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Effects of drought stress on root architecture of different root- type alfalfa
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Abstract: To investigate the ecological adaptation strategies of drought stress on root plane and stereo geometry architecture
and fractal characteristics, pot experiment using three root types of alfalfa ( rhizomatous rooted Medicago sativa ‘ Qingshui’ |
tap rooted M. sativa ‘ Longdong’ , creeping rooted M. varia Martin. * Gongnong’ No.4) as the experimental materials was
conducted to set up the drought treatment experiments. The results showed that the total root length, total surface area, total
root volume and root average diameter of different root-type alfalfa decreased with increasing of drought concentration. The
root topological indices of different root-type alfalfa were small, and the root branching patterns were herring-bone-like. The
roots of different root-type alfalfa had obviously fractal characteristics, and the fractal dimension was small, while the fractal
abundance and the average link length were large, which indicated that they had simple root architecture and high ability to
expand living space. Smaller branching ratio and larger stepwise branching rate of different root-type alfalfa were helpful to
speed resource acquisition and promote taproot growth downward. Root architecture parameters were analyzed by the
principal component analysis. The parameters of total surface area, fractal abundance, total root length, total root volume,
fractal dimension, and specific root length could well present the root architecture characteristics of different root-type
alfalfa. Under severe stress, the total root length, total surface area, total root volume, specific root length, and specific

surface area of rhizomatous rooted and creeping rooted alfalfa were higher than tap rooted alfalfa, which showed that the
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adaptation to drought environment of rhizomatous rooted and creeping rooted alfalfa were stronger than that of tap rooted

alfalfa.

Key Words: alfalfa; drought stress; root type; topological index; fractal dimension
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Table 1 Effects of drought stress on root plane geometry architecture of different root—type alfalfa
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Table 4 Fractal characteristics of different root—type alfalfa under drought stress
Ab 3w 55 14F st year 52 42nd year
Treatment LR I SRR ST
Fractal dimension Fractal abundance Fractal dimension Fractal abundance
QS-CK 1.42+0.04a 3.58+0.03a 1.43+0.03a 4.21+0.10a
QS-M 1.39+0.01ab 3.30+0.07bc 1.37+0.02b 4.10+0.07a
QS-S 1.37+0.01b 3.28+0.03¢ 1.34+0.07¢ 3.88+0.15b
LD-CK 1.39+0.05ab 3.46+0.16ab 1.45+0.03a 4.07+0.19a
LD-M 1.35+0.04b 3.43+0.10ab 1.38+0.03b 4.01x0.18a
LD-S 1.32+0.04b 3.35+0.09bc 1.35+0.04¢ 3.96+0.07b
GN-CK 1.34+0.06b 3.47+0.07ab 1.40+0.02ab 4.11x0.16a
GN-M 1.32+0.05b 3.46+0.12ab 1.39+0.07b 4.09+0.13a
GN-S 1.30+0.08b 3.36+0.09bc 1.34£0.08¢c 4.00+0.19ab
x5 TEPETRAFHEEXES
Table 5 Correlation analysis of root characteristics under drought stress
Ijiﬁ; xl x2 x3 x4 x5 x6 x7 x8 x9 x10

x2 0.982"* 1.000

x3 -0.207 -0.185 1.000

x4 0.922"* 0917** -0.133 1.000

x5 0.619"* 0.595**  -0.462"" 0.523** 1.000

x6 0.180 0.210 0.182 0.289 " -0.321" 1.000

x7 0.871"" 0.893**  -0.234" 0.873** 0.572"* 0.281" 1.000

x8 -0.550"" -0.570"" 0.339"*  -0.492"* -0.378"" -0.172 -0.528"" 1.000

x9 -0.235" -0.283" 0.166 -0.297" -0.431"" 0.042 -0.481"" 0.285" 1.000

x10 -0.755"* -0.771"* 0.191 -0.747""  -0.651""  -0.060 -0.835"" 0.472"* 0.789 " 1.000

xl AR FR B Total root length;x2: #3 8 B R T AL Total root surface area;a3: # Z2FH4 FHAE Average root diameter; x4 : H3 28 L AFT Total root
Volume;xS:EFﬂ‘]i%TﬁﬁfE Average link length;x6;ﬁ)’%é’ﬁ%ﬁ( Fractal dimension;x7;ﬁ)’ﬂf$f§ Fractal abundance ;18 BTl g Topological index;x9; [t
HREK Specific root length;x10: lL R HIFR Specific surface area

*6 BEAEMFLERETHE

Table 6 The eigenvalue and contribution of each comprehensive index

85 Indices xl x2 x3 x4 x5 x6 x7 x8 x9 x10 E CCR/%
F s 1 0.93 0.95 -0.24 0.93 0.67 0.27 0.95 -0.64 -0.51 -0.88 5.92 59.21
Principal 2 0.11 0.11 0.63 0.19 -0.53 0.71 0.02 0.15 0.52 0.27 1.37 72.89
component 3 0.18 0.14 -0.59 0.06 0.19 -0.02 -0.03 -0.36 0.62 0.34 1.03 83.19

E F#F{H Eigenvalue; CCR: 211 57#k% Cumulative contribution ratio
3 itig

3.1 MRARTFmILAH T

TR AT A 0 o O AR R AL TR 25 DATE R 38 5, 3 S5 AR AR B k5 A 5 L T AR T
S8 O ZR AT IR A AT 253 0 IR AR T A 56 0, SRIL T SRS &P AR R ISOK 43 R 3R 43 5E
F T B AR5, A 5 3R SO R R E b7 ARBIFGE R, S50 HA A L i P2 A TR, 88 o 24 4 R A
KA 2 A MRAVE 75 1Y TRL RSA RV AD ¥ — R B /D X SZEIRM S st ahie—2 7, T R bha
AW ARA AL B FAGFET, R REG A AL =P B R A0 AR KRR BE BRI TR R A K B KA 2 47
BEMRA R ML ARBERIE 75109 TRL RSA RV .SRL Fl SRS ¥/ T EARB B 15 AFox i TRMWa T
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TRL RV RSA SRL SRS 5 Fhbi 6 1 5L i 3 1A G, ULHAMR ZE A0 AR BE R 5 1 40 ELR B B fE Lt e S
3.2 MR

MR ST U S50 5 X E SR Y T 56 4 T3 OIM G . ARBFRR R SR s T1 380N IR 38
] T SO S 2854, HOR G4 324 | RE PR 7 UK e 3 s 1), 38 N7 - S ORI SE 4K 43 B FR I g
HSCIRAY S B AR LR AR 30 | B 2 B A B 3R it A e SR i s AR K R ARG
PR K R BRI X SR AR IURE 1 S8 A KA AR 2 A BT S0 AR B AR, A5 AR R AR AR
PR BER IR, IR RAR R AE )2 R 0 0 A S Rkt AR R S AR TR S 4, il A5 AR AL 1 A AL A U LA
W R AE AR X G Leb ) AT (Phyllostachys edulis) M)A 2835 N T 5 30 PR 1 A0 25 S g — 3K
3.3 RS LEKITICHHE

MR 2R 43 0 R B I AR 2R B4 43 S RE T Rt 2 [A) (R FEAR BE Y L ARG o, R R Y 4E A KR 2 4F
2 HRELE A8 (10 B4 S 8N IR T SR 3 iRz i ok, HE AR, SRR S 15 10 Aoy R 2R A
B ARGy SORZEF B | B SORBINTTE AR 35 SORBER A B F G20 A P SR IRV HF AR 1]
AR AR AR 2 AR A AR A 1 R SRR GBS R TR R AR A A5 AR R I A 143 N
FIRGE R T SR8

I ARBORN = B RE X AR 2R 00 S 0 B 4R B T HLAE LI A R RE e oY L FD MR IR R R
iR, 2 FD AEB/N R IR R I/ R BE TS T AR R FA R, AR AR AE R T AR R
R ARBFIE R RIS AR A KA 2 RS R BB AR R FD 5/ FA 30K, AR AL 75 38 o 1 B 40 B
GEMRIE I T R AR . MR, FD SAR R KB AL A & R AR, 3X 5 Tatsumi fE—5,

4 Zig

TEMRATS R CYAR LA AR 2 47 BRI MRS MRBER A AR R B B R AR SR RUCF
Py E ARSI A5 MR R AR ZR B 1) T SCIR I SCEE A, AR 28 TSR A 20 AR 20 B I P 5 e it 5 25 AR AL 1Y
T AR AR I SRS B0 SCRBOR A B T IR A0 DR FRIBCRMIE 4 ARG 18] AR I A 3R S8 m sl R
ZHL BB IR T8 5 s SR T AR R BRI 0 TR E RO i ) 70~ DI AR AR A B AR AR (R S
A1 R BE 1058, AR TR E IR S ] 0 A, BB N ARSI ARBERY B iR R B SRR B
PRR AR LR T A S R FE R T AR B B 4 | R WIAR 2R AR BE R 1 7 X+ 5 A B 1) 3 17
ST EAARBE A,
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