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Table 1 Laying out schemes of lysimeter Treatments in 2008 —2011
2008 2009 2010 2011
Ab 3R My AbFE S My AbF S Myr s AbF S Wi
Treatments Lysimeter Treatments Lysimeter Treatments Lysimeter Treatments Lysimeter
number number number number number number number number
1 1,15 1 1,15 1 1,15 1 111
2 2,16 2 2,16 2 2,16 2 2,12
3 3,17 3 3,8 3 3,8 3 3,13
4 4,19 4 4,9,19 4 4,6,19 4 4,14
5 5,20 5 5,20 5 5,20 5 5,15
6 6,11 6 7,11 6 7,11 6 6,16
7 7,12 7 12,17 7 9,12,17 7 7,17
8 13,22 8 13,18,22 8 13,18,22 8 8,18
9 14,21 9 21,10,14 9 10,14,21 9 19,21
- - - - - - 10 9,10,20,22
e e RoR MO AR L.
Note: “-” in the table means there is no such treatment in that year.
&2 2008—2011 FARLFHR AWK
Table 2 Waterlogging stress treatments of the experiment on cotton in 2008 —2011
2008, 2009 2010 2011
= EAH] CEAH LEAH
e i 1 k2 i 1l ey ik
Treatments number Bud stage Blossing and Boll opening period Bud stage Blossing and Boll opening period Blossing and
& boll-forming stages & & boll-forming stages s boll-forming stages
Wid Bid B Bi/d wi/d Bid o ¥id Bid o wid Bi/d wild Hi/d wi/d Hi/d
1 1 3 0 0 0 0 1 4 0 0 0 0 1 0
2 35 0 0 0 0 3 7 0 0 0 0 3 0
3 0 0 1 3 0 0 0 0 1 4 0 0 5 0
4 0 0 3 5 0 0 0 0 3 7 0 0 0 3
5 0 0 0 0 1 3 0 0 0 0 1 4 0 5
6 0 0 0 0 3 5 0 0 0 0 3 7 0 8
7 1 3 1 3 1 3 1 4 1 4 1 4 1 3
8 35 3 5 3 5 3 7 3 7 3 7 3 5
9 - - 5 8
10 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0

T R WA RARAEREKERE R 10 em S48 N RMEKTIN, d; <BUd R EHL A /K 58 A HERR 5 N /K AL 4ERFAE 30 em IIBUK IR, do 2008—2010
EHET 9O AMEIIH, 2011 FRE T 10 MEIIA, RrperFoR SRR E IR T % .

Note: “surface waterlogging/d” in the table represents the duration(d) under the flood depth of 10cm;the “subsurface waterlogging/d” represents the duration(d)
under maintaining the groundwater table of 30cm after draining off surface water. The number of treatments from 2008 to 2010 is 9 while there is 10 in

2010.“-” in the table means there is no such treatment in that year.
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Fig.1 Diagrammatic sketch of surface-subsurface separated indexes
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Table 3 Model parameters ¢, o in 2009—2010

HEAR MR FRE AR 2E

7 3t
R c mf o o S 7/d Sample Correlation Relative
Year Deviation/% Deviation/% X X

size coefficient errot/%
2009 -12.7328 2.84 0.1506 169 9 0.9868 2.37
2010 -12.3402 0.33 0.1455 175 12 0.9713 15.26
2009-2010 -12.3809 - 0.146 21 0.9777 11.07
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2011 FFEARBAT T B R, WK T4 5
KR SRR /B B, T v o o H T4 i
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Table4 The cotton growth rate in 2008 —2010

Giv%}litfaﬁge 2 3 4 5 6 7 8 9 10 11 12
2008 2.649 2.728 2.741 1.965 1.965 2.085 1.987 1.479 1.571 1.498 1.357 1.098
2009 2.077 1.9 1.738 1.657 1.441 1.318 1.223 1.105
2010 2.899 2.667 2.252 2.462 2.226 1.786 1.76 1.62 1.598 1.703 1.18

TE: B AR AR BRI 7 T2 SRR I )11 5

Note: the division of growth stages in different years varies with the sampling time of the dry matter.
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Table 5 Parameters of models with different waterlogging indexes in 2009 and 2010

BRIl s e i AT AT 22
. foa iy Correlation L Average relative
Model index Parameter . . Significance level o
Sample size coefficient error/%
(SEWsy, SFW) a=-0.1211 b=0.3657 43 0.3219 0.05 13.98
(SEWsy, SWFDH) a'=0.0814 b'=-0.2642 43 0.3169 0.05 1431
(SFEW3) a"=-0.0916 43 0.3225 0.05 13.77
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Fig.2 Verification of the Morgan model with SEW3, and SFW index
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Table 6 Static models with different waterlogging indexes

s ., AN 7 N e SR R
e BB AT e H%RH gty PREXTRE
Index type Specific forms of the model mp Correlation coefficient ~ Significance level g

size error/%

(SEWsy, SFW) Ry=1-0.03035SEW3,+0.112403SFW 43 0.3513 0.05 10.0190
(SEWsy, SWFDH) Ry=1-0.02388SEW3p-0.01259SWFDH 43 0.3436 0.05 10.1096
(SFEW3,) Ry=1-0.01763SFEW3, 43 0.3357 0.05 10.0246
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Table 7 Comparation between the revised Morgan model and the static model
2008 2011
eS| U e . SR I SRR 2
R J@H:qu*d\ HE R B2 KT AR R 2 FE R B ST S AH S R 2
Model type Selected indexes AR AR Significance Average Correlation e 1) Average
Correlation coefficient relative . Significance level relative
level coefficient
error/% error/%
(SEWsy, SFW) 0.89573 0.001 17.1876 0.72446 0.001 17.2570
f&1E Morgan  (SEWs, SWFDH) 0.52405 0.05 20.7945 0.55463 0.01 21.6621
(SFEW30) 0.89598 0.001 18.9495 0.80659 0.001 11.5767
(SEW3o, SFW) 0.78849 0.001 31.9358 -0.19955 KFo0.1 19.5501
AR (SEWsy, SWEDH) 0.81139 0.001 29.8721 0.32596 KTF o1 18.0742
(SFEW30) 0.77506 0.001 30.2893 0.26206 KT 0.1 18.1167

Ee BHEMRCPEADT 0.01 BALBZEMKKAR, AT 005 REFMKTRKFR, KT 0.05 BABEHKKR.

Note: significance level less than 0.01 represents highly significant correlation, less than 0.05 represents significant correlation, more than 0.05 represents no

significant correlation.
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Experimental study on Morgan model under waterlogging stress

Qian Long, Wang Xiugui, Luo Wenbing, Wu Lin
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Abstract: The crop water production function under waterlogging stress is of significance both for the benefit
evaluation of disaster reduction and the decision making of waterlogging disaster control. Crop water production
functions can be categorized into two kinds: dynamic model and static model. Since the dynamic models were based
on a certain crop physiology basis, it can be used to simulate the process of crop growth. However, the dynamic
models under waterlogging were rarely found in publications. Based on the Morgan model, which was originally
used for crop yield simulation under water deficit, this paper established a revised Morgan model for waterlogging
stress by replacing the soil moisture index with waterlogging indexes. The waterlogging indexes widely used in
practice were subsurface-surface separated index (SEW3y, SFW) and composite index SFEW5. But the former had a
problem that the weight of surface waterlogging index was too small compared with subsurface waterlogging index.
To balance the weight of subsurface and surface waterlogging indexes, the separated indexes were divided by time
such as (SEW3, SWFDH) and space such as (SEW3y, SFW) respectively. All the three different waterlogging indexes
1.e. (SEWsg, SFW), (SEW3y, SWFDH), SFEW5, were used to revise the Morgan model in order to obtain the most
suitable index. Waterlogging experiments on cotton were carried out in 22 lysimeters at Irrigation and Drainage
Comprehensive Experimental Station in Wuhan University from 2008 to 2011. Dry matter yield samples were taken
every 10 days, and the dynamic change of groundwater table was monitored every day during the period of
waterlogging. Data in 2009 and 2010 were used to calibrate parameters and the data in 2008 and 2011 were used to
validate the revised Morgan model. Results showed that the cotton dry matter yields predicted by the revised Morgan
model adopting three different indexes all coincided with the observed yields well, especially the indexes (SEW3y,
SFW) and (SFEW3p). The corresponding revised Morgan model adopting the two indexes both achieved a high
significance level of 0.001 in both 2008 and 2011 with a smaller relative error of less than 20%, which showed that,
the revised Morgan model was effective and practicable for cotton dry matter yields simulation under waterlogging
stress. Considering the less amount of parameters in model and precision, the composite index (SFEW;,) was
recommended to adopt in the revised Morgan model preferentially, but only by adopting the index (SEW3, SEFW), the
effect of subsurface and surface waterlogging on dry matter yields can be analyzed respectively. In order to make a
comparison between the revised Morgan model and the static model, both of them were calibrated and validated with
the same data obtained from the waterlogging experiments, and the simulated yields of both of the two models were
compared with the observed yields. Results showed that the prediction of the revised Morgan model both an
acceptable significant level of 0.05 in 2011 and a relative small relative error of less than 20% in 2008 while the
static model failed to achieve these error indexes, which indicated that the revised Morgan model had a better
stability than the static model in different years.

Key words: stresses, dynamic, models, waterlogging, crop water production function, Morgan model
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