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W EVBATENREARLESRN EERAARE A, UL ENRM, XA ZHEFZATFHI T2
RAET, EE =AM REAVAKEHEAAFE 15t hm™(T1) 30t » hm™(T2) 45t - hm™(T3), £ F L35 A
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Mk A MER T E, FREW .5 CK Ak, 6 H R EANIEE S B AT REAELRE>5 mm 2~5 mm 1~
2 mm.0.5~1 mm K Z B B R 5, 8/ 0.25~0.5 mm #2<0.25 mm #r 2k B R A 5 b, B R, MWD GMD 18 4 5| # 7+
13.11% ~24.59% .55.13% ~ 174.36% ,20.83% ~40.28% ; # £ A WL B 3 38 & 50% 1 25% R NCAL T2 18] £+ 1 0 vk 2k R
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Effects of biochar-based organic fertilizer combined with nitrogen fertilizer
on soil aggregate structure, yield, and quality of purple cabbage

WU Zeting', LI Xiaoying', YANG Ben’, SU Xiaojuan'
(1. School of Soil and Water Conservation, Southwest Forestry University, Kunming, Yunnan 650224, China;
2. China Agricultural and Rural Bureau, Lianchi District, Baoding, Hebei 071030, China)

Abstract; To address the issues of soil acidification and compaction in the Yuanmou Basin caused by
excessive nitrogen fertilizer application, a field experiment was conducted using purple cabbage as the test crop. A
two-factor, three-level randomized complete block design was employed to examine the effects of varying fertilization
rates on the distribution and stability of soil aggregates, as well as the yield and quality of purple cabbage. The ex-
periment involved three application levels of biochar-based organic fertilizer: 15 t - hm™(T1), 30 t - hm(T2),
and 45 t - hm™>(T3). In addition, based on the local conventional nitrogen fertilizer rate of 420 kg + hm>(N3) ,
nitrogen fertilizer application was reduced by 100% , 50% , and 25%, resulting in the following treatments: O kg -
hm>(NO), 210 kg - hm™ (N1), and 315 kg - hm™ (N2). A control group ( CK) received no fertilizer.
Developing a comprehensive application plan to explore an optimal fertilization strategy by examining the effects of
different fertilizer combinations on soil aggregate distribution and stability, as well as the yield and quality of purple

cabbage. The results showed that, compared with CK, the application of carbon-based organic fertilizer combing
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with different levels of nitrogen fertilizer increased the proportion of aggregate of >5 mm, 2~5 mm, 1~2 mm, 0.5~
1 mm, and their R,,;, MWD and GMD values were increased by 13.11% ~24.59% ,55.13% ~ 174.36% and
20.83% ~40.28%. There was no significant difference in the head weight, economic yield and biological yield of
purple cabbage between the treatments of 50% and 25% reduction of biochar-based organic fertilizer combined with
nitrogen fertilizer, but they were 10.01% ~32.33%, 8.69% ~36.21% and 3.10% ~33.33% higher than those of the
same amount of biochar-based organic fertilizer combined with conventional nitrogen treatment. Under the same a-
mount of biochar-based organic fertilizer application, compared with the conventional nitrogen application rate, the
combined application of nitrogen reduction treatment increased the nitrogen agronomic utilization rate by 65.87% ~
216.33%, the nitrogen partial productivity by 58.17% ~172.42% and the nitrogen fertilizer performance utilization
rate by 0.32% ~292.85% , respectively. The combined application of biochar-based organic fertilizer and reduced
nitrogen fertilizer significantly increased nitrogen agronomic efficiency, nitrogen partial factor productivity and nitro-
gen apparent efficiency. The contents of vitamin C, soluble sugar, soluble protein and anthocyanin in purple cab-
bage head treated with T2N1 were higher than those in other treatments, which were significantly increased by
53.08%, 13.86%, 64.94% and 89.73%, compared with the treatment of conventional nitrogen application
(T2N3) under the same conditions. The two-way analysis of variance revealed a significant interaction between bio-
char-based organic fertilizer and nitrogen fertilizer. The principal component analysis indicated that the combined
application of 30 t « hm™ of biochar-based organic fertilizer and 210 kg « hm™ of nitrogen fertilizer ( T2N1) was
more beneficial for the green and high-yield cultivation of purple cabbage in the Yuanmou area. This approach also
achieved fertilizer reduction and increased efficiency in purple cabbage production.

Keywords: purple cabbage; biochar-based organic fertilizer; reduced nitrogen fertilizer; water-stable aggre-

gates; nitrogen use efficiency; yield
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Table 1  Design of field experiment

BB AL BERR S

QbR Biochar-based Nitrogen Potassium dihydrogen
Treatment organic fertilizer fertilizer phosphate fertilizer
/(t+hm™?) /(kg - hm™) /(kg + hm™2)
CK 0 0 0
TINO 15 0 150
TIN1 15 210 150
TIN2 15 315 150
TIN3 15 420 150
T2NO 30 0 150
T2N1 30 210 150
T2N2 30 315 150
T2N3 30 420 150
T3NO 45 0 150
T3N1 45 210 150
T3N2 45 315 150
T3N3 45 420 150
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o, HARBEAFE>5 mm 2~5 mm .1 ~2 mm.0.5~1
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Kb >, Bt e BE A ALIE 40 #E (TINO  T2NO
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FUIE R84 T 2 38 0 )5 98N, > 5 mm K7 G4 7 EE DU AR
s W e A AR (T2) i 25, 1~2 mm $igk
PR b A 2R 34 imm_E 7, 0.25~0.5 mm
BRI I 5 5 & e SE A ML (T3) W &8 T,
0.25~0.5 mm A2 A1 R AR5 i bl 2 AE A3 I T
R, AU (N1 N3) Bt e A HUIE AL 3 T 2 ~
5 mm. . 1~2 mm.0.5~1 mm B2 F RIS EIHFEN
A T2>T1>T3; 55 1 FAE (N2) B i 7 345 HLAE Ak BE
W1, >S5 mm R R BE A A S HLAE A B n ik
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CK TINO TINI TIN2 TIN3 T2NO T2N1 T2N2 T2N3 T3NO T3N1 T3N2 T3N3
4b ¥ Treatment

[C1<0.25mm

[10.25~0.50mm [J0.5~1.0mm

3 12mm M 2-5mm [l >5mm

T A /NG 5 Bl ] — AR A ) Ak ] 22 57 3 (P < 0.05 ) , AN [7) R 5 1) 2% ] — A AN [ e A2 ] 22 5

2 (P<0.05),

Note ; Different lowercase letters in the same column indicate significant differences between treatments ( P<0.05) , and

different uppercase letters indicate significant differences between different particle sizes in the same treatment (P<0.05).

B 1
Fig.1

AE e AE AL 32 T £ 5 /K R I 3R Ak 53 4 4iE

Distribution characteristics of soil water-stable aggregate under different fertilization treatments
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2.1.2  ERIERABHE BRI R 2 ATHL, R
FENE 5 AU it k5 4 1 A KRR 1A SR A Y
famtt, 5 CK ML, &40 H R, MWD  GMD 433l
2Tt 13.04% ~24.46% 55.13% ~ 174.36% .17.52% ~
39.18% ., Muiifi sk B A HLIE (NO) 54T, 45 AbFR Y
MWD 5 GMD £ T3>T1>T2, H T3 BHH A WA
AL PRI HE AR AT 2 ) 14.79% F134.71% .6.82%
F110.59% ;5 R, 75tk W] i 1 HEAT MLAE 55 2 185 o 422 4
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FRTE N2 Bt b B v d5e A, L H: 4% i il Ak P 441 ] 22
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HREEAPUIE (T2) i 25T, Ry 05 MWD . GMD ¥
FEI A Bl UIE %) 335 0 1 S 38 0I5 0/ ; v o ke
APUEHE (T3) 50, B i B A HLUIE R Ry s |
MWD .GMD ¥ T Bl R AL P, 45 5 2 (N1)
Fic it 2R B AT MR AL B R, BN T2 % T1 F1 T3
it it Acb FEE 4 531) ik 25 B 0 8.57% A1 5.56% , H MWD |
GMD ¥4 35 25 5 5 S5 i AU (N2 ON3) it A 3
AVNEAE B G R, TEAR I T 1 3 22 7, H MWD |
GMD ¥J7E T1 Bl Ab B b fe K, TIN2 &b 3+ 5K
Ttk A RAR R AR e TE i . AU R 5 22 70 i 46
F R, o HATATLIE L it SN0 X A K Rk 1A 2R Ak
(RS MEAEAE B35 I BRSO
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Table 2 Soil water-stable aggregate stability indicators
under different fertilization treatments

JIsT] koo CPHTRER LR
Treatment 02 MWD/mm GMD/mm
CK 0.61+0.02g 0.78+0.03¢g 0.72+0.01h
TINO 0.69+0.01f 1.42+0.02de 0.88+0.01ef
TIN1 0.70+0.02ef 1.22+0.07f 0.87+0.01fg
TIN2 0.75+0.02ab 1.90+0.11b 0.98+0.02a
TIN3 0.72+0.0lcdef  2.14+0.13a 1.01+£0.03a
T2NO 0.71+0.01def 1.21+0.10f 0.85+0.02¢g
T2N1 0.76+0.01a 1.27+0.02ef 0.90+0.01cde
T2N2 0.74+0.03abc 1.72+0.08¢ 0.98+0.02a
T2N3 0.69+0.01f 1.43+0.08de 0.92+0.02bed
T3NO 0.75+0.01ab 1.63+0.12¢ 0.94+0.03b
T3N1 0.72+0.0lcdef ~ 1.40+0.13de 0.89+0.02def
T3N2 0.73+0.01bed 1.31+0.06ef 0.88+0.02ef
T3N3 0.72+0.01bede  1.49+0.04d 0.92+0.01bc
J7 253K Variance analysis
FEATHUIE(T)
Carbon-based ® % s % %
organic fertilizer
RN * ok R R
Nitrogen fertilizer
TN % % ® ok ® ok

ARG 0 oK [F] — R A A R Ab B 0] 22 5 35 (P<
0.05) ; * = F& P<0.01 KFBZE, FH,

Note : Different lowercase letters in the same column indicate signifi-
cant differences between treatments( P<0.05), * * indicates P<0.01.

The same below.

22 REBHMESREEENEHE~EMRE
A ZER R
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AR AL B 5 H g b ek B i 0 ' A
Yy e, HAR R A 25T, 3 e
(YRt i KA LA i P £ 14 I 52 R W a4, ok
FA DU Bk e I A B AR RE I — 2 48 R H 5
MER T 2805 i A LA R AN A AL 4
AN P8 bR 43 i B8 CK S 3 32 & 60.23% ~ 287.88% .
59.48% ~ 489.74% . 46.60% ~ 348.51% F/1 8.89% ~
33.33%, G IEA P AT, ek &
Ferct Yt R N1 N2>N3>NO, fidjiti N1
N2 iR AL BRI 22 5 AN 3 B 38 0 3 i T
TR FEAPUIEAL B, 3 S FEFR ST 51EE NO 15 /154.14%
~175.30% .37.52% ~ 127.79% 2.04% ~22.00% , |45
Tt AT HLIE AL 3, 45t i B A MUt FH 2544, 48
TeRERI N 5 A R A R 2 F A B, WA
Ry 285 R BoR , S NI ENE AL # R HAs 5 AR
FHY S H ek r= AR = o 5
222 RAeH R F WK 4 0H FRREA VL
Tt AT S A ) ZURR B8 o 3R B0 A i it 20 1Y
BN ARG 5 /N B AR A A TIN2  T2N1, T3N1
AEFRIBIAEAR R A e A ML 250 T R R E ok,
Ay CK BB 77.11% 83.75% 97.80% , 43 5]
% TINO, T2NO, T3NO 4k #f & 2% % il 110. 08% .
47.83% .63.99% , Horb T3N1 b AR BR R K, 5
T3N2 AbBEAH HUAR T 25.79% , 554 o= 3 AT HLAL it FH
AT NAE Fl NFP R0 H it 280 i 3 K A [)
TR A, HL AL B ] 25 5 4 355 o S AT LIS it &5
HANLMT ,NAE 5 NFP Fifi e 5 WU it & 1
Kl L E AL TE, REN 78 N3 it 0 % e it A 5] L 491
HIEA P AL PR A 8 35 25 5% NAE  NFP Al
REN ¥J24 T3N1 AbF#5 K, 5 T2N1 A1 TINT 4bHiAH
L, T3N1 AR NAE 73 5] . 2 2 55 35.61% F186.80% ,
NFP 4351 5 3 55 27.86% 1 62.75% , REN 4351 it
FHAN 16.78% Al 314.45% , XK K J5 22 43 25 1
R, A ATUIE AN I A B R H 52 AR AR B 3
Soma S H R B AR R EUR S A TR B D A
7= B RN IR R
23 REEVESEBERETEHERRIEN
23.1 $®AEZXCEET MRS ATHL, &ML
Rl F IR m S H AR R C &, 5 CK A/, Hi
RIEAHUIEAEIEH A 2R C s B R155.36%
93.93% 101.84% , 7= A4 AL AL AL e 20 I8 Ak B 4 o
43.50% ~119.67% , K AFEATHUIE (T1) jifi FH 2514
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Table 3 Effects of different fertilization treatments on yield of purple cabbage
5 BRI i L ED G R
Treatment Ball weight/g Economic y_lfld Biological ngld Harvest index/%
/ (kg » hm™) / (kg « hm™)
CK 324.38+51.35¢ 14540.28+670.40h 32359.35+2039.32h 0.45+0.02e
T1NO 519.74+77.67f 23188.22+4825.33g 47438.05+8697.06g 0.49+0.02de
TINI 908.84+175.15d 52475.73+6678.51d 100265.90+3324.02d 0.52+0.05bcd
TIN2 945.08+116.96d 50510.70+449.95de 100030.90+788.77d 0.50+0.01d
TIN3 714.19+41.23¢ 38525.37+5360.83f 75200.85+7132.96f 0.51+0.02cd
T2NO 553.99+22.81f 26480.65+3086.36g 52234.90+2747.82g 0.50+0.03d
T2N1 1047.37£69.11cd 66793.64+5853.73bc 111974.05+5058.37hc 0.60+0.05a
T2N2 1108.50+75.40bc 72900.33+3624.40b 118985.45+12097.80b 0.61+0.03a
T2N3 952.07+£97.25d 61451.03+7592.36¢ 108605.95+5057.27cd 0.56+0.05abc
T3NO 733.29+51.03e 43845.66+3743.31ef 85700.85+1928.43¢ 0.51+0.03cd
T3N1 1226.03+42.35ab 85402.46+4094.68a 142364.80+7523.44a 0.60+0.02a
T3N2 1258.20+38.14a 85750.14+3368.60a 145135.90+£3222.45a 0.59+0.02a
T3N3 976.27+21.89¢d 67585.10+£2424.71bc 117855.35+972.44bc 0.57+0.02ab
J7 22307 Variance analysis
HREAFHUIE(T)
Carbon-based organic fertilizer w e w .
AN (N
Nitrifn Ererl?lizer o *E - *
TxN ns * ok % % ns

R4 AEERAEXFIEF BRI

Table 4 Effects of different fertilization treatments

on nitrogen use efficiency

s AR B RAEAF A RA: =S
NA R NAE  72J1 NFP FIH% REN
Treatment 2 o o
/(kg+hm™) /(kg-keg") /(kg-kg) /%
CK 55.44+3.95¢
TINO 46.74+2.23h
TINI 68.52+2.26f  180.64+31.80c 249.88+31.80cd  6.23+1.08e
TIN2 98.19+1.57b 114.19+1.43d 160.35+1.43¢  13.57+0.50¢c
TIN3 81.51£2.9de  57.11x12.76e 91.73+12.76f  6.21+0.69¢
T2NO 68.91+1.87f
T2N1 101.87+4.68b  248.83+27.88b 318.07+27.88b  22.11+2.23b
T2N2 86.35+2.39cd 185.27+11.51¢ 231.43+11.51d  9.81+0.76d
T2N3 80.17+4.08¢  111.69+18.08d 146.31+18.08¢  5.89+0.97¢
T3NO 66.87+3.63f
T3N1 109.66+£1.79a  337.44+19.50a 406.68+19.50a 25.82+0.85a
T3N2 87.18+1.68¢  226.06+10.69b 272.22+10.69¢  10.08+0.53d
T3N3 83.06+0.56¢cde 126.30+5.77d  160.92+5.77e 6.57+0.14e
Jr22453 M Variance analysis
FAT
HUAE(T)
Carbon-based # ok EE % % [
organic
fertilizer
AME(N)
Nilrogen EE Y EEY EES % %
fertilizer
TN Y EE S S ® %

T, TINI . TIN2 TIN3 kb3 4k 4k % ¢ & 85 %%
TINO AbBH i E 1R T} 22.04% 22.57% 25.05% ,{H =
ALFREIJC B 245 rh R (T2) Rl i (T3) 2R ILA HL
Nt A5 E T, H e A 2 C B 2 B UM B it 2 119
HE SEEHE N, B R B N1>NO>N2>N3, H
o T2NT AT T3NT 4350 A5 AH I 1) B st e 386 A ML AES Ak
FH(T2NO FI T3NO) 344111 13.27% F18.54% , T2N2 FlI
T2N3 Z 6] \T3N2 1 T3N3 Z | L& 25, i
REEAHUIE (T2 T3) Btk ZNIE XS H g A= R
C SO At

232 ST MRS AT, EHENTE
PEBE O T 7EAS [ b B A) 22 5 1l 3 7F CK AR 3R £
75(103.99 mg - g™') , 5 CK Mk, it ok B A HLAE
A3 AT B B Ol T R 54.91% . 36.20%
20.39% , 7k 3 A HLAE BE it 0 108 Ak 28 B AR 7.78% ~
52.39% , S AU AT, B nT s
PSR B MR A 50% (N1) f K, TINT  TIN2
TIN3 &b 3735 TINO AbHHE8H187.62% . 74.88% |
78.28% ; T2N1 il T2N3 % T2NO 4354 i1 36.51% il
19.88% , T2N2 W] F [ 2.70% ; 5 T3NO A kb, T3N1
ALFRIEAN 15.84 > 43 s, T3N2 HI T3N3 &b #4551
W/ 7.0 ASF140.2 ANE SR R LIS SRR 5
H A Y AT R S 1, AN [ e B I it 2R I K
T, 5IA 50% (N1 ) Bt b 2 H 14 vT 7 e 5
BEAPRIR B AR /N
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233 ®ahEAE MES T, EEHEN T
PEE SN 4.48~9.02 mg - g7, 5 CK AL, 24
it 2% FA HLAE AL 38 (TINO Il T3INO ) H % 7l v 1 25
F 25 0 I RRAIG 2.49% F11 9.77% , 1B 3 Akb B ]
TCIFH S 1 T2NO T 13.75% K& HE A #L
AECTL) R 2544 R, NO N1 N2 Jiti 4 1 A B i) G i
F# 5 TIN3 % TINO 4k B Th 1/ 21.56%, &
(T2) Al (T3) SR PR 2500, H T
P 2 1 I R Pt ) 00 T S 1 RS W) 45
B N1>NO>N2>N3 it AL #E e T2N1 Ab
ATV SR BT & A, FLUKCOA TIN3 A T3NT 4b
B3 AN b 353 555 AH N Aot e B A AL Ak 3 I
T 29.99% 21.56% 13.45% , %% b, e 3G HE AR
(T2) BTt & it 50% 1) 28 A 4 B it S JH: b e vt Ach
PGP B 1 BT 1% S IR T 2
234 fHEEFESE MRS ATH, LB
EEESEEREE. 5 CK M, Hui k54 bl
JE(TINO) Zb P H /6 R &= B ARk, i
T2NO F1 T3NO &b 3 73 5 F+ 755 6.84% F116.27% ., ik
EARFEAPUE(TL) il AT, NO N1 N2 b3 [H]
To S TIN3 £ TINO 23425 16.98%, Hi
(T2) Flimr e (T3) s A WU A5 F T, SAR N B
it 7% K A5 ML AR AL B ( T2NO ., T3NO) AH kb, T2N1 £
T3N1 A H WAL T R & o il e & L7t 49.23%
F110.95% , T2N3 il T3N3 43 5l & 3 T B 27.25% Fi
62.17%, T2N1 PN S H LT R S e, 1
YA T3NT A3, BB A PR (T2 . T3) A F T
VAT SN WS 8 NP i
TR WA B R B

XUH 7 2250 B S B | I A HLIE A U
b PR e LA AR X H S AR C TR
AR A REE RS AR EZm(ES) .,
2.4 REBYESRZBEENLESITEMN

Sk 4 T 7R 45 1l R B e BE AT ML 5 R0 A e
T HECR R R A e R e
BT TR IR 5 A F AT (R 6) , TRk R
47.685% 21.008% .15.919% .6.157% .3.410%,5 1>
TR T L i 94. 180% )15 8., 28 W H R AR S e
T 12 A RPR TR R A L AT RAHIE Rk
S HLAE Bt 2 X 48 P R R R vk R e
A RZE G, R 7 ATLUE 5 1 B
SRR R AT R BT R AT R
FAEURR R it de K 55 2 s R R AR Y
MWD F1 GWD A £ K5 55 3 s S H g

PRI PE R FURIE T 2 T i e K 50 4 £l
SEH R B T VAR B ey i A K 5 5 Ry
HIRIKIN R, FIEH IS4 R C M iRk,
W E W 71553 5 07 22 TTBR RN AL B 25 G 4
B(F8) , AA] ke F A AU i 2008 Ak BEH | T2N1
REPREE AR 8 (0.751) , T3NT ZbFEYK 22 (0.729) ,
Tt FH % 35 S e ot i e 2T %) Ach AR SR A e, LR
AHLAL 30 t - hm?+iBHEZE 210 kg - hm™ JyfefE
JOBLIEERS N
33w
3.1 REBAVES ARG EXT 18 FAREHHm
- 5 AT R AR (%) T BRI RS R XoF - 9 45 4 Ry 3
PERUAT H 5 A, 23 4 B R) 4 5 e R A
0 IR B, R IEAA HLIE R O IR AR )
RS TEMBERSELEHERRNEE

Table 5 Effects of different fertilization treatments

on quality of purple cabbage

w | PERC M bR K
Vitamin C  Soluble sugar Soluble protein  Cyanidin
Treatment 0 1 -1 -1
/(mg-100g™) /(mg-g") /(mg-g") /(g-kg )
CK 28.83+3.78f  103.99+2.19a  6.18+0.18c 4.24+0.12e
TINO 44.79+3.69de  46.89+3.93g  6.03+0.80cd  4.24+0.24e
TIN1 54.67+3.13bc  87.98+5.32bc  5.65+0.18cd ~ 4.04+0.13ef
TIN2 54.90+£5.71bc  82.00+£5.03cde 6.17+0.10¢ 4.28+0.14de
TIN3 56.01£3.22bc  83.60+3.59cd  7.33+0.50b 4.96+0.18¢
T2NO 55.91+£2.62bc  66.35£1.97f  7.03+0.33b 4.53+0.08d
T2N1 63.33+£3.33a  90.57£2.04b  8.02+0.21a 6.76+0.29a
T2N2 46.10£2.98de  64.56+6.26f  6.17+0.16¢ 3.79+0.15fg
T2N3 41.37+1.23¢  79.54+2.41de 5.47+0.36d 3.56+0.13g
T3NO 58.19+3.96ab  83.60+3.59cd  5.63+0.08cd  4.93+0.07c
T3N1 63.16+4.08a  86.26+0.42bcd 7.00+0.09b 5.47+0.16h
T3N2 49.78+3.0lcd  75.72+£2.72¢  5.53+0.23cd  3.10+0.14h
T3N3 43.60+3.14de  49.51+£3.26g  4.48+0.43e 3.04+0.09h
JrZ53HT Variance analysis
WA
HUIE(T)
Carbon-based * ok * ok * ok ®
organic
fertilizer
HIE(N)
Nitrogen ® ok * ok %k EEY
fertilizer
TN * % * % % % ® ok

x6 EMSFEERTHE

Table 6 Eigenvalue and contribution rate of principal components

ERs DRETRE % Bty % R %

4
Principal ,?H{E{E Variance Cumulated variance
Eigenvalue - -

component contribution rate contribution rate

1 5.722 47.685 47.685

2 2.521 21.008 68.694

3 1.910 15.919 84.613

4 0.739 6.157 90.770

5 0.409 3.410 94.180
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Table 7  Factor loading of each index in each principal component

B 1843 Component
Index 1 2 3 4 5
>0.25 mm PRS2 R s 0504 0508 0.186 —-0.225 0.548
Y E  EHAR MWD 0.078 0985 0.001 -0.052 0.081
JUMEE R EAR GMD 0274 0925 0012 -0.148 0.179
R Ball weight 0953 0.153 -0.048 -0.016 0.189

L7 Economic yield 0979 0.091 -0.078 -0.001 0.115
)7 Biological yield 0947 0.147 -0.121  0.053 0.174

2505 BN Harvest index 0904 0.065 0.072 -0203 0.017
RFEE M 0.804 0282 0328 0226 0.062
4= 2 C Vitamin C 0286 0280 0464 0.039 0.753
ATV TERE Soluble sugar -0.004 -0.18 0275  0.929-0.020
AMEPEE M Soluble protein - —0.018  0.016  0.958  0.098 0.026
AT Z Cyanidin -0.030 -0.003 0.879 0210 0.302

R8 EMABHIREERS

Table 8 Factor scores and comprehensive scores

st FH5ME51 Principal component score Lietir  GEHPY
Composite Comprehensive

Treatment 1 2 3 4

score ranking
CK  -1.375 -1.709 -0.093 1427 -1.645 -0.956 13
TINO -1412 -0.197 0.018-2.005 -0.076  -0.818 12
TINI  -0.157 -0.733 -0.852 0.810 1.170  -0.188 10
TIN2 -0.126 1.486 -0.236 0.880 0.277 0.322 4
TIN3  -0.768 2.022 0.760 0.584 -0.536 0.252 6
T2NO -1.014 -0.710 0.640-0.996 0.612 -0.479 11

T2N1 0.847 -0.502 2.487-0.048 0394 0.751
T2N2 0933 0.794 -0.045-0.892 -1.054 0.352
T2N3 0467 0.100 -0.696 0.317 -1.080 0.007
T3NO -0.785 0.496 -0.508 0.556 1.761  -0.095
T3N1 1428 -0.506 0.802 0.610 0.367 0.729
T3N2 1.362 -0.611 —-1.047 0.036 0.187 0.256
T3N3 0.598  0.069 -1.232-1.280 -0.377 -0.134

i, RETE A B 5 H I R AR R v L AT
2 R it FH A A HILAE XoF 4% 28 P SR A 17 0 5 1
A BEFELm W ERECT <0.25 mm By b,
= 1 Ry, MWD GMD {H . 3X AT RE 2 Rl e 5 A Bl
JIES P LB 225 g 0 2 B R 1 2 - 8 A A 3R Ak 1) R
RIS, 0t s it AR50, + 1 A
R A e M il o A ML A i P o 1 85 o o 422 7
Pt AN I A R AR R e et — D T 45 ¢ -
hm™(T3) 4B T, 55 5 it e 5 A ALICAH LE, 38 &
MBS T Ry ,s MWD FI GMD . 3X ] fE 2 A K &
KA HLIEAE R R C 2fb e TR KT
AR ER RS FEOCE RS 5
UNONZIE 37 NRINTT5- AU 1EIE -2 NF =it d S s 1o
SRS I T SR 3a WEIT R BN, AR W e R RN i Yot
I R R E M A 0 BRSO, P T R )
[ B Ay A N T W vl R 2 S W = T
Qb B AR 35 A K R PR R AR o A SRR
FEPEA W R

NoRRV I (S RNe IR N RS I

32 REAVNESEEEENEHE~EMRE

A ZER R

Al Az 7= Hp 22 A A T A 2 7 g 1 1R
DX, DA 3 8 AT Ak A1) A1 R 2 7 %5 IR 2% 1)
G220 R IR AR SRR it ) B R 2 it A ) R
bR, 32 w5 2 R A 2R Y 3 7 52 o i A &0
B, X4 3T o6 v i X W AR 2 IR it
WFFE B0, i 2 10 B i A AL R A8 42 5 5 H i
YRR T R i, ASHIESE A EAR RUES 18 , Rk 3
AL B I 50% FIIS L 25% A AL P 45 H
BBk T e e AR R i S T RO
FIL G Bt e R A AL B A I 9T R W 7 ) A5 it
RIARMET 38 2 A it 4t [R] B 385 m A= 4
HREMHMEY R BRI AR sk a5t
FEA | ¢ AT i Ve 2R 15 % A0 B Kb B %)V 0 7 4
BRI A AN 8 & 15% 1k RE Ak B8 3 0 32 55 2..09% AN
5.2%, A F A AR 500 3 & 26. 96% F
27.54% , 2550 P A AT & B it P e R R e A
AR T 15 00 RIS R 2 0 2 v TR AL 3
SRUNE I FH 56 B Je Jo S ot 220 190 385 on i 384 Jm - AR A
A ARIEE 1S, RIAUIE D 50% B il o< 3% A HLAE
IR RAR A 2 (NAE ) RNER A= 7 71 (NFP)
FARNERIF] 2 (REN) b 2 (5 T it 96 i 25%
AR HUE 2B, 58 H R, v] B8 2 e 36 A ALAE B
T P EE R R T IR A B
PO M A ZRUNE B4 A A7 R T 0 s T R ) R
B ARl A ] g R R R A R4, A
SRR a0 ok A HLAE T LA
FEU /D U FH B 1 [) BsF 385 5 H 30 A4 7 o R0 R
I E A ML 1938 FH o B HOE AN [E] VR 4 1
RS I RSCRASS A [F]
3.3 REBAVESEREETEHERRNEm

TR, e 3G HLIE B A MRS | 37 40 4F
SERRRCAERE S A BT R W R S AR
St REASH F W MACRIT I T, DA TG 488 S 7= 2 5 J 00
2 A Y S i Y 9 R A HLAIE 55 A AR ] A it
Xof e S A R = i % it JBE I 5 M B, T S AL
JIEL 5 10 U 357 Uk 2 Ach BT 5 4% 2 ) SR R A T4
JEL e~ e it i 35 A AL ES 5 K R A A o K 2 T
RIENEWCE A B, APPSR IR R R H 4 E R
C AT PERE VA PEER BT RIE T R & 30 ¢t
» hm ™ R A ALIE Bt U0 D8 i 50% ( T2N1) 4h 3
45 ¢ - hm™? g 3 A HLAE B it 408 UK 2= 50%
(T3N1) F1 15 t + hm ™ [t 5 Bt 20 ( TIN3 ) Ab B
APt e, B T s A U A2, s,
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A5 A0 PR AT VA MR AL CK AT AN R R B AR, —
Jy 1t R R RO ) e S A HLIE R T S A
WP P 1 b SRl W B3 P TR T O3 A PIL R
R i v AT BB 2 i E B 22 (A 0 e A Sy A 2 7Y
(A HLA T, DT B0 PT o P 5 B 5 O —
D7 A LIS BT 5 AR O S R
ISR R AT 2 A T A R, E
PR AT TR , D AR A AR N
i, Z5 BRI, 30 t - hm A LA HLIE B it 20 1E U
i 50% AT T4 U B SR TR T
AR AR

4 & ik

A ST, o FE A HLIE B i s 2 SR A
it AEAL 3+ 8 AT AR R, .5 MWD . GMD {8 53 £
Tt 13.11% ~ 24.59% ,55.13% ~ 174.36% .20.83% ~
22.22%, HEHERNMKEE SR AT E
A Bt 2 AT AT 3 1) (. 14N 54.14% ~ 175.30% |
37.52% ~127.79% 2.04% ~22.00% , 254 5 A HL
Bt FH 2578 T, Tt D 280 50% Ak B B4 /LA 2 R %
( NAE) B A Ot Ak P 4 35 2 155 34.31% ~216.30% ;
RNERAE = J1 (NFP) BRI R 25% 4344 137.44%
~55.83% BH AR IR T 117.39% ~ 172.41%,, 45 t -
hm > B IEAHUIEEC A 210 kg + hm > ZAEAL B ZUIE
FIA AR (REN ) B H 4% e it A P12 2% 42 5
16.81% ~316.06% . 30 t - hm > 5 HEA HLAE AL it 210
kg « hm ?E AL B0 S H 5 e A C sk
Wi TR ORI T 2 i e, B At T Ah 2
T 0.27% ~ 53.08% 2.70% ~93.15% ,22.95% ~
101.12% 1 23.55% ~122.17% ., 455 PS5 R0,
30 t + hm 2 RIEA VLB AL 210 ke - hm > HIEEH
FITARAL A= HE L5 S ke Pk, o R 4338 [ ] 72
W0 50% AN FH 5 09 S Ak T 5 1 e
Wb ST, A TE 2 B A TR S i A e S e b )

8 % 3 k.
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