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Comparative study on flower bud differentiation of female and male ear-

ly blooming type walnut varieties

YU Dong"***, ZHAO Yu>**, HAN Liqun™**, GUO Caihua', KANG Chao', MA Kai***, NIU Jianxin"
('Department of Horticulture, College of Agriculture, Shihezi University/Key Laboratory of Characteristic Fruit and Vegetable Cultiva-
tion Physiology and Germplasm Resources Utilization Corps, Shihezi 832003, Xinjiang, China;, “Institute of Horticultural Crops, Xinji-
ang Academy of Agricultural Sciences, Urumgqi 830091, Xinjiang, China; *Xinjiang Fruit Tree Scientific Observation and Test Station of
the Ministry of Agriculture and Rural Affairs, Urumgqi 830091, Xinjiang, China; *Xinjiang Key Laboratory of Horticultural Crop Genome
and Genetic Improvement, Urumqi 830091, Xinjiang, China)

Abstract: [Objective]l Wen185 and Xinxin 2 are the main varieties of Walnut cultivated in Xinjiang.
They are often used as pollination trees each other in production to ensure the yield of walnut. Research-
ers have done a lot on the differentiation process of male and female flower buds of a single variety, but
there have been few studies on the differentiation process and characteristics of the male and female
flower buds at different stages of two varieties simultaneously. We compared the changes of external
morphology and internal structure of the male and female flower buds of Wen185 and Xinxin 2 at differ-
ent stages, and detected the correlation between them as well. Furthermore, we elaborated the processes
of the male and female flower bud differentiation to provide a theoretical basis for the cultivation and
management of Xinjiang walnut. [Methods] The male and female flowers were observed by paraffin
section. The internal structural characteristics of the male and female flower bud differentiation were ob-
served by the microscope (Nikon eclipse TS2) (the image processing software is nis elements D 4.60.00
64 bit, Adobe Photoshop CS6). The male and female flower buds were dissected with anatomical nee-
dles, and their external structural characteristics were observed. The data were analyzed to explore the
correlation between the internal and external structural characteristics during flower bud differentiation
of Wen185 and Xinxin 2.[Results] The results showed that: (1) The female flower bud of female early
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blooming type variety Wen 185 and the male early blooming type variety Xinxin 2 turned into the criti-
cal stage of the female flower morphological differentiation in mid-April, and then experienced six stag-
es: flower primordium differentiation stage, flower primordium differentiation stage, pedicel primordi-
um differentiation stage, and perianth primordium maturation stage. There was no significant difference
in the rate of the male and female primary morphological differentiation between Wen 185 and Xinxin
2. Then the female flower bud differentiation rate of Wen 185 was gradually higher than that of Xinxin
2. There was overlap between adjacent cycles. In this study, the differentiation stage of the flower bud
and stem primordium and the differentiation stage of flower primordium were carried out at the same
time to a great extent. (2) In mid-May, the male flower buds of female early blooming type variety Wen
185 and the male early blooming type variety Xinxin 2 turned into five stages: Stamen primordium dif-
ferentiation, sepal primordium differentiation, stamen primordium differentiation, and stamen differenti-
ation, maturation. In each stage, the differentiation rate of the male flower buds of Xinxin 2 was always
prior to Wen 185. Among the male flower buds, there was also cross overlap between the flower primor-
dium differentiation stage and the differentiation stage of sepal primordium. (3) The external shape and
the size of male and female flower buds of Wen 185 and Xinxin 2 were related to the internal anatomi-
cal structure. (4) From mid late May to early July, and from mid early March to mid late April of the fol-
lowing year were two important time periods for pistil and anther differentiation of the walnut. At this
time, the rapid growth of the walnut fruits, the germination and expansion of flower buds and the sprout-
ing and leaf expansion of new shoots all need consuming a lot of nutrients. In order to ensure the quali-
ty of the flower bud differentiation, we should pay more attention to the fertilizer and water manage-
ment and the pruning in the spring and summer, so as to improve the effective utilization rate of nutri-
ents, which would play an important role in improving the yield of nuts in the current year and flower-
ing and fruiting in the next year. At the same time, the difference in the differentiation speed of the male
and female flower buds would lay a foundation for the preferential blooming of the female and male
flowers. The preferential blooming of female flowers is the premise for the priority of fruit setting of
the female antecedent varieties compared with male antecedent varieties. Through the observation of
flowering and fruit setting phenological period of Wen 185 and Xinxin 2, it was found that the female
flower blooming period of Wen 185 is about 10 days earlier than that of Xinxin 2, and the fruit setting
period is one week earlier than that of Xinxin 2.[Conclusion]It is feasible to infer the internal differenti-
ation stage from the external morphological characteristics of the male and female flower buds, and the
differentiation state of the male and female flower buds can be judged conveniently and quickly.
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Table 1 Sampling time of male and female flower buds
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WEPEAE /7 3k s fp. FE 3 s fst. TN s pp. FEI I s op. TE =2 J5IE ;s pip. WSS 5L ; op. TR G s bp. TEHEJEIE

Walnut varieties Wen 185 (A-H) and Xin Xin 2 (a-h) are in turn from top to bottom, and flower bud differentiation states in different periods are in
turn from left to right (A, B, C, D, E, F, G, Hand a, b, c, d, e, f, g, h represent differentiation states of 04-15, 05-15, 05-30, 06-15, 07-15, 08-15, 09-15
and 03-30 on different sampling dates respectively); gp. Growth point; Ip. leaf Primordium; sam. Apical meristem; fip. Primordium of female flower in-

florescence; fp. Flower primordium; fst. Flower stalk; pp. Petal primordium; cp. Calyx primordium; pip. Pistil primordium; op. Ovule primordium; bp.
perianth primordium.
B 1 RSB XM B Ak 5 AR B EATE o ML R B 88T MR
Fig.1 Paraffin section observation on flower bud differentiation of walnut female flower buds at different stages
in Yecheng County, Kashgar, Xinjiang
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Walnut varieties wen185 (A-G) and Xinxin 2 (a-g) from top to bottom, and flower bud differentiation at different stages from left to right (A, B, C,
D,E,F,Ganda, b, c, d, e, f, g represent differentiation at different sampling dates of 05-15, 05-30, 06-15, 07-15, 08-15, 09-15 and 03-30, respective-

ly); sam. Apical meristem; fp. Flower primordium; bp. Perianth primordium; fpe. Male flower sepals; sp. Stamen primordium; st. Stamen; ant. An-

ther; ps. Pollen sac; pg. Pollen grain; ep. Epidermis; ed. The inner wall of the chamber; pmc. Pollen mother cell.
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Fig.2 Paraffin section observation of male flower bud differentiation of Walnut in Yecheng County, Kashgar, Xinjiang
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Fig. 3 External morphological changes of male and female flower buds of Xinxin 2 and wen185 Walnut at different stages
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Table 2 Changes of external morphology of female and male flower buds at different differentiation stages

M5 Gender 43 fLHS i Differentiation period

AN TE S External form

WMEFE 2 Zogatd it TEZF RO TE , ANEREE BT, B85 1 3~6 )2, 4 1~3 )2
Female Critical stage of morphological differentiation The flower buds are heart-shaped, soft, with 3-6 layers of scales and 1-3 layers of
flower bud young leaves.
WEFE 73 AL 4] ) TEZF O, ANERIE BT, 85 7 7~9 )2, A1 3~6 )2
Initial stage of female flower differentiation The flower buds are heart-shaped, soft, with 7-9 layers of scales and 3-6 layers of
young leaves.
e YA AE2F B TE Y SMRGE W AR BAL , 85 8~11 )2, 4t 5~8 )=
Flower primordium differentiation stage The flower buds are shield shaped, the external scales are gradually semi lignified,
with 8-11 layers of scales and 5-8 layers of young leaves.
TEAR HE S 163 TE2F BB, SR8 B R B , 85 R ECR RSN, 4 6~10 2.
Petiole and pistil differentiation stage The flower buds are shield shaped, the external scales are gradually lignified, the
number of scale layers is no longer increased, and the young leaves have 6-10 layers.
METETE R TEZF B R, BB , SRR EBE A AR BAL , S = HON AR -
Female flower formation stage The flower buds gradually expanded in shield shape, the external scales were ligni-
fied, and the number of young leaf layers was no longer increased.
AL THEAE IR JE 734 TEF E MG BT RERE /N 57 A2 30° 9
Male Male flower primordium The flower buds are triangular, the inflorescence is tightly wrapped, and the bracte-
flower bud oles are at an angle of 30 © with the central axis of the inflorescence.

S AL )

Stamen and calyx

1257

Anther differentiation stage

HEREIE 1

Male flower formation stage

R = A AT AR R /NE R SR il 5 4509 £
The flower buds are triangular, the inflorescence is tightly wrapped, and the bracte-
oles are at an angle of 45 © with the central axis of the inflorescence.

AE2F AR (L PP QR BB N S AEF i 2 90° e A

The flower buds are cylindrical, the inflorescence is tightly wrapped, and the bracte-
oles are at an angle of 90 ° with the central axis of the inflorescence.

AL R, 67 1B RA B, /NE e S5 A6 Hh il 52 90° A7

The male flower is expanded, the inflorescence is gradually loose, and the bracteoles
are at an angle of 90 ° with the central axis of the inflorescence.
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