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Abstract: The depth of groundwater can affect the root growth of plants. However, we know little about how groundwater
depth influences the root growth characteristics and root architecture of Tamarix chinensis in the Yellow River Delta. To
reveal the response law of the root growth characteristics of T.chinensis in the Yellow River Delta concerning groundwater
depth and determine a suitable groundwater depth of T.chinensis, we conducted a greenhouse experiment to test the response
of root growth characteristics of T. chinensis to the groundwater depth. We grew T. chinensis under seven groundwater depths
(0, 0.3, 0.6, 09, 1.2, 1.5 and 1.8 m) with a saline water of 6 g/L.. The results showed that in saltwater, the groundwater

depth had significant effect on the growth of the T. chinensis root system by changing the soil water and salinity contents.
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When the groundwater depth was less than 0.6 m, the root length, root diameters, lateral root number, total biomass,
lateral root biomass and root link length of 7. chinensis were significantly decreased. The topological structure was
dichotomous. While, the number of lateral roots, root diameters, the number of secondary lateral roots and fine root biomass
of T. chinensis were the greatest at 0.9 m depth of groundwater. The topological structure transitioned from dichotomous to
herringbone-like. The total root biomass, taproot biomass, first-order lateral root biomass and average length of links of T.
chinensis decreased once the groundwater depth over 1.2 m, and the topological structure was herringbone-like. Thus, the
root growth of T. chinensis is closely related to groundwater depth. T.chinensis root growth changed, and the configuration
was adjusted to adapt to different soil water and salt and groundwater depth. At a shallow groundwater depth ( <0.6 m) ,
the root growth of T.chinensis was suppressed but branching increased, and the biomass of various tissues and organs was
altered to adapt to water and salt stress. The most suitable groundwater depth for the growth of T.chinensis was at 0.9 m.
When the groundwater depth was more thanl.2 m, the roots of T.chinensis grew downward mainly due to soil drought stress,
which increased the length of root, thus improved the efficiency of resource acquisition. We conclude that the T.chinensis
can adapt to groundwater depth by altering root growth and morphology. Therefore, the adaptability of T.chinensis root system
to different groundwater levels is of great significance to the study of vegetation restoration and ecological restoration of

coastal saline-alkali wetlands under different groundwater conditions in the Yellow River Delta.

Key Words: root growth; root architecture; saltwater; groundwater levels; Tamarix chinensis; Yellow River Delta
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Fig.1 Schematic diagramand photo of soil columns with planting Tamarix chinensis under different groundwater depths
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Fig.2 The schematic view of topology of root system
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Table 1 Water and salt parameters of soil column planted Tamarix chinensis under different groundwater levels

R AR AL TS THES KA Aifﬁﬁﬁiiﬁiim
Groundwater depth/m Soil salt content/ % Soil water content/% of soil solution/%
0 2.14£0.15a 29.88+3.80a 7.16x1.13a
0.3 1.74+0.11b 27.10+3.27ab 6.42+1.23a
0.6 1.54+0.09bc 25.44+3.44be 6.05t1.11a
0.9 1.19+0.03cd 24.13+2.77be 4.93+0.98hc
1.2 0.89+0.04d 23.78+1.18¢ 3.74+0.78cd
1.5 0.53+0.06e 11.68+1.75d 4.54+0.46bc
1.8 0.24+0.02f 9.43+1.34d 2.54+0.34d

[RIZIA [ FRf 7R 26 57 3 (P<0.05)
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IR AHIAR 22 A2 KRB 43 S0 Om /K2 AY 1.5.2.0 2.6 3.1 3.4 3.5 1%, Bl R KN R BEMIHE 2 4 vh 4y
A IR i i 2 14 0 (P<0.05) ,0.3.0.6.,0.9 1.2 1.5 1.8 m Hi T /KA FAMIKE 2246 P40 A5 R 43 )42 0 m K57 1Y
11.21 .31 41 .51 .61 1%,
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Table 2 Spatial distribution parameters of Tamarix chinensis root system under different groundwater levels

Hb R KA (SN RGP AL
Groundwater depth/m Root length/m Root system concentrated distribution position/m
0 0.55+0.02f 0.03+0.01¢g
0.3 0.85+0.02¢ 0.33+0.01f
0.6 1.15+0.03d 0.63+0.02e
0.9 1.45£0.03¢ 0.93+0.03d
1.2 1.75+0.04b 1.23+0.04¢
1.5 1.88+0.07ab 1.53+0.05b
1.8 1.95+£0.08a 1.83+0.08a

[RIZ A [ 5B 78 26 57 .3 (P<0.05)

2.3 AR KA M AEMIARAR AR S AR AN R A2 2 AU AR R
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Fig.3 Root diameter, number of lateral roots and root length of different diameters of lateral roots of Tamarix chinensis under different
groundwater levels
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Fig.4 Total root biomass, tap root and lateral root biomass of Tamarix chinensis under different groundwater levels
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FARFMEEL g, \q, TI, ASFEHL T KA, T RRMIAR R I8 B A 7R 35 22 5t g, (F = 59.19,P<0.01) .q,
(F=51.41,P<0.01) \TI(F=110.94,P<0.01) , HRFFFMEEAT LIS WA [7] 1T 7K A7 AR MIAR 3 Z (Rl 4h F P 45
Fy 2251k, R K2R 0.0.3.0.6 m BRHIAR R FMEEE /N, Hirp T1=0.68 ,0.66 .0.67 , #f FL A 42T 0.5, #5348 X
R, HF KA 1.5 m AT 1.8 m TAMIAR R FRFMEEL T1 3K, T1=0.82.,0.88, 23 1, i &L 0 RTE
Iy, EHUR KA 0.9 m Al 1.2 m R AEMIAR R FMEEUE F, 11=0.74 .0.77 , BEA T 0.5 WAREELE 1, FF
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Table 3 The parameters of root system topology of Tamarix chinensis under different groundwater levels

R T v - R ol
depth/m (4) b il Pe vo( M) i, HH g, TI
0 6 3.83 46 14 0.13 0.03 0.68
0.3 4 4.20 20 8 0.01 0.14 0.66
0.6 5 4.62 49 11 0.08 0.06 0.67
0.9 5.7 5.12 61 1 0.20 0.41 0.74
12 4 4.87 39 6 0.17 0.69 0.77
1.5 6 4.06 32 8 0.37 0.05 0.82
1.8 7 450 41 9 0.58 0.19 0.88

Lo Altitudea (A) ,%?I\{EE Mean topological depth b,%%ﬂ%fﬁ%%/ﬁqﬁﬁﬂﬁﬂ Total links from all the base to the terminal PL,“‘%BL{F}%E\ pil|
Number of total exterior links vy( M) ; #EIEHi$MEEL Normed values corresponding to parameters ¢, ; #iFMEEL Topological index T1

3 Wit

3.1 MR KAEXHR B A K bR

R KA AL SR 3985 KR LA R R A T R B BRI AR L KA ( <0.6 m) BN K EFHE
SRAL | Eh A BEM T KBNS L FHE Bk L2 Y A M AR | LK Eh s SRR AL (= 1.2 m) T
AR AL AR, M R K 3353 LR MR AR AR K Bt i T /K B T I VR K 43 LAk B 56 2
SE KA S i WA, BR B K 5338 B SO -390 5 4k fe T AIG . E A0V 4 Yo e 3 32 S ] K 3z 7K 3 2
ST EAE 2

HR 2R (0 A ORI 5 1R 7K S 25 IR S, BE B K b A5 M AAR 2R — M i K P R SR B
AT7 TS T 2555 , B X FR 43K Ay B e g 3 12420 L FEARBESE 2 AKSE T ), AN KA T A2 8 PVC A8
AR BRI A A AR, ESR BT 1], T R /K 6 ( <0.6 m) THUKER & k5, P BOR R B4E0E 1 TR, I
A T BRARG , AR 2R A K2 MR ) | B R K BRI, LK A B I IR R R IE K, 3 T
ST RE AR HEAR R RN, DUE IR KA NFRS) X SR BRSO , b T X B MIAR R
DA B A K SR ISR SR K 43, T LA AR 28 Xt K kMt ELA iR A0k 7, LA e W

MR LT KA <0.6 m) SAKAL(=1.2 m) ZKER B0 520 A, SO AR R AR 5505 I 5 FAEAIE
Tsakaldimi"*" SEHF5E R I, FARE K AUBEIT ( Quercus ilex) Gy ARAN T T, 25 LA AR AR A 18 I b AR 2 K
AN 42, ATARKAL(=1.2 m) T BMIAR 2R 2 MR AR AR (/N R Wl 3R 2 K 43, AR )
2K ER NI AR ZR AR 2 AR TR IR AR A, K (= 1.2 m) AR A i 3 A
23 [ R F3RBOUK AR RIFEy 1T B2 LIS 40 AR 7 23 By - it

2R AR SR 2 1 51 2 R SO B | A ) 0728 1 A0 o B 055 5 22 o B AR BE A AE 25 5210 d>5 mm 12
PR T F B SCHERE A28 (8] VR, 5/, 2—5 mm AR Z AR WK 43 AN 35 4/ 2
PRI 22K AR 2 AR R B R T, D08 b K S (MRS, L4 PR LA SR 2 0 2 IR 20
4402904y BfF 5 e B 8 U R IX 52 T S S A R W HEAR 7 AR 2 v o 23 S OB A, S AR R SE 40 SR 2l
Wt T AL AR RS, 7K i TR0 I, ARMIDAS ) 2 AR A B2 40 S0 AELAS DR 18 0, R AR 2R T A e R i
Fr 1B I AT
3.2 MR AKX AR MIAR 2 A= i A3 L (4 S

TR A3 IO A S BREE 735 1h  388 2o 94 A 0 () A T Dk 30 W U A A T )RR MIAR R
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Yy IS T s SR BRI AR AL , Farrish ™ 88858 B, ik 1 sliiod 38 A -1 38 PRET AT AR R IR A AR 19 2R W o, s
HKAL(<0.6 m) BRAKAL( =1.2 m) AR A EUREMIAR 28 52 2N [ AR R K ER 0k, SEARAIAR 28 S AR el /b
FH 53 AR AL AEAR 28 [ 1 B8 7 AR 28 78 30 0 Wi, AR A KR 7 D T R B AR T KA
(<0.6 m) BMIY EARA P 2 R FARKAL (= 1.2 m) B — AR | — AR LA K B 4R A= 4 it I o7
(=12 m) BEFERTFRAKNM(<0.6 m), F/KNM(<0.6 m) T, EHKEh & & w, EREY &S 3 FH0, 7T i
1o KA IR 28 2o B 22 1) A W E 2 SR PR [T A b o TR I KR 5 A 95 B, MU ARE £y 77 32 8 v 7K Ao
(<0.6 m) B /K ER R, BEMN2x 8 A AR A= Wy i 1) 23 TE , DADBEZD £ 70 B4 W Ac il S iod ) 0 S5 A KA B 9 78
Fo OKAL(=1.2 m) NIRRT, ARI— AR AT AR A IR AN AR A1 B 4 AR A= 4
RFEAN(<0.6 m) , SRR ARG =1.2 m) &, BHOREE S B, M TR Pha 2 4R Y)
R MR AR, USROS Z K F3R . T WL M A2 K ER 26 P A8 A 2o B AR VKR A6 4
A AR ol R A KRR

3.3 b B OKAERS MR Z A4 L B 52 )

AR AN AT Sz WA PR AS [) 3T A A9 o7 1 2 S, LA R A 0 08 31 0 Jo ) WA 5 R 2R ) T i o
W22 MR R B R St o SRR R £ R T 3 SR SOIR 43 3, SUIR Ay SCRERS I AR R AE 1R T R RE
01 B AR R E TR ARIRE ), 53 3 B 2% R IB 43 30, 43 Z 880 43 ST B BSE B B0 I R Y
VFZAHPIR R AL PRI S 2] /K AL(<0.6 m) L 3EKER & Ry BEMIR 28 40 48 BB/ N 1L SOIR I3
ST BRI ER A AR, REAE A ER S S T R AR T AR K R R R AT AR B SR R A R R
SCRAY SRS e 3 3 R RE T, B RAR R MG . Day' ™ A i AP 225 KAR 5 4311 110 3
PSRN, SAPI AR, 0.9 m KA FEMIR AR LR ORIy SCR ik I 73 52, 36 0.9 m
KA I RE IR 28 73 32— A A KA (8 e RS BRI P 3 o SR ST MSOK 0 FISR 4y, At ml i o £ R AR 7y
Sl MR TS ROE SRS ] RN s A A KR 2, KA =1.2 m) T RHOKER S RAR, R )E 1
FK R IR 2R 32 2 S A s A B 52 SR RIZIRBOK 3753, BT A R 7 50 B R K A7
(¥ REARG, BEMIAR ZR AR N el SRR 53 S 1] £ R 43 S0 U8, 3 5 B N7 Ll A6 B e 2 R — B0, R i) BR A
TFEHPIR F 2 SOIR I S 1) 8 R 0 ST

MR SRR A LIPS A R AE ) 5 1E AR R R B | 2R a4 e RE i, 2R UK
G343 7S 1AL RE X B Xof 7K 4 3905 1 335 97 8 AR 4 B M R KA (Y R AIC, K R 5 R I AR AR 3R
EEREA AW N MR 28 G A M AR AR R, ASRIBUE 20K 70 IR o 25 AR 2 F B AE R OR

4 £t

B T KA REAR , 3K | 0 T VA A X VA 0 S AR AT, B 2 DA AR R A IR EE ,
MR P A1 (07 B, SRR 2R 38 P2 A B2 e 38 v 10 24 B4 8 8 T 0 S 7K #h i, 6 2 1 B 3R ook, R
ZMARE MRAR AR R GMIAR A= i il TAE R KA ( <0.6 m) FAUEROKAZ (=1.2 m) Z 2K M ba A
X/ 7 HRAE 0.9 m o KERZRAFIE FL IR B A . MR A S 71 B AR5 (AR 9 A i 9 D 5O X A
[l KA R K ER I8 LIGE B AR K AT, RIS [RI A2 S AR < JEE oh 20 2L AN B I, S A ROK A2 (= 1.2 m) B
(R K ER AR 2R [ AL PR O TR AU RE D AN TG 35, 57K A2 ( <0.6 m) T, T HE/KER & 0w  BEIAR
ZRREIE L A SEAFH BE AR A SR e 0 A R A U 3, UK LT, BT 8 o i AR RO 2
ST T PR L AR S ) R R ER AR AL, B R A A4 K ER A I P A T I

I KAL(<0.6 m) BEMIAR R AHFMEE G S SOIR 73 32, Tk AL 0.9 m il SCIR 3 S 1) f R I 73 S0 U, AR KAz
(=1.2 m) A RARIY S0, BEMIHE 2RI FE B B S /R (7 BN W N, w5 7K A3 ( <0.6 m) B AR AR & A2
AR HEN 73 OB, 1 AR R A 23 BCROE B K ERRE 5 HoK A7 0.9 m T b e Eh A% 1 frpid B MIAE I, {1
HKAE(=1.2 m) TAEMIAR 28 32 252 31 50 MAEAR A% 1) T A K LABE AR ZR 0 A B | 7 KBTI IO
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