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Abstract: Soil moisture plays a key role in determining tomato growth, yield, and quality. Soil moisture directly or
indirectly affects the growth and distribution of the root system. Under soil moisture stress, plant water and nutrient uptake
depend on root size, morphology, and competition. It is important to study tomato root growth under different soil moisture
treatments to optimize water and nutrient utilization efficiency. Previous studies have mostly investigated the physiological
and biological effects of soil moisture on tomato fruit, and many studies have discussed certain aspects of individual

mechanisms. In this study, the growth of both roots and all above-ground parts of tomato plants under each moisture
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treatment was observed. Soil moisture data were combined with whole plant growth status to reveal dynamic changes in
tomato roots and above-grounds part in response to soil moisture stress. We used the tomato ( Lycopersicon esculentum )
cultivar ¢ Jingfen 2’ in our experiment, which was performed in a controlled environment greenhouse at the Nanjing
University of Information Science and Technology from May to August of 2013. Four soil moisture treatments were applied ;
normal water supply (T1), mild water stress (T2) , moderate water stress (T3) , and severe water stress (T4). The growth
of roots and above-ground parts of tomato plants were observed. Among the four soil moisture treatments, measurements of
four root growth parameters ( total root length, total root surface area, average root diameter, and number of root tips) were
in the following descending order: T2>T3>T1>T4. Maximum total root length in T2, T3, and T4 was 1.8—, 1.0—, and 0.4
—fold that of T1, respectively. Total root surface area in T2, T3, and T4 was 2.3-, 1.1-, and 0.4-fold that of TI,
respectively. Average root diameter in T2, T3, and T4 was 1.3—, 1.1—-, and 0.6—fold that of T1, respectively. Root tip
number in T2, T3, and T4 was 1.1-, 1.0—, and 0.5—fold that of T1, respectively. In T1, T2, and T3, tomato roots were
distributed mainly in the 5—10 cm soil layer, but in T4 most roots were in the 15—25 cm layer. Plant height, stem
diameter, and leaf area index ( LAI) of tomato plants decreased with increasing soil moisture stress. Compared with T1,
plant height in T2, T3, and T4 was reduced by 11.49% , 28.60% , and 43.98% , respectively. The minimum stem diameter
was found in T4, which was 73.57% of the tomato stem diameter in T1. LAI differed significantly (P < 0.05) among soil
moisture treatments; LAl in T2, T3, and T4 was 81.33%, 64.62% , and 43.37% , respectively, of that in T1. Soil moisture
was positively correlated with growth indices of root and above-ground parts, and soil moisture content in the 20-cm layer
had the highest correlation with root growth indices. The mild water stress treatment (T2) did not significantly affect the
growth of above-ground parts, while it benefited root growth. The moderate and severe water stress treatments (T3 and T4)
significantly inhibited the growth of above-ground parts and decreased the extent of root distribution in the soil. The results

of this study may provide a scientific basis for water management in greenhouse tomato production.
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RIS T 2013 4F 5 H—8 HTER 558 TR K% Venlo AJ RO IR 2 N #E1T . IR E TR 5.0 m, JH &
4.5 m,5% 9.6 m,K 30.0 m, DIFAAFCEH 2 57 MiEA, T 2013 455 H 21 HEm, kA hiE L
AR Sy 35— H IR KR 32.45% (RFR SR, b 20K ZE RECH 11.35% (R Sk, 5 k)
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S RRIEARIR] , B AT R — AT . TR AR YR ST O S RN K o W B s B 2, T HEK R 8—10
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280.65 mm;T3 #E/KHE K 5—10 mm/ YK, BEK ARG A 3—5 d, MK H N 161.44 mm; T4 #E K H 5—8 mm /
WK BN 6—7 d, BE/K R 86.50 mm,

F1 R EEEAELMR

Table 1 Physico-chemical properties of tested soil

(i AL Eo X AR
pH Soil bulk density/ Organic matter/ Total N/ Total P/ Available K/
(g/cm?) (g/kg) (g/kg) (g/kg) (mg/kg)
7.4 1.32 18.4 0.99 0.97 281
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H58) M6 HA19H .6 H25 HX7H 4 H) RARM(7T A 17 B8 A 2 B) X FimR RiEATH1, 41
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R BRI AR BT HAR RRBE T 0T,
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Fig. 1 Change curve of soil moisture in the 10 cm(a) .20 cm(b) and 40 cm(c) layer under different soil moisture treatments
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Fig. 2 Change curve of total root length (a) .root surface area (b) ,average diameter (c) and number of root tips (d) of tomato under

different soil moisture treatments
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Fig. 3 Vertical distribution of root total length of tomato under different soil moisture treatments
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T ZER R T ARSI  TE FHEE (T1) SERFEA (T2) > EE A (T3) > EE I (T4) , 1EREMwII (5 A
29 H),T2 5 T1 MRk AR 2Z 2.60 cm, T3 F1 T4 &AL, 50515 T1 AH2E 6.00 em F110.47 cm,, P& K504k
PHR B3 I, AN ) Ak 3R] 7 25 S W R B EEAR I (7 H 23 H) , T1 BRiE~F-¥ 0 90.87 ¢m, T2 T3 F1 T4
435K 81.20 ¢m 61.10 cm F149.80 cm, 235 T1 #12% 9.67 cm 29.77 em F1 41.07 em , 4540 B [a] T i bk i 24
TE5%/KT Nikg 25, EBYI, Foi 2SR AR R L, H T1 2 T4 MR/, EHEBRE,T1 5 1.28
em, T2 7 1.18 em, T3 1 T4 435175 1.06 cm F10.86 cm, 4540 F[A] 22 1K T2 T3 F1 T4 23510 T1 19 92.34%,
82.6%F1 67.01% , W IAFRFEEAE— R F 2 A G S PRAR . Fi 3 2 ml N AN [m) 7K 04k 34 8] 7 3k - 1o
TR 2 00 0 251 25 57 (P<0.05) , T1 B3 Al - T AR 85 i i, fc e AT 3K 15.87, T2 T3 Jger AT 35 12.46 Fil
9.48, 43 HIM T1 1) 78.51% 1 59.72% , T4 FEWE I R AN 7.92, 8 T1 1 49.91% , XI5 R KM, H 1K 50
TE PP T AR A AR R K e e X T an AR AR M R A AR K RN 3 b ER A
K G3 WE W S A T R AR R b A 0 A I DA BE R K AR A TR B AR o

®2 ARELTEASAETEREROES . ZHESHEREHR

Table 2 Plant height, stem diameter and LAI of tomato plant under different soil moisture treatments

Ab P 5H29H 6 HSH 6 H21H 6 H30H 7H15H 7H23H

Treatment May 29 June 5 June 21 June 30 July 15 July 23
W Tl 22.87+2.28a 29.30+3.12a 47.30£2.91a 62.47+3.42a 83.53+3.75a 90.87+3.12a
Plant height T2 20.27+1.35ab 26.33+1.39ab 41.73£0.90ab 55.17+1.94a 72.40+2.21b 81.20+2.55b
(cm) T3 16.87+1.82hc 22.10+1.31bc 35.10+1.68h 44.17+2.43b 56.00+2.52¢ 61.10+2.27¢
T4 12.40£0.40¢ 17.00+1.48¢ 28.00+2.40¢ 34.97+0.91c 45.03+1.62d 49.80+1.17d
Xl Tl 0.56+0.04a 0.62+0.05a 0.82+0.04a 1.04+0.06a 1.21£0.11a 1.28+0.06a
Stem diameter T2 0.55+0.03a 0.61+0.02a 0.78+0.02a 0.97+0.09a 1.12+0.11ab 1.18+0.05ab
(cm) T3 0.5120.01ab 0.57+0.01ab 0.72+0.03ab 0.90+0.06ab 1.0120.10ab 1.06+0.05b
T4 0.45+0.03b 0.50+0.01b 0.62+0.02b 0.7420.05b 0.82+0.04h 0.8620.05¢
I T R4S Tl 3.45+0.04a 4.28+0.09a 7.26+0.23a 10.93+0.20a 14.52+0.32a 15.87+0.54a
LAI T2 2.83+0.06b 3.65+0.12b 6.09+0.29h 8.78+0.08b 11.27£0.27b 12.46+0.49b
T3 2.1120.11¢ 2.89+0.07¢ 5.1320.25¢ 7.33%0.19¢ 8.92+0.18c¢ 9.48+0.30¢
T4 1.03£0.03d 1.55+0.08d 3.31x0.23d 5.13£0.05d 7.49+0.14d 7.92+0.50d

RPEAE A B BRI R 6] 5B R Ak B ) 22 53 1. 35 (P<0.05)

FIFZ 2 A8t A T e bk i 2R I AR B0 logistic AE K IMERILA IS RIS LT 3, IR
[ 7K A3 Ak BT T it i\ SRR TS £5E K i SNBSS Logistic 77 2 i 264006 wT 0, DU AN Kb B T 26 i ik
15 RN AR K AT A Logistic M2k 18 —th—18 " fy e 1005 275 2 5 100 500 A OGPk 3 3k 2]
W B E K- (P<0.01) AR S A T B vl T i & 48 b AR R e . AR 3 nT LA AR IRIK 43
AL BER F At i R RN TR B A A S RV T M R AR R R A SR IR L IR (T1) > 5% B2
(T2) > EE e (T3) > EEMNE (T4) .
2.5 HEKATSH RO T IS A K AR AR E R

T HOK A AE R ME T R ENIME N R Z —, K& 25 BN ) A A7 A A A BR i 1A
£ EHOK & S TR A U KSR AT A OG0T, 45 SR WLk 4. S5 Eon S Ab T AR
IKFEZ At RN F 53 A WA K AR R I 2 EAHDC, [AI 10 em & 20 em +)Z2 H HIEEIKR 54 K48
BRI IE AR S PE R 5 1 40 em £)2, 20 em 24 SRR SR R A K AS AR A M e, i 2
TRARI N AR R B SARARB R R B R AR R EOSE Y AR A5 R 8000510 0.502,0.496 Fi1 0.481 , 4%
PEIR BB 25K 5 10 20 em 2 HIESK RS o B0 A K8 PR A SCPHER AR T 10 em 12, 156
PEBIR S 27K 540 em +)23 P R3S K 35 004 A K AR AR A AH SR B I AKX S AR R BP HAR
A RS BRI A A SR B K, PTRLE Y, 2 3K 43 i 2 5 M 0 A R I A K B
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R, IR IS RO RARAR 28 A KA IE ROV f Ry 3 s RAEL R I b 3 0 A K A S 3 T SO SRR R i 5 T
BUREL b, AR 2SR S R OK & i i IEARSCHEAR .2

F3 AETEASLEEEMNM EABIEREIKER Logistic HAIESH
Table 3 Logistic model parameters of tomato indexes growth in above—ground part under different soil moisture treatments

Logistic TESE

AL Treatment Parameters of Logistic HRFRE R e RAEKHESE MGR
Correlation coefficient Maximum growth rate
K a b
e T1 120.6501 6.3709 0.0475 0.9986 ** 1.433
Plant height T2 112.3169 6.5019 0.0450 0.9991 *~ 1.264
T3 75.3804 5.1014 0.0490 0.9997 ** 0.923
T4 61.3584 5.7678 0.0508 0.9997 ** 0.779
E3 il T1 1.7436 2.8996 0.0337 0.9891 *~ 0.015
Stem diameter T2 1.6410 2.6292 0.0309 0.9881 " 0.013
T3 1.3216 2.1654 0.0350 0.9852 " 0.012
T4 1.0468 1.8115 0.0341 0.9909 ** 0.009
- T AR 5T T1 23.3129 8.7105 0.0476 0.9916 ** 0.277
LAI T2 15.8371 7.2216 0.0523 0.9954 ** 0.207
T3 10.5653 7.0483 0.0659 0.9947 ** 0.174
T4 9.4977 14.6892 0.0701 0.9964 ** 0.166

# FRFE 0.05 KV B BEEME, # = FRTE 0.01 K B

x4 TEHEREKESEME®RESTERKEBROEXRY
Table 4 Correlation coefficient between soil moisture content and growth indexes of tomato plant

eSS ]

. — P HRIRE PR EY - IR
WAELKE  RRREER e RE ki = I
Number of Plant Stem =R
Total root length  Root surface area Root average . . .
. root tips height diameter LAI
diameter
10 em + 2+ AR
Ak R
ﬁk$ 0.392* 0.353 0.420" 0.398 " 0.431° 0.387 0.468 *
Soil moisture content
in 10 cm layer
20 em 12 AR
& .
sz 0.502 " 0.481"" 0471 0.496 " 0.428 " 0.377 0.451"
Soil moisture content
in 20 cm layer
40 cm + 2+ AR
Ak 2R
kR 0.338 0.307 0.401~ 0.345 0.394 0.352 0.434 "

Soil moisture content

in 40 cm layer

5 TR ER S LRI A A RIB] AR SC AT, rT LA 3R 3805 ML 2R A R ] 119
MHRMEAFEZE 5 . MBI ARARE S Ml B3R 73R R AR AR ] A AR 5 8 BRIV B, ELAH SCME P43k 31 48 35 K
o MR ZR SR A AR AR B B AR E AR FR I BOARSCEAR 2 . IXUER T A iR vk b L >
SRR A KA R A,

3 Fit5itie

AWTE RS AL TN BB ORI A 25 0E T, AR AR A AR A foe e, L K e ™
FEMH AR R AR FEOME R, - ORDL N B RAR BRI R RS 22 IR A T g
BT K 5 AR AR 2R T TR TRTI S 1 AR 2R /K o Wi 5 T AR R 2R KR BL R 22 , 1K 5 Lavado 5%
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34 o A5 K I W X B 7 AR R R L AR K 9

NIRFFESE RAH — 2 AR 2 0T LIAR G L 3K A3 bR ARt e sz -1 L 23k i 7 e ) A7 7 B
JES L AR AR B R AR R D AR R UREL (R BE R K S i B R PR BB A K R
TR, FBORK AR A RARIBCEREAR, AR R 0 R K 0 2 B> R R & TR T — A
AR KT | R AR5 20 X A /INZE AR AR 3 A1 R B o AL A A R 28500 . EARRF T b, 2 H 30K 43 3 % AF
T AR A A A FLAR TR B S 40, 56 T 3 AR AR X K 20 R AR T A G 0 3 N RO, A T AR
K AR 2 B SR X SR SR ST S R B IR BT 22 | S5 SRR T TR AOAR AR Wl A SR 20 A
KGRI 32 BRI R 2R RANIE . SR TR R E R AR R AR K BRI, AN RIBETEAS tH B 458 I A —
B, APTENN Ko PE AR AR B AR S B , A& N 4l i SR R AR B R R BB
AR T EREAR Y FORAR 28 WM 1T AR 1% BRI A T AR T FE KR L B 11 =ik e 02 30 1 A B 4
WSS TR )RR [ SRR K A R A KR AR 2 AR KA R T
G0 T 10 w17 1 258 NSO o ) 7 ey S B VR 5T 7 S =Y R ) WTETE P2 s D A S I N e 13 s e N o
B 3 GBI R AR — 2% A /N2 P2 RO P el A AR O 4538

®5 EMEMKRRSH EERKERHBEXERY

Table 5 Correlation coefficient between root and above-ground part growth indexes of tomato plant

IEYsR B “ o
% e . P HRIAL P el T AR
REMKE  RALKDH A% , " § x
X Number of Plant Stem E2
Total root length  Root surface area Root average . . .
. root tips height diameter LAI
diameter
R BKE |
Total root length
MR BRMm .
RERMEE 0.975*" 1
Root surface area
WR MY EHRZ . .
ki 0.813** 0.837"* 1
Root average diameter
HRAR% Number of root tips 0.992 ** 0.962** 0.836"" 1
¥R Plant height 0.489 * 0.342 0.244 0.490 " 1
ZEH Stem diameter 0.511* 0.363 0.287 0.515" 0.990 ** 1
TR L LAT 0.457* 0.313 0.227 0.456* 0.994 ** 0.987** 1

MR B 35 K AR AR 2R A R A TE 8O i o 35, RIVREE 3k ok ads iy e, 26 O AR 2 45
PRA R TR, SR D AR F R AR R B i K 7 O R AR R K I 5 R 0 Y 2 A
B X LK 1 2 A R X Tl LR AR, K S i S ik AR R (A A
TEAR DG, A ZEHLISE IR AN 31X 5 5 A B4 R R — 802 R 2B b 7K A e R il
PRI SBURE PTG 22 53 SR T B2 S B AS IR AN R A I I 15 Tt — 2T

IKPIRE T T AiAE R L S AR AR A AR RO AN AR TR], AT LR 2808 AR b S 20 A A R LR
B —EWMEH, A RE S PRI EEA AR, B MBI, Bl B9 T RO TRl R5 7K 5 1Y 68%
AR TR A R R R R T AR A B BRI AR S LA KRR E R
-9 SENQ VAR UBEIPE - STINE D) (T =8 NEDIR = &5 - S o

ARG =TT ISR AR R A AR RA TSP AR R I SRR AT 0 AR R AR RARAE , 5
W ULHYBERR A48 75 2 L A CRERS AE [R] — Bk 3 i34 S W s 252 Ak, BR AR TR R 22 i I/ 1 X AR
ZHE T LR 5 (BRI P J7 A AR A AN A T 45 [, S A R ke, AT AU < by 2
X — A FRAE A R B 0 R EAT T IRSE WESE A TR 25 TOBIR A A R A il A R 7 A T — 2P
56, [, ASBIF TS SO W 300 A6 30) K A SRU) P R 2 AR i AR AR Bl 1 IR SRR R b AT 1 5T, SR Al IE R IR A
W1, HE— AP BEFE K 3 30 T 2 AR 2R A RO SRS B | TR AR
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