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Effects of Water Deficit at Different Growth Stages on Water Use
and Yield of Spring Highland Barley

Shi Xueshuang'® Li Fahu' Yan Baoying’ He Dong’ Pubu Duoji’ Qu Zhen’

(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. Lazi Water Authority, Tibet Autonomous Region, Lazi 858100, China
3. Institute of Agricultural Sciences of Rikaze District, Tibet Autonomous Region, Rikaze 857000, China)

Abstract. Highland barley is the main food crop in high altitude cold region of Tibet. Effects of water
deficit levels at different growth stages on the water use efficiency and yield of spring highland barley
(Hordeum vulgare) were studied by barrel cultivated experiments. Experimental treatments included full
irrigation treatment (two controlled lower limits on soil moisture content and straw mulching) as well as
four water deficit levels ( mild, moderate, severe and extreme deficits) in the whole growth period and
five different growth stages, respectively, and the total treatments were 27. Experimental results showed
that the harvest index, grain yield and water use efficiency of spring highland barley in the treatment with
the water controlled lower limit of 75% of field capacity (FC) were greater than those of 80% FC
treatment, and straw mulching treatment resulted in the largest grain yield and crop water use efficiency
in all experimental treatments under full irrigation condition. Under the condition of various water deficit
levels in the whole growth period, the grain yield of spring highland barley was smaller than that of full
irrigation treatment, and it was decreased significantly with the increase of water deficit level. Water

deficit from mild to severe levels obtained larger harvest index and crop water use efficiency, but extreme
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deficiency on water supply resulted in the lowest grain yield, harvest index and crop water use efficiency
under various water deficit treatments in the whole growth period. The grain yield and crop water use
efficiency under water deficit treatments at different growth stages of spring highland barley were basically
decreased with the increase of water deficit level except the treatment with water deficit at ripening stage,
and the effect of water deficit at jointing, tillering and filling stages on grain yield was greater than that at
other growth stages. Straw mulching or water deficit with mild to severe levels in the whole growth period

of spring highland barley can improve crop water use efficiency, and their effects in practice are deserved

to be paid more attentions.
Key words: Spring highland barley

water use efficiency
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SBUAR AR REAS R ), 2 VU R AR TE X ) E R
Ped o g U X T — TR A
VLR ] R AR B AT ) G R, 2 P B VR XA AR
177 DR R R b, R B ™ B 2 V9 E R X
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il A HH ) 57K R 19 80% ~85% F1 75% ~80% , F& #F
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Tab.1 Experimental treatment of soil moisture content
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¥ Bt TR/ %
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* 7K ﬁ (Q2) P

7 ik HET5H(Q3) 45 ~50
B = e (Q4) 35 ~40
B2 B 5 (M) 65 ~70
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A K 43 T ik o T
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W 5 e (M4) 35 ~40
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Tab.2 Water consumption amounts at various growth stages and the whole growth period of
spring highland barley under different water deficit level treatments L/H#
Hi 73 BE) P T A 2EEY
g (05 -20— (06— 12— (06 — 24— (08 —01— (08 —29— (05 -20—
06—11) 06 —23) 07-31) 08 -28) 09—15) 09-15)
CK1 5.7£0.2° 6.7+0.1° 28.4 +0.1° 24.2 +1.2° 8.0+0.4" 73.1+1.5°
FE 43 IR CK2 4.8+0.1" 5.8+0.1" 22.9+1.1° 22.4 £0. 8" 7.7 0.4 63.6+2.3"
IG 4.0+0.1° 4.4 +0.3° 22.7+1.7" 22.6 +1.6" 7.1+0.4" 60.9 +3.2°
Q1 4.2 £0.1° 4.4 £0.3° 20.0 £0. 4° 23.3£0.7° 9.8 +£0.3" 61.7 1.6
- Q2 2.9+0.3" 3.7+0.1" 14.5+0.3" 18.3 0. 1" 7.8+0.3" 47.2 £0.3"
LA H WK 5T bk . ‘ , , | :
Q3 2.4 £0.3¢ 2.9 £0.2° 10.5 +1.2¢ 14.9+1.6° 7.1+0.5" 37.8 £3. 6
04 1.8 0. 11 2.2+0.1¢ 7.3 £0. 41 9.8+1.1¢ 5.4+1.0° 26.5 2. 1¢
M1 3.3+0.2° 5.2+0.1° 21.9 +0.5* 25.2 +0.5* 9.2+0.5" 64.7 £0.4°
B M2 2.9+0.1" 5.2+0.1° 20.6 +0.5" 23.9+0.5% 8.0+0.3" 60.6=1.3"
WK 535 ik . . . b a b
M3 2.0+0.3 5.2+0.1° 19.6 0.4 23.0+1.0 8.8+0.4 58.6+1.6
M4 1.6+0.1" 5.2+0.1° 20.7 £0.6" 21.8 +1.5" 8.8+1.4° 58.1+3.5"
F1 4.0+0.2° 4.5+0.1° 22.0 +0. 8* 20.0 +1.3* 5.8+1.7° 56.3+2.9°
_ F2 4.2 £0.4° 3.7+0.5" 21.2 +0. 8* 20.6 +1.6" 6.4+1.5" 56.1 +4.3"
53 BERIIK 435 Bk . ,
F3 4.1£0.1° 3.2+0.1" 20.9 1. 1° 21.2£2.1° 8.4+0.6° 57.8+2.7"
¥4 4.120.1° 2.5+0.1° 21.9 £0. 8° 21.6+3.1° 8.1+1.8° 58.2 5. 4°
BI 4.1£0.1° 5.7+0.1° 19.6 +0.7° 20.7 £2.6° 8.3+1.8° 58.5 +4.3°
\ = B2 4.2%0.1° 5.7+0.2° 16.2£0.7" 16.4 £2.3" 6.2+0.7" 48.8 £3.9"
PR 435 it ,
B3 4.1£0.1° 5.7+0.1° 13.0 £1.2¢ 16.9+1.1" 7.4 £2.4° 47.1£3.2"
B4 4.0+0.1° 5.6+0.1° 10.7 0. 3" 15.2 1. 1° 8.4 +0.6" 43.8 £1.2"
Gl 4.1£0.2° 6.0 +0.2° 22.7 +0. 8* 20.5 +1.5* 6.5+1.2" 59.8 £2.8"
" B G2 4.0£0.1° 5.8+0.1° 20.9 1.2" 16.0 £2.0" 5.8+0.7 52.5+3.3"
WS K S5 B , , . l
G3 4.1£0.1° 5.7+0.1° 20.9 +0.3" 14.5 +0. 6" 5.5+0.7" 50.7 =1.0°
G4 3.9£0.1° 5.7+0.2° 22.2£0.2% 13.2£0.5° 5.1+1.1° 50.2+1.2°
Cl 4.1£0.1° 5.8 +0.2° 21.8+1.1° 18.9+5.1° 5.6+1.9° 56.2 +8.1°
. B c2 4.1x0.2° 5.7+0.1° 20.8 0.5 20.1 +2. 6" 6.9+1.1° 57.6 £4.0°
JRB K 535 , , . .
c3 4.0£0.1° 5.6+0.1° 21.8 0. 1° 21.5+1.1° 6.8 £0.4° 59.8 +1.3°
C4 4.1£0.1° 5.6+0.2° 22.6 0.2 22.6+1.3" 5.7+0.1° 60.6 +0.9°

T B P 3 = b vl 22 5 [l — 81 b R Rl T RE R R 7 P <0. 05 K25 5 ik 3

HEREFHKS T AT, FERES
A A DL R 4 AR A N R K B BN T T o E AL
AT e T KRS K5
o R BE A BT R N (R 2) o TEREE P
LTI K A sk i), B BR A 2R F I RE K i 4
B EG 75 4% E W 4b P O(CK1 Fil CK2 F3) BT
9.7% 30.9% 44.7% 1 61.2%

TEA A A B WK 43 5 B AL B2 A1 R B i 01K
435 B Ak PG BT A 30 0 A K A RE K R AT
HoAth AR B B 7K 43 75 A T S BOA AR RN IS 22
AFIAFEK T R E A (R 2) . K
G375 R AL BHIE O T U SR T R B B YRR K B, R W
HK 5 5 B B E R AR K E BA R 2
Me o E B BT 40 BE A ARV L SR R S K )
7R AL BRI AT AR, A AR R RE K A A A e
Ay UE MR AL B (CKL F CK2 E¥) BT 5.3% ~

15.0% . 14.9% ~ 19.9% ,14.4% ~ 35.8% ,12.5% ~
26.5% F111.3% ~17.7% , BRI, FH B
AR AR B 0 A R 4 A 1 0T A G R K e P B A K
O3 SRR BE A RGO B N (R 2) 6

2.2 H%EWTE

R OB BN TR 2 A 7 B R 2
FY RN 5o AN [RI K 7375 ik FH S 7 7 R R i ™
PR 7~ 1 52 R DL 3% 3 AR FE 0 U B AL BEARAE R,
75% 7K 53 Ak BRI 75 55 BR AR 5 KT 80% 7K 43 4k B LA
B FEBE T AL H (H 3 > A B 7 A R T R
FERLBO TR E R H 2257 (K 3) .

A H WK T AL PR AE T B B R DL
FEAS BB RO T KL o 1 B A B ¥/ T 58 20 E AL
MK 3) o Horf R b 2 MR B K o 5 ik
Aib FHRIN ) 7 5 BRAORL B5ORN T L 5T A 2301 LU 5 0 9
AbFE (CK1 1 CK2 SE#)) /N T 11.9% (11.9% |
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Tab.3 Effects of water deficit levels at various growth stages on plant height and yield components of spring highland barley

b 7 BRI/ em K /cm TeokL %0/ r TR 4L/ g
CK1 79.9 +6.8" 6.3 £1.4° 68.7 +8.9° 57.4 +0.3"
7040 R CK2 83.7 £8.2% 6.3+1.4° 64.4 £5.2° 56.8 +0.5"
JG 74.8 £7.2% 6.4+1.3° 69.0 +4.5° 56.9 +0.1°
Q1 68.9 £4.7° 6.1+1.6" 58.6 +5. 8" 57.6 £0.3"
B Q02 71.4 +7.8° 6.2+1.3" 58.6 +6.7" 54.1+1.5°

AR H WK 45 \ . ,
Q3 63.5+4.9" 5.7+1.0" 53.1+5.7" 51.4 +0. 3¢
Q4 58.2 +8.6° 4.7+£1.2° 41.5 +8.4° 49.3 +0.1°
Ml 71.3 6. 6" 6.1+1.4° 65.4 +5.8" 52.8 +0.5"
_ M2 83.0+4.9" 6.2+1.1" 63.0 6. 1° 54.8 +0.5%
H K5 5k , . e
M3 88.1£5.2" 6.1+1.2° 58.2 +£5.3" 51.5 +1.2%
M4 88.1+10.1° 6.6+1.2° 58.1 +6. 4" 55.3+£0.7"
Fl 78.3 £6.7% 6.0+1.8° 63.6 £6.3" 53.7 0. 6"
. B F2 80.6 £5.6° 6.2+1.2" 67.2 £8.8% 53.5 0. 4"
Sy BEWIIK 43 5 Bk ) i \
F3 82.5+7.8" 5.9+1.1° 60.8 +5.0% 52.120.1"
F4 74.7 £8.2° 6.5+1.3" 62.8 £6.4° 53.7 +0.5"
Bl 64.3 +2.8" 6.1+1.2° 67.8 +3.4° 53.0+1.5"
- B B2 67.4 £8.5° 6.1=1.1° 61.8 £7.2° 50.5 1.2
RATHIK 435 | ! s !
B3 74.5 +8.6" 5.6+1.1" 55.8+9.1° 48.0+1.3"
B4 81.7 +6. 4° 6.4 +1.5% 57.2£7.7" 45.0 £0.2"
Gl 75.7+7.6° 5.7 £1.4° 62.0 +8.8° 56.7 +0.4°
. B G2 76.9 +4.9° 5.7+1.3° 63.0%5.7" 55.5 0.4
TS K o5 1 ,
G3 78.5+6. 1% 6.0+1.1° 64.0 +6.0° 55.3+0.3"
G4 72.3 £6.5% 6.1+1.3° 63.6 +4.4° 53.3 0. 6°
Cl 74.8 £5.2° 5.8+1.3° 64.7 £8.3° 51.0 £1.2°
. B c2 75.0 +5.9° 5.8+1.7° 68.0%5.0° 55.2+0.2"
JREI K 5375 Bk \ e
c3 81.1£9.2" 5.4+1.4° 62.6+7.2° 54.5 0. 1"
c4 70.7 £3.9° 5.4+1.4° 65.6 £8.6" 56.7 £0. 1™

20.2% ,37.6% F1 -0.9% .5.2% ,10.0% ,13.7% ,
AT WK G 5 SRR IR PE R AR T RR AR DL LB
R REURLBORT TR B i AR B B K T R B 1Y
BN (£ 3) .

5780 HEBRAL FRAR LE , BR v UK 20 5 B AL AL
A AT WK o 7 s PR 1 B REAR T B BRI
B (3 3) o A2 IS0 P E AR R K 70 5 Bk A
HHPR R BOK, 3 n] BE S B AL R R BRAE E SR P A
A R BRFK B RN (£ 2) . 50
HEWRAL PUAR EL , AR A2 F WK 70 5 Gl Ak BLAE — %€ 7
JE B REAR T RR AR R BOR T ORL BT B
(3 3) o AEHR W ARE S St 7K 73 5 e Ak BRI, A7
TR RL o B A K 20 5 SRR A 1 2 0
AN SRTHIRREE PR E RIS R K g3 i Ak BRI
(77 PR T KL I 22 0 9l BE 7S 0 9 8 A0 B ( CKT AN
CK2 SE4) /N T 7.2% 11.6% 15.0% Fi121. 2% ,
X 2 WA WK 4 7 HE 5 RO A T RRORFRL Y 1 AR
KT A TBREAFIRZ0E o 100 A S S0 7K
g3 5 B AL BRIRY AR5 B TORL BT R Bl R K 2 5 SR
P8 T T 3 K, 3K T IR A A A R R A ) K

IR SRR (7 EES TAp

TEFE 0 HE R AL B4 PE R, 75% K 43 b BRI 1Y %
H AR 5 L 80% 7K 43 A PR 55 9. 1% |, Ti A% #F
BRI 75% Koy A BRI R T 4.4% (B 1),
80% 7K 43 Ab BB (1 AN 2 AR 2 F T5% K oAb 3L
X ] BB R R A BB R, EPRE K
FLAE R AR I AR K R B T 17K 43 T FE (LB i R
SURIZE I S5 A T RE ) LA B M 3 2% 5k A TG AT
R EMERAERETRES RN KA.
it Z WK 45 5 i R BRI AE K IR A UAN T
AT B KRR ik (P 1) T FLME K T K 43

5538 53 VE WAL BEAH B, 4 A B K 4 T i b 3
B 2 AR T 75 75 B BOORE L P A R R P B BE 2 K
3 R RE R RN W E PR 1) . A FE R
JEE R RE EE R B K G i Ak B ) AR T RO R
i 1 ) B S A HE R A0 B ( CKL i CK2 P 34) BEIG
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Fig. 1 Effects of water deficit levels at various growth stages on grain yield of spring highland barley
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Fig.2  Effects of water deficit levels at various growth stages on harvest index of spring highland barley
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