FE AR RE  2020,53(20):4137-4151
Scientia Agricultura Sinica doi: 10.3864/j.issn.0578-1752.2020.20.004

F#E (EFIRARSS) #RIRES (0SID) -

RTEAM BT R/ N EZEE R S 4RI F2 N
B MEKL REL AR IAL MASL TR

CIZRARAN RS Y H BT E, WRFEZ 271018; *IEHERF VAL B AT R A, ARG 2550000

HE: [EW] 4t EREMEAREARSZT ALY, NERETERL T RNETEASF A REHKN
FIA, HEKTHNBEETERLANZZZ AR ERBEELWPH, THZMREANL T ARREREE R R
ARZHF. DFEYD T 20172019 L K AKSE, EEETHGF THATER AR, DML EMLKR 29 fof 0628
HRIAR, ERTE 0—10 d HHRE 5 MRS oK (K, RFLEMGEKE 75%—80%, +EH
B KEH 42.2—46.7 mm); EKFfE 0—5 dBETE (T1, REFLFHSEKEN 65%—T0%, +EAKEKE
J033.4—37.8 mm). EETE (T2, REFLBHAEKEN 45%—50%, HEAKEAKEN 15.6—20.1 mn); &
HEO0—10 dBETE (T3, FHIEMGEKEHR 65%—T0%, +EAKXEKEH 33.4—37.83 om). EETE
(T4, RFLFHAANEAKEN 45%—50%, LFEHZXAKEN 15.6—20. 1), N F T ZEHBL T ALK ZLER
M LR F R, (R ERTE 0—10d A ARBETEXNINLEZEZRBELA LD W, ERMEE TF o
K TR E R ok, LB (IAn Ip) RAEERE TR, MEiE (Ip 1) REXERATET
Mepadh, hPfE 0—5 d REREE TR, BUEAEELRE, LUBRREHE K TRFE2R; hT)E 0—
WARETE, BRERMEEL KAWL, (EhFHAE (M. Ip) REETHRIEERA, (@R KE
B AL, (LK 29 fof 0628 B T EARAEEL T A8 5] 4. 94%—5. 06%Fn 6. T7%—8. 33%; E TG 0—10d F

BT R, WEEDL by BE sl AR 3 TN, WL oK 29 Ay 0628 3o 181 AR AR BK T M8 £ 0 71 4 10. 97%—11. 52%Fa 15. 00%
—15.55%. HHE0—S dRETE, 2ABMEILIMEEUPENE L. ERFENEMARTEHNE (K L
BEER. RYEO0—SAEETE, 2NBMEPLENE M MREEY EFRD, TEELET D
FTHE;, WK BZEENENZ WML ELFRMK, & 0628 2 LEXNEMEM™F L FMRMK; LK
29 fufly 0628 BATEARAF R EH BERAL, 251tk CK D 5. 14%—5. 46%F0 5. 45%—6. 24%, K E 0—10 d #

ERmERTE, 2 MM EENS MY, M. B ShE. PR EREMERARTEAEE
Befl, EUHFMETHREERA EETREAELAZENEAN AR ERA AR ERERTRET
B, K 29 Fofl 0628 BATEARM KL B T3 A3 T 241 th CK B 12. 87%—13. 30%Fn 15. 52%—16. 59%; 7
T4 438 T 45 b CK 2 23. 18%—25. 92%Fn 26. 05%—31. 22%, [£# ) k¥ 5 Eat B E %+(&w?&ﬂdﬁ
%i%ﬁﬁAﬂﬁﬁ%ﬂm,i%ﬁﬁﬂA§33bﬁ78m)ﬁ NEREAME L LR FD W, TRetEL
AN &AW E AR (o Ip) AR, S/ MEH. Z/MEH,. . el g, %&
PR RTE B E TR, E&wFSd%+&&wF10d? FEAHT, BfrdE (IpMmll) REERH
Priew, E—RREETRATRERNHKL, XTRERMAEIETREREEEMWL, BERTAD, R BN
WEREZ . EHFZEAE AR, hEFPREEGEEMEE, LIDNERZRETEAKE. LK 29 &K T H
Bt T 2 ey it & T4 0628.

ERE: AL WBMTE, 2548 RESEY; T8

ks BEA: 2020-01-02; #EZ HHE: 2020-03-17
E2EWH: WARAFRFHELARH THRIE (201912Z2Y010716) WARARWLFAEANATH . HEA AT CRID BHFEI (2015031300
BRAR: 4%, E-mail: sdauliping@163.com. MH{5{# T4, E-mail: wangd@sdau.edu.cn



4138 i & B} 53 4%

Effects of Drought Stress During Jointing Stage on Spike Formation
and Seed Setting of Main Stem and Tillers of Winter Wheat
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(* Shandong Agricultural University/State Key Laboratory of Crop Biology, Tai’an 271018, Shandong; > Zibo HeFeng Seed
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Abstract:[ Objective ITo address the problem of low wheat yield and water efficiency caused by irregular distribution of natural
precipitation season and the frequent rate of staged drought in the Huang-Huai-Hai Plain of China, this paper provided theoretical as
well as technical provisions for water-saving cultivation of winter wheat in this area by exploring the effects of water insufficiency on
the main stem and tiller spikes formation and panicles traits during jointing stage. [ Method] A 2-year pot experiment under external
rain conditions was carried out from 2017 to 2019 in winter wheat growth season, and the two winter wheat varieties of Shannong 29
and Heng 0628 were used as experimental materials. The total five water treatments were set up during 0-10 d after jointing,
including full irrigation treatment during whole growing season as control (CK, maintaining soil relative water content of 75%-80%,
the effective soil water content of 42.2-46.7 mm), 0-5 d light drought stress after jointing (T1, maintaining soil relative water content
of 65%-70%, soil availability water content of 33.4-37.8 mm), 0-5 d severe drought (T2, maintaining soil relative water content of
45%-50%, available soil water capacity is 15.6-20.1 mm), 0-10 d light drought stress after jointing (T3, maintaining soil relative
water content is 65%-70%, soil availability water content of 33.4-37.8 mm), and 0-10 d severe drought stress (T4, maintaining the
soil relative water content 45%-50%, availability water content of 15.6-20.1mm). [ Result] The results revealed that different degrees
of drought stress had no significant effect on the main stem of wheat during 0-10 d after jointing, the effective spike rate of low tiller
(IlI, I p ) decreased rapidly with the increasing the drought level and extension of drought time, while the effective spike rate of
high tiller (I p and I 1) increased first and then decreased. Light or severe drought at 0-5 d after jointing stage, Ilp and 1 1 were
higher in effective spike rate, and there was no significant difference in spike number per unit area from CK. Although the effective
spike rate of 1 1 and Il p was similar to that of CK in 0-10 d light drought after jointing stage, the percentage of spikes per unit area
decreased significantly due to the decrease of III, I p and IV. The number of spike per unit area of Shannong 29 and Heng 0628
was decreased by 4.94%-5.06% and 6.77%-8.33%, respectively. For 0-10 d light drought after jointing, the effective rate of tiller of
II and more was decreased of severe drought. The number of spikes per unit area of Shannong 29 and Heng 0628 was decreased by
10.97%-11.52% and 15.00%-15.55%, respectively. The treatment of light drought at 0-5 d after jointing stage, the panicle
characteristics, single stem grain yield and grain yield per unit area of the two cultivars were not significantly different from CK. The
treatment of severe drought from 0 to 5 days after jointing, the fertile spikelets number and the grain number in the two cultivars
were significantly reduced, and the main stem and later occurring tillers were not affected. The single grain weight of Shannong 29
was not affected, but the yield of single stem grain yield was significantly reduced, the single grain weight and single stem grain
yield of Heng 0628 was significantly reduced, the grain yield per unit area of Shannong 29 and Heng 0628 decreased significantly,
which was 5.14%-5.46% and 5.45%-6.24% lower than CK, respectively. For the light and severe drought from 0 to 10 days after
jointing, the spikelets number, the fertile spikelets number, grain number, single grain weight, single stem grain yield and grain yield
per unit area of the two cultivars were significantly reduced; The median tillers had substantial reduction; The number of grains per
ear and the yield of single-stem grain and the grain yield per unit area of severely drought-treated stems were significantly lower than
those of light drought treatment. Under the T3 condition, the grain yield per unit area of Shannong 29 and Heng 0628 was decreased
by 12.87%-13.30% and15.52%-16.59%, respectively. Under the T4 condition, the grain yield per unit area of Shannong 29 and Heng
0628 decreased by 23.18%-25.92% and 26.05%-31.22%, respectively. [ Conclusion] The above results indicated that short-term light
drought after jointing (0-5 days after jointing, maintaining soil relative water content of 65%-70% and soil effective water content of
33.4-37.8 mm) had no significant effects on wheat earing and fruiting; The percent of tillers to panicle, the spikelets number, the
fertile spikelets number, grain number, single grain weight and single stem grain yield of the low tillers (III, 1 p) would be greatly
reduced, and the grain yield per unit area was significantly reduced increased drought stress and time. However, the effective spike
rate of high tillers (Ilp and 1 1) in two degrees of 0-5 d after jointing and light drought training of 0-10 d after jointing was
increased to some extent, which could make up for the loss caused by drought, which might be related to the decrease of the effective

spike rate of low tillers, the decrease of population size, and the increase of nutrition and living space for high tillers. Shannong 29
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had the stronger potential to adapt drought stress at jointing stage than Heng 0628.

Key words: winter wheat; phased drought; main stem and tillers; spike formation and seed setting; grain yield
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Table 1 Spike developmental score of wheat

IR I R AE REM B
Spike developmental stage and its characteristic Developmental score
AE KM Transition apex 1.5
18519 Early double ridge stage 2
B Double ridge stage 2.5
F IFHEMEM Glume primordium present 3
ANFFIRFE 5346 Lemma primordium present 3.25
INEIRFE L] Floret primordium present 3.5
eSS )5 3L 434639 Stamen primordium present 4
WSS JEIE 4340 ) Pistii primordium present 405
a7 SR 343463 Carpel primordium present 45
=00 A RER] Carpel extending round three sides of ovule 5
B WA, TR REEFFBCIRE Stylar canal closing; ovarian cavity enclosed on all sides but still open above 5.5
MBI O, FELTHEERE Stylar canal remaining as a narrow opening; two short round style primordia present 6
e FF U Style begin elongation 6.5
FE3k B b AR Sk /A% Stigmatic branches just differentiating as swollen cell on styles 7
FESL AR G5 BE B Stigmatic branches and hairs on ovary wall elongation 8
FESL A BT s e R BAREAPK, ATk T4 8.5
Stigmatic branches and hairs on ovary wall continue to elongate; stigmatic branches from a tangled mass

TEAEFIA L A B B, SBARAE L 734k Styles and stigmatic branches erect; stigmatic hairs differentiating 9
TEAEFIA LA B I ANE TR, PRFE Sk R B 584 Styles and stigmatic branches spreading outwards. Stigmatic hairs well developed 9.5
AT SN, AR R, AR VA PRAT Sk B 10

Styles curved outwards and stigmatic branches spread wide; pollen grains an well-developed stigmatic hairs
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Table 2 Effects of staged drought at jointing on development process of young spike of main stem and tillers at different positions

of wheat
A4 fh Ab B 1 0 d 0 days after jointing stage P17 5d 5 days after jointing stage 15 10 d 10 days after jointing stage
Year Cultivar  Treatment
I M Ip IV Hp 11 O I I I Ip N Ilp I1 0 1 1 W Ip IV Iip 11
2017- 114k 29 CK 5 454254 4 4 35 35 6 555 5 5 425425 4 7 7 7 65 656 6 55
2018 Shannong29
Tl 5 454254 4 4 35 35 6 5555 5 5 45 425 4 7 7 7 65656 6 55
T2 5 454254 4 4 35 35 6 5 5 5 45 45 425 4 7 7 656 6 6 6 55
T3 5 454254 4 4 35356 55555 5 454254 7 7T 7T 65 65 65 6 6
T4 5 45 425 4 4 4 325325 6 5 5 5 45 45 425 4 7 7 6 6 6 6 55 5
17 0628 CK 5 425 4 4 4 4 32532555 5545 45 425425 4 4 7 7 6.5 6.5 65 6.5 6 5.5
Heng0628
TI 5 4254 4 4 4 32532555 5545 4254254254 4 7 7T 65 65 65 65 65 55
T2 5 4 4 4 4 4 32532555 5 454254254 4 4 7 7 65 65 65 6 6 55
T3 5 4254 4 4 4 32532555 5545 4254254254 4 7 7 65 65 65 65 6 55
T4 5 425 4 4 4 4 325325 55 5 4.5 425425 4 4 4 7 7 6.5 6 6 55 55 5
2018- 114 29 CK 45 425 4 4 4 35 35 3256 555 5 5 4.5 425 425 7 7 65 65 65 6 55 5
2019 Shannong29
T1 45 425 4 4 4 3.5 35 3256 5555 5 5 4.5 425 425 7 7 6.5 6.5 65 6 55 5
T2 45 425 4 4 4 35 35 3256 5 5 5 45 45 425 4 7 7 6.5 6 6 6 55 5
T3 45 425 4 4 4 35 35 3256 5555 5 5 4.5 425 425 7 7 65 6.5 65 65 55 5
T4 45 4254 4 35 353253 6 5 5 5 45 45 425 4 7 7 65 6 6 55 555
1 0628 CK 4254254 4 4 4 3253256 5.5 45 45 425425 4 4 7 65 65 65 65 6 5 5
Heng0628
T1 425425 4 4 4 4 325325 6 5.5 45 425425425 4 4 7 6.5 6.5 65 65 6 55 5
T2 425425 4 4 4 4 325325 6 5 45 425 4 4 4 35 7 7 65 6.5 65 6 5 5
T3 425425425 4 4 4 3253256 5.5 45 425425425 4 4 7 7 65 65 65 65 5 5
T4 425425 425 4 4 4 325325 6 5 45 425 4 4 4 35 7 7 6 6 6 5 5 5
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Table 3  Effects of staged drought at jointing on percentage of ear bearing main stem and tillers at different positions of wheat (%)

AR AT postd 0 I 111 Ip \Y IIp 11
Year Cultivar Treatment

2017-2018 1l 29 CK 100.00a  100.00a 100.00a 79.37a 68.89a 37.78a 22.22bc 17.78b

Shannong29 Tl 100.00a  100.00a 100.00a 75.56ab 64.44a 40.00a 33.33a 26.67a

T2 100.00a  100.00a 97.78ab 73.33b 55.56b 35.56b 31.11ab 24.44ab

T3 100.00a  100.00a 95.56ab 68.89¢ 53.33b 33.33b 26.67abe  22.22ab

T4 100.00a 97.78a 93.33b 66.67¢ 48.89¢ 26.67¢ 20.00¢ 12.70¢

1 0628 CK 100.00a  100.00a 100.00a 75.56a 75.56a 40.00a 20.00a 17.78a

Heng0628 Tl 100.00a  100.00a 97.78a 73.33a 73.33a 42.22a 26.67a 22.22a

T2 100.00a  100.00a 97.78a 68.89b 57.78b 35.56b 24442 22.22a

T3 100.00a  100.00a 95.24ab 66.67b 53.33bc 33.33bc 22.22a 20.00a

T4 100.00a 95.56a 91.11b 66.67b 40.00¢ 31.11c 17.78a 11.11b

20182019 1l 29 CK 100.00a  100.00a 98.41a 79.37a 52.3%a 36.51a 11.11b 4.76b

Shannong29 T1 100.00a  100.00a 96.83ab 77.78a 55.56a 36.51a 20.63a 11.11a

T2 100.00a 98.41a 95.24ab 73.33b 50.79b 33.33b 17.46a 7.94ab

T3 100.00a 98.41a 93.65ab 69.84b 47.62¢ 31.75b 12.70b 4.76b

T4 100.00a 96.83a 92.06b 55.56¢ 46.03¢ 26.98¢ 7.94¢ 1.59¢

i 0628 CK 100.00a 98.41a 96.83a 71.43a 44.44b 39.68a 12.70b 6.35b

Heng0628 Tl 100.00a 98.41a 95.24a 68.25ab 4921a 39.68a 15.87a 12.70a

T2 100.00a 95.24a 93.65a 65.08b 44.44b 33.33b 12.70b 9.52b

T3 100.00a 95.24a 92.06ab 60.32¢ 4127¢ 26.98¢ 12.70b 7.94b

T4 100.00a 93.65a 90.48b 57.14d 30.16d 20.63d 3.17c 1.59¢

() — 4 i) — b R R S B R AN NG R R AR BRI £E 0.05 /KT 2257 83 . TR

Values followed different letters of the same variety and column in the same year indicate significant differences at 0.05 level. The same as below
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Table 4 Effects of staged drought at jointing on spikelet number of main stem and tillers at different positions of wheat

(spikelets/spike)
F0y vl AbEE o] I 11 11 Ip I\ Ip 11 SP3BT L NS
Year Cultivar Treatment Average visible spikelet
number per spike
20172018 1l 29 CK 182a  18.0a 1752 17.1a 1652  163a  16la  157a 17.3a
Shannong29 T1 1822 1792  171a 1692  163a  l16la  16la  155a 17.1a
T2 180a  17.7ab  17.0ab  16.6ab  16.0ab  159ab 1582  15.3a 16.9ab
T3 176a  172b  166b  162b  156b  154b  152b  14.9b 16.5b
T4 1732 170b  163b 1596  155b  154b  150b  14.8b 16.4b
#if 0628 CK 2002 193a  188a  182a  177a  170a  168a  16.5a 18.6a
Heng0628 Tl 1972 190a  184a 1782  173ab 1652  166a  16.4a 18.2a
T2 194a  185ab  18.1ab  17.5ab  17.1ab 163ab  164a  16.1a 17.9ab
T3 1932 183b  17.6b  17.0b  16.5bc  159b  158b  15.6b 17.6b
T4 19012 1796  173b  167b  162c  158b  155b  15.4b 17.4b
2018-2019 1l 29 CK 1952 19.0a 1792 1752 172a  169a  167a  16.2a 18.2a
Shannong29 Tl 1942 190a  178a  173a  17.1a  168ab 165a  16.0a 18.0a
T2 1922 18.8ab  17.4ab  17.1ab  167ab  164ab  163a  15.6a 17.8ab
T3 1892  182b 168  166b  164b  161b  157a  154a 17.3b
T4 187a 1786  164b  163b  160b  158b  155b  15.4b 17.2b
i 0628 CK 2122 206a  197a 1952 192a  185a  18.a  174a 20.0a
Heng0628 T1 2092 205 193a  19.0a  189ab  182a  179a  17.0ab 19.52
T2 208a  20.lab  19.0ab  189ab  18.5ab  17.9ab  17.4ab  16.8ab 19.4ab
T3 206a  194b  185b  184b  18.1b  174b  17.1b  165b 18.9b
T4 2032 190b  180b 1796 1776 17.1b  169b  162b 18.8b

REPRA] 22 SN S35 T3 F T4 Kb F & BEA7 43 BE /N it MEFERE K. 2 AN R Z A e, i 29 & AL FE
B RAR, E2RNEECRZ B P, Py LB/ NEHOT 4 R (3.66%) /N T4 0628(4.44%) o
AL/ NEEE B R, 2 AN PR ZERARE . 1l 2.4 FERAFRIEELH EESE T/FEREXT IR T HAM ER

K290, 1. 1. O, Ips IV. Ip A0 11N
WRNEEAE T3 A T4 ACFR, STIABRAR IR A
5.64%- 6.63%- 6.07%- 5.79%- 5.57%- 6.40%. 5.18%
M1 1.93%, PP/ NEEEAC T 5.03%, 1 0628
3O, 1. 1. I, Ips IV. Ilp A0 11 BYAT I
/NFEECLE T3 FI T4 ARFEF, P REARIRIE R 6.51%.
727% 7.17% 7.20%. 6.76% . 6.46%. 6.05%F!
1.88%, FAZEV I/ NEPRAR T 5.77%. iR 45 il
W, 540 EMas KM, K15 0—5dRE
A L5200 20 AN/ i b 288 /N RO B3 5
M, $RATJG 0—10 d -5 5k 35 PR &% il 23 BE 1 /)N
FEHG, HUUEAZEE (TR T p) A7 BE (IV) BRI

4 T 2 By iz

i 0628 ZKBEM) 45 S /N T LAk 29 BlHEELT
[ Th i, 4l SNV S B A LAk 29 TR T p
ZMERDE, LRMMEN 2N ERARE;
0628 [t O A T M8 T ANIL 2 )25 2, HLAXARAR
BEA 2 M ZE S AN o BT HIASRI R T30 2 S0
2 P 2R B S N R R I — 8, Hoxt
KIS BEREmR K R 5 . 5 CK
FHEG, T1 AR 2K 45 5/ NSRS 34 28 46 51/l
HO M0 T2 A3 B T 2 AR BE L,
SE/NERE, 6 2R i BES SE/INEIUIC 3 R 5
T3 FH T4 RO F I 25 PR 2R BE 45 S/ INUEORD B 25 P34 45
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SENEEAL, 2 AMRERRIC R 2 . Ik 29 1 OL TS
II. 0I. Ip. IV. Ilp M1 T 1 &5S2/NEEECE T3 A T4
MFEF, B CK TFIYFEIE N 6.47%. 7.76% 10.76%-
9.36%-+ 9.20%- 8.44%-. 9.70%F1 9.32%, “F-$4 s 2k4k
SNEBERK 7.94%; 70628 (O T+ I III. Ip.
IV, Ilp A1 T 1 4550/ MEEE T3 A T4 03 R, % CK
SRR 6.66%- 9.31%- 11.21%- 10.56%- 11.04%-
11.18%-+ 10.82%F1 10.42%, V35 H2E 485/ NEEL PR
8.62%. IRZIRULN], a4 FIARs KM,
A5G 05 d R TN R R 45 S NEIOR W
J I P T R R B A A BE I 45 S NG RS O
—10 d BT RN T SRR 2 PG T 2R
Iy BEMI S S/ A, FARAT BE (TR T p) R BE (V)
WAL B AR Z LA, LR 29 KT AL EE K
BEEE S/ NEBOT- Y BRI (5.95%) /N7 0628 (6.95%) .

2.5 FERAFEEEASEERAEIIET M BET
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i 0628 = Z5FHAN 4 BERE W BRI E 2 T 1l 29,
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R BWFRAEA (R6) . 5 CK ML, T1AbH
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Boe W ARk, AR SRR R B 5 PR T3 R T4 &b
P o ZE RN ARy BE (RO B0 B BRI, T 5 T2
AFRIAG R 25, T2 5 T3 AbERE R R, H
BIRERT T4 P, SZEBEZFLILE, 2 AN
T2. T3 A1 T4 A3 N34RIL A 32 2L H0REF 34 B e
(7.02%) <EPiEETHIRENE (8.52%) <{RA7BE T
Felg (9.77%) o LiRgE T, 544 FHan it

x5 HWHHNMRMETENNEETZERFEEM S ELE /N ERRIZIT

Table 5 Effects of staged drought at jointing on fruiting spikelet number of main stem and tillers at different positions of wheat

(spikelets/spike)
A mn yoseil 0 I I 111 Ip \Y IIp 11 RSl E STH Yy
Year Cultivar ~ Treatment Average fruiting spikelet
number per spike
2017-2018 14 29 CK 17.9a 17.6a 16.7a 15.92 14.8a 14.1a 13.8a 13.1a 16.3a
Shannong29 17.7ab  17.4a 163ab  15.6ab  14.5ab  13.9ab  13.6a 13.1a 15.9ab
T2 17.5ab  169ab  15.8b 15.1b 14.0b 13.5b 133ab 1262 15.6ab
T3 17.1bc  165bc  155bc  14.8bc  13.9bc  133bc  12.7b 12.3b 15.3bc
T4 16.4¢ 15.9¢ 14.5¢ 14.0¢ 13.1c 12.6¢ 12.1¢ 11.5¢ 14.7¢
i 0628 CK 18.3a 17.3a 16.3a 15.7a 15.2a 14.5a 14.1a 13.52 16.3a
Heng0628
Tl 18.0ab  16.8ab  159ab  152ab  14.7ab  139ab  13.8a 13.3ab 15.8ab
T2 17.7ab  163ab  15.4b 14.7b 14.3b 13.7b 13.4ab  12.9ab 15.5ab
T3 17.4b 162bc  15.0bc  144bc  139bc  133bc  129bc  12.5b 15.2bc
T4 16.8b 15.3¢ 14.2¢ 13.7¢ 13.0¢ 12.7¢ 12.3¢ 11.8¢ 14.6¢
2018-2019 14 29 CK 19.2a 18.5a 17.4a 16.6a 15.6a 14.9 14.6a 13.7a 17.3a
Shannong29
Tl 19.1ab  18.4a 17.2ab  164ab  154ab  14.8ab  14.3a 13.3a 17.0ab
T2 18.7ab  17.8ab  16.5b 15.7b 14.7b 14.2b 14.0a 13.1a 16.5ab
T3 18.3b 175bc  159bc  154bc  144bc  13.8bc  13.5bc  12.6bc 16.1bc
T4 17.6b 16.7¢ 14.8¢ 14.7¢ 13.8¢ 13.4¢ 13.0¢ 12.2¢ 15.6¢
7 0628 CcK 19.2a 18.1a 17.1a 16.52 16.1a 15.4a 15.0a 14.3a 17.3a
Heng0628 Tl 19.0a 17.9a 16.7ab  16.1ab  15.8ab  14.9ab  14.8a 14.0a 16.8ab
T2 18.5ab  172ab  16.1b 15.6b 15.2b 14.5b 143ab  13.6ab 16.5ab
T3 18.2b 16.8bc  154bc  15.1bc  14.8bc  14.0bc  13.7b 13.1bc 16.0bc
T4 17.3b 15.9¢ 14.7¢ 14.4¢ 14.0¢ 13.1¢ 13.0b 12.5¢ 15.6¢
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Table 6 Effects of staged drought at jointing on grain number of main stem and tillers at different positions of wheat (kernels/spike)

Ay i AbEE 0 I 11 11 Ip I\ Ilp 11
Year Cultivar Treatment
2017-2018 114k 29 CK 41.6a 37.4a 34.8a 32.2a 29.5a 27.7a 25.0a 22.8a
Shannong29
T1 40.9a 36.8ab 33.9ab 31.5ab 29.2ab 27.4ab 25.7a 23.0a
T2 40.6ab 35.3bc 32.4bc 30.1bc 27.8b 26.1b 24.0ab 22.0ab
T3 39.4b 35.0c 31.9¢ 29.6¢ 27.6b 26.0b 23.6b 21.5b
T4 37.3¢ 31.9d 29.1d 27.3d 25.3¢ 23.7¢ 22.2¢ 20.3¢
17 0628 CK 43.5a 40.8a 37.1a 34.8a 32.4a 29.0a 26.5a 25.6a
Heng0628
T1 42.4a 39.5ab 36.1ab 33.8ab 31.2ab 27.6ab 26.6a 25.5a
T2 41.5ab 38.2b 34.5bc 32.3bc 30.4bc 27.1b 25.2a 24.4a
T3 40.3bc 37.7b 34.0c 31.7¢ 29.6¢ 26.4b 24.8b 23.5b
T4 38.8¢c 34.4c 31.0d 28.9d 26.9d 24.0c 23.5¢ 22.2¢
2018-2019 Ll 29 CK 47.7a 43.6a 41.9a 38.9a 34.0a 31.9a 29.2a 27.2a
Shannong29
T1 47.2a 43.8a 41.3ab 38.2ab 33.8ab 31.3ab 28.9a 26.9a
T2 46.6ab 41.4b 39.3bc 36.7bc 32.1bc 30.1bc 28.4ab 26.3ab
T3 45.2b 41.3b 38.0c 35.3¢ 31.9¢ 29.2¢ 27.5b 25.1b
T4 42.4¢ 38.7¢ 35.6d 33.7d 29.4d 27.9d 26.0c 23.7¢
17 0628 CK 49.1a 453a 42.4a 39.1a 36.5a 33.1a 31.0a 28.6a
Heng0628
T1 48.5a 44.6ab 41.3ab 38.3ab 36.7a 32.5ab 31.1a 28.9a
T2 47.1ab 42.8bc 39.6bc 36.6bc 34.0b 30.9bc 29.4ab 27.5a
T3 45.6b 42.0c 38.4¢ 35.8¢ 33.4b 29.7¢ 28.5b 26.2b
T4 43.0c 39.5d 35.6d 32.4d 30.6¢ 27.6d 27.2¢ 24.3c¢

KA, TG 0—5 d BT o £5 2L BEROR AU (2
FERCI, HEE T S DA BERD rh A BERRL A K
T 0—10 d B R T Y B PR A 2R 4y B
(BRI, Horh A7 BERRARMR B ROR . S Mz A] LB AL,
BT RAF N IR 29 3 ZERUR 4 BERRIDR BT Y B
Mg (6.73%) /T4 0628 (7.93%) .
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LA 29 = 2SR 7) BEREY- 1) FORE H vy 17 0628
BEBENL T, BB E T BRI A, AHAREEA 2
M ZE AT . PO I IR BT 5% 2 AN/ 22 Sl
EBERURIE YA 2 MEER—R (KD . 5
CK AL, T1 AbFE 3= ZERE0R 4 BEAR ) 134 For 856t
FAL T2 ARFER, AR 29 T ZEREA) BEAR AR
T FE AR, M 0628 K- BEAT 4) BE HUR H 2 PRI

T3 F1 T4 bR 3= 20001 % BEA 73 BE kL 34 16 25 B 1K o
T2 5 T3 /BRI REZ 5, T3 5 T4 &BHIRJCW%
ZESE, T2 AHEE KT T4 468, ik 29 0. 1.
. . Ip. IV. Ip AT 1 4550/ NEEECAE T3 Al T4
REFER, B CK T 14BN 5.96.6.73%+8.05%19.13%-
8.84%. 8.49%. 7.78%FN 7.04%; 1 0628 () O. 1 .
II. 0. Tp. IV. TIp A0 T 1 ¥k diAE T3 A1 T4 Ab3
T, 8 CK TR N 6.07%- 7.79%- 8.94%- 9.99%.
9.29%. 8.90%. 8.56%F1 826%. LiR&EHEEW], 5
EE MR SMIKAL, RS 0—5 d BT X2
AN S FPZEBE ORI E G R R RS 0—10 d
T 5 G PRI 2 2R ORI % BE A7 7 BEAR K ok B, HLBL
. T p FAIVEE SR R FEIEFERR . 2 AN Rh [/ L
B, AR 29 F T A B 25 BE BUR FT 8 BRI (5.55%)
NFT 0628 (7.71%) o
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Table 7 Effects of staged drought at jointing on single-kernel weight of main stem and tillers at different positions of wheat (mg/kernel)

A A b ¥ o I I 11 Ip I\ Ip 11
Year Cultivar Treatment
2017-2018 111k 29 CK 51.94a 50.34a 49.36a 48.17a 46.56a 45 46a 44.70a 44.00a
Shannong29 Tl 50.83ab 49.50ab 48.32a 47.8% 4534a 4539 43.85a 43.09ab
T2 49.85ab 49.12ab 47.89ab 45.93ab 44.57ab 44.05ab 43.17ab 42.54ab
T3 49.28b 47.91be 46.06bc 44.16bc 43.01bc 42.35bc 42.11bc 41.72bc
T4 48.85b 46.05¢ 44.78¢ 4321¢ 41.80¢ 40.92¢ 40.70¢ 40.33¢
1 0628 CK 45.27ab 43.70a 42.37a 42.33a 41.57a 40.67a 39.90a 39.30a
Heng0628 Tl 46.43a 45.88a 43.57a 43.52a 42.05a 41.88a 41.51a 39.98a
T2 43.07b 41.38b 39.82b 39.30b 39.52b 38.59b 37.85b 37.06b
T3 43.00b 41.23bc 39.05bc 38.75bc 38.46bc 37.85bc 37.72b 36.11b
T4 41.95b 39.38¢ 37.82¢ 37.32¢ 37.15¢ 36.42¢ 35.67b 35.10b
2018-2019 14k 29 CK 50.77a 50.01a 48.28a 46.39a 45.60a 44.39a 43.20a 41.25a
Shannong29 Tl 50.37a 48.26a 47.06a 45442 44.14a 43.07a 42.91ab 40.29ab
T2 49.16ab 47.83ab 46.32ab 44.48ab 43.56ab 42.65ab 41.30ab 39.33ab
T3 48.14be 47.59bc 45.11bc 43.13be 42 44bc 41.49bc 40.82b 39.04b
T4 46.91c 45.65¢ 43.62¢ 4134c 40.80¢ 39.70¢ 38.50¢ 37.42¢
i 0628 CK 46.89ab 46.33a 45.11a 43.12a 4121a 39.89a 39.72a 38.11a
Heng0628 Tl 48.17a 47.81a 46.88a 44.50a 42.94a 40.74a 40.22a 38.23a
T2 45 45bc 44.05b 42.20b 40.31b 39.12b 37.71b 37.56b 36.05b
T3 44.79¢ 43.42bc 41.53bc 39.67be 37.79bc 37.04be 36.97be 35.30bc
T4 43.39¢ 42.00¢ 40.23¢ 38.09¢ 36.78¢ 35.47¢ 35.25¢ 34.6lc

2.7 WHHEMBEMTENEERFEEMIERRR

FEHEN

Ll 29 3= ZEFH0R 7 BRI PR 5 s T 06285
BEBENL Ty, PR o R B S, AHATBELNT
Z A2 B PO IAA AR 5505 2 AN
2 ZEREAN 2y BER Y PR IR R 2 AR S R
(£8) o 5 CKAMEL, T1 AbFE I LR 7y BERK) B
R B AR AN T2 A3 ZEAURT 07 B A ) Aol
PRI, AR BERR ) PR o SRR, T
B R B A T3 0 T4 KB () 3 25 ROR /) B
Tl pA ek B 48 R PRAIG, T3 bR B35 KT T4 b3,
H5 T2 fhFEEBEZER. T2, T3 Ml T4 &b F5 55
CKAHLY, 4R 29 P34 Hufliy™ 5t 1 BRI 5 430 5.14%
—5.46%- 8.53%—8.55%H1 13.36%—16.68%, fii 0628
SR LR B FRIEE A3 A 5.45%—6.24% 9.20%
—9.69%A1 12.72%—19.25%. R4 R0, 544
BRI, 55 0—5 d BHET5XF 2 A~

Z2 b 2 ZERROR o BERE Y AR R0 W e,
J5 5 B ARARR AN B R mb A7 BE AR B R i KT S 0
—10 d 38R BT R4 2 PRI O 2R RURN ) BE A
g, BLDLIIL. T p M1V S A R Bl
BeRKe 2 AR LLES, 1R 29 %+ 5 Ab B 32 25 AR
o BERE BB B P Y R (8.09%) /T 0628
(12.37%) .
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Table 8 Effects of staged drought at jointing on grain yield of main stem and tillers at different positions of wheat (g/stem)

A b i yaSt o} I 11 | Ip v IIp 11 S48 B
Year Cultivar ~ Treatment Average yield per
spike
2017-2018 1l 29 CK 1.75a 1.54a 1.49 121a 1.14a 1.03a 091a 0.86a 1.38a
Shannong29 Tl 1.73a 1.51ab  142ab  1.16ab  1.10ab  1.00ab  0.94a 0.85a 1.33ab
T2 1.69ab  1.48bc  13%c  1.14bc  1.07bc  097bc  0.86ab  0.83ab 1.30bc
T3 1.63b 1.42¢ 132¢ 1.1lc 1.03¢ 0.93¢ 0.83b 0.78b 1.26¢
T4 1.55¢ 1.34d 1.03d 0.95d 0.91d 0.82d 0.78¢ 0.75¢ 1.15d
i 0628 CK 1.65a 1.44a 1.37a 1.18a 1.05a 0.94a 0.88a 0.76a 1.28a
Heng0628 Tl 1.67a 1.47a 1.38a 1.18a 1.07a 0.96a 0.90a 0.79a 1.30a
T2 1.5%9ab  1.33b 1.26b 1.09b 0.97b 0.86b 0.83ab  0.73ab 1.21b
T3 1.52b 1.28b 1.21b 1.04b 0.92b 0.81b 0.75b 0.66b 1.16b
T4 1.38¢ 1.16¢ 0.92¢ 091c 0.83¢ 0.74c 0.70¢ 0.59¢ 1.03¢
2018-2019 1l 29 CK 1.97a 1.75a 1.62a 137a 1.29a 1.06a 0.93a 0.86a 1.58a
Shannong29 1.98a 1.72ab  1.59ab  1.36ab  129ab  1.058b  09la 0.85a 1.54ab
T2 1.92ab  1.67bc  1.53bc  1.30be  1.22bc  1.00bc  0.89ab  0.82ab 1.50bc
T3 1.85b 1.60c 1.46¢ 1.23¢ 1.17¢ 0.95¢ 0.85b 0.79b 1.45¢
T4 1.77¢ 1.54d 1.23d 1.14d 1.04d 0.89d 0.79¢ 0.76¢ 1.37d
iF 0628 CK 1.86a 1.6% 1.54a 1.32a 1.17a 0.97a 0.88a 0.80a 1.50a
Heng0628 Tl 1.91a 1.74a 1.55a 1.35a 1.17a 0.99a 091a 0.81a 1.50a
T2 1.80ab  1.60b 1.41b 1.20b 1.08b 0.90b 0.84ab  0.76ab 1.41b
T3 1.73bc  1.54b 1.34b 1.15b 1.03b 0.86b 0.80b 0.73b 1.35b
T4 1.67¢ 1.47¢ 1.15¢ 1.04c 0.95¢ 0.80c 0.72¢ 0.69¢ 131c

x99 RTHMBMET R RAERTR 2 R AW E RN
Table 9 Effects of staged drought at jointing on yield and its component factors of wheat

s 2017-2018 2018-2019
Treatments M kA TR 7 K kA TR e
Spike per Kernel per 1000-kernel Yield Spike per Kernel per 1000-kernel Yield
pot spike weight (g) (g/pot) pot spike weight (g) (g/pot)
ik 29 CcK 4734a 34.17a 4597a 65.50a 43.43ab 4091a 46.69 68.48a
Shannong29 T1 48.60a 33.52ab 44.98a 64.67a 44.86a 40.05ab 46.22a 68.87a
T2 46.60ab 32.22b 44.05ab 60.79b 42.89ab 38.76b 45.03ab 64.86b
T3 44.80b 31.87b 42.97b 56.78¢ 41.29b 38.17b 43.70b 59.67¢
T4 42.20¢ 29.84c 42.05b 48.52d 38.43¢ 36.26¢ 42.85b 52.60d
i 0628 CK 47.60a 36.52a 43.77a 61.61a 4229 42.09a 46.51a 63.22a
Heng0628 Tl 48.20a 35.34ab 44.72a 62.46a 43.14a 41.16ab 47.01a 64.63a
T2 45.80ab 34.42b 41.57b 55.19b 40.86ab 39.72bc 43.76b 57.46b
T3 44.17b 34.82b 40.27b 51.14c 39.57b 38.92¢ 42.97bc 53.41c
T4 40.80¢ 31.75¢ 39.35b 42.17d 37.22¢ 37.02¢ 41.24¢ 46.75d

) — AN TR BB 5 AN RN - BER R AR BRI ZE 0.05 /K225 3%

Values followed different letters in the same variety and column are significantly different at 0.05 probability level among the treatments
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