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Fig.1 Distribution of planting time in different rotation patterns
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Table 1 Analysis of differences in the indicators of different rotation patterns
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FE ¥R Index Tl T2 T3
+3 4% Soil total nitrogen (g/kg) 0.49 0.53 0.50
+355E 2% Soil available phosphorus (mg/kg) 7.14 9.73 9.87
+-3E P Soil available potassium (mg/kg) 64.10 70.27 77.87
LA ML Soil organic matter (g/kg) 6.84 7.83 7.42
P, [umol/(m?-s)] 21.58 22.85 25.50
Gs [mmol/(m?'s)] 0.98 1.13 1.05
C; [umol/(m?-s)] 280.64 304.18 299.76
T [mmol/(m?-s)] 3.45 4.12 3.77
R 2315 77 Root vigor [ug/(g-h)] 92.20 111.32 96.83
FRK: Root length (cm) 334.49 392.98 361.24
FRFTHF Root surface area (cm?) 63.07 99.87 88.38
FRA&FH Root volume (cm?) 1.72 2.25 1.91
B4 Population (x10%/hm?) 51.40 52.30 56.75
Hi% Spike number (x10%/hm?) 338.40 417.45 536.25
FERIEL Grain number per spike 40.42 44.50 39.92
FHiE 1000-grain weight (g) 49.48 47.90 40.80
77 Yield (kg/hm?) 5737.36 7563.43 7423.36
HI 0.45 0.52 0.48
= T1 - T3 - T4
(a) 18¢ (b)  40.0r
1.6} @
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=4 =
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L JZE Soil depth (cm) +JZIRE Soil depth (cm)
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Fig.2 Effects of different rotation patterns on soil nutrient content
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25.99% Fl 46.23%, T1 kb EE 73 5 FEAK 19.55% il
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0.0
701

6.0
50r
401
3.0
201
1.0

—~
o
=

T. [mmol/(m?s)]

ZAREY
Booting
stage stage

FEIEM
Anthesis

WETd  HEJE14d
7 days after 14 days after
anthesis anthesis

£ EH #H Growth stage

F =B ARNG FREZFORA R BRI Z R 8% (P<0.05) . T,
Different lowercase letters in the same growth stage indicate significant differences among treatments (P < 0.05). The same below.
B3 TERIERXINEAESFERIFNE

Fig.3 Effects of different rotation patterns on photosynthetic characteristics of wheat
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T1 AbFAHEL, T4, T2 1 T3 &EFRR/NER RIE
R 37.98% 20.74%H1 5.02%. MAEIA BN
KE, TR FEAERE IR RS & T HAd

—— T2

HRE&E )
Root vigor [pg/(g-h)]

F1 65.05 pg/(g-h).

W5 LB R ERE, RABRDERKC, ]
T AR AR AR B e 18 0 5 AR e #, 4
U — JFE A B, BEJE R (R 2) « AR

200

160

120

(o}
(=]

I
=

(=]

—— T1

- T3

BRI, HUCNIRAT, )5 20d &IK. e
WL AT, )5 10 d RFPIAAE G 20 d P/
FRARIE S9N 159.56. 116.38. 111.11. 82.36

== T4

R

Regreening stage

Fig.4 Effects of different rotation patterns on root vigor of wheat

Table 2  Effects of grain-mushroom rotation pattern on wheat root system

et ]

Jointing stage

TFAE
Anthesis stage

£ H H Growth stage

1eJE10d

1eJ520 d

10 days after anthesis 20 days after anthesis

B4 TERIERXINEIRFRFEHHOZMN

FARR T, T4 AB ARG, AR mAR AR AR AR

®2 RBERERAINEZRARNZMN

K. 5 T1AFEAEL, AW T2, T3 1 T4 &b
FRIRR K2 42 5 29.06% 28.61%F11 41.90%; iR
AL PRI ZRERD T A 3 ) A 3 R TR A SR

4 E M Growth stage

KPR Treatment  #R4 Root length (cm)

TR Root surface area (cm?)

HRA&FN Root volume (cm?)

#4H Overwintering stage

JB 7 #] Regreening stage

P71 Jointing stage

Zaf#Y Booting stage

FFAEHA Anthesis stage

1€/ 20 d 20 days after anthesis

T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4
T1
T2
T3
T4

151.32+2.30Bc¢
195.30+2.15Aab
194.61+3.12Ab
214.73+4.26Aa
225.08+1.85Bc¢
322.81+2.61Ab
260.67+1.89Bc¢
351.20+2.01Aa
340.22+7.10Bd
408.73+6.62Bb
366.22+7.01Bc
519.32+6.14Aa
520.31+8.60Bc
569.73+9.34Bb
543.22+7.47Bc
629.36+6.04Aa
513.14+3.62Cd
581.23+5.21Bb
533.40+4.89Cc
633.75+6.74Aa
256.88+2.87Bd
280.12+2.65Ab
269.34+1.67Bc
310.02+3.47Aa

29.65+0.89Bc¢
33.51+0.18Bb
31.23+0.56Bb
38.42+1.12Aa
25.75+0.55Cc
32.21+0.84Bb
38.01+0.65Aa
40.03+0.88Aa
82.45+2.13Bc
150.39+3.64Aa
111.12+5.24Bb
140.46+3.91Aa
93.06+2.46Bc
161.39+3.12Aa
143.22+3.89Ab
156.46+4.05Aa
102.11£1.06B¢
165.36+1.23Aa
150.35+1.89Ab
160.35+1.45Aa
45.41+0.46Bc
56.38+0.53Ab
56.33+0.49Ab
65.49+0.38Aa

0.21+0.02Bc
0.32+0.01Ab
0.32+0.01Ab
0.37+0.02Aa
0.25+0.01Bc
0.36+0.02Ab
0.34+0.01Ab
0.39+0.02Aa
1.23+£0.04Bc
2.35+0.03Aa
1.67+0.02Bb
2.26+0.03Aa
2.46+0.04Bc
3.15+0.03Aa
2.66+0.02Bb
3.12+0.03Aa
3.26+0.01Ac
4.14+0.02Aa
3.49+0.03Ab
4.23+0.02Aa
2.88+0.01Ad
3.16+0.02Ab
2.96+0.01AC
3.47+0.01Aa

AFEKS NEGFRHIRRE P<0.01 1 P<0.05 K FEREZ. FFE.

Different uppercase and lowercase letters indicate significant differences at the P < 0.01 and P < 0.05 levels, respectively. The same below.
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EAE . R VERLN AR 3R 10 AR E BT A I B 35K
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Fig.5 Effects of different rotations on the dynamics of wheat population development
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Fig.6 Heat map of correlation of different
physiological indicators and yield
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Fig.7 Correlation between different
physiological indicators and yield
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Effects of Grain-Mushroom Rotation Patterns on
Soil Nutrients and Growth Characteristics of Wheat

Song Xiao', Zhang Keke?, Guan Hanwen', Li Qingxin',
Kong WEeili?, Liu Qin?, Zhang Yuting?, Zheng Jingkang?
("Institute of Plant Nutrient and Environmental Resources, Henan Academy of Agricultural Sciences,
Zhengzhou 450002, Henan, China; 2Institute of Edible Fungi, Henan Academy of Agricultural Sciences/

Key Laboratory of Evaluation and Utilization of Germplasm Resources of Edible Fungi in
Huang-Huai-Hai Region, Ministry of Agriculture and Rural Affairs, Zhengzhou 450002, Henan, China)
Abstract  To clarify the effects of different grain-mushroom rotation patterns on soil nutrients, wheat
physiological traits, growth dynamics, and yield, a field experiment was conducted from 2021 to 2024 with four
rotation treatments: T1, wheat-maize rotation (wheat-maize—wheat—maize—wheat); T2, one-year mushroom
rotation (wheat—maize—Stropharia rugosoannulata—maize—wheat); T3, alternate-year mushroom rotation
(Stropharia rugosoannulata—maize—wheat—-maize—wheat); and T4, continuous two-year mushroom rotation
(Stropharia rugosoannulata—maize—Stropharia rugosoannulata—maize—wheat). The results showed that grain-
mushroom rotations had significant influences on soil nutrient status and crop growth. In the 0-20 cm soil layer,
compared with T1, T2, T3, and T4 increased soil total nitrogen, available phosphorus, available potassium, and
organic matter by 5.26%-11.65%, 48.98%-74.61%, 23.41%-48.21%, and 13.13%-23.99%, respectively, and the
nutrient advantages remained evident in the 20-40 cm soil layer. Grain-mushroom rotations also significantly
enhanced wheat photosynthetic capacity. The net photosynthetic rate, stomatal conductance, intercellular CO-
concentration, and transpiration rate were all highest under T4, reaching 28.52 umol/(m?s), 1.27 mmol/(m?'s),
318.47 umol/(m?-s), and 4.68 mmol/(m?-s), respectively. Compared with T1, T4 increased wheat root vigor, root
length, root surface area, and root volume by 37.98%, 32.46%, 58.87%, and 34.50%, respectively. Grain-
mushroom rotations significantly increased wheat population and spike number, increased the harvest index by
0.03-0.07, and reduced the 1000-grain weight by 1.03-8.68 g. Compared with T1 treatment, wheat yields under
T4, T2, and T3 treatments increased by 68.38%, 31.83%, and 29.39%, respectively. Therefore, grain-mushroom
rotation had considerable potential for soil improvement and yield enhancement. Its beneficial effects may be
attributed to improved soil fertility, enhanced root activity and canopy photosynthetic capacity, and more
efficient utilization and conversion of light, temperature, water, and nutrient resources, thereby optimizing wheat

population structure and ultimately increasing grain yield.

Key words Rotation pattern; Wheat; Soil nutrients; Photosynthesis; Root system
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