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Effects of water stress on dry matter translocation and grain filling
characteristics in broomcorn millet ( Panicum miliaceum L. )

LI Cui', ZHAO Wei-jie', LIU Rui', CHAO Gui-mei', ZHOU Yu',
SU Wang', QU Yang'?, FENG Bai-li'
(1. State Key Laboratory of Crop Stress Biology for Arid Areas/ College of Agronomy, Northwest A&F University ,
Yangling , Shaanxi 712100, China; 2. Institute of Agricultural Science , Baoji, Shaanxi 722400, China)

Abstract: To evaluate characteristics of grain filling and yield in broomcorn millet resulting from effects of water
stress at different developmental stages, Yumi 2 was employed as the experimental material for a pot trial. At the time of
jointing, booting, and flowering and mature stages under water stress at two levels (moderate: 40% ~ 45% of field ca-
pacity, severe: 20% ~ 25% of field capacity) , the grain filling processes of superior and inferior grains were studied us-
ing Richards equation. Also, the relationships between grain filling characteristics, and dry matter accumulation and
translocation after heading, and yield, were analyzed. Compared with the control, severe water stress decreased initial
grain-filling potential, delayed the time reaching the maximum grain-filling rate, shortened grain filling time, reduced
grain filling contribution rate of middle and later stages, and decreased matter translocation percentage from stems and
sheaths to spikes, influencing seed-setting rate and the yield. In addition, the kernels per spike and kernel weight per
ear under severe water stress at booting stage were reduced by 44.62% and 38.19% , respectively, which represented
the maximal decreased levels with the treatments. Moderate water stress promoted the grain filling process, improved the

matter translocation percentage from stems and sheaths to spikes, increased seed-setting rate and grain plumpness, and
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enhanced the yield. The yield reached its highest level under moderate water stress at shooting stage, with increases of
24.17%, 17.92% , 7.19% and 41.14% in kernels per spike, seed-setting rate, 1000 grain weight and kernel weight

per ear, respectively. Therefore, proper water stress may improve the initial grain-filling potential, the grain filling rates

at early and middle stages, and matter translocation percentage from the stems and sheaths to spikes, providing an plausi-

ble approach to the enhancement of the yield in broomcorn millet.

Keywords: broomcorn millet; water stress; grain filling; dry matter translocation
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Table 1 Effects of water stress on grain yield and ear traits of broomcorn millet
b 3N ﬁifé’&ﬁj\ﬁ =53 ﬁﬂlﬁﬁﬂl ?;‘37&3: AR A f%*lﬁﬁ:%
Toame Far lengh First-class Second-class  No.of spikelets  Seed-setting 1000-kernel Kerel weight
/cm branch number branch number per panicle rate /% weight/g per ear/g
AAA(CK) 31.31 ab 14.60 a 56.01 be 607.80 b 77.62% cd 7.51 ab 5.42b
MAA 32.36 ab 10.80 b 50.00 ¢ 758.40 a 91.53% a 8.05 a 7.65 a
SAA 28.21 cb 15.00 a 63.20 abe 463.20 cd 79.06% cd 7.53 ab 4.26 be
AMA 24.37 ¢ 15.00 a 64.20 ab 598.20 be 86.05% ab 7.63 ab 6.04 ab
ASA 19.38 ¢ 15.40 a 56.40 be 336.60 d 75.02% d 7.25b 3.17 ¢
AAM 30.50 ab 13.80 a 58.00 abe 465.00 cd 82.35% bc 7.40 ab 5.84 ab
AAS 34.93 a 15.00 a 71.20 a 669.00 ab 66.58% e 6.34 ¢ 5.69 b

T RSV E A RNG PR A BIAE 0.05 KF E2F B

Note: Different lowercase letters following the numbers in the same column indicated significant differences at the level of 5% .
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Table 2  Effects on matter translocation in stems and sheaths and leaves of broomcorn millet under water stress

IR AR R R BRI A TR R R Y WY
[ [ " I et i fit e e
EX R TR gkt Ak PR T Hihw  BEw FEE AR s
y L 2 %
Single plant dry ~ Single plant dry ~ Single plant dry  Single plant dry  Dry weight of ¢ . Export  Translocation
QbR - - i | . X Export  Translocation
weight of stem  weight of stem weight of leaf weight of leaf  single panicle percentage  percentage
Treatments . A . . percentage  percentage
and sheath at  and sheath weight  at initial time at maturing weight at £ loaf £ loaf of stem of stem
initial time of at maturing of flowering stage maturing stage 0/0; 0/; and sheath  and sheath
flowering/g stage/g /g /g /g ‘ ’ /% /%
AAA(CK) 0.95 0.61 0.47 0.37 2.31 22.40 4.56 35.97 14.83
MAA 0.82 0.65 0.57 0.42 3.98 27.38 3.94 20.60 4.24
SAA 0.61 0.53 0.31 0.31 1.90 2.55 0.42 13.97 4.49
AMA 0.81 0.63 0.56 0.35 2.16 37.75 9.73 22.31 8.35
ASA 0.73 0.69 0.36 0.31 0.83 13.89 6.02 5.48 4.82
AAM 0.88 0.73 0.46 0.37 2.22 19.57 4.05 17.44 6.75
AAS 0.86 0.75 0.46 0.40 2.20 13.04 2.72 12.50 5.01
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Table 3  Parameters of the Richards equation for broomcorn millet grain filling process
R o
I ALfr A B K N R
Treatments Position (g' 1000 grain )
FRIAKL SG 8.120 13.122 0.296 1.133 0.997
AAA(CK)
kL 1G 7.292 42.674 0.245 1.191 0.99%4
VAA HRAKL SG 8.347 7.626 0.352 0.715 0.998
HARL 1G 7.148 10.323 0.238 0.675 0.992
AL FRIAKL SC 8.019 1405.713 0.496 3.885 0.997
FHGRL 16 7.152 399.114 0.260 2.230 0.990
A R SG 7.942 6.811 0.234 0.734 0.996
FHEL 1G 6.940 792.397 0.390 2.216 0.991
A PR SC 7.427 61998202207 0.987 5.309 0.994
BEES A (S 6.645 175531.805 0.488 3.299 0.993
A FRIAKL SG 7.644 64.949 0.389 2.164 0.991
AAM
BEES A (S 7.074 4.942 0.212 0.681 0.994
AAS HRIAKL SG 7.59% 127.286 0.375 1.784 0.992
kL 1G 4.863 52336.636 0.534 4.405 0.997

TSGR AR 1G: TR ; A PR LM AE K B UK N T RSEG R2: TR e R4 TR,

Note: SG: superior grains; IG: inferior grains; A: the final weight of thousand weight kernel; B: initial parameter; K: growth rate parameter; N: shape

parameter; R’: the determination coefficient of the equation. The same below.
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Richards simulation curves on increases of grain weight for superior and inferior broomcorn millet grains with different treatments
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Table 4 Parameters for broomcorn millet grain filling characteristics

. Ry GR,, W,

Ib ¥ XA - T s 1 GR e (g° 1000 D T

Treatment Position /(g 170100 fgi 1100(21 /d /(g. IPPO /% grain”'-d ") /d /d

ain~ ') grain”'+d™") grain™')
AAA(CCK) SRR SG 0.261 0.577 8.275 4.161 0.512 0.384 21.169 23.797
K
CEE- A (¢ 0.206 0.422 14.607 3.774 0.518 0.280 26.049 33.359
VAA SR HARL SG 0.492 0.806 6.725 3.925 0.470 0.541 15.426 19.783
FHARL 1G 0.353 0.473 11.460 3.329 0.466 0.318 22.479 30.774
™ BRIk SG 0.128 0.541 11.877 5.331 0.665 0.338 23.730 21.112
EEET v (¢ 0.117 0.340 19.951 4.228 0.591 0.220 32.538 37.601
A AL SG 0.319 0.506 9.520 3.752 0.472 0.340 23.368 29.163
BEE A (o 0.176 0.497 15.075 4.097 0.590 0.321 21.621 26.842
ASA PRI SG 0.186 0.821 16.488 5.250 0.707 0.501 14.811 21.121
LEEY T (o 0.148 0.485 22.299 4.271 0.643 0.306 21.717 31.692
I RFRL SG 0.180 0.552 8.745 4.489 0.587 0.357 21.409 20.542
M
GEE- A (¢ 0.311 0.416 9.349 3.299 0.466 0.280 25.292 31.032
AS FEHRL SG 0.210 0.576 11.380 4.278 0.563 0.376 20.181 23.623
A

CEE A (¢ 0.121 0.328 17.571 3.315 0.682 0.203 23.989 26.144

T« Ro: IR A K3 CR o TORHEIR A T, BRI ICRE S IR 5] 5 W2 T SR AR IR (DRI TR T 5 1 - 9 R A R )R L
TR 5 R IOFRL TR LAY 7035 GRypean s FIHEIEEAR D - THERIEIRM) 5 Too - A RSN 6]

Note: Ry: initial grain-filling potential; GR,: maximum grain-filling rate; T,,: the time reaching the maximum grain-filling rate; W,..: weight of thou-
sand kernel weight at the time of maximum grain — filling rate; I: percentage of W, to A; GR,.: mean grain-filling rate; D: active grain-filling period; T'o9:

effective grain-filling time.
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Fig.2 Richards simulation curves of grain-filling rates for superior and inferior broomcorn millet grains with different treatments
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Table 5 Broomcorn millet grain-filling characteristics at early, middle and late stages
A Early stage H11 Middle stage Ja 3 Later stage
Ab P *E@ - GR, o o ) GR ean N ; GR yean g
Treatment Position KA /(1000 DTHLR RE /(21000 DAl S KE /(21000 oIk
Days/d R P/ % Days/d R P/ % Days/d . g_l . P/ %
grain™'-d ") grain”™'-d ") grain”'-d ")
IR SC 3.699 0.496 22.6 9.152 0.507 57.1 10.946 0.143 19.3
AAA(CK)
EER. T Al (e 9.014 0.188 23.2 11.187 0.371 56.9 13.158 0.105 18.9
A SRR SG 3.229 0.458 17.7 6.991 0.704 59.0 9.563 0.195 22.3
MAA
FHAkL 1G 6.344 0.194 17.2 10.232 0.413 59.1 14.198 0.114 22.7
™ SFRL SG 8.032 0.427 42.7 7.692 0.482 46.2 5.389 0.150 10.1
SHFRL 16 13.737 0.169 32.5 12.428 0.301 52.3 11.436 0.089 14.2
A SRFRL SG 4.236 0.337 18.0 10.569 0.443 58.9 14.358 0.123 22.2
SHFRL 1G 10.940 0.206 32.4 8.271 0.439 52.3 7.631 0.129 14.2
ASA Rk SG 14.357 0.253 48.9 4.260 0.734 42.1 2.503 0.237 8.0
kL 1G 18.582 0.142 39.6 7.435 0.431 48.2 5.675 0.132 11.2
AAM KL SG 4.627 0.529 32.04 8.236 0.489 52.6 14.049 0.090 15.28
EER. DAl (o 3.596 0.340 17.3 11.505 0.364 59.1 15.931 0.100 22.6
AAS SRFRL SG 7.331 0.300 28.9 8.098 0.508 54.2 8.194 0.147 15.9
FHRL 1G 13.856 0.159 45.2 7.428 0.292 44.6 4.859 0.092 9.2
Tt GR e » TRIHEIK A P, DIRRAR
Note: GR,ean: mean grain-filling rate; P: the percentage of the grain-filling contribution of each period to the final total grain weight.
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