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Effects of drought-tolerance Rhizobium on the Dolichos lablab
growth under drought stress

ZHANG Shuqing'*, ZANG Dandan', LI Jianfeng®, GUO Jinmei'"
(1. School of Geography and Resources, Guizhou Normal University, Guiyang, Guizhou 550018, China;
2. Institute of Soil and Environment Bioremediation in Karst Habitats, Guizhou Normal University, Guiyang, Guizhou 550018, China)

Abstract; To investigate the effects of drought-tolerant Rhizobium on the growth of Dolichos lablab seedlings
under drought stress, a sand-culture experiment was conducted to evaluate the effect of Rhizobium radiobacter Y—1
(Y=1), Rhizobium radiobacter 4—4 (4-4) , and Rhizobium radiobacter 37—1 (37—-1) on seedlings of Dolichos la-
blab under drought-stress condition. Surface sterilized and germinated seeds of Dolichos lablab cv. Rongai were sown
in Plastics pots filled with clear sand at the top and rock debris (from rocky desertification area) at the bottom. The
pots of each treatment were inoculated with sterilized water ( control) or Rhizobium solution of Y=1, 4-4, or 37-1.
Calculated and supplied the sterilized water to simulate the mild, moderate, and severe drought stress in severe
rocky desertification habitat. Results showed that the seedlings under drought stress were significantly promoted
when seeds were inoculated with Rhizobium radiobacter Y —1 or Rhizobium radiobacter 37—1. On day 30, all of

erowth attributes and physiology of seedlings were significantly better than that of the control (inoculated with steri-
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lized water) under drought stress. Under severe drought stress (30% of field water capacity, 6,) , the plant height,
leaf area, root length, root fresh weight and root volume of seedlings inoculated with Y—1 increased by 50.25%,
73.17%, 72.41%, 136.00%, and 289.47%, respectively, compared with those of the control. Plant soluble
protein content increased by 108.57% and maximum quantum efficiency of PS Il photochemistry ( F /F, )
increased by 42.09% compared with that of the control while leaf MDA content of Y-1 treatment was only 60.66%
of the control (P<0.05). Under mild and moderate drought stress (45% ~60% of 6,) , plant root length of 37-1
treatment was 39.93% ~47.99% of that of the control while MDA content of 37—1 treatment was only 72.14% ~
90.92% of that of the control. Inoculated with drought-tolerant Rhizobium radiobacter Y — 1 and Rhizobium
radiobacter 37—1 accelerated root growth, root volume, leaf area, and the formation of soluble protein, decreased
leaf MDA content, and increased the root activity and the leaf maximum quantum efficiency of PS I photochemistry
under the drought stress, indicating that as a kind of cultivation method, the seed inoculated with drought-tolerant

Rhizobium promoted the seedling growth and resistance under drought stress conditions.

Keywords: drought-tolerance ; Rhizobium ; promoting plant growth; Dolichos lablab L.; drought stress; physi-

ological index; degraded rocky desert habitats
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Table 1  Effects of drought-tolerant rhizobium on plant height

and leaf area of Dolichos lablab under drought stress

pIpAEL 558 BE /ARG 5 K o
Jolh 360 588 /X% J<'$ b Wi em  HFTBL om?
Drought stress/Relative - .
Ireatment  Plant height Leaf area
water content
CK 12.6£0.26¢  10.06+0.73b
i A
LEHIKY Y-1 18.23+1.03a 15.59+2.04a
Normal
75%6, 4-4 15.33+0.75b 13.53+0.83a

37-1 17.80+0.35a 14.73+0.67a
CK 10.70+0.46bc  5.75+0.88b

BET RN

. Y-1 13.77+1.16a  9.6x1.16a
Mild drought
60%6, 4-4 9.17+0.38¢  4.75+0.48b
’ 37-1 12.53+0.32ab  4.79+0.66b
CK 10.17+£0.47¢  5.85+0.50¢
i E e
R Y-1 15.90+0.47a 9.25+1.18b
Moderate drought
4-4 12.80+0.75b  5.30+0.41c¢
45%0,
37-1 22.23+0.93a 11.73+0.13a
CK 10.03+0.26¢c  4.51+0.44¢
i =47
Ergq:ﬂ‘ﬂj]ﬂ Y-1 15.07+£0.52b  7.81+0.79a
Serve drought
30%6, 4-4 13.37£1.05b  6.32+0.78bc

37-1 17.67+0.77a  7.99+0.98a

T R PR AP E AR ER, FFIR /NS FRERR 22 57
#(P<0.05), F[A

Note:Value ( mean + SE) represent the results of Duncan’ s
multiple range test, different lowercase letters in the same column

indicate significant differences (P<0.05). The same below.
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2.3 FEME T MM 2R 58w X H B E ket
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P (MDA ) SEABE W) #5 32 240535 B, 240 e JsE
A PR o S A A T B e 2400 ift 7= 4 , MDA 57
T S B R ) A0 3 BT 5 AR T
2 AL R T A MDA & R T 5L A R
FERIARWIE Nt m . BEE T SRR R I,
FlY -1 WA I b MDA & 5 0 FEZHAH L
Iy 4.50%  —2.48% . 16.65% 3. 68% , 15 Fif
37- 1RSI M B MDA & 1= 5 %) BB 20 48 e 4351
WL 5.84% 43.75% 30.27% .6.70% , 3R 4-4 T K
(R4l T R MDA & 5 55 %) B 41 A1 He 43 510 3% Jn

4.48% 20.4% —12.17% .7.99% , 45 hb ¥ 14 55 % IR 4]
[ FF7E B 22 5 (P<0.05) , #:M 371 BIRAE &4
PN BIRR G T S 030 A2 s B Rl Y -1 B AL
BG4 PR AR 52 T R0 MDA & & & T4 AR,
S RVEAN g RSN STE R 2 B BrEn o7 i ae RSN I SIS RS
A HERD 4-4 WAL EE HA e BT 2 i MDA
TEALTXE AT L P G AR Y -1
1 37-1 Ml T SRR R 1 0 3

AT PERE A P IR N BB & T Y L,
& 3 AT, R AL RS 1y L S R R R
g i i W SR Y B /| N[ = e A e )
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Table 2 Effect of drought-tolerant Rhizobium on underground growth of Dolichos lablab under drought stress

o 3E SR B/ RRR B K Qb3 SIS F & H HRAFR
Drought stress/Relative water content ~ Treatment Root length/cm Root fresh weight/ (g - plant™) Root volume/cm?
CK 8.40+0.06b 0.54+0.08¢ 0.61+0.05¢
ERAKSG
Y-1 11.27+0.47a 1.12+0.11a 1.10+£0.06a
Normal
75%8, 4-4 10.27+0.71a 0.66+0.14bc 0.80+0.11b
! 37-1 10.57+0.47a 0.74+0.07b 0.73+0.03be
CK 10.73+0.19b 0.42+0.09¢ 0.75+0.06b
A RE T ELG
RE TRk Y-1 14.50+0.29a 1.010.09a 1.2320.08a
Mild drought
60%0 4-4 9.50+0.35¢ 0.79+0.07b 1.02+0.19a
! 37-1 14.80+1.12a 0.73+0.16b 1.15£0.13a
CK 7.23£0.43¢ 0.31+£0.08¢ 0.31+0.03¢
i = s
LT Y-1 10.50+0.68a 0.75+£0.05a 0.77+0.12a
Moderate drought
45%6, 4-4 9.33+0.27b 0.35+0.05¢ 0.42+0.06b
37-1 10.70+1.01a 0.51+0.09b 0.53+0.13ab
CK 5.80+0.40c 0.25+0.04¢ 0.19+0.02¢
B
BT Sk Y-1 10.00£0.45a 0.590.04a 0.740.03a
Serve drought
30%6 4-4 7.37+0.18b 0.29+0.06b 0.25+0.07be
! 37-1 8.73x1.12ab 0.45+0.02b 0.38+0.07b
®3 TEPETHEREEMNHNES
MRSt E BRI 60 [ a
Table 3  Effects of drought-tolerant Rhizobium on light energy - b
. .. . 50 b < d
conversion efficiency of Dolichos lablab O ¢
Jolh 360 58 8/ AF G 5 K e 15d 30 d = E 40 - d
Drought stress/ Treatment E g
s — Q
Relative water content reatmen F/F, F/F, 18 <Q: N
CK 0.592+0.005a  0.503+0.024b S
IEH Ky <
Y-1 0.645+0.009a  0.635+0.006a a
Normal S
4-4 0.611+0.017a  0.613+0.021a
75%6,
37-1 0.651+0.027a  0.582+0.034ab ) .
CK 0.502+0.004ab  0.553+0.019¢ 60 45 30
%ﬁjiﬂj}ﬂ Y-1 0.56550.025a  0.667+0.001a JK 43 16 £ Moisture gradient/% 0
ild stress . . 237-
P 4-4  0477:0014b 0.585:0.019bc ook BY-L D44 @dT
’ 37-1 05680020 0.630+0.017ah e AN NE TR R A [ 2K 3 BE TR A ) B e Ak 38 ]
. CK 0.523+0.045ab  0.434+0.026b 253 (P<0.05), T,
TG Y-1 0.543+0.037ab  0.532+0.029: § ( )
Moderate stress = -Iexuboda Note : The different lowercase letters means significant differ-
45%0, a4 045520022 0.471:+0.017ab ence at P<0.05. The same below.
37-1 0.641+0.015a  0.503+0.016ab = L _ = o
i/ \ = Oaf— a1y
3 !
Serve stress Y-1  0592+0.022ab 0.557+0.012a Fig.2 The change of malondialdehyde in leaves of
4-4 0.522+0.034ab  0.466+0.024b . .
30%6, 5 * Dolichos lablab in drought stress

37-1 0.607+0.021a 0.507+0.012ab
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BhIET ,4-4 F Y-1 WAL B 2l B R nl s
BHE 55 ) X R 5 8.1% ,3.53%, 22 57 i 3
(P<0.05) .
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Fig.3 The change of soluble sugar content in leaves of

Dolichos lablab in drought stress
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