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Effects of water and nitrogen on root/shoot ratio and
water use efficiency of winter wheat
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Abstract Water and nitrogen (N) fertilizer have been identified as the two key factors that influence wheat root and shoot
development. Root/shoot ratio and water use efficiency (WUE) of winter wheat were studied in the field and tub experiments at the
Luancheng Agro-Ecosystem Experimental Station of Chinese Academy of Sciences in the North China Plain. The field experiment
involved with 5 irrigation treatments (with zero to 4 irrigations) during winter wheat growth period. The tub experiment involved 15
treatments of five levels of N (0 g-tub™, 2 g-tub™, 4 g-tub™, 6 g-tub™, 8 g-tub™) and three levels of irrigation (with 140 mm, 210 mm,
280 mm irrigation), with 6 replicas of each treatment. The PVC tub used in this experiment was 1 m in depth and 20 cm in diameter.
The bottom of each tub was sealed with plastic film and buried in the field. Field data showed that soil water content significantly
influenced root and shoot biomass accumulation. The root/shoot ratio was not affected by irrigation when water content of the top 60

* (31071369, 31171511)
il : (1965—), , , E-mail: xyzhang@sjziam.ac.cn
(1976—),

, , E-mail: wyzhe@126.com
:2012-07-10 :2012-11-22



3 : 283

cm soil layer was above 60% of field capacity. Below this soil water level, root/shoot ratio increased with decreasing soil water
content. The tub experiment showed that the root/shoot ratio was significantly driven by N dose and not by the combined effect of
water and N. Root dry weight decreased and grain yield increased with increasing N dose under deficit water supply. Concurrently,
WUE increased with increasing N dose. Under sufficient water supply, winter wheat yield initially increased with increasing N dose
to a certain level, after which it no longer changed with increasing N dose. A threshold value for N dose was noted under sufficient
water supply. While under deficit water supply, more N meant higher WUE by reduced root/shoot ratio. This study suggested that N
and water regulated biomass allocation to the parts of the above-ground and below-ground systems of the plant that influenced grain
production and WUE. Both experiments showed a negative correlation between root/shoot ratio and WUE. That implied that higher
root/shoot ratio increased biomass allocation to root but at the same time reduced above-ground biomass and WUE.

Key words Soil water content, Field water capacity, Water and nitrogen level, Winter wheat, Root/shoot ratio, Water use
efficiency
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Fig. 1  Comparison of ten-day average rainfall during winter wheat season between 2010—2011 and average of 1987—2011
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Table 1 Irrigation treatments of winter wheat at different stages for the field experiment
Irrigation amount (mm)
Treatment Irrigation times Before wintering Jointing stage Heading stage Filling stage
Wf0 0 0 0 0 0
Wf1l 1 0 70 0 0
Wif2 2 0 70 70 0
Wi3 3 0 70 70 70
Wf4 4 70 70 70 70
90 19.2cm 20 cm im PVvC , 0.25 mm
PVC , , 3 , ,
mx1.4 mx1m , 1.3.2
1 IH' II 1
6.2 g-kg™, 0.51 g-kg%, om ,
31.2mg-kg™ 2.2 mg-kg™ 20 7-10d 1 ,
109.1 mg-kg™ 1.3 gem®  20em 1
37.1 kg, 21% , PVC ,
( Py,0512%)16 g ( KO 20cm 1 , ,
50%)6 g, , PVC ,
2 1.3.3
1.3
13.1
' (ET) :
20 , 105 C , 80~85 C ET,
, ; , kg-m™
10d 1.3.4
10 cm Béhm
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Table 2 Water and N treatments in the tub experiment
o / /
Factor Treatment fert:lrirzlg:tc:milmes Stages of irrigation/fertilization Irrigation/fertilization amount
Wl( o 2 . i 70mm- ' 70 mm per irrigation
Irrigation Deficit irrigation) Jointing and heading
W2 ( 3 - - 70 mm-  ~* 70 mm per irrigation
Moderate irrigation) Jointing, booting—heading, flowering—filling
ws (, o Full 4 . ) N o 70 mm-  ~' 70 mm per irrigation
irrigation) Jointing, booting, heading-flowering, filling
N1 0
N N2 2 Sowing and jointing 1g- ¢ 1 g urea per tub
fertilization N3 2 Sowing and jointing 2g 2 g urea per tub
N4 2 Sowing and jointing 3g- ! 3 g urea per tub
N5 2 Sowing and jointing 49 4 g urea per tub
1): N 46% N content of urea is 46%.
, , , 60% ,
2A) 2.3
(P>0.05),
( 2B), ) ,
, , (P<0.05), 3 ( 3B),
150% , 4 3
, , (P>0.05)
3 4 ,
(P>0.05), : (P<0.05)
, ( 30), 3
2.2 : )
( 2A), ,
1 [14] 1
, , 248.18 , ,
g-m? 4 ,  280.81g:m3 ,
) , 2.4
28%; )
, 1 4A
21%, 2 34 18% , ,
: : : N1 3
) 217.90 g-m™,
3A , , , NS .
1 N1 24% ,
(P<0.05), ,
, 2 :
0.23 2~4 ) ;
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Fig. 2 Changes of winter wheat biomass (A) and 0~60 cm average soil water content (B) after winter wheat recovering under
different irrigation treatments in the field experiment
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Fig. 3 Comparison of root/shoot ratio (A), yield (B), WUE (C) of winter wheat under different irrigation treatments at filling stage
of the field experiment
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winter wheat for the tub experiment
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Table 3  Variance analysis of root/shoot ratio of winter wheat under different water and N treatments in the tub experiment

F Sig.
Difference source Free degree Sum of squares Mean square 9
Irrigation level 2 0.03 0.01 4.267" 0.220
N application level 4 0.06 0.01 4.851" 0.003
X Interaction of water and N 8 0.02 0.00 0.664 0.719
Error 33 0.10 0.00
e 0.05 Significantly different at 0.05 level; “**”: 0.01 Significantly different at 0.01 level.
27 ¢
23¢ A B
— 2.1+ L4
£ 25}
&9t & y=-5.008 3x+3.145 5 -
= R=0.752
S 1.7
= * 23 |
R
3;35 1.5 + &
st 3=-9.195x+3.337 6
E ” 21t R=0.969 7
N
2L *
0.9 L L 1 1 1 ]g 1 L 1 L ]
0.20 0.25 0.30 0.35 0.40 0.45 0.09 0.10 0.11 0.12 0.13 0.14

Hi5 1t Root/shoot ratio

B 5 HMHEREA)MFERREB)Z/NERTELIKSFBAYERZEHXER
Fig. 5 Relationship between root/shoot ratio and water use efficiency (WUE) of winter wheat under different irrigation treatments in
the field experiment (A) and different water and N treatments in the tub experiment (B)
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