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Axillary Bud Sprouting and Growth Characteristics in Wheat Following
Late Spring Coldness Stress and Their Compensatory Effect on Yield
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Abstract: To understand the compensatory effect of the germination and earing of latent axillary buds
in wheat on yield after late spring cold stress, artificial intelligence greenhouses were used to simulate
late spring coldness by applying freezing stress of different durations to wheat plants at different pani-
cle development stages. Combined with different topdressing nitrogen levels, the changes in the ger-
mination and growth characteristics of wheat axillary buds and their effects on yield after late spring
coldness were analyzed. The results showed that freezing stress at both the anther septum formation
stage and the tetrad stage promoted the germination and growth of latent axillary buds in wheat, and
the number of germinated axillary buds and their growth rate increased with the extension of stress

duration and the increase of topdressing nitrogen amount. Compared with the main stem, the growth
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of regenerated tillers(formed by the germination and elongation of axillary buds) after freezing stress
was significantly reduced: plant height, stem diameter, number of leaves, leaf area, and aboveground
dry matter at the flowering stage and maturity stage decreased by 40. 67%, 24.51%, 54.55%, 54.15%,
67.33%, and 63.69% , respectively. The panicle distribution ratio and post-anthesis dry matter con-
tribution rate of regenerated tillers at the flowering stage and maturity stage increased by 101.59%,
11.06% ., and 13.75%, respectively. The regenerated panicles(formed by regenerated tillers) had a
smaller panicle shape, with panicle length, number of spikelets per spike, number of grains per pani-
cle, 1 000-grain weight, and yield per panicle decreasing by 22. 71%, 14. 86% ., 49.51%, 20.05%,
and 59.50% , respectively. The later the stress occurred, the smaller the growth and panicle shape of
regenerated tillers; however, the growth and panicle shape increased with the extension of stress du-
ration and the increase of topdressing nitrogen amount. The earing rate of regenerated tillers under
different treatments ranged from 32. 52% to 66. 35%, and the compensatory effect on yield loss ranged
from 12.06% to 70. 89%. Overall, the more severe the stress, and the higher the topdressing nitrogen
amount, the higher the earing rate of regenerated tillers and their compensatory effect on yield. In
conclusion, although the regenerated tillers produced after late spring coldness have small growth,
they have a high harvest index and a significant compensatory effect on yield loss, and sufficient nu-
trient supply is an important guarantee for improving the availability of regenerated tillers.

Keywords: Wheat; Late spring coldness; Nitrogen topdressing rate; Regenerative tillers; Biomass ac-

cumulation; Yield; Compensation effect
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Table 1 Experimental treatment groups
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amount after stress
CK \ \ \
P1SINO 0 g(NO0)
P1SIN1 8 h (SD) 0.42 g(N1)
. 2RI -
P1SINZ Anther 1.05 g(N2)
3 connective
P1S2NO phase(P1) 0 g(NO0O)
P1S2N1 24 h (S2) 0.42 g(N1)
P1S2N2 1.05 g(N2)
P2S1NO 0 g(NO0)
P2SIN1 8 h (S 0.42 g(ND)
P2SIN2 DY 53435 1. 05 g(N2)
Tetrad =~
P2S2N0 phase(P2) 0 g(NO)
P2S2N1 24 h (S2) 0.42 g(ND)
P2S2N2 1. 05 g(N2)
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A: Dynamic changes in axillary bud length from 0 to 15 d after coldness stress; B: Dynamic changes in dry weight of axillary buds

per plant from 0 to 15 d after coldness stress; C: Growth rate of axillary buds per plant in the P1 group from days 3 to 15, and in the P2

group from days 6 to 15; D: Number of axillary buds germinated per plant at 25 d after coldness stress. Different lowercase letters above

the columns indicate significant differences among treatments(P <0, 05).
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Fig. 2 Sprouting and growth characteristics of wheat axillary buds under different treatments
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Table 2 Agronomic traits of the wheat main stem and regenerated tillers

b B e X % M SPAD
Treatment Stem length/cm Stem diameter/cm Leaf number Leaf area/cm?

CK 67.5141.78a 0.42240.028a 11.00+£0. 00a 138. 93412, 05a 55.8841. 30a
P1SINO 38.03+2. 40de 0.34140.014c 4.87+0.12b 75.40+3.71e 48.63+5. 16abc
P1SINI 40.3341.07d 0.363740.030bc 4.80+0.17b 91.97+2.12d 49,574 4. 10abc
P1SIN2 44,.50=+2. 30c 0.38440.015ab 4.87+0.15b 98.24+4.37cd 56.27+4. 89%a
P1S2NO 44,0141. 29¢ 0.351740. 040bc 4.837+0.12b 102. 3042. 19bc 43.2740. 64c
P1S2N1 50.3340.12b 0.38840.015ab 4.83£0.12b 103.4843. 46bc 48. 4042, 29abce
P1S2N2 50.35+0. 26b 0.40540.010a 4.937+0.06b 106. 88+ 1. 64b 50. 60+5. 14abc
P2S1INO 29.5344.03g 0.23340.009f 4.83%£0.12b 21.7941.90h 44,0944, 58¢
P2SIN1 35.7741. 66e 0.26240.025def 4.87+0.15b 26.31=+1. 32gh 46.92=+5. 74be
P2SIN2 37.4440.50de 0.28440.007d 4.93%+0.06b 32.6342.93g 52.9845. 30ab
P2S2N0 32.7840. 33f 0.24240.017ef 4.80-0.10b 31.0741.40g 43.5344.01c
P2S2N1 37.43740. 95de 0.27540.035de 4.937+0.06b 31.52+1.53g 43.57+3.67c
P2S2N2 40,1241, 54d 0.29840.010d 4,90+0.17b 42,7442, 681 50. 2045, 22abc

""""""""""""""""""""""""""""""""""""""""""""""" FHF value
P 243.422" " 216.376* 0. 081 561.921* " 3. 004
S 70.961" " 4.537 0.002 187.307" " 0. 383
N 50. 874" " 16.917* 0.821 68.405" " 9.301" "
PXS 16. 605" * 0.179 0.002 18.393" " 4.491"
PXN 0. 454 0.047 1.119 4.540" 0. 157
SXN 0.667 0.162 0.642 12.523" " 0.495
PXSXN 2.395 0.048 0. 344 10.097 " * 0. 149

PR it S: R FFgemt s N Bl s B AR
fiip i B 5B AR EAE ; PXSX N W i 3 i &
P<C0.01; * ; P<C0.05, % 3.

PXS: Z A m 5 mHE BAE; PXON: Bha i 538 A B EAE; SXN: %
A EEE, RGN R /NG 73R8k B R 22 5 8 3% (P<<0.05), * * .

P. Coldness at different stages; S: Coldness duration; N: Nitrogen topdressing amount after stress; P X S: Interaction between

coldness stage and duration; P>X N: Interaction between coldness stage and nitrogen topdressing amount; SX N: Interaction between

coldness duration and nitrogen topdressing amount; P>XSXN: Interaction among coldness stage, duration, and nitrogen topdressing a-

mount. Different lowercase letters following the values in the same column indicate significant differences among treatments(P <20, 05).

* %, P<C0.01; * . P<C0.05. The same in table 3.
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A: Characteristics of dry matter accumulation in the main stem and individual regenerated tillers at anthesis stage; B: Characteristics

of dry matter accumulation in the main stem and individual regenerated tillers at maturity stage; C: Characteristics of dry matter alloca-

tion in the main stem and regenerated tillers at anthesis stage; D: Characteristics of dry matter allocation in the main stem and regenera-

ted tillers at maturity stage. Different lowercase letters indicate significant differences among treatments(P <0, 05).
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Fig.3 Characteristics of dry matter accumulation and allocation in the wheat main stem and regenerated tillers
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Table 3 Dry matter translocation charateristics from vegetative organs after anthesis in the main stem and regenerated tillers of wheat

LG T PR T
Ib 3 Pre-anthesis dry matter per stem Post-anthesis dry matter per stem
Treatment
TA/g CR/% AA/g CR/%

CK 0.80740. 03a 35.23+2.58ab 1.4740. 11a 64,7742, 58de
P1SINO 0.2740.03cd 26.95+3. 20cd 0.72740.07b 73.05743. 20bc
P1SINI 0.30+0.02cd 28.444+3.43cd 0.7540.08b 71.56=+3.43bc
P1SIN2 0.31+0.02c 28.55+2.95cd 0.7840.06b 71.45+2.95bc
P1S2NO 0.28-0. 04cd 28. 854 4. 20cd 0.6940.12b 71.1544. 20be
P1S2N1 0.31-£0. 04c 30. 414 3. 35bed 0.7040.01b 69. 594 3. 35bed
P1S2N2 0.41-0.06b 34,8744, 44ab 0.77+0.06b 65. 1344, 44de
P2S1NO 0.11-+0.03f 14.04+3. 54e 0.68+0.04b 85.9643. 54a
P2SIN1 0.12-+0.02f 14. 70+ 2. 82e 0.67+0.04b 85.3042. 82a
P2S1N2 0.12-0.01f 14.66+1. 76e 0.70+£0.03b 85.3441.76a
P2S2NO0 0.18+0.01e 25.2941.27d 0.51+0.02c 74.7141.27b
P2S2N1 0.25+0.01d 31.9741. 77abc 0.53+0.02c 68.0341.77cde
P2S2N2 0.300.01cd 37.1842.83a 0.54+0. 04c 62.8242. 83e

''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' FA§F valee
P 182.875* % 41,978~ 46,3977 " 41,9787
S 21.208* " 7.885" " 1.123 7.885" "
N 77.7447 97.339" " 24,4377 " 97.339" "
PXS 1.038 0.553 1.113 0.553
PXN 20.305" 7 43.327" " 11.349" " 43.327" "
SXN 9.137"* 4.874" 0.072 4. 874"
PXSXN 0. 964 1.076 0.451 1.076

TA %184 AA TR CR: RISk

TA: Transferamount; AA: Accumulation amount; CR: Contribution rate to grain.

—a—CK

—e—P1S1
#E1K Spike length/cm —A—Plglg(l)
——PISIN2
—e—P1S2N0O
—<«—PIS2N1
——PIS2N2

ERVIVES
Spikelets number per spike

—e—P2S1NO
—+—P2SIN1
—=—P2S1IN2
—o—P2S2N0
——P2S2N1
——P2S2N2

20
TR E Thousand-grain weight/g FERIFL Grains number per spike
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Fig. 4 Spike traits and yield components of the main stem and regenerated tillers atmaturity stage of wheat
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Table 4 Spike-bearing rate and compensation rate of regenerated tiller of individual wheat plant

PR T A AP L T
Grain weight per plant of
regenerated tiller/g

AR AP BERME R
Compensation rate of
regenerated tiller/ %

g T bR A R T
Treatment plkefbearmg rate of Grain vye}ght per plant of

regenerated tiller/ % original tiller/g
CK \ 8.37
P1SINO 32.52 5.81
P1SIN1 37. 86 6.17
P1SIN2 40. 63 7.12
P1S2NO0 34. 06 5.66
P1S2N1 40. 48 5.84
P1S2N2 47.57 6. 80
P2S1NO 43. 26 6.10
P2SIN1 59.74 6.41
P2S1IN2 60. 20 6.92
P2S2N0 52. 82 5.78
P2S2N1 65. 96 6.00
P2S2N2 66. 35 6.39

\ \
0.31 12.06
0.52 23. 86
0.63 50.51
0. 49 18.13
0.71 29.79
0.83 52. 64
0.48 21.25
0.92 51.46
1. 00 68. 87
0.62 23.83
1.22 51.56
1. 40 70. 82
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