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Flower induction and physiological response of Citrus reticulata “Shatangju”
to low temperature under solar greenhouse condition

FU Chong-Yi', LIU Jie-Cai', CUI Shi-Mao', BAO Yan-Yan', REN Jie', HAO Chun-Yan’

(1. College of Agronomy, Inner Mongolia Agricultural University, Hohhot 010019, China; 2. Baoshan District Vegetable Science and
Technology Promotion Station of Shanghai City, Shanghai 200443, China)

Abstract Open-field cultivation has been the main mode of citrus cultivation in China, with major blooming peak in spring and
citrus fruits only shipped to markets in October through December. Under protected cultivation, it was possible to force the flowering
stage of citrus to an advanced date via temperature control for earlier shipments of fruits to markets. In north China, early autumn low
temperatures in solar greenhouses have been used to induce early citrus flower bud differentiation. Induction of flowers by the
warming effect with plastic film covers forced sprouting. While the role of the low temperature in flowering has been well
documented, flower bud differentiation competence during winter under greenhouse conditions has remained unconfirmed. To
determine suitable heating time for citrus flower bud morphological differentiation in solar greenhouse, 4-year-old of “Shatangju”
tangerine (Citrus reticulata “Shatangju”) seedlings with stock of trifoliate orange (Poncirus trifoliate Raf.) were selected. The
response of the “Shatangju” tangerine flower to low temperature in solar greenhouse was studied in an in vitro culture. The results
showed that some axillary buds differentiated into flower buds after treated with low temperature (15 C at day for 12 h, 10 C at
night for 12 h) for 720 hours. Floral ratio apparently decreased while germination ratio sharply increased after 960 hours under low
temperature. Floral ratio was negatively correlated with germination ratio. Under solar greenhouse conditions, autumn shoots of
“Shatangju” tangerine were ripe enough to form flower buds in early November. Floral ratio apparently increased during the whole of
winter, which showed order of average floral ratio: February > January > December. When accumulated time of low temperature
5~20 ‘C reached 1 309 hours, floral ratio stabilized at 40.51%. A significantly negative correlation was noted between leafy to
leafless flower ratio and accumulated hours of <5 C. Under low temperature treatment, C/N ratio was positively correlated with
floral ratio while proline content showed a highly significant positive correlation with floral ratio. The response of the change in C/N
ratio and proline content of “Shatangju” tangerine was positive to flower induction. In conclusion, change in C/N ratio and shoot

proline content were good indicators for heat treatment of citrus to force flower bud germination.
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Table 1 Effect of low temperature treatment on flower formation of axillary buds of “Shatangju” tangerine in vitro
\ \ WA & IR T . I
ARl A B ] Total Before culture under the optimal temperature LI L2 B AL AL
Treatment time of number e o Number of leafy Total number Floral ratio
low temperature (h) i 25 K i 2 2 flower of flower buds (%)
of buds L L .
Number of germination Germination ratio (%)
240 43 0 0 0 0 0b
480 49 0 0 0 0 0b
720 34 2 5.88 3 3 8.89ab
960 49 9 18.37 5 5 12.45a
1200 44 18 40.91 3 3 7.80ab
1440 33 23 69.70 1 1 2.38ab

[Al 5 H R R /NG AR R A BRIR) 22 533K 0.05 237K, TIA. Different small letters in the same column show significant difference among

treatments (P < 0.05). The same below.
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Table 2 Changes of the content of free proline, total C and
N in buds of “Shatangju” tangerine in vitro under low
temperature treatment

AR AL 2R ] s 2R i A iR
Treatment time of ~ Total C  Total N C/N Free proline
low temperature (h)  (gkg™)  (gkg™) (mg-g™h)
0 326.67f  39.57b 8.26f 0.41d
240 374.51¢c 34.86d 10.74d 0.53¢
480 376.51b 23.92f 15.74a 0.52¢
720 434.18a 28.15¢ 15.42b 0.62a
960 359.62d  28.30e  12.71c 0.60b
1200 341.65¢  36.74c 9.30e 0.60ab
1 440 300.96g  40.38a 7.45g 0.51c
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Fig. 1 Regression analysis between the accumulation hours
of low temperature and floral ratio, germination ratio of
“Shatangju” tangerine
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Table 3  Analysis of partial correlation between floral ratio, germination ratio and contents of proline, total C and N of
“Shatangju” tangerine

AL (=S gAY K3 EeA)
Floral ratio Germination ratio Free proline Total C Total N
i 2 % Germination ratio ~0.721
Jili & #& Free proline 0.872" -0.817"
4:H#% Total C 0.559 —0.858" 0.799
4% Total N -0.437 0.907" -0.507 -0.739
C/N 0.437 -0.910" 0.577 0.857" -0.972"

# il 00 B R AE P<0.05 Fil P<0.01 K340, TIH. * and ** indicate the significant correlation at 0.05 and 0.01 levels. The same below.



576 A SO 2013 %21 %
25 —— i Open field
20" —0— J&% Greenhouse
151
O 10F
wi 9
i of
g st
CHEN |
-15T
BT e . S . ———————————
09-01 09-20 10-09 10-28 11-16 12-05 1224 01-12 02-19
Hi(H - B) Date (month-day)
B2 9A1H-3A8HAXEERFHHBEFHEETK
Fig. 2 Change of daily mean temperature in greenhouse and open field from Sep.1 to Mar. 8
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Table 4 Accumulated hours of different temperature ranges from Sep. to Oct. in open field h
H(A-H) IRFEVEREl Temperature range
Date (month-day) <5 °C 5~20 C >20 C
09-01—09-30 30 578 118
10-01—10-31 19 563 17
A1 Total 49 1141 135
F5 ZFAERE A XREERBIE I
Table 5  Ability of flower formation of autumn shoots of “Shatangju” tangerine in solar greenhouse
under different periods in winter
H (411 -H) EUKALEE S BEEC EE ORIER HIHER KOFAERC AL
Date Accumulated hours (h) Total bud Number of Floral ratio ~ Number of Number of Leafy flower/
(year-month-day) <5 C 5~20 C >20 C number flower bud (%) leafy flower  leafless flower leafless flower
2011-10-10 53 218 134 89 0 0.00e 0 0 —
2011-10-20 95 370 183 85 0 0.00e 0 0 —
2011-10-30 143 508 237 86 0 0.00e 0 0 —
2011-11-09 159 693 276 85 0 0.00e 0 0 —
2011-11-19 256 790 322 93 1 1.43¢ 1 0 —
2011-11-29 355 904 349 86 5 6.61e 4 1 4.00
2011-12-09 514 957 376 91 18 19.75d 14 4 3.50
2011-12-19 681 1 004 402 93 16 16.76d 12 4 3.00
2011-12-29 848 1 055 424 92 15 16.82d 12 3 4.00
2012-01-08 1016 1103 448 93 26 29.41c 18 8 2.25
2012-01-18 1170 1154 483 98 36 36.86abc 26 10 2.60
2012-01-28 1350 1198 499 88 28 32.76bc 19 9 2.11
2012-02-07 1515 1246 526 96 41 42.95a 26 15 1.73
2012-02-17 1 665 1309 553 92 37 40.69ab 23 14 1.64
2012-02-27 1748 1417 602 94 36 38.14abc 23 13 1.77
2012-03-08 1 846 1529 632 91 40 43.97a 25 15 1.67
223 HAREFHTHREFEPUREBREOES  DIREZSEALES CUT), EHSW A4 1 A A E
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Table 6 Changes of free proline, total C and N contents of autumn shoots of “Shatangju” tangerine in solar
greenhouse in different periods of winter
. k%% Shoot i h Leaf
HHIEE-A-H) — ry— = e T
Date xS 2R A R xS 2R =N
(year-month-day) Total C Total N C/N Free proline Total C Total N C/N Free praline
(gkg ™) (kg ™) (mg-g™h) (kg™ (gkg™) (mg-g™h)
2011-10-10 326.00d 32.56k 10.01i 0.4%h 368.10k 39.40h 9.34j 0.79i
2011-10-20 342.15¢g 30.64j 11.17g 0.53¢g 423.45a 38.961 10.87d 0.75j
2011-10-30 360.45¢ 31.67g 11.38ef 0.57f 408.61d 40.19¢ 10.17f 0.70m
2011-11-09 376.91f 31.05a 12.14d 0.63c 395.10fg 43.33c¢ 9.12k 0.711
2011-11-19 368.381 27.79¢ 13.25b 0.65b 417.35b 42.10e 9.91h 0.68n
2011-11-29 355.80j 27.35h 13.01c 0.62¢ 353.581 42.91d 8.24m 0.73k
2011-12-09 341.741 25.24j 13.54a 0.67a 393.56h 47.98a 8.20m 0.78i
2011-12-19 360.45k 26.41g 13.65a 0.65b 395.40f 45.65b 8.661 1.21c
2011-12-29 361.93d 32.31f 11.20fg 0.63c 397.76e 36.50k 10.90d 1.11e
2012-01-08 367.15¢ 34.47d 10.65h 0.61d 368.48k 36.58k 10.07g 1.10e
2012-01-18 345.05¢g 30.39i 11.36ef 0.67a 396.20f 31.84m 12.44b 1.23b
2012-01-28 344.45¢g 30.52i 11.29fg 0.67a 385.51j 33.031 11.67c 1.28a
2012-02-07 365.96h 29.78e 12.29d 0.65b 414.46¢ 30.79n 13.46a 1.12d
2012-02-17 371.56d 32.25b 11.52e 0.65b 398.23¢e 38.52j 10.34e 1.09f
2012-02-27 356.31b 35.16h 10.13i 0.61d 394.23i 41.55f 9.491 1.00g
2012-03-08 322.73a 39.051 8.26j 0.59% 386.83gh 41.23f 9.38j 0.90h
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Fig. 3 Regression analysis between low temperature and
floral ratio of “Shatangju” tangerine
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