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Effects of different groundwater depths on the root morphology and biomass

allocation of Tamarix ramosissima Ledeb. seedlings at the tail of the Keriya River
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Abstract: Tamarix sp. is a dominant shrub species used for windbreaks and sand fixation in the desert of Northwest China.
The successful establishment of Tamarix sp. seedlings and their growth into mature individuals require their adaptation to

various adverse conditions, which is the key to the natural regeneration of the Tamarix population. To clarify the root
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morphology and biomass allocation characteristics of Tamarix ramosissima Ledeb. seedlings in response to changes of
groundwater depths at the Daliyaboyi Oasis in the hinterland of Taklamakan Desert, rooting depth, root dry weigh, specific
root length, root surface area, specific root area, number of lateral roots, root/shoot ratio, aboveground and belowground
biomass allocation, vertical distribution of root biomass of T. ramosissima seedlings with different basal stem diameter classes
were analyzed under groundwater depth of 1.8 m and 3.0 m. The results showed that as the basal stem diameter increased,
the rooting depth of 7. ramosissima seedlings increased, and the root dry weight and root surface area increased, whereas
the root length and specific root area decreased gradually, indicating that the root system of T. ramosissima seedlings tended
to develop. As the soil depth increased, the root biomass gradually decreased, and the root biomass was mainly distributed
in the 0—40 cm soil layer, accounting for 68.42% of the total root biomass. At the sample site with a groundwater depth of
1.8 m, the root depth of T. ramosissima seedlings ranged from 83.5 to 173.5 c¢m, the root dry weight and root surface area
were higher, the allocation of aboveground biomass increased with an increase in basal diameter, the root-to-shoot ratio was
0.95, and the number of lateral roots, total root length, and average diameter of lateral roots were higher than those at the
groundwater depth of 3.0 m. At the sample site with a groundwater depth of 3.0 m, root depth varied from 42 to 192 cm, the
specific root length and specific root area were larger, allocation of underground biomass increased with the increase in basal
diameter, and the root-to-shoot ratio was 0.35. The number of lateral roots and total root length were relatively small, while
the average root length of lateral roots was longer than that at a groundwater depth of 1.8 m, indicating that T. ramosissima
seedlings adapted to drought stress through the elongation of lateral roots. The root morphology of T. ramosissima seedlings

was affected by groundwater depth in the Daliyaboyi oasis, which reflected its adaptability to arid environments.

Key Words: Tamarix ramosissima ; root morphology; biomass allocation; groundwater depths
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Table 1 The growth investigation of Tamarix ramosissima seedlings under different groundwater depths ( Mean+SD)

- H R KR E T . penes W
Pt , By , ;
Sample sit Groundwater Basal stem Heioht/ Crown Density/

ampre stte depth/m diameter/mm ceizem width/em (Fk/m?)
FEHL 1 Sample site 1 1.8 5.3x0.9 22.2+3.2 14.0+1.7 68+12
FEH 2 Sample site 2 3.0 2.6x1.01 17.2+8.8 9.9+4.7 24+8

x2 LREZENZEENYDBEREERCPEARER2E )
Table 2 The morphology characteristics of Tamarix ramosissima seedlings for whole root excavation ( Mean+SD)
T KRR e ey, . y AR
b AR ey s s o FeAs
Groundwater Basal stem diameter Heicht/c c dih/c Rootine denth/c Sample
depth/m classification/mm elghtzem rown wicth/em ootng depth/em number/

1.8 0—2 3.00+1.65 3.35+0.74 110.00+7.00 3

2—5 25.17+3.25 10.42+3.64 113.00+19.38 3

5—10 42.34+11.94 15.18+4.19 112.00+35.56 6

3.0 0—2 9.00+2.60 7.90+2.86 68.93+29.22 3

2—5 15.07+2.14 5.18+1.72 72.33+£5.51 3

5—10 70.33+11.59 45.00+8.23 162.67+26.63 3

(3) e

TERFEHLEE 25 2 ARAZ 48 2 BAEMIAN T 50 om ALHA-SFERE S H] BRI B ) R B0 20 em HL—1+
SR, — HHGE TR K )R 3 AN E R, DA AR SAREE R T (0] S0 3 A 4 S K
2.2 FESIE

2R RIZIE Z ML B3R L R RR i 25 AR 3 ARy, AR LT (60 °C, 48 h)
FFREA S E TE, b AEY &y RS Y i S, N AR AR R AR, AR R KM ER S
TR REEER S B 48 L4A IR A Adobe Photoshop 2020 ] 45 A B A4 41X [ Ab $E | AR 2 1 FLUR FH
P HE UL (HP Scan jet 4850) PIE ", HUE 60°C HEARHE T 48 h ZH T 5 HR 5 &, FI T HUAR KA AR TR
THAL b B A e R ZE AR Y i SR R AR AR R A, THREA T

tmﬁﬁ:,é*ﬁ{((cm)
WRTHE(g)
SR (em?)
RTHE(g)
R ERIr T (g)
o EF T (g)

(D)
FeAR i B = (2)

W b =

(3)

2.3 BdlEaer

K SPSS 23.0 XEHEHAT 4T, LK R J7 22 737 (one-way ANOVA ) L2 BRI AN [ AR 40 1Y
WRARRE MRTH | HARK REWEA AR AR 25 5 00 8 5 1, 128 /D B 35 25 800 (LSD) X 4l it
T2, 7F 0.05 7K B XTE a1 T i & PR30 5 AL Origin 2021 £314]

3 ER59H

3.1 HEEEKEALARE
oK HEYR 1.8 m FEHILAT 3.0 m B AY 13875 7K 32 ( Soil water content, SWC ) ) Fifi 2 338 R B (1 38 i b
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Fig.2 The vertical variation of the soil water content at two sample sites with different groundwater depths of 1.8 m and 3.0 m at the

Daliyaboyi Oasis ( Mean+SD, n=3)
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THEM MR (P<0.05) , Hi F/KHEZR 1.8 m FEHE 72
R 2—5 mm FIZN R IR B E K T T K 3.0 m
R B R AR RARTR (P<0.05)

R KRR 1.8 m BEHL AN 3.0 m AL R AL T
PR T SR BE 5 AR R R B E 3 (& 4) |, Ak
I33A 0. 32—12.58 ¢ i1 0.08—7.37 g, 74 H 5—10
mm [ 2N AR T B 3 & TN R (P<
0.05) . HiUF7KHEVR 1.8 m AEHLAN 3.0 m A Hl 22 AR
LI LR B B o AR 3 K I kb (1R 4) |, AR AR
FEl 43931 M 71.93—429.08 cm/g F11 86.86—2823.17 cm/g,
Hr 290 0—2 mm W Z BRI AR K B 25 T
HEMANEAE(P<0.05) , IR /KIEYR 1.8 m HEHLFN 3.0
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Fig.3 Characteristics of rooting depth of Tamarix ramosissima
seedlings at two sample sites with groundwater depths of 1.8 m
and 3.0 m

AR KRG FREFORA IR LR — A BRI Z [ i 22 53 1.3 (P<
0.05) ; ARG FH1E R IR ] — A [R] LA AR TR 2 18] B 22 57
% P<0.05

m A1 22 A PRI B AR 3R AR Bl A (0 1 R 0 S R (L 4) |, AR R [ 43331y 18.13—186.95 em® il
6.73—65.98 cm® , 7244 K 5—10 mm [ Z AWK AR R I FRE 35 = T HE PN A2 (P<0.05) , HiU R 7K
TR 1.8 m AEHLA 3.0 m A Hb 22 AR Ly T 1) B AR T R B 2 642 1 38 K 2 PR AR A (& 4) , AR fb S Bl 43 3ol 2
23.41—58.63 em’/g 1 32.16—250.98 cm’/g, = A& 8] 2B AEMIL B 1 FUAR T 25 S AN .35 (P>0.05) .

3.3 ZREEMIAEMARECH K EARR L

PSRRI Z BN A B AR R 0 30 (— SR R =R IARECH BRI AP B AR 3 il 5 242
SSRGS (181 5) o R /KHRTR 1.8 m AEHIAS R AR 2 2 BRI v A MR P2 EAR 2R :2—5 mm> 5—
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Fig.4 Root morphological characteristics of Tamarix ramosissima seedlings with different basal stem diameters at two sample sites with
groundwater depths of 1.8 m (GDI1.8) and 3.0 m (GD3.0) (Mean+SD)
GD1.8 F/R i F/KHIRA 1.8 m, GD3.0 F/mith N /KRR 3.0 m; AN KRS FRERIR B — b FKERRSE T B4R AR 1835 25 5 (P<0.05)

10 mm> 0—5 mm( &1 5) , Hb NKHEER 3.0 m AEHUAS [ A2 0 2 BBl i B AR - 341 B AR A2 46 R . 5—10 mm>
0—5 mm> 2—5 mm( [ 5) . HE KRR 1.8 m AEHh 2 AR B A MR B SR AR - 34 B A% 5 T
TFAKHEYR 3.0 m FEHILY, 1T 22 R AR A0 &Iy 0 AR F T SRR D) A bl KB YR 3.0 m A MK T M R KR
1.8 mAEEHY
3.4 ZHEENIL) L L T AR i A BN ] A HEUR AR R A i o

R KHETR 1.8 m A, AL A AR 68 Lt Bl A% i 38 K B B BRI (/1 6) , AR AR 9T AIeE Lo
YA A2 1.43.0.73 F10.81, Hi 0—2 mm B AR T b B35 5 FHE AR (P<0.05) , Hi R /KR
3.0 mAEH Z BN B AR L S8 KR 08 (181 6) , AR T Z BB 4 i A L7 2448 0 Sl 2
0.15.0.72 1 0.20, H:rf 2—5 mm ARH AR L B 25 T HEW MR P<0.05)

HUF /KRR 1.8 m FEHBAT 3.0 m #f b 2RI 2l 1 () b 1A= i A0 b T A ) 24 Bl 2 A A 348 R T 34
K, BRFEMIER(E 7)), HTFKEE 1.8 m FEHB 2RI L A9 A FC A E LA RER/ANT 1, Ui
FHFAZ R KM AR R TR KIEYR 3.0 m FEMB Z BRI S A i RIS RPR KT 1, %
Wb A B2 0BG M T AR i A S K, Z2 RO 4l B AR e L 5 S AR ) B W PR G Rtk — PR S T X —
(E7),

TEHL T /KRR 3.0 m FEHE , ZRAEMILN G AR R AV & F L0 TE 0—40 em 12, H B SR R AV =1
68.42% , bifi s + HEVR B 3 in 2 BOREMI 2 B AR R A s/ (1] 8) . ZREMIN A B B AR &R AR W o LA
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Fig.5 Characteristics of lateral roots of Tamarix ramosissima seedlings with different basal stem diameters at two sample sites with

groundwater depth of 1.8 m and 3.0 m
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Fig.6 Root-to-shoot ratio of Tamarix ramosissima seedlings with different basal stem diameters at two sample sites with groundwater depth
of 1.8 m and 3.0 m (Mean=SD)
AFKREG FhEFR R 96 2 5 i # (P<0.05)

0—20 cm +E2H K, N 42.57% , H Ik J 20—40 cm F180—100 em + )2, 5 251K 25.85%F1 13.42% ,120 cm
TEREUTRAEYEH AR 1%,

4 itig
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Fig.7 Aboveground and belowground biomass allocation of Tamarix ramosissima seedlings at two sample sites with groundwater depths of

1.8 m and 3.0 m
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Fig.8 Vertical distribution of percentage of root biomass of

Tamarix ramosissima seedlings at different soil layers in the sample

site with groundwater depth of 3.0 m
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