several cases, for example A. auriculiformis in Thailand
(LUANGVIRIYASAENG and PINYOPUSARERK, 1998). Build-up of
inbreeding through self-fertilization occurring in isolated trees
or poorly-flowering stands used for seed collection over succes-
sive generations, and the associated depression of vigour that
we have demonstrated in this study, could explain this phe-
nomenon.
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A Report of Triploid Populus of the Section Aigeiros
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Abstract

This screening study analyzed ploidy levels by counting the
chromosome number of 61 Aigeiros cultivars grown in China.
Triploid Aigeiros has been found in four of these cultivars: Pop-
ulus x euramericana (Dode) Guiner cv. Wuhei-1, P. x Liaoheni-
ca, P. Langfangensis-3 Wang (P. deltodide Barry cv. “Shan-
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haiguan” x P. simonii x P. pyramidalis-12+Ulmus pumila
Linn.), and P. x euramericana (Dode) Guinier. cv. “Zhonglin-46”.
The karyotype analysis indicates that triploid Aigeiros might
be derived from original allotriploid. Because growth of the
triploid trees was faster than their respective diploid hybrids
or clones in the plantations where we collected the materials,
we expect that they will play a significant role in breeding,
reforestation and fiber production in China.

Key words: Aigeiros, triploid.

Introduction

The genus Populus is widely distributed and cultivated in
the world. More than 20 million hectares of natural forests
occur across the world, of which about three million hectares
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Table 1. — Chromosome number of Aigeiros species and varieties (lines or hybrids) examined in the study.

No. Specific name Voucher Chromosome Locality
number (2n)

1 P euramericana (Dode) Guinier. cv. Wuhei-1 Chen RY 03-1 57 Wuqin, Tianjin
2 P xbeijingensis W. Y. Hsu-255 Qi LW 03-71 38 Datong, Shanxi
3 P xbeijingensis W. Y. Hsu-2 Qi LW 03-72 38 Changping, Beijing
4 P.*canadensis Moench Qi LW 03-73 38 Gu’an, Hebei
5 P.xeuramericana Qi LW 03-74 38 Fengning, Hebei
6 P.xeuramericana CL 13 Qi LW 03-75 38 Fengning, Hebei
7 P.xeuramericana CL 14 Qi LW 03-76 38 Fengning, Hebei
8  P.ceuramericana CL 33 Qi LW 03-77 38 Fengning, Hebei
9 P.xeuramericana CL 34 Qi LW 03-78 38 Fengning, Hebei
10 P.xeuramericana Cv. *Guarienco’ Qi LW 03-79 38 Shunyi, Beijing
11 P.xeuramericana Zhonglin- 2025 Qi LW 03-80 38 Shunyi, Beijing
12 P xeuramericana cv. *74/76° Qi LW 03-81 38 Shunyi, Beijing
13 P.xeuramericana cv. *74/76°-1 Qi LW 03-82 38 Shunyi, Beijing
14 P xxiaozhuanica W. Y. Hsu et Liang cv. Opera Q1 LW 03-83 38 Datong, Shanxi
15 P nigra L. xP. Simonii Carr Qi LW 03-84 38 Datong, Shanxi
16 P. deltoidsl. CL *Beikang-1" (16-27/92) Qi LW 03-85 38 Huairou, Beijing
17 P nigra CL 12(GMO) Qi LW 03-86 38 Huairou, Beijing
18 P deltoids Bartr.CL. "Naking-3~ Qi LW 03-87 38 Huairou, Beijing
19 £ tacamahacex P.del.Dlack Qi LW 03-88 38 Datong, Shanxi
20 P xeuramericana CI. *35° Qi LW 03-89 38 Datong, Shanxi
21 P xeuramericana (Dode) Guiner CL.. *Zhonglind6’ Qi LW 03-90 37 Daxing, Beijing
22 P. *Zhongsui-12’ Qi LW 03-91 38 Fengning, Hebei
23 P deltoidesxcathayana *Zhongheifang’ Qi LW 03-92 38 Gu’an, Hebel
24 P. maximowiczii Henry= P, del.var.ssp Qi LW 03-93 38 Jianshi, Hubei
25 Pxeyr.cv.San Martinox P.xcanadensis cv. Shanhaiguanensis Qi LW 03-94 38 Dalian, Liaoning
26 P.del.cv Luxx P xcanadensis cv. Shanhaiguanensis Qi LW 03-95 38 Dalian, Liaoning
27 P nigra var.thevestina Bean. *Shanyin’ Qi LW 03-96 38 Datong, Shanxi
28 P nigra var.thevestina Bean. *Yanmenguan’ Qi LW 03-97 38 Datong, Shanxi
29 P xeuramericana cv.serotina Qi LW 03-98 38 Datong, Shanxi
30 P xZhongjinnensis 2 Qi LW 03-99 38 Datong, Shanxi
31 P.xZhongjinnensis 3 Qi LW 03-100 38 Datong, Shanxi
32 P xZhongjinnensis 7 Qi LW 03-101 38 Datong, Shanxi
33 P xZhongjinnensis 10 Qi LW 03-102 38 Datong, Shanxi
34 P.xZhongshangnensis 8 QiLW03-103 38 Datong, Shanxi
35 P.xqungainensis 2 Qi LW 03-104 38 Datong, Shanxi
36 P.xqungainensis 3 Qi LW 03-105 38 Datong, Shanxi
37 P.xqungainensis 4 Qi LW 03-106 38 Datong, Shanxi
38 P pseudo-simoniixP. nigra Qi LW 03-107 38 Gu’an, Hebei
39 P.xLiaohenica Qi LW 03-108 57 Gu’an, Hebei
40 P.xLiaoningensis Qi LW 03-109 38 Gu’an, Hebei
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Continuation Table 1.
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41 P xgaixianesis

42 P Langfangensis-1 Wang
43 P. Langfangensis-2 Wang
44 P Langfangensis-3 Wang
45 P Langfangensis-4 Wang
46 P nigra

47 P, deltoids CL 1

48 P deltoids CL 2

49 P, deltoids CL 3

50 P. deltoids CL 4

51 P. deltoids CL 5

52 P, deltoids CL. 6

53 P. deltoids C1. 7

54 P. deltoids CL. 8

55 P deltoids C1.9

36 P. deltoids CL 10

57 P, deltoids CL 11

58 P. deltoids CL 12

59 P. deltoids CL 13

60 P. deltoids CL 14

61 P, deltoids CL 15

Qi LW 03-110 38 Fengning, Hebei
QIiLW03-111 38 Langfang, Hebei
Qi LW 03-112 38 Langfang, Hebei
Qi LW 03-113 57 Langfang, Hebei
Qi LW 03-114 38 Langfang, Hebel
Qi LW 03-115 38 Xinjiang

Qi LW 03-116 38 Datong, Shanxi
Qi LW 03-117 38 Datong, Shanxi
Qi LW 03-118 38 Datong, Shanxi
Qi LW 03-119 38 Datong, Shanxi
Qi LW 03-120 38 Datong, Shanxi
Qi LW 03-121 38 Datong, Shanxi
Qi LW 03-122 38 Datong, Shanxi
Qi LW 03-123 38 Datong, Shanxi
Qi LW 03-124 38 Datong, Shanxi
Qi LW 03-125 38 Datong, Shanxi
Qi LW 03-126 38 Datong, Shanxi
Qi LW 03-127 38 Datong, Shanxi
Qi LW 03-128 38 Datong, Shanxi
Qi LW 03-129 38 Datong, Shanxi
Qi LW 03-130 38 Datong, Shanxi

are in China. Since the 1990’s, China has initiated an enor-
mous reforestation program with Populus species for conserva-
tion and fiber supply purposes. Today, 70 % of these plantations
are Aigeiros, which is not surprising because more than 90 % of
poplar cultivation throughout the world is concentrated on the
species and hybrids in the section of Aigeiros (THIELGES, 1985).
Although triploid Aigeiros has been reported in the past (DAR-
LINGTON and WYLIE, 1956; BRADSHAW and STETTLER, 1993), they
have not been used as extensively as P. tomentosa. Because
Aigeiros has more advantages in reproduction and growth than
P. tomentosa, such as easier rooting with cuttings, faster juve-
nile growth, better tree form, and more adaptability to drought
and poor soils, triploid Aigeiros may have great potential in
poplar breeding and production programs in China as well as
in the world.

In this study, we collected 61 species, hybrids, or clones from
the section of Aigeiros cultivated and planted in China. The
purpose is to identify triploids in these artificial plantations.

Materials and Methods

The branch materials from the section of Aigeiros were col-
lected in the plantations in Beijing, Hebei, Liaoning, Shanxi,
and Xinjing of China (Table I). Triploid P. tomentosa as a check
was collected from Shanxi, China.

After these branches were brought back from the field, they
were stored at 15°C in a refrigerator. When the experiment
started, we cultured branches in tap water until the roots grew
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about 0.5—1 c¢cm long. Chromosome samples were prepared by
wall degradation hypotonic method (CHEN et al., 1979, 1982).
Briefly, root tips were removed and treated with saturated P-
Dichlorobenzene solution for three hours before they were
immersed in 0.075M KCI solution at 25°C for 30 min for pre-
hypotonic treatment. After that, they were treated with fixa-
tion solution (methanol: glacial acetic acid =3:1) for 30 min and
washed with distilled water. Then, materials were treated with
2.5% cellulase and pectinase enzyme mixture at 25°C for
about 40—-60 min, washed with 0.075M KCI solution twice and
incubated at 25 °C for 15 min. Fresh prepared fixation solution
was added a drop of fixation solution on the slide, and heated
the slide over an alcohol burner. The dried slide was stained
with a 1:20 Giemsa solution for 15 min, rinsed in distilled
water, air-dried, and mounted in a dammar balsam. Twenty
slides were produced and counted per tree. Each genotype was
validated at least three times. Karyotype analysis followed L1
and CHEN (1985). The “M” is median point, “m” is median
region, “sm” is submedian region, “st” is subterminal region
and “t” is terminal region, “SAT” is satellite.

Results and Discussion

Of 61 Aigeiros genotypes, we found that 57 materials were
diploid (2n=2x=38) (Figure I). Four triploid genotypes were
found: Populus x euramericana (Dode) Guiner cv. Wuhei-1, P. x
euramericana (Dode) Guinier. cv. “Zhonglin-46”, P. x Liaoheni-
ca, and P. Langfangensis-3 Wang (P. deltodide Barry cv. “Shan-
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Figure 1. — The Chromosomes of some species and varieties (lines and hybrids) of the section Aigeiros. 1. P. x qungainensis 2; 2. P. x Liaonin-
gensis; 3. P. deltoides CL 2; 4. P. deltoides Bartr.CL. ‘Naking-3’; 5. P. Langfangensis-2; 6. P. X euramericana cv. ‘74/76’;7. P. x Zhongjinnensis 2;
8. P. nigra var. thevestina Bean. ‘Shanyin’;9. P. X euramericana Cl. ‘35%;10. P. x beijingensis W. Y. Hsu-2;11. P. x canadensis Moench.
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Figure 1 (continues). — P. deltoides CL 13; 13. P.. x gaixianesis; 14. P. deltoides CL 9;15. P. deltoides CL 10; 16. P.. x Zhongshangnensis 8;17. P.
X Zhongjinnensis 10; 18. P deltoides CL 6; 19. P deltoides. X cathayana “Zhongheifang’;
20. P. x euramericana Zhonglin-2025; 21. P. deltoides CL 15; 22. P. deltoides CL 12; 23. P. deltoides CL 7.
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haiguan” x P. simonii x P. pyramidalis-12+Ulmus pumila
Linn.). Their chromosome numbers are: 2n=3x=57 (Figure 1).
Aneuploids and tetraploids were not found.

The karyotype analysis indicates that the karyotype of
triploid Aigeiros differed significantly from that of triploid P.
tomentosa. The karyotype of triploid euramericana (Dode)
Guiner c¢v.Wuhei-1 is 2n=3x=57=2M + 38m(4SAT) +14sm
(2SAT) + 3st, while the karyotype of triploid P. tomentosa is
2n=3x=57=M+31m +10sm + 15st (Figure 2).The chromosome
pairs of triploid P. fomentosa are the same, while the chromo-
some pairs of triploid Aigeiros are remarkably different. This
indicates that triploid Aigeiros might be derived from original
allotriploid.
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There are generally two paths to form a triploid. One is
hybridization between diploids and tetraploid. However, as far
as we know, tetraploid poplar has been not found in China.
Therefore, a triploid tree is unlikely formed through this path.
Another path is for the germcells to double in one parent (a 2n
pollen grain or oocyte), which is then fertilized by a 1n gamete
from the other parent forming a triploid seed. This has been
proven for triploid P. tomentosa (ZHU et al., 1995). The forma-
tion of triploid Aigeiros most likely followed this path. How-
ever, this hypothesis needs to be tested with further experi-
ments.

Of the triploid that we identified, P. x euramericana (Dode)
Guiner CL. “Zhonglin-46” is a third generation poplar variety
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Figure 2. — The chromosomes from triploid Populus: (A) Populus x euramericana (Dode)
Guinier. cv. Wuhei-1; (B) P. x Liaohenica; (C) P. Langfangensis-3; (D) P. X euramericana

(Dode) Guinier. CL. “Zhonglin-46”.
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Figure 3. — The karyotypes of (A) Populus euramericana (Dode) Guinier. cv. Wuhei, (B) P. x Liaohenica, (C) P. Langfangen-
sis-3 and (D) P. x euramericana (Dode) Guiner CL. “Zhonglin-46”.

created by The Chinese Academy of Forestry in the 1970’s and
1980’s. P. x Liaohenica is a hybrid of P. deltoides cv. Shan-
haiguanensis and Populus deltoides cv. Harvard. P. “Langfan-
gensis-3” is a new cultivated material, yet the P. “Langfangen-
sis-1”, P. “Langfangensis-2”, and P. “Langfangensis-4” are all
diploids. P. x euramericana (Dode) Guinier. Wuhei-1 was col-
lected in Wuqing of Tianjin and some of its characters are simi-
lar with P. x euramericana CL. Zhonglin-46. We speculate that
both could be from the same origin or a contamination occurred
when these plantations were established.

A common garden study will be established to compare
growth among these triploids as well as to compare them with
diploids. From the plantations where we collected the samples,
we observed that the triploids grew about 5 cm in DBH and 4
to 5 m in height. After two years, their DBH could reach more
than 6 to 9 cm and height could be 9 m. The fast growing char-
acteristics could have tremendous potential in plantation
forests in China.

From this screening process, we found that 6.8% of 61
Aigeiros materials are triploids, which is high for percentage of
triploids. It is not clear whether these triploids were formed
through natural fertilization or if they were triploids originally.
However, what can be affirmed is that the finding of triploid
Aigeiros will have significant effect on poplar breeding in the
future.
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