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Variation in leaf traits on long branches in full-sib diploid and triploid hybrids
between section Tacamahaca and sect. Aigeiros of Populus

Ma Hongwen'? Ren Yuxin' Long Yixin' Wang Nan' Feng Xiangyuan®
Yu Tianquan® Hua Xiaogin®> Wang Jun'
(1. State Key Laboratory of Tree Genetics and Breeding, National Engineering Research Center of Tree Breeding and Ecological
Restoration, Key Laboratory of Genetics and Breeding in Forest Trees and Ornamental Plants of Ministry of Education, School of
Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China;

2. Wuwei Comprehensive Forestry Service Center, Wuwei 733200, Gansu, China)

Abstract: [Objective] This study aimed to investigate the variations on leaf and stomatal traits of long
branch leaves in the full-sib diploid and triploid hybrids between sections Tacamahaca and Aigeiros of

Populus, and to analyze the genotype and ploidy effects on the traits. [Method] Cuttings of the full-sib
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diploid and triploid hybrids between P. pseudo-simonii x P. nigra ‘Zheyin3#’ and P. X beijingensis were
randomly selected to investigate variations on leaf and stomatal traits of the long branch leaves.
[Result] The leaf length (LL), leaf width (LW), leaf length-width ratio (LWR), leaf area (LA), petiole
length (PL), chlorophyll content (SPAD), stomatal length (SL), stomatal width (SW), and stomatal density
(SD) exhibited highly significant differences among different genotypes. The coefficient of variations for
each trait ranged from 8.54% to 36.20%, and their repeatability values of these traits ranged from 0.645 to
0.916, indicating that the leaf and stomatal traits were controlled by strong heredity. The SPAD, SL and SW
of the triploid population were significantly higher than those of the diploid population, and the SD was
significantly lower than that of diploids, but there were no significant differences in leaf traits between
different ploidy levels. However, not all triploid genotypes showed better performance on these traits than
diploids. The correlation analysis showed that LL, LW, LA and PL were significantly positively correlated
with each other. The SPAD, SL and SW were also positively correlated with each other, but negatively
correlated with SD. Further analysis showed that leaf traits, such as LL, LW, LA, and PL, were mainly
affected by the genotype effect, which contributed 59.5%—76.8% of the variance contribution rate for these
traits. The SPAD, SL, SW, and SD were mainly affected by the ploidy effect, and the variance contribution
rate of the ploidy effect for these traits ranged from 46.0% to 78.0%. [Conclusion] Leaf and stomatal traits
of the long branch leaves in 5-month-old cuttings of the full-sib diploid and triploid hybrids between sects.
Tacamahaca and Aigeiros of Populus are affected by both genotype and ploidy effects with different
degrees. There are large variations in leaf and stomatal traits among genotypes, and not all triploids are
excellent. Therefore, the idea of “large population, strong selection” should be adhered to allotriploid
breeding program in Populus.

Key words: poplar; allotriploid; leaf trait; stomatal trait; ploidy effect; genotype effect
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Tab. 1 Statistical analysis of leaf and stomatal traits of long branch leaves in different genotypes of diploid and triploid hybrids
between sections Tacamahaca and Aigeiros of Populus
; RALE
N It . e . 4 A EL N W?Lu.. 7x
- . whpirr nsoen PR g e TERRER g e sy CGhoma)
FE R Y =17 Ratio of . Chlorophyll
Leaf Leaf Leaf Petiole Stomatal Stomatal Stomatal
Genotype Index . leaf length ) content . .
length/cm  width/cm . area/cm”  length/cm length/um  width/pum density/
to width (SPAD) -
(number-mm )
ALHEFE Variation range 7.77 ~ 11.67 5.74~11.81 0.77~1.35 40.40~ 112.00 3.91 ~5.06 31.30 ~ 38.03 18.87 ~23.47 11.86 ~ 14.16 ~ 49.0 ~79.0
D08
B + b5t Mean+ SE 9.52+0.36 8.99+0.48 1.08+0.04 78.55+5.75 4.43+0.10 33.78+0.59 21.09+0.38 13.18+0.19  68.5+2.2
BAIEE Variation range 6.32~12.73 5.17~11.66 0.90~1.22 47.81 ~ 116.67 4.30 ~7.53 21.37 ~39.00 19.23 ~ 22.50 12.69 ~ 14.50  70.0 ~ 106.0
D14 .
BIfE £ #RAER Mean £ SE 9.794£0.42 9.00+£0.44 1.10+£0.03  7435+5.63 5.68+023 33.75+1.20 2126+023 13.65+0.14  89.0+3.1
ALHEE Variation range 6.05~ 10.51 5.58 ~11.15 0.88~1.15 26.12~95.84 2.72~5.04 34.53 ~42.5721.23 ~25.70 14.35~ 16.81 ~ 51.0 ~76.0
D20 o
B + bRifEi% Mean £ SE 8.11+0.34 827+042 0.99+0.02 61.75+531 4.02+0.15 39.09+0.59 24.01+£032 1551+£0.17 61.9+1.8
BAIEE Variation range 7.04 ~ 11.35 5.50 ~10.79 0.87~1.29 29.44~98.70 3.30~6.1125.50 ~31.10 17.46 ~ 23.10 11.45~ 14.03  63.0 ~ 129.0
D21 -
B + b5tk Mean £ SE 8.92+0.40 825+042 1.09+0.03 5843+5.69 4.75+024 28.51+047 20.56+0.41 12.93+0.18 84.7+54
BAIEE Variation range 10.41 ~ 12.899.94 ~ 12.96 0.84~ 1.14 107.43 ~ 126.33 6.72 ~ 8.00 27.43 ~ 38.40 19.29 ~ 23.38 12.32 ~ 13.98  61.0 ~ 103.0
D22 v
BIME + #RHER Mean = SE 11.90 £0.26 11.99 +0.34 1.00+0.03 118.56+2.22 7.45+0.14 33.08+1.04 21.06+0.42 1321+0.16 80.3+4.3
BALIEE Variation range  5.56~8.71 547~7.78 0.77~120 28.63~5543 3.91~7.0827.17 ~33.90 21.79 ~26.95 13.18 ~ 16.82  57.0~112.0
D25 i
BIMH + bRHER Mean+ SE 7,16 £0.32 6.74+£024 1.07+0.04 42.04+2.88 5.57+030 30.37+£0.58 23.52+0.63 1448+037 89.4+53
LG Variation range  5.57~8.73 5.72~10.87 0.80~1.05 27.23~58.34 2.74~4.67 25.83 ~40.87 21.65~24.2313.73 ~ 1543  54.0~91.0
D38 B
BIfE £ #RAER Mean £ SE 7174020 7.91+0.33 0.91+0.02  46.60+2.40 3.81+0.14 34.28+0.97 23.04+022 1448+0.13  755+2.7
LG Variation range 5.02 ~10.45 5.38~9.05 0.93~1.18 21.42~75.72 2.50~5.5531.50 ~39.03 23.57 ~27.96 1491 ~ 1727  63.0 ~ 96.0
D43 .
B + bRifEi% Mean £ SE 7.99+ 035 735+027 1.08+0.02 4737+3.74 4.05+022 3439+0.51 2548+037 1594+£0.18  77.1+£26
BAGIEE Variation range 7.40 ~ 1078 6.74~9.96 0.98~1.27  30.63 ~ 64.46 3.47~5.3234.03 ~47.57 18.64~29.5311.32~ 19.28  46.0 ~ 103.0
D44 o
BIfE + #RAER Mean+ SE 8934023 8.11+025 1.11+£0.02  50.66+2.72 421+0.13 40.06+1.04 24.82+1.08 15.03+0.74 713+5.6
LG Variation range  7.32~9.15 6.94~9.92 0.88~1.07 38.09~71.17 2.50 ~4.53 2333 ~32.40 19.37~25.70 11.91 ~ 14.80 ~ 47.0 ~75.0
D52 v
BIME + FRHEIR Mean + SE 829+0.14 8.54+023 0.98+0.02 57.81+248 338+0.12 28.70£0.74 23.54+040 13.64+021  64.1+2.0
BAEIEE Variation range 7.69 ~ 10.07 8.05~10.81 0.78~1.06  46.01 ~78.53 4.62 ~ 6.90 37.07 ~47.93 25.12 ~32.06 16.72 ~ 19.42  39.0 ~67.0
T02 b e
BIMH + PEMEIR Mean+ SE 9.05+£020 9.57+£021 0.95+£0.02 6248256 5.85+0.15 42.96+0.80 29.27+0.54 17.59+0.18  53.6+23
BALIEF Variation range 8.08 ~ 11.53 6.80 ~ 10.01 1.00~1.25 29.68 ~ 84.01 3.20 ~5.51 35.67 ~ 50.03 25.94 ~ 33.95 14.67 ~ 1846  40.0 ~83.0
T06 e
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T12 o
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LG Variation range 5.99 ~ 10.86 7.34 ~13.45 0.69~1.02 31.12~117.62 3.72 ~ 5.83 37.47 ~44.90 25.84 ~ 30.55 12.93 ~ 1621  36.0 ~ 62.0
T13 -
B + brifEiR Mean £ SE 8.99+0.36 10.60+£0.49 0.86+0.02 81.68+7.13 4.98+0.19 40.74+0.57 28.41+£034 1471£020 51.9+£2.0
BAGIEE Variation range 7.01 ~ 11.94 6.74 ~ 12.01 0.87~1.18 39.45~ 104.44 3.19~5.17 32.73 ~42.30 25.90 ~ 31.19 14.42 ~ 18.55  39.0 ~ 59.0
T19 -
HIfH + FRMEIR Mean+ SE 9.89£0.40 9.70£0.41 1.02+£0.02 7271 +4.48 420+0.14 37.90£0.80 2844034 1636+029 473+12
ALHEE Variation range 6.16 ~11.96 5.74~11.72 0.94~1.28 49.15~97.61 2.92~5.2431.13 ~43.17 23.67 ~30.09 14.13 ~ 1649 33.0 ~72.0
T30 v
HIMH + bREIR Mean + SE 10.08£0.35 9.64£042 1.05+£0.02 71.63+423 453+0.17 35.60£0.86 27.54+0.54 1554+021  493+28
BAEIEE Variation range  6.10~7.97 4.87~7.08 1.08~128 22.99~4136 2.39~3.2136.77~42.1326.77~31.0115.97~18.71  26.0 ~40.0
T31 e
WM + bR Mean £ SE 6.86+0.19 5854022 1.1840.02 3029+ 1.75 2.80+0.10 39.75£0.56 28.88+0.46 17.33+023 34.9+130
BALIEE Variation range  8.90 ~ 12.58 7.93~13.70 0.83~1.14 80.69 ~ 138.08 4.03 ~ 5.87 38.90 ~44.73 29.50 ~ 35.57 17.48 ~21.32  32.0 ~56.0
T33 -
BIfE + #EAER Mean + SE 10.26 £0.27 11.40£0.37 0.91+0.02 103.10+4.37 4.91+0.17 42.29+0.47 31.66+0.42 19.18+024  37.0+15
BAEIEE Variation range  5.06~9.34 4.48~9.73 091~1.13 27.85~65.79 2.51~5.0237.63 ~46.80 25.56 ~ 34.45 14.32~21.31  34.0 ~60.0
T36 .
BIfE £ #RAER Mean = SE 7.68£0.27 7.77+0.35 1.00+£0.02  47.86+2.95 3.81+0.17 41.84+0.76 29.82+0.80 1643+0.52  482+2.1
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Tab.2 Variations in leaf and stomatal traits of long branch leaves among genotypes in diploid and triploid hybrids between

sections Tacamahaca and Aigeiros of Populus

— {44 Diploid = %44 Triploid P 2 R 1)
zREEN
[ERN Difference
Trait TATEE M + brdEiR R R BATEE M = brdEiR R R significance
Variation range Mean+SE  CV/% Variation range Mean+SE  CV/% among all
genotypes
i F K S Leaf length/cm 502~12.89  878+0.14 16.04 < 0.001 420~1258  892+0.15 1826 < 0.001 < 0.001
95 ¥ Leaf width/cm 517~12.96  852+0.15 1647 < 0.001 4.48~1428 9.15+0.19 21.83 < 0.001 < 0.001
I FK 55 L Ratio of leaf
T K58 K Ratio of lea 077~135  1.04+001 630 <0001 069~128  099+0.01 1031 < 0.001 < 0.001
length to width
A Leaf area/cm’ 2142~12633 63.61+£2.10 3557 < 0.001 20.48~138.08 6574+2.39 3857 < 0.001 < 0.001
K £ Petiole length/cm 250~8.00  474+0.10 2537 < 0.001 2.00~930  4.65+0.12 29.02 < 0.001 < 0.001
MRS R
2137~4757 33.60+040 1147 < 0.001 26.10~50.03 39.75+0.35  7.89 < 0.001 < 0.001
Chlorophyll content
LK Stomatal length/um ~ 17.46~29.53 22.84+020  7.61 < 0.001 23.67~3623 29.38+0.21 575 < 0.001 < 0.001
SFLFEE Stomatal width/um 1131~1928 1421+0.12 736 < 0.001 12.93~21.65 1690+0.16  9.72 < 0.001 < 0.001
AALE /A mm )
LEE/CTmm < 0.001 26.00~83.00 4730£090 1743 < 0.001 < 0.001

Stomatal density/(number-mm *) 46.00~129.00 7620+130  12.86

LL _—————

LW —_———
LWR | —_——————
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SPAD —_————

SL | ——

SW ——

SD |+ ——

0 0.‘25 0.‘50 0..75 1.60

T4 /1 Repeatability

LL. #F R B LWL 7 98 LWR. iy K 56 Ly LA PL.
AR E: SPAD. W4 R & & SL. AUFL K SW. AL % 2 SD.
SALEE . T, LL, leaf length; LW, leaf width; LWR, leaf length-
width ratio; LA, leaf area; PL, petiole length; SPAD, chlorophyll
content; SL, stomatal length; SW, stomatal width; SD, stomatal
density. The same below.
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Fig. 1 Repeatability and 95% confidence interval of leaf and stomatal

traits of long branch leaves
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B3 — %14 Diploid

Stomatal density/(number-mm~?)

REAA AR 9 10 A — A5 KR K B (D08, D14, D20, D21, D22, D25, D38, D43, D44, D52) 1 = {4k £ K #4 (T02. T06. TO7. T12. T13. T19. T30.
T31. T33. T36). The horizontal-axis shows 10 diploid genotypes (D08, D14, D20, D21, D22, D25, D38, D43, D44, D52) and 10 triploid genotypes

(T02, T06, TO7, T12, T13, T19, T30, T31, T33, T36).
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Fig.2 Comparison of leaf and stomatal traits of long branch leaf among genotypes of (P. pseudo-simonii x P. nigra ‘Zheyin3#) x

P. x beijingensis with different ploidy
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demonstrate significant differences at the P < 0.05 and P < 0.001

levels, respectively.
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Fig. 3 Pearson correlation analysis of leaf and stomatal

traits of long branch leaves
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Fig. 4 Variance contribution rates of genotype and ploidy effect of leaf

and stomatal traits for long branch leaves
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