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Effect of Drought Stress on Lodging Resistance and Yield of
Spring Wheat under Drip Irrigation
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Abstract: To clarify the effects of drought stress during the growth period on lodging resistance and
yield formation of drip-irrigated spring wheat, a split-plot experiment was conducted using a drought-
insensitive cultivar Xinchun 6 (XC6) and a drought-sensitive cultivar Xinchun 22(XC22) as the main
plots, and drought stress treatments during the growth period as the subplots. Five treatments were
established: normal irrigation (CK, 75% — 80% FC, where FC represents field capacity), mild
drought at the tillering and jointing stages(T1 and J1, 60% —65%FC), and moderate drought at the
tillering and jointing stages(T2 and J2, 45% —50% FC). The morphological traits of five elongated

internodes(Il, 12, I3, I4, and I5) and the anatomical structure of the second basal internode were an-
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alyzed to evaluate the regulatory effects of drought stress on lodging resistance and yield formation in
drip-irrigated spring wheat. The results showed that J1 significantly improved lodging resistance-re-
lated traits in both cultivars (P <Z0. 05). Compared with CK, stem diameter, wall thickness, stem
filling degree, and breaking strength of the five elongated internodes increased by 1.89% —10.90%
15.38%—56.41%, 47.84% —175.70%, and 18. 98% —58. 74%, respectively, under J1. For the second
basal internodes the numbers of large and small vascular bundles increased by 28.00% —34. 62% and
28.579%—38.10%, respectively; the areas of large and small vascular bundles increased by 92. 88 % —
98.79% and 45. 60% —74.89%, respectively; and mechanical tissue thickness increased by 45. 56 % —
59.11%. Consequently, the lodging resistance index of each internode increased by 26. 67 % — 75. 00%.
Wall thickness, stem filling degree, breaking strength, and lodging resistance index all decreased
from I1 to I5. Compared with XC22, XC6 showed obvious advantages in morphological traits, vascu-
lar bundle traits, and mechanical tissue characteristics, resulting in 10. 34 % —80. 00% higher lodging
resistance index and more positive response to mild drought. Grain yield was highest under T1 for
both cultivars,s and XC6 yielded 5. 74 % more than XC22. Correlation and path analyses indicated that
spike length and wall thickness of the I5 internode played greater roles in yield formation. For lodging
resistance, breaking strength and wall thickness of the Il internode had positive effects, whereas ex-
cessive length of the 12 internode was unfavorable. These results indicate that, in the oasis agricultural
region of Xinjiang, mild drought at the jointing stage(J1) is beneficial for improving stem lodging re-
sistance of drip-irrigated spring wheat, whereas mild drought at the tillering stage(T1) is more con-
ducive to yield improvement.

Keywords: Spring wheat; Drought stress; Stem; Lodging resistance; Yield
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Fig. 1 Changes in daily maximum temperature, minimum temperature, and precipitation during the growth period of spring wheat
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Fig. 2 Field layout diagram of the experimental plots
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Fig.7 Effects of drought stress on stem filling degree of each internode of spring wheat at different growth stages
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Fig. 8 Lignification degree in the second basal internode of spring wheat under drought stress
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Table 1

Effects of drought stress on vascular bundle and mechanical tissue traits

in the second basal internode of spring wheat
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Fig. 9 Effects of drought stress on breaking strength and the lodging resistance index of each internodes
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Table 2 Effects of drought stress on yield and related traits of drip-irrigated spring wheat
i o =
Vi?jty Trfft%ent Spike %}Eth/cm Spikj‘;;fﬁr(nb(ir/ Grai:?iie%ﬁspike T;Fjﬁ%ld Yf;ﬁ/fo
(X10* « hm?) kernel weight/g (kg * hm 2
XC6 CK 9. 64bced 451. 84a 37. 26abc 47. 82ab 6 937. 41abc
T1 11.19a 449. 46a 39. 78a 48. 98a 7 538.62a
T2 9. 53bced 400. 62cd 34. 42bed 44, 61abc 6 470. 21cd
I 10. 71ab 408. 88abc 38. 26ab 47. 14ab 7 053. 96abc
J2 9.21d 389.48d 33.22cd 43.02bc 6 032. 14de
""" Xc22  CK  9.38d  448.78a  38.56ab  45.36ab  6723.86bc
T1 10. 61abc 440. 34ab 39. 46a 47. 74ab 7 129. 09ab
T2 9.27d 407. 61abc 34. 36bcd 42.96ab 5 684. 92ef
J1 9.45cd 415. 08abc 36. 88abced 46. 24ab 6 064.52de
J2 8.78d 378. 24d 32.61d 39.58¢ 5 384. 34f
""" F@g @MYV« as o as o w ww
F value Lb3E T * * % % % % % % %
AP VX AbE T ns ns ns ns *
Y|Y 0.61 0.86 0.66/0.59 0.66 1
LRI| # LRI 0.601-0.47 0.80| 0.61 0.77 0.61| 0.60 0.57 0.78 0.68 0.8
PH| & PH 0.77 0.83
IL[® & @ 0.85 G
P . ® & P 0.79/0.72 0.61 0.81 0.70 L 0.4
CGH|®» ® @ @  con o
sD|® & ® SD 0.91 0.89 0.93 0.81 0.57 0.79 0.8 0.83 '
WT|& @& & . WT 0.93 0.97 0.88 0.80 0.91 0.90 0.88 -0
SS| & SS 0.89 0.90 0.63 0.95 0.96 0.95
F|& ; * z : : . F 0.82 0.75 0.85 0.89 0.84 02
NLV ) * QO @ ® v ovioss 09 BB--04
NSV| & S & & SV 0.73/ 0.60 0.62
ALV wx * . : : : : @ ALV 0.89 0.96 06
ASV| & . & . . . ’ . ® . ASV 0.90 -0.8
MT [ ) > 0000000 - -1
L PR ro;b%o@ & @e@éﬁ@ﬁ;ﬁ@

Y. LRE BUEMR IS BG PH AR e TL W R B P K CGH F O

B SD: M WT . BB ; SS X AT FE S B F. 447 71 NLV,

RYEREH NSV /DG RBH s ALV RAEE B ASV /N EE R B MT UL ZUS

Y: Yield; LRI:
height;

Lodging resistance index; PH: Plant height; IL:
SD: Stem diameter; WT: Wall thickness; SS: Stem filling degree; F: Breaking strength; NLV: Number of large vascular bun-

Internode length; P: Spike length; CGH: Center of gravity

dles; NSV Number of small vascular bundles; ALV: Area of large vascular bundles; ASV: Area of small vascular bundles; MT: Me-

chanical tissue thickness.
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Fig. 10 Correlation analysis of spring wheat yield and lodging resistance index under drought stress
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Table 3 Parameter path analysis of yield and lodging resistance under drought stress
22 it fERE T Eﬁzﬁﬁ$%§& Inclir@t}ggéi?j%cicnt b‘&%%éﬁ(
Do R LUGRE : couton
X Xo—» Xs—1 X6—5 Xg—1
Y, X3 0.839 0.564 0.564
X6—3 0.147 0.322 0.322
Y, Xs—1 0.797 0.033 0.147 0. 180
Xo2 —0.137 —0.019 —0.191 0.210
X6-1 0. 180 —0.011 0. 147 0.158

X B X 50 2 WK s X o1 58 1 WIMBEIR ; X5 . 58 5 WIMBEIR ; Xo— 1 58 1 WIRPLHT J15 Yy 7 B Y, HUBEHRIE AL
X5 : Spike length; X, »: Length of internodes 2; X4 1: Wall thickness of internodes 15 X 5: Wall thickness of internodes 5;

X 1: Breaking strength of internodes 1; Y;: Yield; Y, : Stem lodging resistance index.
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