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FETAH, KEMBRALEKRFELAALENEHRAN, AP B NG TRERN, B o, A% K RE T W
A CEBE R TEE 4B A 3750~4 500 m® - hm™2F0 172.5~276 kg - hm™, % 3 4.8 259.4 kg - hm™ H#EE3793.4 m’ -
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Effects of drip irrigation and nitrogen application on root growth and
yield of spring wheat in Southern Xinjiang

SUN Ting, ZHANG Di, WANG Jichuan, ZHANG Jianfang, SHI Yuanqiang, Bilali Aili, ZHU Juan
(College of Plant Science, Tarim University, Alar, Xinjiang 843300, China)

Abstract; The spring wheat cultivar Xinchun 6 in the Southern Xinjiang was selected as the test material, and
two-factor (water and nitrogen) controlling experiments were conducted using soil-column cultivation method. Four
levels of nitrogen supply, including Nj(no N fertilizer) , N,(69 kg - hm™), N,(172.5 kg - hm™*) , and N, (276
kg - hm™) , and four levels of water supply, including W,(2 250 m® - hm™) ,W,(3 000 m’ - hm™), W,(3 750
m’ + hm™) , and W,(4 500 m® - hm™) , were used for fertigation and drip irrigation, respectively. Thus, 16 wa-
ter-nitrogen-combination treatments were implemented. The results showed that flowering stage was the peak period
of root growth of spring wheat drip irrigation and 64.52% ~76.90% of the root dry mass and 76.39% ~82.47% of
the root length were distributed in 0~40 cm soil layer. Increasing the water supply and nitrogen properly effectively
promoted root growth and improved yield of spring wheat. The root dry mass, root dry mass density, root length,
root length density, root diameter, and root surface area of N;W,, N,W,, and N, W, treatments at flowering stage
were higher, which were 123.0~148.3 mg, 97.07~117.03 g - m™, 14 405.8~16 490.8 mm, 1.14~1.30 cm -
em™, 0.3267~0.3365 mm, and 14 245~17 624 mm®, respectively. The yield under NyW,, N,W,, and N, W,
treatments also reached a higher level of 8 695.7~9 966.1 kg - hm™>. Although the root indexes under the N, W,
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treatment were higher, yet they declined too fast during wax ripening period, which indicated that excessive water

and nitrogen supply was unfavorable for delaying root senescence. Water and nitrogen had significant interaction

effects on root growth and yield, and water had greater effect than nitrogen did. Through analysis, the suitable sup-

ply ranges of water and nitrogen for this region was 3 750~4 500 m’ - hm™ and 172.5~276 kg - hm™, respective-

ly. When nitrogen application and water drip were 259.4 kg « hm > and 3 793.4 m® - hm™>, respectively, the yield

could reach the maximum value of 9 142.9 kg + hm™.

Keywords: water and nitrogen operations; drip irrigation; spring wheat; root growth; yield; Southern Xin-
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Table 1

Distribution proportion of drip irrigation and fertigation

amount in different growth periods of spring wheat

AEH HHI(A-F) HEFKAL TN AL
Growth period  Date (m—d) Trrigation ratio Fertilizer ratio
TLS 04-04 0.10 0.10
IS 04-16 0.10 0.15
BS 04-26 0.12 0.20
HS 05-04 0.12 0.20
FP 05-12 0.15 0.20
GFS 05-18 0.15 0.15
FS 05-26 0.15 0.00
LFS 06-04 0.11 0.00
DS 06-16 0.00 0.00

TE: TLS: =01, JS 341 0] 5 BS . 22 R8I0 HS . i RESU FP . 37 4K
15 GFS K RLIE U5 1S JEE S 90 395 LES RS 15 DS« i A M0
T,

Note : TLS; Three-leaf stage; JS: Jointing stage; BS: Booting stage;
HS: Heading stage; FP: Flowering period; GFS: Grain formation stage;
FS: Filling stage; LFS. Late filling stage; DS: Dough stage. The same

below.
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Fig.1

Vertical distribution of dry root weight and root density under different irrigation and nitrogen application
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Fig.2

Vertical distribution of root length and density under different irrigation and nitrogen application
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Fig.3 Effects of different irrigation and nitrogen application on average root diameter of spring wheat
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Fig.4 Effects of different irrigation and nitrogen application on root surface of spring wheat
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Table 4 Effects of irrigation and nitrogen application on ear characters and yield of spring wheat

T WK om VAL HRLHC TR/ g BT g
Treatment Ear length Spikelet number Grains number per spike 1000—-grain weight Spike weigh
W, 6.058¢ 11.044c¢ 13.210c 32.300d 0.427d
N, W, 6.673b 12.401b 16.941b 37.274¢ 0.632¢
W, 7.856a 13.543a 17.726a 41.230b 0.728b
W, 6.413b 13.61a 18.654a 43.681a 0.814a
W, 6.673b 11.994h 13.933¢ 38.152¢ 0.530c
N, W, 6.998h 12.389b 18.352b 41.225b 0.754b
W, 8.060a 14.441a 19.800a 44.965a 0.891a
W, 6.942h 14.161a 19.074ab 46.264a 0.882a
W, 6.912b 12.369b 15.749¢ 39.410¢ 0.621¢
N, W, 6.933b 13.111b 20.896b 44.200b 0.921b
W, 7.887a 14.787a 23.803a 47.979a 1.041a
W, 7.410ab 14.669a 21.016b 45.818ab 0.964hb
W, 6.526¢ 12.732b 15.301c 40.480b 0.618d
N W, 7.497h 13.646b 21.780b 47.476a 1.033h
: W, 8.537a 15.238a 24.603a 48.077a 1.184a
W, 7.436b 15.624a 22.717b 39.519b 0.898¢
F1{& F value
N 8.019" 2.651ns 35.301 ™ 7.582* 34.132™
F W 50.743 ** 20.546 149.264 ** 42.832* 480.684 **
WxN 1.821ns 0.167ns 3.736 ™ 7.587 " 21.697 **
A HRY K AL iz 0T DLE IR AR AE | LAAE 3 —3,

K MR R TS B K ML £ 2
TR ZR 7 36 18T (9 43 A1 1 5 214 3K 43 5 Gk
B, /N2 AR 2R A AR 8 0 T 1Y) B 25 43 A 23 52 BB
i, SRR B 0 52 0T DU R AR R 4 A A A
K 2 B AR, IR R A TR AR
FigE W EEAC == MR R R T, A
F T BRI R AR o 25 AU (300
kg - hm ) BEAE B /NER R AERK™ H/NEAT
S AR AR AR 7 5 KO- i A i (450 kg -
hm™) FEUGEY) A Z B BB B AR R R
KAZBIIH 2 K B ZBAEE S — A AL
L, K AN 2 T 25 B AR RUNE A IR A, 1 K T 1
TR AR R A B IR R T 5 AR
RIS A DA 5 B 5 W o 4 /)
AR RAA A, 38 it AT DARS ISR R
AR E TR R R B, 3SR PR R
AT R v G S SR U0 e o WA N A (O
PECT S PRI A A 7E T R A T D R R it
RN LI /N2 AR R A A i o it 280 ) 2 e 3
IRIE . ASREE & B N, W, N, WL N, W, K &4
MR A E RS (R TE R TRE%E AR
K ARKEE R AR R L) ¥Rk, /)
FATK A Z KA SRR R A, R
BORIIK B EAEROY . R SR o & I A H T
iR G oS R e o I S SN ¢ TR B NS 7

AW HEEAE 3 750 m® - hm 2(W,) %
4276 kg - hm” (N, ) B B B R 3K 9 966.1 kg
~hm™) 35 R AR 2 850 m? - hm ™ il
196~207 kg « hm ™ (/K EUHER i K 2% 2 467 A
46000 m® - hm #1750 kg + hm (/K &AL R A
JIRANIR] X AT BE 2 Ml X T) A Folore K o oK Oy 25
EEZNEEEIATER

4 % ik

1) 3R ~ ZE RIS A /N AR R A R R o
P, 7 0 AR R AR K & T S 4R A ik d A, I
BUIR A E T, ER/INZ R R FETE O
~40 em 2, HOR T E LSRR E
64.52% ~ 76.90% , H &K i BAR K B 76. 39% ~
82.47% ,0~40 cm )2 H B HR o 1 2% B FIAR 2% B
2 40~80 cm )2 1.9~3.4 {5 H1 3.4~4.7 15,

2) AN[RIZK FAL B 25 AR 2R A K e, 18 Y
B InK LR B RE AR UEAR R T FL, B AR R 5 A
MR SERAR R DI RE, HK Rt 2 4R R A KA
FI RN JE I (A ) AR R e 2 I R
R 0 28 AR R R A TR

3) KRR 2 A K ARRAE A4 52 ) 2 05 AN TR], )
REAR AT IR K R B R R R HL, MR AR R
IR, KRR IE S A AR RN 5, KRR
RAR AR B 25 B AR RO, HoK 43300 &



20 T F XA 5T

o538 %

TRRRN, LIRS0 22 0] W R —E 1y 2
INELN

4)N; W, N, W, Fll N, W, b B A 7= 8 55 vy, 7]
i AR TE 207 ~310.5 kg - hm 2 FIE K7L 4 500 ~
5400 m* - hm™ 2 i) 2 A% i X 55005 B A K RAL A
HRAEAK B A 1 A 7 R 1S Bt A & 310.2
kg + hm™? JH#HE K 4 593.8 m® « hm I A 77 5
Fik9 206.05 kg + hm™*, Al A= 7= 1 B KRB 41
%,

2 % X k.

(1] W, S, HRT 55 AR MR R G5 X T W0 3 R PERT STt
L] PR AR, 2017,19(2) :51-58.

[2] Skaggs T H, Trout T J, Rothfuss Y.Drip irrigation water distribution
patterns: Effects of emitter rate, pulsing, and antecedent water [J].
Soil Science Society of America Journal, 2010, 74(6) :1886.

(3] EZDN, il ARHER , 5557 30/ N A2 T H A 10y B 1) 5 A7 7 ] A
[J].757K 01,2011, (9) :25-29.

(4] ChAGH, BRIE Rl 25 R ARG B 8178 2BV ER IR/ DRI
BRI ] AR, 2017 ,43(11) £ 1705-1714.

[5] 20, BRI /N AR AR 7R A3 UL ) A B AR S R NE T ] A
BT EALEAR,2000,6(4) :383-388.

(6] RIS, sAOBE KA T ABEE TR NERREF IR ].
HARP 24, 2001,36(2) : 163- 167.

[7] Pandey R K, Maranville ] W, Chetima M M.Tropical wheat response
to irrigation and nitrogen in a Sahelian environment. II. Biomass accu-
mulation, nitrogen uptake and water extraction [ J]. European Journal
of Agronomy, 2001, 15(2):107-118.

(8] EZL)I| ARAERN, w1l S5 AR F AR DR G3x A/ N AR F 4341
RHE B SN [ ] T R A BITE 201,29 (2) :21-26.

[9] HlETs. ARZEAL/ NG SRR R FHE LS WUE BISCRBTSE
[D]. J8FH : PEILAAMBIHIAE 2004,

[10]  ESBra, mbH, 3% A A/ NERFIE SR K oA [ 1] A E Al

B2 2013,46(11) :2211-2219.

[11] Wang CY, Liu WX, Li Q X, et al. Effects of different irrigation and
nitrogen regimes on root growth and its correlation with above-ground
plant parts in high-yielding wheat under field conditions [ J]. Field
Crops Research, 2014, 165:138-149.

[12] Wang L L, Palta J A, Chen W, et al. Nitrogen fertilization improved
water-use efficiency of winter wheat through increasing water use dur-
ing vegetative rather than grain filling [ J]. Agricultural Water Man-
agement, 2018, 197.41-53.

[13]  ESHam, mbH, 2, S SR IR A/ NEARR R R A K 22 5
[J) R ASSER, 2012, 23(7) : 1832-1838.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

KA, ERA AR, 5 PR AR AR R0 2/ N

MR 23 4347 K= i 52 [ ] ol B2, 2012, 45(14)

2826-2837.

BRiR, BB, BIRAR S KR AR e R AR NE IR R

AR R RS [T ] N AR 25241, 2016,27(5) 115111520,

kAR, ZEEAE, BT KRS & X N AR R I A5 S A R

SR [ )] EREHEK 24,2015, 11(34) :47-51.

TR BT X AF R N AR RO T KA R Y

WFE[ 1] TR AT ,2012,30(6) :50-54,73.

Xue Q, Zhu Z, Musick J T, et al.Root growth and water uptake in

winter wheat under deficit irrigation [ J]. Plant and Soil, 2003, 257

(1):151-161.

REINE, SR 3, /Al 2 AR AR IR R B N AR R s

HREMMZEF W0 [1]. b AR BE2, 2016, 49 (12)

2267-2279.

BBV XEESE | SR B, 25 AR RS S WPk e [ ]

AerpaEdR ,2011,27(12) . 7-12.

Li Q Q, Dong B D, Qiao Y Z, et al. Root growth, available soil wa-

ter, and water-use efficiency of winter wheat under different irrigation

regimes applied at different growth stages in North China [J]. Agri-

cultural Water Management, 2010, 97(10) .1676-1682.

GEEIN , O A A R R E TR N AR A K SR A

BRG] ] AL, 1995,15(1) :21-25.

Malik A I, Colmer T D, Lambers H, et al. Short-term waterlogging

has long-term effects on the growth and physiology of wheat [J]. New

Phytologist, 2002, 153(2) :225-236.

SRS SR AEIR R TR IR SRS A

[J].7Paf A E PR, 2003, (3) :225-229.

KA 2R, BB AN AU R N AR A A AR

FIHA B g5 [ 1] vl 2441, 2016,25(2) :195-202.

RO, 25 R e v, 55 AU X A AR AR A I B e (5]

(1] 222511024 ,2013,33(1) : 141-145.

Forde B, Lorenzo H. The nutritional control of root development [ J].

Plant and Soil, 2001, 232( 1-2) :51-68.

SR, FHC I N IRHK EOARAEAR B S Wy i e e 22 Ak
SRR ) ] IX BRI EREE, 2010,24(4) :138-143.

TR IR SRR, 55 HHOKAIRA T4/ NE R R Ak
GRAMRI )] TR 2016,44( 11) :67-71.

BN SR a2 S Nl S DO BT A (TN 90 S

SAFIFIBCRIGZMI ) ] Al TARH,2006,22(2) :27-32.

e LR R, A5 AR s B XA N R R A

1 IKIIFIFH B w2 [ J ] RO R 2274k, 2017,22(9)

21-31.

BTN, ARELE S K ERE G LI X R MDA R

PRI ] Bl RLE,2013,50(2) :204-213.



