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Effects of organic-inorganic fertilizer application on the growth and qual-

ity of greenhouse tomato under different planting patterns
MA Jianmei', XIAO Zibin', JIANG Xueqin', LIU Shiwei', YANG Hui', ZHANG Wenwen’, WANG Ji-

tao'

(1. Ningxia Horticultural Techniques Extension Station, Yinchuan 750002, Ningxia, China; 2. Huinong District Agricultural Technology
Extension Service Center, Shizuishan 753600, Ningxia, China)

Abstract: In order to investigate the synergistic of different bio-organic fertilizers combined with mineral fertilizers on
tomato production under different planting patterns, a greenhouse field experiment was conducted to compare the effects
of different bio-organic fertilizers combined with mineral fertilizers on tomato growth, quality, yield, and soil fertility
under different planting patterns. The results showed that compared with CK, T4 (240 cm ridge spacing, vermicompost
organic fertilizer combined with mineral fertilizer) increased the content of total phosphorus, available potassium and
organic matter in soil, while decreased the soil pH and the content of heavy metals cadmium, chromium, nickel and lead.
Compared with conventional planting (CK) and other treatments, the stomatal conductance and leaf transpiration rate of
T4 tomato leaves were significantly increased. The net photosynthetic rate and intercellular CO, concentration of leaves
were significantly higher than those of CK, T1, T2 and T3, but there was no significant difference compared with T5 and
T6. The quality and yield of tomato have both improved, with a significant increase in total sugar content, soluble solids
contentand sugar-acid ratio. There was no significant difference in vitamin C content between T4 and T2, but it was signif-
icantly higher than other treatments. Based on comprehensive anlysis, T4 (240 cm ridge spacing, vermicompost organic
fertilizer combined with mineral fertilizer)is the best fertilizer treatment to achieve increased yield and quality, as well as
improved soil quality of greenhouse tomato.

Key words: Greenhouse tomato; Organic compost; Vermicompost; Mineral fertilizer; Combined application of organic

and inorganic fertilizer
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TR 230.0 mg-kg!, RS E 221.1 mg-kg', IH AL

677 mg-kg's

At 3R U 15 2% [pH A 6.0~8.0 ; (N+P,05+K,0) &
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ZAEROARAH

I 7 AN, AR S IRE R,
I35 28, H AL BEFEHLHES , T1~T6 HFATFIAE , 2215
25 cm, BRFE 20 cme T1.T2.T3 %R A HLHEIE+
VIR, AR & A HLHEAE 22 500 kg hm?, 545
I BRI 4545 750 kg -hm?, BEARAE 30 kg - hm™, ffi g
T4k 150 kg-hm?, #i#> 15 kg-hm™) , . T1 2880
150 cm, ZETH % 40 cm, ZE V4 %% 110 cm; T2 ZEfR
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T4.T5.T6 5K FH Wil 26+ o B e , A
P& M) 36 1.2x10%t - hm'®, B4 52 B (o 1 605 4
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2 ERE55Nr

2.1 AEIMEER T TIRIB M RAIS

2 1 A4, T1.T3.T4.T5.T6 Ab ¥ 4358 4> %
TERBHBEST CK, 7 alE CK #2517 13.33%.
13.33%.13.33%-13.33%-6.67%; T1~T6 &b FH 47
Al CK e 5 1 18.18%1.9.09%18.18%
18.18% + 18.18% + 18.18% ; T1. T2. T6 &= &% & 5
CK MILb T # 2 57, T3 T4.T5 # CK B #H KT
9.32%7.32%7.82% ; T4 B fiff 20 % & 8¢ 1= » 70 L
CK.T1.T2 BEHE T 11.40%-.28.73%+27.65%, T4
5 T3.T5.T6 AH Lo & 35 % 57 s T1 A &bk & & i
L CK IR T 6.72%, T3.T4.T5 43 W% CK
5 RAR T 14.52%7.44%  8.19% 5 3 X 40 K A5 HL
JR & T4 Bk, Hob, AU S & T4 B CK.
TI.T2.T3 70 il W & 2 & 1 83.28% . 45.61%
48.97%-40.79% : A HLJ5T &% & T4 ¥ CK. T1.T2.T3.
T6 7> 9 B E ™ 1 52.23% « 19.62% + 46.01%
21.34%.9.62%; pH 18 T4 /M, B CK BZBFK T

R1 TREIAIEFS TIRIB UM AT

Table 1 Effects of different treatments on physical and chemical properties of soil

(44 CH 2w -
was weam P a0 OB G WAL GEES
Total . Available . . . .
AbEE Total Total . Alkali-hydrolyzed Rapidly available =~ Organic Electric
. potassium . phosphorus ; ..
Treatment nitrogen  phosphorus nitrogen content/ potassium content/  matter content/ conductivity/
content/%  content/% content/ (mg-kg™ content/ (mg- kg™ (g-kgH (mS-m™"
(g-kg" g2-Kg (mg kg g-Kg g2-Kkg
Tl 0.169ab  0.126b 19.07 ab 109.73 ¢ 7033 a 399.00 b 26.00 ¢ 9.03ab 32.13 bed
T2 0.148 d 0.116 ¢ 19.77 a 123.47b 69.57 ab 390.00 b 21.30d 880b  3537bc
T3 0.166 b 0.131a 18.20 b 15120 a 56.33d 412.67b 25.63 ¢ 877b  30.33 bed
T4 0.173 a 0.131a 18.60 b 157.07 a 61.00 ¢ 581.00 a 31.10a 873b  27.03cd
TS 0.174 a 0.130 a 18.50 b 156.23 a 60.50 ¢ 554.67 a 30.03 ab 8.97ab 4230 ab
T6 0.158 ¢ 0.127 a 19.90 a 153.50 a 69.30 ab 551.33a 28.37b 877b 49.07a
CK 0.151d 0.112d 20.07 a 109.40 ¢ 6590 b 317.00 ¢ 20.43d 920a 21.37d

T RV G ARG FRER R BRIFIZE 0.05 /K2R 3. TR

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.
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5.11%, 5HAL S AL FE AN B TE B 2 2 5 5 o1 B 3R T2,
T5.T6 B CK 7 nll Wt & $¢ 7 65.51%97.94% -
129.62%. %¢ EJTiR, T4 TS5 L3 B 1 R i as, £
BEFREE, HATHEMEREK.
22 AREMEREANTIEESES ST
2 M, T4 LIEE SRS B VE o=
A, Hod, 895 & T4 3 CKLT1.T2.T3 73 il & 3%
PR T 14.29%+7.69%+20.0%+7.69%,T4 5 T5.T6
TR EER S E T4 8 CK.TI.T2.T3.T5.T6
Iy R AR T 25.82%.25.41%+28.19%+30.77%-

22.41%25.41% ;885 B T4 % CK T1.T2.T3 43 %
BERILT 11.62%.12.16%12.27%-12.27%, T4 5
T5.T6 #ILLTE &3 2 72 & & T4 8 CK.T6 43+
BERKT 6.43%.6.89%,T4 5 T1.T2.T3.T5 A
Fo B35 2 7 ok & &8 TS &A%, T5 B CK.T3 235
TR T 19.92%.12.30%,T5 5 T1.T2.T4.T6
MILLTE 52 25 57 A B T4 (i, 15 5 HAd A 7 )
TREER, G LR, T4 LHESE S ERK,
B R T2 A R A KA TR T

2.3 ARIMBERAEMRM A EF RS

®2 FELENIREERESENT

Table 2 Effects of different treatments on heavy metal content in soil (mg-kg")
bosid wi) w0 wR) w(EH) wED wfif)
Treatment Cadmium content Chromium content Mercury content Nickel content Plumbum content Arsenic content
T1 0.132b 60.333 a 0.159 be 27.133 a 20.133 ab 10.933 a
T2 0.138 ab 62.667 a 0.164 be 27.167 a 20.167 ab 11.167 a
T3 0.132b 62.000 a 0.165b 27.167 a 20.033 ab 11.100 a
T4 0.120 ¢ 45.000 ¢ 0.161 be 23.833 b 18.933 b 10.633 a
TS 0.122 ¢ 48.000 b 0.158 ¢ 24.067 b 20.067 ab 11.200 a
T6 0.123 ¢ 50.333 b 0.161 be 24.067 b 20333 a 10.667 a
CK 0.142 a 60.667 a 0.181 a 26.967 a 20233 a 11.033 a

FHER 3 ATHn, A it Gl % T4 B35
T CK.T1.T2. T3, 43 7l & # & w1 59.13% -
22.13%+23.94%.39.74%, T4 5 T5.T6 # Lt TG & 3
Z M RALSE T4 B & T CK A A Ab 2,
A3 EE CKAT1.T2.T3.T5.T6 B EHE 1 44.23%.
78.26%-73.41%44.23%.20.84%.40.36% ; M F i [&]
CO, R T4 B =T CK.T1.T2.T3, 4 7 &5 & 3
T 84.12%.61.75%+68.36%-51.99%, T4 5 T5.T6
TR 2 RS HOR T4 B3 T CK A
T AL BE, 43 H% CKAT1.T2.T3.T5.T6 &L 1
78.38% « 60.98% . 60.98% . 40.43% . 22.22% -

#Fz3 FRENEFM X AR
Table 3 Effects of different treatments on photosynthetic
characteristics of tomato leaves

filulE CO,
W C/

Qb3 ot EE P/ SIS G/

Treatment (pmol-m?-s")  (umol-m*-s™)

Al T/

(pmol -m*-s™)

(uL-L"
T1 17.40 be 0.36d 49501c¢ 0.0041d
™ 17.15 be 037d 475.57¢ 0.0041d
T3 1521 cd 0.44 ¢ 526.79b  0.0047
T4 21252 0.642 800.67a 0.006 6 a
TS 19.38 ab 0.53b 794392 0.0054b
T6 18.73 ab 0.45 ¢ 785282 0.004 8 ¢
CK 13.35d 0.44 ¢ 43487d 0.0037d

37.50%. FHULTT WL, T4 Kb 5 A B2k & A
TeEMRUL .
24 AEIMERN S ERERE KBS0

4 AT AN, A Ak = 28 E T AN AR T8I
T6 $ i1, T3 IR 2, b, e M HAME &1 T3.T6 73l %%
CK BFRE T 17.29%.17.76%, HAh & 43 5 CK
AHEC TG 35 22 5, oA 2% b 2 R) 0 W2 35 22 5 s 4R
TEIARR = T3.T6 43l 5% CK W 35 T 13.49%
18.00% , T4.T5 43l % CK & & 7 10.34%
12.89% . 25 = AL I 50%H) , T3 #k & e e » 1%
CK.T1.T2 73l 3 42E 5 T 6.02%-7.69%+6.48%
T2 3 IR AE P S CK M 3 B 2 2
S, S LR T B R R A
MRS 3 BAETF AL 50%M) , & Ab B 5 CK AH
e TE R E %R, S HEMHLY TR EER, A
FEHA T2 Whag 2 AR & &, 20 i CK Fl T4 &
FHRT T 19.04%.16.64%.
2.5 A REIFERN X E ARG BRI 20

5 A%, Al B S BT CK,
Horh T4 05, T4 % CKAT1.T2.T3.T5.T6 43 5 &
FARTE T 48.27%+38.23%127.02%+27.02%6.09%
25.33%; W TERE TR S B Te 5 CK LR & % 7,
HophabHE Y B2 T CKL T4 B, 0 38 CKAT1
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Table 4 Effects of different treatments on the growth potential of tomato plants
¥ Plant height/cm Z£HH Stem diameter/mm 4R Z A & & SPAD
. ATEN ZHAEIT I 50% BIEH BRI 50% AIEH . .
o gy O RIS oy SRR RERIR0% gy B e sov
. First- 50% of the . First- 50% of the . First- .
Treatment  Planting . . . Planting . . . Planting . 50% of the third
flowering third spike flowering  third spike flowering .
date date date spike flower bloom
date flower bloom date flower bloom date
T1 22.70ab  68.70cd 11450 ¢ 574a 11.00a 11.80 a 4741a  35.7labc 3245a
T2 2320ab 71.50bed 115.80 be 567a 1043a 11.85a 4247a 3820a 31.63a
T3 25.10a 75.70ab 12330a 6.63a 10.88a 11.07 a 41.0la  34.89abc 3557a
T4 23.40ab 73.60 abc 120.80 ab 638a 1090a 11.19a 44.66a  32.75bc 3537a
T5 2420ab 7530ab  118.60 abc 639a 10.51a 11.04 a 4553a  36.50abc 36.54a
T6 2520a 78.70a 12290 a 6.06a 10.20a 11.00 a 4471a 3690ab 37.24a
CK 2140b 66.70d 116.30 be 5.67 a 10.54 a 11.84 a 43.17a  32.09c¢ 3292a
RS TRIAENENRRAIFM
Table 5 Effects of different treatments on tomato quality

e wCHE w4 wCRTETERE WAL wCR ) w4 ER O

Total sugar content/ Soluble solids Soluble sugar " . . Organic acids content/  Vitamin C content/
Treatment . Sugar acids ratio N .

(g 100 g" content/% content/% (g-kg" (mg-100 g")
Tl 227d 4.84c 1.16 b 097 ¢ 4.99 ¢ 7.78 ¢
T2 247¢ 488 ¢ 1.15b 098¢ 5.00 ¢ 9.86a
T3 247¢ 4.84c 123 a 0.93d 522a 9.14¢
T4 3.13a 543a 1.01c 1.06 a 5.13b 9.95a
T5 295b 5.00b 1.12b 1.00b 5.00 ¢ 9.68b
T6 250 ¢ 4.54d 1.00 ¢ 0.89¢ 5.13b 8.56d
CK 2.11d 4.52d 0.89d 0.89¢ 5.08b 7.81e

T2. T3 . T5. T6 & # #& & 1 20.113% ~ 12.19%
11.27%+12.19%-8.60%- 19.52% ; 7] & 0 &5 & &4k
AR 2T CK, Hod T3 &, 40 598 CKA Tl
T2.T4.T5.T6 & EFE 1 T 38.57%+6.02%+6.94%
22.51%19.79%-22.92% ; H R Lt - Ab B (B T6 4132
BEET CK, HAd, T4 43 5% CK.T1.T2.T3.T5.
T6 & F 4R m 7 19.17% « 8.94% + 8.19%  14.03% -
5.67%-19.17%,T6 5 CK ML BB & 2 57 BER &
B T3 i, 0 9 CKLT1.T2.T4. T5.T6 & & 12

BT 2.82%4.68% 4.47% 1.75% 4.53% 1.75% ,
T4.T6 5 CK 2 [ TE B3 2 57 4k E R C & & T4
W, 70 A8 CKOTIWT3.T5.T6 & & 2w 1
27.40%-27.89%-8.86%+2.82%-16.28%, T2 5 T4 .
DEZER,TI S5 CK LRFEER. HILWTI, T4 6
T v A b o o
2.6 AEMERNSE" =N

1B 1 AT, T4 5 i RS- 38 5 R B AN ™
B EE. HA PR R ERE T CK M

/" & Yield —e— T B L

o0 207 Average single fruit mass 7 120 000
: b 4100000 9

g 200

w b ) f
B [ ] — % ———— 9 1 80000
w % 150 b ab g
52 ° ab b bl 60000 2
= z =
i@ o 100 2
T E 4 40000 IH
§ 50 H

- - 1 20000

0 : : - s - N 0

T1 T2 T3 T4 T5 T6 CK
Qb3 Treatment
1 AREMEM =0

Fig. 1 Effects of different treatment on tomato yield
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fiAb 2R, 23 A% CKAT1.T2.T3.T5.T6 S Z
31.97%+15.41%-25.66% 19.86%.27.26% 26.48%
BPE RN I CKAT1WT2.T6 245 5 T 24.88%-
21.11%-20.28%21.73%, T3.T5 5 T4 2 |63 7TC &
¥, BT, T4 BA R T s &8

PANY =N
3 wWrsdw

3.1 KITERFIEREIR RIE
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B, Rk 85 R 0 v o PR AICAEL IR D' & 25038, T 5 4 i
JoT 52 A% 3 55 P S W K, il o AR 3 R 50 i, 2 i
SRSl E ) A R MR C R
B, A4 R C FE N ERCONH R,
T AEAHIE FEH, T4 35 il R SRl & =l Vi PR [
Ve R BRI LY B A T CK M b B
3.2 SIWIERET MRER KN ELTERE

AN AIE 58 3 B, it A e ] 38 AT o 38 - 458
B R B 398 b P 0] 3 5 3% pH H
CK & 3 [k T 5.34%, 1X 1 fE 55 b 4] 3% 2 A 8%
KRR ZZ A A K. i M| 3% 5 L3
WL & 8 T4 % CK.T1.T2.T3.T6 4 7 & # 1%
BT 52.23% 4 19.62%  46.01% < 21.34% . 9.62% , iX
5 Cui P RIEARA -, AUHAKH, I
5| FE IR o> AT = O AR L N S A S 0+
AN AR, T H A 02 3 o) i N IR o R
R, M0 A B VSRR o B Y. T4 MK
MEEB CK.TI.T2. T3 Al B FR_RE T
83.28% + 45.61% - 48.97% + 40.79% , X 5 #X B &
SOV T R A AR — B, W R S FE A
HREWICRA R, AR, X0 RH-SE T 250
REA G, B 5 A0 5 B L LB SE E  AE K BT
s TR0, e o LI 2", B A H
Rt & B % A 2 R R AN R X A RE S A A A
W FT BRI . LRAKE Ml S ) 5
REZZ AR T LB mAk, 8 m 7 HIEENR S = S
TSRS T E.

Wiz el S A HER A AR DL T4 38 5 & JE 4R 45
B RS B B X AT R AR R T ] 3 B A
R B BE 77, AT LA i = 3858 A< 1 I 1 5 - AR OK
BE 7, T I Bt - B rp 1 B G ™. HLdi| S &

A KRB LAWK, A B R A
VIREVR G500, & R AR A VIR VR VR F Nt g
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