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XHERIRANA 52 2 T AN ORPE, AT AR 1K
ERAED (TR MZESE) X 3K 7 i 622 57 )
Wi 7, AR LA o i S AR AR D RO IE 7, HLxt 43K 73 it
[F1) A% S PR Ve 7 1 g AN A A o DL R ) DB 1) 8 ] A
WEFCCABE T NI 5, AEHOK M BURIIIKCTT ), 4E
2 N EIEEIKFKE L, @i NP N TR E
JlAS RE VE 3K > AN s Itk 38K 23, X e o3 H BE T
HIARZHER, SeartE. UL EWE S BCAE
FRARRR, AR BE 1S 337K o3 I [A) A8 S (R R 82, DA
W08 3K G- AR R AR BR R FE BRI ARG
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1.1 I LR

T 6 - 98 51 VAT A JRR 37 1 Y A A B JER 3
HE brmdr AR g EE R L, EZRAp, At E
i if. Wit (WPRiE 78.69%. i RiE: 13.53%. %
R 7.78%), TIRAFRE N 1.43 glem®, HAIA
FpK#FE (FC) A 28.0%, pH i} 8.25, AN &
SR 11.24 glkg, B E 3 HCN 22.12 mg/kg,
SRR BN 116.82 mglkg, HEAAE R EOEN
58.43 mg/kg.
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RIGKH B2, T 2021 4F 12 H—2022 4F 2

JAE P E AR R 2 BB R P S 35T . L E 4 MACEE,

SRIN: RaE g KR (SWD) AbH, Fasethit s
KE (SW2) AbEE. WM m & /KE (FWL) bR,
WS /KE (FW2) kbH, 4 3 MEE.
HorpfasE PR ol i 7 R S B, 1% B s
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Kes (B 1%, K 26 cm, #M% 19 mm, P42 7.3 mm)
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A, R EOK A E, dERE IR R
O, eaEh i K N TS, WE
3K ERIR (Fwl A3 70%FC ( FRR) ~
100%FC ( FFR), FW2 4b5 61%FC ( FFR) ~96%FC
CERRDY), Miss%E 113K FIRE, BokE+
FeK o BIR, 43 HIE A KR IE S 1R R FT 1
TIEE KR

RIG KK 42 em. % 26 cm. 5 25 cm HI¥ER}
W, AT L 26 kg, FHHSIEANIRE 8.35 9.
I EERES 4.57 g FIRIREN 2.56 9. P #)G, HEKE
75%FC, TG @R M. AN “GFEmR
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1.3 MiRIER R A
131 E3EAHKE

K6 ), BR% 2 d I AZS-100 TDR 3K
A AL AR A A AR B PR A 7D I 5E -85 K=,
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2.1 BEFHIEKRS TR

2 7K U 1) 4% Ab B B JE K B AN S AR AR A KR
BERS ] ) 202524 an ] 1 B« #38 7K A 1E], SWL. SW2,
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16.45.12.89 L, “F-34) T 3EAARFA 5K Z 40 51l A 25.61%
22.60%. 24.94%7#1 22.12%. SW1. SW2. FW1. FW2
Ab PR 355 /K FR 1) A S 2405 il 0,019, 0.02. 0.114,
0.117, M1, SW1 AbFEAN SW2 AbH & T 55 i [R] A 52
IR E MK gy, ST E PE 8K 4 SW O ALEE,
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Bﬂﬁi 927K 7 FW 4L 3,
L0 ., —mSWL —e—sw2
=l T —e— —o— FW2

o

213 L

|

2 9

e

= o5

B

0 10 20 30 40 50 60
K Tl /d
(b) RitiEKE

Bl ETEEAREKEFRETERZODSTR

Fig.1 Dynamic changes in soil volumetric water content and cumulative irrigation of broomcorn millet
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2 A1, BEAEE KIS RGN, 5 Ah B BE AR R
SO AR YY) 23 KGE S, HigK 13d BUE, SWi
LEFRE FW1 AbFE, SW2 AbFE S FW2 AbFE I BE TRk
s MR OA B 2R, BRI SWL b
HE>FW1 AbHE, SW2 AbHE >FW2 4b#E . 457K 60 d )5,

PRI TR AR 23 9985 FW2 AbEE = 51.94%. 144.70%F!
13.91%. i A A e Pk 38K 2 A R T BE A 3T
HARKRE . SW AR FW A3 BE 7k 25 A
[ AR S5 B L 45 B K R () T 3 0, I SW ik
FH>SW2 4bHH, FWI1 AbFE>FW2 4B, 7K 60 d LA
Ji, SWL AbFRFRR . ZAI AR 43 8 SW2 bR
7 12.80%. 4.46%4A11 25.51%, 1fif FW1 AbFRbk . 2%

SW1 AbBEIFR R ORI AR 2 Bl FWL bR sy AN AR B Fw2 Ab B> S 28.87%. 5.26% FH
33.00%. 13.04%#1 127.36%, SW2 AbFERIFEkE . 2 35.08%.
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Fig.2 Dynamic changes in plant height, stem diameter and leaf area of broomcorn millet
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2.3 EFEMENEAMAKSFIRYE

1 ONBET SR A P55 e KoK 53 R R0CR
1 1 m A, AN [ Ak 3 B8 I B AN K 43 R FH B3R (1)
AL aAAE R, BRI SW1 AP >SW2 kb3 >
FW1 4B >FW2 4b3, ik FEKEZHRIY SW1
AbFE >FW1 b3 >SW2 4bFE >FW2 4b3, e tb s
BN FW2 Ab 3 >SW2 40 >FW1 AL FE >SW1 4b#E,
SW1 AbERfFRBRFEK S 0T B AN K 4R FH 2 3
BEET FWL 4R, R/ T Fwl b, HER
HAEE; 5 FW1 A FEAEL, SW1 AL S FRFEK &
ficf Jo7 B AT ZK 73 F R A il i 1 29.21%. 222.45%
F11200.00%, Ry FFE T 25%. SW2 ALER ) SRR
K BE AN KR AR 1 B3 = T Fw2 b EE,
5 FwW2 AbFEAHLEL, SW2 AbHE BRRFEK B 5 A
KD FIFHRCER = T 6.67%.352.54% 11 260.00%,
R 5 ) 5 35 A T 50% . SWL Ab 3 ) Bk RE K &
i 57 R K 3 R R O 73 il b Sw2 b B T 25 4R
59.72%-195.88% /1 150.00%, H 7tk LE U] FAEG T 40.00%;
FW1 Kb 3R SRR AR AR F 5T B Rk 40 1 ) 20 43
AL FW2 AbHEHE S T 31.85%. 315.25%7A1 20.00%,
HR 6L EE U PRI T 60.00%, H. FW1 AbFHPARRFE /K&
o B AR GE LU AR > I FH AR I S FW2 Ab 3R 2 [H]
ZREF, bk, RS KERAKTT, fae
PE 3K 73 BE S 3 PR T BE T T I AR M = B AR B A
KA FIR R, (R BRI AR R L s AH A 3K 4 A8
IS FE TN, Bm i L IE A KR A R T BE 730 AR
W IR BRIIK o R BRI e i

% 1 TR ETF A48 HBA Ko A F 2%
Table 1 Biomass distribution and water utilization of

broomcorn millet under different treatments

R FEK Y e - | FH &R
wam R gy gy APPVIRE
(L#7) (9 kg™
SW1 2.3010.01a 7.90+1.84a 0.0320.01b 0.4510.11a
SW2 1.4440.15¢ 2.6720.29b 0.0520.01b 0.1840.02b
Fw1 1.7840.02b 2.4530.43b 0.0420.01b 0.1520.03b
Fw2 1.3540.05d 0.5940.05¢ 0.1040.02a 0.0540.02¢c

VE ERRZAFR/NG FRERIR S AL TR P<0.05 /K FZER 53, T,
2.4 BRFHEFFHERSFLAFE
ANFEAEEEE T AR SIL T AR ER
AL —F, BFRIN SW1 ALHE >SW2 4 FE >FW1 4b
H>FW2 4B (B 3), $/K AR, SW1 Ab3EEFi%
CEES, SALFEMAGREY EE ST FWL &
HH, SW2 AbFEE LA AR ST FW2 bR
K 13d sk 46 d J5, SW2 B PSS ER
FEmT FW2 AP, 457K 13, 32, 46 d J5, SW2 4ib
HEE PR R B E T FW2 AbHE . $45/K 32.d 5 A
7K 60d 5, SW2 b AL T T Fw2 b, H
THERFAEE; K60 dJE, SW2 khHE A
R T FW2 403, HERARE . 5K 60d f5, SW1
WHERNS AR . RILS R R FWL 4
355 131.61%- 90.27%7F1 138.19%; SW2 AbHEfH
HOEER, SILSEMEBE R FW2 A FE 5
128.74%. 25.00%7%1 30.76%, 2 HAfaE M 35K
FAFHEAR T EEFHTHOCEER .

&
43

50 [y, BSWI . 0% aswi a 50 [ ypgm. BSWI a
o~ OSW2 T A asw2 h =~ osSwW2 T
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g OFEW?2 a £ OFW2 a 1= OFW2 a
EE S0.15 a S0 t
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Fig.3 Dynamic changes of net photosynthetic rate, stomatal conductance and transpiration rate of broomcorn millet

AN F A BE T SALRIE @R 2 Fos. #8K
WTE),  BE i R AL BEA RS AR — B 1Y
FIH SWL AbFE >FW1 Ab3E, SW2 k¥ >FW2 4t
H (p<<0.05). FW1 b3y fy A LA FE AN S AL 58 B
SIEL SW1 AL/ T 6.71%7F1 15.57%; FW2 LbF i

Fr SRS BE RS AL 55 B 43 ) b SW2 b3 /b 1 19.52%

N 20.76%. BETHHSLEERI N SW1 4bH <
FW1 Zb78, SW2 AbF <FW2 4bFE, SW1 AbBRRf HA,
FLEE R EL FW AL FRYE/D T 20.32%; SW2 4 L Fw2

MBI/ T 16.13%. LIRS AR RE BN, BE
T AL FE R AL 5 T 25 B 33 K R i BRI
M/, FH N SW1 ALFE>SW2 4bBE, FW1 4bBHE >
FW2 4b3 (p<<0.05). BETM AL E S HAAK
FERSALIE BEARAC AR B, Ry SW1 4bHE <Sw2
AEFE (p>0.05), FW1 4bFE<FW2 4b# (p>0.05).
g bmrmn, =R EOKEAKET, fw Rk
A B R S 2 1 BE 1 T A e AL BE AR AL
B FE I PR A ALE B, K AR R A LR
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M8 2K R R BT ALK A AL T
RIS
k2 REVAET A ALALAFIE
Table 2 Stomatal characteristics of broomcorn millet

leaves under different treatments

A ALK lum LT fum KILFERE/(A mm?)
Swi 3251+1.30a 19.85+0.67 a 23.26+1.39¢c
SwW2 28.07+0.18 b 18.26+0.94 ab 25.59+0.76 bc
FwW1 30.33+0.65 ab 16.79+0.88 bc 29.19+1.82 ab
FW2 22.59+1.74 ¢ 14.47+0.41d 30.51+0.24 a

2.5 BT AERMIEIRIEIFTN
R 3 NASCHE T AR . R 3 A, KAk

HEEEFIE FrH Pro. ABA 4R ARALL, RN SW1
LEFE>FW1 AbFE, SW2 b >FwW2 43, Hd swi
W ABA ERFE T FWL 4bF, b Fwl AP
43.65%. R Pro. ABA MM, FI AN SWL kb
HI<FW1 4bFE, SW2 AbFI<FW2 4bFE, Hrf FWi1
AEFEAR A Pro B 2 =T SW1 AR, Eb SW1 AbHE
35.24%. BEFI AR MDA B LR ER . %4k
PREEF AR CAT. SOD BEMETE BE 25,
POD Jfi% & A5 AN [\, #R H POD B MG i 3% 22 5%,
HFr R POD s A AE SW1 AbBE L FW1 Ab 3 ] £
S, RN SWI A3 >FW1 4bFE,

& 3 AR AT A PR

Table 3 Physiological traits of broomcorn millet under different treatments

MDA &/(nmol g™ Pro &/(ng g ABA &/(ug-g™)

SOD #/(U g% POD #/(mU g™) CAT /(U g7

QbR
H Ui I R iy R H R iy Ui H iEd
SWL 084a  08la  39810a 31170b 4303a  27.27b  70856a  68234a  419a  410a  4820a 439la
SW2 089a  074a  44255a 42364a  4371a  37.02ab  67627a  70L12a  347ab  354a  5394a 4877a
FW1 079a  076a  35392a 48135a 2425b  3120b  7137la  660.56a  285b  406a  60.02a 5488a
FW2 073a  078a  40102a 43463a 3410a  4450a  64334a  567.42a  360ab  384a  6l2la  4985a
3 3t i 3.2 TR DA TR AFH R

3.1 kBT E T BT BT E K & BRIk S F
S ESEATG)

AW SW ANFLBE TRk Z5M. i AR
F T FW AREE, HUE U BT FW AR, X
IR 5 P 0K A (12 3 B T2 K B R I ) T
WARAK. X5 FHSP g 5. fetk
THEKA MR, AEIIR R AR K2 R0, > TR
FAKAOEE PR, AT E 3 £
FA R ETEY: (B R M LK 4y BRG] T 1B
WRARRIAEK, EIFRAHISS IR R WRIkRE ), B
SE LK A TR TR ZR0E 0 TR A s K
Sy REMB IR IR A R, 2l s I R,
T EWEG AN T AR AR . A O A R
X ECAS A T VRIS 3220 RS B, e R L
SR IR A S B TR KR I AT

[ — LA KR AT T, RaE vk ko) B i
BT BT IR AR R, X TR R A RE E
1 b 357K 4338 . T L 33K 4 I N i
BRI B, > T RLERER, BHERTIEmRK
Sy BOBRBURIR S, B 92 R B BE T BN T AR
AL F 6T 398 7K 43 I 5128 5 i ) 748 5 15 R K B K B
TEBIAL, BRI T RV LK 4 S R
S 1 A R T R S i 1 7K 3 FE R o 408 S ) AR
K A3 I T AS S B K A R v T A T
TP A KR B AR A F R 4R T
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AR FRIA, FoE M 3K o A R BE T
WOEEER . AWFFEH, SW1 ACHLAT SW2 4bHE -1
B 7K EAESE K 8] 43 ) 4EFFAE 89%FC M1 79%FC /i A7 o
1M FW1 AL BEFN FW2 A BEFE /K AT, TIEE/KBELSH
— B [A] A HEE R FR 70%FC Al 60%FC /247 . FW1
Ab B (PFREE T B 70%FC A5 #4 2 78 2 Bk 1 441
FW2 Kb (R VE B R BR 60%FC CL 48 B30 A 7= i R /K
[ =L T B SEZ - S AT & = Y N
PR FW2 Ab3E A LIRS K ZRIA B R RRAE, i EE
T4 B NG . R e R, R
W, EEPAAS B EETRCEIER,
B A= 33E7K I3 i 38 AN 2568 BT S BE A A K vt ok
KFZMA o AR B K R T B2 — e M EUE
Fr LA SR, et BRI, 33 Ee ka5 A
Fo SW AL FW AL BREE T B Zoe A febr 2 [T
ZE SRR H K e, T 3K i R AR

KM E]— LI A KK R, RRE K
Oy T BE T BT IR ALK FE A AL EE, PRI
TARAEE (R 2D ARERRZE, SW2 435 Fw2
WHAIKEEREE, SW1 AHEE FWL 4B 27
HAEZE, X ULHSE LTS KR — e 2 LT L)
55 LK A B B BE T i A ALK B IE BRI 2] o
FL%5 B2 AL AR L R YoE 1. SW AR EE
ST AT FW ALHE, n] e K o Ra e i
KT FEAE T, BEFIE AR R, BRI T ERAL i RS
fLE . AFFFLTOG A AR A LI1-6400 fEHEADE G
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W, &SRR R CO, MM &R, T e
(S FL S R S FLR AN S AL B SE R e s i,
DA AR AR e Ve 3K A 2 AT, BE T i T
SALKANRIR L BERG I Fr SFL S, AT IR AR
Z 11 CO,r IARIUNE B A H R,
3.3 TIFKSATE TR M B FEIRE AT

ANFEZK G A FEE , BE- 0 v AR o MDA &.SOD
WEPER CAT mCH R 2, Pro A1 POD & MHAE
SW1 AbFEAT FW1 AbBHA) 2 5 B3 (3R 3). /EMER
B2V &7 SEL = &t LV P A i O S L i)
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Effect of Temporal Soil Water Fluctuation on Water Use Efficiency of
Broomcorn Millet (Panicum miliaceum L.) at Jointing Stage

ZHANG Xin, LIU Dichuan, LONG Huaiyu", XU Mengze, XU Aiguo, ZHANG Renlian
(State Key Laboratory of Efficient Utilization of Arid and Semi-arid Arable Land in Northern China Institute of

Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [ Objective] Soil water in the field experiences spatiotemporal variation due to irrigation and rainfall
evens, but its impact on crop growth is unclear. Using millet as a model plant, this paper investigates the effect of
temporal soil moisture fluction on its water use efficiency. [ Method] Experiments were conducted in pots with two
soil water treatments: keeping the soil water content stable (SW), or temporally fluctuating it (FW). The former was
achieved by keeping the pressure of irrigation water negative (NPI), and the latter by manual irrigation. In both
treatments, the average soil water content was kept at 24.94%~25.61% (W1) or 21.12%~22.60%. The changes in
growth, photosynthesis, stomatal characteristics, biomass allocation and physiological traits of the millet were
measured in each treatment. [Result] (O Keeping soil water content stable significantly promoted crop growth. 60
days after start of the experiment, keeping soil water content stable in the range of 24.94%~25.61% (SW1) increased
plant height, stem diameter and leaf area by 33.0%, 13.04% and 127.36%, respectively, compared to FW1, while
SW2 increased plant height, stem diameter and leaf area by 51.94%, 144.70% and 13.91%, respectively, compared
to FW2. @ Compared to FW, SW increased photosynthesis, dry matter accumulation and water use efficiency.
During the experimental period, the photosynthetic traits of the millet in SW were significantly higher than those in
FW. @ In addition, SW1 increased fresh biomass and water use efficiency by 222.45% and 200.00%, respectively,
compared to FW1, while SW2 increased the fresh biomass and water use efficiency by 352.54% and 260.00%,
respectively, compared to FW2. On average, SW increased length and width of leaf stomata while reducing leaf
stomatal density. SW and FW treatments did not show significant influence on root malondialdehyde (MDA), root
antioxidant enzymes (SOD, POD, CAT), leaf malondialdehyde (MDA), leaf proline (Pro), leaf superoxide dismutase
(SOD) and leaf catalase (CAT) contents, but impacted root pro, leaf POD and leaf abscisic acid contents
significantly. [ Conclusion] The broomcorn millet responded differently to stable and fluctuating soil water content,
with stable soil water content being more favorable to growth, photosynthesis and water use efficiency of the crop.
Key words: soil moisture temporal variance; broomcorn millet; water use efficiency
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