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B0 32.54 mg/kg. A 102.00 mg/kg.
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Table 1  Fertilization amount different treatments  kg/hm?

Lb P aHE HIEN fLhE p e K
Treatment Organic fertilizer N-fertilizer P-fertilizer K-fertilizer
CKl1 0 0 0 0
CK2 0 345 260 300
T1 3450 276 260 300
T2 6900 207 260 300
T3 10350 138 260 300
T4 13 800 69 260 300
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1.4 IR

¥ FH Microsoft Excel 2010 ¥4/ ¥ 5 Ak ¥ %
i, 12 SPSS 21.0 FAF X RIS H R 4T 75 2 o bt
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2.1 AEIMEALALIE & AR E K IR AI ST

H2 2 AT, BT it AE AL B K S ik A v T
A (CK1) , HAppfbfEAE (CK2)
PRsiiem (179.43 cm) , 5 CK1. T3 1 T4 kb3
ZERRE (P<0.05, FFED , {H5 T1 T2 42
ZRARE, CK2 Ab 3 b 4 bk = 1 i 1A
0.86%~ 9.32%. £ 7 & AL F KN T1>T3
>CK2>T4>T2>CK1, FbH A ERAEE. N
[E) AL P2 AT AN 13.18~16.59 cm?, EAAFE I
J9 CK2>T1>T2>T4>T3>CK1, ity s
CK1 AbHIE#| B 3 2 5 /K7, {H CK2. T1 Al T2
Ab PRI 2 AN B3, AN A AL AR R 1 B
1E 15 B, Shabdy CKI1 AF M A EE R
A DL 2 B Ui B AR YA AR B AT 4k i n]
PURRER AR K, 78 T1 A T2 463 FRURET
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Table 2  Effects of different treatments on tomato growth traits

AbFE Treatment ¥k Plant height (cm) X Stem diameter (mm) IH-THI Y Leaf area (cm?) I A # Number of leaves
CKl1 164.13+1.13¢ 13.93+0.25a 13.18+0.09¢ 15.33+0.33a
CK2 179.43+0.67a 14.234+0.34a 16.59+0.36a 15.33+0.33a
T1 177.90+2.43ab 14.48+0.08a 16.37+0.33a 15.67+0.33a
T2 176.10+1.85ab 14.184+0.23a 16.08+0.17ab 15.33+0.33a
T3 173.13£1.21b 14.384+0.20a 15.37+0.25b 15.67+0.33a
T4 167.97+1.39¢ 14.22+0.17a 15.40+0.26b 15.33+0.33a

FIZIA NG FRERIRASFE A B AE P < 0.05 K T-ZREE, TH.

Different lowercase letters in same column indicate significant differences at P < 0.05 level, the same below.

22 A REIHEEAEXTEFAMALE R SPAD ER
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HE 3 AT%n, AR Pa A T BEA HLAE B4R
ELBI O TE R (T1~T4) Bk 856 T w5 AR A
#, Gs 1 SPAD 1H B AT HLAE B AR L A7 ) T i 2 4k
SRR, G YIEE ARG T S 2
JeB KR T m s . Fanrt A Py A T A
T2 AbERE IA BB RAE, A At A B A8 1 43 1)k

3.80%~43.25%A11 1.65%~82.84%. M} [ Gs /v T
0.60~0.70 mol/(m?s), &ALFE[A] 2 AR, T2 4
Y Cife/ (254.37 pmol/mol) , CK1 AbHE K
(295.68 pmol/mol) , T2 4b¥ELE CK2. T1 Ab#%E
FARE, MBHMAREEE, T2 A H AL
HEPFIRIEF] 1.07%~13.97%. AT G B HUIEE AL AE
AbFEHIH Fr SPAD B AE T1 ALFR Nk B KME, 5
CK2 Al T2 MR ZERARE, SHMMEZR R

®3 TELEXNEMAL AR
Table 3  Effects of different treatments on the photosynthetic characteristics of tomatoes
Py, [umol/(m?ss)] G [mol/(m?s)] T: [mmol/(m?s)] SPAD 1E SPAD value

Kb P Treatment C; (umol/mol)

CKl1 8.44+0.16d 0.61+0.03a 295.68+4.28a 3.03+0.31c 46.63+1.88d
CK2 11.94+0.08ab 0.67+0.02a 272.16+5.55bc 5.36+0.29a 63.43+1.19a
T1 12.09+0.22a 0.70+0.02a 257.11+8.23¢ 5.45+0.10a 61.93+1.53a
T2 12.55+0.05a 0.67+0.02a 254.37+1.66¢ 5.54+0.27a 59.70+0.96ab
T3 11.32+0.07bc 0.62+0.02a 279.02+6.40ab 4.28+0.33b 57.00£1.53bc
T4 11.16+0.47c 0.60+0.05a 287.68+4.85ab 4.31+0.08b 53.73+1.32¢
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#, T1. T2 A4 HI%: CK1 ALFEFE &) 16.31%A1
18.09%, 73 #: CK2 AbEEHE S 6.86%A1 8.49%.
R BRI AA ISR ZERARE, Tl
AE PR AR, 5 86.54 mm, 3 7#EE CK1 A CK2 Ab#E
B ER T 64.68%1 21.85%. FHAiSENT 52.03~
75.37 thm2, T1 A1 T2 4b¥E 52 m T HA A, T1
T2 AbER A ZE AR, T1 M T2 A HE 5 A5
CK1 AbFRHREET 43.57%K1 44.86%, 73 7 #: CK2 4bFH
e 15.56%F1 16.60%. FTLA, 34t A= 40 4A HLAE AT
T4 TR EMEREEEEZHNEM

Table 4 Effects of different treatments
on tomato yield and its related factors

WA, BT TR T2 A3 MR T
Hp=
2.4 AEIHMEABANIE ST Z A0 s RSN
HHE 5 WA, FAnIVETERE. vIVATEE A, Ve,

MO R, WHCRANMERE T 2SR BERE
STt ma AR AR i . 5 CKI B CK2 Ab 3 AH
te, A AN BARATE (T1~T4) Hftm 7 &HinT
R, MRS, VOAIETa RS R, 58
JEAL AL FE (CK2) A EE 35 B T Wl 35 52 R A0 B
fgdh &, (HEWS T AL (CKD) « &b
AR PERE S AT T2 A FRIA B 5 KM, ¢ CKI1 Al
CK2 AFE A 3 T 85.48%F1 6.98%, Bk T1 Ab
HANS HAR A PR IA BB 2 2 . FAIEHE
HAT 0.33~0.35 g/100g, T1. T2 &bFE &8,
MM ZERARE. Vo BT LRI
J9 T1>T2>T3>T4>CK2>CKl1, T1 AP
(150.20 mg/kg) , T2 Ab¥ k2 (141.16 mg/kg) ,
T1 A T2 A EREE, SHAGHEMZE R,
AHEL CK1, T1.T2 AL 3537l = 58.22% 41 48.70%,
FHEL CK2, T1.T2 A 7355l #2851 33.93%F01 25.87%.

HRE HRHE FEE N N e
wa  MRE WRAE - E B R HUIEE AR AL R B[] 2 5 R .3,
Treatment ; . N e
reatmen weight (g) diameter (mm) (t/hm?) 1E5 CK1 ﬂE]:] CK2 ﬂ\{%%ﬁ 5 =, /ﬁ\: |:':| % ﬁEéI%%E
CK1 224.86+2.57¢ 52.55+1.28¢ 52.03+0.92d T2 %Iﬂ/ﬁ%%% ( 135 mg/kg) , ij“c CKl }Fn CK2
CK2 244.76+1.44b 71.02+1.35b 64.64+1.02¢
S EAN | A== o/ 1 o0 Al R A~ Bl
TI 261.54£2.97a  8654:1.02a  74.7040.80a WESE 5y | 92 5 58.82%6H11 33.66%. FIiM ERL it T2
= = 25
™ 265.54+2.83a  85.16:0.66a  75.37+0.74a REFR A%, CK2 i, T2 AbFREE CK2 kb BH AR
e 251.4242.05b  85.46+221a  68.77£0.77b 31.25%. HEREh& B T4 MK, CK2 fiE. LA
T4 245.54+1.12b 85.23+£0.77a 66.31+£0.57bc ﬁéﬁﬁlﬂ,wiﬁfﬁifmﬁjﬂﬂﬁﬁfﬁ%%%ﬁﬁ&ﬁ , %ﬁi
F£5 TR EN SR
Table 5 Effects of different treatments on the quality of tomato
e A PR AT Ve i % AR R
Treatment  Soluble sugar (%)  Soluble protein (g/100g) (mg/kg) Lycopene (mg/kg)  Titratable acidity (%)  Nitrate (mg/kg)
CK1 2.48+0.08¢ 0.33+0.01a 94.93+0.84f 0.85+0.02¢ 0.32+0.01¢ 85.19+1.06d
CK2 4.30+0.05b 0.33+0.02a 112.154+0.46¢ 1.01+0.04b 0.48+0.01a 207.98+1.28a
T1 4.514+0.03a 0.35+0.02a 150.20+0.55a 1.27+0.01a 0.43+0.01b 158.55+0.96b
T2 4.60+0.06a 0.35+0.01a 141.16+£0.51b 1.35+0.03a 0.33+0.01¢c 139.30+1.92¢
T3 4.22+0.06b 0.34+0.02a 125.26+0.50¢c 1.32+0.03a 0.35+0.02¢ 135.45+1.85¢
T4 4.21+0.05b 0.33+0.02a 115.28+0.50d 1.28+0.02a 0.34+0.01¢ 135.30+0.58¢

S3HT T1 AT T2 AEEAR X80T
2.5 AEIHEABACIERS IR AR S189 5200

6 I, AR EbEE A VLB
EEA () v R IEET T S, A A AUIEEA
b AR CK1 AL 3 A ML & & 3G IE L 11.16%~
32.48%, FH#EE CK2 AbHEANE L 4.42%~24.45%. +

AR WA AR S A T T2
WA R NE, HEE T CKIALE, T ALEE
AR TR AR A AR L CK
$215 31.88% 41.79%. 24.64%F1 61.66%, T2 ib#
B CK1 47 7l 2 5 35.29% « 41.27% .+ 22.17% M
56.83%. T1 FI T2 43 F3EAE 15 CK2 4b3l % 57
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Table 6 Effects of different treatments on soil quality

i AL 25 AR AR o
Treatrﬁent Organic matter Total nitrogen Aval.lable hydrolyzable Available phosphorus Available potassium
(g/kg) (g/kg) nitrogen (mg/kg) (mg/kg) (mg/kg)

CK1 14.87+0.23f 0.68+0.01d 82.80+1.44¢ 32.34+0.21d 75.67+1.20d
CK2 15.83+0.26e 0.83+£0.01c 116.25+1.45a 39.39+0.26a 118.00+1.73ab
T1 16.53+0.15d 0.89+0.02ab 117.404+2.03a 40.31+0.38a 122.33+1.76a
T2 17.43+0.24c 0.92+0.03a 116.97+0.78a 39.51+0.38a 118.67+0.88a
T3 18.57+0.20b 0.84+0.01bc 115.63+1.19a 37.46+0.22b 113.67+1.45b
T4 19.70+0.23a 0.79+£0.01c 110.87+1.50b 36.49+0.31¢c 105.67+1.76¢

2.6 A[E]7EREALTE X 2 in 42 5% A0 A0 S
A ML AL AT LB i i 22 5 Rt (R
7) o BEEANUICEACLLGIRIE N, 25 e 2ia i

W 68 780 F1 62 440 Ju./hm?, 43 H%EE CK2 Ab ¥
51 13.53%F1 10.80%. #RT0, T3. T4 AbFEZL G
A3 W CK2 AbF AR 2060 Fi1 33 440 0/hm2. Jit

FEARAOESS . 5 CK2 ATIAILE, T, T2 AERAA  Bh, SN/ EHURAT R BT, Bk
®7 TR EREF AR
Table 7 Effects of different treatments on economic benefits of tomato Jt/hm? yuan/hm?
. B Al 2% F Fertilizer input e 5 CK2 ik
Trfitffent Total output LA N aie AR K HHLE Efzonomic Increase
value N-fertilizer P-fertilizer K-fertilizer Organic fertilizer ncome over CK2
CK1 416 240 0 416 240
CK2 517 120 1875 2438 4375 0 508 433
T1 597 600 1500 2438 4375 12 075 577213 68 780
T2 602 960 1125 2438 4375 24150 570 873 62 440
T3 550 160 750 2438 4375 36225 506 373 -2060
T4 530480 375 2438 4375 48 300 474 993 -33 440

FATIA IS 8000 Je/t, JREMMEIY 2500 Jo/t, BERRETHAR A 1500 Jo/t, TREREFEEMN I 3500 Ji/t, LA HUILHITAS 79 3500 JC/t.
Tomato market price is 8000 yuan/t, urea price is 2500 yuan/t, superphosphate price is 1500 yuan/t, potassium magnesium sulfate price is 3500

yuan/t, bio-organic fertilizer price is 3500 yuan/t.
BT T1 A T2 KbERAHXS B4
3 itig
3.1 ARBBEREEDENENEREK. =2
N5 RAIF T
RAREMERBBTFREFRCRL —, FEERKK
Bt AR B CET, FUEA HEH AU e et %
MRS, PR RS T, S REE Nk
TR R R AR R AL HE T2 50 B A2 P2 AT T 45 2R
R, RICEERCEAY A PUCAL B R itk m . 2K
FHATH A SS & T CKL AbEE, Horp T1 AT T2 Ab2E
oXof 7 Stk e R AR PR SRR, MR s CK Ak
HAy 5 180 8.39% 1 7.30%, M-I AL CK1 AbHE
I3 3G N 24.20%F1 22.00%, {HE CK2 AP &
FHE. MER SO BIR B A 45 A AL

SR 3 2 Tt A= 0 L Ak BT 8 v 25 b e AN
o TR EE AR . AL RE, &
ok O AR YA MUIE AR RS CK1 A CK2 b B 25 4
m T EMSRE. RRE, RRER. FMAER. V.
FVAT MRS B, AR CK2 AL HE G 25 PR T AT
SERRFIRSIR 3 7 /. el S5 A N 3-24 (1 9 2 31
BEAR—B . X FERFNAAEA IR A 78 L 55
BN, BWAESRRIGOLT P B PRIG, fE5ETR
E BB OLT , S A0 A A 5 7= 28 R
JFAR T A HUIBAC M AL EE, W] B2 /8 3/ i A K AR
A ENUIER 477 7045 AR W R I, e 78 439
JE A i Y ORI B 7R 4 7 R, A AR TR 43
BB, fEAEH e Wk 2 F A K R K. &
A 1] e RN YA NUIEIA £ & M E s B
N IS R T R, PE e TR R EE
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Effects of Reducing Chemical Fertilizer Combined with Bio-Organic
Fertilizer on Yield, Quality, and Soil Fertility of Greenhouse Tomato

Xie Fuping'-?, Mao Tao'

('Cultivated Land Quality Management Station of Zhangye City, Zhangye 734000, Gansu, China;
2Zhangye Seed Administration Bureau, Zhangye 734000, Gansu, China)

Abstract To explore the effects of reducing chemical fertilizer combined with bio-organic fertilizer on the yield
and quality of tomato, and soil fertility, and to identify an optimal fertilization method for greenhouse tomatoes in
the Hexi region of Gansu Province, a field experiment was conducted with six fertilization treatments: CK1 (no
fertilization), CK2 (single application of chemical fertilizer), T1-T4 (20%, 40%, 60%, 80% nitrogen reduction
combined with bio-organic fertilizer). The effects of different treatments on tomato growth, photosynthetic
characteristics, yield and quality, and soil fertility indicators were analyzed. The results showed that the tomato
plant height, stem diameter and leaf area under the integrated fertilization treatments were higher than those in
CKI1. The tomato plant height and leaf area of CK2 were the highest, but there was no significant difference
between T1 and T2 treatments. The net photosynthetic rate (P,) and transpiration rate (7;) of tomato leaves
showed an overall trend of first increasing and then decreasing with the increase of bio-organic fertilizer
substitution ratio (T1-T4), but stomatal conductance (Gs) and SPAD value showed gradually decreased trend. The
intercellular CO; concentration (C;) of leaves showed a trend of first decreasing and then increasing. The P, and
T: of tomato leaves reached the maximum values under T2 treatment. The C; reached the minimum value under
T2 treatment. Compared with other treatments, T1 and T2 significantly increased tomato yield, single fruit
weight, single fruit diameter, and soluble sugar content. There was no significant difference between T1 and T2.
However, compared with CK2, they significantly reduced titratable acid and nitrate content with T2 showing the
largest reduction. The treatment of reducing nitrogen fertilizer combined with bio-organic fertilizer (T1-T4)
increased soil organic matter, total nitrogen, alkali-hydrolyzed nitrogen, available phosphorus, and available
potassium content. Compared with CK2, the economic benefits of T1 and T2 increased by 13.53% and 10.80%,
respectively. Therefore, reducing nitrogen fertilizer by 20%-40% combined with bio-organic fertilizer is the
optimal strategy to improve the yield, quality, soil fertility and economic benefits of greenhouse tomato in the
Hexi region.

Key words Greenhouse tomato; Nitrogen fertilizer reduction; Bio-organic fertilizer; Photosynthetic characteristic;
Yield; Quality; Soil fertility
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