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Responses of root morphology of peanut varieties differing in drought tolerance to

water-deficient stress

DING Hong', ZHANG Zhimeng'" * , DAI Liangxiang', SONG Wenwu', KANG Tao"*, CI Dunwei'
1 Shandong Peanut Research Institute, Qingdao, Shandong 266100, China

2 College of Agronomy, Xinjiang Agricultural University, Urumqi, Xinjiang 830052, China

Abstract; Peanut (Arachis hypogaea 1..) is an important economic and oil crop in China, which is characteristic of
drought- and infertile-tolerance. Long-term rainless or seasonal drought is an important environmental factor limiting peanut
productivity and main factors affecting aflatoxin infection before peanut harvest. As the major interface between the plant
and various biotic and abiotic factors in the soil environment, root tissues could produce root-to-shoot chemical signals to
regulate stomatal closure and thus reduce transpiration. Root could change morphological, physiological and biochemical
characteristics to adapt to different soil water environments. The plant root configuration may show significant differences
under different soil moisture conditions, and thus affect the ability of plant roots to absorb nutrients and water. Researches
on the relationship between root morphological development and drought tolerance under different soil moisture conditions
had a very important role for better understanding peanut water absorption, transporting, utilization, loss mechanisms and
for cultivating different drought tolerance peanut varieties. To clarify root morphology of peanut varieties differing in drought

tolerance and its function for drought resistance in peanut, the drought-resistant varieties “Huayu 227, “Tangke 8” , and
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drought-sensitive variety “Huayu 23” were planted in the anti-canopy tanks using the soil column under two soil water
conditions; well-watered conditions and medium drought ( corresponding soil water contents are respectively: 80% —85%
and 45% —50% of field moisture capacity) with three replications. Roots were sampled at 68, 99 and 132 days after
sowing ( DAS). Root length, root surface area and volume were determined by a scanner and analyze by WinRhizo Pro
Vision 5. 0a software. Pod yield was recorded at harvest. The drought coefficient (DC) was calculated as the ratio of the
yield under water stress treatment to that under well-watered conditions. The result showed that drought treatment improved
the root to shoot ratio of drought-resistant varieties, while the effect on drought-sensitive variety was not obvious. Drought
coefficient indicated that the drought resistance ability of the three peanuts in turn was “Tangke 8”7, “Huayu 22”7 and
“Huayu 23”. The root biomass, total root length, total root surface area and volume of drought-resistant varieties were
significant higher than those of drought-sensitive variety. Correspondingly, the root system of drought-resistant varieties
developed much stronger compared to drought-sensitive variety. The total root surface area and volume of drought-resistant
varieties were enhanced by drought stress, while decreased in drought-sensitive variety. Drought treatment significantly
improved the distribution percentage of root length density, root surface area and volume of “Huayu 22” in the soil layer
below 20 cm, while these morphological characteristics in “Tangke 8” only increased in the 20—40 cm soil layer. Though
not significant in statistics similar phenomenons were also observed in another drought-resistant variety, “Huayu 22”. The
root total length, total surface area and root traits in the 0—20 cm soil layer of peanut showed significant or very significant
positive correlation with grain yield. In summary, under water-deficient condition, peanut could efficiently utilize water

through increased the root length, root surface area, root volume and other morphological characteristics in the deeper soil.

Key Words: peanut (Arachis hypogaea 1.. ) ; varieties; drought tolerance; root morphology; drought stress
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Table 1 Effect of different water treatments on peanut biomass

o Fr RAEYE Hb bR i /5 hiE R

i b F . . .

Variet Treatment Yield Root biomass Shoot biomass Root to Drought

anely reatmen /(g/Bk) /(g/ ) /(e/Fk) shoot ratio coefficient

HH 22 5 HY22 WO 7.28+0.21b 1.26+0.07a 11.38+0.93ab 0.11+0.02ab 0.78
CK 9.34+0.80b 1.05+0.02c 11.18+0.49ab 0.09+0.01bc

JEFL 8 5 TK8 wo 10.43+2. 18ab 1.21+0.01ab 9.79+0. 60c 0.12+0.02a 0.81
CK 12.83+0.67a 1.15+0.02b 10.55+0. 14bc 0.11+0.00a

HEH 23 5 HY23 W0 3.73+0.80c 1.00+£0.07c 11.24+0.46 ab 0.09+0.00c 0.42
CK 8.87+1.27h 1.03£0.05¢ 12.09+0.71a 0.09+0.01¢
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Fig.1 Effect of different water treatments on root morphological character in different peanut varieties
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JERHY T | 6 B R T 2 - P AR K 28 B A3 A LG T R e AR R IOK B R AR,
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“TEH 23 573 Fh 0—20 em T2 4351 b IE % sk 4b P1>40cm  [120—40em [ 0—20cm
FRIH 4. 76% 13. 64% F1 60. 00% 20—40 cm T /214 HY22 TK8 HY23

100

N

fi15.38% 100% F1100% , AS[EZK 4340 FEX 45 Fil 40
em PR 2R R A YE 2w AN E , S i 1e

22 SRR R T R 8 B IR X =2 /
“TEH 23 57T W ﬁk_ 60
R R 2% 2 T BUR P BB L R VR R 2 e s 2
R B PR R e 22 B RS BE
57 WIFR 20—40 om LI PROR, ERBOKAREFIL E )
B+ VRSN RAR ; 267 23 5 Wik sbbin %
HEHTF 20—40 em EHR R ETEAEKBRE L, © o i L 1
TEMOAET 3 HF 0—20 cm +E R R FR R KbFE Treatment

FMATRIIREAR, « FEARL 8 57 B I e B e K, MR R 3R TR B2 Tkl A T R K b
FPRBUN A 41.319% F131.23% .+ 5 Bid Ab AT Fig.2 Distribution percentage of root length density in different
AL 20—40 em TJZ AR R R EAAABIENN, X water treatments

TR i A C B S, T R E AR AL F 22

SUHAEE 23 5740 em LU )2 AR FR R B AVACRR S S5 0, 05 A o A A 1 I B2 53501 R 88. 80%
84.14% , KT T R UER F A Y 12.47% 18.60%
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Table 2 Changes of root spatial distribution of different peanut varieties under different water treatments

i b HRZA Y Root biomass/ (/) MM Root surface area/ (em?/#f) AT Root volume/ (em?/#k)
Variety Treatment  0—20 ¢m 20—40 cm >40 cm 0—20 cm 20—40 cm >40 cm 0—20 cm 20—40 cm >40 cm
wE25 W0 0.63+0.06b  0.30+0.01b  0.33+0.01a 184.20+11.53¢ 234.55+21. 70bc 243.02+36.29a  2.46+0.08c  2.83+0.17b 2.67+0.01a

CK 0.66+0.00b  0.26+0.04c  0.1320.0lc 276.67+5.09b 199.45+10. 64cd 128.72+15.18b  3.28+0.08b  2.16+0.11c 1.45+0. 18hc
JEFF8 5 wo 0.66+0.00b  0.44+0.03a  0.11+0.02¢ 191.92+6.17¢ 266.25+12.29ab 128.00+19.67b 2.62+0.0lc  3.38+0.05ab 1.67+0.25b

CK 0.75+0.03a  0.22+0.02d  0.18+0.02b 327.06+25.34a 163.42+24.36d 151.51+21.53b 3.81+0.48a 1.84x0.25d 1.71£0.23b
HE235 W 0.40+0.04c  0.46+0.0la  0.1420.04bc 123.23+15.36d258.05+4.73ab 123.59+13.52b 1.24+0.02d 3.09+0.02b 1.53+0.25he

CK 0.64+0.04b  0.2320.0lc  0.1420.02bc 190.44+2.61c 295.38+41.31a 109.89+12.88b 2.39+0.07c 3.81+0.63a 1.29+0.16¢

2.5 MREMRGFEAARIEDH

13 3 AT, SR RIAR 2R 3 T AR5 7 ) 422 1 3 TEAH G020 em 1 )2 A% AR SR MR 38 5 7 TR 1A
BFIERIIKF, 20—40 em HJZNAMR R MRS 75 A S A, BRI A% BE 230 A LU ] 5 2 35 AR 56
KF o 40 em LN L2 AR RMOAR G 7 5 ) 2 0 AR DG OG 28, MR R B AR IB E K, dtb T A, &
AR MRAR RN 0—20 em )2 NARZ X P I URAT AR 3 BRI/ E T, BFJ2 3 R AR AR I 55 7 X4
A R R R

£3 TRREFEKEFTERXRY

Table 3 The correlation coefficient of different root traits with yield

IR 0—20cm FJZ 0—20 cm soil layer
Ti’j‘ %jim ait RB TRL TRSA TRV b RbE R RyV
AH 2B Correlation coefficient  —0.359 0.503* 0.521* 0.394 0.845 0.637 " 0.728 " 0.787 **
PREALDIN 20—40cm +JZ 20—40 cm soil layer >40 em 1:J2 Soil layer below 40 cm
Root system trait RB RLD% RSA RV RB RLD% RSA RV
AH K 2B Correlation coefficient  —0. 455 -0.472" -0.427 -0.390 -0.204 0.339 -0.091 -0. 156
RB F/RIR A4 YR TRL FR MAREK  TRSA R R MK, TRV £RR ST, % RLD FeR AR 85 B 4045 o], RSA R R AR

LRV R R MARL; ry 05 =0.468, ry o, =0.590; =, ** 433K /RiAF]0.05 F10.01 &WEKF
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