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Effect of drip irrigation on growth, temporal and spatial
distribution of root of winter wheat

XUE Li-hua', XIE Xiao-ging®, DUAN Li-na?, ZHANG Jian-xin®
(1. Grain crops Research Institute of the Xinjiang Academy of Agricultural Sciences, Urumgi 830091, Xinjiang, China;
2. College of Agronomy , Xinjiang Agricultural University , Urumgi , 830052, Xinjiang, China)

Abstract: It is well recognized that the roots are much like straws through which water and minerals from the soil
move upward to the shoot of the plant. Modifying the function of roots can affect the growth and yield of the aboveground
parts. In this study, the influence of four drip irrigation treatment on spatiotemporal root distribution of Xindongl8 and
yield was investigated in Xinjiang. The four irrigation treatments were six times (W;), seven times (W,), nine times
(W3), eleven times (W,) drip irrigation at post-jointing stage, and inner and outer tube were drip 30mm per times. The
study aims to simulate the effect of drip irrigation on water content, dry weight of primary root and lateral root, root
length, distribution of root activity and yield at O ~ 100 cm soil layer during post-jointing stage. Wheat cultivar Xindong
18 was used with dual-tube cultivation including a cylindrical tube concentrically located within a cylindrical plastic tube
and thus formed two isolated regions. The results indicated that soil water content in layer of 0 ~ 40 cm increased with
wheat growth stage and the amount of drip irrigation. Drip irrigation delayed the decay of dry weight of primary root and
lateral root and its root length, increased dry weight of lateral root and its root length, and elevated the density of dry
weight in primary root and lateral root, root length and root activity from booting stage to 20 days post anthesis. The yield
and water use efficiency of wheat were highest with 11 times of irrigation. The growth of primary and lateral root was
severely inhibited. The shallow distributed root, advanced aging of primary root, and decreased 1000-grain weight result-
ed in yield loss as the times and amount of drip irrigation decreased.

Keywords: drip irrigation; winter wheat; primary root; lateral roots; root dry weight; root length; temporal and

spatial distribution of root
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Table 1 Soil bulk density and water content in inner and outer tube before sowing

+J2 Soil layers/cm

METH Ttems

0~20 20 ~ 40 40 ~ 60 60 ~ 80 80 ~ 100
257 Soil bulk density/(g*cm™?) 1.16 1.26 1.17 1.31 1.30
7K Water content/ % 26.7 24.3 23.8 26.1 27.3
x2 ZNEHEZREHEEARKE
Table 2 Precipitation between seeding emergence stage and green stage in the years of 2011 and 2012
BH Item 2011 - 10 2011 - 11 2011 - 12 2012 - 01 2012 - 02 2012 -03 ST Total
[ 7K & Precipitation/mm 36.9 12.7 12.1 9.2 18.4 25.6 114.9

T BORH OB BRAEE /K R K AR E S o et

Note: Datas in table 2 were provided by Xinjiang Uygur Autonomous Region Meteorological Information Center.
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Table 3 Date of drip irrigation under different water treatments(m — d)

Treﬁri%ms ! 2 3 4 5 7 8 ? 10 1 ‘%Z{;%NQIZT
W, 04-29 05-13 05-25 06-02 06-09 06-18 — — — — — 180
W, 04-23 05-05 05-15 05-25 06-02 06-08 06-15 — — — — 210
Ws 04-19 04-29 05-07 05-15 05-23 05-31 06-06 06-12 06-18 — — 270
W, 04-15 04-23 04-29 05-05 O05-11 05-17 05-23 05-29 06-04 06-09 06-16 330
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Fig.2  The change of soil water content for the different drip irrigation times among the different

treatments in O ~ 40 cm soil layer (1 - inner tube, O — outer tube)
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Table 4 Dynamic of dry weight in primary and lateral root under different treatments

HE PIERTE/ (¢ 8" WAHERTE/ (g8 ") w1/ BTE/ (g8

g Dry weight of primary root Dry weight of lateral roots Primary root/ Total root dry weight

Growth (g tube™") /(g tube™!) Lateral roots /(g tbe™")

o WiW W W W W W W W W W W W W W W,
HATH Jointing 0.58a 0.59a 0.59a 0.60a 0.90a 0.90a 0.90a 0.91a 0.65a 0.65a 0.65a 0.66a 1.48a 1.49a 1.49a 1.50a
ZEFEM Booting  0.54b 0.57b 0.64a 0.68a 1.04c 1.29b 1.52b 1.90a 0.52a 0.44b 0.42b 0.36c 1.58d 1.86bc 2.16b 2.58a
FFAEM Flowering 0.33¢ 0.43b 0.43b 0.50a 1.60b 1.69b 1.75b 1.98a 0.21b 0.25a 0.25a 0.25a 1.93¢ 2.12b 2.19b 2.48a
165 20 d 20DAF  0.33a 0.36a 0.35a 0.39a 1.24b 1.31b 1.26b 2.34a 0.26a 0.28a 0.28a 0.17b 1.57b 1.67b 1.6lb 2.73a
B Maturity  0.21a 0.28a 0.27a 0.3la 1.04c 0.98¢ 1.34b 1.69a 0.21b 0.29a 0.20b 0.18b 1.26c 1.25¢ 1.62b 2.00a

T A5 B J5 AN IR FBE R A 0.05 1 0.01 KPR ABE (T,

Note: Values followed by the different letter within a column showed significant difference at P <0.05 and P <0.01, respectively. The same as below.
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Fig.4 Dynamic of dry weight density in primary and lateral roots under different water treatments
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Table 5 Dynamic of the root length in primary and lateral roots under different water treatments
el BERRK/ (me ") WA/ (me 1) Bk B/ (me 1)
39 Length of primary roots Length of lateral roots Primary roots/lateral roots Total roots length
Growth
stages W, W, W; W, A W, W; Wy W, W, W; W, W, W, W; Wy
AT Jointing 26.3a 28.8a 26.7a 25.5a 14.3a 13.7a 13.6a 13.7a 1.84a 2.10a 1.97a 1.86a 40.6a 42.5a 40.2a 39.3a
ZEF8 4 Booting 11.4b 12.1b 14.6b 25.3a 21.3¢c 34.8b 39.9b 51.6a 0.53a 0.35¢ 0.37¢ 0.49b 32.7c¢c 46.8b 54.5b 76.9a
JF4EH Flowering  9.2b  12.7b 13.9b 16.5a 37.7b 40.80b 47.5b 61.2a 0.24c 0.31b 0.29b 0.27a 47.0c 53.5b 61.4b 77.7a
1E£J5 20 d20DAF  8.6a 11.2a 11.8a 13.9a 32.6d 36.0c 46.4b 72.3a 0.26a 0.31a 0.25b 0.19¢ 41.2c 47.1b 58.2a 86.2a
S Maturity 7.9a 9.la 10.la 12.7a 32.6d 35.8¢c 42.8b 66.4a 0.24a 0.26ab 0.24b 0.19b 40.5¢ 44.9¢ 52.9b 79.0a
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Fig.5 Dynamic of the root length density in primary and lateral roots under different water treatments
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Fig.6  Dynamic of the root activity in primary and lateral roots under different water treatments
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Table 6  Yield and yield component for different water treatments
b R (BT PES ke THhiHE /g R/ (g 1) R /W) AL /IR L/
Treatment Spike numbers Grain per 1000-seeds- Seeds weight AR AMRE LiyEe
reatments
/(spike tube ~ N spike weight /(g tube” ) SW/PRW SW/SRW SW/TRW
W, 16.7abAB 28.68aA 29.65dD 14.2dD 40.0bB 8.87bB 7.3bB
W, 23.0 aA 23.04bB 31.32¢C 16.6¢cC 38.6bB 10.3bB 7.83bB
W; 21.7 aA 28.53aA 35.38bB 21.9bB 50.9aA 12.5aA 10.0aA
W, 21.7 aA 29.22aA 39.91aA 25.3aA 50.6aA 12.7aA 10.2aA

T ARF AR R BT . SW/PRW — BIEE /W) MR ; SW/SRW — RIEE/UEARTE 5 SW/TRW — R/ BRE
Note: Root weight was total dry root weight in flowering stage. SW/PRW: Seeds weight/ Primary root weight; SW/SRW: Seeds weight/ Lateral root weight;
SW/TRW: Seeds weight/ Total root weight.
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Table 7 Water use efficiency under different water treatments

b5 S ekt LIRBHATFE SWC/ (g D SRR WKRIFRCR KRR
Treatment TDWQ Precipitation A i a1 TWC IUE WUE
Treatments et et et _ _
/(kg"é’.‘:' R /(kg.ﬁ R Inner tube Outer tube Total /(kg"‘é? D /(kg‘m ) /(kg'm *)
Wi 5.65 3.60 1.04aA 4.07aA 5.11aA 14.36¢C 2.51aA 0.99bB
W, 6.59 3.60 0.99aA 3.85bAB 4.84abAB 15.03cC 2.52aA 1.10bB
Ws 8.47 3.60 0.97aA 3.76bB 4.73bB 16.80bB 2.58aA 1.30aA
Wy 10.36 3.60 0.94aA 3.65bB 4.59bB 18.55aA 2.44aA 1.36aA

H: TDWQ — B HE S ; SWC - T /K IEAE; TWC - BFE/KE; TUE - MR R ; WUE - K43 FIFHECE

Note: TDWQ: Total drip irrigation quantities; SWC: Soil water consumption; TWC: Total water consumption; IUE: Irrigation use efficiency; WUE: Water

use efficiency.
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