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Effects of Drought Stress on Yields and Soil Characteristics in Different Spring Wheat Fields
FANG Jing'**, ZHAO Xiaoqing'***, SHI Gongfu', WEI Shuli"***, CHENG Yuchen****, ZHANG Xiangqian>**,
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(1 School of Life Science, Inner Mongolia University, Key Laboratory of Herbage and Endemic Crop Biotechnology, Ministry of
Education, Hohhot 010020, China; 2 Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Hohhot
010031, China; 3 Key Laboratory of Black Soil Protection and Utilization (Hohhot), Ministry of Agriculture and Rural Affairs,
Hohhot 010031, China; 4 Inner Mongolia Key Laboratory of Degradation Farmland Ecological Restoration and Pollution
Control, Hohhot 010031, China)

Abstract: To investigate the impacts of drought on the yields and soil characteristics of different crop varieties, this study
selected six spring wheat varieties with varying degrees of drought resistance. Two water control treatments, namely drought
(rainproof shelter) and control (regulated watering), were implemented, and the differences in yields and soil characteristics under
drought stress among the spring wheat varieties were systematically analyzed. The results showed that drought significantly
affected soil nutrient contents, enzyme activity, microbial biomass, and wheat yield (P<0.05). Under drought conditions, the
contents of soil total nitrogen and organic carbon, the activities of sucrase and alkaline phosphatase, and microbial biomass
carbon, nitrogen, phosphorus were significantly reduced, while the contents of total potassium and phosphorus, and the activities
of catalase and urease were significantly increased. C:N, C:P, and N:P ratios ranged from 10.23 to 14.13, 4.03 to 7.42, and 0.39 to
0.56, respectively. Both Longmai 36 and Longmai 33 showed relatively small variations in these indicators, with Longmai 36
achieved the highest yield (5 699.14 kg/hm?) under drought conditions. Principal component analysis and correlation analysis

indicated that drought was the primary factor causing differences in yield and soil indicators, with organic carbon being a key soil
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factor influencing spring wheat yield. In summary, Longmai 36 and Longmai 33 showed certain potentials in alleviating the

adverse effects of drought on soil nutrient balance and yield and are suitable spring wheat varieties for planting in the dry farming

areas of the western Greater Khingan Mountains.

Key words: Drought stress; Spring wheat; Yield; Soil nutrient; Soil biological character

T RS K LT R EE N A RIED,
P, 2| 21 MR, SERFEHEBEEM 1% ~
23%, XA A2 R Ge v MAFLE HXE LU i i ),
INZE (Triticum aestivum LEREREE KM E/EY
KR EZE R A, HET T 52 ol 2/ N2 A K
Mk E R EEAREY G 2 —P Fit, 556 fisk
BA S PR/ SR AR OUR R T 5 A 5T
B [ B R R TN P R ) R AR

- BRI A R S TR AR AR AR T A DG
PRI ki, R AR S BRI %4 (01T
B, o FEAIEHAEY R Rk . RS RS &
RRIFEAT TR R, C i NLC
PN : P W AFE—& FEEE b 3RAE T3R50 n] B A5
FAEG AR, T 5 ) S R AR A (4 6 Ak
B AR PIR A WL SRR R AL R, DT R
fRAEYIRT 13 N P o Z R AR S fb 2z iy
AENA S — O, - SRR A e R A
MR A OCHEN, XIS RE A R, —E R
T e ) 3 A SR, AT R AR R R S
A B T RE /R A B K 4 B o TR L AT
PEEFERT, i 2R T S 0 HA A T Song
SR GE J B L 7K 0 At b i S AT AR R K A
BN . WERR S A 2 A KB B 0 S

B2, TR sk R 1Ese a0 R

FAZIRBUNE A, X TR B i S 2 TR o)
HAREZE N BT, ATEE M 6 MR IR
AR AR/ N b b, AT 5 (SR R ) MR B A 4
#IK)2 FOK T PERIAL B, RGETSE T T XA [
/N T IR | LA R R i R TR
T RO N A BN F AR Ak
BT R AL T e K™ R X K S B ik A A8 A0 B AH
RICFR, LA e Y T B2 AR A v 7 A B A
SR IR /INAE AR, AP /INE iR B4 O 0 R T
SETE SR BRI , I RS VU RE FAE X R /N A A A
PR LT IR R

1 HREH®

1.1 R XER

RIS XA T ST H IR AR POl R BE e T
+ 548 5 AR A SR IR 5 0 (120°48E
49°55'N, 4R 650 m), %X HAL Hp iR T R A
X, AEFRSIRA K 2.2 °C, JCFEWI 90 ~ 105 d, 4F
S H BRI 2 589 h, 2019 4EH/NE 4 E T B K
O 223.9 mm(&l 1), TIERACH RS 1, EIAAN
UV I Gl NS I 0 w1 v L e
FHAT 0 ~ 20 cm + )2 H3EFEREAE T WL3& 1.
1.2 Rt

KT 2019 4F 5 H 5 HIFRE, RARXEIT,

REE N TR VEYE K 2T ARE T F S ey 35 12 D403, FR0Hh 2 ok pabBE . +5(HC).
HAERE 2T MEY =R E e 2yt HIRCK); RN 6 AT RIEA TR /N2
T e H kR o . 1%

— 30l e H EF-:V,] /T.(El.l - .... o Py .'.hﬁ.o K : -

g : cr 4 g ‘o e ¢ ® o o | 20 g:)’

— e O o ® .. °® .o.\o\: ° uc|
EL:! 20 ¢ ® o o ¢ % ® ° ° -’ S.' r
g (T . v 110 ﬁ
- 10 e .. Sl ‘ EE[

ol II 1 I_IIII. 1 | JL 1 1 .IlII III || 0
RN - B CHEN - B ARSI B I B

o o) o &) S o o\ A A o ® S
> %Q\q\ %Q\q\ S %Q\Q\ %Q\q\ > q9\9\ qp\q\ N q9\“\ q9\°’\

H (#//8)
1 2019 EF/NEZLEEFHEBKERBEESRESHE

Fig. 1 Distributions of daily precipitation and mean temperature during the whole growth period of spring wheat in 2019
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£1 2019 FiRIX 0~20 cm HIEEFAE H

Table 1  Soil basic fertility of 0-20 cm soil in the test area in 2019
+)2 AL R AR R £ e pH
(cm) (g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg)
0~20 57.82 37.26 21.25 195.83 2.39 0.60 6.8

(#2). A 3 WRES, Hit 36 T/NX, B/
XEFR 9Om®, XAMMEHR 0.5m, WHE 1 m ity
170 FERIET, MULBRERE T 1585557, fRUEI0 A0 3
A5 /NX 318 3 b F [ — 7K o RIBLAEAE R, 1%
Fig ol 300 kg/hm?®, JRE . BEFR %% . BRFEREN AFPAE
A, WA N 60, 180, 30 kg/hm?, J5HIAE

JE . SR W T 0 ~ 20 em BFZ T3 TR S K R IE
2RI TRE RS . TR BT R /N R (7
A 4 IR EIE/NEIFALEIAT A 25 Bz, 4t
22 do X RS T R /E RN AT, TR+
TR S K R RIAE 8% ~ 12%,  Xof M b 3 - 39 Jo
B K BEEHRITE 25% ~ 30%(F 3).

£2 6N EHNEMMBATREKIR

Table 2 Names and origins of 6 spring wheat varieties

75 SRR AR HE G SHe Y5

1 Je# 36 5 (LM36) A 2013001 BpiT

2 e 33 5 (LM33) H % # 2010022 BEy/RIN

3 E T 40 5 (DX40) [ % % 2009032 HoR

4 K 2 5 (NM2) [ 1 2 2006030 e

5 M 12 5(BM12) S 2015002 AEd

6 M4 5 5 (BF5) [ 7 2 2009028 e

#3 TELETEHENEZHIERESKEEN(%)
Table 3  Soil mass water contents in spring wheat fields under drought treatment

fib 3 20224E7H 4 H 20224E7H 10 H  20224E7 A 15H  20224E7H 22 H 20247 H 26 H
CK 18.33 19.85 25.30 29.89 29.12
HC 18.33 16.15 13.84 11.01 10.83

. CK AL KM@ H 11 B, 7 A 16 B), #kE RGN 3 WEEL 2m’,

1.3 HEmRERMNEFE
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K, fETEACFERY 22 d i, gkt 5 R R
FKE W 3).
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T e Y A U
1.4 HiE4bIE

K Excel 2010 #4190 B8 158 S ge it 534 ;
FIFH SPSS Statistics 22 /A4 UE1T B 2 5 22(ANOVA)
FVMSTAEAS ¢ A6 5643 BT LA 9 b B 22 ] 1) 25 7 b 2
:(a=0.05); 2K GraphPad Prism 8 5 OriginPro 2021
VR X /INAZ B A R K 7= s 45 i b A 7 AH DG 1
RIZE IR S 4T, ] Mantel test 4556 W P AH GG
%, ffi[ R version 4.1.3 11 ggplot2, linkET 454k
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Table 4 Effects of drought stress on yields and its component factors of different spring wheat varieties

b3 i HEL (10%hm’) BB %R FHE () FPRIF= R (kg/hm?)
CK LM36 47740.02a 39+0.82 ab 41+0.82b 7555.52+427.49 a
LM33 478 £0.03 a 42+082a 4441700 7321.17 £650.26 a

DX40 484+0.05a 37+2.16 be 49+283a 7109.85 + 407.42 ab

NM2 475+0.02a 33+3.56 cd 43+2.94b 6257.24 = 586.76 ab

BM12 438 +0.03b 31+2.83d 43+£2.16b 5609.36 £ 176.90 b

BF5 4.74+0.10 a 32+1.41d 33+1.63¢ 5013.97 £568.50 ¢

HC LM36 4.51+0.03a 32+249a 35+0.82b 5699.14 £523.35a
LM33 4.53+0.07a 30 +2.16 ab 36t1.41b 4662.41 £91.58b

DX40 455+0.02a 27+ 1.41b 34+0.82b 4707.52 £263.38 b

NM2 435+0.11b 17+0.82 cd 40+2.16a 3424.65+626.11 ¢

BMI2 4.50+0.07 ab 15+1.41d 35+£3.74b 2529.04 + 242.48 d

BF5 4.47 £0.05 ab 20+ 0.82 ¢ 26+294 ¢ 245948 £167.23d
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Fig. 2 Effects of drought stress on soil nutrient contents in different spring wheat fields
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Fig. 3 Effects of drought stress on the stoichiometric characteristics of soil elements in different spring wheat fields
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Fig. 5 Effects of drought stress on soil microbial biomass in different spring wheat fields
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Fig. 6 Principal component analyses (A) and correlation network heat map analyses (B) of different spring wheat yield and soil indexes
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