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Studies on root distribution and water uptake in subsurface
drip-irrigated corn in response to irrigation water volume

ZHAO Jinghua'*" ) YUAN Yingying"?, Abdumi-Mamuti®, YANG Tingrui">,MA Mingjie"’

(1.College of Water Resources and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China;2.Xinjiang Key
Laboratory of Hydraulic Engineering Safety and Water Disaster Prevention and Control, Urumqi 830052, China;
3.Yingjiasha County Water Mains General Station, Yingjiasha 844500, China)

Abstract ; [ Objectives ] The paper aimed to investigate the soil moisture transport pattern of subsurface drip irrigated maize farmland
and the response pattern of maize root distribution and water uptake to irrigation water quantity. [ Methods ] Five levels of subsurface
drip irrigation were set up according to the evapotranspiration of corn(ETc)in the northern border;:50% ETc(W1),75% ETc(W2),
100% ETc(W3),125% ETc(W4) and 150% ETc(W5) ,and Hydrus-2d software was used to simulate soil moisture and root water
absorption, and analyze soil moisture transport and root distribution in corn farmland under different irrigation water levels. The soil
moisture transport and corn root distribution in corn farmland were analyzed under different irrigation amounts. [ Results ] With the
increase of irrigation water ,the overall trend of maize root length density and root surface area density was first increasing and then
decreasing,, and mostly reached the maximum value in W3. The soil water content gradually increased ,and the average soil water content
of the whole life span W1-WS5 was 12.5%,16.4% ,18.9% ,21.1% and 23.0% , respectively. The root water uptake of each soil layer
increased gradually,and the rate of root water uptake was 0.30,0.33,0.39,0.40 and 0.40 cm-d™", respectively. [ Conclusions]The R*
between the simulated and measured values of the Hydrus-2d model reached more than 0.86,and the RMSE ranged from 0.01 to 0.07,
which was able to simulate effectively the water transport situation of sub-surface drip-irrigated maize farmland in the Northern Xinjiang
region,and the 100% ETc irrigation treatment was the most suitable for the increase of root length and root surface area,and the proper
treatment was the most suitable for the increase of root length and root surface area of maize. The 100% ETc irrigation treatment was
the most suitable for the increase of root length and root surface area,the rate of root water uptake was positively correlated with the
irrigation water amount ,and the maize yield reached the highest of 17 882.15 kg-hm™ at 100% ETec.
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FORVMEN EEARE R 5L TEY , MR E R 22 Mgl A 7= oA B2 ), 2023 4E55E &
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A, SR, A Hydrus-2d BEAYET X655 558 1 X b T VR HE B R OKAR XK 4338 88 LA K B K AR 3R WK A% 0 1Y
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1.1 KIS bR

AR T 2023 4 4—10 A A s h K i R B AL 255 T & X (85°01'E ,45°46' N, 1:45270.00 m)
FEIE i X S8 g B M T R e A AR 38R 8.1 C AR R ST B 5 430~6 670 MJem ™, 4F
SR 3.7 mes™! AEEREIBEKE 101.1 mm, AR FHIZE K i 3 545.2 mm, 44F H JEETEL 2 600~3 400 h, T
FEI 197 ~268 d,iRXE0 X TP T45 T 1.47 g-em™, H KR (K1) 36.07% , Hi T K37 2~4 m,

1.2 Rmigit

AGRES DI oK Ak 008 b, iz sl SO R, e 3577 Fg™ 240 AL, B RIER £
KM, AR IR 2 D] (2023 -05-11—05-18) =M1 (2023 -05-19—06-18 ) #7548 (2023~
06—-19—07-25) ] (2023-07-26—08-9) KM (2023-08-10—09-02) , RHFEETTFE, Fh 11
%7 em, FEATIEIRG 70 om, ZEFTIAIBE 40 cm, BRI 20 em , SR FHH R 2 8 15 7K 28 7100 3 10 P R VG R =X v
W MU E)IE 110 em, % 3% A1HE 30 cm, BE B 35 cm, ki E 2.8 L-h™',

DA K AR R R K I sl AR U 2 s K 206 D) Je 25 45 2 IR 25 SR 8 5 MR
THEREIE K (£ 1) :50% ETe(294 mm) \75% ETe (387 mm) .100% ETc(477 mm) .125% ETc(603 mm) |
150% ETc (684 mm) , 5 /KF-3 MEE 3 15 /DX /NX TG mx8 m=42 m*, BEKJEM] 7 d, Hrh ETe
R KT KR, EBE SN R A B WA R R (N) 500 kg - hm™ @52 — 208 (P) 180 kg-hm™,
TRFRER (K) 135 kg-hm ™, JERHRf ML T R ERE K A o AR R A R X IR 75 2K, AS [R) A= B 10 it A o
AT FNE BRI BRIETE BT (1 U0 I (3 U0) HHE (3 Y) (HESRIN (3 U) Bt AT £ 3 i Ry it
NE 10% . (12% 5% 5% ) . (12% 15% 15%) (6% 10% .10%) .

£1 SHELEFHEKER

Table 1 Irrigation throughout the reproductive life of each treatment

b ¥ HilY] =4 BT i HES ]
Treatment Seedling stage Three-leaf stage Jointing stage Stamen pumping period Grouting period
W1 50% ETe 50% ETec 50% ETe 50% ETe 50% ETc
w2 75% ETe 75% ETc 75% ETc 75% ETc 75% ETc
w3 100% ETc 100% ETc 100% ETc 100% ETc 100% ETc
W4 125% ETe 125% ETe 125% ETe 125% ETec 125% ETe
W5 150% ETe 150% ETe 150% ETe 150% ETe 150% ETe

1 ETc: T KT K i Evapotranspiration of corn.
1.3 MEEHRREFTE
1.3.1  TESKERNE AEREM AT =M T AR R SR o B IORE B N DXRE SHE
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Fig.1 Meteorological changes throughout the reproductive period
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K0, MM EIEEACK(em’ cem™) 30, WIS EIEEKE (em® ~em™) ;n.om . a MRS EL;S, AR
TRIEE s K, B AIFIKE (em-d ™) ;1 AFLBCERSEL,1=0.5,
142 WREMAKFE HRW KA Feddes A A1 1 K S E507E Hydrus-2d 088 2 ok 2 £ OKAE
Yy, AT
S(h)=a(h)-b(x,z)-T,-S, (5)

o sa(h) oK 3 FNE 35 W38 BR K b (x, 2) S U — A O AR 2R WK 25 () 23 A1 pRER; T by 98 1 205 19 i %
(em-d™") ;S, AR X3 e oK T HERTH v
1.4.3 HELGE LIS o VS I E N (-40,40) 2 SIS REIEEE R (0,-100) RIS E LK (d) A5
D7 AL 0~130 d WK B R MAR ZWKIE M, B 1 d A 1 A AR S 42 BRI 56 fi 301 s 4 358 /K 43
MEEWIG S R I FRO RAGA TR y RTAR i fih B A A O R R T AR A B HE
KT BB 10 em VREEBEE 3 WL A, REATAL B 3% 10 AWM A5,
1.5 Zit5a9Hh

FIH Excel 2019 #A4XF i 55 4504 5 Hydrus-2d 5 8088 £ 1788 38, H Origin 2021 3R 22 &, R H
SPSS 26.0 B AT EAR ST, BER HEEHE AR HETR (2 2SE) Frn . ANRIAZL B [0 50 10 22 55 8 3%
PERE B R F Duncan’s 288 AR, BERUBLIUR B A Pe e REC(R?) 57 IR 2 (RMSE ) X REHZE SRk 17
PR, R BT 1, RMSE #4535 T O, UL AL & 5 R b gy

2 HBREHS

2.1 AREKENEXRES TR

& 2 AT KA BRI R E B M 1E 0~40 em + 2, BEE A= B W R0, E KB W1 40~ 100 cm
SEAFLUAR 51 I TR EAE 0~40 em 4025 5 1835 (P<0.05) , R %5 FE BETE /K B2 0 15 I 22 S 1 R0 sk
AN A HAATE W3 AbFHA B R S 0~20 em )2 W3 LB F KRR K B B £ K ,20~40 cm
T2 EKGEKAEET (W3 2 W5 ZbH) FORMK % 8 i & KT H AL (P<0.05) ,40~60 cm 12 W2
LT AR B R, WAL F AR/ ) 0~ 20 em )2 T KR 38 B PR /K H A8 N T 184 11,20 ~ 60 em
2 W2 A3 KRR R B KT HA AL 60~ 80 em 12 F KM K 55 BE AU AL BN KB/ MR R F B N
W3, (W2, W4 . W5) W1, EHRAMBKEE LB EEZES, FRBPH 0~20 cm 2R EHE W3 W4,
W5 ZbH KT W1 W2 4b

WATH 0~20 em + )2 TR R FUEEEAE W3 AEHETE R, WA W5 Ab FRAR 2 1 A8 % 8 4 7 A1
20~40 em )2 KRR TR EZMEE T ,40~60 em 12 FARM RS ELE W5 LAk
I 0~ 60 em )2 FORAR TR 2 RV /K 52 038 0 52 5830 KR s/ ka3, FLI7E W3 AbHRR B i
K, W1 AR /N FERI 60 em DL 4 2 FORMR SRR 25 B 19 Ab BN R B/IMKIR i W3 W4 W5 W2,
W1, 60~80 cm 1 J2 W3 AbHH F KA AR 35 B i K, W5 A B iR /N, 80 ~ 100 em 4 J2 K AR 36 i %% B
TEAAb PRI JE i 22 5 . B 0~60 em )2 W1 A HHAR 2 1 A% B i 25 I T HAb AL #4260 ~ 100 em +
JEM R AR A AR W3 AR R B i R
2.2 ARE#EKENLEKSHHFME

FIH Hydrus-2d #E40+-3K 50 ia %, 8 3 S T Hydrus-2d BI04 A IO [) 2 08 43K 43 20 A3 1%
O WF9E & PR BRUORS BE 3 =7, A5 AL B 2 R ¥97F 0.86 LU L, RMSE /3 0.01~0.07 , Fifi 5 Vi /K & 14 14
I, e KRR T R R A E I WL W2 W3 W4 W5 Kb B3 3 SOk B4 SR
12.5% .16.4% .18.9% .21.1% .23.0% , W5 AL B +- 35 /K E 5 W4 W3 W2 W1 4B 513 i 17 9.0% .
21.7% .40.2% 84.0% .

% 12 S K AR A —3K,10~20 em + )2 HIE S /K R HAR, B UK HHEE /KR A 20 em
RIFIRIGIN, 22 30~40 em T2 FNE KA, BAKLE R 1 d NI EPFEAKE A 40~60 em + )2 -3 EoK a
IR RS, TokHEE 80 d N (IR EHHEN] ) 60~ 100 em 23S /KA )2 30 AT T+, 1%
J5 80 d(HEH ) 30~70 em + 2 Fr K EFEAK

AL TR KA IE R LA 255 W1 AT 10~20 em 12 I8 K BT , R BERE K (9 1284k
A B AT K S L RE(T 20~40 em 12 5 E K AR P S, BESR IS B T K S 03 0 U 20 A
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Fig.2 Root distribution of treatments under different irrigation rates

Treatment 5, respectively ; different lowercase letters indicate significant difference( P<0.05).

fHZ 50 em Ab, Hob 30 em +)2 HHESOKEAEREK G 7] I8 B i (24.4%)
BKEEE (11.620.5) %, W2 bHiK 42 4
A 20~40 cm 12+ &K B2 K FA

fItm,EF

JE KRB RERE K = A B B, o 30 em )R A

P2 (13+2) %, W3 AbFEg W2 4B + 2 &K E ik —
&5 65 d,50 em 2 IS
90 d #2,10~90 cm + /)2 HHES

IS4
5 HH

oK R K 7 A AR A, 1 )R
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H IR 40~70 em +)2
Kig5 Wl Lifﬁﬂ’r{ki_}} B, HE WAL FEA 1 2w
MR, ZHE S5 90 d(FEH 1) ,10~60 em +
TR R AT 36 25.5% EHR I 40 ~70 em 2 EIKE
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Fig.3 Soil moisture distribution under different irrigation amounts

T HEZK S 3 0, W4 W5 Ab34s + 2 RIESOK AL TR K-, W4 403 30 em )2 155K
TR ATk 31.2% , W5 A0 B 43 Sk B AR ATk 33%, W4 AEBRAERE IS 100 d,60 em 4 )25 7K ik )
K(31.5%) ,W5 ZHAEREST 100 d,90 em )2 F/KEIBRNR K (34.7%) . ERIW W4 b 40~70 em 12
EIKE A (21£1) % W5 KEFE R (22.6+1) %,
2.3 AREEKEIEKREBKEENZM

MNIEL 4 FTT . R K R P3G N, £5 2R R WK B B T 5 5 R TR, 45 AL B ORI R IR K
BERT ] R 4ERS 2 E SR HERES 100 d MR WK HAIK B R R MH, W1 2 W5 Ab 3 FORAR R MoK 3
435124 0.30.0.33.0.39.0.40.,0.40 cm-d ™" ;35 70~90 d N, W3 5 W4 40 FRATRT— T K AR 22K GH R
MR, W2 AbFHAS W1 AL HAR R KRN T 10% , W3 AbBREE W2 40 HHR 2R WK 3R G T 18%,
W4 AbPHAEE W3 AbPEAR R K I T 2.5% , ] UL K S35 K E] 100% ETe BT R AR 2 M /K A 2 35
5/
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HE AR WK R (cm - d ™)

Variation of root water uptake
0.403 0
0.3857
0.3683
0.3510
0.3336
03163
0.298 9
0.2816
0.264 2
0.246 9
02295

0.40

H/(em-d™)
root water uptake

U P/ST

Variation of

80

i/
a5t TME

70
R
Pos&—bfoadc

4 FEEKEBTEXRRBAEE
Fig. 4 Variation of root water uptake under different irrigation rates

24 AREEKEXRNEXRFERAKSFIARERZ N

AFE 2 T W3 b HE KRB KR B R B KN 20.84 em, BEET W2 W4 W5 4B, W1 b3k K
e, wE LT HAANEE, R 17.65 em, W1 AMBER FORFERKE IR A, N 26.70 mm, 5 W2 W4 LbFETC
225 WS AT, 1.51 mm,, FORLH A K R A RGN S T Wa 5 WS Ab BTG
WEMEZES W AL EOR E N, Hod W5 AR FREE W4 W3 W2 W AR FE 35 v Y 1.85% .4.02% .6.86% |
9.97% , A EINETE 7K £ B 1G I 2 S0 VT I I W fl 38 A1 ) BP0 2 Al e 34 e W3 A SRR B K,
648,58 W5 W4 W2 W1 A3 IR T 3.53% .5.14% . 15.05% .32.56% , A=) b B =4 i 3P DA 5 2K
MR W3 (17 882.15 kg-hm ™) ‘W4( 17 807.65 kg+-hm™>) W5(17 632.27 kg-hm™) \W2( 15 159.18 kg-hm ™) |
W1(12 709.41 kg-hm™) , Hrr DL W3 Ab3# ™ & 548, /32 W1, W2 W4 W5 ZbBE[) 1.407,1.180,1.004
1.014 5%, Hu T TR AR B KK 0 AR FH 2050 %8 Bl 7K 6 1 185 o 22 0 s Sl 38 AR AU 174 28 Ak A 34, AN [ A 380D 75 8]
AR W1, W2 W3 W4 W5, Hrft. W1 b3 K /R R fems , R 4.17 kg-m™ ; W5 H THEK RS,
G R S K RS A DE T, W5 7K 53 F R0 IR T H A AL B,y 2.67 kg-m ™ ; W2 & W5 4b3
IKAYFIFHRCRAY A b —BEEERRAR T 6.40% .4.62% .26.97% . 10.54% , 3 K & BALHE T F KR 2K
KA I 5 BRE K S AR T AR R ) SRR 5 K R AR T

F2 AEREEERFEMERKSF AKE(WUE)
Table 2 Spring corn yield and water use efficiency( WUE ) for different treatments

ez ) g N

s HEK/em m;‘:ﬁ/?m TR AL Eﬁi/g' P/ (kg hm™2) WUE/
Barren tip Kernel number Hundred-grain . 3

Treatment Ear length . Yield (kg-m™)

length per ear weight

W1 17.65+0.60° 1.78+0.51° 488.66+17.2¢ 28.01+0.43" 12 715.13+813.62°¢ 4.17+0.13*

w2 18.94+0.74" 2.66x1.55" 563.06x31.5" 27.22:1.47" 15 166.00=713.44" 3.9220.10

W3 20.84+0.40* 1.20+0.67" 647.80+26.3" 28.78+1.49% 17 890.20+926.31* 3.75+0.04¢

W4 19.31+0.54" 1.36+0.21% 616.13+16.6" 29.39£1.08* 17 815.66+2 208.40* 2.95+0.05¢

W5 19.27+0.36" 0.15+0.01°¢ 625.73+40.0° 29.94+0.34" 17 640.20+915.57¢ 2.67+0.09°

T iR S E PR e R IR, W — AT 8O R AR AR R/ NS TR R0R 28 53 B3 (P<0.05) .

Note : All data in the table are expressed as mean#standard error, and different lowercase letters in the shoulder of the same row indicate significant

difference ( P<0.05).

3 e
ABEFESEH R AR Hydrus-2d BEEL S04 7 4 IR 5 R AR T 30K 9370 Al B KRARZR oA B
TR A ek B BNV K A IR AL, R B 100% ETe HE7K AL s B KR S5 AR SR AL 1 o, A
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it 100%ETe #E/K B T EARIK G FIHBER , Z520 TR IRFL ; Hydrus-2d BAIBALL 58 4 FOK AR 7K
SrisFERT R® 3K 0.86 DL L, RMSE 7 0.01~0.07 , K5 B i, LA 21 1) R AR 28 W /K G 56 Bl VEE /K St 19 149 im0
Brishial ; FoK = HEAE W3 (100%ETc ) A BERT A 2 i 5, hy 7 882.15 kg-hm ™, W] 100%ETe Ryt £ oK
T f 3 LV K

FEAEY R D7 S s At rp K B e U B K EL s R s s R AR K R B A A A
T, AT R B 25 HE IR 20 ~ 40 em - JE AR B B B E K R A B ARG I, 55 SR 1516 ] BB
FAR—F, 40~60 cm 12 F R 25 B2 FERE K 5 A 35 0 2 26 5 5 BRIy 34, HI97E W2 ik 3
1o, SRR K 2 7E — 0 B BE b AR A AR URHL AR 3175 R 2 09 - 3 /K 43, 3 i A PR 1 0 314K
P KB WA 5 WS b HE A R FORMRK B TC B A R, v I K R Re T — e R b
PRI TR R K B HAR BEE FH 2 BERE K B (RS g e/ . %o 6 KR 2 1 AR B T 9 % B,
KL (R HG AN 2% 0 2 AR SR T AR % 8 34 2 S T 8 I BRI 1 28 A 3, RS 1 I KON S K AR 3R T AR %) 1
TS ,3X 5 Kondo % IR LI —3L, 5341, MR A 9T K& 3038 24 5 BRVEE (75% ETc ) ATE HF K [i)
60 cm LA HJ2FUAR , 3342 PR 5 SR 580 R ORAR DX K 43 AN BE TG JE AR A 4 T 22, (A 6 K ) B IR AL
HRLARIOK 53, REBS A AR R ARG 3 S ARAR PR M . AS R AE 3 B 31 6 KX 7K o i SO AN — A, X ™
WA 22 R E K, P25 — P8R B FORPT I T 5 5 3l sl 22 39 52 7K A] S o S 191
R AL TR R P, X RS R K MR SR Tl AL T R A SRR R IR
R FORLE i SORPROHLER 1 B AR, ELREE T AR 0BG N, F oK 7™k SORPARE it B 52 52 e it 8 5 3k
SV R TR

F A9 B 9 5 7K B A TR BB 1 38 0 252 e 3 5 e 3 | TR I ) e 552 Sl I sl P30 7 a3 | e
TR (R AN R 4, L S K R A O S 2 B K R AR e A R S 3
ARWFFE R W1 ACEE b THEK SR/, KB 2R 10~20 em )2, 1% T2 S K IR ZA TR K, 24
HOKEHINE W4 5 W5 AR FEK S 78R A KA RSB, 10~20 em + )2 F KR B S, H
[ 3 v e 300 o VR K AL VR 7K 1R 2 0T DL — 5 B 9 A T A TR — e, AR GE R 20~ 60 cm
+ )2 B KB B SA , —Jr TE  ERE HRAE 35 em Ab  BRRIEKE S S Z 42 K
i, 93— 7T R O KRR R F AT — BN AR R OK A ALt 2552 i - K 5ris %8, 60~
100 em + 2 HHEE K EAE IR RN, X S A0 MO TR S g R —3, et R
AR A A B 5 IR R 43 S 7E 80~ 100 ¢m .60 ~80 cm 20~ 50 cm , A 455 HAFF, X Eb Hydrus-2d %X
PRS- 4985 K 5 S - 3 K R mT T R K B S T B BB URS BE ) L Patra S IOAFST
ZERABAIESE T Hydrus-2d F LAY AT SETE . ARG Hydrus-2d BRI 2 A0 45 A BIAR R KR AR 98 &
PR K St (1 TG 2R MR A G 3 (i A T I A T 7K S %) A DRI 185 M, JHE X AR 3 WK A £ 2 A 8 8 ik
59,5 Eltarabily %7 Fidg A SRS OB E5 5 — 8, FOKP=REAE W3 AbBER B0 | RIRR2208 K KR
SRS | SRR AR — 3L,
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