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Effect of Irrigation Methods and Quota on Morphological
Characteristics of Alfalfa in Wulanbuhe Sandy Region

BAI Wen-Ming (Laboratory of Quantitative Vegetation Ecology, Institute of Botany, Chinese Academy of
Sciences, Beijing 100093, China). Acta Ecologica Sinica,2002,22(8) :1247~1253.
Abstract: Wulanbuhe sandy region is in Northern and Northwest of China with 10°hm” in the area. It is the
typically farming-pastoral zone, and also ecological weak zone. The deepening control sandification and
protect ecological and environmental understanding with implement “western China development ”
stratagem, so it is an urgent requirement to returning cultivated land to forests or pastures in some
regions. The problem of how to scientifically utilization for limited water resources and melioration
ecological and environmental continually are urgent requirement to important project currently. Alfalfa
(Medicago sativa L. )is commonly called “ kings of forage crop”, with high adaptable, developed roots and
high yield. Alfalfa is commonly known not only as a high quality forage crop. but also a plant can
amelioration soil and control winds and sand. Thus, the problem of scientifically utilization for water
resources and protect ecological environment in this sandy region has become very important operation
significance through research on the relationship between the biological specificity of alfalfa and water
utilization.

The experiment was carried out in Dengkou Ecological Experimental Station (41°21'9.9"N ,106°53’
34. 3"E; elevation 1050m) of China Agricultural University in Dengkou, Inner Mongolia from March to
October, 1999. Zhunger alfalfa was used and drilled on April 23, 1999, with 3 cm in depth, 25 c¢cm in
width and 22.5 kg « hm ™ ? in sowing quantity. Urea of 150 kg * hm ? and calcium super phosphate of 600
kg « hm * were applied to each treatment before sowing. Three irrigation treatments (W1,W2,W3) were
arranged in different rectangular plots of 10 X 24 m?, with 0.5 m isolation between two plots. The
observation items including: (1) Plant height and number of stems: were counted the number of stems and

each individual plant height in the marked 25cm X 25cm sample square were measured in each plots every 7

(G2000018607) ; (KSCX1-08)
:2001-04-17; :2002-01-28
(1969~), s s . . E-mail :bwming
@yeah. net



1242 22

days. (2) Dry weight of roots: were sampled every 10 cm soil layer in 25X 25 cm? sample square every 15
days with 5 replicates. Oven-dried at 105 C to constant weight before weighting. (3) Leaf area index: were
measured every 7days in 25cm X 25cm sample square with 3 replicates. The calculation methods of leaf
area: leaf area = leaf blade length X width X 0. 71.

The effect of irrigation methods and quota on morphological characteristics of alfalfa in Wulanbuhe
sandy region was considerable. The results showed that: the effect of irrigation methods and quota on
plant height and root length and aboveground biomass was different. In the growth season, plant height of
W3 was lowest, those of W1 and W2 were higher. Root in W3 elongated quicker than that in W1 and W2
after flowering stage, and reached its maximum value of 107. 60 cm at the end of its growth season. The
aboveground biomass of W2 was highest over the growth season. Thus, more aboveground biomass could
be harvest when alfalfa was irrigated by sprinkling method than certain quota, much water could be saved
compared with flooding method.
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Table 1 Experimental treatment

C /D

Treatment Irrigation Trrigation time Irrigation
frequency - quota(mm)
w1 3 (22/6 ) (24/7) (12/8) 133
Flooding W1 Bifurcation stages  Flowering stages  Productive phase
w2 3 (22/6) 24/7) (12/8) 103
Sprinkler W2 Bifurcation stages  Flowering stages ~ Productive phase
W3 1 ©24/D 33
Sprinkler W3 Flowering stages
25 em X 25 cm s s 10 cm
N s 105 C 1h, 55C 48 h, o 154 1
5 .
= X X0.71, s
A T 5 .
1.3
3 (ANOVA), ,
(Duncan’s multiple-range test) .
2
2.1
, C 2, s
Wi, W2 W3 (ANOVA,F=5.777,P<0.0175), W]I W2 3 3
(ANOVA,F=12.228,P<C0.0013); 3
(ANOVA,F=4.275,P<C0.0396) o s W3
3 w2 s
W1 C D,
2
Table 2 F value and probability levels for plant height of alfalfa in analysis of variance
( ) n (MS) P P
Independent variable Source Degree of freedom Mean square
(22 Jun) Model 2 8. 456 0. 969 0.5178
Bifurcation stage Error 12 12.155
(12 Jub Model 2 200. 994 5. 777" 0.0175
Flowering stage Error 12 34.793
(3 Aug) Model 2 449. 846 12.228* 0. 0013
Productive phase Error 12 36. 788
(26 Aug) Model 2 191. 661 4.275” 0. 0396
After productive phase Error 12 44. 829
*P<<0.05 ,** P<C0.01
2.2
; C 3.
s Wi W2.W3 (ANOVA,F=8.305,P<C0.0187),
Wi1>W2> W3, W1 1130.7 W2 821.3

W3 693.3 s s
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Fig. 1 Effect of different water treatment on the plant
height in alfalfa
s W2 W1.W3
Wi. Flowing W2~W3. Sprinkler
(ANOVA,F=9.833,P<C0.0030),
W2 W3 (ANOVA,F=15.153,P<C0.0242),
(ANOVA,F=29.532,P<<0.0001)C 5), s
W2 > W1 > W3, 702.08 g+ m *,571.20g * m %,402.88 g+m *( 2),
3
Table 3 F value and probability levels for number of stems of alfalfa in analysis of variance
( ) [GFD) (MS) » P
Independent variable Source Degree of freedom Mean square
(22 Jun) Model 2 2 Sl 0.146 0. 8670
Bifurcation stages Error 6 14. 444
12 Jub Model 2 1. 444 0. 030 0.9702
Flowering stages Error 6 47. 444
(3 Aug) Model 2 165. 333 3.126 0.1174
Productive phase Error 6 52. 889
(26 Aug) Model 2 592. 444 8.305" 0.0187
After productive phase Error 6 71. 3330
* P<0. 05, * * P<0. 01
4
Table 4 F value and probability levels for leaf area of alfalfa in analysis of variance
( ) s (MS) F p
Independent variable Source Degree of freedom Mean square
(22 Jun) Model 2 0.014 0.512 0.6120
Bifurcation stages Error 12 0. 027
12 Jub Model 2 0.028 0. 648 0. 5405
Flowering stages Error 12 0.043
(3 Aug) Model 2 0. 269 5.278" 0.0234
Productive phase Error 12 0.051
(26 Aug) Model 2 0. 424 6.143" 0.0149
After productive phase Error 12 0. 069

*P<<0.05, " *P<0.01
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5

Table 5 F value and probability levels for above ground biomass of alfalfa in analysis of variance

( ) dn (MS)

Independent variable Source Degree of freedom Mean square f r
(22 Jun) Model 2 0. 054 1.191 0. 3374
Bifurcation stages Error 12 0. 045
12 Jub Model 2 3.756 9.833" " 0.0030
Flowering stages Error 12 0. 382
(3 Aug) Model 2 9.425 5.153* 0.0242
Productive phase Error 12 1. 829
(26 Aug) Model 2 444.938 29.532** 0.0001
After productive phase Error 12 15. 066

*P<<0.05 ,**P<C0.01
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Fig. 2 The dynamics for aboveground biomass of
’ alfalfa under different water treatment
C D,
> W2 > Wi, 516.86 g * m *,445.25 g+ m *,301.57 g+ m °,
6
Table 6 F value and probability levels for root length of alfalfa in analysis of variance
( ) s (MS) r P
Independent variable Source Degree of freedom Mean square
(22 Jun) Model 2 123.293 4.587" 0.0331
Bifurcation stages Error 12 28. 881
(12 Jub Model 2 156. 217 8.259" " 0. 0056
Flowering stages Error 12 18. 915
(3 Aug) Model 2 314. 633 8. 187"~ 0. 0057
Productive phase Error 12 28.429
(26 Aug) Model 2 557. 882 8.993" " 0. 0041
After productive phase Error 12 62.038
*P<<0.05,* " P<C0.01
2.7
(WUE) We) Wer)
(kg ¢ mis) ’ :WL"E:W(,/WETQ ’ ’
Wi =Ws + R+1— W,
W W, 1.2m (mm) ;R (mm) ;1

(mm),
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Table 7 F value and probability levels for root weight of alfalfa in analysis of variance
( ) n (MS) F p
Independent variable Source Degree of freedom Mean square
(22 Jun) Model 2 05002 1.197 0. 3357
Bifurcation stages Error 12 0.010
12 Jub Model 7 0.279 1. 157 0. 3474
Flowering stages Error 12 0.242
(3 Aug) Model 2 2. 388 2.596 0.1157
Productive phase Error 12 0. 920
(26 Aug) Model 2 58.696 39.157** 0.0001
After productive phase Error 12 1. 499
*P<<0.05,* " P<C0.01
0~30 cm s
s Le.151 Matthias
s W2 W3 s W3 o
,Grimes 1992 s
s 18] Ottman 1996
N 12 s s s
[17]
o s s
W2 w1 1/3~1/4 s Wi,
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