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and to determine the optimal proportion of organic fertilizers replacing chemical fertilizers, this study relied on the long-term
fertilization experiment of facility vegetables in Kunshan, and set up seven treatments; no fertilization control (CK) , organ-
ic fertilizers replacing chemical fertilizers at proportions of 0 (T1), 20% (T2), 30% (T3), 40% (T4), 50% (T5) and
60% (T6). The effects of different fertilization treatments on plant height and yield of non-heading Chinese cabbage and
celery, soil physical and chemical properties and economic benefits were studied. The results showed that the partial re-
placement of chemical fertilizer by organic fertilizer significantly promoted the growth and yield of non-heading Chinese cab-
bage and celery (except T6 treatment). Compared with CK, the average yield per hectare of non-heading Chinese cabbage
and celery in T3 treatment increased by 37.1% and 30.4% , respectively, and was significantly higher than that in other
treatments. Compared with T1 treatment, the soil pH of T6 treatment increased significantly, while EC decreased signifi-
cantly. In terms of soil nutrients, T3 treatment had the most obvious effect on the improvement of soil nutrients (organic
matter, total nitrogen, total phosphorus) in greenhouse vegetable fields. The results of principal component analysis showed
that the soil physical and chemical properties of T3 treatment were significantly different from those of other treatments, and
the electrical conductivity, organic matter content and total nitrogen content might be the key factors affecting the soil quali-
ty of greenhouse vegetable field under the treatments of partial replacement of chemical fertilizers by organic fertilizers. The
results of variance decomposition analysis showed that soil pH and electrical conductivity explained 26.3% of the yield of
non-heading Chinese cabbage. Soil pH and electrical conductivity were the main factors affecting the yield of non-heading
Chinese cabbage under the treatments of partial replacement of chemical fertilizers by organic fertilizers. The content of soil
nutrients (organic matter, total nitrogen, total phosphorus) was the main factor affecting the yield of celery, and its expla-
nation for the change of celery yield under the treatments of partial replacement of chemical fertilizers by organic fertilizers
was 22.6%. The treatments of partial replacement of chemical fertilizers by organic fertilizers had a significant effect on the
net income of facility vegetables. The net income of non-heading Chinese cabbage and celery in T3 treatment was the high-
est, which was 36.8% and 29.0% higher than that in CK, respectively. In summary, the partial replacement of chemical
fertilizers by organic fertilizers was an agricultural measure that had the potential to alleviate soil acidification and secondary
salinization in greenhouse vegetable fields, improve soil fertility, and promote the yield and income of greenhouse vegeta-
bles. The treatment of replacing 30% chemical fertilizers with organic fertilizers had the best comprehensive effect on the
improvement of facility vegetables yield and soil quality. It might be the best combination of organic fertilizers and chemical
fertilizers to ensure the high yield of facility vegetables in Kunshan area and effectively reduce the amount of chemical fertil-

izers.
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RS, RIGBEE 3 Ak 7 ANAEEE, 5 (1)
ANHEAE 25 10 B (CK) 5 (2) Bt AL IE b 3] (1)
(3) A HUAES 2 R AC AL AE Ak BE 2 . BRAC HL 1] 43 51
20%(T2) .30% (T3) .40% (T4) .50% (T5) Fl 60%
(T6) , HALFHITEE 3 AN R FEE X, K /NX
AR 8 m* (2 mx4 m) , 5 EBENLIXHHES], 45/
XA E bR e 47, b7 Ik Bk B Al . A HLIE AAk AR 43
930 FEGR B65T FH  DA Fit As ite Jr X— vk Pt A
THE(F 1), 9T 2021 4E 4 H 12021 4E 7 A it
FFANGEBR (SR Pl - 408% , A4 B RS Rt BhUA T
A P e B SRR AR

AL AHUIE
b i Fil 4iF 5 (kg/hm?) i 4iF 5 e (kg/hm?)
(kg/hm?) N P,0; K,0 (kg/hm?) N P,0, K,0

CK 0 0 0 0 0 0 0 0
T1 300 45.00 45.00 45.00 0 0 0 0
T2 240 36.00 36.00 36.00 450 9.00 6.44 7.25
T3 210 31.50 31.50 31.50 675 13.50 9.65 10.87
T4 180 27.00 27.00 27.00 900 18.00 12.87 14.49
TS 150 22.50 22.50 22.50 1125 22.50 16.09 18.11
T6 120 18.00 18.00 18.00 1350 27.00 19.31 21.74
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Fig.1 Effects of different fertilization treatments on growth and yield of vegetables in greenhouse
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Table 2 Effects of different fertilization treatments on soil physicochemical properties

e SOM TN TP & 81 5.2 (P<0. 05) #£7},

% ’ o4 i
AR it (sem) (e (i) (o)
ANEERR 3 CK 6.32+0.07d 200.90+9.90a 17.69+0.35d 1.06+0.04¢ 1.55+0.04a
T1 6.78+0.19b 208.00+34.50a 17.72+0.25d 1.15+0.10bc 1.64+0.10a
T2 6.96+0.08b 197.80+17.00a 19.30£0.63abc 1.30+0.09ab 1.62+0.02a
T3 6.35+0.13cd 193.30+18.70a 19.63+0.37ab 1.44+0.02a 1.80+0.02a
T4 6.65+0.08bc 130.10+17.20b 18.27+0.16bcd 1.24+0.02bc 1.68+0.10a
T5 6.84+0.07b 115.70+9.50b 20.75+0.13a 1.22+0.07bc 1.56+0.12a
T6 7.49+0.02a 111.90+5.20b 17.85+0.88cd 1.21+0.01bc 1.54+0.08a
R CK 6.62+0.08a 86.50+1.30e 14.23+0.20¢ 1.22+0.02d 1.13+0.01de
Tl 5.69+0.07d 335.00+7.90a 17.77+£0.91b 1.56+0.04a 1.35+0.02¢
T2 5.77£0.04cd 137.90+0.70d 14.92+0.20c¢ 1.51+0.03abc 1.27+0.09¢cd
T3 5.91+0.03¢ 153.30+2.82¢ 18.87+0.79b 1.49+0abc 1.77+0a
T4 5.69+0.04d 231.00+3.80b 17.66+0.79b 1.38+0.07¢ 1.06+0.02e
T5 5.93+0.04c 240.70+1.50b 19.00+0.51b 1.39+0.06bc 1.23+0.05¢d
T6 6.44+0.03b 127.20+1.20d 26.12+1.32a 1.52+0.02ab 1.54+0.02b

BRI 1, Rl — BN RSB 5 A RS R 3RO [k ] 28 5 .25 (P<0.05) .
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AEA LB A3 1A A A B 58 i S i - 39 o 2 11
AT A TR (K 2) , PCA 25 B, AL
O R A3 A AR AT X 152 it =5 4 3 e e E T i
i (PERMANOVA,P<0.05) ,PCl & PC2 Bit )2
TUHRFR 0 Ik B 92, 4% (A &EBk A2, K 2A) Al
92.2% (3%, K 2B) , H. PC1 #li )7 22 5Tk R it KT
PC2 il W] PC1 J7 1) 4534 AT s WA ] it A Ab
PHIA] Rl 52 Hh 1= 8 BRI M o 25 S 19 R EEARAE U
PC1 J71n), T3 &b B 4 HERE 5 23 A BE 2 A it AE Xof IR
(CK) 18 K it AL A AL R (T1) 3 fR i, 2B T3
b B TRt S - B PE R s e e o B
A, PCA 455 B 7R, SOM | TN &AL PC1 %l |28
B, M EC 16 PC2 il F#far s (B 2) , 3RW] EC
SOM i J¢ TN & & n GE A HLIEHS /3 B A AL i 4k
PHLRE ] 152 il i i HE I 0 OB R
24 BNEBSBRUELBEZERETETL
FHEEEZEST
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TP X A HLAE EB 208 A A0 AT Ak B 5% it A &5
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HEC S B A 25 3K 11 35 7 1t A8 b 19 22800 H -
TERIAGE R R A A R R IR ) 26. 3%,
LR TF 55557 (SOM F it +TN & & +TP % &) Xf
BEMEASEEER 38 7= i BRI (12, 7%) (1 3A) .
Wit 738 J7 I, pH EC .SOM 75 2 TN % & K&
TP & f XA HUIE AR 7038 AU AR A Ak 37 8 A 1) 5L
fHTEE N 39. 9%, Hi, +-3E pH K EC Xt -3¢
FEERAL B B E N 13, 1% , i 3554 (SOM 75
HATN S +TP i) X730 = ARk 0 ff B 5k
2] 22. 6% , AT HLIEHS 738 A A0 AT Ab 2 35 it 72
ARy T4 KT (E3B) .
2.5 AN[E)HERE &b I X5 HE BR SR BF A ER I RN
M2 3 AT, A HLAESR A B AR AL RE X 15 it AS 245
BRI BN TSR A TR AR THRCR B . it
ANEEER AT T, 45 b BEOR 255K 11 38 7= (B = 2
KK NT3I>T1>TS>T4>T6>T2>CK . FHordr, T3 AbFH A
SEBR S B (P<0.05) i T H b 3, 5k 3
1 hm* 1.543x10° 75, A 1 hm®1.334x10° JG,
1 hm® REEER 1S A 3L CK 35 1143.59x10° 7T, 1
Wtk 3R IK 36. 8%,
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Fig.2 Principal component analysis of the effects of different fertilization treatments on soil quality in greenhouse non-heading Chinese cab-

bage (A) and celery (B) fields

A B
pH+EC SOM+TN+TP pH+EC SOM+TN+TP
263% 11%  12.7% 13.1%  42%  22.6%

B 75:53.9% B 7£:60.1%

ECHUF3 SOM A HURE I TN MR E I TP i A i
3 AEMEEAEEHEAEREE(A)REX(B)FEEW
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Fig.3 Variance decomposition analysis of the variation of yield
of greenhouse non-heading Chinese cabbage ( A) and

celery (B) under different fertilization treatments
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Table 3 Effects of different fertilization treatments on economic benefits of vegetables

o fhg 1 hm? 1 1 hm? MERHEEA 1 hm? HAEA 1 hm? A 1 hm? AL CK Rk
(x10*70) (x10*70) (x10*70) (x10*70) (x10*70)

AEEERFIZE CK 11.25+0.24¢ 0 1.50 9.75+0.24e
Tl 14.16+0.15b 0.150 1.65 12.36+0.15b 2.61+0.15b
T2 11.950.14d 0.143 1.80 10.0020.14de 0.25+0.14de
T3 15.430.44a 0.139 1.95 13.3420.44a 3.59+0.44a
T4 13.04£0.21c 0.135 2.10 10.80£0.21c 1.05+0.21c
TS 13.05+0.13¢ 0.131 2.25 10.67+0.13cd 0.92+0.13cd
T6 12.210.07d 0.128 2.40 9.68+0.07¢ -0.0720.07¢

3 CK 10.26+0.55bc 0 1.50 8.76+0.55ab
Tl 12.41+0.81ab 0.150 1.65 10.6120.81a 1.85+0.81a
T2 12.34+0.84ab 0.143 1.80 10.40+0.84a 1.6420.84a
T3 13.39£0.18a 0.139 1.95 11.30+0.18a 2.54+0.18a
T4 12.14+0.53ab 0.135 2.10 9.90+0.53a 1.14£0.53a
TS 13.15%1.38a 0.131 2.25 10.77+1.38a 2.01x1.38a
T6 9.59+0.32¢ 0.128 2.40 7.06+0.32b ~1.7020.32a
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