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Effects of chemical fertilizer reduction combined with organic fertilizer
and microbial fertilizer on photosynthetic characteristics and fertilizer

utilization rate of tomato

ZHENG lJianchao, LI Ming, SHI Fangfang, DONG Fei

(Agricultural Science Research Institute of the Twelfth Division of XPCC, Urumgqi 830088, Xinjiang, China)

Abstract: In order to reduce chemical fertilizers and speed up the replacement of chemical fertilizers with organic fertilizers
and promote the application of microbial fertilizers, tomato Duojiruixing was used as the test material, and six fertilization
treatments were set up in the experiment to study the effects of chemical fertilizer reduction on the growth characteristics
and fertilizer utilization rate of facility tomato. The effects of chemical fertilizer reduction on the growth characteristics
and fertilizer utilization rate of facility tomato were studied in order to find the appropriate reduction ratio from the
response mechanism of photosynthetic characteristics and fertilizer utilization rate to chemical fertilizer reduction. The
results showed that the plant height decreased with the increase of chemical fertilizer reduction, and the growth of plant
height, root system and ear number of tomato could be promoted by applying organic fertilizer and biological bacterial
fertilizer. RFM1 treatment increased SPAD , nitrogen value, stomatal conductance and net photosynthetic rate. The
available phosphorus and available potassium increased with the increase of organic fertilizer, and decreased with the
increase of organic fertilizer after the application of microbial fertilizer. The utilization rate of nitrogen fertilizer, phosphorus
fertilizer and potassium fertilizer was higher in RFM2 treatment, but not significantly different from RFM1. RFM1 treated
tomato had the highest content of soluble solids, vitamin C and lycopene, which effectively reduced the content of organic
acids. The yields of tomatos treated by RF1, RF2, RFM1 and RFM2 were 4.41%, —6.54%, 8.14% and 0.82% higher than
that of CF, and RFM1 was highest. Collectively, in facility tomato cultivation, 20% of chemical fertilizer can be replaced
by organic fertilizer and microbial fertilizer to achieve the effect of chemical fertilizer reduction.

Key words: Tomato; Fertilizer reduction; Microbial fertilizer; Photosynthetic characteristics ; Fertilizer utilization rate
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A BTt 20% FE it A HLAE 20%-+ AE P s REM2 :
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Table 1 Fertilization unit of each treatment kg
Hraligit
%:imem 04-20 05-26 06-07 06-30 07-10 07-22 08-03 The total of pure folding
COF BF BS BF BS HPF HPF HPF HPF N P,Os K.O

CK 0 0 0 0 0 0 0 0 0 0 0 0
CF 400 6.00 0 6.00 0 8.00 8.00 7.00 7.00 7.72 3.52 13.39
RF1 480 4.80 0 4.80 0 6.40 6.40 5.60 5.60 6.17 2.82 10.72
RF2 560 3.60 0 3.60 0 4.80 4.80 4.20 4.20 4.63 2.11 8.04
RFM1 480 4.80 0.35 4.80 0.35 6.40 6.40 5.60 5.60 6.17 2.82 10.72
RFM2 560 3.60 0.35 3.60 0.35 4.80 4.80 4.20 4.20 4.63 2.11 8.04
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Table 2 Effects of different fertilization treatments on agronomic traits of tomato

yusi] P LIRS -5 (58N RAEH
Treatment Plant height/m Length of blade /cm Blade width /cm Root length /cm Number of ears
CK 1.34£0.01 ¢ 30.20+0.36 b 30.10+0.37 b 30.23+0.34 b 4.80+0.04 b
CF 1.4940.01 a 35.20+0.45 a 35.50+0.65 a 29.80+0.23 b 5.20+0.04 a
RF1 1.47+0.02 a 35.60+0.34 a 36.20+.034 a 31.40+0.31 a 5.40+0.03 a
RF2 1.40+0.02 b 34.50+0.45 a 34.70+£0.42 a 27.20+£0.21 ¢ 5.20+0.02 a
RFM1 1.48+0.01 a 36.20+0.42 a 37.40+0.46 a 35.60+0.24 a 5.80+0.03 a
RFM2 1.42+0.01 b 35.60+0.35a 36.40+0.33 a 32.00+0.22 a 5.30+0.03 a

T FI B A RN FRERIRTE 0.05 KT 2R R, FE.

Note: Different small letters in the same column indicate significant difference among different treatments at 0.05 level. The same below.
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Fig. 1 Effects of different fertilization treatments on SPAD and nitrogen content of leaves
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Table 3 Effects of different fertilization treatments on photosynthetic parameters of leaves

KbPE Treatment

P,/(umol-m~?-s™)

T/(mmol-m>-s™)

G/(mmol-m?*-s™)

C/(umol -mol™)

PAR/(umol-m?-s™)

CK
CF
RF1
RF2
RFM1
RFM2

17.93+0.64 ¢
21.43+0.97 ab
22.19+0.92 a
20.58+0.67 b
22.45+0.96 a
21.52+0.57 ab

5.29+0.13 b
7.78+0.31 a
7.99+0.32 a
6.69+0.33 a
7.48+0.31 a
7.46+0.26 a

99.44+4.36 ¢
153.66+12.68 b
162.18+12.18 a
155.40+4.26 b
162.78+10.38 a
159.17+8.65 ab

74.64+6.12 ¢
101.99+7.37 a
109.56+8.79 a
98.64+6.02 b
107.86+8.79 a
99.93+8.94 b

1 362.60+54.67 a
1352.28+54.16 a
1367.28+49.65 a
1361.60+£51.57 a
1367.88+39.44 a
1368.67+67.37 a
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H2 4 v 50, %A FE e 3 pH H & BV AR IR
9 : CF>CK>RF1>RFM2>RFM1>RF2, ¥ JIl! ik & it
Jiti A AT A Ak A 420 BE AT AR 338 pHL, {H 25 Ab 3 2
FAREE . FEEAEE CK AbHEAH E 15 25 4

T KRR B A BRI A R, 5 CF A
bl , 38 WL B 2 5 ek it A S Ak 341 o 5 A L A 3
IR 3G, P e A MDA AR T R L AR,
RFMI tt RF1.RFM2 Lt RF2 H3EH HLE & & 5
i PR AR 12.01% F1 16.35% . 5 CF #H tb, RF1.
RF2.RFM2 358 7K fift 14 20 2 & 0 0 B4 0 57.42%
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Table 4 Effects of different fertilization treatments on soil nutrients content

e wOKRERD wOR 28 wCE D wCHHLED

Available N content/ Olsen-P content/ Rapidly available Organic matter pH
Treatment . . . .

(mg-kg" (mg-kg" content/(mg-kg™) content/(g-kg")
CK 84.42+3.21d 34.51£1.23 ¢ 347344534 ¢ 21.92+1.43 ¢ 7.83+0.32 a
CF 123.3242.31 ¢ 52.72+1.54 ¢ 522.23+4.23 ¢ 23.34+0.64 ¢ 7.94+0.41 a
RF1 194.13£1.85a 63.54+2.51b 738.53+£7.45a 29.82+1.09 a 7.48+0.21 a
RF2 158.43£3.04 b 72.23+2.43 a 757.52£5.23 a 3425122 a 7.37£0.53 a
RFM1 122.82+3.67 ¢ 55.75¢1.32 ¢ 673.31+£8.32 b 26.24+1.21b 7.42+0.33 a
RFM2 152.35£2.97b 45.82+1.03 d 469.25+£3.67 d 28.65+0.73 b 7.44+0.16 a
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Table 5 Effects of different fertilization treatments on fertilizer use efficiency of tomato

e AL 2 BEALHI 2 FHAERI F 2 ERL AR 27 F 2 HEEMIAE = 71
Treatment Nitrogen use Phosphate use Potassium use Agronomic efficiency/ Partial factor productivity
efficiency /% efficiency /% efficiency /% (kg kg™ of fertilizer /(kg-kg™")
CF 26.17£1.23 ¢ 16.64+0.43 ¢ 41.43£231a 23.76+0.54 ¢ 113.16+5.34 d
RF1 31.43+£2.31b 18.53+0.58 ab 42.84+1.76 a 35.93£1.02 b 147.68+3.65 ¢
RF2 32.23+0.97 ab 19.21£091 a 43.41+0.78 a 25.26+0.63 ¢ 163.37+6.35 b
RFM1 34.35+0.64 a 19.68+0.80 a 44424231 a 38.91+0.41 a 144.42+4 .34 ¢
RFM2 34.65£1.42 a 20.04+1.02 a 44.67+1.37a 41.13+043 a 190.13+6.31 a
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Table 6 Effects of different fertilization treatments on tomato yield and quality

e wClEVEETEYD  wOHLERD w(iE % © w(FEMLFD e tt CK+ tt CF+

Treatment Soluble solid Organic acid Vitami? C content/ Lycopene content/ Yield/(t-hm?) Contrast Contrast
content/% content/% (mg-g" (mg-kg" CK+/% CF+/%

CK 5.34+0.21 b 0.41+0.03 a 0.52+0.02 ¢ 138.53+4.32 ¢ 79.39+2.54 ¢

CF 5.7840.36 ab 0.35+0.04 b 0.66+0.03 b 156.32+5.42 b 100.48+1.34ab  26.57

RF1 5.96+0.14 ab 0.32+0.02 b 0.71+0.01 a 169.44+3.45 a 104.91+2.23a  32.15 441

RF2 5.87+0.21 ab 0.33+£0.03 b 0.69+0.04 b 163.42+6.12 ab 93.91+2.32 b 18.29 -6.54

RFM1 6.32+0.42 a 0.28+0.01 ¢ 0.74+0.03 a 174.63+2.45 a 108.66+2.21a  36.87 8.14

RFM2 6.25+0.26 a 0.31£0.05 b 0.72+0.03 a 170.43+2.56 a 101.30+2.95ab  27.60 0.82

3 W4

ME 55 4% 243 ¥ KB ST it 0 98¢ e U = P
SEIREL, 8 IR ST B 0 I R EOT R AR
TN, 3 JRIE AT RS SR AT LR A KR
FER I AT HUIL AT DA S B 5T, 39 0 1
IR N AE R BRIR . UEMIIE S A K

« 78 -

A SR, FL g 2 8] o5 U TR 5 A 0 )
A T Y AR E S R A ORI R
PUE R S AN i Bl 5 40 B 0 o s AR R R B AN
TR ORI B i, s T B R AR A R BE . X 5%
AT Ul SR 2, ik e B o P A O 1) 18 i
A6 » 2 P L i B — B0 3 o e A LA A A 4 I
AT A 2t 7 i PR R AR MR AR M B . i



552 1

XIS R 5T

SPAD N 2R R & & MM XA, 5 e & E R %
PIAHRM™, AR g KR, 5 CKOR AR &b 2]
FHEL , &t JE AL 2 2 5 = 1 7 SPAD FlE &2
#, SPAD & & 7 & VA AL T RO G s R 1 D
RFM1 Ay &, U B I it A ALRE RO G A ) et 1
MR 2R 3 B, B G B R FH R (R A1)
R R X5k E R SR I A R
—3

IR R LIRS RGN E B G5
HEE B E S S WA RED A E B R
NS . LI EG LY
fip i A R e R, 2 PR Ay ()
FRFRE . KR T B2, ik 14 i 2 4 i 77 T
P I S A P E M L 3R R 4 i 34
TEA DT CARE RO B B () R 3% A 38 v X 25
R TR, SEA NI RAH— 8. EH
HF 702 BH 5 930t Ak B TE e A L AE AR EL L e it 2E 4
B 77 BRAK T A ML & &, RFMI E RF1.RFM2 L
RF2 A L& 5 5 il e & BFAIK 12.01% 81 16.35% .
A 5Tl AN SO R A A AR P = o i 3
C e sk A 0 R i B A A ML IR B 2R B R A
FIEFI FH 2 B AE ) F S A8 i B %6 L REM2 4b
HoA R, HE RFM1 Z 5 AR . RFM1 Lt RF1,
RFM2 Lt RF2 JERLA 22 0] FH 22 75 ) 32 =1 8.29% i
62.83% , Ut BH 1 itk AE 47 E fe 4 v IERL AR 2% R
2R, [ I ek £ B T A L A R A 4 1 7 R
TN T, A RN R R R

10 B35 53 5y WA 0 IR S, B R BR A R 452 B )
B, AHLIE & R & 137 7 (B R 1%, T T it 7k
A NIRRT 9 A A 98 J 1 I B 3 IR A B
(o3, A R TR EED K R . AR
FUGE AR, A O YRF F ta  LAE R Al 2E 4 1 7
T B AR E Y i R C B R A
&, K T AR IS &, DL RFMIT 2 ] i P
Vi HErE R C IR &= B B i, HHANLIR &
K. WA EH LI RFM1 A& &, RFI.RFM1
F1 RFM2 43 %% CF #4577 4.41%.8.14%F1 0.82%.

gE L TR (B i A e o, T I I B A L
HERVRAE P IE B AR 20% 408 , (B AR A K, 2
B A S B TR R OA 340 IR IR
(RO, 75 AR = SE B B B ) R ANME

S 30k

(1] ZEE0, B, E2e, 5 = 1 R EE - WI0R & R

BA[T]. H E 3, 2021(2) £ 13-20.
[2] FEEE, FREUE, 22500, 4 W T i IR g S BRI

RGN, 4 - T ok B C Tt A HUIE AN Gl 2 N RT 2 7t ' R P AT LR 25 g 5

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

HERE]. P E B3, 2023(2) :16-24.

B 54, ok SO, B P, 5L H IR = B 2 AL T 2R
R T 2 e D] . AR R SE, 2022, 35(10) : 64-68 .
B, R4 /TR, 55 8 HLIG LR BC it 6 B 46 77 43 Wl
KRR R B FL [0]. 5 X AL BT 5T, 2014, 32(5) ¢
143-148.

X, SR AH I, A5 B A LR ek 0 )1 AR e X 34
AE W I R A RS R[] K R AR R A AR, 2017, 31(3)
271-276.

/NI, 22 s, R B, 45 L 8 it A HLIE G B R R R A
Je SRR R (0] KoK AR, 2018,26(1):127-133.
K&, VAR R, FE, S L i AR X 3 5 A KR
sem[)]. b7 2, 2021(8) :52-56.

ik [, Y ACHR XRS5 Ak IR IR T A LA R X B it
T A e A e L P S R ] b R e S,
2018,13(6):698-703.

DA TR BT SR 25 AR R X R A N e
AR R S 0] rp 3 S IR R, 2022(5) 1 43-50.

VR &, SRR, 7k T 5 it S0 AN Rl R R0 X 2K e
R 7 B R[] AR 2 5 2022(4) : 132-137.

fify = H . 3 A HT M]3 . b e o R R
2000.

AL R I AR A SIS R AR R M]. L5 E S A
H AL, 2001 .

TTER, SRR, BREE AR, S IR RS A8 G 6% S 0%E R R AT PR
AT 5 2 #r (0] b A 225 4R, 2016, 32(25) :27-33.

A B A 7 5 AR HLIE T 2 Bl XAk [l - 3
T A ) B VR RN PR R T (D] A B IR S IR R
2013,19(5):1224-1233.

EFUT BRI 45 A 0 TR Bt 7 a7 43
W 5 e U BRI S (0] . AL T E 25,2021 (19) : 100-106.
LM, 2SRk S B SR A A 5 R R T o ek
A0 B T it A AT F i 2 ] . - 335 4, 2017,48(3) : 639-646.
gk, ERCHE, AT, 25 Bk 1 R i A 0 L SR R
PR e LS | R ] AR ROl RS2, 2018, 51(8)
1556-1567.

R, 158 8 R [ I R I bl e A kR B Tl & R v
Rk EMEmI]. b7 Z2,2019(8):21-25.

TR AN £ A5, a8 49 <5 . A B Vst 2 G i A HL AR S /s 22 2R
K Jea R EN R ]. &2 RIEDFER, 2021, 41(4) «
475-482 .

AT &, AR 57, k8, 25 L AR 0 TR B K 7 o A K B
AR 1T A O i 00 52 W [J]. V0 95 R ML RE 3£, 2022, 50 (24) -
125-130.

BN 2, DR NI, 2 A HUIEHS 2 B AR IR X 8 it
AR X B R RS (0] 6T S, 2021 (12) : 79-87 .
L%, SH, XK, S A E YRS L TR A LAY
QR [T]. TR X T, 2016,33(4) : 884-891 .

FEAETT, XA, 21050, 25 L T RE A A M TR T 4% it S H L
T 2% T PR TS e 0 R SR 0]V PR AL R 2, 2021,49(23) ¢
232-238.

] ERW, 263550, T35, 45 L A T it %o 8¢ it 2% 5f - e e
WIREVE M 3R AN A I (0] Ak B 2, 2017 (9)
148-153.

KULTAT. , RS2, PV 0 , 25 3G MLAE - JCHLARAS (5] it Lk 451 %o
RGP B AR B R 43 I R IR A 7). AR A 2 4k &, 2017, 36
(2):405-412.

R, E i, 5 AU B AR S AR R AR R G
;e K AR X R R[] R R AOl R 2R, 2016,
39(4):594-602.

.79.



