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Impact of tillage and soil moisture conservation measures on photosynthetic
characteristics and water use of winter wheat
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Abstract Tillage and soil moisture conservation measures have been critical in crop growth, water use and yield output. These
measures have improved soil structure and increased soil organic matter content, soil infiltration, and soil temperature. Moreover,
tillage and soil moisture conservation measures have increased photosynthetic characteristics. However, the degree of influence of
photosynthetic physiological characteristics on crop yield and water productivity efficiency at different growth stages of winter wheat
under different tillage and soil moisture conservation measures has been seldom reported. To therefore ascertain the photosynthetic/
physiological characteristics and mechanisms of yield increase under different tillage and soil moisture conservation measures, a field
experiment was conducted to determine photosynthesis, yield and water use efficiency of winter wheat at different growth stages
under the treatments of deep tillage, no-tillage, straw mulching, organic fertilization and water-retaining agent application. The results
suggested that photosynthetic rate and leaf water use efficiency of winter wheat were highest at booting stage and lowest at
grain-filling stage. Transpiration rate and stomatal conductance were highest at flowering stage. At all growth stages, photosynthetic
rate and leaf water use efficiency were highest under deep tillage treatment, followed by straw mulch treatment. At jointing, booting
and flowering stages, transpiration rate was highest under organic fertilization treatment. Then at grain filling stage, transpiration rate
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was higher under straw mulching and no-tillage treatments than in the other treatments. Transpiration rate under control treatment
was lower during all the growth stages of winter wheat compared with that under tillage and soil moisture conservation measures.
The trend of change in stomatal conductance and transpiration rate was consistent. Ear length, grain number per panicle, 1000-grain
weight, yield and water productivity efficiency of winter wheat increased and total water consumption reduced under different tillage
and soil moisture conservation measures. This was especially obvious under deep tillage. Wheat yield and water productivity
efficiency were highest under deep tillage, respectively increasing by 19.6% and 38.3% compared with the control. Correlation
analysis showed that photosynthetic rate and leaf water use efficiency were positively correlated with yield and water productivity
efficiency. The correlations strengthened with advancing growth process, especially so at the flowering stage. At this stage, the effect
of photosynthetic rate on wheat yield and water productivity efficiency was more significant than that of leaf water use efficiency.
Keywords Winter wheat; Tillage; Soil moisture conservation measure; Growth stage; Photosynthesis; Yield; Water use effi-
ciency
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F1 FRHE. RBFEELETNELREE B 0~100 cm LIEfEKE
Table 1 0-100 cm soil water storage under different tillage and soil moisture conservation measures at different wheat growth stages
mm
Treatment Greening Jointing Booting Grain filling Harvest
CK (conventional tillage) 135.3+£5.8d 136.6+9.5¢ 135.0+4.7¢ 100.2+6.4¢ 96.0+5.3d
Deep tillage 155.946.7¢ 146.8+6.7b 165.0+4.2b 160.0+5.3a 140.9+6.8a
Straw mulching 162.0+4.9b 147.2+7.6b 150.1+£6.3¢ 121.1+7.8d 142.6+6.7a
No-tillage 174.9+6.1a 164.7+8.1a 177.3+5.2a 150.5+10.1b 138.5+7.4a
Organic manure 154.9+10.2¢ 148.3+8.3b 143.5+4.6d 145.9+9.2¢ 121.9+6.4¢
Water-retention agent 160.2+8.3b 145.6+6.5b 165.7+5.1b 124.9+7.9d 128.8+7.7b
(P<0.05), Different small letters in the same column mean significant difference among

treatments at 0.05 level (LSD test). The same below.

x2 FREHHME. ®mIBEENNEREENAASEEFENRIT
Table 2 Photosynthetic physiological characteristics of wheat at different growth stages under different tillage and soil moisture
conservation measures

Photosynthetic rate [pmol(CO,)'m>-s™']

Transpiration rate [mmol(H,0)-m>-s™']

Treatment
Jointing Booting Flowering  Grain filling Jointing Booting Flowering  Grain filling
(conventionglliillage) 11.60+1.39b  13.48+1.22d  8.01+0.87¢  2.06+0.22c  3.36+0.29d  2.82+0.11d 6.26+0.42c  2.81£0.08¢
Deep tillage 14.04+1.11a  15.03+1.20a  9.67+0.99a  4.97+0.11a  3.55+0.35¢c  2.88+0.11d 6.32+0.51c  3.52+0.20d
Straw mulching 12.28+1.16b  14.63£1.31b  9.28+0.84b  4.38+0.14b  3.21+0.21e  2.98+0.09¢c 6.32+0.42c  4.75£031a
No-tillage 12.04+1.23b  14.77+1.44b  9.21+1.02b  4.96+0.09a  3.67+0.12b  3.15+0.13b 6.44+0.33b  4.37+0.35¢
Organic fertilizer 12.10+1.50b  15.09+2.01a  8.53%1.13¢  4.44+0.21b  3.75+0.15a  3.25+0.24a 6.57+0.35a  4.59+0.22b
Water-retention agent  12.10+0.97b  14.11£1.65¢c  8.17+1.32d  4.38+0.34b  3.56+0.22¢ 3.0420.04¢ 6.28+0.44c  4.64+0.28b
Stomatal conductance [mol(H,O)ms™'] CO, Intercellular CO, concentration [pmol-mol™]
CK (conventional tillage) 0.393+0.012d 0.471+0.010e 1.875+0.10le 0.331+0.021e 303.0+20.la 283.1+25.6ab 319.5#22.4a 352.54£23.2a
Deep tillage 0.455+0.010b  0.498+0.014d 2.108+0.212d 0.471£0.016d 297.9+31.3a  279.3%33.1b  317.5+27.6a  343.0+£32.5b
Straw mulching ~ 0.350+0.005¢  0.517+0.017c 2.095+0.303d 0.620+0.032¢ 290.7423.4b 284.1+£24.5ab  321.5425.3a  340.3+25.2b
No-tillage 0.435+0.009c  0.541+0.006b 2.880+0.210a 0.738+0.011a 304.2+45.2a 287.7+40.8a  322.5+24.2a 343.0+32.6b
Organic fertilizer 0.478+0.008a  0.560+0.015a 2.122+0.235¢ 0.618+0.015¢ 305.2+33.6a  287.3+32.3a  320.5+23.6a  341.0+23.5b
Water-retention agent  0.428+0.013¢  0.515+0.012¢ 2.163+0.086b 0.632+0.022b  303.0+£22.0a  288.44+23.5a  323.5+26.8a  338.5+30.3¢c
) ) 2.2.3
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*3 TREHHE. ®mIBERLE T/ NETRREBHAKSFBYE
Table 3 Water use efficiency of wheat at different growth stages under different tillage and soil moisture conservation measures
[pmol(CO,)-mmol ' (H,0)]

Treatment Jointing Booting Flowering Grain filling
CK (conventional tillage) 3.45+0.09¢ 4.78+0.33¢ 1.28+0.11¢c 0.73+0.01e
Deep tillage 3.95+0.13a 5.22+0.41a 1.53+0.12a 1.41£0.10a
Straw mulching 3.83+0.12b 4.91+0.35b 1.47+0.09b 0.92+0.03d
No-tillage 3.28+0.32d 4.69+0.32d 1.43+0.23b 1.14+0.07b
Organic fertilizer 3.23+0.10d 4.64+0.44d 1.30+0.08¢c 0.97+0.03¢
Water-retention agent 3.40+0.23¢ 4.65+0.09d 1.30+0.10c 0.94+0.02¢
2.4 >
> s
4 ) 5
> >
>

38.3% 34.2%
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R4 TRHHE. REEELEBETNEFE. FEMRERRKIESHE

Table 4 Yield, yield components and water production efficiency of wheat under different tillage and soil moisture conservation measures

Treatment Number og panicle  Grains nu.mber IOQO-grain Yielq , Wa.ter Water productﬁilon 5
(m™) per panicle weight (g) (kg-hm™) consumption (mm) efficiency (kg'-mm -hm™)

CK (conventional tillage) 472+25d 29.4+1.1d 34.2+1.8¢ 4319.5£102.3f 334.2+20.3a 12.92+0.89¢
Deep tillage 523+32a 36.3+2.3a 37.3£1.2a 5168.1+114.6a  289.3+16.9d 17.87+1.03a
Straw mulching 514+36a 34.142.4¢ 36.6+2.1ab 4986.1+120.4c  287.6+19.2d 17.34+1.32a
No-tillage 499+28b 35.6+1.7b 36.3+2.3b 5006.9+111.1b  291.7+18.6d 17.17+1.46a
Organic fertilizer 488+30c¢ 35.3+3.0b 36.2+3.0b 4770.8+£98.5d 301.4+22.5¢ 15.83+1.25b
Water-retention agent 492+22bc 34.1+1.6¢ 37.1+2.7a 4 691.7+£89.6¢ 308.3+19.8b 15.2242.01b

2.5

, 0~100 cm
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F5 PEFRLEERATIEADPERAEER. 2. KOFBRERMKIEFYRBEXES
Table 5 Relationship of soil moisture with photosynthetic rate, yield, water use efficiency and water production efficiency of wheat
at different growth stages

Item Jointing stage Booting stage Grain filling stage
Photosynthetic rate 0.260 8 0.342 6 0.930 8"
Water use efficiency 0.2059 0.1510 0.865 1"
Yield 0.388 8 0.448 9 0.6727
Water production efficiency 0.403 6 0.409 6 0.6147"
ok kR P<0.05 P<0.01 s “*” and “**” indicate significant relationship at P < 0.05, P < 0.01, respectively.

The same below.
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x6 NETREERHMHRAGRRRMHAKIFIBYERSNEFERKSEFLRMBXE
Table 6 Relationships of photosynthetic rate and leaf water use efficiency with yield and water production efficiency of wheat at
different growth stages

Item
Jointing stage Booting stage Flowering stage  Grain filling stage
Photosynthetic rate 0.5333 0.717 3" 0.8832" 0.8192"
Yield Water use efficiency 0.243 8 0.290 9 0.783 3" 0.734 7
Photosynthetic rate 0.450 8 0.7259" 0.866 8" 0.819 3"
Water production efficiency Water use efficiency 0.226 7 0.243 0 0.758 3 0.640 0
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