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Salt Production Function in Tomato under Vertical Uneven
Distribution of Soil Salt

CHEN Sheng' HUANG Da'® WANG Zhenchang' GUO Xiangping' ZHANG Shuxuan'
(1. College of Agricultural Science and Engineering, Hohai University, Nanjing 210098, China
2. Guangxi Key Laboratory of New Energy and Building Energy Saving, Guilin University of Technology, Guilin 541004, China)

Abstract: Tomato pot experiment was used to arrange straw capillary barrier at 17 em below the soil
surface, which effectively cut the continuity of soil capillary. Combined with the leaching effect of
irrigation water, the soil salt moved downward, and the potted soil tended to be in a non-uniform
distribution state in the vertical direction, which was lower in the upper layer and higher in the deep
layer, and the internal relationship between tomato yield and root system and salt distribution
characteristics at different growth stages was explored. The results showed that in the treatment of vertical
non-uniform distribution of soil salt, the excessive salt content in the soil below the straw layer inhibited
the growth and distribution of tomato roots, while the roots in the soil above straw layer with low salinity
showed compensatory growth. When the salt content of potted soil was the same, the root dry matter mass
and fruit yield of salt vertical non-uniform distribution treatment were significantly higher than those of salt
uniform distribution treatment (P <0.05). Differential distribution of salt content, which showed low
salinity in the upper layer and higher in the deep layer, alleviated the salt stress of whole crops. Based on
the traditional water production function, i. e. , Stewart model and Jensen model, the crop salt production
function was constructed by using surface salt factor, average salt factor and root weighted average salt
factor respectively. After the function accuracy evaluation, it was found that the crop phased production
function constructed by root weighted average salt factor combined with Jensen function had the highest
prediction accuracy for tomato yield, while the soil salt content and root distribution in tomato fruit setting
stage had the greatest impact on the final yield in different growth stages.

Key words: tomato; salt stress; uneven distribution; salt production function; salt factor; yield

Wicks HI, 2021 —11-28 &R H ], 2022 -06 — 17

E€WA: X AHARRFRETHE (52079041 52109052 H e A HAR R 55 2 U 4 0 B (B210202118) | E i 5 Rl 4 15
H (2021M690873 ) 1) VG & A H B IR 5 W B T A SC I =P & 0 H (HaRkE 22 -] -21 -8)

TEERN: B (1989—) , 3 it J5 , EE NFER 4 2 B AERMhd TR 0 R 5T, E-mail : chens@ hhu. edu. cn

BIEESE: £HRE (1981—) 55 AIZER , A 00, 322 A R it e B AT 7K AN 5, E-mail : wangzhenchang@ hhu. edu. cn



Wk 25 . tEh oo AR 2 o A T B iR 02 s B ST 389

Bl A B A2 2ot Y 1 B IXEG 7™ A F X
BEk EAR AR e e e E R A A R &
BN, W R IX AR R AR B B R A AL A
R, B0 R 4 v, 2k v 9 e b
Gyl it B i W an e TR E R e AR K
FIHIR AR PR, 7T A J 0 P ol R AR 3R )2 1 13
g% BRI, TEVEWE ) 8K, nT s £h bl 75 B8 K 0 7t
0 LA, K2R G, i EH R LR R
T, DR TR ZK IRk Y ok i AR IX IR £k 3R 5% H BB JE
TR S /0= 1B VoS < S S iy =
IR E AR, CA WU A R DT
WA B4 s T A RHME S Ra s E k4T B
K S e AR RS A A S R 5 A5 (4 B
ERRE, FoT I R RS AP T R R LR 20 ~
40 em VRAMIE BB ESZ , 75 1 36K 43 28 K b T R
o FEFE IR Z e S FT I L B A RS, B 1B TRE
TR ESEMEEE KK A ERRET -
U A, AT R TR B B, A AT B2 A 1
REAS HE L% + HE/K o A5 %, 103k 43 5 i Bt 1]
AT 1 I8 R T £ 28 R 0 R 28, 7 THE R VA v R
FEFFRA R A X AE A T, FE AR X 5 B ER 4 1
B[S E B (S5 S o = b =0 A N =
Hedh ot AR S AR A

e FE B 2 00 1 A0 38 i) 43I 24950 40 A A1
T, B2 FEAR R 500 238 B K ER IR X F 2 it
VEMI AR Z B R oy it R EED ) Ak, A
WFgc et Bz, 5o RERIR I FA L, 76 R
TR AR AR 540 A IR B R XA
WIAR 2242 K52 B A9 R 43 e XHVE 9 A K 77 A= 1 5 T
AU ZH, BAZIHIZINA %5170 % £h 4 AR ¥ 51 43 #i 4%
TF T BVED A KT W] AR T Bl A (R X 4
VEM K B =i SR IX AAR ZR AN 5 40 Bidis ¢
ZEY], P, CHEN 2 78 5 [ 20 R 4 43 43
T 5 T re i O oS th R BA VR B (A ir
ZWER a5 ARER 4 XUR R AR
B T I A TR R ) TS £ {1 2 B Ry (2
MR, X DL B HEAT HLEL S0 Ar, i AT
2R IR R AL T = Eh PR A B TR R ER X AR
F A K R K R A MR s R P AR R
MR A Ry SR R I8V AR B B A
— I N R (iR I X P AR R AR
K K Dy REAZ BB A, A PR A isss” (AR ) X3k
TR I 3G A K, DL i 32 BE S 23 19 A7 BR 2
BEL) L HE—R  KONG 251 fE 043 Ak A9 43 A1 4%

T RIS B AR X 20 22 R34 T AIRER AR &
TR (ABA) & i, IR AKCE 1Y B+ S =7
TR OCER A L P R SR Y AR IR AR 2
Na ™ B+ F L F 7K o3 f a2 v W e i e HL I . 72
“EIMERON T FIVER T AL T AR A1 A AT
FRRE A R A AR B e WK i 55 4 S AR i oAb 2R ] T
BEEFCN | HUR TR A B A A 4
AR, AR N HEAE Y A KA &
g2

VR A 7= R V2 N T T 45 24 14 T Y
Ve =i Hoh A B B 7= R RO F TR A
YA AR B B a8 58 a8 VR ) 7 s 0 52 M 2
SEHY, FRERASN AE R O B R e AT v sl afe vk 1
HIREIZEARN " B ATE I £ HEK A S5 1E
Yy e [ AR O OC R B AR SE VR K o3 A 7 R AR
Kl , £145 Blank #7  Stewart 2 7#Y & Sudar #5
ARVEE AR AL, DL Jensen A A Minhas 5554 DL I
Hanks BB SE S AR AY T 3T 4F A 58 v, IR A
HFRHFIA T IEER S8, S AL G0 K 5 4 77 bR
BN RA T K R A pR R e R A 2R P R A,
HAGHVERDI 451 A5 ) Az 7= R 851 Ry B 7
5ok RS R A e X R &340 i T A, U
Jensen SERIRILC R IR, WF5E T VEWIAR R A B By
Bk 5w fe 2877 B (O SRR B, B 1
TSR FEBE S F T UL Jensen pRECK FEfl, A FH 14
AR A A T T PR AR

SR, FEC A BB R T, %8 T R 73R4
I3 A RIEIETT BIVEY 43 B B g TN pR A5 A DL
i, AWFRAEER S T AR ) o0 A ST, DA A
AR AEF BB A ] 4 P R R 501 55
WIS Ry A, = B A FE A AR 7 o f
A7 R, B TERE— 2D I 3 AR 8 5 A AR
AT Fr i SEYARE AT W BOR & K& Eh oo
FEAE (] A N FEDCHK

1 HREH%

1.1 RIigit

KT 2016 4 4—7 H TEAL FVLIE e 5 1 1)
T 7 b DX R BRCHEVE Al K £ PR A S B0 = i 00
TP TR, I SR FH G o M7 5, D 13 XL, TE
AN RE B REAME B, R AR TN 20.0 L( I
THEZET MR 30 em #1125 cm, K 42 cm) , JBH XA
HZ0.5 em BWHEKFL, B H AR KRG
MM X, B AP, W) Ih A XS gl R
1.50 g/em f19. 1 ¢/kg, F 4 LB T & 2 (i
) WK1,



390 P

b BB R

2022 4F

®1 ITEFEETEE

Tab.1 Content of main ions in soil g/kg

S8 Na* K* Ca®* Mg?* Cl- CO0j~ HCO;y S0;~
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Tab.2 Treatment of tomato pot experiment
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(g-kg™") 1:5 2:4 3:3
1 To.5:1.7 To.7:1.3 Tiy
3 Ty.s T4 Ty
5 T 753 Ts 567 Ts:s

TE KIS T AR TR L i 0 T, ., , R L2
N 0.3 g/kg, TREGHIN 1.7 o/kg MIXKRAL T,

TEAN [F) 25 £h 5 B30 ] s 1.5 g/kg Jk
Jit ( GB-pindstrup substrate No. 1, pH {i 6.0) .
0.015 g/kgJR & (CO(NH,),) .0. 116 g/kg A HLIE
(4% N 4%P F14%K) .0. 006 g/kg i RH (K,S0,)
F10.018 g/kg BEIR — 41 (KH,PO,) , 1R & 5E UG
BT A EFRME 0.94 g/em’, HE K E R
37% . AT G Bih N 50 g JEBE N 3 em B /K HH
AT bR B2 B R W E A LR LR 17 em A,
AR 2 B I EOA [ & (% 2) A5
T,

& (Solanum. lycopersicon L. var. Yazhoufenwang )
F2016 43 A 15 HERF T & 10 em EAE S em Y
B livh, 4300 LSS 3 B (4 30
H)  BERFAR R BR 5 (15 om) S0 3 [R]85 77 10 4 15
— [AIR A BRI 2 | B RN 2 AR R A AL T RS AT
BaJZ L5, BEAAR N 4 A Er B B B
AR SFSHAICRI . 255 3 AR 1 B, R 3 A
PRIEATHO R 3228 B TOZF, 3 BRI e g
il B 4 R

SR PR B 125 o 4 b 3 K o3 5 o R AT
AR LK (0,) T EEHIREBE, 1L
%+ AR T IR R 20 50% (1 F IR % (0,) |, 1
J& HEWE T BR K E R 50% 6, (46 31 R Ak SR8 A
60% 6, (WK ), T 98 kL BRAE 48 A A 7 04 2
FETE 80% 6,

1.2 $ERNE

¥4 STE 483k ( Decagon Devices INC. , Pullman,
WA, EE) A FJZ(ERUT 9 em &) FITF
2 (FEFFRRZ LT 9 em Ab) 3Ry oA E 1Tk
SLURIFE A AAR BT 2 R 3R (EC,. , B 1) &
TAEY) AR 1T 2 380 53 45 10 min U E —
U, IR B 15 i B EMS0 335 R 4E 2% ( Decagon
Devices INC. , Pullman, WA, EH), +HESFHE
HRAAN

S =2.63EC, (1)
A S—— SR, o/ke
EC, —— 3B TR mS/cm

AL bR

R
FaEATi =

TR
B i

Fig.1 Tomato pot diagram

I3 BITER A AE A B B AR SR KBS R
X AR AL BRBE DL R 3 A H B AT BRI
VARG FFBRIZ ]9 5, o IR 45 0k 1 R 2 R Yy
TAMRER AT ERR T (g/H) o

FER L U, B 7 d N R S AT R Al
my=,
1.3 ERHHE

BEXS LLRR 252 8 Ly R 2 Rk O3 4 A
fiE, s Mg T RZ S H T R, CEEE T
R, MREMACEFEE 2T R, TR

S
_ Ma-upp
Rsur - ( 2 )
m —upp
Sa —upp + Sa - low
2
Rave = S + S ( 3 >
m —upp m - low
2



55 8 VIR S R A1 | A ol N 1 < e s o+ € B 391
Su,fupprufupp + Suf[owrufluw Smifupp \Srrlifluw—%ﬁﬂw‘iaﬁiiﬁiﬁ;ﬁﬁ i
R — rafupp+raf[aw (4) :/H):HI‘ETJXTJ‘@E/‘JJ:\—F)%:E%
S T TS towT e tow G o/ke
Tozap + Tt iy T -t RIS AL FEAE AE 75 19 ¢ 1 I)
RS, S b T2 B 950 5 B SR b J2 4 M R
o, e/ke T, g/ Pk
Ty Taoi— L FELIERRRR T Pt —app i — oG £ 1 300 A0 BRAE 2 5 1
Jiite, o/ PR N DO D IVAE O N = e
S+ Sov o —— B 7 BN S R I L TR, /bR
TR i, o/ ke B—Stewart £5734= 7 BRI AR Y 7 B A ER
oo oo —— B PR BES R 1 UL S
ERATY R, o/ A, Jensen b3 7 BB PR Y P O ER
AR 5E A2 B 4 IRT 0 36T L 4 50 1L Y BRI
—EAY —AEE

STEWART 27V F1 JENSEN " 458 4 i1 A= 77 pR %k

RHERH, BIAR)E S DL AR RN 34 £ 4

T A EARE A F AR RS SRR,
Stewart 5342 7= BREL N

S(R..) =%:1 ~(-_.) (1 —‘Sg—“’) (5)

m mi — upp
Ya
S( R(ll"e ) = 7 =
m
n
1 - 2 ( —B_w) (I_S(li—upp_l-sai—lom ) (6)
i=1 Smi, - upp + Smi — low
Y n
a
S(R,,) =y =1~ D (=B
m i=1
Sa[ — upp ra[ —upp + Sa[ - lnwrui - low
1 _ raiﬂ:pp + T i~ low (7>
Smi — upp T i - upp + Smi — tow mi - low
T i - upp + T i — low
Jensen £h53 4577 BRIECH
Y u S . =i sur
J(Rsur> :7”: H (Suz upp ) (8)
m i=1 mi — upp
n —
R _Ya_ Sufpp+Saflu . 9
J( (wa) - Yi - S S ( )
m =1 —upp T Omii
Y
']< Rmul ) = o
YYTI
Sai—uppra — upp +S -1 T 1 -A; !
g
ru — upp +r low ( 10)
=1 S i — upp! mi — upp +S it i -1
pp

A ¥, —— ARk e B SR i, o/ R
Y, ——JCEIE AR AR i R, g/ R
St cupp St B AL PR A F W 0
XY b R )2 3
iw,e/kg

1.4 REHEEEM

SR P PR EROGE 7= e TN ) o A R R Sk U
50 R AR A, BT E e R R, LA,
TR T Al TR 25 TN R BSOS B2 1484 , 04 . 3 R
2% (RMSE) CP4axiR 2 (AE) BRSO (EF)
F—EEFE 80 (d, ) . RMSE fil AE /N, EF # K,
d, BRI 1, RO BB
1.5 ZUES

K SPSS 13.0 # {4 (SPSS, Chicago, IL, 3%
) AT 22 5 40 B DL B SO TR B0 S U R B
T,

2 HBRESH

2.1 TESHE

i AR A A BV R A N BT R
R UL 2, R HE BRI e LA AT B )2 B I B AR K
RO R 2540 PE B R 9 SR i B A R R
e N R R R e ETHE T RRRE S,
BN YIS B S Ra SR T N = e i A R ]
Rk, TR LR B BEE R UE, $h 0 ) SR AL
SRS, I e F L TR, R B
PELRNCT SR

TEX AT BB L = DRSS R i s
KB, AL BRIBIER 0 o1 A 22 S AR A S 3 W iR i
BARF— 2 AR AT, LN R R 2 5
X ER AR AL B 2 0 A 7 0 AT AR RS R B 22
Sk, S AR AE R A AT AL B R R
TR L EIR 3 PR,

SrMT R A R SR B (E R 3 AL BRA N ER S
ZE5e R /N B RAR I Ty 5 Ty 50 Ty
T125 \T2?4 ‘T323 ’ T1.728,3 \T3.3?6.7 \TSZS ’ Eﬂﬁé\ﬁii&jﬁ
AR AR, B s J= R e $h 8 25 R OF
TR TN RLESE,



392 Lok Bl o R 20224
127 127 12r
T 10t —o— R4 —e— TR oo o LR e TR = qof o bR —e— TR
< gl 7 s o
= 6l = of S 6
g i 1E
48 4r £ 4r £ 4r
a2 ot 41 2p ./.-\o\.
i 90— —» .—./.\.
kﬁ of o——mo—0o——o 4‘% of o0——mmo— o5 5 % op &&&—V—m——o— o 5
T e AR Ik Hi A 1EH AeSRHE IRk Hi KA pial AT ki
EN= LEY LHEHY
(a) T0.317 (b) Tu.713 (C)Tll
12r 127 - -~ 12r - _
:‘;107 —o— R e FEIIH :‘;10’_0_J:Ej:£ﬁ —— T 211 :;10’ —o— LR+ —e— TR 11
fm 8 ./\\‘ fm 8t _i 8t
&= 6 w O i Of
o 2 o 2r Wo B 2F
+ 0 o—Oo———"O0——— o +H ok - ok
B W AR Wk B Pl AR Wk HiHl 1 AR i
EN= AEW LEH
(T, (e) Ty, () T,,
~ P o b e TR ~ 27 /‘\\ 20 o bR e TR
o 10} T 10} T 10}
= = =3
\%B sl /\ﬁ—l }/D sl i:f sk
0 6f W 6f —o— LEtiH —e— TRt 0E 6
&4 & a4t
® ool ® ol O—O\O\O = ol 0\o——o\o
o——n——0o——o0 ]
ol ool oot
=R M AR IR L] M AR R =R £ AeSRE R
AHY LHY AHY
<g) T|.7'83 (h) T3,3.57 <1> TSS
M2 L FR R
Fig.2 Salt content of upper and lower soil
#3 AEEEHLTELIESHSRE
Tab.3 Ratio of salt content in upper and lower soil at different growth stages
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Fig.3 Dry matter mass of tomato roots
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Tab.4 Function accuracy evaluation results

o HET BELE 2 Steward #E%  Jensen fR 7Y
R? 0.6104 0.642 4
RMSE/ (g-#k~") 328.16 294. 06
RKEHSHETF  AE/(g-#k1) 259.77 264. 41
EF 0.7336 0.786 1
dyy 0. 8962 0.9199
R? 0.7590 0.618 1
RMSE/ (g-#k~") 287.83 313.62
YR T AE/(gokk ) 250. 55 253.30
EF 0.795 1 0.7567
dyy 0.9305 0.9239
R? 0. 8672 0.9108
) RMSE/ (g-kk~") 235. 17 163. 57
BRI AE/(g-#k™1) 194. 63 128. 49
AT
EF 0.8502 0.9314
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