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Table 1- Soil characteristics
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Table 2 - The results of analysis of variance of soybean growth indices affected by nitrogen
placement with phosphorus under drought stress

Ol yo (SSleo
Mean squares
Ll R R O N ¢ b aoys
Ol i ol e J5 S ; s il 0 ySlos ] 3 5o
Source of sl z th Maxi Ji_ " o Grain ) Ny
oy Maximu aximum Maximum Relative Net ! oil oF9)
variation d.f. m leaf total dry crop growth  assimilation yield Oil yield
) percent
area weight growth rate rate
index rate
Sals . . . o . ns ns -
Block 2 1.38 21861.93 76.75 0.00395 20.18 7097.3 5.28 354.34
OCl
o 2 437" 99383.84 ™" 89.53" 0.00432" 19.79" 37863.69° 2.79™  1064.2"
Stress (S)
‘-"J“_’ sl 4 0.04 1695.96 118 0.000003 0.04 1788.26 1.87 21.34
Main error
o3er 4617 71986497 71987  000005° 2727  36207.84" 3544 33303"
Nitrogen (N)
s 426" 61205.7"" 76.97" 0.00007" 4720 33224.78" 71447  4552.4”
Phosphorus (P)
SxN 2 045" 11200.14™ 889" 0.00002" 230" 2364857 067™  1236"
SxP 2 0.01"™ 2738.39™ 245" 0.000024" 150" 513372 485™ 366.34"
Nx P 1 0.09" 791.84™ 0.28"™ 0.000004™ 062" 1592.57° 226™ 214197
SxNxP 2 0.11° 4850.52 " 6.35" 0.00003"™ 11127 558.22 ™ 6.89" 49.21°
i ond 18 0.01 949.02 0.26 0.000004 0.05 385.01 1.93 9.59
Second error
Syt pb 3.89 6.59 408 491 5.90 5.84 7.25 415
CV. (%)
el 1Y 90 Jlozl mlaw 10 05 o Sae 5 09 0 sime pas godims lad od 5 4y s g % NS

ns, * and **: Non significant and significant at the 5 and 1% probability levels, respectively.
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Figure 1- Thetrend of changesin soybean leaf areaindex was affected by nitrogen-
phosphorus application at different levels of moisture stress (N1: nitrogen placement, N2: no
nitrogen placement and P1: phosphorus placement, P2: no use of phosphorus)
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Figure 2 - Maximum leaf areaindex of soybean was affected by interaction of moisture
stress, nitrogen and phosphorus (N1: nitrogen placement, N2: no nitrogen placement and P1:
phosphorus placement, P2: no phosphorus application)
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Figure 3- Thetrend of changes in soybean total dry matter was affected by nitrogen-
phosphorus application at different levels of moisture stress (N1: nitrogen placement, N2: no
nitrogen placement and P1: phosphorus placement, P2: no use of phosphorus)
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Figure 4- Maximum of total dry matter of soybean was affected by interaction of moisture
stress, nitrogen and phosphorus (S1, S2 and S3 irrigation after 60, 90 and 120 mm evaporation
respectively, N1: nitrogen placement, N2: no nitrogen placement and P1: phosphorus
placement, P2: no phosphorus application)
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Figure 5- Thetrend of changesin soybean crop growth rate was affected by nitrogen-
phosphorus application at different levels of moisture stress (N1: nitrogen placement, N2: no
nitrogen placement and P1: phosphorus placement, P2: no use of phosphorus)
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Figure 6- Maximum of crop growth rate of soybean was affected by interaction of moisture

stress, nitrogen and phosphorus (N1: nitrogen placement, N2: no nitrogen placement and P1.:
phosphorus placement, P2: no phosphorus application)
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Figure 7- The trend of changes in soybean relative growth rate was affected by nitrogen-
phosphorus application at different levels of moisture stress (N1: nitrogen placement, N2: no
nitrogen placement and P1: phosphorus placement, P2: no use of phosphorus)
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Figure 8- Soybean relative growth rate (at time of maximum crop growth rate) was affected

by the interaction of moisture stress, nitrogen and phosphorus (N1: nitrogen placement, N2:
no nitrogen placement and P1: phosphorus placement, P2: no use of phosphorus)
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Figure 9- Thetrend of changes in soybean net assimilation rate was affected by nitrogen-
phosphorus application at different levels of moisture stress (N1: nitrogen placement, N2: no
nitrogen placement and P1: phosphorus placement, P2: no use of phosphorus)
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Figure 10- Soybean net assimilation rate (at time of maximum crop growth rate) was affected

by the interaction of moisture stress, nitrogen and phosphorus (N1: nitrogen placement, N2: no
nitrogen placement and P1: phosphorus placement, P2: no use of phosphorus)
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Figure 11- Grain yield was affected by the Figure 12- Grain yield was affected by the
interaction of moisture stress and nitrogen interaction of moisture stress and nitrogen
(SL: 60 mm, S2: 90 mm, S3: 120 mm and N1. (SL: 60 mm, S2: 90 mm, S3: 120 mm and PL:
nitrogen placement, N2: no nitrogen placement) phosphorus placement, P2: no use of phosphorus)
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Figure 13- Grain yield was affected by the interaction of moisture stress and nitrogen
(N1: nitrogen placement, N2: no nitrogen placement and P1: phosphorus placement, P2: no use of
phosphorus)
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Figure 14- Soybean oil percent was affected by the interaction of moisture stress, nitrogen
and phosphorus (N1: nitrogen placement, N2: no nitrogen placement and P1: phosphorus
placement, P2: no use of phosphorus)
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Figure 15- Soybean oil yield was affected by the interaction of moisture stress, nitrogen

and phosphorus (N1: nitrogen placement, N2: no nitrogen placement and P1: phosphorus
placement, P2: no use of phosphorus)
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Abstract

To study some growth indices of soybean under moisture stress by replacing
nitrogen with phosphorus, a field experiment was conducted at the Research Station of
Bu-Ali Sina University during the 2017-2018 growing season. The experiment was
carried out in a split-factorial arrangement of treatments based on randomized complete
block design with three replications. The main plots consisted of three levels of
irrigations (irrigating after 60, 90 and 120 mm evaporation from class A evaporation
pan). Two levels of nitrogen replacement with phosphorus and without replacement and
two levels of phosphorus replacement and without phosphorus replacement assigned to
subplots. The results showed that simultaneous replacing of nitrogen and phosphorus in
all irrigation levelsincreased physiological growth indices of leaf areaindex, dry matter
accumulation, crop growth rate, relative growth rate and net assimilation rate. Moisture
stress reduced growth rate of the crop significantly. Results also showed that crop
growth rate increased 35 to 45 days after planting and reached to its maximum level
after 65 days after planting date. After this period, the crop growth rate of soybean
decreased and reached to zero about 95-100 days after planting. The highest dry matter
accumulation and crop growth rate were obtained from irrigation after 60 mm
evaporation and nitrogen-phosphorus simultaneous placement application. According to
the results, simultaneous replacing nitrogen and phosphorus, reduced the negative effect
of moisture stress on soybean growth indices. Nitrogen replacement with phosphorus
increased grain yield by 11.4% as compared to non-replacement of nitrogen with
phosphorus and yielded 3855.88 kg.ha™. In this research, nitrogen replacement with
phosphorus under irrigation after 90 mm evaporation prevented significant oil yield loss
as compared to irrigation after 60 mm evaporation.

Key words. Crop Growth Rate, Dry Matter, Leaf Area Index, Net Assimilation
Rate, Qil Yield.
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