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Study on drought resistance, hydrotropism and anatomic structure
of root system of maize inbred lines with different genotypes

JIANG Qi-feng, YUN Hai-yan
( College of Agronomy , Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: To study the different changes in root morphology, physiology and biochemistry, anatomic structure of
maize inbred lines with different genotypes at the seedling stage under dry stress, to provide reference index and method
for screening of drought resistant maize germplasms, and also to investigate the genetic mechanism of drought resistance
for inbred lines at the seedling stage, this research was carried out. 14 maize inbred lines were employed by PEG — 6000
stress treatment to determine 13 indexes which are closely related to morphological and physiological and biochemistry
characteristics of drought resistance for root of maize inbred lines at the seedling stage. Through the analyses of variance,
correlation and cluster, a comprehensive evaluation on the drought resistance of different maize genotypes was carried out,
and two obvious differences inbred lines in drought resistance were selected for further observation on the differences in
root structure by paraffin section and microscope. Under drought stress, root dry mass per plant, shoot dry mass per
plant, root length, root diameter, number of lateral roots, root elongation rate, root dehydration rate, and root reducing

capacity of different maize inbred lines at the seedling stage showed a trend of becoming declined at varying degrees. Sol-
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uble sugar content and proline content in roots showed a trend of being increased at varying degrees, and had obvious
variations in different inbred lines. With the increase of the slope angle, root hydrotropism of different inbred lines was
increased, and had obvious differences between different inbred lines. Under the condition of high humidity gradient,
root hydrotropism of Mol7 was increased by 134% , which was the biggest among all, and that of WN897 was increased
by 20% , which was increased less. Using weighted drought index, a comprehensive evaluation of drought resistance of
different genotype maize inbred lines was given and 14 inbred lines were classified into four groups including strong
drought resistant, moderate drought resistant and drought sensitive, and drought highly sensitive ones. According to the
results of paraffin sections, cultivars showing significant variations in drought resistance had obvious different root system
structures. The ratio of root cortex width to root diameter of the drought resistant inbred line Chang 7 — 2 was lower than
that of the non-drought resistant inbred line WN897 that also had larger root vessel diameter. Through the combination of
the methods including the analysis of variance, correlation analysis and cluster analysis, an evaluation on drought resis-
tance of different maize inbred lines at seedling stage was given, which can better reveal the relationship between root
traits and drought resistance. Root reducing capacity, soluble sugar content, root length, and root hydrotropism were sen-
sitive to drought stress than other indexes, which can serve as the prior identification indexes for drought resistant ability
and breeding selection for drought resistant inbred line. Under drought stress, the differences in root anatomy between
maize inbred lines were significant. In the seedling stage, the root cortex width of the strong drought resistance was
small, and the ratio of root cortex width to root diameter was lower, and the root vessel diameter was higher than the
drought sensitive inbred lines.

Keywords: maize inbred line; root system; seedling stage; root hydrotropism; anatomic structure; drought resis-

tance
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Table 1  Variance analysis of 13 indexes among different inbred lines and treatments
o AR - e ' A AT
FLRRAR Héj:ﬁﬁ MO kA Wz W e MR ALK v Pl WA W R i)
y oy T < gy L ES e % - ; %
EREE THEE A g oape  RA R W g kg A ey IRRE G,
. T K 1= Soluble Proline
Variance ~ Root dry ., Root to Total Number Root Root Root Root
Shoot . Root Root . . sugar . content .
source  mass per shoot biomass . of lateral elongation dehydration reducing hydrotropism
dry mass . length  diameter content . of root .
plant ratio  per plant roots rate rate capacity bending
per plant of roots
. 217.57 38.38 101.87 34.45 40.74 148.05 28.04 74.63 19.5 430.72 174.25 2320.66 18.75
Inbred line
976.42 949.47 287.257 " 1097.41 212.77 211.94 166.28 466.8 381.63" "22026.6 631.67" "178418 1981.26
Treatment
HACH x
K ALY . x " x ; " ‘o
K%LT 64.52 3.2 14.9 6.05 4.09 2.71 9.98" 1.98" 8.57" " 252.49 10.85" " 2197.13" 7.15
Inbred line x
Treatment

T % "FORTE P <0.05 KPP FZEREE, " * » "FRTE P<0.01 KPP FEREE.

Note: “ * "mean the difference was significant at the level of P <0.05, and” * * ” mean the difference was significant at the level of P <0.01.
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I 1 AT, AR A K,CO5 RIRTE B TR B Fig.1 Changes of root hydrotropism under different moisture gradients
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Table 2 Drought resistance coefficients of root morphological indexes of different inbred lines at the seedling stage
e - Ju E . A%
aes GER O R wee OR Eeoomie 00
line Root dry Shoot dry <hoot ratio Total biomass Root diameter lateral
mass per plant mass per plant per plant length roots
PH4CV 0.9459bA 0.7976aA 1.206hG 0.8197aA 0.8961¢cB 0.9398deCD 1.7631bB
PHOWC 0.9913abA 0.6875deCDE 1.4354bB 0.7581¢cC 0.8635fD 0.9832aA 1.3378eD
WN44 0.908cB 0.657efDEF 1.3762dD 0.7114dDE 0.8743deBC 0.8779{EF 1.4856dC
WN75 0.9143¢B 0.6987bcBC 1.3108eE 0.7356¢CD 0.9782aA 0.9424bcdBC 1.5432¢C
Mol7 0.8974cB 0.7043bB 1.259gF 0.7483¢C 0.9599bA 0.83982G 1.2209fE
#B 58 Zheng 58 0.9822abA 0.689%4cdBC 1.421¢C 0.7649¢C 0.9102c¢dB 0.9307cdBCD 1.1407{gEF
£ 7 -2 Chang 7 -2 0.9807abA 0.768aA 1.2912fEF 0.8038bB 0.8149¢E 0.9498abAB 1.6676bB
K 4 Tian 4 0.7046eDE 0.6852¢dCD 1.0288j1 0.6796¢eFG 0.8751efCD 0.913deCDE 1.1247gEF
109 Wu 109 1.0161aA 0.6172¢G 1.6521aA 0.6813eEF 0.958bA 0.9346bcdBC 1.9268aA
138 0.6198fF 0.6321{FG 0.973k] 0.6285gH 0.7978ghEF 0.9297bcdBC 1.074gF
WN104 0.7054¢eE 0.6355(FG 1.0957iH 0.6493{gGH 0.776iF 0.9342bcBC 1. 1298fgEF
WN180 0.7449dC 0.548hH 1.3688dD 0.5957h1 0.7962hiEF 0.9123deCDE 0.8698hG
803 0.7483dCD 0.6574fEF 1.1285iH 0.6666efFG 0.7397jG 0.8985efDEF 1. 1405fgEF
WN897 0.529¢G 0.5429hH 0.9943jk1J 0.5389i] 0.7769iF 0.8667{F 1.1222gEF

Hia~2RRTE P<0.05S/KFTF2EREE,A~ZFRTE P<0.01 K- FEREE,

Note: a~ z mean the difference was significant at the level of P <0.05, and A ~ Z mean the difference was significant at the level of P <0.01.
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Fig.2 Root elongation rates and root dehydration rates under drought stress
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Fig.3  Changes of root reducing capacity, proline content of root, and soluble sugar content in roots under drought stress

2.5 KEKESH

ﬁﬁl‘l7

B AEAR IR G 22 A X (5) P AL AL BE S Y 1

KEAP TR PSR T ENSE BB B RERE ™ S8k 5L A



6 TR A TS

5 34 45

PARB R TR A R I3k 30 i3k 3 AR
TET MR AT, 13 AR5 28 5 PU R R U %
IR BE GRERT) R EN/INIY o « AR AR L ST AR
fi AP AR R BRRAR T I IR R AR

JE RAR AT VRN bR B AR Y bR LT R
i REAR SRR AU RR KRR AT, 1R
TR T, SRR B AR RE 5 AR K AR
R A2 M R

R3 BENRSEANERBKEKERXERF

Table 3 Correlation degrees and correlations between different parameters and comprehensive drought-resistance indexes(DI)

LIV S

HRA ]

- A 1l K ES AN ES A,
PR bt o RS pg o MRORBKOREX e BR e B9
TR . ZEL7/k S P # R KR Y| . piSie
WH J Root to KBz s . Soluble Proline
Root dry Total Number of  Root Root Root Root
Item Shoot shoot . Root Root . . sugar . content .
mass per . biomass . lateral  elongation dehydration reducing hydrotropism
dry mass ratio length  diameter content . of root .
plant per plant roots rate rate X capacity bending
per plant of roots
MR
Correlation  0.8307 0.7856 0.7648 0.8256 0.7844 0.7797 0.8628  0.877  0.5379 0.7984 0.9590 0.7707 0.9527
degree
KK
Correlative 4 9 12 8 6 10 5 3 13 7 1 11 2
order
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Table 4  Order of drought resistance of tested inbred lines

28 Z S A

ot P

line D value Ranking grade
PH4CV 0.7096 3 SRPT Strongest
PH6WC 0.6421 5 HRPT Strongest
WN44 0.6024 7 HFHT Medium
WN75 0.6090 6 " Medium
Mol7 0.6741 4 SRPL Strongest
¥ 58 Zheng 58 0.7741 2 HRPT Strongest
E{7-2Chang7-2 0.7852 1 ST Strongest
K 4 Tian 4 0.5296 9 i Medium
109 Wu 109 0.5617 8 i Medium
138 0.3077 11 5 Weaker
WN104 0.2839 13 5 Weaker
WN180 0.3035 12 EH Weaker
803 0.3597 10 B Weaker
WN897 0.1014 14 T Weakest
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Fig.4  Clustering dendrogram
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Table 5 Weighted drought-tolerance indexes of tested inbred lines
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Table 6  Effects of drought stress on microstructure of maize inbred lines at the seedling stage

A A& PIGET R ik
Inbred line Weighted drought-tolerance index Rank
PH4CV 1.4286 3
PH6WC 1.3872 4
WN44 1.2936 6
WN75 1.1722 8
Mol7 1.3136 5
¥R 58 Zheng 58 1.5789 1
£ 7-2 Chang 7-2 1.5745 2
X 4 Tian 4 1.1384 9
R 109 Wu 109 1.2560 7
138 0.7046 12
WN104 0.6708 13
WN180 0.7703 10
803 0.7582 11
WN897 0.5106 14
EEE W2 REE/ pm
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