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Effect of Culture Systems on Salt Accumulation in Substrate
and Nutrient Use Efficiency of Tomato

XIONG Jing'? CHEN Qing' WANG Jingguo' LIU Wei’
(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China
2. Beijing Vegetable Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: One of the problems that exists in substrate culture is salt accumulation in root zone, and
adequate management of nutrient solution is the primary method to control it. In order to achieve
scientific management of nutrient solution, salt accumulation characteristics in root zone need to be
studied. A greenhouse experiment was carried out to determine the influence of two systems (open and
closed) on electrical conductivity, ion constitution of root solution, nutrient uptake, yield and fruit
quality of tomato and nutrient use efficiency. Results showed that electrical conductivity of root solution
was increased with the growth of tomato, the highest electrical conductivity in open and closed systems
were 11.9 mS/cm and 17.2 mS/cm, respectively. The salt ions in root zone of the two systems were
mainly NO,; , K", Ca’*, Mg’", SO;™ and H,PO, . The ion imbalance was found in both the open and
closed systems, ratios of K™, Ca’*and H,PO, concentrations to total ion concentration were decreased
from the initial while the ratios of Mg’*, NO, and SO,  were increased. The yield of tomato was
decreased with high electrical conductivity in open and closed systems, while the blossom-end rot (BER)
of fruit was increased with high electrical conductivity and ion imbalance degree. At the end of the trial,
the BER in open and closed systems were 29.7% and 36.6% , respectively. Compared with open
system, closed system improved the nutrient use efficiency, the nutrient use efficiencies of N, P, K, Ca,
Mg and S were increased by 11.6% , 19.6% , 18.9% , 11.8% , 37.3% and 15.9% , respectively. In

conclusion, the salt accumulation and ion imbalance existed in open and closed systems. Increasing the
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input of K and P while controlling the use of Mg, N and S could help to keep the ion balance of root

solution. The closed system was a more promising way to realize environment-friendly, water-saving and

fertilizer-saving in substrate culture.

Key words: substrate culture; open system; closed system; electrical conductivity; ion composition;

nutrient use efficiency

51

5 BOR A b, B ORI T IEM R R AE K
BB R BN 10 ~ 15 L/m®, A5 BR 4 ok 5% 6 855 ik 1%
45 m] B K 40 3R 4 IR AU VR B
TAKIE AR 2% ~5% " o AR TE 8 i IE 2
Ko, 78 1 0 KRR A 17 B O TR B S R R B R K IR
CEFRW) WL R 7 2 TR A B = T R
A [ W B HE R TR IR R . S K
J5 A 15 20% ~ 80% ) /K AE B HE IR A Sh B ER
B e VR M R IR B A ER B E ge  HH
AORTE I WG PR . it oy AR A RS
e/ KR F) R 2% R A B AR SRR A
PR 9 7K B I i 2 B < 5 TR R A 0 2 K 3 R
A A WA T A A 2 b T X R A
HUIX BR 55 S R L3R A BT L 0K S I
R0 AT X PR [ A B B8 o8 A5 32 ) A
HypedE

M3 R s R BAEY P w REAL 5 iz
FHHL, Y 2R KT 6 mS/em B EY) - B E
WA, W IR T 38 50% 2 3R 40 BT HL B4R 4 4
BT, SRR IR B, I K - Ca H5 9T
Ca— Mg 4540 NO; X Ca W Y5532 i i il 1710
TE G R P A B v, 35 43 Bk 2R 5 5 B0 3 1 B 45 A
S, 401 A TR A R B S 5 b P RS L 4 Bk
EEAKERM TR JER RS

IR AR X R 4y BRI 43 B 1 Lo Bl 2k A,
S HIGF S % WA TR R I AT . B SR
PR it 5 T 6 R R R IX 3R A 4R O VR W 2k
KB A &tFn W Rz L Fmoe . Hir, &k E
R TR B PR R o6 R Al F 9 R A, B B0 R WA FIOM
R, A5 R o R s e IRk 5% R B e e R G A
Tl B, Ay S B 3R VRS A5 R R S PR DL A

= =

il

GRS
L I
HEh=—q R B
(a) JFEK

PLEE &, S T [ I SR B K-, 1 g A ] {19 05 5K
AR IR o WSO A AR DX ER 7 R ARARE 2 S B
FRWR 2 B F BEAT 4R o AR SO A R 98 07 T
RRIC AL R R0 B 7 4L A2 A AR AE AR 57
Ir WO SR AT 2R GEOT 5T, LA O 2 B R o R
IR WP A PR BB AR AR

1 #R57F*E

1.1 BE#HR
RIS T 2014 429 4 —2015 4 5 JFEdb i ik
MRRE 2 B it SR AE 0 HP O B IR N AT . 1l B )
TR YR RO B SR BE An & 1 BT R, CO, 1 25 B UK
ol 432 wmol/mol , - 35 25 S AR X B2 Ky 62. 8%
101

0

DG IRBR E/ KLux

0 1‘0 50 3‘0 4‘0 Sb 6‘0 7}) 8‘0 9‘0 1601i0 lé() 1501410 158
FEAR G RAd

L a0 0 1R = P O BRI 3 19 10

Fig.1 Light intensity and temperature in greenhouse
1.2 ks a

ARG ST BB W A 22 SR A A b AR
Yok B, G AR O AT 14, 3 S22 A Sy R R o LR
W T 22 F s M IE A F) . T 2014 4£ 9 J1 1 H kAT
TBEARG P, 22 d H i I 2 IO B — B Ry B Rk =
BEREE Wi | 2014 4 10 11 HEM,
1.3 Kigit

W B 2 Bl E IR WAL W J7 50 JF i X (Open
system , 0S) A1 3} 4] 2 ( Closed system, CS) , A [a] fit
T AR IR AP 2 iR . A A R
55 A A B AR 58 R i — B, 38 5 R R [A) A

o

g
JER

E

EERI
(b) I

K2 AEHOREE

Fig.2 Designs of different culture systems



226 & ML M % IR

2017 4

DT HI G R . BRI 20 min, As RHT AR
BV 2 W, ARG B R BER 4 R B IR IRy =X
FTEUE . AR 3 WRE R, LXK HHEY], B
/NDX10 A B AR 4%, B 48 RS O 100 em x 20 em X
10 cm , B> FhoAE 4 v AR 3 Bk 25 00, B OAE %5
2.4 tR/m’,

TR St Pl Ak B R A [ 9 %8 5 W IE O o
BCJr gl B =2 T AL e 7, REIJT R (¥R
B JRHE FE ) i NO, 10. 75 mmol/L NH," 1. 0 mmol/L,
H,PO, 1.25 mmol/L K* 6.5 mmol/L Ca’* 2.75 mmol/L,
Mg®* 1.0 mmol/L.SO;™ 1.5 mmol/L, 3 & JC £ I J5
N Fe 14.7 pmol/L Mn 27.8 pmol/L Cu 0.8 pmol/L
Zn 6.7 pmol/L B 4.2 pumol/L Mo 0. 07 umol/L, 7K
U5 R VA S R M R K, S % 0.1 mS/em, pH B
7.2 BN, TF S S P 2R SRR IR oy
SR 19 YA 13 Y (3 A1 =X 2R 4 A [l v 70 #F f8 1
WA T EFRWINR) o BRI o8BS W2 E TR IR
L3R pH (B (18] 3) IRl sk K B AR o

B T R o BRI O, bR I AR v A X
G NRUL

5 7
_ 411-* ----- -m-:zr'A'xwrFT'3“5:'&:'5""‘“# 6
£ ® 0S-EC 0CS-EC Is
u'é 3l A 0S-pHf  aCS-pH{H ) m
P e® %4 0_0 0 0 O 14z
o o 2Tcsent g fa e g 00, 3
e
2

10 2‘0 4‘0 6‘0 8‘0 160 léO léll(] lé)() Il80 2(‘)() 220
EHIIEPN A0
B3 A7 A [ Ak BB B 3 R R (EC) A pH
Fig.3 Electrical conductivity and pH value of fresh

nutrient solution in different systems

1.4 HEHREKER

e AR SCBAAT B A, o I HEAT B AL AT 2o
TS
1.5 JEHLERSHE
L5.1 EFREMMRKERRES D0

T MG 21 d 2,5 14 d #17— R EF WM
R DX TR R B, R DX VAR FH B Sk U T AR
HUES SR AR o B 40 )R B E 3% WOR AR XU A
100 mL ¢ H k38 J5 A 2°C VK AR N R AE L J5 I R4
HLS R 70 B I o T NO, SR H 3% &2
8l 53 B AL ( AutoAnalyzer 3 7, fi [/ SEAL 2 w] )
W5, H,PO, K*  Ca® (Mg’ Hl SO;~ 3R il v Jg& 8
B 5B TR R A 63 {X ICP (ICPE — 9000 A, H 4
By HES | ) W E o

1.5.2  FEARFR G O Il E

T EAE W CEM)E 17 d) e (CEH G
37d) AR CEM G 63 d) SRR (E S
107 d) CRUCE 8 CERLIS 178 d) F1i 50 45 A 43 31
R — bR SE R M AR B AR 2R T R R LR AT 43
Z5 W JE A T 148 F 105°C %7 30 min, 75C T8
FRREE  JHE IR, TR RS 21T 5% 5
FRME . M N Bk H,50,- H,0,{Hf# )5, R
FIESE i 3l 3 A1 AL (AutoAnalyzer 3 54, 1 [5] SEAL
2] W E ; PLUK Ca I Mg (¥ H,S0,—¥ HNO,—
HCIO, i fif )5, >R FH F b & 45 25 1 1R & 3 ok 1% A
ICP(ICPE — 9000 #!, H A B\ w)) M ;S &k
HNO S J5 , R FH i IR A 45 B8 1 1 % 3 6 3%
3 TCP 5
15,3 F ™ & S T o

AT R 3 ~5 d 47 R I, FA /DX
24 BRAEBE AR ST A B g . R il sk
TRl AR v e SR ORI I T s SR B
1.6 ZitHHmAE

B AR Microsoft Excel 2013 {4 347 5 A .
HEPHANE LR R I AT 25 e BT (P <
0.05),

2 ERE5HMH

2.1 BE%

AR TN, IR IR IR R — E YR
1E 2.4 mS/em Zify, B P E FR M0 T 3Bl AE 0 AE
KW BT, — % Z ) 22 5k 3 W KF (8 4) . T
i X i AT AR DX T L 3 3 g A 30 94 S I T
ETF, w5 3k F 11. 9 mS/em #1 17. 2 mS/cm,
SE R, I s AR DX v S 3 OR T AT 55 g
fE 121 d g, B 0 TG, JF ik 5 22 5 B3
KAV o AR Bl AR T A A K TR B AR X R
3 AR AN W, e AT X [ R A B A
I AR X R R

207
-8 OS-IRDCIAWE  —a— CS-IRPOATR
| WOS-EIR = CS-ESRMl

S E/ (S - em™)

0 20 40 60 80 100 120 140 160 180 200
FEAR G KEUd
Bl 4 ORIl 5 30T 8 57 WORIAR DI L 3 Y
AR A AR
Fig.4 Change of electrical conductivity in nutrient solution

and root solution in different systems



w2l

REWE A5« PRIy 20 9 Al i o 5 R 2 RS R0 A AR5 227

2.2 BAEFRESHH
2.2.1 BTk

Wit L IR (] 9 2 G, TR B R KT L Ca®
Mg’ " \NO, SO~ F1 H,PO, ¥ B35 1E — A X
T K, A S U0 B (181 5 ) o AR XU I
o PR A B AT S KT Ca®t  Mg®" (NO, (SO; ™ Al
H,PO, Ik J3 Y4B 5 R i) B 48 K AR . 5 58
HEA A L, SR Wi B0 JF =k K™ Ca®™  Mg™™ |

NO, ,SO;~ F1 H,PO; ¥ J¥ 4y b7+ 37.1.16.1,
17.4 .71.7 . 11.5 3.0 mmol/L, % i 2% 4> %] b FF
56.3.27.7.23.7.110.7 17.8 7.4 mmol/L, H % &
T al & W, FF SR B A P S B AR X
Eh o BB B TTMK %l R BN R Bl NO;y |
K* Ca"" \Mg’" .SO;™ \H,PO, ; Hh %5 & T Ky 3 i i
AIE W B AR X ER PSS T R EY ST
ik

80 140 3sp o .
- OS-HRIXIEMW  —& CS-HRXIAM 8- OS-HRIXIEW -2 CS-HRXIAH £ & OS-RIXIFW & CS-HRIXIER
= OSSR 4 OSBRI |~ 1207 m-os-EFME - CS-EFH . 30F w0 EHMW - CS-EFRW

T, 60p = 100k o oost

E £ g0} £ 20

£ 40f £ H

= é( 60 g 15+

E ool T 4op & 101

" z S

20+ sk
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
SER R KA SERES KAUd i IEPN |
S Ry L I P 301 S L I Y r e e
Br o 0SHRIKIER - CSRKIHFR 30T o OS-HRKHW —a CSHRIKITR 12 & OS-RIXIFI - CSARIXIATR
| OSEIRR - CSETRR _os5L wOS-EFM - CSEFR ~ 10} ®OS-BIM & CSHEIRM

5 = =

= = 20 < 8t

£ 15+ g g

< E% Ist S 6

= lof o

= ¥ jof § 4t

=] 0 £

o5 = i = of

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 1 1 L 1 L 1 1 1 1 ]
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

FEE KA

FERR KAV

FERE KA

BS A 7T 8 R ORI 23 B T vk R AL R AE

Fig.5 Changes of salt ion concentration in nutrient solution and root solution in different systems

2.2.2 BT HH

A W P, I R4S B T L
FEAE — AT 17K T 5 300 08 F2 3 K7 L )
EC AT 39 B o B B 5. 8% , Ca® "  Mg’" (NO; SO;”
1 H, PO, Lb 4> B 3G 1.3% . 2.4% . 0.5% .
1.5% F10.1% , I+ 508 5 22 Rk 8l 2 %K
(1) o 5o R I G A% GE SR WA L, Rl AR
KYER P K™ Ca’ " F1 H,PO, 76 M5 74 B o (1 1L
53 ) B AR 5. 2% .0.5% F1 1.8% , Mg’* [NO; Al
SO;™ HLfil 43 B A 5. 0% (2. 0% F1 0. 5% ; & 4] 5
I W KT, Ca®" Fl H, PO, He ] 43 51 I A%
5.0% 0.5% F1 1. 4% ,Mg“ NO, HI SOi' Lt 51 43

BRI 4.8% 1.1% F1 1. 0% . 254 FF jic =X F &
P 28 IR W5 A X R T LB AR AR LT E
tE B0V 10 B T 2 S 3 P S SRR T
Ll 451 £ 2 4, 7 50 5% 4 W e D) 2 A SO XU RS
T b A 2K A o
2.3 FEMFESTWRIEK

B A 0T A E R R AR T A i A
Feor o (B ) AR IR 3 o N & B W7
Ik K F Ca 5 dt 7E E AR S R G s -, R
WO PR FRRRR A 5 S B AN WG i PR Mg & i AE
RN 6) o ARG AN [R) Ak B (] 0 B N
K Fil Ca & #3290 353 1 20 bb R 3 I B IR 0. 4

Rl EFRSREBRRTEBETELSBFREDHMELGHIZHSE

Tab.1 Ratio of each ion concentration to total ion concentration in nutrient solution and root solution %
IR A] PLBL K* Ca®* Mg?* NO; S03 - H, PO,
. i) E:0 27. 4 10.9" 4.4" 44.6" 7.2" 5.5°
R H 21.6" 12.2° 6.8° 45.1° 8.7° 5.6
o IR &0 22.2° 10. 4 9.4* 46. 6 7.7 3.7
R ESlziEaY 22.4* 10. 4° 9.2 45.7° 8.2° 4.1°

T BE o B A IR N 13 RIBORE AR i i B (. [R) 9 B AR ) 5% B3R Ak B ) 2 S

3% (P <0.05), .



228 P A1 R R 4 20174

i IR o BIREAIG 2. 3,0.2.,0. 05 mg/g, P K 1 S
Fr AR Y . AR 7 R e AR LR 4y
RS E W 3 2 R AR SR A
WS 3 4T 1) B R Ol

2.0.3.8 mg/g,P Mg M S &AM Y . BT W
A E A, T A P 2 OR 58 NP 3 i a2 i I, K
G Z W LT, Ca Mg F1S 5 i SE R N e FE
(F6) oHE A MRS, 2P AR 52 N Ca Al Mg &5

.l OOSH - CCS-I “Tosaty mesit sor OOSIHA OCSIF M
sol- T =il Wl 7 0S-S5 cs—%%} BOSHY NOs-H%
12f 60f o
= B 0
£ 30p ? g st £ sl N N
1 K & 18 e
/ ek ; X X SN
£ 20 é 2§ N £ A ; N z 20 g
AN [N [T ‘ A ‘ \
iof AN 1IN [ A \
A A \
0 LI 0 , L 0 , AL L
W AR SR SRUUSH W AR SRUGI RIS W A SRl RIS
LE LEM A=
S50r o L it 121 ) ) 401
Qos-th)y  @CS-IH DOS-BFf ECS-IH OOs-H A ECs-IhH
0 @Aos-R% NCS-RE 1ol BOS-H5: (SR BAOS-FL NSRS
—~ i _ 30} 1—
Moo [ H‘:o 8 T ]L-
o 30F to
£ < o E 20t
= = i
20}
HH H ' 1
10F H v .
721N 2N B \ 2N 7N N
0

TEW) AR SRl SRS AEH AR SR RS
Eeg AHW EX=E

B6 Ak F Bl R 5 R SSR  CRAE

Fig. 6  Nutrient uptake characteristics of tomato in different systems
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Tab.3 Nutrient use efficiency of tomato in different systems
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