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Effects of melatonin on the growth and yield of
wheat under drought condition

MIAO Hanxiao, LI Dongxiao, WANG Jiuhong, SUN Yaqian, LIU Li, LIU Rui, LI Hongye

(College of Agronomy ,State Key Laboratory of North China Crop Improvement and Regulation, Key Laboratory of
Crop Growth Regulation of Hebet Province ,Hebei Agricultural University ,Baoding, Hebei 071000, China)

Abstract: An artificial climate chamber experiment was conducted in Hebei Agricultural University. The
effects of melatonin on plant height, leaf area, dry matter accumulation, and yield of wheat under drought stress
were studied using the methods of crop growth control and indoor soil cultivation with the test materials of Jimai 22
and Hengguan 35. Six experimental treatments were set, including normal water condition( CK) , drought(D), D+
1 pmol - L', D+10 pmol - L', D+100 wmol « L', and D+300 pmol - L' melatonin solutions. The results
showed that drought stress significantly reduced the yield of Jimai 22 by 25.43% comparing with CK. The yield of
Jimai 22 under the treatment of D+100 wmol - L™' melatonin was significantly higher than that of D by 24.73%.
This treatment significantly improved plant height, leaf area, dry matter weight, and grain plumpness. For Heng-
guan 35, a drought-resisting variety , the yield under drought treatment did not change significantly. The D+10 pmol
- 7" melatonin significantly increased the yield by 10.46% and 8.87% comparing with CK and D, respectively,
mainly increasing in grain weight by 39.05% and 4.84%, increasing in dry matter accumulation ratio of spike by
6.69% at mature. However, higher concentrations (100 wmol + L™',300 pmol + L") melatonin inhibited the yield
and reduced it by 23.81% and 24.93% , respectively, comparing with control.This different effect on different wheat

varieties was possibly related to the drought-resisting conditions and concentrations of melatonin. The optional con-
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centration of melatonin on increasing yield was 100 wmol + L' for Jimai 22,10 wmol - L' for Hengguan 35. Optimal

concentrations of melatonin would be select to use according to different wheat varieties.

Keywords; melatonin; coating; drought stress; wheat; growth; yield; accumulation and distribution of dry matter

JK G R R ) 2 AR & R Y 4 BR A 1) R
AR, R E AR TR N H 240/ 2 Rra i
FPER AR AN R A, 2R X M R K E
U™ FE AN BRI 308 A 4 oA rf RV T 1 AR A
1R /N 7 PR TR R B K T3 R N A AR A
JIBB R = PR A BGE R, R EAE R —
Pl AR e A E D P e Re ) LRI %
WP B AT DR R R AR A KUY AR A
WO RN s BRI T BB
AT LA IR 0 N R AR SR R A, HAE N — A
BB E AT BE AR S A P HE AR A i s R AR P i aa
WGP R TR B E EERE SR R ESES
P BE R FOE " R, SN it 4R TR 2 A R A (X
Xof 5 R AL A B S P EL A T N R R R

2R 2 RT3 e B v T AT R AR S R LA L
UL T ORI B T a0 51 & i A Ak B
38 HEI LR AR RR A B A R 0 SOK SR DL
SEAEPIN T SRR VO AN A 2 BT
SRR AR AR S 25 A A Pk e B B A Y K
SRRBURE R A A 3 A R T IR S ok
HRETT, DT 2 i e R R AR KR
ANt 0.5 mmol - L™ A B R W] LA 5 [ ) /N 22 1 1
(TR SR8 T, R AP 4 JEL R A01 3, DR 4P i S AR Bk
JE5ERE PR A R 2 R A0 M R RN R R K
7, [ A 184 T2 B H B L 038 1l 1R 7 i S LR T
Fok WERPURALRE Y L AR R R R R
S & /N Tl I B AR E T K 4 W 3E R /N2 R
25 AR R BRI T HE IR K 4 a8
TANEMAT TR AT REMAEY =&, L
ZED1O) 5 B [vi) Aol B 2R e B kAN [) /N2 5 b 2 HE 1Y
ARV, H AT, B R BCGEE PP AOR 1
LRSS AR TR 2057 (B e R [l A 2R
RUWRBEEXT AL X /N A K R B B™ s ) 1 e
g WARTE . AHEST LA AL M X BT 5 AN A A < 5
#2255 M B 357 A AEERRE WFSAR PR R X T
SR IE TR /N R AR 2 0 A R ), L i X
FERE R /N A RARDL SRR B, S0 BT HAE AL
B, R OAIE N AT R T B3 R = R AR

1Pk

1.1 e
PR/ INAZ S A oh < BE 3 22 5 R A 350, H:

UL 357 FRTE A AR R B A K A AR B
TR PURMERR ; U 22 22 S i ILARE R R
Bede it JrevE—mt .

1.2 iXikbiE

AGRIGAET A A M 27 A S g 2 A RN T
ST, % 6 AN AL HE IEH K43 (CK) K4y
ﬁj{(D) .D+1 pmol - L4 ZE D+10 wmol - L R
Z D+100 pmol - L' 4B 2 D+300 wmol - L' 4B R
RO R HBIEAE L3 BIEA RN R T =
55 cmx41 ¢cmx36 cm, TIERHLHFEZE 0~20 cm
5 KT JE0eee TR T HA , mAE LT Eh 735
kg, LA A BEIR 4% 5.9 ¢ JRK 7.5 g MIBLERAR
(50%)11.8 g, HFAHBEMEIK 79.82 mm, Fif T IFEARXS &
IKERIK 75% Ad /NG N TG RE R 2 15 em, #5
FRHIR 2017 42 1 A 14 B R 3 17, 817 35
7,178 10 ems,

H/NEZRE AR T IRy, 2R HBR B s 45 il UK 45
IEH KA (CK) A B AR 3546 40K 79.82 mm, #b
KT BRH 55.43 mm , BIARNE S 7K 8 S H A 60%
~80% ; 77 HALEE (D) W#PK 55.43 mm (FHXT 7 /K &
H40% ~60% ) , #MK T BR K 24.39 mm, CK HI D 4b
PRI INAZ TR Z8 AR KA AC, A P 3R A B 1Y) /N A Fof
F43 58 1,10, 100, 300 wmol - L7 4R B FK
(M8600, 7 #r 4l , bt Z B E R A IR A B il
K, AR 3 ), BE B E N TR E
B/ R E 9°C/7°C 12 h/12 h, FHALI ] £ 40 d,
R BB KB B g il 20°C/15C (B/1K) ,
14 h/10 h(/2/7%) , Y6 #8 28 000 ~30 000 Ix, #HX}E
FER 60% ., 7 d 247 Bk — Ik, #ie BRI 8 A 35 K
AR B (K1),

1.3 MEmERFZ*

131 #& eI SRl TR A4k B BE
MLIEIC S Ak, 20 B RO &, DA/ INAZ b 1 825 3 2]
Totvms P BE A

1.3.2 wt@AR(LA) bk e Ak — 3, 208
OB HU/INZZ AR AR B 58 42 JR T i 58 B 1A K
MRS , AR LA=LxWxK, H LK
A (em) , W M 7 B GRS (em) ,K 4
INZENF TR A K, B 0.8317

1.3.3 vt ZAss43 (SPAD 14)  FEfhAEl] T
AEHTI  FF A6 5 100, o 9 30, R it g R e X
(SPAD-502, Minolta Camera Co. Ltd, H 7<) il £ />



555 3]

HEES 3T T SURRYB NI 2 N Ak 4 iUl 163

7 JHEI - 25t 2 AT 75 (SPAD {H) , &AL FRI 2 5
PR, BRRTEEL S Wk, BOT-HAME.,
1.3.4 FTHHREE  SkE D E K2, T ivE
PRl 58 5 P AR AR I ZEFT 30 e A s pric
105°C A7 30 min, T 75°C KT EEEFRE, WIKZ
Je B PEREALEIL 10 #/NZ AR 2 T4
135 FEAFEMABE  WORESITH5 4
BERR/INAZ 1 R B LB 5 — 3009 10 BR/NZZ
N TR, 1 SR B R AR 0, BRUIA (4% A 3 Bl AL B
100 FLFEATRRE , T3 TR E (g) , ER 3 IR
fH, 78 (kg « hm™) = FEEL (B - A7) <R £l x
TRiH/(0.2255%100)
1.4 HiELE

KH Excel 2010 347 2 [ 888 23 #7358
SPSS 17.0 A4 Duncan 3947 i FVE A (o=
0.05F1 «=0.01) .

2 PR

2.1 RBEEZXNTEBET/MNEFEHEM
2 1 a2, SR CK AH L, D ARFH < 35 2% 22

BN
(=}

[ (A 2225 Jimai 22

[ R =N
S o o o
T T T T

O

]
(=}
T

—
f=l
T

#E 7K # Water consumption/mm

03-22 03-30 04-05 04-10 04-15 04-20 04-26 05-02
H # Date(m-d)

5 R R, BRI R 25.43% ; TORLEE ) B 3
AN, SR 18.43% , D+100 wmol - L' &b R~
I E T D AR HEEN 24.73% X 5z T
TR T AL A G, TREERIKT
CHRA 220 BIREEL, AN 300 pmol - L7 RE K 515
FNGE it (A AR X IR, < i 35 [RI B B
S D ALBR AR FE KT CK, IR A 37.09% , Jiti Jin
AR Z R B A (D AL ER R S TR
FET CK, R 25 21.46% F 32.63% , K I %
Ab PR ] TG 3 25 5. D+10 pumol - LT 4B
BB TR B S T CK, R4 508 17.41%
F139.05% ; 7= 2 7R . 35 34, B4R A 10.46%, D+
100 wmol + L™l D+300 pmol - L™ AbFE T (ki %k
FTRLE W B 3w T CK, (H ™ 5 53 35 RAIC, PR i
39K 23.81% Fl 24.94% | 3 5 5 Ab BT R AR R R
R K, 7% CK A 43.19% F1 46.95% .,

22 MEENTFEMETNEKRSHIZIE

HH L 2A WAL, e 22 %5 IR R I CK
D AR Z 8] 2% %A 7E D+1 wmol - L™ D+

[ (B)# M35 Hengguan 35

S|
S o
T

0

& W
SRS
T

[S53
[l

—
fe=l
T

#E 7K £ Water consumption/mm
(%)
(=1

(=}

03-22 03-30 04-05 04-10 04-15 04-20 04-26 05-02
H 3 Date(m-d)

---0---CK ——D —x—D+1 umol*L "' --e--D+l10umol*L ' —o—D+100umol*L ' ——D+300umol-L"
E1 SRELEEHREKE
Fig.1 Water consumption of different treatments during growing season
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Table 1  Effect of melatonin on wheat yield and yield components under drought stress
At b (TR TR ThRid/ g P/ (g m™?)
Varity Treatment Ears number per box  Grains per ear Thousand kernel weight Yield
CK 170a 27.3ab 31.47¢ 648.6a
D 114cd 25.7ab 37.27b 483.6cd
HE2n2s D+1 wmol - L7 126be 24.7b 30.90c 425.5d
Jimai 22 D+10 pmol - L7! 103d 29.0a 32.14c¢ 425.6d
D+100 pmol « L' 115¢d 29.0a 40.68a 603.2ab
D+300 wmol - L' 132b 24.3b 37.74b 537.3be
CK 213a 24.7¢ 25.25d 588.4b
D 134be 30.0ab 33.49a 597.0b
Hi I 35 D+1 pmol + L7 125be 31.3a 32.15ab 558.3b
Hengguan 35 D+10 pmol - L7! 144b 29.0b 35.11a 650.0a
D+100 pwmol - 17! 121c 28.3b 29.49b 448.3¢
D+300 pmol - L™! 113c 29.7ab 29.71b 441.7¢

T A= S B A R 5 B3 7s A B 0] 25 5 (.25 (P<0.05) |, FIAl,

Note: Different letters in the same column mean significant difference at P<0.05, the same below.
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252 ARZEMNFIEME T DEEIFLTESHEE
el R 4A AT FAER, D AbBER C BF
22 5 Y ZEFF T A B LR O BRI T 13.94% , 1
TEAE I T 37.60% , 4 B 245 b B 25 FF
THEAR S EES AT H05 L D 8T
11.67% .5.32% .19.99% . 13.47% ; Hf1, D+10 pmol
- LAY MG AR CK ARSI T 33.35% ,

®2 ARLE/NEHERM SPAD EHEW
Table 2 Effect of melatonin on SPAD of flag leaf under different treatments

B 22 5 Jimai 22

30 35 Hengguan 35

R W OFEEM JFERM N W OFEEM JFERM
Heading Early flowering Late flowering  Grain—filling Heading Early flowering Late flowering  Grain—filling
CK 58.42a 60.08b 62.06a 56.14b 56.86a 58.42a 56.52ab 56.62a
D 57.78a 58.56b 60.48a 59.04ab 55.42a 54.82b 54.50b 56.22a
D+1 wmol - L' 60.20a 59.92b 62.04a 58.74ab 56.44a 59.64a 57.76ab 60.48a
D+10 pmol - L™ 58.84a 62.70a 63.90a 61.86a 54.90a 57.36ab 55.22b 59.12a
D+100 pmol - 1! 60.12a 62.32a 62.74a 61.00a 54.52a 58.14a 60.46a 55.08a
D+300 pmol - L,”! 59.70a 58.52b 60.10a 62.52a 57.12a 58.18a 58.30ab 60.28a
®3 FREENEM FHERETFENETL o
Table 3  Effect of melatonin on dry weight of wheat over-ground organs under different treatments
FEEB Spike ZEHF Stem I Leaf
A Ab " o N o - e -
Vo, Tewmen VML EEN R MO EEM ORI OHEN EW R
Flowering Grain—filling Ripening Flowering Grain—filling Ripening Flowering Grain—filling Ripening
CK 0.16¢ 0.48b 1.05d 0.38ab 0.54a 0.36¢ 0.19abc  0.21a 0.13a
D 0.22b 0.42b 1.21b 0.32b 0.57a 0.37¢ 0.18bed  0.20a 0.13a
H# 225 D+1 pmol - L7 0.21b 0.39b 1.19bc 0.43a 0.58a 0.47b 0.22a 0.20a 0.11b
Jimai 22 D+10 pmol - L™ 0.25a 0.40b 0.80e 0.41ab 0.52a 0.30d 0.21ab 0.21a 0.09¢
D+100 wmol - L' 0.21b 0.66a 1.50a 0.44a 0.58a 0.62a 0.18cd 0.20a 0.13a
D+300 pwmol - L™ 0.16¢ 0.51b 1.10cd 0.33b 0.42b 0.38¢ 0.16d 0.12b 0.06d
CK 0.12¢ 0.46¢ 1.03d 0.34d 0.53be 0.38b 0.21b 0.28a 0.13a
D 0.20b 0.66ab 1.45b 0.46bc 0.52¢ 0.48a 0.20b 0.19b 0.12ab
WL 35 D+1 pmol « L7! 0.18b 0.56bc 1.18¢ 0.46bc 0.50¢ 0.47a 0.21b 0.21b 0.13a
Hengguan 35 D+10 pmol - L™ 0.21b 0.65ab 1.53a 0.54b 0.58ab 0.50a 0.16¢ 0.23b 0.11bc
D+100 wmol - L™ 0.21b 0.74a 1.06d 0.45¢ 0.58ab 0.42b 0.19bc 0.19b 0.11abc
D+300 wmol - L' 0.27a 0.59b 1.23¢ 0.63a 0.62a 0.41b 0.31a 0.23b 0.10¢
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Fig.4 The allocation ratios of melatonin on dry weight in each organ under all treatments at different stages
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