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Effects of soil water stress on morphological development and yield of maize
BAI Li-Ping', SUI Fang-Gong?, SUN Zhao-Hui?, GE Ti-Da?, LU Yin-Yan?, ZHOU Guang-Sheng'"
(1. Laboratory of Quantitative Vegetation Ecology, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China; 2. Laiyang
Agricultural College, Laiyang, Shandong 265200, China). Acta Ecologica Sinica,2004,24(7):1556~1560.

Abstract : Aridification might be enhanced under climatic change in the future, and it might seriously affect maize., one of main
food and the most important forage crop in China. Understanding the possible responses of maize to drought is very important
for making scientific strategies in order to mitigate negative effects of climatic change. Thus, simulating experiment on the
responses of maize (Zea mays) to different soil water stress levels was conducted by pond cultivation at neutral loam, meadow
soil. The soil water levels were designed as three levels by relative water content (RWC): 75 % ( control, full water supply or
well-watered), 55 % ( moderate water stress) and 35 % ( severe water stress) from maize seedling to maturity by controlling
irrigation and the mobile rain shelter. The morphological characteristics, growth, development and yield of maize under
different soil water levels and different growth stages would be analyzed in this paper. The results indicated that the intensities
of the drought stress effects on maize rely on its drought intensity, drought duration and growth stage. The longer and more
severe the water stress is, the more serious the effects on crop are. Moderate water stress would not change significantly its
plant height and biomass production before the big flare period of maize; however, it would seriously decrease its height and
biomass from big flare to tasselling as well as filling periods. Severe water stress would seriously affect its height and biomass
production from shooting to filling periods. It would deteriorate its ear characteristics, and decrease significantly ear kernel
number and 100-kernel weight as well as economic yield of maize. It implied that limited controlling water (moderate water
stress) is feasible before big flare period of maize. The results also showed that drought stress before big flare period of maize

would postpone obviously growth process of maize. Especially, severe water stress would delay 4 days or so for tasselling and
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silking stage compared to that under control treatment, and resulted in the postponement of its maturation.
Key words : water stress; maize; morphology; yield; climate change
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Table 1 The plant heights of different water treatments during maize growth and development(cm) *
Treatment Shoo‘ling Small‘flare Big fllare Booting Early slage of Early‘p'eriod Middlc? }l)eriod
period period period stage tasselling of filling of filling
H 47.02a,A 54.8la,A 70.37a,A 97.90a,A 130. 10a, A 180. 87a, A 182. 85a,A
L 43.93b,A 52.40b,A 64.03b,B 86.83b,B 107. 40b,B 157.00b,B 163.21b,B
D 38.40c.B 47.32¢,B 54.37¢,C 70.90c,C 92.87¢,C 137.90c¢,C 140. 53¢,C
*H ( s 75%) ;L ( 55%):D (
35%); Newman-Keul (q ) 0.05 s 0.01

(

H )

) H represents full water supply or well-watered (control, the soil relative water content is 75%); L

represents limit water supply or mild water stress (the soil relative water content is 55% ), and D represents severe water stress (the soil relative

water content is 35%); The results by Newman-Keul’s multiple range test (q test)show that small and big letters respectively represent

significant at 0. 05 and 0. 01 probability levels. Same letter shows not significant difference and different letter shows significant at 0. 05 or 0. 01

probability levels (the same below)
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, N 2 (mm)
H 5.4 mm, L Table 2 Effect of soil water stress on stem diameter during different
3.3mm) D¢ 1.3 mm).D N maize growth periods(mm)
’ ’ Early period Early period Middle period
Treatment . 1 -
’ ’ ° of tasselling of filling of filling
o H 24.9 a, A 21.6 a,A 19.5 a. A
2.3 L 21.4 ab,AB 19.8 b, A 18.1b,B
D 17.7b,B 17.3 ¢,B 16.4 ¢,C
,L. D H N
C 3. N 60%(10.8 ) L H s
D N 4d, ( )
3 N
Table 3 Effect of soil water stress on the plant numbers of maize tasseling and silking
Date
Treat Plant ¢ 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 23. 25.
ment  number Aug Aug Aug Aug Aug Aug Aug Aug Aug Aug Aug Aug Aug Aug
. 1.3 2.0 3.0 4.0 5.7 6.5 8.7 10.5 12.8 14.0 15. 8 17.3 18.3
Tasseling
N 0 0.0 0.5 0.7 1.3 3.7 5.3 5.3 6.8 8.0 10.5 12.5 15.3 18. 0
Silking
- . .0 0.3 1.0 1.0 2.8 3.0 4.8 6.3 9.5 10. 8 12.5 14. 8 17.0 18. 0
I Tasseling
. 0 0.0 0.0 0.3 1.3 1.8 2.3 3.0 5.8 6.5 9.3 11.3 15.0 17.5
Silking
o~ . .0 0.0 0.0 0.0 0.7 0.7 1.7 1.7 4.7 5.3 5.7 7.3 11.3 14.7
Tasseling
D
- 0 0.0 0.0 0.0 0.0 0.3 0.3 1.3 3.0 3.5 55 6.3 8.3 12.0
Silking
2.4
B s H>L>DC 4),
s D H s D L.L H .
’ o ’ b
9 b
4 ( g/ )
Table 4 Effect of soil water stress on biomass production of maize (fresh weight over ground, g/plant)
Treatment Shooting period Big flare period Early stage of tasselling Early period of filling
H 41.17a, A 155. 00a, A 410.12a,A 777.67a, A
L 29.00b,AB 99. 33b,AB 322.15b,B 601. 33b,B
D 21.57b,B 50. 00c,B 173.16¢,C 244.33c,C
2.5
s D<L<<HC 5).D H 60.2% 40.8%;
H D N 5.18cm.0.84 cm 5.09g., L o s
s s , s
3
, , s s
[1~12]D s . R
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Table 5 Effect of soil water stress on the ear characteristics and economic yield of maize
Ear length Ear diameter Ear kernel 100-kernel Economic yield
Treatment i
(cm) (cm) number weight(g) (g/m?)

H 18. 33a,A 4. 11a,A 33%a,A 28.77a,A 665. 58a, A

L 16.72b,B 3.88b,A 298b,A 27.98a,A 529.78b,B

D 13.15¢,C 3.27¢,B 204c,B 23.68b,B 271. 74¢,C

b b 9 b
b 9 b o ’
o . b b
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