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Effects of supplementary irrigation on growth, yield, and
water use efficiency of millet in the Loess Plateau
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Abstract: To study the effects of supplementary irrigation on millet growth, yield, and water use efficiency
during key periods, and to establish an optimal irrigation strategy for sustainable and efficient water resource use in
arid regions, ‘Jin Gu 21’ was selected as the experimental material. Six supplementary irrigation treatments of irri-
gation at the jointing stage (J) , heading stage (H) , seedling and jointing stages (SJ) , jointing and heading stages
(JH) , jointing and filling stages (JF) , and jointing, heading, and filling stages (JHF') were applied in addition to
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basal irrigation. Rain-fed without mulching (CK,) and basal irrigation with mulching (CK,,) were used as control
treatments. The effects of irrigation timing on plant height, stem thickness, leaf area index, chlorophyll content,
dry matter accumulation and distribution, yield, and water use efficiency were investigated. The results showed that
irrigation treatments had varying degrees of improvement on the growth and development of millet at different growth
stages. Plant height, stem thickness, leaf area index and chlorophyll content of millet under supplemental irrigation
at seedling, jointing and heading stages were increased by 6.04% ~43.21%, 3.61% ~17.89% , 3.16% ~109.40%
and 6.93% ~22.77% respectively compared with that in CK,, thereby promoting dry matter accumulation in millet.
Appropriate filling irrigation delayed leaf senescence and maintained a high leaf area index in the late growth stage
(42.52% ~ 70.56% higher than that of CK,). Yield was significantly increased by 113.97% under CK, treatment
compared with CK,, and the supplemental irrigation treatments significantly increased by 11.62% ~ 39.97% com-
pared with CK, and increased with the number of supplemental irrigations during the reproductive period. Irrigating
with subsoil moisture water and mulching significantly increased seedling emergence, which in turn significantly in-
creased the number of spikes per hectare and increased the yield. Irrigation at the grain filling stage contributed to
adequate grain filling and increased the thousand-grain weight of millet. The treatment with jointing stage plus head-
ing stage plus grain filling stage irrigation (JHF) had the highest grain yield. Compared to this, the yield of the JH
treatment did not differ significantly, but the irrigation water amount decreased by 19.97%, and the irrigation water
use efficiency and irrigation benefit increased significantly by 21.95% and 20.34% , respectively. In the Loess Plat-
eau region, the combination of supplementary irrigation at jointing stage and heading stage is an effective measure to
obtain higher millet yield and water use efficiency in wet years, and it is recommended that the upper and lower

limits of irrigation at jointing stage and heading stage should be 50% to 80% and 60% to 90% of the field capacity,

respectively.
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Table 1 ~ Specific experimental treatment of millet
A B WK LR ~ TR (%0;) (#EKE/mm)
pis:il JEH/mm Upper and lower limits of irrigation (%86, ) (Irrigation amount / mm) E‘i%7 ki
Treatment  Soil moisture i AT g VEI Total irrigation
7 7 i 7 amount/mm
Seedling stage Jointing stage Heading stage Filling stage
CK, 0.0
CK, 15.0 15.0
J 15.0 50% ~80% (17.2) 32.2
H 15.0 60% ~90% ( 16.8) 31.8
SJ 15.0 50% ~80%(16.3) 50% ~80% (16.5) 47.8
JH 15.0 50% ~80% (17.2) 60% ~90% (17.1) 49.3
JF 15.0 50% ~80% (17.2) 60% ~90% (13.5) 45.7
JHF 15.0 50% ~80% (17.2) 60% ~90% (17.1) 60% ~90% (12.3) 61.6
AR HHE K AT AL CK, (CK, (ST Ab3E A4 3 5 CK, M A2 A K i, AL 38K CK, (CK, J AT S) 4b 3 H Zb3H 5 CK, MK

T, JH JF JHF 5 J A BERLN 52, B SR AT, 40 B85 CK, (CK, \J H..SJ I JH AbBE JHF 15 JH AL BRI R &5 JF 5 J Ab PR E 4,

Note: Before irrigation at the jointing stage, the treatments were CK,,CK, and SJ, and the rest of the treatments were regarded as replicates with

CK,. Before irrigation at the heading stage, the treatments were CK,, CK,, J and SJ, and the H treatment was regarded as replicates with CK, , while the

JH, JF and JHF treatments were regarded as replicates with J treatments. Before irrigation at the filling stage, the treatments were CK,, CK,, J, H, SJ

and JH, the JHF treatment was regarded as replicates with JH treatments, and the JF treatment was regarded as replicates with J treatments.
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Table 2 Agronomic characters of millet under different water treatments

Wi - i AR TR A i
M{)an 4] A e o INTIRSAE=EA JETSPshsiy
easurement X . : LAI Chlorophyll content
. Treatment Plant height/cm Stem diameter/mm 2 o .
time (m-d) /(em” + em™) /(mg-+g )
it CK, 29.16b 6.83b 0.21b 1.97b
Seedling stage CK, 47.92a 8.51ab 0.69ab 2.30ab
(06-18) SJ 59.54a 9.15a 0.97a 2.56a
. CK, 56.38d 8.53b 0.64¢ 2.13¢
_*&_“/ﬂ CK, 62.41¢ 9.50ab 1.17b 2.42bc
Jointing stage 68.35h 10.99 1.41b 2.65ab
(07-13) J ' Pda : 634
sJ 89.38a 11.20a 2.45a 2.95a
CK, 125.24d 8.58b 2.11d 2.80d
- CK, 130.71c 9.70ab 3.16b 3.03¢
f '*Hﬂ J 138.60b 10.35a 3.26h 3.24h
Heading stage H 142.35h 10.53 3.97 3.441
(08-04) : o ol o
SJ 159.78a 10.05a 2.69¢ 3.37b
JH 164.18a 10.56a 4.25a 3.72a
CK, 152.01d 8.53h 1.18b 1.76e
CK, 160.57¢ 9.66a 2.14ab 2.25¢d
\ ] 170.60ab 10.41a 2.80ab 2.33¢
.Zgyﬁ,ﬂ;ﬁ H 169.88ab 9.88a 3.09a 2.36¢
Filling stage S 167.45b 9.98; 3.7 2.14d
(09-13) J . .98a 27a .14d
JH 176.41a 10.35a 3.32a 2.61b
JF 170.17ab 10.10a 3.05ab 2.66b
JHF 176.08a 10.54a 3.65a 2.98a
CK, 153.75¢ 8.07b 0.51c
CK, 163.22b 8.89ab 0.19¢
s J 170.27ab 9.15ab 0.28¢
m?“’ﬁ H 170.81ab 9.54a 1.38b
Maturity stage S 171.42ab 9.84: 1151
(09-28) J : da 15b
JH 178.85a 9.57a 1.89a
JF 174.24a 8.78ab 1.28h
JHF 178.78a 9.43a 1.93a

) V) AR A A B O AR R A BRI, ARG TR R R — R R AR BRI 22 57 3% (P<0.05) . T 1A,

Note: The average agronomic traits of the same treatment were obtained during the seedling stage, jointing stage, and heading stage. Different lower-

case letters indicate significant differences between treatments during the same growth stage ( P<0.05). The same below.
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Fig.2 Variation of dry matter accumulation and distribution of millet in different treatments
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Table 3 Yield and yield components of millet

under different treatments

e é‘i‘ﬁ}m% R BRI TRIE
Treatment rain yield /(10* - hm™?) Kernels IOOQ—kemel

/(kg - hm™) per ear weight/g

CK, 1835.70e 26.22b 2583.68d 2.77c
CK, 3927.87d 37.69a 3890.22¢ 2.80bc

J 4384.37¢ 40.20a 4657.63b 2.76¢

H 4702.24h 41.46a 4940.33ab  2.75¢

SJ 4678.05b 42.72a 4840.55ab  2.74c
JH 5366.78a 44.60a 5116.31ab  2.85ab
JF 4490.74bc 40.83a 4728.80ab  2.80bc

JHF 5497.97a 43.97a 5185.48a 2.91a
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Table 4 Water use efficiency of millet

Qb ET WUE PWUE IWUE IB
Treatment /mm /(kg+m™)/(kg-m™2)/(kg-m™>)/(kg+m™)
CK, 359.40d 0.51e 0.56e
CK,  358.60d 1.10d 1.21d 26.19a 13.95a
J 374.68¢ 1.17¢ 1.35¢ 13.62¢ 7.92¢
H 371.19¢ 1.27b 1.45b 14.79b 9.01b
SJ 396.26h 1.18¢ 1.44b 9.79% 5.96e
JH 393.15b 1.37a 1.65a 10.89d 7.16d
JF 389.38b 1.15¢d 1.38be 9.83e 5.81e
JHF  406.69a 1.35a 1.69a 8.93f 5.95e
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