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Comparative study of spike differentiation in wheat in the glasshouse and field

JIANG Lina, ZHAO Yanling, SHAO Yun, YU Haibo, LIN Lin, YANG Jinfang, LI Chunxi”
College of Life Sciences, Henan Normal University, Xinxiang Henan, 453007, China

Abstract ; Spike differentiation is important for reproductive organ formation during wheat growth and development, and is a
crucial period influencing grain yield. Spike differentiation depends not only on genetic characteristics but also
environmental factors such as temperature. In recent years, rising temperatures and extreme weather associated with global
climate change have strongly affected agricultural production and systems.

Wheat is an important food crop worldwide and is the main crop grown in Henan province. With the aim of assessing
the effects of increasing temperature on wheat spike differentiation, a comparative study of wheat spike differentiation in the
glasshouse and field was conducted during 2009/2010. The experimental material comprised ‘ Zhengmai 9023’ , which is a
semi—spring wheat cultivar, and ‘Zhoumai 18’ , which is a semi-winter wheat cultivar. In the field experiment, seeds were
sown on 18 October; in the glasshouse experiment, seeds were sown on 1 November (T, ), 15 November (T,) and 29
November (T,). Spike development was observed with a stereomicroscope from seedling emergence until completion of
anther differentiation, and the effects of temperature on spike differentiation were studied.

The mean temperature and accumulated temperature above zero tended to be higher in the glasshouse than in the field
during the whole growth period. Wheat plants underwent normal spike differentiation and attained maturity in the
glasshouse, but the duration of the spike differentiation process was significantly shorter in the glasshouse than in the field
(P < 0.01). Therefore, the entire growth period was also shorter in the glasshouse than in the field. The spike

differentiation process was accelerated with increasing temperature and accumulated temperature above zero. Compared with
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the field environment, the spike differentiation stages of significantly shorter duration in the glasshouse were early
developmental stages from seedling emergence to the spike elongation, single ridge and double ridge stages. In the
glasshouse, with the sowing time delayed (T, and T,), the duration of spike differentiation was shortened, the onset of
each spike differentiation stage was delayed, and the accumulated temperature during the entire spike differentiation period
was lower. The duration of spike differentiation under the T, treatment was significantly longer than that under the T,
treatment (P < 0.01).

Differences in spike differentiation between the two cultivars were apparent. In this study, the duration of spike
differentiation was shorter, and the onset of each developmental stage was earlier, in Zhengmai 9023 compared with those of
Zhoumai 18. The effects of temperature on spike differentiation differed between the cultivars. The accumulated temperature
during spike differentiation for Zhengmai 9023 was lower than that of Zhoumai 18 sown at the same time. For Zhengmai
9023, high temperature mostly influenced the intermediate developmental stages, namely the double ridge, glume
differentiation, and floret differentiation stages. For Zhoumai 18, early and late developmental stages were mainly affected
by high temperature, namely the single ridge, double ridge and anther differentiation stages. The influence of accumulated
temperature was strongest on the glume differentiation stage in Zhengmai 9023, and on the anther differentiation and double

ridge stages in Zhoumai 18.

Key Words: wheat; glasshouse; field; spike differentiation; temperature
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x1 WBEESHEMERGTNMNEETHATHERE

Table 1 Temperature dynamic of each month during the growth stage of winter wheat in the glasshouse and field

A G PR i =0 CBUR

Mean temperature of each month during the wheat growth stage/°C f Accumulated
Daily mean

temperature

10 A 11 A 12 A 1 H 2 H 3 H 4 A 5H 6 H temperature/ °C

above zero/C

BIEIEE Glasshouse — 15.3 13.6 12.2 7.2 19.5 24.9 36.2 — 18.4 3681.2
[H [l A Field 17.2 4.7 2.1 1.5 3.8 8.1 13.6 22 23.1 10.7 2059. 3
2 GBRESW

2.1 DEESIRE K H RN ZE 1) D AR At

T TR 2 AN R 3 S R RARL A 1 B /N B A R AR R 25 57 (3R 2) . VAR B IR = N/
F ML TE B R REON B K T H AR N (P < 0.01) , BEESIR N, BERR I A HEIR | /N2 B 1k
FRSL AR S, B T 5 T3 P25 5 ik B &K (P < 0.01) . 2 EFIORE, “ 2 90237 %)
ML T T BRBUE T R 22 187, Hs SRk B 3K,

R2 WREERESHBEMENEHTESL SN REE KX

Table 2 Occurred dates and continued days of various spike differentiation phases in wheat in the glasshouse and field experiment

) FBAZ 9023 Zhengmai 9023 JE1 2 18 Zhoumai 18
Wméﬂt . HARRE ISR Glasshouse H 1] Field BIEIRE Glasshouse H ] Field
Spike differentiation Date and days
T, T, T, (Ty) T, T, T, (Ty)
- 6 B H 11-07 11-24 12-11 10-24 11-07 11-25 12-14 10-24
Emerge to spike elongation IPN A 22 20 18 30 31 25 22 51
B Single ridge FFiA H W 11-29 12-14 12-29 11-23 12-08 12-20 01-05 12-14
P RHd 12 15 19 70 18 28 15 70
Z#9 Double ridges Frin H 12-11 12-29 01-17 02-01 12-26 01-17 01-20 02-22
KK d 12 19 12 33 46 36 45 21
iR gt FFA H B 12-23 01-17 01-29 03-06 02-10 02-22 03-06 03-15
Glume differentiation ZFHFRE/d 3 3 3 6 12 3 3 3
/MRS TFis H 12-26 01-20 02-01 03-12 02-22 02-25 03-09 03-18
Floret differentiation ZFHFREd 13 12 18 6 6 9 3 3
WA 43P A Jr46 H 01-08 02-01 02-19 03-18 02-28 03-06 03-12 03-21
Pistil and stamen differentiation 28 K¥/d 14 18 6 6 9 9 6 6
ik 5 TFis H 01-22 02-19 02-25 03-24 03-09 03-15 03-18 03-27
Anther differentiation SER A 03-06 03-15 03-18 04-11 03-24 03-30 04-02 04-14
L RHd 46 24 21 18 15 15 15 18
B REd 122 111 97 169 137 125 109 172

I3 2 W0, BRI 28 26 1F /N 4R oA 2% B Bt B H U RE S0 R AR i s S, ) — BRI, < AR
90237 B NG RE S LA I I B I E) B A 22 187 Pt AU 2 i X R 22 SR W i, R RR R AR 1R T
“FIBFZ 90237 3 AL I A B [ TR LT TR 22 187 SIS IR = R E 12 i AP S Z S
XF2E S B W4/

L RESI AL B B B 8] K Dy i B e S il = K T ) R AR PR T A 57 . BCERG Al = AL /N A i 3D
W FEI ), AR A0 Bt ) BT () X e T PR TRD R N 22, A e 2 05 2B S A 4% B Bt B [ 1 L
IR AR /N o SRR BB ML ATV, B I 22 PN A RE 0 A 425 [ B i) 13 Ak R B0 T T T ofte 7 i ) —
H 2T IB BN ACE (P < 0.01) s 4805 301, 955 IR = PN 2l RE 2 25 [ BEAR) g sk R 5000 g R TR AL
TEIX —ad R, KR 90237 LAF R s AL B, < Jal 22 187 LA MW 5. AP (e 2 ), X T A&
9023”1 5 , B I 28 N /N2 BB A A5 B B I3 I 8040 s P TR, HL 22 SR 5 T JAl 22 187 )i b 22
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RIS, FELG 005340, F R /N 22 08 T B B B R i v T B B = /N2

RIS B BEDT I RABE S R I IR AE AR 22 5, IR Z5CF T, -3, < i 22 187 Dy i R A=
T 90237, Z S5, WA AR 2l A oAb A I B D7 i) R B AHA ] s 76 e 03 @i oAb 199 /NIRRT, < KR ZZ
9023 W = T Jil 22 18” (H AL SR B AIL T JH 22 187, BEIIR =44 F % F T &M & , 29
FOTLI, < J 22 187 4l o145 W B D B B8 w8 1 K5 22 90237 5 F/NIE AT R, < JR1 22 187 & I BL i
I RER T 4 90237 (HH BREU i T A 90237 . X T T, T, & W1 5, AP # Ak g AL 2 Rif 6
R JEZE 187 T K52 9023”7, Z 5 6 -l < JEI 22 187 IR T K352 9023”7, {HH M KEIR LA« JE 22 187 &

BEEEIRZE N /N A4S B BE DT A KRR I Z [ AP 25 5 . R 2 3R 3 AT LAE L, “ A3 9023 ifE
TS A3 Iy s R AR 722 S R AR e, LU 2 B oA 0T, P A D s RO S RS . “ Fil 2 187 i 3
PRI D5 o R AR A8 5 R B, LR B ) /N A AR, 25 B 43 AR D B R B AR . BT LA
PSR E LA T B IR K22 90237 LR/ fb J5 199 ( MEMESE A3 250 o3 A0 10 ) s ma s, o< il 22 187 4l
SHALHTT B ) A ] (AP oA NE ST SR

R3 EBEERRETNEDESUENRINRENTERRZY %

Table 3 Coefficient of variability of continued days of various spike differentiation phases in wheat in the glasshouse

A RCNS W 8E
o Ermeree n; o e UM MESMER el gikmat L g 28
nu . .g Single Double Glume Floret Pistil and Anther TP
Variety spike . . . o - o . o Total CV
Floneati ridge ridges differentiation differentiation stamen differentiation
ongation differentiation
2 9023 7.77 22.90 28.20 0.00 22.43 48.24 40. 67 9.84
A4 18 17.63 33.48 13.01 86. 60 24.74 21.65 0.00 10.03

2.2 /NS B BLH B AR R
PR 25 W R R/ N 2 RE e 4045 B BE H B3R ABUR A Sh S22 L INER 4 s,
®4 WERESAEMENEDHESLENEBHRNIR/C

Table 4 Daily mean temperature and accumulated temperature above zero of various spike differentiation stages in wheat in the glasshouse and

field experiment

¥’ 9023 Zhengmai 9023 JE1# 18 Zhoumai 18
sk HE/C — — v —
Spike differentiation Temperature BORIEE Glasshouse T Field BERBE Glasshouse Hi Al Field

T, T, T, (Ty) T, T, T, (Ty)

R - H ¥ 13.4 16.1 12.2 8.1 14.5 14.6 12.1 6.3
Emerge to spikeelongation RBUR 294.2 322.5 220.0 244.2 449.2 365.5 267.0 322.2
BB Single ridge H ¥R 16.7 11.9 10.9 1.9 12.8 11.6 11.1 1.5
LR 200.0 179.0 208.0 135.8 231.0 325.0 166.0 104.9

e Double ridges H ¥R 12.0 10.9 14.8 3.9 1.1 8.9 9.7 6.3
LR 144.0 208.0 178.0 129.4 511.8 320.0 434.0 132.4

b igte H ¥k 14.0 15.3 13.6 3.6 4.2 15.7 14.7 8.6
Glume differentiation SARI) 42.0 46.0 40.8 21.5 50.2 47.0 44.0 25.9
INIEST AR BN 10.5 14.4 4.0 21.0 15.2 13.4 23.0 24.3
Floret differentiation R 136.0 172.8 71.2 126.0 91.0 121.0 80.5 73.0
W A8 5313 H ¥k 12.7 4.0 12.8 10.9 13.4 18.8 20.6 10.0
Pistil and stamen differentiation R 152.0 71.2 77.0 65.5 121.0 169.0 113.5 60.0
2y 313 H ¥R 9.7 15.3 17.1 12.8 21.5 21.4 21.6 12.7
Anther differentiation R 419.0 367.0 359.0 231.0 322.0 321.0 324.0 228.1
SBUE 1387.2  1366.5  1154.0 953.3 1776.2  1668.5  1429.0 946.5
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TR 2 /N GRS AR LR A SR B B L R 34 0 2 v T R (R R AE/NAZ (P < 0.05)
A BB DI R (3R 2) , DY IR 25 /0N 27 30 2k 33 PR A B U 1 O s R A3 B v T (R R RN (P <
0.05) ., PRI, AEX A g 140 30 8 T (1 22 9 B Pl o, T A A0 174 30 8 ) 68 0y A Pl ot 32 o B3 P B R B 4

PSR = /N DA IR B X IR B S T B RN (P < 0.01) o XFF 2 ASafpms, A
2 187 TR B R 25 Nl i R A R K T R AZ 9023 A P 18] b AL 3 1o 2% 301 () Rk e A I, HL AR B FE UL
N, 2 9023 7 3 3ot 12 3 1) Bsf TR B St B IR T R 22 187 (P < 0.01) , HyItiA Ay, A X e 1) 38 3 T A4 4l
“HBFZ 90237 T AT, I SR 22 187 I IR B B, < R 22 187 4 KR 7 9023 7 FEIZ B B XK TRAH X AR

HEAIE A, /N WAL TE i B B I TR 46 BB AR R, < R AZ 9023 - 1R WA AE X B Bt
B H SR IEAHA R, H DT REIR— 20100 A 22 187 78 T 3 N A9 H IR EAR (4.2 C) , FEHEXH B
DI RECK IR 12 d Z A, 5 HE R AL 3 ] A9 25 5k i 257K F- (P < 0.01) .

“HRAZ 90237 HEA/NEST AR B ] R T FE 22 187 (3 2) , T H BIRBAR, Ho i /INE A0 3 A s [
B, BRRERGEFT, FE 90237 T, 85 M L B B i) H 4R 5 AK (4. 0 °C) , H AR 18 d; 1« J8 %
187 T, 71 T I ) H 43R 55 (23..0 °C) MU 3 d PRI ARG e 180308 B (2 ol /N 22 Bl A oAb ol i
BB,

HEAMEMESS 4340, < S22 90237 38 3 1 B B B R BB B 25030 A T s g T < el A2 187 i g IR
ORI Ry Bt H AR A T i R e KSR R, BEEIR S S T, < 90237 i i i B B T i R ALK
T2 187 NiZ BB H ¥R F B BRI T i 22 187 [RlAs, FH R R 25 440, « A &2 187 i iz oy
BEIIR 3 d KT A 90237, i b B H 43 = < R 32 90237

25 BRSO FE 90237 3 ik I B B 1 B ] B 47K 109 A R S s vk A, DA H 23Rk
A LW B H 3430 BERE I A 4R 2 T R« R 32 187 BRI ) H AR AR R] , 38 8 T KR FZ 90237, M it
G 2 B BT T i TA]— B, BT 822 90237, HI[RIARMAB A% (4T, 15 b o b 0 D el SR — 350, L i B 2
TIRAATE] . IR 55 AT A R T B B i Bl 1 D B R
2.3 NEYEES KB BRIR R

FH [R) R AR 25 PF T, 79 2 4l A oAb A R AR — 25, MR TR E I 40 0F . B IR E &M T /N
2z oAb SRR B AR T s IRl — KR, < K32 9023 AR b B BURAR T H 22 187,

MTE R H T - B BUR R A DY S IR S /N AE T, T, 3% 30 T 3 e i B B P 5 AR v 1 T, 48 199 2% H )
(T ) . T HEIAT , /N2 2hFi oAb 58 iz B B 75 22 1) B B /b | TR B B Dy i R B i (6 2) . Uit
WO BRI R AT MR 45 0 T /N 8 Ao A A A A ] R0 T 38 2 i o B P R

MTE B ] AR TR RO BRI S /N R T RN B A T s 4 T /N2 B B B
B PTI RAC (R 2) B0 T HGE A B B B UL, S5 AR 2 K4, T LIE I BRI E SRR, & 90237 T,
IR Z2 187 T, 8 WA F /N 22 i ook Bl 5 < B3 27 90237 T, #% 3 L « J8 22 187 T #& WA I F /N 22 ot —
e,

TR Z A, A AZ 90237 ¢ AR A A4S B B i B R AR T 2 187 X RN TR M R, L
YRR IR ZR 4%, AR DR BT | & s BRIV R S8 . M3 2E 90237 T, 36 HA T 58 il 41k i
Jr s BN Rl A (46 d) B 638.2 °C, T, 6 T 58 oAk Hi B i 5 i AR 20 (606. 0 °C ), D Iy RARA K
(49 d) ;“JiZ 18" T, 85 W1 58 Lo AL i A I 5 A el ) e Ji (82 ), BRI IR ALK (867.0 C)

TR AL 2 5, /N AR A AR e, X R B R R < BN 7, 55 Haloran 48 A [ 5 45
R—8, NS ZE BRI TR BRI |« FRAZ 90237 753 B 1R 25 19 26 P A BEG 101 o 38 FRIR 5 i s #a |
T W ER R . TR, 2 A 1 HZE 20 HZEEEXE 10 CLUT  RIEXHZB B4 T AR
SO, T E Y B KA (46 d) BRI N, 6T SR 22 187 Sk, £ Rk WAL B E] TE2E
2.4 /NEGFESCS H IR BUR AR ST

/N AR AL A5 B T DT B R AC S H R BRI ARG AT LR S
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x5 BHEEBEES5HEMENEDESUAENBLNIES YR RBENHEXSH
Table 5 Correlation analysis between daily mean temperature, accumulated temperature and continued days of various spike differentiation

stages in wheat in the glasshouse and field

BRI " - - PSS
. - EMEE e e s PRI o
AR B/ C Emerge . . Pistil and
. . Single Double Glume Floret Anther
Variety Temperature to spike . . R L. . . stamen . L
) ) ridge ridges differentiation  differentiation . o differentiation
Elongation differentiation
A 9023 H it/ -0.783 -0.946 -0.966 " -0.991** -0.988 " -0.700 -0.759
Zhengmai 9023 TR/ C -0.152 -0.907 -0.423 -0.979 " -0.515 0.331 0.748
JiZ 18 H )3/ C -0.852 -0.967 " 0.968 " -0.814 -0.949 0.095 ~1.000 **
Zhoumai 18 B/ C 0.031 -0.555 0.985* 0.516 0.972* 0.754 -1.000 **

THIR0.05 KV LR B, T KR 0.01 KV LR BE

MR 2 A AR ZI R RS B SRR A, < HBEE 90237 FEIZ I BLIW T KA S B
i) 52 7R G T S8 A2 187 SRR 22 ] 52 IEAH G

HR 2 A ERRTE IO B DT RS S H IR BRI R ORGSR 22 187 AR B Be i i i KA S H
PR AH SR IR 25K (r=-0.967 ") .

TR CABFE 90237 TEIZ M B DT RS H ¥R B AUASE (r=-0.966 ), JEZ 187 & 3 IE
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