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WHEAT AND BARLEY PRODUCTIVITY IN CROP ROTATION
CONSISTING OF GRAIN CROP, ROW CROP AND LEGUME GRASS

AT COMPLEX APPLICATION OF LIME AND FERTILIZERS

Results are given from research into the effect of complex and separated applications of lime and
mineral fertilizers on spring wheat and barley productivity in crop rotation consisting of a grain crop, a
row crop and legume grass. It was found that for three rotations on the average, mineral fertilizers
increased barley productivity by 4.4–8.7 centner per ha against a natural background, and by 3.0–7.2
centner per ha, when liming. In the variants of applying NK and NPK, productivity made up
32.4–35.8 and 34.9–38.0 centner per ha, respectively, and it was highest in the trial. A positive
influence of lime fertilizers on barley productivity was revealed. It was proved that the use of
green-manured fallow as a wheat predecessor decreased the aftereffect of mineral fertilizers of the
second year against both backgrounds in all the variants. Wheat productivity for 2001–2012 varied
from 33.0 to 34.5 centner per ha on the average, and did not depend on a background and degree of
fertilization. The effectiveness of mineral fertilizers against the liming background was tended to
decrease (7–10 percent). The maximum payback for 1 ruble input under NPK application was
observed in the third rotation and made up 2.4 rubles.

Keywords: crop rotation, liming, mineral fertilizers, green manuring, gray forest soil, areas near
Baikal.

ÓÄÊ 631.51:581.587:633.352

Í.Â. ÏÅÐÔÈËÜÅÂ, êàíäèäàò ñåëüñêîõîçÿéñòâåííûõ íàóê, çàâåäóþùèé îòäåëîì,
Î.À. ÂÜÞØÈÍÀ, íàó÷íûé ñîòðóäíèê

ÃÍÓ Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ñåëüñêîãî õîçÿéñòâà Ñåâåðíîãî Çàóðàëüÿ
Ðîññåëüõîçàêàäåìèè

e-mail: natalya_sharapov@bk. ru

ÎÑÍÎÂÍÀß ÎÁÐÀÁÎÒÊÀ ÒÅÌÍÎ-ÑÅÐÎÉ ËÅÑÍÎÉ ÏÎ×ÂÛ
È ÔÎÐÌÈÐÎÂÀÍÈÅ ÑÈÌÁÈÎÒÈ×ÅÑÊÎÃÎ ÀÏÏÀÐÀÒÀ

ÍÀ ÊÎÐÍÅÂÎÉ ÑÈÑÒÅÌÅ ÂÈÊÈ

Ïðîàíàëèçèðîâàíî âëèÿíèå ïðèìåíåíèÿ â òå÷åíèå òðåõ ðîòàöèé ñåâîîáîðîòà îòâàëüíîé
è áåçîòâàëüíîé ñèñòåì îñíîâíîé îáðàáîòêè íà ôîðìèðîâàíèå ñèìáèîòè÷åñêîãî àïïàðàòà íà
êîðíåâîé ñèñòåìå çåðíîáîáîâîé êóëüòóðû âèêè. Èññëåäîâàíèÿ ïðîâåäåíû íà òåìíî-ñåðîé
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ëåñíîé ïî÷âå â Ñåâåðíîì Çàóðàëüå. Óñòàíîâëåíî, ÷òî â ðàííèé ïåðèîä âåãåòàöèè áåçîòâàëü-
íàÿ ñèñòåìà îáðàáîòêè ñïîñîáñòâóåò áîëåå èíòåíñèâíîìó ôîðìèðîâàíèþ ñèìáèîòè÷åñêîãî
àïïàðàòà âèêè íà ôîíå áåç óäîáðåíèé è íà ôîíå èõ ïðèìåíåíèåì (íà 17,0–18,3 % ïî ìàññå
êëóáåíüêîâ è íà 7,8–9,0 % ïî èõ ÷èñëó), ÷åì âñïàøêà. Îäíàêî èç-çà êîðîòêîãî ïåðèîäà, áëà-
ãîïðèÿòíîãî ïî âëàæíîñòè è ïëîòíîñòè ïàõîòíîãî ñëîÿ ïî÷âû äëÿ ôîðìèðîâàíèÿ è ôóíêöèî-
íèðîâàíèÿ êëóáåíüêîâ, óñòàíîâëåííàÿ çàêîíîìåðíîñòü íå ïðèâîäèò ê óëó÷øåíèþ àçîòíîãî
ïèòàíèÿ ïîñëåäóþùåé êóëüòóðû ïî áåçîòâàëüíîé îáðàáîòêå. Âíåñåíèå ìèíåðàëüíûõ óäîáðå-
íèé çàìåäëÿëî ôîðìèðîâàíèå êëóáåíüêîâ, ñíèæàÿ èõ ìàññó íà 24,7–29,8 %, ÷èñëî íà
15,1–16,7 %.

Êëþ÷åâûå ñëîâà: îñíîâíàÿ îáðàáîòêà, ñèìáèîòè÷åñêèé àïïàðàò, êëóáåíüêè, íèòðàòíûé
àçîò.

Îöåíèâàÿ âëèÿíèå îáðàáîòêè ïî÷âû íà ñîäåðæàíèå äîñòóïíûõ ïèòà-
òåëüíûõ âåùåñòâ, áîëüøèíñòâî èññëåäîâàòåëåé îòìå÷àþò óõóäøåíèå àçîò-
íîãî ïèòàíèÿ ïî áåçîòâàëüíûì è ìåëêèì îáðàáîòêàì [1–4]. Ïî íàøèì
äàííûì, îáðàáîòêà ïî÷âû áåç îáîðîòà ïëàñòà ïîñëå çåðíîâûõ ïðåäøåñò-
âåííèêîâ ïðèâîäèò ê ñíèæåíèþ ñîäåðæàíèÿ íèòðàòíîãî àçîòà â ïàõîòíîì
ñëîå îòíîñèòåëüíî îòâàëüíîé ñèñòåìû îáðàáîòêè ïî÷âû ê ïåðèîäó ïîñåâà
íà 12,0–29,4 %, â ñëîå ïî÷âû 10–40 ñì íà 16,5–33,5 % [5].

Â ñêëàäûâàþùèõñÿ óñëîâèÿõ íåêîòîðîãî äåôèöèòà àçîòíîãî ïèòàíèÿ
çåðíîâûõ êóëüòóð ïî áåçîòâàëüíîé îáðàáîòêå ïðåäñòàâëÿëî èíòåðåñ óñòà-
íîâèòü âëèÿíèå îñíîâíîé îáðàáîòêè ïî÷âû íà ôîðìèðîâàíèå ñèìáèîòè-
÷åñêîãî àïïàðàòà íà êîðíåâîé ñèñòåìå çåðíîáîáîâîé êóëüòóðû. Èç ëèòåðà-
òóðû èçâåñòíî, ÷òî ïðè ñíèæåíèè ñîäåðæàíèÿ äîñòóïíîãî àçîòà â ïî÷âå
ïðîèñõîäèò àêòèâèçàöèÿ êëóáåíüêîâûõ áàêòåðèé, óñâàèâàþùèõ àçîò âîç-
äóõà [6]. Â ñâÿçè ñ ýòèì ìû îæèäàëè, ÷òî ñíèæåíèå íèòðèôèêàöèîííûõ
ïðîöåññîâ â ïî÷âå ïðè ìåëêèõ è ãëóáîêèõ áåçîòâàëüíûõ îáðàáîòêàõ ïðèâå-
äåò ê óñèëåíèþ ðàçâèòèÿ ñèìáèîòè÷åñêîãî àïïàðàòà. Àçîòíîå ïèòàíèå ïî-
ñëåäóþùèõ çà áîáîâîé êóëüòóðîé çåðíîâûõ êóëüòóð áóäåò óëó÷øàòüñÿ çà
ñ÷åò àçîòôèêñàöèè èç âîçäóõà â áîëüøåé ñòåïåíè, ÷åì ïî âàðèàíòó âñïàø-
êè, è íèâåëèðîâàòü íåäîñòàòêè áåçîòâàëüíûõ îáðàáîòîê ïî àçîòíîìó ïèòà-
íèþ ðàñòåíèé.

Öåëü äàííîãî èññëåäîâàíèÿ – îïðåäåëèòü âëèÿíèå îòâàëüíîé è áåçîò-
âàëüíîé ñèñòåì îáðàáîòêè íà ôîðìèðîâàíèå ñèìáèîòè÷åñêîãî àïïàðàòà íà
êîðíåâîé ñèñòåìå çåðíîáîáîâîé êóëüòóðû.

ÌÅÒÎÄÈÊÀ ÈÑÑËÅÄÎÂÀÍÈÉ

Èññëåäîâàíèÿ ïðîâîäèëè â ñòàöèîíàðíîì îïûòå 1996–2000 ãã. íà
îïûòíîì ïîëå Íàó÷íî-èññëåäîâàòåëüñêîãî èíñòèòóòà ñåëüñêîãî õîçÿéñòâà
Ñåâåðíîãî Çàóðàëüÿ Ðîññåëüõîçàêàäåìèè â ïåðèîä òðåòüåé ðîòàöèè ïîëå-
âîãî ñåâîîáîðîòà: ÷èñòûé ïàð – îçèìàÿ ðîæü – âèêà – ïøåíèöà – ÿ÷ìåíü,
ðàçâåðíóòîãî âî âðåìåíè è â ïðîñòðàíñòâå. Ïî÷âà òåìíî-ñåðàÿ ëåñíàÿ òÿæå-
ëîñóãëèíèñòàÿ. Ãëóáèíà ãóìóñíîãî ñëîÿ 25–27 ñì, ñîäåðæàíèå ãóìóñà
4,2–5,0 %, ðÍ ñîëåâîé âûòÿæêè 6,0–6,4, ñóììà ïîãëîùåííûõ îñíîâàíèé
29,4 ìã/ýêâ. Âëèÿíèå ñèñòåìû îñíîâíîé îáðàáîòêè ïî÷âû íà ôîðìèðîâà-
íèå ñèìáèîòè÷åñêîãî àïïàðàòà âèêè èçó÷àëè ïî ìåòîäèêå Ã.Ñ. Ïîñûïàíî-
âà [6] íà ôîíå áåç óäîáðåíèé è íà ôîíå ñ ïðèìåíåíèåì N80Ð80Ê60. Ïðè
îòâàëüíîé ñèñòåìå âî âñåõ ïîëÿõ ñåâîîáîðîòà ïðîâîäèëè åæåãîäíóþ âñïàø-
êó ïëóãîì ÏÍ-4-35 íà ãëóáèíó 20–22 ñì, ïðè áåçîòâàëüíîé – ðûõëåíèå
ïëóãîì ñî ñòîéêàìè êîíñòðóêöèè ÑèáÈÌÝ íà òó æå ãëóáèíó. Âåñíîé íà
îáîèõ ôîíàõ îñíîâíîé îáðàáîòêè ïðîâîäèëè çàêðûòèå âëàãè áîðîíàìè
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ÁÇÑÑ-1,0, îáùåïðèíÿòóþ ïðåäïîñåâíóþ îáðàáîòêó êóëüòèâàòîðîì Ñìà-
ðàãä è ïîñåâ ñåÿëêîé ÑÇÏ-3,6. Íîðìà âûñåâà ñåìÿí âèêè – 1,8 ìëí âñõî-
æèõ çåðåí/ãà.

Àêòèâíîñòü ôîðìèðîâàíèÿ ñèìáèîòè÷åñêîãî àïïàðàòà îöåíèâàëè ïî
ïîêàçàòåëÿì èçìåíåíèÿ ìàññû êëóáåíüêîâ, èõ ÷èñëåííîñòè, à òàêæå ïî âå-
ëè÷èíå àêòèâíîãî ñèìáèîòè÷åñêîãî ïîòåíöèàëà (ÀÑÏ). Âåëè÷èíà ÀÑÏ
äàåò íàèáîëåå îáúåêòèâíóþ îöåíêó ôóíêöèîíèðîâàíèÿ ñèìáèîòè÷åñêîãî
àïïàðàòà, òàê êàê êîëè÷åñòâî ôèêñèðîâàííîãî àçîòà çàâèñèò íå òîëüêî îò
ìàññû êëóáåíüêîâ ñ ëåããåìîãëîáèíîì, íî è îò ïðîäîëæèòåëüíîñòè èõ
ôóíêöèîíèðîâàíèÿ. Äàííûé ïîêàçàòåëü îáúåäèíÿåò ýòè äâà êðèòåðèÿ àçî-
òîôèêñàöèè. ÀÑÏ âûðàæàþò â êã /(ñóò �ãà) è ðàññ÷èòûâàþò ïî ôîðìóëå

ÀÑï Ì Ì / 2 Ò1� � �2 ,

ãäå Ò – ïåðèîä âðåìåíè, äíåé; Ì Ì1 2� / 2 – ñðåäíÿÿ ìàññà êëóáåíüêîâ ñ
ëåããåìîãëîáèíîì çà ïåðèîä Ò, êã/ãà.

Ãîäû èññëåäîâàíèé ïî ìåòåîóñëîâèÿì âåãåòàöèîííîãî ïåðèîäà ìîæíî
õàðàêòåðèçîâàòü ñëåäóþùèì îáðàçîì: 1996 ã. – áëèçêèé ê ñðåäíåìíîãîëåò-
íèì ïî îñàäêàì è òåïëó; 1999 ã. – õîðîøî îáåñïå÷åííûé îñàäêàìè ê óñëî-
âèÿì, ïî òåïëîâîìó ðåæèìó áëèçêèìè ê ñðåäíåìíîãîëåòíèì; 1997, 1998,
2000 ãã. – íåäîñòàòî÷íî îáåñïå÷åííûå îñàäêàìè, òåïëûå.

ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈÉ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Â íàøèõ èññëåäîâàíèÿõ óñòàíîâëåíî, ÷òî íàèáîëüøåå ðàçâèòèå ñèì-
áèîòè÷åñêîãî àïïàðàòà äîñòèãàåòñÿ â ôàçó âåòâëåíèÿ âèêè. Â äàëüíåéøåì
íàáëþäàëîñü ñíèæåíèå ìàññû è ÷èñëà êëóáåíüêîâ ñ ëåããåìîãëîáèíîì
(òàáë. 1, 2). Äàííîå ñíèæåíèå îáúÿñíÿåòñÿ áûñòðîé ïîòåðåé âëàãè èç ñëîÿ
ïî÷âû 0–20 ñì, íåñòàáèëüíîñòüþ óâëàæíåíèÿ, à òàêæå ÷ðåçìåðíûì åãî óï-
ëîòíåíèåì [5].

Âëèÿíèå îáðàáîòêè îáóñëîâëèâàåòñÿ îáåñïå÷åííîñòüþ îñàäêàìè âåãå-
òàöèîííîãî ïåðèîäà, óâëàæíåíèåì ïàõîòíîãî ñëîÿ ïî÷âû, óðîâíåì ïèòà-
íèÿ. Â 1999 ã. áûëà õîðîøàÿ îáåñïå÷åííîñòü îñàäêàìè âåãåòàöèîííîãî
ïåðèîäà – 138 % ê ñðåäíåìíîãîëåòíåìó ïîêàçàòåëþ, çàïàñû ïðîäóêòèâíîé
âëàãè ñëîÿ ïî÷âû 0–30 ñì – 45–49 ìì (73–80 % îò ÍÂ). Â ñâÿçè ñ ýòèì áåç-
îòâàëüíàÿ îáðàáîòêà ñòîéêàìè ÑèáÈÌÝ ñïîñîáñòâîâàëà áîëåå èíòåíñèâ-
íîìó, ÷åì âñïàøêà, ôîðìèðîâàíèþ ñèìáèîòè÷åñêîãî àïïàðàòà âèêè íà
ôîíå áåç óäîáðåíèé è ñ ïðèìåíåíèåì èõ. Ïî áåçîòâàëüíîé îáðàáîòêå ìàñ-
ñà êëóáåíüêîâ ñ ëåããåìîãëîáèíîì íà ïðîòÿæåíèè ïåðèîäà èññëåäîâàíèé
áûëà âûøå íà 9,0–53,0 %, ÀÑÏ çà âåãåòàöèþ – íà 1,5–26 %, ïðè÷åì íà
ôîíå åñòåñòâåííîãî ïëîäîðîäèÿ ïîëîæèòåëüíîå âëèÿíèå áåçîòâàëüíîé îá-
ðàáîòêè íà ÀÑÏ áûëî âûøå.

Â 1996 ã. ìåòåîóñëîâèÿ âåãåòàöèîííîãî ïåðèîäà áûëè áëèçêèìè ê ñðåäíå-
ìíîãîëåòíèì, çàïàñû ïðîäóêòèâíîé âëàãè â ñëîå ïî÷âû 0–30 ñì â ïåðèîä ïî-
ñåâà – 42–50 ìì (78–81 % îò ÍÂ). Áåçîòâàëüíàÿ îáðàáîòêà ËÏ-0,35 íà
ãëóáèíó 20–22 ñì ñïîñîáñòâîâàëà óâåëè÷åíèþ ìàññû êëóáåíüêîâ íà 0,18 ã/100
ðàñòåíèé, èëè íà 11,1 %, òîëüêî â ôàçó âåòâëåíèÿ.

Ê ôàçå öâåòåíèÿ ïî áåçîòâàëüíîé îáðàáîòêå ïðîèñõîäèëî áîëåå ðåç-
êîå, ÷åì ïî âñïàøêå, ñíèæåíèå ìàññû êëóáåíüêîâ ñ ëåããåìîãëîáèíîì.
Ñíèæåíèå ìàññû ïî áåçîòâàëüíîìó ôîíó ñîñòàâèëî 1,22 ã/100 ðàñòåíèé,
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òîãäà êàê ïî âñïàøêå – 0,28 ã/100 ðàñòåíèé. Â áîëåå ïîçäíèå ôàçû ðàçâè-
òèÿ âèêè ìàññà êëóáåíüêîâ ïî áåçîòâàëüíîé îáðàáîòêå áûëà íèæå íà
0,04–0,12 ã/100 ðàñòåíèé ïî ñðàâíåíèþ ñî âñïàøêîé. Â öåëîì çà âåãåòàöèþ
áåçîòâàëüíàÿ îáðàáîòêà ñíèæàëà àêòèâíûé ñèìáèîòè÷åñêèé ïîòåíöèàë íà
20,2 %.

Íåäîñòàòî÷íî óâëàæíåíû áûëè 1997, 1998, 2000 ãã. – ñ îáåñïå÷åííî-
ñòüþ îñàäêàìè âåãåòàöèîííîãî ïåðèîäà íà 71–81 %, çàïàñàìè ïðîäóêòèâ-
íîé âëàãè â ñëîå ïî÷âû 0–30 ñì â ïåðèîä ïîñåâà 34–49 ìì (55–80 % îò
ÍÂ). Áåçîòâàëüíàÿ îáðàáîòêà ñïîñîáñòâîâàëà óâåëè÷åíèþ ìàññû êëóáåíü-
êîâ â ôàçó âåòâëåíèÿ, íàëèâà ñåìÿí íà 0,27–0,10 ã/100 ðàñòåíèé, èëè íà
24–41 %, ïî ñðàâíåíèþ ñ âàðèàíòîì âñïàøêè. Â òî æå âðåìÿ â ôàçó öâåòå-
íèÿ è â ýòè ãîäû áåçîòâàëüíàÿ îáðàáîòêà ñíèæàëà ìàññó ñèìáèîòè÷åñêîãî
àïïàðàòà â ñðåäíåì íà 0,77 ã/100 ðàñòåíèé, èëè íà 63 %. Ýòî îáñòîÿòåëüñò-
âî, à òàêæå áîëüøàÿ èçðåæåííîñòü ïîñåâîâ âèêè âåëè ê ñíèæåíèþ ÀÑÏ çà
âåãåòàöèþ ïî áåçîòâàëüíîé îáðàáîòêå íà 320,9 êã/(ñóò �ãà), èëè íà 31,5 %.

Â ñðåäíåì çà 1998–2000 ãã. íà ôîíå áåç óäîáðåíèé è ñ ïðèìåíåíèåì
ìèíåðàëüíûõ óäîáðåíèé â íà÷àëüíûé ïåðèîä ðàçâèòèÿ ðàñòåíèé ïî áåçîò-
âàëüíîé îáðàáîòêå ñêëàäûâàëèñü ëó÷øèå, ÷åì ïî âñïàøêå, óñëîâèÿ äëÿ
ðàçâèòèÿ ñèìáèîòè÷åñêîãî àïïàðàòà (òàáë. 2). Òàê, ïî ñðàâíåíèþ ñî
âñïàøêîé íà ôîíå áåç ìèíåðàëüíûõ óäîáðåíèé â ïåðèîä âåòâëåíèÿ ìàññà
êëóáåíüêîâ ñ ëåããåìîãëîáèíîì áûëà âûøå ïî áåçîòâàëüíîé îáðàáîòêå íà
6,6 êã/ãà, èëè íà 17 %, ÷èñëî êëóáåíüêîâ – íà 9 %. Íà ôîíå ñ âíåñåíèåì
óäîáðåíèé ìàññà êëóáåíüêîâ áûëà âûøå ïî áåçîòâàëüíîé îáðàáîòêå íà
6,2 êã/ãà, èëè íà 18,3 %, ÷èñëî êëóáåíüêîâ – íà 7,8 %.

28

Çåìëåäåëèå è õèìèçàöèÿ

Ò à á ë è ö à 1
Äèíàìèêà ôîðìèðîâàíèÿ ñèìáèîòè÷åñêîãî àïïàðàòà êîðíåâîé ñèñòåìû âèêè â çàâèñèìîñòè
îò îñíîâíîé ñèñòåìû îáðàáîòêè ïî÷âû íà ôîíå åñòåñòâåííîãî ïëîäîðîäèÿ (1996–2000 ãã.)

Ãîä

Âåòâëåíèå Öâåòåíèå Ïîëíûé íàëèâ
ñåìÿí

ÀÑÏ çà âåãåòàöèþ
êã / (ñóò � ãà)

Îáðàáîòêà

îòâàëüíàÿ áåç-
îòâàëüíàÿ îòâàëüíàÿ áåç-

îòâàëüíàÿ îòâàëüíàÿ áåç-
îòâàëüíàÿ îòâàëüíàÿ áåç-

îòâàëüíàÿ

1996
1 62
3226
, 1 80

2234
, 1 34

1146
, 0 58

588
, 0 44

448
, 0 32

494
,

925,0 739

1997
1 12
824
, 1 58

1220
, 0 40

452
, 0 34

540
, 0 16

292
, 0 31

244
,

710,0 715

1998
1 10
856
, 1 18

826
, 2 04

3568
, 0 56

1584
, 0 32

228
, 0 36

192
,

1327,0 680

1999
4 02
1274
, 4 38

1638
,

– –
0 60
736
, 0 92

1288
,

1467,0 1855

2000
1 32
704
, 1 50

654
,

– – 0,88 0,46 1109,0 1000

Ñðåäíåå . . .
1 84
1377
, 2 09

1314
, 1 26

1722
, 0 49

904
, 0 46

394
, 0 52

549
,

1108,0 998

Ï ð è ì å ÷ à í è å. Â ÷èñëèòåëå – ìàññà êëóáåíüêîâ ñ ëåããåìîãëîáèíîì, ã/100 ðàñòåíèé; â
çíàìåíàòåëå – ÷èñëî êëóáåíüêîâ, øò./100 ðàñòåíèé.



Ê ïåðèîäó óáîðêè ÷åòêîé çàêîíîìåðíîñòè âëèÿíèÿ îáðàáîòêè ïî÷âû
íà ðàçâèòèå ñèìáèîòè÷åñêîãî àïïàðàòà íå ïðîñëåæèâàëîñü. Ïðè ýòîì ÀÑÏ
ïî áåçîòâàëüíîé îáðàáîòêå ñíèæàëñÿ íà 2–9 % ïî ñðàâíåíèþ ñî âñïàøêîé
â îñíîâíîì çà ñ÷åò áîëüøåãî óìåíüøåíèÿ ìàññû êëóáåíüêîâ ïî áåçîòâàëü-
íîé îáðàáîòêå ê ïåðèîäó ïîëíîé ñïåëîñòè âèêè.

Âíåñåíèå ìèíåðàëüíûõ óäîáðåíèé çàìåäëÿëî ôîðìèðîâàíèå ñèìáèî-
òè÷åñêîãî àïïàðàòà âèêè. Â çàñóøëèâûõ óñëîâèÿõ 1998 ã. â áîëüøåé ñòåïå-
íè ýòî ïðîÿâëÿëîñü ïî îòâàëüíîìó ôîíó îáðàáîòêè, ãäå ìàññà êëóáåíüêîâ ñ
ëåããåìîãëîáèíîì óìåíüøàëàñü íà óäîáðåííîì ôîíå íà 1,04–23,3 êã/ãà, èëè
íà 18,6–65 %, ÷èñëî êëóáåíüêîâ – íà 43,9–56,6 % ïî ñðàâíåíèþ ñ ôîíîì
åñòåñòâåííîãî ïëîäîðîäèÿ.

Ïî áåçîòâàëüíîé îáðàáîòêå â ýòîì ñëó÷àå ÷èñëî êëóáåíüêîâ ñíèæàëîñü
îò óäîáðåíèé ëèøü íà 2,1–6,7 %. Â ñâÿçè ñ ýòèì íà ôîíå ñ âíåñåíèåì óäîá-
ðåíèé ìàññà êëóáåíüêîâ ïî áåçîòâàëüíîé îáðàáîòêå íà ïðîòÿæåíèè âåãåòà-
öèè áûëà âûøå, ÷åì ïî âñïàøêå, íà 37,5–58,2 %, ÀÑÏ – íà 55 %.

Âî âëàæíîì 1999 ã. ïî îòâàëüíîìó è áåçîòâàëüíîìó ôîíó îáðàáîòêè
ìàññà êëóáåíüêîâ íà 100 ðàñòåíèé íà ôîíå åñòåñòâåííîãî ïëîäîðîäèÿ
áûëà âûøå íà 41–55,8 %, ÷èñëî êëóáåíüêîâ – íà 20,3–130 %. Â ýòèõ óñëî-
âèÿõ â áîëüøåé ñòåïåíè äàííàÿ òåíäåíöèÿ ïðîÿâèëàñü ïî áåçîòâàëüíîé
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Ò à á ë è ö à 2
Äèíàìèêà ôîðìèðîâàíèÿ ñèìáèîòè÷åñêîãî àïïàðàòà âèêè â çàâèñèìîñòè îò ñèñòåìû îñíîâíîé

îáðàáîòêè ïî÷âû (ñðåäíåå çà 1998–2000 ãã.)

Ñèñòåìà îñíîâíîé îáðàáîò-
êè ïî÷âû Ïîêàçàòåëü, åäèíèöà èçìåðåíèÿ

Ôàçà ðàçâèòèÿ ÀÑÏ çà âåãå-
òàöèþ,

êã / (ñóò � ãà)âåòâëåíèå ïîëíàÿ
ñïåëîñòü

Áåç âíåñåíèÿ ìèíåðàëüíûõ óäîáðåíèé

Îòâàëüíàÿ, ÏÍ-4-35
íà 20–22 ñì

Ìàññà êëóáåíüêîâ, ã/100 ðàñòå-
íèé

2,15 0,60 -

Ìàññà êëóáåíüêîâ, êã/ãà 38,7 14,6 1301

×èñëî êëóáåíüêîâ, øò./100 ðàñ-
òåíèé

945 482 –

Áåçîòâàëüíàÿ, ËÏ-0,35
íà 20–22 ñì

Ìàññà êëóáåíüêîâ, ã/100 ðàñòå-
íèé

2,35 0,58 –

Ìàññà êëóáåíüêîâ, êã/ãà 45,3 11,9 1178

×èñëî êëóáåíüêîâ, øò./100 ðàñ-
òåíèé

1039 740 –

Ñ âíåñåíèåì ìèíåðàëüíûõ óäîáðåíèé

Îòâàëüíàÿ, ÏÍ-4-35
íà 20–22 ñì

Ìàññà êëóáåíüêîâ, ã/100 ðàñòå-
íèé

1,51 0,62 –

Ìàññà êëóáåíüêîâ, êã/ãà 33,9 16,1 1058

×èñëî êëóáåíüêîâ, øò./100 ðàñ-
òåíèé

802 370 –

Áåçîòâàëüíàÿ, ËÏ-0,35
íà 20–22 ñì

Ìàññà êëóáåíüêîâ, ã/100 ðàñòå-
íèé

1,77 0,17 –

Ìàññà êëóáåíüêîâ, êã/ãà 40,1 3,40 1031

×èñëî êëóáåíüêîâ, øò./100 ðàñ-
òåíèé

865 374 –



îáðàáîòêå ïî ïîêàçàòåëþ ÷èñëî
êëóáåíüêîâ íà 100 ðàñòåíèé. Íà
ôîíå åñòåñòâåííîãî ïëîäîðî-
äèÿ ïî áåçîòâàëüíîé îáðàáîòêå
èõ áûëî áîëüøå íà 32–130 %,
òîãäà êàê ïî âñïàøêå – íà
20,3 %.

Äàííûå èññëåäîâàíèé â
ñðåäíåì çà 1998–2000 ãã. òàêæå
ïîêàçàëè, ÷òî ïî áåçîòâàëüíî-
ìó ôîíó ôîðìèðîâàíèå ñèì-
áèîòè÷åñêîãî àïïàðàòà íà

ôîíå áåç óäîáðåíèé áûëî áîëåå èíòåíñèâíûì, ÷åì íà óäîáðåííîì (ñì.
òàáë. 2).

Ïðè íåäîñòàòêå ìèíåðàëüíîãî àçîòà íà ôîíå áåç óäîáðåíèé ïðîèñõî-
äèëî óñèëåíèå ðàçâèòèÿ ñèìáèîòè÷åñêîãî àïïàðàòà.

Ïî îòâàëüíîé îáðàáîòêå íà ôîíå áåç óäîáðåíèé ìàññà êëóáåíüêîâ ñ
ëåããåìîãëîáèíîì â ôàçó 5–7-ãî íàñòîÿùèõ ëèñòüåâ áûëà âûøå, ÷åì íà
ôîíå ñ óäîáðåíèÿìè, íà 29,8 %, ÷èñëî êëóáåíüêîâ íà 100 ðàñòåíèé – íà
15,1 %. Ïî áåçîòâàëüíîé îáðàáîòêå ðàçíèöà â ïîëüçó ôîíà áåç óäîáðåíèé
ñîñòàâëÿëà ïî ìàññå 24,7 %, ïî ÷èñëó – 16,7 %.

Äàííûå â ñðåäíåì çà 1998–2000 ãã. ïîêàçûâàþò, ÷òî íà ôîíå áåç óäîá-
ðåíèé ÀÑÏ âûøå ïðè îòâàëüíîé ñèñòåìå îáðàáîòêè íà 18,7 %, ïðè áåçîò-
âàëüíîé – íà 12,4 % ïî ñðàâíåíèþ ñ óäîáðåííûì ôîíîì.

Ê ñîæàëåíèþ, íàøà ãèïîòåçà î òîì, ÷òî óñèëåíèå áèîëîãè÷åñêîé àçî-
òîôèêñàöèè ïî áåçîòâàëüíîé îáðàáîòêå áóäåò íèâåëèðîâàòü íåäîñòàòêè
ýòîé îáðàáîòêè ïî àçîòíîìó ïèòàíèþ, íå ïîäòâåðäèëàñü. Â öåëîì ïðè íèç-
êîé îáåñïå÷åííîñòè ïî÷âû íèòðàòíûì àçîòîì ñîäåðæàíèå íèòðàòíîãî àçî-
òà â ñëîå ïî÷âû 0–20 ñì â ñðåäíåì çà ïÿòóþ ðîòàöèþ ñåâîîáîðîòà â
2006–2012 ãã. â ïîëå ÿ÷ìåíÿ, ñëåäóþùåìó ïîñëå âèêè, ïî áåçîòâàëüíîé
ñèñòåìå îáðàáîòêè áûëî íèæå ïåðåä ïîñåâîì íà 21,3–24,3 % ïî ñðàâíåíèþ
ñ îòâàëüíîé ñèñòåìîé îáðàáîòêè (òàáë. 3). Îáúÿñíÿåòñÿ ýòî äîâîëüíî êî-
ðîòêèì, áëàãîïðèÿòíûì ïî âëàæíîñòè è ïëîòíîñòè ïî÷âû ïåðèîäîì äëÿ
ôîðìèðîâàíèÿ è ôóíêöèîíèðîâàíèÿ êëóáåíüêîâ.

ÂÛÂÎÄÛ

1. Â ðàííèé ïåðèîä âåãåòàöèè áåçîòâàëüíàÿ îáðàáîòêà ñïîñîáñòâîâàëà
áîëåå èíòåíñèâíîìó, ÷åì âñïàøêà, ôîðìèðîâàíèþ ñèìáèîòè÷åñêîãî àï-
ïàðàòà âèêè íà ôîíå áåç óäîáðåíèé è íà ôîíå ñ èõ ïðèìåíåíèåì. Ïî áåçîò-
âàëüíîé îáðàáîòêå ìàññà êëóáåíüêîâ â ôàçó âåòâëåíèÿ áûëà âûøå íà
6,2–6,6 êã/ãà, èëè íà 17,0–18,3 %, ÷èñëî – íà 7,8–9,0 %. Èç-çà êîðîòêîãî
ïåðèîäà, áëàãîïðèÿòíîãî ïî âëàæíîñòè è ïëîòíîñòè ïàõîòíîãî ñëîÿ ïî÷âû
äëÿ ôîðìèðîâàíèÿ è ôóíêöèîíèðîâàíèÿ êëóáåíüêîâ (ïîñåâ – âåòâëåíèå),
óñòàíîâëåííàÿ çàêîíîìåðíîñòü íå ïðèâîäèëà ê óëó÷øåíèþ àçîòíîãî ïèòà-
íèÿ ïîñëåäóþùåé êóëüòóðû. Ïðè íèçêîé îáåñïå÷åííîñòè íèòðàòíûì àçî-
òîì ïî áåçîòâàëüíîé îáðàáîòêå ñîäåðæàíèå íèòðàòíîãî àçîòà ñíèæàëîñü
íà 21,3–24,3 %.
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Ò à á ë è ö à 3
Âëèÿíèå ñèñòåì îñíîâíîé îáðàáîòêè ïî÷âû

íà ñîäåðæàíèå íèòðàòíîãî àçîòà â ñëîå ïî÷âû
0–20 ñì ïåðåä ïîñåâîì ÿ÷ìåíÿ
(â ñðåäíåì çà 2006–2012 ãã.)

Ñèñòåìà îáðàáîòêè

Ñîäåðæàíèå N–NO3, ìã/êã ïî÷âû

Áåç óäîáðåíèé Ñ âíåñåíèåì
óäîáðåíèé

Îòâàëüíàÿ 4,89 6,53

Áåçîòâàëüíàÿ 3,85 4,94



2. Âíåñåíèå ìèíåðàëüíûõ óäîáðåíèé çàìåäëÿëî ôîðìèðîâàíèå ñèì-
áèîòè÷åñêîãî àïïàðàòà âèêè ïî îòâàëüíîìó è áåçîòâàëüíîìó ôîíó îáðà-
áîòêè. Ìàññà êëóáåíüêîâ íà 100 ðàñòåíèé íà ôîíå áåç óäîáðåíèé â ôàçó
5–7-ãî íàñòîÿùèõ ëèñòüåâ áûëà âûøå â ñðåäíåì çà 1998–2000 ãã. íà
24,7–29,8 %, ÷èñëî – íà 15,1–16,7 %. Àêòèâíûé ñèìáèîòè÷åñêèé ïîòåíöè-
àë çà âåãåòàöèîííûé ïåðèîä íà ôîíå áåç óäîáðåíèé áûë âûøå íà
12,4–18,7 %.
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TILLAGE OF DARK GRAY FOREST SOIL AND FORMATION
OF SYMBIOTIC APPARATUS IN ROOT SYSTEM OF VETCH

There was analyzed the effect of moldboard and nonmoldboard tillage techniques applied
during three crop rotations on forming the symbiotic apparatus in the root system of such a
grain-legume crop as vetch. Investigations were carried out on dark gray forest soil in Northern
Trans-Ural Region. It has been found that during the early growing period, nonmoldboard tillage
helps the symbiotic apparatus in vetch to be formed more intensively (by 17.0–18.3 percent for
tubercle weight and 7.8–9.0 percent for their number) than plowing does against the background of
both applying fertilizers and without them. However, because the period favorable in moisture and
density of the topsoil for forming and functioning of tubercles is short, the regularity found does not
result in improved nitrogenous nutrition of a subsequent crop at nonmoldboard tillage. The
application of mineral fertilizers delayed the formation of tubercles reducing their weight by
24.7–29.8 percent and their number by 15.1–16.7 percent.

Keywords: tillage, symbiotic apparatus, tubercles, nitrate nitrogen.
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