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Preliminary Evaluation of Drought Resistance for Populus deltoides
‘Danhong’ X P. simonii ‘Tongliaol’ Hybrid Progenies at the Seedling Stage

SUN Pei, JI Hui-juan, ZHANG Ya-hong, JIA Hui-xia, HU Jian-jun
( State Key Laboratory of Tree Genetics and breeding/Key Laboratory of Tree Breeding and Cultivation of the State Forestry
Administration/Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091 )

Abstract: Poplar is an important timber and shelterbelt tree species.The soil drought severely limits its
growth, development and quality.Deciphering the theory and production for drought resistance is of interest on
the poplar varieties cultivation, arid land use, and ecological environment construction to evaluate poplar full sib
family drought resistance and select drought index.In this study, 123 progenies derived from a cross of Populus
deltoides ‘Danhong’ x P. simonii ‘Tongliaol’ were subjected for moderate pot water control experiment via
determining 12 growth parameters such as photosynthesis, leaf and water indexes.In addition, we established
field experimental forest and measured one year growth increment.The results showed that the drought stress
had a significant effect on all the tested traits of hybrid progeny ( P < 0.01 ), among which stomatal conductance
( G, )had the largest variation coefficient.Correlation analysis indicated that responsive traits exhibited different
degrees of correlation.Drought resistances of the progenies at seedling stage were evaluated with principle
component analysis and subordinate function.The hybrid population were classified into three types as drought

sensitive type, moderate drought resistance type and high drought resistance type with each contained 30, 73,
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and 22 individuals.DX-27, DX-4, DX-3 and other seven lines adopt to drought better than male parent P.simonii

‘Tongliaol’ .Line DX-55 and DX-81 got the maximum drought resistance D value ( all 0.60 ) , and showed the

strongest drought resistance.Stepwise linear regression and correlation analysis indicated diameter (D ), net

photosynthesis ( P, ) , stomatal conductance ( G, ) and transpiration rate ( 7,) could be used as drought resistance

indexes, of which G, had the largest direct effect on drought resistance.The comprehensive evaluation was used

to analyze field growth characters, and the progenies were divided into four classes. P.deltoides ‘Danhong’
and Psimonii ‘Tongliaol’ belong to the first and fourth class, respectively.Six lines ( DX-76, DX-78, DX-53,
DX-55, DX-3, DX-20 ) with better drought resistance ability than male parent P.simonii ‘Tongliaol’ belong to

the first and second class, and preliminarily selected as drought-resistant and fast-growing materials.Thus, this

study provides theoretical basis in breeding for drought resistance in poplar and test for drought resistance at the

seedlingstage.

Key words: hybrid progeny; drought resistance ; drought resistance index ; comprehensive evaluation
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Table 1 Variation analysis of 12 drought resistant related traits in progenies
X} 1 Control AbFH Treatment
PEAR RS
. BHE + bz AE g o YIE + frfE2E S g AE S RAL
Traits Variation
Mean + SD Variation range . Mean + SD Variation range ~ Variation coefficient
coefficient

R (em) 15.73 +3.65 10.06~23.34 0.23 8.91+2.78" 4.01~13.90 031
H

FA% (mm ) 0.58 +0.12 0.40~0.84 0.21 0.36+0.09" 0.20~0.53 0.25
D

Holt AR (pmol/m’ + s ) 10.42 +2.39 5.15~17.50 0.23 7.07+2.33" 1.95~12.72 0.33
P,

fitafa] CO, ¥ ( umol/mol ) 339.9 £21.67 245.77~375.52 0.06 282.30 +48.02" 147.85~354.02 0.17
C

SALSE (mmol/m’ - s) 390.65 + 152.94 48.11~863.99 0.39 161.83 112317 22.61~537.50 0.69
G,

SALBREIME (% ) 0.13 +0.05 0.05~0.38 0.38 0.28 +0.13" 0.09~0.62 0.46
Ls

JKA I ( mmol/mol ) 2.35+0.59 1.02~4.43 0.25 3.69+1.24" 1.84~10.08 0.34
E,.

ZEEH AR (mmol/m’ - ) 3.94+0.90 1.60~6.46 0.23 228+ 1.127 0.48~4.55 0.49
T.

4% 2% SPAD {4 35.84+3.44 30.69~59.38 0.10 32492527 26.92~39.32 0.08
SPAD index

AR (mm®) 48.86 +10.47 18.51~70.95 0.21 40.07 £9.92" 16.98~63.67 0.25
LA

LI AR ( mm%g ) 34320 + 11342 177.47~751.04 0.33 246.99 £ 62.92" 109.61~542.38 0.25
SLA

AT S 7K (% ) 0.88 +0.08 0.47~0.99 0.09 0.69£0.15™ 0.17~0.94 0.21
LRWC

THT FRAE 0.05 F10.01 KT E XS, TR

H: height, D: diameter, P,: photosynthesis, C;: intercelluar carbon dioxide concentration, G,: stomotal conductance, Ls: stomatal limitation, £,,,:

water use efficiency, 7,: transpiration rate, SPAD index: chlorophyll SPAD value, LA : leaf area, SLA : specific leaf area, LRWC: leaf relative water

content."and “mean significant difference at 0.05 and 0.01 level, respectively, the same as below
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Table 2 Drought index analysis of 12 traits in progenies

BRAEAN ] 7 a] Rl 22 2 22 S, UL 2% b x5
30 S LA R E AN [R] o ARFLOR A - R ] ik
Py B K 524 ) 8 , 2 T i ok o3 g K CO,
S AP A B AR . AT A G, LR R
AR SRR, M 0.61, F Wiz MR 52 1 52 e w1
PEH S, AT AR g PP A B 5 P A e B R e A
1M SPAD {H28 5 Z B/ , AREA RPN T

Bk

PR WY + kriEs Rl RS )
Traits Mean + SD Variation range Variation coefficient
P (em) 0.58 +0.18 0.23~0.98 0.31
H

FA% (mm) 0.63£0.17 0.30~0.99 0.26
D

HEErE A (umol/m” -+ 8) 0.69 +0.20 0.14~0.98 0.29
P,

Jfafa] CO, ¥ FE (umol/mol) 0.83+0.13 0.46~0.99 0.16
G

SIS (mmol/m? - s) 0.44+0.27 0.04~0.98 0.61
G,

SELIRHIMAE (%) 244+ 135 1.02~6.74 0.55
Ls

K53 R F 2 (mmol/mol) 1.67 +0.74 1.00~5.34 0.44
7 2 (mmol/m” - s) 0.58 +0.25 0.12~0.99 0.43
T.

242 SPAD fii 0.91+0.07 0.63~0.99 0.07
SPAD index

A (mm®) 0.82+£0.12 0.44~0.99 0.15
LA

EE T AR (mm®/g) 0.77 £0.21 0.24~0.99 0.27
SLA

I A KR (%) 0.79 +0.16 0.19~1.00 0.21
LRWC

X 12 AR TR R BT AH PR o B (3
3), KM G, 5D KM & &, 70820;C 5
G, 1 T A0 3¢ & B3 R (43 4 2R 0.652 1 0.670,
P<0.01), RAZET2WE T, RAR KN G,, A
PRUEAR R B R A AER, T8 7R i i AR
B R R A A E pe A, HEM B b . H
5D.P,.C,.G,. T,.LA . SLA & % § & & . & 1F
M, HSLs 2 ERMXEDEP,.C.G,.T,.

LA, SLA 2l i 2 EAHC, 5 Ls Rk W2 HAH G
P,5C.G. T2WEFEEMKIX, 5L 2 EE
T C 5P, TG, B W35 IE A, 5 Ls Al
E,.BWBEAME G 5P, C. T, 2 ¥ IE
I, 5 Ls M E,,, 53 ) 2 4 52 35 60RH OC i i 3 £
MK Ls 5P, C G, T, 2 B A, 5 E,.
B R EIEMIGE,,. 5 C.T MG, 50 5 2k W
F M F AU OE, 5 Ls A LRWC 43551 5 4% I 2 0
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Table 3 Correlation analysis on drought resistance index of progenies

Jifa ]

DIy SALIR KA LSS

LEIN PR E-%6 co SALFE HIBER MR LR
, R C M A% SPAD f

Traits H D W i LA SLA

P, Ls E,. SPAD index

G

Hiz 0.769™
D
&S e pr 04577 0.627"
P,
fula] CO, M 05527 0.5857  0.3257
C
SIS 0.6577  0.8207 0.3897  0.652"
G,
LR A 04697 -0.482" -0.247" -0.792"  -0.586"
Ls
KGRI 2 -0.162 -0.018 -0.138  -0.519" -0205"  0.646"
FE 0.5717  0.7857  0.5567  0.670" 0.768" -0.515" -0.257"
T.
42 SPAD & 0.116  0.083  0.036  -0.078 -0.011 0.034 -0.012  -0.029
SPAD index
I AR 0228 03027 -0.010 0.010 0.113  -0.043 0.041 0.028 0.120
LA
G TR 02967 02597 0.022  -0.004 0.003  0.059 0074  -0.058 0.066 0.461"
SLA
I AR 7K 0.094  0.138  0.040  -0.006 0.075 -0.002 0216 -0.001 -0.072 0.055 -0.005
LRWC
23 ZXFRERERD D 29.86%; Horb C,. T, G, I R BT HA Ak 288,

XF 12 AR B BT R R BT A T, 2
WA 5 A FE R, BRTTECREIR R 77.77% (£ 4),
& T4 REBE D BRI 12 A IR A e
PR 5 A48T AR B ST 25 A 48 B, 43 B PCLL
PC2,PC3,PC4 fil PC5 £/R. PCl sk R K, N

TS — F W 8l C.T, MG, 4 8%; PC2 5T
kRN 16.46% , 351 i H 1 D 4 a; PC3 1 ik %
9 12.72% , £ E ) LA F1 SLA 2H i ; PC4 STk 3 Ky
10.36%, £ % H E,,, F1 LRWC 41 5% ; PC5 5THkFE N
8.37%, E% 11 SPAD {H Al P, 4.
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Table 4 Basic information of the principal matrix for each composite index

k4 Principal component PC1 PC3 PC4 PC5
73] -0.140 0.669 -0.046 0.099 -0.113
H
Hz -0.137 0.671 -0.024 0.089 -0.105
D
P R pud 0.286 0.011 0.100 0.335 0.436
P,
JHula) CO, W 0.469 0.063 -0.028 -0.081 -0.157
G
SALSTRE 0.425 0.088 0.131 0.233 0.014
G,
AALPR A —0.441 -0.100 0.072 0.215 0.225
Ls
K5 | FH 2% —0.302 -0.109 0.208 0.523 0.114
7 0.435 0.112 0.051 0.269 0.158
T,
4% SPAD i -0.036 0.200 0.198 —0.164 0.682
SPAD index
T A 0.027 -0.023 0.669 -0.195 -0.119
LA
EALRIiEA -0.030 0.079 0.638 -0.190 -0.152
SLA
H P R 7K -0.003 -0.095 0.155 0.563 -0.413
LRWC
ERRNRIES 3.584 1.975 1.526 1.244 1.004
Eigenvalue
piyed 29.86 16.46 12.72 10.36 8.37
Contribution rate
E 38.40 21.16 1635 13.32 10.76
Weight

24 MBREEEEN mn PR A E A )

T TR BT RISR R sRBOE TR SRR DL
FREI R, B D (H, #R4E D XA S s
LFARPLRII (R S), CAREL 1 SHPTFEE D
{5 (0.57 ) LR @& FRA 47 (0.44 ) B8 5 DX-55
1 DX-81 1Y D {5 55 (¥4 0.60 ), Bt PP, i
k& DX-111 () D {H A/ (0.29 ), iR P55, R
P D H KN, K 2452 FARKI 08 3 BP0 A +
FAUBSER 30 MR R PR ER T3 MR R
EPUREA 22 MR R, Hid, 10 MR PR R
DX-27.DX-4,DX-3.DX-101.DX-76 . DX-78 . DX-
20.DX-53 . DX-81 1 DX-55 B $1 S 158 T A2 A 18
101547, R EREIG , vIVE R IE F RSB

25 ZXFREPNELEIERFE

KRB 2 A 3 M s ST ST R 2R B
DESH(X,).D(X,).P,(X;).C(X,).G,(X5),
Ls(Xg) \E,..(X;) . T.(Xg) .SPAD fH ( X,) .LA
(X,0)-SLA (X, ) F1 LRWC ( X,, ) & Z Y | G xif
D A B X, X;. Xs Al Xg4 bR

Y=0.237+0.136X,+0.082X,+0.120X,+0.080X

XTI 7 R T B A, 455 F=262.430,
R™=0.897, P<0.001, J5y Fit bt . %, £ D.P,. G, fil
T, % 258 FARHT PT35S B 1) B
AR R BT M 0.352.0.252.,0.497 F1 0313, Hirp
G, MHURELE AN D B ERRR .




304 7/

A = 20 %

X D.P,.GMT 55 2S5 IEINDEZ
[a] AR e e AT 0, KB D P, G, Ml T, 5hi 7
PELEETEN D (E S0 B 5 TEAH I (P<0.001 ) (%

RS5 FEXITFREEFMEBMEGETN

6 )o PRI, EZRAE FAURTIIPT RS E I, AT FEE
MBI FE X 4 A PEIRFE R , B HT R IRIR I E 9 H B
P, BB R BRI E 19 T A

Table 5 Comprehensive evaluation of drought resistance for progenies and parent

Sl

Drought resistance type

£S5 (D)

Line number (D value)

T ffgom DX-111 (0.29) DX-26 (0.31)  DX-13(0.33) DX-39(0.35) DX-68(0.35) DX-31(0.36) DX-46 (0.36)

Drought sensitive type DX-74 (0.36)  DX-99 (0.37) DX-56 (0.37)  DX-9(0.38) DX-121(0.38) DX-49 (0.38)  DX-16 (0.38)

(<044 DX-100 (0.40) DX-70 (0.40) DX-73 (0.40) DX-80(0.41) DX-7(041) DX-118(0.42) DX-57(0.42)
DX-65(0.42) DX-33(0.42) DX-23(0.42) DX-50(0.43) DX-10(0.43) DX-77 (0.43) DX-115(0.44)
DX-51 (0.44)  FH&I# (0.44)

e g i S DX-58 (0.45) DX-17(0.45) DX-21(0.45) DX-86(0.45) DX-113(0.45) DX-122(0.45) DX-12(0.45)

Moderate drought resistance type - px-88 (0.45) DX-123 (0.45) DX-67(0.45) DX-59 (0.45) DX-85(0.46) DX-110(0.46) DX-36 (0.46)

(045-0.54) DX-82 (0.46) DX-64 (0.46) DX-92(0.46) DX-43(0.46) DX-95(047) DX-107(0.47) DX-29 (0.47)
DX-45 (0.47) DX-15(0.47) DX-119(0.47) DX-44 (0.47) DX-89(0.47) DX-2(0.47) DX-24(0.48)
DX-8 (0.48)  DX-75(0.48) DX-5(0.48) DX-114(0.48) DX-28(0.49) DX-98(0.49) DX-79 (0.49)
DX-63 (0.49) DX-41 (0.49) DX-91(0.49) DX-83(0.49) DX-106(0.49) DX-19(0.50) DX-69 (0.50)
DX-117 (0.50) DX-40(0.50) DX-52(0.50)  DX-6 (0.50)  DX-11(0.50) DX-105(0.50) DX-109 (0.50)
DX-102 (0.50) DX-30 (0.50) DX-93 (0.50) DX-48 (0.50) DX-72(0.50) DX-66(0.50) DX-104 (0.51)
DX-94 (0.51) DX-61(0.51) DX-22(0.51) DX-25(0.51) DX-47(0.51) DX-34(0.52) DX-14(0.52)
DX-42 (0.52) DX-108 (0.52) DX-60(0.52) DX-96(0.52) DX-37(0.52) DX-18(0.53) DX-90 (0.53)
DX-32(0.53) DX-87 (0.53) DX-116 (0.53)

TR DX-1(0.54) DX-103 (0.55) DX-62(0.55) DX-120(0.55) DX-54(0.55) DX-38(0.56) DX-97 (0.56)

High drought resistance type  pX-35(0.56) DX-71 (0.56) DX-84(0.57) DX-112(0.57) BT 124  DX-27(0.57) DX-4 (0.57)

(=0.54) €0.57)

DX-3 (0.58) DX-101(0.58) DX-76 (0.59) DX-78 (0.59) DX-20(0.59) DX-53(0.59) DX-81 (0.60)

DX-55 (0.60)

*6 MERSHME D EHENHEXREH

Table 6 Correlation coefficients between drought index and D value

LY 1[d] CO =< 4y H-43 2 It I A% 2

index P b C K Ls Epe " SPAD index SLA LRWC

D 1 02577 02687 0.584" 0.670" 0.806"  -0.6417 -0.257" 0.815" 0.413  0.198° 0.199 0.150

D value
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R N /v o AW TR VR i 07 I
A1 4 Z MR EE A 1T 12 0 22 58 A B ) AR 1k
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10 S P45 AR AT IO 2 AR AR ) 20 Wi
A /s AW N 1 B2 o8 3 8 PN 0 T L
ERTTESE R IR 7 13k 8. PEMARIE(ETHIA S,
A:N=1.297,N,=1.203, Q=1.246 (Q }y Q, it F 1§
8 ). AR PRI B A S e se FARK 53k 4 9

R, S8R 271 m, E 42 3.07 em, (5 S PEH
BHY 21%, 8 DA TRAE KRBT a4, 14>
EPL R 2458 T DX-76 B Q < Q<N, Ky
R, 39 M4 70, F 38k = 2.35 m, 1
4% 2.83 em, (F SIFM B 31%, 5 D RPTR 45
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Table 7 Statistical analysis of field growth characters for progenies

¥k Height

Hi4% Diameter

RS
3 TS 7 B 2k ; T AR 2K
Growth classification Bt (m) = 5 A HIfE (em) P22 5 R EL
Mean SD Variation coefficient Mean Stdev Variation coefficient
ek 271 0.134 0.049 3.07 0.893 0.291
First class
B2 2.35 0.159 0.068 2.83 1.062 0.375
Second class
rhistagy 2.16 0.141 0.065 2.70 0.940 0.348
Third class
= 1.82 0.083 0.046 2.48 0.556 0.224
Fourth class
®8 ZXTFRHEBEKEESEN
Table 8 Comprehensive evaluation of field growth characters for progenies
R R &S (Q 1)
Growth classification Line number (Q; value)
g DX-83 (1.414) DX-33 (1.412) DX-93 (1.394) DX-69 (1.388) DX-51(1.374)  DX-42(1.365)  DX-7 (1.358)
Firstelass DX-118 (1.358) J}2I# (1.353) DX-82(1.343) DX-49 (1.332) DX-54 (1.330)  DX-23(1.329)  DX-104 (1.323)
(Q; =N
DX-26 (1.320) DX-47 (1.319) DX-52 (1.318) DX-100 (1.315) DX-97 (1.310)  DX-50 (1.307)  DX-114 (1.306)
DX-38 (1.306) DX-72 (1.304) DX-22(1.300) DX-76 (1.299) DX-24 (1.297)
B DX-45 (1.294) DX-96 (1.294) DX-34(1.291) DX-13(1.289) DX-32(1.285)  DX-78(1.284)  DX-28 (1.284)
Second class DX-2(1.281) DX-1(1.280) DX-53(1.279) DX-79 (1.275) DX-119 (1.274)  DX-86(1.274)  DX-21 (1.273)
(Q < Q<Np
DX-55(1.273) DX-3(1.272) DX-12(1267) DX-111(1.267) DX-36(1.265)  DX-85(1.263)  DX-120 (1.261)
DX-40 (1.261) DX-80 (1.261) DX-25(1.261) DX-59 (1.260) DX-60 (1.260)  DX-31(1.259)  DX-113 (1.258)
DX-92 (1.257) DX-6(1.256) DX-20(1.254) DX-29(1.253) DX-16(1.252)  DX-48(1.251)  DX-11 (1.250)
DX-64 (1.249) DX-61 (1.248) DX-90 (1.246) DX-43 (1.246)
LREd DX-112 (1.245) DX-73 (1.245) DX-8 (1.245) DX-88(1.244) DX-41(1243)  DX-37(1.243)  DX-67 (1.241)
Third class DX-18 (1.239) DX-44 (1.238) DX-56 (1.236) DX-66(1.234) DX-87(1.233)  DX-105(1.233)  DX-75 (1.230)
N, < Q<Q)
DX-68 (1.229) DX-94 (1.228) DX-27(1.227) DX-62(1227) DX-81(1.226)  DX-95(1.224)  DX-14 (1.219)
DX-46 (1.219) DX-15(1.214) DX-71 (1.214) DX-35(1.213) DX-121(1.212) DX-98 (1.210)  DX-63 (1.208)
DX-102 (1.206) DX-115(1.206) DX-77 (1.205) DX-106 (1.204) DX-107 (1.203)
P DX-110 (1.202) DX-91 (1.201) DX-109 (1.201) DX-123 (1.199) DX-101 (1.198) DX-122(1.193)  DX-5 (1.191)

Fourth class (Q,<N,)

DX-70 (1.190)

DX-99 (1.160)

DX-84 (1.130)

DX-30 (1.186)

DX-4 (1.154)

DX-89 (1.129)

DX-57 (1.179)

DX-58 (1.154)

DX-108 (1.094)

DX-117 (1.173)

DX-10 (1.152)

DX-9 (1.076)

DX-116 (1.168)

DX-74 (1.144)

DX-103 (1.067) il 1 545 (0.926)

DX-65 (1.165)

DX-19 (1.136)

DX-17 (1.163)

DX-39 (1.135)
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