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Effects of low phosphorus stress on root architecture of sainfoin
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( College of Pratacultural Science, Gansu Agricultural University, Key Laboratory
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Abstract ; To study the effects of low phosphorus stress on the root architecture of sainfoin, five sainfoin mate-
rials grown for 80 days were treated with constant normal phosphorus (1.00 mmol - L' KH,PO,, NP) and low
phosphorus stress (0.01 mmol + L.”' KH,PO,, LP) by nutrient solution sand culture method. Samples were taken at
0,12 days and 24 days respectively, and the planar and three-dimensional geometric architecture of roots were stud-
ied. The results showed that under low phosphorus stress, the root length increased, and the phosphorus sensitive
sainfoin 6 had the largest increase at 12 d and 24 d of stress, by 25.60% and 35.06% , respectively. However, the
root surface area, root volume, root average diameter and root tip numbers were significantly inhibited, and with
the increase of stress days, the inhibitory effect became more significant. The total number of internal connections of
the longest root system channel of the tested material increased, while the total number of external connections of
the root channel decreased. At 24 d of coercion, the low-phosphorus tolerant sainfoin 5 had the largest decrease,
with a decrease of 26.49%. The topological index of the tested materials were all small, close to 0.5, and the root
architecture was close to dichotomous branching, which increased with the extension of stress time, and had a tran-
sition to herringbone branching. At 24 d of stress, the topological index of low-phosphorus tolerant sainfoin 5 and
10295 increased the most, 12.85% and 12.91% respectively. The fractal dimension of each material increased with

the increase of stress days, while the fractal abundance decreased.At 24 days of stress, the increase of fractal di-
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mension of low-phosphorus tolerant sainfoin 5 was the largest, and the decrease of fractal abundance was the smal-

lest, which was 5.71% and 4.69% higher than that at 0 days of stress, respectively. Indicating that low-phosphorus

tolerant sainfoin 5 had a stronger ability to adapt to the stress conditions by changing the root architecture.

Keywords: sainfoin; root architecture; low phosphorus stress; topological index; fractal dimension
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Fig.1 Schematic diagram of topological structure of root system
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Table 1 Effects of low phosphorus stress on root plane geometry architecture of different sainfoin materials
PR B REd bR K/ em HRAKF em? RFEEF cm? WRFHEA/mm biEEIN
Material ~ Stress day Treatment Root length Root volume Surface area Average diameter Root tip number
0 LP 188.60+8.59bB 0.33+£0.03aA 13.52+0.78abA 0.24+0.03bB 412+29.51bcA
NP 186.51+2.91bB 0.32+0.01aB 13.74+1.00bB 0.24+0.01bC 392+16.79¢B
6 2 LP 236.90+14.15bA 0.31£0.02abA 13.82+0.62bcA 0.27+0.03bB 365+8.19bB
NP 195.26+7.51bAB 0.33+0.01bAB 15.18+1.33abB 0.38+0.03cdB 453+22.9bA
) LP 254.74+10.41bcA  0.29+0.01aA 14.14+1.07abA 0.32+0.02cA 350+12.66bB
NP 202.76+7.59bA 0.34+0.01cA 17.84+1.30aA 0.51+0.02cA 467+24.25bA
0 LP 194.01+£18.60bC 0.30+£0.02aA 14.36+1.14abA 0.38+0.08aB 430+29.31bA
NP 197.43£19.37bA 0.30+0.02aB 13.69+0.45bC 0.38+0.05aC 421+28.27bcC
5 2 LP 263.80+5.66aA 0.28+0.02bA 14.83+0.75abA 0.45+0.02aB 394+15.78bB
NP 203.94+9.53bA 0.31+£0.01bAB 15.21+0.72abB 0.58+0.07aB 467+13.23abB
o LP 240.88+12.67dB 0.27+0.01bA 15.14+0.61abA 0.58+0.06aA 316+16.80cC
NP 211.69+7.56bA 0.33+0.01bA 18.85+£0.96aA 0.77+0.05aA 530+27.54aA
0 LP 200.20+6.49bC 0.32+0.03aA 13.23+0.43bA 0.22+0.02hB 420+8.54bA
NP 197.04+16.86bB 0.32+£0.07aA 13.46+0.15bC 0.21+£0.01bC 444+16.32bA
| 12 LP 234.18+14.25bB 0.31+0.04abA 13.46+0.42cA 0.28+0.06bAB 381+18.15bAB
NP 206.83+3.98bAB 0.32+0.02bA 14.65+0.48bB 0.35+0.03dB 454+36.72bA
) LP 268.65+3.58abA 0.29+0.00aA 13.72+1.10bA 0.31£0.02cA 351+15.59bB
NP 221.58+5.81bA 0.33+0.01cA 17.69+0.99aA 0.49+0.02cA 484+47.79bA
0 LP 189.13+16.21bB 0.32+0.03aA 14.16+0.74abA 0.34+0.04aB 382+9.91cA
NP 193.26+25.09bA 0.33+£0.02aA 13.76+0.45hC 0.34+0.03aC 413+23.57bcB
10295 2 LP 225.08+13.28bA 0.30+£0.02abA 14.69+0.86abA 0.40+0.08aB 356+27.78bB
NP 201.85+6.06bA 0.34+0.01aA 15.17+0.36abB 0.48+0.03bB 423+27.38bB
o LP 219.91+7.73cA 0.29+0.02aA 14.94+0.48abA 0.52+0.03bA 318+28.25¢C
NP 213.61+6.86bA 0.36+£0.01aA 18.65+£0.26aA 0.63+0.03bA 543+15.29aA
0 LP 259.20+14.63aA 0.35£0.06aA 14.63+0.85aA 0.37+0.02aB 486+13.65aA
NP 259.20+11.00aA 0.35+£0.02aA 15.18+0.95aB 0.36+0.02aB 495+25.65aB
cs 12 LP 272.70+11.22aA 0.33+£0.02aA 15.02+£0.67aA 0.40+0.03aB 441+21.18aB
NP 263.58+25.29aA 0.36+0.01aA 16.31+0.53aB 0.46+0.1bcAB 513+36.93aAB
o4 LP 275.50+9.72aA 0.29+£0.02aA 15.45+1.12aA 0.49+0.02bA 401+10.10aC
NP 266.83+23.65aA 0.36+0.00aA 19.00+0.97aA 0.56+0.10bcA 558+6.61aA

AFVNG FREFRR AR RHRE P8 RECE F P<0.05 KT 5 %,

SRFE, TR,

Note : Different lowercase letters indicate significant differences at P<0.05 level for different materials under the same stress day, different capital let-

A

ters indicate significant differences at P<0.05 level under different days of stress of the same material. The same below.

R DR R MG K AT T P<0.05 KT 2%
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Fig.2 Fractal characteristics of roots of different sainfoin

materials under low phosphorus stress
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Table 3  Topological parameters of the root systems of different sainfoin materials under low phosphorus stress

T
pop PRIy
X Stress A M TI q, q, Pe b
Material Treatment
day/d
0 LP  21+14IcB 412+29.51bcA  0.50+0.02bcB 0.03+£0.01abB 0.08+£0.01aA 3515+385.41aA  8.53+£1.95aA
NP 20+1.46cA 392+16.79¢B 0.50+£0.03bcA 0.03+£0.01abA 0.1+0.01aA 4017£245.84aA  10.28+0.97aA
6 . LP  22+1.38cAB 365+8.18bB 0.51£0.02bAB  0.03+0.01bB 0.09+0.01bA 3134+317.89abA  9.01x1.49abA
NP 21+1.63cA 453+22.89bA 0.49+0.02bA 0.03+£0.00bA 0.06+0.01abB 2406+151.4bB  5.22+0.66hB
" LP  24+1.15bA 350+12.66bB 0.54+0.01cA 0.04+0.00bA 0.1+0.02bA 3134+317.89abA  9.01+1.49abA
NP 22+1.71bA 467+24.25hbA 0.50+0.02bA 0.03+0.00bA 0.06+0.01aB 2406+151.4bB  5.22+0.66hbB
0 LP  24+1.41abC 430+29.30bA 0.52+0.01abC 0.03+0.00aC 0.08+0.01aB 3388+424.57aA  7.87+0.74aA
NP 24+1.63bA 421+28.26bcC  0.52+0.02abA 0.04+0.01aA 0.08+0.03aA 3186+246.46aB  7.7+0.51aA
5 0 LP  28+2.05abB 394+15.77bB 0.55+0.02aB 0.05+£0.01aB 0.09+0.00bA 2167+251.16bB  7.83+0.66bA
NP 26+1.50abA 467+13.22abB  0.52+0.01aA 0.03£0.00aA 0.05£0.01bA 5184+114.28aA  9.84+1.30aA
" LP  32+222aA 316+16.80cC 0.60+0.02aA 0.07£0.01aA 0.1+0.02bA 2167+251.16bB  7.83+0.66bA
NP 28+1.50aA 530+27.54aA 0.53+£0.01aA 0.03+£0.00aA 0.07£0.01aA 5184+114.28aA  9.84+1.30aA
0 LP  20+1.41bcB 420+8.54bA 0.49+0.01cC 0.03+0.00bC. 0.09£0.01aA 4476+276.33aA  10.68+0.78aA
NP 20+1.83cA 444+16.31bA 0.49+0.02cA 0.02+£0.00bA 0.08+0.02aA 4049+197.23aA  9.2+0.63aA
1 B LP  22+1.29¢B 381«18.15bAB  0.51+0.01hB 0.03+0.00bB 0.10+£0.02abA 2970+275.13abB  8.47+1.76bA
NP 21+1.71cA 454+36.72bA 0.49+0.01bA 0.03+0.00bA 0.07+0.01abA 4182+293.68aA  8.63+0.02abA
" LP  25+0.96bA 351£15.58bB 0.54+0.01cA 0.04+0.00bA 0.10£0.01bA 2970+275.13abB  8.47+1.76bA
NP 22+1.50bA 484+27.79bA 0.50+0.02bA 0.03£0.01bA 0.07£0.02aA 4182+293.68aA  8.63+0.02abA
0 LP  23+2.65bcB 382+£9.91cA 0.52+0.02abB 0.03+0.01aB 0.10£0.04aA 4081£254.19aA  9.28+1.18aA
NP 23+1.50bcB 413+23.56bcB  0.51£0.01abcA  0.03+0.00abA 0.09+£0.02aA 4247+£199.09aA  10.35+1.71aA
10295 " LP  26+0.82bB 356+27.78bB 0.55+£0.01aB 0.05+£0.01aB 0.12£0.03aA 3793+280.87aA  11.88+1.29aA
NP 25+2.08bB 423+27.37hB 0.52+£0.01aA 0.04+0.00aA 0.07£0.02abAB ~ 4227+123.20aA  7.83+0.30abA
" LP  31£2.40aA 318+28.24¢C 0.59+0.03abA 0.07£0.02aA 0.13£0.01aA 3793+280.87aA  11.88+1.29aA
NP 28+1.29aA 543+15.28aA 0.52+0.01aA 0.03+0.00abA 0.06+0.01aB 4227+123.20aA  7.83+0.30abA
0 LP  27£2.04aB 486+13.64aA 0.53+£0.02aB 0.04+0.01aC 0.07+0.01aA 4446+129.49aA  9.17+1.20aA
NP 28+2.16aA 495+25.64aB 0.53£0.01aA 0.04+0.01aA 0.08+0.00aA 5069+239.68aA  10.25+0.21aA
s 1 LP  30+1.29aAB 441+21.18aB 0.55+0.00aA 0.05+0.00aB 0.08+0.01bA 3090+134.81abB  7.70+0.73bA
NP 29+2.65aA 513+36.92aAB  0.53+0.02aA 0.04+0.01aA 0.09+£0.04aA 4569+490.72aA  8.20+0.97abA
" LP  31£1.71aA 401+10.10aC 0.57+£0.01bA 0.05+0.00bA 0.08+0.00bA 3090+134.81abB  7.70+0.73bA
NP 30+2.38aA 558+6.60aA 0.53£0.01aA 0.04+0.00aA 0.06£0.00aA 4569+490.72aA  8.20+0.97abA

A G MM THHAME G ¢, MBEHIMER g, 5 q) MBEHTMER g, 5 Pe: BIEIEG b PN

Note: A: Level A; M: Exterior link; T7: Topological index; ¢, : Corrected topological index g, ; ¢, : Corrected topological index g, ; Pe: Link num-

ber; b: Average link length.
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Table 3  Correlation analysis of root architecture of different sainfoin materials under low phosphorus stress

bR

Tordex X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X1 X12 X13
X1 1.000
X2 -0052 1.000
X3 0180  0443" 1000
X4 0163 00%  081°* 1000
X5 0.021 0.793"* 0693"* 0412 1000
X6 0.584** —0476** 0078  0436* -0409*  1.000
X7 0.662** —0.084  0434*  0672"* 0077 0874 1000
X8 0228 -0008 -0.182 -0216 -0.181 0230 0150 1.000
X9 0218  0470** 0207 0004  0420" -0060 0154  08M4** 1000
X10 0488 -0573"* -0.016 0353 -0538"* 0979°* 0782"* 0231 0139 1.000
X1 0111 -0529** -0506** 0331  -0.782"* 0467"* 009  0734** 026 055" 1.000
X12 0363" -0.663"* -0016 0426 -0513"* 0917°* 0718"* 0109 -0223 095" 045" 1000
X13 -0480"* 0343 0298 0389 0547 -0225 0030 -0.I58 0184 -0282 -0449* -0.151 1.000
T w AE P<O.01 BB E AR, # £ P<0.05 K P E A X1 ARR SR X2 MR B AR X3 IR R T B X4 HRUA B

X5 ARIBL X6 AHMERG XT AP A X8 VI L X9 BB R X 10 T MB IESE KL ¢, s X1 1L WAMBIESE R g, X 12 20E 450, X13 . 0

)

Note: * = ; Significantly correlated at P<0.01 level, * ;Significantly correlated at P<0.05 leve. X1 :Root length, X2 Average root diameter; X3 :To-

tal root surface area;X4:Root volume ;X5 :Root tip number; X6 Topological index; X7 ; Level A;X8: Average link length; X9 Link number; X10: Corrected

topological index ¢, ; X11:Corrected topological index ¢, ; X12; Fractal dimension;X13:Fractal abundance.

Far, SUIRP X IR By X%, R %, N4
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PR gz R AT A AS [R) A AR 2R A8 7R 1
IS e BRAS [] () 365 1 SR, AN B9 2 B, A ) i
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