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Effect of conservation tillage and fertilization on photosynthetic physiology of
soybean at full-bloom stage
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Abstract Based on field plot experiments in the Ansai region, Shaanxi Province, the paper analyzed net photosynthetic rate,
stomatal conductance and water-use efficiency in soybean leaves at full-bloom stage under different tillage and fertilization. The
LI-6400 portable photosynthesis system was used in the analysis. The treatments included plow tillage with chemical fertilizer (CF),
plow tillage with organic fertilizer (CM), non-fertilized plow tillage (CN), fertilized no-tillage (NF), no-tillage with organic manure
(NM) and non-fertilized no-tillage (NN). The results show that diurnal variation of net photosynthetic rate of soybean follows the
typical bimodal curve in the different treatments; peaking at 11:30 and 16:00. NM and NF treatments, especially NM, significantly
enhance net photosynthetic rate of soybean. A significant correlation exists between stomatal conductance and net photosynthetic rate
(P<0.01), with a correlation coefficient of 0.999 4. Diurnal variation of stomatal conductance is also a bimodal, peaking at 11:30 and
16:00. In different treatments, water-use efficiency of soybean follows a uni-peak curve, highest at 10:00 and lowest after 13:00. NM
and NF treatments have a significantly enhancing effect on soybean water-use efficiency. Correlation analysis shows that stomatal
conductance (Cond), evaporation ratio (77), leaf temperature (77), photosynthetically active radiation (P4R) and supplemental vapor
pressure deficit (Vpdl, based leave temperature) are positive factors of photosynthesis in soybean. On the other hand, inter-cell CO,
concentration (Ci), air CO, concentration (CO,R ) and air relative humidity (RH-R) mainly limit photosynthesis in soybean. CF & NF
at 8:30~10:20 and 13:00; CM & NN at 8:30, 11:30~13:00 & 17:30; and CN & NM at 8:30 & 13:30 have significant correlation be-
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tween impacting factors and net photosynthetic rate, with a correlation coefficient of £0.9. The optimum management modes for

growing soybean in dry farmlands on the Hilly Loess region are NM and NF.
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Fig.1 Diurnal variation of net photosynthetic rate of soybean under different treatments
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Tab.1 Diurnal variation of stomatal conductance of soybean under different treatments
7:00 8:30 10:00 11:30 13:00 14:30 16:00 17:30
Treatment
CF 0.06+0.01b 0.11+0.11ABb 0.15+0.05ABbc 0.40+0.02 0.13+£0.03Bc¢ 0.18+£0.01Bb 0.66+0.10  0.24+0.02Ab
CM 0.09+0.03ab  0.14+0.05ABab 0.20+0.03ABab 0.28+0.03 0.20+0.02ABab 0.18+£0.03Bb 0.44+0.17 0.28+0.02Aab
CN 0.09+0.03ab  0.13+0.01ABab  0.18+0.06ABabc  0.37+0.02 0.15+0.01ABbc 0.15+£0.02Bb 0.68+0.22 0.31£0.07Aab
NF 0.09+0.05ab  0.10+0.01Bb 0.16+0.03ABabc  0.25+0.01 0.22+0.07Aa 0.37+£0.17Aa 0.55+0.11 0.35+£0.09Aa
NM 0.06+0.01b 0.12+0.01ABb 0.13+£0.02Bc¢ 0.334+0.01 0.19+£0.04ABAB  0.34+0.06Aa 0.68+0.21 0.33+£0.02Aa
NN 0.12+0.05a 0.17+£0.04Aa 0.22+0.01Aa 0.334+0.01 0.12+0.02bC 0.17+£0.01Bb 0.434+0.43 0.11£0.01Bc
P<0.01  P<0.05 Different capital and small letters in the same column denote respectively

significant differences in P<0.01 and P<0.05 levels.
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Tab. 2 Correlation between net photosynthetic rate of soybean and influencing factors
it2 Cond Ci Tr Tl CO2R RH-R PAR Vpdl
Treatment
CF 0.749 | ¢ -0.233 8 0.720 ¢ ¢ 0.553 -0.595 5 0.001 5 0.693 6 03114
CM 0.584 ¢ -0.8362 * 0.633 ¢ 0.700 -0.684 1 -0.360 3 0.926 8° * 0.520 7
CN 0.581 ¢ -0.617 1 0.678 ¢ 0.581 -0.686 8 -0.200 > 0.693 3 0.305 ¢
NF 0.577 ¢ —-0.400 4 0.677 ¢ 0.636 —-0.744 4° —-0.499 7 0.768 8 0.707 S
NM 0.685 ¢ -0.299 7 0.763 ¢ ¢ 0.816 * -0.877 0* ¢ -0.703 | 0.830 8" ¢ 0.774 2
NN 0.741 ¢ ¢ -0.6551 0.665 ¢ 0.457 -0.563 7 -0.127 2 0.548 8 0.186 1
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Tab.3  Diurnal variation of correlation coefficient between net photosynthetic rate of soybean and
influencing factors under different treatments

Time Treatment Cond Ci Tr Tl COzR RH-R PAR VpdL

7: 00 CF -0.336 5 -0.547 5 -0.457 8 0.3959 0.850 8 0.597 6 -0.769 8 0.468 7
CM -0.8599 -0.939 5 -0.797 2 -0.544 0 0.991 8** 0.6855 —0.746 2 0.665 1
CN 0.983 3* -0.597 5 0.987 9** -0.999 3 0.441 8 —0.999 3%** 0.719 6 -0.9233
NF -0.7850 -0.903 1 -0.8111 0.866 0 0.8151 0.058 4 0.8151 0.479 2
NM 0.993 2%* -0.1158 0.977 0* —0.846 9 —0.958 4* 0.822 2 -0.976 3* -0.9300
NN 0.374 4 -0.906 8 0.473 3 0.441 6 —-0.096 2 -0.530 4 0.784 2 0.418 1

8: 30 CF —0.998 6** —0.998 7** —0.996 9** 0.999 6** 0.406 7 0.996 9** —0.998 7** 0.998 7**
CM 0.967 2* 0.961 6* 0.968 6* -0.977 7* 0.976 9* —0.948 9* 0.976 6* -0.974 5*
CN —0.998 1** —0.998 5** —0.998 5** 0.998 5**  —0.999 8** 0.999 9** 0.999 3** 0.998 5%*
NF -0.936 2 —0.955 6* -0.9459 -0.962 2* 0.963 8* 0.962 2* -0.067 7 -0.962 2*
NM 0.998 5%* 0.996 8** 0.996 8** -0.998 1 0.991 6** 0.998 9** 0.999 6** —0.998 9**
NN —0.998 6** —0.999 0** —0.997 9** 0.999 7** 0.887 2 0.999 4** —0.999 0** 0.999 0**

10: 00 CF 0.999 8** 0.999 2%* 0.999 7** 0.092 2 0.978 5% 0.996 9** 0.729 2 0.998 9*
CM 0.142 8 -0.027 2 0.956 5* -0.916 2 -0.2320 0.795 4 -0.972 3* 0.3518
CN -0.571 4 -0.894 1 0.996 6** -0.388 2 —0.982 8* -0.457 7 0.929 1 0.968 5*
NF 0.995 4** 0.995 0** 0.996 2%* -0.986 7 0.997 1**  -0.5553 0.886 3 —0.992 2**
NM 0.076 9 -0.213 0 -0.181 2 -0.976 3 -0.8177 —0.989 5** -0.729 1 —0.988 5%*
NN 0.999 9** 0.999 6** 0.999 7** 0.599 7 0.999 1**  -0.599 7 0.990 5%* 0.999 2%*

11: 30 CF 0.991 1** 0.854 6 0.991 4** 0.600 0 0.523 9 —0.986 8* 0.995 0** 0.977 7*
CM 0.998 9** 0.997 4** 0.999 2%* 0.998 5** 0998 1**  —-0.998 1** 0.998 5%* —0.998 1**
CN 0.950 6* 0.959 7* 0.948 1 -0.903 1 -0.297 4 -0.159 1 -0.186 9 -0.924 2
NF 0.993 0** 0.976 8%* 0.996 1** -0.967 2 -0.278 2 0.957 8* 0.182 6 -0.977 2*
NM 0.827 8 0.592 1 0.843 7 0.8910 -0.919 6 0.974 7* 0.760 9 0.904 5
NN 0.983 9* 0.895 2 0.981 3* -0.993 1 -0.990 1**  —0.990 1** —0.989 4** —0.990 1**

13: 00 CF —0.987 8** —0.994 0** 0.839 2 0.963 0 -0.944 1 -0.966 0* -0.977 1* 0.966 0*
CM 0.998 9** 0.990 9** 0.999 2%* -0.789 4 -0.919 2 0.997 2%* 0.999 5%* —0.998 0**
CN -0.965 7* -0.970 1** -0.867 5 0.970 1* -0.978 5* 0.972 2* 0.954 2* 0.962 4*
NF -0.975 4* —0.985 8** -0.770 3 0.983 2* —0.992 9** 0.980 3** 0.981 6** 0.980 5%*
NM -0.942 1 —0.969 4* —-0.860 6 0.948 6 0.947 3 —0.948 6* -0.933 4 0.948 6*
NN 0.944 2 -0.966 4* 0.984 4* 0.989 0**  -0.9322 -0.940 9 0.952 5% 0.933 0

14: 30 CF —-0.834 2 -0.888 0 0.363 2 -0.8310 -0.188 3 -0.704 7 0.974 7* 0.7859
CM -0.260 0 -0.654 8 -0.4459 0.1139 -0.782 0 0.556 7 -0.805 6 -0.0239
CN 0.647 3 0.438 9 0.760 4 -0.260 2 0.544 7 -0.7353 0.972 5% 0.023 1
NF 0.990 0** 0.880 7 0.870 2 -0.865 8 0.247 1 0.140 0 0.999 9*x* —0.999 1**
NM 0.987 5% 0.927 0 0.991 8 0.974 9* —0.958 6* 0.968 7* 0.965 5* —0.991 8**
NN 0.977 8* -0.945 8 -0.1340 0.8551 0.997 6** 0.999 7** -0.893 6 -0.659 2

16: 00 CF 0.989 6** 0.885 2 0.999 2%* -0.8452 -0.793 5 0.984 0* 0.542 0 -0.911 4
CM 0.968 9* 0.9120 0.986 2* —0.993 2** 0.014 7 -0.297 2 0.803 6 —0.995 6**
CN -0.127 4 0.9120 0.218 2 0.672 6 0.997 5**  —-0.986 5* 0.961 4* 0.260 1
NF 0.708 1 0.636 2 0.533 1 -0.961 5* 0.618 5 -0.718 4 0.961 4* -0.830 2
NM 0.999 1** 0.997 2%* 0.999 3** 0.996 3** 0.609 7 —0.999 3%** 0.994 8** -0.999 6**
NN 0.972 0* 09127 0.389 1 -0.972 3* -0.813 2 0.176 6 -0.8853 -0.973 7*

17: 30 CF -0.814 3 —0.984 6** —-0.900 0 —0.998 6** 0.933 7 -0.936 1 0.998 7** -0.973 1*
CM —0.980 8** —0.980 8** -0.980 8**  -0.980 8* -0.961 7* —0.980 8* 0.997 8** —0.980 8**
CN 0.9339 0.900 2 0.929 8 -0.9379 -0.9217 -0.928 8 -0.957 3* —-0.046 1
NF 0.784 6 0.284 1 0.690 5 -0.9213 -0.2319 -0.016 8 -0.039 4 -0.762 3
NM 0.441 1 -0.8351 -0.240 0 -0.667 1 0.681 2 -0.658 6 0.8857 -0.517 4
NN -0.999 . ¥* -0.999 ¢ * —0.999 ' ¥* 0.998 ¢ ** 0.999 . ¥*  —-0.999 ** 0.999 ** 0.998 ¢ **
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