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Analysis of Twig and Needle Traits and Evaluation of
Drought Tolerance in Larix olgensis Clones
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Abstract To reveal the genetic variation in water-use characteristics of Larix olgensis clones and select
superior clones with characteristics of drought-tolerance, 25 superior clones of the 37-year-old L. olgensis were
used as the research materials. Nine drought tolerance-related twig and needle traits were measured, and their
correlations were analyzed. A comprehensive evaluation of the drought tolerance was conducted using the
membership function method and cluster analysis. The results indicated that significant differences (P<0.01)
occurred in needle traits among clones. Anatomical and morphological traits exhibited lower coefficients of
variation (C,) (11.06%-11.83%) , whereas physiological traits exhibited higher C, (22.15%-39.24%). In
contrast, no significant differences were observed in twig traits among clones. Hydraulic diameter exhibited the
smallest C, (6.15%) , while the thickness to span ratio exhibited the largest C, (25.26%). Strong correlation
among traits was found within organ level. In needles, epidermal thickness was significantly positively

correlated with cortical thickness (P<0.05) , and both were significantly negatively correlated with water-use

FE4TH AR A Y E D E SRHE T KL 01(20232D0405804) .

R T KIS (2001—) , 55 AR A, 2B R A A A 252 A0 5T
*  BIEVEH : E-mail : gjenefu@163.com o

shs H 120254511 H4 H .



146 i/ B /| S 1 46 &

efficiency (P<0.01; P<0.05). Stomatal transpiration was significantly negatively correlated with residual
transpiration (P<0.01) and significantly positively correlated with specific leaf area (P<0.05). In twigs,
hydraulic diameter and potential specific hydraulic conductivity were both significantly negatively correlated
with thickness to span ratio(P<0.01). However, there was only a significant negative correlation between needle
stomatal transpiration and twig thickness to span ratio across organs (P<0.05). Principal component analysis of
the nine twig and needle traits revealed two relatively independent axes. The first axis reflected a trade-off
between hydraulic efficiency and hydraulic safety in twig; the second axis, composed of leaf traits, reflected a
trade-off from conservative to efficient water-use strategies. Based on the drought-tolerance evaluation, 25
clones were classified into three categories: comprehensive and strong drought-tolerant, moderate drought-
tolerant, and drought-sensitive groups. Clones 338, 774, 128, 125, 214, and 565 demonstrated strong drought

tolerance. These findings provided a theoretical basis and practical guidance for selecting suitable afforestation

materials adapted to different arid regions.
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Table 1 Twig and needle traits of Larix olgensis clones examined

wH ERIN EiC]

Organs Traits Abbreviation

ST S A B A OGP
Theoretical correlation
with drought tolerance

Definition

TP RE

I J AN R R

Epidermis thickness/pm T * Thickness of needle epidermal cell
B R , N g R AL
Cortical thickness/um ¢ Thickness of needle cortical cell
— A K A S L
Specific leaf area;z em?e) Ag - Amount of needle surface area per unit of needle
P & mass that is available for water loss
Bt ) . .
Needle KPR R P N 5 B 3 P S K R L
Water-use efficiency/(umol-mol™) wu Ratio of carbon acquisition to water loss
AL RS R AL RIS B
Stomatal tranls.,“ i;atiaon (%) T - Loss of water through needle cuticle before
P 0 stomata are fully closed
TR A FE SR AT A5 K 43 g e
Residual tr/a\n‘smirgatiaon/( %) Ty - Loss of water through needle cuticle while
1au P ’ stomata are closed
KB D _ B A Ry AUk Ay 2
Hydraulic diameter/um h Hydraulically weighted tracheid diameter
HiE Gk K S
53 Potential specific hydraulic K - LRI BB T 7K B

Twig conductivity/(kg:m™'-MPa™"-s™)

290 ML BE i [76 95 £

2
Thickness to span ratio (t/b)

Water flux of plants under a unit pressure gradient

R UL 5 5 P LA T
+ Square of the ratio of double wall thickness to
lumen diameter
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Table 2 Descriptive statistics and ANOVA of twig and needle traits in Larix olgensis clones

GitiRhr REEE  WRRE R

KARIRCE SRR Seadgistal KR MIRSUKR K/ AR NIE

Statistical index T /um TJum  Ag/(em™g") Ey/(pmol'mol™)  TyJ/(%h™) T/(%h™) D/um  (kgm™-MPas") F6%((#/b)
TR (bR
¥ Jh{iinigfm) 27.75£0.61 30.43+0.70 145.34+3.44 56.08+2.48 1.510.08 0.25+0.02  8.98+0.11 1.25+0.05 0.160.01
AR Z
LA 11.06 11.53 11.83 2.15 24.94 39.24 6.15 18.63 25.26
Cy/%
ﬂﬁ‘ﬁ 32.57 38.26 173.54 76.17 2.04 0.46 10.02 1.69 0.26
Maximum
NI REEA
The clone with 105 246 809 170 556 565 449 447 338
the maximum
=
W/.ME 17.18 24.16 93.75 37.42 0.62 0.09 8.01 0.89 0.10
Minimum
e/IMELR T &
The clone with 181 181 447 105 565 410 774 774 129
the minimum
F 2.82 342 3.90 8.67 4.40 4.26 1.08 1.29 1.30
P 0.001 0.001 0.001 0.001 0.001 0.001 0.398 0.230 0.218

VE: PR T 0.05 LUHA SRR .
Note: P below 0.05 were indicated in bold.
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Fig.1 Correlations among twig and needle traits in Larix olgensis clones
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F3 KAEMRIERR TR RE & BE R 2 TM0
Table 3 Evaluation of drought tolerance based on membership function values of twig and needle traits in Larix olgen-

sis clones

Sl R A E .
TR Membership function values ]\jzﬂji)% W ﬁdﬁ A
ean membership

Clones g gy JwRFE HOHER ASFCE “HLRMSE FATISH K ER LSRR ENEE  function values

TE T( ASL EWU TS TR Dh Ks (t/b)z
338 0.63 0.13 0.53 0.97 0.85 0.13 0.71 0.88 1.00 0.65 1
774 0.75 0.48 0.53 0.28 0.18 0.81 1.00 1.00 0.62 0.63 2
128 0.61 0.43 0.22 0.97 0.39 0.57 0.70 0.71 0.80 0.60 3
125 0.62 0.57 0.18 0.85 0.10 0.78 0.72 0.86 0.54 0.58 4
214 0.81 0.33 0.49 0.29 0.48 0.51 0.73 0.79 0.64 0.56 5
721 0.71 0.56 0.39 0.33 0.70 0.30 0.65 0.83 0.55 0.56 6
565 0.93 0.89 0.37 0.03 1.00 0 0.72 0.79 0.28 0.56 7
476 0.71 0.61 0.60 0.85 0.72 0.14 0.52 0.58 0.23 0.55 8
282 0.61 0.64 0.42 0.73 0.61 0.33 0.50 0.61 0.40 0.54 9
597 0.78 0.57 0.23 0.33 0.29 0.68 0.61 0.66 0.36 0.50 10
105 1.00 0.60 0.78 0 0.55 0.40 0.50 0.45 0.24 0.50 11
643 0.44 0.29 0.16 0.27 0.42 0.49 0.73 0.84 0.66 0.48 12
66 0.69 0.28 0.26 0.20 0.42 0.50 0.59 0.75 0.58 0.47 13
181 0 0 0.29 0.92 0.25 0.73 0.98 0.75 0.34 0.47 14
246 0.83 1.00 0.26 0.17 0.24 0.68 0.33 0.50 0.20 0.47 15
477 0.86 0.65 0.31 0.33 0.44 0.41 0.44 0.45 0.30 0.47 16
170 0.68 0.28 0.14 1.00 0.17 0.77 0.36 0.32 0.19 0.44 17
809 0.77 0.05 0 0.27 0.19 0.77 0.74 0.77 0.32 0.43 18
184 0.58 0.12 0.09 0.72 0.48 0.45 0.55 0.51 0.29 0.42 19
447 0.71 0.42 1.00 0.55 0.45 0.50 0.05 0 0.05 0.42 20
519 0.73 0.55 0.37 0.63 0.17 0.79 0.19 0.22 0.07 0.41 21
410 0.80 0.23 0.29 0.44 0.01 1.00 0.38 0.35 0.18 0.41 2
556 0.81 0.64 0.34 0.08 0 0.89 0.10 0.19 0.09 0.35 23
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66 (No.13) ! 1
214 (No.5) 1
721 (No.6) : — 1
643 (No.12) ;
774 (No.2) ! — 1
809 (No. 18) ———————
105 (No.1 1) ———————— ] A — N
246 (No.15) !
477 (No.16) :_I—' 1
597 (No.10) -
125 (No.4) '
128 (No.3) !
282 (N0.9) 1
476 (No.8) . B
170 (No.17) :}_— '
184 (No.19) !
565 (No.7) 1
129 (No.24) : c
519 (No.21)
410 (No.22)
449 (No.25)
556 (N0.23)
447 (No.20)
181 (No.14) .
338 (No.1) T

0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8
% Distance

T2 5 IV IV. A SR 58 s T ST 52280 5 A B C. P AT A TR (19 3.2
I . Comprehensive and strong drought—tolerant; Il and IV. Moderate drought-tolerant; Ill. Drought-sensitive; A, B and C. Subgroups of moderate
drought-tolerant.
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Fig.2 Cluster analysis for drought tolerance in Larix olgensis clones based on twig and needle traits
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Table 4 Characterization and ranking of twig and needle traits among moderate drought-tolerant subgroups in Larix

olgensis clones

B O ] L

WK R REEE REEE M KRR LB SAaEE R AR . T kil352
Subgroups Clones  T/um  TJum Ag/(em™g") E,/(pmol'mol™) Ty(%h™) T./(%h") D,/um (kg-m']-l\/SIPa'l-s'l) (1) No.
774 28.78 30.92 130.96 48.42 1.78 0.16 8.01 0.89 0.20 2
214 29.68 28.81 134.22 48.75 1.36 0.27 8.55 1.06 0.20 5
721 28.14 32.03 142.39 50.12 1.04 0.35 8.72 1.03 0.19 6
597 29.17 3225 154.89 50.31 1.62 0.21 8.79 1.16 0.16 10
A 105 32.57 32.59 111.56 3742 1.25 0.31 9.02 1.33 0.14 11
643 23.98 28.24 160.62 47.76 1.45 0.28 8.55 1.02 0.21 12
66 27.86 28.07 152.59 45.20 145 0.28 8.83 1.09 0.19 13
246 29.94 38.26 153.02 43.90 1.70 0.21 9.35 1.29 0.13 15
477 30.41 33.35 148.73 50.22 1.41 0.31 9.13 1.33 0.15 16
809 28.96 24.82 173.54 48.00 1.77 0.17 8.54 1.08 0.15 18
128 26.52 30.28 155.83 74.92 1.48 0.25 8.61 1.12 0.23 3
125 26.70 32.19 159.11 70.50 1.89 0.17 8.58 1.00 0.19 4
3 476 28.14 3275 125.89 70.17 1.01 0.41 8.97 1.23 0.14 8
282 26.50 33.15 140.39 65.85 1.17 0.34 9.01 1.20 0.17 9
170 27.68 28.08 161.98 76.17 1.80 0.17 9.29 1.44 0.13 17
184 26.14 25.90 166.43 65.32 1.35 0.30 8.92 1.28 0.15 19
c 565 31.46 36.65 144.09 38.72 0.62 0.46 8.57 1.06 0.15 7
181 17.18 24.16 150.60 72.89 1.69 0.19 8.05 1.09 0.16 14
6 x5 KBEEMRITERS R ER S ek
A ZEATIRIN SR - . . .
T, Ty T, A ,;;‘;‘j,']ﬁg$ Table 5 Principal component loading matrix of twig and
I A A\ = . . . 3
& A R needle traits in Larix olgensis clones
o 27 D, T For 1 FHA
D K. . Principal Principal
R~ s Traits
Ko 0 A component I component II
e 5 A
£ ol %) RIEFET, 0.07 0.45
FERREET, 0.10 0.45
_4 L A TS
S ) M IR A4, -0.01 -0.40
6 - 0 2 1 & KAFIHRRE,, -0.12 -031
ERr SILERE R -
PCI (37.3%) LA B AR R T 0.38 0.38
N FRARFMARRLT, -0.35 0.39
T IR T, 3 RS A OOy KM RTECR T AR T,
FUABEEC T, FRAHMIEC D, Ky £ K T Sk 3 b, K 1D, 0.48 0.16
AEENIE . ORI 7R B B ER BT b SR 0.50 0.08
T,. Epidermic thickness; 7. Cortical thickness; A, . Specific leaf ar- )
. - - - . B EE IR 5 K (0b)? -0.48 -0.10
ea; k. Water-use efficiency; 7. Stomatal transpiration; 7. Resid-
ual transpiration; D,. Hydraulic diameter; K. Potential specific hy- FHAE{E Eigenvalue 3.33 2.46
draulic conductivity; (#/b)*. Thickness to span ratio. Needle traits .
e
were displayed in black; while twig traits were displayed in brown. Contribution rate/% 37.28 27.36
B3 KaBEHREHERE HERERS ST
Fig.3 Principal component analysis of twig and needle SR 3708 64.64

o . . Cumulative contribution rate/%
traits in Larix olgensis clones
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