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Effects of regulated irrigation of lower limits of soil moisture on growth,
yield and water use efficiency of spring highland barley

MENG Qiang, LIU Jingxia, LI Yuqing, ZHANG Wenxian, PAN Suxiang, LI Minjie, NIMA Ciren
(Water Conservancy Project and Civil Engineering College, Tibet Agriculture and Animal Husbandry University, Linzhi, Tibet 860000, China)

Abstract : To explore the regulated irrigation mode benefits to the growth and yield of spring highland barley in
Nyingchi valley areas, a field plot experiment was carried out with the spring highland barley species “Himala 22”.
Five lower soil water limits, including 80% ~85% 6 (W), 75%~80% 6(W,) , 65%~70% 6,(W,) , 55% ~60%
0/( W,), and 45% ~ 50% 0/(W5) , and one control treatment ( rain-fed irrigation, CK) in the whole growing
season to study the effects of soil water regulation on spring highland barley growth, water consumption, dry matter
accumulation, and yield. Results showed that the irrigation treatment had significant effects on plant height of the
spring highland barley in the middle and late stages. Comparing with CK treatment, the plant height at heading
stage and milk stage increased by 37.28% and 44.33% respectively. After heading stage, the leaf area per plant of
W,, W,, and CK treatment decreased, and the average decay rate was 0.20 cm® + cm™> + d™"). The relative growth
rate of leaf area was significantly negative after milky stage. The total water consumption during the growth period of
spring barley decreased sharply with the decrease of the lower soil water limits, and the water consumption intensity
basically floated around 5 mm - d”'. Comparing with CK treatment , the irrigation treatment increased the drymatter

accumulation of the spring green by 13.95%, and a big rate of increase amplitude appeared in heading stage. With

r#s B #A:2019-04-12 &[5 A #7:2019-06-28

E& TR REAQUH IR I TR0 H «“ 574 RAEBESTCR AR B 5 BRERE K RRE ST 5 VB A K R e ) TR AR BT Pl
X 2 S S = I H (ZTIS-04) 5 VERCR P2 B A A 5 RIS 3035 H (RC201601,RC201602)

TEER N 52 (1990-) , B HR M B+ SR, 3228 g5 4 KR = 2o S, E-mail ; mengqiang0303@ 126.com

BEEE ZEK (1975-) 5, HRREA, @Iz, 32N G KF ZEMHEKTFFE . E-mail . x2zlyq666@ 163.com



174 TR A X AR

o538 %

the decrease in lower soil water limits, the yield and water use efficiency in all treatments increased first and then

3

decreased. The water use efficiency and crop harvest index of W, treatment were 1.15 kg - m™ and 0.40, respec-

tively, significantly higher than that of W,(0.28 kg - m™, 0.28)and W,(0.91 kg - m™>,0.30). Meanwhile, the

treatment W, obtained the maximum yield (6 237.05 kg -+ hm™) under lower irrigation volume (252.52 mm). Com-

prehensively considering the water saving and high field, the lower soil water limit of 55% ~60% 6, is optimal to ag-

riculture of the Nyingchi valley under the present experimental conditions.

Keywords: spring highland barley; regulated irrigation; growth; soil water; yield; water use efficiency
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Table 1  Lower limit of soil moisture at the whole
growth stages for various treatments
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a8 Ak % iy
if%WJl‘_E_TfE 80%~ 5%~ 65%~ S55%~ 45%~ lf@?‘({
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Y10, h LR,

Note: 0, is the field capacity.
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Note: SS: seedling stage; TS: tillering stage; JS: jointing stage;
HS: heading stage; MS: milky stage; RS: ripening stage. Error bars in-
dicate the standard error for each date point (n=3). Different letters in-
dicate significant difference in the same growth period among different
treatments at P<0.05 level, the same below.
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Fig.2 Effects of water treatments on plant height

of spring highland barley
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Fig.3 Effects of water treatments on leaf area and leaf area relative growth rate of spring highland barley
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Table 2 Water consumption at different growth stages of spring highland barley under different water treatments

BRI S A ], WAL i) 7 75 BR

fhEE (4 d) ABENI(17 4 dRII(28 ) MEUE(19d)  FLAUE(22d) mEbI(le d)  REEWI(116 )
Treatment  Seedling stage Tillering stage Jointing stage Heading stage Milky stage Ripening stage ~ Whole growthstage
W, 53.13+2.12a 83.13+2.69a 172.33+32.22a 125.32+34.29a 46.03+4.27a 92.30+2.52b 572.25+60.77a
W, 52.22+2.31a 68.58+10.22b 179.77+17.03a 120.29+35.37a 45.97+2.66a 92.34+1.80b 559.15+27.53a
W, 52.46x1.54a 75.11£6.98ab 147.39+26.77ab ~ 128.60+20.38a 43.03+0.77a 99.63+6.76a 546.23+8.95a
W, 53.10+0.63a 82.93+4.82a 122.35+16.19b 136.40+10.85a 56.06+22.62a 94.33+2.46ab 545.18+32.99a
Ws 52.97+0.68a 79.68+1.53a 118.36+8.49b 127.61+33.90a 62.03+20.13a 93.61x1.02ab 534.26+24.20a
CK 25.88+22.88b 9.42+2.82¢ 44.34+3.67¢ 50.75+1.94b 41.43+0.09a 90.68+1.22b 262.50+20.74b

G P ) TR R A AL BRI (n = 3) £E P<0.05 KV L 2Z2R B3, T,

Note: Different letters in same column indicate the mean value (n=3) significant different at the P<0.05 level,

K3 ARAKSGLETEESRELEFTHRKERE %

Table 3 Water consumption model coefficient of spring highland barley at different growth stages under water treatment

the same below.

Aha (14 d) GBI (17 d) P28 d) (19 d) FLAMI (22 d) I (16 d)
Treatment Seedling stage Tillering stage Jointing stage Heading stage Milky stage Ripening stage
W, 9.35 14.62 29.99 21.67 8.15 16.22
W, 9.69 12.77 33.42 21.51 8.56 17.15
W, 9.46 3.66 16.89 19.45 15.84 34.70
W, 9.60 13.77 26.93 23.58 7.88 18.23
W 9.77 15.24 22.38 25.11 10.17 17.33
CK 9.93 14.93 2.15 23.74 11.71 17.55
®4 TEASRETEERSEFTHRAKEE/ (nm - d7')
Table 4 Water consumption intensity of spring highland barley at different growth stages under water treatment
b3 WE4 ) A7 4 HOWHI8d)  fEI(9 ) AB(22d) EBW(16 d)  @dFHI(116 d)
Treatment  Seedling stage Tillering stage Jointing stage Heading stage Milky stage Ripening stage ~ Whole growthstage
W, 3.80+0.15a 4.89+0.16a 6.15+1.15a 6.60+1.81a 2.09+0.19a 5.77£0.16b 4.93£0.52a
W, 3.73+0.17a 4.04£0.60b 6.42+0.61a 6.33+1.86a 2.09+0.12a 5.77£0.11b 4.82+0.24a
Ws 3.75+0.11a 4.42+0.41ab 5.26+0.96ab 6.77+1.07a 1.96+0.04a 6.23+0.42a 4.71£0.08a
W, 3.79+0.04a 4.88+0.28a 4.37+0.58b 7.18+0.57a 2.55+1.03a 5.90+0.16ab 4.70£0.28a
Ws 3.78+0.05a 4.69+0.09a 4.23+0.30b 6.71+£1.78a 2.82+0.92a 5.85+0.07ab 4.61+£0.21a
CK 1.85+1.64b 0.56+0.16¢ 1.58+0.13¢ 2.67+0.10b 1.88+0.01a 5.67+0.08b 2.26+0.18b
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Fig.4 Effects of water treatment on weight of dry matter
of spring highland barley
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Table 5 Yield and components of spring highland barley under different water treatments

fb g HPRLP B TR
Treatment  Grain yield/ ( kg - hm™) 100-seed weight/g

W, 4631.05+650.65bc 3.83 +0.35a
W, 5112.03+1120.14abc 4.13+0.18a
W, 5961.27+1369.62ab 3.77+0.41a
W, 6237.05+174.46a 4.08+0.42a
Ws 4541.44+579.96bc 3.98+0.19a
CK 4064.27+476.76¢ 4.14+0.29a

Ear length/cm Grains per spike/kernel Panicle weight/g
7.04 +3.15a 52.55+7.66a 2.49+0.19a
5.94+0.43a 53.37+3.35a 3.01+£0.33a
5.98+0.73a 47.06+9.45a 2.56+0.28a
6.13+0.63a 53.07+6.47a 2.99+0.18a
5.68+0.26a 52.53+0.70a 2.53+0.27a
5.80+0.29a 49.77+3.09a 2.44 +0.52a

2.5 AELHEKS TRIAEERDESRIERE

Aok 5 F A BEK R0

PER IO B A A i R e 5 2 )
PR HOARL, B S 1Bk H 1 10 o Bl e A1 AR B 1
AR 3 Ak B 18 2 75 B K 3 R RCR AR
Bz 6 Fion, W, W, AR BT 4 K 73 F) T 2803 A
CK Z5PEM w2, IORIR B 257 . WL W 2
= 1K AR AR 2, HIE A, Y
LRSI T B R 80% ~ 85%6, K 2 45% ~ 50%
0,1k, 7K 53 | P28 SR A5 BB o3 I T BR B
PR R B ST R PR A2 fe g, o AL
BLW, 9K 5 R SR B i, 9 1,15 kg - m™ K

W, W FH R 1732.95%, LAt s, %
KB B2 HETE 2, AR HE /K B 55 T /K43 R
BORM A KIiFH R,

FH 2 6 AHT, A [) Ak B 0] ) 2 7 R 4 A 1 00
MK ZF AR, MK T IRFEE 75%06,L
TR, 4T R K B AR, {H R R AN B
Hir , W B A F R TE K &AL, 0 238.57 mm,
W BERT 47 mm, KL, W, W, W AABTFAY
HEHEL T W B MK RN 248.46 mm, 5
W, W PR T 21 mm, RIS I, R W45 4
XEHEHREL T A KEZTE 238 ~285 mm Z
], 735 S K 8 256.7 mm,
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F6 ARKSVEBZEHTEERKRIEMRKSFRARE
Table 6 Harvest index and water use efficiency of spring

highland barley under different water treatments

| ORUICE gy SRS

Treatment 207 Use efficiency et index igation quantity of the
/(kg - m™) whole growth period/mm

W, 0.82+0.16b 0.28+0.02bc 285.65+60.74a

W, 0.91+0.19b 0.30+0.01be 252.33+25.18a

W, 1.09+0.24b 0.28+0.04bc 254.29+5.57a

W, 1.15+0.08b 0.40+0.02a 252.52+25.68a

W 0.85+0.07b 0.22+0.05¢ 238.57+30.67a

CK 1.56+£0.23a 0.34+0.09ab -
3 v 8
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