 CK A ke, 2088 s i it 2 4 % T1~ T3
AR, TR I AR 7 B W E I, KR T
SELIRI T SR R A A N AR ) e S 3 R N K A
KPR S, I BE A= W e FH it 15 Jn i 3 L 1S 7 A
15.26 %0 ~44.89 % , K AF /7 it 5 AE W) ok FH i 22 | 35 0F
FHIE S ZR , [R] B 7K RS Bk v R R b 250t B A 9 o FH et 1)
1 22070 HE I 5 ANt ARG B SN A W e X oK R
TR A B S, AS B SR b KR R L
AN 2 B 2 Bt A= 4y e T L 461 1 R T3 R L nT R R PR 2
AR5 R FH A5 R0 5 0], BBl A= it ) 6 3 Ak
ANE A D TR AR AN S R TR A W kb
PEE ZAC WD B TRk B B AR AL T A
KB A VLA S EY &R 8 — K. A
RS BN REWE KRS R A A K & B 2R B = B
il N S - Al e R A o | e e N i D VAR S
gE R, 5 gl ek A EL 2R il 2B 4 e B
KA A 5T BERL, DAL 40 Vo kI it A= ) A Wb 3 1 R
i 7= gt o T AR AF 58 45 S P 080U 20 26 8 30 26 b it A=
BRI X T RE S MR A& IR A B
KA KA i A LA B A ) i e T RN A ) e B AR IR TS AL
G —ERRT, BMREEFE R LN, LK
A FHAE A B 220 60 %6 ~ 80 % 5 % Wit 20 AH Eb ]
B E KRR R 8.2% ~10.4% , 5 A 5T 45 S M
L. Sebs b, KEE 8, G HLICHL R i B 2%
& e NERHR I 232, B e 9 7= i, 32 S MR o BT, O 8%
JIE 5 ER T M Ty . ARk AR 7 L B AR A AL TS AL K
Bt . A5 Wk VR S — B A2 A B S5 1 sk £k o 70 S R

EHEFAIL, L&A &SR B A AE+
P R T R DL AR TR RL B vT AR —
ool — SRR OB AT MLAE R . BRI el 2R it 2 )
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