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Effect of Different Straw Returning Modes on the Growth and Physiological
Characteristics of Wheat Seedlings under Freezing Stress in Early Spring
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Abstract: To explore the effect of straw returning on the physiological characteristics of wheat seed-
lings subjected to freezing stress in early spring, a comparative analysis was conducted based on a 15-
year long-term field experiment at the Crop Cultivation Science Observation Station of the Ministry of
Agriculture and Rural Affairs in East China region. From 2023 to 2024, four different straw-returning

modes were evaluated for their effects on the growth and physiological traits of wheat seedlings under
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freezing stress in early spring: full pulverization and surface coverage of wheat straw(T1), full pul-
verization and surface coverage of wheat straw and corn straw(T2), full pulverization and subsoil in-
corporation of corn straw(T3), and no incorporation of either wheat or corn straw (CK). Principal
component analysis(PCA) was employed to construct a comprehensive evaluation model for the effect
of different straw returning modes on the physiological indices of wheat under the conditions of freez-
ing stress(—3 “C) in early spring. The results indicated that straw returning had a significant influ-
ence on the development of wheat spikes and the accumulation of dry matter in above-ground parts
and roots under the freezing stress in early spring. After the freezing injury, compared with CK, the
spike length growth rate in T1, T2, and T3 treatments increased by 36.19% , 40.38% , and 60. 67 %,
respectively. The dry matter weight of above-ground parts and roots in wheat treated with T1 and T3
increased, with an increase rate of 15. 14% and 19. 12% for above-ground parts, and 13.05% and 10. 26 %
for roots, respectively. Compared to no straw returning, straw returning enhanced the antioxidant
enzyme activity and the content of osmotic regulatory substances in wheat leaves and roots under
freezing stress in early spring, while reducing the content of malondialdehyde (MDA). Specifically,
the activities of superoxide dismutase(SOD) and peroxidase(POD) in leaves and roots in T1 treatment
increased, with an increase rate of 140. 08% and 71. 47% for leaves, and 26. 69% and 35. 60% for
roots compared to CK respectively, while the MDA content decreased significantly by 37. 87% and
99.57%. The content of soluble protein and proline in leaves and roots in the T1 treatment increased
significantly, with an increase rate of 40. 55% and 64. 44% for leaves, and 55.11% and 83. 71% for
roots, respectively. PCA revealed that the comprehensive physiological index for different treatments
ranked as T1>T3>T2>CK. In summary, straw returning increased the antioxidant enzyme activity
and the content of osmotic regulatory substances in wheat at the regreening stage, enhancing its cold
resistance, which in turn promoted the development of wheat spikes and the accumulation of plant dry
matter under freezing stress in early spring. Moreover, the full pulverization and surface coverage of
wheat straw was proved to be the most effective treatment.

Keywords: Wheat; Straw returning modes; Young spike development; Dry matter accumulation; An-

tioxidant enzyme activity
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Fig. 2 Response of wheat young spike to freezing stress in early spring under different straw returning modes
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Table 1 Wheat spike morphology under freezing stress

in early spring under different straw returning modes

K Spike length/mm 1K i R
Ab B - Extension
Treatment 7R E T 7E S rate/
Pre-freezing After-freezing (mm=+d 1)
T1 1.3640.03a  1.5840.02a 0.020a
T2 1.33£0.0la  1.554+0.02a 0.020a
T3 1.33£0.04a  1.58%+0.01la 0.023a
CK 1.35£0.01a 1.51£0.01b 0.014b
[ 31 BRI AS ] =7 B 7R R [R] 4k BRE]AE 0. 05 /K- 1 2% 7 W
#. T,

Different letters after the values within the same columns in-
dicate significant differences among different treatments at 0. 05

level. The same in table 2.
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Table 2 Dry matter accumulation in wheat of freezing stress in early spring under different straw returning

T R R

Dry matter accumulation/(g * plant ™)

PR

Accumulation rate/

R L

Root-shoot ratio

Ab 3

Treatment #FE N Pre-freezing

%E G After-freezing

(ged D

Hh 138 A M 13 Hiy 13 & T iR
Shoot Root Shoot Shoot Root Pre-freezing After-freezing
T1 0. 89a 0. 58a 1.17a 0.72a 0.025a 0.013a 0.65a 0.61a
T2 0.92a 0.52c 1. 14ab 0.67ab 0.021a 0.014a 0.57a 0.59%a
T3 0.92a 0. 56ab 1. 21a 0.70a 0.026a 0.013a 0.61a 0.58a
CK 0. 89a 0. 54bc 1.01b 0.63b 0.012b 0.009b 0.61a 0. 62a

oM - Leaf W % Root
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R EAL Y B LB TE
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500

400

300

200+
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100 T1T T2 T3 CK

P Treatment
30r it

24}
18 b b b

12}

[ o
MDA (umol-g™)

T1 T2 T3 CK
Ab3 Treatment

Pl B AN [ < 32 7 Ak B i) 22 57 | 35 (P <C0. 05) . T IA.

Different letters above the columns indicate significant differ-

ences among treatments (P<C0.05). The same in figure 4.
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SOD.POD 1 MDA & £ #2201
Fig. 3 Effects of different straw returning modes on
SOD.POD and MDA contents in wheat under

freezing stress in early spring
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Fig. 4 Effects of different straw returning modes on soluble
protein and proline contents in wheat under freezing
stress in early spring
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LSOD: i SOD i ; RSOD: 4 & SOD i 1 ; LPOD: M- Ji
POD ¥ 1 ; RPOD: ﬂ%%\ POD i #; LMDA: it i+ MDA # &
RMDA: M MDA 4 ; LSP: I i al i #3113 4t RSP: i &
T{ﬁi%ﬁ/\ IPro ”ffﬂﬁ%tﬁ&uﬂi,RPro R &R &

. 7 3 d], K.P<O.05 * % P<C0.01; x * x ., P<C0.001,

LSOD: Leaf SOD activity; RSOD: Root SOD activity;
LPOD: Leaf POD activity; RPOD: Root POD activity; LMDA.
MDA content in leaves; RMDA: MDA content in roots; LSP: Solu-
ble protein content of leaves; RSP: Soluble protein content of root;
LPro: Leaf proline content; RPro: Root proline content. The same in
table 3. * . P<C0.05; * x , P<C0.01; % % % . P<C0,001.
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Fig. 5 Correlation of different physiological indices

of wheat under different straw returning modes
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0.939X,40.310X

F,=0.557X, +0. 741X, 0. 393X, +0. 543X,
—0.929X, —0. 930X, 0. 633X, 0. 333X +
0.192X,40.702X,
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Table 3 Rotational component matrix, initial eigenvalue
and contribution rate of principal component analysis

G i B F S 2
T8 b5 P FEN
p Principal Principal
Indicator
component 1 component 2
LSOD(X ) 0. 805 0. 557
RSOD(X ) 0. 644 0. 741
LPOD(X3) 0. 889 0.393
RPOD(X ) 0. 823 0.543
LMDA(X5) —0.335 —0.929
RMDA(X¢) —0.267 —0.930
LSP(X7) 0.718 0.633
RSP(X5) 0. 886 0.333
LPro(Xy) 0.939 0.192
RPro(X ) 0. 310 0.702
= 4
ASAEAS 7.922 1.076
Eigenvalue
W TR
Variance 79.922 10. 760
contribution rate/ %
Fatr Z kR

Cumulative variance 79.922 90. 682

contribution rate/ %

x4 EFRHEH GEBIRERF

Table 4 Principal component score, composite score and ranking

Trffjfcnt Fy Fe D Rfjl@ng
T1 5.107 2.137 4,754 1
T2 1.176 0.039 1.041 3
T3 2.713 0. 607 2.463 2
CK 0.313 0.037 0. 280 4
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