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Effects of drought stress on material transportation and grain yield
at different panicle positions of winter wheat

CHEN Zhi-hao'?, WANG Yan-jie®*, CHANG Xu-hong’, WANG De-mei’, LIU Xi-wei’, YANG Yu-shuang’,
SHI Shu-bing'*, ZHAO Guang-cai’®
(1 College of Agronomy, Xinjiang Agricultural University, Urumgqi, Xinjiang 830000, China; 2 Institute of Crop Science,
Chinese Academy of Agricultural Sciences / Key Laboratory of Crop Physiology and Ecology, Ministry of Agriculture
and Rural Affairs, Beijing 100081, China)

Abstract: [ Objectives ] We investigated the variation characteristics of different wheat cultivars from aspect of
spikelet development and dry matter accumulation and transportation under drought stress. [ Methods ] A pot

experiment was conducted in an artificial chamber, a conventional wheat cultivar “Jimai 22 (JM22)” and a
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drought-resistant cultivar “Zhongmai 36 (ZM36)” were used as materials. Drought stress lasted from late spikelet
stage to maturity (WS, the soil moisture was 40%—45% of the field water capacity), and full soil moisture
(80%—85% of field water capacity) was used as control. The floret primordia development at different spike
positions, the dry matter accumulation before and after anthesis in different organs, and the grain-filling rate were
determined, and the yield of superior and inferior grains at different spike positions was investigated. [ Results ]
1) Drought stress accelerated the development of floret primordia in the central and apical spikelets, and reduced
the number of floret primordia in the apical and basal spikelets of IM22, resulting in unbalanced spike development
in JM22. However, drought stress had no significant effect on the development of floret primordia of ZM36.
2) For the drought resistant cultivar ZM36 under drought stress, the transportation amount and efficiency of pre-
anthesis dry matter stored in vegetative organs (Pre-DT, and Pre-DTE) were significantly decreased by 34.8% and
33.2%, which severely reduced its contribution rate to grain (Pre-DCR), however, the post-anthesis dry matter
accumulation (Post-DA) and its contribution rate to grain (Post-DCR) increased by 5.1% and 25.7%, respectively,
for the conventional cultivar JM22, the Pre-DCR was increased by 32.1% while the Post-DA and Post-DCR
decreased by 40.4% and 21.3%. So the post-anthesis dry matter accumulation dominant grain yield in ZM36, and
pre-anthesis vegetative organ dry matter translocation decides the grain yield of JM22 under drought stress. The
decrease of Pre-DCR in stem of ZM36 was higher than those in the other organs, while the increase of Pre-DCR in
spike axis+glume of JM22 was the highest, which was 1.4 times of that in control. 3) Drought stress inhibited the
dry matter transportation of leaf sheath, stem and spike axis+glume of JM22, resulting in a reduction of grain-
filling rate, but drought stress only inhibited the dry matter transportation of steam and spike axis+glume of
ZM36, without impacting its grain-filling rate. The decrease in grain number, single-grain weight and yield at
different spike positions in JM22 caused by drought stress (7.6%, 15.9% and 24.3%) were higher than those of
ZM36 (3.3%, 9.5% and 16.3%). The adverse effect of drought stress on JM22 was mainly happened in the superior
grains, but on ZM36 was mainly in the inferior grains. [ Conclusion ] Drought stress decreases the grain yield of
JM22 as it causes unbalanced development of floret primordia in different spike position, blocks the post-anthesis
dry matter accumulation and translocation from leaf sheath, stem and spike axistglume to superior grains in apical
and central spikelet position, resulting in a significant decrease in the grain-filling rate. For cultivar ZM36,
drought stress reduces the pre-anthesis vegetative organ dry matter translocation to grain, but increases the post-
anthesis vegetative organ dry matter accumulation, so the adverse impact to yield mainly happened on the inferior
grains, not reducing grain yield severely. Therefore, the study of drought stress is very important to ensure stable
and high yield of wheat.

Key words: wheat; drought stress; superior and inferior grains; matter transportation; yield
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Fig.1 Schematic diagram of spikelets and superior and
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Fig.2 Development dynamics of floret primordia in ZM36 and JM22 under drought stress (DS) and (CK)

TE: TS+7 Fon T/ MEW 7 K5, HARLINEEE, 2L EHERIR TR AT AT/ IMEIREE R 7 I 220 8K

Note: TS+7 indicates 7 days after the terminal spikelet (TS) stage, and the rest follows the same pattern. The red box indicates significant difference in

the rate of floret primordia development between CK and DS.
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Fig. 3 Floret primordia number at different spike positions B4 AT ESREE TR E G
at 7 days after drought stress Fig. 4 The proportion of dry matter allocated to different
T ZM36—H 4 365 IM22—H % 22; CK—F4HilEik; DS—T organs at maturity stage
BiE . B EAE/NG FRERR R — AL BER]FE 0.05 7K 25 57 W ZM36—3 365 IM22—i% % 22; CK—3u4iiEK; DS—T
B B, AR E/NG F IR R — 2 B AR BRI 7E 0.05 K25 5%
Note: ZM36—Zhongmai 36; JM22—1Jimai 22; CK—Full irrigation; BE.
DS—Drought stress. Different lowercase letters above the bars indicate Note: ZM36—Zhongmai 36; JM22—Jimai 22; CK—Full irrigation;
significantly different among treatments at the same position at 0.05 DS—Drought stress. Different lowercase letters in a bars are significantly
level. different indicate significantly different among treatments for the same

organ at 0.05 level.
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T+ 55 T A T R E LR T R, T 11.5%, Pre-DCR 421 32.1%, ¥ TIF4E/E 9 R
Te Az 22 ZEFF R+ 50 58 10 T 0 0 o L 48 0 4 2, TRMiE FH & 36 Y Post-DA . Post-DCR
7 36 47 0.8% F12.3%; MAh, w5 22 W@ty CK Bl FHHE 5.1% . 25.7%, ¥F& 22 i Post-
TR R BT R He i TR DA A Post-DCR 233l i 3 FEAIR 40.4% Al 21.3%., A

i WL, SRR 22 HoB, TR T
222 FHERTE RS TR ROFAEIE TOREL 13 36 HOFF AT SR8 I T T X R e %

2R  NE1PHFEH, X#?%F?EHUH%%%& MR, JTAE)E T i B X kR DTk B 212 5 .

I 9 s, 5 P& 36 11 Pre-DT . 223 NE]H'?%%%B}FT A ST i A E )

Pre-DTE F1 Pre-DCR 43 5| % CK 4b PR i FHFEAL 2% — BB (- 5), TEREBAOT, 55
=1 FEPEBET AR WM TR E R R 3T B 5Tk

Table 1 Contribution to grain of the dry matter translocation and accumulation in two cultivars under drought stress

A Cultivar AbFE Treatment Pre-DT (mg) Pre-DTE (%) Pre-DCR (%) Post-DA (mg) Post-DCR (%)
ZM36 CK 691.6 a 36.5a 53.7a 596.7b 463 b
DS 451.0b 244 ¢ 41.8b 6273 b 582a
IM22 CK 569.1¢ 30.2b 399b 8584 a 60.1a
DS 569.3 ¢ 26.7 ¢ 52.7a 5114c¢ 473b

T ZM36—H1436; IM22—57422; CK—FE/lK; DS—T Ml Pre-DT—JIEHTE TR BN T #Fh%ia ik ; Pre-DTE—JFIERTHE
Friw B T W12 %<5 Pre-DCR—IFAERT & FRAs B IR T W) B8 W XTFPRL TR ;. Post-DA—JTAESE THIBAR R &t ; Post-DCR—JT
TR TR R o APRL TR . [FIFVEUR S AN R/ NG F B3R A B 7E0.057K T 22 57 .35

Note: ZM36—Zhongmai 36; JM22—]Jimai 22; CK—Full irrigation; DS—Drought stress. Pre-DT—Transport amount of dry matter stored in
vegetative organs before anthesis; Pre-DTE—Transport rate of dry matter stored in vegetative organs before anthesis; Pre-DCR—Contribution to
grains of the transported dry matter from vegetative organ storage before anthesis; Post-DA—Dry matter accumulation in vegetative organs after
anthesis; Post-DCR—Contribution to grains of the dry matter accumulated after anthesis. Values followed by different lowercase letters within a

column are significantly different among treatments at 0.05 level.
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DCR 4 fin 3 %2 b B4l + 55 52 19 Pre-DCR A9 3 /i 51 K (E 6)o TR W3 AT R A0 R R FEAIK 15%,
o TR LT B SRR AR Pre-DT B JLrh SR SR 19 W HORIRIT 6%, 55 HRIFE AT 24%,
FHHIIN 77.1%, Pre-DCR #5517 1.4 5, EIRRCEE v RN BIENEOR A TR i N o - A A

5 TEMETERMNETRRELRTHRRE (). B4 (b) RXHFRIEITIH (c)
Fig. 5 Accumulation (a) and transportation (b) of dry mater in different organs before anthesis and the contribution to
grains (c) of two wheat cultivars under drought stress

T ZM36— 4 365 IM22—i% 4 22; CK—F/ MK DS—TRIpa, &@, a6, BE, BOKFMNEE. i, iy,
HETe . LLEMN*RIR TR0 T TY B SR % CK BN, W @ 3Rs T 20 T T Y B2 #r% CK WERER, BOFIR
FORTCRFE LS. BFVEERIIN 0.05 KT

Note: ZM36—Zhongmai 36; JM22—IJimai 22; CK—Full irrigation; DS—Drought stress. The green, red, black, and orange lines represent stem, leaf,
sheath, and spike axis+glumes. The red plus *, and blue plus * indicate significant increase, and decrease (P<0.05), respectively, and black indicates

no significant difference, compared to CK.
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Fig. 6 Grain-filling rate of superior and inferior grains at apical, central and basal spike positions under drought stress
E: ZM36—HZ 36; IM22—¥7 4 22; CK—FE/HlK; DS—T i,
Note: ZM36—Zhongmai 36; JIM22—Jimai 22; CK—Full irrigation; DS—Drought stress.
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Fig. 7 Grain number, single grain weight and yield at different spike positions of different cultivars under drought stress
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difference among treatments (P<0.05).
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