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Response of Root Morphology and Water Use Efficiency

of Reaumuria soongorica to Soil Water Change
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Abstract: Reaumuria soongorica population is facing a serious degradation at arid and semi-arid region of
Northwest. Deficient water conditions impose restrictions on seedling establishment and survival of R.
soongorica. In order to study root morphology and water use efficiency of R. soongorica seedlings to provide
suggestions for rehabilitating degraded ecosystem, we studied the root morphology and water use efficiency
of R. soongorica seedling under different water conditions (full irrigation, FI; moderate irrigation, MI;
drought treatment,DT) by pot experiment. The results showed that: (1) R. soongorica seedling root mor-

phology demonstrated great variations under different water gradient and root order. With the decrease of
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irrigation amounts,R. soongorica root diameter and root volume were FI>MI>DT,but drought treatment
promoted the elongation growth of root and increased its specific surface area and specific root length,
which indicated that R. soongorica seedling through the changes of morphological characteristics such as
root elongation growth, root surface area increase, root volume and root diameter decrease to adapt to
drought stress. (2) With increasing of root orders,the root length and specific root length significantly de-
creased in different soil water conditions. However, the root with higher order had greater root diameter
and volume, these phenomena indicated the highly morphological variation of fine root system of R. soon-
gorica. (3)Compared with full irrigation, moderate irrigation and drought treatment made the total root bi-
omass and lateral root biomass of R. soongorica seedling increased 50. 00% and 19. 23% , respectively.
However,the above ground growths of R. soongorica were depressed with the decrease of soil water,espe-
cially the leaves biomass reduced at maximum, which decreased 62. 15% and 83. 28 % , respectively, which
resulted in the root shoot ratio increased with the reduced of irrigation amounts. (4)Drought treatment sig-
nificantly increased the R. soongorica seedling water use efficiency. We conclude that R. soongorica seedling
through the changes of morphological characteristics such as root length,root surface area and volume,and
diameter to optimize the spatial distribution of configurations in order to adjust the plant to improve water
use efficiency.

Key words: Reaumuria soongorica ; root length;root surface area; specific root length (SRL) ; specific root

surface area(SRA) ;root biomass;water use efficiency
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Table 1 Root length of R. soongorica in

different irrigation amounts

i8S . -
Root length/m Fl MI DT
1 AR
The first-order
lateral root

2 AR
The second-order
lateral root

3 AR
The third-order

lateral root

16.841+4.28 a 24.04£6.97a 26.30£2.27 a
13.574+2.16 a 14.78+6.51 b 18.79£0.17 a

3.5940.45b  4.38%£1.59 ¢  5.07£0.59 b

ﬁ 2.
BARK 34.01+£6.75

Total root length 50.17+2.56

43.20+15.06

T FLMIDT 735 4275 76 738 88 30k 5 30 388 . S 40 805 IR 9 S ) 5 B %
AT IAE 0. 05 P FAFE W 255 T I

Note:FI, MI and DT stand for full irrigation, moderate irrigation and
drought treatment, respectively; The dfferent letters in the same column indi-
cate significant difference among root branch order at 0. 05 level; The same as

below.
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Table 2 Effects of irrigation amount and fine root branch order on root morphology parameters
PCES i8N AR TR . ) T EE AR
< Zﬁﬂé{;’i . Root Total root Hﬁ,jfﬁk H:%E*H Root Root
Source of variation SRL SRA .
length surface area diameter volume
HEWE & X M Trrigation amount X Root order >0.05 >0.05 >0.05 >0.05 >0.05 < 0.05%
HEWE & Irrigation amount >0.05 >0.05 >0.05 >0.05 >0.05 < 0.05"
¥ Root order <0.000 1%~ <0.05" <0.05" <0.05* <0.05" <0.05"

Heox BEP<0.05); % » B E(P<0.01),

Note: * . Significant at 0. 05 level; * % . Highly significant at 0. 01 level.
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Table 3

LSIA
n

Root surface area of R. soongorica

in different irrigation amounts

EEIEN
Root surface
area/cm?®

1M
The first- order
lateral root

FI MI DT

88.82+27.49 b 126.41+38.18 a 138.96+23.18 a

2 AR
The second-order 179.80+33.03 a 156.08+66.16 a 251.69+50.84 a
lateral root

3 AR
The third- order
lateral root

BRMEH
Total root
surface area

67.14+9.17 b 69.81+16.04 b 86.884+9.87 b

335.76169.15 343.314120.34 477.52£33.94

4 ARAEBREEZHTLVHEIILRKMALZTAR
Table 4 Total SRL and Total SRA of R. soongorica in different irrigation amounts

i H Item FI MI DT
1 24 4R The first-order lateral root 39.42+2.38 a 53.924+19.62 a 60.90+4.63 a
WA K 2 2% MK The second-order lateral root 37.41+9.73a 49.574+10.15 a 53.09+5. 21a
SRL/(m/g) 3 g5 fi#} The third-order lateral root 12. 7441, 81b 26.98+5.42 b 24.69+8.99 b
BHAR K Total SRL 89.57+13.90 130. 46£22. 52 138.67+£12.58
1 2442 The first-order lateral root 203.13+19.73 b 282.54+106.92 b 320.77+51.81 b
e 2 ¢ # The second-order lateral root 496.17+133.75 a 538.374+131.89 a 694.914105.89 a
SRA/(em?/@) 3 gl 41 The third-order lateral root 237.57£35.08 b 388.28+48.03 b 411.87£131.77 b
B Total SRA 936.87+179. 85 1209.204175.53 1427.55+101. 82
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Table 5 Mean root diameter and total root volume of R. soongorica in different irrigation amounts
i H Item FI MI DT
1 24 The first-order lateral root 0.65+0.09 b 0.66+0.18 b 0.88+0.12 b
V2 AR 2 MR The second-order lateral root 1.33£0.15 a 1.04£0.04 a 0.91+0.11 b
d?f;ﬁﬂf; 3 9l #R The third-order lateral root 1.60£0.31 a 1.16£0.20 a 1.04£0.10 a
- B 4% Mean root diameter 1.19+0. 16 0.954-0.11 0.9440.06
1 MR The first-order lateral root 0.44£0.11 b 0.53£0.18 b 0.6840.06 b
R 2 %MK The second-order lateral root 1.76+0.27 a 0.96+0.18 a 0.78+0.03 a
Total volume
/em? 3 %4 lH The third-order lateral root 1.2040.38 a 0.69+0.12 a 0.62+0.11b
BAAF Total volume 3.40+0. 68 2.184+0. 46 2.09+0.13
x6 FRAEBEFBHTALVYHENE
Table 6 Biomass in R. soongorica seedling in different irrigation amounts
on I i
Treatment i i e it i B L Db
Lateral root Tap root Total root Branches Leaf Total aboveground
FI 1.11£0.18 a 0.4440. 25a 1.56£0.20 a 3.63+2.44 a 3.17+2.13 a 6.80+4.54 a 0.46+0.11 b
MI 1.5740.75 a 0.77£0.52 a 2.34+1.28 a 2.67ft1.12 a 1.2040.55 b 3.87+1.67b 0.66+0.13 a
DT 1.36£0.23a  0.50+£0.15a  1.86+0.33a  1.93£0.43a  0.53+0.03 c 2.4740.42 b 0.710.29 a

T« TR SN [ - b 3R A BRI AE 0. 05 KT AR 7E B3 1 2 5

Note: The different letters in the same column indicate significant difference among treatments at 0. 05 level.
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Fig. 1 Water dissipation amount by transpiration(A) and water use efficiency(B)

in R. soongorica seedling with different irrigation amounts

The different letters indicate significant difference among treatments at 0. 05 level

3 0 e
3.1 REKS & TR 4 R R BT AE 7 5B
FEK SR AE 2% O F LR R 27 2 45 A
S5 T A HORE B R B, R R — 2 2
FRAEHS B » WA K AR 2 T B AR B LR | AR
e B T B T L WIS A 0 7K S W
P T A A A P A L Ak 1
F 40 K o AR R AR e B A AR R
LA A AR T % T UK e e BB R 9 9t
ST A T B e e W R B
T IR B A RO RO R I K2
ST AR 2 U 38 AR 0 2
Rt JERT AT BEGEAR T A AR
FIAR P-4 PO A/ LA A 1 %6 AR R 0 A
HERTE T WA A 8 F ST . A 5 % B K
SR AR LU 4 AR R I SR (7 46 9 2
HE AR R — B 3 22 5 2 R LA (K B A
HUP b 7 T 09 2 T 41 5 4y 4
PP AR I K A 353 80T 4R R B B
54—y T W A AR P A R
> 2 T BURL B0 L2 i A A
R LG 2 YDA IILI . BCF R T R Ah B
AR A2 AR AR R 0
VERA 1 1 4 77 A S £ 5 2 5 2 2 AL
012121 65 4 AR R AT B B O
Iy HEARGYI NS BT A B T 5 B 20 b4
EUES/RER TS T-E VN 8 CcN U2 T
LA A AR AR I AR R 2 B R
S - e A T 5 AR R L 2

WeRE Sy SR G R RE ST . S A BESE R R BAR Y Z
[B] 25 MR S 48 bn 26 S ak B 1 I 2 O KO L 3R
WL RD AR PN R R A I A S A L O 5 A
MR 1 £ B2 A AT TR 2R ] 25 Al ] 28 4 1) 245
_.ﬁ[wzﬂo
3.2 AEXSEFHTAVHEENES LR

TEIK 73 W38 25 AR o AR 20 94 5 A W Y
P AR Jey LE W 396 358 #0058 . R WF T R W A A
BRI MB 2T AR R DR BT AR
ZAEYENZ HUE LR BRA PR
L HKAT A AR R AR R R AR R
5500 S50 HEBRAR LU 3 L 9 T8 R T 54k PR 0 AL
AR AR SRR A GOAR AR A AR A
S X Al e K 2w A BE T LR 4 AR R
A DL R85 2 B3 I 38 PR35 . KT i R
0N R AR RN N B 1B e o N S I 1 TR
) e I B I 7 A e A B e A DT
KT, X 5K 2 BP0 A9 o 98 25 2R —
BT R 4y A B BT T R A B
T RETE A AR AR AR A L DA DR e 4 fh e AR
W B 22 19 K o3 AR o3+ EL3E J i PRI sl v A1
JK 3 1F FE 3l G 0 TR K 7 5 Bk
3.3 AEKSEFHTOAWEKSF AR

FE TR G Wiy 368 25 P B AR Wl 48 s K 20 R RS8R i
TSI . KSR, T AT LU
2w A W 0 K A3 R RORE
AFURL Otman 555 B 90 & BUTEIE BT 538 T 42
1T T K o A AR S B L A T AR 5 28
1M+ Saeed S5 BTG H L 35 BE 17K 43 9 0E 2 [ i 3R
7 AR S B o MR . AR R B

Bauder™"” | Grimes



1204

[N [ 7/ B S 4

34 #

T R4 LTS 4y B M b A W iR R R K B AR B
% AEK S R RCR A de v . DA T AL B LD 0 4)
P AT 5 1) T KR T A I K o AR 7 T X 5
ZAEYAE T 5 P8 nT L3R i HOK o B RTOR (14 45

B R4 P AT b 4 R AR R A
K EARAR AN A A PR AR 1 5 W . R i

O SR O T LT R M 5 i T AL BT D 4l
Z I FE K AR B d5 /DN T 7K 23 ) JH 2003 A0 K i 2 4
R DU Y O SR R T R . R T
SRR P BRI M R B i i ST A
T8 X WL RE AP T R TR Xz 0
A 1 322 RUA

Sk

[1] GUTIERREZ ] R.WHITFORD W G. Chihuahuan desert annuals:importance of water and nitrogen[ ] ]. Ecology.1987.68:2 032—2 045,
[2] JIA W S,ZHANG ] H. Stomatal movements and long-distance signaling in plants[]J]. Plant Signaling and Behawvior ,2008,3(10):772—
777.
[3] RENY ZHUEK¥) . XU Y H(#EHi16) .DING ] PCT #3F) ,et al. Regulation of abiotic factors on the plasticity of plant root development
[J]. Chinese Agricultural Science Bulletin (] [H 4 £ @ 40) . 2011,27(9) : 34 —38(in Chinese).
[4] DE DORLODOT S,FORSTER B, PAGES L, et al. Root system architecture: opportunities and constraints for genetic improvement of
crops[J]. Trends in Plant Science »2007,12(10) :474— 481,
[5] DING H(T #1),ZHANG ZH M2 %), DAT L X(# B ) . et al. Responses of root morphology of peanut varieties differing in
drought tolerance to water deficient stress[J]. Acta Ecologica Sinica (4252 4%) ,2013,33(17):5 169—5 176(in Chinese).
[6] YAMAUCHI A,PARADALES] J R,KONO Y. Root system structure and its relation to stress tolerancel M]//ITO O, KATAYAMA K,
JOHANSEN J V D K.,. Root and Nitrogen in Cropping Systems of the Semiarid Tropics. Tsukuba,Japan:Cultio Corporation,1996:211—
233.
[7] MU Z X(FEH#) . ZHANG S Q(7k 2 I ) , HAO W FUR 3L 35) v et al. The effect of root morphological traits and spatial distribution on
WUE in maize[ ] ]. Acta Ecologica Sinica (A 355410 ,2005,25(11) :2 895—2 900(in Chinese).
[8] LIUY B,ZHANG T G,LI X R,et al. Protective mechanism of desiccation tolerance in Reaumuria soongorica :leaf abscission and sucrose
accumulation in the stem[ ] |. Science in China (Series C),2007,50(1) :15—21.
[9] XU H,LI Y. Water use strategy of three central Asian desert shrubs and their responses to rain pulse events[ ]J]. Plant and Soil ,2006,
285:5—17.
[10] YU SH W(£%30),SUN Z Y(FNAE K) . ZHOU A G(JE%Z ) ,et al. Determination of water sources of Gobi plants by D and O stable
isotopes in middle reaches of the Heihe River[J]. Journal of Desert Research (F [E¥P7) ,2012,32(3) :717—723(in Chinese).
[11] BERNTSON G M. The Characterization of topology:a comparison of four topological indices for rooted binary trees[J]. Journal of The-
oretical Biology1995,177:271— 281,
[12] MA T CH(HZEE),YU R R(£% %) .CHEN R J(E7Z) et al. Effect of drought stress simulated with PEG-6000 on root system in
rice seedling[J]. Chinese Journal of Eco-Agriculture (P [ A 35400 2% 4i0) ,2010,18(6) : 1 206 —1 211(in Chinese).
[13] JONGRUNGKLANG N, TOOMSAN B, VORASOOT N,et al. Rooting traits of peanut genotypes with different yield responses to pre-
flowering drought stress[J]. Field Crops Research ,2011,120:262—270.
[14] WANG H,SIOPONGCO J,WADE L J,ez al. Fractal analysis on root systems of rice plants in response to drought stress[J]. Environ-
mental and Ex perimental Botany »2009,65 ;338 — 344.
[15] HAN D L(#f#2) , WANG Y RCTE & 28). Adaptability of Medicago sativa under water stress[]]. Acta Prataculturae Sinica ()%
%) ,2005,14(6) ;7—13(in Chinese).
[16] LI W R(ZEX#).ZHANG S Q(ik £ i), DING SH Y(T % ) .et al. Root morphological variation and water use in alfalfa under
drought stress[J]. Acta Ecologica Sinica (MEZ52£4),2010,30(19) .5 140—5 150(in Chinese).
[17] CAILPGEE ), WU P F(25 %), HOU X L), et al. Morphological response to different drought stress in the roots of
Neyraudia reynaudianal]]. Chinese Agricultural Science Bulletin (W [E 2 4) ,2012,28(28) :44—48(in Chinese).
[18] LOU CH H(Z# i J5). Signal transport and integral behavior in maintaining water economy in higher plant[J]. Chinese Bulletin o f Bota-
ny CREY) 24 847D .2000,17(5) :475—477(in Chinese).
[19] PREGITZER K S,DEFOREST J L,BURTON A ],et al. Fine root architecture of nine North American trees[ ]J]. Ecological Mono-

graphs,2002,72.:293—309.



6 34

BAST UL A LT A AR R T 2SR AE R K S5 ) 5k SR A K 7R Ak B i 1205

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

PREGITZER K S,KUBISKE M E.YU C K,et al. Relationships among root braneh order,carbon,and nitrogen in four temperate species
[17. Oecologia,1997,111:302— 308

WELLS C E,GLENN D M, EISSENSTAT D M. Changes in the risk of fine-root mortality with age:a case study in peach, Prunus persica
(Rosaceae) [ J]. American Journal of Botany,2002,89:79—87.

GUO D L,MITCHELL R J,HENDRICKS J J. Fine root branch orders respond differentially to carbon source-sink manipulations in a
longleaf pine forest[J]. Oecologia,2004,140;450—457.

WITHINGTON J M,REICH P B,OLEKSYN J,et al. Comparisons of structure and life span in roots and leaves among temperate trees
[J]. Ecological Monographs ,2006,76,381—397.

WANG Z Q.GUO D L,WANG X R,et al. Fine root architecture, morphology,and biomass of different branch orders of two Chinese
temperate tree species[ J]. Plant and Soil ,2006,288:155—171.

QI W(¥ ), ZHANG ] WK HFIE) . WANG K J(E 25 %), et al. Effects of drought stress on the grain yield and root physiological
traits of maize varieties with different drought tolerance[ J]. Chinese Journal of Applied Ecology (N FIHEZAS%#3R) ,2010,21(1) :48—52
(in Chinese).

WANG Q J(EFRZ) . LI M X(ZEHE) ,ZHAO H LGB %2 5:) et al. Study of the effect of control irrigation on the growth of rice root
[J]. Chinese Agricultural Science Bulletin (WP [E 4248 4R) ,2008,24(8) : 206 —208(in Chinese).

SHAN L S,ZHANG X M,WANG Y K,et al. Influence of moisture on the growth and biomass allocation in Haloxylon ammodendron
and Tamaracks ramosissima seedling in the shelterbelt along the Tarim Desert Highway, Xinjiang, Chinal[ ] ]. Chinese Science Bulletin ,
2008,53:93—101.

WEI L L(EHEFi#)D . ZHANG X Q(ik/N4) ,HOU ZH HUEHEZ) set al. Effects of water stress on photosynthesis and carbon allocation
in Cunninghamia lanceolata seedlings[J]. Acta Phytoecologica Sinica (F¥) 425 »2005,29(3) :394—402(in Chinese).

HUND A,RUTA N,LIEDGENS M. Rooting depth and water use efficiency of tropical maize in bred lines, differing in drought tolerance
[J]. Plant and Soil ,2009,318:311—325.

BAUDER ] W. Alfalfa water use and production on dry land and irrigated sandy loam[]]. Agronomy Journal ,1978,70:75—99.
GRIMES D W,WILEY P L,SHEESLEY W R. Alfalfa yield and plant water relations with variable irrigation[ J]. Crop Science ,1992,32:
1381—1 387.

OTMAN M ], TICKES B R,ROTH R L. Alfalfa yield and stand response to irrigation termination in an acid environment[ ] ]. Agronomy
Journal .1996,88:44—48.

SAEED I A M,EINADI A H. Irrigation effects on the growth,yield and water use efficiency of alfalfal J]. Irrigation,1997,17:63—68.
JIAY(E  5),XU BCHUEM ) s WANG X LOFE W) et al. Effect of ridge and furrow micro-catchment on soil water in seeded
Medicago sativa grassland in the semiarid loess hill and gully region of Northwestern Chinal[ J . Acta Phytoecologica Sinica (K ¥t 252
#2),2007,31(3):470—475(in Chinese).

KONG X YFLEERD) s WANG Y Q(F K R) .SUI X LOEBETH) s et al. Effects of irrigation on roots distribution and water use efficiency
of own-rooted and grafted cucumber in solar greenhouse[ J . Acta Horticulturae Sinica (f& 252#4%) ,2012,39(10) :1 928 —1 936 (in Chi-

nese).



